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PEAMCIOBHUE

YueOHHK B COOTBETCTBHH € HPOrpamMMmoH
JAHCUHINIMHbI H 1JIaHAMH MOATOTOBKH CTYIEH-
TOB MAaIIHHOCTPOUTEbHLIX CHeUHaAbHoCTeH
BY30B OXBATHIBAET pAJl OGLIHX BONPOCOB KOH-
CTPYHPOBAHHA, TEODHIO, DACUET U KOHCTPYH-
poBaHHE JeTaJied H Y3J0B o00iueMallHHo-
CTPOUTENBHOIC MPHUMEHEeHHs! (Hepa3beMHbIX H
pa3beMHbIX COEJMHEHHH, Tepenau sapernje-
HMCM H TPEHHEM, OCeH, BaJoB U Mydr,
NOMULHIIHHKOB H HANPABAAIUX, YIPYrHX
3J€MEHTOB, CTAHHH H KODIYCHBLIX JeTaJed,
PedyKTOPOB, BapHaTOPOR, CMA30YHBLIX YCT-
pPOHCTB H Ap.).

Jucounauna «Jletaau MallHH» CMocos-
CTBYET MOATOTOBKE KOHCTPYKTOPOB LUHPOKO-
ro npoduian — co3jatenei HOBOH TEXHH-
KH — T. €. CHneuuajiicTOB, BHOCSIIIHX HaH-
O0/bIIMH  TBOPUYECKUH BKJIAA B CO3JaHHE
MaTepHaJibHbIX LeHHOocTel. Jlucuunauna nop
CBOMM KJlaCcCHYeCKHWM Ha3BaHHeM «Jlertanu
MalHH» BHeCAd GOJAbLIIOH BKJIAJ B [OATOTOB-
Ky COBETCKHX HHXKEHepOB.

Oua Bcerpa Brawouana B cefst BOIpOCH
KOHCTpyHpoBaHHsi. Bo BpemMs neuatasus
KHUTH HA3BAHHE JUCIHMIJIHHLEL B HOBBIX yues-
HBIX TJIAHAX MHOTHX MAUIHHOCTPOHTEbHbIX
CllennaJ/ibHoCTEH M B 06111ell mporpamme cop-
MyJjMpoBana «Jleranau MallHHBl U OCHOBHI
KOHCTPYHpOBaHUA», KAK ABTOP NABHO CUHTAJ
llenecoobpasaeiM. Hacrosmuii yue6uuk mo-
MET HCIOABIOBATHCS A NUCLUHUIIIHE C 3THM,
C NpexHWM U ApyrdMH GJH3KHMH Ha3Ba-
HUAAMH.,

Yuebuuk B cBoeit Gosblueli 4acTu NOCTPOEH
B cooTBeTcTBHHM ¢ HpUHATOH KiaccugHKa-
lned geraneét Mamue. B To XXe BpeMs oH 1o
BO3MOXKHOCTH oTpaskaeT rn06adbHble BO-
NMPOCE!  COBPEMEHHOH TEeXHHKH -— CO3MaHue
ROHCTpyKIMH, ofecneuuBaOLIUX MaTEpHAIO-,
Thy10- u sHeprocfBepeskeHue.

O6wue Bonpockl Kypca aAfl  Jydllero
33aKpellsieHusl B CO3HAHHUH CTYIEeHTOB H3Ja-
ralpTcs BO3MOXKHO OavxkKe K 00 beKTaM GCHOB--
HOTO HCIOAb30BAHUS, HO [IPH COXPAHCHHH
HeoGxoaumMod oBmuocTH. B uacTHOCTH KOH-
TAKTHbIE HANpAXKeHUs B nocTaHoBKke lepua u
CMa304Hbie MarepHasibl H3JATalOTCs [epej
pasmenom nepenauy. Hexortopele csenenus
0 JMHAMHKe BpallaTeNbHBLIX CHCTEM pac-
cMaTpHBalTcd nepea Mmydramud U T. A

PeBoiOUHOHHBIME  (DAKTOpaMH  PA3BHTHS
[IPOEKTHPOBAHUSA MAIIHH H HUX JeTajed fB-
JAIOTCH ABTOMATH3ALHA PacueToB H KOH-
CTPyHpOBauus ¢ nomowbid 3BM u nepexog
Ha BEPOAAITHOCTHHIE pacyeTbl, T. €. PACUYETH
Ha HajeXHocTb. COOTBETCTREHHO B yuefHHKe
npuBeAeHbl oflue cBemeHuss o6 aBTOMATH-
3a0Ud [IPOEKTHPOBAHUA JeTaned MaluuHy,
PeKOMeHAauud no pacyetam Ha DBM jera-
JEH MAalIMH OTAeJbNLIX TIpyNI, pPa3BHThHI
pacyeTbl HAa HAJEKHOCTD.

OnbiT npenogaBaHust AHCUHIIHHBL [10KA-
3a/t, 4TO aBTOMATH3alHUIO PACYETOB H NPO-
€KTHPOBAHWA M Ja)e YacTHYHO pPacueThl
HAJleXKHOCTH Uenecoofpa3Ho  OTHOCHTb K
CEMHHAPCKHM 3aHATHAM H MPOSKTHPOBAHHUIO.
[Tpumenenue DBM TpyaHo usaarath Ha JeK-
uuAx. [lostomy HacToAHA yueGHUK yMeCTHO
paccMaTpHBATL B KOMILIEKCE C y4eGHBIMH
nocobusimu: «Pacuer geranefi mawug Ha
2BM>» nox pen. 1. H. Pewertora u C. A. [y-
Banoea, M, Beiciiaa wxosa, 1985 u «Ha-
AeKHOCTb MallMH» asropel 1. H. Pemeros,
A. C. HBanos, B. 3. Ganees, Brlcinag -
wKosa, 1988.

B HacTosmeM, ueTBepTOM, CYLIECTBEHHO
nepepaboTaHHOM H3JaHHH y4eGHHKA NOMOJ-
HHTENBHO MOJIYYHJIH HA Ve KA llee OTPasKeHHe
POrPeCcCHBHBIE MaTepHaJsbl, HORhIE METOAb
pacuetoB, B TOM uuche HoBele TOCTwl w



NPEAHCIOBHE

IpPYrHEe CTAHAApPThl HA pacvucTsl AeTansed
Maliud, HOBHE KOICTPYKILHH, TPHHSATH
YTBEDAMBUIHECH B CTAHLAPTAX, TeXHHUYECKOH
NOKYMEHTAUMH H JiHTepaTtype TepPMHHB H
6ykBennble 0003HAUECHUA.

B yyeGHHKe nNpHHATA €QUMHAS CHCTEMa
¢pusuveckux enuuun (CH) co cnenyoumumu
OTKJIOHEHHAMH, MOMYLIEHHLIMH B CTAHAapTax
(MCO u TOCT) ua pacuers pgetasieii Mma-
IUHH: pasMepbl jeTafeH MauldH Bbipaxa-
IOTCSl B MHJIHMETPAX (MM), H COOTBETCTBEH-
HO HAaMpsi)KeHUA B HbIOTOHAX, AEJNEHHBIX HA
MuaaHMeTpel B Keagpate (H/mm®), 1. e
meraliackansax (Mlla), a momeHTHl coxpa-
HEHbl B HBIOTOHAX, YMHOXEHHBIX HA METp
(H-M). Tlostomy B dopMynax, BKIOYao-
LIEHX Bpalllaloluine momeHTol T, BBeleHb MHO-
xuteau 10° (mepesoma MeTpoB B MHJIH-
METPBI). ¥ OT/Ie/IbHLIX T'PYNN COOTBETCTBYIO-
WX POpMyJa [JaHB COOTBETCTBYIOIIHE NpH-
MeYaHHUsl.

L]

Oreercreenias paboTa No BoiBEPKE PACUETHLIX
dbopmysa, I'OCTos, o6o3HaueHu#i H nposepke
KOppexTyp Obla BbINOJIHEHA NPH AKTHBHOM yda-
CTHH COTPYAHHKOB kKadeaps <«[lerany maimHH»
MBTY wm. H. 3. baymana. Aptop Buipaaer
GnarogapHocth npod. O. A. Paxosckomy, opra-
HH3aTOpy 3TOr0 yuactus, npod. I'. A. Checapesy
3a NMpouTeHHe Bcedl pYKOMMCH H COBeTH, lpod.
C. A. lilysanoBy, nanucaBiieMy pa3paberanHbA
UM IIHPOKO HCMOJb3YeMblH pacueT  BoOJIHOBBIX
nepejay 4 MPHHABIIEMY YYacTHE B OCBEILeHHH
ponnpocos CAITP. Aptop Omaronaped BejlylIHM
crieliajJHcTaM — AoueHTaM kadeaphl 3a yuacTHe
B TpOBepKE MAaTEepHAJNOB IO Ba)KHCHIUMM rJaram
kypca: B. 3. ®aneesy, b. A. Baiikosy, JI. T1. Bap-
Jdamosodi, B. JI. Tagoawmny, B. H. Hsauosy,
Q. TII. Jleaukosy, M. B. ®omuny, B. A. Yeccho-

KOBY W jp. ABTOop OjarogapeH TtaxxKe npod.
[ B. HocuneBnuyy 3a mnpocMoTp pacueToB B
DYKOITHCH.

ABTOp BECbMa MPH3HATEJEH PEUEH3EHTAM MHH-
BY34, 0HOH U3 Beayllux kadeap xetaneid mawHu
B CCCP -- xadeape Opecckoro mMmosHTEXHHYE-
CKOr0 HHCTHTYTa H €e MHOTOJETHEMY pYKOBO-
auteae npog. K. M. 3abaouckomy 3a nenunyw
peHeH3HID.



BBEJEHHE

Bo Bcex OTpPACAAX HAPOIHOTO XO3AHCTBA
MPOH3BOACTBEHHBIE TPONECCH OCYLLECTBJsA-
[OTCH MAUIMHAMH WJH ANNAPAaTaAMH ¢ MalIHH-
HBIMH CpeJCTBaMH MexaHusauuu. [lostomy
ypOBEHb HAPOAHOro X03AMCTBAa B Goabinoi
cTEeNeHH onpejensieTcsds ypPOBHEM MALIHHO-
CTPOEHHUS.

CoBpeMEHHbIE MalI{HBI MHOTOKPATHO M0~
BLILIAIOT [IPOH3BOAHTENBHOCTE (DH3HUECKOTO
i YMCTBEHHOrO TPyJa YeNOREKA.

B HacTosiliee speMsi JOCTHrHYTasl MOII-
HOCTb 3JHEPreTHYECKHX MAalUHH -—— TYpPOUH H

PICKTPHUECKHX TeHepaTopoOB — NpeB30uuia
MUJIJTHOHHLIH py6e (MAallHHB  MHJJIHOH-
HHKH) .

CoBpemeHHbIE MOILHBIE BHIYHCJIHTENbHBIE
MaUWHBl OENalT MHAIHOHB H COTHH MHJ-
JIMOHOB Omepaudi B cekyHay. '

MauwyHBE HacTONLKO TMPOYHO BOLLAM B
KH3Hb 061ECTBA, YTO B HACTOSUIEEe BpeMs
TPY/IHO HAWTH TAKOH NpeAMeT UJAH NPOAYKT
forpebaenus, KoTopuil Gbl1 6B W3rOTOBJEH
HIW noctaBaeH K mecTy norpebGaenus Ges
noMOUWlH mamdH. be3 mMalluH HeBO3MOXHO
OblI0 6Bl COBPEMEHHOE Pa3BHTHE HAYK, MeLH-
LHHBI, HCKYCCTB, Tpe6GyOIHX coBepUIeHHbIX
HHCTPYMEHTOB W MaTepHasos, Obulid Oul He-
BO3MOXHbl OBICTPHIE TEMIbI CTPOUTEbCTBA,
4 TdKxXe He wmorau Obl yI0BIETBOPATHCH
MOTPEGHOCTH HaceNeHusl B [IPeAMETax IIHPO-
Koro norpe6nenus.

Baxuefiuum NocTHKeunem u nokasatesiem
YPOBHA MalIMHOCTPOEHus1 H npHBopocTpoe-
HHS1 ABJISIETCA aBTOMATH3allHA, B YaCTHOCTH
KOMIJIekcHAsl  aBTOMATH34UMS  MPOH3BO/-

‘—-———'m
|
Mex 1y TeM uesloBeK MOXKET JJHTEJBHO OTd-
Ba4TL MowHocTe He Hosce 0,1 kBT ¥ BoInoanaTh

OIHY MpocTyd MaTeMaTHYECKYIO OMepantio B cpe-
Hem 3a 30 c.

CTBEHHbIX [IPOUECCOR B HAPOAHOM X03AHCTBE,
OXBaThIBAIOLIAA ABTOMATH3AUMIO HENpepbiB-
HbiX [IPOIECCOB, ABTOMATH3ANHUIO KPYIHOro
NPOU3BOJACTBA WITYYHbIX H3JeJHH H B Ha-
CTOsllllee BpeMA paclpocTpaHAeMyio Ha

-HpHH]_[PlﬂPla.HbHO 6onee CJNOKHYIO dBTOMATH-

3a0HI0 [IPOM3BOACTBA IWITY4YHBIX H3AEJHUH
MEJIKOCePHHHOro npou3poactBa. Pacinu-
psieTcsl NpUMEHeHHe MaTepHano-, Tpyno- H
sneprocOeperaiouied TEXHOMOMHH, CTAHKOB €
MPpOrpaMMHBIM YNPAaBJACHHEM W MHOroiese-
BbiX, THOKHX NMPOH3BOACTBEHHHX cHcTem. Bo
BCe 00MAaCTH MALIHHOCTPOeHUS1 GypPHO BHEN-
pAeTCcs MUKPOMPOIeCCOPHAA TeXHHKA.

CoBeTckasi MALIHHOCTPOMTENbHAS H Me-
TajsnoobpabaTeiBaolias  NPOMBILLIEHHOCTD
3aHUMAaeT [0 BHINYCKY MPOAYKIHH TNepBoe
mecto B Esppome. MamuHocTpoenue 9B-
JSIeTCA HPHOPHTETHOH OTPAC/BIO HAPOAHOIO
Xo3aicTRa.

B Hacrosiulee BpeMs peasu3ylOTCS Mepo-
NPUATHUA [0 KOPEHHOMY MOBBILIEHHIO YPOBHA
H KayecTBa MNPOAYKHHH MalIHHOCTPOEHHUS,

B Hactosimell kaure walwwim Haajdexatlee
OTPAaXXeHHEe OCHOBHblE, CBA3AHHbIE C KOH-
CTPYMPOBAHWEM MAIUMH, HAPOIHOXO3AHCT-
BeHHble - MNpobJjeMbl H  COOTBETCTRYIOILHE
pemreinas XXVII cvesga u XIX koudepen-
nuu KIICC:

1. TloBbllneHHe HANEKHOCTH M pecypca
MaUlHH, JOCTHraeMoe nyTeM o6ecrneueHds HX
HEOOXOAUMOr0 TeXHHUEeCKOro YpOBHA, TIpHMe-
HEHUA JeTaled W y3JI0B, HAJEXKHBIX U J0JI0-
BCUHBIX 110 CBOEH M[pHPoOJe, Nepexoja Ha
BEPOSATHOCTHLIC PAaCyeThi U Jp.

2. YMeHblUeHHe MATEPUAJNOEMKOCTH KOH-
CTPYKUHH [yTeM HX ONTHMH3ALMH, COBEp-
IIEHCTBOBAHHUA pacyeToB, BHGoOpa ONTHMAJb-
HBIX W HOBBIX MAaTepHaJioB H YNPOUYHeHHH.

3. ¥ MenbllleHne sHeprozaTpar nyteM obec-



OBLIHE CBENEHHA

MeyeHUsT COBEPUIEHHOrO TPEHHS H TMOBbIlle-
Hust KIIJ{ mMexawusMoB, mpumMeHeHHEM Mexa-
HH3MOB ¢ 0co00 Bhicokum KIT.

4. TloBbluieHHe NMpPOH3BOAMTEJILHOCTH TPY-
Ja B MAalUHHOCTDOEHHU I[yTeM CTAHAAPTH-
3anMH M  yHHOUKauuM OO6DBEKTOB NpOU3-
BOJACTBA, OPTraHH3alHH UEHTPAJU30BAHHOTO
M3rOTOBJEHHS Y3JIQB M 3aTOTOBOK, ONTHMH-
3alUM  CTPYKTYPHl TMPOMBILIIEHHOCTH, Kak
CPe/ICTBa [epeXoja HA TEeXHOJOTHIO KDPYIHO-
CEpHHHOTO H MAccoBOTO MPOWU3BOACTBA C MMO-
BblLIEHHEM MPOH3BOAUTENLHOCTH B JECATKH
pas.

5. llpoekrupoBauue TEXHOJMOTHUHKIX Je-
Tajsed TMoj COBPEeMEHHYIO I[IPOTPECCHBHYIO
MaTepHasdo-, TPYAO- U 3Heprocfeperauiyio
TEXHOMOTHIO.

B Meromosoruu teopuu U Kypca «Jletanu
MallMH» peasiM3yIoTC OCHOBHBIE MPHHILHUIIL
JTHANEKTHKH.

B COOTBeTCTBHH C NPHHHUHIIOM geTep-
MHHH3MA, T. e. BCeoDICH 3dKOHOMEPHOH CBA3HM
BCeX SIBJI@HHH, OCYLIECTR/IACTCA NePexol OT yCJIOB-
HblX H He3aBUCHMBIX DAacUeTOB JAeTafell MaluuH
K pdacyeTaM IO HCTHHHBIM KpHTepHsiM paboTo-
cnocoOHOCTH H K pacyeTaM Kak 3JeMeHTOB ejH-
HOH CHCTEMHI.

B cooreerctBuM ¢ (pHiMOCHhHCKUMH KaTeropus-
MH HeoOXoAWUMOCTL H CaAydYaHHOCTH
BCce H3ydaemble B Kypce sIBJeHHS, [MO3BOJIANIIHE
HX YIOBJETBOPHTENbHOE OMHCAHHE JeTepMHHHC-
THYECKHMH 3dBHCHMOCTHAMH, PACCYHTHIBAIOT C MO-
MOLIBK 3THX 3aBHCHMocTed. Bwmecte ¢ Tem pac-
IHPARTCA NPHMEHEHHE BEPOATHOCTHBIX pacyeToB
AJS1 yyeTa TakHX HeAOCTATOUHO OlpejieseHHBbIX H
H3YueHHBIX (aKTOpOB, KAk pecypchl getaied, HH-
TeHCHBHOCTh H3HAIIHBAHHMA, MEXAHHYECKHE Xapak-
TePUCTHKH MaTepHasioB, -

3aKoH [AHAJeKTHKH —MepeXxod KoJduye-
CTBEHHB X H3MeHeHHH B KauyecCcTBeH-
H bl e — OYeHb SPKO HILIIOCTPHPYETCS] OCHOBIHIM
KPHTEPHEM 1IPOYHOCTH — COMPOTHBJIEHHEM YyCTa-
JocTH. LIHK/IHYecKue HanpsiKeHUs Bbi3bIBAKT He-
KOTODble KauyeCTBeHHbIE H3MECHEHU S, KOTODbIE jaxe
HE MEHSIOT CTaTHYECKYHD MPOYIlOCTb, a [MOTOM
MPOHCXOAHT BHe3anHoe paapyliteHHe. Taxxe npH
APYTHX MOCTENCHHBIX OTKasax — H3HOCE, KOppo-
3WH, CTApEeHHH — JieTaJk 3HAYHTENbHOE Bpems
IKCMIyaTauud octaoTesa paborociocobHbIMH, a
MMOTOM BblﬁpﬂKOBb[BalOTCH Mo BBIXOAHBIM NOKA3a-
TCAAM: IIYMY, ONACHOCTH pa3pyLIeHHS H Ap.

Pacemorpende sBacHWR B CBOeM  pa3-
BUTHH HABJIACTCA BecbMad [IOAOTBOPHBIM B
Kypce apertaned maiwmvH. Pa3asuTHe KOHCTPYKUHMH
TeCHO CBA3AH0 C pa3BUTHEM TeXHOJOTHH, KOTO-
pas ofecneyuna nosABNeHHe MOMANIHIIHHKOB Ka-

YUEeHHS!, MHOTOKOIITAKTHBIX COeAMHeHHWA H nepejpay
(IHLEeBGIX, BOJHOBBIX H Ap.), AeTajded OlTH-
ManbHbiX (DOpPM.

He Menee tecHast cBsi3b — ¢ pa3BUTHEM H [M0O-

SIBJEHHEM HOBBIX MAaTepPHANOB.

Ha upumepe psaga geranefd
nabnwaath CMHpaJeBHAHOC pAa3BUTHE
Tak, mepejmaud ¢ peMHAMH H3 HaTYypaJbHHIX
MATePHAJNOB HAuaJH BBITECHATBCS H3 MaluuH, a
MocJie MOABJEHHS HOBbIX CHHTRTHUECKHX MaTepRHa-
J0B [IOJYYHIH BTOPOC POXKIAECHHE.

MOKHO HABHO

OBIUHE CBENEHHA

Mamuun coctoar u3 geranaecu. etanu
MALUIHH — %TO COCTABHBbIE YACTH MallUH,
Ka[1asl M3 KOTOPBIX H3roTosaeHa 6e3 mpu-
MeHeHHs cGopodYHBIX omepaumi (Hampumep,
BaJ).

Uncao petadedl B CAOXKHBIX MallHHAX

MOXKCT COCTABMAATL AECATKH H COTHH TbICHAY,

HanpuMep B apromobuje Gosnee 1D THC. feTa-
Jiefi, B 4BTOMATH3UPOBAHHBIX KOMIJEKCaX
npokatHoro o6opyaoBanuga — Gojiee  MUJ-
JIMOHA,

Kypc «JleTand MamHuu» 0XBaThiBAET TAKXKe
COBOKYMNHOCTb COBMECTHO pafoTalolux aera-
JieH, [IpeacT apAAILHX COG0H KOHCTPYKTHBHO
of6ocobneHHBIC e ATHHHIBI, 0OLIYHO OO beIHHAE-
Mble OJHWM Ha3HAYEHHEeM U Ha3biBaeMbie
cGOpOYNBIMH €JHHHIIAMH HJH y3JaMH. Y3Jbl
OJHOH MALUWHBl MOXHO H3TOTOBJSATHL HA pa3-’
HBIX 3aBofax. XapakTepHbIMH MNpHMepaMH
Y3JI0B fBJSIOTCA PEAYKTOPHl, KOPOOGKH Iepe-
nady, My®Thl, TOAUMIHHKH B COOCTBEHHBIX
KOpHycax.

HM3rotosnenue MalluHbl U3 JeTajiedl B rep-
BYIO ouepelb CBA3aHO ¢ HeOBXOIHMOCThIO
OTHOCHTENbHBIX [ABHXKEHHH ee uacrted. Kak
CBHOETeNbCTBYET OJHO M3 CTapedlHx, Ao-
WealIdx A0 HALUUX [AHeH olpeneseHul, Non
TEPMHHOM «MAalluHa» [OHUMAJOCh «OpPYIHE,
HMeloliee BHYTPEHHEe JIBHKEHHE 4YacTeH».

Henonsuxknble 1 B3aHMHO HENOJBHKHbBIE,
CKpemieHHble MexXay CoBoH netanu Hasbi-
BalOT 3BCHBLAMH. BBHIMOJMHCHHE 3BeHbCB HE U3
O/AHOH, a H3 HECKOJIBKHX COSJAHHEHIILIX MEXKIY
coboii getanell 06eClIeYHBAET BO3MOMKHOCTD:

a) HW3roTOBJEHHA [JeTajJled Hu3 pasHuIX
MaTepuasoB, HANpUMEp BKJAaAbilled mnon-



OBIUHE CBEIEHUA

LIMTIHHKOB H3 OGpOH3Bl WIH Jpyroro aHTH-
(HpHKLUHOHHOrO MaTepualnia, a KOpIycos Mo-
LWHTHHKOB U3 YYTyHa;

6) yaoGHOH 3ameHbl ObICTPOM3HALUHBAIK-
[IHXCH AeTalIeH;

) cO0OpKH (HAllpUMep, YCTAHOBKA KOJIEH-
yaTOrO BaJjia B KOpEeHHbIe MOMIUHIHHUKH BH-
rareasi OOGBIYHO BBINOJHHMA JIHHUL MpPH
CcheMHDBIX KPHIIKAX) H objeryedHs cGOpKH
MALTHHHI;

r) 6oJbUIeH CTAaHZAPTH3AUHH H IlEHTpa-
;JH30BAHHOTO H3TOTOBJICHHS NeTafel.

BoabmuHCTBO AeTancH ABAAKOTCA 04006-
HBIMH JJS MHOTCHX MAlllHH, YTO JeNAaeT lefe-
coofpa3HbIM HM3YUEHHE HX B CaMOCTOATE/b-
HOM Kypce «JleTanu MalluuH».

PaccMoTpHM caMylo ofLIyI0 K acc H P 4-
KaluWw geTaJsed MallHH.

|. BHmosmHedne MamudH H UX 3BEHBEB U3
pas3JUYHBIX JjleTalled BhisbiBaeT HeoOXoau-
MOCTb COEJTUHEHUA TMOCAEIHHUX MeXIy COBOH.
[TosToMy rpynno# aeranell, paccMaTpuBae-
MOH [IepBOH B Kypce Kak Haubosee obwed,
ABJASCTCA rpylina COEOHUHEHHH.

Hekotopble yacTu mnertajei u getanu nocne
MX M3TOTOBJIEHHA MOTYT OBLITh COCJHHCHBHI
MOCTOSIHHO H He TPeGyIoT nocieayolled pas-
Oopku (Hanpumep, HeT HeOOGXOXHMOCTH Pa3-
OnpaTb MapoBoH KOTEJM Ha OTHENbHBIC
AHCTH) . COOTBETCTBYIOIME COEAHHEHUS Ha-
3bIBAIOT Hepa3bLeMHLIMH, HX OCYLIeCTBASIOT
CBapkoH, nafikol uau Kaenkod. Paszbednde-
1Me jaeTasied HeBO3MOXHO 6e3 ux paspyulie-
HHA WJIY CBA3AHO C ONACHOCTHIO HX IIOBpPeX-
Aelud.,

Hekoropeie neranu wneof6xoaMmo B npo-
Lecce IKCMAyaTadlUH pa3sheiHuHATb, HallpH-
MED, AJf1 OCMOTPd, OYHCTKH HWJH 3daMeHbl.
B 3THX c/iydanx ONpuXoAHTCA HCHOABL30BATH
Gonee CJOXKHBIE pazbeMHBIC COEJAMHEHHS,
OCYIIECTBJAAEMbIE ¢ [OMOIIbIO BUHTOB, LUMO-
IOK, KJIHHbEB H T. II.

2. Mawunsl, ne oupenenenuo K. Mapkca,
COCTOAT M3 ABUTATENLHOr0, [CPEAATOYHOTO
H UCHOMHUTEJNIBHOTO MeXaHH3MOB.

Haufonee o6 mumMu A Becex Mauiud
ABJAAIOTCHA NMepenaToOuYHBe MeXaHH3-
M Bl. JIBuraTtesibuble H HCHOJHHUTEJILHBIE Me-
XaHHU3MEBI, KaK MPAaBHI0, HMEIOT MHOrO Creil-
huueckux pgeraneld. Ilepegaua MexaHuue-

cKO#l 3HepruM HaubGonee ynobBHO ocylle-
CTBJASACTCA MPH BPAIATEJBHOM [BHXEHHH,
KOTOpoe MOXeT OblTb HEeNpepbiBHLIM M
uMeTh GOMBLIYIO CKOPOCTh.

Jis mepenauu 3HEPrud NMpH BPaulaTeJb-
HOM JIBHXKEHHHM B OCHOBHOM [IPHUMEHSIOT
mepenadd, BaJbl U MYy @THL.

[lepenmauyu BpamaTtenbHoro ABH-
M EeHHA HABIATCA MEXaHH3MAMH, Mpe-
HAa3HAYEeHHBIMH MNepellaBaTh 3HEPTHIO C
OMIHOFO Bajia HA JpyroH, Kak TMpaBujo, ¢
H3MEHEHHEM, T. €. C YMEHbIUICHHEM HAH
yBEeJIHUEHHEM YIJIOBBIX CKOPOCTEH H COOT-
BETCTBEHHBIM H3MCHEHHEM BpAILAOIIUX MO-
MEHTOB,

[lepenaun paznendaior Ha nNepemavdd
sanenjeduemM, TMepelawue 3IHepPrHo
NOCPEeACTBOM B3aHMHOrO 3alelJeHus 3y0Ones
(3y6uaTele, YepBAYHbIE U LEMHble Mepegadu),
MW Nepefiayd TpPpeHHeM, lepeaamlile
3HEPruio NOCPEICTROM CHJ TPEHHS, Bbl3bIBAE-
MBEIX HAuaJbHbIM HaTfAXXeHHeM peMHs (pe-
MEHHbLIe Mepefayd) HJH NpUKaTHeM OJHOr0
KaTka K ApyroMmy (QpUKOHOHHBIE [E€pefadu
C KEeCTKUMH TeJaMH KauyeHus).

3. Bpawawouiueca aetanu nepepad (3yG-
yaThle Kojaeca, LIKHBBI, 3Be3J0YKH) ycTa-
HABJHBAIOT HA Basax. Banabl ciay¥ar Aag
nepefayd BpaliawIIerc MOMEHTa BAOIb
CBOCH OCH M JUIA [OJJepKaHuA yKasaH-
HBIX Jeradted. [nsa nojJlep:KaHHA Bpaalo-
muxca getaneid 6e3 mnepemadd MNoJe3HBIX
BpAILAOIIMIX MOMCHTOB CJYXKAT OCH.

Banbl coefHHAIOT ¢ noMouwbld My dT.
MydTol 6bIBAIOT NOCTOAHHBIE, HE JONYCKAlO-
ulHe pasbeluHeHds BaJoB Npu pabore ma-
UIMH, H CUElHble, JONYCKAIIHe CHel/ieHHe
H pacuenieHHe RaJioB.

BaJjbi 4 OCH BpawawTCA B 10 410 HMHH-
K a x. [lochennue maendiTcs HA MOANTHUIHHKH
CKOJIbXKCHHA H KAueHHs.

[locTynatesbHO ABHXKYIUIIHECS AeTaNH MOJI-
JEpXKHUBAIOT HAaNpaBAAWIU HE MNOCTY-
NATEeNAbHOTO NBUXEHHUSA CKOMbXKEHHS
H KauyeHHs.

[logmMnHuKy W HanpaesJAAOILHE, B CBOIO
ouepen, 6a3UpPyIOTCA HA QCHOBAHHAX: CT a-
HHHAX HADPYTHX KO P Iy CH bl X IRTAJSX,

4, Jlaa npeo6pa3oBaHUsl BHAOB JIBHXKe-
HHH (BpallaTeJbHOro B BO3BPATHO-NMOCTyNA-
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TeabHOE, KAuaTenbHOoe WK HaobopoT), OCy-
[IECTR/ACHHS JNBHKEHHUH ¢ 3aJaHHBIM 3aKO-
HOM H3MEHEHHS CKOPOCTH H [BHXXEHHA CO
CJMOKHOH TpaeKTOpHeHd [pHMEHAOT 114 p-
HHDHO-Pbl4aXHble H KYJa4YKOBbIE
MexaHd3mbel. HanGonblnee npumeneHue
M3 L1apHHUPHO-PBHIYAXKHBIX MEXAHH3IMOB HMEET,
KdK H3BECTHO, KPHBOUIHIIHO-NOA3YHHBIH Me-
X4HH3M, HCIIONb3yeMblH BO BCEX MOPLIHEBhIX
MallHHax: JABHraTesix BHYTpeHHero cropa-
nuf, Hacocax. OcHOBHbIE JeTaltH UIAPHUPHO-
pbluaKHbIX MEXaHW3MOB: KPHBOUIHIILL, 1IATY-
Hbl, KOPOMBICJIA, HANPAaBJASOLIHE, KYJHCHI,
nonsyabl. OCHOBHBIE [eTajH KyJauKOBBbiX
MeXaHH3IMOB: KyJauKd, 3IKCUCHTDHKH, pO-
JIUKH .

5. B OoJbluMHCTBE MALIHH HE00XOAHMO
HCMOJMB30BAThL YNPYrHe 3JeMeHTH 1P Y X H-
Hbi HJAHW peccopnl. [IpyxuHn u peccopnl
MPUMEHSAIOT: AJsl 3aUllUTBl OT BHOpauud H
yaapos (0co6eHHO LUHPOKO B TPAHCHOPTHHIX
MallliHaX — aBTOMOOHJAX, BaroHax); af
COBEpIIEHHS B TEYEHHE AJIHTCIbHOTO BPEMEHH
none3sHod paGorbl NyTeM NpefBapHTEALHOrO
AKKYMYJHDPOBAHHA HJAH HaAKOIJNEHHs 3Hep-
rUH (33aBOJHBIE NPYXKHHBL B 4acax ¥ APYyrHX
MeXaHH3Max); AASl OocyllecTBjaeHusi obpar-
HOrO XO0Ja B Ky/JaYKOBBIX H JpPYrHX Mexa-
HH3MaX. JUif CO3[AHUS HATAra H T. O.

6. JIas nospilI€HHsT PaBHOMEPHOCTH [BH-
XKEHus, ypaABHOBEIIMBAHUSA NeTaleH MallluH H
IJI HAKOTMJIEHHS SHEPTHH B 1EJAAX [OBHILLIE-
HUSL CWIB y[apa WIH [ €e BOCHPHATHA
(B M4llHHAX yAApHOro JeHCTBUA) [PH-
MEHSIIOT JeTalu, UCIIOAb3YIOUIHEe [JIST BhIIOJ-
Hedusl CBOHX (YHKIHH Maccy,— M a X 0BH-
KH, MASATHHMKH, ITpy3nl, 6abu, Wa-
6 0THL

7. 1oJroBeynocTb MallHH B 3HAYHTEJb-
HOH CTeneHd OlpeensieTcl yCTPOHCTBAMH
JJI1 3aliuTh OFT 3arpA3HedHdss H 1Ajd
CMAa3blBaHHSI.

8. BaxHuyio rpynny cocTaBAfIOT [eTaNH
H MEXAHHU3MB ynpaBJ€eHHH.

Hakoueln, 3HayuTtesbdble Tpylnnbl
COCTABJSIOT HeTanu crendprueckne (ToU-
Hee, HMelolHe HaubGosbluiee IIPHMEHEHHE)
AJisl OTAENbHbIX TPYIIT MALIHH.

HAagssHepreTH4ecKHUX MallHH HaH-
Gosiee xapakTepHbIMK ABAAIOTCH LUHIHHADDI,

MOPLIHY, KJANAHbl, JONATKH H JHCKH TypGoO-
MailHH, POTOPbl H CTATOPH 3AEKTPHUYECKHX
MallHH.

Jns TpaHCODOPTHBIX MalWlHH Xa-
paKTEPHBI: KOJieca, ryCeHHIbl, PelbChl, BHHTHI
BOASIHBIC ¥ BO3AYLIHbIE, KPIOKH, KOBLUH,
rpeddepbl U Ap.

Odasa MamuH-OopyAudA clenHpUIecKH-
MH SIBJAAIOTCS: ONOKH, BaJKH, 11a6oTol, 6absl,
IATPOHBI, CYMIOPTH, JleMeXH, OTBAJbl, Bepe-
TeHa, KaTyWKH, LUNYJH, YEJHOKH.

B cesaA3u ¢ snektpudukanmed, runapodu-
KanHeH M asToMaTH3ailMed Mal¥H MHOrHe
JAETANd HHEepreTHYECKHX ¥ TPAHCHOPTHBIX
MaIllHH [0/yyaoT 061lenpOMBILLIEHHOE IPH-
MeHEeHHE.

Ilpoo6pasbl OTAe/bHBIX AeTajled MaluHi B [pH-
MEHEHHH K PYYHOMY HHCTPYMEHTY, OpYXKHIO H
NpucnocoBIeHHAM HM3BeCTHbl C TayGOKo# Apes-
woctd. K caMbiM miepBbLIM no BpeMeHH MOABJICHHSA,
KaK HM3BECTHO, OTHOCATCA phiHar v wiuH. -Tlpo-
06pa3oM COBpeMEeHHBIX mnepefauy THOKOH CBfI3bIO
c/Ie[yeT CYATaTh JIYUKOBbIA NPHBOJA BPALLeHHA AJs
noOblBAHHA OFHHA, BBUIOJHSBLIHICA Hamogobue
JyKa, TeTHBA KOTOPOTO OOMAaThIBAETCH BOKPYT
ppamacmoro crepxkua. Ilpu BOoazparHo-nocryna-
TeJbHOM NBHXKEHHH JIyKa BAOJIb TETHBBI CTep)KeHb
noJay4asl BO3BPaTHO-BpallaTe/bHOE JBHIKEHHE.

Ouens paBHO, OoJiee 25 THIC. JleT Haaap,
YEeJIOBEK HAYUWICA MPHMEHATb PpY XK HUHY B Jy-
Kax JJIA MeTaHuWA CTpell.

IlpumeneHHe KaTKOB, T. €.
CKOJIbJKEHHS TpPeHHeM KauyeHHd,
cebiie 4000 ner Hasan.

K nepBbim ferajsim H3 uyHc/a paboTalouinx B
YCAOBHSAX, GJH3KHX K YCJA0OBHAM paboTsl B Mailu-
Hax, CJeAyeT OTHECTH KoJeco, 0Cb H 1M0I-
MIHNHHUK noBO30K. MasecrHO npuMeHedHe Bo-
poTa H 6JoKa B JAPEBHOCTH IPH CTPOUTE/]b-
CTBE XpaMOB H NHpaMHI.

B coudHeHMsX JpeBHerpeyeckHx ¢uiocogos
([Mnaton «ocymapcrBos; Apucrtotenn «Mexauu-
yeckde npobieMbi») HMEWOTCA CBEIeHHA O [pH-
MeneHHu B ['peuHd 3a 3,5 B. A0 H. 3. MeTal-
JHueckdx uandg, 3ybuaTnix KoJeg,
KPUBOWHNOB, KATKOB, MNOJHCMAacTOB.

Apxumen (287—212 r. g0 H. 3.) NpHMEHH]
A9 BOLOMNOABEMHOH Mallddbl B H HT, [MO-BHAH-
MOMY, H3BECTHBIH panee.

B counnenun Ilojunona ButpyBusi «Apxurek-
Typa» (16...13 Jjer D0 H. 3.) ONHChIBaeTCs
BOAOIOAbEMHAN MAallHHA C KOBLUIAMH, YKPEIWleH-
HbIMH Had UEIIH.

Y Tllanma AJjekcaugpuiickoro (284—305 r.)
OMHCAaH peAyKTOp H3 3y0UaThiX H YEPBAUIILIX
nepenau. JybuaThie nepeiatd TOrAA BbITOJIHFIH B
BUIE UEBOUHBIX (HA OJAHOM Kosece 3y0bsA — B

3aMeHa TPEHHA
OblJI0 H3BECTHO
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sie WTHTOB, Napaedblbix OCH Baja), 4epss-
KM M UCDBSIYHBIE KOjJeca — C mpsAMOGOUHBIM MPO-
HJEM.

34 nepHOﬂ CpCﬂﬁCBEKOB()FO 34dCTOA 4acCThb
TeXHHUCCKHX JIOCTHXKEHHH JpeBHOCTH Oblia 3a-
Goita. B nepuon BoszpoxkaeHns BHOBbL MOSBJAIOTCHA
H3BECTHBIE pallee H HOBHE MeXaHH3Mbl H AETaJIH.

y wmowaxa Teoduaa Ilpec6utepa (1100 r.)
WMEITCST JlaHHble O pUMedeHHH MAXOBHKA.

B sanuckax Jleowapno Aa BuHumu
(1452—1519r.) OUNCAHLIBHHTOBH € 3y 6ua-
T e KOJeca C NépeKpeluNBawIUUMHUCH
ocAMHU, 3yBuaTbue KoJeca C Bpaual-
WHMHCH NCBKaMH MNOJIHNHHKH Ka-
yeHUSl, WAPHHDPHBIE HENHM W pa3HBle
M aIlHHBbL

B aurepatype 3moxH Bozpoxgenus umelorcs
JAHHbIE O TPHUMCHCHHY KAQHATHBIX H pPeMeH-
HBLX MNMepejpaud, Trpy30BbX BHHTOB,
MYy DT

Takum 00pa3om, OONBLIMHCTBO OCHOBHBIX THIIOB
Aerasielt MaliiMH ObIVIO H3BECTHO €LIE B APEBHOCTH
uan B nepuold Bospoxaenus.

C nosIBNeHHEM MapoBOH MALUHHBI B KOHUE
XVIII B. u mapoBo3a B Hauaje XlX B. uwmpokoe
NpUMEHCHHC NOJAYUMIIK 33KJICNMOoYHble COeMHEeHHH
(B I4POBLIX KOTJAX H MKEJIE3HOLOPOKHBIX MOCTaX) .
B XX B. Nmpod30lNI0 MOCTEICHHO® BhITeCHEHHE
3aKJNeMOYHbIX COeJMHEHHH CBap HbIMH.

Pesnb0oBoe COeqHHEHHA HENPepblBHO
coBepuleHcTBoBaauck. B 1840 r. ButBoptoM B
Aurndn 6bi1a  paspaborTana  cHCTEMA Kpemex-
HLIX pes3bh0, cbirpasiias OosbilyK) poOJb  Kak
neppast paboTa MO cTaHgapTH3aLHH B MALIHHO-
CTPOEHUH.

[lepenauu rubkoii cBa3bl0o (peMeH-
HAafl ¥ KanaTHas) pasBHBAJHCH B° Hadajle Kak
YHHBEPCasbHbIE: I8 pa3gayd IHePrHH OT MapoBOH
MALWHHBL o stakamM ¢dabpuku (KaHatHaa mnepe-
fauya), AJs MPHBOJAA TPAHCMACCHOHHLIX BAajioB,
HPHBOAA OT/eJbHbIX CTAHKOB M APYTHX MALIHH H
IPHBOMA OT/EJIbHBIX OPPAHOB B KaXI0OH MalIHHe
(pemennas nepenaua). B xoune XIX u B XX BB.
HO Mepe Da3BHTHA WHJIHUBUAYaAJNbHOID 3JIEKTPO-
IpuBOJa poJb pPEMEHHOH nepejadd c¢Beaach K
IDHBOAY Jerkux u CpeJHHX MaluHH OT HHJHBH-
AyanbHBIX npHUBOAHBIX aBuratened. B 20-x rogax
HaYanoch MIHPOKOe pacnpocTpaHeHHe peMeHIBX
NEpesiay ¢ KIHHOBLIM ceyenneM pemus. B mocien-
HHE rofbl oCcyniecTBASIETCH MEpexol Ha PEMHH H3
CHHTCTHYECKMX MaTepHajoB, 3y6uaThie H MHOTO-
KJAHHOBDIe.
3ybuaTan mepegaua HenpephHBHO CO-
PIDeHCTBOBaNaCh H 06/1aCTH MPUMEHEHUS ee pac-
HIMPAMHCE: BMECTO HEBOYHOrO NOABJIAETCA COBCT-
BeHHO 3ybuaToe 3auennemue, cuavajda TpsSMO-
Oouoro " npoguast co cKpyrieHHsAMH, KoTopbiii
1TCM  3aMeHAeTCst HHKJIOHAAJBHBIM, a [MOTOM
JBOJILBEHTHBIM. BMecTo fepeBAHMBIX KOJeC, M-
[l()ﬂl)(}OBaBI_L[HxCH B npueoae oOT BOOXAHLIX JBH-
PATesied, HAYMHAIOT MPHMEHATb UYYTYHHBIE CO
BCTARHLIMH JepeBAUHBIME 3y0ObsAMH U2 GOJbIIOM

B

Konece, MOTOM JIHThle YyryHHble HeoOpaboTaHHEIC
H, HaxoHel, cTajJbuble o6paGoTaHHuble.

C 70-x rogoB nNpounIoro BekKa B CBSISH C
MOABJAEHWEM BeJOCHMNEIOB HAUMHAIOT MPHMEHATh
NOAWHINHUKYH KadeHHS, KOTopble 11oay4aioT
LIIHPOKOE pacnpocTpaHeHHe,

HMcTopua pas3sBHTHA KOHCTPYKLHHA je-
Taseidl manmiie B POcCcHH CBHIETE/BCTBYET O
3HAUMTEIbHOM BKIALE DYCCKMX MEXAHHKOB B 3TY
06/1aCTh TEXHUKH.

Mexauuxy [letpa | A. K. Haprosy npuuan-
JIeKHT H3obpeTeHHe (okowo 1718 r.) camoxon-
HOCO CyNnopra TOKApHOIo CTaHKa ¢ XOMOBBIM
BHHTOM. Jl0 3TOro Ha 0pOTSI)KeHHH MHOTHX BEKOB
MHCTPYMEHT nep:Xajd B pykKax, oldpas Ha Mnoj-
PYYHHK.

K. Jl. ®poJioB BHepBLIE B MHPE HPUMEHHI
MeTa/lJIMYeCKHe (Uyrynubie) pesbcbl AJ1A BHYTpH-
3aBOJACKOr0 TPAHCIOPTA.

®, A. buankos uz00pes ryceHHUHBIH XOfx,
NPHBHJIETHA Ha KOTOpbIH Oblla emy Bblgada B
1879 r.

Pycckomy utixenepy P. A. Kopeiiso (1907 r.)
NpHHALJIEKHT H300peTeHHe uesibHOMeTaLInuecKoH
yupyro# wmydTe, obJajamlled pAIOM  NPHH-
ILHITHAJbHbIX ROCTOMHCTB. CoBpeMeHHble Mogddu-
KauuWd 3TOH My{Thl HMMEIOT LIHPOKOE PacnpocT-
PAHEHHE B THKEJOM MallHHOCTPOSHHH.

Eme B 1903 r. ua Bajtuickom 3aBoge Obliu
H3rOTOBJIEHBl YepBSIUHble Nepefadu ¢ TIo00H IHbIM
(obsieralo MM 4YepBSIMHOE KOJIECO) YepPBAKOM.

PazBuTHe KOHCTpyKuHH [AeTajiel MaliiMn B
HACTOAIILEE BpeMs onpeessieTcsl 6OJbIUMH CIBH-
ramH, MPOMCXOAAUIMMH B TEeXHHKE B CBA3H C
MOABJIEHHEM HOBBIX MaTEpHANOB H HHTeHCHHKa-
uMeit pabouHx NPOUECCOB, KOMIVICKCHOW aBTOMa-
TH3auHeH, NOBLINEHHEM MNapaMCTPOB MAalUHH —
MOLLHOCTeH, CKOPOCTEH, AaBJCHUH, TOUHOCTH.

Teopus H pacueT fgeTaqdedl MAIIHUH
paspafaTniBasnch MO Mepe MOABJEHHS H COBep-
[ EeHCTBOBAHHA KOHCTPYyKu K. [TpocTble pacueTst
onpene/ieHHe nepefaToOUHbIX OTHOILEHWH W jJed-
CTBYIOUIHX CHJ — OblilM H3BECTHLI €ile B ApeBHeR
I'peurn. TlepsbiM wuccaepoBaTeileM B 06JacTH
JeTajled MaliHy AOJKEH, M0-BHAHMOMY, CYHTAThCA
Jleonapno na Bunun. On paccmaTpeBan BONPOCH
O COMPOTHBAGHHH BPALIGHUIO KOJEC, IUKHBOB H
6/10K0B, 0 30HE H3HOCA MOALIMITHHKOB, H 0 COOT-
HOWEHHY MEXKAY HIHOCOM OCH M NOJIIHTHHKA.
OH npefaoxun YCTAHOBKY V51 HCIBITAHHA BHH-
ToB. QOuenb O6oJbllioe 3HAUeHHE HMEJH HCCe-
npoBauus Jleonapio fa Bunuy B o6sacTd Tpeuus.

IlepBasi nonblTKa CcHCTEMATHYECKOTO onHca-
HHA uyacTed MalMH Oblia caenada Jleynoabmom
B cOunHHeHMH «TedaTp MaliHHHBIH>,

B paspaGoTke Teopuu W pacyera Aeradeil Ma-
ItHH Ooabliad poJib NPHHAMJEIKHT OTEUECTBEH-
HbiM YyueHbIM. JI. JiJjdep — unen Poccuiickoi
Axkagemun Hayk, Hawenunii B Poccun BTOpYIO
pPOLHHY, MPEANOIKHA H pa3paboTas TEOPHIO 3BOJb-
BEHTHOTO 3aueneHust 3yfuaTblX KoJec, KOTOopoe B
HACTOALIEE BpeMsl MMEeT NOBCEMECTHOe pacrpo-
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CTpaueHHe, pa3palboTaj Teopuld TPeHWs THOKoH
HHTH O WIKHB, COCTABJAWOULYKX) OCHOBY TEODHH
pacyeTa peMeHHbIX Mepefay W JIeHTOUHBIX TOp-
MO308.

Ilpodeccop H. T1. [Te 1 p o B sBASIETCS OCHOBO-
TOJIOAKHUKOM THAPOJHHAMHUYECKOH TEOPHH CMa3Ku
(TeopHH paGoOTHl MacJSHOTO CJIOSI MEXK/LY TPYUIH-
MUCH NMOBEPXHOCTAMH) .

B HacTosimlee BpeMs 3Ta Teopus #ABJAAETCHA He
TOJIbBKO OCHOBOH pacueTa MOQIIHIHHKOB CKOJIbXKe-
HHSl, HO pacmpocTpaHAeTcss Ha 3ybuaThe H uep-

BAYHbIE [IepeayH, pOJHKOBble MOJINHNHUKH H
Apyrue perand, paboTalouwHe Co CMaz0uUHbIMH
MaTepHaJamH.

Benukuit pycckuit yuenniit H. E. K yxoe-
CKH# HCCACQOBAJ paclpefe/ieHHE CHJIbl MEX Iy
BUTKaMH pe3elbl, paboTy ympyroro pemua ua
IWKHBAX H BMecTe ¢ C. HamipiruueiM - gad
Gecrdiee peiiende paXHeRwed ruapoAHHAMH-
yecKoH 3agaud IS NOAIUHIHHKOB CKOJbIKEHHA.

X. W. Toxmanom 6Obula paspaBorana ofuias
TEeOpHA 3yOuaThiX 3apelvieHHH.

Haunnasa c 1917 r. oTeuecTBenHan
HaykKa o pgetajax MalWHH pa3BuBallach 0cCo-
Genno OblCTPHIMH TeMIaMH M JOCTHrJa 3HAuW-
TeJbHHX Pe3ayJbTaToB.

Ilpe110:KeHO KPYrOBHHTOBOE 3aUEMJICHHe Bhy-
COKo# Hecywied crnocobuoctd (M. JI. Hosukos),
CO3JaHbl OCHOBB KOHTAKTHO-THAPOAHHAMHYECKON
TeopHH cmazkd (A, M. TletpyceBuu wu gp.);
pasdpaboran wuabuparelbHblil nepeHoc B napax
TPeHHH, OBecneud BATIHNE B ONPCACIEHHBIX YCiI0-
BUSIX nOMTH BespldHocHyw paboty (. H. Tapky-
HoB, M. B. Kparennckuil}; ycTanosaena npsimas
NpOMOPHHOHAJILHOCTh H3HOCOCTOHKOCTH MaTepHa-
JIOB B €CTECTBEHHOM COCTOAHHMH OT TBEPLOCTH
(M. M. XpyuioB); paspaboTan pacueT Ha H3HAUIH-.
BaHHe KaK yCTaJOCTHbI DPOHECC H pacuyeT CHA
1penus (K. B. Kpareawcxkuit u 1p.).

Ma sapy6GeKHB X KIACCHUECKHX HCC/EO-

BaHHH HeoOXONMMO YyKa3aTh Ha BbAawMecH
padorel Q. Pei#noanaca, A. 3ommepdenbaa,
A. Mutueas B ofaacTH FHAPOJAHHAMHYECKOR]

TeopuH cMaakd, X. ['olrenca — no UHKIOHAAb- .
HOMY NpOdQHII0 3y6beB 3y6uaTeiX Kodec 1 P. Bun-

Jauca — Mo o6UIMM 3aBHCHUMOCTAM A5t 3y6uaThix+
3auemnnennd; B. Jlbwouca, E. Bakuurema, X. Mep-
pHTa — 110 MPO4YHOCTH 3yOuaThix nmepegay; K. ba-

Xxa — no BubOpy JomycKaembix HamnpsiKeuuii M

TeXHH4YECKHM pacdetaM peranefd mawud; P. Ultpu-

beka, A. [lasbmrpesa — mo pacyeTy momuHIHH-

KOB KaYeHHS.
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OCHOBHDBIE KPUTEPHH PABOTOCNOCOBHOCTH
M PACYETA NETAJIEM MALUHUH. HALE)XXHOCTD

§ 1.1. OBULHE CBEJEHHS.
MPOYHOCTD

Jletanun MallHH JOMXKHB YAOBJAETBOPSTh
VCJOBHIO HANEXKHOCTH, T. €. CnocoBGHOCTH,
.COXPaHASA CBOH 3KCIJIyaTallMOHHBIE NOKAa3a-
TeJIH, BbIMOJMHATDL 3a/aHHble QYHKIHU B Teue-
HUE 3a]aHHOr0 CPOKa cayxOb, H YCIOBHIO
KOHOMHYHOCTH, T. €. HMETb MHHHMAJIbHYIO
HeOOX0MUMYI0 CTOMMOCTb H3TOTOBJICEHHA H
IKCITyaTalUH.

[TosTomy Heo6xonumMo mNpPUMEHATH HaH-
foaee MOAXOAALIME MATEPHANBl C YYETOM HX
CTOMMOCTH H Ae(MUIMTHOCTH, a4 Tak:kKe pac-
CUMTBIBATBL JeTaldu Ge3 H3MHIIHBIX 3amacos.

Pa6orocnoco6HOCTS ¥ HAIEXKHOCThL JieTa-
JeH MallHH XapaKTepH3yeTcsl OlpeaeeH-
HbIMU kKpuTepusimi. Ilo ognoMmy uau no He-
CKOJBLKHM H3 3THX KDUTEPHEB BEAyT pacyer,
NeJIb KOTOPOro — ofpefefeH’e pa3MepoB H
mMatepuajoB geranedi maumud. YacTth KpH-
TEPHEeB YAOBACTBOPSETCA 3aBEJOMO H He
TPeOyeT MpOBEpPKH.

Baxueliuiue KpuTepHH: IPOUHOCTD,
XKECTKOCTh, M3HOCOCTOMKOCTb, TEIIJIOCTOH-
KOCTb, BUOPOYCTOHUHBOCT.

Harpysku Ha merand Mawud v Ha-
MpAXEHHA B HHX, KAK H3BECTHO, MOCYT
ObITh MOCTOAHHBIMA U [EPEMEHHbIMH TI0 Bpe-
MCHH.

Hetanu, nomBepXKeHunle NOCTOAHHBIM Ha-
NpAKeHUuAM B YHUCTOM BHAE, B MAallHHax
Mo4TH He BeTpeuatloresi. [locTosiHHAs, He-
NOABHXKHAA B IPOCTPAHCTBE HACPY3KA BbI3bl-
BaeT Bo Bpawaminuxca AeTANAX (Banaax,
ocHax, 3yfBbAx 3y6GyaThiXx KOJEC) I[I€peMeH-
Hble Hanpskedus. OQHaKo HEKOTOPbIE JeTaJH
paGoraloT ¢ MaJ0 HU3MEHSIOWHMHCS Ha-
NPAKEHUSAMH, KOTOPble MPH pACyeTe MOXKHO
MPUHHMATbL 3a NoCTosiHHbie. K Takum jaera-

JSIM MoryTt GbITb OTHECeHHl aeTanu ¢ 6ojb-
IIHMH HarpyskaMH OT CHJIBL  TS2KECTH
(B TPAHCTIOPTHBIX U NOJ'BEMHO-TPAHCIIOPTHHIX
MalluHax), AeTand ¢ OoJdbUIOH HAYaAbLHOH
3aTHAMXKKOH (3aKJelKH, YacTh KpPeneKHbIX BUH-
TOB H MPYXHH} H AeTaJU C MajblM 0OIIHM
UHCJOM [IIABHBIX HArPYMXKEHHH.

[lepemeHHBEIE HANMPAMKEHHA, TPEKIE BCe-
ro, XapakTepU3YIOTCA LHKAOM H3MEHEeHH Ha-
npsKeHHH.

B nmeranax MallMH BO3HHKAWT CJAEayIO-
IHe IHKIB H3MEeHCHHS HamnpsKeHuH:

a) OTHYJIeBOH ULHKJ, B KOTOpPOM Hamps-
XKEHUS MeHAIOTCHA OT HyJAs A0 MakKcUMyMa
(3y6bst 3y6uaThIX Kosiec, pafoTaloluX B 0AHY
CTOPOHY, WUTOKH, TOJMKATENH H ATYHB TUHXO-
XOJHBIX MCXAaHH3MOB, MaJiOHArpyXKeHHble TpH
ofpaTtHoM xoie 4 T. A.);

0) 3naKonepeMeHHHI CHMMEeTPHYHBIH
IUKJI, B KOTOPOM HAMPSIXKEHHA MEeHSITCS
OT OTPHIATENBLHOTO N0 TAKOTO Ke IOJOXKH-
TEeNbHOTO 3HaueHHd (HanpsKeHusa u3ruba Bo
BPAlLAILUXCA BANaX U 0CAX};

B) ACHMMETPHUYHbIH, 3HAKOMOCTOAHHKIH
(BHHTbBI, MPYKHHB), HAH 3HAKONEPEMEHHBbIH
HHKJI.

[lepeMennble peXUMBI MOTYT ObITB pery-
JADHBIMH, T. €. C TOCTOAHHBIMH AMIJHTY-
JaMH H CPeIHHMH HAmNpsKEHHAMH, H He-
PEryasiPHBIMHU € HENOCTOSHHBIMH aMIIMTyAa-
MH H CpeHHUMH HaMPFKEHUAMH.

[locToAHHBIE peKUMBI XapakKTepHBL 1
MAUIHH HEHTPAaJbHbIX CHJIOBBIX W HACOCHBIX
CTANOMH H TPAHCMOPTHBIX MALIHH JAJLHEro
CneJ0BaHUdA, NepeMeHHble — AAA OOJblUIHH-
CTBA MALUHH — YHHBEPCAJbHLIX MAUIUH-OpY-
AUH, TPAHCIOPTHHIX MALUMH H T. J.

Harpy3ku MoryTt U3MeHAThCA TNARHO HAU
HPHUKJIAABIBATbes BHe3ando (yaapel). Cylne-
CTBEHHBIC yldpHblE HATPY3KH NEHCTBYIOT R



12 OCHOBHBIE KPHTEPHH PABOTOCNOCOBHOCTH H PACYETA A ETANEA MAIUHH

MalIHHaX yJaapHOro NeHCTBUSA H B TPaHC-
NOPTHBIX MaluHAX, Yaapel Takxe GbBaioT
cBA3aHb ¢ pafoTod MeXaHH3MORB (NepeKio-
yeHHeM 3yOuaThIX KOJeC W KyJAa4KOBbIX
MypT Ha Xoay, HCIHOJL3OBAHHEM YIMOPOR
H T. 1.), C MOrpeUIHOCTAMH H3rOTOBJAEHHS U
yBEJAHUYEHHBIMH 3430PDamMH B COMPAKeHHSX.
OueHb onacHul yaaphl npH aBapuax. OCHOB-
Hasl XapPaKTCePHCTHKA CONPOTHBJIEHUA yaa-
pY — yAapHas BSI3KOCTb.

PacyeTs Ha MPOYHOCTH BEAYT TO
HOMHHAJbHBIM JONYCKAEMBIM HANPSXKeHHAM,
o kod¢dunmueHTaMm 3amnaca HpOYHOCTH (3a-
macaM [MPOYHOCTH) HJH [10 BePOATHOCTH
6e3oTka3HOH paborh. PacyeTh [0 HOMH-
HaJbLHBIM HANpAXeHUAM Haubojee MPOCTH H
ynoGHbl B KayecTBe NpeABaAPHTENLHHIX U A
0006111eHHA ONbITA KOHCTPYHDOBAHHA MyTeM
HAKOIINIEHHS JAHHBIX O HAIIPSKEHHAX B XOpO-
0 3aPEeKOMeHIOBABUINX ce6d KOHCTPYK-
NUAX, paboTalUIHX B CXOJAHBIX YCJHOBHAX.
HauGosee nmoje3Hpl TakHe AaHHBIE [JIA Ma-
IIMH MAacCoBOrO BHIIYCKA, B YaCTHOCTH
ABTOMOGHJeH, ONLIT IKCONYATALHH KOTOPHIX
pesiuk. Pacdetnl no ko3dgHuHeHTam Oes-
OMacHOCTH YYUTHIBAIOT B FABHOH ¢opme or-
JeJbHble (paKTOpHl, BAHSAOLHE HA TPOYHOCTD:
KOHUEHTPAIMK HAalpsXKEeHHH, pa3Mepbi Je-
tTajsed, YIpOuHeHHHA,— a MnoToMy Gojee
TOuHnl. Bmecte ¢ TeM 3TH pacueThl coXpa-
HAIOT YCJOBHOCTh, TaK KaK KO(PPUILUEHT
3anaca (uHaue KoO3QOdHUHEeHT He3HAHHH)
BBIUHUC/IAIOT 1A HEKOTOPBIX YCAOBHLIX Xapak-
TEPUCTHK MaTepHaJIOB W 3HAUEeHHH Harpysok.

Haun6onee nmporpeccHBHEIM ABJIAECTCA pac-
YeT Mo BepOATHOCTH 0e30TKajzHod paboTH,
KAK M0 HCTHHHOMY H (HU3HUECKH SCHOMY
KPHTEPHIO.

‘Pacuernl Ha NPOYHOCTb MPH [OCTOSIHHBIX
HamnpsKeHHAX AeTalled H3 MJaacTHUYHBX
MatTepHaaos oObUHO OPOU3BOJAT CO-
FJAACHO YCJAOBHIO OTCYTCTBHA OOLIHX MJIACTH-
yecKuXx aedopManui, T. e. obecleqyuBaloT
TpeSyeMbld Ko3(PODUIIHEHT 3andca 110 OTHOLLE-
HHIO K [IpeAeny TeKydecTH martepuada. Kosd-
QHUHEHTBl KOHUEHTPAailHd HaNpsXKeHWH B
pacyeTbl HE BBOAAT, TakK KAK MUKH Hamps-
AKeHHHA Cry1axuBaloTCs BCACACTBHE MECTHBIX
NAacTHYeCcKHuX fedopMalui, e onacHelX AN
MPOUHOCTH NETAJH.

[IpH meficTBud HanpsiKeHuii H3run6a (MaM pac-
TAXKEHHSI) G H KpYYeHHMA T pacder BeayT o0
3KBHBAJEHTHOMY HalpAKeHHIO

e=\[ o (L) CRV 6,

T

roe or H T, — npepedibl TeKyuecTH MAaTepHalJloB.

Hekoropuie pmeranu paccuuTeiBaOT 10
npefebHbiM  OCTATOYHBIM [I€PEMELLEHHAM,
JNONYCTUMBbIM G€3 Hapyllenus HOPMaJbHOH
paboTnl ysJja. K TakuM JeTtansiMm  MOryr
OLITE OTHECEHBl, HallpUMep, FPy30Bble KPIOKH,
pPBIM-60JITHL, TIPHXKUMHbBIE MJIAHKH AN Kpen-
JIeHHA Jnerajed Ha CTaHKax H T. .

Pacyer Ha 1pOUYHOCTH MpPH NOCTOAHHBIX
HAMpsAKEeHHAX, pABHOMEDHOM HallpAKEHHOM
COCTOSIHUM M XpPYINKOM COCTOAHHH
MaTepHaja MPOH3IBOAAT 110 3aaHHOMY KO3(b-
$HuHeHTy 3a11aca OTHOCHTEAbHO BPEMEHHOTO
COTMpPOTHRACHHUA (MHAYe, Mpeaeaa I[poOYHO-
ctu). TlpH wepasHOMEpPHOM HAaMPSKEHHOM
COCTOAIHHH, B UYacTHOCTH mnpH H3THOe, 3a
HCXOJHYI0 XapaKTepHCTHKY [IPHHMMAIOT Bpe-
MEHHOE COMPOTHBAEHHE MPH 3TOM HalpsaKeH-
HOM COCTOSIHHH.

Hanpumep, y cepuix 4yryHoB BpPeMEHHOE
CONpOTHBJAEHHE H3ruby B cpeiHem B 2 pa-
3a pbilile, yeM pacraxeHnw. Kospdpuuueuth
KOHLEHTPALHH HANDPAXEHUH BBOAAT B pac-
YyeT HAa CTATHYECKYIO MPOUYHOCThL A/l MATe-
pHAIOB B XPYMKOM COCTOSIHMHHM, HO HX
CYLLECTBEHHO YMeHbLW AT AJas1 HEOAHOPOA-
HBIX MATEPHANOB CO 3HAUHTEJbLHOH BHYTpeH-
Hell  KosLeHTpaiHed HanpsxkeHHH (Cepuif

uyryH).

Haubosee ofliel Ap/asieTca Te€OpHsa NPOUYHOCTH
Mopa, no xoTopoH 3KBuUBaJeHNTHOE HanpsKeHHe

1 — 1
GEZ% 0'_'_.__;__1 {02__|_4T2’

rpe v=

GBC)K

Oy M Oucx — BPEMEHHOE COMPOTHBJEHHE pacTs-
JKEeHHIO H CXKaTHIO.

Jas cepblX 4yryHoB B cpepsem v=0,25, nan
3akaacuHuX ctajgei v=0,75.



OBUHE CBEAEHHA. NPOYHOCTD i3

Pacuer Ha npouyHocTb nAeraneil Maluud
MPH pery/sipHblX NepeMeHHB X HANP a-
XKeHuax obecneunBaer TpeGyembld 3anac
NPOYHOCTH IO OTHOUIEHHIO K TIpeAedy Bhi-
HOCJAUBOCTH.

[Ipy  opHOOCHOM  pacTSKeHHH-CHATHH  WJIH
uarube 3anac MPOYHOCTH OMPeANAIOT O PopMyde

G

Kipo,+ 9,0,

S =

a

T

[IDH KpYyueHHH

s bl
T K‘I.’DTCI+ thm ’

"TIC Om M Tm— NOCTOSIHHBIE COCTABJIAWOILHE Ha-
IpAXKeHHH, oy H Tp — aMIWIMTYAbl HanpsdXKeuHH;
"_y M T_, — NpeJesabl BBIHOCJHBOCTH MaTepHaJa
NPH  3HAKOMCDEMEHHOM CHMMETPHYHOM LHKJIE,
Kop U K p— obine k03DPHUHEHTH CHHKEHHA
IpeJeJ OB BBIHOCJIMBOCTH fgeTaseid npu H3irube H
APH KpYYEHHH, YUHTBHIBAIOILIHE KOHUCHTPALHIO HA-
HPAXKEeHHH, pasMep JeTaned H yIpouHeHHe, P, H
P — K03 PHUHEHTH, XapaKTepH3yIOLIHe YyBCTBH-
TeAbHOCTH MaTepHaJla K acuMMeTpuH umkia. Ilox-
pobHee ¢Mm. § 16.4.

ITpu noab3oBaHUM MpPUBEIeHHBIMH GOPMYJIaMH
npejinosaraercs, 4YTo jgeficTBHe  nepemMeHHbIX
HAlIPAXKEHHH TpeBajupyeT uaj medcTBUeM I0O-
CTOAHHBIX H Hecyllas cnocoGHOCTh OrPaHHYHU-
BAGTCsl YCTAJOCTbIO MatepHasa, a #e M[o#ABJe-
HHeM TJacTH4YeCKHX nedopmauui. B OpoTHBHOM
ciiyuae ¢opMyabl TpadcopmHpPYOTCA H 3anac
npoudHocTH GepeTcsa 10 OTHOIEHHIO K Npejgeny
TEKYUECTH.

[lpu cosmMecTHOM neHCTBHY H3rHOa ¥ KpyUeHHsI
HJH PACTAXKEeHHA-CXKATHSA H KpydeHdd oOLIHH
3allaC MpOYHOCTH OMPEeJeNsiioT M0 COOTHOWEHHIO

11
T

Kpome ofimenpaaaroro ofo3Hadenus 3a-
Naca npoyHocTH S, B yueOGHHKE I[P Be-
POAITHOCTHHIX pacuyerax MOPHHATO CTapoe
o6o3naveHde n, T. K. S ucnosb3yeTcss AdA
CpeHero KBaJpaTHYECKOTO OTK/JIOHEHHS.

Pacuer Ha NMpPOYHOCTL NPH HEperysispHbIX
UHKJAHYECKUX HANPAKEHHAX OOBIYHO OCHOBBI-
BAIOT Ha ypaBHEHHH JHHEHHOrO0 CYMMHPO-
BAHUA [OBPEXACHHH

Ya=a

HEIX

rae n; — obli2e UuCAO HUKAOB JedcTBusA
HEeKOTOpOro HampsaxeHusa o; N;— uueao
LHKIOB [0 pas3spylIeHdud MpPH TOM XKe _a-
NpSKeHHH; a — JKCTePpUMEHTANALHO yCia-
HaBniuBaembld Koybduuuent (cm. c¢. 188).

BriGop ko3¢dduuueHTOB 3anaca Tnpou-
HOCTH SBJSIETCA BeCbMA OTBETCTBEHHOH
3afaued aaa KoHcTpykropa. Kosdduuuent
3allaca MpeXae BCCr0 3aBHCHT OT KPUTepHs
MPOYHOCTH H XapaKTEePHUCTHKH MaTepHania, no
OTHOIIEHHIO K KOTOpPOH Ha3HadaeTcsl 3amac
POYHOCTH.

Kosddunuents 3anaca, N0 OTHOLICHHIO
K BPEMEeHHOMY CONpPOTUBAECHHIO [aXe TPH
OCTOSHHBIX HANPSXKEHHAX B YCAOBHAX Xpyn-
KOH IIPOYHOCTH BLIGHPAIOTCS JOBOJNBHO G0sib-
IIAMH, HApUMep VIl CepoTo 4yryHa [opsAiKa
3 ¥ BbILIE.

DTO CBA3AHO C TeM, 4TO JHaXKe OJHOKpAT-
HOE TpeBbllIeHHEe MAKCHMAJLHBIM HalpsXKe-
HHEM BPEMEHHOTO COMPOTHUBJCHHA Bbi3blBAET
paspylueHse, a A/ YyryHa 3TO TAKXKe CBfl-
33dHO C OCTATOYHHIMHM HAIpPAXKEHHSIMH H He-
OJHOPOMHOH CTPYKTYPOH.

KosdpdunuedT 3amaca no OTHOWEHHIO K
npenesiy TeKyyecTH mMaTepuasa NMpH pacuyere
aerajcii U3 IWIACTHUHBIX MaTepHaNOB MO
AefCTBHEM [OCTOAHHBIX HalpAXEHHH BbI-
6Hpal0T MHHHMANbHBEM [IPH JOCTATOYHO TOY-
pacyeTax, 'T. e. pasHeM 1,3...1,8.
3TO BO3MOXKHO B CBfI3U ¢ TeM, 4YTO I[pH
neperpyskax, [peBhLIIAIIUX Ipele] TeKy-
4eCcTH, TJacTHYECKHe JedopMauHH BecbMa
MaJjbl (OCOOEeHHO TIpH CHJBHO HEOJHOPO.-
HbIX HaNpsAXKEHHBIX COCTOAHHAX [eTalleH)
U O0BIYHO He BHI3bIBAIOT BLIXOAA [ETasH
13 ctpost. KospduuuenTs 3anaca npoyHocTy
YBeJHUYHBAIOT TONLKO A4 HeTaJjed U3 mare-
pUAJI08 ¢ GONBUIUM OTHOLIEHHEM Or/Cn, AJIS
KOTOPHIX HHA4Ye M0JYy4aeTcs HedOCTaTOYHBbIH
3anac [0 OTHOLWEHHIO K BpPEeMEHHOMY co-
[IPOTHBJEHUIO.

Kosddpuuuentol 3anaca o penesy Bbi-
HOCJHBOCTH, HECMOTPS HA OMACHBIA Xapakrep
paspyllueHds, BbIGMPAIOT OTHOCHTCJIBLHO He-
OonbliuMH, T. €. paBueiMA 1,5...2.5. Dto
CBA34AHO C TeM, YTO €[IMHHYHbIE [eperpys3kH
He NPHBOAAT K pas3pyLIeHH!O.

[lpy KOHTAKTHBIX HarpyKeHusix Kosg-
(PHUMEHTBl 3aMaca MOMKHO BbIOGHpATh paR-
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usiMd 1,1...1,3, Tak Kak BO3MOXHble M0-
BpEXKAEHUA HMEIOT MeCTHBIA XapakTep.

KosgdHunenTl 3anaca MoXXHO yCTaHABJHBATh
Ha OCHOBe adpdepeHLHalbHOIO METOAa Kak
NpoM3BeNeHHA YacTHHIX Ko3(hpHUHEHTOB, OTpa-
K AaoULHX:

1) mocToBepHOCTL oONpeAe/leHHs] pPAaCueTHBbIX
HAarpysoKk M HanpsKeuud — kosdpduuuent S, =
=1...1,5; '

2) OZHOPOAHOCTh MEXAHHYECKHX CBOHCTB Ma-
TepuanoB — kosdpduuuent Se; AAH  CcTaJBHHIX
Aetaned W3 MOKOBOK W npokara S.=1.2...1,5;
AJs 4yryHuslx gerane#t S.=105:..2,5;

3) cneuudgHUuyeckHe TpeOOBAHHSA
HOCTH — Ko3(pduuHeHT Sa=1...1,5.

O6uwnit KosdpdpHuHUeHT 3anaca NpOYHOCTH

feaonac-

§=2518:5.

B uacrosiniee BpemMsa OH LOJIAKeH paccMaTpH-
BATbCsl B BepOSITHOCTHOM ACMEKTE.

PacyeTnl B NpeAnoNoxKeHHd Hebjaaronpu-
AITHBIX COUETAHHH XapPaKTEPUCTHK MaTepHa-
JIOB, HArPy30K H T. J. NMPUBOIAT K HEHYXK-
HoMy yTsKenenuro getadeid. [lostomy B8
HacTosiliee BpeMsa IePeXOfsT Ha pacyeThl
no 3aJdaHHOH BEpPOATHOCTH OGe30TKa3HOH
paboTHI.

IlnA KOHCTPYKUMH, PaspylleHHEe KOTOPbIX
0ocoBeHHO ONacHO JJf KU3HW Jofe# (rpy-
30MOA’beMHbIe MAllHHbLI, MapoBLIE KOTJB
H T, I.), KO3GhuIHEHTH 3amaca Mpo4YHOCTH,
a TaKxke MeTOAbl pacueTa perJaamMeHTHPO-
BaHbl HopMaMu ['ocroprexsHansopa.

Onuum u3 wHaubojee o6mux ycjaosuid
KOHCTPYHPOBAHHA MallWH SIBJASETCH Yy CJo-
Bue paBHONPouHOCTH. QueBuaHo, 4TO
HeT HeoOXOMHMOCTH KOHCTDYHDOBATHL OT-
JieJbHble 3J€MEHTBl MALUHHB C H3JHIIHAMH
3anacaMi HecyumeHd CHOCOGHOCTH, KOTOpHIE
Bce paBHO He MOTyT OblTb peau30BaHul B
CBAI3M C BHIXOAOM KOHCTPYKIIMM H3 CTpOs
M3-3a pa3pylleHuss WJIH HOBPEKIACHHA JPy-
FHX 3/7E€MeHTOB.

§ 1.2. )KECTKOCTb

KectkocTh, T. €. crocoBHOCTb Aerader
CONPOTHBJASTECH H3MEHeHHio (GOopMbl 1101
JelicTRUeM CHJ, SIBASICTCH, HaApsay ¢ Mpod-
HOCTBIO, OJIHHM H3 BaXKHeHLIMX KpPHTEpHEB

paborocnocobHOCTH MallHHBL. BO MHOrHX
JeTaNsix MalluH HaNpsfXKeHUsA 3HAYHTEeAbHO
HHXC [pefebHbIX, HANpHMep B CTAHHHAX
METANIOPEKYIIHX CTAHKOB OHH COCTABJAIOT
Bcero Heckonbko MIlla, u pasmepn Takux
netajied JUKTYIOTCS HMEHHO YCJOBHAMHU
KECTKOCTH.

AKTYyanbHOCTb KPHTEpPUSl XKECTKOCTH He-
IPePLIBHO BO3pAcTacT, TAK KaK COBEpPUIeH-
CTBOBAHHE MAaTepHaJOB [POUCXOJAHT TIJIAB-
HbiM 006pa3oM B HAllpaBJcHHH TMOBblILEHHA
HX TNMPOYHOCTHBIX XAPAKTEPHUCTHK, a MOIYJH
YyMpyrocTd MOBBIIAITCA 1IPH 3TOM 3HAYH-
TeJbHO MeHbllle HWJIH JAaxe COXpaHsioTcsd
MOCTOSTHHLIMH, KaK, HANpUMep, y CTajeH.

TpeogaHUA K XKeCTKOCTH JeTaJeH MalluHH
OnpenesoTCs:

) yC/HOBHAAMH IPOUYHOCTH HEeTAH — NPH
HeyCTOHYHMBOM pABHOBECHH, a TakxKe [pH
YAAapHBIX HATPy3Kax;

2} ycaoBusiMH paboOTOCMOCOOHOCTH AeTa-
JIH COBMECTHO C COMPSMKEHHBIMH ACTANfAMH;
HanpuMep, KeCTKOCTb BajioB OlpEeAessier
YJAOBJAETBOPUTENbHYIO paboTy NOMWIHIIHH-
KOB, a TakxKe 3y64yaTbiX, 4epBsAYHbBIX H JpYy-
rux nepejad;

3) ycnosHAMH JHHaMHUYECKOH yCTOWYH-
BOCTH (OTCYTCTBHEM pe3oHaHca KosaeGanun
HJIH HeJONyCTHMBIX aBTOKOReOaHuH);

4) TeXHOJIOrHUeCKHMH YCTOBHAMH  (He-
BO3MOXHOCTBIO  BLICOKOINDOM3BONHTEIBHOH
06paboTkH) ;

5) YCJOBHAMH YJIOBJIETBOPUTEJBHOH pa-
forel MaluMH B IllenoM (Hanpumep, IJA
MallHH-OpYAH# OHM CBOAATCA K BblIIYCKY
TOUHbIX H3IEJHH).

HKecTkoeTh aetajied MalMH MPHOJHXKEH-
HO onpejensieTcl cOGCTBEHHOH >KECTKOCTBIO
gerajed, paccMaTpHBaeMBIX KakK Opyces,
MJAaCTHHB HJAH OBGOJOYKH ¢ HIAECAJH3HPO-
BaHHBIMH OIOPAMH, H KOHTAKTHOH MKecT-
KOCTbIO, T. €. XEeCTKOCTbIO [OBEPXHOCTHBIX

CJ0€B B MECTax KOHTAaKTA.

Ilas  GodbllMHCTBA jgeTased [pH  AEH-
CTBHH 3HauHTe/JbHBIX HATPYy30K OCHOBHOE
3HAYEHHE MMEIOT COGCTBeHHbIE AedOopMallty.
B TOYHBIX MaluHHAX MOPH OTHOCHTEJBLHO
MaJbX HArpyskax H He3aTAHYTbIX CThIKax
(83aHMHO MOABHKHBIX AeTajled) KOHTAKTHbIE
negopmauuy B GanaHce repemelieHHd Mr-
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PAlOT BECbMA CYILECTBEHHYIO W Jaxe Ipe-
BAMHUPYIOLLYIO POJb.

KonTakT neranedl Moxer GbiTh B yC/o-
BHAX:

1) HauvanbHOrO KacaHusi B TOUKE HJH [0
JIMHHH — CXKAaTHe 1apoB W LMJAHHIAPOB
(puc. 1.1,a u 6);

2) GoJbUIOA HOMHHAJBLHOH MMIOWANM Ka-
canua (puc. 1,1, 8).

B o06oux cayuasix KOHTAKTHbIE Nepeme-
IWEeHHUA CYINECTBEHHbBl B CBS3H ¢ MaJoH
¢axTuueckoll maomanblo KouTakra. B mep-
BOM cJiyyae 3TO ollpefensiercsli HOMHHAJb-
HOH (OpPMOH  KOHTAKTHPYIOILMX TOBepX-
HOCTEH, BO BTOPOM — CBSI3AHO C MHKpO-
HEPOBHOCTAMH U BOJHMCTOCTRIO. Harpysky
BOCIIPHHUMAIOT MHKDPOHEPOBHOCTH Ha rpeb-
HAX MakpoBoOJH. ONLITH MOKA3BBAIOT, YTO
(daKTHYecKas TJ0ILAAb KOHTAKTa MPH MajhbiX
H CPEeJAHHX JaBJCHHAX COCTaBJAsAeT O6GBIUYHO
Ma,1yl0 4acTb HOMHUHAJBHOH.

Koutakrhele cOuMKeHHS rAajKHX OIHO-
POMHBIX TeJ ¢ HAyaJbHbIM KACAHHEM B TOYKe

HJIH O JHHHH BBIYHCAAIT ¢ [TOMOUIBIO.

teopuu [epiia.

Kourakrunie cOauKenua npH Goabuwiof
HOMMHA/IBHOH IIOWAAH KOHTAKTa Orpeje-
JAIOT HA OCHOBE 3JKCNEPHMEHTANbHO ycCTa-
HOBJICHHBEIX KO3(D(PHUUHEHTOB KOHTAKTHOH Mo-
Aatausoctd. [lasi danpasisiiomnmux npsamo-
JHHEHHOTO ABHXKEHHS KOHTAKTHHIE cOJMxKe-
Hua da 1 MIla namsiaenusi B kaXKaoM cThike
COCTABJAOT OKOJ0O 10 MKM 1py LIHpHHe rpa-

0

6)

Puc, 1.1. Buabl xkouTakTa AeTanef MaluuH

HeH o 60 MM (Y4To COOTBETCTBYET CXKATHIO
YYTYHHOrO CTEPXKHA NJHHOH | M npu ToM XKe
nanpsokenna 1 MIla) u no 40 mrm npu
mrpude rpaded 400 mm. Ilpu mocamkax
MOJAUIHTIHAKOB KAYEHHS HAa BaJg M B KOpMyc
(npy HanGosee XapaKTEpHBIX [OCAMKAX)
Aedgopmanud coctaraswot 0,1...0,6 Mkm na
1 MIla pasneuus.

[ToTeps peTansimMu yCTOMYHBOCTH Xapak-
TEPU3YETCA TEM, 4TO OHH, HaXONfCh TOf
HArpy3KoH, nocjfie AONOMHUTEeNbHOro aedop-
MHPOBANHS HA MaNYIO BeJHYHHY B TNpejenax
YyNpYrocTH He BO3BPalAIOTCA B [IEpPBO-
HAYaJMbHOC COCTOSIHUE,

YCTOHUMBOCTb SAIBJSIETCA KPUTEPHEM, Oll-
PENeISIOUIUM pA3MepH:

a) NJIMHHBIX M TOHKHX JeTajief,
TAlOWIMX HA CXKATHE;

6) TOHKHX IVIACTHH, MOABEPXKEHHBIX CXKa-
THIO B IVIOCKOCTH TIACTHHBI;

B) 000JI0UEK, [OJBEPKEHHBIX BHEIIHEMY
NABJEHHIO; :

r} MOJbIX TOHKOCTEHHbIX BAaJiOB.

K wanBonee pacnpocTpaHeHHBIM JeTa-
JISIM, PaCcCYHTHIBAEMBbIM Ha [POJOAbLHbIA
H3ru0, OTHOCATCA BHHTHl JIOMKPATOB, XOH0-
Bbl€ BHHTBHL, WITOKH LHJAHHAPORB, MPYXHHHI,
paGoraomme Ha cxatde. Boablnoe Kosu-
YECTBO 3JIEMEHTOB PACCUHTBLIBAIOT HA YCTOMH-
YHBOCTb B METAMIHYECKHX KOHCTPYKLHAX
MOXBHEMHO-TPAHCIOPTHBIX MALLUHH. _

Kak u3BecTHO, NpH pacyere Ha YCTOH-
YHBOCTb BBIOMPAIOT 3HAUYHTENBHbiE KO3(d-
(QUIHENTH  0e30aCHOCTH, YTO CBA34HO C
YCJAOBHOCTLIO  pAaCyeTOB, OCHOBAHHBIX HA4
npeanoa0KeHHH I[€HTPANbHOTO AEHCTBHUSA HA-
rpyskd. [lpH Hanuuum cMewleHdss KpHTH-
YecKasl Harpyska pe3ko najmaer. PeanbHble
onopul AeTajied HUKOTHA He ofecneyusaioT
HACANbLHOH 3aMIe/IKH U He BRJSIOTCHA Heafib-
HbIMH LIADHHPAMM.

pabo-

§ 1.3. H3HOCOCTOMKOCTbD

BonbwmuHcTBO peraneil MaumMH BHIXOFHUT
H3 CTPOSl BCJCACTBHE H3HOCA.

H3nallnpanue -— npoiecc paspyllieHHs H
OTAEJIEHHSI MaTepHajia ¢ NOBEPXHOCTH TBep-
A0ro Tela W (MJAd) HAKOIUVIGHHe erc ocra-
Tounod pedopmanuu npu tpenuun. M3smoc
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NPOSIBJAsieTCHd B NOCTENIEHHOM U3MEHeHHH pas-
mepoB W (unu) dopmbl. M3noc — pesyab-
TAT A3HAUIHBAHHSA.

HM3Hoc BH3BIBAEGT Pe3KOe YIOpOXKaHHe
KCINTYATALMH MALUUH B CBA3M C HEOHXO-
JUMOCTBIO TIePHOJHYECKOH [POBEPKH HX CO-
CTOSIHHA M peMOHTAa, UTO0 CBA3AHO ¢
[HPOCTOAMH M CHHXKEHHEM [IPOH3BOJHTE/Nb-
HOCTH MallHH. ExXerogHo na pemoHT pac-
xoayercs okoso 40 mapa. py6. U Ha pemoHTe
3aHATO OKOJIO OJHOH YETBEPTH MApKa CTaH-
KOB.

HM3uoc orpaHuuuBaetr JHoJroBeYHOCTh
OeTajdeH [0 cAefyIuM KpuTepuam paboTto-
CcnocoBHOCTH MalLIHH:

4) Mo norepe TOYHOCTH — [pUBGOPHLI, H3-

MEPUTEJbHBIH HWHCTPYMEHT, [peiH3HOHHbIE
CTAHKH;
6) no cuuxenuwo KII, yBeauuenuro

YTEUYEK — LWJAWHIP W [OpuIeHb B JBHCATE-
JIsIX, HAcocax U T. A.;

B) M0 CHHXKeHHIO MPOYHOCTH BC/JAEJCTBHE
YMEHbLUICHHS CEYEHHH, HePaBHOMEPHOro H3-
HOCa OMop, yBeJHYeHHA NHHAMHYCCKHX Ha-
rpy30K — 3y6bA  3yGuaThlx H 4epPBAYHBLIX
KoJec U T. 1.

r) Mo BO3pacTAHHIO lIyMa — lIepefaud

TPAHCMOPTHBIX H JPYTHX ObICTPOXOAHBIX
MalllH;

A) 0o TOJAHOMY HMCTHpPAHHIO, KOTOpoe
desaeT NeTaJb HelPUTOAHOH,— paBouue op-
rambl  3eMJIepOHHBIX MAlIWH, TOPMO3HBIE
KOJOJIKH.

Ha6Gawonaembple B MaldHaxX BHJIB H3HA-
WHMBAHUSA pasle/fdloT Ha cAefylomwpe rpyn-
[l

1. MexaHHYeCKHE, H3 KOTOPHX OC-
HOBHBIM ABRJsieTCd a0pa3HBHOe HM3HALIHBA-
HHe, T. €. H3HAlUMBAHHE TBEPIBIMH [IOCTO-
POHHHMH, TPEHMYINECTBeHHO a0pasuBHBIMU
YacTHOAMH, LIAPXHUDPYIOUUMH OJHY A€Talb
HJIH MEepeJBUTAI0IHMHCS MEXAY TPYIHMHCH
MOBCPXHOCTAMH, HJAH HEPOBHOCTHAMH comnpH-
KEHHOH TBepmo#l nmorepxHoctH. AGpasuBHOE
H3HAlIMBAHHE MPOABJASETCH B BUJL: a) ycCTa-
JIOCTH [P MHOIOKPATHOM [OBTOpHOM nedop-
MHPOBAHHH MHKDOBBICTYNOB C MaJioH riay6H-
HOH B3aHMHOro BHeJpeHHS; 0) MaJOLUHKIO-
BOH yCTaJOCTH MPH OBTOPHOM I1ACTHUCCKOM
He(OopMHPORAHUH MHKPOBBLICTYNOB CO Cpel-

HeHd rayOuHOll BHeJIpeHHs; B) MHKpope3sa-
HHA TIpH TAYOOKOM BHEIPEHHU.

2. MoadekynsapHo-MexaHH4e-
CKOe HW3HallHBaHHe (H3HALIMBAHUE
npu cxpaTbiBaHHKW). CxBaThiBaHUe MPOHCXO-
JHT BCJACOCTBHE MOJEKYJAPHBIX CHA MPHU
tTpeHud. HaGawnaerca xonoaHoe cxBaTbiBa-
HUE, CBA3AHHOE ¢ H3HOCOM H BhlIaBAUBAHHEM
CMA304YHOH MJIEHKH TIPU MAaJbX CKOPOCTAX
CKOJIbXKEHHSI, M ropsyee cxpaTblBalHe, CBfl-
3aHHOe C [OHMXKEHHEM BA3KOCTH Mac/ja H3-
3a Harpema npH GoablWHX cKOpocTsX. CxBa-
ThIBAHHE B HaudaJLHOH (Popme mposABaAeTcs
B HAMA3blBAHMH MAaTepUHasa OJHOH CoNps-
JKEHHOH neTasd Ha Jpyryo, a B Haubosee
OM4acHOH (opme — B MECTHOM CBapHBAHHHU
TPYIHXCA MOBEPXHOCTEH ¢ IOCJERYIOUINM
BbipBIBAHHEM YacTHI OAHOrO TeJd, IpH-
BAPDUBLIHXCA K JIPyromy, MpH jajbHeHllem
MX OTHOCHTENbHOM JBHMKeHHH. (CXBAThiBa-
HHe o0coBEeHHO onacuo AJf He3aKaJeHHBIX
TPYLIHXCHA [OBEDPXHOCTEH W XHMHYECKH OJJHO-
POJHBIX MATEpPHAJIOB.

3. Koppo3HOHHO - MexaHuye-
cKOe, MPH KOTOPOM MeXaHHUecKOoe H3Ha-
IIHBAHHE COMPOBOXKAAETCS XHMHYECKHM HJIH
3JEKTPHYECKHM B3aHMOJEHCTBHEM mare-
puaja co cpeaoH (MPOAYKTbI KOPPO3HH
CTHPAIOTCA MeXAHHUECKUM TYTEM).

Pa3HOBHAHOCTBIO  KOPPO3HOHHO-MEXAHH-
4EeCKOro H3HalHBAUHA SBASETCA M3HAUIMBa-
wue npu ¢pertuHr-kopposun (to fret —
pasbelaTbh) — paspylleHHe IMOCTOAHHO KOH-
TAKTHPYIOILAX MOBEPXHOCTEH B YCJOBHAX
TaHreHHHATbHBIX MHKpPOCMELIeHHH 6e3 yia-
JeHHs1 TMpOAyKTOB usHoca. IlposiBaserca Ha
MOCaA0uYHbIX MOBEPXHOCTAX KoJell MOILIHUII-
HUKOB Kayeuus, 3y6uaTblX KoJeC, UIJIHLEBBIX
cOeTUHEHHH.

Ouenb omaced BOJOPOIHBIA H3HOC, CBf-
3aNHBIA C BblAEJEeHHEM BOAOPOAA IpH pas-
NOMKEHHH BOAbl, HedTH H HebhTENPOIYKTOB,
JecTpyKuHeH naacTMacc TPH TPeHHH, MpH-
MEHEHHH BOAOPOMHOrO TOIIMBA.

Hceneposanua W onbIT  3KCIJAyaTaluHH
MAUIHH [OKa3bLIBAIOT BO3MOXXHOCTb paboThl
¢ HCYe3al0Hle MaJibIM H3HOCOM TNpH ycJo-
BUH KHIAKOCTHOH CMAa3KH ¢ DpasleJieHHeM
TPYLIMXCHA HOBEPXHOCTCH MOCTATOYHBIM CJO-
eM JKHAKOr0o CMa3o4Horo martepuana, npeju-
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OTBPAlLIAOUIHM HEMOCpeACTBEHHBH KOHTAKT,
U Xopoued uzonsdiMefl OT 3arpsA3HeHHH.

PacuyeTns Ha H3HOCOCTOHKOCTH
[peaycMaTpHBalOT obecnedyeHne }HIKOCTHOMN
CMa3KH, JAs 4ero HeoOXOmoUMO HMeTh
TOMILHHY MAacAAHOTO cJ0f, MPeBblilaloILyIo
CYMMY MHKPOHEPORHOCTEH H OTKJIOHEHHH
(OpMBl  KOHTAKTHPYIOILHX  [OBEPXHOCTEH,
HJIM, [PH HEBO3MOXKHOCTH CO3JAHHUA KHI-
KocTHOH cMma3ku, ofecnedeHue TpefyeMoro
pecypca HasHaueHueM [ONyCTHMbIX JaBJe-
HHH, YCTAHOBJEHHBIX NPAKTHKOH.

Ilpu cpaBHHTEJBHOM aHa/iu3e KOHCTPYK-
IIHH /IS OLEeHKH pecypca mno HW3HoOCy, a
TaKKe INF PAacnpocTpaHeHHA pes3yJbTaTOB
KCIIEPHMEHTOB M OMBbITA 3JKCOJYATAUMH Ha
Jpyrue YycJOBHf IPHMEHAIT pacdeTel Ha
U3HOC HA OCHOBE NMO[fOO0HA B OTHOCHTEJbLHOH
dopme. B yacTHOCTH, B KayecTBe HCXOJIHOH
[PHHUMAIOT CACAYIOWLYI0O 3aBUCHMOCThL, Xa-
PAKTEPH3YIOLLYI0 H3HOCOCTOHKOCTD:!

p™ S =const,

rie p — AasjeHue (KOHTAKTHOe HalpsxKe-
Hue); S — nyTth TpeHus.

IIpviMeHeHHe TAKOH 3aBHCHMOCTH C [O-
CTOSIHHBIM TIOKA3aTesieM CTeleHH m, ecTe-
CTBEHHO, Mpeanoaaraer, 4To He TMPOUCXOJAHT
nepexoia OT OJXHOTO BHIA H3HALIWBAHHMA K
Apyromy.

Kak nokasbiBaiOT pe3yabTaThl HCNBITAHUH
Npu a6pa3uBHOM U3HALIMBAHHUU, a TAKKE NPH
TPEHHH C MalbiMH JaBieddsmu, Ge3 cma-
304HOro MaTepuasia nokaszatenb m OJH30K K
eUHMIlE; NPH TpeHuH 0e3 cMa304yHOro Ma-
Tepua/ja cO 3HAYHTENbHBIMH JaBJeHHAMH
m=1...2, B cpeadem 1,0, npu mOOJyXHA-
KOCTHOH CMa3Ke N1 OKOJO 3.

§ 1.4. TEMJIOCTORKOCTb

Pa6ora MawuH cONpoBOXKAaercs Temio-
BHIJ{C/ICHUEM, BbI3bIBA€MBIM paGoyuM NpoLec-
COM Mall¥MH H TPEeHHEM B HX MexaHH3IMaX.
TennoBuiaenenue, ceszandoe ¢ paGouum npo-
neccoMm, ocofeHHO MHTEHCHBHO Yy TEMJAOBBIX
ABHUraTeNied, 3JeKTPHYECKHX MalllHH, JIUTEeH-
HelX Mallluh H MallHH AJd ropsued obpa-
60TKH MaTepHaOB.

B pesyabTaTe HAarpeBa MOIYT BO3HUKATb
cjelylomue BpefHble A5 paboTbl MALUHH
ABJICHHS.

. MMouuxkeHue Hecymel cnocoGHOCTH Je-
Tajel, HaGalogaemMoe y Nietaned H3 cTaned
npu TeMmnepatypax eoiue 300...400°C u vy
neraned u3 OoJiblIed 4YacTH [J1ACTMAace
mpu Temiiepatypax sbime 100...150 °C. Iro
CBA3AHO ¢ TMOHHXKEHHEM OCHOBHBIX MeXxa-
HHUECKHX XapaKTepHCTHK MaTepuasos, B
YACTHOCTH BPEMEHHOro COMpPOTHBJEHHA H
npeaena BHIHOCAUBOCTH, C OXpyMuHBaHHeM —
noTeped [JIACTHYHOCTH BO BPEMEHH W,
HAKOHEel, ¢ TNoasAeHdem noasydectd. [log-
3y4ecTb, T. €. Majiasl HelpepbiBHas [JIACTH-
yeckas aedopMauus [pd JJHTEJbHOM Ha-
rpyKeHHH, CTaHOBUTCHA OCHOBHBIM KpHTE-
puem pabBoTocnocoBHOCTH AJA  OTAEAbHBIX
Aetajiedl Malluy: JOMATOK H JTHCKOB TypOHH,
3JIeMEHTOB [1aPOBbIX KOTJOB BLICOKOr0 JaB-
Jedusi ¥ Ap. [loasyuyecTs ouenb omnacHa B
CBSI3H C BO3MOXKHOCTbIO BbIGOpKH (CBEnE-
HHMA K HYJ0) 33a30p0OB Y BpalllalOLAXCH HIH
MOCTYNATENbHO-IEPEMELIAIOIIHXCA AeTalleH.
Pacuetrbl Ha moJ3y4YecTh OCHOBBIBAKTCH
Ha 3aJaHUd  JONYyCTHMbIX  [TACTHUYECKHX
nepeMeeHdd 3a ONpelesieHHblH CPOK Chy-
KODL.

B neranAax ¢ 3anaHHBLIMH TOCTOSIHHBIMH
nebopMalHAMH (3aTAHYTHIE  KpenexXHble
BHHTHI, JeTajJd Ha NO0cajKax ¢ HaTAroM
U T. M.) HabJaopaercss CaMONPOH3BOJbLHOE
nocTeneHHoe NajieHne HANPFAMKEHHH HaTAra,
T. €. peJlaKcallusi HalpsKeHHH.

2. Mounxkeude 3amWUTHOH cNOCOGHOCTH
MacAfHOFO CJIOfl, pas3iesioliero TpyIlHe-
cA fAeTajdud Mall¥H, U, KaK CJAeAcTBHe, IMOo-
sigJleHHe TMOBBIIUEHHOrO H3HOCAa HAH 3aena-
HHA.

3. MUaMeneHHe 3a30poB B MNOIBHXKHBIX
COeJHHEHHAX BCJeNCcTBHE OOpDATHMbBIX TEM-
nepatypHuix necdopmaunui. Bulxox H3 cTpos
OOJWHIHHKOB U JPYrHX 3aMKHYThIX TOJ-
BHXKHBIX COTIPAKeHHH 4acTO CBA3aH ¢ 3aXBa-
THIBAHHEM 1IEHKH BaJjia UM MOJ3YHA BCJAEH-
CTBHE YMEHbUIEHHS 3a30pa N0 HYJ.

Coxpanetde pabotocrocofHOCTH eTafel
no kKputepusiMm 2 W 3 obecneunsaerca co-
BMECTHLIMH TeNJOBBIMH H THAPOAHHAMH-
YEeCKMMH pacueTramH,
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4, 3meneHde CBOHCTB TpPYIIHXCA
BepXHOCTEH, HATpHMEp CHHXXEHHE
¢dbunMeHTa TPEHHa B TOPMO3ax.

5. TlowukenHe TOYHOCTH MalllHHEI BCREI-
cTBHe 0OpaTHMBIX TeMnepaTypuuix redopma-
HA.

1o 0cofeHHO OTHOCHTCA K TOYHBIM Ma-
UIHHAM, HalpHMep TMpPEeIH3HOHHBIM MeTalt-
JIOpeXKyUlHM CTAaHKAaM.

Ha Tousdocth H paboTtocnocofHOCTb MALIH-
HB! BJHAIOT TeMIEpaTypHble NeGOPMALHH:

BbI3bIBAEMEIE PABHOMEDHBIM HATDEBOM [le-
rtajel M3 KOHCTPDYKUHOWHBIX MAaTepualjioB
¢ pasauYHbIME KO3(DOHIHEHTAMH JIMHEHHOTO
pacliupeHHd;

BLI3LIBAEMBIE HEpaBHOMEPHLIM HATrPEeBOM
B CBf3H C HAJMHYHMeM MeCTHbhIX HCTOYHHKOB
TenAoTH  (TPyllHecA [apbl, BCTPOEHHbIE
scKTpoABHraresd) H ¢ o6lHM OHCTPbIM
H3MEHeHHeM TeMIepaTypbl B TOMEILEHHH,
TAK KAK MeJiKHe JeTaJji OblcTpo MOCTHTAloT
HOBOH TemIlepaTypbl, a KpylHble — MEI-
JIEHHO.

PacuyeTaM HA MPOYHOCTL 11pH MOBLIHIEHHBIX
TeMrepaTypax M pacueTaMm TeMmnepaTypHbIX
nedopManuil JOMKHB TPELIECTBOBATL HJH
coBMelnaThbcsd coOCTBEHHO TEMJOBBIE pacue-
Thl — OIpefieJIcHHEe TeMIepaTyp.

Tennoco6pa3oBaHHe B MexaHH3Max, CBA-
3adHoe ¢ paGoTOH TPEeHWs, MNOACUHTLIBAIOT
HElIOCPENCTBEHHO HJHW [0  [epe1aBaeMoH
mexaudaMoM w™omHoctd v KIITZE. Temno-
ofpa3oBaHne, CBfizaHHOe C pabouuM I1po-
leccoM, YCTAHABJIUBAIOT TPH pacyeTe Mno-
CJEJHErO. i

CpenHue YCTAHOBHBIIHECH TeMIepaTypbl
onpefesfiloT [0 ypaBHEHHIO Temmosoro 6a-
JaHca: TeNJoBbIefReHHe 3a €IHHWNY Bpe-
MeHH npupasnusaoT Tenyooraaqe. [Ipu pac-
yeTe TEIVIOOTAAYH TONL3YIOTCA €€ ycpen-
HeHHBIMH Ko3¢gguienTamu. [laa pelleHHA
fosee CAOMKHBIX TEIOBBIX 3aAay (yCTaHOB-
JeHHA TeMIepaTypHBEIX [IOJeH B JAeTalsx
MaIllWH, OTpeleJNeHHsl HeyCTaHOBHBUIMXCA
TCMIEpaTyp) HCHOAL3YIOT METOJBI, paccMmar-
pHBaeMble B TEOPHH TeIIONepejauHd, B TOM
upcje MeToabt Mofobusi, KOMOHHHPOBAHHA
H3 TOUHBIX pelIeHHH IJIf YJAEMEHTOB [IPOCTBIX
POpM, METOJBI KOHEUHBIX PA3HOCTEH H KOHEeY-
HBIX 3JCMEHTOB.

no-
KO3 (-

§ 1.5. BABPOYCTOHYHBOCTb

[Ton BUGPOYCTOHYHBOCTLIO MOHHMAIOT CIIO-
cOGHOCTb KOHCTPYKIHH pafoTaTb B HyXHOM
JHanasoHe pexuMoB 0e3 HeJO0NmyCTUMBIX
KoJe6aunii. B cBA3H C NOBHILUEHHEM CKOpO-
cTell MallWH SIBJEHHA KoJeGaHHH CTAHO-
BATCA Bce Oojee OMAacHBIMH H  [O3TOMY
pacyeT Ha BUOGpPOYCTOHUHBOCTL Bee OGodgee
aKTyaJ/ibHbIM.

B MamMHax OCHOBHOE paclpOoCTpaHeHHe
HMEIOT: .

1. Boinyxnennble KojeGaHHsl, Bhi3blBae-
Mble BHELIHHMH HepHOAMYECKHMH CHJAAMH
(HEypABHOBELIEHHOCTBIO BPAINAOIIHXCA Nie-
TafeH, NOrpellHOCTSMH H3TOTORJEHUS, Nepe-
MEHHbIMH CHJA4aMH B [OpLIHEBBIX MalIHHAX
M T. 1.), 00bluHO BO H30€XKaHHe pe3oHaHca,
T. €. COBMAJenusl YaCcTOT BO3MYILAIOILIHX CHJI .
¢ uactoramMd cofcTBeHHBIX  KodeBanui,
nocJejJHHe ONpeleasioT pacyeTHRIM NyTeM.

2. AprokonefaHus WiaH CaMoBo30yXKnaio-
muecAd Kosebanuda, T. e. KojaefaHusA, B KO-
TOPHX BO3MYLIAIOULHE CHJILI  BRI3BIBAIOTCA
caMuMM KoneGaHusiMH, Hanpumep (¢puk-
HUOHHBIE aBTOKOJeOaHudA, Bbi3piBaeMble Ma-
JNeHHeM CHJibl TPeHHs ¢ POCTOM CKOPOCTH
u ppyramu ¢dakropamu. [lpr onacHocTH
BO3HHKHOBCHHS aBTOKOJeGaHHH HEoGXOTUM
pacuer JUHAMHYECKOH yCTOHYHBOCTH.

Pacuernl Ha KojebGaHHf OOBLIUHO [PH-
XOQAHMTCH [POBOAMTb He [Jsl OTHe/bHbIX Iie-
Tasell, a Jad CHCTeM; cAelyeT YyYHThIBATb
KoHTAaKTHble AedopMaudd; B pacuerax npH-
BOJIOB YYUTHBATL B3aHMOJEHCTBHE C MpH-
BOJAHLIM JBHrarejieM H paGouHm TNpPOUECCOM.
Beugy Toro, 4To OpakKTH4YeCcKoe 3HAYEeHHE
o0bIYHO HMEIT JHHAMHYECKHe TMNpOHecChl
Ha HU3KHX yacToTax, a KonebaTejbHble CH-
CTeMbl CJAOMXKHBIE, HX MPUXOAHTCA CyLLECTBEH-
HO YMPOLIATh.

Pa6ora MalluHH COIPOBOXKIAETCA HIYMOM,
BLI3bIBAEMBIM COY/1a PEHHEM JABHXKYLIHXCA JI€-
tajged mawuH., Il yM B nepeyio ouepenb
CBfI3aH € TOrPellHOCTAMY H3rOTOBJIEHHS Jie-
tanefi — omu6kamMu liara 4 npoduad
3y6beB, BOJHUCTOCTbIO JOPOXKEK KadeHusd
noJWHIHHKOB. OIHAKO HEKOTOphiE AeTaJjsH
ABJSIIOTCA HCTOUHHKAMH LIyMa NPH HALAJNBHO
TOYHOM H3TOTOBJCHHH (Hanpumep, 3yGuaTbie
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KoJleca NpH BXOJe B 3allCHJeHHe HOBBIX
sy6ber). [loBhIlUeHHBIH INyM YBeJUYHBAeT
YTOMJSIEMOCTh TIepCOHaNa M BpeleH ansd
3n0poBbA. KpuTepuid 1iyMa MOXKET CAYXKHTH
JJiSl OLLeHKH KA4eCTBA HU3rOTOBJEHHS MallHH.

HMuTeHcuBHOCTE 1IyMa oOObIYHO OLEHH-
BAeTCA B OTHOCHTE/bHbLIX JIOraPH(PMHUYCCKHX
eAMHUIAax (fenubenax) U OrpavHuUUBaeTCHd
CAHHTAPHBIMH HOPMAMH.

OcHoBuLie cpefcTBa GoppObl ¢ IIyMOM:
NOBLILUEHUE TOYHOCTH H KauecTsa o6paboTKy,
yMeHbILUCHHEe CHJA yAapa KOHCTPYKTHBHBIMH
MEeTONAMH, [IDUMEHEHHe MaTepHasoB ¢ IOo-
BbIIIIEHHBIM BHYTPEHHHM TPEHHEM, a TaKXKe
CrelutanbHelX AeMMPUPYIOIKX CPEeCTB.

§ 1.6. HAILE)XHOCTb

HamnexsuocTp (0o0uias) — CBOHACTBO
o6bweKkTa (U31e/usl) BLIMOMHATE B TedeHHe
3aJJAaHHOTO BPEeMeHH HJH 33aJalHoH Ha-
paGoTku cBou (PYHKLMH, COXpaHAA B 3ajaH-
HBIX fpefefax 3KCIJyaTallMOHHBIE MOKa3a-
tend. HanexHocTe wu3genud o6ycaoBmiu-
BaeTCHd HX 6e30TKA3HOCTDIO, JOJMMOBEYHOCTBIO,
PEMOHTOMPHIOMHOCTHIO H COXPAHAEMOCTLIO.

Be3doTrka3HoCTb — CBOHCTBO COXpa-
HATb paboTocnocofHOe COCTOAHHE B TEUEeHHE
3ajaHHOM Hapa6oTku 6e3 BB HY XK€ H-
HhiX NepepbBOB. 2DTO CBOACTBO 0CO-
6eHHO BaKHO /A MallMH, 0TKa3bl KOTOPHIX
CBSI3aHBl C OMACHOCTBLIO AJNA KH3HH JIOLeH
(HanpuMep, CaMoJeTbl) HJAH C MNEPEpPLIBOM
B pafoTre 6OJBLIOrO KOMIJIEKCA MALLHH.

JNoJMTOBEUHOCTbH — CBOHCTBO  H3Jie-
JUAl coxpaHfTb paboTtocnocofHOe COCTos-
HHE [0 npeliejibHOTO COCTOSIHUSL ¢ HeoBxo-

NHMMBIMH [lepePBIBAMH [/l TE€XHHUYECKOro
00CnyKHUBAHUSA H PEMOHTA.
PeMOHTONPpUTOMHOCTb — TWPHCIO-

COBMEHHOCTD HU3JeMHsl K NpeaynpexXaeHHo,
0OHAPYXKEHHIO M YCTPAHEHHIO OTKA30BR M He-
HCIIPABHOCTEH I1yTeM TMPOBEIEHHA TCXHH-
YeCcKoro ofbc/yKUBAHHA H DEMOHTOB.

CoxpausieMoCTb-— CBOHCTBO  H3je-
JHSl cOoXpansaTh Oe30TKAa3HOCThb, OJIroBeu-
HOCTb H pPEMOHTONPHTOMHOCTb TMOCAE U B
TeYyeHHe yCTAHOBJEHHOrO CPOKA XpaHeHHs U
TPAHCIIOPTHPOBAHUS.

HapgexHocTs HeTajeH MallHH CHJBHO 3a-
BHCHT OT TOr0, HACKOJABKO OJH30K DEXHM
paGoTel nertanefd (N0 HANPAXKEHHAM, CKO-
pOCTAM H TeMIepaTypaMm) K MPelesibHOMY,
T. €. OT 3anacos [0 OCHOBHbIM KpHTe-
puAM padoTocnocoGHOCTH.

HanexHocTh B 3HAYUTENbHOH CTEINEHH
onpejfensieTcss KayecTBOM H3TOTOBJIEHHA, B
3ABHCHMOCTH OT KOTOPOrO Pecypc MOXKeT
H3MEHATHCA B HECKOJIBKO pas.

HapmexHoCTh CTATHYECKUX ONpeacauMbIX
MEXAHH3MOB MPH OJUHAKOBBIX HOMHHAJBHEIX
HanpsiKeHusix BhILIE, YeM CTATHYECKH He-
OlpeNe/MMbBIX, YTO CBfI3AHO C MeHbUIMM
BAHAHHEM TEXHOMOFMYECKHX TMOrpeUIHoCcTed,
a TaKxXe TeMIepaTypHblX W CHJOBBIX Je-
hopMauHuH.

Hanpuwmep, camMOyCTaHaBJHBaOUHeCs
KOHCTPYKI[HH, KaK NpaBuo, OoJiee HaneXKHH,
yeM HecaMOyCTAHABJHBAIOIIHECH.

¥Tparta paboTocnocoGHOrO COCTOAHUS H3-
aesausa  (MojHash WAM  YacTHYHAfl) Ha3bl-
Bdercl oTKa30M. OTKasel MOXHO pas-
ACJUTb Ha OTKasbl QYHKUUOHHPOBAHHSA, IIPH
KOTOPBIX [peKpallaeTcsl BbllOJHEHHE (DYHK-
LHH (Hanpumep, N0AOMKa 3y0beB) H OTKa3bl
napaMeTpHyeckse, TpH KOTOpPbIX B He-
HOIMYCTUMBIX MpPEfesax U3MEeHSAIOTCHA HEeKOTO-
pole nmapaMmMeTpbl (NoKasatesaud) oObeKTa
(nanpumep, To4yHOCTH). OTKasel Mo cBoed
MPHPOAE MOryT ObITh CBA3aHHI ¢ Paspylie-
HHeM Jerajed HMJAH HX nosepxHocted (mo-
JIOMKH, BBIKPAlIMBAHWE, H3HOC, KOPPO3HA)
HWJIH He CBfi3aHbl ¢ paspylueHdeM (3acope-
HHEe KaHajoBs, ocnabjedue CcoelMHeHHH).
Orkassl OGuBAIOT MNOJHBIE M YacTHYHBIE:
BHe3alnHble (HalnpuMep, MOJOMKH), MOCTeNeH-
Hble (H3HallHBaHWe, KOPPO3WA H Jip.) H
MOCTENEeHHbIe MO PA3BHTHIO, HO BHe3AMHble
[0 MpoABAEeHHIO (YCTAJ0CThb); ONacHble A4S
KH3HM YesOBeKa, TAXKEAne H. Jerkue,
yCTpaHuMBle U HeycTpanumbie, [lo spemenn
BO3HUKHOBEHHA OTKA3W JeJATCS Ha MNpH-
paGoroddble  (BO3HHKAOUIHE B  [EpPBbIH
NMePHON 3IKCMAYATALMH H CBSA3AHHBIE C OT-
CyTCTBHEM NPUPABOTKH H ¢ MOMajaHHEM B
c6opKy NedeKTHLIX IEMEHTOR), OTKA3hl MPH
HOpMaJIbHOH 3KCMJyaTalliuy (IO TposiBJe-
HUAl [OCTENeHHBIX H3HOCOBbIX OTKA30B) H
H3HOCOBHIC O0TKAa3bl, K KOTOPbIM B TEOpHH
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HAIeXKHOCTH OTHOCAT TAKMKE OTKA3W Mo
YyCTaNOCTH H CTapeHHIo.

OcHoBHBIM TNoOKaszaTedem 6Ge30T-
Ka3HOCTH SfBAsAETCA BepoATHOCTL P (f)
6eszoTKa3HOH paGoTH B TeyeHHe
3a/IaHHOTO BpeMeHH WJH HapaloTku. DKcle-
pUMeHTaNbHO (MJH Ha OCHOBe HalMIOAeHHH
B 3KCIMIyaTanHM) OlEeHKa BepOoATHOCTH 6es-
OTKa3HOH paboTbl ollipefeseTcs KaK OTHO-
[IeHHe 4HcAa o6pa3nos, COXPAHHUBUIMX
pa6orocnocobHOCTh, K OOmIEMY YHCAY HC-
nulTaueblXx obpasnos. Ecad mocnenHee no-
CTaTO4HO BeAHKO, TO 1okasateab P({)
NMPUHUMAETCS PABHUBIM €TI0 OlEHKe,

B c¢Bsi3u ¢ TeM, uTo OTKa3 U Ge30TKa3Has
pabora B3aMMHO [POTHBOIOJOXKHbBIE CO-
ObITHSA,

P()+Q(1) =1,
:
rae Q(t)zs f(?) df — BeposiTHOCTH OTKa3a 3a

0
ppems #; f({) — MJOTHOCTb BEPOSITHOCTH OTKA30B.

OcuHoBHBIE NOKA3aTeJH JOJATO-
Be4yHOCTH JneTaJJeu: a) cpeaHud pe-
Cypc, T. e. cpelinsia HapaboTka X0 mpeaelb-
HOrO cocTosiHuA; 6) Tak Ha3biBaeMbld TaM-
Ma-TPOLEHTHHH pecype, KOTOpblH ofecneyu-
BaeTcsd Yy 3aMaHHOr0 4Hcaa 7y TPOLEHTOB
uageaud (nanpumep, 90 %).

BepostHOocTe 6€30TKa3HOH paboThl ¢ H-
CTeMbl paBHa [0 TeopeMe YMHOXEHH:A
BEPOATHOCTEH MPOH3BEJEHHIO BepOATHOCTEH
Ge30TKa3Hod paboThl He3aBHCHMBIX 3JIEMEH-
TOB:

Pc’r(f) =Pl(f)P2(f)Pn(f)
Ecan
Pi(t) =Pao(t) =...=Pn(t), TO
P (1) =P1(?).
[TosToMy HaneXHOCTb CJOXKHBIX CHCTEM
noJiyyaerca HH3KOH, Hallpumep IMpH uHcie
nemMedToB n=10 ¢ 0JHHAKOBOH BEpPOAT-

HOCTEIO Ge3oTkasHoi paGortw, pasuod 0.9,
o6wasa sepoatHocts 0,9'" ~20,35.

Ecau, kak oObIYHO, BEpoATHOCThL Oe3-
OTKA3HOH palboTel 3/EMEHTOB AOCTATOYHO
BhICOKasA, TO, BbIpa3uB mpeablayimxe ¢op-
MyJbl uepe3 BepOATHOCTb OTKA308B H OT-
OpPOCHB NPOU3BEAECHUS MaJiblX BEJHUHH,
MOXHO HaMHCaTh

Pa(l) = 1—[Qi(0) +Q2(8) + ...
+Qn(8)].

Mpu Q () =Q:2() =...=Q.(?)
Po() =1 —nQ\ ().

B nepuon HopMaJabHOH 3Kcnaya-
TalHd MalWHH NOCTelICHHBIe OTKA3H ellle He
NPOABASIOTCA H HAAEKHOCTb XapaKrepu-
3yeTcsi BHE3alHBIMU OTKa3aMH. JTH OTKa3bl
BBI3BLIBAIOTCA HeOJAroNpUATHHIM CTEYCHHEM
06CTOATENBCTB H HMEIOT MOCTOSAHHYIO HHTEH-
CHBHOCTb, HE 3aBUCALLYIO OT NPOAOJ KHUTEND-
HOCTH MpelleCTBYIOUIEH SKCIJyaTallHH H3-
nesqnsi. BepoatHocTs Ge30TkasHoi paboTnl B
3TOM cjydae

1
rie A= — [OCTOSTHHAsl MHTEHCHBHOCTh OTKAa30B
t .

(f — cpeanas Hapa6oTKa 0 OTKa3sa).
Ecau, kak o6piuHo, Af<{0,1, To P(f) =
~ | —AL

Mpumep 1. IlycTe Ha3HaueHHbId pecypc H3-
penust cocrabisier 1000 u. M3BecTHO, uTO HHUTEH-
CHBHOCTL oTKazos A=10"° 1/y. Ouenurb sepo-
ATHOCTD 6e30TKa3Hoi paboTbl 3a Bpemsi paboThl

P(t) =1 —al=1—10"°.1000220,999.

Jlas nocreneHHblX OTKAa30B CHpaBelJHB
3aKOH pacnpejejieHdsi, KOTOPbIH JaeT BHA-
yaJie HH3KYK MIOTHOCTD BEPOATHOCTH OTKa-
30B, 3aTeM MaKCHMyM H jaJjee [ajieHHe,
CBsi3aHHOE C YMEHbBIIEHHEM 4YHCIAA 3JeMeH-
TOB, ocTaBlnuxca pabotocnocofubiMH. Haw-
fojee YHHBEpPCAJAbHBIM, YJOOHBIM H ILIHPOKO
npuMeHsieMblM I/ [PAKTHUYECKHX DACUYETOB
ABJACTCA HOPMAaJdbHOE pacnpejgeJe-
Hue. [InoTHOCTE BEPOATHOCTH OTKA30B
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=B
I 252
) =———¢
PaCHpe_H,EJIEHHe UMeerT ABa He3dBHCHMBIX
napamerpa — CpeiHIOl0 HapaloTKy no OrT-
Ka3ad
2t
No

H CcpeaHee KBajapaTHueCKOoe OTKJIOHEHHE

(Ng — oOmee uHMca0 OOBEKTOB HCIBITAHHH
HAY HAOGAKAeHUH).

DTH Hapameprl HpHMEHH[OT TdKxKe /A
Apyrux 3aKOHOB pacnpejeiednd. Pacceanne
CJAYYAHHBIX BEJHUHH yIOOHO TAKXKe XapakKre-
‘pusoBaTh fuchepcueit D=8 (S — cpenuee

KBaJpaTHUECKOe OTK/JOHeHHe) H KOos3(Pdu-
IHMEHTOM Bapuauuu v=S/{. '
BeposTHocTh oOTKazoB u  6e30TKA3HOH

paboThl onpefensiioT N0 TafAuIAaM HOPMA/h-
HOFO pacrpeje/ieHus, NPHBOAMMBIM BO BCEX
MAaTEeMAaTHYECKHX CIIPaBOUYHHKAX. _

B ueasix cokpaulenua ofbema TtabiHilb
MPUBOAAT B JUTEpAType IJs TAK Ha3nlBae-
MOTO IIEHTPHPOBAHHOTO H HOPMHPOBAHHOTO
pacnpejenenus, 8 kotopom =0 u S=1.
[I10THOCTD BEPOSITHOCTH H BEPOATHOCTH OT-
Ka3a COOTBETCTBEHHO OMpeAesoTcs 10

bopmynam f({) =fo(x)/S u Q) =Folx),

e x=({—1)/S, a fo(x) u Fo(x)=
X
=\ [(x)dx Gepyr u3 Tabaul.
3HaueHde BpemeHd  TIPpH  3aNAHHOHM
BepoATHOCTH GesoTkasnoi paborm P ompe-
AeaseTcs 1Mo 3aBHCHMOCTH

t:?+ u.pS,

rfie Up— KBAHTH/Ib HOPMHPOBAHHOIO HOP-
MaJILHOTO pacrnpenenedust (Takxke 0epyT H3
tabnun):

P . . . 05 09 09 09 0,999 0,9999
up .. 0 —1,28—1,64 —233—3,10—-3,72

Mpumep 2. JosroBeurHoCTb nepejay¥ BHHT —
raika CKoJbXKeHHs1 ONpelesseTcd ee  HM3HOCOo-

CTOIKOCTBIO. 3aKOH pacrpenefieHdsl PecypcoB no
BpeMeHH B 3TOM Clydae OJH30K K HOpMasibHOMY.
OQuenurs 90 %-ubifi  pecypc mnepejaum, eciu
t=10000 4y, $=2000 u:

too=1+upS=10000—1,28.2000=7440 u.

Heckonbko Jydlle, uyeM HOpMaJbHOE,
ONMHCHIBAIOT PE3YyJbLTATH yCTANOCTHBHIX MCHbI-
TAHUH JorapuPMHUECKH-HOpMAJILHOE pac-
npejaefeHse, B KOTOPOM [0 HOPMAJbHOMY
3aKoHy pacrnpefeasercsa Jaorapupm Hapa-
60TKH, H pacnpeneaerne Bekbynuaa, koropoe
MOXKEeT paccMaTpHBaThesl kak o006o0menue
3KcnoHeduaapHoro pacnpeaenenus. Onagako
ollepHpOBAHHE 3ITHMH pacnpene/eHHAMH
cJoxHee,

Pacuer aeraseii MaAlIHH € YY4€TOM
paccesiHus 3HAYEHHA napameTpos

Psan mapaMeTtpos, BXoASILLHX B QopMyJibl
pacueTra JieTajJed MallHH, HMEIOT CYIIeCTBeH-
HOe paccesiHde W JIOJKHBl paccMaTpHUBATHLCSA
KaK cayuainbie BefHYHHBL. COOTBETCTBEHHO
pacueTnl cJeAyeT MNPOH3BOJIHTb B BEPOAT-
HOCTHOM mJlaHe. DTO OCOGEHHO OTHOCHTCH K
pacyeTaM Ha AOJTOBEUHOCTb H K pacyeraw,
B KOTOpBI€ B KAY€CTBE OCHOBHbIX MApPaMeTpOB
BXONAT HATACH H 3a30pbl, Hanpumep K pac-
yeraM COeJHHEHHH ¢ HaTAroM H [OAUIHI-
HukoB. HaTaru u 3a30pbl mosiyuapotcsl Kak
pasHocTb GAU3KHX BeJHYHH M HMEIOT, TakK
e Kak H pecypco, ocobenno GoJsbluoe
OTHOCHTEJIbHOE pAcCesiHHe.

Insi BepoATHOCTHBIX pacueroB HeoBXo-
AHMO olpefefieHHe paccesHdus QyHKOuH M0
paccesHHIO CJy4adHbIX aprymMeHToB, T. €.
paccessHHe OCHOBHOTO PacCuMTBIBAEMOro Ma-
paMeTpa Mo paccesHHIO pACUYeTHBIX Xapakre-
pUCTHK M JPYTHX HCXOAHBIX NAapaMeTpoB.

[TpenctaBuM Boipa)keHHe [Js  pacuyet-
Horo napameTpa (HanpshKeHMs, pecypca,
TeMrepaTypnl) B obinem BHJE:

Y:(P(X[, XZ, ey Xn),

rne X, X ..., X.— mapamerpsl, pac-
CMaTpHBaeMble KakK CAydyalHble He3aBHCHMbIE
BeJHUMHB, UMEIoLlYe MAaTeMaTHUYEeCKHEe OXKH-
JNaHus m,, My, ..., M, U CPeiHHe KBAJpPaTH-
yecKHe oTKaoueHHd S|, So, ..., S..



22 OCHOBHbIE KPHTEPUH PABOTOCTIOCOBHOQCTH M PACYETA JETAJIER MALWHH

Hpennonaraem, yto ¢GyHKuus B npegenax
pacCesiHdsl NapamMeTpoB MOXKeT ObITb JiH-
HeapusoBana. Torma, pasioxus ¢yHKUHIO B
paa Tefinopa u or6Gpocus manbie umensl,
nojsyyaem

Y=q(m, my .., m)+Z

de
—6_X_> m (Xi— my),

rae mepBblil yjeH npeacrasaser cobofl Ma-
TeMAaTHUECKOE 0XHAaHHe, o6o3Hauaemoe Y
(ua M); Xi—m; — cayuafinoe OTKIOHeHHe
napaMerpa X; OT CBOEro MaTeMaTHYECKOTO
OKHIAAHHA my;

(’3(p)

—— | — JacTHasA T[IPpOU3BOJHAA (DYHK-

ax,; "
UM ¢ 00 napameTpy X, B KOTOPYIO MOACTAB-
JIeHbl MATeMaTHYeCKHe 0XHlauusi Tmapa-
mMeTpoB. OHa xapakTepH3yeT HOJIO B/AHAHHA
OTKJIOHEHHUSA CAYYAHHOH BeJHUHHL X, 4 uje-
HBI MOJ 3HAKOM 2 ABAATCA CJAYYAUHBIMH
OTKJIOHEHUSIMH JTHHEADHU30BAHHOH (YHKIHH.

CooTBETCTBEHHO cpelHee  KBAJpaTHye-
CKOe OTK/JIOHeHHe (QYyHKNHH [0 KBaApaTH-
YeCKOMY [IDABHIY CAOKEHHS

S= 3 _d_i‘i) 2 8%
1\ aX;
Ecnim  Y=¢(X)), 1. e Xo=2Xs. =

=X,=0, To bopmy1a paznoxkKeHus B paAn
Telnopa ciefiyetT H3 reoMerpHYecKux coof-
PaXKeHHH, TaK KaK [POM3BONHASA MpeicraR-
JsieT Cco0OH TaHredc yria HAaKJIOHA Kaca-
TeJbHOH K KPHUBOH.

3HayenHe pacueTHoro mapamerpa Y (Ha-
MpAXKEHHS, pecypca, TeMnepaTyphbl) Haxo-
JAAT H3 Bbipa)KeHUA TpH 3amaHHoi P Bepo-
arHoctd Y=Y+ u,S , T. e. Kak cpensee
3HaueHde Y IL1IOC ujcH, DABHBIA CpeIHeMy
KBAJAPATHUYECKOMY OTKJIOHEHHIO S, yMHOXeH-
HOMY Ha KBAHTHJ/b 4p, KOTOpAas B 3aBHCHU-
MOCTH OT YCJOBHH MOXET HMeTb I0J0XKH-
TEJLHOE WJIH Yallie OTPHILATENbHOE 3HAUEHHE,

B pane pacyeToB, B YAaCTHOCTH TOYHOCT-
HBIX, CJAyYaHHBIEC BEJUYHHbl BXOAST B BH €
cyMmmbl, T. e. Y=X,4+Xo+4 ...+ X,; Toraa

-T. €.

9%
ax, ’
JiydaeMm UIHPOKO [PUMEHSAEMYI0O B pacueTax
TOUHOCTH W JPyrux pacuetax Qopmyay
KBAJIPATHUECKOTO CJOMXKEHHS

H A1 olpenesenusas S no-

S=+/ sty 824 . 482,

H3BECTHYI0 3aBHCHMOCTb CJIOMXEHHH
aucnepcd D=D,+4+Dy+ ...+ D,.

Cayualinylo BeauddHy X; MOXKHO [IpH-
HHMaTb JeTePMHHHPOBAHHOH TIPH MaJOCTH
S, mo cpasdenunio ¢ S.

Bo wmHorue Qopmynbl pacdera geradei
MalldH cJdydyadHble BeJHYHHB BXOJAT B
BUNe npoussegedusa Y=X;-X;-...X
X X,, HanpuMep B pacyeTax Ha NPOUYHOCTD
(OpMyabl BKJAIOYAIOT B ce6s MPOH3BEEHHS

HArpy3skd HWJIH MOMeHTa, Ko3dduuueHTa
HHHAMMUYHOCTH, KO3 (HUHEHTa KOHIEHTPA-
ILHH  HATPy3KH, MOMEHTA COIpPOTHRJIEHHS
(B 3HameHaresie) U T. I.

Torna

B sTtom caydae paa nosydenns mpocthbix
¢dopmyn yno6HO onepupoBaTtb Henocpen-
CTBEHHO € KOY(GDHUHEHTAMH BAapHALMH U —
=S;/X;. Tlocne nofcTaHoBKH nosyygaem

S 51)2_ 52)2 Sn)2
2 ) 4 e =
—— X, ) " X
— \/0?4— vg+...+vi.
Ecau Y=X - X%:. . . X*" 10

3 3 )
o=/ (@0 )"+ (@gv)+ .-+ (@,
B stux cayuaax Y=Y (l 4+ upv).
CnyuafiHyio BeJHUYHHY X; MOMKHO TPHHHU-
MaThb JETEePMHHMPOBAHHON [P MANOCTH U,
Mo CPABHEHHIO C U.
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o HaxkOM/ieHHS] MNAHHBIX O 3HAYEHHSM
MaTeMaTH4yeCKHX OXHJIAHHH H CPelHHX KBaJ-
PATHUECKHX OTKIOHEHHH HX MOXHO BbI-
YHMCJAATL [0 [Ipe/ieJbHbIM 3HAYeHHIM Napa-
METPOB X in H X qae loria m=
= (X nax + X mn) /2. [lpuuss, Kax obeuHO,
4TO [0Jie AONYCKA HA MapaMeTp NOKpPLIBAeTCs
HHTEPBAJOM 6S, 4TO COOTBETCTBYET BEpOAT-
HOCTH TMonanaHua B uHTepBan P=0,997,
noJgy4ator Si= (Xz max'_Xi min) /6

3a pacuyeTHoe ycioBUe ofecrneyeHus Mpoy-
HOCTH B TCXHHKE LIHPOKO NPHHHMAIOT YCJO-
BHE, UYTO BE€JHYHHA BO3AEHCTBHA
F MeHbplIe cnocoBGHOCTH coOTpo-
THBAeHusaA W. Dto ycaosue paHblue Xa-
pakrepusoBajochk Ko3dduuuentoMm Gesonac-
Hoctd n=W/F> 1. B mnacrosuiee speMms
OCYIIECTBAAETCH NePeXo/]i Ha BEPOATHOCTHBIH
acnekT U COOTBETCTBEHHO YN OBJETBOpseTcs
yeqopue F<Z W ¢ 3aiaHHOH BepOSITHOCTBIO.

Tpu 50 %-Hol BepOATHOCTH Hepaspylle-
s W—F=0, rie F u W — cpeauue 3Ha-
YeHHA BO3eHCTBUA H CIOCOGHOCTH CONMPOTHB-
neuud. [Ipu 3amanHOH BepoOATHOCTH Hepas-
pymenus P cnocoBHOCTb conpotusienus W
nomxHa ObiTe Goabme F Ha Benduudy,
PaBHYIO cpelHeMy KBaJAPaTHUYCCKOMY OTKJO-
HEHHIO, MOMHOXCHHOMY HA KBAHTHJb Up:

W—F—+ up8=0,
rae S =-/S%,+ S% (S, SF — cpendue kpan-

pPaTHYECKHE OTKJAOHEHUA CIOCOOHOCTH COMpo-
TUBJMeHus U Bo3pedcTruda). [lpu P> 50 %,
up<< 0,

OG6bluHbIM MOPSIIKOM pacyeTa MpH KOH-
CTPYHWPOBAHUH MALUUH SIBJASIeTCS [pefBapH-
TeNbLHLIH IPHOIHIKEHHbIH pacyeT UM HCTIONb-
30BaHHe nNomgobusA, a TMmoTOM — OCHOBHOH
YTOUHEHHBIA pacyeT B GopMe MPOREPOYHOrO,

Has storo pacuera omnpenensieTcs KBaH-
TH/b pacrnpeneneHus

W—F W—F

S [T ie
VSw+ Sk

H [0 HCH ¢ MoMOoubio TAGJAHI HOPMAJAbHOIO

pAcnpenenerts — RepoATHOCTE 6esoTkas-

HOH paGoTHi.

Takum o6pasowm, KBaHTPlJ]b MOKHO pac-
CMATPHBATL KakK aHajor Ko3dduuueHTa 3a-

Hp=

naca. ToJibKO OHA XapaKTepH3yeT He OTHO-
LIeHHe CHOCOGHOCTH COTIPOTHUBACHHS BO3AeH-
CTBUIO, a4 HX PpAa3HOCTh; a 3T4 pPAa3HOCTD
J0OJIKHA 3a/aBAThCA B OTHOCHUTEJbHOH (op-
me. [lostomMy ee OepyT B OTHOLUEHHH K
cCpeliHeMy KBAIPaTHYECKOMY OTKJIOHEHHIO.

MHuTepecHa cBA3b MEXKAY KBAHTH/bIO U,
KaK BepOATHOCTHOH XapaKTepHCTHKOH pac-
yera M KoQQPHUHEHTOM GE30NacHOCTH N,
PACCUHTAHHBIM [0 CPEeJHHM 3HAYEHHAM CJy-
yafiHpix penuund F u W, 1. e. n=W/F.
Pasfesue 4UCJHTEMb U 3HAMEHATeNb Apo6H
Ha W u Bseld Ko3PPUUHEHTH BapHalUuH
vy =Sy /W u vp =S¢ /F, nonyuaem

n—1
(nvy)® + ok

B pacuerax Ha BBIHOCJHBOCTb Bblpa)KeHHe
/11 KBAHTHIM MOXKHO 34MHCaThb uyepes Mei-
CTBYIOLLHE HANpPSIXKEHHA O, M MpeielbHOoe

[0 KPHUTEPHIO [POYHOCTH HANPSKEHHE O,
MPEBLILIEHHE ero BHISHBAET 0TKas:

Up,=—

. “ﬂ . n—1
\/(Euﬂ)2+v£

Up= — — = = _
[Ipy ocHOBHBIX B MAlUHHOCTPOEHHH Pac-

" yerax HA UHMKJAHYECKYID MPOYHOCThL KO3D-

$UIMEHT BAapHAUHH MPEleNbHOro0 Hanpsxe-
HHS — Mpefena BbIHOCGAMBOCTH [€TajH

2 2 2
oq=\ i+ v5+23,

rae v, =10,03...0,08 — ko3¢ PuunesT Bapua-
L¥H A9 TOYHO M3TOTOBJEHHOH Jeranu H3
MaTepHasa oaHod mnnaBku (cm. § 15.4);
vy =0,06...0,1 — Ko3dduuHEeHT BapHALHUH
Il MaTepHaja pa3HblXx maasok; vy= (0,3...
..0,45)v, — Ko3pPULHENT BAPHALHH, YUH-
THIBAIOIIHH paccesiHHe U, pajuyca Mepexoj-
HbiX MOBEPXHOCTEH, paccesiHHe 1IepOX0BATO-
CTH I[IOBEPXHOCTH MJHM JApPYruX (HaKTOpOB.

Kos@dpunuesr BapuauuHd BHelLIHeH Ha-
TPY3KH HJIH JeACTBYIOILEro HalpsKeHHUs
3ajaeTcsl Ha OCHOBe HabGMIOJeHHA H OMNBITA.
Yacro v,=0,1...0,2.

Oco6eHHOCTbIO BEPOSATHOCTH PACYETOB fe-
Taned OTAeNbHBIX TFpynn Mo CpaBHEHHIO ¢
OOBIYHBIMH pacueTaMy siBASIETCS OlNpefene-
HHE KO3(PPHUIHEeNTOB BapHAUWH [J1A [leTalel.



FJTABA I

MAUWHHOCTPOHUTEJIbHbBIE MATEPHA/IbI

§ 2.1. OBIUHE CBEAEHHUA

Bui6op MaTepHanion u TepMooGpaboTKH
JeTtanedl MailHH olpeaeasetcsa: a) HeobOXo-
JHMMOCTbIO ofecneueHus TpeGyeMOH Hajaex-
HOCTY [leTajJleH B TedyeHHe 3aJaHHOTO CPOKa
CAYObl NOpu  3anaHHblX TpeboBaHHAX K
rabapuraM; 0) 3IKOHOMHUecKHMH akTopa-
MH H yCJAOBHAMH H3rOTOBJICHHSA.

Cnenyer uUmeTb B BHIY, 4TO CTOHMOCTb
MATepHaJOB  COCTABJAAET  3HAUYHTEJLHYIO
4acTh CTOHMOCTH MallHH, HaOpHMep B cpel-
HeM B aBTOMoOuAsAX 65...70 9%, a B rpyso-
noabemMHelXx mawuHax 70...75 9.

Hetann, pasamepbl KOTOPBIX ONpenens-
OTCA YyCAOBHAMH IPOYHOCTH, BbHI-
NOJMHAKT H3 MATEPHAJOR ¢ BBICOKHMH MPOY-
HOCTHBIMH XapakTepHCTHKaMH, npedamylle-
CTBEHHO H3 yJyullaeMOH HJH 3aKajuBae-
MOH CTaJH H UyryHa MOBHIILEeHHOH IPOYHOCTH
(3y6uarbie KoJleca, Bajabl H T. M.). [lerany,
pasMepbl KOTOPbIX OINpeAensioTea KecT-
K OCTb 0, BHIMONHAT U3 MaTepHaloB ¢ Bbl-
COKHM MOJAyJeM YIPyroctH, NOMYCKALUIHX
H3roTOBJEHHE JeTasned cosepluieHHBIX GopM,
T. €. U3 TepMHUYECKH HeoOpabOTAHHOHU cTaNU
H 4yryHa.

Ona fpetaneft ¢ GOALIWIHMH  YNPyrHMH
nepeMelleHUsAMH (MPYKHH) MPHMEHAIOT 3a-
KaJuBaeMble 10 BBICOKOH TBEPAOCTH CTAJH,
pe3ndHy H maacTMaccbl ¢ OOJbIUHM OTHOLLE-
HHEM TIpefesa yhnpyroctTH o, K MOAYJIIO
yupyroctu E.

Hetank, nojsepKeHHble KOHTAKTHB M
HAaMpAXEHHAM H H3HOCY B yCJOBHAX
KayeHUsl HAHM Ka4YeHH:A CO CKOJbXKEHHEeM,
NPEUMYIIECTBEHHO H3TOTOBASIOT H3 3aKaJH-
BAEMBIX JO BBICOKOH TBEpAOCTH cTaJdeH
(HOAIMITHUKY KauyeHUs, HanpsAXKeHHble 3y6-
qatble KoJjieca).

B ycnoBHsiXx CKOJNLXKEHHA H3 JBYX COIIpf-
KeHHBIX Jetajied, LJsi KOTOPbIX OCHOBHBIM
KPUTEPHEM  SIBJSETCA  M3HOCOCTOHKOCTB,
ONHY BHIIOJHAIOT ¢ BO3MOXHO 6ojee TBepAOH
paGoyell moBepxHOCThIO. CONPsIKEHHYIO Je-
Talb B AaHTHOPHKIHOHHHIX y3nax (0on-
UIMOHUKAX, HANPABAAIIMX) [enamT H3
aHTH(PHUKILMOHHOrO MarepHana, a Bo QpukK-
IHOHHBIX y3Jaax (Ttopmosax, Mydrax, QpHK-
NUOHHBIX nepenadyax) — H3 (QPUKIHOHHOIO
MaTepHaJga.

[Ton aHTHPUKNHOHHBIMH [1OHUMAIOT Ma-
tTepua/bl (6poH3b, 6AG6GHTH W Apyrue UBeT-
Hble ChOJaBbl, AHTHQPHKUHOHHBIE [JacCT-
MAcCChl H T. I.), XapaKTepu3yioiHecs HU3KHM
Ko3¢pDHIUEeHTOM TPEHHS, BbICOKOH H3IHOCO-
CTOHKOCTBIO, XOPOIIUM COIPOTHBJJAECHHEM
CXBATBIBAHUIO, XOpolled npupabaTeiBaecmo-.
CTbK) H MaJ/JblM H3HAUIHBAHHEM COIPSKEH-
HOH aeTaJu.

Haa  auTu@pHUKUHOHHBIX CIJIABOB  CYH-
TAlOT 6JaronpusiTHoll, HO He 06A3aTEJbHOH
CTPYKTYPY € COCTaBJAAIOIWIMMH DPa3JHUHOH
TBEPAOCTH, KOTOpPHlE, H3HAUWIHBAsACh, IO-
Pa3HOMY CO3AKT yCJAOBHA A HUPKYAALHH
Machaa, o0pasoBaHHA MECTHBIX MACJAHBIX
KJIWHbEeB H YylajeHHsl MNPOAYKTOB H3HOCA.

B cuayuasix, ecam MOXHO ofecHeuuTs
BBHICOKYIO TOYHOCTL M3rOTOBJEHHS AeTalled H
CAMOYCTAHOBKY, HCKIIUaUHe HeoOX0NH-
MOCTb KakKOH-AHO60 HX npupaboTKH, a TaKxe
NpH COBEpLIEHHOH CMa3Ke MOXKHO BbIIOJ-
HATL 00e TpyLUHEeCcs MOBEPXHOCTH H3 TBep-
JblX MAaTepHaJjoB, HANPUMED H3 3aKAJEHHOH
cTaJjH.

[Ton ¢pHKIHOHHBIMH [OHHMAOT MaTe-
pHaabl (MerajoKepaMHKa, IJ1acTMacchl Ha
ocrHoee acfecta U Ap.), XapaKTepH3ylolHeca
6OJIBIIMM H MOCTOSHHBIM KO3 dHIHEHTOM
TPeHHS, BBICOKHMHM H3HOCO- H TeMJOCTOH-
KOCTBIO, XOpollieH NpHpaBaTbLIBAEMOCTbIO H
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MaJbiM H3HOCOM COINPSKEHHOH [etrajd B
ycaosasaXx paborbl 6e3 cMas3ouHbIX HAHM €O
CMa30udbiM MaTEePHAJOM. 3TH MATepHabl He-
110JB3YIOT A9 AeTajdell TOpMO30B, PPHKIHOH-
HEIX MydT H QPHKLLHOHHBIX [E€pejady.

Hetanu, paGoramouine 1npyd BHICOKHX TeM-
nepaTypax, BHIMOJHAIOT H3 KAPOCTOHKHX
HJIH KapONpOuHbiX CMJAABOB.

BoapwwuHCcTBO neTaneli MallWH HCOBITH-
BaeT HAIpPSKEHHA, Bo3pacTtalollie oT HeHT-
pafbHOH OCH HJAH CJI0 K TOBEPXHOCTH
(u3rub, kpyuenue). Ha norepxnocth aeraned
AEHCTBYIOT KOHIEHTPATOPHl, pe3KO yBeNHuH-
Baloiye Hanpaxedusa. HMasecruo, dro mo-
BHILIEHHE [IPOUHOCTH MAaTePHaJJOB CBBILIE
HEKOTOpPOFO INpejena, B YacTHOCTH [POYHO-
cTd ctanei csoime 1200 MIla, mano no-
BHILIAET Mpejesl BBIHOCJHBOCTH jeTaned HU3-
33 pocTa BJAHSHHS KOHINEHTPANHH HanpsixKe-
HUH. BoAblIUHCTBO fieTateidl MaUIHH BbIXOIHT
M3 CTpPOs BC/eACTBHE NOBEPXHOCTHBIX pas-
pywenui. [TosTomy oaHOH ¥3 COBPEMEHHBIX
TEHAEHIHH MOBHUICHHsI TPOYHOCTH AeTafei
ABJACTCA NPHUMEHEHHE NOBEPXHOCT-
HBLX YNPOUYUHEHHH M MOKPH THE.

DbdeKT TOBePXHOCTHHIX  YMNPOYHEHHH
CKA4pBaeTC M3 COGCTBEHHO YTNPOYHEHHA
NOBEPXHOCTHOrO CJOA H M3 CO3JAaHHA B HEM
OCTATOUYHbIX HANpPSKeHHH CXKaTHA, Kortopble
BbIYHTAIOTCS U3 OMACHBIX HAMNPSAXKEeHHH pacTa-
HKEHUS OT I0JIe3HOH Harpy3kH.

BeiGop marepuasa B 3HAYUTENLHOH CTe-
MeHH onpefenseTca TpeOOBaHHAMH, Tpelb-
ABnsdAeMblMH K rabapuraM H Macce JAetaJdeit
H MalWH B deqoM. Macca 6oablIMHCTRA
AeTajed, NOAYHHEHHBIX KPHTEPHIO TMpou-
HocTH, o6paTHA MPONOPUHOHAALHA ONyCcKae-
MOMY HANIPSAXKEHHIO B TepBoH cTeneHd (pexe
B crenenwu 2/3), a macca perajeft, pac-
CYHTHIBAEMbIX HA KOHTAKTHYIO MPOYHOCTb,
4 TaKxKe Jerajied, pacCuMTHIBAeMbIX Ha
AEHCTBHE CH/bl TAXKECTH HJIH CHABl HHEPLUH,
H, HAKOHEIl, NPYXHH (KaK JeTaned ¢ 3aaaH-
HOH KECTKOCTBIO) 06paTHO MPOMOPUHOHANb-
HAa KBajpaTy AONMYCKaemMOro HarpsxKeHus.
[Tosromy neranu sTuX rpynn  (HOPYKHHbI,
MONIHIHHKY KA4YeHHA B Ap.) Bcerja aenawoT
W3 [IPOYHLIX 33KAJEHHBIX MATEPHANOB.

Has peranefi, noppepXeHHbIX ACHCTBUIO
MAcCcoOBbIX CHA  (TAXKECTH, HHepuuH),—

jeTaljledl TpaHCMOPTHbIX MatuuH, ObicTpoxon-
HbIX JeTajied — HyXKHbBI MaTepHadbl ¢ BBHICO-
KOH yJeJbHOH NPOUYHOCTbIO (OTHECEHHOH K
eaMHHne Macchl). Haubonbwmed yaenbHo#
MpPOYHOCTHI0 06Ja4a10T KOMIO3HITHOHHBIE Me-
TaJJHYecKHe MaTepHaabl, nmAacTMaccnl ¢
OCHOBOH H3 3aKaJIeHHOH CTeKJISIHHOH TKaHH,
THTAHOBbIE CIVIABbl, BBICOKOKAYECTBEHHbIE
3aKaJieHHple CTaJlH, BbICOKOIPOYHbBIE JIeTKHE
CNABbHI.

Ecaun pasmepnl neraneii sbiOpaHbl 3apa-
Hee, To MaTepHa/ Has3HAyalT [0 pacuery.

YcaoBHA H3rOTOBAEHHS H IKOHOMHUYECKAA
neaecoobpasnocrb. Crloxubie mo popme ge-
TajJH, HanpuMmep KoOpnycHole, ¢ O6OABIIHM
KOJIHUECTBOM CTEHOK H, MPUJIHMBOB, H3TrOTOB-
JAI0T U3 JHTeHHBIX MaTrepHaoB (UyTryHOB,
6pou3 H nap.). Heraau caoxHol KoHHUry-
panHH ¢ TOHKHMH CTEHKAaMu TPebGyIT npH-
MEHEHHA MATepHaJoB ¢ 0co60 BBHICOKHMH
JHTEHHBIMH CBOHCTBAMH.

Jletanu B ¢opMe JAHCTOB, TOHKOCTEHHBIX
Tpy6, npodHibHLIX 6a/I0OK H3rOTOBAAIT H3
MaTepHasNoB, AOMYCKAKIUX o6paboTky nas-
JeHHeM — npokatky ¥ T. A. [erann cepm,
paM, noasepraemble peske, rubke, NMpoOHBKe
OTBEPCTHH B XOJOJHOM COCTOSIHHH, H3FOTOB-
JAAT W3 HH3KOYTJICPOAUCTHIX cTajel,

ODKOHOMHUECKHA KpHTepuH B BbHI6Ope Ma-
TepHaka TaK e, KaKk H B BH6OpDE KOHCTDYK-
iH#, ABasgercsa HaubGojee o6wiuM. Ecan 6wl
CTOHMOCTL MaTepHalos Obja maaa, To BO
BCEX cJydasX cTpeMHauch Obl NPHMEHSTh
BBICOKOKauyecTBeHHbIe MaTepHanbl. Bo BHOBD
POEKTHPYEMbIX MallWHAX IJs Ka)XAO0H ne-
Tand (kpoMe 0coOO HATPANKEHHBIX) MOXKHO
MO TeXHHYEeCKHM MPHYHHAM TPUMEHAThL pas-

JIHYHble MATepHasbl, ¥ BHIGOP KOHKPETHOrO

MaTteprana olpejenseTcd UMEHHO IKOHOMH-
YeCKHUMH C0oo0paKeHHsaAMH.

Ha kaxjnoM npeanpusiTUd OrPaHHYHBAIOT
HOMEHKJATYPy HOPUMEHSeMbIX MaTepHanos,
4TO CcyllecTseHHO ofjieryaeT cHalXXeHHe H
XpaHeHHe MATEPHAJOB, a TakKXe H3ToTOB-
JeHHe geTaJqneH.

§ 2.2. YYTYHBI

UyryHol — Xeae3oyraepojucThie CIaBl
¢ TOBBIIIEHHBIM MO CPABUEHHIO CO CTANLIO
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COlePKAHUEM YIJepona, ¢ YyAyYlIeHHbIMH
JUTEHHBIMH  CBOHCTBAMH M IIOHUIXKEHHOM
MJIACTHYHOCTHIO.

Cepuiit uyryn. Ou asnsieTcsi OCHOBHBIM
JUTEHHLIM MaTepHajioM. B Hem 66sblnag
YacTb WIH JdXCe BeCb yraepoJ HAXOAHTCH B
¢BOOOAHOM COCTOSIHHH B BHJie MIACTHHYATOrO
rpagura.

Ilna ceporo yyryuna xapakrepHa cpejpdss
IPOYHOCTb, MEHbINAf, yeM y CTajlHd, H3-32
rpadUTOBBX BKJAIOYEHHH, CO3AAIOIHX KOH-
HEHTpalMI0o HanpsaxeHui. Oun obmapgaer
YAOBAETBOPHTEJILHOH H3HOCOCTOHKOCTBIO
BCAECTBHE CMAa3blBalOWIEr0 JEHCTBUA rpa-
(bHTA H NMOBBLILIEHHBIM BHYTPEHHHUM TPEHHEM.

Cepble 4yryHbl HCMOAb3YIOT MpeumylLle-
CTBEHHO JJifl [leTaJieH OTHOCHTEJbHO CJ103K-
HOH KOH(pHUrypanuy, tpebGyllLHX JHMTOH 3a-
FOTOBKH [IpDH OTCYTCTBHH XKeCTKUX Tpebo-
BaHMH K rafaputaM W Macce naeranei, a
TAKXe MpH HEeBbICOKHX CKOPOCTAX CKOJb-
XKeHusl Ha NoBepxHOcTAX TpeHuda. Ilo macce
YyTyHHBIE JE€TAJH 3aHUMAIOT B CTALlHOHAPHBIX
MAUIHHAX NepBoe MecTo; HalpUMep, B CTaH-
Kax mMacca uyryHHBIX JeTajiedl CcocTaBafer
60...80 %.

CepblH uyryH o0603HaualOT HAYaJbHBIMH
6yksamMd CYH u 3HauYeHHsIMH BpPEMEHHOTro
COMPOTHBJ/IEHUA [IPH PaCTSKeHHH (Krc/mm?),
HanpuMmep CUYI15 o3"auaer cepbll 4yryH ¢
BPeMEHHBLIM COIPOTHB/JICHHEM [pPH pacTsxKe-
uuu 15 kre/mm? (150 MIla). Mexauudeckue
CBOHCTBA OTJIMBOK H3 Ceporo 4yryda TMpH-
BefeHsl B tagn. 2.1.

2.1. MexaHHyecKHe CBOHCTBAa OTJHBOK H3 CEPOro
uyryna {no NOCT 1412—85)

Bpemennoe HB, ve Gouxee,
CONPOTHRJE- | npH TOJNILHHE CTEHKH,
Mapka nue, Mlia, MM
uyryHa npH Tomgnne
CTEHKH 1D MM,
He MeHee 4 15 150
cul1o 100 205 190 120
Cul15 150 241 210 130
CH20 200 266 230 143
CY25 250 260 245 156
CU30 300 — 260 163
CY35 350 — 275 179

Ilpumeuaunune. JonyckaloTcs Takmxe map-
kH CY21 u CY24.

Ipenea npodnoctd Ha w3ru6 s [,5 (man
NPOYHbIX 4YYCYHOB) W 2,2 (nJf1 YyryHOB
MaJioH TIPOYHOCTH)} pa3a Gosibllie BpeMEHHOT o
COMPOTHUBJIEHUS] HA pACTSKeHHeE.

Moaynb ynpyrocTd 4yryHa pacTter c
POCTOM BPEMEHHOIQ COMNPOTHBJACHHUA MPH
pactsixkenuu: £=1(4,5...5)100 05 npu o6,=
=100...300 MIla.

B uyryHHBIX OTJIMBKAX TOJILIHHBL CTEHOK
4acTo ONpele/siloTCA He yCAOBHSIMH [MpOu-
HOCTH WIH XECTKOCTH, 4 TeXHOJOrHYECKHUMH
coofpakeHHAMH. ¥ MeEHee [IpPOYHbIX 4Yyry-
HOB NHTEHHBIE CBOHCTBA Jydllle, a O0CTATO4-
HbIC HAMPSMXKEHHA H KopobJjieHHe MeHble,
yem v OoJiee TPOYHBIX.

OTJuBKH MaJsoH NPOYHOCTH H3 4YYryHa
CYI10 npumeHsIIOT AJA MaJOHATPYXKEHHBIX H
He pafoTaluux Ha H3HOC JeTaniedl (KOXYyXH,
KPBILUKH U T. 1.).

OcHoBHOe pacnpocTpaHeHHE HMelT OT-
JIUBKH M3 YyryHOB CpelHeH I1POYHOCTH, B
YACTHOCTH KOPNYCHBIX WU TOANEPXHBAOLIHX
JeTaneu. '

Bruifop cocTaBa ceporo 4yryHa yCaoxK-
HACTCA:

00paTHOH 3aBHCHMOCThLIO MEXAY MEXAaHH-
YECKHMH H JTHTEHHO-TEXHOJOTHUECKHMH CROK-
CTBAMHU;

HEeOOXOAHMOCTBIO PAa3HOH TOJILHHBL CTe-
HOK, HallpuMep IMOBbIIIEHHOH TOJIHHBI Ha-
npaBasioux H QJAaHLeB;

pasHbIMH KpHTEpHAMH paboTtocnocobHo-
CTH (NPOYHOCTb, H3HOCOCTOHMKOCTE) OTJIMBOK
U HX 4YacTeH.

B craHxkocTpoeHHu — BaueHiuefi orpaciu
MPHMEHEHHs1 UYT'YHHBIX OTVIMBOK IWHPOKOI'O AHama-
30Ha pa3MepoB H CBOHCTB — PEKOMEHAYIOT:

CHHXEHHEe COLepKaHHA yrjepoga ¢ SKBH-
Ba/JeHTHHIM YyBeJHYCHHEeM KPeMHHs H mapraHua;

B YC/HOBHAX CYULECTBEHHOH PAa3HOCTEHHOCTH
MpHMEHeHHe UYTyHa, JIErHPOBAHHOTO MeJbld H
MHKPOJETHPOBAHHOI O OJIOBOM,

IpUMeHeHHe AJAa o0ecnedeHHs ONTHMAJbHOH
JJNHHBL BKJAOYEHHH rpaduTa H, COOTBETCTBEHHO,
BBICOKOH H3HOCOCTOHKOCTH CTAHHH C MACCHBHBIMH
HAMpABJIAIOUIAMH H3 YYTYHA, MHKPOJIETHPOBAHHOTO
THTAHOM;

npHMefiele YYTyHOB, TOJNY4YEHHBIX M3 mepe-
A@AbHbIX JOMEHHBIX YYT'YHOB C NOBBIUIEHHBIM KOJTH-
YECTBOM CTAJBHOrC JloMa U (eppocniaBos;

ofecneyeHde pABHOMEDHOrO OCTHIBAHUA OT-
JIHBOK ¢ MacCHBHLIMM HAnNpaB/IAOMIHMH  [pU-
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2.2. MexaRHuecKHEe CBOHCTBA 4yryHa ¢ WapoBHA-
HHiM rpagurom (FOCT 7293—85)

.| OrnocHu-
Bpemen- | ¥Ycnoruui TeNbHOS
Mapka | uoe co- npejen YALAHFE- Trep-

4yryHa |TPOTHBAE- [TeKY4eCTn,| 1o 9 . xocts HB

aHue, Mlla MIla He Menes
B435 350 220 22 140...170
BU40 400 250 15 140...202
BY45 450 310 10 140...225
BUS50 200 320 7 153...245
BY60 600 370 3 192...277
BY70 700 420 2 228...302
BU80 800 480 2 248...351
BYI00 1000 700 2 270...360

MEHEeHHEM TaK Ha3blBAeMBbIX MAPKHX XOJOAHJbHH-
KOB, OGecneuuBaOINX TPEGYyeMyd HHTeHCHBHOCTD
TeIVIGOTBOJA.

TIpH noebilIeHHBIX TPeGOBAHHAX K MpoY-
HOCTH MNPHUMEHSIOT YYTYHBl ¢ LIAPOBHA-
HelM rpadurtom (raba. 2.2); ux ofpa-
6aTbiBAlOT B PACANABJEHHOM COCTOSIHHH TMPH-
C4llKAMH MarHusi MM UepHsd, UTO NpHIAeT
rpacuty waposHiHyio GOPMyY M Tem camblm
CHIbHO yMEHbLJAET BHYTPEHHIOI KOHLEHTpPA-
uHK© dHanpsaeaud. Ilpepen BeIHOCAuBOCTH
BBICOKONPOUHbIX UYYTyHOB C [IAPOBHHBIM
rpaduToM NpH CpPeJHHX pA3Mepax CeueHH
NpuGauKaeTcd K Ipefejdy BblHOCAHBOCTH
cTajqu 45 ¥ 10 AByX pa3 Bblilie, 4eM y o6blu-
Horo uyryna CHY20 ¢ nnactHauaTthiM rpacu-
TOM; MOAyJb ynpyroctu (1,6...1,9) 10° MIla.

Uyryn ¢ wapoBuaHbiM rpapuTOM MOXET
YCNelIHO 3aMeHAThb CTaJbHbIEe OTJHBKH H
IOKOBKH, 8 TAK!KE€ KOBKHH 4yryH.

[losblmeHne MexanHYecKHX CBOMCTB uyry-
HOB MO3BOJISIET MPHMEHATH HX BMECTO Cranef
A peraned, paGoTamiux B yCJOBUAX
3HAYHTEJbHLIX NEePEeMEHHBIX HAnpsKeHHH.
XapakTepHblM [PUMEPOM TaKuX JeTadef
ABAAIOTCS  KOJEHYATble BaJbl  ABHTaTesel
MHOIHX COBpEMEHHBIX TPAKTOPOB H aBTOMO-
Ousied. B KOJMEHUATHX BAaX MOHMMKEHHBIE
MEXaHHYeCKHe cBOHCTBA YyryHOB MO Cpas-
HEHHIO C TaKOBLIMH AJIS1 TepMHUYeckM ofpa-
GoTaHHBIX cTajlell KOMMEHCHUDYIOTCS GoJiee
COBepUIeHHOH (OPMOH MUTHIX BAJIOB, Cylie-
CTBEHHO MEHbIIEH YYBCTBHUTENBHOCTLIO K
KOHUEHTPAUUH HATIpsAXKeHHH, OONAbUIHM AeMII-

bupoBaHHEM KOeGAHHE B UYryHe M MEHb-
IWIHM MOAYJAeM YNPYrocTH, 4TO yMeHbIIaeT
NOTIONHUTENbHBIE HAIIPSAXKEHHS OT CMEIeHHs
onap.

Haa tpywHxca npetasefi B yCJAOBHAX He-
HallPSIXKEHHOro pexXuMa paborLl W 1pH
HENPEPLIBHOM CMA3biBAHUH MONYCTHMO IpH-

MEHeHHe AaHTHPPHKIHOHHOTO 4yryHa IIo
FOCT 158585,

beane u orGenennnie uyryHm. Besblid uyrym,
3aKajlHBaeMbld MpH OTVIHBKE W HMEOWHA Bech
yrjaepoa B CBSI3AHHOM COCTOSIHMH, XapaxTepH-
3yeTCHd BBLICOKOH TBepAOCTBID (TpyaHO oﬁpaﬁaTu-
BaeTCs1 pe3aHHeM), BBICOKOH H3HOCOCTOMKOCTBIO H
KapOCTORKOCTBIO, BLICOKHM CONPOTHBJICHHEM KOpP-
PO3HH,

OcHOBHBIE H3fEIMA U3 GelOro uyryHa:

1} nerann, pa6oTalouiHe Ha H3HOC,— TOPMO3-
Hble KOJOAKH, pafoude OpPraHbl pa3MoJbHBIX Ma-
LiHH, APOOHIOK, HACOCOB AJISI OTKAYKH >KHIKOCTH
c abpasHBOM W T. A.;

2) pmeranu, nofBepKeuuble TEHCTBUK NJAMEHH
M HarpeBy [0 BLICOKOH TeMIlepaTyphl,— KOJOCHH-
KH H T. 1.;

3) neranu,
NEHCTRBUAM.

Beable yyryuel no XumH4yecKoMy cocraBy pas-
AeJSIOT HAa HEJerHPOBaHHbBIE H JIErHMPOBAHHBIE —
HHKeJleBble M BOPHCTHIE (H3HOCOCTOHKHE), BBICOKO-
XPOMHCTBIE  (M3HOCOCTOHKME H  TeMJIOCTOHKHE),
BBICOKOKPEMHHCTBIE (KHCIOTOYHOpHbIE).

OTJHBKH H3 OTOJEHHOr0 uyryHa HMMEIOT B
0TORNIEHHOM CJl0e CTPYKTYpY H cBOiicTBa 6eJloro
qyryHa, a B OCHOBHOH Macce — CTPYKTypy H
CBOMCTBA Ceporo 4yryHa.

OT6esleBHBIR uyT'yH npumeHmoT AJ151 H3roTOB-
JIeHHs1 MPOKATHHIX BANKOB, THAPaBIHYECKHX LH-
JHHAPOB H NPYTHX neraJeH,

Kokuli uyryd, nonyuaemslit oTxurom 6ejoro
YyryHa, MPUMMEHAIOT MJIA OeTaJjel, Tpebylomux mno
cBoel (opme JIMTOH 3ATOTOBKH, HO ROMYCKAKLIHX
X0Tsl OBl C/yyaHHyl0 ynapHyw Harpysky. Hazma-
HHE «KOBKHH YyTyH» YCJOBHOe. 3aTrOTOBKHY H3 KOB-
KOrO uyryHa TaK e, KaK H H3 ceporo, noay4awot
TOJIbKO OTVIMBKOH; 1aBJ/leHHeM KOBKHH 4yryH He 006-
paﬁaTbIBa}OT KOBKHH Yyr'yH 06/1afaeT XOpoIUIHMY
JIUTeHHBIMH CBOHCTBAMH, BBICOKOHR MIPOUHOCTLIO, Bhl-
COKHM MonyJem ynpyroctd, KoBkull uyryu o6oa-
HauawT HayaabHbIMH 6ykBamu KUY u snaucHuamu
BPEMEHHOTQ  COMPOTHBJCHHSI TIPH  PACTHIKCHHH
(B Xrc/MM®) H OTHOCHTEBHOrO yIJIMHEHHA MPH
paspbise. B CCCP CTaHAAPTH30BAHLl CHACAYIOLLHE
MapkH xoBkoro uyryua KU30-6; KU33-8:
K435-10; KU37-12; K445-7; K450-5;
K455-4; KU60-3; KU65-3. Taxk, K430-6
03HA44eT KOBKHH 4yryd C BpeMeHIIBIM COmpo-
THBJeHHEM 300 MIla # OTHOCUTE/NbHBIM YIJiu-
HeHHem 6 9.

NoABEpMEeHHble XHMHYECKHM BO3-
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§ 2.3. KOHCTPYKLLHOHHBIE CTAJIH

KoOHCTpYKIIHOHHBIE CTajJH MO CPABHEHHIO
C JpPYTMMH MAUIMHOCTPOHMTEJLHBIMH Mare-
pHaiaMH XapakKTepHU3yITCH BLICOKOH TMpou-
HOCTBIO, MAACTHYHOCTLIO, CMOCOGHOCTBIO XO-
pPOIO BOCIHPHHAMATE TEPMHYECKYIO HAH XH-
MHUKO-TEPMHYECKYKD 00paboTKy.

Cranu pasgeasdior Ha: l) craam yrae-
pPOMMCTHE C HOPMANLUBIM HJIH [OBBILIEHHDIM
copep:KaHHeM maprasdua; 2) CTafH JErHpo-
BadHHbie: HH3KOJErHPOBAHNbIE ¢ CyMMAapPHBIM
cofilepXKaHHEM JIETHPYIOIHMX KOMIOHEHTOB
medee 2.5 %, cpeaneserupoBaHHbie CTadH C
cojiep KaHHeM JIETHDYIOLHX KOMITOHEHTOB OT
2,5 10 10 % wu BLICOKOJErHpOBaHHBIE C CO-
JepHAHHEM JETHPYIOUHX KOMIIOHEHTOB Go-
qee 10 %.

YraepoapucTbee CcTaau pasaeasior
Ha cranp obuiero HasHauveuus ('OCT 380-—
71*) u cranb KauecTBEHHYIO KOHCTPYKIHOH-
uyio (FOCT 1060—74**). Yraepoaucroie
cTanau ofiero HazHa4yeHds pasiesitoTcA Ha
TPH Cpymnmbl: rpynna A — AOCTABJAETCS MO
MeXaHW4YeCKHM CBOHCTBaM; rpymna b — no-
CTaBJAAETCA M0 XMMHYECKOMY COCTaBY; Tpyn-
na B — nocrasasieTcAa 10 XHMHYECKOMY CO-
CTABY M MEXaHHUYECKHM CBOHCTBAM.

JleruposadHble KOHCTPYKUMOHHBIE CTaJH
pa3geNsiloT Ha KadyecTBeHHBle, BBICOKOKaye-
cTBeHHHIE H 0Cc060 BBICOKOKAYECTBEHHbLIE
(FTOCT 4543—71%).

B mMAaWHHOCTPOEHHH H3  YIVIEPOAUCTBIX
crajed ofuero Ha3Ha4eHus AJa HEeYNnmpoyHA-
eMblX JieTaJed MpeuMy UeCTBEHHO IPUMEHAIOT
cTand rpynmel A, mocrasjasieMble MO Mexa-
HHYecKHM csofictBaM (rtaba. 2.3). Oun
o6oanayawTca OGykeamu CT W HOMEpPaMH B
HopAdKe BO3PACTAHHA [POUYHOCTH; MPHUEM
HaugHasi co Ct4 HOMEp COOTBETCTBYET MH-
HHMAJMLHOMY 3HAYEHHI0O BPEMEHHOro COIpo-
tupnenus (MIla), nenennomy na 100.
HUupeke «kn» o603HadaeT KHMOAIMYW CTajb
(He MOABEPrHYTYI0 PACKUCAEHHIO B KOBIIE).
Oua neineBjie CMNOKOHHOH CTand [PHUMEPHO
Ha 12 %, Gonee 3acopeHa rasamMH W MeHee
onnopoaHa. Muaeke «cm» 03HAadaeT CHOKOH-
HYI0 cTafib, HHAEKC «IC» — MOJXYCTOKOAHYIO.

YraepofHcThle KauyecTBEHHBIE KOHCTPYK-
LHOHHLe craau (Taba. 2.3) o6o3nauaior

JABY3HAUYHBIMH  YHCNAMH, YKa3blBalOUIHMHU
cpeaHee colepaHHe yr/jepoaa B COTbIX A0-
AAx mnpoueura. JleruposaHHble CTaJH JO-
NnoJIHHTENALHO 0003HauaT OyKBamH, YyKa-
3BIBAIOIHMH OCHOBHbIE JIerHpyromHte 3Je-
meuTbi: B — soasdpam, ' — maprauen, [ —
meab, M — moaubaed, H — aukeasb, P —
6op, C — kpemuud, T — ThHTan, X — xpom,
& — panapui, IO — amomuanii. Ludpwu
mocjde OyKB 03HAyalT MPOLEHTHOE COAEp-
AKaHne COOTBETCTBYIOLErO KOMIIOHEHTA; eC/Td
OHO MEHee WJIH OKOJO OJHOr0 [pOoLeHTa,
to uHppy He crasAT. BricokokadecTBeH-
Hble JIErHPOBAHHBIE CTAJAH JONOJHHTEIBHO
oTMeyqaloT Gykeoit A B KoHue o603HaueHHA.
Hanpumep, mapka 12XH3A o3Hauyaer Bbl-
COKOKAUYECTBEHHYI0 CTalbk €O CpelHHM CO-
nepxKaHueM yraepona 0,12 %, xpoma okomno
1 % u vukeas 3 %.

KOHCTPYKIHOHHBIE CTalu  yriepoaucTbie
M JEerdpoBauHbie MO CONEPKAHHUIO YIJIepoaa
H CMocOGHOCTH BOCTIPHHUMATb TEPMHUYECKYIO

o0pabOTKy paszfaeNaloT Ha HH3KOYTJEpO-
AUCTbIE — LEMEHTYEMBlE ¢  COAEPKAHHEM
yraepona gao 0,256 9%, cpendeyraeponu-

CTble — yJydllaeMble H 3aKajlHBaemble ¢
conepxauuem yraepoaa ot 0,256 no 0,6 %,
a TakK¥Xe BbICOKOYI/IEPOJUCTHIE ~— 3aKaJH-
paeMble ¢ COfAep}KaHHeM Yyrjaepoaa Bbl-
we 0,6 %.

Odag cTaAbHBH X OTJHBOK TpHMe-
HAIOT CTaJjb, CBOHCTBA KOTOPOH npHBeNeHbI
B Tabna. 2.4,

CraupaproM MpeiycMOTpeHO TpH [PYIIIb
OTJIHBOK:

[ — O6BLIKHOBEHHOro KauyecTsa;

Il — nosbLILIEHHOrO KayecTsa,

I1I — ocoGoro KauecTsa.

Craibdble OTJHBKH HMEIT HECKOJBbKO
XYALIYIO CTPYKTYPY H COOTBETCTBEHHO GoJee
HH3KHE MexaHHuyecKHe CBOHCTBa, YEM CTallb-
Hble [erafiu, npoulejfmde o6paboTKy nasje-
MHeM, a TaKxe TpyaHee ofOpabaThiBaloTcs
pe3aHuem. ‘

Koucrpyxkuvounuas
¢cTaJdb TNOCTABJISAGTCH CJeIYIOLIHX
BHAOB:

1) kpyrsnas Jinamerpom 5...250 mm;

2) KBajgpaTHasl cO CTOpPOHOH KBajpaTa 5...
200 MM;

coproBas
OCHOBHBIX
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2.4. MexaHHyeckHe CBOHCTBA OTJAHBOK H3 YIJEpOAMCTOH CTANH B HOPMAJAHIOBAHHOM HAH OTOMNKEHHOM
coctonuun (FOCT 977—75%)

Bpemennoe |[lpenesn teky- | OTHOCHTE B- Bpemennoe |[pemen reky- | OTnochTeND-
CONMpOTHRBAE- YecTH o-, HOE YINHHe- COMpPOTHBAE- YeCTH Oy, HOoe YIJHHC-
Mapka | uue o,, MIla MIla nue §s, % Mapka | une 5., Mlla MITa Hue &8s, %
CTAJIH CTanu
He MeHee ne Goaee
15J1 400 200 24 40J1 530 300 14
20,1 420 220 23 45J1 550 320 12
25J1 450 240 19 501 580 340 11
30/1 480 260 17 55J1 600 350 10
35/1 200 280 15

[Ipumeuanune IlpuMep ycioBHOro 00G03HAYEHHS OTJHBOK H3 cTajd mapkd 15J1 rpyunoe I

Craap 15/1-1 — FOCT 97775 *.

3) mectHrpannas paamepom 8...100 mm;

4) yrsioas paBHoOoxas co cropoHod 20...
250 MM;

D) yrioBasi HepaBHoOOKasi ¢ pasMepaMH CTO-
pod ot 25/16 go 250/160 mm;

6) aByraBpoBas 6ajika C BBICOTOH ceuenus
or 100 go 700 mwm;

7) wBenjgepHast (KOpbITHAas) CTajdb ¢ BBHICOTOH
ceueHHs 50...400 mm;

8) TOHKOJHCTOBA%,

9) noJyiocoBas M UIMPOKONOJIOCOBAHA;

10) seHTa xoJlogHOKaTaHasl H ropAYeKaraHan;

11) dacoHHBIH npoKar,

12) Tpybbl, B TOM uHcHEe 3JEKTPOCBapHbIe,
OecCiitoBHbIE, BOJIOYEHBIE H AP.;

13) rHyThie M WTAMMOBaHHHE NMPOPHIH.

Huskoyranepoauctole cTanu ob-
LIErQ HazHauyeHHA TPUMEHAT A JeTaJjed,
TpebylonMx 8 Mpoiecce H3roTOBAEHUS THOKH,
pe3ku, npobusBku OTBepcTud §e3 mnocaenyo-
HIEr0 OTMKHMIAa HJAH XOJOJHOH BBLICAJKH C
Gonbmum  nedopMHpoBanHeM  MaTepHana
(3JeMedTbl  MeTanJdHUYeCKHX KOHCTPYKI{HH,
KOTJIOB H [DYTUX pe3epByapoB, KpelleXHhe
H3IeJIUA — 3dKJelNKH, BHHTHI, Iaubnl) .
OcHoBHbIMH MaTepHasaMH MeTaNJIHYECKHX
KPZHOBBIX H CTPOHTENbHBEIX KOHCTPYKIHH
AsadATeA crand Ct3 u Cr3km,

Cpenneyraeponaucrue cTanax
ofllero HasHayeHHs NPUMEHAOT AJs OTHO-
CHTEeNbHO claboHarpyxKeHHLIX aerasded Ges
foc/eyolled TepMUUecKold obpaboTk.

B CAy4yadx B3dHMHOMO CKOJIBXKCHHA He-.

3anajienHplX craneii ux HeoOXOMHMO BHIMOJ-
HATh W3 MAaTEepPHasOB PA3HOH TBEPAOCTH H3-
34 [0BbLIIIEHHOH CKAOHHOCTH K CXBATbIBAHHIO
Aertajield U3 ONMHAKOBOIO MaTepHana.

CTtasnu yraepoAHCTBie KaudecT-
BeEHHBle KOHCTPYKHHOHHBE [ped-
MYIIECTBEHHO TIPHMEHSAIOT JJiA  JeTaneH,
noJBepraemMbolXx TepMHuecKol o6paboTke, npu
CpefHel HaTpAKEHHOCTH '

YriepoJucTele CTald ¢ IOBBIIIEHHBIM CO-
NepXKaHHeM Mapradua BBUIY XOpPOLUEH HX
NPOKAJHBAEMOCTH T[PHMEHSAIOT JJIS H3ro-
TOBJIEHUS KpPYIHBIX AeTajiell ¥ JeTaned mno-
BBILUEHHOH TPOYHOCTH H H3HOCOCTOHKOCTH,

[lnsa peraneHd, H3roTOBAsieMblX Ha aBTO-
MATHYECKHX METaNIOPENKYUIHX CTaHKAX H
TpebylomuXx rAagkod MOBEPXHOCTH H XOpo-
wed o6pabaTHiBAGMOCTH pe3aHHeM, [IpH-
MEHAIOT yIJaepOAHCTbIE CTajdH € [OBBIUIEH-
HbIM CcollepKaHHeM cepbl, 0003HadaeMmbie
TaK e, KAK U YrAepOJUCTHE KaueCTBEHHBIe
cTajaH, HO ¢ nobas/jeHHemM B HauaJse 0603Ha-
yeHHs1 OykBbl A, Hanpumep crans Al2 —
YrJA€PORMCTas CEePHUCTAsA KOHCTPYKLHOHHAA
CTa/Jb CO CPEIHHM COJep)KaHueM yrjepona
0,12 9%. O6pabarbiBaeMocTh cranel 3ddek-
THBHO [OBBIIAETCHA TakKxe HeGOJLIUIHMH J0-
6aBKaMH KaJjblHS H CBHHIA.

Huskoyraepoaucroe KayecT-
BeHHble CTAJH [PEUMYHIECTBEIHO TPH-
MEHSIOT ¢ (leMeHTaLHeH (HayTJIepOKHBAHHEM
[IOBEPXHOCTHBIX CJIO€B) H 3aKaJKOH IJs Je-
TajieH, TpeOyloIuuX BBICOKOH [10BEPXHOCT-
HOH TBepaoCTH, PabOTawIUMX HA H3HOC, NpH
HEBBICOKHX TPeGOBAHUAX K MPOYHOCTH Cepi-
IeBHHBI.

' Onu popoxke crajeli OGBIKHOBEHHOTO Ka-
yecTBa npumepuo Ha 25 %.
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YraepoaucTee KayecTBeHHbIE
CTAJH CO CPellHUM COAEPXKAHHEM Yrie-
pona NPUMEHSIOT VIS AeTajell OTHOCHTEJNbHO
HeOOJNbIIUX CE€YCHHH, MOAREPraeMbiX TepMH-
yeckod o6paboTtke 10 cpefHed TBEPHOCTH.
Jdas HHX Oeaecoo0pa3sHbl [10BEPXHOCTHbIE
TepMHYECKHe U XUMHKO-TepMHYecKue obpa-
60TKH, ofecneuynHBaloLHe Manoe Kopobenue.
Heranu 60AbIIUX ceYeHUH H3 YIIEPOMHCTHIX
crajel He mnpokanupawotca. O6nemHas 3a-
KaJika O BbICOKOH TBCPNOCTH MCJKHX JeTa-
JIed H3 YrJAepoJUCTHIX CTajkeH BO3MOXHA,
HO OHA BbI3blBAET 3HAUYHTeNbHBIE HX medop-
MAalUd, a4 HHOTAA M [OfBJAEHHE TpPELUIMH,
[03TOMY €€ MPUMEHSAIOT TOMALKO 1A neTaseH
MPOCTOH KOH(pUIYpanHH.

Jleruposanue ctaau (cMm. tabn. 2.3)
PUMEHSIOT, eCIy K JeTalsM MPeAbABAST
TpeGOBAHHA MOBLIHIEHHOA MPOYHOCTH, H3-
HOCOCTOMKOCTH U4 cllelH(PUYeCKHX CBOHCTE!
XKApPONPOYHOCTH, KOPPO3UOHHOH CTOHKOCTH
H T. A

Kak npaeunao, 3TH cTaJjH [OABEPraiT Tep-
MHUecKoHd obpaboTke.

HuskoyraepoaucTole JerypoBaHHbe CTa-
JI IPUMEHSIOTCS € NeMEeHTAallHeld H 3aKaakoH
A8 AeTanei, paboTalolMX Ha H3HOC, 0cobeH-
HO B YCJOBHAIX HAYaAbHOrO KacaHHs Mo
JUHHHH HWJH B TOyKe (3yObs KoJiec, Kojbua
MOAUIHIMHAKOB) H TNMPH HeOOXOAHMOCTH Bbi-
COKOH MPOYHOCTH CEpPALEBHHH.

CpenHeyriiepoiycThie JEerHPOBAHHBIE CTa-
A MPHMEHAKT A1 AeTaned, nojaseprae-
MBIX YJYYIIEHHIO H NOBEPXHOCTHOH HJAH 00D
eMHOH 3aKajKe IO CpefHeidl HJH BbICOKOH
TBepAOoCTH. JlerHpyloiuHe 3JEMEHTH B KOH-
CTPYKUHOHHBIX JIETHPOBAHHBLIX CTafAX, Kak
MpABHIO, [OBBILIAIOT MeXaHH4YecKHe CBOH-
CTBa, 3aKa/JUBAEMOCTb H MOPOKaJHBAEMOCTb
cTajeH.

XpOoOMHCTHE CTaJ{ HMelOT 00 CPaB-
HEHHIO ¢ YIVIEPOIUCTLIMH TOBbileHHBIE 11POYHOCT,
H3HOCOCTOHKOCTb, a NMPpH 3HAYMTENBHOM COAEpIKa-
HHH XpOMa — MOBbIIEHHOE CONPOTHBJGHHE KOp-
po3nd. baarogapa 3Tum cBOHCTBAM, a4 TaKXKe
OTHOCHTE/IGHO HEBBLICOKOH CTOHMOCTH HX IIHPOKO
MPHMEHAIDT B MANIHHOCTPOEHHH [AJsl JaeTasiel
CPABHHTENbHO HebOABWHX ceuelHH. Beunoy He-
JLOCTATOUHO XOPOlUeH NMPOKaJIHBAEMOCTH MpUMeHe-
H{e 3THX cTajeil AJas JeTajeil O0JbLIMX CeueHHl
He3(PPeKTHBHO.

XpoMmoMoaHb6a1eHOBbBe CTAaJH IpH-
MEeHSIOT IJA jgeTaded, TpeOylolwMx Maablx gedop-

.Mauui npu TepMmuueckoi ofpaborke Hau pabo-

TalIIMX B YCJOBHAX BLICOKHX TeMmepatyp. baa-
rofapsi xopouwed ofpabaTblBaeMOCTH 3TH CTaJH
IpHMEHAOT a5t 3yOuaTblX KOJIEC, y KOTOPbIX
3y0bs HApe3awT MoC/e yJydilleHHA.

XpoMouunkeneBne cTajdu o6JananT
BLICOKOH MpOKaJHBAEMOCTbIO, coueTawT B cele
BLICOKYIO MPOUHOCTb H H3HOCOCTOHKOCTH ¢ TOBbI-
IEeHHOH BSI3KOCTHIO; NO3TOMY HX IMPHMEHSOT [AJIA
OTBeTCTBeHHBIX H HAMPSKEHHBIX AeTaJed Bonblitux
CeYeHHH,

CodeTanne BBICOKHX MEXAHHYECKHX H TEXHO-
JOIHYECKHX CBOHCTB HOCTHTaeTcs BBepeHdeM B
XPOMOHHKEEeBYIO CTab MOJAHOena WK BOAbDpa-
ma (20XH2M u np.). XpOMOHHKeNbMOJHOAEHO-
Bbhie H XPOMOHHKEAbBOJAbDAMOBBIE CTaJjW I1pH-
MCHAIOT [Jsi HaufoJee OTBETCTBEHHBbIX OETaJIeH
CHJILHOHAMPAXKEHHBIX MalliHH.

Vlz crajseii, He comep:KallHX HOPOrHX KOMIO-
HEeHTOB, HAHJAYUYLIHMH MeXaHHYECKHMH CBOHCTBAMH
H OTHOCHTeNIbHOH npocToToil 0bpaborku obiananT
XpOMOKpeMHeMapraHuesne cTaJH
(30XI"CA, 36XTCA u ap.).

BBeneHHe B xpoMOMaprauesble CTaJH THTaHA,
paHagMs WM MoJubAeHa [O3BOJHT [OJY4YaTh
cTalH ¢ BBHICOKMMH MeXaHWUeCKHMH © TeXHOo-
JOTHYeCKUMH cBoRcTeamMd. THTaH, BBOOHMMBIH B
mManbix KoaudecTsax 0,06...0,16 %), npuBOANT
K H3MEJbYeHHK) 3€pHA CTaJIH, MOBHIINAET NpPOKa-
JHBAEMOCTb, NOHHNKAET CKJIOHHOCThL K feperpe.y.

_Moayuniay pacnpocTpaHeHHe XPOMOMAPTaHuEeBo-

tutanosue craau 18XTT, 26XI'T, a takxke ctaju
¢ moaubaenom 25XI'M u np.

B wuactosiiee BpeMst NpPUMEHSIOT BbICOKO-
KauecTBeHHble KOHCTPYKUMOHHBE CTa/iH ¢ fo6aB-
Koit (0,001...0,003 %) 6opa. Bop yBeanunsaer
MPOKANHBAEMOCTb H NPOUHOCTH CTa/jed NpH He-
KOTOPOM noBbimieHuyu BsskocTH (ctaan 20XTP,
27XI'P, 20XTHP). 3apbimienne pobaBku 6Hopa
NPUBOAHT K XPYIKOCTH.

Has petaned, ynpouusteMex MyTeM a3oTHPO-
BaHHsl, MPHMEHSIIOT XPOMOANIOMHHHEBbE CTalH C
moanGaerom (manpumep, 38XZMIOA), craian ¢
AONOJHHTENbHLIM COAep:KaHHeM BaHaaus (Ha-
npumep, 38X2PIOA), a TaxKe cTalm, He CO-
nepxawue amoMuiua (40X, 40XPA, 20X3MB®D).
[MpuMeHsTIOT TaKXKe BBICOKOYMIEPOAHCTHIE HH3KO-
JerdpoBaHHule CT4lH ¢ cOfepXaduem yrjepoaa
0,85...0,9 %, 6au3KkHe [0 MeXaHHYeCKHM CBOH-
CTBaM HEMEHTYEMBbIM JIETHPOBAHHBLIM CTaJAM.

Cradd nNoOBLIWIEHHOR UYHCTOTH 3JEKT)o-
MJAakKOoBOro nepenjgasa obJdafawr Mno-
BBIIUCHHOH M3TMGHOH ¥ KOHTAKTHOH YCTaJOCTHOH
npounocteio (na 30...40 %).

B oTBeTCTBeHHBIX MeTAJJMHYECKHX KpaHOBBIX H
CTPOHTE/IbHEIX KOHCTPYKILHSIX MDHMEHSIIOT HH3KO-
JerHpoBaHuble (MPEeHMYIIeCTBEHHO MPHPOAHOJE-
THPOBAHHEIE) CTAJH C COMAep:KAHHEM Yriepona
no 0,18 % W c BKJIIOYEHHAMH MapraHua, KpeMHHs,
xpoMa, Hukens1, Men (crann 156IC, 14XTC,
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(5XCHA, 10XCHMI).

3HaYHUTEALHYIO PYINyY cOCTABJSIIOT CTaH Clie-
14 AJbHOF0 HA3HAUeHHs:

1} wapUKOMOAMHNHAKOBBE BbLICOKOYTJIEPOLH-
cTble XxpoMHcThle craid — IIX15 (okoao | % Cwu
0,5...1,5 % Cr), IIXI15CT u ap.;

2) peccopHO-MPYKHUHHBIE CTAJH — C NOBbILIEH-
HbiM COAEpPXKaHHEeM KPEMHHMS H Maprauia, a TakwxKe
¢ MPUCAAKOH XpoMa H BanaguA.

B MamMHOCTPOCHHM  WWHPOKO  [PHMEHSIOT
cTajlH ¢ OCOBHMH CBOHCTBAMH: KOPPO3UOHHO-
CTOHKHe (Hep)KaBewlilue) H  KHCIOTOYNOpHbIE;

KapocTOHKHE, XKAPONPOUHbIE CTANH H CIJIABLI
(mpH TemnepaTypax go 700...800°C H Bblme);

CIviaBbl ¢ 3agaHHbIM KO3DPHUMEHTOM JITHHeH-
HOr0 pacuiHpeHus.

HoBhie crmocofbi  GOpMHPOBaHHA MeTaliloB
NO3BOJISIIOT  TNOAYYHTL CcmaaBel ¢ 6 =3D00...
4500 Mlla.

Ynpounenusi. Mexauuueckue xapakrepH-
CTHKH HEYIPOUHEHHBIX MeTa/JIMueCKHX Mare-
pHAJIOB HACTONBKO aAajeku or TpebGoraHui
COBPeMEeHHOro MallHHOCTPOeHHs, a 3ddek-
TUBHOCTbL YIPOUHEHHH HACTOMBKO BeJIHKA, 4TO
BCE NeTauH, MOJUHHEHHBEIE KPUTEDHAM [1pOY-
HOCTH H H3HOCOCTOHKOCTH, NOJIXKHBI YIIPOY-
HATBCS.

BoibwnHcTRO AeTaneil MamuH NoaBep-
XKEHO u3rufy H KpydeHuio, MPH KOTOPHIX
HaNpAKeuusa pacTyT B HAMpABJeHHH K ToO-
Bepxdoctd. Ha nosepxdocTH meHcTBylOT
OCHOBHbiE MCTOYHHKH KOHUEHTPAUMH Hanps-
XEeHHH, BBI3BAHHBIX (GOpPMOH H llepoxoBa-
TOCTBIO [IOBEPXHOCTH, KOHTAKTHBIE HAMpsiXKe-
HUSI; MPOMCXONMT H3HALUHBAHHE H 3apOXK-
NAITCA TPEIUMHBI.

IHostomy wmHpoko npUMEHAIOT NOBEpX-
HOCTHBIe ynpoudedua. Ux sdbdekr crkaans-
BAETCH H3 YNPOYHEHHS MOBEPXHOCTHOTO CJI0S
H U3 CcO3JlaHHSl B HEM OCTATOUYHBIX CXKHMAIO-
IIHMX HAMPAKEHHH, KOTOPblEe BBHIUHTAIOTCA M3
OlIACHBIX PACTArHBAOWIHX HANDSXKEHHH OT
BHewlHed Harpy3ku. [TosepxHocTHHE ynpou-
HEHHSA LeMeHTanHed H 3aKaJKoH MMOBLILLIAOT,
Mo cpasHeHHIO ¢ OO0LEeMHOH 3aKaJKoH 10
TOH Ke TBEDAOCTH, CONMPOTHBJIEHHE YCTAJO-
ctd Ha 30...40 % u Goaee.

ITpumeHsiOT NMOBEPXHOCTHBIE YIPOUHEHHS
CJAeIylOLHX OCHOBHBIX BHJOB:

MexaHHYecKHe — O0KaTKa pOJUKamHu, 06-
NyBKa Apobbio U Ap.;

TepMHYECKHE — 3aKa/JKa ¢ HarpeBom TO-

2 . H. Peweros

Pe3KoH  KOHLeHTpALHH

KaMH BBICOKOH YACTOTHI H KHCJAOPOIHO-ale-
THJACHOBBHIM [UJIAMEHEM;

XHUMHKO-TePMHYECKHE -~ LEMEHTalUHA H
HHTDOUEMEHTANUA C 3aKaJKOH, a30THPOBA-
Hue; '

TePMOMEXAHHYECKHE;

KOHILEHTPHPOBAHHBIMH [IOTOKAMH 3HEPrHHU.

Mexannueckue YIPDOUHEHUS
NpHMEHHMBl i1 NojaBaswiero  6odb-
LIMHCTBA MeTAJJIHYeCKHX MaTepHaoB H
XapaKTepPH3IYIOTCA MaJjiod TPYAOEMKOCTHIO,
BO3MOXXHOCTHIO 00pafoTku B MeXaHHYecKoM
nexXy, OTCYTCTBHEM OKaJIHHHI,

[ocTaraemoe MoOBbIlIeHHE COTMPOTHBJCHHSA
yCTaloCcTH aetajed HA TVajKHX y4acTKax —
Ha 20...409%; neranedl, THMNHYHBIX JJIA
MalIHHOCTPpoeHHA GOopM ¢ KOHNEHTpanHe#
Hanpsixkesuii,— Ha 80...100 %, npu ocobo
HanpsKeHud — no
tpex pas. _

Obkarka poauxkamu ocobeHHO ynobHa aas
TEJ BpallleHusi U OOLIYHO OCYUIECTBASAETCH
Ha TOKapHHIX cTaHkax. OHa npegycMaTpu-
saeTc [OCTamu Kak ofGs3artenbHasi aas
OCEeH M BaJOB MAlUHH XKeJe3HOAOPONKHOrO
TpaHcHopTa, NpUMEHACTCA TPAKTHYECKH IJI5
BceX rpeQubix Banos, 3¢ deKTHBHA 1JIA BAJOB,
BK/OYas BaJibl caMbiX GOJIbIINX HAMETpOB.
HocTHraerc ynpouHeHue fgaKe aetanef c
OCTPBIMH A0 OOKATKH BHYTPEHHHMH YIJIaMH.

Hpobecrpylinoii nakaen, ocyuecTBasie-
Mbifl MoTokoM Apo6H Ha ApobeMeTHHIX Ma-
IIMHAX DPOTOPHOrO HJH MHEBMATHUECKOTO
THNA, [03BOJSAET YIPOYHATL HETAJNH CHOXK-
upix opM s060H TBepaocTy Ge3 OnacHOCTH
NpoAaBJHBAHHA paHee YNPOYHEHHOFO MO-
BepXHOCTHOrO c¢jlos. B cBA3u ¢ Heobxogu-
MOCTBIO CHELHANALHOrO 060pyAOBaHUS HMeeT
OCHOBHOE MPHMEHEeHHEe B MAcCOBOM H cepHii-
HOM TIPOM3BONCTBAX.

ITpumMensioT TakxkKe MeXxaHH4YECKHE YIPOU-
HeHHA: yeKaHKOH, POTailMOHHO-yAapHoe lia-
PHKaMH, FruapoapobecTpyHHOe, YJAbLTpa3sy-
KOBOE yepe3 cepHUECKHH HHCTPYMEHT WU
WapHK, B3pLIBOM GPH3aHTHBIX BELLECTB.

TepvmuyeckHe H XHMHKO-Tep-
MHUYeCKHEe yNpPOYHEeHHUSHA pPacCMarpu-
BalOTCA B pasfene  3y0yaThiX Nepeaau
(§ 10.5), nna KOTOPHIX H3 ukcaa paccMmaTpu-
BAaeMblX B KHHre OHH HMeKT HaHOOJbliee
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npamenedue. B 910l riase HOMONHHTENBHO
paccMaTpHBAIOTCA YIPOYHEHHA KOHILEHT-
pPUPOBAHHBLIMH MNOTOKAMH 3SHEp-
| M. :

YopouHeHHs Nna3epHBIMH, 3J€K-
TPOHHBIMH H HOHHBIMH JAyuyaMHu H
cTpyeH mjga3mbl ofecreduBaioT BBICO-
Kyl0 HHTEHCHBHOCTb MpoueccoB (B CBA3H C
BHICOKOH MJOTHOCTBIO YHEpPrHH) H FeOMer-
pPHYECKYI0 TOYHOCTbL 30HBI Harpema, a caefo-
BaTEJLHO, MHHHMaJIbHOe KopofJeHHe neTa-
NneH.

[lpu nasepHoM yNpouHeHHM H3JIydyeHHE
3JEKTPOMArHUTHBIX BOJIH ONTHYECKOTO [IHa-
nasoHa pachaapiaseT OuYeHb TOHKHH CJIOH,
KOTOPHHA CBepXObICTPO 3aTBEpPAEBALT H [10-
JyuaeT HOBble ceoiicTaa. [Ipouecc Bo3aMorken
B armocdepe H B KHIKOCTH.

YnpouHeHue Ja3€PHBIM H  JIEKTPOHHBIM
JyuaMmy pacnpocTpaHHMO Ha HH3KOYTJIepoau-
CTHle CTAaJH, OHO BBI3BIBAET [IepeKpHCTal-
AnzauHio U 3¢ Qexrt, aHaJOrH4YHbIH TEpMO-
MexaHHuecKOH o6paloTKe; ero MNpPHMEHSIOT
TakXe /15 UBeTHhX CIJ1aBOB H THTaHa.

Harpee 3JeKTPOHHBIM Jy4OM H CTpYeH
NJaasMbl [PHMEHHM J1J51 CBAPKH H [LJIABKH.

HOHHAA UMNAGHTAHUA — 3TO BHEJPeHHEe
HOHOB XHMHYeCcKuX 3JeMeHTOB OombGapaH-
POBKOH MOBEPXHOCTH My4YKaAMH COOTBET--
CTBYOLIUX YCKODEHHbIX HOHOB B BaKyyMe.
Oua ofecneudBaeT MOBbIIIEHHE MHKPOTBEP-
AOCTH H BHIHOCJAMBOCTH B HECKOJbKO pa3.

[TOKpBITHA — 3TO CHOH H3 TPeOyeMOro
mMaTepHaJa, HAHOCHMble Ha NOKPbIBAeMYIO MO-
BEPXHOCTb HAlAaBKOH HJH  HalblIEHHEM
(metannusauuei). [lokpoiTHa mnpedmyuie-
CTBEHHO MPHMEHSIOT AN MOBBIIIEHAA H3HO-
COCTOHKOCTH H XapocToiikoctd. Hannas-
JsieMble  MaTepuajbl — TBepible CIJIABHI,
aHTH(GPUKUHOHHBE H ApYyrHe MaTepHalbl.
[TOKpbITHS HAHOCAT HA pPEeMOHTHpPyeMble H
Ha HOBHIE AEeTaJH.

§ 2.4. CIIJIABbB] UBETHbIX
METAJINOB

Meanbie cinapbl pasjnensniT Ha: 1) Gpos-
3bl — BCE MejHble CIVIABH, 33 HCKIIOYeHHEM

JATyHH; 2} naTyHH -—— Me/IHble CILIaBbl, B
KOTOPHX  MpeofiafaniuuM  JErHpyOIIHM
KOMIIOHEHTOM sBAAerca HUHK (mo 50 9%).

Bpon3abl Mo OCHOBHOMY, KpOME MeJH, KOM-
OHEHTY Pa3jeasioT Ha OJIOBAHHBE, CBHHIO-

Bble, aJlOMUHHEBble, OepHANHeBble, KpeM-
HHUCTHie W ap. DpoH3b, Kak mpaBHio,
of61anal0T BbLICOKUHMH AHTHQPHUKIUHOHHBIMH

CBOMCTBAMH, XOPOIIUM CONPOTHBJEHHEM KOP-
pO3HH, YHHBEPCAJbHBIMH TEXHOJOMHYECKHMH
cBoficTRAMH (HMEIOTCH JIHTEHHbIE GPOH3B H
Gpousbi, ob6pafaTbiBaeMble JlaBJeHHEM,—
aJlOMHHHEeBLIe, YaCTh OJIOBAHHBIX, GepHIHe-
Bole, KpemHucTbie). Bee OpoH3bl X0polno
ofpabaTblBAlOTCA  pe3daHHeM. YKasaHHble
cBOHCTBA OGpOH3EL NO3BOJAIOT [HPOKO MPH-
MeHATL HWX: 1) B y3nax TpeHUss — NO.A-
ILHMHAKAX CKOJb:XKEHHs, HanpasBisiiOULHX,
yepBAYHBIX U BHHTOBBIX KoOJecaX, raHkKax
XONOBHIX H TPY30BBIX BHHTOB; 2} B BONSIHOH,
MapoBOH H MacClAHOH apMaType.

Bpodsbl sBAAITCH BaXXHeHUWHMH aHTH:
(QPUKUHOHHbIMH MaTepHaJiaMH.

BpoH3oBble 3arOTOBKH BHIOJHAIOT B BHIE
OT/JIHBOK, IpOKaTa (NMpYyTKOB, JIeHT, Tpy6) H
nposOsOKH. JlaHHbie MO Haubojee ynorpe-
6uTeNbHBIM OpoH3aM TpuBEeNeHs B Taba. 2.5.

Bpousnl o6o3Hauaior Oyksamu bp H
yCJAOBHBIMH OG03HAUEHHSIMH OCHOBHBIX KOM-
MOHEHTOB, KpoMe Meid (A — anoMHHHHA,
B — Gepunuii, XK — xkeneso, K — Kpem-
uui, Mn — mapraneny, H — Hugeasp, O —
osnoBo, C — caunen, Ll — unbk, ® — ¢oc-
¢op), u uudpamu, BHpaXKAOUIHUMH cpeHee
COACPsKAHHE COOTBETCTBYIOUIMX KOMIIOHEH-
tos 8 mnpounenrax. Hanpumep, BpOIl0PI]
ofo3HauaeT GPOH3Y ¢ COAEpKaHHeM B Cpell-
"Hem 10 9, ososa u 1 % docoopa.

OaossaHHBE O6pOH3LI BJAAOTCS
yHHBEPCAJIbHBIMH, XOpowWwo paboTralliMH B
pasanuHbix ycaoBusax. CoaepxaHHe 0J10Ba
o6biudo 4...12 %. TlpumMeHaOT TakXe oJo-
BAHHbIE GPOH3BI C JAPYyrHMH KOMIOHEHTaMH:
CBHHLOM, LHHKOM, ¢ocdopom. CeuHel IM0-
BbILLIAET CONPOTHBJEHHE KOPPO3UH H [03BO-
ASIeT yMeHbIIMTbh cofepxauue ogosa. Oio-
BAHHO-CBUHIOBble OpOH3bI JAyulle APYFHX
paGoTaloT ¢ He3aKaJNeHHBIMH [OBEPXHOCTAMH
conpsxeuublx Aetaned. Luuk u-¢ocoop B
OCHOBHOM yJIy4lllaloT TeXHOJOrHuecKie cBoi-
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2.5. OchoBynie du3HKO-MexaHnuecKHe cBoictea Gpous

Bpemennoe | OTHocHTenb- | TBepaocTk no
COPOTHBAE- | HOE YAJMHHE- Bpuuennwo
Mapka rocT YeaoBHE OTIHBKK Hie gy, MIla HHe §, %% HB
HE MeHee

BpOl10®1] B necuanyio dopmy 240 6 100
B kokuab 260 3 100
BpO4Li4C17 613—79 B necuanyio dopmy 150 5 60
BpO4117C5H B necuanyio ¢opmy 150 6 60
BpC30 B koxuab 60 4 25
" BpA9AK3IJI 493—79 B necuauyio ¢popmy 400 10 100

ctsa OpoH3. Bsuay BHICOKOH CTOHMOCTH
0JI0BA MpUMeHeHHe BBICOKOONOBAHUBIX GpoH3
(10...12 % Sn) orpauuuendo. .

CBuHunosbEe 6pouanl (27...33 % Pb,
ocranbioe Cu) ABAAIOTCA XOPOLIHMH MOA-
UIMMTHHKOBBIMH maTepHadami. HepocraTkom
3THX OGPOH3 ABAAETCA CKMAOHHOCTb K JIHKBA-
LHH  (XMMHY€CKOH HEOoAHOPOJHOCTH TpH
KPHCTaNAH3aLHH). DTH OpoH3B H3-3a HH3-
KOH TBEpPHOCTH TMPHMEHSAIOT TOJbKO B BHAE
MOKPHTHA Ha 6ojee TBepayio ocHoBy. He-
06X0AMMO, UTOOB! COMpsXKeHHas MOBEPXHOCTD
¢ OpoH3oH OblNa 3akajeda A0 3HAUATeJb-
HOH TBEpAOCTH, TAAAKO H TO4HO obpabo-
TdaH4.

AnwomuuueBne Gpousn c¢ n06as-
KOl Kejie3a, a TakKXKe HHOTJAa Mmapradia H
HHKeJIS [PHMEHAIT TNMpPeuMyllecTBEHHO Kak
AHTUOPHKUHOHHBIE MaTepHas NMPH BHICOKHX
NABJEHHAX, HO MaNblX H CPelHHX CKOPOCTAX
CKoabxXeHusi. Heo6xoauma 3akanika, JocTa-
TOYHASE TOYHOCTL M BBICOKOE KauyecTBO pa-
GoYell MOBEPXHOCTH CONPAXKEHHOH [JeTasi.

Jlaryrn pasnensioT Ha aBoftnble (craa-
Bl Cu—Zn} W cJaoXHble, JOMOAHHTENLHO
collep:Kalide caelyloliie KOMIIOHEHTbI: CBH-
Hel, KpeMdH#, mMapraHel, aJdlOMHHAHA, Xene-
30, HHKeJlb, OJOBO.

JlaTyHu xapakrepH3yiOTcsl XOpOIUHM CO-
NPOTHBJIEHHEM KOPPO3HH, 3JEKTPONPOBOA-
HOCTBIO, AOCTATOYHOK MPOYHOCTLIO H 0C060
XOPOUIUMH TEXHOJOTHYECKHMH CBOHCTBAaMH.
[TpuMenawT NuTeliHBIe NATYHH, oblafalomme
BLICOKHMH JIHTCHHBIMH KaueCTBaMH, H JaTy-
HH, o6pabaTbiBaeMble AaBJEHHEM, NOTYCKAIO-
mHe o6paboTKy B XOROAHOM COCTOAHHH H

MPOKaTKY B TOHKHE JIHCTH. JlaTyHH, 3a
HCKJIOYeHHEM BA3KHX, AOMYCKAIOT BBICOKHE
CKOPOCTH pe3aHHsl H MO3BOJAIOT MOJYy4arh
MOBEPXHOCTH BbICOKOIO KayecTBa.

B cBA3H ¢ 3THM JAaTyHH NPUMEHAIT. s
TPY6, THJAb3, MNPOBOJIOKH, AJiA apmaryphi,
B npubopax; B 3JeKTpHYECKOH anmapartype,
9JIEKTPOMALIHHOCTPOEHHH H T. .

Jlatynu o6GosnauaT Gykso# JI u ycaos-
HBIM O06O3HAY€HHEM JPYFHX OCHOBHBIX KOM-
noHewToB (cM. 06o3HaueHus 6pOH3), a TaKKe
UHCJAaMH, BBIPAXaAIWHMH cpefiHee COepxKa-
HH€ B INPOIEHTAX MEAH H APYTHX KOMIO-
HEHTOB.

B mapkax apofiablXx snaTyneHl yKasplBawT
TOJNbKO O4HY LGPy, COOTBETCTBYIOULYIO CO-
epaHHIoO Mead, Hanpumep JIG9,

Jpofinble AaTyHH TPHMEHSIOT MPEHMyLle-
CTBEHHO A5 H3aejauH, obpabaTbiBaeMbIX
nasnedneMm: Tpy6, ruab3, npososnoku. [lo-
BbILIIEHHE COJEpXaHHA IIWHKA Yy JBOHHBIX H
CJOXKHBIX JaTyHe# yBeNHUHBAET NPOUHOCTb H
yMeHbllaeT MAACTHUHOCThL. JlaTyHu ¢ BbICO-
KHM CcOfep:KaHueM IHHKA He AONyCKalT
06paboOTKH AABJEHHEM B XOJOLHOM COCTOsA-
HHH,

B MallHHOCTpOEHHH MpedMyULECTBEHHO
MPHMEHSAIOT CJ0XHbIE JATYHH.

BaG6uTel — crnaaBbl Ha OCHOBE MSIFKHX
MeTaJJoB (0/10Ba, CBHHLA, KaJblLHA), NMpes-
CTABJSAIOIIHE CcOGOH BBICOKOKaUYeCTBeHHHE,
xopowo mnpupabarbipaouecst aHTHPHK-
LUHOHHbIE NOAIMMHHKOBBlE MaTepHaJibl HH3-
KOH TBepIoCcTH, HomycKawlude paboTy co

3HAYHTENbHBIMH CKOPOCTAMH W AABJIEHHAMH
(raba. 2.6).
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2.6. XMMHYECKHHA COCTaB H (PH3MKD-MeXauHYECKHEe CBONCTBA OCHOBHRIX Ga66HTOB H CNIABOB Ha LMHKOBOM

# AJIOMHHHMEBOH OCHOBE

Bpemen- [Mpeaen Kospu-
XHMHUEeCKHH cocTaB Hoe co- | OTHOCH- npounoctH|Teepaocry | LHEHT AH-
Mapka rocCT (cosiepxauue snemedTon), |uporupae-| TS/1bHOE npH cxa- | no Bpu- HERHOro
% uhe 65, | YAMHE o Gaew, |Henaio HB| PACLIH-
MIla | 49e 8. % | "ma penust
o - 108
b83 Sbll; Cu6; Sn83 90 6 115 30 22
b16 Sb16; Cul,75; Sni6; Pb 80 0,2 120 30 24
1320—74 * ocralbHoe
bH Sbl4; Cul,75; Ni0,l 70 ] 125 29 —
Snl0; Pb ocranbuoe
LIAM 21437—75 * All0Q; Cub; Zn ocrajbHoe 300 | 700 100 27
10—5 .
ACM 14113—78 Sb4; Mg0,5; Al ocraab- 90...105 22...30 280...300 30...33 —

HOL

Ba66uTtsl ob6osnavawoT GykBod B u -
poH, MokasblgalpieHd colep)KaHue 0JIOBa B
NpoueHTax, HAd BMecTO NHGppH OYyKBOH,
XapaKTepU3yloLleH NOMOMHHTENAbHLIH KOMIO-
HeHT (H — dukenn, T — Teanayp, K — kaab-
uuit, C — cypbma).

Ba66utel  paspeasior
TpyNIbL:

1) BHICOKOONOBAHHBIE — CIl1AB 0J0OBA C
CypPbMOH H MEIBI0 NpH COAEpKAaHHH 0OJI0BA
G6onee 70 % (6a66utoi B83,- B89 u np.};

Ha cJeyloume

2) 0/OBSIHHO-CBHHLOBHIE,  COAgpKAlLME
5...20 % onosa, okojgo 159 cypbMbH u

65...75 % ceunua (b16, BH, BT, B6);

3) cBuHUOBBIE, colepxkalllue Gojaee 80 %
ceuna (BKA, BK2).

Jlerkue cnaassl — 3T0 cMJaBbl ¢ TUIOT-
HOCTbIO He Oonee 3,0 Ha AJIOMHHHEBOH
UJIH MardHeBod ocHoBe. Jlerkue cmiasbl
HneJATC Ha JHTeHHble H JedopMHpyeMble.

[IpuMeHeHHe JErkHx CnJaBOB B OCHOB-
HOM OIpeaesseTcs HX MaJoH NAOTHOCTBLIO H
3HAYUTEJIbHOH HecyllleH cnocoOHOCTHI Ha
eMHHIly MacChl.

Jlerkue crnnaBbl NPUMEHAOT:

1) naa GblcTpOXOAHBIX BO3BPATHO-NOCTY-
naTteabHO MM KAauyaTebHO-MepeMeialomix-
cA neTanedl (mopwHe#d OBICTPOXOAHHLIX ABH-
raTejied, [OJ3YHOB OBICTPOXOAHBIX MAaLIHH
U T. A.) C HeJbl0 CHHKEHHS BO3HHKAILHX
MpH 3TOM AMHAMHYECKHX HATrPY30K;

2) naa  OGplcTpOBpAlLAOIHXCA  aeTaJed
(LIKHBOB, CE€NapaTopoB MOAILUHUIHHKOB H
Ip.) € UEeJbi0 CHHXKEHHS BO3HUKAIOILHX MPH
3TOM CHJI OT HeypasHOBEIUEHHOCTH H JOCTH-

KeHuA OOJbIINX NpeneabHO AONYCTHMEIX TO
MPOYHOCTH YACTOT BpallLeHHS;

3) anA KOpOycHBIX MW Jpyrux Jneraned
TPAHCIOPTHBIX JBHraTteJed W MatluH, 0cOo:
6EHHO CAMOJIETOB, C LEAbLI0 CHHXEHUA MACCHI;

4) AnA KpbIIEK H KOXKYXOB C 1eJbio 06-
JeryeHusi o0CJyKUBAaHHA MalLHH.

[TpuMeHeHHe TOYHLIX OTJIHBOK W3 JETKHX
CMJAABOB TMO3BOJAAET HCKJAIOUHTD MexaHuuye-
CKYI0 06paboTKy OTAeNbHBIX [I0BEPXHOCTEH H
3HAYUTENbHO YMEHbUWHTb TPYNOEMKOCTb 00-
paloTKH getaJjed.

OcHOBHBIMH JIUTEHHBIMH AJIOMHHHEBBIMH
CTJIABAMH SIBJASIIOTCS CHJAY.MHHBl — CIJA-
BBl ¢ KpemHHem (mo 20 9%) u Apyruamu
KOMIIOHEHTAMH, @ TaKkKe YJAy4lalimHMu
no6aBkaMu. Kpome cHAYMHHOB, NPHMEHSIOT
CONaBbl, HMEIONIHE OCHOBHBIM KOMIIOHEHTOM
MeOb, MArddd WM LHHK.

HepopMupyemble ailMHHUEBble CIAABbI
B CPaBHEHUH C JHUTEHHLIMH CcOAepxKaT MeHb-
1ee KOJHYECTBO JIETHPYIOILMX KOMIIOHEHTOB
M 06/1a1ai0T AyYLIUMH TIACTHYECKAMH CBOH-
ctBaMH. OCHOBHOE NpHMeHeHHWe HMeeT JIoP-
anomuHaui: civas Al—Cu—Mg — M.

MardueBble cnaiaBpl COAEPKAT ATIOMHHHA
o 11Y%, uunka nmo 4 %, mapradua Jo
2,5 % 4 Apyrue KOMIIOHEHTHI.

MexaHnyeckue cpoicTBa JErkKHx CIAABOB
pUBedeHbl HHUKE:

g., MIla o, MIla &, %
ANIOMHHUEBLIE CTIAABbI
nocile 3aKaJxH H crTa-
peunsi AJ14 (cHaymuu) 260 200 4
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AMOMHHHEBBIA CHJIAB
16 {(mopanomuuai) 540 400 14
Maruuesnift cruiae

(siurefinsli) MJIH moc-

J€ 3aKajJKH H cTa-

penudst . . . 250 120 4
MaruHeBbl H CﬂﬂaB ne-
dpopmupyembii  MAS
[10CJie OTMKHTA
TurauoBbid cnas BT3

320 220) 14
1100 950 12

Ha xaxnablH Kunjorpamm JierkHx ciila-
BOB, BBEJEeHHBX B MAUIHHY BMECTO YepHBIX
METa/lvIOB, Macca MallluHbl YMeHbllaeTcs Ha
1 kr.

bumeranawm. bumerannamMu HasbBalOT Me-
Ta/JIHuecKue MaTepHasbl, COCTOAME H3
JABYX WJH GoJiee cAOeB, HANPHMeP H3 CTaflH
M UBETHOTO clliaBa. buMeramis ymosher-
BOPAIOT pa3jiHUHbIM TpebOOBAHUAM K cepile-
BUHE H3MeJuH (HANpumep, MPOYHOCTH H
AHECTKOCTH) H K MNOBEPXHOCTHBIM CJ/OAIM
(HanpuMep, KOPpPO3HOHHOH CTOHKOCTH M
aHTHOPUKIHOHHBIM cBoiicTBaM). [Ipumene-
HHe GUMeTasiioB MPUBOJUT K OOJBIIOA 3KO-
HOMHH NOPOTUX cn/iiaBoB. DuMerannandeckue
H3[EeJHA H3TOTOBJAAIOT OTJIHBKOH, MJIaKHPO-
BAHHEM (COBMECTHOH IIPOKATKOH), CBAPKOH,
Nankod W JAPYrdMH crnocofaMu HaHeceHHs

NOKDPBITHH.
KOMNO3HUHOHHBIE MeTANJKUEeCKMe MaTe-
pPHaw., 3TH MaTepHaaul TpeJCTABAAT

Cco60H KOMMO3HUUHH H3 BBICOKOMNPOYHBIX BO-
JOKOH W OCHOBbI (MaTpUlUbl) — U3 MAFKHX
METaJIJIOB, B YACTHOCTH AJIOMHHHA.

2P PeKTHBHOCTE KOMIO3HIHOHHBIX MaTe-
pHanoB 06YCAOBAHBAIOT!

BHICOKAS MPOYHOCTh MATEPUAJIOB B MaJhiX
CEeYeHUAX, HANMPHUMep Ipeaesl TMPOYHOCTH Me-
TaJInnueckKod [POBOJOKH MOXKET JOCTHFATHb
4500 MTIla;

BO3MOXHOCTb HUCIOJB30BAHHA HHTEBH-
HEIX  KpHCTaAJI0B (ycoB) ¢ [POYHOCTHIO,
NpubauKawineHcsi K TEOPETHYECKOH;

Manas 4yBCTBUTEJIBHOCTb K KOHIEHTpa-
LUK HanpsKeHWH B CBA3H CO CTPYKTYpOH,
3aTpynHAOWed pacnpocTpaHeHHe TpeldH,

KoMnosuyuondse MarepHass MPUMEHAOT
H3 merannuueckoi, NOJUMEPHOH H KepaMH-
H4€CKOH ocHOBe,

B MeTanaM4yecKMX KOMIIO3MUHOHHbLIX Ma-
TepHanax npuMeHAT TOHKHE BOJOKHA yrje-

" 1.e. go 30...40 ThiC.

poaa, 6opa, candupa Al,Os, kap6uaa Kpem-
uua SiC, a TakkKe TOHKYIO CTaJbHyK MpoO-
BOJIOKY.

IIpousocTs MOHOKPUCTAJIOB MOXET JIO-
crurath 1/30 u 1/6 ot Moayas ynpyrocr,
MIla. CrekjasaHHbE
HHTH JHaMeTpoM | MKM DBYTCH [IpH HaTps-
Keuun 10000, a nuametrpom 3...0 MM —
Bcero npu 30--50 MIla.

MaTpuny B MeTaJH4eCKHX KOMIMO3HTaX
H3TOTOBIAIOT H3 JEerKMX CIJIaBOB, B 4acT-
HOCTH a/ll0MHHHA.

[IpuHUHN cTpoeHHA KOMMO3HIHOHHLIX Ma-
TepHaJOB MCNOAL3YEeTCH B I[IPHpOfie: B CTBO-
Jax JIepeBbeB H cTefjAX pacTeHHH BKJIO-
YeHbl APOUHBbIe TPYOKH HEMTIONO03bl; B KOCTAX
XHBOTHBIX H 4YesioBeKa — IPOYHbBIE HHTH M3
docdaThbix coneli. peBHue erunrsHe ao-
GaBisiIM B KHPMHYH PyOGJAEHYIO COTOMY.

KoMnosuiHOHHBE MaTepHaabl H3roTos-
JSIOT

1) ¢ HenpepbIBHBIMH ONHOHANPABJAEHHEIMH
BOJIOKHAMH;

2) ¢ [OMCKPEeTHbBIMH KOPOTKHMH OJHOHA-
npasJ/IeHHbIMH BOJOKHAMH;

3) apmupoBaHHLIE TOHKOH [POBOJIOKOH;

4) apMHpOBaHHBIE CETKOH.

HenpoctaTkd — nouuxedue 3¢phexTHBHO-
CTH TIPH CJOKHOM HANPAKEHHOM COCTOAHHH.

§ 2.5. IJIACTUYECKHE MACCHI
U JPYTHE MATEPHAJIbI

[lnacruueckue macchl TMpeAcTaBAAIOT cO-
GoH MarTepHadbl Ha OCHOBE BBICOKOMOJIe-
KY/JdSpHbIX OpTaHHYeCKUX CcoejJHHeHH#, ob6-
Jajaloumde B onpenedeHHod ¢a3se cBOero
MPOU3BOJACTBA I[IACTHYHOCTBIO, MO3BOJSIO-
uied ¢opmosath u3geansda. Kpome ocHOBHI,
CHyXKalled CBA3YIOUIHM, MHOTHE IacTMac-
Chl HMEIOT TaK HasblBaeMblH HANOJHHTENb
JHAsi TOBbIIIEHHS] MEXAaHHUECKHX CBOHCTB,
o6biuto 40...70 %, n HeGoablIne NOGABKY —
V1IACTHPHKATOPLl, CMa3ouHble MAaTepuasbl,
KpacuTesnd. HanosHATeNn No3BoAAI0T CHABLHO
H3MEHATb CBOHCTBA [11ACTMACC, HAMpPHMEp
CTEKJOMJACTHKH H VIVIENJIACTHKH HMEOT
Naxe MMPOYHOCTDL CTAJH, 4 FA30HANONHEHHBIE
(asoToM, BO3JAyXOM) mNJAACTHKHM ofnajgaT
ManoH IJIOTHOCTBIO, HHM3KOH TeILIONpPOBO-



38 MAWHHOCTPOHTEJIBHBIE MATEPHAJIBI

HOCTbIO, XOPOLIHMH
CBOHCTBAMH.

[lnacTMaccnl TOAYYHAM HECBOHCTBEHHbINH
APYrHM MaTepuajiaM TeMN Pa3BHTHA. 2ITO
CBA3aHO C HCKJIIOUHTENbHBIMH TEXHOJMOTH-
yeCKHMMH CBOHCTBAaMH IVIACTMACC, 4 TaK¥XKe C
MHOroo6pasvem HX (H3IHKO-MeXaHHYECKHX
cBoHcTB. K TeXHONOrHYyeckKHM AOCTOHHCTBAM
NJacTMAcC OTHOCATCA: MPAKTHYECKH Heorpa-
HHYEHHbIE peCYPCHl ChIPbA; HAMHOrO MeHbLIHE
KaMHTaJOBAOKeHHUsi, YeM [Jis] [IPOM3BOACTBA
MeTa/jia; BO3MOXHOCTb HM3TOTOBJICHHS Je-
Tajled B cepHHHOM H MaccOBOM I[IPOM3BOJ-
CTBAaX BbICOKOTIPOH3BOUTENbHBIMH METONAMH
6e3 CHATHA CTPYXKH C TPYyIOEMKOCTHIO,
B 5...10 pas mMeHbwed, uem [pH H3rOTOB-
JEHHH MeTaJJIHYecKHX aeraled; MeHblIHe
(no 5 pa3) orxoab H T. 1.

[To npupome cmoOA mnaacTMacchl pasnie-
JIAIT HAa: a) TEPMOpeaKTusHbIE, KOTOpbLIE
B MpOLIECCE H3FOTOBACHHSI [10] BJHAHHEM
BBICOKOH TeMmiepatypsl MpHoOpeTaldT HO-
Bble CBOHWCTBA — CTAHOBATCA HelJIABKMMH,
a TO3TOMY He [ONYyCKAaKT MOBTOPHOro ¢op-
MOBaHHUA, 6) TepMoNacTHUYHbIE, PA3MATYAIO-
LUIMECA TPH BLICOKHX TeMmeparypax H H0-
nyckaioliue NnoBTopHoe QopMOBaHHE.

B 3aBHCHMOCTH OT HAMOJKHHTENA H CTe-
MeHH ero U3MeNbueHHA Bee MaTepHadbl JeaaT
Ha TPU THMA: C TMOPOLIKOOOPA3HBIM HATOJ-
HUTeJeM (mpecc-MOopPoOUIKH); ¢ BOJOKHHCTHIM
HaNoJHUTeJeM (BOJOKHHTH, acboMacchl H
Jp.) U C JHCTOBBIM HAIMOJHUTEJAEM (CJAOHCTBIE
MJAACTHEH) .

BOALWHHCTBO CAOHCTBIX U KOMIIO3HIHOH-
HbiX MJACTHKOB H3TOTOBJAIOT Ha OCHOBe
TepPMOpPeakTHBHbIX, MPEeHMYLIECTBEHHO e-
HONO- HJH KPe30nohopMaablerdaAHbIX MO ',
CMonnl 6e3 HaANOAHUTENs] MPUMEHSIOT Kak
TepMOpeakTHBHbIe, TAK H TepMOMJIacTHUHbIE.

HMapenna u3 naacrmacc H3TOTOBJAAIOT
ropsYduM HJAH  XOJOAHBIM  [peccoBaHHEM
(GOABLIHHCTBO H3AeAHH), OTAHBKOH IMOJ AaB-
JeHHeM (I[Ipecc-NUTbe), TPOCTHIM JIHTHEM
(MajonpouHbie u3aenus), ob6paboTkod co
CHATHEM CTDYKKH.

3BYKOH3OJALHOHUBIMH

! denon CgHsOH, kpesoan CeHy (CHz) OH,
popmanbgerus HCOH.

THMHYHBIME ~ (QH3HKO-MEXAHHUYECKHMH H
XUMHYeCKHUMH CBOHCTBAMH [JacTMacc fRB-
JASIOTCA: MaJjaa [NJOTHOCTb, BbICOKAA TeNJo-
U 3JeKTPOU3OMNALUOHHAA CHOCOGHOCTD, XH-
MHYecKas CTOHKOCTb, 3HAYUTeNbHAdA [aemi-
Pupyoias cnoco6HOCTb, a TAKXKe KpacHBLIH
BHEUIHHH BH].

Ortaenbuple rpynmnsi  njactMmace  ofgaa-
AA10T: BBICOKOH  yNeabHOH NPOYHOCTHIO,
BLICOKUMH aHTHOPUKUHOHHBIMH HAH ¢pHK-
HOHHBIMH CBOHCTBAMH, ONTHUYECKHUMH CBOH-
CTBaMH (IIPO3PAYHOCTBHIO H GeCcLBETHOCTLIO) .

K HemocraTkaM mjactmacc OTHOCAT HHU3-
KYIO TEeMJOCTOHKOCTD, cTapeutie U XOJOAHYIO
NOJI3y4ecTb.

B 3aBHCHMOCTH OT Ha3HAYEHUs [JIACT-
Macchbl pas3jensiioT Ha:

1) KoHCTpyKuHOHHBlE — BBICOKOTpPOUHLIE
(0. =200 MIla), cpenHei MPOYHOCTH
(65=80...200) u ©u3Ko# (0,<<80 MIla)
[IPOYHOCTH, TEIVIOCTOHKHE [0 TeMmIeparyp
120...150 °C, 150...200 u cemwe 200 °C,
JEKOPATHBHO OTAE/JMOYHbLIE;

2} 31eKTPO- H PAIMOTEXHHUYECKHE -— IEK-
TPOU3OJISLHOHHBIE, 3JEKTPONPOBOAHLIE, pa-
JHONPO3PAayHbIE,;

3) 3BYKO- H TEIIOH30/ALHOHHBIE,

4) ¢pHKUHOHHBIE H AHTHPPHKUMOHHLIE,

5) aHTHKOPPO3HOHHBIE H CTOHKHE K arpec-
CHUBHBIM CpenaM.

M3 cywectyoulero Maoroobpasus miact-
Macc HaunGoJbluee TMpUMeHeHHe B MAaLIHHO-
CTPOEHUH MMEIOT TIAacTMAacChl, MpUBeJeHHbIE
B Tabn. 2.7.

TepmopeakTHBHEIE CJOHCTBIe MJAcTMAcC-
col. TEKCTOJMHT — CHOUCTHIH MaTepHas
C HAMOJHUTEEM U3 XA0NYaTo6yMa KHOH TKa-
HU (034, muTKanasi, GeAbTHHFA H 1p.), BBI-
MycKaeTcss B BHAE JUCTOB, MJHT, NMPYTKOB,
Tpy6 H T. A. TeKcToaHT 00aanaer nosbileH-
HOH NPOUHOCTBHIO H H3HOCOCTOHKOCTDIO, d TaK-
K€ 3EKTPOM3OIALHOHHBIMH CBOHCTBAMH, HO
ce0eCcTOMMOCTb €r0 BbICOKA B CBfI3H C pac-
X040M TKaHH.

FeTHHaKc— CIOUCTbIH  MaTepHaa ¢
HAlOJIHUTEJEM B BHIE JHCTOB GyMaru, Bbl-
nmyckaerc B BHAe JHMCTOB, IJIHT, TPy,
npeccosaunpix H3nenuid. Ilo csoum wmexa-
HHUECKHM CBOHCTBAM YCTYMaeT TEeKCTOJNHTY,
HO B [POM3BOACTBE [eLIeBJe [OCHLIHErO.
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56

10
59
50 -

2200

0,2
150

[Tpodormenue taba. 2.7

50—60
0,2

45
450
550

30
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uun, MIla

HCHHE NpH pasphise, %
Mognyab

MIla

BpeMenHoe COMPOTHB-
Boponoraouesue

24 v, %
TenaocTolkoCcTh
Maprency, °C

OTHOCHTERBHOE
¥ nenbHad

Ulupokoe pacrnpocTpaHeHHe M[OJY4YHJI Kak
3 KTPOH30NAIHOHHLIH MaTepHasn.

Ac6oTeKCTONUT— CJAOHCTHIH  MaTe-
‘pHaJ ¢ HaNo/MiHuTeNneM H3 acOeCcTOBOH TKAHH,
BHIYyCKAeTCA B BHJE JIMCTOB H JHCKOB AJA
TOPMO30B H (PPUKIHOHHLIX MydT, obnanaer
TIOBBIILIEHHOH TEMIOCTOHKOCTBIO.

JlpegecHOCJOUCTHE MNJACTHKH
JACII (aurdodons, 6anUHHT, AeabTa-Apese-
CHHA) M3MOTOBJSOT H3 MPONHTAHHOIO CMOJOH
U chpeccoBaHHoro Gepes3oporo wWMnoHa (TOH-
KHX JHCTOB, [IOJYUEHHLIX CTpPOraHHEM HJH
JylieHHEM), BBLITYCKAlT B BHAE JIHCTOB,
- MJUT, @ TakKKe MOpPyTKOB. ITH TJIACTHKH
06Aaq410T BBICOKOH [POYHOCTBIY H H3HOCO-
CTOHKOCTBIO-

CrekJgondacTb — MIACTMACCH, [10-
JydaeMble TPOMHTKOH CTeKAAHHBIX BOJOKOH
HJIH TKaHeH HCKyCCTBEHHOH CMOJIOH ¢ Mo-
clnenyloiuimM npeccopandeM. CTekaonaacTsl
OTJIMYAKTCA BHICOKOH MPOYHOCTLIO, ynpyro-
CTHIO, MAJOH UYYBCTBHTEJBHOCTLIO K Hakpe-
34aM, TelNNOCTOHKOCTBIO, 3/€KTPOH30JALMHOH-
HoIMH cBOHCTBAMH. OHH OTHOCATCA K YHCHAY
MaTepHaJoB ¢ HauGojee BBICOKOH Mpou-
HOCTBLIO HA eJYHHIY MaccChl.

TepmopeaKTHBHbBIE KOMNO3HMTHHE NJACT-
Maccl. PeHonnacTh — MarepHanbl,
noJyuaeMbie Ha ocHose deHoaodopmalbae-
THAHOH CMOJIbl C HanoJiHHTe/eM B BHAe ape-
BECHOH HJIH KBApDUEBOH MYKH; BBIYCKalOT
B BHAE TNPECCOBOYHLIX MOPOLIKOB; OTJAHYA-
I0TCA TOCTOSIHCTBOM CBOHCTB;, He pa3Msr-
4alwTCA [PH HAarpepe, CTOUKH K BO3EHCTBHIO
ropsuHx maces, He ropaT. OCHOBHOE MPHME-
HeHHe — PYKOATKH 3J€KTPO- H pajHojeTa-
JieH, Jetasil ObITOBOrO HA3HAYEHHS.

TekcToJAHTOBas KpoUWKa— rpec-
COBOYHBIA MaTepuaJs ¢ HAMOJHHTEAEeM B BHJIE
ofGpeskos TKauu, O6nanaer TeMH Xe CBOH-
CTBAMH, UTO H TEKCTOMHT, HO Meubllel
MPOUYHOCTbIO TIPH PACTSXKEHHH H H3THOE, Tak
KaK HaMoJHHTEJb [LIOXO MNepepaer Halps-
2KEeHUs pacTsAXKeHus.

Bo/M0OKHMUWT — NpecCOBOUHbIH MaTepHAJ
C HAMNOJHUTENEeM B BHAE PACTUTENbHHX BO-
JMOKOH (odechl XJjonlka M T.A.). Ilo cBouMm
CBOHCTBAM  AHaJIOTHYCH  TEKCTOJHTY W3
KPOLIKH.

112

49

90—100 80

150—170 100—120 160

yaaphas

* 3a mecsir.

BA3KoCTb, [ /M
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KoMilo3uTHBIE nJacTMacch TPHMEHSIOT
NMPEeHMYIECTBEHHO B KauecTBe [IPECCOBOY-
HbIX MATePHAJNOB.

TepmonaacTHunsie matepuaian. Opr a-
HUYeCKOe CTekJo (HeOblomeecss) —
MAeKCUIVIAC — NpOo3payHasl NJIaCTMAcca, Bbi-
nmyckaeMas oObIYHO B BHIAC JHCTOB.

[TonusTHUdeHd, noayyaeMblii B pe3yib-
tTaTe NOJUMEpPH3alMH ra3a aleTHjeHa,—

TBEPAbIA DOrOBHAHLIH . MaTepuaJt, Harmo-
MuHaOIHA napadud. [loausTuneHnr BbI-
NMyCKalOTCsi: BBICOKOTO [aBieHHsl (HHM3KOH

IJIOTHOCTH) WU CpeJlHero, HM3KOTO AaBijeHHs
W BBICOKOMOJIEKYJASPHBIH (Bce BBICOKOH J10T-
HOCTH ) .

OcHoBHOe npHMeHeHHe — TpyObl, H30J15-
IUA KabOeneld, JUCTOBbE H JIEHOUYHbIE TO-
KPBITHA B XHMHUECKOH TIPOMBILUJIEHHOCTH,
TOHKHE TMJIeHKH. BbICOKOMOJIEKYISIDHBIA [10-
JIMITHJICH NPHMEHSIOT KaK KOHCTPYKI[MOHHBIH,
AHTHMPHKIHOHHBIA MaTepual.

[Tonunponunen. OrauyaeTcs 3HAUH-
TEAbHOH MPOYHOCTBIO, TBEPAOCTBIO, XKECT-
KOCTbIO, yAapHo#d BA3KocToio.[lpumensior
4181 cocynoB, Tpy6, MJEHKH, BOJOKOH AJf
TeXHHUYeCKHX TKaHeH, neHonnacros. Wcxon-
HOC  Chlpbe — MPOIHJeH ~— HeHaChIIeHHHH
YTIAeBOIOPO.

Bununnacr (NONHBUHHHIXAOPHA) —
IOJMHXJIOPBHHUJIOBAA CMOJA, BbilycKaeMasn
B BHOE JUCTOB, IVIMT, TPyO, CTepXKHEeH H
npeccoBoyHoHd macchl. OO6sagdaeT BLICOKOH
XUMHUYECKOH CTOHKOCTLIO, ero IIpHMéHF[POT B
KauecTBe 3/JAEKTPOH3OAANHOHHOTO H  KOH-
CTPYKIHOHHOFO MaTepHasJa IPH HeBHICOKHX
TeMIllepaTypax.

droponaacTs — HOAHUMEPH 3TH/EHA,
B MoJeKyJie KOTOPOrO aToMbl BOjopoaa
MOJHOCTLIO HJIH YACTUYHO 3aMEHEHBbl aTOMa-
MH gTopa. OCHOBHOE MpUMeHEHHE B MalIHHO-
CTpoeHHH HMeeT ¢roponaact-4 (anu Ted-
JAOH), HaANOMHHAIILKA [0 BHAY . napadud.
PToponiact-4 oTAM4AETCA HCKMOUHTENLHOM
XHMUUYECKOH CTOHKOCTBIO, BBICOKHMH JH3JIEK-
TPUUECKHMH CBOHCTBaMH, MOBbLI LIeHHOH
TelNIo- W xJajocTtodkocTsio. Kaxk aHTH-
QpUKNHOHHBIE MaTepuas, OH XapaKTep-
3yerca magabiM Ko3GHUHEHTOM TpeHUsd M0-
KOSl U BO3MOXKHOCTbIO paboTe 6e3 cMa3ou-
Horo MartepuaJja.

Teepaocts ¢Toponsacta-4 HH3Kasi, OH
o6/alaeT XOJOXHOH TEKy4eCTblO, MO3ITOMY
MoxKeT paforaTb TOJNLKO MPH HHU3KHX JlaBJjie-
HusiX. BBeleHue HAMOJHUTENeR yaydinaer
ero PU3HKO-MEeXaHHYECKHe CBOMCTBA.

[Toanumamuab o6aagaloT BHCOKOH Mpou-
HOCTBI0O H H3HOCOCTOHKOCTBIO, XWMHYECKOH
CTOHKOCTBIO, CNOCOGHOCTbIO CBAapHBATLCH,
3HAYHUTEJIBHOH TeIJIOCTOUKOCTBIO, [pHOJIH-
Kawled HX K TepMOpeaKTHBHBIM [1JacCT-
maccaM. OHH Jonmyckaior GOpMOBKy AeTaJten
CAOKHOH KOHQHUTYpALUHH; [IPUMEHATCA B
BHJIE BOJIOKHA, NOKPbITHH H Kaes . [loau-
aMHJB BLIYCKAOT BO MHOTHX CTpaHax MoOJ
o6muM Haszpanwdem <«Ha#daon». B CCCP
HauboJiblllee pacnpocTPAHEHHE UMEIOT MOJH-
Kanpoamuja — NMoauaMua-6 (xanpod), mo-
auamua [1-610, denudion,

YcenemHo nNpHMEHSAIOT KanpoJioH, MOJy-
YaeMblii METOJAOM aHHOHHOH MOJUMEPHU3AlidH
H umeomud B 1,5 pasa OGofee BbHICOKHE
MPOYHOCTHbIE MOKA3aTeJH, Y4eM KAaTlpoH.

[TonudbopmMaabaerun orgdyaercs
BBICOKOH YCTAJIOCTHOH IPOYHOCTHIO, MXEeCT-
KOCTbIO, CONMPOTHBJEHHEM NOJA3Y4eCTH, CTa-
OUABHOCTBIO CBOHCTB [IPH 3HAYHTEJBHBIX KO-
JefaHuAX TeMnepaTyp H BJAAXKHOCTH, siBJf-
€TCH 3aMeHHTeNeM [BeTHBIX MeTasjoB H
cniasos. [IpumensaT ana 3ybuaThix Kousec,
HanpagJsIOUIUX.

ITonuyperann — BHICOKOMOJEKYAAP-
Hple CoeJlHHeHHUsl, B 3aBHCHMOCTH OT HCXOJ-
HbIX KOMIIOHEHTOB MOTYT OBITH TepMOTMaac-
THYHBIMH  HJIH  TepMOpPeAKTHBHBIMH, 3J4-
CTUUHBIMH HJH XKeCTKHMH, 006,1a1a10T BHICO-
KOH H3HOCOCTOHKOCTBIO, Macjo- # GeHso-
cTodkocTbio. [loavyperadosbte 3sacToMepsl
MPHMEHAIT AJAd WIHH, YOPYTHX 3/€MEeHTOB,
KOHBEHEPHBIX JIEHT.

DNOKCHIAHBIE MOJHMEpPDb — BBICO-
KOMPOYHblEe KOHCTPYKUHOHHBIE MaTepHaJlbl.
Ha ux ocHoBe u3roToBAsilOT KOMMayHIbl CO
CBOHCTBAMH, HM3MEHAIOMMHCA B [IHPOKHX
pejeaax B 3aBHCHMOCTH OT CTEeNeHy HaloJl-
HeHHA. 2(PeKTHBHO HX MPUMEHEeHHe B Ka-
YeCTBE H3OJALHOHHBX W AHTH(QPUKUHOHHBIX

' AuTddpHKUHONHBIE CBOMCTBA NOJHAMHIOB
MOKHO NOBbIcHTL [06aBKOHA rpaduTa, Qucyibguma
MosauOiena Hau cyibdara GapHs.
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TOKPBLITHH, CBA3YIOLIEro B NMPOHU3BOACTBE HA-
MOJHeHHBIX MJACTHKOB, AJs1 MPHTOTOBJEHHA
KJ1€eeB, JTaKoB.

[TlonukapbonaTu 0613agalOT KOM-
MJIEKCOM LEeHHbIX CBOHCTB: NPO3PAaYHOCTHIO,
BbICOKHMH MeXaHHUYeCKMMH [MOKa3aTe/siMH,
MOBbIUIEHHBIM CONPOTHRBICHHEM YAapPHBIM Ha-
TpPy3KaM, BBICOKOR TeMNaoCTORKOCThIO, He-
3HAYHTENBHLEIM BOAOMOIJIOLIEHHEM, CcTabu/b-
HOCTBIO CBOHCTB H pa3sMepoB B HHTepBaJje
temnepatyp or —100 no + 135 °C. Tloau-
Kap6oHaThl WHPOKO HCMOAL3YIOT B MaLIMHO-
CTPOEHHH, OHH 3aMeHAIOT 1{BeTHbie MeTaJljlbl,
CraBbl H CHJAMKATHOE CTEKJO.

M3 nsnacTMacc M3rotoBJAslOT MHOTHe [e-
Ta/H MaLllyH,

1. KopnycHue perain — kaOHHBI TPy30-
BbiX aBTOMOOHJeH, CTPOHTEJLHBLIX, JOPOXK-
HBIX W JAPYrHX MallHH; Hecyliue KOPNyCHble
JeTany — Ky30Ba asToMOOHAEH, Kopryca J0-
JOK, WaxXTHHX BaroHETOK, pakeT, Koplyca
MauWHH, CONpUKACcCALLHECA C aFPeCcCHBHbIMH
cpelaMH; KOXYXH, KPBILIKH, KOpMyca mepe-
HOCHBIX MalUWH H TPHOOPOB -— U3 CTEKNO-
J1aCTOB H JPYrHX MaTepHanos, 061anaouHx
MaJIoH TWIOTHOCTBLIO MPH JOCTATOYHOH Mpouy-
HOCTH, @aHTHKOPPO3HOHHOCTBIO, XOpoLlleH Tel-
JIOU30AAUHeH, NerKocTbio HopMOBaHHA.

2. 3y6uaThle KoJjleca — H3 . TeKCTOJHTA,
ApeBeCHOCJOHCTHX  MAACTHKOB, KallpoHa,
KalposnoHa, nojdudopmansaeruaa, heHHaoHa.

3. BeicrpoBpawianomuecss neraid (AvcKy
U JOMATKH KOMIIpPeccopoB, cenapaTopbi OuicT-
POXOAHBIX MOJLIHIHAKOB KadyeHHA) — H3
CTEKNONNACTOB, MNOJHAMHAOB, TEKCTOJHTA,
BOJIOKHHTA, 06J1a4a1011 1 X MaAa0H NAOTHOCTLIO
H DOCTATOUYHOH MPOYHOCTLIO.

4. Jleraau, palboTtapiuueé Ha H3HOC TIpH
60JbLIOH TUIOWIAAHM HOMHHAJBHOrO KOHTAKTa
B YCJOBHSIX CMELIAHHOrO TpPeHHA (BKJIaAbl-
LIH TSXKeJOHArpyAKeHHbIX MOJLHNHUKOB, Ha-
KJaJHble HAMPaBAAOUIHe),— H3 TeKCTOJIHTA,
JPEeBECHO-CJAOUCTBHIX TAACTHKOB, KallpoHa,
¢roponnacra-4 W ApPYrux maTepuajos, ob-
JlaJal0IHX BbICOKOH H3HOCOCTOHKOCTbIO, MO-
HUXKEHHbIMH TpeOOBAHHAMHU K CMAa304YHOMY
MaTepuany.

5. TopmoaHble feTajqd H TpylLHeECcA [e-
Tadu QpHKHMOHHLIX MY(T — H3 acHoppHK-
NHOHHBIX mAacTmace, obsajgaloilux TMOBHI-

LIEHHOH H3HOCOCTOHKOCTH) W 3HauyHTedb-
HbIMH KO3 @PULHeHTAMH TPEHHA Npu paboTte
BCYXYIO.

6. Tena xaueHusa GpUKNUOHHBIX nepenad,
peMeHHble KHBbl — H3 BOJOKHHTA, TEKCTO-
JHTA H COen{aJbHBX (PPHUKIHOHHBIX TLAACT-
Mace, ofJafaliuux NoBbILIEHHBIM KO3 dH-
[HEHTOM TDEHHS [IPH MaJOH TJIOTHOCTH.

7. PeMHH, KaHaTbl, TPOCHl — H3 [IOJIH-
aMHAOB, [OJHNPOTHAEHA, IOJHYPETAHOB,
JiaBcaHa, 06J1alalo X BHCOKOH MPOYHOCTHIO
H THOKOCTBIO.

8. DMeKTPOU30AUpYOLLHe fneTadH (naHe-
JiH, TPAaBEPChl, KOJJEKTOPH 3JMEKTPOMAIINH,
Kopnyca 3JeKTPOMAlliWH, H3OAAIHA KabeneH
H NMpPOBOAOB) — K3 reTHHAKCa, TEKCTOJHUTA,
NOJHITH/IEHa, BHHHIJIACTA, CTEKJONAACTH-
KOB.

9. Jletasu XMMH4YeCKHX anmapatos, pa-
6oTallHe B arpecCHBHLIX cpelaX,— H3 BH-
"Huniaacra, ¢gropomnnacra-4.

10. ¥naotuswoume ycTpoicrBa — H3 M0-
JUBHHUAXNOPHAE, (Toponaacra, TMOoJHAMH-
JIOB. .
11. Tpy6bei — U3 noausTueHa, BHHHILIAC:
Ta, MOJUXJOPBHHHUAA. -

12. Opradgsl pyyHOro yrpasJ/eHHA — H.
(deHonNacToB, BOJOKHHTA WU JAPYrux Mare
puajo, 06/ajalILUX Majqofi TemlonpoBoOa-
HOCTbIO M KPAaCHBBLIM BHEIIHHM BHIOM,

Hapsaay ¢ aeransMu M3 maacrMacc Npu-
MeHSIIOT TOHKOC/IORHDBIE MOKPLITHA MjiacTMac-
caMH JAAS 3auUThl OT Koppo3uu, obecne-
yeHHsA aHTHOPHKUHOHHLIX CBOHCTB, 3JEKTpPO-
H3OMSANHA H TOBBIIIEHUA AeMN(QUPOBAHHA.

Pe3suna. PesnunHa — matepuasn Ha OCHOBeE
HaTYPadbHOIO HJIH CHHTETHYECKOro Kayuyka,
oGaapgaeT ocoObiMH CBOHcCTBAMH: a) Jo-
nyckaer Gojbliie oOpaTHMbie AedopMalUH
(aNs MArkod pe3uHnl A0 cOoTeH MpPOLEH-
ToB); 6) pacceuBaer TnpH Aedopmauunx
3HaYHTeNbHOe KOJHYEeCTBO SHEPruH H, cjaeao-
BaTeAbHO, XOPOWIO TracuT KoJebGaHHsA; B)
XOPOHIO COMPOTHBJASIETCA HCTHPAHHIO H AekH-
CTBHIO MHOFHX arpeccHBHLIX cpef; T') obaa-
JaeT BLICOKHMH JHINEKTPHYECKHMH CBOM-
CTBaMH.

Pe3andy B 3aBHCHMOCTH OT Ha3Ha4eHHs
BHIIYCKAlOT B OONbUIOM JHaNas3oHe TBep-
noctd. TBepayio pe3udy, copepkaiiyw 40—
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60 9% cepbl, HasblBaloT 3GoHHTOM. PesHua
AOIYCKaeT apMHPOBAHHE TEKCTHJLHBIMH HJIH
CTaJbHBIMHU 31eMeHTamMH (TKaHblo, WHYPaMH,
TPOCAMH), UYTO MO03BOJSIET OGECHEUYHTH BhI-
COKYI0 HeCcyuyr cnoco0HOCTL NeTaju B Ofi-
HOM HanmpaBJeHHWH NPH COXpaHeHHH THOKOCTH
B ApyroM. Pe3uHy nmpuMeHAOT A8 H3rOTOB-
JIEHHS IUHH, aMOPTH3aTOPOB, YUPYTHX 3Je-
MEHTOB My({T, pemHell, PyKapoB, YIJIOTHe-
HUH, 3JeKTPOU3OJNALUHOHHBIX H3AEMHHA, ANA
3a1HTHBEIX TOKPBITHH, MNpeaynpexAailux
abpasUBHBIH H3HOC, HAMPUMEp, JIOTKOB s
aOpasHBHBIX MAaTepuasoB, JONATOK Jpobe-
METHBIX anmnaparoB. 260HHT NPHMEHAT
riasdeiMm 08pa3oM B IEKTPOTEXHUYECKOH
POMBILIJIEHHOCTH.

I'padbur oGaanaer xopouleil 3JeKTpo- U
TelJIONIPOBOHOCTbIO, BLICOKOH Telll1oCTOH-
KOCTBIO (TeMIepaTypa MJAaBjJeHHA OKOJIO
3850 °C), Maaum Ko3pdHIHEeHTOM TPEHHS.
[TostoMy rpa®uT NpuUMEHAIOT AJAA 3JEKTpPO-
AOB, CKOJIb3AIILIMX KOHTAKTOB B 3JeKTpHue-
CKMX MallHHax, OTHeYMOPHbIX H3AeJAHH, AHTH-
(pPUKUMOHHBIX H3JeJdHH, B YacTHOCTH mAJfA
IOAIMITHMKOBRIX BTYJAOK W BKJaJBIILeH, H,
HAKOHEN, JJIA CMa3biBAHHA TPYLLHXCA [I0-
BCpXHOCTEH,

Hopoumkossie MaTepuaJibl

KepaMuka — mOJHKpHCTANAHYECKHE
MaTepHaJibl Ha OCHOBe COeJHHEHHH Heme-
TAJJI0B APYT ¢ APYrom M (UJH) € MeTallaMu
(MeTaslokepaMHKa), [O0JydaeMble clexa-
HHEM M3 MOPOIUKOB (pexKe IpaHyJ UJIH BO-
JOKOH) .

[lopomkosana Merta/yprisi umeeT JBa
HanpaBAeHHS:

1) cospadne KOMMO3HLHOHHBIX MAaTEpHa-
7O0B C HOBBIMH CBOHCTBAMH — »KAPOMPOYHBIX,
H3HOCO-, KOPPO3HOHHO- U XUMHUYECKH CTOH-
KHX;

2) ofecnedyeHne  BHICOKOMPOH3BOJIHTE/b-
HOH, Oe30TKAa3HOH TeXHOJOrHH (NpeccoBa-
HHe) .

Metaanypruueckuit Tpouecc — crnekanue
00OBIYHO OGbeHHAETCA € nponeccom GopmMo-
ob6pasoBanusi. [Ipy XoJOAHOM mpeccoBaHMH
npo4ydocte Jeradeii 45...50 9 npoudoctH
HCXOoNHOro MaTepuasa. IIpH mpeccoBanuu

MpH BHICOKOH TeMmiepaType H MeJKo3ep-
HHCTOH CTPYKType MOPOUYHOCTH JOCTHraer
100 9 u BhILIe.

[TopucTocTh 6aaTONPHATHA AJA TPYUIHX-
csl noBepxHocTed. MertannokepaMHKy IpH-
MeHsAH eme B ApesHem Erunre, Korja He
MOTJAH JOCTHCHYTH TeMIeparypbl [lJaBaeHHA
Kemesa.

CuuTerpad — nepcrneKTHBHbLIH MaTe-
pHaji, OTHOCALLMHCS B pas3psily NOJAHMED-
HblX GeTOHOB H COCTOAINMH M3 webHsa (He-
CKOJIbKHX PA3MepoB 4acTHU) H [OpPOUIKA
BLICOKOIPOYHBIX MPAHHTOB H CHHTETHYECKOTO
3MOKCHIHOTO cBs3ywinero xe 6GoJjee 10 9%.
OcHoBHBIE CBOHCTBA: COXpaHeHHE BbICOKOMU
TOYHOCTH, BBICOKOE NeMr¢HpoBaHHe, Tex-
HOJIOFHUHOCTb (H3roTOBAAETCA BHOPOYMJIOT-
HedweM B (opme) MPOYHOCTH Ha H3rH6
25...35, momvan ynpyroctu 2,5...4 MIla.
(Asropckue cBugeresnbcrea Ne 1240772 wu
Ne 1315426).

§ 2.6. NYTH 3KOHOMHH
MATEPHAJIOB

PaccMmorpuM ocHOBHble NyTH 3KOHOMHH
MaTepHaJioB.

. Boibop ontumansHON cXeMbl MallHHEL
HAM  yana. Hanpumep, npu npuMeHeHuH
BOJIHOBBIX PEyKTOPOB BMECTO MHOIOCTYIEH-
YaTeX 3y6uaThIX Macca y3jia yMmMeHbllaeTrcs
B HECKOJIBKO pa3.

2. YTouHeHHe pacyYeTOR H CHHUXKeHHEe KO-
3¢ duuuHeHTOB GezonacHocTu. [IpH 3toM cHH-
KEeHHe pa3MepoB AeTajil BbI3bIBaeT TaKxke
YMEeHbIUCHHE MAaTepHAaJJOeMKOCTH COTIPSIKEH-
HBIX JeTaJjieH.

3. Bufop onTuMa/bHbIX THIOB JeTafei
M KOHCTPYKTHBHBIX ucnojHeHud. Hampumep,
B pe3yabTaTe Nepexoja OT KaeNaHbBIX KOH-
CTPYKUHH K CBAPHBIM JOCTHTAeTCs 5KOHOMHA
MeTaJl1a B cpefanem 15...20 9% . Macca 6aaku
paBHOro CONpOTHB/AEHHA, palboTaliued Ha
H3rub, Mo ycaoBHAM MnpouHocTd a0 30...
40 Y% Medbe maccel 6asKd MOCTOSAHHOTO
cedeHus.

4. Buifop onTuManbHBIX NAapaMeTpoB Je-
TaJlel M arperaTtoB (pacyeTHbIX CKOPOCTEH,
OCHOBHBIX KOHCTPYKTHBHBIX COOTHOLLEHHH
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¥ 1. A.). Kak u3BecTHo, pasmepbl MallldH
¥ arperaTtos ONpeAesdiorca nepefaBaeMbIMH
MOMEHTaMH, a He MoulHocTamH. [losTomy,
N0BpIlIAA YACTOTY BpalleHHA Kakoro-aubo
arperata MOPH COXpAHEHUH TOH e MOIIl-
HOCTH, MOMHO AOCTHTHYTb pPE3KOTO YMeHb-
IeHHs ero Macchl.

5. Buifop onTHMaJbHBIX MaTepUasoB U
TepmuyecKoil o6paboTku, [pHMeHeHHe MO-
BEDXHOCTHBIX YIIPOUHEHHH, OuMeTannHYecKux
H HeMeTraJJudeckux peraned. [IpumeHenue
3aKaJjiki, HalpuMmep, NPaKTHYECKH NPHBOMUT
K [MOBBILIEHHIO NONYCTHMBIX HANDSKeHUH A5
nerajied THna 3yGuaTbiX KOJEC TMOYTH B
2 pasa. Ecau pasMmepsl KoJlec olpefensiiorcs
[IPOYHOCTBIO HA H3THO, TO HX Macca MOXeT
OuiTh ymeHbileHa B 2 pasa. B 3apy6exuod
neyatu OB MpHBeNeH NMPuUMep yMeHblleHHs
Macchl pefiykTopa B 8 pa3 [PH MOBLILICHHH
TBepaocTH 3yGuyarteix kojgec ¢ 200 HB no
600 HB. .

ITpumensas OGuMeTaMJIHYecKHe BKJabILIH
¢ TOHKHM aHTUOPHKUHOHHBIM CJOEM BMECTO

CIJIOUIHBIX, MOXKHO BO MHOIO pa3 yMeHbIUUTH
pacxox aHTHPPHUKIHOHHBIX MaTepUaJios.

6. CHuxeHHe Maccel 34roTOBOK, TpH-
Gnuxkedue Gopm Heraneii K dopmam HaH-
foJiee MpOCTHIX W JeleBLIX 3aroToBOK, HC-
MoJIb30BAHHE 3aroTOBOK B BHAe TpyO, mpo-
GuAbHOrC MpoKaTa, YHCTOTAHYTOrO Mmare-
puania 4 T. A. [lpuMeHeHHe JUTbA WAH
IWITAMIIOBKH BMecTO CBOGOTHOH KOBKM CJIOX-
HbIX JeTajed, M[pUMeHeHdHe MONepeuyHol u
BUHTOBOH TNPOKAaTKH, mnoyTH 6e30TXOMHOH
NOPOWKOBOH MeTaJJIyPrud NMPHBOJHT K BECh-
Ma CYINECTBEHHOMY CHHXKCHHIO MacChl 3aro-
TOBOK. CHHWXKEHHe MACCH 3aTOTOBOK HMeeT
He MeHblle€ 3HaueHHe, yeM CHHXKE€HHe Macchl
neraned. HMasectno, uro kosdpduuueHT wuc-
NOJAb30BAHHA MeTaJj/ia B MalUIMHOCTPOEHHH
BeCbMa HEBbLICOK (B cpeaHeM OH COCTaB-
aser (0,7), npHYeM OH TeM HUXKe, UeM MeHblle
CepPHHUHOCTb BBIMYCKA MAallUHH. _

BoiGopom pauMoHasbHOH 3aroTOBKH [/
OTIENbHBIX NeTafied yNaeTcAd yMeHbUWHTb OfT-
X0J, MeTajjia B CTPYXKKy B HECKOJIBKO pa3s.
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TEXHOJIOTUYHOCTb. A OMYCKH H MOCAIKH.
KOHCTPYHPOBAHHE U 3JAEMEHTDbI CAIP

§ 3.1. TEXHOJIOTHYHOCTD

JleTagqu MaUHH [JOJXKHE OBITL TEeXHOMO-
THUHBIMH, T. e. o0ecrneydBaOUIHMH BO3MOX-
HOCTb Haubonee 3(QEPeKTHBHOrO HX H3ro-
ToBReHuss. PopMbl AeTaned MallluH B 3Ha-
YUTEJIbHOH CTelleHH OTpeesioTCsl TeXHOJO0-
rMeid UX U3TOTOBJEHHS.

HeTalu npeuMyllecTBeHHO OrpaHuuYHBa-
IOTCA MOBEPXHOCTAMH:

4) HHJUHIDHYECKHMH H  KOHHYECKHMH,
yio6ro ofpafaTbiBaeMbIMH Ha TOKApHLIX,
CBEDJIHJbHBIX, PACTOYHBIX, KPYIJI0- H BHYTPH-
IAHQPOBANBHLIX U APYTHX CTaHKaX;

6) nnockocraMH, yao6HO of6paGaTbiBae-
MBIMH Ha CTPOraJjibHBIX, (hpe3epHbIX, MJIOCKO-
WaHGDOBANBHBIX U JPYrHX CTaHKaX,;

B) BHHTOBLIMH MNOBepXHOCTAMH, ofpaba-
ThIBAEMbIMH HA BHHTOpPE3HLIX, pe3bGodpe-
3¢pHBIX, pe3bbowlaudoBaibHbBX H APYrUX
CTaHKax,

) 3BOJILBEHTHHIMH, yIo6uo o6pabaThi-
BaeMbiMH Ha 3y6o006pabaTbiBAalOIIHX CTad-
Kax. .

®opmbl HeoGpabaTeiBAEMBIX Pe3aHHEM T1O-
BEPXHOCTEH JeTajled OTNpenensiloTcsl TEeXHO-
JIOTHEH 3arOTOBHTeNBHBIX OllepaliHd H ycJo-
BHAMH H3TOTOBMCHHA HA CTAHKAX MOeJeH,
CTepXKHel, WITAMIIOB.

Jluth e Aetanu 0o cBoell gopMe m0J4-
KHBI:

a) mo3BosATbH yno6Hyi QopmoBky (Tpe-
GoBaTb MHMHHMAaJbHOE KOJHYECTBO OIMOK H
CTEPKHEH, UMETh JUTEHHbIE YKIOHBl H TEXHO-
JIOTHYeCKHEe OTBEPCTHA Uil HAJEXHOTO
KPeneHusl cTepiKHeH, N0 BO3IMOMKHOCTH JO-
nyckate GOPMOBKy 6€3 OTHeMHBIX 4YacTeH
Ha MOJENH H T. 1.};

6) oGecneuuBaTh mMoJdyueHHe noGpokauve-
CTBEHHOH OTJAHBKH (MMeTb pPaBHOMEPHLIE

TOJAMIHHBL CTEHOK, He NONYCKATh MECTHBIX
CKOIJICHHH MeTaJsna, ofecne4ydBaTh BO3-
MOXKHOCTH XOpOLUero 3anojiHeHds QopMbl H
BO3MOXKHOCTb CBOGOMHOH yCagKH);

B) ofecrneudpaTh yJA00HyIO NOCAedyl0-
Y0 MeXaHHuyeckyld o006paboTKy — HMEThH .
ya06HO paclofoxeHHbie 6a3bl 111 yCTAHOBKH
Ha cTaHKe, He I[PHBOIHTL K 3aKajke HJH
orbeny oOpabaTWBaeMblX MOBEPXHOCTEH,
ecsqi 3T0 He TpefyeTcA yCHOBHAMH paboTh
netajen.

[lltTaMmnosaHHble AeTaJdH AOJKHB

uMeTs ¢Gopmbl, ofecrneydBaiolive Xopollee
pacrekaHHe Merassaa IPH IITAMIOBAaHHH,
YKJIoHBI, ofecneunsaroinve cpobofiHoe yna-
Jiedye aetaded M3 WITAMIIOB H T. 1.
- QopMbl 3aTOTOBOK B LEJAX yMEHbIICHHS
OTXOJa MaTepuaJsia B CTPYXKKY AOJKHBI MAK-
CHUMAJIBHO NIpUGIMKATLCA K POPMAM FOTOBLIX
aeTaned.

Ecan Ol He TexHohoruyeckHe Tpefosa-
HHs1, opmbl letaneld BulOupaanch 6bi Gosee
COBepLIEHHBIMH [0 KPHTePHIO [POYHOCTH:
oHHU npubauxanaucs 66l K popme Tea paBHOrO
COMPOTHB/EHUSA, TPUMeHAAUCH 6Bl f0Jee TOH-
KOCTeHHble W coBepuleHHble GOPMbl W T. 1.

KoucTpykuuu peranedi MaillHH 3aBHCAT
OT CepHHHOCTH H cnocofa H3rOTOBJIEHHS.
Hanpumep, kopnycHele metadu B eJHHHY-
HOM MPOH3BOACTBE Ledeco00Gpa3HO H3FOTOB-
JATH CBapHbIMH 43 JIHCTOB TNpocTedumeit
¢opmbl, B CepHAHOM — JIUTHIMH HJH CBap-
HbIMH H3 THYTHIX npo®HaeHd, B MACCOBOM —
JIUTBIMH [0 MeTaJJHYeCKHM MOAE/sIM HJH
CBAPHBLIMH H3 WITAMIIOBAHHBIX 3/IEMEHTOB HJIH
npoduasaoro npokara. CoocHble pacTOYKH
O NOALIUIHUKH B e IMHHUHOM MPOH3BQICTBE
nesecooGpa3sHo AenaTbh OJHOTO JHaMeTpa.
Hao6opoTr, B cepuiiHOM NpPOM3BOACTBE IPH
06paboTKe Ha arperaTHbIX PacTOYHbIX CTaH-
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Kax pacTO4KH uenaecoobpa3Ho AeaaTtb ¢ AHa-
MéTpamH, YObIBAaOWHMH B OJAHOM HAampas-
JeHHH, YTO MO3BOJISAET 3aBECTH OMNpaBKy H
NMPOH3BOAHTL OJHOBDEMEHHYIO 006pabGOTKy
coocHmX oreepctuil. [eTann, Koropoie B
eJHHHYHOM H ME/JKOCEPUHHOM [POH3BOJ-
cTBax nesnecoo6pa3sHo H3TOTOBJAATL Ha Me-
TAMJAOPEKYILHX CTAHKAX, B KPYNHOCEPHAHOM
M MAcCCOBOM [POH3BOJACTBE OKa3bliBaeTcsi
BHrogHee H3roTOBJIATb XOJOAHOH LITAMMOB-
KOH, BHICAAKOH H T. I.

Takum o0pa3oM, AeTajH MalHH HYXHO
BCEr/la KOHCTPYHPOBAThL B COOTBETCTBHH ¢
nocleayomnield TexHOJOTHeH H3rOTOBJIEHHS.

[lpakTHka nOOKa3biBaeT, YTO 4acTo He-
3HAUMTENbHHIMH H3MeHeHHSIMH KOHCTPYKIHH
MalllHy B LEeJASIX NOBBIIIEHHS HX TEXHOJO-
HYHOCTH yAABaJ0oCh CHH3HTb TPYJOEMKOCTb
U3TOTOBNEHUS B HECKOJbKO pas3.

§ 3.2. JONYCKH K MOCAIKH

. ToynocTb — OAHH H3 BaXKHEHWHX TMOKa-
3aresled KadecTBa JeTaneidl MalluH, cylle-
CTBEHHO BJHAIOUIHH Ha BCe KPHTePHH paboTo-
cnocoOHOCTH H  HaJeXHOCTH MeXaHH3MOB,
a cJefoBaTeabHO, H Ha BBIXOAHHE TMoKa3za-
TeJH MaLUIHH. '

Jlerann MallHH He MOTryT ObITb H3TOTOB-
JeHsl abcoMIOTHO TOYHO H Bcerga HMET
HEeKOTOPble OTKJOHeHHA OT HOMHHaJbHBIX
pasmepoBs. BMecte ¢ TemM AJA 3KCIJyaTallHH,
M3rOTOBJAEHHS1 H KOHCTPYMPOBAaHHA MallHH
OrpoMHOE 3HAueHHe WMeeT B3aHMO3aMeHse-
MOCTb JeTaJdiei.

BzaumMoszaMeHAEMOCTh — 3TO CIO-
co6HOCTb He3aBHCHMO H3TOTOBJIEHHBIX [le-
Tajed M y3doB Oe3 JONONHHTENbHOH 006-
pabOTKH 3aHUMATh CBOH MECTa B MAalIHHe H
obGecrneynpaTh A06poKayecTBeHHYO pabory.
BzauMo3zaMeHsieMOCTh MMO3BOJASET NPOHU3BO-
IOHUTh: He3aBUCcHMyI0 0o0paboTKy AeTaselt Bbl-
COKOMPOH3BOJMTEAbHBIMH  MeTodaMH  (TakK
KaK HCKAWUYaeTcsi HeoOXOAHMOCTb MPHTOHKH
ONHOK compsiraeMoit Jeranu K Jpyro};
3¢ deKkTHBHOE NMPUMEHEHHE MOTOYHOH H KOH-
pelepHOH cOOpPKH; 0O6PabOTKY cTAHIAPTHBIM
HHCTPYMEHTOM;  BBICOKOTIPOH3BOIHTENbHBIH
MpocTOf W HAAEKHBI KOHTPOJIL H3NEAHH

—
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C TOMOILBI0 KaAHOpoB; OBICTPYIO 3aMeHy
BHIENIIHX H3 CTpPofA JAeTaJdell MallHH 3a-
panee H3TOTOBJEHHBIMH 3anacHbIMH; YCKO-
peHHe MpOEKTHPOBAHHA H T. [.

BsaumoszamensieMoctb ([10HAA HJAH Yac-
THuYHas) obecleyHBaeTc CTAHAAPTHOH C H-
CTeMOH AONDYCKOB H 10CAAO0K.

Honyck pasMepa ecTh pa3HOCTb MeXIy
HAau0OJABIIMM H HAaHMEHbIIHM AOTYCTHMbBIMH
npeneabuniMie  pasmepamu. Honyck (Tole-
ranz) oGo3Hayaercss OGyksoii T u Bcerna
nojoxuteaeH. Jlonyckd ycTaloB/IeHbl B COOT-
BETCTBHH C JE€BATHAALATbIO KBaJHTETAMH
(cTeneHAMH TOYHOCTH), 0803HauaeMbIMH B
nopsake noHuxeHus roudoctu 0,1; 0; 1; 2; ...
17. Heranu o61eMalIHHOCTPOHTENBHOTO
HPHMEHEHHS TPeHMMYLIEeCTBEHHO BBINOJHA-
ioTca Mo ksaauteram 4...11.

KBanuteThi 4 1 5 NpuMeHAOT:

a) nas jgeraneHd, onpeaeiflUHX TOY-
HocTe paboTrbi  0cof0 TOUHBIX  MallHH,
MpelH3HOHHBIX CTAHKOB, JAeJHTe/bHBIX Ma-
WIHH;

6) aas  ocofo HamNpsiKeHHelX peraJeit
OBICTPOXOAHBIX MalIMH B CAy4yasix, Korjaa
TOYHOCTb B 3HAUYUTENbHOH CTeleHH Oolpe-
JesisieT HaTpy3Ky HaAM pacnpejefeHHe Ha-
NpsXKeHUH;

B) mas fAetadedl OLICTPOXOJHBIX MeXa-
HH3MOB INpH HeoGXomumocTH OGecllyMHOH
paboThl.

Ksanuternt 6...8 cumramTcsa OCHOBHbIMH
B COBPEMEHHOM MPOH3BOJCTBRE.

KpaauteT 9 xapakrtepeH ajasa Aerajied
B HH3KOCKOPOCTHBHIX MallMHAX M MexXaHH3-
Max MW JAPYTHX MauwHHaXx € [OHHXKEeHHbIMH
TpebGoBaHUAMH K TOUHOCTH.

Ksaaurersl 10, 11 npumessawTr aaa ne-
TaJed, y3J0B M MAallHH HH3KOH TOYHOCTH,
THXOXONHBIX; OHH TMpPeAyCMaTPHBAIOT BO3-
MOKHOCTb 4a CTHYHOFO MPHUMEHeHHs AeTadied,
H3TOTOBJEHHBX 0e3 CHATHA CTPYyXKH H3
UHCTOTAHYTOH KpyrJofi craiu #  TPYO,
XOJNOJHOITAMIOBAHHBIX JeTajed u T. A

Kpaaurers 12 v 13 npHmeHSIIOT TMpH Cca-
MBIX MHMHHMAJbHBIX TpeGOBAHHAX K Kauye-

. cTBy 06paboTKH, Kak TMPaBHAo, /5 BCIOMO-

rateJbHelX yCTpoHcTB, OHH OPHEHTHPOBAHDI
Ha H3TOTOBJEHHe JeTtatied 6e3 CHATUA
CTPYXKH. .
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Ksanuternl 14...17 npenHasHaualoTcs
aa8 cBoOOJHBIX pa3MepoB JeTaJdeidl, T. e.
pa3MepoB  HecolpATaeMblx [I0BePXHOCTeI,
A TAaKXe IJ pa3MepoB 3aTOTOBOK [MOCJe
npeaBapHTeNbHOH 06paloTKH. DTH KBaJu-
TeThi TOYHOCTH TOJYy4YalOTC B pe3ysbTaTe
IITAMIOBAHHA, BOJIOYEHHUS, OT/JHBKH B Npecc-
dopmbl, rpyGOH OGTOUKH W T. I

HucsnoBeie 3HAYEHHS JOMYCKOB B OCHOB-
HOM faHamlasode pasmepos 1...500 mm npu-
HATBI [POMOPLHOHAJNBHLIMH KOPHIO KyGuuye-
CKOMy H3 pa3Mepa JeTajd ¢ HeOoJbIIOH
TI01IPaBKOH, [NPONOPLIHOHANBHON pasMmepy.

XapaKTep COeIMHEHHS COMPSKEHHbIX Je-
TAJICH OINpenessieTcsl NOCANKOH, OTPaHHYH-
BAIOILEH BeliMYHHBl HATArOR N WJIH 3a30pOB
S B COeNMHEHHH,

[locanku paspensiioT Ha Tpu TpynIs:
¢ HATACMOM, € 3230POM H NepexoiHbie.

[Tocagku ¢ HatTaATOM NPUMEHSAIT
B OCHOBHOM [/151 HEMOABHKHOIO COeNHHEeHHS
JeTajed 0e3 [ONMOJHHTENBbHOMO KperJeHHs.

[lepexoaunbe mocajgku, T. e. Io-
Ca/lkd, B KOTOPHIX MOeT OblTb KakK HaTHr,
TAK W 3a30p (B 3aBHCHMOCTH OT COYETAHHHA
IEHCTBUTEIbHBIX  PA3MEPOB  CONpPSITAEMbIX
aetaned}, NPHMeHAIOT I/ HENoJABHXKHOTO
COeNMHEHHA JeTafedl ¢  JOMOJHHTEAbHBIM
KpeljieHHeM LUMOHKAMH, WTH(TaMH 4 BHH-
TaMH,

[Tocanku c 3a30pomM (HOABHXKHDBIE)
MPUMEHAIOT B TOMABHUXHBIX COMNPSKEHHAX
{(KHHeMATHUECKHX Mapax); HOCaJKH ¢ MaJbl-
MH 3330DaMH TaKxKe TPUMEHSIT B Hero-
ABUXKHBX NpH paboTe MammHH CoeAHHEHHUAX,
HO NOABEPKEHHBIX uacToh cOopke W pas-
6opke. .

Xapakrep mocajiku omnpeejsieTcsl MoJsaMu
AONYCKOB conpfraeMblXx JAeTadei, T. e. AO-
NyCKaMH ¥ HX PaclojloXeHHeM OTHOCHTELHO
HOMHHAJbHOTO pasMepa, OnpeiesieMbIM OC-
HOBHBIMH OTKJOHeHHAMH. [locnenHue npea-
CTaBAAKT cOG010 MHHUMAJALHEIE TTO a6coMI0T-
HOH Be/IHUHHE OTKJOHEHHs, 3aBUCALLHE OT
pasmepa. |

IpeaycmarpusanTea caelyiOluue OCHOB-
Hble OTKJIoHeHHs1 (B [HAMa30He paaMepos
1...500 MM) B MopsiAke yMeHbIIEHHS 3a30pa
H yBeJHYE€HHsl HATAra B COOTBETCTBYIOLIHX
nocankax (cTpouHple OYKBHI JIATHHCKOTO

andaButa —— AJIs1 BAJOB, MPOMUCHBIE — JJIST

OTBEPCTHH) :
a b ¢ d e | g h j; Rk
A B C D E F G H J, K

m n p r s  uwu v x Yy =z
MN P R S T U v X Y Z

[locanku sbIGHpalOT Mo pacyery HJH Ha
OCHOBE OTIBITA.

s nmocagokK ¢ HATATOM €ro pacCUUThi-
BAalOT MO yCJOBHIO Nepenaud tpebyeMo# Ha-
TPY3KH, a AJ5 MNOABHXHBIX pAcCUHTHIBAIOT
ONTUMAJbHBIH 3a30p A8 CO3NAaHUs KHI-
KOCTHOH CMA3KH C y4eToM TeMMepaTypHbIX H
ynpyrux aedbopmauuii. Hacto 3azop orpanu-
yuBaeTca TPefoBaHUAMH TOUHOCTHU.

Pa3sinuHbie  nocajgku  OCYIUECTBAAOT
BapbHPOBAHMEM I[IPeAE/bHbIX OTKJIOHeHHH
TOJIBKO OAHOH H3 colpsraembiX JeTadeH, a
npefe/bHble OTKIOHEHHA BTOPOH feTasu AJd
JAHHOTO HOMHHAJbLHOTQ pasmepa H KBaJjiH-
TeTa OCTAIOTCA MOCTOSHHBIMH. DTO yMeHb-
waeT TpebyeMoe KOJHUECTBO HHCTPYMeHTa
(pasBepToOK, MpPOTAXKEK H KanHOpOB).

Ecan  mnpepenbHble  OTKJAOHEHHA coxpa-
HAOTCA (A4 NAHHOTO JHaMeTpa H KBaJiH-
TeTa) MNOCTOAHHBIMH Yy OXBATHIBAIOLIEH Je-
TajH — OTBEPCTHS, TO CHCTEMa AONMYCKOB H
NnocafoK Ha3bIBACTCSA CHCTEMOH OTBepPCTHS, a
ecJH Yy OXBaTbiBaeMOH jJeTasjd — Baja, To
T4 CHCTEMA Ha3blBaeTcsl CHCTeMOH BaJa.

B cucreme oTBepcTHS HOMMHAJbHLIA pas-
Mep COBMajaeT ¢ HAUMeHbIUHM NpeaeibHbIM
pa3MepoM OTBEPCTHA, a MoJie ONMycKa BTYJKH
pacroJjaraeTcd B TeJO BTYAKH (OCHOBHOE
OoTKJAOHeHHe ). B chcreme Bana HOMHHANb-
HulH pasmep cosnagaer ¢ HaunOOARLIUM mpe-
JellbHBIM pasMepoM Baja, a MoJe JOMycKa
Bajia pacnoJjiaraercs 8 TejJo Bajaa (OCHOB-
Hoe oTKmoHeuue h). [losAa gomyckoB oTsep-
CTHH 0603HaYalOTCA TNPOMHCHBIMH JIATHH-
CKHMH §yKBamH, BaJiOB — CTPOYHBIMH C YHC-
JlamH, 0003HAYAOUIHMH KBAJNHTETHI,

OcHoBHOE TpHMeHeHHe B MaUIWHOCTpOE-
HHH HMMeeT cHUcTeMa oOTBepcTHd, ofecrnedn-
BAILasl COKpaileHHe acCOPTHMEHTa JOpo-
FHX HHCTPYMeHTOB o0OpabOTKH OTBepCTHH,
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ITpuMeHeHHe CHCTEMBI Bajla OOYCAOBIEHO:

1) Henosb3oBaHHEM [ BaJOB  YHCTO-
TAHYTOr0 KaaubpoBaHHOro Martepuana 0Ge3s
nocheayme o6padoTku (B ceJbCKOX035M-
CTBEHHOM M TEKCTHJLHOM MalUlUMHOCTPOEHHUH
H HEKOTOpPBIX 06JacTAX NpH6GOPOCTPOEHHUs);

2) BLIMOJHEHHEM [0CAJ0UHBIX TOBEPXHO-
cTe HApyKHBIX KOJEU MNOJIUHIHHKOB Ka-
YeHHA [0 CHUCcTeMe Bana (Bo u3bexaHue
BHIIYCKA TNMOJUHIHHKOB C Pa3jHYHBIMH J0-
nycxaemmmu OTKJOHEHHAMH MO Hapy}xnomy
lmame'rpy)

3) BOBMO}KHOCTb}O [I0CTABUTb IJIaIKHH
Bajl C [OCTOSHHBIM OTKJOHEHHEM BMECTO
CTYEHYATOrO.

O6Go3HaueHde HA 4depTexe pasMepa Je-
TaJd C [0oJeM AOIYCKA COCTOHT H3 4HMCJAA,
0603Ha4alllero HOMHHAJbHBHA pa3smep, Oyk-
BHI, 0G03HaYalOEed OCHOBHOE OTKJOHEHHe, H
yycaa, 0003HAYA0ULErO KBAJUTET, HATIPUMED
50g6, bOHT7.

B of6o3dHaueHue I10CAAKH BXOJHT HOMH-
HaJnbHLIH pasmep, 0OUMIMH AJs1 CONMpATAeMbIX
Jeraneil, u o0603”Ha4YeHHA 10JeH JOIYCKOB
conmpsAraeMnlx JeTaJjled, HayWHasA ¢ OTBep-
cTHs, Hanpumep 50H7/g6 (uau BOH7 —

g6, uau 50 H7)
- gﬁ

Ilonyckaercss npH HEOOXOIHUMOCTH BMECTO
CHMBOJIOB yKa3blBaTb lpeleibHble OTKJIOHe-
HHA.

HauGonee pacnpocrpaHeHHble B MAlHHO-
CTPOEHHH TMOCaliKH KBajHTeToB 6-—8 pac-
moJjaralTcss 8 Mopsijike yObIBaHHA 3a3opa
H yBesdueHus HaTAra: ¢ 3alopom H7/c8,
H7/d8, H7/e8, H7/f7, H7/g6, H7/h6;
nepexoaunie H7/s6, H7/k6, H7/mb6, H7/nb,
¢ wararom H7/p6, H7/r6, H7/s6, H7/u7.

B noiwunHuKax KadeHHA Hnoje
JOIYyCcKa BHYTPEHHErO KOJblla Pacllofiaraercs
He B TeJ0, KaK y OCHOBHOH JeTajld B CHCTEME
orpepcTHa, a u3 Tteaa. [lostomy coenu-
HEHHs1 RBHYTpeHHee KOJAbLO — Baa TOJY-
yaloTesa Gosaee OJAOTHLIMH, ueM oOblUHBIE
coenHHeHHs 1o cucteme oTBepctus. Ha-

' Nlasi ocHoBHOH HauOosnee pacnpocTpaHeHHoH
nocajikd MOAUHIHHKOB B KOPNyCe OTBepcTHe
BRIDOJIHAT ¢ nojem gonycka H7.

[
f’
H
PYKHOE KOMbUO MOMIIHIHUKOB BBIIOIHAOT
Kak OCHOBHOH Bas.

KauecTBo TNOBePXHOCTH  CyILeCTBeHHO
BAuAeT Ha pabory neraned BCHENCTBHE
HEpPOBHOCTEH H M3MeHeHHA (PU3HKO-MeXa-
HHYECKHX CBOHCTB [IOBEPXHOCTHBIX CJIOEB.

HepoBHocTH TMoOBEpPXHOCTH pasfedsiioT HA:

1) MakpoOTKAOHEHHA — eJHHHYHbIC OT-
K/IOHEHHS1 (BBINYKJIOCTb, BOFTHYTOCTb, KOHYC-
HOCTb H Jp.);

2) BOJHHCTOCTb — COBOKYNHOCTb [E€PHO-
AHYECKUX, PETYASIPHO NOBTOPAOIIHXCA, BAH3-
KHX [0 pa3MepaM BBINYKJIOCTeH W BHAJHH
¢ 6oJAbLIMMH OTHOUIEHHSIMH 1aros S K BbI-
cote H, 1. e. S/H> 40;

3) WepoxoBaTOCTb — COBOKYNHOCTH He-
POBHOCTEH € OTHOCHTE/ILHO MaJblMH. lIaTaMH
S/H<C40 (S$=2...800 wmxMm, H=0,03...
400 MEKM).

CocTosiHHe MOBEPXHOCTH CKa3blBaeTcs Ha
MPOYHOCTH BCJAJACTBHE KOHLUEHTPAUHWH Ha-
MPAXKEHHA H OCTATOUHbIX HATPSMXKEHUH BO
BMaJiHaXx M NPOHHKHOBEHHR B MHKpPOTpe-
LIMHBI  MOBEPXHOCTHO-AKTHBHLIX  BEILUECTB
(3cpbexkt PeGuunepa).

Ha u3HOCOCTOMKOCTH CKa3blBaeTca pes-

~ Koe yMeHbllIeHHEe (paKTHUeCKOH /101 a1 KOH-

TAKTa, BO3HHKHOBEHHE [IHKOB MECTHBIX Ha-
npsXKeHHH W omacHocTb 3aaupos. [lpu He-
COBEPUIEHHOM TPEHHH CYLIECTBYeT ONTHMYM

11IePOXOBATOCTH, CBA3AHHLIA C  BO3MOXK-
HOCTbIO yAepXaHHs Macia Ha [OBepX-
HOCTHIX TPEHHUS.

OcHOBHBIE [IaPAaMeTpLl OLEHKHM IIepoXo-
BATOCTH!

1) cpenHee apudMeTHYeCKOe OTKJIOHEHHE
Ra afconoTHBX 3HaYeHWH OTKIOHEHHH INpo-
duas B npefeftax 6a30BOH IJIHHBI

1 n
Ra—-;‘" E Iy1l y

2) BoicoTa Rz HepoBHOCTEH MO JEeCATH
TOUKAM — cpefHee 3HAadeHHe CcyMmbl abco-
JIOTHBIX BBHICOT MATH HAMBBLICIIHX BBICTYHOB
U nATd HaubGojee rayOGOKHX BHOAJHH HA He-
KoTopo#ll 6azoBoll JJuHe:

Rz= %‘,{ZTIHimaIJ"l' 2?IH;'minl};
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3.1. illepoxosarocts nosepxHoctH (no N'OCT 2789—73)
_?_ C = g. Cpennee BhicoTa E
¥ = apmgiiil;i?-le- Bricota HE- = 2= apudmernue-  [HEPOBHOC- =
g = | ckoe orkao- | POBHOCTEH = g = CKOE OTKJIO- Ted (no %
w B ® (no 10 Tou- | = % o2 = ) 10 Tou- 3=
b= o | Henke npogu- | oo Rz wrnt| S o5 e HEHWe npopu kaM) Rz o =
;i? § c% a1 Ra, MKy ) z M E g' s E 5 S5 Ra, MKM KN Lﬁé} E‘
1 320160 ' a 0,600,125 —
9 _ 160—8&0 8 0 6  0.125—0,100 — 095
3 80—40 B 0.100—0,080
4 40--20 a 0,800,063
5 — — 20-10 25 I 6  0,063—0,050 — 02
B 0,050—0,040
a 2,5—20 a  0,040—0,032
6 6 2,016 — 0,8 12 6 0,032 0,025 _ 0,25
B 1,6--1,25 B 0,025—-0,020
a 1,25~—-1,0 a 0,100—0,080
7 6 1,0-0,80 _ 0,8 13 i — 0,080---0,063 0,08
B 0,80—0,63 B 0,065-—0,050
| 0,63—0,50 a 0,050—0,040
8 6 0,50—0,40 — 0.8 14 6 — 0,040—0,032 0,08
B 0,40—0,32 B 0,032—0,025
a 0,32—0,25 Has kaacca wepoxoBaToCTH 6 Rz~ 4Ra, nias
9 6 8%3—8?2 — 0,25 KJaccoB urepoxosartoctn 7— 4 Rz=~5Ra.
B H U

3) Haubosbluasi BHICOTa HEPOBHOCTEH Mpo-
¢buna R,,., onpeiendeMas Kak pacCTOsiHHe
MEXK/ly JIMHHAIMH BBICTYMOB H BOajHH Ha Ga-
30BOH JTHHE.

[lpeumyiiecTBeHHOE MpPUMEHEHHE HMEET
napamerp Ra, a ans rpy6elx ToBepxHO-
CT€H W OYeHb YUCTBHIX R2.

B nacrosiniee Bpemf 11€pPOXOBATOCTh pe-
KOMEHAYIOT 3a[aBaTb UHCJAOBBIMH 3Haue-
HusiMu napaMetpoB u3 pana R10. Touso
BbIIepXKAaThb 3aJlaHHYI0 LIePOXOBATOCTb He-
Bo3aMoXKHO. [losToMy ee 06bIUHO 3a0AIOT He-
KOTopeiMH npeaeaamu (taba. 3.1). B Ttabauue
YKa3aHpl TakXe KJacChl UIEPOXOBATOCTH,
KOTOpble B HACTOsLLEEe BPeMsl HCKIIOYEHbl H3
CTaHAAPTOB, HO MOTYT MPEJCTABHTL HHTepec
AJIT  HCIIOJIb30BAHMS HAKOMJAEHHOTO OILITA.

[TpumenenneM OCHOBHBIX TEXHOJOrHYe-
CKHX MpoUecCOB MPeHMYILIECTBEHHO MOay-
YalOT TakHe 3HAYEHHSl CPelHero apH@MeTH-
UECKOro OTKJAOHeHUs Tpoduas Ra, MKM:

(dpesepoBaHHe H UUCTOBOE CTPOTaHHe
2,5...0,63;
wabpeHde OTHOCHTeNbHO Trpyboe 2.5...

0,63; Tonkoe 0,63...0,04;

TOUEHHe H pacTauydHBaHHEe 4YuCcTOBoe 2,5...
0,4; anmasnoe 0,63...0,10;

wangosande uucrosoe 1,25...0,32; Tou-
koe 0,32...0,04;

XOHHHFOBaHHe,
0,32...0,02,

Cranpapru3auus. OrpoMHoe 3HauyeHue B
MalIHHOCTPOEHHH, KaK H BooOLIE B HAPOIHOM
X03s1ficTBe, HMeeT craHmaprtusands. Cran-
AapTudaunua — 3To obecnedyenne eiuHooOpa-
3Hsl U KauyecTBa NPOJAYKUHH BBEJEHHeM clie-
IHa/bHbIX, 00d3aTeNbHBIX AJIA [IPHMEHEeHHs
HOPMATHUBHBIX JOKYMEHTOR — CTAHMAPTOB,

Cranmapru3zapua JeTaned W y3JiOB Ma-
HIMH 0XBATHIBAET:

HOPMBI [IPOCKTHPOBAHUA — OGIIIHE HOPMBI,
KJAACCHPUKAUUIO H TEPMHHOJOCHIO, MEeTOMbl

cynepdUHHLIHPOBAHUE -
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pacuera, npasuaa oGOpMJEHHS uUepTexKel,

KOHCTPYKLUHMH — OCHOBHbBIE napaMerphl,
NpHCOEAHHHTEILHbIe H ra6apHUTHBIE pa3Mephl;

napamMeTpbl [IPOH3BONCTBEHHOrO TNpoLEC-
ca — TeXHOJOTHYECKHH Tpouecc U HHCTPY-
MEHT;

ypOBeHb KauecTBa H YCJOBHA 3KcIjya-
Talidy —— MaTepHaJbl, IOKa3aTe/in KauecTBa,
TexHH4ecKHe TpefoBaHHA, MeTONbl HCMLITA-
HU#.

Crangaprusauusa JaeTateil MamuH obec-
ne4uBaer:

4) BO3MOXHOCTb MACCOBOTO HJH Cepui-
HOrO TPOH3BOACTBa CTAHAADTHHIX JeTanel;
KdaK H3BEeCTHO, TPyJI0oeMKocTh jeTased B Mac-
COBOM H CEPHHHOM IPOHU3BONCTBAX BO MHOTO
pa3 MeHblle, yeM B MeJKOCePHHHOM H UH-
OHBHAYyaJbHOM, [IPH 3HAUYUTEJNbHO MeHblIEM
OTXOJie MeTaJ/JJia B CTPYXKKY;

6) BO3MOXHOCTb HCMNOJb3OBAHUA CTAH-
AapTHOFO HHCTPyMEHTa pexyllero, Aedop-
MHPYIOUIEFO H H3MEPHTENBHOIO,

B) JIETKOCTb 3aMeHbl BHIIIEAUINX H3 CTPOSA
AeTaJjiedl 1IpH peMoOHTe;

r) OonblIYyI0 3KOHOMHIO TpYyAa [PH KOH-
CTPYHPOBAHHH;

A) MOBBLIIIEHHE KAUECTBA KOHCTPYKIHH.

Tpynuo mnpencrasuth cefe TO orpomMHoe
KOJHUYECTBO TPYAa, KOTOPOE HYXHO Oblio Gbl
NOTpaTuTb, 4TOOGLI TPH MNPOEKTHPOBAHMH
KaXXJIOH MalluHe pa3pabaTuiBaTh B HHIH-
BUIYAJbHOM IIOpPSI/IKe BCe BHHTLI, TOMALUHUII-
HHKH KaueHHsi, CMa304yHble YyCTpoHCcTBa H
Apyrue CTaHAApTH3OBaHHBIE AETAJH H Y3JHl.

Cucrema HapoaHoro xossiicrea CCCP
AaeT HeorpaHHYEHHble BO3MOMKHOCTH JJisl
craHmapru3aumu. B mawunocrpoeanu CCCP
npeaycMatpusatTtcs ctadnapte C2B,
pacnpocTpaHAKUIHEeCA HA CTPAaHbl — YJjlIeHB
CoBeTa 3KOHOMHYECKOH B3aHMOMOMOILH, T O-
cypapcTseHHble of0umecowsune
ctaumaptel— [OCThe, oTpaciaesne
ctapaapte— OCTo, pecuy6aukaH-
ckue— PCT u ctranpapTwm npen-
npusatui — CTIT".

B npenenax KaxXmoH OTpacJH MaLIHHO-
CTPOEHHSI €cThb MHOro ofmHX JeTaned H

! Crangaptsi HMewT HOMep, NBE NOC/IERHHE
uudph xoroporo 0603HaUAOT TMOA BbBIMYCKa.

YCTPOUCTB, MPUMEHAEMBIX B pPa3HblX MailH-
HaX, HO He HUMEIOIIHX TMpPUMEHEeHHs B Ma-
IHHAX APYrHx orpac/efl MallHHOCTPOEHHS.
DTH [eTajid pernaMeHTHPYIOT B oTpacJe-
BbIX craHmaprax. CraHmapTbl, OpeanpUATHH
OXBaTBHIBAIOT clleudpuyeckne I8 HTAHHOTO
3aBofga O0OBLEKTH H OrPAaHHYHBAIOT AJH HHX
HOMEHKJIATYypy MaTepHaJ/JoB, AeTajeHd, pas-
MEpPOB U NPYyTHX [MapaMeTpos.

Bee crawpaprer CCCP B MaKCHMAaJlbHO
BO3MOXHOH cTeNeHd OCHOBBLIBAIOTCHA HA CTAH-
paprax MexXAyHapomAZHOH OpPraHH-
3anHu no ctadgaprusaunuu HMCO

Mamuen Heo6xoAUMQ TPOEKTHPOBATL C
yyeToM YHH (PHKA N HH, T. €. yMEHbIIcHUA
pasHooOpasuda neTtaned H y3J0B B [Ipenesax
OJIHOH HMJH TCpylNbl MamuH, O6JAH3KHX [0
pasMepaM M KOHCTPYKTHBHO MOAOOHbLIX,
[lostomy Becbma 3ddeKTHBHO KOMIJIEKCHOE
NPOEKTHPOBAHHE 1I@/bIX CeMeHCTB HJu pas-
MCPHBIX DPAJNOB MAILUHH.

OnblT MaUIHHOCTPOEHHA [OKasaa oucHb
Gosabliylo 3¢geKTHBHOCTE arperaTupo-
BAHY A MallMH, T. €. H3rOTOBJEHHUA MalUHH
nocpencTBOM HX KOMMOOHOBKH H3 OTAEJBbHBIX
CTAHIApPTU30BAHHBIX Y3JI0B ~— arperaTos HIH
6/i0k0B. ArperaTHpoBaHue NPHMEHAT Tpe-
MMYIIECTBEHHO JJisl MallMH eJHHHYHOTO H
MEJKOCEPHHHOro MPOH3BOACTBA, YTO HeaeT
BO3MOXKHBIM CepPHIHOE H3roTOBJACHHE arpera-
TOB, 4 TEM CAMbIM 3HAUYHTENbHO yaellesaseT
M yCKOpPSieT BBINYCK MAlUUH.

OrpomMHasi 3KOHQMHUYHOCTbL MAaccOBOro K
KpyMHOCEpPUIIHOrO MpPOM3BOACTBA MO CPaB-
HEHHIO C MEJKOCEPHHHLIM H eIHHHYHbIM 3a-
CTaBJseT KOHCTPYKTOPOB BO Bcex CJydasX
CTPEMHTBCA IIPUMEHATb B MPOEKTHPyeMbIX
MAlIHHAX arperaTtbl HJH JaXe [1eTajH Ma-
IIHH, YyXe H3roToBJAAEMbBE B MacCOBOM
MPOH3IBOACTBE,

OnHo#l W3 OCHOB CTaHmapTH3AaUHH ABJA-
IOTCH PANBL NPeJNOUTHTENbHB X 4H-
ceJi, MONy4yHBLUIHE LIHpOYaHllee IIPUMEHE-
HHE BO BCeX OTpacJAsfX HapPOAHOIO XO3sH-
CTBA, B YACTHOCTH B MAUIWHOCTPOEHHH IJA
pa3MepoB MallMH H HX JeTalled, Harpysok,
MmolnuocTell, yacToT BpalneHHa u Ip.

Haufo/ee 3KOHOMHYECKHU BBLIFOJHLIMH $1B-
JSIIOTCH FeoMeTpUueckHe pANb, B KOTOPBHIX
Ka>KAblH ujieH MMOJy4aeTca W3 [peAblyLIero
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MeHbLIero ujeHa YMHOXeHHeM Ha MOCTOsH-
HyK BeJUYUHY — 3HaMeHaTe/Jib pajfa ¢.

B cooTBetcTBHH ¢ JeHcTBYROINeH JAecH-
tHuHOK cHcTemol Hcunenenua FOCT 6636—
69 ycTaHOBJEHEl PA LI CO 3HaMeHaTeeM pAala
¢ ="1/10, T. e. xopHamu u3 10. [lo-
Ka3aTesd KOPHefl n MNpHHATBL paBHBIMH O,
10, 20 u 40; cooTBercTByOIIME PAALI MO-
ayuuau ofosnayenue RS, RI10, R20 wu
R40. Huxe npuseneHbl IpeanoyTHTe/bHbIE

yHcaa Hauboslee ynoTpeOuTeabHBIX PAAOB
R10 u R20:

R10...1; 1,25; 1.6; 2; 2,5; 3,15; 4; 5, 6,3; 8 10
R20...1; 1,12; 125; 14; 1,6; 1,8; 2; 2,24:
2,5; 2,8; 3,15; 3,55; 4; 4,5; 5; 5,6; 6,3;
7.1 8, 9; 10

[lpeanoutuTesnpHble yucda B ApyruX nHa-
11a30HAX MOXKHO TOJY4YHTb YMHOXEHHEM
Ka)KA0ro wjena psaga Ha 1072 107" 10,
102 u 1. 4. |

HMHoraa npumeHA0T apudMeTHYeCKHH paa
06LIYHO CTyleHYaThld, Hamnpumep, AJa aHa-
METPOB MOALIKIHHKOB.

§ 3.3. KOHCTPYHPOBAHHE
MAIIHWH H 3JIEMEHTbI CATP

KoHcTpyuposanve — 370 TBOpPUYECKHH TPO-
ecc co3faHusa MAluuH B JOKyMeHTax (raas-
HBIM OGpa3oM uyepTexax) Ha OCHOBE TeO-

PETHUECKHX pPac4eToB, KOHCTPYKTOPCKOrO,
TEXHOJOTHYECKOTO H  IKCONYaTaliHOHHOTO
ONBLITA H KCMEPUMEHTOB.

KoHcTpynpoBanHe -— MHOrOBapHAHTHO.

OntuManibHbIM B 06leM ciydae chaeayer
CYHTATL BapHaHT, KOTopbid obecle4yuBaer
HYXKHble TIOKa3aTeau paboTsl MPH MHHAMaJb-
HHX 3aTtpaTtax ofliecTBeHHOrO Tpylha.

KoHcrpyupoBaHse MallHH TPOH3BOAAT
Mo 3TanaM. 1o NO3BOJISIET KOHTPOIHPOBATH
W yTBEpXKIaTb MPOEKTH Ha Pa3/IHUHBIX cTa-
Avsax paspaboTku.

Ha ocHOBHBHIX 3Tanmax KOHCTPyHPOBaHHA
MaIIHH pa3pabaTeiBalT CACAYIOULYI0 TE€XHH-
UECKYK TOKYMEHTAIHIO:

1) Texuuyeckoe 3ajaHue HAa TPOEKT HJAH
TEXHHUYECKOE TIPeNa0KeHHe; TEXHHYeCKOoe 3a-

- JaHHEe COCTABJAT HA [POEKT MaUlHH,

BRXOAAIUHX B OCHOBHYI) HOMEHKIATYPYy MAlIUH
cepHHHOro W MacCOBOrO BHIIYCKA, TeXHH-
yeckoe nOpegdoXeHHe O6bYHO COCTaBJSAT
AJA 3aBOJA-3aKa3uHKa Ha cleuHalbHbie
MallWHbl; 3TH [JOKYMEHTH YCTAHAB/HBAIOT
OCHOBHbIe NACMOPTHHIE MapaMeTpbl MallHHbI
H coflep:KaT peileHue oBIHX NPHHOHTHAADL-
HBIX BOIIPOCOB CXeMbl MALUHHbI;

2) SCKU3HBIH TIPOEKT, BKAOYAIIHH B
ceb6a 3CKH3HYIO pa3paboTKy OOIWHX BHAOB
OCHOBHBIX Y3/IOB;

3) TexHH4YeCKHH NpOeKT, COAEPKaIUHH
oTpaboTaHdbie 06lHe BHAbLI MAllHHbBL H ee
Y3JI0B, rOTOBBIX K J€TaJHPOBKeE;

4) pabouHH TIpoeKT, TMpeacTaBAsIOILNHHA
co60l Komnnekc oOOuUHX BHIOB, pabouux
yepTeXeH Aetasiell, cneuHPHKaUN# W Ipyrux
AOKYMEHTOB, NOCTATOYHBIX I/ H3TOTOBJEHHUA
MAallHHbI.

[IpH koHCcTpyHpoBaHHH Heob6XOAUMO 3a-
GOTHTBCA O TEXHHUYECKOH ICTEeTHKE.
MexX1y MOHATHAMH KpacoTa B HHMEHEePHOM
CMbICJI€ H pANHOHAJBHOCTL KOHCTPYKIHH
HMEETCH CBA3b.

PanuonanbHple KOHCTPYKUHH  KaXyTcA
KpacHBbIMH, H KpAacHBbIE€ KOHCTPYKIHH OKa-
3LIBAIOTCA PAUHOHAALHLIMA.

Pacuetn Aeradeli MalimBR NpH KOHCTPYH-
poBanHH. [1ns npensapuTe/sbHOrO onpeiene-
HHsi pa3MepOoB AeTafelt MTPUMEHSIOT yOpOLLeH-
Hble YCJAOBHBIE pacueThl, HampuMep, MO HO-
MHHAJLHBIM HAMpsiKeHHAM, MO3BOJAAIIINE B
yaoGuou ¢opme 060611aTs ONMBIT KOHCTPYH-
poBaHus. ITH jKe pacuerbl NMPUMEHSIOT B
KauecTBe OCHOBHbLIX JIJIl MAJOOTBETCTBeHHBIX
JdeTaned.

B kauecTBe OKOHYATE/NbHRIX MPHMEHSAIOT
pacueThl Mo KpuTepHaM paboTocnocoOHOCTH
H HaJeXXHOCTH, IOCTAaTOYHO TOYHO OTpaXKaio-
maM ¢pu3HYecKHe sBAEHHS, BO3HHKAIONIHE
npy paboTe Mall@HHL.

llpumenenne IBM nepesogut pacyersl
jJeTajed malliHd Ha HOBLIA ypoBeub, obecne-
yHBasAd BO3MOXHOCThL pPacCyeTHO# ONTHMH-
3alHH KOHCTPYKUHK, MHOTOKPAaTHOrO yMeHb-
WEeHHST TPYAOEMKOCTH, BBINOJHEHHA pacue-
TOB, KOTOpble paHblie OblJH HEBO3MOXMKHBIL.
Ha 2BM nposoasar pacuerw aeraneit ofuie-
MaLHHOCT POHTE/ILHOTO NPHMEHEHHS TI0 eJil-
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HbIM [IpOrpamMMaM, CJA0XKHBIE pacueThl, CO-
CTasJieHHe pacyeTHbiX TabJiun H T. A

CucTeMa aBTOMATH3AUHU NpPOCKTHPOBA-
nua (CATIP) npemycMarpuBaeT onTHMu3a-
IHI0 KOHCTPYKIIMH U BbIIAYYy pe3yabTaToB
Ha TPadONOCTPOUTEND HIIH JAUCIUIEH.

CAIIP — 310 opraHd3ailHOHHO-TeXHHYe-
CKAasd CHCTeMa, [IpefiHa3HayeHHas JJsi aBToO-
MATH3HPOBAHHOrO [MPOSKTHPOBAHHA H  CO-
CTOALILIAA M3 KOMIIIEKCA CpelCTB aBTOMa-

TU3HPOBAHHOTO TMPOEKTHPOBAHHA H  COOT-
BeTCTBYIOLLHX TNOAPA3AeMeHHH [IPOEKTHOH
OpraHu3anuu.

[losisnenne CAIIP Gwifio BBI3BAHO BO3-
poclleii CA0XKHOCTBbIO NMPOEKTHPOBAHMA MPO-
MbILJIeHHHX OGBEKTOB, TAK KaK OrpaHHyed-
Hele (PU3HOJOTHYECKHE BO3MOXKHOCTH He
MO3BOJIAIOT YeJOBEKYy OXBAaTHThL H YBA3AThb
pU MPOEKTHPOBAHHM BCE CHCTEMbl H Bbi-
6paTh ontuManbHuii BapuaHT. Heo6xomnuma
KOMIIJIeKCHasi aBTOMAaTu3alusi I[IPOEKTHPO-
BAaHUSl C OINTHMH3AUHEH Ha BCeX YyPOBHAX
(HauuHasA ¢ NPeANnpOeKTHOro aHaJH3a H KOH-
yasi HClBLITAHHAMH ¢ 06paBoTKOH pesyJb-
TaToB Ha IBM).

Henu CAIIP sakmouaroresd 8 MNOBBILLE-
HHH KauyecTBAa [PONYKUHH, YyMEHBbIICHHH
TPYAOEMKOCTH H COKPAalleHHH CPOKOB NMPOeK-
THPOBAHHA, H3MEHEHUH TEeXHOJOTHH NPOEKTH-
POBAHHA B CBSI3U C TMOBBIIIEHHEM CJO0XXHOCTH
06 LEKTOB.

DTH UeJH JOCTHUralTCA MNpHMEeHeHHeM
MATEMATHYECKHX METOAOB H BBHIYHCJIHTEJb-
HOH TEeXHHKH, pa3paboTKol 3¢¢eKTHBHLIX
MaTEMATHYECKHX MOpesell, METONOB MHOLO-
BApHAHTHOIO I[IPOEKTHPOBAHHA H OITHMH-
3alMH, AaBTOMAaTH3alHH PyTHHHBIX pabor,
a TaKKe 3aMeHOH HATypHBIX HCIbITAHUH
MOJEJHPOBAHHEM.

CHcreMbl aBTOMATH3HPOBAHHOIO [IPOEK-
THPOBAHHA HMEIOT OJIOUHYIO CTPYKTYpY, T. €.
COCTOAT H3 MOJACHCTEM, B KOTOPHIX BBINOJ-
HAIOTCA 3aKOHUYEHHLle pelleHHs.

[Toxacucremsl Mo Xxapakrepy o6bekToB pas-
AeASIOTCA Ha OOLEKTHO-OPHEHTHPOBAHHBIC
(o0bekTHBIE), CBA3aHHBIE ¢ IPOEKTHPOBA-
HHEM KOHKPETHHIX OG'BEKTOB, Y3/I0B JeTalieH,
U HAa OOLEeKTHO-HE3aBHCHMbIE (HHBAPHAHT-
Hble), NpelHA3HAUCHHbIe NS YHHDHIHPO-
BaHHBIX [poLEnyp H oNepailHH.

- XKEHHH,

B coctas kKomMnoHedToB nojacucrem, obec-
neyusawimux pabory CAIIP, sxonar: mare-
MaTu4eckKoe ofecrnedeHue (TeopHsi, METONHKH
pACYeToB, MATEeMATHYECKHE MOJEeNH); IMpo-
rpaMMHoe ofecrneuenue (TPAaHCAATOPHI, OIle-
pAlMOHHBIE CHCTEMB, MTaKeThl MPHKIAJHBIX
nporpaMM); TexHHUeCKoe obecnieyeHne
(cpencTBa BBIYHCJAHTENbHOH TEXHHKH, B TOM
qyCsie DUCTIEH, rpadoNOCTPOUTENN U T, I.);
HHpopMauuoHHOe ofecreuenne (6aHKH naH-
HbIX, THUMOBBIE MPOEKTHLIE pellleHHs}; opra-
HH3a1HOHHOE obecneyenye (LITATHOe paclH-
caHWe, HHCTPYKIHH, TIPHKA3HI) .

B pasputuu CAIIP MOXHO OTMeTHTH
TPM 3Talla: [MepBuHId  3ITAN — MNPUMEHEeHHE
OBM ans pewenus oTnenbHbiXx (B OCHOB-
HOM pacyeTHHIX) 3ajJiay; BTOPOH 3Tal CBA3ak,
¢ BBOJAOM-BHIBOIOM rpaduyeckoit nHdopmay
IlMH B [WHAJOr0BOM pexume (B OrpaHHn
yeHHOM o0beMe); TpeTHH 3Tal — KOMHJIEKC;;;‘
Hafd aBTOMATH3alUHA [PH BLICOKOH CTeneHHd
HHTErpanuHl, YHHBEpCaNbHOCTH, aJanTHB-
HOCTH; pe3yJbTaTbl MOTYyT BHA4BaTbcA B
BUJEe 1ojiedl H3MeHeHMS TlapaMeTpoB, pabo-
YHX YepTexed, MPOCTPAHCTBEHHBLIX H300pa-
nporpaMMm i TEXHOJOTHYECKHX
MAallHH ¢ NPOrpaMMHBIM yMpaBJeHHeM.

B ocHoBe aBTOMAaTH3HPOBAHHOIO HpOeK:
THPOBaHHSA JIeXKHUT CTAHIAPTH3ALMSA jAeraned
U CcOOpPOYHBLIX eNHHHI, YHHPHKAuua GYHK
LHOHANbHBIX JEMEHTOB, METONOB pacyeTa ¥
TeXHOJOTHUECKHX TPOIEeCCOB.

[Ipn KoHCTpyupoBaHHH [LOJKHBL OBITH
BbiGpaHbl ONITHMAJbHBIE IADAMETPH H3IEe/H S,
HapJdyuliuM o0pasoM  yAoB/eTBOPAIOLLHE
MHOTOUYHC/JEHHBIM 3KOHOMHYECKHM H COLiHab-
HbiM TpeGoBaHHAM (KpUTepHUsiM), 4acTo
NPOTHBOPEUHBLIM: HaHMeHblUHe Macca, raba-
PUTH M croumocth, Haubonsbwue KIII ©
HajexHocTb. Tak, macca H yJAe/bHble BEJIH-
YHHBI, [PECTAB/ISAOIINE MACCY, OTHECEHHYIO,
B YACTHOCTH, K MOIIHOCTH, MOMEHTY, IpO-
H3BOJAUTENLHOCTH, fBJAAITCA MPOCTHIMH H
3G PeKTHBHBIMH KpuTepPHAMH, Tak Kak CTOH-
MOCTb MaTepHaJa COCTaBJAACT 3HAUHTENbHYIO
yacTb CTOHMOCTH MalllHH, Macca AOCTaTOYHO
XOPOLIO KOpPpeNHpyeT ¢ TPYAOEMKOCTHIO.
Kputepuii Maccbl umeer ocofoe 3HaueHue
Il TPAHCHOPTHHIX MalllMH, JIETATeNbHBIX
annapatos. [a6apuTbl TakXe TeCHO CBA-
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3aHbl C KDUTEDHEM MAacChl W CYILECTBEHHO
BJUAIOT Ha conpsxKeHdble 00BLEKTH — Jpy-
rue Aetand H cOopouHsle exuudnnl. B yact-
HOCTH, pasmepbl MeXaHH3MOB OINpEJLAT
pasMepbl $a3oBBIX JAeTased, a nocjaefHHe
BJMSIIOT HA MJOWALb W BHICOTY LEXOB.

Kosdpduisent nosesnoro neficteus Ba-
XKEH B CBAI3H C TeéM, uTo 6Goabllafg YacTh
SHEPruM Oeclloie3HO TPATHTCA HA BHellHee
TpeHHe, a OHO, KpOMe TOro, BbI3BIBAET
H3HOC, B OCHOBHOM OMNpeAeNsAIOMHANA OJro-
BeYHOCTb MAUIHHBI.

KectkocTs, oTHeceHHasi k macce,— KpH-
Tepui, 3(BQGeKTUBHBIN A9 MHOTUX aeTaJjel
MAIIHH H 3JIEMEHTOB HECYUIMX CHCTEeM.

Belwenepeuncaenuaple  Kputepuu  spas-
OTCA BeCbMa BaXHbiMH. Bapeupyemble na-
pameTppl, HalpuMmep, B 3ybuaThiX TpHBO-
Aax,— 3TO paclpejeNeHde [epeiaTOqHOro
OTHOIUEHHS MeXIy CTYIeHAMH pelyKropa,
OTHOCHTE/AbHAsl WHPHHA KoJjec, MaTepualn
KoJiec, TreoOMeTpHsl 3alen/ieHusi, NepenaToy-
Hble OTHOLleHHs pedyKTopa {(4acToTa Bpa-
IICHHA BAJIa 3JIEKTPOJABUTATENA TIPH 3a71aH-
HOH NOCTOAHHON YacTOTe BpAUICHUA Bbl-
XolUHOro Baja) u ap. OcHoBHoe pacnpocT-
PaHeHHe [OAyYuaa HapaMeTPUUYecKast OLTH-
MH3auusa, obecrnedynBaioast OlITHMANbHBLE
l1apaMeTpbl 3J€MEHTOB 3aaHHOH CTPYKTYPHL.
KpoMe Toro, mMoXHo BapeHpoBaTh TN
06LEKTOB, HANpUMEpP, THIB PeLYKTOPOB
(WMMHIpHYeCKHe, YepBSIUHbIE, (ITAHETAPHbIE
H JIp.) — CTPYKTYPHO-NapaMeTpH4ecKas ofl-
TiMusauus. OHa npegycMaTpUBaeT U CoBep-
HICHCTBORAHHE CTPYKTYPH H3JIEJHA.

WMHxenepuas ontumusauus KOHKPETHOro
M3N€Hs HaYUHACTCA C IOCTAHOBKH 3a[a4H,
KoTopas skaouaer:

Oflpe/ieicHHe KPUTEPHEB, XapaKTePHU3YIO-
UIHX KayecTBO H3JEenud; :

BbISIBJIEHHE  HE3aBHCHMBIX [ePEeMeHHBbIX
lAPaAMeTPOB, BJAMAKOILHX HA KPUTEPHil Ka-
YeCTRA;

Pa3paboTky maTeMartuueckofi MoJeH, OT-
Paxaioniefi B3auMOCBSA3b MEXIY napamer-
PAMH H KPHTEDUSIMH KaudecTsa.

OnTHMu3auua MoxeT ObiTh OJHOKpPHTCPHAJIb-
HO#t, T. e. OPOBOAMMOH NO OJHOMY AOMHHH-
PYOWEMY KpHTEPHK}, M MHOTOKPHTEpHAJLHOH,
NPOBOIHMOH N0 PHAAY KPHUTEPHEB.

B npocreiiem
MOXKET ONpPEAeNATLCA OLHHM KpPHTEPHEM,
CSILHM OT OJHOrO Nnapamerpa:

Yame BCcTpeualoTcs 3ajzaud, Korga [axKe
OJHH KPHTEPUH 3ABHCHT OT MHOTHX MapaMeTpoB.
Takas 3agaua Gojee croxuas.

B o6uem cayuae npoekTdpyemasi CHCTema 3a-
BACHT OT s BapbHpPyeMbLIX NapamMeTPoOB o)...0,
KOTOPble HABAAKOTCA KOOPAHHATAMH TOUKH o=
= (@...0) B r-MepHOM IpOCTpPaHCTBe Mapamer-
pos. llapameTpam 3apaloTcsi npefeds, B KOTO-
PhiX OHH MOI'YT H3MEHAThCH (OrpaHHYEHHA).

CucTeMa XapaKTepH3yeTCsl KoOJHYeCTBOM K
yacTHBIX KpuTepHes F((a), Fa(a), ..., Fe(a). Ilaa
BBIAEJNEHHOH C y4eTOM OTpaHHYeHHHA 061aCTH He3a-
BHCHMBIX IlapaMeTpoB YC/AOBHE ONTHMAJBHOCTH
MOXKHO 3aiidcaTb B BHOe 3KCTPEMyMa HeKOTOpOH
HeNneBoH BeKTOD-PYHKIHH .

D (A) ={F\(a), Fe(m), ..., Fe(a)}=extremum,

CJydae KauyeCTBO CHCTeMbl
3dBH-

KOMUOHEHTAMH KOTODOH ABJSIIOTCA 4acTHbie KPH-
Tepuu.

O6biuno pacecMaTPHBAKT OrpaHHYeHHs: mapa-
meTpHueckHe (o rabaputam, macce, OLICTPOXOS-
HOCTH H JApYyruM lapameTpam); yHKuUMOHa/bHLIe
(no yHanBepcaJ/bHOCTH, BO3MOXKHOCTH BLIMOJHEHHS
TPYLHBIX ONlepanHi) # KpUTepHaJlbHbE (110 KPHTE-
pUAM paBOTOCOCOOHOCTH H HAMEKHOCTH — MPOY-
HOCTH, YCTOHYHBOCTH, H3HOCOCTOHKOCTH, XECTKO-
CTH, HarpeBy, ilymy u T. A.). Yacto noabsylores
TMHPOKHM  MOHATHEM  KOMCTPYKTHBHBIX OTDAHH-
YCHUH.

B 3aBucHMOCTH OT BHAAZ uenesodl QyHKUHM,
4 TakKke OT BHIa OrpaHHYEHMH CYIIECTBYIOT pas-
JHUHBlE MEeTOJMb OOTHMH3ALHH (METOAB
AHGDEPEHUHANBHOIO HCYHCAEHHA, METOLLI MHOMKH-
Tesieil Jlarpanma, meTolbl JHHeHHOro H HenuHed-
HOTO MPOrpaMMHPOBAHHSA, MeTOAB AHHAMHUYECKOro
nporpaMMupoBakust U 1. 1.). Tpumep Hcnoib3osa-
Hdsl MeTolla MHOXKHTeqed Jlarpamxka njs HeKkorto-
PHIX 3al@Y% ONTHMH3AHHH KOHCTPYKHHE faH B KHH-
re [23].

[ia 60AbIUNHCTBA HHKEHEPHBIX 38434 HCIIOb-
3yeTcs YHMCJIEHHBIH MeTo/l MHOTOKpHTepPHAJbHOM
ONTHMH3ALUAH, OCHOBAWHOH HA TaK Ha3bLIBAeMOM
JIM-m 0 ¥ c x e. DTOT MeToA NO3BoJAALT HaHGOJee
paBHOMePHO HA3HAUNTD HEOOXOIHMBIH MAHHMYM N
MPOOHLIX ToYeK NPH HCCIeOBAHHH BbIACJEHHON
06J1aCTH ne3aBuCHMBIX napameTpos. [Ipu 3Tom on-
THMH3aLUHs BEAETCH 110 BCEM KPHTEPHSAM C OAHOBpe-
MEHHbIM H3MEHEHHEM BceX BapbHPyeMbIX mapamer-
pos [56].

Texyiie 3Hauenusl BapbUpyeMblX mapaMeTpos
onpeeasioTest no gopmyae

a;j=af+qg;lar*—af), j=1,2, ... n,

rie af, af* — HHKHEE M BEePXHEe rpaHHYHbIe 3HA-
UeHHST Kaxknaoro mnapamerpa; ¢; — toukn Cobonan
(ABJIAKOTCA AHANOrOM CJydaHHBIX dHces).
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Has Kaxnporo «nalopa» TekyUIHX 3HAUEHHH
BapbHPYeMbiX NMapaMeTPOB PacCuHTHIBAIOT 3HaAUE-
HHUS YaCTHBIX KpHTepueB. KaXaplit pacueT yCJOBHO
HA3BaH HCMBITAHHEM, KAXAOMY H3 KPHTEDHEB.CTPO-
ST YNOPALOYEHHYIO TabJIHIY HCTIBITaHHA, B KOTOPOH
3HaueHHsl KpHTepueB pacnofaranT B MopHaKe BO3-
pacTanusi (C YyKasaHWeM Homepa HCTIBITZHHA) .

Takum ofpasom nofyualoT AOMYCTHMOE MHO-
JKeCTBO ONTHMAJIbHBIX pelieHuii, OTBeualoUHX BCeM
KpHTepHaJbHbIM, NapaMeTpHuecKUM H (YHKIUHO-
HaJbHBIM OrPAHHUEHHHAM.

Jaa OoJjee feTajipHOrO HCCIENOBAHHS MHO-
WecTBa JONMYCTHMBIX pelleHHH (Bblae/ieHHe TIJio-
Ganbioro sxctpemyma) Meton JIIl.-noucka Moxer
6LiTh JOMOJHEH, HANpHMEp, HCcleJoBaHHeM CNenH-
aJpHO CKOHCTPYHpOBanHoH QYHKUHH, TNpeAcTas-
jaAoweld coboll cBepTKY YaCTHBIX KPpUTe-
pHeB B OJHH raobajbub i

C nmoMolpy 3ToM QYHKIHH OCyUECTBAACTCA
mepexoi oT MHoroxpmgpnaanoﬁ MOCTAHOBKH 3a-
naud K oZHOKpHTepHaJbHoA. KOHKpeTHb# BHA
G yHKLUHH CBEPTKH KpHTEpPHESB ONPee/Isercsl Xapak-
Tepom 3agauyd. Haubodiee yacto B KauecTse TakKoi
GYHKUHH HCTIO/Ib3YeTCo - QYHKUHS

k
Yz, A)=!E Mg[Fr(z )] =1k,
=1

rae g — GYHKUHs npeo6pazoBaHuA  HCXOIHBIX
KpHTePHEB K BHAY, yAOOHOMY IJs1 NOCTPOCHHA
0606 LUIEHHOTO KPHTEpHS; A — BeCOBbE KOG pHLH-
eNTHl, Onpee/sioliHe BAXKHOCTh KPHTEPHEB.

B TeopuH NpUHATHA pellleHH# Takast GyHKuHs
HOCHT Ha3BaHHe ALANTHBNOH QYHKILHH NTOJIE3HOCTH.

PeureHde MHOTOKPHTePHAJBHOH 3alatil B 3TOM
cayuae CBOMHTCS K HAXOMKAEHHIO SKCTPEMAJbHLIX
(MEHHMaJbHHX WM MaxkCHMaJbHbIX, B 3aBHCHMO-
CTH OT NOCTAHOBKH 3ajauM) 3HaueHHi 060611eHHO-
ro KpHTepusl

A’=extr¢ (o, 3), o =4; AEA,

Ias pemeHHs MHOTOKpHTEpPHAJILYOK 3a1a4H
ONTHMH3ALHKE NapaMeTPoB CHCTEMbl BHIGOD (YHK-
UMH @ OCYILECTBJSIETCA HCXOAA H3 CJEAYIOLIAX
cooGpaxeHHd.

1. Kputepuy, BXoAsILHE B alJIHTHBHYIO DyHK-
HHIO MOJe3HOCTH, HAOJKHBI ObiTb «HOPMHDOBAHDI»,
MOCKOJILKY PeajibHble KPHTEPHH HEOQHOPO/IHDL, T. €.
pa3MepHOCTH KpUTEpHeB He COBMAafaioT.

9. Jlas roucKa KOMIPOMHCCHBIX pellenHil To-
uek [lapero moxer ObITh HCIOJNB30BaH METOL
«iJeabHolt Touku». OH COCTOHT B OMpeleseHHH
MHHMMaJBHOIO DACCTOSIHHS MEXKAY TeKYIUHM 3Ha-
4euHeM yacTHOTO H 3Haueuuem 0O0I1IEro KpHTEpHA
NpH MOHCKE ONTHMAJbHBIX 3HAYeHHH MO JaHHOMY
KpuTepHio Oe3 y4eTa OCTaJlbHHX KDHUTEpHEB:

min p[® (2 ) —P°].

Jln1a onpege/eHus PAacCTOSIHHA MoxeT ObiTh
HCIOJb30BAHA eBKJAHA0BA METPHKA

pld(z) —P°)=|P(2) — Pl =

k
:EZI [Fi(e ) —F°]2

3. Jlist ydueTa OTHOCHTEJABHOTO H3MEHEHHST KPH-
TEPHSA B MpoUecce OMTHMH3AaHHH B KaUecTBE HOPMH-
PYIOLIET0 MHOMKHTE/S yN00HO HCMOIb30BATh BEJIH-
yHHy, oOpaTHYI0 KBajxpaTy QHAMA&30HA M3MeHeHWs
KPHTepHeB:

Ni=1/(FF*—Fn".

Takum 06pa3om, CKOHCTpYHpOoBanHas allHTHB-
Hasi QYHKHHA MOJE3HOCTH HMeeT BHUI

\ .
P, A) = 2 MNX [Fi(e) —F] 2 T=T4

x=1

3anaua MoHCKA ONTUMAJAbHBIX pelteHH#t CBO-
IHTCA B 3TOM c.nyqae_ K HAXOXACHHIO MHHEMyMa
dbyHKHHOHA A

As=min p{ad); a=Ad;, he&A.

JIpyrum, BechMa BaXKHbIM MOMEHTOM [IDH pelle-
HHH ONTHMH3aI[MOHHBIX MHOUOKPHTEDHAJbHBIX 3a+
Aau sBJsieTcst BbIOOP BecOBLIX K03h(PHUHEHTOB
A=A, Ou onpeleqsiioT cTPYKTYPY NpefnouTeHd
Ha MHOXKecTBe KputepueB P(A). Onpejneneune
BAKHOCTH KPHTepHeB — He (OPMANH3YEMBIH PO
necc. On tpebyer anpHOPHOH KHDOPMALINH H JHIA,
tipuAuMaloitero peusexue. MenoilbadyeTess MeTOAH-
Ka. 110 KOTopo#H K03 HHHEHTH BaXKHOCTH ONpefe-
JSII0TCH Ha OCHOBE aflpHOPHBLIX OHEHOK BaXHOCTH
Ka){0ro M3 KPHUTepHeR A; CJAeAYIOUIHM 06pa3soM:

k — 1

ZRE H

(=1

A:xle'

rie Re=M(®P) — nojHOe MHOXKECTBO HHAEKCOD
KPHTEPHEB; x; — Hefble [OJ0KHTE/NbHble YHCAA.

Taxum o6pasom, chopMHpOBaHHasT 8 VITHTHBHARA
GYHKUHSA N0Je3HOCTH H COOTBETCTBYIOUIHA BBIGOP
K03 PHUMEHTOB BaXKHOCTH A; AABJSIIOTCH HeOOGXONH-
MEIMH ISl PELIeHHS 3aiadul MHOTOKPHTEpPHAJIbHOR
OTNITHMH3ALHH CHCTEMBI.

Of6o6eNHBIM KPUTEPHEM MHO-
FrOKpHTepHAaJbHOH ONTHMH3ANHH
MalIHHOCTPOUTENbHBIX KOHCTPYKUHH, K KOTO-
poMy cleiyeT CTPeMHTLCA, SIBIAETCA MPHH-
IHIl MHHHMyMa 3artpaT TpyAa TMpH H3rO-
TOBJEHHH H SKCIJAyaTalliH ¢ y4YeToM pac-
[pe/iefieHHs] TPYAOBBLIX 3aTPAT MO BPEeMEHH.
Peanyuzalus 3TOrO KpUTEpPHUA 3aTpyAHSAETCH
CJIOXKHOCTBIO H TPYNLOEeMKOCTBbIO ero MOHCKa,
OoTcyTCTBHEM H HeCTafHABHOCTbLIO 3HAYE-
HUfi 9KOHOMMYECKHX IOKasaTefjed. IToT
KPHTEPHA [PUMEHSIOT B ynpolerHo# dop-
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ME€: I/l TeXHOJOFHUECKHX MAIUHH — B BHIE
MHHHMH3alHH ce0ecTOMMOCTH eAHHHIbI TPo-
AYKUHH, A7 3HEePreTHY4eCKHX MallHH —
B BHAE CeGECTOMMOCTH EJHHHUBl 3JEKTpO-
'3HEPruY; JJA TPAHCHOPTHBIX MalIHH — B
BHIE MHHHMH3ALHH ceb6ecTOMMOCTH Iepe-
BO3KH eJMHHUB MacChl Ha eQWHHILy pac-
CTOAHHS.

[IpocTtefimumun npuimMepaMu o0b-
€KTOB onTHMH3alUHu B obaacTu perajell ma-
IHHH MOTYT CJAYXKHTb: CTEPI)KHH, T. €. 6ajkH,
KOJIOHHBL, WAaTyHbi (MpodHAb H pa3Mepsl ce-
YeHHA BAOJb [JIHHbI, paclofo)XeHHe OMOpP);
pe3b6oBbie AeTanH (MpodHab, dopma cTepx-
HA H radke); 3y6uaTble nepegauyH (THIIHI,
napaMeTpnl 3auel/jeHusi, nepelaTouHLe Unc-
Jia, KOHCTPYKTHBHblE COOTHOLIEHHA); TOA-
IIHIHHKA KauyeHusa (THIB, NMPOpHAL A0POXKeK
Ka4eHHs1, KOHCTPYKTHBHbIE COOTHOLIEHHSA, HA-
TAFH, 3a30pbl); MOAIIHMHHKH CKOJbXEHH:
(reoMeTpHuUuecKHe COOTHOWeEHUA, GOpPMHL pac-
TOY€EK, 3a30PHl, BA3KOCTb Maced) H aAp. OcHoB-
Hble KPUTEPHH: Macca, COTNPOTHUBJAEHHE yCTa-
JMOCTH, TEXHOJOrHYHOCTb, a AJA Mepejay —
rakxke KIT1/1, GecllyMHOCTb, TEMJAOCTORKOCT,
A0JITOBEUHOCTD.

Jaemedntn CAIIP, npumessemsle npu
H3y4eHHH Kypca JeTaieldl MallivH, 3To NMpexae
BCEro — aBTOMaTH3alWs PacyeTOB MPU BH-
MOJHEHHH KYpPCOBbLIX [IPOEKTOB M JOMAlUHHUX
szanaunii. Takas aBroMaTH3auus npelycmar-
pUBaeT aATOPHTMH3ALLKIO Kypca: 3aMeHy Tab-
JIMYHbIX JaHHBIX aHAJHTHYECKHMH 3aBHCUMO-
CTSIMH, BBeJleHHE COBPeMEeHHbIX MeTOA0B pac-
ueTa, KoTopble GblH HEBO3MOXHH TpPH pyy-
HoM cuere. [Ipu wucnoab3oBanun IBM ua
CEMHUHAPCKHX 3aHATUAX CTYAEHT 3akperser

3HAHHSI aNTOPHTMHYECKHX S3BIKOB, MOJyyaeT
HaBbiKH NPUMEHEHHS 3THX 3HaHHH NpH peile-
HHH HeOOJbIIHX KOHKPETHBIX HHXEHepHbIX
3ajau.

Hcnoab3oBanne CAIIP npeanonaraer axk-
THBHOE yUacCTHE YeJlOBEKa B aHa/fH3e BapHaH-
TOB, ONTHUMH3A1MH, NPUHATUH petleHus. Ta-
KOH TBOpUECKHH MOAXOJA K MPOeKTHPOBAHHUIO
MOXEeT IIHPOKO peajH30BaThCA B KYypCOBOM
NpoekTe MO AeTadsiM MallHH, OCOGEHHO YYH-
ThIBas, YTO BCe 3aja4y B NPOEKTe MHOFOKpPH-
TepuaJbHbl CO MHOXeCTBOM yIpaBJasieMbiX
napaMeTpoB.

CaenyomuM cocraBHbM saementoM CAITP
ABJSIeTCA yMeHue pabotaTbh ¢ 6aHKaMH JaH-
HBIX (MapaMeTrpaMH cTaHIapTHBIX Y3J0B —
3JIeKTpOABHIraTedel, MOAWNHMHHKOB, My(pT H
T. A.; rpaHUECKHMH BAHHLIMH — YepTeKaMu
CTaHIAapTHHX JeTajel, HapuMep BaJjoB, 3y6-
YaTbIX KoJiec, COOPOUHBIX e IHHUIL H3 HHX; TO-
TOBbIMH T'PapHUECKHMH PELIEHHAMH; NaKeTa-
MH MpHKJAAJHbIX TpOrpaMM AJs pacuera).
[IpakTHueckHii Hapblk pa6oTel ¢ Oankamu
JNAaHHBIX MOXHO TMOJYYHTbL C TOMOIILIO JTHA-
JIOTOBBIX HJIH aBTOMAaTH3UPOBAHHBIX 00yyalo-
[IHX CHCTEM.

CambiM nepcnekTHBHbIM 3JeMenToM CATTP
B H3YUeHHH Kypca jeTaJjieil MalluH ABJAAETCA
aBTOMAaTH3allhusi KOHCTPYKTOPCKHX H rpadm-
YeCKuX pabor.

Hakoneu, CATTP nossonser o6paGorky pe-
3yAbTaTOB HCMbITAHHK Ha DBM; ¢ moMouibio
AATYHKOB H CMeHalbHON annapaTyphl cHrHa-
JIH C 5KCMepHMeHTabHbIX YCTAaHOBOK BBOLST-
¢si B DBM, B Kotopoii oHH o6pabaThBamTCA
M BbLAAIOTCA Ha Auchaed UJIH TpadonocTpoH-
Te/lib B BHIe rpadHKOB.



FTABA IV

COEAHNHEHHA. CBAPHbBIE COEIXMHEHHUHA

§ 4.1. OBWLHE CBELEHUS
O COEAHHEHHMSIX

~ Ilox coeguHeHHSIMH B MAlUHHOCTPOEHHH
MOHUMAIOT y3Jbl, 006pa3oBaHHbIE COENHHH-
TEJAbHBIMH NeTaJAMH (3aKNENKAMH, BHHTAMH
H Ap.) U [pUJETAIMIHMHA YACTIMH CoelnHsie-
MBIX JleTajed (Hanpumep, paaduamu), ¢op-
Mad KOTOpbIX 0OBbIYHO MOJYHHEHA 3ajaue Co-
elMHeHHA. B OTAeJdbHBIX COeIUHEHHSIX clle-
LUHAJbHBIE COeJHHUTENLHblE JEeTaJd MOryT
OTCYTCTBOBATb,

CoenyHeHHs TIO3BOJAIOT COCTABHTDH - CO-
GpaTh W3 OTHEABHBIX AeTasnedl MalluHy HJIH
arperar.

CoenuHeHUs1 110 TPH3HAKY BO3MOXKHOCTH
pa3bopKH AefsAT HA Hepa3beMHBble, KO-
TOpbEe HeJab3sl pasofparb 6e3 pas3pylweHHs
HJIH [IOBPEXIeHHs (3akjenodHsle, cBapHbie),
H Pa3beMHble, MO3BOJAIIIHE [IOBTOPHBIE
cOopKy H pa3bopky (pe3b0oBbie, KIHHOBbBIE,
LITHUEeBbIe H Ap.).

Hepasbemnbie coeauHeHHsl ocyluecTtsis-
IOTCS CHJIAMH MOJIeKYJsPHO-MeXaHHYeCKoro
ciielljieHus (cBapHbie, NasiHble, KJ€eBhle) Wl
MEXAaHHYECKHMH cpeicTBaMH (KnelaHsle, cO-
e/lHHeHHA C HATATOM, BaJbLOBAHHbIE).

O6ue# TenleHnHeR pa3sBHTHS COeAHHEHHH

ABJAAECTCA NPUOJHKEHHE UX K LeJbIM JeTaaAM
H yOBJETBOPEHHE YCAOBUIO PABHONPOYHOCTH
C COeHMHEeHHbLIMH 3nemeHTaMu. Muaue mare-
. pHaJa coeiMHAEMBIX 3/IeMEHTOB He Oyier noJi-
HOCTBIO HCIIOJNb30BAH.

CoenHeHHS 31EMEHTOB COCYNOB H Tpy6o-
NPOBOMNOB, COAEPKALIAX KUJIKOCTH HJH T'a3sl,
AOJKHBl YAOBAETBOPATb YCAOBHAM IJOTHO-
CTH (re€pMeTHYHOCTH). [I/71 3TOrO0 KOHTaKTH-
pYIOLLHe MOBEPXHOCTH MeXaHHUECKHX COeJH-
HeHHH JOMKHB OBbITb CMKATH JaBJeHHEM,
CYLLEeCTBEHHO  MOPEBLILIAIOIIHM  [JAaBJAEHHE
Cpejbl. '

B cBA3n ¢ HeoGXOAMMOCTBIO COXPAHEHHS
TOUHOCTH MOJ HATPY3KOH COEJHUHEHUS JOMMK-
HBl YIORBJETBOPSATH YCJAOBHIO X eCTKOCTH

§ 4.2. OBLIUE CBELEHUSA
0 CBAPHbIX COEJIHHEHHAX

CpapHble cOeJlHHEeHHS— 3T0 He
pa3’beMHBle COeJIMHEHHSI, OCHOBAHHbLIE HA HG-
NOJb30BAHHH CHJI MOJEKYJSIPHOTO ClelJeHds
U MoJydaeMble [[yTEM MecTHOIO Harpesa ne-
TaJied 1O PacIlJIaBJA€HHOro cOCTOsAHUA (cBap-
Ka [J1aBJeHHEM 3JEKTPOAYTroBas, 3JAEKTPo-
IIJTAKOBASA H AD.) HJH J0 TecToo8pa3HOro co-
CTOfIHHS, HO C MPUMEHEHHEeM MeXaHHYecCKoH
cHJIbl (KOHTAKTHAs CBapKa).

Cpapuble coeuHeHUs ABASTCA Hanbogee
COBeplUeHHBIMH Hepa3beMHbIMH COeTHHEHHS-
MH, T4aK KaK Jydlle ApPyrax npubnauxaror
COCTABHBIE JETAJH K NEJbIM U 03BOJSTIOT U3~
TOTOBJSATL AETAJid HEeOrpaHHYEeHHUBIX pa3me-
pos. IlpoudocTs cBapHLIX COelHHEHHH TpH
CTATHYECKHX H ynapHBIX HAarpy3Kax oBe/leHa
Jo MPOUYHOCTH JieTajed H3 neaoro MeTanna.
(cBoena cBapka BceX KOHCTPYKILMOHHbIX CTa-
Jiefi, BKJoUas BbICOKOJErHPOBaHHLIE, IIBET-
HbIX CIJIABOB M MJACTMAaccC.

Hdyropas cBapka MeTaNIAHUECKHM
31€KTPOLOM OCYyLIECTBIACTCA 3JEKTPHUECKOH
AYToH MeXmy 3JeKTpoaoM M u3jleaueM. Bhipgense-
MOE TeIvio OIUIAB/IAET COeAWHsieMble JeTaJn H
pacnJaBisieT eKTpof (HJAH NpHcaXOoYHbIH maTe+
pHaJ), KOTopbif AaeT AOTIOJHHTEAbHbI MeTaJlT AJIA
topmHpoRanusi wmea. JlyroBasi 3JjekTpHUeckad
CBApKA #ABJASIETCH KPyNHBIM pPYCCKMM H300perTe-
uem (H. M. Benapnoc, 1882 r, u H. T. Caasa-
uos, 1888 r.).

OcHOBHBIM CrIocoB0M MeXaHH3HPOBAHHOR Oyro:
Bo#l cBapKH, 0GeCleyHBalOINM BLICOKOEe KauyecTBO
IIBA, TPOH3BOAUTEILHOCTD H IKOHOMHYHOCTh TIPO-
Hecca, SsIBJSIRTCH aBTOMaTHyecKasi cpapka Moj
cnoem ¢aoca. OHa NPHMEHSIETCH B HIMPOKOM JHA-
Ma3oHe TOJUHH CBAPHBAEMbIX IEMEHTOB H JONYC-
KAET CoRHHEHHe [eTalleil KaK U3 oGbl4HBIX KOHCT-
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PYKUMOHHBIX, TaK H H3 BHICOKOMPOUYHBIX, KOPPO3H-
OHHO-CTOMKHX, »XapOMpouHbIX cTaJjel, a TaKxe H3
aJKMHHMEBbIX H THTAHOBBIX CMJaBoB. OcobeHHo
3(pPEKTHBHO NMPHMCHEHHe aBTOMATHUYECKOH CBapKH
B CcepHiHOM TNPOH3BOACTBE M [JS KOHCTPYKUHH
¢ NJAUHHBIMH wWBaMH. [1JI1 KOHCTPYKUHH ¢ KOPOTKH-
MH pa3zbpocauMHbIMH 1IBAMH MNPHMEHAOT MO Jy-
aBTOMAaTHYeCKyl WMJAaHTOoBY cBap-
Ky, @ NMpH Majom oObeMe CBapouHbiXx padoT —
pY4YHY0 AYFrOBYW CBapKy.

Jlns cBapkH MeTallIHUecKHX [AeTaJjledl Malok
TOJLIHHB], AeTadell H3 BBICOKOJErHpOBAHHBLIX CTa-
Jjei, HBeTHBIX MeTaJ/J10B H CNJAABOB MOJYUHIH pac-
npocTpaHeHHe AYroBast cBapKa B Cpeie 3alHTHHIX
ra3oB, CBapKa B YIVIRKHCJOM Ira3e H aproHoAyrosas
cBapKa.

DnexTpomJJaKkoBass CBapKa Tak Xe,
Kaxk H AyroBas, npeactasJsieT coboil ceapky nias-
JeHHEM, NMPH NPOXOKAeHHH TOKA Yepes LIaKoBylO
BAHHY OT 3JEKTPoJa K HU3JAEJHIO BbiJC/IAETCH Ten-
J0Ta, pacivlaBjisAlollas OCHOBHOH H NpHCcagouHblf
MaTtepuasbl. DJeKTpollakoBasi cBapka npenHas-
HaueHa AAs COoefiHHeHHs AeTalleff TOJUIHHOH OT
30 viM g0 1...2 M. DieKTpourlakoBas cBapka noa-
BOJSIET 3aMEHAITh CJ0XKHble THMKe e LeJbHOAH-
Thie H LEeJBHOKOBAHLIE KOHCTPYKLIHH CBapPHBIMH
13 MOKOBOK, OTJIMBOK HJH JIHCTOB, NMO3BOJIAET GOp-
MUpPOBATh Nepexoauble MOBEPXHOCTH (raJjTeiH},
YTO 3HAYMTENbHO 00JIeryaeT H ylelieBJaseT NPOH3-
BOJCTBO. DVIEKTPOULIAKOBYIO CBAapKy MpHMeHSIOT,
B YaCTHOCTH, NJIS1 UYTYHHBIX OTJIHBOK.

KoHTakTHasn cBapKa OCHOBAHA Ha
paszorpese CTbiKa TeMMOTOH, BLiEJSIIOLIEACH IpH
HPOMYCKAHHH Yepe3 MEro 3JIeKTPHYeCcKOoTo ToKa, H
CAABJAUBAHHH HeTaseH. KOHTaKTHYK cBapKy IpH-
ME@HSIOT TIPeHMYILIECTBEHHO B CEPHHHOM H Macco-
BOM MPOH3BOJCTBAX.

[Mpu cBapke TpeHHeM HCHOJb3yeTcsl Ten-
JoTa, Belge/isieMas B MPOLecce OTHOCHTEJIbHOTO
NBUXeHWs cBapHBaeMmblX [eTaJled, IpeHMYLIecT-
BEHHO TeJl BpPAalU@HHs.

[TpumensnIOT TakkKe cnmeuHaJbHb e BH A bI
CBapKH:

Idddy3voHHYO, MO3BOJSIIOLULYID COeJHHATH
pPa3HopoaybEle MaTepraJbl B 06ecneunBaloLyio MH-
HHMaJbHOe H3MeHCHHe CBOHCTB coeJuHeHH: Mo
CPABHEHHIO CO CBOHCTBAMH OCHOBHBLIX MaTepHaJOB;

3MeKTPOHHO-JIY4eBYI0 (BecbMa 3SKOHOMHYECKH
BBIMOAHYI0) M JlazepHyo, obecneyuBaplide Y3KYIO
30HY TMpONJAABJEHHNA, MaJjible AedopMaudd H NO3-
BOJIAIOLIME CBapKy 3aKaJleHHHIX feTaJei;

PagHOYACTOTHYIO, MPEHMYLUECTBEHHO TpHMe-
HAEMYI0 /1A TOHKHX Tpy6 H BecbMa NpPOH3BOLH-
TR/IbHYIO;

YJbTPA3BYKOBYIO B NPHOOPOCTPORHHH AJIS [ie-
TajJeH MajoH TOJIIUHB H3 OJHOPOAHBIX W pA3HO-
POAHBIX METAaJJIOB;

CBapKy B3PHIBOM, MPEUMYLIECTBEHHO s MMO-
KDBITHHA,

CylecTBeHHbBIE I@PCNEKTHBH, B YaCTHOCTH AJIs1
NOBBLILICHHS MPOH3BOAUTEbHOCTH CBAPKH H DE3KH,
JaeT NpuMeHexde NJA3MEHHOTO Mpouecca.

e TS

Puc. 4.1. CTbhiXoBble coeqHHEHHs

BecbMa 3¢ peKTHBHBE Ha 1Jl a B KH, HOBBIIHAIK-
e H3HococTOlKocTh B 3...10 pa3. BosmoxHua
HalJIaBKa CJ10s1 IPpaKTHUECKH JI1I060ro MeTallila HJH
CJlaBa Ha 3aloToBKY H3 00bIYHOH KOHCTPYKLHOH-
HOH CTaJH.

iupoko NPpHMEHSIIOT BOCCTAHOBHTE/IbHLIE Ha-
NJlaBKH, HO el HeJOCTaTOYHO MPUMEHSIIOT Hamias-
KH, BBIMOJIHAEMbIe B Mpollecce H3rOTOBJIEHHH, XOTH
oHH HanboJjlee BLITOAHbLI. YCNelido HaMJIasJsiioT
KJanaHbl aBTOMOOHJBHGLIX [BHTaTeledl H Au3efed,
JemeXH, 6aHIAXKH KeJeIHOJOPOKHBX KOJEC, mpo-
KaTHble BAJKH,

PaspaGorana cBapKa I1aCTMACC T[a30BLIMH
TEMJIOHOCHTEJISIMY, HarpeBaTe/IbHbIMH 3JeMeHTaMH
TBU., yabrpa3Bykom, TpeHHeM, C MOMOLLbIO XHMH-
YeCKHX peakuuH.

Mo o6bemy cBapounnix pabor CCCP sanrMaer
MmepBoe MeCcTo B mHpe, npHueM Gojee 50 9 pabor
MEXaHH3HPOBAHbl HJAH ABTOMATH3HPOBAHDI.

CpapHble cOoeiHEeHHs MO B3aHMHOMY pAac-
MOJOKEHHIO COeJHHAEMBIX /IEMEHTOB MOXHO
pasJie/IiTh Ha CJAeAYIOLLHEe [PYIIb:

1. Coenunenusn croikoBue, CoeauHsieMble
3/J€MEHTbl ABJAAKTCA [IPOAOKEHHEM OAHH
Apyroro, cBapKy TMPOH3BOAAT Mo TopuaM
(pHe. 4.1).

2. CoenuHenus Haxnaectoussle. BokoBbie
[IOBEPXHOCTH COENUHAEMbIX 3/]eMEeHTOB 4Yac-
THYHO TIEPEKPHIBAIOT OfHA APYTYIO (pHC. 4.2).

NV
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Puc. 4.2, Haxnecrounbie cocIHHEeHHA
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3. Coentenus taspopbie. CoelHHAEMblE
371eMeHTbl NEPNEeHHKyAsipHBE HJH pexke Ha-
KJOHHB OJMH K Apyromy. OauH 3aeMeHT
TOPLOM OpHBapuBaeTcad K GOKOBOH moBepx-
HOCTH apyroro (puc. 4.8, a, 6, 8).

4, Coeannenns yryospie. CoelHHsieMble
3JleMeHTH MepneHJUKYASPHb HAH HAKJIOHHBI
OJHH K IPyrOoMy H MpUBApPUBAIOTCA 110 KPOM-
kam (puc. 4.8, ¢, 0, e).

[IpuMeHeHHe CTHIKOBHIX COeNHHEHHH, KakK’

Hapbonee 6JH3KUX K LEALIM aeransm, pac-
HIHPSAETCA, 4 NMpHMeHeHHe HAaXJAeCTOYHbIX —
COKpalllaeTcs.

[TpumeneHHe cBapHBIX KOHCTPYKItHI Obec-
MeyuBaeT Cy LIECTBEHHYIO 3 KOHOMHIO
MeTaJdJa MO CPABHEHHIO C K/eMaHbIMH H
JUTBIMH. DKOHOMHA METaJJa Mo CPaBHEHHIO
C KJeNaHbLIMH KOHCTPYKIHAMH MOJAydyaeTcs B
OCHOBHOM BBHY:

a) MOJHOTO HCMOJab30BaHHA paboynx ceue-
HHA coelHHSEeMBIX 3JeMeHToB 6e3 ocaabue-
HUAl HX OTBEPCTHAMH AJf 3aKJenNok;

6) BO3MOXKHOCTH HENoCPeICTBEHHOro co-
eAHHeHHs1 3JieMeHToB 0e3 BCOOMOTATe ] bHBIX
Aetaneit (HaKIaloK).

O6uiasi 3KOHOMHSL MeTaaka COoCTaBAseT B
cpeanem 15...20 %.

JKOHOMHA MeTanfa MO CPABHEHHIO C JIH-
THIMH KOHUCTPYKUHSIMH AocTHraerca 6Jaro-
aaps:

a) Gonee BBICOKHM MeXaHHUYECKHM CBORCT-
BaM MaTepHaJOB H MeHbUHM OCTaTO4HLIM
HAMPSIKEHHUSAM;

6) Oojee TOMKHM cTeHKaM;

B) MeHBLIIHM MPHMycKaM Ha MexaHHue-
CKyl0 06palboTRy.

CBapHbI€ cTajbHBIE KOHCTPYKI[HH Jlerye qy-
TYHHBIX JMTHIX. HAa BeJHudHbl Ao 50 %, a
CTanbHbIX JUTHX — 10 30 %.

IOns ceapku xapakTepHbl BbICOKHE KOHO-
MHYECKHe MoKasaTejd: Majasa TPYJAOeMKOCTh
npoiecca, OTHOCHTEJNbHO HH3Kafi CTOHMOCTD
o6opya0oBaHHsdA, BO3MOMKHOCTH aBTOMAaTH3a-
il U T. 4. OTHOCHTENBHO HH3Kaf CTOUMOCTD
cBapoyHoro o0O6OpYyAOBaHHA ONpeaensieTcs
TeM, UTO OHO He CBs3aHO C HCMOJbL30BAHHEM
GonbWwuX cui (Kak Ky3HeuHo-npeccoBoe 060-
pyaoBaHHe) H ¢ HeOOXOAMMOCTbIO MAABJACHHUSA
GONBIIOrO KonyuecTsa MeTalnla (Kak JHTeid-
HO€ MPOH3BOJCTBO).

HenocratkoM cBapku saBisercs HecTa-
OHALHOCTL KauecTBa LIBA, 3aBHCALLAs OT
KBaJHu(pUKALUUH CBAPIINKA. DTOT HellOCTATOR
B 3HAYHTEJLHOH CTENEHH YCTPaAHACTCA IPHMe-
HeHHeM aBTOMATHYECKOHd CBApPKH.

B Hactosiuiee BpeMs ceapHble KOHCTPYKLUUH
BBITECHHJIH KJelMaHble W3 MAalIHHOCTPOeHHS
(B TOM yHCle U3 CYAO- H KOTJAOCTPOEHHA)
3a HCKJOUYeHHEM OTIeNbHbIX CJyuyaes.

Ceapka sigisieTcsl OCHOBHBIM BHIOM MOJY~-
yeHHSl CcoeJHHeHHH MeTa/JHYeCKHX CTpPOH=-
TeabHbIX KOoHcTPyKuu#., Haunbosnee mporpecs
CHBHO M3rOTOBJEHHE MeTaJJAH4YeCKHX KOHCT=
pPyKuuil Ha 3aBojaXx cBapPKOH, a UX coelHH@~
HHe Ha CTPOHTeJbHbIX OO0DBEKTax BHICOKO~
npo4HpiMH GOJNTaMH.

Ceapka no3BoAfieT yAelleBJATb H COBEp~-
LIeHCTBOBATh KOHCTPYKUHH JAeTajied, Nojay-
UEHHBIX PAa3HbIMH 3aTrOTOBHTEJILHBIMH Ollepa=
UHAMH, MOKOBOK, NpoKaTa, OTJHBOK H [eTa~-
Jed U3 pasHbIX MaTepHaloB.

IIupokoe npuMeHeHHe HaXOAAT CBapHHE
KOHCTPYKIHH H3 THYTBIX HJH WITAaMIOBaHHBIX
7A€MeHTOB. DTH KOHCTPYKIHH AONMYCKAOT P&-
LHOHAaJ/bHble (DOPMBI TIPH MAJOH TPYNLOEM-
KOCTH.

O6uiMM UCXOIHBIM YCJAOBHEM MPOEKTHPO-
BAHUA CBAapHbIX cOedHHEHHH sABJseTca Y €-
JoBHEe PABHOMPOUYHOCTH WBA H
COEHHSAeMB X 3JAeMeHTOB.

§ 4.3. COEJMHEHHS 1YTOBOM
CBAPKOM

CToKOBLE CcoeldHHeHHA Ayro~
ot ceapkoil. CoeanHeHHss ABAAIOTCA
Hanbojee coBEpPUIEHHBIMH MO CPAaBHEHHIO
APYTHMH cBapHbHIMH coefnHesHAMH. OcHOB~
Mble BHIB CTHIKOBHLIX COEJHHEHHH MOKa3aHH
Ha puc. 4.1. _

CeapHBalOT BCTHIK C ABYX CTOPOH uJH €
OJIHO# CTOPOHH H MOABapHBAIOT (T. €. HaKAa-
[BIBAIOT HerNy6OKHA WOoB) ¢ APYrofl CTOPOHHL.
[IIBel ¢ noasapko# ueiecoobpasnbl TOTAA,
goria cpapka ¢ o0eHX CTOpPOH HeOJHHAKOBO
yao6ua. Ecau cBapoudble paboTel MOXHO
POU3BONUTL TOJNBKO C OJHOH CTOPOHBI, TO
C [IPOTHBOIIOJIOXKHOH CTOPOHBI BO u3bexaHne
CTeKaHHs MeTajja NperycMaTpPHBAIOT MOJ-
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wJIadKH. DIeMEeHTbl MaJjoH TOJIIMHBL BCeTa
CBAPUBAIOT C OAHOH CTOPOHBI ¢ TIPUMEHEHHEM
noakaafok. Ecan ceapusaemble JIHCTHL pa-
GOTAT Ha H3THO B MAOCKOCTH MaJoH XKecT-
KOCTH, TO [pennouYTUTenbHee, 4yrofbl B
HAKJIAIbIBAMIUCh CO CTOPOHBI BOJOKOH, pabo-
TAIOUIMX HA pACTAXKEHHE.

s 3neMeHToB MaJoH TOJILHHEL MpHMe-
HAIOT CBapkKy ¢ oTfoproskoil (puc. 4.1, a),
JAJA 3EMEHTOB CpeiHeH TOJUIMHBL — CBAPKY
e3 CKOCA KPOMOK JBYCTOPOHHHM LIBOM
{puc. 4.1, 6), OIHOCTODOHHHM - LUIBOM Ha
¢daocoBoll  nmoakmanke (puc. 4.1, 8) wuau
co cKocamu (puc. 4.1,2), masa 3JeMeHTOB
GOMBLIOH  TOJMIUHHBL -~ ¢ KDPHBOJHHE HHBIMH
ckocaMu (puc. 4.1,0) 4 ¢ ueTHpbMA CKO-
camMu (puc. 4.1, e):

Popma ceuenusa wea (cM. puc. 4.1) . . . a
ToNUHHA COSAUHSIEMBIX JEMEHTOB, MM 1,5...3

ABToMaTHuUecKasl cBapka noa cioem dJioca
obecreudpaer Goaee rayGoKoe npolliaBjeHue
WBOB, YeM pyuHaf.

Hosble nporpeccuBHble MeTONBI CBapKH
MO3BOJAAKT yBE&JHYHBATh TOMIUHHY MeTaJJa
AeTajel, cBapuBaeMblx 0e3 pasfesKH- Kpo-
MOK. ki TOPH3OHTAJILHBIX LIBOB, BHIMOJHS -
€MBIX HA BEePTHKAJbHbIX CTEHKAaX, CKOCHl Je-
JAI0T HeCHMMETPHUHBLIMH BO H36eKaHue cTe-
KaHusa Merajna.

CTbiKOBBlE BB HMET HeGOMbLIOE yTOJI-
LH€HHe, KOTOpOE He [AO0/KHO I[IpeBbIlaTh
[...1,6 MM BO n3bexaHHe YBeJIHUEHHS KOH-
LeHTPAUHH HANpPAXKEHHH.

Jia GONBIIHHCTBA CBAPHBIX KOHCTPYKUUH
Npeo0AafAIOIIHUMH ABSIOTCA HATPY3KHU € Ma-
JIbIM OGLIHM YHC/I0M HUuKA08B. [losToMy ocHOB-
HBIM [JIS CBApPHBIX COEIHHEHHI SBJAETCH
pacueT 10 HOMHHAJIbHHIM HAMPSKEHUM. Xa-
pakTep HaArpys3ku (OTHOLUEHHE nepeMeHHOH
COCTABJMAWILEH K [OCTOAHHOH) YYUTHIBAIOT
nMpu  BHGOpe NONMyCKAaeMblX HalpsKeHHN.

CrblKoBble BBl HA MPOYHOCTb PACCHYHTHI-
BAIOT 10 HOMHHAJMbHOMY CeUeHHI0 coeJHHfe-
MbIX 3JI€MEHTOB §€3 yyeTa yTOJIIEHHA LIBOB.
Hns pacyera WBOB HCNOJb3YIOT T€ XKe 3aBH-
CHMOCTH, 4TO M AJIA UEJIBIX 3/IEMCHTOB.

CTbIKOBBHIE COEHHEHHS] MOFYT BOCTPHHH-
MaTb MPOH3BOJILHO HANpAaB/ieHHBIE HATPY3KH
H MOMEHTbl TakK K€, KaK U COeJUHsAeMble
37€MeHThI.

6 8 2 d e
2...20 4...10 14..24 24...160 20...60

Huxe npuBeneHbl ycaoBHA MPOUHOCTH MO
JOoTycKaeMbIM HATpAXKeHHAM ANg Haubogee
ynoTpeGuTe/NbHBIX BHIOB HarpyxeHus (jo-
MyCKAEMble HAMpPAXKEHUA B CBAPHBIX UIBaX
JAA OTJAUYHA OT HX HANPAXKEeHHH B LeabX
CeqeHUAX oTMeyaloT WTpuxoM [o’] n [1]).
3HaueHHs OONMYCKAaeMbIX HAMpAXKEHHH BHIOH-
patoT 1o taba. 4.1,

Hanpsixkeuns pacrsaxkednsa (cxkatha)

o=y < pien

roe [ — pAHHa 1IBA;, § — TOJULAHA COENH-
HfIEMBIX 3JIeMEHTOB.

4.1, JlonycKkaeMmbie Manpsi:KeHHs] AJS CBapHbIX WBOB COe[HHEHHH M3 HU3KOYTJIEpOAHCTBIX H HH3IKO-

JErHPOBAHHLIX CTAJIeH

Hanpsxennoe cocronnue Tun wea

JonycKkaemoe

Crocob ceapku
HanpsKeHHe

Pacraxenne, cxatue [6’], CroikoBoi

IlyroBas aBToMaTHueckasi H no-

JyaBTOMaTHUECKAA NMoJ1 PJ1ocoMm,
B C02 .

IHyrosasd pydyHaf 3J/IeKTpOAaMHu

[o]p

D42A, D46A, 350A

KonraktHas,

3JIeKTPOHHO-Jyue-

Bas, Auddysnounas

Cpes [1] e YrioBoi JlyroBas asroMaTHueckKad H no- 0,8[a]p
CroikoROA JyaBTomaTHuecKas noa ¢Jocom, 0,65 o],

B C02
YriaoBoit Iyroeas pyunas 0,6[s]p
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[onyctumaa pacrarupaminas (HJad CXKu-
MAaKlaa) cHiaa

F= [0'] pemils.

Ecan wmartepuan B OKOMOLIOBHOH 30HE
CYLIECTBEHHO ocaalb/aeH [IpH cBapke (BHI-
COKOIIpOYHBIE CTaJH}, TO pacuyer LIBORB
3aMeHsleTcsl pPAacyeToM CcOedUHEeHHH [0 ce-
YEHHI0 B ITOH 30He.

Hanpsxeuus ot usru6amowero momesra M
B MJOCKOCTH COEJUHAEMBIX 3JE€MEHTOB

M
()'=-—ﬁ?—- é [G']p,

C

rie W. — MOMEeHT COTpPOTHBJCHUS PacueTHO-
ro CeueHHd LIBa.

Hanpsaxenusi or usrubaloimero MomeHTta
B IIOCKOCTH COENHHAEMBIX 3JIEMEHTOB M pac-

TArHBaKOLEH (HAM cXuMawolleid) cuasl F
M F
0= +__ << {d’]..
W, {s <o,

Ilpu cuATbix mexaHHueckodl oGpaBoTKOH
YCHJIEHHSIX LIBA H €ro X0polleM BhINOJHEHHH
KOHUEHTPAUKHU HaNpPAKEHHH B CTBIKOBBIX
LIBAX NMpaKTHYeCKH He GbiBaeT. B mBax ¢ ycu-
JeHHeM HaHboNblwAasA KOHUeHTPAUUA BO3HU-
KaeT Ha Kpasx ycujaeHus. KosdppuuneHT KoH-
UEHTPAUKH B IMIBAX ¢ OOJLIIHM YCHJEHHEM
nocruraer 1,6, '

Haxnecrtouydsle coefHHE HH {1, KaK
Mpasu/o, BHIIIOJHSIOT YIIOBLIMH IUBAMH.

Yrnosbele WBH MO PACHOJOKEHUIO OTHOCH-
TeJILHO HArPY3KH Pa3fiesIAoT Ha: NolepeyHke
HIH Jo6oBble, pacloONOKEHHLIE MepledIHKy-
JApHO HanpasieHHio cHAn (puc. 4.2, a);
NPOAOJbHBIE HJAH (PJAAHTOBLIE, PaCIONOXKEH-
Hble MAapafenbHO HaAlpaBJeHUIO CHJBL (puc.
4.2, 6); Kocele, pacloJiOXKeHHble M0J YIJIOM
K HamnpapJeHHIO cusibl (puc. 4.2, 8); kombu-
HUpOBaHHHIe, npecTaB/sAILHe cobfoli coye-
TaHHe ABYX HJH BceX TpPex [epeuyHcICHHBbIX
mBoe (puc. 4.2, 2).
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Jlo6oBhbie 1IBBl B0 H30eXKaHHE BO3HUKHOBE-
HHS MOBBLIIIEHHBIX HANpSKEeHUH H3ruba cie-
JdyeT HAKAANbIBATbL C JABYX CTOPOM, a Mepe-
KPBITHE COEAMHASMBIX 3JEMEHTOB JOJKHO
O6LiTh He MeHblue 4s (puc. 4.3, a).

MaKcuManbpHyio AJUHY A000BBIX H KOCHIX
IIBOB He orpaHuuuBalot. [JHHY (hJaaHIroBbIX
MIBOB peKoMeHJyloT BblbupaTb He Oosee
(50...60) k&, rae & — KaTeT TPeyroJbHUKA [0+
nepedHoro ceueHud mea. Ma-3a HeusGeKHUX
no KOHHAM WIBOB JedeKToB, BJHSAIIIHX HAa
HX [POYHOCTD, AJUHY YIJIOBLIX 1IBOB BLIGHpA-
0T He menee 30 MM.

[TpuMeHAOT yrioBHEe LIBBI:

a) HOpMaJibHble ¢ CeyeHHeM B BUJiE PABHO-
OelpeHHOT0 TMPSAMOYIroJbHOTO TPEYyTOJbHHKA
(em. puc. 4.3, a);

6) ¢ coorHomennem Katetos 1:1,5 nan 1:2
(puc. 4.3, 6);

B) BOTHYyTHIE C COOTHOLIEHHEM KAaTeTOH
1:1 u 6ogee (puc. 4.1, 8}.

B wBax 6 u 8 cyuiecTBeHHO MeHble KOH-
LUeHTpalMe HalpsXKeHHH, HX HeobOXOIHMO
MPUMEHATL NMPU HHKAHYECKHX HAMPSKEeHHAX.
Muaorpa mexadudeckd o6pabaTbiBaloT KOHIHI
LBOBR JiyiA ofecllieyeHusl MAABHOro lepexoaa.

[Isbl ¢ BBINykJABIM ApobuaeM NPHMEHATH
He pekoMmeHIyeTcsi. Pasmep Karera wBa R,
KaK MpaBu/io, paBeH TOJLLHHE JHCTOB S (B CO-
OTBETCTBHH C PACYETOM OH MOXKeT OBTh MEeHb:
e, HO MpU §=3 MM R, =3 MM).

Pa3spyuienue yryosbiX 1IBOB TPOHCXOAMT
10 HAaHMeHbLIEMY CEUEHHIO NIOCKOCThIO, PO~
XonsileHd udepe3 OUCCEKTpHCY TIpAMOro yria
(puc. 4.4, a) unu O6nusko Kk Hed. Ilnowanb
pacyeTHOro CeuyeHds [PHHUMAIOT pPaBHOH
Bkl rme | — nanHa wsa, p — KoIPPHUHEHT,
XapaKkTepu3ylolui Faybudy MpoIlJaBAeHHA.

[lpun MHoronpoxoaHo# aBTOMATHUYECKOH H
MOoJlyaBTOMAaTHYECKOH H [P PYYHOH CBapke
B=0,7, A19 AByX- H TPEXIPOXOAHOH MOJY-
aproMaTHueckod cpapku B=0,8, nia Tako#
e, HO aBToMaTHueckKoi ceapkd PB=09 u

R
S

s \\Qﬁi A

a) d)

Puc. 4.3. ®opMbul ceueHHH
3) YIJIOBBIX IIBOB
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Puc. 4.4. PacueTHble cXeMbl YIVIOBBIX IIBOB:

a — dnadrosoro; & — no6oBoOro

JJ151 OJIHONPOXOAHON ABTOMATHYECKO CBapKH
p=1,1.

PacueT yrioBbIX 13BOB BCEX THMOB YHH(pH-
LHPOBAH H NPOU3BOAUTCA 10 eHHBIM QopMy-
Jam

F
BRI

T= <[], nan

F<BRI[t] op.

2TH GOPMyJIBl HEOCPEACTREHHO OTHOCATCA
K (pIAHTOBBIM LWIBAaM, a A5 JOOOBBIX NMpHMe-
HHIOTCS YCJIOBHO.

B onacHoM ceyeHHH HOpMAJMLHBIX J0GOBBIX
BoB (puc. 4.4, 6) casBUralmas cHja paBHa
F cos 45°, 3aTo IeliCTBYET TaKas e pacTArh-
Balo1las cHJAa H TOJBKO NOJHOE HanpsAXKeHue,
T. €. PABHOAEHCTBYIOLLAS O H T paBHaTI;-I-.

KOHUeHTpanusa HalpsKeHHH B YIJIOBLIX
WBax 3HaYHTeNbLHA.

HcTtunHoe pacnpenesenue nanpsikeHuid 8
NMOGOBLIX WBAX OYeHb coKHoe, OHO H3y4ya-
JIOCb TEOPETHYECKH B TMPHMEHEeHHH K MOLEJH
UIBA B BUJIE KJAHHA, HAaTDYKEHHOTO paBHOMEp-
HOH HOPMaJIbHOH HArpy3KOH MO OJHO TpaHu.

Teopernuecknii koyduuHeHT KOHUEHTPA-
IIHHM HAMpsXKeHHHd B HOPMaJbHBIX WIBaX, MOJI-
CYHTAHHBIA M0 OTHOLIEHHIO K HOMHHAJALHOMY
HAMpsKeHHIO B OllaCHOM CEeYeHHH LlIBa, PaBeH
npumepuo 3,3.

KonueHTpauusa HanpsikeHHd pPes3Ko CHHU-
XKaercs ¢ yBeJiHyeHUeM yrJa KauHa. dasa Mo-
JejIM 1IBa ¢ yrjoM npy sepude 60° Makeu-

"MaJIbHbie MECTHBIE HATIPSI)KeHUs 04TH B 2 pa-
3a MeHblUe, 4YeM NpH o6bluHOM yriae 45°.

Bo ¢aanroesix meax Habamopaercsi KOH-
HeHTpaI{A HANpPSKeHus [0 JjuHe wsa. Pas-
HOMEPHAA 3Mopa HanpsKeHdH#i no [aJHHe
uMesa Obl MecTo, ecsid 66l WOB OLI CYy1eCT-
BEHHO NOJATJHBee, yeM COeIHHAEMble 3Je-
MEHTHI, Y4ero HeT B JelcTBHTesbHocTH. lipn-
poOJda KOHUEHTPAuMM HAIpSKeHH#H [0 JJHHEe
IBa aHANOTHYHA TAKOBOH MO BUTKAM pe3bOnl
(cm. § 7.9).

Ilpu coeprHennd nByX cTepxHel (IMoJocC)
KOHEUHOH MEeCTKOCTH 10 JJHHe wBa Habao-
JaeTcs 3MiOpa HANpsXKEHHH C MHHHMyMOM
B cpefiHeH 4acTH H NMHKAaMH [0 KOHLAM UIBa
(puc. 4.5).

[llept chenyer pacrnoaaraTh TakK, YTOGHI
OHU OblJM HArpyXKeHbl BO3MOXXHO paBUOMED-
Hee U He BHI3bIBaau Obl U3THOA COeOUHAEMbIX
snemenToB. [lo3ToMy npusapky CHMMeTpHY-
HbIX 3/EMEHTOB HYXHO [IDOH3BOJINTH CHMMET-
PHYHO PACHOJOMEHHBIMH LIBAMH.

[ipu npoekTHpoBaHWH TIPHBApPKH 3JE€MEH-
TOB HECHMMETPHYHBIX MpodH/IeH, HAampHMEp
yTOJIKOB, TIpeanosaraeTcs, 4yTo cHJAa NMPoXo-
JUT 4epe3 LEHTDP MACChl CE4YEHMA yroJika.

-‘Torma Barpyska Ha (JaHroBble BBl (pHC.

4.6) pacnpejpenserca O NpaBHAy pblUara:

2 FurF i
V= F o Fy=— —— F,
e+ ey e+ ey

rae Fy 0 Fy — Harpy3kH Ha WIBBI; e, H €3 —
PACCTOAAHUSA OT UEHTpa THXKECTH CeueHHs
3/eMeHTa [0 NEeHTPOB TAXECTH cedeHHd
LI BOB. '
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Puc. 4.5. Cxema pacnpejeileHns HanpsiKeHd#
BO (JIAHTOBBIX YIJIOBBIX IIBAX H B MNOMEPEUHOM
CeYeHHH NOI0CH
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Puc. 4.6. ®Oaaurosnie WBL B CoefHHEHHAX HOCHM-
METPHYHLIX 3JIEMEHTOB, HArpyMXeHHbLIX OCeBoH
cHaol

11IBH paccyHTHBAOT O COOTBETCTBYIOLLAM
HATPy3KaM, a cJeloBaTe/bHO, AJNHHB LWBOB
GepyT MPONOPIHOHANbHBIMH 3THM HAaTpPy3KaM.

A1 paBHOGOKHX YrOJKOB MPUOAUNKEHHO
Fi=07F n F;=0,3F; cooTBercTBeHHO [} =
=0,7ly u [,=0,3ly, roe [, — o6uian ANUHA
($AaHIOBBIX LLBOB. '

[Ipy HarpyxXeHuu mpoctoro (MpsAMOro)
yrjaosoro wBa MmoMeHToM M B maockocTH
MPHBAPKH YCJAOBHE IMPOYHOCTH HA Cpe3 3alk-
CHIBAIOT MO AHAJIOTHH C YCJOBHEM MPOYHOCTH
Ha H3THO (puc. 4.7, a):

M
w

C

=

a)

T=

S:- [T’] cp
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Pue. 4.7. Pacueruble ¢XeMbl YrAoOBHX LIBOB, Ha-
rPY:KEeHHaIX B NJOCKOCTH CBAPKH

2
rae We= Beh

— MOMEHT conpoTuBiaeHUs

CMacHOro cededHsl uLiBa.

[1pu HArpy»KeHHH mpoCTOro yrjosoro Wipa
MOMEHTOM H MPOAOJBHOH cHJolH F ycaosus
MPOYHOCTH HMeeT BHJ

M F __
=, T Sy

< C

rie Ac=pkh — naowmaabr onacHoOro ceueHHs
Ba.

PaccMoTpuM pacueT KOMOHWHHUPO-
BAHUBIX YyrjdoBblX WBOB [OA AelCT-
BHEM MOMEHTA B TMJOCKOCTH CTBHIKa (pHC
4.7, 6).

[Tpubauxennoil pac4er oCHOBaH Ha che-
AyIOLWHX [oNMyweHdax: 1) webl paboTawior
He3aBHCHMO; 2) (/iadroBble IWBBHI KOPOTKHE
H mepejalmT TOJbKO CHJAbl, HalMpasieHHblE
BAOJAb cBoed ocH; 3) KareT k Bsa Maa no
CPaBHEHHIO C Pa3MepoM A. ITOT pacyeT HHOT-
Ja "a3blBalT pacueToM MO MPHHIHIY He3a-
BHCHMOCTH paGoThl 3/1eMeHTOB LIBOB.

B cooTBeTcTBHH €O cleNaHHBIMH AOMyllle-
HHSIMH MOMEHT ypaBHOBellnBaeTcsd Mapon
CHNl 80 (PIAHTOBLIX WIBAX H MOMeHTOM JN060-
BOIO LUBA:

M :AchT + WcT,

rae

Ac—_-- ﬂka, Wc= Bkehz‘

Orciopa

M 7

2TOT pacyeT BBUAY CBOEH MPOCTOTH MOXKET
NPHMEHATLCA HE TOJAbKO KakK MpoBepOuHbIH
HO K KakK OpoeKTHui#. [Ipu 3TomM ocHoBHHE
pa3mepbl WIBOB NOKHB ObiTh BHIGpaHbl 3apa-
Hee, KpOMe OJHOTO, KOTOPHH oflpefesseTCs
u3 pacueTa. 3a 3TOT HCKOMBIH pasmep yA08-
Hee BCero MPUHATHL AJauHy (AaHrosblX LIBOB.

Pacuer, yuutoisarowuti cosmecTryo pabo-
Ty npocTelx w08 (yTouHeHHblit). [IpuHH-
MalOT, UTO [PHBAPHBAEMBbIil 3JNeMeHT CTpe-
MHTCSI MOBEPHYTHCS BOKDPYI LEHTPA TsKECTH
MIOIMaAd ONacHoX cedeHHH 1wBa. Toraa:
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{anpsXKeHuss CABHrA B OTHEAbHLIX TOUKAaX
n1Ba HPOTIOPUHOHAJBHBI PaiHycaM-BeKTopaM,
pOBEIEHHBbIM U3 IEHTPA TAXKECTH, U HATIPAR-
AeHBL TEPHeHIHKYJASPHO K 3THUM paaMycam.

Hanpsaxenue cpe3a wa panuyce p (puc.
4.7, 6)

_ e
T'—TITIEK_____’

pmax

"1 T,y — MAKCHMAJIbHOE HANpPsiXKEeHHe Hau-
Go1ee yHaneHHOH TOYKH C PANHYCOM Oy
IJo adajorun ¢ Kpy4yeHHEM KPYIJbIX
LICPXKHEH, TPH KOTOPOM HANpPSXKeHHA Me-
HSIIOTCA [0 TAKOMY XK€ 3aKOHY, MOMEHT

A
M=SptdA=
0
T d 2 T ’
e max dA____ max[ .
pmaxgp pmax !

i 1¢ [ — HONAPHBIA MOMEHT HHEPUMH ILJIOILLA-
A4 OIaCHBIX CeueHUH 1IBA OTHOCHTEJBbHO
LIEHTpA TAMXKECTH 3TOH MJIOLLAMH.

Orciona MaKcuMaJbHOe HATIPsXKEeHHe cpesa

T . Mpmax
max~— ~  F
]P

ITonApHbIA MOMEHT HHEPUHH CEUeHHs LIBa
GlIpe/IeNIfeTCa KaK CyMMa OCeBEIX MOMEHTOB
AHepuun [,=1.+1,.

[Mocnenune nyia vaubosee pacnpocTpaHed-
HoW opMbl KOMGMHHPOBAHHOrO wWBa (M3
ABYX (pJ1IaHTOBHIX H J060BOrO — puc. 4.7, 6)
MOrYT ObITh ONpejie/eHbl MO CJAeyOLHM Oue-
BHAHBLIM 3aBUCHMOCTAM, B KOTOpbIX oTGpoLle-
Hbl MaJible ujieHbl:

[ o BRalht-BE’ | prA®
T2 12

I, ﬁka

-+ Qﬁkac;; + ﬁth; s

a(a+|3k) 0 co hMatBR)

Fae ¢yp= .
P 2a+h 2(2a -+ h)

Ilpn nefictBun Ha KOMOMHHPOBAHHLIH LIOB
[ONepeYnoH CABHralollefl CHJBbl HANMPSKeHUud
CABKHra B HEM pacnpelesfloTcA aHAJOTHYHO
KACaTeJbHBIM HAMpPSXKEHHSIM OT MONepeuHoi
HATPY3KM B GaJkax, T. . MAaKCHMAaJbHbl Y
HEeHRTpasibHOH OCH H yMeHbLIAKTCHA A0 HYJs

o =
T, &

Puc. 4.8. CoeanHeHHa TaBPOBLIE H YIJVIOBHIE

y coBoaHoH nosepxHoctH. [lostomy Hanps-
KEeHHAMH B TOPH3OHTAJbLHBIX WMIBax (pHC.
4.7, 8) npexebperaloT, HO 3aTO CHHUTAWOT,
YTO BEPTHKAJbHbIH LIOB HACPyXeH MO JJHHe
paBHOMEpHO, Toraa

Fy
Bhh

Hanpsixxkenus cpe3a or pasHbiX Harpysok
CKJIAa[IbIBAIOT reoMeTPHUECKH.

CoejluHeHHA TaBpPOBLIE H yTJAO-
sble. Tapposple cOENMHEHH BBITTOJIHSAIOT!

a) 0e3 MOATOTOBKH KPOMOK (puc. 4.8, a)
MpPH MaJbIX TOJAUMHHAX CBAPHBAEMBIX /JeMeH-
TOB, a TAKXe NpPH PY4HOH cBapke;

6) ¢ OAHOCTOpPOHHEH MOArOTOBKOH KPOMOK
npu s==4...26 mm (puc. 4.8, 6);

B) ¢ ABYCTOpPOHHEH MOATFOTOBKOH KPOMOK
nmpu s=12...60 mm (puc. 4.8, a).

Yraosble coeguHeHHA BBIMOJHAKT:

a) HpH Manbx ToJdmHHax (s=2...8 mm)
pyudoil ceapkoii (puc. 4.8, 2);

6) npu cpenHuX ToAILMHAX (s==6...
14 MM) aBTOMAaTHUECKOH H MOAYABTOMATH-
yeCKOH cBapkoi (puc. 4.8, d);

B) [pPH 3HAYyUTeNbHbIX TOJI(HHAX (§=
=10...40 MM} aBTOMaTHYECKOH H MOJAYABTO-
MAaTH4ECKOH cBapkKod (puc. 4.8, e).

HonyctTumMaa pacTAruBamnias Harpyska
Ha coeuHeHHe (puc. 4.8, a)

F=2Bk! [v'] o,

T =

a [PH CKBO3HOM MponiaBaeHuu (puc. 4.8, 6
H 8)
F=sl[0'],
rae [ — nnuda wsa.
Honycrumas c:kumaoinas Harpyska ans
BCEX TABPOBBIX COEJHHEHHH

F=sl [G’]cm,
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I1pu paGore Ha W3rub B TAaBPOBEIX COelH-
HeHHAX [IPOBEPHAIOT HANpPSAKEHUA cpe3a B8
OMacHOM CeYeHWH 11BA

T =

W, '
rae W.— MOMEHT CONpPOTHBJAEHHA 1Ba M0
OMAaCHOMY CeYeHHIO.

YraoBble COe[HHEHHA [IPUMEHSAIOT MpeuMy-
IEeCTBEHHO [JiA llepefadyd MajblX Harpysok
H N03TOMY 0OBIYHO He PACCUYHMTHIBAIOT.

Coenudenuqa npofouHble H NPO-
niasHboie (puc. 4.9). DTH CoedUHEHHUA
o6pasyioT MeCTHbIM MNPOMJABJACHUEM 0IHOTO
f6oJiee TOHKOFO 3J€MeHTa, HaJoOXKEeHHOro Ha
Ipyro#, ¢ o6pa3oBaHueM Kpyraoro onacHoro
Ce4YeHHusd.

[TponnaBHble coeluHeHUA [IPEHMYILIECT-
BEHHO [IPUMEHSAIOT {1PH TOJMHHE 60/Iee TOHKO-
ro 3jeMeHTa 0 5 MM, HO B HacTosLLee BPeEMS
yIKE CBAPHBAIOT 3JIEMEHTHI ¢ TOMLHHOH Gonee
12 mM. [lpu 3HauuTenbHBIX TOJILHHAX B Of-
HOM 3J/ieMeHTe [peABAPHTe/ibHO CBEPJIAT OT-
BEPCTHS, KOTOPbIE NPH COEAHHEHHH 3aTMOMHA-
0T pacniasaeHdpim meTannoM. CoeaHHeHHs
NPEeHMYIIECTBEHHO [IPHMEHAIOT B KauyecTse
CBA3YIOIIHX, HE MepelaloliuX MOJe3Hbie Ha-
TPY3KH.

IIpu cBapke BO3MOXHBI CJAEAYIOlIHE Xa-
paxkTepHble ie e KTH U BOB BCeX THIOB!

4) HenpoBap— MECTHOE  OTCYTCTBHE
CueleHHsl MeXAy HallaBJIeHHBIM H OCHOB-
HbIM  MeraJsioM; 0} mo Ape3— MecTHoe
yTOHEeHHe COeJHHAEMOro 3/1eMeHTa Y FPaHHIbl
IBa BCJENCTBHE OMNJABJeHHA, B) MOPHC-
TOCTH WBA; I} WIAAKOBbie BKJAWYE-

HHS, 1) TPeLlULUHbL
i '
|
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d=25
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Puc. 4.9. CoegHueHuss npoOOYHbe H NPOIJiaBuble

Y

[TpHu¥Hbl BO3HUKHOBEHHS H MeToabl 6opb-
66l ¢ 3TUMH nedekTaMd HayueHbn [38].

§ 4.4. COEAMHEHHS KOHTAKTHOM
CBAPKOM

KoHTakTHOH CBAPKOH, MOJAYUHBLIEH UIHPO-
KOE pAaclpocTpaHeHHe, BBINOJHAIT: d) CO-
e/IHHEHUA CTHIKOBble; §) CcOeJIHHEHHA
60KOBOH MOBEPXHOCTH —— TOUEYHBIE H JH-
HeHHble.

KoHuTakTHas CBapKa NMO3BOJAET COeNHHSTD
pas/HyHble MAaTepPHaJbl M CIJaBel B pa3Ho-
o0pazHblX cOUeTAHHAX.

CoenuHeHHs CTHKOBDbBle. KOHTaAKT-
HOH CTBHIKOBOH CBapKoiH, BBINMOJHAESMOH Ha
KOHTAKTHBIX MAllIHHAX, COEHHAKOT 3aTOTOBKH
pasjiuyHbix GOpPM H CedeHHH: KPyrable (pHc
4.10, a), «BajgpaTHble, TpyOuaTbie (pHc
4.10, 6, @, 2}, npodHIbHBIE, & TAKXKE ITAMIO-
BAHHBIE U3 TOHKOFO JIHCTOBOrO METAMIa | Ap
[PH 3TOM [PEANOYTHTENLHEE CBapKa JJ1eMeH-
TOB OJMHAKOBOH TJIOINANH IOMEPEYHOro ce-
yenus. OOBIYHO KOMYCKAIOT pasJjuyHe JixHed-
HbIX pA3MEPOB CEUeHHH COENHHAEMBIX 3Je -
MEHTOB: Kpymibix Ha 15 %, npAMoyroJibBbIX
ua 10 %. Onuako NpUMEHSIOT TAKXKe CBAPKY
gertajiiell ¢ pe3Ko pas’yin4HbIMH MJOUIagAMH
MonepevyHbX CEeuyeHduH, HanpuMmep LIMHIEK K
JIHTaM, 4 TakXe TPyO K CIJIOLIHBIM CTEePX-

F__“*_ﬂr/{] ==
— ] y_1\
- ] 1
—— S [ W
™ [
a) d’) ‘

FLEEELS WD =

KOHTakTHOR

CTBIKOBOH

Puc. 4.10. COERHHEHHH
CBapKO#



COFIHHEHUA KOHTAKTHOR CBAPKOHRK

65

naM. Ha MouHbIX MalinHax cBapusaloT 3Je-
MeHTH € IJoulanblo cedends fo H00 cm?
u Godgee. 3

PaspaGoTaHa CTHIKOBAsl KOHTAKTHAA CBap-
Ka KOJNEHYaTBIX BaJIOB MOUIHBIX JM3eNeH ¢
1IpOrpaMMHBbIM aBTOMATHYECKHUM PeryJIupOBa-
HHEeM CKODOCTH onsasiaeHusi. TouHocTs cBap-
Kd MoxXeT Obithb ofecnedyeHa JOCTATOYHO
BHICOKOH. B  uyacTHOCTH, 3KCUEHTpPUCHTET
ULTH(GOBAHHBIX AeTasteH, CBAPeHHBIX HA X0POo-
110 OTAAKEHHOH MaluluHe, MoXKeT ObITh Bblje-
p>kaH B npenenax 0,05 mm; npu ceapke rpy6o
obpaboTaHHBIX AeTajell Ha pAAOBOM 00OpY-
J1OBAHHH 3KCHEHTPUCHTETH ropasmgo Goblie.

B ¢BfA3K ¢ oll1aBJieHHEM M OCAIKOH KOHLOB
3aTOTOBOK HeoOXoNUMO HaBaTb IIPHIYCK Ha
JiIHHY 3aroTOBOK.

Pacuerdoe ceyeHMe cCTbIKA [PHHHMAKOT
paBHLIM CEUYEHHIO CBAPHBAEMBIX JEMEHTOB.
Ilpu cTatuueckoi HArpy3Ke IpOYHOCTD CTHIKA
NMPUHAMAIOT PAaBHOH MPOYHOCTH CIIOLIHOTO
veTasia.

Toueunyo cBapKy IPUMEHSIOT Mpe-
MMYLILECTBEHHO JIJIl TOHKOCTEHHBIX KOHCTPYK-
LHH NPH BO3MOXHOCTH PACHOJIOXEeHHS 3MEK-
TPOAOB ¢ 00eHX CTOPOH OT COefHHSEMBbIX
Jertaded (pac. 4.11). Tonmuna coeguusieMuix
JIEMEHTOB — OT JIOJIeH JI0 HEeCKOJLKHX MHJ-
Aumerpos. ToueyHas cBapKa TpPHMEHSETCS
TAKXKEe /5 COeIMHEHHA KPYTJABIX cTepKHeH
C TMaCTHHAMH H MeXAy coboi, HanpuMep,
B apMaType KeJjle306€TOHHBIX KOHCTPYKIHH.
OueHb WIHPOKO €€ [PUMEHAIT B BarOHO-
CTPOCHHH /Il CBAPKH LEJNbHOMETAIHUCCKHX
BATOHOB, B aBTOMOOHJIECTPOSHHH JJIs1 CRBAPKH

F

KY30BOB H paM, B CAMOJIETOCTPOEHHH H CeJlb-
CKOX03AHCTBEHHOM MAalLUHHOCTPOEHHH.

ToueyHoH cBapKoH COEIHHSIIOT [BE 3aro-
TOBKH H Gonee. Haunyuniee KauecTso cBapKu
MOJY4YalOT NPH COEJHHEHHH ABYX 3aroTOBOK.
BuewHsas nogepxHOCTb [IPH TOUEYHOH cBApKe
nojyuaeTtcs JOCTATOYHO IV1AAKOH, a cTaTHUe-
CKasi MPOYHOCTD JOCTATOUHO BbICOKOH. OnAa-
KO BOKPYr CBAPOYHBIX TOYEK MPOHCXOAHUT
3HAaYyuTeMbHAs KOHIIEHTPAUHS HATpPSAKEHHH,
BJAMAOIASl HA MpPeJieS BHIHOCJAHBOCTH.

[Tpu To4euHOH CBapKe OTHOLIEHHE TOJIIHH
CBAapHBAEMBIX 3JE€MEHTOB [O/DKHA GBITh He
Gonee Tpex. [Iuamerp d cBApHOH TOYKH Bbl-
O0upaioT Ha OCHOBE ONBITHbIX NaHHBX. [ad
CTalbHBIX HeTajiel

d=12s+4 mm npu s<3 MmMmMm;
d=15s+5 MM npu s> 3 mMm.

MHUHHMAa/bHBIA WAl pacho/oXeHus CBap-
HBIX TOYEK OTPAaHUYHBAETCH fABJeHHEM UIYH-
THPOBAHHA TOKA: NpH M3JIHIIHE YACTOM pac-
MOJMOKEHHH CBAPHLIX TOYEK 3HAYHTENbHas
4acTh TOKA [IPOXOAMT Yepe3 coceHIo, paHee
CBADEHHYIO TOYKY.

[Iar cBapHBIX TOuEK PEKOMEHAYIOT MPHHHU-
MaTh: NpPH CBAapKe JBYX 3/JeMeHTOB {=3d,
npd cBapke Tpex 3agneMmeHToB {=44d. Pac-
CTOAIHHME 10 KPOMKH B HAnpasjieHHH JeHCTBHA
HArpy3kd pekoMeHaylot Gpartse {1 = 2d; To XKe,
B NePNeHAKKYAAPHOM HanpaBieHHy fo=1,5d.

CoeaHHeHUA TOUEYHOH cBapkoH paBoralor
MpeHMyLecTBeHHO Ha cpe3. [Ipu Harpy KeHuu
COEJIHHEHHA UEeHTPaJbHOH cABHTalOiueHd cH-
JoH F yca0BHO MPUHHUMAIOT, 4TO BCE n CBAp-
HBIX TOUEK HArpyKeHbl OJIHHAKOBO.
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Pacuethoe yCaoBHE N4 OOHOCPE3HOTO CO-
eJHHeEHUA HMECCT BHA

F
nnd2
4

T= <k,

3nauenns [t] = 04[0'].

Ilpy Harpy)XeHUH TOYEUHMBIX CBapPHbIX
COCAHMHEHHH MOMEHTOM B IJIOCKOCTH CTHIKa
pacueTHbie CHJLI OMpeNe/sioT, KaK B FpyIl-
NOBBX pe3bBoBLIX COENHHEHHAX.

[Mosuan ceapka. UloBuyio ceapky
POJIHKOBBIMU 3/JE€KTPOJAMH [PHMEHAT AJs
CoelHHeHHs TOHKHX 3ieMeHToB obuiedt TOJ-
IMHHOH 4...6 MM NPEeHMYLIECTBEHHO NPH BO3-
MOXHOCTH DACTOJNOXKEHHS 3JeKTPOJIOB ¢
00eHXx cTOpoH coeluHeHus. IlepekpbiTHe BHI-
GupatoT paBubiM (5...6)s. Hanpsaxeunue cpe-
3a 1=F/la, rape F — casurawmwas cuna;
[, @ — cOOTBETCTBEHHO [IJ1HHA H UIHpPHHA 1UBa,

§ 4.5. JAHHDBIE AJI PACYETA.
MPUMEPbI KOHCTPYKULHH

[IpouHocTs CBapHBIX COeAdHHe-
HHH NpH NMepeMeHHOH Harpy3ske.
CBapuble COeJMHEHHS, PABHOINPOYHbIE [PH/
CTATHYECKHX HArpy3kKax COEJHHAEMBLIM 3Je-
MeHdTaM, OpH epeMeHHbBIX Harpy3kKax oKasbi-
BAIOTCA OTHOCHTEJIbHO ciabee.

3to obbAcHsAeTcA: a) KOHUeHTpallHe#H
HanpsixKeHuH (CBA3AHHOK C FreOMETPHEH CThI-
K4, CBapouHbIMU Aedekramu, a A4 (pJaaHro-
BBIX H KOCHIX YIJIOBbIX LIBOB — COBMECTHOH
paGoTOH ¢ COeJHHAEMBLIMH 3JIeMeHTaMH),
6) OCTATOYHBIMH HATIPSKEHHSIMH; B) JIHTCH-
HOt CTPYKTYypOH wWIBAa, H3MeHeHHEM CTPYK-
Typbl MeTaJjjia OKOJO [Ba H BLITOPAHHEM
JIECHPYIOMHX KOMIIOHEHTOB.

[IpouHoCTb CBApHBLIX COEJUHEHHH TIPH Ie-
peMeHHbIX Harpy3kax yIAoOHO XapakTepH3o-
BaTh 3P (PeKTHBHBIM KO PHIHEHTOM KOHIIEH-
TPAUHH HanpsiKeHHH, T. €. OTHOLUEHHEM ITpe-
Jefa BHIHOCJAHBOCTH Lesoro ofpaaua K mpe-
JeJy BBHIHOCNMBOCTH cBapHoro (tabua. 4.2).

Hau6onbliuM CcONPOTHBJICHHEM MEPEMEH-
HBIM HArpyskam ofmafalT CTHIKOBbLIE COENH-
HeHHs, OCOGEHHO PH CHATHIX MeXaHHYeCKOH
o06paboTKo# yTOJUIEHHAX.

4.2. IpdeKkTHBHNE KOIPPUUHEHTH KOHLEHTPARHH
uanpsiKeHdt K 1Js cBapHmX CoeaHHEHH

Koagpgpuinent K
AJA cTanAe
Tanu wBOB
HH3KOJ@-
yr;epou- THPOBAH-
AHCTOH HOﬁ
CTBIKOBble C MOJIHBIM TIpO-
BaPOM:
npu ABTOMATHUECKOH 1,2 1.4
cBapKe
npH pyuyHoOH CBapke 1,4 1,6

CTHKOBbHIE ¢ HENOJHLIM MPO- 2,5.,..3,2 3,2...4,0
BapoM KOPHS HJIH TIpH OTCYT-

CTBHH 0OpaTHOH NOABAPKH

¥Yriosobie:
nonepeunnsie (io6oBble):
MpH  aBTOMaTHYeCKOH 1,6 2,5
cBapke
npyH pyuHoR CBapke 2,5 3,2
NpOAOJIbHBIE (¢pranro- 3.0 4,0

Bbl€) MpPH PYYHOH CBapKe

3HauuTeJbHO Xy:xKe palboTaloT npu mnepe-
MeHHBbIX Harpyskax COelIHHEHHs C HOpMaJb
HbIMH yIrOBbIMH IBamMH. OQHAKO APOYHOCTL
JOGOBBIX LIBOB MOXHO CyLLecTBEHHO yBeJH-
YUThL. BLiTOJNHYUE OB ¢ OTHOLIEHHEM KATeTOB
{:3 1 npuaaB eMy MeXaHH4YecKo# 06paboTKOH
njasHyo ¢popmy, MOXKHO cBecTH 3b¢eKTHB-
HBlH KO3 HUIlHeHT KOHLEHTpAHH HalpsKe-
Huit no 1,5 u menee. [IpoudocTs PraHroBbX
LLIBOB H3-32 CBOHCTBEHHOH MM 60JblIO} KOH-
eHTPAlHH HATIPSAXKEHHH He ynaeTcs CYLIECT-
BeHHO TIOJHATH, H TMO3TOMY TaKue LIBbHI MpH
NMepeMeHHBbIX HArpy3kKax NpHMEHATL Helede-
coofpasHo.

TIpoYyHOCTb CBapHBIX COeJIHHEeHHK TPH
NefCTBHH [epeMeHHBX HArPy30K CHJILHO 3a-
BUCUT OT KauecTBa 1uisos. Hanpumep, npu
HaJHYHH B CTBLIKOBHX LWIBAX J[axe He3Ha-
YHTeJbHOTO HelpoBapa MPOYHOCTb CHHUIKAET -
ca Ha 50 % . Takoe Xe cHHUKEHHe MoJgydaeTCs
OT CBapPKH 3JIEKTPOJAMH C TOHKHMH MOKpH-
THSIMH.

Boabinoe 3HaueHHe HMeeT KOHCTPyKLHR
mBos. Hanpumep, npouHoctb Mpu rnepeMeH-
HblX HArpy3Kax TaBpOBBIX COeJIHHeHHH CO-
CKOCAMH KPOMOK 8 CBfI3H C MeHbllled KOH~
LeHTpauHed Hanpskedud B 1,5 pasa sslile,
yeM Oe3 pasnenku KpoMok. OT HOCTaHOBKH
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HAKJAAJOK JANAA YCHAEHHA CTHIKOBBIX COEAHHE-
HHHA [POYHOCTDL MPH [epeMeHHbIX HAarpys3kax,
KaK npasuné He TOJIBKO He yBeJHUUBAeTCH,
HO, HaoﬁopoT YMEHbIIAeTCH B CBA3H C M0SB-
JeHHeM HCTOYHHKOB pe3KOH KOHUEHTpPaLUH
HanpsxKeHH.

CnenyeT usferaTbh CoBMeEUleHHsl CBAPHBIX
LIBOB C MECTAMH KOHUEHTPAIHH HANIPSI)KeHHH
ot ¢opmei. Cnenyer ofecieyuBaTb PaBHO-
MEPHYIO TOJIIHHY IBOB, B YACTHOCTH HCKAIO-
yaTh OoJblilMe CKONJEHUS HaNAABJACHHOTO
MeTajjia B MeCTax [epecedyedHuss UIBOB.
Caenyer TakK pacnoJjiaraTb WBbl, 4YTOOb
6b10 YNOOGHO HX CBapuBaTb H KOHTPOJIH-
pOBATb.

KapauuanbHblM CpPeaCTBOM  [OBBILUEHHSA
IIPOYHOCTH CBAPHBIX COefIHHEHHH TIpH Tepe-
MeHHBIX HATPY3KaX fABJAeTcda HakJael Apobbio
M YeKaHKa.

B onbitax Ha cBapHbiXx na6opaToOpHBIX
obpasnax apobGecTpydHOH o6pabOTKOH yna-
BAJIOCh TOBBICHTL IPOYHOCTH 0o0Jee 4yeM B
1,5 pasza v pa)e AOBECTH [POUYHOCTb IO
NPOYHOCTH HenblXx o00pasuoB; MPOYHOCTH
COoeAHHEHHH 3/IEKTPOLLTAKOBOH CBAPKOH yaa-
BaJIOCh MOBBICHTL B 2 pasa.

Broi6op AonycKaeMb X Hallp4xKe-
HH H. [ollyckaeMble HAIIPsIKEHHS B CBAPHBIX
LIBaxX [pU CTATHYECKOH HArpy3ke 3aJaioTcs
B JONAX OT LOMYCKAEMOTO HalpPsXKEeHHa Oc-
HOBHOTO MeTayla COeNHHSIeMBbIX 3JeMEeHTOR
Ha pacTAXKeHHe B 3aBHCHMOCTH OT cnocofa
cBapku (cm. Taba. 4.1}.

HonyckaeMble HaNpsiXKeHHA OCHOBHOTO Me-
Tajjla B METaNJHYECKHUX CTPOHUTENbHBIX H
KPAHOBLIX KOHCTPYKUHAX (B COOTBETCTBHH CO
«CTpouTeNIbHEIMH HOPMAaMH H TIPABHJIaMH»)
ONpefensiioT MO 3aBHCHMOCTH

[0] P:Rm/kﬂi

rie R — pacyeTHOe COMPOTHBJAEHHE pa3spy-
wendo (R =090, nna HH3KOYrAepoaHCTOH
H R=0,800, aAnd HU3KOJerHpOBaHHOH CTa-
JAH}; m -— Ko3ppuiueHT yeaoBuit paGoThl,
B QoablIMHCTBe ciyuyaeB paBubil 0,9; npu
[IOBBIIUEHHOH [OJATAUBOCTH 3JIEMEHTOB U B
HEKOTODBLIX Apyrux caydaax m=08; k, —
Ko3hdHUMEHT HamexkHOCTH, 00bl4HO ky=
=1...1,2, nna noakpanosbix 6a/ok npu
TSKeNoM pexume Ry==13...15.

O6pludo [o]p=0./(1,35.
poaucThiXx U [o}p=0:/(1,5...
poOBaHHBIX CTaJel.

B cTpouTeNbHBIX KOHCTPYKLMSIX TIpH IIe-
PEeMEHHBIX HAUpy3Kax pacyeTHbIE COMPOTHB-
JEHHS] UK AOIyCKAaeMoe HallpsKeHHe yMHO-
KaloT Ha Kosydhdunuedt y=c/(a—br}, ecan
HauboJibllee HanNpsKeHHe paCTATHBAIOINeE,
uau Ha Ko3gpduuuedr y=c/(b—ar), ecau
HauGo/bllee HanpsixKeHue CXKUMaILlee, rie
r=0,,/0ma XAPAKTePUCTHKA ULHKJIA, 4,
b, ¢ — ko3QbhUIHEeHTb, [pUBeJeHHblEe B
tabna. 4.3.

Pacyer Ha colporus/jenue
MAWHHOCTPOHUTEJ bHBX csap-
HBlX KOHCTPYKIHH MOXHO NPOBO-
JUTb MO OCHOBHOMY MeTajny BOMH3M WIBA,
eciy ofecneyeHa cTaTHYyeckKasa paBHONpPOY-
HOCTE CO LIBAMH.

CrneumudHKy CBAPHBIX KOHCTPYKUMH YYHTHI-
BalT KO3 (dUIMeHTaMd 0CTaTOYHBEIX HATpsA-
KEHHH M TEeXHOJOrHYecKHX OTKJOHeHHH,
KOTOpPblE BBOJATCSH COMHOMHTEJNSIMH K KO-
3¢ PULHEeHTY KOHUEeHTPALUHH HANPAXKeHUH,
HauGosplinii onpiT pacyeToB W HOPMAaTHUBBL
HMEIOTCA B JOKOMOTHBO- H KPaHOCTPOEHHH.

PacyeT Ha HaleXHOCTbH CBApHBIX
coelMHeHHH TpH UUKIHYECKHX HArpys3kax
MOXHO MpOH3BOAUTE 0 ¢opmynam (§ 1.6).
Ha ocHoBaHuu oTeyecTBEHHBIX H 32 PyGeKHBIX
HCCJCOBAHUH, collep»KaliuxX AHana3oH pac-
cefAHus I[pefiesa BBHHOCAHBOCTH CBAapHBIX
COEJIHHEHHH, MOXHO OUEHHTb KO3(QPHUHEHT
BApUAIUY [peleNna BbLIHOCJAMBOCTH 3a CYeT
pazfpoca kauecTBa CBApHOroO WWIBa CJALAYIO-
LIHMH 3HAYEHUSIMH:. CTBIKOBOe cOelHHEHHe,
CBapKa aBTOMATHYECKasl M MOJyaBTOMaTH-
yeckad 0,03, To xe, csapka pyudas 0,05;
HaxJecTouHoe coeauHeude 0,06, csapHble
AByTaspoBble Gajkn 0,05; ceapHbie KOpoO-
yatble Ganku 0,09.

Kpome Toro, okajquHa MOXKeT CJyXHTb ca-
MOCTOATEIBHBIM HCTOUHHKOM BapHAUHH Mpe-
Jlesia BBIHOCAHBOCTH ¢ Koz duunenrom 0,06.
ITH KO3 PHUHEHTHl JOJXKHbl KBAaJPATHYECKH
CYMMHPOBATbCA ¢ KO3(POUIIHEHTOM BAPHALHH
INS feTtajed OfHOM nJaBkd 6e3 CBAPHOro
Ba H KO3(pPHUHEHTOM MO MJAABKAM.

OcoBGeHHocTH pacyeTa cBapHBX
KOTJOB U APYrMxX COCYAOB BBICO-

..1,6) nmas yrae-
1,7y ansa Jjeru-

yCTAJIOCTH
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4.3. KoagdpHunentnl a, b, C K pacueraM CBapHHX COeJHHEHHH MMPH NEpPEeMEeHHbIX HArpy3Kax

¢ Py YHCIE IIHKAOR

Bua coeaunenna Oa. O, a b —
5-10° 10° 2.10% | 3.10° | 5.108

CTplKOBOE JHCTOB OgHHa- 380 230 1,30 0,70 1,2 1,1 1.0 0,95 0,9
KOBOH TOJIUIHHBL K iMpH- 440 290
HBI; 1IOB C MEXaHHYECKOH 460 330 I,45 085 1.2 1 1.0 0,95 0,9
obpaboTkon
CThIKOBOE JIHCTOB OJHHA- 380 230 1,85 1,25 1,3 1,1 1,0 0,95 0,9
KOBOH TOJMIMHBL H mxpH- 440 290
HBL, WIOB C YCHJCHHEM, 460 230 2,40 1,80 1,4 1,2 1,0 0,95 0,9
MMEIOLIHM INIABHBIC TIepe-
xonsl. Haxnectouxoe co-
eIHHEHHE; YIrJ0BOH JIO-
60BOH WLIOB C OTHOWE-
HueM kateToB 1:1,0 ¥ me-
xaHdueckod obpaboTko#
Haxaectoynoe; yriooid 380 230 3,50 2,90 1,4 1,2 1,0 0,95 0,85
I!OB ¢ OTHOIUeHHeM Ka- 44() 290 4,80 4.90 1.6 1.3 1.0 0.95 0,85

tetoB 1:1,5 6ea mexaun- 460 330
yeckod 06paboTku

KorTo narJgeHud, Ilpy pacuere 06BIUHO
ONpefeasoT TOMILHHY CTEHKH O, nMpHyeM A
ofecrnedeHHss MPOYHOCTH CBAPHBIX LIBOB B
pacyeT BBOJAT KOIPOPHUHEHT ¢ MIPOYHOCTH

[IBOB — OTHOIIEHHE TpeNesos [IPOYHOCTH
IBA U CTEHKH.
Jdaa  uHJAHHAPHYECKOH YacTH COCynoB

OTMACHBIM SIBJISIETCSI OCEBOE CeueHHe H I1po-
AOJLHBIH CBAPHOHW 1I0B, BHIMTOJHAEMbIH, Kak
NMPABHJO, CTHKOBbLIM.

PaccMoTpuM paBHOBeCHE HOJyKoJbla UIH-
puHol | MM, BbipesaHHoro u3 6apabaHa
anamerpoM D. PasHonedcTsyioiast CHI
BHYTpeHHero gasJjenus p pasda pD. Harpys-

Ka HA eJUHHILY JJIMHB TTPONOJALHOTO LIBa

[Torpe6GHaa TOJLKWHA CTEHKH
§—_P0__

29 [a],’

rie [o]p,— momMycKaemMoe HampsiKeHwe pac-
THKEeHHUs.

a5 cocynos, paGoTaIOLIMX NMPH AaBJACHHH,
MedbuleM Hau pasdoM 1,0 Mlla, u Temnepa-
Type, MeHblled usn pasHod 200 °C, momyc-
KaeMoe HalpsiKeHHe

lo],=

pD

Jlia cocynos, paGoTaoluux NpH GOJbIIAX
JaBJeHHAX HJIH TeMllepaTypax, [oMycKaeMoe
HanpsizkeHHe BelOWpAalOT MEHbIUHM H3 IBYX
3HAYEHUH:

Gy Ow

B —— H e

435 2
raie O, — BpeMeHHOe CONDOTHBJeHHE MpH
pacTsXKeHHH [IpY HOPMaJbHOH TeMmepaType
ol — npenes Tekyuecty npu pabGouei TeMie-
parype £.

PacueTHble  3HaueHHd  KO3GPHIHMEHTOB
MPOUHOCTH (¢ CTBHIKOBBLIX UIBOB [IPHBEAEHBI
HUXKeE:

JBYCTOPOHHHMA, BBINOJHEHHBIH aBTOMAaTH-

yecKoH cBapkod moj cioem dJwoca . . . 1
JBYCTOPOHHHH, BLINOJIHEHHBIH BPYUHYIQ C
NOJIHBIM TIpOBApOM . . . .. . . 095
OJIHOCTOPOHHHH Ha nonmanxe . . . . 09
OJHOCTOPOHHUA OGe3 MNOABapXH H MOI-
KIanoK . L .0,7—0,8
Haxnectousold . . . . . . . . . 08

HJebopManuu KOHCTPYKUHI TPH
cBapke. BeaelcTshe coelAHHEHHA CBapH:
BaeMbIX JEMEHTOB B yCJOBHUAX pe3KO HEpaB-
HOMEPHOrO Harperpa B HMX BO3HHKAIOT OCTA-
TOYHBIE HAMPSKeHHs, MECTHbIE [INIACTHYECKHE
AedopMauvd ¥4 kopobneHue.
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A

Puc. 4.12. JledopMHpoBaunass cBapHas HaJka

Ha puc. 4.12 yTpuposanHo noka3aHo Ko-,

pobJeHne TaBpOBOH cBapHoil 6anku. CBapHoH
I110B, COKPAlLAaACh IPH OCTHIBAHHH, MO AJHHE
poiriBaer 6ajKy BHINYKAOCTBIO BBEpPX H,
COKpallaschk B TonepeyHoM HalpaBJieHHH,
BRIFHOAET [OJKY B I[IOMEpPeYHOM CeueHHU
BHITYKJIOCTBIO BHH3.

CyiuecTBYIOT KOHCTPYKTHBHBIE H TE€XHOJIO-
rHUECKHe CcMoco0bl yMeHbIIeHHS] WU [pen-
nTBpaiueHus AedgopMaiuil 1pU cBApPKe, B TOM
yucJe:

1} mpumeHeHHe KOHCTPYKUHH € CHMMeET-
PHUYHBIM PACTOJOKEeHHEM UIBOB;

. 2) yMmeHblleHHE KOJMYeCTBa HalljlaBjeH-
HOTO MeTaJjJla [IPUMeHEeHUeM MPEepPbIBHCTHIX
IBOB, BOFHYTHIX LWIBOB H T. 1.;

3) HaHeceHHe CBapHLIX ILIBOB B orpeje-
JIEHHOH MOCNeJOBATEJIbHOCTH;

4) npeaBapuTesibHOE AedopMHpOBaHHE
COE€IHHAEMbIX 3JIEMCHTOB B TPOTHBOMOJOXK-
HVIO CTOPOHY.

CrapHbe KOHCTPYKItHH B MAIIHHOCTpOe-
HUM. OrAenbHBIE IETAJNH MalllHil H allapaTos

B HACToslllee BpeMs NPHMEHSIOT OOYTH HC-
KJIOUHTENBHO B CBAPHOM HCMOJHEHUH, K HUM
OTHOCATCS: a) pe3epByaphl, KOTJblL H COCY b
BLICOKOro iaBjeHHs; 6) MeTa/jinuyecKue KOH-
CTpYKUUH ((DepMbl, GaNku, KOJOHHBL) [OXb-
€MHO-TPAHCMOPTHLIX MaluuH, B) paMbl, Te-
JIEXKKH, 4 TAKXe€ 4acCTH Ky30BOB TPaHCNOPT-
HbIX MallHH (BATOHOB, aBTOMOOWJEH H Ap.).

Crapubpie feTalil B MAlIHHOCTPOEHHH BBI-
COKOH TOuYHOCTH TpebylT oTiyckKa Tochae
CBApKH BO H36eXaHue nocaenywlero Kopod-
JEHHSl OT OCTATOUHBIX HAMpPSIXKEeHHH.

K Bajsam u 0ocAM npusapusaoT paau-
bl MJIH BHJAKH, yuacTku Tpy6 (puc. 4.13, a).
KoseHuarpie BaJbl CBAPHUBAIOT H3 IMPOCThHIX
snemeHTor (pHc. 4.13, 6).

Taxenvie pansl rufipoTypOul (puc. 4.13, 8)
CBAPUBAIOT M3 TOJCTOCTEHHOH NHJHHApHYE-
cKoil ofeuaiiku u ABYX ¢uadues. Obeuaiky
IUTAMIYIOT W3 JABYX MNOJYNUJIHHIPOB, Kak
nokasaHo Ha pHc. 4.13, 8, UM H3rOTOBJAIOT
KOBKOH H3 NOJOr0 CAHTKA.

3ybuaThele KoJjeca GoJMbUIHX
pa3sMepoB, WIKUBH, MAXOBHKH, 6a-
paGaHbpl CBAapHBAIOT H3 CJEAYIOIIHX CO-
CTAaBHBIX 3JIEMEHTOB: 4) CTYMHL, TMoJyuae-
MBIX KOBKOH, WJIM JIHTbeM, HJIH BLITAUHBA-
HHEM H3 MpyTka; 6) ofoaos, BaiblyeMbiX
U3 JIMCTOB HUJH MOJOC HJH Ke TMOJydaeMbIX
KOBKOH HJIH JIUTBEM, B) COEIHHHUTENbLHBIX
9JIeMEHTOB — JUCKOB ¢ pebpaMu uin 6Ge3
pefep uau chnuil B BHJAe TPyG, NBYTaBPOBLIX
Y JPYyrux 3JeMeHTOB.
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Puc. 4.13. Tlpumepsl cBapHbIX Ba/OB
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Puc. 4.14. Penykrop co cBapHsiM
KOPIYyCOM H CBapHbIM KOJecom
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Kopnyca peaykropoB (puc. 4.14)
BBITIONHSAIOT H3 JHCTOB, KpoMme GOObILIEK A/
YCTAHOBKH MOALIHITHHKOB, KOTOPble H3TOTOB-
JAIT KOBKOH, JUTbeM HJH BbBITAYHBAKT H3
MPYTKA.

PaMbl MU OCHOBAHHUSA BbINOJHAT
oOpluHO U3 JHCTOB HJH B BHIE CHCTEMBI XecCT-
KO coeJiMHeHHbIX 6aN0K H JIHCTOB.
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Puc. 4.15. Cpapuas cTanudua npecca

CTaHWHbB CBAPHUBAIOT H3 JHCTOB (cTEH
KH), MoJsioc (HanpapIsawlliie) U [IOKOBOK HJIH
OTNAHBOK (60O6GLIWKH [OL TMOMIHIKIHHKH, [H-
JUHIPH U T. 4.} B TsXKeJI0M MaLIHHOCTPOEHUH
CTAHUHB H3rOTOBJAAIT C [OMOLULIO JIEKTPO
JAKOBOH CBAPKH H3 TOJCTOJMHCTOBOH CTAJH
H KPYNHHX CTaJibHBIX OTAHBOK (pHc. 4.1
4.16). '

Puc. 4.16. CpapHo-auTass CTaHHHA [POKATHOrO
cTaHa
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[Tpumenenue DB M. [lna cucrematu-
YyeCKH [OBTOPAIOILUXCHA pAcyeToB, HANpUMeEp
pPacyeToB MAcC, MOMCHTOB HHEPLHH CEYeHHH,
HMEIOTCA MakeThl noanporpamm. Haa yno6-
CTBa HUCMOJAL30BAHUA NPH UYePelOBAHUH pacC-
4yeTOB OHH oObeIuHAIOTCS B 001LYI0 Tporpam-
MY €O CBOMMH KOJAaMH H MOCYT HCIOJb30-
BATbCA B Mpouecce [pPOEKTHPOBAHHA HeTa-
Jiel MalUluH.

MaccoBo-110BTOPAKOLHECA pacyeTbl, He-
ofxoaumbie AJS1 COCTABJACHHA CIPAaBOYHbIX
TaGAuI U HOMOrpaMM, [IPOU3BOAAT Mo 0606-
LLeHHBIM mporpaMmam, ynobGHbIM Ajs pa-
cyera GOMLIIOro YUCAA BAPHAHTOB CBAPHBIX
KOHCTPYKLHH, coelHHeHHH B TpebyemoH
nocJie A0BATENbHOCTH.

2BM sddextusno ucnoassyiorea 8 U3C
um. E. O. [latona B HH}OpPMANHOHHO-MO-
UCKOBOH (opme I/ HAKONJCHUA 3KCHEepH-
MEHTAJbHBIX JAHHBIX MO MEXaHHYEeCKHM
CBOHCTRAM MATEpHA/JOB H COEIHHEHHUH.

JIna yTOUHEHHBIX pAacyeTOB CBApHbLIX CO-
eJMHeHHH HeoOGXONHUMO MpHUMEHEHHe METOHNA
KOHEUYHBIX 3JIEMEHTOB, KOTOPOE HEBO3IMOMXKHO
Ge3 ucnonb3oBaHusa 3BM.

C nomouibio 2BM npaKTHHECKH OCYILECT-
BJASIIOT MapaMeTpUHUecKylo ONTUMH3AUHIO —
ONTHMH3ANHIO0 pa3MepoB ceueHuil, pacopene-
JEHUST MacC MEXJY 3/ieMeHTaMH CTaTHUECKH
HeoNpeAeJUMBIX CHCTeM W 1p. Bo3smoikna
TaK¥e CTPYKTypHO-llapaMeTpHyeckas OfNTH-
MH3AIHS.
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§ 5.1. 3AKJIEMOYHBIE COEJAHWHEHHA

3aknenka (puc. b.1, @) npeacrasiser co-
Goii cTepKeHb KPYIrJIOTO CeueHHs ¢ roJioBKa-
MM HA KOHUAX, OAHY U3 KOTOPbIX, Ha3hiBae-
MYK 33KJAaJHOH, BBIIOJHAIT HA 3ar0TOBKE
3apaHee, a BTOpPYiO, Ha3blBAEMYI0 3aMbIKAIO-
ed, GopMHPYIOT MPH KJenke. 3aKIenouHnie
coe/lHHeHusa o0pa3yloT TMOCTAaHOBKOH 3akKie-
MOK B COBMElIEHHbIE OTBEPCTUA COeTHHACMBIX
3J1€MEHTOBR H pack/jeNKoH ¢ ocaxXuBaHueM
cTepxHs (puc. 5.1, 6). 3aKjelKH CTArHBAIOT
coefiMHAEMble JeTajid, B pPe3yabTaTe 4Yero
YACTb UJIH BCSl BHEIIHSAA MPONOJAbLHAS HATPY3-
K4 Ha COeJIMHEHHSA MepejlaeTcs cuJaMH Tpe-
HHSl HA MOBEPXHOCTH CTHIKA.

3ak/jenoysple coeMHEHHsT pa3lensIoT. Ha:

a) CHJOBHIE (HHAue Ha3blBaeMmble [POYHBI-
MH COEJHHEHHSAMH), MCINOJAb3yEMble TPEHMY-
UIECTBEHHO B METANJHYECKUX KOHCTPYKLHAX
MAlliH, B CTPOHTEbHBIX COOPYKEHHAX,

6) cuJ0BbIEe MJIOTHBIE (HHA4ye HA3LIBAEMEIE
NAOTHONPOYHLIMH COEUHEHHUSIMH), HCIIOJb-
syeMble B KOoTJaax M Tpybax, paboraouiux
Moj faBJeHHeM '

T10THOCTE TaKXKe MOXKHO 00eclleddTb C
MOMOLIIBI0 KJIesl.

" B cBaA3u ¢ Tem, uro B CCCP koTabl Ha Bce
JaBJeHHSA BLIMOJIHAIOT CBAPHLIMH, OrpaHHYHBaeMCH
paccMOTpEHHEM CHJOBBIX COEAHHEHHH.

[IpenmyliecTBaMH 3AKJAEHOUHBIX COeHHE-
HAN ABNAIOTCA CTA6GUIBHOCTD H KOHTPOJIHpYe-
MOCTb KauecTBa. HeaocTaTkH — MOBBILIEH-
HBI pacXoi MeTajia H BbICOKast CTOMMOCTD,
Hey/100Hble KOHCTPYKTHBHbBlE QOPMBI B CBSA3H
¢ HeOOX0IUMOCTBIO HAJMOXKEeHHA OJIHOF0 TUCTA
Ha JApyrofl WJH TpPHMeHEeHHA CcheiHaJbHbIX
Hak1aloK. B HacToALee BpeMs 3aKaenovHble
coelyHeHHs B GoJblinHcTBe obacTel BbITEC-
HeHEl CBaPHBIMH M 3TOT Tpowecc IPOJoJ-
HKaAeTcs.

O6aacTb [paKTHUECKOro MPHMEHEHUs 3a-
KJIEMOYHbIX COeIHHENHH OrpaHHYUBAETCH Cie-
NYIOUUMH CJly4asiMHi: :

1) coenMHeHHs, B KOTOPBIX Harpes INpH
CBapKe HeAONMyCTHM H3-3a OIIACHOCTH OTIIYCKA
tepMoofGpaboTadHuX meTasned uaum kopobJae-
HHA OKOHUaTeJbHO 00pafoTaHHBIX TOYHBIK
jeraJeii;

2} coelMHEHHS HECBAPHBAECMBIX MaTepHa-
JIOB;

3) coenudeHHsi B caMoJieTax, Hanpumep
TOJILKO B 0LHOM COBPEMEHHOM [1aCCarKU PCKOM
camo/ieTe [PUMEHSIT 10 2,5 MUJIIHOHOH
3AKJIEINO0K,;

4) coeJHHEHHUS B ABTOMOOGHIECTPOEHHHIAA
paM FPY30BbIX MaLIHH.

[TpeumyluecTBeHHO 3aKJjelKaMH
HSIIOT JIHCTOBBI® KOHCTPYKUHH.

3aKJenKy H3roToB/AAOT H3 [IPYTKOB HA Bbl*
CaJ0UHbIX ABTOMATAX.
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i Puc. 5.1. 3akncnka c noay-
KPYTJIBIMH ~ [OJOBKAMH  H
npocTefiiiee  3akgenouxoce
coe fHHeHHE
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Kuenky crafibHbIMH 3aKAenKaMH JHaMeT-
poM Ao 8...10 MM, a TakKe 3akjeNKaMH U3
JaTYHU, M@ W JIETKHX CIIJIABOB BCEX JHa-
METPOB TIPOM3BOASIT XOJOMHBIM CIOCOOOM,
a OCTaJIbHBIX 3AKJENOK — FOPSAUHM CIIOCO-
HOM.

Marepuan 3aknenok no/xeH GeITh qocTa-
TOYHO [IAACTHYUHBIM 51 obecrneyeHHs BO3-
MOXKHOCTH (OpPMHPOBAHUA TOJOBOK H OJHO-
pPOAHBIM C MATCPHAJOM COeJHHAEMBLIX IeTa-
Aed Bo wu3bexaHue INEKTPOXHMHUYECKOH
Koppo3ud. CrajibHble 3aKaenKd 00bIuHO H3ro-
1ToBJAsIOT w3 craned Cr2, Cr3, 09I'2 u np.
Hus coepuHenus 3neMeHTOB H3 cTaleH M0-
BHIIIEHHOrO KauyecTBa UeJecoofpaszHo mpHu-
MEHATb 34KJENKH H3 TeX »Ke crajel, ecau
BO3MOXKHO M0 YCJOBUAM HX [JIACTHYECKOTO
necdopmuposanua. M3 jerkux cnnasos A
sakaenok npumensor B65, 115 u np.

[ocynapcTBeHHBIMH  CTAHAAPTAMH  TIpefi-
yCMOTpeHHl CJ1elYIOliHe BHIBI 3aKAENOK.

3akAenKHd CO CNAOMWHBIM CTE P X-
HeM: ¢ noaykpyraoii roaoskoi ([OCT
10299—80* u TOCT 1479785, puc. 5.2, a),
HMEHe OCHOBHOE IIPHMEHEHHE B CHJIOBBIX
H IIOTHBIX WMBAaxX, ¢ IJIOCKOH TONoOBKOH
{FOCT 14801—85, puc. 5.2, 6), upenHa-
3HayeHHble A8 paBoTbl B KOPPO3HOHHBIX
cpenax; c¢ mnorafidoi ronoskod (I'OCT
10300—80*, TOCT 14798—85, puc. 9.2, 8),
npuMeHsieMble [PH HemOMYyCTHMOCTH BBICTY-
HAIOUIMX YacTeH, B 4YACTHOCTH B caMoJe-
Tax, ¢ NoJylOTaHHOH rojoBKOH Al coenu-
HEHHSl TOHKHX JHCTOB.

Jakaenku MoAYyNyCTOTeJble

puc. 5.2, 2, 0, e) u nyctoteasie ([OCT
12638—80% — 'OCT 12640--80*, puc. 5.2,
M, 3, 4) NPUMEHSIIOT JIJIA COEMHEHUS TOHKHX
JIMCTOB U HeMeTa/JIHYeCKUX JeTajied, He
nonycKamolux 60abIIHX HArpy3okK.

3aKJeNKH €O CIJIOWHBIM CTEPXHEM -H3r0-
TOBJISIIOTCA HOPMaJibHOH TOUYHOCTH H IOBHI-
LIEHHOTO Ka4ecTBa.

JIna yBejuuenusi pecypca 3aK/eNOuYHbIX
COeIHHEHHH CO3/1al0T PaiuaibHLIH HATAT, pe-
CYpc NpH 3TOM yBenHuuBaercs B 2...4 pasa.

151 KpenJieHus JONaToK HEKOTOPBIX [apo-
BbIX H Ta30BBIX TypOHH NPUMEHSIOT 3aKIEIKH,
ycTaHaB/uBaeMble MOJ pa3BepTKy H pabo-
TAlOlllHe B OCHOBHOM Ha CHABWT.

HanGonee orpaGoTaHbl KOHCTPYKUHH, TH-
Max H TeXHOJOrUA 3aKJACTOUHbIX COeTHHeHH H
B A@BHAUUOHHOW [POMBILLJIE HHOCTH.

Kpome TpamuuMOHHLIX 3aKJeNOK TMpHMe-
HAIOT:

3aKJeNKH H3 CTepXHeH ¢ OLHO-
BPEeMEHHBIM PacKJaeNolBaHHeEM
of8edx ronosoK Hobpa3zoBaHUeM rapaH-
THPOBAHHOTO HATATA 10 HHAHHAPUYECKOH MO-
BEPXHOCTH;

3aKJAEeNKH C IOTAHHOH TOMOBKOH
H KOMOEeHCAaTOpPOM— MCCTHOH BBINYK-
JIOCThIO Ha roJIoBKe, NedopMHpyeMoH mnpH
KAENKe M YIVIOTHAIEeH KOHTAKT FOJOBKH;

3aKjJelNKu AJdd WBOB C OAHOCTO-
POHHHM HNOAXOAOM H C CEPIeYHH-
KoM (pHC. 5.3}, KOTOPBLIH [pH OCEBOM Mepe-
MELLEHHH paclHpaeT 3akjenky, o6pasysa 3a-
MbIKAIOULYIO TOJOBKY, a [I0TOM 06pbIBaeTcCs
U (pesepyercs AnA ofecnedyeHus [rJ1agKoi

(FOCT 12641—80*, TOCT 12643—80, noBepxHOCTH;
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Puc. 5.2. Cranjgaprubie crajib-
Hble IAKJICIKH 8) g 4)
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Puc. 5.3. CrepykHEBLIC 3aKACNKH a9 OLHOCTO-
POHHEN KJEIKH

B3pbBBHAA 3aKJeNKa TOro Xe Ha-
3HaYeHHUs, Y KOTOPOH 3aMLIKalomas roioska
ofpa3syeTcs B pe3y/ibTaTe B3pbiBa BelllecTBa,
34JI0)K€HHOr0 B OTBEpCTHE 3aK/ellKH; B3DPHIB
BBI3bIBAETCA HArpeBoM 3aK/JAAAHOH TOJOBKH
H CTep’KHH,;

GosT-3aKAeNKa B BHAE CTepXKHHA,
YCTAHARJAMBAEMOr0 ¢ HaTATOM, U BBICOKOH
waiber (puc. 5.4); npu ycraHoBKe Gosta
raiky o06XXuMaioT Ha CTepXKHe, HMEIOUIeM B
3TOM MecCTe KOJiblleBble KaHaBKH; HOTOM XBOC-
TOBYI0 4acTb CTePHSA 0OpbIBAIOT:

3aKknenka ¢ OGOAbWIUM COMNPpO-
TUBJEeHHEM CABHUTY B BHJe TBepIOH
MyCTOTEJNOH 3aK/AeNKH ¢ MOTAaHHOH TONOBKOH,
NPUTArdiBaeMOH BHHTOM.

3aknenounpie coeJHHEHHS 110 KOHCTPYKIIUH
pasnenalT Ha CoeiHHEHHA BHAXJECTKY
(puc. 5.5, a), coeiuHEeHUs ¢ O HOH HAKIATKOH
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PHe. 5.4. BoaT-3akaenka
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Puc. 5.5. OCHOBHbBIE THIIBI
HeHHR:

3AKJEIMOYHBIX CoedH-

Q - BHAXRECTKY; 6 -- ¢ OAHOH HaKAAAKOH; 8 — ¢ JiBy-
MA HaKJaJKaMH

(puc. 5.5, 6) ¥ coeIHHEHHN C ABYMS HaKIaj-
KaMH (pHc. 5.5, 8).

TunosbiMu TpuMepamMu CHAOBBLIX 3a-
KAENOYHBIX COCAHHEeHHH MOIyT ciy-
MUTh GaiKH, hepMBl, KOJIOHHBL B CYIICCTBYIO-
LMX CTPOUTENbHBIX COOpYXKenHaAX (puc. 5.6).

3aKye10UHble COEAMHEHHA IPHMEHSIIOT TaK-
e JUIg JeTadeild MaluH obero HasHadeHus,
HaTpuMep AJs KPenJjieHus BeHuos 3y6uaToiX
KoJIeC K CTynunam, JomaTok B TypbOuHax,
IPOTHBOBECOB KOJIEHUATHIX BaJOB, TOPMO3-
HBIX JIEHT U 00KIaNOK, AJa coelUHEeHUS aeTa-
JIeH paM H KoseC aBtroMmoOujeid ¥ T. J.

[lpy KOHCTPYHPOBAMHH pPEKOMEHIYeTCH
NPUIEPKUBATLCA CASNYIOIMX TNPaBHI:

a) B 3aeMeHTax, pafoTaliHX Ha pacra-
KeHHe HJIM CXKAaTHe A yMEeHbIIeHHS HX H3-
rufa, 3akaenkH chelyeT pacrnojaratb Bo3-
MOXKHO OJiHke K OcCH, Hpoxoasilleil depes

=
=

Puc. 5.6. Kaenauble 6anku (a) u y3ea dbepmui (6)
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IEHTP MAcChl CeYEHHH, HAH CUMMETPUYHO OT-
HOCUTEJNLHO 3TOH OCH;

0) B KaXAOM COeJHHEHHH JI/1f1 YCTPaHEeHHs
BO3MOXXHOCTH OTHOCHTEJBLHOTO [IOBOPOTA CO-
eMHACMBIX JNeTajedl XeJaTebHO HCMOJb30-
BaTb HE MeHee JBYX 3aKJeloK;

B) 3aKJeNKH MO BO3MOXKHOCTH cJelyeT
pasmellaTb TakuM o0pasoM, uTOOH coely-
HAEMbIE 3/IeMEHTBI 0C1a0AAAUCh MeHblle H UX
MATEPHUAJ HCIO0Jb30Ba/cA Gonee NOAHO, T. €.
cjelyeT NMpeANOYHTATb AXMATHOE PACIOJIO-
ACHHE DATHOMY.

ITpu npoekTHpOBaHUH METANIHYECKHX KOH-
CTPYyKUMH crenyeT NpenyCMaTpusaTb Mnepe-
ceueHHe oceH 3JeMEeHTOB HJIH OCel pa3melle-
HUA 34KJelNOoK B OJHOH TOUKe, a4 TakxXKe He
MPUMEHATL B CHJAOBBIX KOHCTPYKUHSAX MOJO-
COBbIX 3JIEMEHTOB.

CTepKHeBBEIe CHCTEMbI PACCUHTHIBAIOT Kak
(epMBl, €CaH AJHHLL CTepKHeH MpeBbWaloT
noiiepeudblie UX Pa3sMepsl B MAOCKOCTH (epMbl
He MeHee yem B 8...10 pas.

Huamerp 3akneilok 8 OJAHOCpPE3HBIX CHJO-
BbIX CO€AHHEHHAX BbIOHpPalOT paBHeM (1,8...
2}s, B AByXxcpesHod (1,2...18)s, rne s —
TOJIUIMHB COEHHAEMbIX 3/I€MEHTOB; {OJbIIHE
3HAa4YeHHs — [IpH MadauXx s. B aBuacTpoeunun
npuHumaoT d=2/s.

MuHHMaBHBIA War pa3sMelleHdst 3akie-
ok onpenensiercsa yao6CTBOM KiIeNKH, MaK-
CHMAJ/IbHbIH — YyCJOBHAMH [IOTHOTO COINPH-
KOCHOBEHHS JIMCTOB H 3aBHCHT OT »XeCTKOCTH
CORUHAEMBIX MEMEHTOB,

O6bluHO WAr B OAHOPAIHOM OJHOCPE3HOM
coeluHeHuH pased 3d, B AByXcpeaHoM 3,54,
B IBYXPAAHBIX coefqHHeHUAX B 1,5 pa3a Gob-
e (d — mHaMeTp CTePKHA 3AKJIENKH).

Pacuer sakaenounmx coefunennii. B co-
OTBETCTBHH € OOLIYHBIMH YCJAOBHAMH paGOThi
3aKMeNOYHbIX COEJHHEHHH OCHOBHBIMH Ha-
FPY3KaMH JJI HHUX ABJSIOTCA OPOAOJAbHBIE
CHJIBL, CTPeMALIHECH CABHHYTbL COENHHASMbIe
4€Taad OAHY OTHOCHTeABHO Apyro#. Tlpu Ha-
TPYXKEHHH 3aKMENOYHOTO COeJUHEHHsl IIPO-
AGJILHBIMA CHAIAMH (B 1pefiefiaX CHJ TPEeHHS
Ha MOBEPXHOCTAX KOHTAKTA) HArpyska nepe-
A3eTCA CHIAMH TPEHHA, KOTOPbIE B coeliHe-
HUAX ropsaded KJAelKoH 6e3 ueKaHkKH coOTBeT-
CTBYIOT YCJOBHOMY HANpPSIKEHHUIO 3aKIeNKy
Ha cpe3 80...90 MIla. 3arem 8 paboTte Hauu-

k
|
{

\\U\; N Ff
e . .
Y 7/

I3 r‘"’-.’\“ —
a |
F1 I &
e e — —-——1
!
4
. ]
a)
a
Z A
o : e I
| \ 1
5) .a;f\g/

Puc. 5.7. PacuyerHsle ¢CX€Mbl OJHOCPE3HOTO H HBYX-
CPE3HOTO 3aKJEMOUHOT0 COCIHHEeHHS

HaeT [PHHHMATh YyYacTHE TEAO 3aKJelKH,
nojageprasicb H3ruby, CMATHIO H CABHUTY.

B nioTHOM ¥ TOYHOM coeAMHEHHAX Heobxo-
AuMO, uT0o0bl BCA BHeMIHAA HATpY3Ka BO H3-
GeKkaHHe MECTHBIX CIIBUTOB BOCHPHHHMAJACH
CHJIAMH TpPEHHA,

Pacuer 3akienoK B coeAHMHeHHH, HAXOJIA-
ImeMcs oA NeHcTBHeM MPOLOJBHOH HArpys-
KH, €BOIHTCA no ¢opMe K pacuyeTy HX Ha
cpes. Tpenue B CThIKE YUUTBIBAIOT PU BEIOOpE
nonycKkaeMblX HanpsixkeHHH cpesa. [Ipu uen-
TpaJbHOM JNelCTBHH HArpy3Kd TpeAnoJara-
eTcd paBHOMepHOE paclpefeleHde  CHJI
MeXJy 34KAelKaMi,

B 3akaenouyHoMm coemuHeHun (puc. 5.7, a,
6) nonycTHMasa Harpyska, OTHeceHHafd K
OJHOH 3ak/ernkKe,

nd?
Fr=—ilt],,
riae d — AuaMerp CTEPKHA 3akaenku; [t]e—
yCJIOBHOE JONyCcKaeMoe HaNpsKeHHe 3a-
KJACNKH Ha Cpea; i — YHCAO cpe30B.

[lpu penTpanvHo AedcTByOLIEH HAarpyske

F Heo6xoaumoe 4HCIO 3aKmenok z=F/F.
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3akaenky Ha CMATHE B OJHOCPE3HOM HJH

ABYXCPE3HOM CHJIOBOM COeJIHHEHHH (CM.
pHC. 5.7) npoBepsiloT o hopMyae
Fl“é [UI CMSdt

rge § — TOJILHHA CTEHKH CO€NHHAeMbIX Je-
TaneH.

[Iposepka Ha cMATHe TVIOTHBIX COeNMHEHHH
He Hy}KHa, TaK KaK B HHX BCH IPOAOJLHAfA
Harpy3ka BOCLIPUHHMAETCs CHJIaMH TpPeHHs
B CThHIKe.

CoenyHaeMble 3JeMeHTH HPOBEPSAIOT Ha
[IPOYHOCTEL B CEUEHHSAX, Ocna0JeHHBIX 3aKell-
KaMH:

o=—1
AHET’T‘O

=< [Ulp-

JlonycKaeMoe HalpsixKeHue N coefuHe-
HHH CTANbHBIX JeTased 3aKjelKaMu U3 cTa-
Jefi Ct2 u Cr3 npu pacuere 10 OCHOBHBIM
HATPy3KaM: Ha cpe3 3akaelok [T]eop=
=140 MIla u ua cmarve [0]=280...
320 MIla, na pacrskeHne coeHHSEMBIX
snemedroB u3 craau Crd {o],=160 MIla.

[Ipu xononHol Kaelke AonmycKaemble Ha-
MpsiXKeHHst B 3aKMenkax cHuxarmoT Ha 30 %.

171 3/1leMeHTOB CoeHHeHHH ¢ MPOGHUTHIMH
H HepaccBepJieHHbBIMH OTBEpPCTHAMH A0MyC-
KaeMple HanpsiKedus cHuxKalor Ha 30 %.

Ecan coefnpenue paGoTaeT NpPH pPeNKHX
3HaKoMepeMeHHbIX Harpy3kax, AOoNMycKaeMble
HAIpSDKeHHs1 TOHHXKAKT yMHOXeHueM Ha
KO3 pHUHEeHT

. 1
V=——p—

min
a— b

< 1,

max

rae fo, 4 Fp,, — HaAmeHbllasds H HAHGO/b-
mas Mo aGCoMOTHOH BeMUUHE CHAB, B3SIThIE
CO CBOMMH 3HakKaMH. JIna coelHHeHHA 3Je-
MEHTOB H3 HH3KOYIJIEPOAHCTHIX cTanel a=1,
b=0,3, a 0J5 coeAUHEHHH H3 CPelHEeyTIepo-
JHCTHIX cTaned a=12 b=0_8.

[lorpe6Has naouiaas 3nemeHToB, pabo-
TAIIIHX Ha pacTAXKEeHHe TMOoA JOeHCTBHEM
canul F,
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11Ba, BeTHUHHA KOTOPOro oOblYHO KoedneTcs
B npepedax or 0,6 no 0,85; P — war pacno-
JIOXKEHHA 3aKJENOK.

[Ipu mpoekTHOM pacyeTe 3HAYeHUeM @ 3a-
JNAI0TCs, a MOTOM TPOH3BONAT [IPOBEPOYHBIH
pacuer. .

B rpynnosblX 3ak/eNnouHbIX COEJHHEHHAX,
NOJBEpKEHHBbIX CJAOXHOMY HAMPSXKEHHOMY
COCTOAHHIO, CHJbLl Ha ONHY 3aK/JeNKy onpe-
NeJdAI0TCs, KaK B pe3b00BBIX COeJHHEHHAX
(cm. § 7.10 u 7.11).

KO3(PPUUHEHT MPOYHOCTH

r

§ 5.2. TASAHbBIE COENUHEHHS

[Tasiuble coepuHeHHss — 3TO Hepa3beMHBIE
coelHHeHus, ofeclieyupaeMble CHAAMH MoJe-
KyJIAPHOFO B3aMMONECHCTBHUA MeXIy COelu-
HAEMBIMH feTaJjsiMd U mnpumnoeM. [Ipunoi —
3TO CI/IAaB AW METaJJ, BBOJAUMBIH B pacnias-
JEHHOM COCTOSIHHH B 3230D MEXKIY coeJuHsie-
MBIMH JeTasiMH U HMEIUUH Oojiee HU3KYIO
TeMIepaTypy IJ1aBJjeHHs, YeM CoeJIHHseMble
aetann. Oryadunde NaluKd OT CBAPKH — OTCYT-
CTBUE pacIlaB/AeHHUs] HJH BBICOKOTEMIEpa-
TYPHOro HarpeBa CoefHHAEMBIX JeTaJtieH.

CBsi3b B MAafAHOM IIBEe OCHOBAaHA Ha:

pacTBOpeHUH METAJJa AeTaJleH B pacilyas-
JIEHHOM [PHIIOE;

B3AHMHOH AUPE@Y3HH 3JEMEHTOB MPHIOS

U MeTallla coefHHAEeMbIX aeTaJel;

Ge3audHy3HOHHOH ATOMHOH CBS3H.

[IpouHocTe NAafHOro I1WIBA CYLIECTBEHHO
BbILIE, YEM PHIIOS, B CBF3M C PACTBOPEHHEM
B CJloe MaTepHasa JeTajiedl H B CBA3H C TeM,
4yTO CJAOH HAaxXOIUTCA B CTECHEHHOM Hamps-
EHHOM COCTOSIHHH MEXIy COeIHHSEeMbiMH
OeTaJAMH.

[lponecc ma#ikd cocTouT H3 omepaiuii:
NpOTpeBa CoeMHAEMBIX MOBEPXHOCTEH, pac-
TJIaBJICHHS] NMpPHIMOA, pacTeKaHHs I[DHIOA H
3aTOJHEHHSA WBA, OXJdXAEeHH:A H KPUCTANIH-
3alHH. |

[Tafiko#l coeqHHAOT ONHOPOIHBIE H PA3HO-
pPOMHBIE MaTepHaJ/ibl: YepHble H IIBETHHIE Me-
TaJJibl, CNIAaBH, KEPAMHKY, CTeKJIo # T. H.

Tun nasiHoro coeJHHeHHS ONpenensercs
dopmMoii M pacrmofoKeHHeM [eTajell U Ha-
rpyskofi (ta6u. 5.1).
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5.1. OcHOBHLie THRW MAasiHHIX COeNHHEHHM
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OcHoBHBIE NMasinbie COeAHNEHHA: BHAXJIECT-
Ky (ITH-1...ITH-6, BkJwuas Tteneckomnuue-
ckne ITH-4.. TIH-6), etk ([1B-1, TIB-2),
sckoc (I1B-3, T1B-4), srasp (I1T-1...11T-4),
cotipukacawiurecs (I1C-1, TIC-2). [1peumy-
ILeCTBEHHOE [IPUMEHEHHE WMEIOT COeNHHEHH
BHaxXJMECTKY, Kak ofecreudBaioLige 10cTaTou-
HO BbICOKYIO [IPOYHOCTb BIVIOTH NG AOCTHXKE-
HHSl PABHOIPOYHOCTH C NEJABIMH JI€T4JIsIMH.

CTblKOBbiE COEAHHEHHS1 HMCIOT MpUMEHe-
HHE, OrPAHHUYCHHOE MAJIBIMH HArPy3KaMH, UTO
CBSI3aHO € MalbslMH TMOBEPXHOCTAMH CHAaf.

Coexmﬂeqﬂﬂ ctynenuyarsie 8 Bckoc (I11B-3,
[IB-4 ¢ yraiom ne Gosee 30°) crnocobuel obec-

MeyusaTb HEOOXOAUMYIO NPOYHOCTb, HO HX
IpUMEHEHHe OrpPaHHYHBAETCA CJI0MKHOCTLIO
H3FOTOBJCHHS.

[Taliko#i coegUHAIOT JUCTHL, CTEPXKHH, TPY-
6nl MexXay coGOoH H ¢ TJIOCKHMH JeTalsAMH
‘M np. Baxnyto o6actb COCTaBAAIOT COTOBHIE
nasigble KOHCTPYKIUU (pHc. H5.8).

[Ipunon n0xHBL OBITH JE€rKOMJIABKHMH,
XOpoIIO CMAYHBATb cOeHHAeMble [0BEpX-
HOCTH, 06/a0aTh AOCTATOYHO BBICOKOK MpOY-
HOCTBIO,  IJIaCTHYHOCTLIO, HETIPOHHILa€e-
MocTbio, KosbhduiuenTbl JHHEHHOTO paCIIH-
PeHHS MaTepHaJ OB CoelHHAESMBIX NETAJEH H
[IPUMOEB He OOJKHB CHABHO DPA3JHYATHCA.



78 3AKJIEMOMBBIE, TAAHBIE, KJIEEBBIE COEAHMHENTAA

| T, T

e S e

| SRR

Puc. 5.8. CoToBLIE KOHCTPYKLHH

B Texnpnke MpHUMEHSIOT MHPOKYIO HOMEHKAATYPY
MPHII0EB, pa3e/iAeMy0 Ha TPYNNLl N0 TemnepaType
nJap/deHHs H 110 XHMHUECKOMY COCTaBy.

B MaiHHOCTPOEHHH yMOTpeGMTeNbHLI CJleyIo-
Live HpUnoH (B cko6Kax ykazausl ofiacTy npuame-
HEHHSA) ;

0J0BsIHHO-cBHHUOoBRe o [[OCT 21930-—-76* —
MOC 61, 110C 40, TTOC 30, I[TOC 10 u Ap. (wmH-
pOKOe IIpUMEHEeHHe ) ; ’

OJIOBAHHO-CBHHIIOBblE CYPBMSIHHCTBIE H MaJo-
cypbmanuctoie o FOCT 21930—76* (aBToMoGH-
JlecTpOeHHe, COeNHHeHHUsT HHHKOBBIX H OIHHKOBAaH-
HBIX feTaJjed U np.);

cepebpsHble, OJNOBAHHLBIE, OJOBAHHO-CBHHIOBLIE
¢ cogepxaudem cepebpa o 10% mo TOCT
19738—74* (oTBeTCTBEHHbBIEC COEIHHEHHs, TPebyio-
[iHe BBLICOKOH MPOYHOCTH, KOPPO3HOHHOH CTOH-
KOCTH, OTHOCHTE/JbHO HEBBICOKOH TeMmepaTyphl
IJ1ABJIEHHS, MOBBIICHHOH 3JIeKTPONPOBOIHOCTH);

MeJHO-1IHHKOBbIE CILIaBbl — JaTYHH (4J5 604b-
LIMHCTBA METaJ/JIHYeCKHX feraeil, KpoMme nerajel,
MnojBepraeMblX yiapHbiM H BHOpaHHOHHBIM HATDY3-
KaMm).

I npHmosi MeXAy COeIHHSIEMBbIMH MOBepX-
HOCTSIMH [OJIKeH OblTb MPEeAyCMOTPEH OINTHMAaJlb-
HbIH 3a30p OT HEeCKOJLKHX COTHIX [0 HEMHOTHX
AeCATHIX goJeit MuWilauMeTpa B 3aBUCHMOCTH OT
NPHIOA H Pa3MepoB COeJHHEHHS.

B nponecce naiiku 114 3alnuTH NOBEPXHOCTEH
OT 3arpfA3HeHuss H OKHCGJICHHS H COOTBETCTBeHHO
AJIS YIYULIEHHSA paCTeKauHsl XKUMAKOTO IIPHTIOA TPH-
MeHSIOT (JIIOCHL.

Ilp# uu3koTeMNepaTypHOH nafike NPUMEHAIOT
B BHJIe Jiloca KaHHGOub H €€ paCTBOpbLI, BaJe/uH,
a TakKxe Oojee aKTHBHBIE (DJIIOCH, COgeprkallye
OpraHU4eCcKHe KHCJAOTbl (OJIEHHOBYIO, MOJOYHYIO,
JIMMOHHYIO) W Ap.

ITpu BeICOKOTEMIEPaTYpHOH MaHKe cepedpsiHbI-
M#, MEIHLIMH H XKaPOCTOHKHMH 3JIEKTPOAAMH NpH-
MeHSIIOT NpoxaJeHuy 6ypy Na;B4O; u ee cmechb
¢ 60pHo# kxcaAoToH. JlJ1A NOBBLILUEHHS aKTHBHOCTH

datoca no6aBasOT PTOPHCTBIE H XJIOPHCTbIE COJIH
MeTaJLioB. :

[MpumenswT Muoroobpasnbie cnocobbl Naliku:
NasJbHHKOM C TEPHOAHYECKHM TIOJOTPEBOM HJIH C
HellpepHBHLIM MOJOTPeBOM I'a3oM, KHIKHM TOMJIH-
BOM HWJIH 3JeKTPHYRCKHM T1OAOrPeBOM; rasonJa-
MEHHBIMH TODeJIKaMH; 3/IeKTPOHATpeBOM (NMpeUMy- -
IECTBEHHO 3JEKTPOCONPOTHBJEHHEM); B KHAKHX
CpeliaxX; B ne4ax, cneldaJibHhle.

HauGosee nmpocra nafika nas/bHUkOM, Hau6o-
Jlee MPOH3BOAHTe/IbHE MaHKH B KHUAKHX cpefiaX H .
B Meyax.

PacueT nasuplx coelyHeHHH TPOBOAST MO
HOMHHAJAbHOMY HAaNpPSAXEHHI) B 3aBUCHMOCTH
OT [pefesia MPOYHOCTH. JHA4YeHHn INpeaeda
MPOYHOCTH Ha cpe3 NOpH NAaAKH HauboJgee
pacnpoCTPaHEeHHBIMH OJ10BSIHHO-CBHHIIOBBIMH
MPHIOAMH:

Marepuan geranu . .« . . Craap 20
rcp, Mna . - . . . - - . ' 28
|
Craap XI18HIT Mengpr M3 Jlatyus J162
32 27 22

[Ipenen npodHocTd cmas Ha pacTsKeHHe
(Mo ombiTam ¢ cepeGpANBIMH  MPUNOAMH
[1Cp40 n T1Cp45) mns GoapliuucTBa cTajel
Ha 3040 9 shiwe 1., a 118 0c060 BHICOKO-
JIETHPOBAHHBIX CcTaJjied Bollle A0 2 H GoJee
pas.

§ 5.3. KJIEEBbIE COEAHHEHHUA

Kneesele coemupeHns — 9TO coeqHHEHHSA
HEMEeTa/MIHYeCKHM BElUIeCTBOM MOCPEJCTBOM
[IOBEPXHOCTHOrO CXBATHIBAHHA (aaresuu) H
BHYTPEHHEH MeXMOJEKYJAspHOH cBA3H (Ko-
resud) B KheduleM cjoe. DTH coelUHeHHSH
B MOCJ/eHHe FOABl [OJYYHUJIH WHPOKOE MPH-
MEHeHHe.

IOCTOHHCTBAMH 3TUX COeIMHEHUH ABJSAIOT-
CA: BO3MOXKHOCTb CO€NHMHeHHA IeTajied H3
pasHopoiHbIX MaTepuasos, COSJHHEHHA TOH-
KHX JIHCTOB, [NIOHHKeHHAs KOHUEeHTpauus Ha-
NPSXKEHHH W XOpollee CONpOTHBJAEHHE ycTa-
JJOCTH, BO3MOXKHOCThL ofecledyeH|sn repMeTny-
HOCTIl, yMeHbllleHHash Macca, BO3MOXKHOCTb
NOJyyeHHsl TJIaAKo# MNOBEDXHOCTH H3JAEJHA.

[TpuMeHsiemble B MalHHOCTPOEHHH KJeH
HOApa3AeNsioT Ha TePMOPEaKTHRHbIE — 3110~
KCHOHBble, nogH3dupHble, ¢edogodopmanb-
AETHIHbIE, MOJHYpPeTAHOBHIE, TepMomnJac-
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THYHbIE HA OCHOBE MOJIHITH/EHA, MOJHBEHHJI-
XJJOpH/ia; 3/1aCTOMEPbl Ha OCHOBE KayuyKOB.
Ilpy wHopmanbuo#l Temmnepatype 18...20°C
npegen {IPOYHOCTH HA cABUT GOJBUIMHCTBA
kiees 10...20 MIla (npexenbHble focTHrae-
mbie 3nauednst 30...60 MIla); npu 200...
250 °C cuuxaercqa "a 30...50 %.

Knen Ha OCHOBe KpeMHHHOPraHHYECKHX
COelMHEHUH H HeopravuH4YecKuX NOJAHMEPOB
(B wactHoctH, BK2) ob6aapawT rtenaocroit-
Kocteio no 700...1000 °C, Ho Menbwed npoy-
HOCTBIO H MOBBILIEHHOH XPYNKOCTBIO,

[1penen BBIHOCIHBOCTH KjeeBoro coeauHe-
HUA [PH NYJbCAHOHHOM IlHKJE ONUEHHBAIOT
okono 0,7 BpeMEHHOr0 COMPOTHUBJEHHS, NPH
nnostTopHom yaaprom 0,2

Hapapy ¢ XKuakaMu KAesiMH [IpHMEHSIOT
KJeH B BHJAE IJIEHOK, KOTOPbIe BKJAAAbIBAIOT
MeXAY cOoeqHHAeMbIMH OeTAJNAMH, a4 [OTOM
HArpeBaloT H CKHMAIOT.

Eciu padblle HHepPTHble MaTepHaJlbl, Ha-
npuMep ¢TOpOMJIACTL], MOJHITH/EH, HE [0~
lyCKaJH CKJeHBAHHU#A, TO Tenepp mocJe cle-
1HaJBHON MOBEPXHOCTHOH XHMHYeCKo# obpa-
60TKH HX CKAEHBAKT OOBIYHBIMH KJEAMH,

OCHOBHBIM HeJOCTATKOM KJIEEBBIX CO€AHHE-
HHH ABJseTcs Ux craban pa6oTa Ha HepaBHO-
MEPHBIH OTPBIB, UTO HakJajawviBaeT TpeboBa-
HHSl Ha KOHCTPYKUHIO coeauneHud. HauboJee
HIM POKO MPUMEHSIOT COeITUHEHUS] BHAXJIECTKY,
paGoTawiune #Ha caBur. CTHIKOBBIE COeJHHE-
HHA A5 obeclleueHHA MPOYHOCTH BBIMOJHSIOT
110 KOCOMY cpe3y (Ha «yc») WM IpeaycMarT-
puBaioT HakJAaAKu. [IpU yBeanUueHHH TOJILH-
Hbl KJI€eBOro cJosl IPOUYHOCThL najaer. Onru-
MaabHaa tomuHa caon 0,05...0.15 mm.

KieeBole coellHHEHHA MOTYT YIPOYHATH
HJIH MOJHOCTHIO 3aMEHsITb CoeJHHEeHHs C Ha-
TATOM.

YenewsHo OpHMeHAOT Kiell aas nosbiie-
HUA [IPOYHOCTH COMIPAXKEeHHUs 3y0uaThiX KoJec

¢ BanaMH H 3yGuaThiX BeHIOB CO CTYNHLAMH.
[Tocaenuee no3BossieT OPravU3aH0 HEeHTPa-

JIM30BAHHOTO HU3roTOBJEHHA BEHLOB, MPHUYEM

JUCAO THMOPa3MepoB cokpatiaetrcs B 20 pa3
MO CpaBHEHHIO C THIMOPa3MEpPaMH LeJbHLIX
3yBuaTbix KoJec. Kieit HAUHHAIOT HCMOAB30-
BaTb [IPH YCTAHOBKe HADYXKHBIX KOJell HOJ-
IIAMHHKOB KaueHHs1 B KOPMyC, OJA YIIOTHe-
HHS1 ¥ CcTOmOpeHHdA pe3b0OBLIX COellMHeHHH,
AJsi NMPHCOEJHHEHHS MNJACTHHOK pEXKYLIero
HWHCTPYMEHTA. .

Hns ocobonpoydblX COeJHHEHHHR, HCIIbI-
THBAUIHX MPOH3BOJABHYIO HArPy3Ky, BKAKW-
yasi HepaBHOMEDHBIH OTpPHIB, # BHOpAlHOH-
HYK HArpy3ky, [NPUMEHAIOT KOMOHHHpPOBAHU-
Hble COeIMHEHUS, KJeeCBapHble H KJeesake-
noyHbie, KjaeepeiLOoBhie.

KoMm6uaspoBaHHble coeaHHedusa obecrle-
YHBAIOT PABHOIPOYHOCTL C NEJNbIMH JHUcTa-
MH M [IHPOKO NPUMEHSIIOTCA B OTBETCTBEH-
HBIX MallWHaxX (B YacTHOCTH, B TsXKeJbIX
caMoOJIeTax COeJHHsAEMbIE TOBEPXHOCTH TIO
HECKOJIbKO COT KBAjApPATHBIX METPOB).

Kaeecsapupie cOegHHEHHS  BBLIMOJHAIOT
o0bINHO B BHIE COYETAHWA KAeeBLIX H TO-
YeyHblX CBAapHBIX [IBOB. TOJACTBIE JHCTH
COEIHHAIOT JBYXPSAHBIMH [IBAMH C LIAXMAT-
HBIM  pachojoxeHdeM TouyekK. ToueuHyio
CBapKy MNPeHMYILECTBEHHO MPOU3BONAT MO
KHIKOMY (3MOKCHIHOMY) KJEI0.

Kaeesaknenoutble COeNHHEHHS emne -
npouHee KiaeecBapHbix. Mx o6bluno BbimoJ-
HAIOT N0 HEe3aTBEPKACHHOMY ({(EeHOJIBHOMY
B®-1, B®-2 u ap.) kaew, 4TO HCKAKUAET
HEOOXOIMMOCThL CAABAHBAHUA COeUHAEMbIX
JIHCTOB TIPH CKJIEHBAHHHU.

YcnewHo mpUMEHSIIOT KJAeeGOJTOBblE Co-
enHeHHU .

Paccesinne 3HeprH¥ B KJ€eBBIX coedHHe-
HUAX Ha 20—30 % Goablle, yeM B OGHIYHBIX
D PHKLHOHHBIX.

4



r1ABA VI

COENMHEHHA NETAJIEA C HATAIOM

§ 6.1. OBIHHE CBEAEHHHA

CoenuHenusi fgetaneldl ¢ HATATOM — 3TO
Hanpsi>keHpble COEJHHEHUA, B KOTOpPbIX Ha-
TAr co3gaercsl HeoOX0AUMOH pa3HOCTHIO
MocafOUHBIX PA3MEPOB HACAXKHBAEMbIX OJlHA
Ha Apyryio Jeraned. [aa  ckpemneHHs
JeTalell  HCHOJMB3YIOTCSL CHJIB  YIIPYTOCTH
npeABapuTe]bHO Le(OpMHPOBAHHBIX JETa-
JIeH. '

CoenuHednss MOXHO pa3jeldTh Ha [ABe
CPYMIbL; o

1) coenuHeHus ' feTajed NO LUHJHHAPH-
YeCKHM HJIH KOHHYECKHM IOBePXHOCTSIM,
npuYeM OJHA JeTaJb OXBATHIBaeT APYTYIO
(puc. 6.1); crneumasbHbie CcoeJHHHTENbHbBIE
JeTajli OTCYTCTBYIOT;

8) 2)

Puc. 6.1. CoeHHeHHs C HATATOM N0 HHJIHHADYU-
YeCKHM NMOBEPXHOCTAM

2) coemHHeHHA JieTajied MO TJIOCKOCTH
C TOMOILbIO CTAXKHBIX KOJEL HJAH TJAAHOK
(puc. 6,2).

OcHoBHOe NpuMeHeHHE HMEIOT COe/lMHEHHH
nepBOH FPYIIHI.

CMeuieHde jetajied TpejoTBpAIaeTcs
HX B3aWMHbLIM HalpaBieHHEM H CHJIaMH
TpeHHA Ha MOBEpPXHOCTH KoHTakra. Coen-
HEHHH C HATATOM MOTYT BOCIPHHHMATb
APOU3BOJILHO HAMNPABJEHHhIE CHJABL H  MO-
MEHTBHI.

O61HM AOCTOMHCTBOM COeJAHWHEHHH € Ha-
TATOM SIBAAETCH BO3MOXKHOCTH BBIIOJHEHHA
HX A/ o4eHb GosbIINX HACPY30K H XOpoluee
BOCIPHSITHE UMH yNapHBIX Harpy3oK.

Iunuaapuueckue U KoHHYECKHE COeJHHe-
HHUAl [IPOCTHl B H3rOTOBJIEHHH, 0BecneunBaT
Xopollee UeHTpHpOoBaHHe, He TpebyloT clie-
IJHaNbHbIX KpenexXHbiX fAeraneH.

Puyc. 6.2. CoenvueHHs [OJOBHH MAXOBHKOB I10
[JIOCKOCTH:

a-— C TOMOIBKY AHKepoOB; 6-—c oMo b0 KoJseu



Henocratku: 1) orHocutesnbsas cjaox-
HOCTb cOOpPKH U pa3Bopku (0coGeHHO BHYTpPH
HEpA3BLEMHOrO KopIyca), BO3MOXKHOCTL OC-
nabjieHHs1 TIOCAJKH H TOBPEXJeHHdA [oca-
JNOYHLIX  INOBepXHOCTH  mpd  pa3fopke;
2) 6GoabllIOe paccesiHMe CHJ CHEIVIEHUS B
CBAI3H € paccesHueM ACHCTBUTENbHBIX [MMO-
CaJIOUHBIX pa3MepoB B lpeliefiaX NOMYyCKOB
H Ko3(pPuuHeHTOB TpeHusi; 3) TPYIHOCTH
Hepaspyuraminero KOHTPOJA.

§ 6.2. LWJIHHAPHYECKHE
COENJHHEHHSA C HATATOM

CoeAMHEHHUS HMEIOT LIMPOKOE MPHMEHEeHHE
npu  6oabwHX, oco0eHHO AWHAMHYECKHUX
HArpy3kax H OTCYTCTBHH HeOOX0AUMOCTH
B yacToil c6opke U pasGopke. Kak ussectro,
Npd AMHAMHYECKHX HArpyskax LIMOHOYHBIE
coeuHeHHs OblcTPO OOMHHAIOTCA.

XapaKkrepHbIMH MpUMepamu JetTaned, co-
eMUHAEMBIX € HATANOM, MOLYT CJYXHTb:
KPHBOULIMIB, Najbllbl KPHBOUIHIOB, [eTaJjH
COCTABHBIX KOJIEHYAThIX BaJjios (puc. 6.1, a),
KOJIECHBI® LEHTPHLl H OanmaKd KeJae3Homo-
POIXKHOro NOABHXKHOrO coctaBa (puc. 6.1, 6),
BCHUBI 3yGYyaThIX U uepBAYHBIX  KOJec
(puc. 6.1, 8), AMCKH TypOHUH, POTOPHI 3JEK-
TPoABHraTe/ed,  MOALIHIHHKH  KaUeHHs
(puc. 6.1, ) u 1. 1.

Xapakrep coefiHHeHHs] OIpeAeNAeTCsd Ha-
TArOM, KoTopHi#l BLIGHpAIOT B COOTBETCTBHH
¢ NocalIkaMH, yCTaHOBJIEHHBIMH CTAH1aPTHOH
CHCTEeMOH Npefe/bHBIX HOTYCKOB H I10CAJOK.
HauGomee pacnpoctpakeHs cregymoimme 1o-
CAjKH ' ¢ HaTATOM KBajuTeros 6; 7 B I0O-
pinke y6oiBawmsi Hatara: H7/u7; H7/s6;
H7 /r6;, H7/p6. ConpoTuBJeHHss CABUIY MpPH
Goabwux Hatarax gocrurait {2 MIla.

Ina coenuHenuss TOHKOCTEHHBIX JeTasel
GOMbIIHEe HATATH HENPHMEHHMH.

Cnocofbl COEJHHEHHA C HATATOM:

3aNIpeccoOBKOH— MPOCTEHIIHHA H Bbl-
COKONPOM3BOAHTEABHLIA cilocob, obecnedn-

' DTH mocaakH CooTBETCTBYIOT cTapbiM Iocaj-
kam mo OCT: nepast — ropsiueii, BTopas —
NPECCOBOH,  TPETbA — IPOMEKYTOUHOH  MeKAy
MpeccoBOA M JerkomnpeccoBof W ueTBeprTas —
JIErKOIPeCCOBOM,~ - ¢ HA3BAHMAMH, XapakrTepH-
3YIOIHMH HX OCHOBHYI) TEXHOJIOTHIO.

HHIIMNAAPHUMECKHL LOFAWNTLHEY C DAESITOM Hi

BRIOUIHH BO3MOXHOCTL YAOOHOTO KOHTPOJASA
H3MEPEHHEM CHJIbl 3aTIPECCOBKH, HO CBs3aH-
HbIH C ONACHOCTbID TMOBPeXIeHUs noBepx-
HOCTEH W 3aTPYAHSIOWIHHA [IpUMeHeHHe [10-
KPBITHI;

HarpeesoM OXBaTHBAOOIeH neTalJu J0
TeMOepaTypbl HHKe TeMIepaTypbl OTIyCcKa —
cnoco6, obecneyuBalollHA [IOBBILICHHE MPOY-
HOCTH cuennaenus Ooaee vyem 8 1,6 pa3sa
10 CPABHEHHIO C 3AaMpecCOBKOH H OCOOEHHO
3(p¢PeKTUBHBIH Npu GOJBUIMX [JHHHAX COEIH-
HeHHH;

OXMaX/JeHHeM OxBaTblBaeMo#d [e-
Talli — cilocof, NPEeHMyIeCTBeHHO MpUMe-
HAeMbIH [Jia ycTaHOBKH HeGoJblIHX Aera-
Jei, HarpuMep BTYJOK B MAacCHBHBIE KOp-
nycHele peTtaj, H ofecnedyuBaOUHH HaH-
GoJiee BBICOKYIO [POYHOCTH CUEINJIEHHS;

ruaposanpeccoBKo#, T. e, HarHera-
HHEM Macna [oj AaBJI€HHEM B 30Hy KOHTaK-
Ta, YTO PE3KO CHHXKAET CHJY 3anpeccOBKH,
Hanbosnbasa 3(GGEeKTHBHOCTL THApPO3anpec-
COBKH H paclpecCOBKH — B [IOAWHMHUKO-
BbiX y3/1dX U KOHHYECKHX COeHHEHHUSX.

Pacuer coepudenus BKJIIOUAET
onpejeseHye HeoOXogUMOro HatdAra JJs
ofecneyennsa [POYHOCTH CHEMIEHHs H Mpo-
BEPKY TIPOYHOCTH cOeAHHAEMbIX jgeTaJel.

Heo6xonumana BenuuwHa watsara onpe-
nendercsd noTpefGHbiM JgasjeHHEM Ha noca-
JIOYHOH MOBEPXHOCTH.

HJasjedde p HOMKHO ObITH TAKHM, YTOOBI
CHJbl TPEHHA OKa3ajuch GoJblle BHEIIHHX
casuratoimux cia. [lpu Harpyxeuuu coenu-
Henust ocesoil cusoll F, (puc. 6.3, a) ycio-
BHE MPOYHOCTH

SF,

Fo<< ndipf/S, 27
ndipf/ Tl

OTKyJa p_=

rae [-— kosdpuunent Ttpewusa;, d u [ —
COOTBETCTBEHHO AHAMETP M JUIMHA MOCaNou-
HOM MoBepXHOCTH, S — KO3 PHLUHEHT 3anaca
cLenJeHHs.

[Ipu HarpyxeHuu coefuHEHHA BPaLLA-
mwumM  moMertoM T (puc. 6.3, 6) yciaosHe
MPOYHOCTH

28T

OTKYVAA p=2— .

rnof &

r< ndipl

¥
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Puc. 6.3. Pacuernuble ¢XeMH CcoegHHEHHR ¢ Ha-
TACOM

[Ipn onHOBPEMEHHOM HArpPYKEHUH Bpa-
HIAIOUIAM MOMeUTOM T H CABHUTAWOILEH CHJIOH
Fa. (puc. 6.3, 8) pacuer BeAyT [0 pPaBHO-
JeHCTBYIOILEH OKDPYXKHOH H OCEBOH CHJE:

(27) LH<

OTKyla p_=

SF
nfdl”

Ot ¢dpopMyanl Ge3 Ko3DPHIHEHTA KOH-
LeHTPAauHH pacrnpocTpaHUMbl Ha OObIUHbIE
COeIHHEHHA, ¥ KOTOPBIX —;— < 0,8.

B OwicTpoBpamiaiolulnxca netaifax naBie-
HHE Ha MOCAJ0YHOH [OBEPXHOCTH MOXKET
ObiTe ociabaeHo LeHTpOOEeXKHBIMH CHJIAMH.
[MTostomy ans 3THX AeTalledl pacueTHOe [MO-
cafgouHOe JaBJIeHHE YBeJIHYHBAlOT Ha BEJH-
YHHY HaTpsXKeHHH pacTAXKEeHHS OT IeHTPO-
GeXKHBX CHJ HA TOM e pajiiyce B HEJ0H
JEeTANH.

Kos¢duuuent TtpeHuss B COeJHHEHHSAX,
co6padubpiXx HarpesoM, 1o padeeiM  [12]:
JeTajH crajbHble UIHGOBAHHLIE, YHCTO
toyenble — 0,18; Baa oxcuauporas — 0,4;
BaJl OUHHKOBAH HJAH aszoTHposad — (1,32;
MOKpbITHEe a6pa3sHBHLIM MHUKPOIOPOIUKOM —
0,48. KosdpdunuedTs Tpenus npu cbopke 3a-
npeccoBkoii B [,8...2 paza Huxe, Nnpu cOopke
¢ oxnaxaenuem Ha 10 % swilne, OpH FUAPO-
3anpeccoBke Ha 10 9 Huxe.

Bce 3TH 3HaueHHs HECKOJMbKO OaHxKe K
CpeaHeBepOATHBIM H BbHILIE, 4€M YCJAOBHBIC
JAHHBIE, KOTOPble MPHBOAHMHCL B TEXHH-
yeckoH autepatype: 0,14 npu TemIoBOH
cGopke u 0,08 mnpu cGopke Oe3 wuarpesa.
[To3TOMY HyXHO BBONUTD yBe/[HUeHHbIE KO3 (-

M YYHTLIBATb H3JlaraeMble HH)Ke (DakKropsl,
CHHJKAWOLLHE TIPOYHOCTD CLEMJICHHS.

DKCNepUMeHTaMH yCTAaHOBJEHO, YTO MPOYHOCTh
CUEeTVIEHHS MOHHMKACTCS, €CJIH BaJl HJH OCh MCIBI-
THIBAET [epeMeHHble HanpsAXKeHHs H3ruba oy,
a cJ/leflOBaTe/IbHO, AOMOJHHTE/BHbIE HAMPSAMeHHS]
caBura B croike. [Ipu 3Tom npejedbubil Koagpou-
HHEHT TpeHHA (CuenJeHMsi) CABHTa Ha NOBepXx-
HOCTH KOHTAKTa OT [MOJHOH Harpy3KH yMeHblnaeTcs
Ha BeJHUHMHY, NPONOPUHOHAMNBHYI) Gy H OTHOLIE-
HHo d/1:

Koadduuuent nponopunoHaJbHocTH f§ B pac-
yeTe Ha OCEBOH CABHI NPH HATPYXKeHHH Ha KOH-
CONBHON 4YacTH BaJda Hax ocH pasen 0,08, a npu
HaTpy:KeHHH MeXAy onopamu yepe3d ctynuuy 0,05,
B pacderax Ha MPoBOpOT 3HayeHHsn [} MpHMepHO
va 20 % wmenbtue. Muoxuteab d/! noxasbiBaer,
YTO NPH KOPOTKHX cTynuiax (Ooapwiux d/{)
MPOYHOCTb CLEMIEHHS AOAXKHA NOHHXKaTbca 60Jib-
uie, yem IpH AJHHHHX.

HaOmonaemble wHOrla B coeiHHEHHAX C Ha-
THIMOM FBJIeHMA CIOJI3aHHA [IPH OCeBOH Harpyske,
CYILIeCTBEHHO MEeHblIe pacueTHOH CTaTHYeCKOH, HO
NeACTBYIOIIER B COUETAHHH C IHPKYJALHOHHOH
paanajbpHol BAH H3rHGawUiel, CBA3LIBAETCH € Ka-
caTe/lbHOH KOHTAaKTHOH NOAATIHBOCTHIO AETaJell H
JHCKDETHOCTbIO IsiTeH KOHTakTta. [lpH BpallleHHH
yacTh NsITeH B NMepHoaHYecKH pasrpyxaeMoH CTo-
pOHe CTbIKa BBLIXOAMT H3 KOHTakKTa H BHOBb
HaYHHaeT MepenapaTbh HACPY3Ky TOJBKO IIOCHE
HAKOMJEHHS COOTBETCTBYIOLLHX KacaTeJIbHbIX KOH-
TaKTHHIX yNpyr#x nepemeiieHud. [Ipn sTom Bo3-
MOXXHB MHKPOCMELLLEHHS.

B coensHeHHsix ¢ HATArOM HATpy3kKa
pacrnpegejserca MO AZiHHE HEPABHOMEPHO,
MV TOpPNA CTYNHIB €O CTOPOHBI IepefayH
BPALIAIOIEro MOMEHTA BO3HHKAKT OCTpbLIE
[IMKH HanpsKeHuH, JTO JIErko mpeiAcTaBHTD,
ecJH CUHTATb COeJMHAEMble JeTasil OLHHM
nesbiM. B uacTHOCTH, NHKM HaNpsXeHHH
CABMIA y TOpuA CTYNHIbI LEJOro Teja He-
H36eXHbl . BCaefcTBHe OosblIOro repenana
IHaMETPOB H OTCYTCTBHSl 3aKpyTJeuHd y
pHyTpeHHero yraa. Hekotopoe criaxupanue
MHKOB MPOUCXOMUT H3-3a KacaTeIbHOH [10AAT-
JMBOCTY TMOBEPXHOCTHHIX CJIOEB.

Hedopmuposanne MoxeT OHTL yUPyrHM
no Bcedl JUIMHe coelMHeHHs, MOXKeT ofpa-
30BATLCA Y4aCTOK MJacTHYecKoro aedop-
MHPOBAHHSA, a TAKXKe y4yacTOK [1pOCKaJ/b3bl-
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Puc. 6.4. Oniopa papjeHH# B coeJHHeHHH IIpH
Harpy:KeHHH H3rHOAIOWHM MOMEHTOM

BaHHA. [lpy HanuuMu nNpockanb3biBaHHS OT
nepeMeuHbiX MOMEHTOB BO3HHKaeT (pPeTTHHT-
KOPPO3Hs, KOTOPas CYILECTBEHHO MOHMXKAET
CONPOTHB/EHHE YCTaJOCTH BaJjOB, 3aTpPYyA-
HaeT paafopKy H T. A. [loaTomy B pacuethi
OTBETCTBEHHBIX COE]HHEHHH, HaxonAllHXCS
Moj JgeHCTBHEM  MePEeMeHHbIX MOMEHTOB
(ocoBenno npH Goabwux [/d) cregyer BBO-
JUTb KO3 OdHUHEeHT KOHIEHTPANHH HArpy3Ku
no AnuHe. PPeTTHHT-KOPPO3HIO CHHXKAIOT
rajibBaHH4YeCKHMH TOKPHBITHAMH MEJIbIO, 0J10-
BOM, CBHHIIOBO-OJIOBSIHHCTBIMH CIJIaBaMH,

[lpu Harpyxenuu coefHHeHHA H3MHGA0ILNAM
moMeHTOM M Ha snOpy jaB/ieHMd OT MOcaiKH
HakJa/blBA€TCSl 3MI0pa AaBAEHHH, XapaKTepHas
aas uaruba (puc. 6.4), npH 3TOM 1NOJOBHHA
MOMeHTa BOCMPHHHMAaeTCsl BepXHeH, a Apyras
NOJIOBHHA — HHIKHeH TNONOBHHOH coeAHHEeHHs..

HauGonblwiue papaedusi (puc. 6.4) B coenHue-
HHH OT H3THOAMIEr0 MOMEHTa (M0 AaHAJOTHH
¢ u3arubom)

A Mo eM
P=0oW = mdl P

4
Tie — — MHOXKHTeJb, YIHTHIBAIOIKY ceprioobpas-
m

HBIH XapaKTep SMI0pbl AaBAeHHH N0 OKPYKHOCTH

/2
i
uangsl;, W= — MOMEHT CONPOTHBJECHHS H3-
rufy AHaMeTpaJlbHOTO CeYeHHsi Hangbl.

CoraacHo yCJI0BHIO NpefoTBPALICHHA PACKPH-
TH CThlK& [OMYCTHMBIA HM3THOAMIHA MOMEHT

M =0,2pdl2.

JonycTHMBIA MOMEHT NPOMOPLHOMAJNEH KBai-
PATY NJHHE, MO3TOMY COelHHEHHS, MOABepKeHHble

3HAYHTEJNbHUBIM H3rH6alouiiM MOMENTam,
NesaTh MaJol HJIHHBL.

(pacueTHbli)
Homunaapub it watar N, (MKM)
CBs13aH C MOCA/0YHBIM [1aBJEHHEM p 3dBHCH-
MOCTbIO JIsiMe, BbiBOAHMO#H B Kypce «Conpo-
TUBJIiEHHe MaTepuanos» (pHc. 6.5, a):

3 02)
N_IO pd(E £

HeJlbh351

rae

roe d — nmocafouHblit auamerp; d; — AHa-
METD OTBEPCTHA OXBATbiBaeMOH aeranH (ana
cnoworo Bana d;=0); dy — HapyxXublii
AHaMeTp oxpaThiBaoLlel AeTasn (CTYNHIbI);
E, u Ey-— monyau ynpyrocTtH MaTepHanda
COOTBETCTBEHHO OXBATbiBAE€MOH H OXBarThl-
Bawled getanen; p; ¥ 2 — KO3PQPHUHEHTH
ITyaccona MarepHasoB cOOTBETCTBEHHO OX-
BaTbiBaeMOil M OXBaThiBawlled jeraneii;
BJaa crtand npaaumart u=0,3, ansa uyyrysa
p=0,25,

Harar nocaaxu, udmepsieMblii 1Mo BepuIH-
HaM MHKpoHepoBHocTell, N poixeH ObiTb
GoNblle HOMHHANLHOTO HAaTAra HAa BeJIHUHHY
o6MsITHA ~ MHKpOHepoBHOcTeH ~ (puc. 6.5)

U=172 (RZ; +R22) ~ 5,5 (Ra] + Raz) :
N=N,+U,

rme Ra,, Ras: — cpendue apudMeTHYecKHe
OTKJAoHeHUA mpoduned; Rz, Rz — BbICOTA
MHKpoHepoBHOcTeH (MKM) (cM. c. 49).

[Ipu npoeepouHoM pacuere, KOrja mnocap-
Ka Hasuayena, Ny=N—U.

Ecau coefinnende paGoraer npu TeMmmnepa-
Type, 3HAYUTEJILHO OTAHYALEeHCs OT TeMe-
patypsl cBopku (fo==20°C), npHu pa3Hbix
KO3 uimedTax JuHeHHOrO paclIHpEHHA Ma-
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Puc. 6.5. PacueTHas cxema

TEPHAJOR AeTaleld, TO yYHTHIBAIOT H3IMEHEHHE
Hatdara §; (MKM)

S;=d- IOS(Atzag——Atlal) ;
Ata==ta—to; Aly=5H— 1L,

rage o, s — KO3Gh@HUHEHTbl JIHHEHHOTO
pacwupenus; fi, {p — pabouas Temneparypa
aeraJjie.

Torna nocamky BhiGupatoT 10 HaTATy
N=N,+ U453,

Bu6op nmocagok—cm. B § 6.3

[IlpoysocTs fAeTaJdiell COCIMHEHHS
HpoBepPSIIOT No HauboabluieMy BepOATHOCT-
HOMY HaTsaAry BBIGpaHHOH IOCAaAKH. ITOT
HATAT MOXer? ObIThb 3HAUWTENLHO OoJiblle
HOMHHAJBHOrO. JMIOPBl paclpefesfcHysa Hop-
MAMbHBIX HAMPSXKEHUH: OKPYKHBIX O: U pa-
JHANLHBIX O, — [IOKa3aHbl Ha puc. 6.6.
OnacHbIM 3/eMEeHTOM, KaK [IPpaBHJIC, SABJSAET-
csl OXBATHIBAOINASA [LETANb.

HauGonbuive Hanpsixkenuss BO3HHKAIOT
y BHyTDeHHel TI0BePXHOCTH OXBaTblBalOlleH
JleTaJlu

Hau6oabiude 3KBRHBAJEHTHDIE HATPAXKEHHS

2
Op=0r— Jp= ""‘—“MEE—-T .
)

da

COEJIMHLHHA AETARLH C HATHIODM

Ep —= 51—‘
5
St
¢
-— o +
- Tt
6
‘0 e
Puc. 6.6. Dnopsl  pacrpejieseHds HanpsixeHHd

B COeIHHCHHAX ¢ HATHATOM

HanpsixkeHust o, v 0, He JO/DKHB 110 BO3-
MOXHOCTH [peBHIUAThL HPefe/bl TeKyuyeCTH
MaTepuasia COOTBETCTBYIOLMX JeTajieH.

Ecan upu HaubosablleM BepoOsATHOCTHOM
HATHATE BO3HHKAIOT HEeAoNyCTHMO OGOJblIHE
naacTuyeckue nedopMaluH, TO NPUMEHSIOT
noabop (KOMIVEKTOBKY) AeTaJeH.

YBenduyeHpe HaTAra I[OCAC  [OABJACHHSA
acTHYeCKdX JaedopMaluul  yBeJU4MBaeT
IPOYHOCTD cUEeIJIeHH, HO MeHee HHTEeHCHBHO,
yeM B npefesax ynpyrax jgedopmanui. 31o
JenaeT coe/lHHeHHE MeHee UYYBCTBHTEIbHBIM
0 OPOYHOCTH K TOUYHOCTH Cob.1100eHHS
HaTaAra, yem IO pacueTy B YIPYrod 30He.

[TpusenenHble pacueTHble (GOPMYJb [
olipefleJIeHHs1 HATATA, HANDSHKEHUH H yIpy-
rHX lepeMellleHHH MOoJyueHbl NPH PAaCCMOT-
PEHHM 3a744d KakK TJOCKOH, T.e. B mpen-
MOJOMKEHHH, UTO ConpAraeMble AeTaJjJd HMEKT
0JHHAKOBYIO JUHHY. Basel xe Bcerja IJaHH-
Hee cTymuil. OAHAKO H B 3TOM CJlyyae MOXHO
ofecnequBaTh paBHOMEPHOE NOCAfOYHOE 1aB-
JeHde, MNpHAAB COOTBETCTBYIOLLYIO QopMy
KOHTAKTHPYIOILHM MOBEPXHOCTAM.

B cBa3n ¢ 6oAbLUIMM paccesiHHeM HATAI'CB
U KO>PPUUHEHTOB TpeHUA B COEJHHEHHAX
¢ HATArOM JUIS HHX aKTyaJjeH pacyer Ha
HaAeXKHOCTh.

OnpesesdM BEepPOHTHOCTE Nepelauym
HHJAKH/IPHYECKHM coOeHHCHHAEM JeTep-
MHHMPOBAHHOTO (HEC/yyadHOro) BHEIIHCro MO-
merTa Tun.

YCiloBHE NPOYHOCTH CUEIACHHA

T‘_‘TBH + uI)STIO,



rie T — MOMeHT, KOTOpPbIH MOMKeT fepenaTrh Co-
elHHEHHe, pAaCCYMTAHHLIA e cpefueMy natsary N
H cpeaHeMy Ko3ddHuHEHTY TpeHus [ ¢ Kosddu-
HHEHTOM 3amaca - oKoJdo 1,5, YuyHTHIBalOmuM
YMCHbIUEHHE CHJ ClieNJIeHHS BO BpeMeHH; Up —
KBAHTH/Ib HOPMHPOBAaHHOIO HOPMaJbHOIO paclpe-
nenexus; S, —— cpeaHee KBaApaTHUECKOE OTKJOHe-
wue T, T.%x. Tey OPHHATO HeTepMUUHPOBAHHOM
BEMUHHOK. T — CIyuadHas BeJIMuMHA, MPOMnop-
uHonaJbHast N W f, KoTopble NpHHHMaeM cCJy-
JaHHBIMH C pacnpeje/eHHsIMH, OJIH3KHMH K HOp-
MaJlbHbIM.

Urcioga

T—T,,
ST

HJIH, Pa3JiesiHB YHC/AHTe b H 3HAMeHaTe b Ha T
noJgyqaem

L[P=
BH)

n—1
Up=~ — —

J— Y

ny

rae v=Sy;/T — KoaddHuHeHT BapHaUHH MOMEHTA
T. n=1/Ts — cpeannii xo3ddHUMEHT 3amaca
cuenjeHusi, obo3HaveHHbIH OykBOH 7, 4TOObBI He
CIyTaTbhb CO CpefHUM KBaJpaTHUYeCKUM OTKJIOHe-
HUEM.

Mo npaBuily KBaApaTHUECKOTO  CJIOMKeHHS
K03 (PHUHEHTOB BAPHALAH apPryMeHTOB, BXOAALIAX
B BHAe UPOH3BefeHusl B BblpaxeHHe QYHKLHHM,

v=1/ v}?\,—k v? .

rie v, —- KO3 @HIHEHT BapHAlHK HATATA, & Vf —
KO3(pPHUHEHT BapHAUHH KO3PODHLHEHTA TPEHHs.

[TpuuaMaem, 4TO MoJA paccestHHA HATAra M
Ko3(¢pdHUHEeHTa TpeHHs1 MOKpPbIBAlOTCH HHTEpBa-
jdamu 68y # 65y, Torza

v="f ZJ?V—}— U?:—_

1V () (fmlmn”

Paccesinue HaTsira coefuuenHst f,, Kak ajred-
paHyecKasa cymma JONYCKOB Baja !4 H OTBEPCTHSH
Ip, onpefensieTcsl KBaApaTHUECKHM CJOMXKEHHeM:

ty=\ 2412,

Hoawsysick rtalauuamu  aas HOPMAJIBHOTO
pacrnpe/ie/leHHs, N0 YHCJeHHOMY 3HauyeHHl Udp
onpenesisieM BepoATHOCTh Oe3orkadno#t paboThl.

st npakTHYECKHX PacyeToB HyKHO IO Tabu-
LaM Mpe e bHbIX OTKJIOHEHHH HJTH 1IpeIBaPUTENBHO
IJIA BaJa H OTBepCTHA OMPeNe/HTb CpefHee 3Ha-
HeHHe OTKJIOHEHHH W JOMYCKOB, CpPeiHHA HaTAr
¥ paccesiHHe HAaTdAra coeJHHEeHHs.

HHAABAPHUYLCKHE COEAUHEHUS C BATSIFUM L 1f)

CpellHHe 3HAaueHHs OTKJOHEHHH BaJjla € H oT-
BepcTHsl E paBHbL:

e=0,3{estei}; E=05(ES+ED,

rA€ es H ei — mpelesbHble BepXHee H HUKHee
OTKJIoHeHHA Baja; ES u Ef — To XKe, oTBepeTHA
(B cucreme otBepctus EJ=0).

Hlonyckn Baia {; H OTBepCTHA {; COOTBET-

CTBEHHO PaBHBI:
ti=es—ei; {,=ES-—EI

Cpeaunit natir N—=¢ —F u paccesiHHe HaTAra
2 g2

_\/ td+ iD .
B aanbuefimieM cnpaBodHble Tabauubl Mo

AONYCKaM H mnocankam AOJKHbl GbiTh IpefcTaB-
JeHbl B yIOOHOH [AJis1 BepOATHOCTHBIX pacyeToB

opme.

® pl(oa(pd,muuem BapHaundd KosgpguuHeHTa Tpe-
HHSl ¥f B TIPHUMeHCHHH K COeZHHeHHsIM ¢ Ha-
TAMOM B pe3yabptate o00paboTKM HCNBLITAHKH,
MpOBeJEeHHBbIX Pa3HbIMH HCCIELOBATedsAMM, OOLIYHO
KosieGiercs B npegeqaax 0,08...0,125, B cpennem
od pased 0,1. Ero MeHblive 3HaueHHs1 COOTBeT-
CTBYIOT ¢OOpKE C OXJaxXAeHHeM; camble MaJble
3dayeHHsl — FHApo3anpeccoBke (mo naHHbIM OT-
JLeJAbHBIX HCOBLITAHH#). B Hcc/leqoBanuax Kaxaoro
H3 aBTopoB KO3GGHUHENTH BapHauMu CyulecT-
BEHHO MeHble NPUBeJEHHLIX BbILUE.

CoejuHeHHAA ¢ HATAMOM [0 UHJHHADH-
yecKoH 1ocaaouyHof [1oBepXHOCTH NPHMEHAIOT
He TOJMbKO JJis Tej BpalleHHs, HO H s
dacouupx aeraned. K Hacrofulemy BpeMeHH
paccMOTpeHBl 3a7a4H, B KOTOPBIX OXBATHI-
BAKOILASl JeTadb TpeicTassaseT coboi nna-
CTHHY C HapyXHbIM KOHTYPOM B BHIe KBaj-
para HJu ANUNCA, S3KCHEHTPHK, LEeKY KOoJeH-
yaToro B8aJjaa, BeHel 3ybuaTtoro KoJeca ¢
3y6baMu, 38eHO uenu. [Ipu pacueTe napaeHus
MEXKAy BEHHOM H TeJOM 3yOuaTbhiX KoJec
BJAHsiHHeM 3y0beB MOXHO TpenebperaTh H
BeCTH pacyeT TO AHAMETPY BMAAHH BeHIA.

Jsisi HeKoTopbIX meTasied, HATpHMepP A
KoJiell MONIIWNHAKOB KauyeHHsl, M0ocaa0qHbIH
HATAr OFPAHHYHBAIOT H3MEHeHHEeM JHAMeT-
poB c¢BOGONHOH (HemocaJOuYyHOH) IIOBepX-
Hoctd. Hanpumep, H3/JUIIHHH HATAC MOXKET
CYLIECTBEHHO YMeHbLIIWThL pafHalbHbi#} 3a30p
B [NOJUIMIHAKAX KA4YeHHA W [axke NPHBeCTH
K 33ILEMJEHHIO TeJ KadyeHusl.

B o6Gnacru ynpyrux nedopMauui yMeHb-
IIEHHE BHyTpedHero auamerpa d; OXBaThi-
BaeMOl JeTajJu mnocje 3alpeccoBKH  (CM.
puc. 6.5)
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2pd1

A-(4)]

a YyBeJlHYeHHe HapyXKHOro nuamerpa d»
OXBATBIBAIOLLEH A€TaMH MOC]Ae 3alpeCccOoBKH

"

roe p -— AasJeHHe.

3ajacafl [OoNycTHMble BeMHUHHB Ad; H
Ads, MOXHO MOACUHTATH MAKCHMAJBHO O-
MyCTHMOE M0CAJ0YHOE NaBjeHHe H [0 HeMy
MAKCHMaJbHO AONYCTHMBIHA 110CAOYHBIH HA-
tar. Ecau ycnoBue orpasuuenus medopma-
LHH HE/b3S1 COBMECTHTb C YCJOBHEM MpPOUY-
HOCTH CLEIJVIEHHSI, TO OKOHYATeAbHYI o0pa-
GOTKy COOTBETCTBYIOIHX MOBEPXHOCTEH Npo-
H3BOMAT TOC/Ae 3alpecCOBKH MJH BBOJAT
MOTMpaBKy HA pasmep.

CoeuHenHs ¢ HATArOM CHHXKAOT COINPO-
THBJEHHE YCTAaJMOCTH BaJoB, 4YTO CBA3AHO
C KOHUEHTPAlMed HANpPAMXKEHHH M KOHTAKT-
HOH KOppo3seH Ha MOCAAOYHBIX MOBEpPXHO-
cTAX. OXHAKO 9TO CHHKEHHe KOMIIeHCHPYyeTCs
Jerdye, 4eM CHHXKeHHe, BHI3bIBAeMOe LINO-
HOUHBIMH HJIH ULJUIEBBIMH CO€JHHEHHAMH.
ConpotHB/ieHHe yCTANOCTH BajlOB [Oj CTY-
MHIlaMH MOXKeT ObITh IOBBILIEHO YBeJHUEHHEM
JMaMeTpa 4YacTH BaJjda MnoJ CTyNMHUeH IpH-
MepHO Ha 5 9% ¢ NAaBHLIMH NepexoiHbIMH
MOBEPXHOCTAMH, OOKATKOH pOJNHKAMH, a30TH-
poOBaHHEM, LEMEHTALHeH WM 3aKaJKoH ¢
Harpesom TBY, a Takxke pasrpy3ouHbIMH
KaHABKAMH, BBIMOJHAEMBIMH Ha TOpPUAX CTY-
MHL, H CHMXKAKMHMH KOHLEHTpAuHio Ha-
npsxxedun (§ 16.4).

[TosblIeHHe XKeCTKOCTH BAJIOB OT Hampec-
COBKH CTYIHL, N0 3KCNepuMeHTaM HA JIeuuH-
rpajickoM MeTajHueckoM 3asone (JIM3):

d2

!
R

Ad =

¥

pH

NMpHBeIeHHLIA MOMeHT HHepUHH BaJja Co
CTynHIeH

anzja[ ! +(o,5...o,9)7:_] ,

rie ko3pduuuent 0,5 cooTBeTcTByeT OTHO-
carespbHoMy "Harary 00,0003, a 0,9 — oruo-
caredbdHomy natary 0,001.

CoenuHeHHs ¢ GOMbIIAMH HATATAMH H He-
YIPOUHEHHBIMH MOCATOYHBIMH [OBEPXHOCTA-
MH CJelyeT OTHOCHTb K HEpAa3'bEMHDIM,
OCTaJIbHble — K PA3'bEMHbBIM C OIPaHHUYEHHBIM
THCAOM cHOPOK H pa3Bopok.

3anpeccoBKy KpPYNMHBIX AeTanell npousso-
AAT HA THIpPAaBJHYECKHX TIpeccax, MeJKnx
AeTaJjled -— Ha PYUYHBIX BHHTOBHIX M pPbIUaXK-

HbIX Tpeccax. PeKoMeHAYIOT [IPHMEHATD
CMa3Ky (pacTHUTejqbHOE HWJIH  MallHHHOE
Macno, rpadut). [na obreruenuss ycra-
HOBKH NOA IipeccoM H Bo u3sbexauue

o6pa3oBanuA 3ayceHNEB COEJHHAeMbE Je-
TAJH JIOJKHB ObITh CHAGXKeHbl NPUEeMHBIMH
¢ackamu. Huorga wa Basy npu HaJuaup
MecTa BBHIHOJHAKT IeHTPUDPYIOUIMEA [OSICOK
Mo ONHOH H3 NOCAAOK ¢ 3a30POM.

Cuna 3ampeccOBKH yBe/HYUBaeTCss Mpo-
MOPUHOHAJNBHO B3AUMHOMY [epPeMEelIEHHIO
AeTalled B CBAI3H C POCTOM MJOMIAAH KOH-
TakTa. Cunia BBIIPECCOBKH B MOMEHT TpO-
rauuf CyliecTBEHHO Go/iblile, YEM NMPH JBHXKe-
HHH, B CBAI3H C TEM, YTO KO3thHIHEHT
TPeHHA Mokos Gojbwe Kos(hduimuenra Tpe-
HHA AsvxKenHda. [lo mepe cxoma crymHusl ¢
MOACTYNHYHOH YacTH BaJja cHjia BHMpec-
COBKH yMeHbIIAEeTCH.

[IIupokoe npuMeHeHHe HAXOAHUT TEXHOJO-
FHYeCKHA npHeM pa3bopku U cOGOpPKH KOHH-
YECKHX COeJIMHEHHUH, 3aKA0UaI0HACA B MO~
BOJE K [TOBEDPXHOCTU KOHTAKTA uepe3 ClIellH-
aNibHble CBEDJEHHS H KOJbLEBYIO KaHaBKy
Macna [oJl nasjeHHeM — THApo3anpeccosKa
H pacnpeccoska (puc. 6.7). -

Hiaa c60opKH ¢ MOMOIWLbIO HArpe-
Ba OXBaTbiBAOLleH HJH OXJaXXIeHUsl OXBa-
THIBAEMOH JeTaJH HeoOXOAHMYIO Pa3HOCTh
At Ttemnepatyp Jderaseil oOnpemejasioT 10
ciaeaypuen popmyde:

N+ A,

At= ad

1073,

rae N, — HauGOMbIIHHA HATAT NOCANKH, MKM;
A, — HeoBxoauMbld  3a30p naa  ypoGcrTea
c60pKH, MpPHHUMAEMBbIH O0OBIYHO pPaBHBIM
OCHOBHOMY OTK/JOHEHHIO g, MKM; & — KO-
3QOHIUEHT AUHEHHOro PAaCLIMPeHHsl, B Cpejl-
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Puc. 6.7. Cxema noaBoaa Macia noj aaBjeHHEM
Ha NOBEPXHOCTb KOHTAKTA

HeM paBHbiil And cTaju 12-107°% ans uyryna
10,5-107°, nas onossnabx GpoHs 17-1078
s aaryan 18-107% paa  asomuuHesbix
criasos 231075 d — domuuadbHBi noca-
JOYHBIH AHAMETP, MM.

OxBaTpiBaOUIYIO JeTalnb HarpesawoT B 3a-
BHCHMOCTH OT TpeOyeMOH TeMmmnepaTypul B
Macie (po 150 °C) MHAYKIHOHHBIM {Bech-
Md paundoOHAaJbHBIM) METOAOM B KAMEpHBIX
3/eKTponeYax HJAH B BaHHAX ¢ TopsiueH
AHAKOCTLIO.

OxBaTblBaeMyio ieTajb OXJaX/3I0T CyXUM
JbIOM (yTJIeKMCJIOTa, TemMlepaTtypa Hcna-
peHuss — 79 °C) HAH KHMAKHM BO3J1yXOM
(remmnepatypa ucnapenus — 190 °C). Toab-
30BaHHe XHIKHM Bo3llyxoMm Ttpelyer Heol-
XOIUMBbIX Mep TpenocTopoHocTH. CMa3ska
NOCAAOUYHBIX MOBEPXHOCTelr MpH 3ITOM He-
JOMyCTHMA, W JeTafu JOJJKHBLL ObiTb TOIA-
TeJIbHO 00e3xupennl, [IpH raaposanpeccoske
H pacnpeccoBKe as/eHHe Macia AOJ/KHO
GuiTe paBHo (1,4..2)p (p — naBjeHde npH
Han0oJbllleM BEPOATHOCTHOM HaTdAre AJ/is Bbl-
GpanHo#i Mocanku).

Konnueckne coenunennsi. J[OCTOHHCTBA
Mo CPaBHEHHID ¢ UMAHHIPHYECKHUMH COeflH-
HeHHAMH: BO3MOXKHOCTB foJiee TOYHOTO ycTa-
HOBJIEHHS] H KOHTPOJIA HATATa ([0 OCEBOMY
HATATY), BO3MOXXHOCTb NPaKTHUECKH HEOTpa-
HHYEHHOTO 4dcna CcOopoK M pasbopok.
DTH COENHHEHHS CUMTAIOT TIEPCIEKTHBHBIMH,
H UX puMeneHue pacludpsaercsa. KoHycHocTh

MOCTOAAHHBIX coelMHeHUH 6e3 WNMOHOK Ha3Ha-
qaloT o6niyHo 1/50 (pexe 1/100). Coean-
HEeHHS cO UINOHKAMH, yAO6HLIE 17 cOOPKH H
pa360pKH, BHIIOJHSAOT ¢ KOHycHocTho 1/10
H 3aTAXKOH ¢ TOMOILIbIO pPe3b0bl ( KOHIBI
BaJOB 3JIEKTpOABHratenell H PEeayKTOpPOB).

PacueTbl KOHHYECKHX cOeIHHEHUH aHaJslo-
FHYHBl pacyeTaM UHJHHAPHUYECKHX coeJiHHe-
HUH, TOJBKO B pacyeTaX oOceBOH CHJABI
3aMpecCcoBKH BMeCTO KO3((HItHEHTA TPEeHHS
{ cmepyer 6partb kosbduuHenT [ig o,
rae o — yroJ HakijoHa KoHyca. [Ipu konyc-
Hoctu /50 tg ¢=0,01 u yrouHerHe npe-
HeOpeXXuMo MaJo.

§ 6.3. PACYET COEAMHEHHUHA
C HATATOM HA 3BM

Hcnons3zosanne 2BM  mnospoager pac-
CYHTATb HECKOJNbKO [0CAJOK € yueTOM Be-
POATHOCTHOTO paclpefeseHns pa3MepoB je-
TajJed Mo TNOJ0 AONyCcKa, NpoaHadu3Hpo-
BATh BJIUSIHHE LIEepPOXOBATOCTH KOHTAKTHPYIO-
IHX NoBepXHOocTed, KO3 (HIHEHTOB HKecrt-
KOCTH JAeTaJjiel B 3aBHCHMOCTH OT HX KOH-
CTPyKuUHH u pa3mepos. [lo pesyabraraM
pacueTa MOMHO BbIOpATb ONTHUMAMBHYIO TO-
cafiIky no 3aAaHHoMy Ko3b@uuueHty cuen-
JIeHUs1 U TIPOYHOCTH AeTaned.

Haa  peraned clOXKHOH GOpMbL MOXHO
MCTOJML30BaTh MeTOJ KOHEUHBIX 3JE€MeHTOB
(MK2) npu onpeaeleHnd [aBjeHHA Ha
MMOBEPXHOCTH KOHTAKTa, NMpoaHalu3upoBaThb
ero paclpefeneHde B 3aBUCHMOCTH OT
KOHCTPYKIIHH JNeTaJH.

AnropHTm pacyeTa npuBeleH Ha puc. 6.8.
HMcxonubie paduabie (cumpon 2): Fu; T, S;
d; dv; do; I, Ray; Rae; frins fmaxs fis f2 (TEM-
nepatypnl); Ei; E2; pi; Py Oni; Org; 05 O

[1py ompeneneHHH MHHUMAaJbHOrO HaTsAra
Npin» OGECTIEYHBAKWIETO N€PEJAYy BHEIWHEH
HarpyskH' H MaKCHMaJbHOTO JAONYCTHMOTO
HaTAra MO ycJoBHIO TIPOYHOCTH AeTaJell Ha-
xoaaT (cumBoa 3): 1) pesyabTHpyoOmLyIO
cuny F mo Fs, T; 2) norpeGHOe KOHTAKTHOE
nasjedde p; 3) KO3pPHUUHEHTH KeCTKOCTH
getanefl ¢y, Cg, 4) HOMUHaNbHBIH HaTAr N;
5) mompaeky, yYHTbIBAOIYIO OOMSTHE MHK-
poHepoeHocTed UJ; 6) mompaBky Temnepa-
TypHbIX Jdedopmaluil geranei 8; 7) MHHH-
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Puc. 6.8. Cxema ajaropurMa pacuera

MaJjbHbil HatAr nocaakd N,,=N4U-4
4+ 6;; 8) momycTHMbIE JaBJEHHA pp,. 10
NpoYHoCTH fAeTaned (o.<Lo;); 9) maxc-
MafbHbIE  #OTMyCTHMbii  Hatar N .=
=Npna/P+U.

[Ipu BHGOpe MOCANKH ONpPElesiioT (CHM-
BOA 4, 5):

1) BeposTHoCTHoe paccesiHHe (puc. 6.9)

2, .2
ta+ tp;

2} cpeanuii, MHHHMANbLHBIH, MaKCHMAanb-
HBIl pacuerTHble BEPOATHOCTHbIE

Nm:ei+(td+tﬂ) /2’ Npmin:Nm“O"StN,.;
N =Nm+035tN,,;

ty =

pmax
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Puc. 6.9. Tloass nonyckoB  (BeaHYHHBL Ny
H N pnin [10Ka3axbl YCJIOBHO)

3) cpasHeHHe MOTPeBHOr0 W AONYCTHMOTO
HATSINOB C TAKOBBIMM y nocalki (cHmBoa 6):
Nminé Npmin'v Nmax = Npmax'

Ecau yciaosusi He cobaiomairces, To Mpo-

BEPAIOT CAeNylINyl0 ToCcaAKy B NOpsiKe
BO3pACTaHua HaTAra:

HT  H7T  HT  HT HT = H8
P67 16 s6 ' 16

HT  HT ,
v 0«7 YT’

H7  H8  H8 WS
u8 ' x8 8

§ 6.4. COElMHEH U
CTSOKHbIMH KOJIbLIAMH
H NJAHKAMY

Coeauyenus 3TOro THIA NPUMEHSIOT Ipe-
HMYIECTBEHHO B THXeA0M MAUIHHOCTPOEHHH
A5l PAa3’beMHBIX MAXOBHKOB, CTAHHH, [ome-
PEYUH MOpTaNbHBIX CTAHKOB M T. . B cpen-
HEM MAallMHOCTPOEHHH COEJHHEHHA CTXK-
HBIMH KOJNbUAMH HHOrJA I[PHMEHSIOT TpPH
OTCYTCTBHM MecTa ANA PacloNOKeHHs BHH-
TOB, HanpuMep, IJIf COCTABHLIX KOJEl MOMI-
BIMITHAKOB KaueHHs U AP.

B c¢BfA3H ¢ HeAOCTATOUHOH TEXHOMOTHY-
HOCTLIO W TPYAHOCTLIO ofecleueHusa OaHo-
PONMHOr0 HATsira 0GnacTh [PUMEHEHHA coe-
JUHEHHH CTHAXKHBIMH MJAHKAMH H KOJAblldaMH
CyXKaeTcH.



CTsHBEe 3JeMeHThl OOBIYHO BBHIMONHSAT cJlie-
JIVIOUIMX THIIOB:

1) Kpyriobie konabla — HauOojee TeXHOJOrHY-
HafA KOHCTPYKIHA (cMm. puc. 6.2, 6);

2) nnaHky JIBYT4BpoBOi  (POPMBI — aHKeph
(¢wm. puc. 6.2, a).

CoelHHeHHA CTAMKHBIMN KOJbUAMH H [IJIAHKAMH
00 AeHCTBHEM OTPLIBAKIIEA HATPY3AKM paccuH-
THIBAIOT COMMACHO YCJNOBHK) HEPACKPHITHSI CThIKA]
OCTATOMHAs CHJ1a, CXKHMAWOLlaaA CThIK MOIe MpH-
JNOMEHHT MakCUManblod BHELIHed Harpys3KH, He
nomkHa Obite MeHbine 0,2...0,4 Brewwed na-
TPY3KH.

COULTHILEHAY CTHAHHLIMA KOJTBIIAMH W THIAHNKAME

59

IIpr 3TOM CTHMKHBIE 3JIeMeHTbl pacCUYHTLIBAOT
Ha cWAy, MPEBBILIAIOUIYI0 BHEIUHION Harpysky
B 1,2...1,4 pa3a.

CoeHHeHHs, HaXoLALHeCH Noj AeHCTBHEM Ha3-
rE6ao X MOMEHTOB, PAacCYMTHIBAIOT TaKXKe CO-
IJACHO YCJIOBHIO HEpACKPHITHST CThiKa. Bo Bcex
TOYKAX CThIKa [OOJIKHBI COXPaHATHCA HampsiKe-
HusA, 0OCCNCUHBANOIIHE NOCTATOUHYIO KOHTAKTHYIO
HKECTKOCTD.

CoegHHEHHA, HaxogsillHecs Mol JNeAcTBHEM
CABHrAONIHX CHJ, pacCYMTBIBAIOT HA 3aTAXKKY
COTNMACHO YCJ0BHIO 06pa3oBaHHA Ha CThike CHJ
TpeHHsl, JOCTATOYHBIX AJIs1 TOTO, UTOOHL MpeJoTBpa-
THTL CHABHI.



F'JTABA VII

§.7.1. OCHOBHbBIE MOHATHS
H ONPEAENEHHS

Pe3ap60oBHMH cO€fHHEHHAMH
Ha3blBAOT pa3beMHble COEJHHeHHS neraJen
C MOMOULbIO Pe3blnl HAM Pe3bGOBLIMH Kpe-
NeXHbLIMH [eTajsIMH —— BHHTaMH, OGOJTaMH,
WITHAbKAMH, ralKaMH,

Pe3sb6a ofpasyeTcs myTeM HaHeceHHs
Ha TOBepPXHOCTL [eTajeli BHHTOBHIX KaHa-
BOK C CeYeHHeM COrJacHo Npoduao pespbbl.
O6pasoraHHble TAKAM 0GPAa30M BHICTYIIbI HO-
CAT Ha3BaHHe BHUTKOB. TepMHH BHHT TNpH-
MEHSIT KaK o6WHi (00beAHHAILHA TaKXke
G6oATbl ¥ WNHJABKA) H KaK YAacTHBIH (BHHT,
BpallaeMbld MPH 3aBUHYWBAHHH U OTBHHYH-
BAHHH, T.€. BBHHUMBAIOILHHCA B JeTaJjb).
TepMuH BHHT NOCAYXKHA OCHOBOH JI/IA 11€/10F0
psja ApyrHx TEpMHHOB: BHHTOBOE JIBHXKEHHE,
BHHTOBAsl JHHHUA, BHHTOBAA [OBEPXHOCTD.
Tepmun pe3pba mnpousouwien oT TEXHOJOHU-
YecKoro TMpolecca ee H3roTORJEHHSA — Ha-
pe3aHus, _

[lpn c6opke u pasbopke pe3b6oBOro co-
eHHeHHsl KpenexHble BHHTH MOBOPAYHBAIOT
HAH yIep:KHBAKT OT MNOBOPOTA COOTBET-

Tadna
I
Pesofia {_ 4 )
Bunm
fonobra Npoguss
) g e\’bd-bl

Puc. 7.1. Buut ¢ rasikoit (6oar)

7 CTBYIOLUIHM HHCTPYMEHTOM (KJXIOUOM, OTBEPT-

KOH) HJn HellOCPeJACTBEHHO PYKOH 3a ro-
J10B Ky BuHTA. BeTpeuawTes Takxke BHHTH
¢ 3aKJaJHBIMH TOJOBKaMH, pacnoJjaraeMbMH
B [1a3y OJHOH M3 COeQUHAEMBIX [eTaJei.

Tepmuu 60arT npeanoaaraer B3auMo-
JeHcTBue €ero ¢ TadKoOH W HajJHYHe [OJOB-
ku (puc, 7.1).

afika — 310 OJetanb ¢ pe3bBOBBIM OT-
BepCcTHeM, HABHHYHBaemas HA BHHT H MMe-
olllag  QopMy, NMPHCIOCOOMEHHYIO [JA 3a-
XBaTa KJOYOM HJIH PYKOH.

Pesb6oBrle coepuHeHdsi Moayuuid GoJib-
uloe pacnpocTpaHeHHe B MAUIHHOCTPOEHHH.
B coBpeMedHBIX MalluHax AeTajiH, HMeK-
mHe pesbly, cocrasasoTr cebie 60 % ot
obuiero Komuuectsa netased. K HUM OTHO-
CATCA KpenexXHole fetand (OOATH, BHHTH,
raukd), GOJBUIMHCTBO KOPMYCHBLIX [eTaJeH,
T4K KaK OHH CBHHUYHBAKTCH BHHTAMH H K
HHM [DHBHHYHBAIOTCA ApyrHe AETaJjH; BAJbl
B CBA3H C KpelJieHHEM H peryjHpoBaHHeM
MOJIUHMHAKOB H JAPYTHX [eTajie#; LIKHBBHI,
3yfuaTbie KoJleca B CBSI3H C HEOOXOAHMO-
CTbIO CTOMOPEHHS H T. I.

[Ilupoko npumeHsiloT pe3abGOBLIE COENHHE-
HHA (C CHIbHOH 3aTHAKKOH) B KPaHOBBIX H

CTPOMTENbHbIX MeTa/NIH4eCKHX KOHCTPYK-
HMAX, TAK KakK OHH 00JeryaiT H3roToBJEHHE
H cOOpKYy.

KpenexHble BHHTH OTHOCATCA K YHCIY
BeCbMa HaMpsiKeHHBIX JeraneH; CAydalorcs
aBapHy MaluHH, CBAA3aHHBIE C PAa3pyLICHUEM
OTBETCTBEHHBIX pe3bfoBHIX Hetanel. B yc-
JIOBHAX KOUTPOJISI HayaJbHOH 3aTHAXKKH H XO-
pollero CTomnopeHusl pe3bboBbie coelHHEHUS
ofecleydBaloT HaAAEXAULYyl HaZeXHOCTh.

[lIupokoe npumeHenue pes3bOOBLIX COEH-
HeHUH onpefensercsi: 1) BO3MOXKHOCTBIO CO-
31aHUs1 OOJbIINX OCEBBIX CHJI (BBHAY KJIHHO-
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BOro JIEHCTBHA pe3blbl, a TakKe OGoJbLIOTro
OTHOWEHHA JJHHBL KJK0Ya K pafHycy pesb-
6b1); 2) BO3MOXHOCTbIO (PHKCHPOBAHHA 3a-
HKuMa B J060M mnoJioKeduu 6raropaps ca-
MOTOPMOXKeHHIO; 3) ynobHeimu dopmamu
M MajabiMu rabaputamu; 4) [pOCTOTOH W
BO3MOXKHOCTbIO TOYHOI'O H3TOTOBJEHHS.

HoMumo KpenmexxHbIX neJeit BUHTOBbIE Ta-
pbl B MallMHAX NPUMEHSAIOT IS OCyHIecTs/e-
HHUA [OCTYMNATENbHOIC ABHXKCHHS H, B YacT-
HOCTH, IJA [IOIbeMa FPy30B H TOYHBIX epe-
MelleHHH.

§ 7.2. OCHOBHBIE THIbI
U MAPAMETPbI PE3bb

PaccMOTpUM OCHOBHBle pasmepHble mMapa-
MeTphl pe3nbbl (puc. 7.2}).

Hduamerpno pe3bOb (BHHTA M ai-
KH): HApYXKHbIH d, D; cpepuuii dq, Dy; BHYT-
pedHuit d, D,. [inaMeTpnl BHHTA, KaK OXBa-
ThiIBAEMOH JfeTafu, o003HAYAKTCA MaJbiMU
OyKBaMH, JHAaMETPbl FAHKH, KAK 0XBATHIBAIO-
et merTand,— OodbwiuMd. HomHHaMbHbIE
3HAYeHHsl OAHOMMEHHBbIX AUAMETDPOB PABHHI;
OTJHYHE -—— B JONYCTUMBIX OTKAOHeHusX. Ha
[OBEPXHOCTH BOOOpaKaemMoro nUJHHApPA JH-
aMeTpoM dp WHPHHL BHTKOB H BOAJMH pe3b-
OBl ONHHAaKOBHL.

Mpodpuanr peanbul' —310 0OpoO-
(UNb BBHICTYTIA H KAHABKH pe3blbl B MJIOCKO-
CTH ee 0CeBOr0 Ce4yeHHS.

' Bce ompepefeHdsl paMbi B COOTBETCTBHA
¢ TOCT 11708—82.

NN 5
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Puc. 7.2. Pespfa, of603HaueHud OCHOBHLIX [a-

paMeTpoB

¥roa npoduas @ — yroJ MexIy CMe:KHbl-
MH OOKOBBIMH CTODOHAMH pe3bObl 0CeBOro
CCUeHHA.

Ilpodunb pe3pbnl XapaKTepH3yeTCH Tak-
Xe: ,

4) BLICOTOH HCXONHOrO  TPeYroJbHHKA
pe3abObl H, T. €. TpeyroJbHHKA, BepUIHHB KO-
TOpOoro 06pasyioTcs TOYKAMH [IepecevyeHHs
[POAOJKEHHBX GOKOBBIX CTOPOH MNpo¢HIf
pe3bibl;

6) paGouell BoicoToH npoduaa pesnbul H,
pPasHOH JJIMHE MPOEKIHH y4acTKa B3aHMHOIO
nepexkpolTHd [poduaeH CONpsAraeMbiX HapyxK-
HOK H BHyTpeHHeH pe3bl HA nepHeHAHKYJsAp
K OCH pe3bObl.

BaxHellle# xapakTepHCTHKOH pe3blnl A8B-
JISeTCA llar.

Har pespO6bl P — paccrosHue no

] 1)
- JIMHUH, NapaJuieJbHOH OCH p83b6b[ MeXay

CpeHHMH TodukaMy OJAHXAHIMIHX OAHOHMeH-
HblX OOKOBBIX CTOPOH mpodunsa pe3nbol, Je-
XKAILUMH B OHOH OCEBOH IOCKOCTH TIO O4HY
CTOPOHY OT OCH pe3bObl.

1A MHOT03ax0iHbIX pe3b6 BBOAAT AOMOJI-
HUTeNbHLIA TePMHH — XOJ BHHTA Py, paBHufi
IPOU3BEAEHHIO 11aFa HA YHCI0 3axonoB. Ta-
KUM 00pa3oM, xoJ paBeH ATy BHHTOBOM TO-
BepPXHOCTH pe3bbbl — ICCTOSHHIO, HA KOTO-
poe NnepeMecTUTCA BUHT BAOJAb CBOEH OCH npH
[IOBOPOTE HA OJUH OGOPOT B HENOABHKHOH
radke. [Ijasi ofpo3axofHoil pe3bObl MOHATHSA
mar 4 Xoji COBIAJAIOT.

Yron nonbkema pe3hbnl Y — yroJd, obpazo-
BAHHBIH KacaTeNLHOH K BHHTOBOH JHHHH, ONMH-
CHIBAEMOH cpeiHed TOUYKOH OOKOBOH CTOPOHBI
pe3b0bl H MJIOCKOCTBIO, NEPNEHAHKYAAPHOH K
OocH pe3blbl:

P
tgw=n£.

[Tepeyucnenusie napaMeTpbl MOXHO pac-
CMATpHUBATL B 0011eM BUAe, TAK KaK BCE MPO-
$uay uMeroT o6 He 3JeMEHTH U MOTYT ObITh
OJMyYeHBl BapbHpoBaHUeM yrja mnpoduasa,
BLICOTHI [IPODUAA U PANHYCOB 3aKPYIAeHHH.
Hanpumep, yMedbwas yroa npohuis, MOXKHO
nepedTH OT TPeyroabHOH pe3bbbl K Tpalene-
HAA/bHOH, @ NOTOM K NPSAMOYFOJIbHOH.

Pesn6ni 110 HazHaueHUIO Pa3ieNsAIOT Ha Clie-
AyloinHe Tpynmbl.

1. KpenexHble pe3nOri, NpejHasHaYeHHbIE
AN ckpensieHus Aetaned. MXx Benofusor,
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7.1. OcHOBHuIE CTAHAAPTHBIE PE3bON

Tun peabbut

War P, MM (HJH YHCTIO BHT-

M
Hnamerp d, Mm KOB Ha JiHHE 25,4 MM)

Metpuueckan (IFOCT 8724—81)
Tpaneuennanvuass (FOCT 9484—81) oauoxo-
noBasi (TOCT 24737—81 **)

¥nopnaa (IF'OCT 10177--82)

¥Ynopdas yceuaennas 45° (FOCT 13535—68)
Merpuueckan Konnueckan (I'OCT 25229—82)
Tpy6uas Kounueckan (F'OCT 6357--81)
Kpyraas (CT C2B 3293—81)

1...600 0,2...6
8...640 1,6...48
5,6...640 2...48
80...2000 5...40
6...56 1...2
7.72...163,83 28...11 ua gnuue 25,4 Mmm
8...185 2,54...6,35

KaK npaBuJio, TpeyroabHoro npotdunsa. [lpu-
MEeHEeHHe 3TOTO MPOoQuUAA BbI3bIBAETCA: 4) HO-
BBILIEHHBIM ~ TPeHHEM, of0ecne4nBaoIuM
MEHBLUYI OACHOCTb OcnabJeHus 3aTAHYTOH
pe3blol; 6) MOBBILIEHHOH NPOYHOCTBIO pe3b-
Obl; B) yA0OGCTBOM H3TOTOBJIEHHS.

2. Kpenexkuo-ynjoTHaolHe pe3ndbl, ciy-
Kalue KakK [AJs  CKpeIUieHHs  JeTadeq,
TAK H 08 TpPeJOXpPAHEHHS OT BBITEKAHHH
JKHAKOCTH (B coeHHeHHAX TpyOONpoBOAOB
H B apMaTtype). JTH pe3blbl N0 yKa3aHHBIM
NPHYHHAM TAKXE BBIIOJHSIOT TPEyroJbHOTO
npoduns, Ho 6e3 panuajbHLIX 3a30POB BO H3-
OexxaHHe BHITEKAHHA XKHIKOCTH H C [J1aBHbI-
MH 3aKPYTJEeHHSIMH. :

3. Pe3bOul g nepegaun [BHXKEHHA (B XO-
JOBBIX U FPY30BbIX BHHTax). nsa ymeHnblie-
HHS TPeHHH 3TH pe3blbl BHIMOMHAIOT Tpanele-
H1AJbHBIMH ¢ CHMMETPHUHBIM TIpodHIeM H C
HECHMMETPHUHBIM MpoduaeM (yrnopHbie), a
HHOr/la ¢ [PAMOYFOJbHLIM IpoduaeM. Ynop-
Hble pe3blbl MpeHAa3HAYEHBl A1 BOCIPUATHSA
BONBIIMX OCEBBIX CHM, NERCTBYOIIHX B OJHOM
HanpaBAEHUH.

[Ipusenennoe nenenue pe3nd Mo HasHa-
UEHHIO He fABJAeTcA CTporuM. Tak, Hanpumep,
pe3bObl TpeyrosbHoro npoduas HHorjga Hce-
MOAbL3YIOT IAs 0C000 TOUHBIX XOJOBBIX BHH-
TOB ¢ MaJibIM [1AaroM, a yrnopHsle pe3sbOsl — B
KauecTBe KPemnexKHbiX.

PesbGel 8 CCCP u 3a rpanuuefi craugap-
TA30BaHbl (Ta6ia. 7.1). B csoe Bems oHH
MOCJTY XKUY NepBbiM 06 BEKTOM cTaHlapTH3a-
HHH OOILEeMALIMHOCTPOUTE/bHLIX JieTaJeH.

Pe3b6bl #3-3a 3a30poB, KAaK MpaBHJQ, He
MOryT OBbITh HCIIOJAB30OBAHBLI B KAYeCTBE I[EH-
TPUPYIOLIUX 3JIeMEHTOB.

Merpuueckan pesnbba (puc. 7.3, a)
ABJAETCH OCHOBHOH TPEYFrOJbHOH pe3bboH,
npunsatroli 8 CCCP. Oua xapaktepu3ayercA
yraoM npobuns o =60° cpe3oM mo npamoH
BeplIMH Npoduias pe3bfsl BUHTA HA PACCTO-

H .
SIHUM — W BepLIKH npoduas pe3bObl raiku

H
 HA paccTtoAaHHH T OT BEPUHH HCXOIHOTIO

Tpeyrosibuuka pesbbbl. [lpoduan Boague y
BHHTA H TalKH He perjaMeHTHPyeTCd, HO ¥
BUHTA TPedNoOuTHTENLHO 3aKpyrjeHHe pa-

JHYCOM ,:%30,144 p. B mMexnyuapon-

HoM crangapre MCO pe3p6 naa aBuakoc-
MHUECKHX KOHCTPYKIHH NpeflycMaTpHBaeTcs
paauyc snanaud (0,15...0,18) P.

Bricora HCXOMHOTO Tpeyro/bHHKA pe3bOb

=1 ctg 30° ~-0,866 P.
Pa6ouasi BhicoTa npoguis

H H
H - H_‘ —_— =
: 8 4
MeTtpuueckue pe3bObl pa3fefslOT Ha pe3b-
6l ¢ KPYNHbIMH M MEJKHMH Luarami
(traba. 7.2). Tlpoduam ©uX reomMerpHuecKH
NMoAOGHBI.

3a OCHOBHYIO pHHATA pe3bba ¢ KPYIHBIM
waroMm. CraTHueckasi Hecyllas CnocoBHOCTD
3TOH pe3bbbl Boillle, YeM pe3bLObI ¢ MEJKHM
[IATOM, BJHAHHE HA MNPOYHOCTL [IOFPELIHO-
cTefl U3TOTOBJIEHUS] M H3HOCA MEHbUIC.

O6nacTH TpuMeHeHHs pe3blbl ¢ MEJKHMH
maramu: 4) AMHAMHUECKH HArpy»XeHHHE Je-
Tald ¥ JAEeTAJd, THaMeTpbl KOTOPbIX B OCHOB-
HOM OIpeNeNsiioTC HaNpsKeHUAMH H3ruba
u KpyueHusl (Bajnul),; 6) moabie TOHKOCTCH-

0,625 H ~ 0,541 P.
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7.2. lnaMeTpn M IATH MeTpHueckoli pesbOm (BwGopka w3z [OCT 9150—81, T'OCT 8724—8lI,
FOCT 24705—81 B nuanasone d—=1...60 mm)

hy~0,868P; 1=0413P: r=~0174P

Hlar P, MM

Huamertp d, [ar P, uM OuameTp d,

MM KpYRHBIA MCJAKHH MM KPYTHHIA MeSKHIH
i 1,1%: 1.2 025 0,2 18%; 20 22* 25 2,15 1: 0,75, 0,5
1 4% 0,3 0.2 24 3 2: 1,5; 1; 0,75
1.6: 1,8 0,35 02 95¥* — 2: 1,5; (1)
2 0,4 0,25 (26) ** — 15
2 9% 045 0,25 ‘ 97 3 2; 1,5: 1; 0,75
25 0,45 0,35 (28)** — 2:-1:5; 1
3 0,5 0,35 30 3,5 (3); 2; 1,5; 1; 0,75;
3 5% (0,6) 0,35 (32) ** — 2: 156
4 0,7 0,6 33* 3,5 (3); 2; 1,5; 1, 0,75
A4,5% (0,75) 0,5 35%* — 15
5 0,8 0,5 36 4 3; 2 1,5; 1
(5,5) ** — 0,5 (38) ** — 1,5
b, 7¥* 1 0,75; 0,5 39* 4 3. 2:1,5; 1
8 1,25 1; 0,75 0.5 40+ — (3); (2); 1,5
Qe (1,25) 1; 0,75; 0,5 49; 45*% 4,5 (4); 3: 2; 1,5; 1
10 1,5 1,25; 1; 0,75; 0,5 48 5 (4); 3; 2, 1,5; 1
[ 1%* (1,5) 1;075; 0,5 5O** — (3); (2); 1,5
12 1,75 1,5 1,25 1; 0,75; 0,5 52* 5 (4); 3, 2; 1,5; 1
4% 2 1,5; 1,25: 1; 0,75: 0,5 55** — (4); (3); 2, 1,5
5% _ 1,5; (1) 56 55 4: 32 1,5 1
16 2 1,5; 1, 0,75; 0,5 58%* — (4); (3); 2, 1,5
[7%* — Lo (D) 60* (5,5) 4;3;2; 1,51

[Ipumeyanus: |. Pe3pOb, JHaMeTpbl KOTOPBIX HE OTMEUYEHBl 3BE3N0UKAMH, COCTABIAIOT 1-# pan;
OTMEUEHHBIE OAHON 3BE3NOUKOH — 2-i pAx; ABymst 3pesmoukamH — 3-H psaa. IlpeianoutHrenbuee TPH-
MeHHTL pe3Lbbl 1-ro psixa nepen pessbamu 2-ro 4 3-ro psi/loB, a pe3sObl 2-r0 pAdad nepel peab6amu
3-ro psna. 2. JluamMerpbl H WAard pe3pd, 3akJOYEHHBE B CKOOKM, MO BO3MOKHOCTH HE MDPHUMCHATD.
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Hble [eTajH; B) JAeTaJjld, Y KOTOpPbIX pe3nba
npuMeHseTcs s peryauposku. [Ipumene-
HHEe MeJIKHX pe3bb obneruaeT cronopeHHe,
MO3BOJIsieT YMeHbLWHTb [Iepenaipl THaMETPOB
BaJiOB H 1p.

llars Bcex MeTpHUeCKHMX pe3bl cocTas-
JSI0T CTyTMeHUaTHlH apuMeTHUYECKHH PAA.

MeTtpuueckyio pe3bly ¢ KpyMHbIMH LIara-
MU 0603HayaloT OykBOH M H yHciOM, BbIpa-
KAUUM AHaMeTp pe3bObl B MUJJIUMETDPAX,

Hanpamep M20, a ans mMeTpuyeckod pesbiini
C MEeJKHMH LlaraMH AOMOJHHUTE/NbHO YKa3Hl-
BalOT War B MH/AJHMETpax, Hanpumep
M20X1,5.

K MeTpHueckum pe3b6aM OTHOCAT TakkKe
pe3ply, MpuMeHAeMyl0 B PHGOPOCTPOEHHH,

B cTapbix MamwnHax, BoinyILeHHBIX B ¢TPa-
Hax, rie Joaro JedcrsoBaja AlHMoOBasi
CHCTeMa Mep |
BCTpEUawTed A1HAMoBbIE pe3blbl, B KOTO-
PbIX BMECTO llara 3ajJaeTcs 4YHCAO HHUTOK
Ha JioiM, a yroa npoduaa pased 55°.

Tpanmeueunmanbuad pesbba no
FOCT 9484—81, TOCT  24737—8l,
IF'OCT 24739—81 (puc. 7.3, 6) .apaser-
cA OCHOBHOH pe3L0oH AAA Nepegady BHHT—
rafika. OHa AMeeT MeHblIHe [IOTEPH HA Tpe-
HHe, ueM TpeyrosabHas pe3b6a, ynoGHa B u3-
rOTOBJIEHHH U OoJiee MpouHa, uYeMm. MPAMO-
yronbHasa pe3pba. [IpH HeoGx0aMMOCTH OHa
AonycKaeT BoIOOPKY 3a30POB pajHa/bHbIM
cOnKeHueM (ecqu raHka BbilloJIHeHa pa3h-
eMHOH o AWaMerpatbHOH niockoctu). Tpa-
neueuaanbHas pe3bfa HMeeT yroJ npoduias
30°, pabouyw BwicoTy npoduas H; = 0,5P,
cpenHud  amamerp dp=d—0,5P, 3a3sop
or 0,15 1o | MM B 3aBHCHMOCTH OT JAHaAMET-
pa pe3bOnbl.

Tpaneuennansiasi pesnfa cTaHIapTH3O-
BaHa B AuanmasoHe auaMeTpoB 8 no 640 mM;
[peAyCMOTPEHA BO3MOXHOCTb TpHMEHEHHS
pe3bd ¢ MEJIKHMH, CpeJHHMMH H KDPYIHbIMH
L aramH. :

YnopHuyw pe3bby mo [OCT
10177—82 (puc. 7.3, 8) HCMOAL3YIOT AJA
BUHTOB ¢ GoJbWofl oAHOCTOpoHHEH oOce-
BOM HArpy3KoH B Npeccax, Ha>KHMMHBIX YCT-
poHCTBAX TPOKATHBIX CTAHOB, B [PY30BbLIX
KpokKax H 1. A. [lpodpuns BHTKOB -— HecHM-
METPHUUYHBIH TpamneileHAaJbHbIH. ¥Yroa HakAo-
Ha pafouek cTOpOHB NPOPHUAA ANA NOBbILLIE-

nus KILI, BuiGpan paBHbM 3° (peswnfa ¢
yrjiom Hak/JoHa npoduia (0° dHeynobHa B
M3rOTOBJEHHH), YroJg HakjJoHa Hepabouen
cropounl npoduas 30°, NpeiycMOTpPeH 3Ha-
UHTeNbHBIH paaHyc 3aKPyTJieHHA BNaJUHbI
NSl CHHXKEHHS KOHIEHTPAlMH HaNpsKeHHS.
Pa6ouas Bbicora npoduas H, = 0,75P.

YcuneHHble ynopHble pe3bOnl HMEIOT yroga
Hepabouyel cTopoHsl npoduasa 45°, yro obec-
ne4yuBaeT CYLLECTBEHHOE CHHXKeHHEe KOHLEH-
TPpauUH HAanps:KeHUH 34 CUET [OBbIIICHHS
HaTNpsAXKeHHH CMATHA; CONMPOTHBAEHHE yCTa-
JIOCTH y HHX MoBulWeHo B 1,5 pasa.

Kounuueckue pe3ab6Gb obecrneud-
BalOT HeNpoHUnaeMocTs 0e3 cHeLHaJbHbIX
YIJIOTHEHHH; HX NPUMEHAT L1 CoeaHHe-
HHA TpYyO, YCTaHOBKH NMpolOK, MAaCJAeHOK U T.1.
HenposnugaeMocTs AOCTHFAeTCs  MJAOTHBIM
npuferandeM npoduned no BepmdHam., 3a-
TAXKKOM KOHMYECKOH pe3bObl MOMKHO KOM-
MEeHCHPOBATh H3HOC H CO3JaTh TpebyemblH
HaTAr; KpoMe TOro, 3TH pe3nbbl ofecne-
YHBAIOT ObICTPOe 3aBHHUHMBAHHE H OTBHHYH-
BaHHe.

B CCCP craunapTH3oBadel TpPd pe3bObl
¢ KoHycHocToio |:16 — MmeTpHueckas c yr-
JoM mpodpuaa 60°; Tpy6uasa ¢ yraom npogu-
Jsi 55° M noiiMoBas ¢ yrjaoMm npoduas 60°.
Bce 3TH pe3p6pl AomycKalT CBUHUMBAHHE
C BHYTPEHHHMH IHJAWHAPHYECKHMH pe3bba-
MH, H MO3TOMY HX Hape3awT ¢ OGHCCEKTPH:
COH yriia mpocduad, OepneHAUKyAADHOH OCH
BHHTA.

Tpy6uasa pessba, 'OCT 63578l
(puc. 7.3, 2), NpHMeHSeTcs AAA coelfHHe-
Husi TpyO H apMaTypbl Tpy6oNpoBOIOS B 1HA-
NMa3oHe yca0BHBIX pasmepos oT 1/16” no 6”.
Tpy6uas pe3nba npeacrasasiet cobod Med-
Kyio HAiolmMoByio pe3nby, Kotopas BBIIOJ-
HAeTCsl ¢ 3aKpyriaeHusaMd npoduas n 6e3 3a-
30pOB 110 BBICTYNaM H BMAJHHAM AJf Jydlle-
FO YIJIOTHEHHs. 32 OCHOBHOH (HOMHHAJb-
Hpill) pa3Mep, xapakTepH3ylIHA pe3blbl H
ykasbipaeMblif B 0603HaueHnu pesblbl, MPH-
HAT ycAOBHBIH BHYTpPeHHHH Auamerp TpyOH
(IIPOXOM B CBETY).

Beuay 6onbmoro pacnpocTpaHEHHS B3aH-
Mo3aMeHseMblX fAeTajed ¢ TpyGHOH [IOH-
MOBOH pe3bGoH OHa COXpaHsAeT OCHOBHOe
npuUMeHeHHe.

e —



KPENEX HBIE BUHThI 95

KpoMe paccMoTpeHHBIX pe3bf npumeHs-
eTcsl KoHHueckas pesb6a BeHTHNEH U Ganno-
HOB /11 Ta30B ¢ KOHYCHOCTBIO 3:25.

Kpyrawe pe3bo6 bl (CT C2B
3203—81) B ocHOBHOM HOPHMEHFIOT JJif
BHHTOB, MOJBePXKeHHbIX OOJNbIIMM JMHAMH-
yecKHM HAlpSXeHHAM, a4 TakKxKe JacTo 3a-
BHHUHBAEMBIX W OTBHHUHBAEMbIX B 3arpss-
HeHHOH cpele (noXKapHaag apMmaTtypa, Ba-
TOHHBIE CTAXKKH).

[Ipoduab xpyraoi cunoBoi pe3nfbi cOCTO-
UT H3 AYr, CBAA3aHHBEIX KOPOTKHMH Yy4YacTKa-
MH TIPSIMOK; yroJ npocuns pased 30°. Bojb-
[He pajuycChbl 3aKPYriAeHH# HCK/II0YAIOT 3HA-
YUTENAbHYIO KOHLUEHTPAUHIO HANPAXKeHHH.
[Toniapawouue 8 pe3bly 3arpA3HAIOINHe Yac-
THLbl BbXKHMAIOTCH B 3a30pHl.

IOns xpyraoix pe3p6, "HakaThiBaeMBIX Ha
TOHKOCTEHHBIX H3/eJUAX, XapaKTepHbl Ma-
Jasl BLICOTA NPOUIs, YTO BaXKHO a9 yMeHb-
meHust JedbopManHH MeTaANa B Mpoilecce
HAaKaTKH.

Pe3p6b BHHTOB, CBHHYMHBAE-
MBIX C AeTansiMH M3 MaTepHa-
JJOB HU3KOH NPOYHOCTH, J[enanT
C TpPeyrofibHbIM MpoduaeM, TOJIIHHA KOTO-
poro mo cpejHeMy AMAMETPy 3HAUHTENBHO
MeHblle MOJOBHHBL wara. TakuM o6pa3soM,
ofecrieudBaeTcsi PABHOMPOYHOCTb HA Cpe3
pe3bObl BHHTA W JeTajH, B KOTOPYIO OH
BBHHUEH.

FOCTom 16093-—81 ycraHoB/AeHB Cclle-
AyioluHe CTenNeHH TOYHOCTH JHAMET-
poB pe3bbl C 3a30paMH: BHHTOB B mpele-
nax 3...9 u raex 4...8 (B nopsake yObiBa-
HHS1 TOYHOCTH), COOTBETCTBEHHO PSiIb OT-
KJIOHeHHHd aaa BuHTOB A, g, f, e, d U oNA
raek H, G, F, E (B nmopAake yseJHYeHHS
3430P0B).

PekoMenayioTcsl ciefywoolide MoJs JI0MyC-
KOB:

Pesb6a Tounas Cpenusin TpyGas

Ilonyckd BuHTOB . 4R 6h; 6g%; 8k 8g*
6e; 6d

Jonycku raex . 4HBH  SHG6H, TH*; 7G
6H%; 6G

* [loass goMycKOB NPEAMOUYTHTENHHOTO [MPH-
MEHEeHHH.

B cayuae aBoliHoro o0603HauyeHHA 1O
JoMycKa [epBoe OTHOCHUTCS K CpeiHeMy JHa-
MeTpy, a BTOpoe — K HapYXXHOMY /51 BHH-
TOB HJIM BHYTPeHHeMY [Jifl Faek.

Homnyck cpeaHero jguamerpa npd 6oJib-
IIHX JJIHHAX CBUHYHBAHUA CJAENYyET YBEJH-
YHBATb, @ MPH MANbIX AJHHAX yMEHbLIIATH HA
OJIHy CTeMeHb.,

Pe3b6pl TOYHbIE TPHMEHSIOT /51 TOYHBIX
IepEMEILEHHHA U IJI CHJABLHO HAlpsiKeHHbIX
OTBETCTBEHHBIX COeJHHEHHH.

13 norpewHocTe#t H3roTOBJAEHHS HAHGOAb-
llee BaHsAHKE, pPACHPOCTPaHAIeeCs Ha LUK-
JIMUECKYIO MPOYHOCTL BHHTOB BCEX KJACCOB
HPOYHOCTH H CTATHYECKYI0 MPOYHOCTL Bhi-
COKONPOYHBIX BHHTOB, HMMEIOT TepeKoch B
pe3bfe. OTkaOHEHHE OMNOPHOH IOBEPXHOCTH
raek OTHOCHTEJLHO OCH pe3bObl AonycKaeTcs
A5 TOUHbIX BHHTOB [0 48’, cpeaHeH TouHo-
ctd B 1,5 pasa u rpy6bix B 2 pasa GoJblue.
B Ganadce mforpewHocTed OTKAOHEHHA OT

MapaJ/jeJbHOCTH  OMOPHBEIX  [OBEPXHOCTEH
COeMHAEMBIX faeTaJied cocTaBJsier 35—
50 %.

§ 7.3. KPEIIE)XHbIE BHHTbI

Kpenexsple BUHTH B 33aBHCHMOCTH OT TH-
na pe3b00BOTO COELHHEHHA TPHMEHSIOT cJe-
NYIOUHX HCToJHeHuH (puc. 7.4): 1) BHHTH
¢ ralKaMH, Ha3biBaemble 60ATAMHU; 2) BHHTHI,
BBHHUMBAeMbiC B OJHy H3 CKpeN/sAeMBIX Je-
TajMeR; 3) WIHALKH C rafKaMH.

BoaTw (puc.7.4,a) npumMensioT: a) A1
CKperJieHHa JeTajel He o4eHb OGoAbLIOH
TOJIIHUHLI, NJacTHH, ¢aaHueB, 6pycbeB IpH

3 3 40
NN YR
NN
LU Y N
2) 3) 8)
Puc. 7.4. OcHoBHble THNH pe3bOOBHX COENH-

HeHH
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HaJHU4YHY MecTa [IJIsl PACHOJNIOXKEHHST TOJOBKH
6oata W rafku; 6) pnas CKpenvieHUs nerta-
JeH u3 Mmarepuaos, He oOecreyHBalOLLHX
JOCTAaTOYHYI0 [MPOYHOCTb H JOJTOBEYHOCTh
pe3bObl; B) [pH HEOOXOAHMOCTH 4ACTOTO
3aBHHYMBAHUSA M OTBHHYMBaAHUA. Boatel ne
TpeOyloT HapesaHHus pe3b0Obl B L€TaNH, HO
He Bceraa yaobHH NpH c6opke H He crocob-
CTBYIOT NPUAAHHIO MALIHHE TIPUSATHBIX JJIA
raas’a Qopm.

Buuro (puc. 74,6), BBHHUHBA e-
Mble B OAHY H3 cKpenJseMBlX
JeTaJjel, TNPHMEHSIOT B CAyyafdx JOCTa-
TOYHOH MPOYHOCTH MaTepHasia NeTalH U 10-
CTATOUHOH €e TOJIUHHBL, OTCYyTCTBHA MecTa
JJIs1 pACIIONOKEHHA I'alKy, [IpH KeCTKUX Tpe-
6OBaHHAX K MACCe COeHMHEHHS.

IMouabku (puc. 7.4, 8) NpHMeHSIOT B
TeX e clydagX, 4TO U BUHTHI, HO KOTJa Ma-
Tepuaa COoeAHHsIeMEIX AeraJell He ofecleu-
BaeT [OCTATOYHOH JOJTOBEYHOCTH pe3bl
npd TpefyeMplXx 4acTeiXx pa3Gopkax u cbop-
KaX COeNHHeHHH.

[To bopme ronmoeku (puc. 7.5)
BHHTH [I0APA3JefsiOT Ha: 4) 3aXBaThiBaeMhle
HHCTPYMEHTOM CHapy:KH ToJOBKH; 6) 3a-
XBaThiBAEMblE HHCTPYMEHTOM H3HYTPH H C
TOpLA TOJNOBKH; B} MpelNATCTBYIOLIHE MpO-
BOpPOTY.

[onoBkH ¢ Hapy»XHbIM 3aXBaToM JAOMNYC-
KaloT HaHOOALWYIO CHAY 3aTSXKKH, HO Tpe-

~a,7d
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Gyl0oT MHOro Mecta JJid IMOBOPOTA KJ0OUa.
HauGogbiiee pacnpocrpanenye TNOJYUHTIH-
LIeCTHrpaHHble TOMOBKHU (puc. 7.5, a), Aaa
3aTAXKKH KOTODPBIX HYXKEH OTHOCHTEJIBHO He-
GoabWol TMoBopoT Kalua (Ha 1/6, a npu
COOTBETCTBYIOUIEW KOHCTPYKIMH KJIOYa Ha
1/12 oBopora) no iepexBara Ha CAEAYO-
IHe rPaHd; OHH HMEKT A0CTATOUHYI MUIH-
PUHY rpaHell NiA nepefaud HeoGXOAHMOro
MOMEHTA.

B ycaoByax yacToro 3aBUHYHBAHMA H OT-,
BHHYHBAHHS, HAMPKMEp, B NpHcHocobaenusx;
Ansi oO0paloTKH Ha CTAHKAX H [IPH HAJHUYHHU
cBOGOAHOrO IpOCTpPAaHCTBA AJS 110BOPOTA
KJAOUa HA 3HAYUTEJbHBIH Yrod MPHMEHSIOT
KBaJpaTHele roJoBkH (pHC. 7.5, 6).

[Ipu tex e nonepeuHbix pasMepax, Kak
Y LIECTHIPAHHBIX, YETbIpEXIPAHHBLIE TOMOBKH
HUMEIOT GONbUIYIO IUHPHHY TpaHeH, 4YTo A0-
yckKaer nepegaqy OGObUIMX MOMEHTOB HAH
ofecrieyypaerT OONBLWIYID HOJATOBEYHOCTL IO~
JIOBKH, '

[IlecTurpaHHbple W KBajgpaTHble TOJNOBKH
BBIIOJIHAIOT JI/is1 0ObIYHBIX YCAOBHH 3KCILTya-
TalHH HopMmanabHOH Bbicotsl (,7d, rae d —
ajas paGoTkl
¢ YacTbiM 3aBUHYHBAHHEM H OTBHHYHBA-
HHEM — YBEJMUYEHHOH BBICOTH, a [Js pel-
KOFO 3aBUHUHBAHHSA H OTBHHUYHBAHHA, 0CO-
feHHO KOTAa BHHT HCIIOJb3yeTcsl COBMECTHO
Cc ralkoli,— mouu:kenue sbicothl no 0,5d.
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Puc. 7.5. To/loBKH Kpene;KHbIX BHHTOB
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B ycaosusix crecHeHHmx rafapuTos npu-
MEHSIIOT BHHTBHI C MOJIOBKAMH, HMEIOUIHMH Ha
MOBEPXHOCTH LWHILL TPEYTOJABHOTO MPpodUis
(puc. 7.5, g). lllauuerble roJaoBkd Tpefy-
IOT CHeHANAbHLX TOPUOBBIX KJAOYEH H [I0ITO-
My HMEIOT OrpaHuueHHoe MpUMeHeHHe,

["0/10BKH ¢ BHYTPEHHUM U TOPIOBLIM 3aXBa-
TOM MOMHO YCTAHABAUBATBE B yIrAYHIeHHAX
HA IeTa/u, 4TO HMeeT BoJ/ibIllHe PeHMyLIecT-
Ba C TOYKHM 3pEeHHs] BHEUIHero BMA4, raba-
putos M yno6cerBa o6tupkd Maiivubl. Takue
TOJIOBKH B 3aBHCHMOCTH OT THIA [pPHMeHse-
MOTO HHCTPyMeHTa BBIMIOJTHAIOT: ¢ BHYTPEH-
HHM [ICCTHFPDAHHHKOM MO KJIKY  (pHC.
7.5, 2); co mAMUAMH [I0J 0O6BIYHYIO OTBEpPTKY
(puc. 7.5, 0, e, 3); ¢ KpecTOOOPA3HBIM HLIH-
1eM (puc. 7.5, % u u) . TlpeumMyniecTBoM BHH-
TOB ¢ BHYTPEHHHM LIECTHIPAHHHKOM SIBJISET-
CA TaKXKe TO, YTO MAKCHMAJbHbIH MOMEHT
34TAXKKH, JONYCKaeMBIH KJAKYOM, COOTBET-
CTBYET [POYHOCTH BHHTOB H MO3TOMY TpH 3a-
BEPTHIBAHUH UX HeNb3a o00pBATb. 3TH BHH-
Tbl 3aATATHBAIOT C MOMOIUBIO [POCTBIX KJIK)-
Yed B BUAE M3OTHYTOrO NMOJ OPAMBIM yIJIOM
NPyTKa LIeCTHrpanHoro npocdunas. l'oaosku
C BHYTPEHHHM IUECTHIDAHHUKOM BBINOJHA-
IOT BBHICAJKOH,

Takne BHHTBI MOXHO BHIYCKATbL C NOHHU-
*KEHHOH BBICOTOH roJsioBkH. I1pu 3ToM BHYT-
PEHHHH MIECTHIPAHHHK AOMOJHAETCS OTBEp-
CTHEM, B KOTOPOE€ BXOJHT KJ/OU CBOeH 3a-
TOUKOH W MpefoXpaHseTcs oT nepekoca. [Ins
yaoGcTpa TpeABAPHTENLHOrO 3aBHHUHBAHHS
BUHTOB OT PYKH HAPYXHYI UHIAHHIpHYE-
CKYI0 [IOBEDXHOCTb HX T'OJIOBKH MHOTA HAKA-
ThiBAIOT.

lonoskr mox o6bludyi0 OTBEPTKY fpuMe-
HAIOT [JIl BHHTOB MAJBIX PAa3MEpPOB M s
MafiblX CHJ 3aTSXKKH.

TonoBku ¢ KpecTooGpasHLIM INJHIEM AB-
J10Tca GoJiee COBEPLIEHHBIMH, 5TH HIIHIBI
MOXHO NPUMEHATb He TOJMbKO IJf [HJHH-
JPHYECKUX, HO W JIJA MOTAHUHBIX TOJOBOK.

[ofoBKH C BHYTPEHHHM H TOPUOBBIM 3a-
 XBATOM I[10 BHEWIHEeH ¢QopMe BBIMOJHHAIT:
UHAHHAPHYECKHMH, TOAYKPYTJIBIME, KOHUYEC-
KuMH. OCHOBHOE INpPHUMEHEHHE AJASl BUHTOB,
KpOMe MeJKHX, HMEKT UAJAHHIPHYECKHEe ro-
A0BKH (puc. 7.5, 2 U J), KOTOPbIC LPEHMY-
HIeCTBEHHO YCTAHABJUBAIOT YTOMNMEHHbIMH.

4 1. H. Peweros

11py HEOGXOAUMOCTH yTanAuBAHHSA IOJOB-
KH B C¢lydae MajloH TOJILLMHbL [IPHTATHBAE-
MOH JleTaJH MPHMEHSIOT KOHHYECKHMEe TOJoB-

"KM (puc. 7.5, 3, u, a).

Ilna  upumaHusi COeNHHEHHIO KPaCHBOI
IaBHOH (POPMbI IPH HEBO3MOMXKHOCTH yTall-
JMHBAHUS OJIOBKH [IDHMEHSIIOT BHHTHL C MOJY-
KPYLJIBIMK TOJMIOBKaMH (puc. 7.0, e, x).

I'onoBKH, npemATCTRYIOHIHE  MPOBOPOTY,
MOXHO DasfeNuTb Ha CAeLyIIHe TPYIMbL:

I} ronoBkH clenuadbuoil HOPMBI € BHICTY-
IAMH, 3aKJaJLIBaeMble B crielluaJbHhle I'He3-
Ad, UIY TOJOBKH C [IByMSl llapa/ijleJbHBMH
paGouyMH  TrPaHAMH, 3aKJajLiBacMble B
naso (puc. 7.5, K);

2) KpyTIJible FOJIOBKH C.YyCHKNM, Bbi3biBaIO-
UM o6mATHE AeTanu (puc. 7.5, 4), Wiy He-
KPYIIBIM [IOAr0JOBKOM.

[To dopme cTepxKHSA BUHTH pas-
NMeJfAI0T Ha CJIeNyIOHIHe TpyIbL:

a) ¢ HOPMaJibHbIM CTepKHeM (pHc. 7.6, a);

6) ¢ moxronoskoM (puc. 7.6, 6); " -

B) C yTOJIUEHHBIM, YucTO 06paboTaHHBIM
CTep2KHeM [IPH YyCTAHOBKe B pa3BepHyTOe OT-
BepcTHe 6e3 3a30pa AAS HPEeNOTBPAlieHHUs
CIBHTA cOoeNHHAEMBIX deTajed (pHc. 7.6, 8);

[) CO CTEpXKHEM YMEHbIIEHHOro JuaMerpa
/i1 CHHXKEHHA KOUIEHTPANMU HANPSKEeHUH
Y Pe3b0bl U JiydlIero BOCTPHUSITUS [EPEeMCH-
HbIX H YIAPHLIX HATDY30K; UHOT/JA HA cTepxK-
HAX [LJIA NEeHTPUPOBAHHS [IpeyCMATPHBAIOT
MoACKH (puc. 7.6, 2). ‘

KoHern BUHTOB BEINOHSAIOT IJIOCKMM C KOHH-
YeCKOH (pacKoH, pexe chepHUECKHM.

Kpenexnele BHHTBI O6WUHO yCTaHABJIH-
BalOT B OTBEPCTHE C 3a30POM, KOTOPHIH npw
nnaMetrpax suatos 10..24 MM H pocrartou-
HO TOUHOH cOOpKE NPHHHMAIOT PAaBHBIM | MM
(cm. takke TOCT 11284—75). TayGuny
3aBHHYHBAHHA UIIHJIEK U BUHTOB B CTAJbHON
Kopiyc BeifuparoT passofi (1...1,25)d, B
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Puc. 7.6. ®opmut cTepxHA BUHTOB
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uyryHabld (1,25...1,5)d, B Kopnyc u3 aaio-
MHHHEBBIX W MaruweBblXx cmaaos (1,5...
2)d (rme d — RuameTp pe3nlu).

Ons yno6crea c60pKH U Pa3BOPKH MHHH-
MaJlbHOe PacCTosiHHe MexXay GoaTaMH LOJXK-
HO 6bITb He MeHee (5...6)d npu noabsopa-
HHH HaKJaJHbIMH KJIOYaMH H HE MeHee
(3...5)d nmpu noOJb30BaHHH TOPLOBBIMH.

§ 7.4. YCTAHOBOMUHBIE,
®YHIAMEHTHBIE
H CNEWHAJNBLHBIE BHHTBI (BOJITHI)

YcraHoBOouHble BHHTH cayxkar
IJAsi TpelfOTBPAILEHHS B3aHMHOTO CABHTa
aeTased U AJs BOCOPUSTHsE CABHIa0 1IHX CHIL.
YcTanoBOuHbie BHHTHI OTAHYAIOTCA OT BHH-
TOB 06lIero Ha3HaueHdd TeM, uTo paboTa-
I0T He Ha pacTsXeHHe, a HAa C)KaTHe H mepe-
JAKT CHAYy Ha AeTakb, CONPSKEHHYIO C Je-
Tadblo; HMeOWed pe3pby, He [ONOBKOH, a
KOHHOM. B CBSi3H ¢ 3THM HX OGBIUHO BHINOJ-
HSAIOT KOPOTKHMH, NPEUMYLIECTBEHHO C PE3b-
60fi Mo Bced AJHHE CcTepXHs (puc. 7.7).

Ycranopoutrivle BHHTH TO (POPME HX KOH-
la paslensioT Ha cJeLylolULlHe THIILI:

a), ¢ NAOCKHM KouuloM (pHc. 7.7, a), npu-
MEHsIeMble NPH MadblX ciaydalublX GOKOBBIX
CHaX W OOBYHO npH Majol TONIiuHE Je-
Ta/4, B KOTOPYIO BBHHUMBAIKOT;

6) ¢ HHAHHAPHYECKAM KOHIIOM
(puc. 7.7, 6), .npumensiemMble IJs1 BOCHpPHs-
THS 3HRYHTENbHBIX GOKOBBIX CU OPH YCJIOBHH

HHJ]HHI[pH'-IECKOﬁ SHCBepJ]()BKH! B JIeTann
MOoa KOHEn BHHTA;
p 90°
i a) ) 2l
d._ _ d } an°
T I

g) : g 45
— qL___‘@

Puc. 7.7. YcTanoBOUHbBIE BHHTHI C Pa3’HbLIMH KOH- |

nHaMH

B) ¢ [MOJOTHM KOHHYECKHM KOHIIQM
(puc. 7.7, 8), npumeHseMble INpPH YCJOBHH
UUAHHADUYECKOH 3acBepJOBKH B [eTaju

H ofecneyuBaiolle Xopowyw ¢HKcaLuo
nocaenHeil: -

r) ¢ KOHHUeCKHM KOoHLOM (puc. 7.7, &) u
CO CTYMeHYaThiM KOH[IOM, HMemlline 1HJIHH-
JApHuYecKH# NMOSACOK U KoHyc (puc. 7.7, d);
MPHUMEHSAIT C KOHHYECKOH 3acBepJOBKOR B
Jetany AAs BOCOPHATHA HeboabIIHX GOKO-
BLIX CHJ, TIEPBOE HCIOJNHEHHE HCMONAL3YIOT
npd Manoi TOJIIHHEe [eTajH, B KOTOPYIO
BBHHYMBAKT BUAT, BTOpOe — NPH JA0OCTATOU-
HOH ToJIlIHHE AeTaliH;

J) c 3acBepjieHHBIM KOHuoM (puc. 7.7,e)
MpUMeHsieMble AJs cTonopedus 6e3 3acBep-
JIOBKH B fieTallfX H3 He3aKa/leHHbIX cTajei
a TakxXe 05 BO3JEHCTBUA HA WAPHK HJH
aHaJIOrHuHble JeTasi,

YcTaHOBOUYHBIE BHHTHI, NPUMEHsiEMbleé Ha
BPallAILHXCH AeTaJAX, Bo HabexaHue uc-
Gananca BulMOJNHAIOT 0OLIYHO CO HIIHIEM MO
OTBepTKy 06€3 roJIOBKH WJIH C LIECTHTPAHHbIM
yray6JeHHeM [oj, KJiod. YCTaHOBOYHbIE BHH-
Tbl, OPHMeHsIEMbIE [JI8 HEMOABHXKHLIX Jlera-
JeH NpH 3HAYHTENbHOHW 3aTsXKKe, BHINOJ-
HAIOT C KBaJAPaTHLIMH, WECTHrPAaHHBIMH H/IH

HHJIHHADPHYECKHMH [OJIOBKaMH MO  aHano-
THH C BHHTaMH ofllero Ha3Ha4YeHHs
(puc. 7.8).

DyupamedTHble GonTbl cayxar
IJsl 3aKpelyieHHd MallHH Ha ¢ydaamenTe
U BHIIOJHSAIOTCH B BHAE JMUHHBLIX cTEpXei
C pe3b6OH Ha KOHIE.

Boatel pas ofSopynoBaHHsi, He TOANENA-
niero nepecTaHOBKe, 3aJHBAIOT LeMEHTHBIM
pacTBOpOoM HJIM 3a4YeKaHHBAKOT CBHIPHIM Ile-
MEHTHLIM MOPOLIKOM.
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Puc. 7.8. Mo0BKH YCTAHOBOUHBIX BHHTOB
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Puc. 7.9. ®yunameuTHule GOJITHI

Panee mpenMyllecTBeHHO PpHMeHsAY 6o
THL C OTOTHYTBIM KOHHOM (puc. 7.9, @) aas
JIyUllero cuemeHus ¢ cbyuﬂamemom

B nacrosuiee BpeMsi peKOMEHAYIOT NpHMe-
HAITb MPsAMbie GOJITH H3 apMaTypbl MEPHOJH-
yecKoro npoduas (puc. 7.9, 6) H KOHHYecC-
Kne Goatol (puc. 7.9, 8). _

Has nepecrapiasgeMoro o60pyaoBaHus MpH
60/bLIHX AMHAMHUECKHX HArpysKax TMpH-
MeHsIIOT aHKepHbe Gontel (puc. 7.9, 2), 3a-
XBATHIBAIOLLHE CBOHMH TOJIOBKAMI aHKepHbe
NJIHTH, KOTOPble 3a/HBAIOT B EpyﬂnaMeHT
3T GOATH AOMYCKAT BO3MOMKHOCTL HX BbI-
eMKkH Ge3 paspyluieHHs (yHAaMeHTa.

Jlns nepecraBasieMoro o6Opy0oBaHus pe-
KOMEHAYIOT TakxKe OGOJATBI ¢ UaHraMH
(puc. 7.9, d). Uanra cocTONT H3 HECKOJAbKHX
KOHHYeCKHX CEeKTOPOB, COeQHHEHHBIX MexXay
coGOH YNPYyrUM KOJLIOM HJAH TPOBOJOKOH.
[Ipu 3araruBadun GoATOB paHra pacKAHHH-
BAETCS.

Y KOHHUecKHX 60/1TOB ¢ LaHramd H Oes
IlAaHF yrosl KOHYCHOCTH BbIGHPAIOT DaBHBIM
10°, anuHy KOHHYECKOro yuacTka 2d, Hau-
GonbwMH nuamerp Kodyca 1,38d, nunameérp
naard 1,5d (d — nuamerp. 6onra)

Iay6uny 3anenkH KOHHYeCKHX 6e/1TOB pe-
KOMEHAYIOT paBHOfi 8@ NMpH CTATHUECKOH H
|0d np# MHOrOKpaTHOH MOBTOPHOH Harpys-

A *

L
\%

3)

Puc. 7.10. CneunanbHbie GOJIThI

Ke; TAYGHUY 3aAeAKd: 60ATOB W3 APMATYpHI
nepHOAHYECKOTO NMPOGHJIA B 3aBHCHMOCTH OT
Mapk# GeroHa (15...25)d npW cTaTH4eckoil
Harpyske H (20...30)d np# MHOrOKpaTHOH
MOBTOPHOH Harpyske.

K cneumpdanbupiM 604TaM OTHOCAT KOHHYE-

CKHEe, OTKHAHbE, rpy3opble (phiM-60OJTHI)
H ap. .
KoHuueckue (npH3oHHLIE) GoaThl

(puc. 7.10, @) npeacTasasfior coG0A ‘KOHHYe-
CKHE WTHPTH, TpeaHasnaueHnble AnA Npex-
OTBpAILEHHS B3AHMHOIO GOKOBOIO CMEILEHHS
coefiuHsieMble feTanell H 3aTAruBaemble ¢ Mo-
MOIIIbIO Pe3bObLl.

Orkuapbie 6oatwl (pHc. 7.10, 6) npencran-
JS10T cOGOH BHHTHI ¢ FOJIOBKOH, AOMYCKA0O-
el nopopoT BOKPYT OCH, TMEPReHAHKYIsP-
HOM K ocH BMHTA. OHH TNO3BOASHOT GHICTPO
3a)KHMaTb H OCBOGOXAATH COefHAseMble Je-
TaJH, a MO3TOMY HX LIHPOKG NMPHMEHSIOT B
MPUCNOCOONEHHAX NNIA 3aKpenieHusa nera-
neil, o6paGaTuiBaemblx Ha craukax. Coenn-
HseMble JeTajdd cuaGxalT BMECTO OTBep-
CTHH npope3saMH. 3TO HCKAOYaeT ueobXxoan-
MOCTb CHATHA raek; AOCTATOUHO HECKOJIbKO
OTMYCTHTb FaHKH M OTKHHYTb BHHTHI.

PoiM-60aThi (puc. 7.10, 8) HMelOT BMecTO
FOJIOBKH KOJIbLO /151 3aXBAaTa U cay:KaT Aas
NOTHATHA MALIHH.

§ 7.5. TAUKH, HHCTPYMEHT
NJ1s 3ABUHYHBAHHUSA .
H OTBUHYHUBAHHA

OcHOBHBIM THMOM Faek TakK Xe, Kak H
rOJJOBOK BHHTOB, #ABJASIOTCS MIeCTHrpadHble
(puc. 7.11,a). Beicota HOpMaNbHbIX raexk
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Puc. 7.11. OcHoBHble THNH T'aek

pasHa 0,84. [lpu yactoM 3aBHHYHBAHHH H
OTBMHUYUBAHUHU H GOJBLIUX CHUAAX TTPHMEHAIOT
raiku Bblicokue (Beicota 1,2d) u  ocoo
BoicOkHe (Bbicota 1,6d)}, npu Hemorpyske
BUHTA MO DACTHAKEHHIO —- FAHKH YMEHBLIEH-
HOH BbicOTBI [BHICOTA (0,5...0,6)d].

[aiiku, noasexainue CTONOPEHUIO ¢ I[I0-
MOWLI0  MIIJIMHTOB, BBIUIOJHAIT KOPOHYaE-
TBIMH HJIM [pPOpe3HbIMH, OOBIYHO ¢ yBeJu-
yeHHoii 061neit BuicoTol (puc. 7.11, 6).

B ycnoBHsiX CTeCHEHHbIX raGapUTOR H He-
00XOZUMOCTH Iepefaud 60JibIIHX MOMEHTOB

NPUMEHSIIOT FAHKH ¢ HAPYXHBIMH LLJIHUAMY

TPEYTOJALHOTO POMHAA NIOA TOPHOBBIH KI0Y.
B cayuae onacHOCTH BHITEKAHHS MXHAKO-
CTH TIPUMEHFAIOT TEePMETH3IHDPYyIOoLlHe TaiKH
(puc. 7.11, 8).
B ycnoBHAIX OTHOCHTENBHO MamblX (I8
JN4HHOTO HOMHHAJILHOrC IMAMETpa) HATPY30K
[IPEUMYIECTBEHHO [/ BaJOB TNPHMEHSAIOT

15°
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Puc. 7.12. Yaeunnie KJIKUH

5°
- =%

KPYrJble YCTAHOBOUHBIE TaHKH CO LWIJAHIIAMK
(pac. 7.11, 2) uau ¢ OTBepCTHAMHY.

["afiki, yacTo 3aBHHUMBAcMble H OTBHHYH-
BAEMbIC DM MAJI10# IOTPEeGHON CHIIC 3ETHKKH,
BLIIIOJIHAIOT ¢ HAKATKOH HJIH B BUIe fapaluka
(¢ nmByMd yIIKaMH) [Af  3aBUHYHBAHHS
BPYYHYIO.

Ao MOBLILUIEHHS CTOHKOCTH Pe3bBOBRIX
OTBEPCTHH B MArKMX MaTepHaJax (IJact-
Maccax, JUTbIX aJIOMHHHEBBIX CILJIABaXx)
MpUMEHAOT pe3bO6OoBbLI€ BCTABKH, 0CO-
GeHyo NpH He0GXOMMMOCTH YaCTOrO 3aBHHYH-
BAHHA U OTBHHUYHBAHHA, a TAKXe IaA pe-
MOHTa. Pe3b60Bble BCTaBKH BBIMOJIHAIOT B
BHIE BTYJOK € HAPYXHOH H BHyTpeureH
pe3b0OH HJIM BHHTOBBIX NPYMKHUH U3 BBICOKO-
npoyHo cramu (o,==1400...1500 MIJla)
¢ pomOGHUeCKHM ceycHHeM BHTKOB. [Ipykuny
BBUHUMBAIOT ¢ HATATOM B pe3bboBoe oTsep-
CTHE, H OHAa CBOHMH BHYTPEHHHMH MOBepX-
HOCTAMH 006pa3yeT HPOUYHYK H H3HOCOCTOH-
Kyl0o pe3sbbOBYI0O [0BepXHOCTh, bBaaropaps
IIOTHOMY KOHTAKTy coeluHeHHe ofjangaer
TAKXe HEOGX0AMMO# KOppPO3HOHHOH CTOMH-
KOCTBIO.

BesegcTsue MOBBLIINEHHOH MMOJATJAWBOCTH
BHTKOB PE3KO CHHXKAETCHl KOHUEHTpaliusa Ha-
rpy3kd no Butkam. [lpu 3stom conporun-
JIEHHE YCTaJ0CTH H cTarHYecKasl {IpOYHOCTh
nosblaerca no 1,5 pas.

3aBHHYHUBAKWT WU OTBHHYHBAIOT
BHHTbl H FaHkH (KpOME€ BHHTOB CO LIJTHUEM
nojy OTBEPTKY) Kiawouamu (pHc, 7.12).
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Onsi BHHTOB ¢ IUNECTHIPAHHBIMH H KBaj-
PATHLIMH T'OJIOBKAMH H TAKHMX Ke raek [pH
HaJHYHH CBOGOAHOIO JOCTYNA O6bIYHO MPH-
MEHSAIOT KJIOUH 06bIKHOBeHIILe (puc. 7.12, a)
HJIH IBYycTOpoHHHe (pHc. 7.12,6). Tlocaen-
HHE H3FOTOBJSAIOT ¢ JBYMSl PAacCTBOpaMHu.
3aMKHYTHIA K104 ¢ yJIBOEHHBIM YHCJOM I'pa-
HeH (puc. 7.12, 8) mo3sonsieT 3aBHHYHBATH
FraukH IIPH [IOBOPOTE K/AKUA Ha yMelblueH-
HblH YroJ.

Ilpu orcyrcTBHH  cBOGOAHOrO goctyna
K roJoBKaM M rafikaM ¢ OG0DKOBbIX CTOPOH
MPHMEHSIOT TOPIOBBIC KJIIOYH C PHMLIM CTED-
XKHEM H 3aXBATOM [10 BCEM TPAHAM.

[ BHHTOB ¢ BHYTPEHHHM [UECTHIPaH-
HHKOM [IPHM@HAIOT KJIOYH B BHje LICCTH-
rPAHHOr0 [PYTKA, H3O0THYTOrO MON Yraom
90° (puc. 7.12, &).

Kaoy [ KpyrJblX LIHIEBLIX [aek Mo-
Ka3aH Ha pHc. 7.12, d.

[IpH peikoM 3aBHHUMBAHWM U OTBHHUMBA-
HHH BHHTOB H raek pPa3HblX pPa3mepoB [pH-
MEDHIOT PasiBUKHBIE KIIOYH C peryaupye-
mMbiM pactBopoM (¢). OmHAKO 3TH KyIouH
He JAONYCKAIT TAKHUX OOJbIIUX MOMENTOB
3aTHKKH, KAK Hepas3JBHMHbIE, H MeHee
AOJrOBEYHbL.

BMHTBI CO IIHAMY 3ABUHUYHBAIOT U OTBHH-
uyuBaloT oTBepTKamMHu. [locnennde monyckaior
MEHBIIHE MOMEHTBl 3aTHMKKH, Uem KJH4YH.

B MaccoBoM npoH3BOACTBe, @ TaK¥KC IpH
ne06X0AHMOCTH MOJYUCHHA GOJbLIMX MOMEH-
TOB 34aBHHUHBAHHUA [IPUMEHSIOT MexaHuuye-
CKHeé TFaHKOBEpPTHl, B TOM MHCJAE ¢ 3JEKTPO-
JIBHFATENSAMH, YIAPHOTO JEeHUCTBHS, [IHeBMa-
1AueCKHe H THApABJAHUYECKHE.

Ilna oberyeHuss 3aTAXKHA KPYNHBIX Pe3b-
GOBLIX COGJIMHEHWH MPHMEHSIOT UX 3JEKTPO-
HOLOTPEB, IIPH 3ITOM CHJA 3aTHXKKM CO37a-
€Y’ B PE3yNbTATC YKOPOUEHHS BUHTOB MpH
OCTHIBAHUH.

OueHb BaKHOE 3HAUEHHE JJIS [IPOYHOCTH
BHHTOB, OCOOEHHO MOABEpPXKEIHbIX NepeMeH-
HOH Harpyske, HMeeT YCTaHOBJICHHE H KOH-
TPOJb TPeOByeMOH CHJIbL HAYAJIBHOH 3aTHAKKH.
ITpuMeHHIOT clenyoiHte Crlocobnbl 3aTAHKKH
C KOHTPOJICM CHJIBL:

[} kjouamu npejaeabHOr0 MOMEHTA; HPH
IIPEBLILIEHHH 9TOTQ MOMEHTa IIPOHCXOJHT
(IpoCcKasb3hiBaHHE,

2) AMHAMOMETpHYECKHMH KJOYaMH, BLI-
NOJHAECMBIMH OGBIUHO ¢ YHPYFOH PYKOATKOH,
nporu6bl KOTODOH, MPOMOPUHONANBHBIE MO-
MEHTY, 3aMepsaioT. B CBH3H © IePEMEHHOCThIO
KOs (hHILMEHTa TPEHHUSI U [NIOTHOCTH pe3hibl
TOUHOCTh YCTAHOBJEHHS HAa4a/bHOH 3aTHKKH
10 MOMEHTY HeBeJIHKa;

3) HOBOpPOTOM TraukH HA PACCYHTAHHBIH
3apaHee yroa OT TMOJOKEHH COPHKOCHO-
BEHMA,

4) ¢ HOMOUIBIO TapHPOBAHHBIX YIPYIHX
wai6G; MHOTCHE H3 3ITHX Miaud 1pd OOCTH-
KE€HHH PACYETHON HArPY3KH PACnpAMIASIOTCS
H CTAHOBATCH MCCTKHMH.

Haun60nee TOUHO MOMKHO YCTaHOBHTb CHJY
Hd4a/JbHOH 3aTSXKKH € MOMOIbIO H3MEPEHHS
vaJddHeHns 6oJdira.

§ 7.6. IPEJOXPAHEHHE
PE3bBOBbBIX COELHUHEHHH
OT CAMOOTBHHUYUBAHHS

Bece xpenexHbie pesbfbl yAOBJAETBOPAOT
YCAOBHIO CAMOTOPMOZKEHUS naxe Oe3 ydera
JOMOJHUTEBHOIO TPEHHA Ha TOpLE TalkH
WJIH TOJNIOBKH BHHTa. /lJIf OCHOBHOH MeTpH-
YCCKOH pe3bbbl fuameTpom 6-—68 MM yroda
noagbemMa pesbbel Koaehnerca B lpeaesax
3°...1°40/, T.e. 3HAUWTEBHO MeHblIE YyrJaa
Tpenusa. OAHAKO, KaK 110Ka3bIBAET OMBIT JIKC-
IIyaTallid, [IPH nepeMeHHOH U yHapHOH Ha-
rpyske nmabmonaercsa ocjabaeude pesnObl ‘.
[Tostomy neo6xonumbr creiiHanbHBIE CPefi-
CTBA CTOMOpPeHHs. Pery/iHpoBOuHble rauky,

' Ocnabienne peabObl CBAZAHO C KOCHAHHA-
MH CABHCA COENHHsIEMBIX A€TadeH, IPH KOTOPHIX
OoAT u3rnbaeTcss 4 BUTKH H0ONTA CKOJB3AT NO BHT-
Kam rabkH. Taxk Kak [gJjs1 CKOJADbXKeHHs 3JeMeHTa
BHTKAa B CTOPOHY 3aTsKKH TpedyeTcs 60ablias
CHIA, YeM JUIA CKOJbXKEHHA [IPOTHBONONOKHOTD
3JeMEHTA BUTKA B CTOPOHY ocjabneHus, To co3jaa-
eTCH BPAalllaKiunid MOMCHT PA3BHHUHBAHHS, B TOM
UHcse, Korja KoJefanusi coejHHAeMbiX jeTaned
NPOHCXOJHT B Mpejesax KacaTteabHblX KOHTaKTHbBIX
Aedopmandi. Ocnabnedde Takxke CBsI3aHo ¢
YMEHbIIEHHEM HJH MECTHbIM CHATHEM MNOJe3HbIX
CHJl TpeHust B pe3bfe B pesyibraTe mnocjefoBa-
TEIbHEIX NOMEPEYHLIX CHATHH H pacUIMPeHHH
BHHTOB OT MepeMeHHOH OCeBOH HArpy3ku H H3ame-
HeHusl Temileparypsi, OT VyNpyrux Kosebanui
B/lOSb OCH BHHTA, BHI3BIBAIOLWHX MeCTHoe ocaal-
JleHHe pesbObl.
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KOTOpbIE HE JOJKHBI OHTb CHAbHO 3ATSHYTH,
HanpuMep radkH AAS peryjHpoBaHHs [0]-
LIMMHAKOB, TpeOYIOT CTOMOPEHHA JaKe MpH
CNOKO#HOH Harpyske. Bmecre ¢ Tém Heo6xo-
AHMOCTb CTOMOPEHHS pPe3KO YMEHbIIAeTcs
[pH MOBHILIEHHH NOAATAUBOCTH Gosta. Ecan
60J1T CYILEeCTBEHHO IOAATAUB, TO CAMOOTBHH-
YHBAHHSA He TPOHCXOAHT.

HUcnonsayor cnepyoyipe BHAB cTonope-
HUA: |) monosHdTesbHOe TpeHHe; 2) cre-
UHAMLHLIMH 3AMHPAOILHUMH  JIEMEHTAMH —
WNAHHTaMH, Wwad6aMd; 3) MIACTHYECKOE
de(opMHpOBAHHE HAM MPUBAPKY Mocje 3a-
TAKKH.

Fafiky 60ATOB MOMAXKHBI CTOTIOPHTBCA B
pesbfie HAM NPH HX CTOMOPEHHH HA JeTanb
6oaT, noMxeH [JOMOJHHTENLHO Mpejoxpa-
HATBCA OT NposopoTa. MaHKK WNHAEK A0AK-
Ubl CTOLIOPHTLCA Ha 'KOpHyc BO H30exanHe
BBIBHHYHBAHUA LUMHJIEK.

CronopenHe JONOJIHHTENbHBIM  TpPEHHEM
(puc. 7.13) ocHOBaHO HA CO3JAHHH JOMOJ-

Sebe
Y O

*)

HUTEJIbHbIX CHJ TpeHHsl, COXPAHAKIMIUXCH
NP4 CHATHM C BHHTA BHEIIHeH OCeBOH
HATPY3KH, H JAONYCKAET CTOIOPEHHE B JIO-
00M NONOXKeHHH.

Hau6onee crapuiM cpeicTBOM CTONOPEHHSA
pe3b0bl ABAAETCA NPHMEHEHHe KOHTPraHKH,
T. €. BTopol raiikn (puc. 7.13, a). Ilocne
3aTATHBAHHUS KOHTPrakHka BocHpHHUMaert
OCHOBHYI0 OCeBYyI0 Harpysky, a cHJa 3a
THAXKKH H cHJa TpeHHA B pe3bOe OCHOBHON
radku ocnabaaerca. CoxpaHeHHe CUJ TPEHHS
IpH pasrpy3ke B8HHTA OT OCEBOH CHALI
obecneynBaeTcd B3AUMHOH 3aTAXKKOH raek

[lonyuunu pacnpocTpaHeHue camMOKOHTPSH
whecd radkd ¢ pajdanbHbiM  HATATOM
pe3bOBl B Pe3ysibTaTe MAACTHYECKOTO 06GXKa-
THA (mocne nape3aHua pe3blbl) BepxHei
YacTH raikd Ha 3JaHnc (puc. 7.13, 6) Hau
MNPy BbIMOJHEHHH HECKOJbKHX pajHajbHBIX
npopeseil wa Kpyr (puc. 7.13,8). Camo-
KOHTPsILLHECS TAHKH BHITOJAHAIOT TAKXKe ¢ 3a-
BaJbIOBAHHHIMH MJACTMACCOBBIMH, OOBIYHG

2)
) 9)

Puc. 7.13. Cronopunle ycTpOHCTBA, OCHOBAHHLIE Ha AOMOJHHTEALHOM TREHHH
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MOMHAMUIAHBIMY  CTONOPHBIMH  KOJBHAMH
(puc. 7.13,2), B KoTopEIX pe3snby He Ha-
pesalor. Oda o6pasyercsl NMpPH HaBHHUHBA-
HHM Ha BHHT, npuueM obecnequpaorcs
GOJIbIINE HOPMAJIBHBIE CHJABL H CHABI Tpe-
HHfl MeXJy BHHTOM H KoJbHOM. BwmecTo
KOJIbUA MOXXHO NPHMEHHTb HpoGKYy H3 To-
JIMAMHUJid, BCTABJEHHYIO B OTBEPCTHE B BHHTE
(puc. 7.13, d). drta KoHCTPYKUMS He TpebyeT
radKd MOBBIMIEHHOH BBICOTBI, HO UPHBOAMT
K HeKoTOpoMy ocnabnenHio ¢tepxusi. Cno-
cOOHOCTL CTONOPEHHS COXpAHSEeTCs MOCHe
3HAYUTEJILHOTO yHcaa c6opoK H pasbopok
M B UIHPOKOM JMalla30HE TemmepaTyp
(—60...4 120 °C).

KonTpraika nasroporo tuna (puc. 7.13, e)
NMpH HAaBHHYHUBAHHH 06}KHMaeTCH Ha KOHM-
YECKOH MOBEPXHOCTH.

[IIupokoe npumenedune MOJYUHIH MPYHKHH-
Hble waibol (puc. 7.13, %) (FOCT 6402—
70), oGecneyusaonie BeJACACTBHE YIIPYTOCTH
wanGpl CoxpaWeHHe CUJ TpeHHs B pe3ble
NpH KoJeGaHHAX OCEeBOH HArpy3kH, Kpome
TOr0, 3TH WAaHGbH MOBHIIAIT clUEnJeHHe
MeXy radkod, mal6oll u Hetasnio Gaaro-
AAps BPE3aHHIO OCTPBIX CPe30B waibul B TO-
pen rafiki M IaockocTb fetand. Ilpyxun-
Hble WAHGBEl H3roTOBJAAIT PA3JHYHBIMH /IS
npapoi H jmesofl pe3b6bl. Hemocratkom sTux
Wwanb sapJideTcd HEKOTOPOE CMeljeHHe Ha-
TPY3KHU. DTOrO HEJOCTATKA JHIIEHH OCeCHM-
METPHYHble MPYXKHHHBE WAHGH C HECKOAb-

KMMH OTOTHYTBHIMH yCHKaMH (puc. 7.13, 3).
CromopeHue TPYXKHHHbBIMH ‘IafiGaMH  He
OTHOCHTCH K BBICOKOHANEXHBIM.

B KOHCTPYKUHAX, [OIBEPKEHHLIX OTHOCH-
TEJbHO CIOKOHHOH HArpy3ke, MNPUMEHSIIOT
CTOIIOpeHHE pe3bObl OCPENCTBOM CIEHHAJNb-
HOTO BHHTA 4Yepe3 MeJHYI0 HJH CBHHIOBYIO
npokaanky (puc. 7.13,u) uaH pedopmupo-
BAHHEM rakH, UMEILeH Tpope3u, neprneH-
TUKyJIsIpHbIE OCH.

CronopeHne cnenanbLHbIMH 3JeMEHTAMH
(puc. 7.14). K HUM oTHOCATCA WIJKHHTHI
H Wak6Gbl ¢ yCHKaMH.

Hlnauarel mo T'OCT 397---79* npencras-
JFAI0T cOG0H CTEPXKHH, COPHYTHIE H3 MpO-
BOJIOKH [IOJIYKPYTJIOFO CeYeHHs U KOHTAKTH-
pyollHe TJIOCKHMH cTOpOHaMu (pHc. 7.14, a).
Bbinanauuio mMONMHTA B OHY CTOPOHY mpe-
MATCTBYET NETIA Ha crufe, a 8 APyryl —
passeaenHble kOHubl. [Jas ypobGcerBa passe-
AEHUS KOHIB flesialoT He coBHagaouiuMy
no JAJiHHe. '

HemocratkoM cronopedus mnjauHTaMu H
APYFHMH 3JIeMEHTAMH 3TOrO THIA ABJASETCH
CTYNEHYATOe PeryfHpOBAHHE CHJbI 3ATAKKH.
[Tostomy cTonopenue WMAHHTAMH He peKo-

4

- <4

<
Cronopenne rafiku HJIH rOJOBKH BHHTA

Mo OTHOUIEHHK) K [eTajH AQCTHIAeTCH CTO-

MOpHEIMM mafibamu (puc. 7.14,6) ¢ qan-
KaMH, OIHY H3 KOTODbIX OTru6GaloT no rpaHH

MEHAYIOT JUIA" KOPOTKHX GOJNTOB MpH

a) 4)

Y 9

Puc. 7.14. CronopHuie ycTPoHACTBA €O ceuyaNbHHMY 3AMHPAIOLIEME 3JEMEHTAMH
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NeTaJd, a jaBe APYrux — MO I'PAUM TaHKH.
Cronopende mJAMHTAMYH M Wai6amu, 6aaro-
A4psa CBOCH HAaJEXHOCTH, HMeeT UIMPOKoe
pacupocTpaHeHHe B OTBETCTBEHHBIX KOH-
CTPYKLHAX.

Cronopable mwaibel ¢ aankamu no I'OCT
11872—80* (puc. 7.14, 8) npuMeHAIOT B ocC-
HOBHOM [J/f CTONOPEHUsl raek cO LLI{[A-
MH [Ip¥ DPEryJjHpPOBKEe H KPEIJIEHHH TOj-
ITMITHAKOB KAYCHHA HA BaJdy. ITH WaiGh
BBIIOAHAOT ToMMUHOH (.8...2 5 MM, maidel
HMEIOT BHYTPEHHHH HOCHK, 0TTUGAeMblil B Ka-
HaBKy BHHTA, H HECKOJIbKO HAPYXHBIX JIAN0K,
orribaemMblX B OJUH M3 LIJHUCB TAHKH.

llaliku ¥ rofoBkH GOATOB B TPYNMNOBHIX
COEHHEHUAX HEPENKO CTONOPAT 0O6BA3KOM
[POBOJOKOH YePE3 OTBEPCTHSA C HATAXKEHHEM
MPCGBOJIOKH B CTOPOHY 3A4TATHBAHHA pe3bGbI
(puc. 7.14, 2).

Ilna peab6bbl 1e6OMBIIHX OHAMETPOB [IPH-
MEHSIIOT CTONOpPEHHE CMOJAMH, JAKaMH H
Kpackamu. [lepcnekTurno cTonopeHde pesbd
C INIOMOLLLIO [EPMETHKOB, KOTOpbLlE YCTOM-
YHBBl K BO3JEHCTBUIO TEMIEpaTyphbl, BJaru,
Mac/id, JMHAMHUECKHX HATPY30K.

Cronopenue 60JTOB BO3MOXKHO TAKKE YCH-
KaMd Ha 6oATaX, BMHHAIOILHMHCA B MarTe-
puaJl CoeHHAEMBIX neTaJsicH, WU CleluHab-
HBIMH [10/{rOJOBKAMH. '

IIpu oueub penkoii pazGopke BO3IMOXKHO
NpUMEHATb cTONOpeHue naikol. Ecau coemu-
HEHHE COBCEM He TpeOyeT paszBopKH B 3KC-
MIIyaTallkH, IPHMEHSIOT CTOIIOPEHHE NJ1ACTH-
yecKHM JIe(OPMHPOBAHHEM HJH NPHBAPKOH,
KOTOpas [IpeBpaulaeT coefHleHHe B He-
pasheMioe.

ConpoTuBieHHE OTBHHUHBAHUIO MOXKHO
TAKMEe CYLIeCTBEHHO TMOBLICHTb BBIPABHH-
BAHHEM HArPy3KH 110 BHTKAM KOppeKyHeH
wara. [llar rafiku penaor Gojbplle liara
BUHTA Ha BeJH4YHHY okojo 0,1 9.

§ 7.7. KJACCbI NTPOYHOCTH
H MATEPHAJIbl PE3bBOBBIX
A ETAJIEHA '

CralbHble GOJTH, BHHTHL H  IUNWJIbKH
B coorpetcrid ¢ TOCT 1759—70** usro-
toBasilor 12 KaaccoB mpouxoctH. Kmace
NPOYHOCTH Of03HAudeTcs NBYMA YHCAAMH:

7.3. Mexanuyeckde XapaKTePHCTHKH MaTepHaJion
peabboBnIX geranei

r 2 I
Q K
a 5 G, MIla ; Mapkn crann
L= T ¥ ]
o MIla Taiix:
s 5 min | max Boar
= O
X T
3.6 300 490 200 Crt.3: 10 Ctr 3
46 400 550 240 20 Ctr 3
56 500 700 300 30; 35 10
6.6 600 800 360 35;45;40I 15
8.8 800 1000 640 35X; 38XA; 20; 35.
45
10,9 1000 1200 900 40I'2: 40X; 35X;
30XI'CA 38XA

[Tepeoe umncio, ymuoxentoe na 100, ykasni-
BAeT MHHUMAJIbHOE 3HAYEHHEe mpeaesa npou-
Hocty (MIla), Bropoe, neneunoe ma 10,
YKa3biB4€T OTHOUIEHHE Ipefesa TeKydecrl
K TMpeney MOPOYHOCTH, a CJeJOBATENbLHO,
HX NpoH3BefieHHe, yMHOXeHHoe Ha 10, mpen
crasasieT cob0l npepen rexkyuectd. Knaccw
MPOUHOCTH H MaTepuaJbl pe3LGOBbIX aeTane
npueeaeHbl B taba. 7.3.

[lpu cTecHennblx raGapuTax BHGUpalo:
pe3LOOBLIE NETaNH BHICOKHX KJAACCOB MpOY-
HOCTH, YTO MO3BOJISIET CHU3IHUTB MACCY y3.14.
IIpH OnacHOCTH MepeKOCOB ONOPHBLIX MOBEPX-
HOCTEH caenyer BLIGHPATb G0JATHl H3 CTadH
MOBLILICHHOH MJACTUHYHOCTH,

['0/0OBKM 4YacTO 3aBUHYMBAEMBIX W OTBMII-
UHBAEMBIX BUHTOB, KOHIbI CTOTIOPHBIX BUHTOH
HHAHHDYIOT A4 10.1YYCHHST BHICOKOH TBCp-
TOCTH. CHJIBHO HANPSIKeHHBIE BUHTHI U3 JIEFH
POBAHHBIX CTAJICH, 4 TaKKe CPeIHeyTJepo-
JHCTOH KadeCTBEHHOW CTaJW noABepraiot
YJAYULICHHIO HJH 3akaJjKke. TepmoobpaGoTKoi
NOCTHraloT [OBBIIIEHHS TMPOYHOCTH BHHTOB
Ha 75 9.

[TpumeHslOT MexaHHUecKHe CnocobhLl yii-
pPOYHEHHA BUHTOB — 0OKaTKy pe3bbbl U ilepe-
XOMHOrO Y4acTKAa OT [OJOBKH K CTepKHIO

B MamvHax, 145 KOTOpHIX peniafpoLee 3Ha-
YEHHE HMEeT YMEeHBUIEHHe Maccbl (camo-
JIE€TH), LIHPOKO [IPUMEHAIOT BHUTLL U3 TH-
taHoBelx cnjasgos (BT!4, BTI6). Macca
BHHTOB H3 THTAHOBbIX CNJABOB [1PH OJHHA-
KOBBIX HArpy3Kax BCJIEACTBHE MeHLUIEH MJ10T-
HOCTH THTaHa cocrasaser 60 % oT macch
BHHTOB H3 CTaJiei.
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J1s paGoTht IPH BBICOKHX TeMIepaTypax,
B KOPPO3HOHHBIX H AarpeccHBHBIX cpejax
pe3b0oBble NeTAMH IeJAI0T U3 KOPPO3HOHHO-
CTOMKHX, XKaApONPOYHBIX H JPYrUx cranelt
06BbIYHO C BLICOKHM COJEpKAHHEM XpOMa HJH
XpOMa # HHKeJs.

Pe3pfoBhle neTaau TNpH HEOGX0TUMOCTH
HM3rOTOBJASIIOT € MOKPHITHAMH: [HHKOBBIM
‘:x])OMaTPIp()BaHHbIM (nns <2300 °C), kan-
‘MHEBLIM XPOMATHPOBAHHbIM (Anq [ <Z
<200 °C), HUKeneBbIM MHOTOCJOHHBIM —
DEKOPATUBHBIM H .

HauugawTr ycnewHo npuMeHsTh 1auGhl

M3 MOAMAMHAOB HJIH CHEUHANbHOH pEe3HHbI,
KOTOpHE MpH 3aTsKKe CHABHO AedopmH-
PYIOTCH, 3aroJHAIT 3a30phl H  BllAIHHB
peafnﬁbl H TeM caMbiM OJHOBPEMEHHO CIOCO6-
CTBYIOT repmertusaitu. [aa socnpuarud
JOCHOBHbIX OCEBHIX CHJI OHH HMCIOT MeTa-
‘JIHYeCKYI0 OCHOBY.
; Pe3apfy Ha BUHTAX HApe3aloT HJHM HAKATHI-
‘wator. Hakatoipauve oGecneuusaetr 6oJjiee
BBICOKYIO TPOYHOCTh BCJIEICTRHE YIIPOUHEHHA
MOBEPXHOCTHOrO /105, CO3AAHUS OCTATOUHBIX
'HanpAXKeHHH cXKarTHA M HenepepesaHds Bo-
JokoH. [lpu nape3aHuu pe3p0bl 3aTyNHB-
IHHMCA UHCTPYMEHTOM HAa [TOWEPXHOCTH Blla-
JHH MOTYT 06pa3oBblBaThbed MEJKHE Haj-
pbiBb, CIOCOGCTBYIOIUHE  BO3HHKHOBEHHIO
ycTasocTHHIX TpemuH. Pe3bby KpymHoro
.luara peKkoMeHayeTcd O6KaTblBaTh  IOC/E
Hapesku.

Pacnpocrpanesde Ha 60aThl  BBICOKHX
KJIACCOB MPOYHOCTH, MpelHa3HdAYyeHHblE NJf
‘IHKJIHUYECKHX HATPY30K, OObIUHOH TEXHONOIHH
MaccoBOro METH3HOTO MPOH3BOACTBA HE [103-
BOSISIET JIOCTATOYHO TOJNHO HCIOJAb30BATH
CBOHCTBA COOTBETCTBYIOLIHUX MATCPHAJOB.

§ 7.8. MOMEHT 3ABHHUYUBAHHSA,
KOJ4 U YCJIOBHE
CAMOTOPMO)XEHHS

BrauaJse yCTAaHOBHM HCKOMHE 3aBHCH-
MOCTH AJIS1 NPAMOYTOJMbLHOH pe3bObl, a NoTOM
pacnpocTpanum HX HAa APYrHe TUOBEL pe3bs.

[lpn paccMoTpeHnH cuJal B BHHTOBOH mape
_yn1o6uo pe3bfy pa3BepHyTb [0 CPeIHEMY
AHAMETPY d2 B HAKJOHHYK TIJOCKOCTb,
a rafiky 3aMeHHTb MOJ3YHOM (puc. 7.15, a).
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Puc. 7.15. Cuibl B3aHMOJEHCTBHSA MEXKAY BHHTOM
U raikomn

CHna B3aHMOJICHCTBUA HAKJAOHHOH TIJIOCKO-
CTH € NOJA3YHOM IMpPH OTHOCHTEJAbLHOM JBH-
KEHUH NpeacTasiser cofoit pasHoaeHcTRY-
OIYID HOPMAaJdbHOH CHJbI U CHJIBl TPEHHS.
C/lenoBaTesibHO, 3Ta CHJIA HAKJAOHEHA K HOP-
MajJHM n NOJ YrJOM TPEHHS .

B peayawrare pasJioXeHUs CHJABL 1OJY-
yaem

Fi=F1tg (v+¢),

rae fy-— ABHXKYIAs OKpyxHad cuaa; F -
OCeBasl CHJAa HAa BHHTE, P — yIoJd NOLLEMA
pe3LObl.

Okpy:xHada cuaa TPeHWA B TPeyroJbHOH
pe3bbe Goablue, yeM B TPAMOYrOJLHOH
peabbe. CoorHOLIEHHE OKPYKHBIX CHJI TPEHUS
B NPAMOYTrOJbHOH H TPEYTrOJbHOH pesznbax
ynobHo paccMOTpeTb Ha MOMENAX C KOJIb-
II€BBIMH BHTKAMH, MOPHHAB VyroJ [101beMa
pe3bObl paBHBEIM HyJI0 (pHC. 7.15, 6).

OkpyKHaf CHIa TpeHHA AJiS BHTKA [PAMO-
YFOABHOTO [POGhHIA

Fg:Ff,
IJIs BUTKA TPeyrojbHOTO npoduan
Ff
F _—_:N = ———————
! [ cosa/2 i,

rnpe Ne=—~ . -
i cos a/T @ — yroa npoduss,
OTKY[a HPHBCIAEHHBIH KO3()ODHUHEHT Tpenus

o=

T cose/2
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Faxum 06pa3oM, -CHAY TPEHHS B TPEyrob-
HO# De3»bO MOMKHO ONPEJCTHTH TAK e, KaK
B NPSAIMOYTOJbHOH, . TOJIbKO BMECTO JEHCTBH-
TeALHOTO KOXpHHUHEHTA TPEHHA HAAO0 [0Jb-
30BaTbCA TPHBENEHHBIM, paBHbIM AeHCTBH-
TE/IbHOMY, JeJIeHHOMY Ha cos /2,

AHaNOrMyHoe COOTHOLIEHHE HMEET MECTO
MEXAY yrfiiamH TpeHHS:

~ P
V1= osa/?

Ions HopmanbHOH MeTpHUECKO pe3blbl
yroa o./2=30°, a caepoBareasHo, ;=& [,15f
H @~ 1,15(P

a5 onpeneneHus ABHXKYILEH OKPYKHOMH
CHJIBI B TPeyroJbHOH pe3ble MOMXHO IOJb-
30BaTbCH BLIBEACHHOH GOPMYJIOH AN NPAMO-
yroJibHO# pe3blbl, MOJACTABHB BMeCTO IeH-
CTBHTFEJbHOrO TMPUBEACHHBIA YroJ TpeHHs.

MowMenT 3aBUHUMBaHHA rafikd HAHM BHUTA
C rOJOBKOH

T3an — Tp + TT,

rne Tp — MomeHT B8 pesnbe; T, -— MOMEHT

TPeHHs Ha TOPie rakKd HWIH FOJIOBKH BHHTA.,

Mowment B pesnbe

ds

To=F, ““_'F tg ($+P1).

OnopHyl0 NOBEPXHOCTh FAHKH H TOJIOBKH
NPHHUMAIOT KOJIBUEBOH C HAPYXKHLIM JHa-
METPOM, paBHbIM pacTBOpY K/AO4YA a, U BHYT-
PEHHHM IHAMETPOM, PABHbIM JHMAMETPY OT-
BepCTHA Noj, BHAT do.

MowmeHT TpeHHsi Ha Topue TraHKH uJau
TOJNOBKH

To=Fide/2,

roe dep= (a—+do) /2.

drta ypobHas nJjs pacuera 3aBHCHMOCTb
OCHOBAHA HA TIPEANOJIOXKEHHH, UTO naBjeHHe
Ha Topue raWkH YBENHYHUBACTCHA C YMEHbD-
meyHeM papHyca. YseJlHyeHHe JaBJCHHSA
CBA3AHO C YNPYTHM fedOpMHpOBAHHEM TeNa
rafikKi 4 yMEHbIIEHHbIMH TYTAMH TpEHHUA
HAa MaJblXx pajadycax IMpH 3aBHHYHBAHUHK
H OTBHHYHBAHHH.

Momenr Ha TopuHE raHKHh HJIH TOJOBKH
BHHTA cocTapaser owrogo 50 % Bcero Mo
MEHTa 3aTHXKKH.

[ToncraBus nojyueHHble BbipaxeHus 7,
u Ty B dopMyny Ansi MOMEHTA 3aBHHYHMBA-
HUS, MOJYYHM OKOHUYATEABHO

T =F{te (0400 +7%2 ]

TIpu6aukedoe reoMeTpHUYECKOe NONO6Me
pe3bb6 MO3BOJMSET AN OPHEHTHPOBOUHDLIX
PACUYETOB MOJb30BATHCH TPOCTEHLIUMH COOT-
HOWEHHAMH, BbIBEIEHHBIMH JUIl  CPeNHHX
3HaYeHHH NapaMeTpoB.

B kayecTBe CpeiHMX 3HAYEHHH IIA HOD-
MaJibHOH METquet‘,KOH pe3b0bl MOXKHO MpH-
HATH: 1p~2°30’ d2~=0,9d; doyp = 1,4d.

Torna npu [,=0,15, xapakrepHom s
pe3blbl 6e3 mOKpPBITHI,

T = 0,2 Fd.

PacueTHasi AnHHA py4HOrO raeyuoro Kiwo-
ya MOXeT ObiTh IIPHHATA PABHOH B CpejHeM
144,

[IpupaBHaB MOMEHT Ha KJioYe OT CHABL £

PYKH K MOMEHTY Ha BUHTE, MOJYyaeMm cOOT-
HOLIEHHE MEXIy OCeBOH CcHAOM Ha BHHTE
F un cuiof Ha pyrosiTke Kmoya Fi:

F=70F;.

[Ipn xosadbduuuedre tpenusa [, =0,1, xa-
pPaKTepHOM, B YACTHOCTH, IJA KaJMHUPOBAH-
HblX cMAa3aHbIX BHHTOB npH cOopke,

F = 100F,.

Takum o6paszom, B Kpenexubix pe3bfax
MOXKHO MOJIy4YHTb BBIMrpHIL B cHJe B 70...
100 pas.

KII pe3s6b onpenensiercd Kak oOT-
HOLLEHHeE MOJIe3HOH pabOThl HA BHHTE K 3aTpa-
yuBaeMoH pafore Ha KjAKOYE [IPH MOBOPOTE
Ha TMpOU3BOALHLIA yroa. [Mas [npocrtoTh
H OGUIHOCTH BBIBOJA YA0OGHO paccMaTpHUBATH
NOBOPOT Ha MaJbi yrojg dy, NMPH KOTOPOM
CHJIbl fAaXKe B YCJOBHAX 3ATAXKH KpeneKHbIX
pe3bfi MOXKHO CYHTATh MOCTOAHHBIMA.

KITI cofcrBenno pe3nbbi Ge3 ydera Tpe-
HHSE Ha TOpue



B3AUHMOIAEACTBHE MEXIAY BUHTOM H TARKOH, PACYET BHHTOB 167

__ Fdh
= Tody’

rae dh — oceBoe mepemelleHHe,
CTBYIOIIlEE TOBOPOTY Ha yroa dy.
. TlopcTaBuB B NOCAEAHION (POPMYJy paHee
BLIBEIEHHOE BbIpa)XXEHHE JJA MOMEHTa B
pesbbe T, H 3HaueHHe

COOTBET-

nojayuaem

tgy
tg (v + 1)

'ﬂpH $=2°30" u f=0,] 40,3
M suHTa C yY4eTOM TPEHHA HA TOpIUE
gy

tg (1) /52

'r|=

MoMenT, HeOGXONHMBIH AAF OTBHHYUHBAHHS
TaHKH MJH BHHTA C TOJOCBKOH, [0Jy4alOT
AWAJIOTHYHO MOMEHTY 3aBHHUHBAHHS, TOJbKO
‘3HAaK Yria noabeMa MeHSIOT Ha. OOpaTHBIl:

_pde d,
Tos=F 5 [tg (q>.—\p)+f__&.f_

[Ipy oTcyTcTBUH TpedHs Ha Topile rafiku
BTOPO#A ujieH aoJKeu ObiTb OTHpOILEH.
~ YcnoBHAL caMOTOPMOXKeHHR Tora20; or-
¢lo1a aas pe3bObi 6e3 TpeHHA HA TOPIE ralKH
tg (pi—)> 0 H, caenosaTeabHo, P<<@i.

Has  HOpMaNbHBIX METpPHYeCKHX pe3bd
¢ yriom noawema okoJso 2°30° camoropmo-
KeHHe paxke TpH OTCYTCTBHH TpPEHUsT Ha
- Topue raKu Hactynaer npu ¢ =>2°30/, T. e.
npu fi >>0,045.

[Ipu nanuuuy TpeHHs Ha TOpie rafikd u
dep=1,4d caMoTOpMOKEHHE HAacTynmaeT MpH
fL=0,02.

Takum oGpa3oM, npH CTATHYECKOM JeH-
CTBHH HArPy3KH HMeTCA GOJiblIHe 3amachl
HageXKHocTH 3aTsdxKH. OIHAKO B YC/IOBHAX
BHOpAUMOHHBIX HATPY30K BO3MOXHO OcJsal-
JeHHe 3aTsXKKH pe3bObl, BO H3BexaHue
KOTOPOro MPHMEHSAIOT CNELHAJTbHBIE CTOMOp-
Hbie ycTpokictBa (cM. § 7.6).

§ 7.9. BBAUMOLEHCTBHE MEXAY
BHHTOM W TAMKOW. PACMET
BHHTOB NMPH NOCTOAHHOWN
HATPY3KE

Pacnpepenente oceBof CHIBI MeXAY BHT-
KaMd pe3bObl Oblno Obl paBHOMEPHBIM, €CaH
6bl pesbGa Obljla HM3TOTOBJAEHA a6COIOTHO
TOYHO H TOAATIHBOCTb pe3bGbl Gblna Gbl
3HAYyHTEeNbHO BBILIE TOLAT/AHBOCTH BUHTA H
rafk.

B pelcTBHTENBHOCTH HH TO, HH Apyroe
YCJOBHE HE HMMEET MecTa. ‘

Bjiusinne moaaTAUBOCTH BUMTA Ha pacripe-
AE/IEHHE CHJA MEXXAY BHTKamH YAoOHO T0-
KasaTh [/l CJaydas BBHHYMBAHHA BHHTA
B MACCHBHYIO [€Tajb, CuHTas ee Hexedop-
mupyemoii. CHIa MexAy KaxXIoH mnapoH
KOHTAKTUPYIOILHX BHMTKOB BHHTA H TafkH
no 3akoHy ['yka mponopuuoHasbHa ynpyram
nepeMennieHHsiM 3THX BHTKOB. MexXRy TteMm
ynpyrie [epeMelleHuss BHTKOB TO BBICOTE
railki He oauuakoshl. [lepemelleHHa BUTKOB
Mo KOHUAM TradHKd pasHATCHd Ha YIJHHEHHe
BHHTA HA BbICOTE TAHKH (JJHHE CBHHYH-
BAHHA) .

M306pa3um yCA0OBHO KaXKAYIO Mapy BHTKOB
B BHiae (ajouek, 3alleMJeHHBIX MEXAY
cTepXKHem BHHTa M TedoM radku. Ha puc.
7.16, a nokazaHo pe3bloBOEe COSAHHEHHE
B HEHArpyXeHHOM COCTOAHHH: GaJNOYKH, H30-
OparkaloliHe BHTKH pe3bObl, HE dedOpMHUPO-
panbl. Ha puc. 7.16, 6 nokasano coenuHe-
HHe, ¥ KOTOPOro nojlaTtAuBOCTh pe3bObi 3HA-
YHTENILHO BbIlIE MOAATAHBOCTH CTEPKHSA
BHHTA H T€jJa TalKH: BCce BHTKH HMeEIOT
MOYTH OJHHAKOBHLIE NepeMelleHHsA U, CJaefo-
BAaTEJbHO, OJHHAKOBO HATPYXKeHBH. ¥ coeau-
HEeHHH, TIOKAa3aHHOTO HA pHc. 7.16, 8, nopar-
JIUBOCTH CTEPXKHA BHHTA COU3MEPHMZ C [0O-
JATAHBOCTLIO pPe3blbl, MOITOMY HHMIKHHE BHT-
KH pe3bObl NONYyYUH Godibiliee yNpyroe mnepe-
MELIEHHE, YeM BEepXHHe.

HepasdoMepuocTh pacnpenenenuss cua mo
BHTKAM ycyrybasercsa Tem, 4TO BHTKH Ha
Haubosiee pacTAHYTOH 4HacTH BHHTA COMpH-
XKedbl ¢ BHTKAMH, PACMOJOXEHHBIMH B HA-
ngosiee cxKaToOH 4acTH rafiku.

3amaua o pacnpelieieHHH CHJI MEXAY BHT-
KaMH fIBJIsieTCs CTATHYECKH HeolnpeneauMoil.
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Puc. 7.16. Cxema nedop
MauHH BHTKOB pe3bbbl iip.
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Pacupeaeaenne cua  Mexay BHTKamu
peabbnl no pemendio H. E. Kykosckoro
AN TalKW ¢ JecATbi0 BHTKAMH MOKa3aHo
Ha puc, 7.17. Ha nepswifl, nanosaee narpy-
KEHHBIW BUTOK MPHXOTUTCST 0KOJIO | /3 061118
CHJIbI Ha BHHT, 4 HA NOCHAEIHHH, [ACCATHIH
BUTOK — menee 1/100 obureft cuant. dedop-
MaluHud B pespbe, CBA3aHHBEIE ¢ [Or'PEHIHO-
CTAMHU TPOPHIA, KOHTAKTHble [edopManun
M MEeCTHHE MAacTHueckue nedopmaivu He-
CKOJIbKO CHH)KAOT HATPY3Ky Ha nepBbil BH-
TOK pe3bOHL. :

I1p¥ cTOJIb pe3koll HEpaBHOMepHOCTH pac-
NpefeeHHs CHJl 110 BUTKAM 60JIbILIOE VBEJH-
YEIHe BbICOThl FAHKH OKasbiBaetTcsd 6ecno-
A€3HbIM B CBA3H C ONACHOCTHID HOCIE0-
BATebHOIO «IICIHOrO» PA3DPYIIEHHS] BHTKOR.

B pe3n6oBoM coelHueHHH ¢ railkol, pa-
GoTamolieH Ha pacTaKeHHe, U ¢ HOPMAJbHOH
MOAATAUBOCTHIO BHHTA H FaHKH 3M0pa pac-
HpeNe/IeHUs JaBICHHA MeXK/Y BUTKAMH M0JTY-
yaetcd ¢ MHHHMYMOM B cPeaHeH yacTu
JIMHBl CBHHYHBAHUA,

Hamepa
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| 1054 00089
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Puc. 7.17. Cxema pacnpeieseH#s HArpy3kH
MexJ1y BHTKamu peabfbl no H. E. XKykosckomy

a6CcOJIIOTHO KECTKOU raunk

f\“\\\‘\ A

B ¢Bf13K ¢ TeM, 4TO BUHTH, KaK MpPaBHJIO,
paboTaloT co 3HAUMTEABHO#W cHMJOH HAuA/h-
HOH 3aTAXKH, sl Gojabiiedl 4yacTH BHHTUR
B MalMHOCTPOEHHH TMPHMEHSIOT pPaCueThl
Ha CTATHUECKYI) HATPY3KY.

BuixoJ M3 cTposi BYHTOB B YKA3aHHBIX
YCIOBHAX HATPY3KH MOMET MPOHCXOAHTH
Mo OJHOH H3 CJAEAYIOUINX MPHYHH (pHC.
7.18):

1) pa3spbiB crepXusa 1o pesnfe HAM 110
NePEeX0JHOMY CeueHHI;

2) nospexkJeHHE WIH pa3pylleHHe pe3LObl
(cMATHE H H3HOC, Ccpes, U3rub);

3) paspyumicHue y IOJOBKH.

Ilo kpuTepuaMm, COOTBETCTBYIOMIMM 3THM
paspyumieHHsaM, TMPOU3BOAAT pacueT BHHTOB
MPH CTaHAApTH3ANMH,

Tax KaK CTAalapTH3AUHUIO Pe3bl [POH3BO-
JAT ¢ MCNOMAL30OBAHHEM YCTAORHS PABHOMNPOUY-
HOCTH, TO TPH MNPHMEHECHHH CTalAapTHhIX
BUHTOB MOMKIUO OrPAHHYHBATBLCS pacueTamu
M0 OJHOMY T[/JaBHOMY KpHTepuio paboro-
CrOCOGHOCTH — MPOYHOCTH BMHTA HaA pac-
TAMKEHHE.

..

Puc. 7.18. Pacuernan cxema 6oJta (BONHHCTbIMH
JHHHSIMH MOKa3aHbl ONacHble ceyeHHs )
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PacueT BHHTOB, HArPyMXKEHHBIX OCEBOH
cuaofi  (6e3 nauanbHol 3aTsKkH). BHHTH
‘Ge3 HAyaJbHOH 3aTAXKHM MMEIOT MaJjoe pac-
npoCTpaHEHHEe B MAIIMHOCTPOEHHH, OrpaHH-
yegHOe ACHCTBHEM TOJbKO CTAaTHUECKHMX Ha-
s TPY30K. [TpumepoM 9THX BHHTOB ABJSIOTCS
" pe3bGoBBIE KOHIBL TPY30BLIX KPIOKOB [py30-
NMOABLEMHBIX MAIHH.

PacyeT NpoBOJAT Ha pacTAXeHHe, OGbIUHO
(pHHMMAf 34 0[IACHOE, CedeHHe MO BHYTPEH-
HeMy naHamerpy d, pe3n6Gbl. Ilpu 3toM B
'BUTKAx, 3@ HCKJIOUEHHEM BHHTOB H3 MaJo-
‘TINACTHYHbIX CTased, 06paGoTaHHbIX 10 BLICO-
'Koil TBEpHOCTH, BCAEIACTBHE (AKTHUCCKH
‘BoablIero ccUeHHs U OGHEMHONO HAIPSIKEH-
HOTO CcOCTOAIHHA O6ecleydBACTCHA OMOJIHH-
“reJbHblH 3anac npounoctu 20...30 %.

' HoMHHAJbHOE HANpPSKEHHe paCTSKeHHS
B BHMTKE

F 4F
0=—= < [o]
Ap J'U.".’Ql = P
Orcioga pacueTHbli BHYTPEHHHH gHaMeTp
4F
d, =
1= n[(}']p ’
ndz
rpe F — ocesad cHJa Ha BHUHT; A ——T —_

pacuerHas mioulajib cedenns; [o], — nomyc-
KaeMoe HanpsiKeHue B BUHTE NpH pacTa-
WMEHHH.

Pacuer BHHTOB, HArpyXkeHHMX OCEBOH
CHJOH H XPYTHAIIHM MOMEHTOM 3aTSKKH.
Has GosabuivHetTBa BHHTOB MOMEHT, CKPY-
YHBAWOIUHMH CTEPKEHb BUHTA, PABEH MOMEHTY
T, B pesbfie, TaK Kak MOMENT TPEHHA Ha
TOpUe TrafKd HJH TO0JOBKH BHHTA Uepe3
CTEpPKCHb BHHTA He [epefaeTcsd. 10JbKO
B yCTAHOBOYHbBIX BUHTAX K MOMEHTY B pe3bbe
npubasiasgeTcd MOMEHT TPEHHS Ha KOHIE
BHHTA.

DKBHBAJIEHTHOE HOMHHAJbLHOE HalpsXe-
HHE B BHHTE OT pPacCTSMEeHUA H KPyyeHHS

IMpu6inxKennoe reoMerpHueckoe Mojobue
peab0 103BOJNIAET 3dMEHHTb pacyer [0 1pH-
BeJIeHHOA (opmyJsie YUPOIUEHHBIM PACYETOM
Ha pacTsenuwe. PaccmorpuM naubosee He-
GaaronpusiTHBIA caydyal, Koria cHJa Hayalb-
HOM 3aTsXKKH PaBHA PACUETHOH OceBOH CHJIE.

B upusenenuyio dopmyny l'IOJlCTaBJIHEM

T—'F tg(llJ -+ ¢1)

3HaA4YE¢HHEe MOMEHTA

®# BBIHOCHM MHO}KHTEHb'U:%gT H3-1101
KOPHSI. '
Torna
2
opmo YV +12] Etgwtan |

[Tpunuman f; =015, nonydaem

op = |,30.

Takum o6pas3oM, pacuyeT BHI-
TOB, pafoTalwWHX MNpH 3HaYvYH-
TEJbLHOH CHJE€ 3aTAXKH, MOXHO
BECTH HA pacTAXEeHHE 10 IKBH-
BaJMeHTHOMY HANpAXKEHHIO, yBe-
JHYeHHOMY B 1,3 pa3a.

MMpoBepka saemenTOB pe3bObl HA
npouyHocTb EcAM matepuans BHHTA W OXBa-
THBAKEH AeTafH-TaHK¥ 0OJMHAKOBH, TO olacel
cpe3 BATKOB BHHTA, MPOHCXOASIIIHH NO LWJIHHI-
pudeckoil noBepxHocTw aHaMerpa D) (puc. 7.18);
eCJqH  MartepHas OXBATHIBAWLIME JieTajH-ralku
MEHEee [pOoYeH, YeM MaTepuall BHHTA, TO OObIUHO
OMaced cpe3 BHTKOB TCalkd, NPOHCXOAAUIHH o
NOBEPXHOCTH jiuamerpa d.

Hanpsixkenue cpesa B pesbfie BHATA

E

= EDNM < [tleps
B pe3bbe raiiku
T —ﬁ_———F <
*~ ndkH &, <[tlp,
rae H, — BbicoTa  rawke; k — KosdduiuenT

MIOJHOTH Pe3bOBl; 0JIs1 TPEYroneHOH pe3blbl &=z
~ 0,87, aaa Tpaneueunanvnoll peanbbl k= 0,65;
Rym — KO3QPHUKEHT HEPABHOMEDPHOCTH HAarpy3KH
M0 BUTKAM DEe3bOLI, C Y4YeTOM ILTACTHUYECKHX
nedopMaumil kn=055...0,75 (60Jabiude 3HAUCHHA
AJISL KPYITHOH METPHUYECKON peabfint H NPH YCAOBHH,

YTO mMarepuas 6osTa CyLIECTBEHHO NPOYHEE MATE-
puajla rafkn).
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HanpsixkeHde cMATHA B pe3bbe

4F
n(d® — DYk,,2

OGen= y

H
r
rie z=T — YHGJIO HHTKOB Ha AJIHHE CBHH-

YHBAHUS (BLICOTE rafiku),

Yacto pacuethlr pe3bfbl. (0cobeHio pacuerht
Ha CMATHE) BBINOJHAIOT B (POPME pACUETOB MO
CPeNHHM HOMMHAJILHBIM HANpsikeHusiM, NoJaras
kn=1. 310 ¢cBA3aHO ¢ NPUGIHKEHHHIM reome-
TPHUECKHM nofaoGHeM pe3bl pa3ublX pPa3MepoB
M C TEM, 4TO [JONYCKAEMble HANpsKEeHHA BbIGH-
paloT HA OCHOBE HCNLHITAHHA pe3bOOBBIX COENH-
HEMHI WIH JaHHbIX 3KCMAyaTaudH, o6padoTaHHbIX
no teMm e dopmyaam.

Pacuer BHTKOB. pe3bObl Ha H3rHO He MPHBOAMT-
csi BBHAY €ro YCJAOBHOCTH. u

T
OrnocHTe/bHasA BhlcoTa rafiku — paBHO-

MPOMHOH BHHTY, PACTET T YBEeJIHYEHHEM OTHO-

P
[eHHs - H. MPOYHOCTA MaTepHaja BHHTA.

JlonycKaeMble HANPAKEHHS B BHHTAX H
Ko3pduunenTsr 6€30NacrROCTH NPY¥ NOCTOSAR-
HeIX  Harpyskax. Jlonyckaemsle Happa-
Keuns {6}, BHOMpPAIOT B 3aBHCHMOCTH OT
npejesa TEKYUeCKH O, MaTepHaja:

or
fely=—5-

[1pu nOCTAaTOYHO TOYHOM pacuyeTe MO HaH-
Goablieil aeHCTBYIOLULeH HArpys3ke C y4eTOM
HAYAJNLHON 3aTSXKH Ko3bPpHuHedT Gesonac-
uoctH S 06bludo BHIOHPAIOT B npenenax
1,5...2,5. Meublide 3HaueHHA [PHMEHSIOT
. TIPH perJaMeHTHPOBAHHH CHJbl HAYyaJbHOH
3ATAXKKH C [OMOINBID JTHHAMOMETPHUECKHX
KJlouel WJ# KOHTPOJS YAJHHEeHHs BHHTOB,
a TaKXe JJs BUHTOB, KOTOPbIE TPYIHO
mepeTAAHYTb (B YA4CTHOCTH, C BHYTPEHHHM
[IECTUTPAHHHKOM) .

Jlasi BYHTOB M3 yNIEPONHCTHIX CTaJied
KO3(dHuUenTsl  Ge3onacHOCTH  BHIGHPAIOT
MEHbUIMMH, Y€M JJs BHHTOB H3 JIETHPOBAH-
HbIX cTajed, JIJA BHHTOB MaJjIblX JHAMETPOB
(d<<10 mMM) npH OTCYTCTBHH KOHTPOJA
CHJABl 3ATSXKKH BEPXHHME Mpejle/ibl 3amacos
MPOYHOCTH B MAIIHHOCTPOECHHU YBEJTHYHBAIOT
BBUAY BO3MOMNHOCTH 3HAUYHTENbHOH nepe-

N
o

F

Puc. 7.19. Cxema 60aTa ¢ 3KCUEHTPHYHOH TO-
JIOBKOH

TAKKH, He YYHTHIBaEMOH pacyeToM. BOsblse
3amnachl [POYHOCTH MPHMEHSIOT B TpyOHBIX
COEIUHEHHSAX.

JlonyckaeMbie HanpsKeHHd MpH pacueTe
cTepKHeil BHHTOB H raek Ha cpes [T]q=
= (0,2...0,3)0,. Jonyckaemoe Hamnpsxenue
HA CMSTHe B pe3ap0e MOXHO BbIOHpATh
paBHbIM JAOfTYCKaeMOMY HaNps)KeHHKO Ha
pacTsxKende [o6], a MpH yacToM 3aBHHUH-
Banuu U orpunuusauuu (0,5...0,6) [o],.

JKCcCHeHTpHYeCKass HAarpysxKka BO3-
HHKAaeT, a) B BHHTAX C IKCUEHTPUUHOH HAH
TaK Ha3blBaeMOH KOCThIJILHOK MoJI0BKOH; 6) B HOP-
MafibHEIX BHHTAX TpH nepexoce OMOPUBIX MOBEpPX-
HocTed NOJA rallky MM roJlOBKY BUHTA.

B BHHTax' ¢ 3KCUEHTPHUHOH rOJIOBKOH (pHC.
7.19) noa geficteHeM CHAL F BO3HWMKAWOT Hanps-
WeHusl PACTSKEeHHl Op H Haruba o,

CymmapHoe HanpsiKeHHe

ag= 1’30P:h 6“2—1—&;4;-— i 32F§ —
ndj ndy
8e
— | —_.
G e d})

W3 popmyanl BHAHO, YTO NPH 3KCUEHTPHUUHOM
MPHAOKEHHH Harpy3KH CcyMMapHble HanpsiykeHHs
B BHHTE MOTYT BO MHOr0 pas MPEeBHIIATb Ha-
MpAKEHHST PACTAKCHHS, HANPHMEP MPH IKCHEHTPH -
curete e=05bd,, ¢=5,30,, T e. CyMMapHoe
Hanpfxeuue OGojee yeM B O pa3 MPEBLILIAET
HanpsikeaHe pactsikenusi. [Tostomy caenyer Hade-

ratb NPHMEHEHHS] BHHTOB C 3KCHEHTPHYHBIMI
FrOJOBKAMH.
[Ipdy nepexkoce ONOPHBIX MOBEpX-

HOCTEeH Nox raviko# HAH TOJOBKOH
(puc. 7.20) BMHT (WAH/ABbKA) H3rHOAeTCsl B COOT-
BETCTBHH ¢ YIJIOM NMoBOpoTa rafku Wik TOJOBKH,
ec/IM HET npendTcTBHA AAS TakoH aedopMauHH
BHHTA. 32 HANPAKEHHOE COCTOSIHME BUHTA B nep-
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Puc. 7.20. Pacuetuan cxema Goara - (INHIbKY

Mpd HemapaJle/bHOCTH ONOPHLIX NOBEPXHOCTEH

BOM TIpHOJHXKEHHH B 3TOM ciyuae, Kpome pac-
TAMEHHA, NPHHHMAKT UHCTBIA H3THG .

Mo 3agaHHomy Yyray ¢ HaxkioHa YNpyroit
JIWENN, NOJb3YsICh H3BECTHBIMH 33aBHCHMOCTAMM
TEOPKH H3rH0a M3 CONpOTHBJIEHHA MAaTepHaJIoB,
onpenenseM H3rnbawuHd MOMEHT Ha BHHTe

M, = Elg ’
{
rae ! — nedopmupyemasi AJMHA BHHTA;
ndg
I= —
64

MOMEHT HHEepUHH CeYeHMsl.CTepXKHA BHHTA; £ —
MOAYJIb YUPYrOCTH MarepHana BHHTA.
Hanpsaxense naru6a B pesnte

o= 32M _ GE 4 (afc)‘*
o ﬂd? o 2 { d '

di — BHyTpeuuHil auamerp peablol,

! d.
— =0 —L'i—[* ~1,15;

Hanpumep, npu ¢ =0,5°;
C

E=2.10° MIla 0,==260 MIa.

Hanpsikenust uaru6a B BHHTAX no Takomy
pacuery Moryr AOCTHraThb BecbMa GoJbIIMX 3ua-
ueunli. JledcTBHTeNnbHBIE HANPsOKENHA HaMHOro
MeHblre. 3TO CBA3AHO C MECTHLIMH YIIPYTHMH
H IVIACTHUYECKHMH KOHTAKTHBIMHM [edopMmapuHsaimMu
H OrpaHH4YeHHeM H3rH6a BHHTOB B OTBEpPCTHH.

ITepekochl onopHLIX NOBEPXHOCTEH, O ONELITHLIM
AaHHUbLiM, B 3HaYHTEJLHOH CTENEeHH BJIHHIOT Ha
CONPOTHBAEHHE YCTAJOCTH BHHTOB ¥ CTATHUECKYIO

' B cBA3M ¢ HEpPaBHOMEPHBIM PACTIDeseNeHHeM
A2BJEHAS N0 OMOPHLIM MOBRPXHOCTAM ralikM HAH
FOJIOBKH BHHTa MPH 3aTACHBAHHH HA 3THX [J0C-
KOCTSIX MOMKT BO3HHKHYTb MOTEPEUHO HanpaBdeH-
Haf CHJa TPeHHs, H3rn6aollasd BHHT,

A=

Puc. 7.21. CamoycranasnuBaouuics
chepHueckoR matiGok

BHHT CO

MPOYHOCTH BHHTOB H3 BLICOKOMPOYHLIX CTajtel H
cNabo BAHAIOT HA CTATHUYECKYIO NPOYHOCTL BHHTOB
H3 CTajJed MajoH M cpeaned OPOYHOCTH.

Jns1 ymeHbIIEHHA HANPSXKEeHHA H3rH6a NoBbI-
AT TOUYHOCTL H3roTOB/JeHUA y3aa (BBOAAT 10O-
NycKH Ha MepeKOChi ONOPULIX ToBepXHocTel, Ha
GuerHe TOpIa) WM IPHMEHAIOT CHeyHaJhHNE KoH-
CTPYKLUMH — chepHUyeckHe manbN (puc. 7.21),

HEHTPHPYIOLIHe NOACKH (cM. puc. 7.6, 2).

§ 7.10. PACMET PE3bBOBbBIX
COENHHEHHA NPH HAMPY)XEHHH
CHJIAMH B NNOCKOCTH CThIKA

[TpuMensoT coenuHeHHs OBYX BHJOB:
a) ¢ BHHTAMH, YCTaHAaBAHBAaE€MbIMH B OT-
BEpPCTHsiX ¢ 3a30poM; 6) c BHHTAMH, YycTa-
HaB/JMBAaeMbIMH NOJ Pa3BepTKy 6e3 3asopa.
flepapifi BHA coenHHEHRH JelleBde, HO
BTOPOH MOXeT BOCMNPHHUMATbL GOJiblIHE Ha-
TPY3KH H OOECreudBaeT leHTPHPOBAHHE
neraJjes.

B cnyuae yeTaHOBKH BHHTOB C 323 0POM
OHH JOJKHBI CO3/aBaTb CHAY TPEHHA HaA
MOBEPXHOCTH CTHIKA, MPEBHINAIOLIYI0 BHEL-
HIOIO CIBHTAIOLLYI0O HArpysKy.

[Torpe6uasi cuna 3aTAXKH BHHTA

SQ
Faa'rzT '
rie Q — pacyeTHas CcABHrampilas CHNAa,

NPpHXOAAMAACH HA ONMH Hauboaee Harpy-
MeHHbIH BWHT; [ — YHCJAO CTBIKOB, CTAArH-
BaeMblX BHHTOM; [ — Ko3(duiKesT Tpeuwus,
PaBHBIH ANA CYXHX UYYFYHHBIX W CTalbHBIX
nosepxHocTedn peranedt mawun 0,15...0,2, nnq
HEO6pabOTaHHKIX NOBEPXHOCTEH B METAMNJH-



112 PE3bEOBBIE, KJIHHOBbLIE H IUITUSTOBLIE COETHHEH i

yeckux KOHCTpyKiHAX (,3; S - 3anéc cuen-
JeHHs (BO u3lexanve CIBHTOB B Dpejeax
3a30poR  MeX)y OGOATAaMH M OTBEPCTHSIMH
$>1,5...2

3aTSKKy HA3HATAKT ¢ HaAlpsKEHHEM
0,66,, a B METAIMICCKUX KOHCTIPYKIHAX
HPH KOHTpOJe 3aTsawKu 10 (,8d;. 1Jo 310%
CHJIE 3ATSXKKH MOXer OblTh OHPENeNeH 110-
TpeOGHBIH HamMerp BHHTA.

B cayuyae ycraHOBKH BHHTOB DO pa3-
BEPTKY HX PACCHHIBIRAII 1A CPes.

¥YcoBHe MPOYHOCTH BHHTA

d:
Q<-"20 [] e

4
rie de — OHAMETP CTeP)KHA BHHTA B OMACHOM
CEUEHHH; [ — YHCJAO TMOBEpPXHOCTER cpesa.

[lpu coenuueHud TOHKOCTEHHBIX jieTaseH
_HeoBXoIUM  JIONOJHUTeALHBIA  pacuer Ha
CMSTHE, '

B BbICOKOHANPAKEHHBX COSJHHEHHNX 1IPH
CTEeCHEHHBIX TafapHTax H NOCTOSHHON HA-
IPY3Ke JOHNYCTHM¢ BECTH pAacuer ¢ ydeiom
TOrO, 4TO 4YacrTh BHEUTHEH HATpPy3Kd nepe-
JaeTcsl CHJIaMH TPEHHS B CTbIKAX, a OCTafb-
Hasl CTPEMHUTCS cpe3ats BUHTBL Torjia pac-
yeTHoe ycJoBHe UfiH i==1 n S—1

J’[d?

nd? -
4 IT]('p .

Q< ;- lolf +

B cayuae BocnpHuATHA BHEIWHEH HAFpy3KH
cllel{lHa/JbHbIMH pPa3srpy30dHbIMH  yCTpOHCT-
BAMH B BUIE UINOHOK, LNH(PIDB, BTYJIOK,
3y6beB BHUHTH BLIGHPAKT B 32BHCHMOCTH
OT KOHCTPYKIHH, YUHUTLIBAS RO3IMOMXKHOUTH
OTPBIBAIOIHX  CHJI, MOHTaXXMHIX  CHJI -
OTIACHOCTH UEPEerPY3KH RHOTA 1IPH 3aTSHKKC
(puc. 7.22, a), OTKHMAIOI{HX CHJ, ROIHU-
KaIOIHX Ha I0BEPXHOCTAX KOHTAKTA AeTajied
(pue. 7.22, 6).

PaccMorpHM  pacuyeT OCHOBHBIX  BHIOB
rPYNmOBBX coejluneHuH, patorva-
IOMLUX HA CHBHT.

CoennHenne, HAarpy>eHnoe
LEHTPAJLHOH CcHUBHramwime#n ¢u-
JOH (npoxojusiliiei uepe3 NEHTP TsHKeCTH
IMIOAAH CTHIKa), TlpuHuMaeMm, uyio Bee 2
BHHTOB HArpy»KalTcsi OAHHAKOBO.

Harpy3ka, npuxogsumanacs Ha ojMH BHHT,

N\\N\7/%
Y
.

7

7 U

' SuBy

he .
\;S‘\ k \T\
>/ \ 1
M Z
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Pue. 722, Coenanenust ¢ SoaTamMy, pasrpymer-
HBIMH OT CABHLA '

_ QOGLLI

2z

CoejHHeHHEe, HArPpYXKEHHOE MO-
MeHTOoM M, OT CHA B NJOCKOCTH
CTHBIKAd NPH YyCTAHOBKE BHHTOB ¢
3adaopom (puc. 7.23).

[Ipeanvaaraem, uto GAAHIb 10CTATOUHS
KECTKH H UTO JanjeHHe p pachnpeiensercs
110 cTblky paBHoMepHo. Culbi  TpeHuH,
Y'UHTLIRAA KACATENMbHYIO [NOAATIHBOCTL CThi-
KOB, CJACAYET CYUTATh TMPONOPIHOHAJILHBIMH
OTHOCHTEALHBIM CMEUICHHAM, T.e. [polop-
[MHONAJALIBIMH  PACCTOSAAHUIO P OT MoJiocd
HOROPUTA  LUEHTpa MacChl CTHIKA (M0 aHa-
JOIAA ¢ paclpeleneddeM HanpsKeHud tpH

Pre. 7.23. Coenuuenus
ramiliX MOMEHTOB

o4 AeHcTBHEM

CABH-
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KpyueHHH KPYTJHX nuauuapos). Torma pea-
JHU3yeMblit KO3 (UIHEHT TPeHUA Ha paccTos-

HHH p OT MoJoca a ycJoBHE [pou-

4
R ]
HOCTH CHelJIeHHA (MOMEHT CHJ TpeHHS B
cToike O0Jibille BHENIHEr0 MOMEHTa) 3allH-

CHIBACTCH TAK:

: 2
pdAf £ =Ll > 57,

rae p — n4aBJjcHHE B CThIKE, paBHOC

dA — 3JleMeHT ITOWAAH CTHIKA, p — pac-

CTOSIHHE OT 3TOF0 3JeMeHTa [0 UeHTpa
‘TAXKECTH IJOWAMH CThIKA, R — paccTosinye
OT 1[eHTPa TSXKeCcTH A0 Haubonee ynaseHHOH
TOUKH CTblKa; [ — MOJAAPHBIH MOMEHT HHep-
LMY TIIOUIAfiH CTblKA OTHOCHTEJbHO IleHTpa
“M4acChl CTHIKA, S — 3anac cnenneHus.

OT1cona
STRA
FaaT 2 ——f']_—‘z"f'—"' .

HOnsi  KOJBIEBOrO CTHIKA € HAapyXKHbIM
avamertpom D, sHyTpedaum Dy (puc. 7.23, &d)

n(DY~ D3
npu R=2D0,/2, A——————4 -
; n(D}— D)
H [=——p—  nonyyaen
4STD,
FSBT> 9 9
2f (D1 + D3)

OG6bIuHO MONB3YIOTCA MPUGAHKEHHBIM pac-
YeTOM, OTHOCA CHABl TPEHHS B  CTHIKe
K OKDYXHOCTH Ocefl BWHTOB. 3TOT pacuer
OCOGEHHO yacTO NPUMEHSIOT NPH (0JATJIHBbIX
baasuax. .

CnBHraiowas cusia, OTHeCEHHAsA K OJHOMY
BHHTY JJIS1 MPOCTOrO KOJALUEBOrO CThIKA,

=<5

das cTHka OPOH3BOALHOA (opmbr (pHC.
7.23,4) ycaoBue pABHOBECHS HMEET RHJL

Z;Qlﬁ + zaQaero+ ... =T,

rae ry, ro, r; — pPajHyChl pacllOJOXKeHHd BUH-
TOB OT HEeHTpPA MdcCChl CTBHIKA, 2y, zq, 2 —
YHCJIa BHHTOB, pacloa0KeUHbIX HAa ONHHaKO-

BLlX panuycax; @i, Qq, Q3 - CHJIbL, OTHECEH-
Hbie K OTAEJIbHBIM BHHTAM.
CorsiacHo yCJAOBHIO TPOHOPLHOHAJIBHOCTH
CHJ CMEIECHHAM
ry
Q2= Qh_ )
r

r
Q!: l—l--

[Togcrasnsa 3TH BLipaXeHHH B yCJOBHe
PABHOBECHS, MOMyYaeM CHJAY, CABHIrallLyio
HanGoJiec HArpyKEHHbIH BUHT:

= 7 =—7 -
Z[?’?*’FEQ!‘Q‘{—... Zi’-’fff

Qi

[Torpe6GHast cuna 3aTAMXKKH HPH yCTaHOBKe

BUHTOR C 3330pOM
S
Faan ,>,—$l.

[Tpu ycranoske Ge3 3a3opa BHHTH pac-
CUHTBLIBAKOT HA Cpe3 mo cuje Q.

CoenuHeHHe, HATPyXKEHHOE MO-
MEHTOM M CHJAOH B MNJAOCKOCTH
croika. Toudoe peuweHve Tpebyer ompe-
JeJIeHNd [0J10ca NOBOPOTA, T. €. TOUKH, OTHO- -
CHTEJIbHO KOTODOH MPOU3OHIET MOBOPOT CO-
€HHEHUA [1PH BO3DACTANHU HATPY3KH.

O6bIYHO PacCUHTHLIBAKOT ONACHBIH BUHT MO
CIABHTAIOINEH CUNIE, PABHOH TeOMeTPHYeCKOH
CYMME CHJ (IpH HarpyKeHHudH COeJHHEHHSA

OJHOH UEeHTPASBHOH CHIOH W OJHHM MOMEH-
TOM.

§ 7.11. PACYET PE3bBOBbIX
COEAHWHEHHHA, HATPY)X EHHbBIX
OTPbIBAIOIMUMH CHJIIAMH

H MOMEHTAMH

CoevHENHsl, HarpyxeHHbIe OTPHIBAIO-
IHMH CHJIAMH H MOMEHTAMH, TaK e KaK H
HArpy»KeHHLIe CABUTAOUUMH CHJIaMU, Bbl-
[TOJHAOT ¢ HAYaJbHOH 3aTsXKOH. Ias stux
COENKHCHUH HauyanbHafd 3arfxXKKa Heodxo-
AviMa BO Hia(eKaHHe CABMTOB OT CJAydaHHBIX
CH/L W YRapoB NPH NEPEMCHHBIX HATrpy3Kax
U sl 00eClHeyeHHA KECTKOCTH H ILIOTHOCT H
CThIKA. HMeXOJHBIM  pacyeTHBIM  yCJOBHEM
ABJSAETCS] COXpaHeHue HA MOBEPXHOCTH KOH-
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Puc. 7.24. Coegnuéunst noJ AeHCTBHEM paCTATH-
BAIILIHX OCEeBBIX HArpy30K

TAKTa [0cae [PUAOKEHHA BHEIIHUX CHJ 3a-
TAHHOTO JABJECHHS.

PacueT coeauMHeHHHA npu Hel-
CTBHH LUEeHTpAaJbHOH OTPBHIBaAIO-
we# cuan. Ipu gefictreun na 3arsanyroe
coefliHeHHe (pHC. 7.24, a u 6) ueHTpaJbHOl
OTpbiBaOlled BHelwlHeH HATPY3kH F TOMBLKO
qacTb ee yF JIOMOAHHTENbHO HAarpyaer
BHHTHl, a OcTasbHaa uvacTb (l—y)F wuaer
Ha pasrpysky crtbika (y — KosdduoueHt
OCHOBHOH HATPY3KH). '

3ajaya o paclpe/ie/ieHUH Harpy3kH MeXay
BHHTOM H CTBIKOM HABJSICTCSI CTATHYECKH
HEONpeAeMUMOH H peulaercsi ¢ NOMOLUIbIO
YCJOBUS COBMECTHOCTH nepemeiiedud. Oue-
BHIIHO, 4YTO MON [eUCTBHEM BHEWHeH Ha-
TPy3KH B Ipele]ax IO PAacCKpbITHS CTblKa
BUHT VAJMIMHAETCH HACTOJbKO, HACKOJBKO
yMeHbLIAETCH CKaTHe feTaled. D10 yCjaoBHe
MOXKHO 33aMucaTh TakK:

§ =y Fho== (1—y) Fhy,

rae hs — MOJATAHBOCTD BUHTA, PaBHAA YIJIH-
HCHHIO BHHTA ropn AeHcTrBueMm cuael B | H;
Ap — NONATAUBOCTL COEJHHSIeMbIX JeTaJgedn
H cThiKa Mexay HuMH. OTciona

A

n

=

[logaTAuBOCTL BUHTA

rae | — pacderHasi JUIHHA, paRHada ¢cBOGON-
HOH JJMHe BHHTA MEXKAY OMOPHBLIMH I[IOBEpPX-

a
=
NN
-~
' s
.Jl”"
L|' 72
5)

Puc. 7.25. Konychl gaBienust

HOCTAMH, ILIIOC TOJOBHHA NJHHbI CBHHUHUBA-
HUSA (BbICOTHl TaWKH) HJAH FAYOHHBI BBHUH-
yuBaHus; £Es — MOIYJAb YIOPYTOCTH MarTe
pHana BUHTA; Ay — IJIOUIAAb CEYEHHS BHHTA
(A CTYNEHYATbiX BHHTOB — CPeIHAA MJ0-
uaab cedenus). Toupee, cyMmapHas no-

., I l;
IATAHBOCThL CTyneHed A,= = Z_A"T
B ]

[lopaTnuBocTh  coelHHAEMbIX  geTajei
0OBIYHO ONpEAeNSOT B TMPEeANoJOKEHHH, UTO
JedopManua paclpocTpanfaeTcsa Ha Tak Ha-
3bIBaeMbie KOHycbl nasnenHus (puc. 7.25).
Ha ocHose onbiToB npuHuMmamT tg o ==
=0,4...0,5.

ITpu HeGOMbIIHX TOMUMHAX COEIHHAEMbIX
getaned (A<{1,ba) KOHyC 3aMeHAKT 1A
YINPOILEHHA pAacyeTos TMOJALIM IHJIHHILPOM.
ITogarauBocTe coefuneHHs, MOKA3aHHOrO Ha
puc. 7.25, a, npu tg a=0,5

h h

1~ E_-A = ,
AT 2(a+0,58) —dB] Ey ¢

A

a coefdHeHHa Ha pHc. 7.25, 6§ — B 2 pasza
Gosibine. 3[ech g -— AHAMETD ONOPHOH 110-
BEPXHOCTH FaHK{, FOJIOBKH HJAH [DPYKHHHOH
manbel ¥ T.A.; E, — MOLYJNb YNPYrocTH
MAaTepPHANIOB JeTaJel.

Bosee o6was 34aBHCUMOCTh TaKXKe
cxembl 7.25, a npu tg 2 =0.,5, HO 6e3 3aMeHn!
KOHyca JaBieHusi UWIHHADOM HWMeeT BHull

46 | (at+dyl(a+h—d)
Ead, © (a—do@t a+dg) -

b Aa =
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[Tpu OGoasluofi MOJATAHBOCTH BHHTA A,
H ManoH MNoAATAMBOCTH JAeTajseH CThlka Ay
Kp3bPHIHEHT % MaJd H MOUTH BCS BHELIHAS
CHAa HAET Ha pasrpysky crboika. [lpu
6onblION NoOaaTAHBOCTH JeTaled ¥ cCTHIKA
Ay, HATIPHMED, NMPH HAJHYHH TOJCTHIX yOpy-
FHX TIPOKAAA0K H Manod MoaaTJIdBOCTH
BUHTOB 6OJsiblIAsl 4acThb BHeIUHeH HATPy3Ku
fepenaercss Ha BUHTHI.

CpenuHe, HauBojiee XapakrepHbie 3Haye-
HHA KO3GGHUMEHTa Yy JJs  COeNHHEeHHH
MeTajJHueckHX Jeranei Ge3 NpoKAANOK,
0,2—0,3.

BerpeualoTesl CUA0XKHBIE coeduneHHSs], B KOTO-
PhiX OTHENbHLIE COCJHHSIEMblE [ETalMH RO neH-
CTRHEM BHelIHed Harpysku H€ pa3rpyxKaloTcs,
A JOMONHHUTEABHO HAT Py XK 2 10 TC f, KAR'H BUHTH
(em. puc. 7.24, 6). OG6osnaunm MORAT.IHBOCTH
PTHX JeTallefl Ay B OTJIMUHE OT [OAATAHBOCTH
QCTAJBHBIX pa3rpyxkaeMblX COefHHsIEMbIX
xeraneii Ay,. Torna dopmyna ans kospduunen-
TA OCHOBHOH Harpyskd (COrIacHO  YCJIOBHKO
COBMECTHOCTH ynpyrux nepemewenud) obGo6uia-
ercA, T. €.

Map

T A ALt M

Ha BHHTOBBIX CoeiMHEeHH T ¢ HEHTPAJIBHON
OTphIBaOIed HArPY3KOH 3TOT pacuer MO3BO-
AACT HellOCPeACTBEHHO OlpegeldTs Norpeb-
HYI0 CHJAY HA4YaJAbHOH 3aTHAXKKH.

CornacHo ycloBHIO COXpAHEHHS HIOTHOCTH
CTHKA CHJbl 3aTAXKH OAHOTO BHHTA B CO-

fOAMHEHHH ¢ 2 BUHTaMH
1

E [Gmin ACT+ (1 '—X) F]’

FA€ O, — MHHHMAJ/JbHO HeO6XOAHMMOE NaB-

JieHHe 8 cTHKe; A — naowanb CTHKA.
Ocepast cuna, pedcTByiowas Ha 3aTsaHy-

THH BHHT mMoc/ie NPHAOMKEeHHS BHellHEHW Ha-

rpysku F,

X

FsaT=

F
Foart el

PacyeTHast Harpyska ¢ yuyetoM KpyTAILEero
MOMEHTA 3aTAXKKH

Fo=13Fpt x=.

Pacyer coenguHeHHUH
CTBHH HaArpy3KH B

MpH qgeH-
OJAOCKOCTH

¢)

Puc. 7.26. CoenuveHuss mop feficTRHEM OTPbI-
BaloLled CHJILL H MOMEHTa

cauMmertTpun. Ilpeanonaraem, yro ¢aan-
bl IOCTATOYHO >XECTKHe H BHHTbI paclpe-
NeJeHbl o CTblKy AOCTATOMHO PaBHOMEPHO
(puc. 7.26).

BaewHow Harpysky NpHBOLHM K OTpBI-
BAIOILEH CHJIe, IPHAOKEHHOH B LEeHTpPe Mac-
Cbl CTbIKa, H K OTNPOKHABBAIOLIEMY MOMEH-
Ty M. CapHraiouiie CHJAB, Kak OOGbIYHO,
BOCIPHHUMAIOTCA - WTHHTAMH HJAH  WITOH-
Kamd H [I03TOMY HE€. paccMaTpHBalOTCA.

ITpunumaem, uro F u M pacnpepeasores
MEX/ly CTRIKOM U BUHTAMH, KaK B CTaTHYECKH
HeoNnpeneNuMbIX cHcTeMax, 06paTHo Tponop-
LHOHAJNBbHO HX MOAATAMBOCTH (cM. ¢. 114}):

F:F._in_.__ F —F 7\.5 .
° L Y WY
M—-_Mm__}”ﬂ .M ——_M—-—E——.
° Ao+, Aot 2y
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B GosabwHHCTBE CaydaeB [OBEPXHOCTh
CTHIKA MMeeT JBe OCH CHMMETDHM, H LEHTP
nJouiagd (Maccbl} CThIKa [IOMeIaeTcs Ha UX
nepecedyeHuu. B obieM cayyae KoopauHary
HEeHTpa MJOILAAH CThikKa ONpPeIesifoT Kak
CTATHUECKHH MOMCHT OTHOCHTENBHO HEKOTO-
POH OCH, NeJeHHRIH Ha MJ0IAalb.

McxXomHBlM yCIOBUCM pacyeTa ABJAETCA
HepacKpHITHE CThiKa BO H30eXaHHe KOHTAKT-
HOH KOPPO3HH W TMMOHHXKEHHHA HKECTKOCTH
(KOHTAKTHas XeCcTKOCTb NPH MalblX [aB-
JIEHHSAX OYE€Hb MaJja).

Jna obecneyeHdd JOCTATOYHOH KECTKOCTH
coe/lHHEeHHSA OTBEeTCTBCHHBIX METa/lJIHYeCKHX
neranefl oy, ==1..2 MIlla; cornacHo ycio-
BMIO HEPACKPBLITHA CTbiKa O, >> 0.

Hedopmaiuu B CThIKe NPH KECTKHX Ha
u3ru6 QuanHumax pacnpejensoTesa Mo Ju-
HefiHomy 3akoHy. [lo3ToMy eciiH cnpaBentiuB
3aKoH I'yka, TO HAUpsXKEHUs TakXKe pacupe-
NeJIIIoOTCA MO JIHHeMHOMY 3aKOHY W MOTryT
ObITH NMOACYHMTAHBI [0 (opMynam a5 He-
PaBHOMEDHOTO CXATHUSA.

Hanpsxenuss  anare6pavyecky  CKJddH-
BalOTcsl | M3 HAnNpsKeHWH HavadanHOH 3a-
TSKKH Gy (pHc. 7.26, @), HANpAXKeHHH oy
OT BHelUHeRd OTphIBalOUIEd CTBIK CHJIbl Fur
(puc. 7.26, 6) ¥ HAOps)KEHHH 0y OT BHEIU-

HEro ONMPOKHABLIBAIOHIEI'0 CTBIK MOMEHTA Mm

(puc. 7.26, 8):

Opax= Uog— OpF o=
min

_ ZF3£‘1’I F(‘T Mcrymax
AH AH JH
rae Ay, u J, — mmowajss H MOMeHT HHeplHH
IJIONLAH CThIKA C OTBEPCTHHMH (HETTO);
Ymax — PACCTOAHHE OT UEHTpANLHOR OCH

A0 KpaﬁHHX TQUEK CThIKA, & — YyHCJO BUHTOB.

' B stom pacueTe, Kak OOLIYHO, MPHHATO,

4YTO OCb NMOBOPOTA OT BHELIHEIO MOMEHTA IIPOXO-
OMT uepe3 LUeHTP Macchl CThika. B JeicTBUTE/b-
HOCTH (hAaHIIbBl OrpAHHYCHHON MKECTKOCTH B CHH-
MaeMoll uwacTH pafoTalor BRCeH  MOBEPXHOCTLIO,
a B OTPbLIBACMOHA YACTH — TONLKO B 30HE BHHTOB
(COOTBETCTBEHHO KOHYcaM JAaBiends). Takum
o6pa3oM, ocb [OBOPOTA B IeHCTBHIEALHOCTH
NPOXOAXT Uepes UeHTP TAMKCCTH HOBOH QHryphl —
paGoTalonied 4acTH CTHIKA, T. €. OHA HECKOJABKO
CMeLleHA K cXHMaeMOH CTopOHe.

~ Eeau cuia F cxkuMaeT CTBIK, TO 3Hay
MUHYC [epeJ] BTOPBIM YJEHOM MEHSETCH Hi
ITIOC.

CymMapuas 3miopa [aBAeHHH B CThIKe
nokalaHa Ha puc. 7.26, e.

O6biyH0  MIOWIAAL CTHIKA CYLIECTBEHHO
QoJiblile [JIOIAAM CeUEeHHsT BHMHTOB. B 3Tom
cjyyae pacuer CTbiIKa MOXHO BECTH MO [o.-
HOH BHeWHeH cujae F u MoMmedHty M, HO
HOMUHAJbHOH 1101214 A 1 MOMEHTY HHep Lk

J nmomamy crhika 6€3 BbUETA [IJIOIA 1
OTREPCTHH:
) ZFaa'r F Mymax
Glna)(:'—[q—_— - A - J
min

M3 srtoro HAM npeabiayllero ypaBHCHH3
HaxXOOAT CHAY 3aTSKKH Fiur, 10cA€ "ero
ONpefic/IfA0T PAacucTHOE HAINpSKeHHEe B BUH-
TE Op.

[Ipu xecTkux ¢aaniax wHarpyska o
BUHTAM OT CUJbI F, pacrnpeneiseTcss PaBHO-
MepHo. Harpy3ku u Hanpsikenusi B BUHTAX
OT MOMEHTa PACIPENeNTIOTCH MPOHOPILHA-
HaJbHO PACCTOSIHHK OT HeHTpPaJAbHOH OcCl,
T. €. 110 TOMY K€ 3aKOHY, 4TO LPH H3THGC.
[losToMy npu pacueTe HanpsiKeHUH B BUHTaX
OT MOMEHTA MOMKHO I[0JAb30BaThesl (popmy-
JlaMH AJisl pacueTa HaNPsDHKeHUH OT H3ruba.

Pacuyer BeayT ans BUHTOB HaHbBonee Ha-
rPpyKEeHHOro paaa (pacrofioKeHHoro Ha
PacCTOSHHHM ¥, OT LCHTPAJbHOH OCH).

Hanpsixende B 3THX BMHTAX

o __1’3Faar FB MByl
BT A4 + zA + YA

B B B

rae J, — MOMEHT HHEpUHH CedyeHHH Beex
BHHTOB OTHOCHTCJIBHO OCH, HpOXOﬂ,HL[I,E‘[I:l ye-
pe3 UeHTP Macchl crbika; J, =Y Ay i

Pacuer BHHTOB KpernJeHHus
KpblUI€K HHJAHIHAPOB, HaxXO0Is I HX-
CA MNOJd BHYTPEHHUHM /daBaceHHEM
(puc. 7.27).

Pacuer mnpoH3BOIST MO YCIAOBHIO repMe-
TUIHOCTH COeJUHEeHHsl. YNJOTHHAIOUIHM 3Je-
MEHTOM CJYKHT NPOKIa KA, KOTOPaf AOTK I
CHMATLCH IaBJjgeHHeM, 3HaUHTC/ILHO l'lp&“
BOCXOASILLUM JABJCHHC B LHJAHHADPE H O0Jb-
UM npeaead TCKYYeCTH Ma'repnaﬂa napo-
KnaiAku ¢ ydyetoM ynpouHenud. [ledopmu-
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Puc. 7.27. CoefHHEHHS UHAHHADP — KPBIIKA

pYyAICb, TNPOKJIAKa 3aMloJHACT HEPOBHOCTH
KOHTAKTHPYIOLWHX NOBepXHOCTEH H TpensT-
CTBYET BEITEKAHHIO M3 LHIHHApPA XHIAKOCTH
HIH rasa. [IpH 3HAUMTEJbHBIX [ ABJICHHAX
Hanbosee yacTo NMPUMEHSIOT MPOK/IAMKH H3
OTOXKKEHHOH MeqH. PaceMOTpUM coeHHeHus
¢ TPOKMAJKAMH, [OABEPKEHHBIMH OXHOCTO-
pOHHEMY CXKATHIO.

IMonHas cHja, pPACTATHBAIOWLAS BHUHTHI
IpH JeficTBHH pAaCUETHOrO [aBJEHHS P,
CK1aJblBRAeTCsl M3 CHMJibl ABJAEHHA CPebl Ha

KpPHIUKY M OCTAaTO4YHOH CHJBl, MOTpPe6GHOH
A cKatus [NpPOKNAIKH:
J‘th n(D%— Dg)
ZF=(1+IIJ) 4 p+__—"'4_“—_pnp;

roe Dy v Dy — COOTBETCTBEHHO HapPyKHBIH
U BHYTPEHHHH AMaMeTpbl NPOKJAAIKH; { —
KO3(HUIIHEHT, YYHTHIBAIOLUIME BO3MOXHOE
noBblllenye gasjaeduqa (o6biyHo $=02);
Prp — NABJIEHHe HA IPOKJaJKe, IpHHHMaeMoe
AAfl MATKUX NpOKnamok paBHeiM (2..2,0)p,
a4 Jaaa  MeTaNJIM4ecKUX TMpOKaalok 3,5p.

§ 7.12. BAHTHI, NOABEP)KEHHDIE
MMEPEMEHHOH HACPY3KE.
BEPOSATHOCTHBIE PACUYETDI

HauGonee xapakrepdblM cjyuaem jei-
CTBHSl MEPEMEHHBIX BHEIIHHX HAarpysoKk Ha
BUHTOBbIE COEAHHEHHS SBJSIeTCA JEHCTBHE
Harpy3ok, usmensipwHxca or 0 g0 F (no
OTHYJIEBOMY I[[HK/Jy, HAlpUMep, B COeIHHEe-
HHSIX KPHILEK WATYHOB). 3TOT cayuall pac-
CMATPHBAETCA KaK pacUYETHBIH.

llepemennaq uarpyska F pacnpeaensiercs
MEXAY BHHTOM H 3aTAHYTBIM CTBIKOM, MpH-
yeM Ha BHUHT NOPUXOAMTCH 105, papHan
vF, rne

Takum o6paszom, aMOAUTya HANPAMKEHUH B
BHHTE

=92

rae A, — omanb ONACHOrO CEYCHUsT BHHTA.
Cpennee HampsiKeHUe

O m == Osar + O4.
MaKCHMaJIbH()e HaﬂpH}KeHHE
Umax = 0331' _1" 26,2.

OnbIT 3KCMAyaTainuy pe3pbOBBEIX CoelHHe-
HHUH, MOABEPKEHHBIX JEHCTBHIO MEPEMEHHBIX
HArpy30K, a TaKkXe HCIBITAHUA COeJHHEeHHH
Ha YyCTaJOCTb [I0KAa3bBAT uHeaecoobpas-
HOCTb 3HAYWUTEJLHOM HAYAMLHOH 3aTSKKH
COENUHEHHH NJIA BHUHTOB H3 YII€PONMCTHIX
craneil (B 4acTHOCTH, KJAACCOB TMPOYHOCTH
5,8 u 6,8), pasuoit (0,6..0,7)0,, a U3 neru-
posanHbix craned (0,5...0,6)0,.

3aTsKKa yBeJHUHBAET  COIPOTHB/EHHE
YCTAJM0CTH BUHTOB (TaK Kak, [IOBbILIAS XKeCT-
KOCTb CTbiKd, yMEeHbUIAeT TEpPEeMEHHYK CO-
CTABJAKINYIO HANDPSKEHHA B BHHTAX).

[Toneano npensapurencHoe o6:KaTue co-
eHHEHHS [0 [pefesia TCKy4ecTH Marepuana
sunToB. C/e/lyeT y4yHTBIBAThL, YTO HanpsixKe-
HHfl 34aTSXKH TMPH 3KCNAYaTAUHH MOCYT
HECKOJMbKO CHH3HTLCH BCJACACTBHE OOMATHSA
MHKDOHEpPOBHOCTEH HA CTBIKAX H pejflakCcanuu
HanpsKeHH B BHHTAX.

YcaoBuAl HanpAXKEHUS BHHTOB  Xapak-
TepH3YyIOTCA GoJblIOH acHMMMeTpHeH nukia
HanpsiKeHdd (6osblIOH NOCTOSAHHOH COCTag-
JIIIOLLEH OT CHJIbL 3ATSIXKKH) H BBICOKOH KOH-
LEeHTpAaUUeH HalpsXeHHH B pesble.

Has pacueTa BHHTOR OOBIMHO HCIONB3YIOT
AHAarpaMMy NpeaeJbHbIX HANPSMXEeHHH B
KOOpJAHHATAX: CPEJIHHE HalpAXKEeHHA O, —
peneabHble HANDSXKEHHA o,,, (pHc. 7.28).

[Ipenenbias aMOAMTyXa HalpsKeHHH B
BUHTAX Our MAJ0 3aBHCHT OT CPEIHEro
HaNpAKEeHHUs, NO3TOMY HA CXeMaTH3HpOBaH-
HOH puarpaMme mpelenbHas MPAMAasy [(pOY-
HOCTH NpOBeAEHA Mo yriaoM 45° napanieib-
HO OHCCEKTpPUCE KOOPAMHATHOrO yraa.
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Emax ) v A
/
/ |
[ =t
\bt:
\ -
g 5
o ‘o v
° 0,
g 45 m
©
456,

Puc. 7.28. T'padHk npege/bHbIX HANIPAKEHHH BHH-
TOB

B pacuerax nposepfll0T 3amac IPOYHOCTH
Mo AMMJUTYAAaM H [0 MAKCHMAaJbHbIM Ha-
P$KEHUSM.

3anac IpOYHOCTH MO AMIIUTYIAM OMpe-
JAEASTIOT KaK OTHOLIeHHe MPeAe/bHOH aMIlIH-
TyAbl (MpUOJTUKEHHO NDHHATOH PABHOHM Ipe-
JieNy BHIHOC/MHMBOCTH BHHTA 0OPH 3HAKO-
MepeMeHHOM CHMMETPHUHOM IIHKJIE)

g £
S =1z o 4
cran:u—T(wﬁ K IOeHCTBYIOIIEH aMIUIHTYIE
1)
HarpsXKeHHH o0,
0'r;|l'l o_ IZE’
Sa:——' ~ =
T KeSa

Ecau o_,, onpenesedo Ha ofpa3uax aua-
meTpoM 6 MM, TO MacwTaGHbld ¢dakTop ¢
AJISE BUHTOB auaMerpoM oT {2 MM B coeiH-
HenuAx caeayer Gpartb &=0,65.

B cayuasx, korna pesbfa Hakarasa nocje
TepMUyeckoll o6pabGorkd, OCTATOYHbIE HA-
Npsi}KeHus BO BNAJHHAX [IOBBILIAIOT COMPO-
THBJACHHE ycTaaocTH BHHTOB. llpm 3Hako-
mepeMeHHOM HUKJe H3MeHEeHHUs HaNpsKeHHH
H CpelHeM HanpsKeHHH 0,=0 npelrenbHas
AMIVIHTYAA HANPAMKEHHH Ognw HAKATAHHOH
pe3n6nl cocrapaser (1,5...2)o_;,. C poctom
0n A0 0,50, npegesbHas aMIIMTYAa YMEHb-
WAeTcsl MPUMEpPHO N0 JIHHEHHOMY 3aKOHY
10 3HaueHHH, GMM3KUX [IpelesibHOH aMILIH-
TyAe Hape3aHHOH pe3b6bl (B nOpexenax
g0 20 %). llpu pajbHeileM MOBBILIEHHH
On OHAa He MeHdAeTcsd (CcM. UITPHXOBYHO
NpeaesbHYI0 AMHMIO IPOYHOCTH Ha puc. 7.28}),

IMpu . 0,<<0,50; 3amac NOPOYHOCTH TO
aMIIHTYy/1aM MOXHO YTOUHHTb no ¢opMyfe

S — Cann _ 20 _; I G,
- a e R - .
Ky0a K04 oy

3amnac NPOYHOCTH 10 MAKCHMaJbHBIM Ha-
NPAXKEHHAM ONPEeAeNAOT NPHOJHKEHHO Kak
OTHOIIEHHE TIPENeJIbHOTO HAIMDPFAXKEHHS Oy
K JEACTBYIOLIEMY MAaKCHMaJbHOMY Ha:
NPSIKEHHIO B BHHTE S=0qp/0y,c. OObUHD
3TOT pacyer CBOAMTCA K pacyery Ha cra-
THUYECKYIO TPOMHOCTb ', TOTAA Gpp==0; M

Or Or

S$= —

Gmax 033T+ 20{]

3uauyeduss 3Q@PeKTHBHOrO KoO3(pPHIHEHTa
KOHIIEHTPAUUU HAlPAXKEeHUH Anf CTaJbHBIX
BHHTOB C METpHUeCKOH pe3bO0H, Hape3aHHOR
IO YHpOUHeHHusi, [PUBENEHBl HHXKE:

ge, MITa . . . . . 400 600 800 1000
Ko . . . . . . .30 39 48 52

Jlna tutaHoBHIX cniasos K;=4...6 B 3a-
BHCUMOCTH OT [1POYHOCTH.

Kosppuuuent K, pesko H3IMeHAeTcs B
3aBHCHUMOCTH OT OTHOLUEHHS pajauyca BIa-
IMHBI K LIATY.

Jas pe3b6oBOro coeqHHEHHSA THIA BUHT —
cTAXKa (uaM radka, paloraowmas Ha
pacTaXeHHe), B KOTOPOM paclpefeneHue
HArpy3kH MexJAy BHTKaMH Gojee paBHOMEP-
HOE, 4yeM B OOblYHOM COEJHMHEeHHH, K; ymeHb-
waT #a 30—40 %.

UcneiTadusa Ha BHIHOCAUBOCTH Gostos M1Z
[POMBILLIEHHOIO  H3TrOTOBIEHHSA KJIaccos
npouHocTH 4,6...12.9 nupu cpenneM Hanpske-
HUY [MKRa 0,=0,50, mokasaju, 4To mnpe-
AeNbHbIE AMIVIMTYIB HOMHUHAJIBHBIX HAIPS:
KEHHH MaJso 3aBHCAT OT Kaacca MNPOYHOCTH
foJaTa W MAapKW CTafd H OOATH BBICOKHX
KJIACCOB MPOYHOCTH TPelByloT 0cobOoH TexHO-
NOTHH.

' B yrouneHnbx pacuerax kosdduuuent S noa-

CUHTHIBAIOT MO NOAOGHOMY HHKIY Oyl 0n,==const,
KOTOpbIH Ha auarpamme H3oOpaxaercsl JIY4UoOM,
MpOBeREeHHBIM W3 mauaja KoopiaHHaT. B oOuiem
cilyuyae npefenbHOe HAMPHKEHHE Cnp, ONPEAendAloT
KK OpJAHHATY TOUYKH MepeceyeHHs 3Toro gy4a
C mpefesbHOM KpUBOW NpouyHOcTH. Kax 1ipaBHio,
JIy4 TIepeceKkaeTcss ¢ FOPH3OHTAJbHBIM YYacTKOM
KPHBOH, T. €. O,p==0r.
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Pacuer BHHTOB, [OJBEpMKEHHBLIX NEpeMeH-
HOH Harpyske, BLIMOAHAIT 8 ¢opme [poBe-
pouHOro, 3HAyeHHe 3amaca MPOUYHOCTH IO
aMIINTYyIaM JOJMXKHO ObiTb 60jbllle HJH
‘paBHo 2,5, ofbiuHo S,=2,5..4. 3Haueuue
3amaca [poYHoOCTH MO MAKCHUMAJbLHBIM HAMpPS-
KEeHHSAM JOJMXKHO OblTh OoJblie HAHW pas-
Ko 1,25.

CrneuspuxKoli BepOSTHOCTHRX pacueToB pe3b-
6oBLIX cOejWHMEeHHH B [J1aHe Xypca ferasjeH ma-
WK ABJSAETCS YCTAHOB/JIeHHe KO3 dHUUHEHTOB Ba-
pRALMH OCHOBHEIX MAPAMETPOB. HAMPAXKEHHH
HayaJbHOl 3aTAKKH, HanpaAXeHHlt or cymMMapHo#
Harpy3KHd, npejejgoB BbIHOCIHBOCTH H K03((H-
IMenTa KOHUEHTpauHH HanpsikeHu#l. 3a cpeguHe
gHaueHus1 5THX napaMeTpoB B NepBOM HpHOJIH-
MEHHH MOXHO NPHHUMATH TpPHBeJEHHble Bhilile B
3ToH IJaBe 3HAYCHHS.

KoagdHunenT Bapuauii HanpsiKeHH A Hauallb-
HON 3aTAXKKH U, 33aBHCHT OT cnocoba KoHTPOJA
3aTa:KKH. [1pH 3aTaxkKe [IHHAMOMETPHYECKHM KO-
yom pasbpoc ee cocrasaser o (25...30) %,
v, =0,08; mpu 3aTsxKKe Mo yrjy MOBOpOTa TaHkH
pa36poc 159, v,=0,05; npn xoHTpoae 3a-
TAKKH 10 JAepOopMayHHd TAPHPOBAHHOH YNpyroi
wa#bu pazdpoc =10 9%, v,=0,04; npu Kourpose
‘o yasineenHio  Goarta pasbpoc 4= (3...5) %,
03=0102.

PaccMOTpHM BEPOATHOCTHLIA pacueT BHHTOB
HA CTAaTHYECKYI0 NMPOYMHOCTD.

Cpennee 3HaueHMe o, W KO3 (PHLHEHT BapH-
AHH U, HalpsDKeHHsl BHHTA OT CyMMapHOHR
HaTrpy3KH COOTBETCTEBEHHO DABHDI:

0:= 0337+ AOpus

U= S/Ecz \/ Szar_!_(xssu)z/gc '

TI€ Gaar H Gay — CPENHHE HANPSKEHHA B BHHTE
COOTBETCTBEHHO OT HAUYaJbHOH 3aTAXKH H OT
BHewHel Harpyaxkd; S, Sar H Seu — cpeimue
KBafipaTHyecKHe OTKIOHEHHSI G., Gaar H  Oau}
% — K03pPHUMEHT OCHOBHON HATPY3KH: NPHMEM
v =0,25.

3anucas ycJIOBHe [IPOYHOCTH, oOfpege/isieM
H3 HEro KBaHTH/b 4, paclpele]eHHs Pa3HOCTH
Or H O, T. e. KO3PPHUHEHT, XapaKTepu3ywUIHi
BEPOSITHOCTD 6e30Tka3Hoi paboTel MPH  pacyeTe
Ha CTATHYECKYIO MpPOYHOCTh

te— 1

] (H«:UTJE‘{'UE ’

U,=—

The n.=0:/0. — KO3QPHUHEHT 3anaca crardue-
CKOH TMpPOYHOCTH NO CPeJHHM 3HAUYEHHAM; O,
H U; — Npelie]l TeKy4yecTH H KoapdHUHeur ero
BAPHAUMH.

H3 ycnoBuS npouHOCTH 11pH pacueTe Mo Kp M -
TEPHK BBHHOCHAHBOCTH B NPHHATOM 10O-
MyWEHHH, YT0 TNpeAelbHasl aMMIHTyaa Hanpsi-
KeHHsl BHHTOB HE 3aBHCHT OT CpeJfHero Hanpsxe-
HHsl, OMNpefe/isieM KBaHTHAb pacfpefesieHHs iUp,
PA3HOCTH Onpe H G,o, XAPAKTEPH3YKIOLIHH BepOAT-
HOCTb Ge30TKa3HoH paboThl MO BbIHOC/JAHBOCTH

’_ia"_l
Upg= — :
pa
V(uvnpa)® + v}
- O_1.% -
rge onpaz—K—— M g, — CpelHHe 3paye-
a

HHSl MpefeqbHOR aMMJIHTY/Ibl HAaNpsiKeHHs1 BHHTa
H aMIVIMTYAbl HANpAXKeHHH,

ana _ 0_ .8

o-ﬂ Kcroa
YCTAJIOCTHOH TPOUHOCTH NO CPEAHHM 3HAUCHHAM;

flas

~— KO3(h¢HuuenT  3anaca

U“pa=\f vi—}- v?m—i- Ui — KO (HUHEeHT  Ba-
pHauyH fipefe/bHOR  AMIVIHTYAbl HAMPSLKEHHMS,
Ur WU Ugy — KO3(hGHUHEHTH BapHAUHH [deTajeH
(BHHTOB) OJHOH n/IaBKH # CpefHHX TNpeaeslosB
BbIHOC/JIHBOCTH MATepHaAd Da3HBIX MJIABOK; Ug=
=0,06...0,08, v4,=0,07...0,1.

B kauecTse pacueTHOrCO 3HaueHHs Ko3dpH-
LWHEeHTa BADHAUMK U, KOHHEHTpauHd HanpsikeHuH
3a OTCYTCTBHEM 3KCNepPHMeHTaJbHBIX AaHHbIX
NpHHUMAaeM TeopeTHueckoe 3HaueHHe. I1pu pacces-
HHY paguycos 3axpyriaedHdt s npeaeaax {0,1...
0,144) R onenuBaem v,0,025, v, — Ko3ddH-
HHEHT BapHauH¥ aAMMJIMTYIbl BHemIHeH Harpy3KH.

[fo BHuUMC/EHHbLIM 3HaYeHHsIM KBAHTHJIEH u,

H Up, ¢ noMowpic TaGJHy n451 HOPMAIBHOLO
pacnpefejeHssi MOXKHO ONpefejHTh BepOATHOCTH
6e30TKa3HOl paGoThl Mo cTaTHYecKkoH NPOUMOCTH
H COAPOTHBJIEHHI) YCTaJIOCTH.

KOHCTPYKTHBHME H TEXHOJIOTHYECKHE Me-
PONIPHATHA NO NOBHLILIEHHIO MPOYHOCTH BHH-
TOB NpH mnepeMeHHOH narpyske. [Ipexie
BCETO BAXXHO YMEHLUIUTb JOJI0 MepeMeHHOMH
Harpy3kd, NpHXoAsulycsa Ha BHHTBL. [na
3TOTO HEOGXOAHUMO YBEJAHUHBATH MXKECTKOCTH
COBJIMHAEMBIX JeTalied H CTHIKa (yJyylleHHeM
TNIPHFOHKH, yBeNIHYEHHEM OMOPHBIX MOBepX-
HOCTEH, yBE/IHYEHHEM XKEeCTKOCTH MPOKIAN0K,
€C/IH OHH HMEIOTCSI) M MOHHXKAThH KEecTKOCTH
BUHTOB yMEHBIUEHHEM [HaMeTpa CTEPKHS
BHHTOB B HeHape3aHHod uactd no (0,8...
1,05)d,. YMeHbluieHHeM aMaMerpa cTepXHHA
(TpOTHB HOMHHAMBHOrO AHAMETPa pe3blbl)
yAaeTcs MOBbICHTL AOTYCTHMYIO Ty/NbCHPYIO-
IIYyI0 Harpyaky Ha coefHHeHHe Oojiee ueM
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B 1,5 paaa. Ilpu stoM ponycrumasi craTd-
yeckas Harpyska nonuxaerca. Muaoraa B co-
eflHHeHHe [OJ roJIOBKH GOJNTOB BBOAAT crie-
[Ha/ibHbIE YIpyrye Lanobl.

IIpouHocTs 1pu mnepeMeHHBIX HamMpsxKe-
HHAX OFpaHvuHBaeTcsd H3-332 3apO/JIeHUs
TPELLHH B O4arax KOHIEHTpauu#l HalpsxKe-
Hul. llosTomy ee 3nauutTenbHO Jerue no-
BBICUTH KOHCTPYKTHBHBIMH H  TEXHOJIOTH-
YECKHMH MEPOIPHUATHAMH, YeM CTAaTHUYECKYIO
MPOYHOCTD.

2¢ddekTHBHA ONTUMH3AUHA NPOPHUAA A5
[MOBBILUEHHA COMPOTHRACHHA YCTAMOCTH yBe-
JHUYeHHeM pajMyca 3aKpyrJICHHSl BIOAgHH.
Hccnemopanus wmnuiek us craned 38XA
u 30XI'CA nokasanu, uto IpH [epexoie
OT pe3b0bl ¢ MAOCKOH BMajHHOH K pe3ble
¢ paauycoMm r=0,1P npegensHasa aMnauTyna
Harpy3ku yeeiuyumaace Ha 23 %.

Bo usbexauue paspywenud B o6JacTH
cBera peabbnl ero crefyeT AeaTb [1J1aBHBIM.

S dekTHBHO BHIPABHHBATHL HATPY3Ky MexJy
BHTKAMH. ITO JOCTHFACTCA: 4) IIPUMEHeHHeM raex,
pabotalouHx Ha pacTaAXKcaue (puc. 7.29, a, 6 1 8) ;
6) KoMmeHcauded yAjiHHENHH BHOTA KOppeKuHeH
€ro wara (war BHHTA BBINOJHAIT MEHbLIHM,
yem war raidkn, a B 0co60 OTBeTCTBEHHBIX
Cyuasix [epeMCHHBbIM 110 JIHHe, B TOM ulicje Ha-
HECeHHeM pe3bObl Ha KOHHYECKOH nNOBEPXHOCTH);
B) H3rOTOBJIEHHEM TaeK H3 MaTePHAJNOB C [OHH-
AKEHHBIM MOAYJEM YIPYTOCTH — H3 aJI0MHHHEBLIX
CMJIdBOB; T') NMOHHMKEHHWEM XKECTKOCTH PeabObl my-
TEM BBIMOJHEHHS1 yria NpogHAA BHHTA HECKOJbKO
fonbliMM, ueM Yy radku, 4, TakKdm o0pasom,
PE3KHM yBeJHUYCHHEM nedopMaluH# BHTKOB TaHKH;

N
)
) ‘c:‘ \% ' ’
=EN y
’ - T
2‘ 1] i1 p=165
a) 8)
' C B=12 \\\\ (
10 3) ﬁ)

Puc. 7.29. KoHCTPYKTHBHBIC cnOCOGBL TOBBIILIEHHS
PABHOMEPHOCTH pachpefefeHdsd HATPY3IKH 10 BHT-
KaMm pe3nbbl  (f — KO3 (PHUHEHT NOBBLIEHUs
npegesa BHIHOCJIHBOCTH)

[1) TMOHM)KEHHEM KeCTKOCTH HanboJjlee Harpymey-
HBIX BHTKOB pe3b0bl (BLIMOJHEHHE OTBepPCTHA
rakke Mnom pe3b0y KOHHYecKHM, puc. 7.29, 2)-
€) BBbIMOJHEHHeM KOJblEBbIX BBITOUEK Y MecTa
BBHHYHBAHHWSAl IUMHJAGK H BHHTOB (pHC. 7.29, 4).
OnTuMaljibHasl KOpPpeKuHusi wara pe3bbbl MOMKET
ObITh  JOCTHFHYTA HA CTAHKAX ¢ YUCJIOBbIM
MpOrpamMMHBIM yIpaB/IeHHeM.

[IpotHOCTD CTEPXKHA BUHTOB MOBBILIAKYT
MJIABHbIMH [IEpexolaMH y rOJNIOBKY (pHc. 7.30)
n y cbera pe3p6bl. Pamuyc nepexomHoii
[IOBEPXHOCTH Yy TOJIOBKH BHHTA LEJECO00-
pasHo BulGHpATb PABHBIM HJIH GoJbmiuM (,2d
B c¢BfI3W ¢ TEM, YTO OIACHBIM CEYEHHCWM
B NEPEXO/HOH [OBCPXHOCTH SABJAETCA Ceue-
HHE MAaJOTO JHaMeTpa y I[epexoaa 3Toi
[OBEPXHOCTH B HUJIHHAPHYCCKYID YacTb
CTEPXKHA, B OTBETCTBEHHBIX KOHCTPYKI[HS
IPUMEHSIOT MJIHITHUYECKHE [IepeXOJHbIe Mo-
BEPXHOCTH U TOBEPXHOCTH, OUepUEHHbie Y-
raMd JBYX pajdycoB (GOJbLIIHH paguyy
MPUMEHSIOT HA YYACTKe, TPHMBIKAOUIEM k
HHAHHPHYECKOH YacTH CTEPHKHSA).

M3 TexHOJMOMdYeCKHX MePOHPHHTHH Cylie
CTBEHHOE MOBBIIIIEHUE TTPeae/ia BHIHOCAHBOCTH
JA3eT HAK4TKAa pe3bbbl (NpU [PaBHIbHON
TEXHOJOTUYECKOM [IpOilecce), TaK KakK BO
JOKHA MaTepHaaa He HepepesbiBaloTcH,
Tak:Ke 06KaTka BNAJHH 110CAC Hape3ahu:
HIW TOCJae Hapes3aHud W TepMoobpaboTk,
ecqM oHa mnpeaycmartpusaercd. O6raTkoH
POJIMKOM BOaJHH pe3bObl yaaercs MmOBBICH! L
pefes BBIHOCJAHBOCTH Pe3b00BbIX HeTaded,
BKJKOUAs KpynHble, B 2...3 paasa.

2
[
2] 4
o
L3
/} E T~
L3
! Q2
X
>
o 02d 2 r» 02d
z 1 y
) | o
/] / y L~
R’ s Fa //?
- - AR
A - Y
-1 -
rx02d
R205d

Puc. 7.30. TNepexonHbie Y4acTkH Y FOJIOBOK BHHTOB
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CyulecTBOBaBIee MHEHHE 0 Heobxonu-
MOCTH H3TOTOB/MEHHUSI BbICOKOHAMPSIXKEHHDIX
pe3bG, TOABEPKEHHBIX UHKJIHYECKOH Ha-
rpy3ke, 63 3a30poB ObLIO ONPOBEPrHYTO
9KCIIEePHMEHTAJLHO.

YeranocTHele paspylleHHs AeTaded (Jiu-
CTOB), CO@IHHAEMbBIX KPENEeKHbIMH BHHTAMH,
B 3HAYHTEJBHOH CTCMEeHHU CBA3AHbl C KOHTAKT-
HOH Koppo3suef.

[TosTomy mnpened BBIHOCAHBOCTH COEIWHe-
®HUA TIOBBLINIAETCA C YBEJHUYEHHEM CHJIbl 34-
TRXKH B HeCKOJbKO pa3d. D(h@eKTHBHO BH-
BOAHATD Hery0oKHe PAa3rpy304Hble KAHABKH
Yy KPOMOK COEIHMHSIEMBIX JIHCTOB, pasrpy-
WMALIIHe KOHTAKTHPYIOULHE CJIOH OT OCHOB-
HHX HAanpsKEHUH.

7.13. KJIEMMOBDIE ,
WU PPUKILHOHHO-BHHTOBBLIE
COEOJHWHEHHA

KaemmoBbie coeadnenus (puc. 7.31) npex-
CranisiioT cobol ppHKUHOlAbe (T. €. OCHOBAHHbIE
HA JeHCTBHH CHJ TpelHsl) COejHHEHWs, B KO-
TOPLHIX Heo6X0AHMOe HOPMAJBHOE J{aBIeHAe Co3/a-
@ICA 3aTSKKOH BHHTOB.

K/emMOBBIE COEiMHEHHS] MPHMEHSIOT AadA 3a-
KPEIJIeHHS HA BaNax M APYrHX KPYIVILIX CTEPXKHAX
AeTajield THMa KPHBOWHNOB, HIKHBOB, YCTAHOBOY-
MEX KoJlel, [MPeHMYIECTBeHHO OpH HeoOXoiH-
MOCTH nocaeqyroumx nepecTaHOBOK.

KiemMmoBbie coeauneHnsa He Tpe6ylOT HpH-
MEHEHHA IIMOHOK H MO3TOMY JAOMYCKAKT YCTAHOBKY
Aeranedil nop JOGBIM YIIOM H B n1060M MOJ0XKe-
HHUH Mo QJHuHe M1ajgkoro y4actka saqaa. [lpu srom

Puc. 7.31. KaemmoBble cOenlHHEHHSA

Ban Ie ociaadasercd mnoHkod. Ho kJIemmoBbIe
coegdHeHHs1 OOBbYHO HMEIT MOBbIIIEHHbIH JHC-
fasaHCc H MPH 3HAUYNTE/bHBIX HATPY3KAX HMET
Hoaviiue radapuTHble pa3Mepbl.

CoeniHennsi BBHIMOJHAIT ¢ pPa3beMHOH CTy-
nuued (puc. 7.31, a) W co cTynuueH, HMelOUeH
npope3sb A5 3aTACHBAHHA 1yTem AedOpMHPO-
BaHdA Teda cTyndubl (pHc. 7.31, 6).

CoejpHeHHsl ¢ pa3beMHOH CTYMHUEH c/oxKHee,
HX [PHMEHAKT NpH HeOOXOAHMOCTH MOHTAXKd
fea cHATHA ApYyrux fAeraned, cHasAIIMX Ha Bajy.

K.leMMOBbIe COCAHHEHHSA NPOCKTHPYIOT MO yCJIO-
BHIO Tepejaud KpyTSLUIEro MOMEHTa HJH OCeBoH
cuabl, Obsizartesel TaxKe pacyeT BHHTOB. 3axoH
pachpeie/eHHA 1aBAeHHsT N0 OKPYKHOCTH 3aBHCHT
OT KCCTKOCTH CTYIIHI H HAYaJbHOrO 3a30pa HWIH
Hatara. J1Js TeXHHUECKHX pac4e€ToB HMH MPHXOAHT-
csl 3aJaBaTbCsl.

[1pH oueHb BHICOKOH H3PHOHOA XK ECTKOCTH pa3b-
eMHOHA CTYHHIbI NPHHAMAIOT, 4TO 3M0pa AaBJ/leHHs]
Ha IMOBEPXHOCTH 3a)KMMa IMOBTOPAET  3MIOPY
BMATHA Baja B cTynuuy. JlasiieHne MakcHMaibHO
B HAIPaBJCHUH, MEPNEH}HKYJAPHOM K pas3beMy,
H CXOJHT K HWIIO K TIJOCKOCTH padbhemMa 0o
KOCHHYCOHA1bHOMY 3aKOHY = PoCOScL.

OaHako Hanbonee BepPOATHBIM CJIEAYET CHHTATH
pPABHOMEPHBIH 3aKOH, TaK KaK MOMEHT OT CHJ
3aTSAKKH BMHTOB YBeJHuMBaeT faBicHHe BO/IH3H
paabeMoB (puc. 7.32).

IMpu paBHOMepHOM pacHpefieeHdH naBjleHHs
paBHOAEHCTBYIOLIAST 18 BACHHSA CO CTOPOHBI KaXi0H
MOJYCTYNHLbI

n/2

Q=2

p cos ozvﬂ— ldo=pdl,
A 2

a CyMMapHasi, HOpMaJibHas K IMOBEPXHOCTH BaJja
cuna N or Kaxaoft nonyctymuubl, crnocobHas
nepegagarb casurawmylo cuiay fN (f -— xoapou-
IHEHT TpEHHA)

ndlp nQ
2 27
Otcwia, cornacHo yCJA0BHIO paBHOBECHA MOJY-

CTYITHHBI, CHJIA 3aTSIRKKH KaMJOr0 H3 2 BHHTOB,
YCTAHOBJICHHBIX C KaXJA0# CTOPOHBI,

N=

Faar Hsar

Puc. 7.32. Cxema pacnpefelleHus  jaBjieHHs.

B KJIEeMMOBOM COeJHHEHHH
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From =Y

ar— oo T -

Yeaoeue nepesauw coefiHHeHHem momeHta T
¢ KOst dHIHeHTOM 3anmaca S uMeer BHA

d ST
2Nf—=8T um N=_-__.
YcaoBHe nepefadyd coefHHEHHeM OCEBOH CHJIbI
Fa, paBHOMEPHO pacnpefeeHHON MeXAy ABYMS
MOMYCTYNHLLAMH,

SF
f

Ecau suewrnas oceas cuia npuiioxkena K of-
HOH MOJMYCTYNHUe, TO BBHAY 3HAUHTEJLHON NOLAT-
JAHBOCTH TMPH H3rdGe BHHTOB NPUHHMAIOT, uTO
BTOpaf MOMYCTYNHIA HE YYacTByeT B nepefaue
cufib. Toraa pacuetnoe yc/loBHe 3amUCHBAETCSH
B BHJe

a

N=

INf=SF, unu

SF
N=_2
f

Onnospemennoe neficTee MomenTa H oceBoil
CAJIBL  MOMKHO 3aMEHHTb [EHCTBHEM HEKOTOpPOil
paBHOACHCTBYOWEH F OKPYXKHOH CHJAH OT MO-
meHta 27/d wu ocesolt cunbi Fo, pacnpeneneHHol
Ha [iBE MOJYCTYNHUH:

F=\/(—-2d1)2+ P

Ycnoensl NPOYHOCTH CLEIIEHHS C/lefyiOllHe:

ONf=SF nmu N= L

2f

[Mpyu pacueTe KiIeMMOBEIX BHHTOB HYXKHO TaKiKe
YUHTHBATL TNepefauyy HMH NOJe3HOr0 MOMeHTa,
BOCTpHHHMaeMOro KphimkoA. Budth ogHoiél cro-
POHBL KPLILUKH JOMNOMHHTENbHO HATPYKAIOTCS MO-
JOBHHOA 3TOCO MOMEHTd; T. €. ONHOH UYeTBEPTbIO
MOJHOTO  MOMEHTa, nepefaBaeMoro KJIeMMOH.

[lpr pacuete K1eMMOBLIX CcOefiuHeHH#t ¢ npo-
Pe3hi0 JOMOJHHTENBHOW CHJIOH 3aTAXKKH BHHTOB
A% BbIOOPKM 3a30p0B B COAHHEHHH mpene6pe-
raoT HJIH Y4YUTHBAIOT €€ BBEAeHHEM Ko3(dHu-
uHenta 1,1. Pacnpenenenne napnenus no okpyx-
HOCTH MOXHO NPUHATL TaKKe PABHOMEPHBIM.
Torga ¢opmyabl, BbiBeieHHble nJfi coefHHEHH
C pa3beMHOH cCTynHueH, MOJHOCTHIO MPHMEHHMb
AJs1 coefiHHeHHA C npopesbio. EcrecrBenno, uro
oceBas cH/aa nepeflaercsl BceH MOBEPXHOCTHIO
koutakta. [log 2 B mawHOM cCilyuae NOHHMAIOT
NOJHOE 4YHCJAO BHHTOB.

Ilpy neRcTBUH OCEBOH CHANW HA NPOYIIHHY
GOJIThE LONONHHTEIbHO HATPYXKAKTCH CHIAMM OT
MOMEHTAa.

Nj=S8F, nan

§ 7.14. PPHKILHOHHBIE
COEAMHEHHSI KOHHYECKHMH
KOJbIIAMH

.CoeAHHEHHA NepeaawdT MOMEHTH H OCEBbie
Harpy3kH cHJaMH TPeHHS Ha TIOBEPXHOCTAX
KOHTaKTa Bala H CTYMHIBl ¢ MPYXHHHBIMH
KonbnaMu (pHe. 7.33). Ilpu sararusasnu
FaKH MpPyXKHHHbIE KOJblA HAIBHrAKTCsH
oguo Ha gapyroe. Ilpu 3ToM HapyxKHble
KOIbUA pacTArHBalOTCA H JIOTHO MPHKH-
MalTCA K CTyNHNe, a BHYTPEeHHHE KoJbLa
CKHMAIOTCA H MJA0THO NPHKHMAITCA K BaJy.

Kosiibna BHIMOJHAWT Hepaspe3HbiMH, Tak
KaK pa3pe3Hble Kojbla He ofecle4Hsad Ol
BBICOKOH TOYHOCTH Gasuposanusi, CoenHHe-
HHA 06/1aA0T CAEAYIOIIHMH JOCTOHHCTBAMH
AOTYCKAIOT 3aXKHM B JIO60M yrioBOM MOJO-
KeHHH, o6ecrneyHBaloT XOpOoLee UEHTPHPOBA-
HHe, He ocaabnsifoT BAJIAa WINOHOYHBIMH Ka-
HaBKAMHM HJIH IWIHIAMH, MOFYT MepefaBaThb
3HAYUTE/bHbBIE MOMEHTHl H OCEBble CHJIbI,
006ecneyuBaioT repMeTHYHOCTDL COEJMHEHHS.
OnHako paccMaTrpuBaeMble COEIMHEHHS JO0-
BOJIBHO CJIOXKHBI, TPeGYIOT TOYHOrO H3rOTOB-
JIEHHA, TAK KAK KOJibLiA MaJ0 Ae(GOPMUPYIOT-
CH, TpeOYIOT +Mecta [ PACTOJOKEeHUH
rauKH.

Bo3MOXKHOCTE 3aXKHMa COEJlHHEHUS B JIO-
GOM yIJIOBOM MOJIOXKEHHH BAXKHA BO MHOFHX
KOHCTPYKUHAX, B YACTHOCTH B MHOTIOMOTOU-
HblX PEAYKTOPAX ¥ TJIAHETaPHBIX Mepefayax,
B KOTOPBIX paccMaTPHBAEMOe COeTHHEHHE MO -
KeT obecneudTs Gosee paBHOMEPHOE pacipe-
JAeNeHHe MepefaBaeMblX KpPYyTAILUX MOMEH-
TOB MEXKIY TOTOKAMH.
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Prc. 7.33. Coennuends npyRHUHLIMH KOHHYCCKH-
MH KOJIblIlAMH
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7.4. Napamerpn coelHHEHHH KOHHUECKHMH KOJb-
uHaMH

F;ar, F;’ar, Fﬂ’
d,mM | D oMM {, MM <H k| LH-M| g
16 20 6,3 - 10 14 25 32

20 26 6,3 12 18 40 40
2b 30 63 99 225 62 50
30 3 63 85 27 9 60
40 45 8 14 45 199 100
50 57 10 24 73 400 160
60 68 12 27 106 705 240

80 91 17 48 203 1810 450
100 114  2i 61 317 3520 700
140 158 28 89 600 9350 1340
180 201 33 111 916 18 300 2040

220 244 38 122 1300 31700 2880

Yroa vakmona o6pasyoniux koJel BblGHU-
paloT ¢ yueTom TpPeGOBAHHI JEMOHTAXA.
Pekomennyerca yroa HakJona f=16°42
(tg p=0,3).

Canbl B COEIHMEHHH KOHHYECKHMH KOJb-
R8MH B [1DEAI0N0KEHHH TOYHOTO H3TOTOBJIE-
HWA ¥ MaJblX paJHafbHBIX 3430pOB OGBIYHO
QUpenesAoT N0 TEM e 3aBUCHMOCTSAM, YTO
H B KMHHOBOM COEJHHEHHH, ¢ Y4e€TOM TOIO,
HTO 4acThb CHJI TPATHTCA HA AehOopPMHPOBAHHE
¥onen. Cpennde pacyeTHble KO3(h@HIHEHTHI
TPeHUs B COEHHEHHH AJIA CTaJH N0 CTaJH U
no uyryny f=0,12.

B ta6a. 7.4 npuBenenbl pa3mepbl KoJell;
OceBble CHJbL VIS HX 1e(POPMUPOBANHKMA HA Be-
AvuuHy 3a3opoB Fia v st cospauus nas-
Aeuns B kourakre 100 MIla F%,,; nepena-
88eMbie MOMEHTHI T M OCeBble HATPY3KU [,
{BpI6Opka u3 katasora Ringfeder GMBH
Krefeld Uerdingen).

I1pu p=200 MIla 3nauveuus F, u T yasa-
HBawrca, npu p=>50 MIla - ymeHnsnaorcsa
B 2 pasza. /laBneHHs B yKa3aHHBIX [pefesax
BBIGMDAIOT B 3aBUCHUMOCTH OT [POUHOCTH H
COMPOTHUBJIEHUA CXBATHIRAHHIO KOHTAKTH-
PYIOILHX NOBEPXHOCTEH.

Tlpu 3atAruBanuu ofHOM rafikoi ABYX nap
Kojien( (cM. puc. 7.33) A0 BTOpO# napsl KOJeI
NOXOAHUT NPHAMEDPHO MOJOBHHA CHJIBI éaTﬂ}KKH,
H 3Ta mapa MOMXET NepesaBaTb MOMCHTB T
H oceBuie cHabl F,, B 2 paza MeHbwHe, yem
YKazaHHhie B Tafauue AAsl [IEPBOW naphl
KoJiell.

I
([epis

Pue. 7.34. CoeMHeHHA KOHWUECKHMH KOJIbLAMH,
3ATATHBACMBIMH BHHTAMH

IlocanouHble  MOBEPXHOCTH  AONYCTHMO
BBIUTOJIHATD ¢ OTKJAOHEHHSAMH PAa3MEPOB OTBEP-
CTHHI ¢ noJieM gonycka 7 u mana A6 aas
mMaJblx pasmepoB U fI8 u 17 coorBeTcTBEH-
HO AJIst 6OJLUWIHX pa3MepoR.

Ilpamensior Takxke coegiuends pazpes-
HbIMH KOHHYECKHMH KOJbIUAMH, CTATHBAEMBI-
MH HECKOJIbKHMH  KpPENe)KHbIMH BHHTAMH
(puc. 7.34).

Onu no3possioT nepeaasarth 6OJbIINE HA-
TPY3KH. 3aXXHMHOH 3JI€MCHT COCTOUT H3 JIBYX
pa3pesHbiXx HAPY)KHbIX 32>KMMHBIX KOUHUe-
CKHX KOJCLU, ABYX pAa3pe3HblX BHYTPEHHHUX
38K HMHBIX KOHHYECKHX KOJeL H JBYX Cpej-
HHX PACIOPHBIX ABYCTODOHHHUX KOHHUYECKHX
kosell. CpeaHue Kosbila, CTATHBAEMbIE Kpe-
HEeXHBIMH BHHTaMH, [IPHXHMAIOT 32)KHUMHbIE
KOJMLIA K BaJy H CcTynuue. 3a>KUMHBbE 3je-
MEHTBHL 3TOTO THHA BBHINOJAHAT IJA BAJOB
avametpom 20...1000 mm. HUx cTaBar mo oj-
HOMY € Kax/OH CTOPOHBL BAJA.

ITpu crecvenunlx raaputax mo OCH TpH-
MEHFIOT KJICMMOBBIE COEIHHEHHS W3 TApe/b-
qaTbix 1pyxHud. [Toa agelicTBHeM oceBOH 34-
THAMKH MpPYKHILE pBCHpﬂMJIF{}OTCH H 382&KH-
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MalT Bajg W crynuuy. Has ymewblieHHus
nNOTpefHOH CHJABl 3ATAMKH H. HANPHAMKCHUH
B IpYXHHAX HX CHA6XawT paanajbHbiMH
NpOpPe3AMH.

§ 7.15. OBLLHE CBEJLEHHS
O KJIMHOBbBIX COEJLHHEHHUSAX

KJHIIOBbIM Ha3bIBAIOT Pa3beMHOE COeIHHEHHE,
3aTATHBAEMOE HJIH PETYJHPYyeMOe ¢ [OMOILLLIO
KAnua. THOHYIBIM TIPUMCPOM KJIHHOBOTO COEIH-
HEHHA ABJIAETCS COeAHHEHHe CTePXHA cO BTYJKOH,
nokaszaHnoe Ha puc. 7.35. CrepyReHb umeer Roile-
peuHblH KJIMHOBKIH 0A3 ¢ YIJIOM, PABHLIM VIVY KJH-
na. Bryaka umeer maz nocrositnoro ceuenus. Co-
enHenHe OObLIUHO 3aTATHBAKOT, 3a0HBasl KIHH
HJIH nepeMeuiast ero nocpeicTsoM BHITA.

JIOCTOHHCTRA KJMHOBOLO COEJHHEHHH: a) Obl-
cTpota cOopkH W pa3bopkH; 6) BO3MOKHOCTB
co3AaHus OOJIBUIHX CHJT 3ATHKKH H BO3MOIKHOCTh
BOCUPHATHA O0JbLIWX HATPY30K; B) OTHOCHTE!b-
HAsl [1POCTOTA KOHCTPYKLHH.

[lo HasHa4eHHI0 KJHHOBLIC COCJHHEHHA pas-
AeSIOT HA: a) CHNOBLIE, NpEIHA3ZHAYEHHBIE IS
IIPOYHOrO CKPETJielHs geraneH; 6) ycraHoBOYHble,
MpeiHA3HA UCHHbIE /I8 YCTAUOBKH U pery/JMpoBa-
1t TPefyeMOro B3aUMHOTO MOJI0MKEHHA IACTaJICH.

CHAOBLE COEAHHCHUA NPHUMEHSIOT A5 NOCTOSH-
HOTO CKPenAeiHst Npy pesikHx paszbopKax B MailH-
Hax H NpH 4acTod cbopre H paszbopke B npHCIOCoH-
JEHHAX JAH 0O6paboTku AeTaJeH Ha CTAHKAX H B
cOOPHBIX MHTEHHBIX MOAEdstX. THIOBLIMH IpUMCpa-
MH YCTAHOBOYHBIX KJHHOBBIX YCTPOHUCTB SBJHIOTCH
fawmakdH (pHc. 7.36) nias BbhlBEPKH H YCTAHOBKH
MAiIHH, YCTPOHCTBA /A YCTAHOBKH H pPEryJ/Hpo-
BAHHA IIOILHIHHKOR BAaJKOB NPOKATHBIX CTAHOB.
B kypce «llerans MauwnH» B OCHOBHOM paccmar-
PHBAIOT CHJOBbLIe KIHHOBbLIC COGQMHEHHS,

BOALIIHHCTBO CHIOBBIX KJAHHOBLIX CcOeJHHEHHH
BBIOJTHAOT € [IPeABAPHUTEbHBIM HATATOM: KIHHOM
CO3J@88TCA BHYTPCHHAA CHAA, feHcTBylouas 4 npu
OTCYTCTBHH BHEIUHed HATPY3KH. YCTanoBOuHLIE
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Puc. 7.35. KA#HOBbIE COEIHHEHHA CTEPHKHA CO
BTYJIKOH:
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Puc. 7.36. YcraHoBoUHOE KJIMHOBOE YCTPOHCTBO

KJAHHOBBIE COeJHHEenHs OOBbIYHO BHIOJHAKT Oeas
(IpeIBapHTEJILHOI0 HATATa ¢ CHJOBLIM 3aMBIKAHH-
€M, 1PEHMVILEeCTBEHHO HATPY3KOH OT CHJI THMKECTH,

B KJHHOBBIX COEJUHEHHAX TPHMEHSOT NOYTH
HCKJIIOYHTENLHO OMHOCKOCHKIE KAHHbS, Paoune no-
BEPXHOCTH KJIHULEB BBUIOJHAIOT HHJIHHADHURCKH-
MH HJIM IVIOCKMMH ¢ ¢ackamd. Ilepsnie npeanoq-
THTENLHEE, TAK KAK BHI3BIBAIOT MECHBIIYID KOHHECHT-
PALHIO HATIPAKEHHH, HO CJIOKHEE B U3TOTOBJIEHHH.
B KpenexHbIX KJHHOBBIX COGJHHEHHAX YKJOHDI
BLIOMPAIOT H3 YCAOBHA CAMOTOPMOMKEHHS PaBHLIMH
1:100, 1:50, B wacTo 3aTArHBaeMbIX H YCTAHOBOY-
HbIX KiHHbAX — 1:20, 1:10, 1:4,

[IpHMepHBIE COOTHOUIEHHH PasMepoB KJUHBEB
(pc. 7.37) B COe)MHEHHH CTEPXKHA [HAMETPOM
d co BTYJKOH:

TOJIILHHA KJIHHA (M3 YCHOBHSI DAaBHOIPOUHOCTH
CTEPHA HA PACTAMKEHHe H HA CMATHE KJIHHOM)
b= (0,25...0,3) d; BoicoTa ceueHust kaHHa k=2 5b.
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Puc. 7.37. Pacuerubie cxeMm
HEeHUH

KJIHHOBOTO COEAH-
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Ilpy za6HBaHMM H BLIOHBAHHH KJIHHA (pHC.
7.37, @) cyMMApHBIE CHAbl HAa PABGOUHX rpaHAX KlH-
HA HAKJIOHCHbLE K HOpMAJISIM ila IO/l TPEHHHA ¢ B CTO-
pouy, o6paThyto nepemeutentnio kanna. O6osHaunm
ey 3adHBauust Kauwupa depes F, a  cHay,
pa3BHBAEMYIO HA CTepXHe,— uyepe3 . B ycraHo-
POUHBIX KTHHOBBIX COEIHHEHHAX OHA PABHA NOJE3-
gOW BHeljHcit Harpyske Q= Q.. B coeaunenunx
[ ﬂpeﬂBapHTCﬂthlM HATArOM II0 YCJNOBHIO, 4TO
pOC/IE TIPHAOKEHHA BHCUIHEH HATPY3KH B CORJHHE-
HHH COXPaHAeTCS HATHAr, pacueTHAasi cHJIa B CTep-
xie Q= (1,25...1,5)Qu.. Coruacdo ycaoBHIO
PABHOBECHS K/IHHA B HAMNPABJICHHH €r0 OCH MOX-
go 3anucate F=Q [tg (a-+q) +tg ¢].

Cuna BulOGMEBAHHA KJHHA

Fi=Q [tg (¢—a) +ige].

CaMoTOpMOXKeHHe OTpefie/isieTcd YC/IOBHEM, YTO
cuaa F, 6onbiue nad pasna Hyaw. [lomaras B npe-
AmMAyuleM ypaBHeHHH Fy22 (), nojgyuaem

tg (¢—a) +ig =20, otciona o< 2¢p.

Taxum oGpazoM, Yyros OJHOCKOCHOTO XJHHA
WAR CyMMa YIJOB CTOPOH (YToJ 3aoCTpeHHst) aBY-
CKOCHOTO KJHHA N0JKHBI ObITh MEHbLIE ABOHHOFPO
yraa TpeHust Ha paGouix rpaHsx.

PacueTHbH  KO3()pHIIHEHT TPCHMA  OOLIYHO
npunumalot pasium 0,1; Toraa ¢=a5°45". Onnako
NPH NAacTHYHOM CMA30UHOM MAaTepHase A YHCTBIX
AOBEPXHOCTAX KOHD(DHUHEHT TPEHHSI MOXKeT CHH-
®atoes no 0,04, HaoBopoTr, npH cyxHX 00e3KH-
PEHHBIX [MOBCPXHOCTHX  KOIPMHUMEHT  TPEHHH
mo3pacraer no 0,2...0,3 u 6onee. B KpencKHbHIX
KJHHOBBIX COoedHHelHAX oOeCrneyuBaeTcsl 3HauH-
TeAbHbII 3anac caMoTopMoxkeHust. [IpH ykaoHax,
MeHbiunx 1:25 M MOCTOAHHOH HArpy3Ke HET He-
O6XOAHMOCTH B CMENHAJILHBIX CTOROPHBIX  yCT-
PoficTeax, rMpejOXPaHAIIMX COEJAHHEHHA  OT
CaMONpOH3BOJbHOrC OcaabaeHdsa. B ocTaabHBIX
ONyYasx KJAHHbA CNEHHAJIBHO 3aKpemisior.

Ilpn pacuere xinHa npegnojaraioT, YTO JAB-
JACHHE MO MOBEPXHOCTH KOHTAKTA paclpeJeqsacTes
ga‘auomepﬂo (puc. 7.37, 6). B pelicTBHTE/BHOCTH

Acnpegesnenne papiaeHdst ocodeHHO nPH DONbLIKX

BArpyskax Oo.gee OJATONMPHATHO AAf NPOYHOCTH
KNHHa na u3rub (puc. 7.37, ). OpHako yCJaOBHBIH
pacuer faeT, JOCTATOYHO MPABHJbHBIH PE3YJbTAT,
TAK Kak B 6a/KaX-CTEHKAX, K KOTOPHIM OTHOCSITCS
KIHHBSI, HAIPAXKEHHRA MO BbICOTE pacnpeReIsaoTCA
MEHee HaTONPHATHO, YeM Mo 0ObUHOH TEOpPHH H3-
rH6a. HoMHHAMLHBIC HAnpAMKEHHA H3rHOA KiHHA
O6biuHo 0./ (1,5...2), HanpsiKenust CMATHS B Kpe-
NEXObX CcOeAuHeHHAX o./1,5, B 4acTto pasbupae-
MBIX 4 NOATATHBACMAIX COeJHIICHHAX HANpsKeHHA
CMATHSA B 2 pasa MeHbIue.

JLOMOAHHTeIBHO HPOBEPSIOT MOBEPXHOCTE KOH-
TAKTA KJAMHA H BTYJKH 113 CMATHE, XBOCTOBYIO
HacTb CTEPXKHS Ha Cpe3, a TAKXKE [IPOYHOCTh BTYJi-
KH Kak TOJICTOCTEHHOH Tpybbl, nOABEpKEHHOH
BHYTPEHHEMY dABNEHHK).

COENKHEHMD

[HTUHETAMKA e

§ 7.16. COELHHEHHSA LWITHGTAMH

[ITHdTH B OCHOBHOM HpEeAHA3HAYEHBI JL/IA
TOUHOTO B3aUMHOr0 GUKCHPOBAHHA A€Taled,
a Takke /JIA tepcaayd OTHOCHTEeJBHO He-
Goablinx Harpyszok '. [lo dopme wmTHHTH
MOXKHO  pasjiefiiTb Ha: [[HJAHHJpHYECKHE
(puc. 7.38, @, 6), KoHHueckHe (puc. 7.38,
8, 2, 0), LUHJIHHAPHUECKHe TMpYyXHHHbE pas-
pe3Hble (puc. 7.38,e), npocedyeHHbie [H-
JMHApPHYECKHe, KOHMYecKHe M J1p. (pHC.
7,38, xc.. k). [nagkue WTHGTH H3rOTOBAAIOT
u3 cradau 45 0 Al2, wrudThl ¢ KaHaBKaMH
M MPYXKHHHbIE — U3 NPYKHHHOH CTAJH.

[luaupnapuueckue WTHPTHL B OTBEPCTHA
CTABAAT C HATHTOM, OHH YyJepHKHMBAOTCA OT
BbIMAfaHHA CHJiaMH TpeHus (puc. 7.39, a), a
HHOTlda KOHOW WTHQTOB paCKIenblBAOT
(cm. pHc. 7.38, 6)}. J1as nO0CTOAHHOrO MPOYHO-
ro coejHHeHUs o0e AeTaJH CBEPJAT H pa3nep-
THIBAIOT COBMECTHO MMOJ, OAHH pa3smep. /lada
BO3MOXXHOCTH pa360pKH 6€3 BbIKOJIaYHBaHHS
ITHGTOB B COENHHEHUAX HA MJAOCKOCTH JIO-
NOJIHHTENbHO PA3BEPTBIBAIOTCHA OTBEPCTHS
B OnHOH jeranu. Kouuueckde WTHOHTHI Bbi-
noJHAOT ¢ KoHycHocTho |t 50, obecneunsaro-
med HageKHOEe CaMOTOPMOXEHHE H UEHT-
pupoBaHHe JAerajeit. OcHOBHBIE BHIbl KOHH-
gyeckdX wWITHGTOB: a) npocrhie, 3abinsaembie

! MpHMensiioTcst  TakKe ChHenHajlLHBlE Cpe-
3alouiHecs WTHQTH, CyXKaulHe npegoXpaHHTe/]b-
HBIMH 3JIeMEHTAMH.
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Puc. 7.38. OcHoBHble THNEI WITH(HTOR
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Puc. 7.39. Taanxue WTHAPTH

B OTBepCTHA (cM. puc. 7.38,8 u 7.39, 6),
NpHMEHsIeMble B CKBO3MbIX OTBEPCTHSIX MpH
BO3MOXHOCTH BHOUBaHHS APYrOH CTOPOHLL
G) c pe3b6oi Ans UaBJeYEHHs MPH Pa3bopKe
(puc. 7.39, 8, ), npHMeHfieMblE MpH ycTa-
HOBKH B IJIyXHe OTBepcTHA. B coepuuennsx,
MOABEPKEHHBIX TOJYKAM U yAapam, H B CO-
€HHEHUAX OHCTPOBpALLAOUIAXCH JeTanel
KOHHUeCKHe IITHGTH HeoGXoZuMO ChelH-
anbHO MPEAOXPAHATH OT ocaabyieHusl HATSra
H pbuinafaunsn. s 3TOro X BBINOJHAIOT C
Npope3bid H pa3BeleHHEM KOHLUOB HAH B
BHAE NPH3OHHBLIX GontoB (pue. 7.39, J).
Kotnueckune mrudTH B OCHOBHOM mpuMe-
HAIOT: 4) B COEJHHEHHSX fAeTajel Mo mJo-
CKOCTSIM, CTATHBAEMBIM KpEMeKHbIMH BHHTA-
MH; 0) B cOeJMHEHHAX MO LUHAHHAPHUCCKHM
H KOHHYeCKHM TOBEPXHOCTAM Baji — CTYMH-
ua. B ‘coenpHennsx getanedl mo nsockocTH

MPUMEHSAIOT OOLYHO NO ABa WTHHTA H OCYy- -

IECTBAAIT PHKCALNIO, TOTLA KaK OCHOBHAS
Harpyska BOCNPDHHHMAETCS CHJAAMH TPeHHs
B CTbIKE, CO31aBaeMbiMH 3aTHXKKOH BHHTOB.
B coeaurennnx netaneil Mo uHAHHIPHYECKHM
H KOHHYECKHM MOBEPXHOCTAM NPH HE6OAbIWIHX
Harpyskax WTHQTH 3aMeHsiioT LNOHKH.
[pyxuueble wruprTe (cM. puc. 7.38, e)
BaJbLYIT H3 JIeHTH H 3akajuBanTr. Beumy

——

2)

Puc. 7.40. lITudTo ¢ KanaBkamu

MOAATIHBOCTH HX MOMKHO YycTAaHaBJHBATD
B OTBepCTHA ¢ GOJIbUIMMH JONyCcKaMH, obec-
MeunBasl HANEXKHOE CcHel/ieHHe [axe MpH
YAAPHOH HAarpyake H COXpaHEHHe CHJAbL clEemn-
JEHH#A TIOCTe MHOTOKPATHOH cOOPKH H pas-
GOpKH. ‘

Tonwwuuy nentl  BuIGHpPAOT  paBHOM
(0,05..0,1)d, warar (0,015..0,025)d (d —
Anamerp WTHDTA).

Ultapter ¢ kanaBkamu (cm. pHe. 7.38,
J...K) He TpeOyloT pa3sepTbiBaHHA OTBEP-
CTHH, WTHOTH HANEKHO YAEPKHUBAOTCH
B HHX €3 JOTOJHHTENbHBIX CPEACTB 3aKpel-
neHdd. Tlpu 3aGHBawun wWrH(TOB B OTBEp-
CTHA BBIIABJICHHBIH paHee H3 KaHABOK MaTe-
puas ynpyro aedopmHpyetcss B ofparHOM
HanpasaeHnd. Takum oGpasom, co3gaioTcs
MOBLILIEHHbIE MECTHbIE JABJE€HUA, YTO MOBbI-
[HaeT MPOYHOCTDb cuenJeHus. Buicotry sbicTy-
nmos A BHOGHpalOT TNpH  d=25.3 MM
h=0,25 myM; npu d=10...12 MM A=20,4 MM.
[Ituprol c KaHaBKaMH NPUMEHSIOT mpe-
HMYLLECTBEHHO AJf Tepefadyd HarpyskH, a
TaK e B Ka4ecTtse WnoHok (puc. 7.40, a, 2),
oObl4HbX WTHOHTOB (pHc. 7.40, 6), MeakHX
ocedl (puc. 7.40, 8), reo3nedl (puc. 7.40, 3).

[MtupTel ¢ KaHABKAMH PACCUHTHLIBAIOT
TaK Xe, Kak rnajikue, Ho ¢ Ko3pduunedTom
ocnabaenus, pasueim 1,3...1,5.
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COEAHHEHHS

§ 8.1. IUNMOHOYHDBIE COEAMUHEHMUA

[Inodka — netranb, ycTaHaBaAMBAeMas- B
naszax JAByX COMNpHKAcaloWuxcd Aeraled
H MPENATCTBYIOUIAA OTHOCHTENBHOMY MOBOPO-
TY HUJH cABHTY 3THX AeTtajed. Ulnouks npeu-
MYLUEeCTBEHHO [IPUMEHSIOT [J15 lepeiaud spa-
(IA0ILEer0 MOMEHTA OT BaJa K CTYNHUE HJH
Hao6opor.

[[InowouHele coeinHeHUss MOTYT GBITb pas-
JesieHbl Ha BE Tpynmbl: 1) HeHanpfKeHHbIE,
- OCYILECTBAAEMbBIE  [PU3MATHUCCKHMH  HJIH
CerMCHTHBIMH  LUMIOHKAMH; 2) HANPANKEH-
Hble — KJAHHOBBIMH IUMNOHKAMH MJH LITHO-
TAMH.

inoukn Bcex ocHoBubix THnmos B CCCP
' CTAHAAPTU30BAHBl H HX pa3Mepbl BHIGHPAIOT
no 'OCTaw.

OcHOBHOE TNPHMEHEHHE HMeIOT HeHamnps-
¥edHble COeJMHEHHA, B KOTOpbLlX 115 OHec-
MeYEHHs HAIJEXKAULETO UCHTPUPOBAHHA H
HCKJHIOUEHHS KOHTAKTHOH KOPPO3HH CJefyeT
CTYIIHIBl YCTAHABMAUBATDL HA BaJibl ¢ HATATOM.

[IpuzamMaTuueckue WNOHKH
" (pHc. 8.1) BHIIOAHAKT NPAMOYrOJBHOrO ce-
YeHHUS C OTHOUIEHHEM BRICOTHI K {IIMPHHE ceye-
HHsA oT 1:1 Ana BanoOB MadbiXx JAHAMETPOB

Puc. 8.1. CoennHenne npu3amMaTHUECKOH INOHKOA
(a) co cKpyriieHHbIMH (6) ¥ IJOCKHMH KOH-
HaMHu (8)

a0 1:2 anas Bajos GOAbIIMX [HAMETPOB
(TOCT 23360-—78*). KoHubl UIMOHOK BbIHIOJ-
HAIOT NJAOCKHMH HJAH CKPYLACHHBIMH (PHC.
8.1, 6, ). TlpuamarTHueckne WNOHKH NpEeUMYy-
IICCTBEHHO W3TOTOBJSIIOT U3 YHCTOTSIHYTOH
crand. PaBounMH y HpU3MATHYECKHX [III0-
HOK ABJAIOTCA GOKOoBble, GoJee y3KHE rpaHu.
[linouky Bpe34aloT B BAJ U CTYIHUUY Ha ray6u-
Hy Ookoa0 0,5 ee BHICOTHl A, NpH UYYTYHHBIX
CTYIIHLAX HECKOJNbKO TrJyf6xe B CTYIHIY.
B panWanbHOM Hanpap/eHHU NpefycMart-
puBaioT 3a30p. OTKJIOHEHHS LUHPHH LUMNOHKH,
MasoB B CTyMHIE H B Bany BbIGHPAIOT COOT-
seTcTBeuno A6, H7 u 6. ;

Henocratox npuaMaTHyecKHX LIMOHOK —
TPYAHOCTE OGECMEYEHUsT HX B3aHMO3aMeHse-
MOCTH, YTO OlpaHHYMBAET HX IIPUMEHEHHE
B KPYHHOCEDHHHOM H MaccoBoM IPOH3BOJI-
CTBAX. :

[1pocThie 1IMOHKH 3aKnajipBaloT - B 1a3
BaJa, COOTBETCTBYIOIHA A/HHEe (INOHKY, 6c3
KpenseHua {(cm. puc. 8.1). OrpaHHueHHOe
NPUMEHEHHEe HMEIOT MOJBHXHBIE CcOe/iHHEeHHUS
HanpapsIOIIUMH [ITTOHKAMH, KOTOPHIE MpH-

_KpenadoTesa K BaJdy BHHTAMH.

B ¢BA3H ¢ TeéM, 4TO BBEIKOJIAYHBAHHE [PH3-
MaTH4E€CKHX LWIIOHOK U3 BAJIOB NMpH pasbopke
B YCJOBHAIX CTeCcHEeHHbIX TaGapPHTOBR MOXKET
MPEeACTABAATL TPYJHOCTH, BAJbLL MO BO3IMOXK-
HOCTH [IPOEKTHPYIOT TaK, YTOOLI BCE JeTajH
MO[JIH ObITb AEMOHTHPOBaHbl 6e3 yaafeHHs
wnoHoK. s 3toro Baanl nesaioT ¢ HeoGxo-
JUMBIM TNEPenafoM [OCAAOUHBLIX AMAMETPOB.

HAnn  ofJierueHus  U3rOTOBJIEHHS  BaJja
WIIOHKH Ha BaJNy UeJeco0fpa3HOo [10 BO3IMOXK-
HOCTH JIEATh OJIHOTO MOIEPEUHOr0 CeueHHUs.

YCTaHOBAEHHbIE BIJIOTHYIO 3yfuaThie KO-
Jleca, ecJiH OHH NepefalnT MOMEHT B pasubie
CTOPOHBl (Belyliee U BepOMOe), Jayulle BO
H3bexkadue nepexkoca cakKaTb Ha pasHbie
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Puc. 8.2. PacueTHas cxema W Xapaxrep nelCTBH-
TEJbHLX 3MI0D JaBJIeHHsl B COeJHHEHHH MpU3-
MATHYECKOH LIMOUKO#H

IUINOHKH, a €CAH B OJHY CTOPOHY, TO Ha 06-
YO IHNOHKY. ,

HIvpuHy mMOHOK BbIGUpAOT paBHOH
(0,25...0,30)d, nnst cambiX KPYNHBIX BAJOR
0,2d, rne d — nuameTp Baja.

Pasmepbl ceuenHid CTaHMAPTHBIX MpH3MA-
THYECKHX LIMNOHOK, B MM: 2X 2: 3X3; 4X 4;
XD, 6X6, 8X7;, 10X8, 12X8, 14X09,
1610, 18X 11, 2012, 22x14; 25X 14,
28X 16, 32X 18, 3620, 40X 22, 45% 25,
50X 28, 56X 32, 63X 32, 70X 36, 80X 40,
90 < 45, 100 x /0. '

CTaugapTH30BAHBLl TAKMKE BLICOKHE IIIIOH-
KH MNOBBLILIEHHOH HecyuwieH Croco6HOCTH C
oTHoweHueM b/h=0,9.

OcHOBHBIM pacuyeToM [ Npu3MaTtHue-
CKHX IITOHOK AABJASETCS YC/AOBHHE pacyeT Ha
CMATHE B [PENNONOKEHHH DABHOMEDHOTO
paclipefiesieHHsl JABJEHHS [0 TOBEPXHOCTH
KOHTAKTA GOKOBBIX rpaHeil LIMOHKH C BaJOM
H CTYMNHIEH.

Jlas mpocTOTH pacyera npeanoJaraor,
YTO MJAEYO CHJA, MEHCTBYIOLIHX HA IUNOHKY,
MOXET ObiThb NPHHATO paBubiM 0,5d (pHc.
8.2, a}. Toraa ycjoBHe NPOYHOCTH LIMNOHKH
Ha CMsTHE

g:2T103/ (d[k) ;<__ [0'] My

rne T — Bpamawomuid moMent, B H-wM;
{ — pafouas gnuHa WINOHKH, MM; k=~ 0,4k —
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rny0HHa 8pe3aHHs UWINOHKH B CTYHNHLY, B My
(cm. TOCT 23360—78%); [6]ew — B MIla,

B cBA3u co craumaptusanmell ceueHui
HIMOHOK (OPMYJy uyalue [PUMEHSIOT s
NMPOBEPKH [ABJCHUA HJAH JOMYCTHMOTO Ma-
MEHTa, MPUYEM NJIHHY WNoHKA [ BbIfupaior
B COOTBETCTBHH € JJHHOH cTynuubl. [Ipu ne-
OGXOAHMOCTH 110 GOpPMYJie ONMPERensiioT AJH-
HY LUIOHKH,

IpuuAraa cxema pacupelienedusi [gapJe-
HHH ABJAAETCA yeaoBHOH. B ¢BA3H ¢ neuabex-
HBIM [IEPEKOCOM LUTIOHKH JlaBJieHHe paclipeje-
JFIETCA MO BbICOTE pabouux rpaHed pesko
HepaBHoMepHO (pHc. 8.2, 6), B pesyabrare
4Eero MOMCHT, ONPOKHABIBAIOIIHHA WIIOHKY, HE-
Bequk. Kpome toro, na paGouux rpansx
UIMOHKH BO3HHKAKOT CHJIbl TPEHHUS, TIPEHsATCT-
BYIOIIHE NEPEKOCY WINMOHKH. SMOPbl dBAEHHSA
YKa3blBAIOT HA TO, UTO MPAMOYroJsbHas ¢op-
Ma CEeYeHHs LUMOHKH He AIRJISeTCs ONTHMAJb-
HOH W yCTynaer, Halpumep, IHEeCTHIPAHHOH,
B KOTOPOH BO3MOXKHO GOs€e pPaBHOMEPHOC
pacrpefesieHHe naBsleHHs MO0 WHPHHE rpa-
Heill,

YcoBHE TPOYHOCTH HA CPe3 110 CeueHWIO
AA craupapTHex wWnoHoK ofecneveno npH
CTAHAAPTH3AUHMU. TlpH NpoekTHPORAHHH CO-
OTBETCTBYIOIlAs MpoBepKa ue TpebGyercH.

Cermeutruse wmnowku (FOCT
24071 —80*) npuMeHsiOT B CBA3H ¢ TEXHO-
JIOTHYHOCTBIO COEJHHEHHSI, He TPebyIllero
pyuHoO# npurouku (puc. 8.3). JlocToHHCTBOM
COeIMHEHHU S SIBAAETCA TAKXKE yCTOHYHBOE MO-
JIOKEHHE UIMOHKH B BAJY, UTO yMeHblIAeT ee
epekoc U koHueHrpauuio pasaenus. Ulnou-
KH MPH KOPOTKHX CTYMHUAX yCTaHABJAHBAIOT
MO0 OJHOH, MPH JJMHHBIX — [0 JBE HA JJIHHE
CTYTHIBL.

D
7~

Puc. 8.3. CoendHenHe CerMeHTHOR IWIIOHKOH



LIMOHOYHBIE COEJHHEHMUA 129

= J:100

( 8
o oo
QEW
C D,
2)
Puc. 8.4. Coenuuenns KJIHHOBBIMH  LUIMOHKAMH

CermenTHble [INOHKH XapakTepH3YIOTCH
JABYMSI OCHOBHbIMH TapaMeTpaMu: UIHpH-
uoii b u auamerpom 3arorosku d,. lllupuny
M ray6uHy Bpe3aHus B CTYNHIY BHGHPAOT
NPUMEPHO TAKHMH K€, KAK U Yy MPH3MaTHUE-
CKHX [LTIOHOYHHX COEAMHEHHH.

Bricory mnosxu A BubupaoT okono 0,4 d,.
Hauna wnowox ! 6au3ka K d).

[[InoHoyHbIH ma3 JnAA CerMeHTHbIX LIMNO-
HOK (pesepyloT cneuHanbHol Ppesoi, coor-
percTBylOILed pasmepy wrnonku. Hepocrart-
KOM CEFMEHTHBIX LUIIOHOK siBJsIETCA HEOGXOo-
JUMOCTB riy0OKOH KaHaBKH HA BaJy.

CermMenTHble WINOHKH PACCYHTHBAIOT TaK

e, KAK W Mpu3MaTHyecKHe, [pHHHMAA
k=h—1.
Llunuuapuyeckue LI 11 O HK H-

WwTH$TH (pHc. 8.4, a) (TOCT 3128—70%,
I'OCT 12207—79%) BcTaBASIIOT B OTBEPCTHHA,
KOTOpBIE BHICBEPJIHBAIOT B COOpaHHOM COoeH-
HMeHHH NapajjenbHo OCH BaJja (MONOBHHA
AHaMeTpa B Bady, [OJOBHHA —— B CTYIIH-
ue). lLluavuppudyeckue WINOHKH [PHMEHSIOT
TOJILKO IPH PACNONOKEHHH CTYTHUB! HA KOH-

e BaJja, NMPeHMYILECTBEHHO HAa Baaax MaJjIou
aannbl.  Jdwamerp wnoukd dyw=(0,13...
0,16)d, nnusa ee [=(3...4)dw. Ilocaixa
C "HarArom, B uacruwoctd, H7/r6. Linnuuapu-
yeckKHe UIMOHKH BHI3BIBAIOT PAAHANbHYK pac-
MOPHYIO CHIY.

Heo6xoaumoe 4HCA0 UWNOHOK 2 (HMJH
IJIMHBL [} onpeensiioT U3 pacyera Ha CMATHE
¢ yueToM cepnooOpas3HOH 3MIOpH pacnpene-
JIEHHA NaBJeHHA:

2=16T10%/ (nddu! [0] cu) .

Topuospe mnpHa3MaTHUYEeCKHE
W00 HKH CAYXKAT [A COeIHHEHHs IBYX
TeJl BpaUleHHA 0O TOPLUOBOH [10BEPXHOCTH
(puc. 8.4, 6). Topuosble WINOHKH MPUMEHSIOT
npu Mnepefaye 3HAYHTEJABHBIX MOMEHTOB
c1aHIEeBLIMH COeAHHEHHAMH BaJsOB, WITHHE-
Jief CTAHKOB C HHCTPYMEHTAJILHBIMH TMOJIOBKA-
MH# U T. 1. Bo.H36eKaHHe NosBNeHHs MOoHepey-
HOH HATpYy3KH B coeMHAEMbIX JeTAaNSX IIOH-
KW YCTAaHABJHBAWT o yriaom 180°,

Kaunnoese wnodku (I'OCT 24068—
80%) mnpenctapasioT co60H KAHHBA OOGLIYHO
c ykaoHoM 1: 100 (pHc. 8.4, g 4 2). B otanune
OT MPU3MATHYECKHX, Y KIAHHOBHIX LWIOHOK
paGoOuHMH ABJAIOTCA LWHPOKHE rpadd, a Ha
GOKOBBIX IpaHAX HMeeTcs 3a30p. KaWHOBble
IIMOHKH CO3/al0T HANpsAKeHHOe coeJlHHeHue,
CrocoGHOoe nepeaBaTh BPaIlaoUAd MOMEHT,
OCeBYIO CHJAY H yaapHble Harpy3ku. OaHAKo
K/IHHOBBIE LUMOHKH BBI3LIBAIOT pajHajbHbie
CME[IE€HHA OCH CTYMHIBI IO OTHOIIEHHIO K OCH
Bajia Ha BEJHUHHY pajHalNbHOro Mocalod-
HOrO 3a30pa M KOHTAKTHHX aedopMaliii,
a cJefOoBATENbHO, yBeJHUHBAOT GHeHHe Ha-
caXeHHoH peradd. [Tosromy o6aacTb npHMe-
HEeHHA K/JAHHOBBIX INMOHOK B HACTOMIIEE Bpe-
Msl pe3Ko cokpatusachk. B ToywoM MawHHO-
CTPOEHHH W B OTBETCTBEHHHIX cO€JHHEeHHAX
MX COBEPUIEHHO He Hcnoab3yior. [lnouku
C.ToJloBKaMH (pHc. 8.4, 8), yno6Hble pH He-
O6XONHMOCTH YacTOH pasGopkH, TpelfyoT
CMeHaNabyblX OrpaxKaeHui.

Pa3amepnl ceyeHHH CTAHAAPTHLIX KJHHO-
BbIX UIIIOHOK T€ XK€, yTO 4 Y NPHU3MATHUECKHX.

CoenvHenusl Bpe3HbIMH KJIHHOBBIMH IIMNOH-
KaMH BBHIOJHAIOT € 1NasamMy JJIsl LIMNOHKH
HA BaJy H B cTynuue (cM. pHc. 8.4,8 U e).
[Ta3z B cTynune WmeeT yKIOH, COOTBETCTBYIO-
IUHA yKIOHY Kauua, T. e. | : 100.
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HonycTumas cuaa MexAy WINOHKOH H Ba-
JOM OomnpejenfeTcsl H3 pacyeta Ha CMATHE
[pH TPEYTOJbHOH NO MWHPHHE WTOHKH 3Tope
NaejieHdsi, o0pasyeMo#i B pe3yabraTe 3a-
GUBKH LIMOHKH H feficTBHA MomenTa. onye-
THMbIH MOMEHT CKAajbIBAETCS H3 MOMEHTA
TPEHHSI MEXIY BajJOM H CTYNHUEH H BajoM
H LINOHKOH MJIOC MOMEHT OT TPeyroJibHOH
3MIOPbHl JaBJEHUS Ha ILIMOHKE,

CylUecTBYIOT KAMHOBHE WITMOHKH: HA JbIC-
Ke, MeéHee ocnafasoliue BaJ, H PpPUKLHOH-
HbI€, MO3BOJIAIOLIKNE CKPEMJieHHEe BaJia H CTY-
MULB B JIOGOM MOM0XKEHUH TO YIAY H IJHHE.
[Tpumenenué ux OueHb 'OrpaHUYEHHO.

Coenguuenusn TAHreHNHAJb-
HBIMH KJAHHOBBIMH WHNOHKAMH
(puc. 8.5) oTaIMUAOTCA OT COCAUHEHHE MpOC-
THIMH KAHHOBBIMH [INIOHKAMH TEM, YTO HATATr
MEXIY BANOM H CTyNHUEH CO3JaeTcsl He B
panHanbHOM, a4 B KacaTeJibHOM HampasJje-
HHH, B CBA3H ¢ 4yeM HeOOXOAMMAa YCTAHOBKA
ABYyX wnoHok. lLINoHKY B TaKux coe fHHEHHAX
paboTaloT Ha CXKaTHe, T. €. B JY4IIHX YCJIO-
BHAIX, 4YeM B JPYrux LINOHOUYHBIX COEJHHE-
HHAX. Kaxnyo WNOHKY COCTABJAIOT H3 ABYX
OJHOCKOCHBIX KJAHHbeB, 0OpallleHdbiX BEPILH-
HaMH B pDasHble CTOPOHBI, C NMapaJnebHbiMH
BHEIIHUMH pabouynmu rpadsamu. Harar ocy-
IECTB/ISIETCH OTHOCHTENbHLIM OCEBHIM CMe-
wenHeM KiadHbeR. llnonku craear o6biuHO
nox yraom 120...135°.

CoenHHeHUA TAHreH{HAbHBIMA WIIOHKAMH
IPUMEHSAIOT B THXKEJNOM MalHHOCTPOCHHH
MpH GONbIIMX NAHHAMHYECKHX HATpY3Kax.

[ocynapcrBenHbie cTaHaapThi (FOCT
24069—80 n 24070—80) oxsaTbiBalOT ABA
BHA COEAHHEHHH: IIMNOHKH TAHreHUHAaJb-
Hple HOpMaJlbHBIE [J1f1 BaJOB JHAMETPOM
60...1000 MM H ycHneHHBIE IJ8 BaJOB qUA-
merpoMm 100,..1000 mwm,

Mexny wupunoii & (puc. 8.5) u rayéu-
HOH ¢ ma3sa CyuecTsyloT onpejeneHdble
cooTHowenusa. lllupuua nasa b Haxoputes
KaK MOJIOBHHA JUTHHBL XOPABl CerMeHTa, crpe-
Jia KOoToporo pasHa {. B coeguuenusx
YCHAEHHBIMH WnoHKkaMu {=0,1d 1 b=0,34d,
B COCIUHEHHUAX HODMAJABHBIMH LUNOHKAMH !
uamensercs ot 0,1 154 pna Mansix nuaMeTpos

o 0,066d nna GonblIHX, COOTBETCTREHHO
b uamensercs ot 0,32d no 0,2484.

Pacuet coepnneHHs seayT, HCXOAS H3 pa-
BOTHI OMHOH UIMOHKH, TAK KAK KAXKJIA51 INOH-
Ka MepesaeT MOMEHT B OJHY CTOPOHY.

Mowmenr (H-m) cospaerca okpyxHON
cHoH F; HA WIMOHKe, MPHJ0XKEHHOH Ha Je-
ye (d—1)/2, u cunoit tpenua Fif mexny
CTYNMHIEH H BanOM, MPHJAOXKEHHOH Ha me-
ye d/2:

d—1{ 4
T=[F,—T+?th%]/103.

[Mpunsae {~0,1d u
(¢ — pasmep ¢ackn Ha pabouell rpauu
IIMOHKH; [0] cw — MOMyCKaeMoe [aBjeHHe,
B MIla), nonydyaem pacuernyio bopMmyay aaa
MOMEHTA '

Tg(0,45+% f) di (t—c)[s].,/10%

B stofi dopmyne ne yyuTHIBAETCH BJHA-
HHE CHJBl HawaJbHOH 3aTHXKKH, KOTOpas
HEeCKOJIbKO YBE/IMYMBACT JAaBJeHHE HA UITIOH-
Kax.

B kauecteRe MaTepuaga AAA wno-
HOK OOBIYHO [IPHMEHAIOT CpeHeyrjaepo-
cTbie ctanau. [IpuamMaruueckne mmnoHku Haro-
TOBJSAIOT U3 YHUCTOTAHYTOH CTAJH, [OCTAB-
asemo B cooreetrcreud ¢ ['OCT 8787 68.
Honyckaercsa npumeHneHHe [pyrofi craju c
os 22600 MIla.

Lienecoo6pasno, uto6bl MaTepuas npu3Ma-
THYECKHX LUMNOHOK GblM MeHee MPOUYHbIM, YEM
MaTepdas Bajia H CTyNuubl.

Hanoxendble ynpoineHdole MeToibl pacue-
T4 MO HOMHHAJbHHIM JABJeHHAM 0e3 yuera
NEPEKOCOB ¥ KPOMOUYHBIX TaBJEeHHH, BO3MOX-
HOCTH MepeTHAKKH HANPAKEHHBIX COeIHHEHHH

Fi<(—c) o] e

§ Ykaon 1:100

g/[,‘x&fh'jo

Puc. 8.5. CoeavHeHHS TaHTeHUHANBHBIMH [HNOH-
KamH
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TpeGyIOT MOBBILUEHHBIX 3HAYGHHH KOIDPH-
ngeHTa Ge30MacHOCTH HJAM JONYCKAeMblX
AABJCHHE. '

Jlonyckaembie gaBieHHsl [0]c B Heno-
JBHXHBIX [ITIOHOYHBIX COCLHHEHHAX NpH He-
peBEpPCHBHOH CMOKOHHOH HArpy3ke MOXKHO
BLIGHPATE ¢ KO3bhHUHEHTOM Ge30MacHOCTH
[10 OTHOLUEHHIO K TIPefey TEKyuecTH Haubo-
nee cinaboro Mmatepyana passHeM 1,5...2, npu
peBepcupHofi — 8 1,5 pasa Gojbue.

[Ipy Manbix MOMEHTAX BMECTO IUIIOHOK
MO HO TIPHMEHATb WITHPTLL, KOTOPbIE pacro-
JIaraioT B PaJHAJbHBIX OTBEPCTHSX.

8.2. IWJIHLEBBIE COENHHEHHS

[lannesble coefHHEHHA Baj — CTyNHLA
(puc. 8.6) npenctasasnoT cobGoi coeAHHeHuS,
ofpasyembie BBICTyNamu — 3yObsiMH HA Ba-
By BXOAAILIMMH BO BNAXHHBI— LIJHLLL COOT-
BeTCTBYOILEH (GOPMbl B CTYIHLIE. DTH COEIH-
HEHHS MOMHO MPEeACTABHTb KAK MHOTOILIMNO-
HouHble, Y KOTOPbIX WINOHKH BbIMOJHEHB 32
OLHO 1Ee/I0e C BaJIOM.

Hlnuuessie coequHeHHs] MMEOT TO Cpas-
HEHHIO CO LMOHOUYHBIMH CJAEAYIOUIHE NPEUMY-
u1ecTBa:; a) GOMbIIYI0 HECYLLYIO CNOCOOHOCTD
[IpH OAHMHAKOBBHIX raGapurax 6aarogaps 3Ha-
yuTeJbHO Gosiblieli pafoueH NOBEPXHOCTH H
paBHOMEpHOMY DACHPEeNEHHIO JaBJCHHS T10
BbICOTE 3yObeB; 6) GOALLIYID YCTAJMOCTHYIO
MPeYHOCTh Basad; B) NETAJU HA Bajgax Jydlie
HEHTPHPYIOTCH H MMEIOT Jyyllee HANpaeJe-
HHE TPH Nepe/BHKeHHH BJOJb BaJa.

Pue. 8.7. Buabl ueHTpupo -
BAHMA MPsMOGOUMBIY ILJIH - 2
UEBLIX coOCAHHEHHH -
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a) 0) 8

Puc. 8.6. BHabl WanueBblX CoefHHeHHH:
a — npaMo6ouHoe; 6 — 3BOJIbBEHTHOE, & — TPEYroJb-
HbIMH 1IUWJHIIAMHA

[lnuitesple CoeJHHEHHS MPUMEHAIOT B Ka-
YyecTse HeMOJABUMKHBLIX [Jf XECTKOro coeiH-
HEHUS CTYIHIbl C BaJOM; [Jisl CO€NHHEHHS
¢ KoMmmeHcanued HeOOJbLIOH HECOOCHOCTH;
OAS NONBHMKHOTCO COeiMHeHHA (¢ OCeBbIM
nepemenieHueM) 6e3 HArpyskd H I0J Ha-
rPY3KOH.

KoMnencauua HecoocHOCTH ObiBaeT neol-
XOAHMA B CBfI3H C MOTPELIHOCTAMH H3TOTOB-
JIEHHs1 HJIM TpPeOOBAHHAMH CAMOYCTAHOBKH.
[Tpumepnl oceBblx nepeMeLeHHH MON HArpy3-
KOH — cBepJiufibHble LIMHHAENH, KApAAHHbIE
Bajsibl aproMobuneii; 6e3 HArpyskd — nepe-
NBUXKHBIE 3y6uarbie Kojeca B KOpoGkax me-
penau.

[IpamoBounne WJAHIEBH €
coefquHenHsn (pdc. 8.7) B Hacrosuiee
BpeMs UMEIOT HauGoJbllee paclpocTPAHEHHE
(B ofwemM MamuHOCTPOoeHHH oKoao 80 %).
[Tpodune ouepyupaeTcd OKPYXKHOCTbK) BHI-
CTYNOB, OKPYXXHOCTbIO BHNAJMHH H MPAMBIMH,
00pa3yIIHMH HA BaJly BbICTYTBI-3yObsl MO-
crosanHol Tomuuabl. [OCT 1139—80 npeny-

HCNOAKEHUS -
A B C
£x45° .
Cx45
a
7777
i) Sh
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CMATPUBAET COeIHHEHHS] TPEX CEPHH: JIErKOH
NMpH HapyXHHIX Auamerpax D=26...120 MM
C yucioM 3y0beB B 3aBHCHMOCTH OT jaHa-
merpa 2==6; 8 u 10; cpeaHed npu D=
=14...125 MM, 2=6; 8 u 10; TaxeaoH
npu D=20...125 mM, z=10; 16 u 20
(Ta6a. 8.1).

OcHoBHOE MpUMeHeHHe UMEIOT COoeHHeHHUs]
Jerkoi M cpenHed cepHi. CoeqHHeHHA TA-
KeJJOH cepHH MPEeUMYUIECTBEHHO MPUMEHAIOT
IJISl TAXKeJblX yCAOBHH 110 H3HOCY.

Hiauiesbie CcoeHHEHHA pa3/HYaAT MO
CUCTEME UEHTPUPOBAHHA CTYMHUbL HA BaJy
(cM. puc, 8.7): @) — no HapyXKHOMY [Ha-
MeTpy; 6 — MO BHYTpEHHEMY JHAMETpPY; 8 —
no 6OKOBLIM FPAaHAM HJAH [O BCIMOMOraTe/b-
HLIM IHAHHAPHUYECKHM HJIH KOHHYECKHM MO-
BEPXHOCTSIM.

B KoHCTpyKuHAX, TpelyouHx TOUYHOTO
HEHTPUPOBAHHA MO KHHEeMATHUYECKHM HJH
TUHAMUYECKHAM YCJIOBHAM, HPUMEHSIOT UEHT-
PHPOBAHHE [0 HADYKHOMY HJH BHYTPEHHe-
My auamerpam. Ecau crynuny o nosepx-
HOCTH OTBEPCTHA W IUJIHMUAM TEPMHUYECKH He
ofpabatbiBatloT HJIH 06pabaTHBAOT A0 HEBHI-
COKOH TBEPIOCTH, TO MO TEXHOJOFHYECKHM
YCJOBHSAM CHeNyeT NPHMEHATHb HEHTPHPOBA-
HHe 1[0 Hapyxdomy nHamerpy. Torna
HENTPUPYIOLWIHE MOBEPXHOCTH  AOOYCKAIOT
TOYHYI0O H TIPOH3BOIHTE/NBHYI 06paboTKY;
Ha CTYMHUE — MPOTArHBaHHEM, a HA BaJy -——
Kpyrabim wadgosanueM; 80 9% npamofounbix
LITHUEBHIX COeJIHHEHHH HWMEIOT IEHTpPHpOBa-
HHe 110 HapyXHoMy nHametpy. Ecau crynu-
113 O OTBEPCTHIO HMEeT BBICOKYIO TBEpAOCTD,
TO OOBIYHO MPHMEHSIIOT HEHTPHPOBAHHE [0
BHYTPEHHEMY nHameTpy, obpabartbiBas neur-
‘pHpyIOIHe MOBEPXHOCTH Baja MW BTYJIKH
mndopardem. Han6osiee BBICOKYIO TOUHOCTE
NEHTPUPOBAHHS MOXKHO 00GECTeUnTh M0 BHYT-
peHHemMy nHaMeTpy.

llenTpuporanue no 6OKOBBHIM FpaHAM 3y0b-
ep He ofecrmeydBaeT TOUHOH COOCHOCTH CTy-
MUUbl U BaJa, "HO obecrneuyHBaeT HauboJee
PaBHOMEDHOE pAacHpefeSeHHe CHUJl MeXAYy
3y06nAMH; [I03TOMY €ro cieiyer [PUMEHATh
MpH fnepenade 60/bMIMX BPALLAIOIIHX MOMEH-
TOB, HO MPH OTCYTCTBHHM BLICOKHX Tpe6opa-
HUH K TOUHOCTH LEHTPHPOBaHusdA. Xapakrep-
HbIMH NpHUMEepaMH NEHTPHPOBAHHA MO BGOKO-

BHIM TIPaHsAM MOTYT CJAYXKHTb [OJBHXKHbIE
LIHIEBble COeMHEeHUS] KAPHAHHBIX BAJIOB.
LlenrpupoBanye mo GOKOBLIM FPaHAM NpHMe-
HAeTcA 0pu uydciae 3y6veB 10 ¥ BHewlHeMm
apamerpe oT 25 1o 90 MM BKIIOUHTEJIBHO.

[lenTpHpoBaHue 110 BCIOMOFATeAbHBIM T1O-
BEPXHOCTAM BecbMa 3(DQEKTHBHO NpH 60Jb-
LIMX pajvafbHbIX HAarpyskax.

BHemnve yrabl 3y6beB Baja (CM. pHC.
8.7, a — &) BuINOJNHAIT ¢ hacKamH, BHyTpeH-
HHE Yr/ibl Y OCHOBaHHSA 3y0beB Baja — C 3a-
KPYIJIEHHAMH HJH C BbIKpYXKKaMH. BHyTpeH-
HUe yribl BM&JHHB Y CTYMHI(bl BHIMOJHAIT
C 3akpyraedusMu (cM. pHc. 8.7, e).

[lpn nedrpupoBaHud Mo BHYTPeHHEMY JHA-
MeTpy NPHMEHAKT HcnojHeHue (pHc, 8.7)
A u C, 0p4 UEHTPHPOBAHHH TIO HADYKHOMY
adaMmeTpy U OOKOBbBIM cTOpOHaM 3y6beB —
HenoJHedde B (em. puc. 8.7).

Jonyckn Hasuauaor no [OCT 1139—80.

YMeHblUeHHe 3a30pOB MO UEHTPHPYIOUIUM
JHaMeTpaM [1pH OGBIYHOM CJIOXKHOM HAarpy-
EeHHH (BRJKOYAIOIIEM PAaMabHYIO COCTAB-
JAPOILYI0 HIH H3rHOAKILHH MOMEHT) cylue-
CTBEHHO YMEHbINAET NYTb CKOJAbXEHHA H
siBseTCH 3(pHEeKTHBHLIM CPeACTBOM [OBHILLE-
HHA JOJITOBEUHOCTH.

YcnoBHble 0003HayeHHA MpAMOGOYHOTO
IVIHIEBOT0 COeJHHEHHs COCTABAAIT U3 060-
3HavyeHHA [OBEPXHOCTH HEHTpHpoBaHus D,
d unn b, ydcaa 3yO6beB 2, HOMHHAJBHBIX
paamepoB dXD (a Takke o603HaueHud

Nnocajok no UEHTPUPYIOLLEMY PA3MEPY).
Hanpumep, d8 X 36—:—61 X 40 o0o3nauaer

BOCBMH M L€ BOE COEHHEHHE C HEHTPHPOBA-
HHEM [10 BHYTPEHHEMYy JHAMETPY C pa3Me-
paMu d=36 1 D=40 MM H ¢ mocaakoH mo
LEHTpHPYOEMY aHamerpy H7/g6.

CoenHHeHHUA 3BOJBBEHTHOTO
mpopunasa (cm. pHe. 8.6,0) sABaswTCA
BECbMa MepcleKTUBHBIMU. [Ipoduab oyepuu-
BAETCSA OKPYKHOCTbIO BEDLIHH, OKPYKHOCTBIO
BIIAIHH H 3BOJIbBEHTAMH, KaK NPOQHIH 3y0b-
eB 3y6uaThiX KOJec.

Otaugue 3toro npoduas ot npoduaa 3y6-
YaThIX KOJIEC 3AKMIOUAETCH B YBEJHUYEHHOM
yrae npogunsa pefika o 30° (smecro 20°)
H B YMEHbINEHHOH BhICOTe 3yfa, yTO CBA3AHO
¢ OTCYTCTBHEM MEPEKATHIBAHHA.
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Puc. 8.8. DposibBeHTHOe

DBOJIbBEHTHBIH MPOMUIIb INJTHIEBBIX COETH-
HEHHH HMMeeT CAEeNyIOlIHE JTOCTOHHCTBA:
a} NosbIEHHAA [IPOYHOCTD; §) TEXHOJOTHU-
HocThb. [loBHILIEHHAS IPOYHOCTD AOCTUTACTCH
6naroaapa 6OJBIIOMY KOJHYECTBY 3yObeB H
YTOJILLEHHIO 3y6beB K 0CHOBAHHUIO. DPPeKTHB-
Hble KO3(p@PHUIHEHTH KOHUEHTpPAlUHH HAlpH-
XKeHH# npHu kKpywenun B 1,0 um Gojee pa3s
HHXKe, yeM y npAMoBouHOro npoduasa, a npu
u3rufe NpPHUMEPHO OJUHAKOBHI.

[na o6paGoTKH WJIHOEBLIX BAJOB 3BOJb-
BEHTHOIO Npoduasa Tpebyerca MeHbLIHH KOM-
naeKT BoJsee npocthix Ppes ¢ npaAMonunefi-
HbIMH PEXYIIHMMH KPOMKAMH, yeM JiJIS BaJoB
NPSAMOBGOYHOrO 1pOPUAA, BCAECACTBHE UETO
IBOJbBEHTHBIH Npoduab NMoayuaercs TouHee,

e A "5/'}/;!

HIJIHIEBOE cOoefHHEHHe

npu ero ofpadoTke MOryT OBITH HCIOAL30-
BaHbl COBeplIeHHBle TEXHOJOrHYECKHE TMPo-
llecchl, NPHMEHsSIeMble /151 H3FOTOBJIEHHS 3y6-
yaThiX Kojiec. ONHAKO 3BOJALBEHTHbBE MpO-
TSKKH JIOPOrd U TPYAOEMKOCTh HIIHGOBAHUA
HX wWaunes GoJeule, ueM [NpAMOGOYHBIX.

IF'OCT 6033—80* oxBaTHIBAET IBOJBLBEHT-
Hble COEJUHEHHSl C NEHTPUPOBAHHMEM IO
HapyxKHoMy nuvamerpy (pHc. 8.8, a) u 1o
GoxoBbIM MOBEPXHOCTAM (pHC. 8.8, 6) ¢ mony-
aaMd m==0,5...10 MM, ¢ HapyXHbiMH gHa-
MeTPaMH, NPHHHMAaeMbIMH 33 HOMHHAJbHbBIE,
D=4..500 MM U ¢ yucnamu 3y6bes z=
=06...82. Brifopka H3 npeanoyTHTELHOrO
pasMepHOro pAla 3BOJIbBEHTHBIX COEJHHEHUH
npuBejleHa s tagn. 8.2.

8.2. MpeanouTHTENbHLN pasMepHu#l pAj * 3BOAbBeHTHLIX WAHLEeBbX coeauHeHHd (['OCT 6033—80 *)

N Yucao 3ybben 2 Npu m
HoMmHrHAaNLHLIH

y Yueano 3yOben 2 NpH m
HoMHHANbLHBIH

anamerp D, mM

anamerp D, MM 0.8 i,25 9 3 3 5 ]
20 23 14 85 27 15
25 30 18 90 28 16
30 36 22 95 30 18
35 26 16 100 32 I8
40 30 18 110 35 20
45 34 21 120 38 22
50 38 24 140 45 26
55 26 17 160 52 30 18
60 28 18 180 58 34 21
65 31 20 200 38 24
70 34 22 - 220 42 26
75 36 24 240 46 28
80 38 25 260 50 31

* BplHopka B AMaNMa3oHe HOMHHAAbHBIX auaMerpoB 20...260 M.
P

ITp

uMeuadue. Bropoii paamepunit pan aHamerpoB B ToM Ke auanasone: 22, 28, 32, 38, 42,

48, 52, 58, 62, 68, 72, 78, 82, 88, 92, 98, 105, 130, 150, 170, 190, 210, 250 mm.
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Puc. 8.9. 3navenns ko3ddHuHeHTAa KOHUEHTpa-
unét napienuit Ky

OcHOBHLIE MapaMeTphl COEIHHEHHH CBA3A-
®bl 33aBHCHMOCTBIO

D=m (241,04 2x),

rae x — CMELleHHE HCXOJHOro KOHTypa (na-
paMeTp, HeoOXOAMMBIH [/ YCTAHOBKH HH-
CTPYMEHTa TMPH HApPE3aHHH).

[Ilnuiessie npaAMoGOYHBIE H 3BOJMLBEHTHLIE
COeMHEHHS BHIMOJIHSIOT, KAk [pPaBHJIO, TPS-
Mo3yBeimu. KocoszyGole cOeJHHEHHS MpHMe-
MAT JUIS PeryJupoOBKH 3a30pa HJU c0O31a-
HHs HaTsra B nepefadax W [Js [epeiBu-
XKeHHA Koco3yObix 3y6uaThix konec. [1pu onu-
HAKOBOM (CEeBOM LIare 3yH4yaTblX KOJAEC H
cOeIMHEHHH oceBble CBHFAIOIIHE CHJABL He
BO3HHKAIOT.

CoenuvHeHHA TPEYTrOJMABHOTFO
npoduJasd, KAK [PABHAO, HENOABHKHbBIE
(puc. 8.8, @), NPHMEHAT TPH CTECHEHHbIX
raGapurax.

Yron npocduns ayb6a BTyJKH cte (MOJOBHHA
yrja BrnajdHbl BTYJKHM) HA3HAYAKOT paBHbIM
30, 36 u 45°. Yroa mnpoduns 3y6a Bana
oi=ay— 180°/2. [lo orpacneBomy craH-
Aapry Ha MeJKo3yOuartble cOeJHHEHHA Tpe-
yroasHoro npoduas OCT 100092—73 ar=
=36°.

O6bIYHO COeTHHEHMS TPEYroJAbHOro Mpo-
¢una npumensiior ¢ yucaom sybees 15...70,
mMonysem (L,2...1,6 MM H HApYKHBIM JHAMET-
pom d...100 mMm. TlpeanouTHTENBHO HCTOJb-
30BaHHe JNAHHbIX ykasaHHoro sbime OCTa.
[TpumensiroT Takke HOPMBI ABTOMOGHJBHON
MPOMBILIIEHHOCTH, TPAHCTOPTHOTO MAaLIKHHO-
cTpoesus u pekomennauud C3B PC 556—66.

TpeyronpHble coellHHEHHA BBIMONHSIOT He
TOJIbKO [HJIHHIPHYECKHMH, HO TAKXKE KOHH-
YecKMMH H TOpuLOBbIMH, KOHYCHOCTH KoHU-

YeCKHUX coeHHeHUH O6GbluHO BbIGUpaoT | : 16
no BnajMHaM BaJa.

TpeyrosbHbie coelHHEHHAI YNOGHO MpHMe-
HATb TpPH HEOGXOIHMOCTH MaJblX OTHOCH-
TeJNbHBIX PETYJHPOBOYHLIX MOBOPOTOB JETa-
qgefi., Ecau nas geraned, TpeGylOMIHX OTHO-
CHTEJIbHOH YrJI0BOH PEryJIMPOBKH, IPHMEHHUTD
JBA COJUHEHHS ¢ uMcaamu 3ybbes 2 H 241,
TO JNeTaJd MOXKHO [OBEPHYTb OJHY OTHOCH-
TEJBHO JPYrod Ha MHHUMAJbHLIA yroJ, pae-
otk [/ [z(z+1)].

Pacuerbl W 3KCNEpUMEHTbL [OKA3bIBAIOT,
yro TMNpd paboTe UJIMUEBBIX COCJIHHEHHH
IIpH pajHaNbHBIX HATPY3Kax H H3THGAMINHX
MOMEHTAX [IPOHCXOMAT CKOJIbXEeHHe H H3HA-
IIMBaHHe, CBA3AHHBIC C 3a30paMH W KOHTAKT-
HeMH fehopManuamu, M3doc pesko yeenu-
YeH [pH MOBbIIIEHHbIX 3a30pax, B 3y0Oua-
ThIX KOJIecaX MaJjblX JHAMETpPOB, B [1apa3HT-
HBIX KOJiecaX H B PeMeHHbLIX WIKHBAX, TAe
paAHaJbHblEe HATPY3KH MOBbIIEHHI.

Ocofo 6Goabwol #u3zHoC HalaOpaeTcsa B
LIJIMIEBLIX COEAHHEHHAX WKHBOB, B KOTO-
PbIX OTCYTCTBYET I[I0fayd (Ma304yHOro Ma-
Tepuana.

B cBasw ¢ paboToi B yCJOBHAIX H3HA-
IIHBaHHA Hefiecoofpa3zHo paboune noBepx-
HOCTH UINUUEBBIX COEIUHEHHH YIPOUYHATD.
B OTBeTCTBEHHBIX COEIHHEHUSAX NPUMEHSAIOT
[I0BEPXHOCTHYIO 3aKajaky ¢ Harpesom TBY,
HEMEHTAUMIO HWJH HUTPOIUEMEHTALUIO C 3a-
KaJikoH, aszotHposauue. ConpsiKeHHHE MO-
BepXHOCTH YIIPOUHAIOT TEMH XKe crnocobamu
HJIH H3-3a TEXHOJOTHUYECKHX TPYAHOCTEH Mmoj-
BepPraloT ynydineHuo, M3Hoc wiHIes, 3aKa-
JeHdelx no tsepunoctu (50...60) HRC,, ‘B
IKCITYATAHH JI0 D pa3 MEHbIIE U3HOCA yJy4-
LIeHHBIX 1JHNEB ¢ TBEpAOCThbIO (29...30)
HRC,.

B oTBeTCTBEHHBIX UNIHUEBHIX H UITMOHOY-
HbIX COEUHEHHAX 3y6uaThlX KoJEC ¢ BaJlaMH
XKENATeJIbHO LWJIMIILL HJH LIMOHKH pachoja-
raTb MO JIMHE CHMMETPHUYHO OTHOCHTEJbHO
BeHUOB. MHaue n3-3a HEpaBHOMEPHOTO H3HA-
IIHBAHHS BO3MOMXEH NepeKoc 3yOnes.

lLnuuesble coeMHENHS BHIXOAAT U3 CTPOA
H3-3a TOBpeXAeHHd pabouMx MOBepPXHOCTE
3yObeB: H3HOCA, CMATHA, (PPETTHHI-KOPPO-
3HH, 3de/laHHA U H3-3a NOJOMOK ULIHLEBbLIX
BaJIOB H 3Y6beg,
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OcHoBHBIM CUHTAETCA pacyeT HA H3HOC
¢ TIpOBepKOH Ha CMATHE OO TMpPHPABGOTKH.

Pacuet H3 yca0oBHA ofwHocTH dopM ynpo-
ILeHHOTO H YTOYHEHHOrO pacyeToB NMPOBOAHM
MO HOMHHAJBLHBIM YCAOBHBIM JOKyCKaeMbIM
Hanps:KeHHsIM OT HaubOJbLINEro AJAHTENbHO
JASHCTBYIOLIETO Bpawlarmero MOMeHTa B
NPeAnONOKEHHH pPABHOMEPHOTO pacnpene-
JeHHsl JaBJeHHs MO [MOBEPXHOCTH 3YyObeB.
Yuer ycnoBHA paboThl OTHOCHM K YCJOBHOMY
J0NYyCKaeMOMYy HalpsKeHHIo (NaB/ieHHIO).

YcnosHe H3HOCOCTOWKOCTH [0 HANpsKe-
HHIO CMATHA (IPEUMYUIECTBEHHO HCMNONb-
3yeTc B BHJE NMPOBEPOYHOTO)

o= 10°T/(Sal) < [0] yen,

rae T — spawamomuii momesdr, H-m; [ —
AAHHA coeluHeHHA; S, — CTATHUYECKHH MO-
MEHT eJHHHIb AJHHB pabo4eH NOBEPXHO-
CTH WJHUEB OTHOCHTeALHO OCH BaXa (cM.
Taba. 8.1);

' S;=0,52hd,

rjae 2 — uHcao 3yonen; A — pabGouas BbICOTA
3y6nes, MM, do — CpPelHHH [0 BbicoTe 3y6a
IHAMETP, MM; [0]yen — YCMOBHOE pOMYycKae-
MOE JABJIEHHE,

dna  npamoGoyHOro
taba. 8.1)

h=0,5(D—d) —2¢; dy=0,5(D+d);

VIl 3BOJbBEHTHOTO
KEHHO

npobuas  (cM.

npodm.nﬂ_  TIPHOSH-

h=0,8m; dep=D—1,Im,;

A TPEYTOJABHOTO HPOQHAT ¢ AMaMeTpa-
MH OKpYXKHOCTeH BepuHH 3y6bes Basa D,
H crymuubl d; (cM. pHe. 8.8)

h=0,6(D\—d:); dep=d=maz.

PaceMOTpHM € HEKOTOPBIMH  YIPOLUEHHSA-
MH KoMIuiekcHblil pacuet no FOCT 2125—75
npAMOOOUHBX WAHNEBHX <CO-
€Y HeHHH, KAK HMEIOIUUX OCHOBHOE pac-
npocTpaHeHHe.

YnpoumeHHb # pacuet HaHboJgee
pacmpocTpaHeHHBX TNPAMOOOYHBIX CcOeaHHe-
HHH ¢ 3yOuaTblMH KOJECAMH MOXKHO MPOBO-
OATHL 110 JONYycKAaeMbiM AABACHHAM [0]yen=
= [0] ;p. (Taba. 8.3), B KOTOpPHX YuTEHBI
HaNpsiKEeHHA OT paaHaibHbix cua F u cMe-
IeHHe e cepefdHp 3y04aToOro BeHua OTHO-
CHTEJbHO CepeiHHbl IUJAHLEBOr0 Yy4acTKa
cTynuus. JlefcTaue ApyrHX HCTOYHHMKOB Ha-
FPYKeHHsA MOXKHO 3aMEHHTb BBEIEeHHeM He-
GONBILOTQ. AONONHHTENLHOrO Ko3dpHuHeHTA
3anaca MPOYHOCTH yUHTHIBasi, YTQ, OCHOBHOH
ko3¢ duitedT 3anaca B taba. 8.3 npuuar 1, 3.

B yTounedHom pacdeTe ycJOBHOE A0MYC-
KaeMoe naBJjeHHe ollpeensieTcs

[0] yea = [0] max/KKns
rie [6] ,ax — MAKCHMAJbHOE JOMyCKaeMoe
nasjenue (tabn. 8.4); K=K, Ky, — Ko-
3¢ PHILHEHT Harpyskd; K. — Ko3¢duiu-
€HT, yYHTHIBAIOUIHA HepaBHOMepHDE Harpy-
KEHHE 3YObeB OT pajHalibHBIX CHJ H CKOJb-

8.3. JonyckaeMoe pagaeure [o]rp, K pacueTam ¢ yueToM MoMeHTa T, paguanbHoi cuanl F U cMEllleHHS e
cepeHHH BEHUA OT CepelHHHN LIJAHIEBOrO YJacTKa CTYNHIK

CoorHowenue pa3MepoB Bea o6pator- | Yayauenne 3akanka UeMeHTALHA HIH
KH QOHRC;., 10 28HRC3 430THPOBaHHe A0
dep/dw e/l 40HRC, | 45HRC, | 52HRC, 60HRC,
0 73 85 105 130 142 158
0,35 0,25 59 60 77 97 105 117
0,5 38 45 60 75 80 90
0 47 55 67 85 92 100
0,5 0,25 32 37 47 60 66 72
0,5 22 26 34 42 45 50

[Tpumevaunune d, — AMaMeTp HauanbHOH OKPYXKHOCTH 3y6uartoro KoJeca, Ha KOTOPOM MNpH-
JIOXKEeHa OKPYXKHafd CHJia; € — CMellleHHe CepefMHbl 3y0UYATOro BeHua OTHOCHTENBHO CepefHHbl HIIHle-

BOTO y4YacTKa CTYTHULL.
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8.4. HanGoabiuee nonyckaeMoe naBaedne oyen (MIla)

Bea oﬁpaﬁo*rxn 3akanka jgo LieMenTauHA HIH
20HRC, y”}%[;f{eé“g‘: fio a30THPOBAHHE 10
(280 HB) 40HRC, 45HRC, 52HRC, 60HRC,
95 110 135 170 185 205

8.5. KoapduuHeuTm HepaBHOMEPHOCTH pacnpeje/ieHHsl HArpy3kH wexkay 3yObsiMH TNpaMoOOYHBIX

coepMHeHHE
P 0,30 0,35 0,40 0.45 0,50 0,55 0,60 0,65 0,70 0,75 .
Ky 1,1 1,2 1,4 1,6 1,9 2,2 2,5 3,0 3,7 4,5
K, 1,6 1,7 1,8 [ 1,9 2,0 2,1 2,2 24 2,7 3,0

XKeune pabounx nosepxHocTed (Taba. 8.5
Bepxusfl CTpoKa), Y= Fde/(2-10°T), rae
F — panuanbHasi cHla Ha CTyNHILY.

Knp — K03 PHLHEHT [POJOJILHON  KOH-
BeHTpAlHH HATPY3KH (MaBJCHHA); ApH MOA-
BOJe H CHATHM KpPyTALLEro MOMEHTA C OAHOK
CTOPOHBl cTynRubl, Kny=K,p+ K.—1; npu
ROJLBOZIE MOMEHTA C PA3HLIX CTOPOH CTYMHIIBI
swGupaeTcs paBHWM GosblieMy M3 3Haue-
B Ko, 0 K.

K¢y — xoappHnHenT, yuHTHBAOWMH 3a-
KDyuHBAHHE Baia B COEJHHEHHH . (CM.
tabxn. 8.6), onpenened U3 pacyera Baja Kak
€TepKHSA Ha ynpyrom ocHosaHuu). [lpu

K«p nNpaMOGOUMBIX cOEAu-
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pacyere Ha H3HOC H IIOCTOSIHHOH Harpys-
ke Kp=1.

K. — Kosdduuuedr, yuHTHBAIOUIHA CMe-
1leHHe cepeAHHbl BEHIA OT CEPEeIHHDI LInLe-
BOTO yuyacTKa CTYMHObl M BbGHMpaeMbil 1o
rpacduky (puc. 8.9 Ha c. 135) B 3aBHCHMOCTH
or kos¢pduuHedros e=M/l (rne M —
OMPOKHIBIBAIOILME CTYMHLY MOMeHT; [ —
JJHHA LNIHHEBOro yuyacTKa CcTynHOob), a
p="Fd/(2-10°T) (F -— paguanbhas cuna
Ha CTynmuity ').

Ky= K, K:Kow — KO3 dHUHEHT BONycKae-
MOFO JAaBJEHHS.

Ky=-/N/10° — k03 (puLHeHT, yuHTHBAIO-
mHd obuwee uncao N UHKAOB HArpyeHu
(060pOTOB) cOelUHEHHH, AN TIPHOJAHMEH-
HBIX PacuyeTOB B cPEMIHHX YCJAOBHSX €r0 MOX-
HO TIPHHHMATbL paBHLIM €JHHHIE.

Kn — KO3(pdHUHEHT MepeMeHHOCTH peXu-
Ma; MpH NOCTOAHHOM pexKHME paseH e JUHHILLE;
MPH pacnpejefieHHH HArpyskd MO 3aKOHy,
G6au3skoMy K HopMaabHOMy (["aycca), T. e. mpu
paboTe B TedyeHHe 60JbLUEH YaCTH BPeMEHH CO
CPpeiHHMH HArpy3kamu, 6AH3KHMH K MOJAOBH-
He MAKCHMaAbHbIX, Ky MOXKHO cHHXaTb 10 0.6
(noppo6uee cm. 188).

Kew — k030 duuyedT, yydThBalOUHE Xa-
pakrep CMa3KH; TpH CPEAHHX YJOBHAX
cMasku Ke,.=1, npu o6HABHON ¢Ma3ke 6e3

- 3arpasvendd K..=0,7, npu GenHoil cmaske

H paGoTe ¢ 3arpsAsHeduaMH Kq, =1 4.

! Ina coenunenuii ¢ BalaMH IIMJIMHAPHYECKHX
3y6uarthlx Koaec p=d.,/d, cOs & (@ — yroa asa-
LenJeHHs mepesayu).
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I1pu Heo6xonuMocTH 6e3bI3HOCHOHR PAbOThHI
MECTHOE JaBJIeHHe B COeJUHEHHH [OMKHO
Ouith < 0,03 HB naa yayquwennox <C0,3
HRC, nas1 3akaiensblx noBepxuocreil H < 0,4
HRC, 1A uemeHTOBAHHBIX NOBepXHOCTE.

Koc — KO3 PHLKEHT, BBOAUMBIH TIPH BO3-
MOXKHOCTH HEOOJbLIMX OCEBLIX MepeMelieHH |
" CTYTHIbI, HafpUMep TMpH 3aKpelyleHHH BHJ-
KaMH Koe= 1,20 und npu oceBbix nepeme-
MEHHAX MOA Harpyskoi Ko.=3.

[ipoeepka Ha cMATHE akTyanbHa s
BBICOKOHATIPAMKEHHLIX UJTHUEBHX COEJHHe-
HU# € MaJjblM OOILHM YHCJIOM HHKJIOB Ha-
TPY)KEHHH, NpH KOTOPOM H3HOC €lle MAaJ.
Pacuer NMpou3BOAAT ¢ yY4eTOM NHHAMHYECKOH
Harpysku (KO3(p(HUIMEHT THHAMHUYHOCTH IIPH
pepepcHBHOH pabore 2...2,5) H ¢ MOJHBIM
Y4eTOM HepPaBHOMEPHOCTH paclpefe/eHus
HAarpy3kH MexKay 3yObsiMH KO3(Q(MHIHEHTOM
K, (ra6a. 8.5, HuxHsia cTpoka). Jomyckae-
MOe [aB/jeHHe BbIGHDAIOT [0 Mpeaeny TeKy-
YecTH ¢ Ko3pduuHedToM GeszonacHOCTH
1,25...1,4 (6oabwire 3HaueHus s 3akajed-
HBIX noBepxHocTel) (noppobuee cm. FOCT
21425—75).

DBOTLBEHTHBIE IHJIHUEBLIE H TPEYroJibHbIE
COeHHEHHS] PACCUMTLIBAIOT NIPEUMYLIECTBEH-
HO [0 YCJAOBHOMY JONMYCKAE€MOMY [ ABJEHHIO,
YCTAHOBJIEHHOMY MO ONbITY 3IKCIYATALHH
COOTBETCTBYIOWINX MaliuH. [as  pacdera
3BOJIbBEHTHBIX UIHUEBbIX COefAMHEHHH Mpa-
BOMEpPHO  TakKxe  Hcrmoabszosare  OCT
23.1.459—78, orpaxamowuil onuit padoTH
CeNbCKOXO3AWCTBEHHBIX TPAKTOPOB H  aHa-
JOTHYHBIX ‘MAIIHH.,

MlapuKoBHE WAHUEBHE COeH-
HeHusa (puc. 8.10) orpaHuyYeHHO NPHMEHs -
IOT B KayecTBe MNOABHXHBIX CcOeqHHEHHH
Bas-CTylHua. Ha Bany u B cTynuue u3roros-
JASIIOT IPOJ0JIbHBIE KAHABKH, KOTOPBIE 3A110,]-

Y o "””"”l’ll’l’l"‘r B “ 1
fﬁfg'o;o_o,o_a_o_s‘_o.-lo_-p.n ) \\;
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Puc. 8.10. llapukosoe 1IIHLeBOE coelHHEeHHE

HAIOT WapuKamu. Bo3epaT wapHKoB npouc-
XOJMT MO CMNENHANbHEIM OTBEPCTHAM B CTYMH-
nax. Ulapukoeble uwLIHUEBbIE COeAHHEHHSN
TpebOyIOT OyYeHb MafdbIX CHJA ANA Tlepeme-
ueHdHi. OHU NO3BONAIOT OGECNEYHTb MOJHOE
OTCYTCTBHE 3a30p0B H GOJbLIYIO ' YIJIOBYIO
KECTKOCTD.

Hecywan cnocoGHOCTh 1IapHKOBOTO CO-
eHHeHHs MpPH OTCYTCTBHH JBHMKEHHA JIHLIb
HEMHOIO HYKe, 4eM OOBLIYHOTO NPU TeX Ke
raGapMTax, a npu ABHXKEHHH [MOJ Harpys-
KOH — B HECKOJbKO pa3 Bblue. JKecTKOCTb
LIAPUKOBBIX COelMHEHHH C HATAroM B 2 pasa
BbllIE, 3 CyMMapHble MepeMelleHus B CBA3H
C OTCYTCTBHEM 3a30pOB MeHbwe B 6...8 pas,
yem coefHHenuil 6e3 Harqra.

Ecay yrnossie 3a3opbl gonycTuMsl, npodH-
JI1 KAHABOK NI€NAI0T MOJAYKPYIJILIMU; /5 OT-
CYTCTBHA 3a30p0B W MOBBILIEHHOH Yra0BOH
KECTKOCTH — B BHAE TOTHYECKOH apkH, Ka-
HABKY Ke 3aM0JHAOT WAPUKAMH C MPe/iBapH-
TEJbHBIM HATSTOM,

Panunyc npoduas nenaior Gosblie pagyyca
WapukoB Ha 3 % mia noaykpyrioro npo-
bunn u nwa 59 nna roruyeckoH apkw.
HuaMeTp WAPHKOB BLIGHPAKT B cpeadem
papubiM 0,15...0,2 nnamerpa sana. Teepaoctsb
Baja U cTynunsl He Huxe 60 HRC,.

Honyckaembie MomeHtbr (H-M) coepune-
HHH U3 UEMEHTYEMbIX H 3aKaTUBAEMBIX (B TOM
YHC/le CKBO3HOH 3aKasKoH) craseil MpH 3Tol
TBEPIAOCTH

T= 0,0162mn[dD,

rle Zy, — ydcho pabouux wauies, d, D —

AHMAMETPHl  COOTBETCTBEHHO  IUAPUKOB H
OKPYXHOCTH pAacHo/IOKeHHs LeHTpos Lia-
PHKOB, MM; [-— pa6ouass [gJHHA COENH-
HEeHHS, MM.

[1pn mouukKeHHOM KadecTBe M3rOTOBJAEHUSA
COEJUHEHHH (OTKIOHEHHS YTVIOB MEKY LLJIH-
amu 3...4°) ykasansple 3HaYeHHS] MOMEHTOB
cnelyeT CHHXKATh B 1,5 pa3a, a npu BBICOKOM
Ka4yecTBe M3TOTOBJIEHHS (OTKJIOHEHHS YIJIOB
meHbwe |’} — noeelwars Ha 20...30 %.

§ 8.3. MIPOPUIIBHBIE
(bECIUNTOHOYHbLIE) COENHHEHHA

[Mona 6GeclinoHoyHbIMH HJIH (acoOHHO-TIPO-
(G HNBHBIMH COUHEHUAMH MOHHUMAIOT COEAH-
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HEeHHS C MOBEPXHOCTHIO KOHTAKTA, HMEKILEH
naaBHLIH HeKpYrJblA npoduab Ge3 WMOHOK
gamMeHAKIMX HX 3y6beB (puc. 8.11,a, 6).
IMpoduap GecIMOHOUHLIX COeJHHEHHH 110-
apoJasieT o6pabarbiBaTh UX METOAOM KOIIUPO-
BAHHA HA TOKAPHHLIX, Qpe3epHbX H WAHGDO-
RaJLHBIX CTaHKax HaH Ha crtadkax. ¢ YIIY.
TMochennee gapasieTcs HOBHIM  (DAKTOPOM,
enoCOGCTBYIOIUMM HX BHeJPEHHIO.

JIOCTOHHCTBAMH 3THX COEIHHEHHH ABJA-
OTCA: 4} OTCYTCTBHE HCTOYHHKOB KOHIIEHT-
pauHy HanpsxeHud KpydeHua, 6) camo-
UEHTPHPOBAHKE;, B) [OHHXKEHHBIH LIyM.

K npuunuam, 3aTpyaHalOuidM BHEIpeHHE
$eCHINOHOYHBIX COeJMHEHHH, OTHOCATCA: HE-
20X0IMMOCTb  YBEJIHYEHHS] HOMEHKJIATYPbl
HHCTpYMeHTa H o0OopynOBaHHUA /A H3rOTOB-
AEUHA H  peMOHTA COe€QHHEHHH BaJ —
CTYNHIla, TPYAHOCThL 3aMEHLl NpH pPEMOHTE
(B Hacrosiiee Bpewms), HeGaroNpUATHLIE
yCAOBHSA NepeMelleHHA NOA HAarpys3KoH, 3Ha-
YHTEJLHbIE pPACTOPHBbIE CHJIb, AehOpPMHPYIO-
I HE TOHKOCTEHHBIE CTYMHUILBI.

Haunb6o/ee nepcnekTHsHO npumMedeHHe Gec-
HIMOHOUHBIX cOeHHEHHH NTPH HeoOXOQHMOCTH
ROBTOPHOH cOOPKM H pa3bOpPKH, Korja coefd-
HEHMA ¢ HATAraMH HEeNMPMMEHUMBI, a TaKXke
npu fie#cTBAY B0JbIIHX KPYTAILHX MOMEHTOB.

[Tpu pesepcuBHoll paGoTe CcoenHHEHHA
BOJKHB uMeTh uaTtar. KoHuueckue coenu-
nenua (cm. puc. 8.11, 6) xapakrepH3ylTCs
Sonbwed nerkocThi0 chema, yeM LHAHHIDPH-
YeCKHE, HO OHH CJIOXKHee B H3TOTOBJIEHHH.

g

,
a)

©F

?ﬂ

Puc. 8.11. IlpojpunbHue coefHHenust

OcHosYOe npHMEHeHHe B OecillMOHOYHBIX
COeNHHEHHAX HMEeT TeXHOJOTHYHBIH [po-
thHAb, o0aamamwiuMi CcBOACTBOM pPaBHOOC-
HOCTH — TIOCTOSIHCTBOM  PACCTOSIHHAL MeEX-
Ay NapaJjje/bHbIMH KacaTeJbHBIMH H HUMEIO-
mHi# obuyld HOpMaJjb B TOUKAX KacaHHA,
Hspected Takxke HaBepHyTHIH Ha OKpYX-
HOCTb CHHYCOMJAJbHBIA MPOUIIb.

K yucay 6eclumoHOYHBIX COeJHHEHHH OTHO-
CAT TaKXe YeTbIPeXyrosbHOe, KOTOpOe LIH-
POKO TNpPHMEHAT [Js1 KOHI[EBLIX YUACTKOB
BAJIOB, B YACTHOCTU moj kJAO4. OHO JocTa-
TOYHO MPOYHO M TEXHOJOTHUHO.

Pacuer Ha mpoyHocTh OeCLINOHOYHBIX CO-
eJMHEeHHH CBOJMUTCS K [pOBEpKe: a) Hanps-
KEHHA CMATHA Ha pabodyel I[IOBEPXHOCTH,
6) HanpsKeHHs pPACTAXKEHHS BO BTYJKE;
B) paavanbHOH Ae(pOpPMALHH BTY/KH.
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OBIUHE CBEINLEHHA O NEPENAYAX.

KOHTAKTHDBIE HATIPA)KEHHSI.

CMA30OYHDBIE MATEPHAJ/IbI

§ 9.1. OCHOBHDBIE MOHATHA

MexaHHuecKMMH nepeaayaMH WAH APOCTO
mepegauaMH HA3LIBAKOT MEXaHH3MbI, Cly-
XKauiHe 1JA nepejayd MeXaHHUECKo#d 3Hep-
FMH HA paccTosHHe, KakK M[pAaBHJO, C mpe-
o6pa3oBaHHeM CKOPOCTE€H H  MOMEHTOB,
HHOrja ¢ npeobpaszoBaHHeM BHIOB (HampH-
Mep, BpalllarelbHoe B MOCTYIATeNbHOE)
H 3aKOHOB [BHXKEHHs.

[Tepenaun uMeOT 1WAPOKOE paclpocTpaHe-
HHE B MAUIHHOCTPOEHUH; HAMpHUMep, B TAKHX
Mall¥HaX, KakK asTOMOOHIb HJH CTAHOK,
MMEeTCS IO HECKOJBKY [eCATKOB 3yOuarhixX
KoJeéc, a Bulmyck 3yGuatnix kojec B CCCP
U3MepsieTcsl COTHAMH MHAJHOHOB LITYK B
roj.

OcHOBHbIE MPHUHHBI NPUMeHEHHs nepepay
B MalliuHax cAe[yloilHe:

) TpebGyemble CKOPOCTH ABHXKEHHA pabo-
YMX OPraHos MallWHBl, KakK TpaBHIO, He
COBMafalT ¢ ONTHMaJdbHLIMH CKOPOCTAMH
ABHraTess, OObYHO HHXKe, a THXOXOIHbIE
npuratean aas GOALIIMX MOMEHTOB OueHb
TPOMO3JKH H 1OPOFH,;

2) ansg 60/bIUMHCTBA TEXHOJAOTHYECKHX H
TPAHCHOOPTHHIX MALLHH HEOOX0AHMA BO3MOX-
HOCTb PeryJHpOBaHHsA CKOPOCTH H MepeoH-
yeckas pa6ora ¢ 601bIIHMH MOMEHTaMH (MPH
MaJIblX CKOPOCTSIX); MeXIy TeM peryjHpo-
BaHHe CKOPOCTH ABHTaTe s He Beerjga Bo3-
MOXXHO H 5KOHOMHUHO,

3) newrarequ OObLIYHO BBINOJHAKT A5
pPaBHOMEPHOrO BpAaILATENbHOTO JBHXEHHS,
a B MAlIHHAX 4acTo OKa3biBaeTcA HeoOXonH-
MBbIM [OCTYMaTeNbHOE ABHKEHHE ¢ 3a1aHHBIM
3aKOHOM H3MEeHeHHs CKOPOCTH;

4) pBuraTejqd He BCErAa MOryT ObITh He-
MOCPENCTBEHHO COCNMHEHBl C HCTOJHHTENb-

HbIMH MexaHu3MaMH Hu3-3a TpeboBaHHA K
raGapHTaM MallHHB, YCNHOBHH TeXHHKH Ges-
OMacHoCTH, YyAoOcTBa OOCAYXKHBaHHA, a
HHOTAA AOJXKHbB MPHBOAHMTL 1O HECKOJbKY
MeXaHH3MOB.

[Tepepaun mo npunukny paboTh pase-
JAKT Ha:

) nepemaud 3ailenaeHHeM ¢ HeNOCpen-
CTBEHHBIM KOHTAKTOM (3y6uarble, UepBAYHLIC
H BHHT — rafika) 4 ¢ rH6Ko# cBA3bIO (uen-
HbIE) ;

2) mepelauyd TPEHHEM C HEnoCpejcTBeH-
HbIM KOHTAKTOM TE€J KauyeHHs ((PHKUHOH-
Hbie) H ¢ TuOKOH CBA3BIO (peMeHHble).

B 3aBHCHMOCTH OT HA3HAUYEHHUs [IepefauH
BBIMOJHSAIOT ¢ MNOCTOAHHBIM HJAH C IlepeMeH-
HBIM (peryaupyemMbiM) nepejaToOUHbiM OTHO-
mesneM. B nocneaHem caydae MpUMEHAKOT
CTYMeHYaToe UJAH GeccTylmeHuaroe peryaupo-
Banue. CTyrneH4aToe pelryJupOBaHHe [elles-
Je H ocyulecrpaferca Oosnee NPOCTHIMH H
HajexXHbIMH MexaHH3MaMHu. Deccrynenuyaroe
peryJiupoBaHHe BCJAEACTBHE BO3MOXKHOCTH
BBI6OPAa ONTUMAJBLHOrO M[poilecca cHocol-
CTBYET MOBBLIIIEHHIO MPOH3BOJHTEALHOCTH H
KayecTBEHHBIX NMoKasaresjel paboTnl MaluH-
HBI.

Hapsay c MexavHyeCKHMH MepelayamH
TpedHeM H 3aueMieHHeM M POKO MPUMEHSIOT
THApaABAMYECKHe, MHEeBMAaTHYECKHE H 3JeK-
TPUUECKHEe Mepeaul.

OcHOBHblE XapaKTEDHCTHKH nepenau: me-
pelaTo4HOE OTHOUIEHHE, NepefaBaeMbli MO-
MenT, ouicTpoxoadoctb H KIT.
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§ 9.2. PACYETbI KOHTAKTHBIX
HAMPS)XKEHHA

B oriKuHe OT HENOABHMKHOTO KOHTAKTa B
COeIMHEeHHAX, MpOoHCXOAAinero o6blYHO TO
60abIIOH HOMHHAJBHOH NMAOWIAMH, KOHTAKT
npu MepeKaTbiBAHHH B TNepejadax H Omopax
KayeHHs MpPOHCXOAHT IO MaJNHIM IJIOUIAZIKaM
(HauanbHbld KOHTAKT MO JIHHHH HAH 8 TOUKE),
Ha KOTOpPHIX BO3HHKAKT OGOJNbIUHE Hanpd-
HEHHs,

[Ipu cixxaruu uHAuHApOB BAOAL OOpa-
3YIOUWIHX (HAuaJbHOe KacaHue [0 JHHHUH)
JIOUIAZiKa KOHTAKTa HMEeT BHI IOJOCKH
H KOHTAKTHLIE HampsKeHUA pacnpelensior-
C MO ee IUHPHHE MO 3JJIHIICY.

KoutakTHoe Hanpsxkedue (MakCHMaJbHOE,
HODMAJBHOE MO WHPHHE IJIONIA[KH)

s E - F .
=N i —ud) R

AR TeJl, BHIIOJHEHHbIX H3 CTald H APYrax
'Martepuanos c kosdouuuedrom [layccona

O y—= 0,418 \/ —I;—é- .

LQVZO,S,
rie F — cujJa NPHXKATHA OJHOrO paccyH-
THIBAEMOrO Teda K apyromy; £ — npuBened-
HBIH MOAYJb YNPYTOCTH; NMPH H3rOTOBJEHUH
KOHTAKTHPYIOILHX TeJ H3 pasHblx Mare-
pHANOB

2F E,
 E+E,C

E

AN

[ ~— nAMHA KOHTAKTA, 1 +_l_ puBe -
R R, "R,
AedHast Kpusu3Ha (puc. 9.1, a); nas Tena c
BHYTPEHHHM. KOHTAKTOM paAHyC MpPHHHMA-
eTcAl  OTPHLATENbLHbIM, A4S TJIOCKOCTH
Ro= o0,

2Ty ke GopMyay NPpHMEHSIIOT KaK NpHOAU-
KEHHYIO VIl C2KaTHA BAOAE 00pasyoilHx
KOHYCOB H TOPOB € OJHHAKOBBIMH pajHyCaMH
obpasywiiux. Paguycsl R; B Ry KOHTaKTH-
pyloinux tea (puc. 9.1, 6, 8) naMepslOT 1O
HOPMAaJH K NMOBEPXHOCTH.

Tlpu cKaTud 1Wwapos, TOpPOB C HEOAMHA-
KOBLIMH pajnycaMH o0pa3yloUluX, a TaKke
NHAHHAPOB H KOHYCOB C NepeKpeuinBaloniy-
MHCSl OCAMH (HAUyaJbHOEe KacaHue B TOYKE)
njolajka KOHTakTa HMeeT ¢opMy Kpyra
WIH 3JIHICa, a 3M0pa HanpsXKeHHd —
COOTBETCTBEHHO noJychepbl HAH  NONYy3Jl-
JIUTICOHA. '

KoHTaKkTHOE HanpsKeHHe

3 2
O-H:3\/ F]fg 1

I | i
rne —— — b — npuBeneHHad Kpu- -
=%, TR, P P

BH3HA B MJIOCKOCTH HAHGOJee NIJOTHOFO Kaca-
uua (puc. 9.1, 2); m — Kospduuuenr, 3a-
BHCSAMIHA OT OTHOLUEHHSI TVIABHBIX KPHBH3H

1 ]

R, Ry
%—=-—l—2———-|—4—€1 (puc. 9.2);

—

R R

)

A

Puc, 9.1. PacueTHbi€ CXeMbl:

%
Re

a,6,6 -~ HauanbHoe KACAHHE MO JIKHHK; 2 — gava/lbHOe KACAHHE B TOUKE
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Puc. 9.2. Tpaduk nas onpegedeHHst Ko03pdu-
UHEHTa M

R\ m R2— rnaedble paauychl KPHBH3HBH
OBHOTO Tejla; R3 U R4 — TO XKe, APYroro
Tesa.

Kaxk BHHO U3 pUBeNeHHBIX (opMy.Jl, HOCH-
uux umsa ux asropa — I'. ['epua, KOHTAKT-
Hble HaTNpsKeHHd TNpOMopIHOHAJbHBL Ha-
rpy3ke B crenenu 1/2 uau 1/3, a Takxe
3aBUCAT OT MOAYJSA YINPYrOCTH. 3TO CBA3AHO
C TeM, YTO caMa TJOILAJIKa KOHTaKTa yBe-
JHUYHUBAEAETCA C DOCTOM HArPY3KH H 3dBHCHT
OT MOAYJAS YIPYTOCTH.

Ycaosus npumenumoct ¢opmya lepua —
He3HauHTeNbHble pasMepbl (A/A MOJOCKH —
ee WHpPHHA) MJOLIAIKH KOHTAKTa N0 cpaBHe-
HHI0O ¢ pagHyCcaMH KpPHBH3HBI NOBEPXHOCTEH
B 30HE KOHTAKTa; KOHTAKTHPYIOLIHe TOBEpPX-
HOCTH HAeasibHble, aGCOJIOTHO rJaJKHe U Cy-
XHe, a4 CHJABl TPeHHUA OTCYTCTBYIOT, MarepHa-
JAbl TN AHU30TPOIHLI, AeGOopMaLHH TOJbKO
ynpyrue.

HauGosnbliee KacaTejsbHOe HAalpsXeHHe,
Xapakrepusymiouiee NPOYHOCTH CTANEH, HMEeT
MECTO BHYTPH TeJla H paBHO AJs Bcex
BHIOB [JOMIANKHA T, = 0,2880,, roe oy —
KOHTAaKTHoe HanpsxkeHue. [lpu naowanke
KOHTaKTa B ¢opMe I[0AOCKH HaHugoJbliuee
KacaTejbHOE HanmpsKeHHe BOSHUKART Ha TJly-
6une 0,78 noaywupHHB [ONOCKH KOHTAKTa,
a mpH oulagKe Kodrakra s gopme Kpyra —
HA rjy0uHe [OJOBHHB €e paJHyca,

YcranocTHBE TpeIUHHB, Kak [PaBuiIo, Ha-
YHHAIOTCA C MOBEPXHOCTH, MOITOMY BaXKHO
3daTb HauboJblHe KacaTeNbHbEe HAalpsiKe-
HHS MO TJIoLIAJKe KOHTaKTa.

Ha naouwagke KOHTAKTa B (hopMe MOJOCKH
Trnax = 0,204 0 geficTByeT nocepeune LIHPUHLL
MOJOCKH, @ HA KPYroBOH MJOWANKE Ty, =
=(,1450, ¥ nefictByeT N0 KOHTYPY.

[Ipu pacuere Ha CTAaTHYECKYID [POUHOCThH
npelebHble KOHTAKTHbIe HAlpsKEUHs [0
YCJIOBUIO TOJMHOTO OTCYTCTBHSA TE€UEHHA MaTe-
puaja BeIOHPAWT [AAA BA3KHX MATepHAJOB
pasHuimu 20, (or — npeaes’ TEeKY4ecTH).
MecrHble TeueHHs1 MmaTepuasa B OJHOH Touke
BHYTPH TeJa HE OMaCHb H He 3aMeTHHI.
Ecnn uMeer mecto xors 6ul HeGobuIOE IEpe-
KaTbiBAHHUE H, C/1€J0BATENbHO, HET OCHOBAHUY
onacatbcs BJAHAHUA BPeMeHH Ha ofpa3sosa-
HHE OCTATOUYHBIX nedopMauui, npegenbHble
KOHTAKTHBIE HANPAXKEHHS MOXHO TOBDBICHTb
10 30y, 2 15 KpyroBoH MJIOIAJKH KOHTAKTA
Na)Ke HeCKOMbKO BHILUE.

[Tpenenbublie HanpsikeuHs MO KPHUTEPHIO
COIPOTHUBJIEHUS] KOHTAKTHOH YCTAJdOCTH MpU
llepeKaTbiBAHHH BHIOHPAIOT B 3ABUCUMOCTH OT
TBEPAOCTH, KaUecTBa [IOBEPXHOCTH H yCJAOBUH
KOHTAKTHPORAHHA,

§ 9.3. CMA30OYHBIE MATEPHAJIbBI

Pabora nepemad, TakXKe Kak H JAPYTHX
MEeXaHHM3MOB, [POHCXOJHT € OTHOCHTEJ/bHBIM
MnepeMelleHHem jeTajied, Kak NpaBHJO, TPH
HaJHYHH ¢MAa304HOrO MarepHaJa,

HaswayeHue cma3sku: a) ymeHblUIeHHe I10-
Tepb Ha TpeHHe, O) yMmeHblUeHHe HJIH
NpeJOoTBPALLEeHHEe U3HOCA; B) OTBOX TEMJOTHI,
ofpasopasiluelcs NPU TPEHHUH; T) Tpenoxpa-
HeHHe OT KOPPO3HHU. DKCIVIyaTALUA H [JIH-
TeJIbHOE XpaWeHHe MalHH 6e3 CMaskd
HeBO3MOXKHO. COBEpLICHCTBOBAHHE CMA3KH
asasgerca Hanbonee OBICTPBIM M JEMIEBLIM
CPEeACTBOM MMOBBLILIEHUA [IOJTOBEYHOCTH Ma-
wuH. CMa304HbIA MATEpPHAN NOMKEH 110 BO3-
MOXKHOCTH 0fecrneynBaTh [10JIHOE pa3aegaeH e
TPYLLUXCH TOBEPXHOCTEH. IKCIyaTaLMOH-
Hble CBOHCTBA CMa304HbLIX MATEPHANOB B
OCHOBHOM pa3AeasilOT Ha aHTHMPHKLHOHHBIE
(CHHK IO HEe TpeHHe), TTPOTHBOH3HOCHBIE H
MPOTHBO3AaQUPHbBIE,

Cmasoupgble MaTepuajbl pasfensior 110
COCTOSIMMIO Ha: a) XuJKkue (Macnaa); 0) naa-
cTHUHbIe (Mazeo0pa3Hble); B) TBEpAble (M0-
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POLIKH, OKPBITHS, HAOJHHTEIH); r) raso-
oGpasdble (A3pO30JH, Fasul).
Macaa sBJASIIOTCA OCHOBHBIMH CMa304HbIMH

matepuasamu Mawkd, OHH  NO3BONAOT
3aMeHATh BHelllHee TpPEHHE TBePAWX Tel,
HEH30EXHO COMpPOBOXKAAEMOEe H3HALIHBA-

HAeM, BHYTPEHHAM TpeHHeM XHakocTH. [IpH
3TOM KO3 (PuUHEHT TpeHHA MoxKeT OnTh
camxen 8 100 u Gonee pa3. Kuakve cma-
30UHble MAaTepHaJibl HeJAb3fA 3aMeHATH I4d-
CTHYHHIMH HJIH TBEPABIMH, €CJH B 304e
TpeHHsl BBIAENAETCS 3HAYHTEJNbHOE KOoJHYe-
CTBO TENJOTHI, KOTOpasl I0MKHA OblThb OT-
BejeHa.

Kak npasujo, B MallHHAax obulero HalHa-
YyeHHusl IPUMEHSIOT MHHEPAJbHbIE Maca, XOTs
B MNOcJefiHee BpEMA pacllHpAeTcs TpHMe-
HeHHEe CHHTETHYECKHX Maceq. PacTuresabHble
Macaa (JbHSIHOe, KacTOpOBOE # Jp.) H XKH-
BOTHBIE MacJja (KOCTHOE, ClIepManeToBoe
M 1p.), obiagamoue BHCOKOH cMa3biBaloLLeH
enocOGHOCTHIO, NPHMEHSIOT BCAENCTBHE HX
BHICOKOH CTOMMOCTH TOJbKO B npHOopax H
HHOraa B BHAE ONpHCANOK.

BaxkuefluHM CBOHCTBOM Maces, ONpeje-
JAKOIMM HX CMa3bBaILY cnocoGHOCTE B
YCAOBHAX >KHAKOCTHOH CMA3Kd, sABJSETCS
BA3KOCTD.

. BA3KOCTb MJIH BHYTPEHHee TPeHHE KHIKO-
CTel ecThb CBOHCTBO COTIPOTHBJAATLCA CLABMTY
OLHOTO CJOA »KHJIKOCTH [0 OTHOLIEHHIO K
; APYTroMmy.

- JIHHaMHUeCKyl0 BA3KOCTb UCIOAB3YIOT BO
BCeX THAPOJMHAMHMUYECKHX DACYeTaxX CMAa3KH.
" Tlo 3akouy HboToHa danpsixeHde cIBHra
T B CJOe KHIKOCTH NMPONOPHHOHANBHO Tpa-
nuenty ckopoctH dv/dh (v — cKOpOCTbD;
h — TomuuHa caos KUAKOCTH):T= pdv/dh.
'3JleCh | — AHHAMHUYECKAs BA3KOCTb, 3aBHCA-
mas or cBOHCTB KHIAKOCTH, TEMIEPATYPHl H
AdaBJjeHHS.

He nopunusiorcsa sakony Helotona Tonbko
HEMHOIMHEe TaK Ha3blBaeMble <«HEHLIOTOHOB-
CKHE» MMHUIKOCTH, B YACTHOCTH 3aryLIECHHBIE
MacJaa.

B eannuunax CH npu uamepensu nanpsixe-
uusa 1 8 [1a, ckopocTh v B M/c, A — B M; BA3-
Koctb w uamepsiercd B Ila-c. Tlpu uame-
pedud 1 8 MIla u uamepsierca B MIlla-c,
npuuem oauH MIla pasen 10° Ma.

Panee puHamuueckasi BFI3KOCThb MO CHCTeme
CrC usmepsiiach B nyasax ([1) waum B cauTty-
nyazaX (coTeix nyasa cll) no HMeHH H3pecT-
Horo ¢paunysckoro yuesoro [lyasefns. Omun
caurunya3 pasen 0,001 [la-c.

[Ipu mpouseoxmcree Mmacea yAo0HO MOJb-
30BaTbCsl KHHEeMaTHUECKOH Bsi3KOCTbIO v,
pasHoit JMHAMHYeCKOH BA3KOCTH, JEJeH-
HOIf Ha TIOTHOCTb p(KF/M°) NMpH 3amaHHON
temnepatype: v=u/p. B cucreme CH pas-
mepHOCTb v — M2/c. TlNOTHOCTb B cuHcTEMe
CH usmepaerca B Kr/m® u pasusiercd sl
HHAYCTPHAAbHEIX M AHAJOTHUHBIX Macel
870...900.

[IpenMyiiecTBeHHO v K3MepaAOT B MM2/c,
T. e. B enudunax B 10° pas menbwe. Opun
MM2/C paBeH CaHTHCTOKCY — OJHOH COTOH
cTOKca cM2/c — eIMHHIB, HA3BAHHOR B
yecTh aHrauickoro yuesoro Crokca.

BaskocTe Macjga H3MEPAOT ¢ MOMOIIbIO
crneqyanbHbiX  [IPHOGOPOB — BHCKO3HUMETDOB.
BaskocTb Maces oGbIUHO ONpeaefioT H NpH-
BOJNAT B CNPABOYHHKAX [IPU TeMMepaTypax,
npubaAHKAIUXCA K pafouHM, dalle BCEro
npu 40, 50 una npu 100 °C.

BaskocTh Maces cylLecTBeHHO MOHHXKaer-
cfl ¢ POCTOM TEeMMepaTypbl, 0COGEHHO B 1HUA-
nasoue Ao 50 °C. [lpubankeHHO BA3KOCTD
npu temneparype {(°C) MOXKHO OlPEAL/HTh
10 H3BECTHOH BA3KOCTH Mo [IPH TeMmeparype
fo ¢ MOMOULBIO CTEeneHHOH 3aBHCHMOCTH

o= po (fo/1)".

rie m=206...3 — noKasarteJab CTEINEHH.
Ilpennonarator, yro f 6nu3ko K £p. B-iporus-
HOM cJjydae noap3yrTes §ojee TOUHBIMH
3aBHCHMOCTSAMH. ,

Uem MeHblle BJHSHHE TeMNepaTtypnl Ha

-BA3KOCTL Macaa, TeéM B 6oJee IITHPOKOM

JIHanaszoHe TEMIepaTyp OHO MOXeT paboTats
U TeM 6onee TOCTOSAHHBIA pexuM padorsl
HMeeT MecTo B yaaax TpeHHs. C pocrom
temiepatypo  (ocoGenno Bbiwe 100 °C)
BS3KOCTH PA3JIHYHBIX Maces] CYIIecTBeHHO
cOMMKAIOTCH.

BaskocTs Maces Bo3pacTaer ¢ yBejHue-
HdHeM nasjenusi. [IpuGAHKeHHO

Wp= Nﬂeaps
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rae po — BSI3KOCTb Maces MpH atMochepHom
JAaBJeHHH; o — [1be30K03GHUIIHENT, paBHLIHA
nis nedranpix macen (1,5...4)107'°Ta—";
p — u30biTouHOe Aabaenue, Ila.

Taxk, npu papaenun 7 MIla BaAskocTh no-
Belwaerca Ha 20..25 %, opu 156 MIla —
Ha 35...40 % ; npu 60 MITa — ua 250...350 %,
npu 200...300 MITa — B HeckoAbKO COT
pas.

JlpyruM Becbma Ba>KHbIM CBOHCTBOM MaceJ
SIBASIETCH MACJASAHHCTOCTSHS, T. €.
crnocofHocTL B pe3yabrate  apcopGuuu
(mornomieHusi) o6pa3oBHiBATH HA CONPS-
KEHHBIX [MOBEPXHOCTAX TOHKHE [JIEHKH —
rpaHHyHble CJIOH, NPefoTBpPAlAIOIIHE HE-
NMOCPeJCTBEHHBIH KOHTAKT TMOBEPXHOCTEH.

Macsna xapaxTepH3yoTca TakKKe TeMle-
paTypaMH BCMBILIKH H 3aCTBHIBAHHS, KHCAOT-
HOCTbIO, COAEPKAaHHEM TpUMeceH, CKOPOCThIO
AE3MYbCALLHH, T. €. CKOPOCTbIO OTC/IaHBaHHSA

OT BOAB, H ApYrdMH cBokcrtsamu. Hedra- -

Hble Macjla B OOBIYHBIX YCJAOBHAX MOFYT
paboraTh B aWanas’oHe TeMAEparyp OT
— (30...40) no 4+ (100...150) °C.

JKCIJyaTallHOHHble MOKa3aTeNd Maced
MOKHO CYUI€CTBEHHO MOBBICHTh C [OMOLLLIO
OpUCAAOK, BBOJAMMBIX B MacjJa B OuyeHb He-
6onbIIHX KodHuecTBax — oT 0,005 50 5 %
B 3aBUHCHMOCTH OT THMA M HA3HAUEHHA
NpUcaigokK.

IIpHMeHAIT claeaylmMe OCHOBHbIE Ipyll-
bl MPHCAL0K.
" AuTudpHKUHOHHDBIE, CHHKAWOIHE
CHJIBl TPEHHS, 3TO TMOBEPXHOCTHO-AKTHBHbIE
BelllecTsa, aacopObHPyIHecs Ha NOoBEpX-
HOCTAX Tpedusi. K dUM OTHOCATCA XHpHBIE
KHCJIOTBI, HX COJIH, CHHTETHYeCKHe W HaTy-
paibHble XHPBHI.

[IporuBoH3adHoCHB e, cHHXKAOUNE
H3HOC,— MPEUMYIeCTBEHHO TPOH3BOJAHbIE
KhaclloT  ¢ocdopa  (MpHCARKH Odl1L,

BHWU HII1-354 u np.).
[IporuBo3annpHb e MPHCANKH, CAY-
XKaulHe Ui TpedOTBpalleHHs CcXBaTbiBa-
HHSL, -~ MPEUMYUIECTBEHHO opraHH4ecKHe
MPOH3BOJHLIE CEpPbl, XJOPA HAH COelHHEHHS
000HX 3THX 3JEMEHTOB.
AHTHOKHCAHTEeAbHBE H AHTH-
KODPPO3HHHB e, MOBbILIAKLUIHE COTPOTHB-
JNIEHHe OKHCJAeHHIo CMa304HOTO MaTepuana

H COOTBETCTBEHHO KOPPO3HIO CMAa3blBAEMbIX
[IOBEPXHOCTEH. :

[TprmeHAOT Takke npucafKkH [Jsi NOHHKe-
HHMsSl TeMOepaTypbi 3aCThiBaHus Maced, A5 YMeHb-
IHeHHsl 3ABHCHMOCTH BS3KOCTH OT TEeMMNEepaTyphl,
AJA NPefoTBpalleHHsl CKavykoB MPH MeaJeHHbIX
NnepeMenlenuax, And  npHpaboTKH, a Takxe
MOWOL{He H [HCHEeprHpyoii#e npucankd. B wua-
crosiiiee  Bpems 3 ¢EKTHBHOCTE Ho6aBjeHud
NpHCANOK K Macjam cOmocTasiAfioT ¢ 3¢ ¢eKTHB-
HOCTbIO JIETHDOBAHHWA CTaJeH.

IlpuMenenre NMOBEPXHOCTHO-AKTHBHLEIX MpHca-
AOK AJs MpHPaBOTKH OCHOBAHO HA TOM, YTO B YCJIO-
BHSIX BBICOKHX MECTHBIX faBJ/leHHH OHH BBLI3bIBAIOT
HHTEHCHBHLIA MeCTHLI HM3HOC, a fpPH XOpOLO
NpHpAOOTAHHKX TPYUIHXCS TOBEPXHOCTHX, pas-
AeJsisl HX, YMEHbINAKT ero.

OcHOBHOEe TIpUMEHeHHe B MAIIIHHAX HMEOT
MHHepaJbHble HHAYCTpPHAJbLHLIE
M ac.Ja, HMelide B ofo3Hadeunn 6yksy M,
[To Ha3nauyeHHIO OHH jJelsiTcA Ha 4YeThipe
rpymmbl, ofo3Hayaemble BTopod OGyKBOK:
JI — A Jerkosarpy:KeHdbwx y3aoe (0On-
WHNHHKK); [ — pnsa ruapaBidyeckux CHC-
TeM; H — nna HanpapasioliuX CKOJAbKEHHH;
T — ana taxenoHarpyxeHHbIX y3/40B (3y6-
yaThle TepegayH).

[To s3xkennyaTauHoOHHBIM — CBOHCTBAM M
COCTAaBy HX JeNAT Ha NATb noarpynmn, o6o-
3Ha4yaembix Tperhed Oyksod: A — Ge3 mpu-
cajok; B — ¢ aHTHOKHCAHUTEALHBIMH M AHTH-
KOPPO3HOHHbBIMK TpHcagkamu; C — gonos-
HHTEJBHO ¢ MPOTHBOH3HOCHBIMH NPHCAAKAMH;
J —— MONONHHUTENBHO ¢ NPOTHBO3AAHPHBIMH;
E — ponosuuTenbHO ¢ NMpOTHBOCKAYKOBBLIMH
NpUCaaKamH.

Knaccnl KHHeMAaTHUYeCKOH BSI3KOCTH MaceJ
(cpennss BsA3kocTb B MM2/c) npu 40 °C cae-
Aywouide: 2; 3; 5; 7; 10; 15; 22; 32; 46; 68;
100; 150; 220; 320; 460; 680; 1000; 1500,

[TpuMensioT cheaywomue oredecTBeHHbIE
HHAYCTpHaJbHble Macaa (B cKoOKax yKasaHsol
knaccel  BAskoctH): W-JI-A-(7; 10; 22);
H-I'-A-(32; 46; 68); U-JI-C-(3; 5; 10; 22);
H-I'-C-(32; 46; 68; 100; 150; 220); U-I'-B-
(46; 68); U-H-E-(68; 100; 220); U-I'-H-E-
(32; 68); U-T-C-(320); U-T-I1-(68; 100;
220; 460; 680).

[IpuBOoaMM MepeBO] padee NPUMEHSBUINX-
ca 06osnauenu#l (ctpoka I) HauBGosee pac-
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MPOCTPAHEHHBIX HHAYCTPHANIbHBIX Maces 6es -

npHCaloK B HOBble (cTpoka II):

I... H-5A H-8A H-12A
I... U-JI-A7 H-JI-A10 H-JI-A22

OntHManbHasas BA3KOCTb HHAYCTPHANLHOrO
Macfla MOHHXKAeTcs C POCTOM CKODOCTH H
MOBHILIAETCS C YBEJIHUEHHEM LABJAEHHS B KOH-
TakTe.

B Tpaucmuccuax aBTomoGuaeH, TPAKTOPOB,
TEIUIOBO3OB, CENbCKOX03SHCTBEHHbIX, HOPOXKHLIX,
CYROBBIX H HEKOTOPLIX APYTHX MAUIHH NIPHMEHSIOT
TpaHCMHCCHOHHLIE MaCiAa.

OHH JensTCsi MO KHHEMATHUECKOH BSI3KOCTH
cpellHeMy 3HaueHHi0) Ha kaacchl 9; 12; 18; 34;
M0 COCTABY H COOTBETCTBEHHO 06AACTH MPHMEHEHHS]
Ha Fpynnbl | 6ed npucafok, 2 ¢ NpOTHBOH3HOC-
HbMH OpHcagKaMu, 3, 4 ¢ NOPOTHBO3AANPHBIMM
NpHEAIKAMH YMEPEHHOH H BHCOKOR HHTEHCHBHOCTH
H § ¢ npHcaikaMH TPOTHRO3AAMPHLIMH BLICOKOMH
HHPEHCHBHOCTH H MHOrOd) yHKIHOHANbHbIMH.

(603nauenus TPaHCMHCCHOHHLIX Macen BKJI-
yalT 6ykBu TM © nomepa rpynn u Knaccos.

Iasi cMaspiBauus TypGuH, SJIEKTPHYECKHX TeHe-
paTopoB M JAPYCHX MalUMH, KOTopHe 'Tpefylor
AAWTENHLHOH pafoThl 6e3 cMeHH Macja, NPHME-
HAKT TypOHHMMe Macja. OHH XapakTepH3ylTcs
BHICOKOH CTOAKOCTBIO MPOTHB OKHCACHHA, HU3KHMH
HAMAJTBHBIMH KHCJIOTHOCTBIO M 30/bHOCTBIO, OT-
CYTCTBHEM MEXaHHYeCKHX mnpHMeceH H BbICOKOH
CKOPOCTHIO AeIMYABLCAIHH.

Oco6ylo Tpynny cocTasifioT MOTOprle MacJ/a.
K mum npenvsiBasior ponoauntenshble Tpebopa-
HHMf, CBA3AHHLIE ¢ YCJIOBHSIMH HX paGoTHl B LUU-
POKOM auanaaoHe TeMmieparyp. '

Has paGorl B ycAOBHAX BLHICOKMX H HHBKHX
TeMlepaTyp NpPHMEHSIOT CHHTETHYECKHe Macja, B
TOM UHCJE CHJIHKOHOBbLIE KpeMHeopraHHuecKue
cOBAMHEHHA, XapaKTepH3yeMble MaJIOR 3aBHCH-
MOCTEIO BA3KOCTH OT TEMMEpATYpH, H 3DHPHI.

Tlpamenenne Bojbi B XauecTBe cMA3HIBAKILETD
mMaTepHana yMeHbllaeT OMAcHOCTh NeperpeBa Moj-
WHAHKKOB, BA3KocTh Y BOOL HH3KAaA, & TENNO-
emKocTh B 2...2,5 pasa Gosbile, ueM y Macaa;
MO3TOMY TenJ006pa3zoBaHHe — HE3HAYHTEALHOoe, a
TelIo0TROA — Goablwiod. CymecTBeHHble  Hexo-
CTATKM — OMIaCHOCTb KOPpPO3HH, Tpebylolias MpH-
MEHEHHSI KODPO3HOHHO-CTOHKOH cTanH Aaa 1No-
KPHITHSL meHKH HJIH [JIs1 H3TOTOB/IEHHA Baja, H
HH3Kas Temneparypa KuneHus Boan. O6aacth
BPHMeHeHHs BOAM B KAYECTBE CMa304HOTO MaTe-
pHana — NOAINHNHHKH, KOHTAKTHPYIOLIHE C BO-
Ro#l, T. e. NOALIMNHHKH HACOCOB, FHAPOTYpPGHH,
FpeGHLIX BHHTOB.

MlaacTHuHbie CMa304YHLIE MATEPHAAW Ha-
XORAT TIIPAaKTHUeCKoe [IPHMEHEHHE. O6bIMHO

MpH TpeuuHn Kadenud, obecneunBaloT pecype
B COTHH H 0ojee 4yacoB H 4acTHYHYIO Tep-

U-208  H-30A
U-T-A32 U-I-A46

H-40A, U-50A
H-T-A68

METH3AHIO Y3JA0B, HO HMEIOT OrpaHHueHHbIH
AMana3od NpHMeHeHAA [0 TeMmneparype.

ITaactHudble CMa304YHbIE MAaTEpHAJbl M3-
FrOTOBJASAIOT MyTeM 3aryllieHHs Macesa cre-
nHaAbHLIMH 3arycTaTeisMH. O6bIYHO HCNOAb-
3yloT MHHepaJbHbie macia H-T-A32, K-T'-A68,
cocrasagowue 75..90 % ob6mero ofbeMa.
B kauecTBe 3arycTHTesed nPUMEHAIOT: Ka/lb-
1(HeBLIE, HATpHEBbIE H JIUTHEBHIE Mblia, a
TaKXKe YrieBoJopoinl (napadHH, UEepe3nH)
H ap. Takxke Moryt A06aBidAThbeA [MPH-
caJKu — rpacQHr, JUCyAbhHA MOJHG-
IeHa H Ap.

Jnf naacTHYHBIX CMa304HbIX MATEPHANOB
Han6osiee BaKHBIMH FIBJIAIOTCA ClenylillHe
XapaKTEPHCTHKH: TeMMepaTypa Kanaema-
AeHUA (BHIIAAEHHS MEPBOH Kanau MPH Harpe-
Be), npenen NPOUHOCTH, BA3KOCTb, MEXaHH-
yeckasi cTabuAbHOCTb H 1P.

[1o cBOeMY HaszHayeUHIO MNAACTHYHBIE CMA-
304YHble MATepHaAbl ACJSIT HA AHTHPPHKIHOH -
Hpie (rabs. 9.1), KoHcepBaHOHHBIE H YTIJIOT-
HHTEJbHLIE. '

[To cBOoeMy cocTapy OHH JEAATCA HA CMa-
304yHble MaTepuannl Ha KajabllHEBOH OCHOBE
(conHaOABl, XapaKTepHbleé BOJOCTOHKOCTHIO,
HO HU3KOH TEPMOCTOHKOCTBIO) ; HAa HATPHEBOH
HAH HaTpHH-KalblHeBOH OCHOBE . (KOHCTA-
JIHHbBL, 06afa0liHe NOBbILIEHHOH TEPMOCTOH-
KOCTbI0, HO PacTBOPHMBIE B BOJI€) ; KOMILIEKC-
Hble KaJb[lHeBble (YHHO/BI H JpYyTHE, Xapak-
TEepHbIE TEPMO- H BOJOCTOHKOCTBIO).

M3 T1BepAbpIX cMa3ouHbX MATEepHAJNOB
OCHOBHOE NIPAaKTHYECKOE MPHMEHEHHE MOJTyuH-
JIH: KO/UIOHAAAbHBIH (BBICOKOAHMCIEPCHDEH})
rpadHT H JABYCEpPHHCTHIH MoOAuGAeH (4H-
cyandua monubaesa).

Teepaple cma3souHble MaTepHaabl NpUMe-
HAIT (KAaK CaMOCTOATENbHBIA BM]):

1) B ycnoeusx, xorga XHAKHE W MAACTHU-
Hble CMAa30yYyHble MaTepHaan HepaboTo-
Cnoco6Hbl (HU3KHE WIH BbICOKHE TeMmiepa-
TYPbl, TJIYOOKHA BaKyyM, arpecCHBHEIE Cpe-
ABI) HJAH HENONYCTHMbI [0 TEXHOJOrHye-
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9.1. PacnpocTpaHeHHble aHTHPPHKLHOHHKEE NJIACTHYHLIE CMA30YHME MaTepHanul

Wurepran
I'pynnm IICM Mapka OCT, TV paGouux XapakrepHcTHKa
TEMREPATYP,
°C
O6uwero uasHa- Coaupod:
YeHHSI :
CHHTEeTHUECKHH F'OCT 4366—76* —20...65 IMocTeneHUo 3aMeHsAeMbe
AKHPOBOH I'OCT 1033—79* —95...65  CMa3sKi, HO ele LIHPOKo
pacnpocTpaHenHble
O6wero ua3ua- 1-13 xKuposoi OCT 38.01145—80 —20...110 ¥YcneuHo 3AMEHAIOTCS
ueHHst s mo- KoHCTadnH FOCT 1957—73%* —20...110 cmas3skoit JIuToa-24
BBIILIEHHBIX TEM-
nepartyp |
|
Munoronejeesie  JInuTon-24 TY 21150—75 —40...130 OcuoBHo# mnepcneKTHBHLI
COPT
TepmocTofikue Yuuoa-1 TV 201150—78 —40...150 Komn/iexcHass mMHPOKOTQ
MpUMeHeHHs
Moposocrotixkre [ITHATHM-201 FOCT 6267-—74* —60...90  O6uero npuMeHeHusl
Hasi saektpo- BHWMHM HII-242 FOCT 20421—75% —40...110 JiutHeBasi MHOTrOlEJEBA%R
MALIHH BOJOCTOHKAS
JIAC-2 TY 201291—-77 —40...120 JlutHesasi, npuUMeHsieTcA
; ISl OCHOBHRIX KpPYMHOCC-
pPHAHHIX ABHraTe el
Yuuoa-2 I'OCT 23510—79* —30...160 las  MeTamqypruu. H
Ky3H.-[[peC. MallHH
HUuayctpHanb- CHon TY 10152—74 o 130 Hasi  BBICOKOCKOPOCTHBIX
Hble nofltunuuKkos n < 16 000
MHH '
CrapT TY 401204—81 —40...140 o dn <6-10° mm/muK
IMporusosaaup- JIC-1T1 TY 201145—77 —40...130 lIupoxoro npHmMeHeHHs
Hble
ABHalHOHHbIE Ipa TY 101950—83 —60...120 O6uwero uHaszHayeudst A5

JeTaTelJbHbIX annapaTon

Mpumeuvauune TY — Texnudeckne ycnoua 38 YCCP, a gaa [ICM «9pa» u «Cuon» —

TeXHHUeCKHe ycJoBHs 38.

CKOMY [poneccy (3JIEKTPOHHbBle H HEKOTO-
pbie Apyrue TpHOOpPH H MallHHH),

2) B ycnoBuUAX penKMX IepeMelleHHH,
Koraga HeoGXoauMo [PenoTBPATHTL KOHTAKT-
HYK0 KOPPO3HIO H TPYAHO yAeDXKaTb KHIKHH
WK MAACTHYHBIH CMAa304YHBIH MAaTepHaJ; Ha-
npumep, c6opka U paszbopka coeXHHeHMS C
HaTsiroM, peiko paBoTalide MNOBOPOTHBIE
yCTPOACTBA, NOCAN0YHBIE MOBEPXHOCTH Nepe-
JNBHXKHBIX WKHBOB B DEryJHPYEMbIX pEeMeH-
HHX M Cyx¥X (GPHUKIHOHHBIX  Mepena-
yax W T. O. '

3) B cayuasix oJHOPA30BOTO JeHCTBUS WM
ouedb MaJjore OGIUero cpoka cayXKowl.

TeBepapie cMasouHble MAaTEpPHANBl TAKKE
IWHPOKO MPHUMEHAIT BMECTEe C MHHEpAJbHBI-
MH MacjJaMH I[IpH BbICOKHX JgaBJEHHAX H
Mp# OMACHOCTH 3ae/laHuH, HANpUMEp, B TH-
MOUAHBIX [lepegauax.

KoajoudanbHbli  rpagur sanosaAeT
MHKPOHEPOBHOCTH TPYUIMXCS MOBepXHOCTell,
ofpasya rpagouanble NOBEPXHOCTH, AMA KO-
TOPLIX XapaKTepHbl 3epKaJjbHas IIagKoCTh,
NAOTHOCTL H XOpOLIAfl ¢MAa4yHBAEMOCTb Mac-
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aoM. Tlonmunuuky ¢ rpa@ouHbIMH NoBEpX-
HOCTAMH HaNeXHO paboraloT MpH oueHk Ma-
JILIX TOJUIMHAX MACJ/SHBIX IVIEHOK H HE BBI-
XOHAT H3 CTpoA 1pH nepebosix B mogave cma-
SOUHOrO MarepHana.

JBycepHucThid Moaubaen cnocobed obpa-
R0BbBIBATL HA TPYIUUXCH  TOBEPXHOCTHAX
pIpouHble MJEHKH, KOTOpble MOFYT BbIAEPKH-
BaTh BecbMa BBICOKOE JldBJEHHE. HBy-
;:epHHCTbm MOJUOACH ABJAAETCH HANEXKHLIM
CpeacTBOM [IPOTHB KOHTAKTHOH KOPPO3HH.

HauGosnee HamexHblll cnocol HaHeceHus
TBEpPAbX CMA304HBIX MATEPHAJOB — IOKPbI-
THE TPYILHUXCA MOBEDXHOCTEH pacHblICHHEM
WJH KHCTEIO.

[Ipy ucnonab3oBaHHKH TBEpPAbIX CMAa30YHBIX
MarepaanoB HeoGXOAUMO BO30OHOBASATL 3a-
IATHYIO [/IeHKy. ABTOMaTHYeckoe BO306-
HOBJIEHHE CMAa3KH JOCTHraeTrcfl: [pHMeHe-
MHEM T4K HA3biBA€MOH POTANPHHTHOM
CHCTeMbl (POTANPHHT — pPOTALHOHHAA Ile-
4arb}), BKJAIOYEHHEM B 3alel/eHHEe C OJHHUM
M3 3y6uaTblX KOJieC LWecTepHH H3 CMa304-
HOrO wmarepHana, cMasblBaHueM TMOAUIMM-
HUKOB KAueHHUH CenaparopoM H3 CMa3bLiBalO-
fiero Martepuaia. Becbma sdpdexkTusHo npH-
MEeHEeHHe TBEePALIX CMa304yHbIX MATEpPHAN0B B
KAa4ecTBe HAMOMHATENEH B AaHTUQ PUKIMOHHBIX
MartepHanax: ¢roponnacre-4, noaHamMuIax u
ApPYrHxX MaTepHajsax, yTo MPHBOAUMT K BGOJb-
HIOMY TOBBILIEHHIO pecypca AeTaneH.

CylecrsedHbie  0cOGEHHOCTH MpeCTaB-
JAeT CMasblBAHHE B YCJOBUAX BaKyyMa.
OHH 3aKA0YAI0TCA B TPYAHOCTH BOCCTA-
HOBJIEHHS HCTHPAEMbIX 3alHUTHBIX OKHCHBIX
MAEeHOK, TPYAHOCTH OXJaKJAeHHsl 4epe3 pas-
psXeHHBIH BO3AYyX H, HakoHenu, B usbupa-
TEJAbHOM HCIApPEeHHUHU TIOBEPXHOCTHbIX CJIOEB.

Hau6onee nepcuekrusHeimu past paboThi
B BaKyyMe cJieIyeT CYUTATb TBepAOCMAa30y-
Hble MaTepHaJbl, IPUMEHAEMEIE B BHAE TOH-
KHX MOKDbITHH HJH B BMAE HaANoOJHUTeNeH
CaMOCMa3bIBAKOMIMXCA MATEPHAJOB.

A MOKPHITHI MPUMEHSIOT MATePHANIBL CO
CJIOHCTOH CTPYKTypoit (rpadut, mucyabcdunm
MosuGaeHa, HATpUA 60pa U [qpyrue co CBs-
3YIOILHMMH B BHIE CMOJI WJIH KJIEeB); XUMH-
HYECKH aKTHBHBIE (docdaTsl, GTOPHAL M AP.),
HaHOCHMblE NYTEM XHMHYECKHX peakuHid, a
TAK)K€e MeTa//IMYeCKHe MOKPLITHA cepeGpoM,

CBHHIIOM, 30JIOTOM H HX COCJHHEHHSIMH HJH
MHOTOCAOHHBIMH  (Me[b-HHKeJb-cepebpo H

ap.).

§ 9.4. KOHTAKTHO-
l‘HIlPOJlHHAMH'IECKHPI IDPDEKT
TEOPHH CMA3KH

Mexny B3aMMHO NMepemMelaiOWHMHCA Je-
TajIAMH B YCJOBHAX CMa3sKH TMPOABJIAETCH
rufipoaudamuyeckui 3¢ dekrt. On 3akaoyaer-
CA B TOM, UTO B KJMHOBHAHBLIH 3330D MEXAY
TPYLWHMHCA  [OBEePXHOCTAMH  BCJEICTBHE
JNBHKEHHA THX MOBEPXHOCTEH 3aTATHBAETCA
MAacJO H B HeM cO03Jaercsd H30BITOUHOE JaB-
JeHHe. MacafiHEIH KMAHH MOMKET MOJHOCTLIO
pasiensaTs TPyUlHecs MOBEPXHOCTH, CO3fa-
Bas YHCTO KHAKOCTHYIO CMAa3Ky.

M'uaponuHaMHyecKasi TeOpHs CMA3KH [103-
BOJISIET OMpefesUTh HeCyluiyio chocoGHOCTL
MAac/JAsIHOFO K/AMHA B 3a30pe ¢ KecTKHMH
CTeHKAMH, HanpHMep, B [IOAMHMTHUAKAX CKOJb-
Kenus (cm. § 18.5). [Ipumenuts 3Ty Teopur
Asl OO'bSICHEHHA MPOLECCOB CMasKH 3yfua-
ThIX flepenad 0KasaJoch HEBO3IMOXKHO, MPexX-
Jle BCEro H3-3a TOrO, 4YTO B KOHTaKTe 3y0-
YaTbhlX [Iepefay BO3HHKAlOT O4YeHb BLICOKHE
JNaBieHus. BeJMYHHA 3TUX JABJEHHHA 3aBHCHT
He TOJBKO OT BHellHeH HAarpy3kH H reoMeTpH-
4YeCKHX pasMepoB KOHTAKTHPYIOMIHX NOBEpX-
HOCTEH, HO W OT YIpPYrHX CBOHCTB 3THX
nosepxHocTefi. DTo BBIHYXKAaeT IpH pac-
CMOTPEHHH TpOlecCOB cMaskH 3ybuatoro
3alen/icHHs YYyHTHIBATb Kak [HAPOAHHAMH-
yeckue 3Q@exThl, NPOUCXOASLINE B KOHTAK-
Te, TaKk H ynpyrue nepopManHH KOHTaK-
THPYIOUIHX MOBEepXHOCTeH. 3afaua OCI0XKHA-
ercs elle U TeM, UTO 3TH MPOIlecchi 0Ka3bi-
BAIOTCA B3aUMO3aBHCHMbIMH.

B uwayane COpPOKOBHIX TrojoB B HaumeH
cTpaHe 6b11a pa3paboTada KOHTAKTHO-THAPO-
JHHAMUUECKas TeOpHA CMa3KH, NO3BONSA-
was TeopeTHyeckd 0O0OCHOBATb TpONece
cMa3Kd 3y6uaTbix nepefay. IlpuHpUnHanb-
HOH OCc0oBGeHHOCTbI0 3TOH TEOpHH fBJAETCA
yueT KOHTAKTHOH jJedopmauHH MOBepX-
HOCTEeH, UTO 0KA3bIBAeT CYILECTBEHHOE BJIMA-
HHEe HA npodu,b 3a30pa H, KAK CJAEACTBHE,
Ha pacnpeaefieHde AaBjeHHA B 30He KOH-
TAKTa.
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MareMaTHYeCKH ONHcaTb 3TH [pONEcch
MO3BOASAIOT HCXOAHDIE YpABHEHHS KOHTAKTHO-
FHAPOAHHAMHYECKOH TEOPHH, T. €. ypasHe-
HHe TeueHHS MXHAKOCTH M YPaBHEHHA AJA
YOPYruX KOHTAKTHBIX NepeMellleHH .

AHaluTHUyecKoe pelleHHe 3TOH CHCTEMh
ypaBHeHHH He HaWAeHO, W [OJy4YeHHe uact-
HOTO peledus cBA3aHO ¢ HCMOAb30BanueM
YHCJAEHHBIX METOJOB.

Kak noxkaszann TeopeTHYeCKHE H IKCTNEPH-
MeHTaJibHble HCCAeNOBaHHA, KOHTAKTHO-
ruapoauHaMHueckue 3P¢eKrsl 0Ka3LBaIOT
onpeje/eHHoe BAHAHHE HA 3MI0PY AABJCHHUA B
KoHTaKTe. THMHYHAA 3M10pa JABJACHHA ¢ yde-
ToM 3THX 5¢deKToB mnpeacTaBieHa Ha
puc. 9.3. Ira 3mwopa oTAHYAETCA OT SMIOPHI
epua HanHuMeM BXOJHOH 30HB H BO3MY-
IEHHEM HA BLIXOJe H3 KOHTaKra. Makcu-
MaJbHOE JaBlieHHe B 30HE KOHTAKTa OT-
JAHYaeTCA OT AABJECHHA, ONpele/qeHHOro no
bopmyaam, caenyloiHm H3 Teopun [epua, He
Gosee uem Ha 20 %. 3To nmosBoasieT B nep-
BOM MNPHONHMKEHHH HCIONAL30BATL TEOPHIO
lepua gas onpeneneHdsl gaBieHHst B CMa-
30UHOM KOHTaKTe.

Onno#l H3 BaXKHEAUIMX XapaKTePUCTHK 1PO-
[lecca CMaskH siBASIETCS TOJINHHA CMa3oy-
Horo cnoA. OHAa cylUlecTBEHHO 3aBHCHT OT
CBORCTB cMa3o4Horo caos. B ycaosusix ta-
XKeJNOHATPYKEHHOI0  KOHTAaKTa 3y6uatoro
3alenJeHus CBOMCTBA CMAa304yHOrO ¢JofA Cy-
ILECTBEHHO OTJHYAIOTCA OT CBOHCTB HBIOTO-
HOBCKOH XHAKOcTH. I1pu Oonbmiux ckopocrax
AedopMalHy €07, BO3HHKAIOIIHE B HEM Ha-
NPsiKEHHS NepecTaT 3aBHCETh OT CKOPOCTH
aepopmanrh. Oxapakrepu3osaTh 3TH CBOM-

2, Mila
2000 ' / e —
A
-6 -02 02 X, >M

Puc. 9.3. Pacnpenesnenye ngapjeHHsi B KOHTAKTe
P yyere KOHUTAKTHO-THAPOIHHAMHYECKHX 3¢ dek-
TOB -

L

CTBA CMa304HOTO CJ0A MOXHO NPH IMOMOI
ABYX BeJHYHH: BA3KOCTH H MPEIEbHOMN
HanpsiXKeUuusi CIBHra CMasOuHOro cJOA.

Ha ocuore Teopernyeckux H 3KcHepHMen.
TaJbHbLIX HCeeA0BaHUH Npobaemsl B fabopa-
Topuu Kadenpol «leraan mamud» 8 MBTY
TOJIyueHbl eyl e NpUOIHKEeHHbIe 3aBH-
CHMOCTH [JJf pacuera TOJIHHB CMA30y-
HOTO CJIOA:

[ noR R,

roe A — toawufa cMa30uHOTO CJ0A, M:
U —— cyMMapHas CKOpPOCTb KaueHus, M/c;

R — npuBeleHHbIl paguyc KPHMBH3HBI, M:
£ — monyas ynpyroctH mosepxuocth, MIla;
T, — NpejejbHoe HAMPAXKEHHEe CABHra cma-
3ouHoro cnosi, MIla; p — nuHamuueckasn
BA3KOCTH cMa3ouHoro caos, MIla-c.
XapakTepHCTHKH TOHKHX CcMa3OuHbIX Mie-

HOK B YCJHOBHAX TAXKEJAOHATPYHKECHHOTO KOH-

tTakra (Temmneparypa 70°C) npusenenn
HHXKe:

MaCJIO u, Ha'c. Ts, Mna
Hunycrpuansioe H-T-A 32 . 19 23

ABTOTpaKTOpHOE TpaHCMHC-

CHOHHO®e:

TC3M-8 . . . . . . 54 12

TAOI7a . . . . . . 49 38

HuredcHBHOCTs HM3HawmWBaHus pabouux
nopepxHocTed npoduan 3ybyaroro sauemnc-
HUSl CYLLECTBEHHO 33aBHUCHUT OT TOMIMHHB
CMAa3oyHoOro ¢J0A. bDe3sbisHocHbIH pexuM
peanusyeTcs B clydasix, Korna

h>AVRai+ Ral,

rae A — Kodpduuuedr 3anaca; Ra;, Ra: —
cpenHee apH(PMETHUYECKOe OTKJIOHEeHHe Mpo-
(uas. :

JKCIIepUMEHTANbHBIE HCCAeoBaANHA  NO-
K43adH, 4YTO H3HawWHBaHHE paBouux 110-
BepPXHOCTEH NpakTHYecKd npekpauiaercs MpH
TOJIHEE CMA30UHOTO CJ10s, MpeBbIlIaoleH
3..4 mkM. [lpumep 3aBHCHMOCTH HHTEHCHB-
HOCTH H3HALIHBAHHA H TOJIUIKMHB CMa304y-
HOTO CJIOS OT CKOPOCTH KAauyeHus MPEefCTaB-
JeH HA puc. 9.4

MAarduTonopoKOBLIA METON CMa3blBAHMA.
MeTon Henosab3dyeT MAarHuTHoe Jl1oJie A4
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Puc. 9.4. 3aBHCHMOCTb HHTEHCHBHOCTH H3HAlIH-
BAHHA M TOJNUIHHBL  CMAa304HOr0 /108 OT
OKPYXKHOH CKOPOCTH

[I0JBOMlIA CMA304YHOFO MarepHana B 30Hy Tpe-
gusi. Ou gomyckaer paBoTy MpH BHICOKHX
TeMneparypax, ofGecrneunsaer GOJLIIOH pe-
CYpC [0 CpPaBHEHHIO CO CMasbiBaHHEM Tpa-
JHIHOHHBIMH TBEepJbIMH BE[IEeCTBAMH, [03-
BOJISIET CMa3blBaHHe BEPTHKANbHBIX [10BEPX-
HOCTEH.

MArHHTONOPOUIKOBBE CMa304YHBIE MaTe-
pHaJibl JOMKHB HMETb YNOB/JAETBOPHTE/LHBIE
MarHutdble CBOHCTBA U COOTBETCTBEHHO
BKJIOYAIOT TBEPAOCMA30UHblE H (eppoMar-
HUTHbBIE COCTABJAOILHE (MoS; + Ni;
MoSe;+ Ni u ap.). Pasmepn yacruiy Tmo-
pomka (0,8...1,5)1072 mkM, Ho He GoJsee
1/2...1/3 3a3opa. O6Ge uau omHa H3 TpY-
LHXCS oBepXHOCTeH no/KHA GHTH M3 dep-
POMATHWTHOFO MAaTepHajia, MAarHUTOMOPOLI-
KOBHIfI MaTepuan NOJMKeH ObITb pa3MelleH
BOJM3H MOBEPXHOCTEH TPEHHA. Y3ea TpeHHs,
BKJIOUAsl CMA304YHBIA maTepHasa, AOJXKEH B
KOMILJIEKCE COCTaBJAATL 3AMKHYTHIH Mar-
HHUTHBIH KOHTYpP M HAa HEro AOJXKHO ObiTh
HaJ0KeHO MarudaTHoe nogse, [lomaua no-
pOLIKOBOMO CMa304YHOTO Marepuana Bpa-
[A0ILHMHCA AETaJsAMH [pHBOAA He Jaer
XOPOUIHX pe3yJabTaToB.

PerysupoBanue 044yl MAarHHTONOPOL-
KOBOTO MAaTepHaja BO3MOXHO PETYJIHPOBa-
HHEM CHJIBl TOKa B OOMOTKe HJH NepeMmeline-
HHEM 3/I€KTPOMArHHUTA,



r1ABA X

3YBUATDBIE NEPEJAUYH

§ 10.1. OBIMUHE CBEJEHHSA

3y6uartas nepegaua — 3TO MeXaHH3M, KO-
TOPHIH ¢ MoMow b 3yGuaToro 3aienieHus
nepefaer WiH npeobpasyeT ABHXKeHHE C H3-
MEHEHHEM YTJIOBLHIX CKOPOCTE#t H MOMeEHTOS.

3ybuatbie nepenayd NMPHMEHAOT AAA mpe-
0o0pasoBadiss H mnepelayd BPaAIATENBHOIO
ABUKEHHS Mex1Y BajdaMH C napajieib-
HbIMH, MepecekaloUIMMHCH H NepekpelHBalo-
LAMHCA OCAMH, & TakXe AJs npeoGpasopa-
HUsl BPallaTeNbHOTO ABHXKEHHS B MMOCTyNA-
TeJNbHOE H HA0OOPOT.

3y6uarble nepeiaud Mexay napanenn-
HbiMH BaJIAMH OCYIIECTBJSIOTCH L HAHH I-
PHYECKHMH KOJN€CAMH C NPAMbIMH,
KOCbIMH H IIEBPOHHBIMH 3y0ObsMH
(puc. 10.1, a—e). lMepenaun mexny Banamu
C MepeceKawlHMHCA OCAMH OCYUIECTBJSA-
IOTC OOBIYHO KOHHYECKHMH KOJe-

CaMH C NpsAMbIMH H KPYrOBbHIMH 3yGbami
(puc. 10.1, a—3), peXe TaHreHuHanbHbIMU
3yObsimu (puc. 10.1, x). 3y6uaTeie nepenauy
AAsi mpeoGpa3oBaHUs BPAINATENLHOTO JBM-
KEHHA B MOCTYNMATeAbHOE H HAOGOPOT ocy-
ULECTBJSIIOTCA LHAHHAPDUUECKHM KOJAECOM H
pefikofi (phue. 10.1, 9).

[N51 BaNOB ¢ MepeKpeluBaloHMHCs ocs-
MH MPHMEHAIT 3YyO6UaATO-BUHTOBBAE
nepemadum.

3y6uaTble nepeaauy CoCTaBAAIOT HauGosee
PacnpocTpaHeHHYIO H BaXXHYIO IPYMNy Mexa-
HHYECKHX mnepenady. Boinmyck 3yGuarbix Kosec
B CCCP HaMepsieTcl MHOTHMH COTHSIMH MHJI-
JHOHOB B roa. Mx npumensiior B wupokom
AHanasoHe ofnacTed H ycnoBHH paboThl: OT
4acoB H NPHOOPOB N0 cAaMbiX TAMEJBIX Ma-
IWIHH, AAS mepefadyH OKPYXKHBIX CHJ OT MHJI-
JIHHBIOTOHOE 10 JeCATKOB METAHBIOTOHOB, IS
MOMeHTOB 10 107 HbIOTOHOB HA MeTp H Momi-

Puc. 10.1. OcnoBHble BHAH 3ySuaTsiX Koaec
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HocTell OT HHUTOKHO MaJlblX 10 AECATKOB ThI-
CAY KHJOBATT, C IHAMETPAMH KoJec OT J0NEH
muaauMerpa a0 10 M u Gonee.

3y6uaTble nepefdaul B CpABHEHHH C ApyFH-
MH MexadHHYecKuMH Mepemadamd obnapaior
CYUIECTBEHHbIMH JOCTOHHCTBAMH, 4 MMEHHO!
a) manbiMy ragaputamyu; 6) BBICOKHM KITA:;
p) Goablod HAJEXHOCTBIO B palore,
r) MOCTOSIHCTBOM [1€PEAATOUHOTO OTHOUIEHHS
?{3-33 OTCYTCTBUS MPOCKAIb3bIBAHHA; 1) BO3-
MOXHOCTBIO MPHMEHEHHs B LWIHPOKOM JHdla-
40HE MOMEHTOB, CKOPOCTEH H mepelaTOuHbIX
THOLEHH .

K HepocratkaM 3y0uarbix nepemay Moryr
GhITh OTHecedbl TpeGoBaHHA BLICOKOH TOU-
HOCTH U3rOTOBJEHHs H WyM NpH pafore co
BHAYUTENLHBIMH CKOPOCTAMH.

'10.2. KPATKHE CBEAEHHS
#3 TEOMETPHH W KHHEMATHKH
®BOJIbBEHTHBIX 3ALEMJIEHHH

OCHOBHBIM KHHEMATHUECKHM YCJIOBHEM, KO-
TOPOMY AOJKHB YJOBAETBOPATH HPOPHIH
By6nLee, apasieTcs MOCTOAHCTBO MTHOBEHHOTO
NepenaToyHoro OTHOLNEHUS Nepeladd. IToMy
YCAOBHIO YNOBMETBOPSIOT MHOFHE KJIACCHI
kpuBbix. [Iaa obecneuenusa Boicokoro KIII,
NPOUYHOCTH H HOJrOBEYHOCTH Kojec NPodHIH
BO/KHBL of6ecneyuBaTb MaJjible CKOpOCTH
CKOJIbXeHUsA H J0CTaTO4Hbie paguychl KpH-
BU3HBI B TouKax KoHTaKTa. [IpodHan no1:xHbl
ROTyCKaTh Jerkoe H3rorosjieHHe, B 4acT-
HOCTH Hape3aHHe NMPOCTbIM HHCTPYMEHTOM He-
3aBHCHMO OT uyHcaa 3yObeB KoJec.

DTUM ycJ0BHAM HauGoJee MOJHO Y10BJeT-
BOpseT 3BOJbLBEHTHOE 3aleNJeHHe, Hallel-
Hmee wmupoyaliuee NPHMEHEHHe B MaLIHHO-
CTPOEHHH.

Kaxngoe sBonbBeHTHoe 3yGuaroe KOJECO
Ro/KHO ObiTh Hape3aHo Tak, 4roObl OHO
MOIJI0O BXOJMTL B 3aUeliieHHe ¢ KoJecaMmH
TOro e MOJIYJA, UMeIOLWMMH Jioboe YyHCo
3y6beB. IJBOJLBEHTHOE 3allelVICHHE MAJO
YYBCTBHTEJABHO K OTKJOHEHHAM MEXOCEBOTO
paccrosiHkfl. IBOJbBEHTHBIE 3yGuaThie KoJje-
Ca MOTYT HAPe3aThCsl NMPOCTHIM HHCTPYMEH-
TOM: OHH ya00Hbl [l KOHTPOJA.

3anennenne 3y6uaThiX KOMEC 3KBHBA-
JEeHTHO KaueHulo 6e3 CKOJILXKEHHA OKpyX-

HOCTEH ¢ JHaMeTpaMH dy1 U dyu (pHC. 10.2),
Ha3blBaeMbiX HadyajbHBIMH OKPYXHOCTAMH.
[Tpu kauedun 6e3 cKoJbxKeHHA npamMoid NN
(puc. 10.2) Mo ocHOBHBIM OKpPYXHOCTAM c
adamerpaMd  dp =du1COS Qi H  dpr=
=dus2 COS Oty (T Otw — YIOJ 331ENJAeHHA)
TOYKH 3TOH NMPsiMOH ONHCBIBAIOT HA KaXAOM
H3 KoJjec 3ponbeedTh, [1osTOMY HYXKHOE ABH-
KetHe KoJeC MOXKHO NOJYYHTh 3ajenjeHuem
3y0bes, OyepyeHHbIX MO 3BoAbBeHTaM. [Ipu
yBeAHUeHHH YUcAa 3yGbeB 10 G6eCKOHEUHOCTH
9BOJIbBEHTA MpeBpallaercad B IpAMYIO, a
3yfuaTtoe KoJeco — B peHKy C rpanenwe-
BAAHBIM MpodHuiem 3y6bes, yAo0HYIO A5 H3-
rOTORJEHHA H KOHTpoas. [losTomy B KauecTse
HCXOJHOI0 KOHTypa A/ 3BOJbBEHTHOrO 3a-
UEMAeHHsT NpHHATA pefika, H LWHPOKOe MpH-
MeHeHue Hawao popmoobpasosanue 3yObeB B
npomecce 3aienyieHHsl ¢ PeeuHbiM HHCTPY-
MEHTOM.

B kayecTBe OCHOBHOro mapamerpa 3y6-
4yaToro 3alenfedHss TPHHAT MOAYAb
3y6bes m-— seiHudda, NpoNePiiHOHAIL-
Has Wary p Mo AeRUTEeNbHOMY [HAHHADY,
T. €. IHJHHIPY, HA KOTOPOM 1luar 3ybuaroro
KoJieca pAaBeH I13Aary HCXOLHOIO KOHTYPa,

'T. €. wary npoussojsauled pedixkd. Takum

ofpaszoM, m=p/n.

[Ilar p, Tak e Kak W JAJHHA OKPYyX-
HOCTH, ABJsieTcsl KpATHBIM YHC/Y 7t U M0O3TOMY
HeyA00HBIM AJ15 TIPHHATHA 32 OCHOBHOM Napa-
METP 3allelJieHHS.

Puc. 10.2. O6pasoBanne 3poJIbBEHTHBIX Npoduei
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B o6ueM cayuyae gas koco3yGeix nepenay
paccMaTpHBAIOT OKPYKHBIE H HOpMaJbHble
HIAaTH H COOTBETCTBEHHO MOAYJH.

OKpyXHOH JenuTeNbHblt [mar p;— 3TO

pacctosiHde MeXAy OJHOHMEHHBIMH MpogHU-

JSIMH cOCeHHX 3yObeB, H3MEpPeHHOe 110 ayre
AeNHTeNbHOH OKPYXKHOCTH 3y64aToro KoJeca.
OueBHaHo, 4YTo nd=2p; OTKYIA pi=
=nd/z.

CoOTBETCTBEHHO OKPY:XKHOHA MOAyAb #i; =
=d/z, T. e. npeacraBasieT 'COGOH YacTHOe
OT JeJieHHsl JHaMeTpa NeJUTeNLHOH OKpYX-
HOCTH HA YHCJO 3yOheB.

Hopmanbuwlél mar p, — Kparuaiiwee pac-
CTOSIHHE MO NENUTEbHOMY UH/AHHAPY MeXIy
ONHOHMEHHBIMH NPOQUABHLIMH  NOBEPXHO-
CTAMH [ABYX CMeXHblX 3y0beB p.=p:cos b,
rae f§— yrol HakaOHa JIHHHH 3y6ber [0
AeNHTEeNBHOMY HUJIHHAPY.

COOTBeTCTBEHHO HOPMAJILHBIA MOy b M =
=m,cos B. Ilna npamosy6Lix nepeaau ok-
PY*HbI€ H HOPMaJbHbIE WATH U MOAYJH COOT-
BETCTBEHHO COBMAJAJOT.

Moayns craHpaptu3oBadbl B JHATA30He
0,05...100 MM (I'OCT 9563—80*). Huxe
JaHBl MOAYAH, MM, B Haubojee ynmorpeGu-
TeAbHOM NHanasone (1-# paa crepyer npex-
NOYHTaTh 2-My):

1-t npeanournrenvun#t pag I; 1,25; 1,5; 2; 2,55
3. 4; 5; 6; 8 .10, 12;
16; 20; 2b; 32; 40

2-it mpeanmoutHTesbHbIR psx 1,125; 1,375; 1,75;
. 225, 2,75 3,b; 4,b;
5,5:7,9; 11; 14; 18;
22; 28; 36; 45

JAnst peaAyKTOpPOB TaKxKe AOTYCKAT MOAY-
au 1,6; 3,15; 6,3; 12,5 mm.

(@005=0,02)m__

Haa Koco3yOblx UHAHHAPHYECKHX KOJeg
CTaHJapTHBIMH Ha3HAualT HOPMAJMbUble Mo-
ayau. Tlapamerppl HCXOOLHOTO KOH-
TYpa UWIAHAPHYECKHX 3ybuaTblX KoJec
crangapthsopann (I'OCT 137556—81); yron
npodpunsa o=20°. BpicoTa TOJOBKH 3Yy6a
ho=ham, ha=1. Tny6una 3axona 3yOneg
h,=2 m; panuajbHblil 3a230p Mex1y 3y0bs-
MU ¢=0,25m (NpH Hape3aHHH [poOAOs-
kKamu 10 0,35 m); paaHyc BbIKPYKKH y KODHsI
3y6a p;=0,38 m (puc. 10.3, a).

Insa 6picTpoxonublx 3y6uaThiX nepeiay g
LeAsAX YMEHbIIEHHsl CHJ YJapa NpH BXOje
3y6beB B 3alienjeHHe H BHIXOAe HX H3 3anen-
JeHUS U OJs YMeHbllleHHs yMa NpHMEeHAT
MoaH(pHKaUHIO npoduisi TroNOBKH  3yba
(bnaukuporaute). DaaHKMpoBaHHe Mpej-
crasiaser cofol npeaHamMepeHHOe OTKJIOHe-
HHe OT 3BOJbBEHTHI NPOQHIA Y Beplliny
3y6beB (HA yacTH BBHICOTH TOJOBKH), Ha-
npaBaeHHoe 8 Teno 3y6beB. PaanKHpOBaHME
yMeHblllaeT CHJB yaapa, cBsazaukkie ¢ gedop-
MajHed 3y6beB H OWUOKaMH OCHOBHOrO
mara. '

A GaaHKHPOBAHHLIX  KOJIEC MOpeny-
CMOTPEH HMCXOAHBIH KOHTYP, y KOTOPOro
Ka)aass 6okoBas crtopona 3ybHa ouepueHa
ABymsi npsAMbIMH (pHc. 10.3, 6) HAH npsiMoi
H QyTOH.

OcHOBHbBIE TeOMETPHYECKHE COOTHOINEHHSH
npusegedsl B Taba. 10.1. Haspanua u o6o-
3HA4YEHHsA JeMEHTOB 3yGuaToro 3auenjeHus
nokasaHsl Ha puc. 10.4, _

OcnoBHbIE KHHEMATHUECKHE XapaKTepH-
cTHKH. [lepenaTouHoe uncao paBHO OTHOLIE-
HHIO 4Hucen 3yOLeB koJeca 23 H LIecTepHH
Zi . U=23f/2;, TAe 22222 W COOTBETCTBEHHO
uz>l.

Koag(pHiHEHT TOPUOBOrO MEPEKPBHITHA €,
paBed OTHOWEUHIO YT1a MOBOpPOTa 3y6uaToro

=

Puc. 10.3. Mcx0aHbIA KOHTYP
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10.1. OcuHOBHBIE reoMeTpPHYECKHE 3aBHCHMOCTH UWHJHHAPHUYECKHX 3yGuUATHX nepepay

rEOMETpH'{ECKHB 34BHCHMOCTH NpPH 3aHeNAcHHH

[Tapamerp sanenseHun

6e3 cMEMIEHHA HCXOAHOFO KOHTYpPa

CO cMeulevHeM HCXOAHOrO KouTypa

MeKoceBoe paccrosinye = =
KosddUuuHeHT  ypaBHHTE/IbHOTO
CMelLileHHsa Ay -
Bricota 3y6a h=225m
Papnajsuutt 3asop c=025m
Huamerpsl:
nedauTedibHble dy; ds
HavaJbHble dy, dws ‘dwl—ﬁd;,
) L dw?-"dﬂ
Iuamerp sepiiuy 3y6bes:
BHEWIHEro. 3aue e H dar =dr4-2m;
.- dag =d3+2m .
BHYTDPEHHErO 3allel/ieHHs dar=d+2m,;
d32=d2—"2m
Iuamerp BmaguH 3y6uaTbiX KO-
Jec:
BHELI HETO dp==d,—2,5m,
3alnendeyHs dip=d:—2,bm
BHYTPEHHEro 3auen.neﬂuﬂ
Yron:
npoduJA HCXOLHOTO KOHTYpa
jauenyeHus (HCXONHbie 3aBH- ‘
. t [0 A= ==
CHMOCTH) g duw=tg o
e HA npaAMo3y6eIX ne- .
3auelIeHHs TPAMO3Y n e = Oy == 1
penay

_ m(22+2) 2y 2
2 cos B G m[2c05|3+y]’
rae y=xs+x —Ay
Cwm. puc. 10.17
h=225m—Aym

c=02bm

dy=mz,/cos §;
dy=mzafcos P

4 20y _
T Ry
dw2=dwlu,

ﬁa;=dl+2(l-+x|—Ay)m;
d52=d2+2(l +XQ—-Ay)fﬂ
da=d +2(14x)m: -
da2=d2—2(0,75—0,875JC2 +
+Ay)m

NpH Xz <2

dpy=d— (2, 5——2x1)m

dig=dy— (2,5—2x2)m
dfa 72 200 +‘€ial +0,5m
o =20°
tg_& a
COS Oy = — COS O
cos B tw

o
COS Qlgp = ——COS &
w %

KOjieca OT BXOAA B 3auefjeHHe TOPIOBOTO
npoguaa ero 3y6a 00 BbIXOAA H3 3aleNAeHH,
K yrnopomy iary 2xn/z. Kosdduuuenr top-
HOBOIO MEPEKPhITHA B 60JbIUIOH CTENeHH Of-
peneasieT NAasHOCTL PAaGOTHl MepefayH H co-
BMECcTHY0 pabory 3yObes. [las npAMo3ybbix
nepenay ol AoAXeH o0si3aTefbHO 6LITH 604b-
e eauHuusbl Iaa nepenau Ge3 cMmeuleHUS
AJsi ONpefeseHHsa €, MOXKHO MONL3OBATHCA
NpHOAHKEHHOH (hOopMYyJIOH

188—32( ——1—)
Z] T 2y

rae 3Hak «-+» [Js BHEIIHETO H « —» Oisi
BHYTpeHHero 3sapjemnaeHusa. [Iaa nepepau
€O CMeueHHeM oMnpejejeHHe &, — CM. B
FOCT 16532—70.

YnenbHas cKOpPOCTb CKOJbXEHHA paBHSA-
eTC CKOPOCTH CKOJIBXEHHS1 MeXay 3yOba-
MH B paccmaTrpHBaeMoil Touke npodHas, ge-
JleHHOH Ha CKOPOCTb- NepeMmelieHHs TOH XKe
TOYKH Npoduas 3y6uaroro koJjeca B Hanpas-
JIEHHH CKOJLXKeHHs. DTa BeJHUHHA Xapakre-
pusyer paboTy TpeHUs] Ha eAHHHUY AYTH
npoduaisi H COOTBETCTBEHHO €€ TENAOHATPs-
¥KEeHHOCTD.
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Puc. 10.4. DaemendTsl 3y6uaToro 3auenienHs

Puc. 10.5. Cmocoful Hape3aHusl 3y6bes:

a — MOAyJbHOH AHCKOBOH ¢pesol;

dpesolt; ¢ — rpebenkofi; 2 — uepBAunof ¢pesoi.

6 — naabuesol

Hapesatine 3ybbes 3yGuatmx Kosec. Hapess.
HHe 3yObeB 3y6uaThIX KoOJleC MOXKHO NPOH3BOAHTY
METOJOM KONHPOBAMHA HJH METONAOM OrHGaHks
(oDKaTKH).

[lo MeTOAy KOMHPOBaHusi BOafgHHA MEXK )Ly
3y6bsiMH  00pasyeTcsi HHCTPYMEHTOM ([AHCKOBOW
b pe3ofi, naabuesoi ¢pesoft, NpOTAKKOR, WiHbO-
BAJIbHHM KPYFrOM}, HMEIOUIHM NMPpopH/b BHAJHH b
(puc. 10.5, a, 6). TounocTb 3TOrO METOAA, OCo-
GeHHO NO Wary — MoHHXenHasi. MeTon KonupoBa-
HHUS TMIPUMEHSIOT AJf 006paboTKH KDPYHHOMOMYJIL-
HLIX LIEBPOHHBIX KoJec, [Asi HapelamHsl ¥ g
IWAHPOBAHHA KOJIeC B MaccOBOM NMPOH3BOACTBE, a
TAKKE B YCJNOBHSIX DEMOHTHBIX MacTepckHx, Jlian
Hape3aHHsi KoJlec ¢ pa3HbiM uHCAOM 3y6GbeB Heo6-
XOJHM KOMIIEKT HHCTPYMEHTa KaxKAOro MOIYjs
u3 8...26 wr.

OCHOBHOE NPHMEHEeHHe UMeeT MeTo[ OrH6aHus!.
[To stomy Mertoay 3yGmfi Hape3alOT HHCTPYMEH-
TOM B Bule pellku-rpeGenks (puc. 10.5, a),
yepBsaYyHOH ¢pe3vl (puc. 10.5, ) HAH mecTepus-
Ao6sika. Hapesaune npoucXopuT s npouecce npu-
HYIHTE/bHOrO 3alen/eHHs HHCTPYMEeHTa ¢ 3aro-
TOBKOH Ha 3yGopesHom ctauke, MHCTpymeHTy Jo-
NOJMHATENBHO COOOLIAeTCH ABHMXKeHHe, obecneuu-
BaKOLlee pe3aHHe.

Meron ornbanua faerT HenmpephiBHLHE npouecc
Hape3aHHs1, YTO o6ecrneudBaeT MOBLIIEHHYIO TPOH3-
BOJHTEJNBHOCTE H TOYHOCTD N0 CPABHEHHIO C METO-
AOM KOTNHPOBAHHS.

Metoa orufands n03BoJgerT HCNONbL30BATH J1A
Hape3aHUsl Kojec, a TakkKe I0AGSIKOB peeuHbii
HHCTPYMEHT C MpsAMOJdHHeHbIM npoduiem.

3y0ope3Hbli HHCTPYMEHT peeddoro THNa npogu-
JIHPYIOT N0 KOHTYPY TAK Ha3LBaeMOH NMPOH3BOIA-
e UJIH HHCTPYMEHTAJIBHOH peHKH.

KpoMe Hape3aHus MPUMeHSIOT TAKXKe METOR Ha-
KaTblBAHHA 3yObeB, KOTOPbIA MOBLILIAET MPOYHOCTD
Ha 15...20 %.

Tounble 3y6uaThie KoJieca MoABepranT OTASI0Y-
HBIM OfepallHsIM: [HEeBHHIOBAHHMIO, HIVIH(POBAHHI,
MPHTHPKE.

§ 10.3. TAPAMETPbI
H KOHCTPYKLLHH 3YBYATBIX
NEPENAY

[TepenartouHsie yuuCcaa u=2/2
o0blYHO OrpaHHuyuBaloTCs rabapHramH nepe-
aau. B peaykropubix nepeiadyax MakKCHMAJb-
Hble 3HAUEeHHSs [ePelaTOUHbIX YHCeN THXOX0I-
HOM M pOMEXyTOuHOH mnepepaud 5,6...6,3,
GbicTpoxonHoi nepenaun  6,3..8. Huxuue
sHayeHusn npu teeproctd 56...63HRC;, Bepx-
Hue — npu < 3H0HB. Hmeerca rennenuus
CHUKEHHA 4 [pH BBHICOKOH TBEpPAOCTH 3yObeB
RO 5.
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B kopofkax ckopocrefl cTaHkoB u< 4,
B MpHBOAAX CTOJOB GOJBIIHX [HAMETPOB
u<<20. HoMHHanbubIE nepenaToyHble yHcaa
UHJIHHIpHUEeCKHX 3y04aTbiX nepemad cTad-
naprusosansl no CT CIB 312—76;

1-% npeanouTHTeabHul pan  1; 1,25; 1,5; 2; 2,5; 3;

4;5;6; 8, 10; 12
2-it npennourureabunii pax  1,125; 1,375; 1,75;
2,25, 2,75; 3,5; 4,5;

55, 7: 9 11

- MudumanbHoe uHCA0 3y0beB uwecTepeH
P6LIYHO OrPAHHUMBAETCH YCJOBHEM HeMoApe-
88HHA 3yOneB y ocHoadusa. [IaA Hekop-
'buruposaﬂﬂux nepemnau z;,=17, a1a Kop-
PUrHpOBaHHBIX 2, =12..14 H MeHbue.
[IpenmyiuecTBeHHO YHMCAa 3YGLER BRIGHPAIOT
H3 KHHEMATHUYECKHX YCJAOBHE.

Boabwoe 3Hayedue naa orpaHHueHHa Ho-
MEHKIaTypbl KOPMYCHBIX AeTa/lell peflyKTopoB
H KOpPOGOK cKOpocTeH HMeeT cTaHgapTHaa-
JHS1 MEXOCeBBIX paccTOAHUE Nepeay. Mex-
0CEBbIE PACCTOAHHSA Qw, MM, [HJIUHIPHYECKUX
nepejay peayKTopoB JONXKHH BLIGHPATHCA H3
CHeayouuX pAAos: -

1-&, npeamoututenbuuift psig .40, 50, 63, 80,
100, 125, 160, 200,

250, 315, 400, 500,

630, 800, 1000,
1250, 1600, 2000,
2500;

2-% npennoutureasubiit pag . 140, 180, 225, 280,

355, 450, 560, 710,
900, 1120, 1400,
1800, 2240

IInpuuy 3y6uarsix Kosec BHGHpAIOT B CO-
OTBETCTBHH C YCTAHOBJEHHBIMH 3MMHpHYE-
CKHMH cootHoWeHHsAMH. Kosdbduuuent wmn-
PHHB Yo=0b/a, penyKTOPHBIX 3y6UATHIX KO-
JeC M3 yJy4qWeHHbIX cTajefi NpH HEeCcHM-
METPHYHOM  PACMOJOXEHHH PEKOMEHAYIOT
npuauMath pasHbiM 0,315...04, a U3 3aka-
neHHblx cranei (,25...0,315; npu cuMmeTpHy-
HOM PACNONOKeHHH 3Y6qaThix Konec oTHOCH-
TeabHo omop 0,4...0,5. C‘féHﬂﬂpTHble 3Haye-
HHs P, aaA peaykropose: 0,100; 0,125;
0,160; 0,200, 0,250; 0,315; 0,400; 0,500:
0,630, 0,800; 1,0; 1,25; 3nauenusi 0,630...
1,25 — pan u.leB[f'oHHblx mepeaay.

3uayenua Pg=0>0/d; TpPH CHMMETPHUHOM
PAcCIOJIOKEHHH KOJAEC OTHOCHTEJNBLHO ONop
0,8...1,6; npn HECHMMETPHYHOM PacNOO0-
KeHud, Ho xecTKux sanax 0.7..1,4; to xKe,
HO Bajax ModHKeHHol )ecTkocTH 0,5...1, npH
KOHCOJIbHOM pachoJioxeHun koaec 0,4...0,6.
Bodbuine 3HavYeHHs MPHHAMAIOT AJf Kojec
M3 XOpowlo NpHpafaThiBAIOLIHXCA MaTepHa-
JIOB H TIPH MOCTOSAHHOM narpyske. [lepeBHK-
Hble OpsiMo3yOble llecTepHH KOPOOGOK cKo-
pocTel denaloT Yy3KHMH ¢ KO3¢pduuHeHTaMH
Yu=b/m=6...10.

[IpaMo3yGhle Koseca NpHMeHSIIOT MpeHMy-
IECTBEHHO IPH HEBLICOKHX H CPEAHHX OKPY K-
HBIX CKOpOCTAX (cM. cTp. 164), npH Gonblioi
TBEPNOCTH 3y0beB (KOrila AHHAMHYECKHe Ha-
FPY3KH OT HETOYHOCTEH U3TOTOBJIEHUS HeBe-
JIMKH MO CPABHEHHIO C NMOJEe3HbIMH), B njaHe-
T4PHBIX TIepeflayax, B OTKPHITHX Mepenauax,
a TaKxe NPH HeOGXOAUMOCTH OCEBOrQ mepe-
MELLEHHS KOJIEC V1A MEPEKAIOUEHHS CKOPOCTH
(xopo6KH nepenay). KocosyGuie Koneca npu-
MEHAKT [/]f OTBETCTBEHHHIX mnepenay MpH
CPeJHHUX H BBICOKHX cKopocTsix. O6beM HX
npuMereHdss — cebite 30 % o6neva npume-
HEHHUS BCEX LHAHHPHYECKHX KOJeC B MalIH-
Hax; H 3TOT I[POUEHT HeNpepnuiBHO BO3-
pacraer. Koco3yGble KoJjeca ¢ TBEPIBIMH T10-
BEPXHOCTAMH 3y6beB TPeGyIT MOBBIIIEHHOH
3alUAThl OT 3arpsA3HeHHd BO u3bexkanue He-
pPaBHOMEPHOTO H3HOCA MO AJIHHE KOHTAKTHHIX
NAMHAH H ONACHOCTH BHIKPALIHBAHHA.

Yron HakmoHa 3y6beB KOCO3YGBIX Kosec
BHIOHPAOT MO YC/JAOBHIO, IPH KOTOPOM Oce-
BOH KO3bdUnHeHT MepekpuTHs eg=¥b/p,=
= (b cos B) /pn 6osiee 1,1 (oBbluno 1,1...1,2),
B GonbliMHCTBE KOHCTPYKUMH B=48...22°, B
pa3sABOEHHbIX CTYMEHAX PEAYKTOPOB 1S AYy4U-
el caMoyctaHoBKH B> 30°. '

3nayenne yraa f§ yno64o B6GHpaThL TAKHM,
YTOGB TpH CTAHAAPTHHX 3HAYEHHSX HOP-
MaJbHbIX MOJyY/JA€H MeXOCEBble PpaccTofi-
HHfl G COOTBETCTBOBAJAH TpPHBEAEHHLEIM B
CTAaHjiaprax, a [JA BCTpauBaeMblx nepengu
0 BO3MOXKHOCTH BbIPAKAJHNCD HEJIbIMH KPyT-
JbIMH uuciaMd. Tak, Hanpumep, K yaoGHBIM
yriaaM il Koco3y6ObiX nepenay PeayKTopoB
MOKHO OTHecTH yroi (=28°6'34", xocuuyc
koTOpoTo pasex 0,99. [Ipu cymmapHoM uHcae
3y6beB 2, =99 q,=50m.
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B 3yfuarmix KojJecax 0OpH TBePAOCTH
<350 HB orsowenune m/a,=0,01...0,02,
a npu tBEpaocTH =45 HRC, 0,016...0,0315.
B Koco3yObiX nepejauax peAyKTOPOB J/isi
LWIeCTEPEH PEKOMEHAYIOT MPHHHMATL Hanpas-
JeHHe 3yba Jepoe, NJIA KOJec — npasoe.

CynlecTBenHoe MoBLIEHHE Hecywiedl cnoco6-
HOCTH 3y64aTHX Mepefad B OfHOM HaMpPaBJEHHH
BPaUIeHHA MOXHO AOCTHTUYTb NpHMEHeHHeM He-
CAMMETpHYHBIX npodHIed. Yroa sauemsienus pa-
Godell HACTH MPOGHIST MOKET GbiTh YBeJHUeH 0
45°, 4r0 caMo no cebe AOCTATOYHO 3¢ HeKTHBHO,
HO, KPOMeE TOT0, HeCHMMETPHYHLIE Nepefaud MOKHO
BLMOIHATE ¢ KOS(dHIHEHTOM MepeKphiTusa 6o-
aee 2 ¢ yBeJdHueHHbHM 10 24...26° yrioM 3auende-
HHs1 paGoyed HaCTH NPOGDHIA B HOPMAJIBHBIM YIIIOM
20° HepaBoueit yactH [8].

B MoulHbIX penykTropax NpHMeHAIOT wIeB-
POHHBIE KOJleca, He nepefaloite Ha MO WIHII-
HUKH OCEBble HArpy3ku. Y UIEBPOHHBIX KO-
Jec f=25...45°, '

[llectrepuy ¢ AHamMeTpoM BNAIHH, GAHIKHM
K IOTPeGHOMY IHAMETPY BaJja, H3TOTOBJSAIOT
MPEAMYUIECTBEHHO 3@ OJHO LENoe ¢ BAJIOM
(B penykropaxnpd 4> 3,15). lllectepuwu
Hebonbworo auHaMerpa (do<<
<< 200 MM) BBUIOJHAIOT [IPEHMYIIECTBEHHO B
BHJI€ JIHCKOB CO CTYNMHIAMH HAM 6€3 CTynun
(puc. 10.6, a..x), uHorma c mporouxam
Mo TOpUAM AJf Ayullero 6a3zuposadusa. B Ko-
pobkax nepenauy HpUMeHAOT OJJOKH luecTe-
ped (puc. 10.7). Ilecrepuu 8 ¢popme crioii-
HbIX JIHCKOB H3roTOBJIAIOT M3 MpoKaTa (TpH
avamerpe o 150 MM) HAH H3 MOKOBOK.
3ybBuatele KoJeca €O CTYNMHUAMH H GJ0KH

IECTepeH B 3aBHCHMOCTH OT CepHHHOCTH
MPOH3BOACTBA H3TrOTOBJASIIOT IUTAMIOBKOH,
KOBKOH HJH TOYEHHEM H3 MPYTKa. Koaddu-
UHEHT HCNOAb30BAHHA MeTalla NMPH TOYeHUH
TaKuX IllecTepeH M3 MpyTKa paBeH B cpej-
HeM 1/3, npu wrammoBke B 3aKpLITHX ITaM-
HaX OH B 2 pa3a BhiLle.

Koneca cpeanux aguamerpon
¢ da < 600 MM BBIIOJHAIOT IPEHMYILECTBEHHO
KOBAHBIMH (B MOAKAAAHBIX HAH 3aKPHIThIX
mTamnax) obJeryeHHOH KOHCTPYKIHH.

Tonumuuy BeHUOB 110 BOAAHY yAydlIeHHbIX
Konec BIGHPAIOT paBHOH (2...3) my, TONWHUHY
AMcKoB paBdo# (0,2...0,3)b, nuamerpnl cry-
mail — (1,6...1,9)d. (roe b — wHpuHa Koge-
ca; ds — nuaMerp Bana). BayTpedusas no-
BEPXHOCTL 06043 W HApyXKHasl [OBEPXHOCTD
CTYTIHIB, He ofpabaTbiBaemMble MeXadHH-
ueCKH, HMelT yKaoHul. 3yGuaThle Kojeca ¢
TBCPABIMH 3YObAMH IIPEHMYIECTBEHHO Jie-
JA10T ¢ HeGONbIMMH BbleMKaAMH MO TOpuaM.
TexHomoru4HAA KOHCTPYKNHA I1ITAaMIIOBAH-
HOT'O KoJeca noKaszaHa Ha puc. 10.6, e.

Hucno norpeGHbIX THMOPA3MepoB Kojec
CHABLHO BO3pAacraeT H3-3a MHOT00O6pa3usa
GopM cTynHL, AHAaMeTpoB 8aJjos K T. A. [lo-
3TOMY OBIJIO  MPeAJOXKeHO CTAHAAPTH30-
BAThb H LEHTPAJU30BAHHO HU3TOTOBAATL 3Yy6-
YaThle BeHNbl, KOTOpPbIE MOTOM MPHCOEIM-
HATb, B UACTHOCTH TPHKIEUBATH, K CTYMHILAM
(puc. 10.8, a). 310 Takxke No3BOJASET IJIH-
¢boBaTh 3yGbaA 610KOB LIecTepeH Ge3 ypeaH-
yeHHf UX oceBbix rabGaputos (puc. 10.8, 6).

PaccmoTpuM KOHCTPYKUHH KPYIIHBIX KOJIEC.

l. HeabdoauTHEe KOJeca HMEWOT
pacrnpocTpaHeHHe Kak HAHMeHee TPyIOeMKHE.
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Puc. 10.6. KoHcTpyKuHH 3y6uaThix KoJec
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Pue. 10.7. Baoku
[HeCTepHH

mectTepeH H  NepeapHIKHBIE

Mo cBoel Hecyuled cnocoOHOCTH OHHM YCTY-
napT KoJiecaM ¢ KOBAHBIM HJIH MPOKATAHHBIM
ob6opom. Jlo nnamerpa 900 MM ux npeumy-

ILECTBEHHO  BBIMOJAHAIOT  OJHOAHUCKOBBIMH
(prc. 10.9, a...8), a npu GoabluHX AHaAMET-
pax H WWHpHHe — JIBYXIHCKOBBIMH
(prc. 109, 2).

2. DbaupaxupoBaHHbl e KOJae-
ca {puc. 10.9, 3), B KOTOPBIX cTaNbHOH HaH-
A8 Moca)eH C HATATOM Ha CTaJbHOH (pexe
MYFyHHBIA) UEHTD, 06ecneunBalT 3KOHOMMUIO
KayecTBEHHOH CTaiH, HO 60jiee JOPOTH B W3-
TOTOBNeHHH. DaHMaX KYIOT HIH MPOKATHI-
Bapr. lllupokue Koseca (npu wHpuHe Goaee

500 mm) penaloT ¢ ByMsl GaHoaxKamu.

Tommuna Gaupaka or BOagHubl 3yOLeB
(7...8) m,. :
3. BoaToBble KOHCTPYKILHH, B KO-
OPHX 0o0OJ H LEHTD CTATUBAIT Kpernex-
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Puc. 10.8. Kneennie 3yGuathie Koseca
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Puc. 10.9. KpynHbie 3y6uaTtnie koneca:
a—e& — LeJbHOJHTHe; 0 — GaudamHpPOBAHHOE, % —

CRapHoe

HbIMH GONITaMH, YcTaHaBIHBAeMbiMH 0], pas-

" BEPTKY, HMEIOT TaKYIO e HeCyulyl cnocob-

HOCTb, Kak H 6aHpaXUpOBaHHBIE, HO Jerue
nocaeadux (puc. 10.9, e).

CeBapHbe KoJdeca NPUMEHAIOT B HH-
AHBHAYaAbHOM mnpoH3Boacree. OGO  Bhi-
NOJNHAT LENbIM HJAH BajblOBAaHHBIM H3 NO-
JIOC CO CBAPDKOHW ‘BO BIAAHHE MEXY 3YObAMH
(puc. 10.9, x).
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§ 10.4. BUADbI PA3PYLLUEHHS
3YBbLEB. KPHTEPHH
PABOTOCIIOCOBHOCTH

M PACYETA 3YBYATBIX TEPEJAY

[Tlonomkxa 3y6beB gaaaserca uaubo-
Jiee onacHbiM BHAOM pa3pyuleHHs, TIPHBOIS-
IHIAM K BbIXOAY H3 CTPOSl mepejadyd H 4acTo
K TOBpPEXIEHHIO APYruUx jaerajeid (Banos,
MOAUIHMHHKOB) H3-3a NIONAJAHHA B HHX BbLIO-
MHUBIIHXCH KYCKOB 3y6bes.

[ToroMka 3y6beB MOMKeT BHI3BIBATHCH:
60JBLIMMH MEPErpy3KaMu yJapHOro WiH cTa-
THUECKOT'O JeHCTBHSA, MOBTOPHBIMH [I€perpys-
KaMH, BHI3bIBAIOUIHMH MalOIHKIOBYIO yCra-
JIOCTb, WJAH MHOTOKPATHO MOBTOPAILHMHCSA
Harpy3kamH, Bbi3plBalOILHMH yCTaJOCTb Ma-
Tepuada.

[TonoMKH yacTo GLIBAIOT CBA3AHBI

a) ¢ KoHUeHurTpauueil HArpy3KH no AJHHe
3y6beB M3-3a NMOTPELIHOCTEH H3rOTOBJEHHS H
cOOpKH HJIH GOJbIIMX YHOpPyrux aedopmauui
Ba/lOB,;

6) ¢ u3HOcoM 3y0beB, MPHBOASAIUM K HX
OCJIaGJIeHHI0 H K pOCTY JAHHAMHYEcCKHX Ha-
TPY30K;

B) C BBOJOM B 3a[lelVIeHHe Ha XONy repe-
JABHXHBIX LIecTepeH.

TpemuHbl OGLIUHO MOABASIIOTCA Y KOpHS
3y0beB Ha CTOPOHE pAacTAHYTHIX BOJIOKOH,
rae AeRCcTBYIOT HauGoJbllie HaNpsKeHHs
pacTAXKEeHHsT H MECTHbIe HanpsAXeHHsA, CBA-
3aHHbie ¢ popmoil. M3nom npoucxoauT npeu-
MY1UECTBEHHO MO CeYeHHI0 Y OCHOBaHUA 3y0a.

[Ipu ycranoctHoM paspyluieHHH H3J0M
HMeeT BOrHyTyio ¢GOpMy Ha Telle KoJeca,
MPH paspyweHHH OT Meperpy3KH — BBIMYK-
ayw. 3y6bs LIEBPOHHBIX H LIMPOKHX KOCO-
3yObIX KoJlec 00bluHO BHJIAMBIBAIOTCH MO KO-
COMY CeYeHHIO.

Jas npeporBpaiueddsi oJoMOK 3y6bsa pac-
CYHTBLIBAIOT Ha H3rub.

] nrn ' '
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Y¥cranocTHoe BB KpamHBaHHE
MOBEPXHOCTHHIX ¢J10€B 3y6ben (pHe. 10.10, a)
AsAfeTca Haubosee paclnpocTpaHeHHbIM BH-
JOM MOBpexAeHHH 3y6beB A GOALUIHHCTRA
3aKpBHITHIX XOpOLIO CMAa3LIBAEGMbIX H 3allH-
IWEeHHBIX OT 3arpaA3HeHHH 3y6uaTbiXx KoJiec.

Beikpaluneanue 3akA04aeTcs B NOSABJECHUY
Ha pabouyHX MOBEPXHOCTAX HeOOMbILHX YT-
Ay6seHHH, HANOMHHAWOILHX OCHHHKH, KOTO-
pble TOTOM PpACTYT H MpPeBpalLAOTCA B
pakoBHHbl. PasMepbl sIMOK-paKOBHH B 3aBH-
CHMOCTH OT CTaJHH BbIKpALIHBAHHSA, MarTe-
pHaja H Jpyrdx YycJAoBHH OHBAOT BecbMa
MaJiblMH, €/iBa Pa3/iHYHMLIMH HEBOOPYXKEH-
HBIM [J1a30M, U 3HAYHUTE/]bHBIMU, BEJTHUHHOM
B HECKOJIbKO MHJIJIHMETPOB, Boikpalinsanue
HOCHT YCTaAOCTHbIH Xapakrep. B pesyabrarte
3auenieHns 3y0beB KOHTAKTHBIE HaMpsKe-
HUA B KaxjoH Touke pabouell NMoBepXHOCTH
3y6bes H3MEHAIOTCA [0 OTHYJIEBOMY LHKJY,
a HanpsKeHUsA B TOBEPXHOCTHBLIX CAOSIX —
Aa)e Mo 3HakolepeMeHHOMY, XOoTd H He-
CHMMETPHUHOMY [HKAYy. YcTajocTHble Tpe-
WHHBL O6LIUHO 3aPOXKAAIOTCH Y [IOBEPXHOCTH,
rie BO3HMKAeT KOHUEHTPalHUsi HaNpsiKeHuH
H3-3a MHKpoHeposuocTeil. [TpH OTHOCHTEbHO
MaJIOH TOJHIHHE YIIDOYHEHHOrO ¢J0f, 4 TaK-
e [pH OOJbIIHX KOHTAKTHBIX HampsiKe-
HHSIX TPEILHHB MOTYT 3ap0XKAATLCA B Tay-
6une. [lpu yBenHuYeHHH TBEpROCTH [OBEPX-
HOCTH 3HayeHHe T[JYGHHHBLIX HANpPAXeHHH
BO3pACTaeT.

BoikpauinBande MoXeT GubTb OFrpaHHYeH-
HbiM HJIH nporpeccHpyloinaM. OrpaHiuedHoe
BbIKpallluBaHHe CBA3AHO C KOHIUEHTpPAUHUEN
Harpy3ku Mo AjduHe 3y6beB (B KOCO3yObIX
nepefiayax — TaKXKe C HEMOJHOTOH HCMOJb-
30BAHHS1 KOHTAKTHBIX JIHHHH BCJAENCTBME
norpewHocred waros). B kosecax w3 wmar-
KHX, XOpou10 nNpHpadarbiBalOLIUXCA MATEPHA-
JIOB BbIKpallWBaHHE Tocae NpHpabOTKH MO-
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HKEeT TpPeKpaTHTbcA, IPHYEM OHO TPaKTH-
qYecKH He OTpaxaeTcsl Ha paboTe mepenaus,
TaK KakK 006pa3oBaBlUHecHd AMKH NOCTENeHHO
saBanbloBbBalOTCA. OnacHocTb MpeAcTaB-
HAfIET TOJALKO TIPOTPECCHPYIOIIIee BBIKPALLHBA-
fiKe, pacmpocTpaHsiouleecs Ha BCIO HJH
SHAYHTEJbHYIO 4acTb JJHHBI 3yObeB. Buikpa-
JIHBAHHE MPHBOJHUT K TOBbINIEHHIO JaBAeHHSA
Ha enle HeBBIKPOIEHHBIX YYacTKax MOoBEpX-
HOCTH, BBIXKHMAHHIO CMA3KH B fIMKH H, HAKO-
Hell, K TJ1acTHYecKOMY OOMSITHIO HAU 3aefa-
HHIO.

BrikpauiipanHe HayuHaeTcf BOJH3H MO-
JIOCHOH JIMHHH Ha HOXKax 3y0ues, fle B
CBAI3H C MajJblMH CKOPOCTAMH CKOJIbXXEHHS
BO3HHKAIOT OOJbIIHE CHJABl TpeHHA. 3atem
OHO pacnpocTpaHfAercd Ha BCIO MOBEPX-
HOCTb HOXeK. [loBepxHOCTH roN0BOK BHIKpa-
WHBAIOTCH OYEeHb PELKO'.

- B nepepauax, paGoralomHx co 3HaqH-
TeJIbHBIM H3HOCOM, B UACTHOCTH B OTKPHI-
TRX [Mepepayax, BblKpaluHBaHue Hab/o-
naercd OueHb penxo. IloBepxHOcTHBIe CAOH
HCTHDAIOTCA paHbllle, 4YeM B HUX MOSBASIIOTCS
YCTAJNOCTHLIE TPEeUlHHb.

¥ noBEPXHOCTHO-YNMPOUHEHHBIX KOJIEC Mepe-
MEHHBIE HAaMNpsKEHHA B MOAKOPKOBOM CJIOE
MOTYT BHI3HIBaTb OTCJAAaHBaHHe MaTepHaja c
NOBEPXHOCTH.

Insi  npepnorepalneduss BuiKpalllHBaHHA
3y6bsi PAaCCUHTHIBAIOTCA Ha TMOBEPXHOCTHYIO
BHIHOCJHBOCTD.

‘A6pasupHuii Hadoc (puc. 10.10, 6)
ABASieTCA OCHOBHOH TPHYMHOH BHIXOJA H3
CTPOsi OTKPBITBIX NepeAad H 4acTH 3aKkpbi-
THX Nepejlay mawrdH, paGoTailiX B cpele,
34copennott abpasusamMH, a HMEHHO: FOPHBIX,
AOPOXKHBIX, CTPOHTEJBHbIX, CeJbCKOXO3AHCT-
BeHHbIX, TPAHCIOPTHLIX H HEKOTOPBIX APYTHX
MalIYH. :

3y6bs GbICTPOXOLHLIX epeaay peayKTropoB
THNA TYpOHHHLIX, PAbOTAIOLUIHX B yCJOBHAX

! 310 obvucuserca KOHTAKTHO-MHAPOIHH aMH-
YecKoH Teopueli cmasku., CyllecTByeT TakxKe
FHIOTE3a paCKIHHHBAKLlero [gelcTBUS Macia
B MuKporpemHnax. Ha noBepxHocTX HOXKeK
BO3HHKAIOLIHEe MHKPOTPRLIHHb HANPAB/AEHH Tak,
MTO MpH 3aien/ieHHH 3yOber BHIXOA Macaa H3
HUX cHayajna 3aKpbiBaeTcsl, a IOTOM ‘B Macie
co3faercd THAPOCTATHYECKOR AaBJIEHHE, CNOco6-
CTBYIOLLEE BHIKAJNWBAHHIO 3JEMEHTOB MaTepHana.

COBEpLUEHHOR CMa3KH H H3OJSHK OT IBLIH C
PEAKHMH MyCKaMH W OCTAHOBAMH COXPAHFIOT
cfeabl 06palbOTKH B TeyeéHHWe MHOTHX JeT
3KCMJyaTaiuu.

H3aHoc HepaBHOMepeH 1o npo¢uaw B ca-
31 C HEOJHHAKOBOH CKOPOCTLIO CKOJIbXXEeHHS U
HeOAHHAKOBBIMH  KOHTAKTHRIMH  HAMpsixKe-
HusiMH. OIHAKO BCJAENCTBHE H3MEHEHHMSA pa-
JHYCOB KPHBH3HLI B MMpolecce H3HAUIMBAHHA
NMPOHCXOAWT ero BbipaBHHBaHHe. K3uouieH-
Hble 3y0bs [I0JIy4aloT cleliHHUECKYI0 3a0CT-
pernyio ¢opmy. M3Hoc npuBOaHT K noBbiwe-
HHIO HHAMHUYECKHX HArpy3OK H HiyMma, K oc-
NabneHuio 3y6beB H B KOHEYHOM pe3yJib-
Tare K HX MOJOMKAaM.

Hansa Konec, paboTaOUIHX € CYLLECTBEHHBIM
H3HOCOM, AEAAIOT MOMLITKH pacyeTHOH OieH-
KH pecypca. .

[To onbitaM ¢ HOpManH30BAaHHBIMH KoJe-
caMH JIHHEHHAs CKOPOCTb H3HALUHBAHHS OKa-
3a/1aCh MPONOPLHOHANBHON KOHTAKTHOMY Ha-
MPAXEHHIO Oy B cTeMeHH |,4, NPOLEHTHOMY
coiep:Kanuio abpasuBa B cMa3ke H CKOPOCTH
CKOJIbXKEeHHA,

3aegauue 3y6ben (puc. 10.10, 8)
3aKaio4aercsi B MECTHOM MOJIEKYJAAPHOM
CLETIEHHH KOHTAKTHPYWILHX NOBepXHOCTeH
B YCJAOBHUAX paspyuleHUss CMAa30DYHOH [VIEHKH.
B 3aepannu 3yObes MpeBajHPYIOUIYIO pOJb
MOXET HrpaTh BHJAABJHBAHHE HJIH H3HAUIH-
BAHHE MaCASHOH MJEHKH BCAeICTBHE BHICOKUX
AaBJEHHH HAH MOHHKEHHE BA3KOCTH H 3aLUT-
HOH CMOocOGHOCTH Mmacia OT Harpema, CBs-
3aHHOTO € GOJBIIHMH CKOPOCTAMH CKOJb-
KeuHd.

flsjlenne 3aenanusa 4yacro Habawogaercs y
KPYMHOMOLYJALHBIX THXOXOHLHBLIX 3y0uarbix
nepefad ¢ MajblMH YHcAaMH 3y0ObeB, uToO
cBfA3aHo ¢ OONBIUHMH CKOPOCTAMH OTHOCH-
TE&JIbHOIO CKOJMLXKEHHS. ,

3aepanuio 6onee nogepKeHbl 3y6bs C He-
3aKaJleHHbBIMH [IOBEPXHOCTAMH H3 OJHOPOL-
HbiX MAaTepHajoB; OAHAKO 3TO sIBAeHHe Ha-
Onmwaercs TakXKe U MPH pasHOPOAHLIX MaTe-
pHaJax W 3aKaJEHHBbIX MOBEPXHOCTSX.

HanGonbluee conportupienne 3aeganuio

OKashbiBaloT Temnocrodkde crand BX3HBM2D,
20X3HB®A, 16X3HBDMB.

PacueTbl Ha 3aenaHHs 3yGbeB CBOAATCH
K IDOBePKe TeMnepaTypbl B MECTAX KOHTAKTa
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H B COMOCTABJEHHH €€ C TeMaepaTypoH mpH
3aeaHHH JNA PA3JHYHLIX COYeTaHUH Mare-
pHaJIOB WK K NPOBEpKe TOJIIHHB MacAAHOH
MJIEHKH.

IToBpexaeHHA TOpUOB 3y6bes
SABJASIOTCA OLHHM H3 OCHOBHBIX BHIOB MO-

BpeXJeHHA 3y0uaThiX KoJec, BBOAUMBIX B 3a-

IleMJIeHHe OceBbiM [MepeMemneHueM, B Ko-
poGKax cKOpocTeH TOKapHLIX H peBoJibBep-

HBIX CTAHKOB HEKOTOPBIX MOjeJed BBIXOj] H3

CTPOsi KoJiec H3-3a [OBPeXIEHHS TOPIIOB
3y6bes nocturaa 30 % sbixomos H3 crpos.
B nepenBhXHbIX 3y6uaThiX KoJecax ¢ CHH-
XxpouHdaropamu (cM. c. 440) H3HOC TOPLOB
3y0beB, €CTECTBEHHO, 3HAUHTENBLHO MeEeHbllIe.

[TnactHueckHe Teyenusas marTe-
pHana BOJH3H NOAIOCHOH JHHHH BO3HH-
KaIoT HOJ JeACTBHEM GOMbIIUX CUN TPEHHS B
TAXKENOHATPYXKeHHBIX THXOXOMHUBIX mepena-
48X HPH HH3KOH TBEpAOCTH MATEPHANOB
KoJec.

3HauuTeJbHAA YaCTb BLIXOJNOB H3 CTpOS
3y6uaTblX Mepefad CBA3aHa ¢ MOFpeLIHO-
CTAIMH H3TOTOB/IEHHS, WLIH(OBOUHBLIMH TPH-
KOraMH H TpelMHaMH, OCTATOYHBIMH Ha-
NpsiKeHHsAMH pacTaxeHudA 3yGa y nepexoj-
HOM KpHBOH 3y6a npH sakaake TBY, oes-
yrAepoXKHBAHHEM  [IOBEPXHOCTHOTO  Cj0s
H T. A. B ocofo HanpsxeHdblx Kojecax
H3beraloT wAHGOBAaHNHA MepexoJHOH 3O0HBI
nocqe tepmoobpaborku. [lnA 3aToro koneca
Hape3aoT CclenuaJjJbHbIM HHCTPYMEHTOM C
npory6epasiem.

[MlnudosouHble MPHKOTH CHHAKAIOT HA Jle-
CATKH NPOLEHTOB Mpeles BHHOCAHUBOCTH Ha
H3THO 06pa3nos W3 JerHpoBaHHBIX cTaJjel,
a WAHGOBOUHBIE TPEIIHHBl — B HECKOJbKO
pas.

B yCROBHAX KOHTAKTHBIX HArpyXeHHH npH-
JKOTH C MECTHBIM TOHHXKEHHEM TBEPAOCTH HA
5 epunun, HRC, (npu w©Hauanbdoli Teep-
aoctd 60 HRC,) nonuxkawr uapa6GoTky B
3 pasa, a OpHKOrH C MNOHHMKEHHEM TBep-
noctd Ha 10 egunnuu — B 10 pas.

3y6uaTble Kojeca SIBAAIOTCA HCTOYHH-
KaMH IIYMa, CBA3aHHOINO ¢ Mepeconps-
XeHHeM (BXOAOM B 3allelJicHHE H BBIXOJOM)
3y0beB, HHKAHYeCKOH OMHOKOH Koaec, or-
paHko# 3yGbes. OThesbHbIE COCTaBJASIOIIHE
CNeKTpa IlyMa CYLLeCTBEHHO yCHJHBAIOTCH,

eclld OMM O YacTOTe 61H3KH K COBCTBEHHOI
4acToTe KoJieGaHHsi KPbILUEK HJAH OTHAeJNbHbIX
CTEHOK KOpHYCHBIX AeTantel.” OcHoBHbE Hce-
TOYHHKH IWIyMa OMpeAensioT TyTeM 4YacTOoT-
HOT'O aHAJIH3Aa WYMA W COMOCTABJIEHHS ¢ yac-
TOTOH YKa3aHHbIX HCTOYHHKOB KoJebaumii.

OcHosnble cpeactBa Gopb6bl ¢ WYMOM: €O-
BEPLICHCTBOBAHHE 3YGOOTAGNOUHBIX Ofepa-
1HH, Mepexon Ha Koco3y6bie mepenayd, (hJan-
KHpOBaHHe, yBeJHueHHe Ko3(pdHuHeHTA ne-
PEKPLITHA, BbIDABHHBAaHHe HAIPY30K MO LIH-
puHe 3ybGuaToro BeHlia, npumededde BGOUKo-
o6pasdHoro 3yba, yaydllieHHe KOHMHIYpauui
KPblllEK H KOPOycHbIX Aeranem.

§ 10.5. MATEPHAJIDI.
TEPMHUYECKASI U XHMHKO-
TEPMHUYECKAS OBPABOTKA

[Ipn sniGope MaTepHanoB AAA 3y6uaThix
KoJieC HeoOX0MUMO ofecneyurs MPOYHOCTD
3y0beB Ha H3rH6, CTOHKOCTb MOBEPXHOCTHHIX
ciaoep 3y6beB H COMPOTHBAEHHE 3aelaHMAM,
OcHOBHBIMH MaTepHaJaMy SIBASIOTCA TEPMH-
uecKd obGpabarbiBaeMble crand. [omyckae-
Mble KOHTAKTHbIE HANPAKEHHS B 3y6GbsX 11po-
NMOPUHOHAbHB TBEDAOCTH MATEPHAJIOB, a He-
cyllast cnocofHOCTL nepefaud Mo KOHTAKTHOM
MPOYHOCTH  TPONOPUHOHAJABHA  KBaApaTy
TBepaoctd (cm. § 10.8). Ito ykasmiBaer Ha
LENecoobpasHOCTb WHPOKOTO MNPHMEHEHHS
Aas 3yGuarbix Kosec cTajell, 3akaauea-
€MBIX N0 3HAa4YHTENbHOH TBEp-
AOCTH. |

B MaccoBoM H KpyNMHOCEPHHHOM MPOH3-
BOJICTBE TIPUMEHSIOT HCKJIOYHTENbHO 3y6ya-
THIE KOJleca BBICOKOH TBEpPJOCTH, KOTOPbie
[IOIBEPTAOT OTAEJOUYHBIM OMEPALHAM MOCHe
TepMHYecKOH oGpaboTkH.

OCHOBHBEIM BHIIOM TEPMHYECKOH 06paBoTKu
paHee ABIAfachk o6bemHas 3akanka. Koseca
COOTBETCTEEHHO H3TrOTOBJSAKUCD M3 cTajei
tina 40X, a B GoJsiee OTBETCTBEHHBIX CAy-
yaax u3 40XH wu ap. OnmHako ob6bemuas
34KaJIKa HE COXpaHseT BAGXYIO CepILEeBHHY
IPH BBICOKOH TBEPAOCTH nosepXHocTH. Obbiy-
HO TBepjaocTb mnoeepxHoctH 45...55 HRC,.
[Tosromy B Hacrosinee spemsi o6beMHas 3a-
KaJIKa YCTYIHJI2 MECFONOBEPXHOCTHH M
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TEPMHUECKHM H XHMHKO-TEpPMH-
yecKHM MeToagaM ynpouHeHdHil Ta-
KOH 06paGoTKOH MOMXHO JOCTHTHYTh BBHICOKOH
TBEPAOCTH MOBEPXHOCTHBIX CJOEB MaTepHana
¥ CO3[aTh B HHUX HAamnpsiXeHUds o6pPaTHOro
3HaKka [MpH COXpaHeHHH BA3KOH cepale-
BHHBI.

Jlisi 3y6uathix Kojiec NPUMEHSIOT Caenylo-
lHE OCHOBHBLIE BHJbl MOBEPXHOCTHBIX TePMH-
YeCKHX H XMMHKO-TEPMHUECKHX YMPOYHEHHH:
IOBEPXHOCTHAA 3aKaJjKa, LleMeHTalUHuA |
HHTPOIEMEHTALHA ¢ 3aKalkoH, a30THpPO-
BaHHe.

[ToBepXHOCTHYIO 3aKaaKy B Oc-
HOBHOM npUMeHsioT ¢ HarpeBoM TBY. B cBa-
3H ¢ TEM, YTO HArPEBAIOTCA TMOBEPXHOCTHLIE
CJAOH, JedopManHH TPH 3aKaJjKe HEeBeNHKH
# MOXHO oO6oOHTHCh Oe3 TOCAeqyOHIero
wangoranua 3y6beB (OAHAKO 3TO TOHH-
KaeT TOUHOCTL Ha OJWY-NOJTOPBI CTene-
Hu). 3akanka ¢ uarpesom TBUY noayuuaa
IIHPOKOE pachnpocTpaHeHHe IJs cpejHe-
HaNPAXKEHRHBIX KoJec, OCOOEHHO B CTAHKO-
CTpOeHHH, maTepHanabl — craau 40X, 40XH,
O6piuHO  TBEPAOCTb  HaA  TOBEPXHOCTH
50...556 HRC,.

3akaika ¢ HarpesoM TBY MoXer taxxe
MPHMEHATHCA LS LecTeped, paboTaoux ¢
VAY4YIIEHHBIMH KojiecaMH, A1a ofecnedyeHusn

' PAaBHOMPOYHOCTH.
[loBepxHocTHas 3akajaka 3yGbeB 6e3 ox-
Bata BBIKpYXKeK, MOBHIaomIaA H3HOCO-

CTOWKOCTb W COTIPOTHBJIEHHE BHIKPaLllHBaHHIO,
NoHHXKAaeT MPOYHOCTh NPH H3rube. OnTUMaNb-
HOB moCJieIOBATEILHOM 3aKAJKOH MO BOLOH
MPOYHOCTL MPH H3THOE MOXKHO TOBBLICHTH B
2 pasa. 3axanakoii B OGBIUHOM KOJIbLEBOM
" HHIYKTOpe ¢ ONTHMAaJabHOH ryOHHOH 3aKan-
.Kd BnaguH 0,5...1 MM MOHO MOBBLICHTH
npoyHocTb npu Harube B 1,5 pasa.
BaxupiM 1OCTHXKeHHeM ABASETcsA 10BEPX-
HocTHas 3akaJjka ¢ Harpesom TBY 3y6oeB u
daHaJIOTHUHbIX AETaNel B KOJbUEBOM HHIYK-
TOp€ MPH CKBO3HOM Harpese, NpHueM rayGuna
3aKaJKH H TBEPAOCTb NOACJAOA oOmNpeje-
JAKTCA TIOHWKEHHOH (MJIH pErAaMedTHpO-
BAHHOH) NPOKAJHBAEMOCTbIO Craleil 58,
45PI1 un np.
Dra 3akankf yxe MHOro JeT nphMensiercs
B OTEUECTBEHHOM aBTOMOOHIECTPOEHHH,

[ lemevTauusa (NOBEPXHOCTHOE HACH-
HIeHHe YIJAepoaoM) € Mocheayoied 3a-
Kankol obecneuuBaer GOJMLILYIO TBEPAOCTb
W Hecyulyio cnoco6HOCTL TOBEPXHOCTHBIX
CJ0eB 3YObEB H BECbMA BLICOKYIO MPOYHOCTDb
3y6beB Ha H3THO.

B ycaoBHAX cOBpeMeHHOTO MPOH3BOACTBA
neaecoofpasHo NMPUMEHSATb ra3oBYIO lieMeH-
taudi©o, [llHpOKO NpPHUMEHAIT XPOMHCTYIO
cranab 20X, a AAa OTBeTCTBEHHBIX 3y64aThbix
Kojec, ocoOeHHO paloTalumuXx ¢ nepe-
TPY3KaMH H ynapHbIMH HarpyskKamH, XpoMo-
dHKkenesble  cTtaan  12XH3A, 20XHM,
18X2H4MA, 20X2H4A u OGesHukenessle
craad 18XTT, 25XI'T u 15X,

llemenTanus u 3akanka 3y6nLeB nocqe ure-
BHHTOBaHUS MOBHIAKT NPOUHOCTL 3yObes Ha
u3ru6 no 3 pas. Onsako gedekTsl OOBIYHOTO
WAHGOBAHHA MOIYT CHH3HTb 3TOT 3¢ GEeKT B
1,3...1,56 pasa, a OpH 3HAYHTEALHBIX MPHKO-
rax — Ao 2 pas.

"A3oTHpoBaHHe (HacblllleHHe a3o0-
TOM) obecneyHBaer 0c000O BLICOKYIO TBEp-
JOCTb H H3HOCOCTOHKOCTbH ITOBEPXHOCTHBIX
cnoes. A3OTHPYIOT roToBble Jeranu Ges
nocxenyoumeld 3akaakH. Jas  asoTupye-
MBIX KOJIEC TPHMEHSIOT MOJIHGAEHOBYIO CTalb
38X2MIOA, pacwhpsieTca npHMeHeHHe a30-
THpPOBaHHA 6e3ajIOMHHHEBBHIX cTaJiel Tuna
40XDA, 40XHA, 40X jn0 ™ebireii TBep-
AOcTH, HO Goabureli BA3KocTH. AsoTHpOBa-
HHe — QAUTEAbHBIA npouece, TpeGylouki 10
40...60 u. BoamoxH0 ycKopenHe npouecca a0
10 pa3 npUMeHeHHeM HOHHOrO a30THPOBAHHA
H a30THPOBAHHA B TJewlleM paszpaae. 3ybbs
nocjie a3OTUPOBAHHS B CBA3H ¢ MHHHMaJjb-
HbiM KopoGnennem ue maudymT. [lostomy
a30THpPOBAaHUE MPHMEHAIOT AJIs1 KOJIeC ¢ BHYT-
PeHHHMH 3y6bsiMH WU APYTHX, WAH(OBAHHe
KOTOpHX TpyaHo ocyulectsamo. Hepocrar-
KaMH a30THPOBAHHBIX KOJEC ABAAIOTCS Ma-
Jiasi ToJllHHA YMNPOUHEHHOro c¢Jj0s, paBHas
0,2...0,5 MM, He Mo3BoAAKUIAA TMPHMEHATb
HX: a) NMpH yaapHbiX Harpyakax H3-za omnac-
HOCTH PacTpecKHBaHHs YNPOUHEHHOTO CJIOA,
6) npu pabore ¢ HHTEHCUBHLIM H3HAILH-
Ba"HueM (NpPH 3arpPA3HEHHOH CMAaske, mona-
JaHHH a6pa3nWBa) H3-3a ONACHOCTH HCTHpa-
HHsl YIPOYHEHHOTO can0s1 H 6LICTPOro BHXOAA
nmepelayl H3 CTPOA.
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HurtpouemenTalusa — HacollleHUe
MOBEPXHOCTHBIX CJIOEB YrJepoJOM H a30-
TOM B ra3oBofl cpelie ¢ Toc/lenyolieil 3a-
KaJKoH — o0ecneyHBaeT HM BBICOKYIO Mpou-
HOCTb, H3HOCOCTOHKOCTh U CONpPOTHBJIEHHE 3a-
eganusaM. Hurpouemenraunsa obaapaer n0-
CTaTOYHO BHICOKOH CKOpOCTbIO MPOTEKaHHA
nponecca — nopsiika 0,1 MM/4u H BblLE; OHA
noay4aet Bce Gonee LWIMPOKoOe paclpocTpaHe-
HHe. B ¢Bs3M ¢ MaabiMu aedopMaliiaMu OHA
MO3BOJAET BO MHOTHX ciyuasx ob6oHTHch 6e3
nocaesyiomero muiHdosauus. [ipu neobxo-
JHMOCTH MHHHMaJIbHBIX JedopMalHi mpuMme-
HseTCsH HH3KOTEMNepaTypHas HHTPOUeMeHTa-
uua. ColepxaHHe a3oTa B NMOBEPXHOCTHOM
CA0e MO3BOJAET NMPUMEHeHHe MEHee JIerupo-
BaHHBIX CTaJjiedl, yeM npH [eMeHTalHH, a
umenno 18XI'T, 25XIT, 40X u ap.

JlazepHnas 3akaaka obecneuupaer
BbICOKYIO TBepaocTh 10 64 HRG;, ne tpebyer
JleTHPOBAHHA, MO3BOAAIET MECTHOE YMpOuHe-
HHE, ABTOMATH3aLHI0, He BbI3BIBAET KOPOO-
aenus. Ho npoltecc 3T10T noka MeATeHHbIH.

YayuwaemMpe CcTadH [OPUMEHAIT
INs 3y6uaThlX KOJec, NPEHMYUIECTBEHHO H3-
rOTOBJIAEMBIX B YCJAOBHAX MeJKOCEPHHHOTO H
eNHHHYHOrO TIPOM3BOACTBA TPH OTCYTCTBHH
XecTkHX TpeGosapuit K raGapuraM. Yucro-
Boe Hape3danue 3yObeB yayullaeMbIX KOJEC
MPOH3BOAAT MOC/e TepMHYecKOH 06paboOTKH,
4TO NPHHIHIHAALHO 06JeryaeT H3rOTOBRJIEHHE
KOJleC, B YACTHOCTH HCKAYaeT HeoOXO1H-
MocTbh WaHdoBaHHA H TO3BOJsET ofecle-
YHTb BLICOKYIO TOUHOCTb. Kpome TOro, Ko-
Jeca H3 yAydlleHHbIX cTaJjied XOpowo npHpa-
Garbipaiorces. O6aacTb NpUMEHEHHA yJayu-
WIeHHBIX 3y64YaTHX KOJIeC HempepbiBHO cOKpa-
[IaeTcs.

[TpumeHsioT KadecTBeHHble yriepoaHcThie
craau 40, 45, 50" u aeruposanusie 35XI'C,
40X u ap. . '

TeepaoctTh yay4qlIEHHBIX KOJEC OrpaHHYH-
BAIOT TEXHOJOTHUECKHMH YCJAOBHSAMH A
ofecrneyeHnsl AOCTATOYHOH CTOHKOCTH HH-
CTpyMeHTa: JAA HeOONbIIHX  KQJiec

(280...320) HB, nas xpynueix Koaec (240...

200) HB. TeepmocTh wecrepen npsaMO3y-
6LIX nepellau PeKOMEHAYIOT BHIOHpaATL Ha He-
CKOAbKO JecAtkos enuHuu HB Buiure, yem
KoJec, fAJf yMeHblUeHHs1 OMAacHOCTH 3aeaa-

HMi H AAS COJHMKEHHS NOJTOBEYHOCTH IIec-
TepHH H KoJjeca. ' :

TeBepaocTh MwecTepeH KOCO3yOblX H LIeB-
POHHBIX MepelaY pPEKOMEHAYIOT BblOHPATh
BO3MOXHO BHIIIE, AJf 4ero MoaBeprathb liec-
TEpHH TOBEPXHOCTHOH 3akaJjKe, UeMEHTallHU
HNH a30THPOBAaHHIO, 5TO MOBLIIIAET KOHTAaKT-
HYI0O TNPOYHOCTH KOCO3yGOH H UIEBPOHHOMH
napsl.

CTan® B HOpMAAU30BAHHOM CoO-

CTOAHHH NS OGOHX COMPSKEHHBIX 3y6ua-
ThiX KOJeC MPHMEHAIT TOJALKO BO BCMOMOra-
TeJbHBIX MexaHH3Max, HamnpHMep B Mexa-
HH3Max pyuHoro ynpapiedHs. OcHOBHbie
MaTepHajbl — CpPeAHeYrAepolHCTEIeE  CTaJH
40, 45, 50. na nosbliteHHA CTOHKOCTH Mpo-
THB 3aefaHus CleAyeT LIECTEPHH H KoJjeca
H3FOTOBJIATL K3 PA3HBIX MaTePHaNoB.
. K HOBLIM Marepualam c/elyeT OTHECTH
BbICOKOJIETHPOBAHHbLIE  MAPTEHCHTOCTApEIO-
e crasd, obAamalouide BLICOKOH TBep-
JOCTLIO OCJIEe CTapenus, npoucxoasiuiero 6e3
kopoGaenusi. Jlan HUX oTnapaer HeoOGXOMH-
MOCTb LWAH{DOBAHHA.

CralbHoe JHTbe MNPHMEHAIOT OIS
Kosiec Gonbuinx AdamerpoB. OcHoBHBIE MaTe-
pHalbl — JHTelHHble  cpelueyryiepoaHCThie
cranau 35J1...50J1, a Takxke aurelinbie map-
TaullOBHCTHIE H HH3KOJEerHpoBaHHble CTajlH
40XJ1, 30XTCJI, B0T'2 u np. Jlutele Koneca
MOABEPraloT MPEHMYUIECTBEHHO HOpMaaH3a-
[IHH, :

UyryHno MOpHMEHAIOT A5 THXOXOLHbLIX,
NMpeHMYLIECTBEHHO KPYyMHOraGapHTHBIX H OT-
KpuiThIX nepepau. Kpome Ttoro, us uyrysa
H3rOTOBJAIOT pPeixo (moouepeaho) pabora-
IOWHE cMmedHble Kojeca. Uyrydwl oOTHocH-
TeJIbHO XOPOLLO CONPOTHBAAIOTCH 3aelaHHAM,
MOSTOMY OHH MOryT paborath MpH CKyl-
HOH cMasKe, Hanpumep, B OTKPBITHIX Mepe-
Hauax. [IpouHocTh O6GBIUHBIX CepbiX YYTYHOB
Ha H3rH6, O0COGEHHO INPH YyAApHHX Ha-
rpy3Kax, sHaunTeNbHO MeHblle, ueM cTajex.
[losTomy raGaputbl H OCOGEHHO MOAYIH Y
UYTYHHBIX KOJIEC 3HAYHTENbHO GOJIblIe, YEM Y
cTajbHblX. Uyrydnusle 3yGuaThie Kolleca BO
H3beaHHe YrJaOBOH [MOJOMKH 3YObeB TPH
yrnpyrux pedopManHax Baja0B HeJb3f Bbl-
NOAHATL TAKHMH Ke LIHPOKUMH, KakK yJayd-
lleHHhle H HOpPMAJH3O0OBAHHLIE CTaJbHbie.
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[Tpamensiior uyryusl CH20.5.CY35, a Takxke
BbICOKOMPOUHbIe MAarHHeBble YYTYHHE ¢ tlapo-
BHIHBIM rpadurom. Konecana BLICOKOJIPOY-
HBIX 4yTyHOB JOJIAKHE paboTaTh ¢ TBepAbIMH
LIeCTEPHAMH. -

B c¢BA3u cO 3HaunTENBHBIMH JOCTHXKE-
HHAMH B OOGNACTH MOJYUEHHA MPOUHLIX 4yTy-
HOB TNOBLICH/JHCL TMepcrNeKTHBH TpHMEeHeHHs
UYryHHBIX 3y06uaThiX KOJIeC B3aMeH CTa/lbHbIX
JIHTBIX,

[TnactmaccoBble 3y6uaTthe KO-
Aeca B Mape ¢ METaMJIHYECKHMH TpHMe-
HAIOT B caaboHarpyXeHHblX nepeaayax s
obecneyennss 6eCIyMHOCTH, HJH caMpPCMasbl-
BA€MOCTH, H/H XHMHUECKOH 'cTOHKOCTH. TH-
MAYHbIe TIpHMePbl — MPHBOAL pachpeneqH-
TEALHOro Bajla aBTOMOOH/IbHBIX JBHTraTeseH,
BEpPETEeH TeKCTHAbHBIX MAalIHH H npUGopos.

. TlnacTmaccbl B HanpsieHHbIX 3y6yaThix
nepefavyax He HPHMeHSIOT, FAK KaK MPOYHbIe
NJACTMaCcChl HA OCHOBE CTERJIAHHUBIX BOJO-
KOH conepxart abpasuBbl H HeH1aronpHsATHLI
Anst pabGoThl B YCJAOBHAX TPEHHS.

[1nacTmaccoBbie kosieca AOMKHB paboTaTh
B Nape co CTaJbHBIMH HJAH YYTYHHBIMH KO-
JecaMH A0CTATOYHOH TBEPAOCTH B CBS3U ¢
HH3KOH TeMJOMPOBOJHOCTRIO MAACTMACC H
ONACHOCTHIO 3aenaHuli. CranbHble KoJeca
uenecoofpasto 3akaanpate ao 45 HRC, H
HAupoBaTh HJAH Nepel 3aKajdKoH IIEBHHIO-
Bath. [InacTmaccosHe kogeca nenaior yxe,
YeM compsiKeHHble, BO H36eKaHHE NOBBILIEH-
HOTO H3HOCA KPOMKAaMH COMPAMEHHbIX KOJec.
- K uHcay naBHO npHumenseMbix aAs 3yGua-
THX KOJIEC MAACTMACC OTHOCHATCHA TEKCTOJHT
(pexomennyempie mapkH [IT u IITK) =
ApeBECHO-CJAOHCTBIE MJAACTHKH  (pekoMeH-
ayerca JCII-T' co ape3noo6pasueiM pacro-
,JIOXKEeHHeM CJ0€B HINoHA, MOBEpHYTHIX HA
25—30°).

Haunb6onee nepcnekTuBHpiMH crenyer cuu-

TaTh KAaNpoJoH, nojaudopManbierds H de-

HHUJIOH.

§ 10.6. TOYHOCTb 3YBYATbBIX
NEPENAY

Pasanuyaot crenyoLye OCHOBHEE NIOKa3a-
TEJIH -TOUHOCTH 3y6uyaTbix mepenad.

. KuneMaTtnyeckasi TOUHOCTD
XapaKTepH3yeTcs NOoJHOH NOFpeilHOCThIO yI-
JIOB TIOBOPOTA CHEMJSIOUIHXCA KOJeC 3a OJHH
o6opoT. CylLIecTBeHHO BaXkHa AJS J€/IUTENb-
HBIX [efeH, nepegad, coeAHHEHHBIX C 6OJb-
IUHMH MaccaMmh, H OLICTPOXOJAHBIX CHJIOBHIX
nepejauy H3-3a OMACHOCTH pPe30HAHCHBLIX H
Apyrux Konebauuih H wyma. CeA3aHa c HA-
KOTJIEHHOH OLUOKOM 11ara U GHeHHeM.

2. flnapaocTb pa6oTH mepenau xa-
pakTepH3yeTCsi MHOTOKPATHO HOBTOPSIOLLH-
MHCA 3a O0060poT Kojeca (B 4YAaCTHOCTH,
MOBTOPAICLUIHMHCA 3a [epHog paboTbi Kax-
aoro 3y6a) koseGaHUSAMH CKOPOCTH, BBI3bI-
BAIOLMMH JHHAMHYEeCKHEe HarpyskH, Kosaeba-
HHA (B TOM u4HCJE€ DEe30HAHCHBIE) H HIyM.
CyulecTBeHHO BAHAET Ha paGoTOCNOEOGHOCTE
CHJIOBbIX ObICTPOXOAHHX mepemau. Onpene-
Asercsi OlrH6KaMH Wara U npogHas.

3. ITaATHo koHTaKTa 3y6beB Xa-
pPaKkTepH3yeT KOHMUEHTPAlLtHIO HArpy3KH Ha
3y6bax. CyuiecTeeHHO BAHsIET HA PabOTOCHO-
COGHOCTb CHJIOBRIX Tepejad.

4. bokoBo# 3a30p Mexay Hepa-
GOTAOUWHMH TNOBEPXHOCTAMUY
3y6beB TpegoTBpamlaer 3aKAHHHBAHHA
(B wacTHOCTH, mpH pasorpeBe) W obecme-
yHBaeT cBOOOIHOe BpallleHHe Kodec. Baua-
eT Ha paGorocnocoGHOCTL Mepenay NpH Kpy-
THAbHHX KoKeOauusix H Ha paboTOCmocos-
HOCTb peBepCHPyeMHX Nnepeaay.

5. llepoxoBaTocTh paGounx no-
BepxHocTeld 3y6ber BAHSET HA H3HO-
CcOCTOHKOCTL Mepenay.

HopMb TO4YHOCTH UHIHHAPHYECKHX
3ybuaTelXx nepegay perJaMeHTHPYOTCH
F'OCT 1643—81, koTopbiit pacnpocrpansercs
HAa BCe BHAB MexaHH4yecKH oO6paboTaHHBIX
METaJ/JIHYeCKHX KOJeC C MOAYAsIMH m=]1...
56 MM H aHaMeTpaMH NEJHTEJbLHOH OKPYK-
HocTH a0 6300 mM. . -

Crangapr periaMeHTHPYeT HOPMBI KHHe-
MaTHYECKOH TOYHOCTH, NJaBHOCTH palboThi
H KOHTAKTa 3y0beB, a TaKKe GOKOBOH 3a30p.

B crangapre npenycmorpedn 12 creneneii
TOYHOCTH, 0OGO3HaYaeMblX B MOPsKe ee yObi-
BaHHs OT | pmo 12. [lonyckd H OTK/IOHe-

HHA CTAaHAapTH30BaHbl AJf CcTeleHell Tou-
HOCTH OT 3 ;o 12.



164

3YBYATHIE NEPENAYH

10.2. JlonycTHMEIe CKOPOCTH H 00J14CTH NpHMeHEHHS 1IHAHHAPHYECKHX 3YGUATRIX NMepesdy B 3aABHCHMOCTH
, y P p p AL, P !

OT CcTéneHH TOYHOCTH

3

Crenenb Tounocty no [OCT 1643—81

OkpyHas CKOpPOCTb Kodiec,
M/c, ne Gonee

T T

O6nactb npHMEHeHHS

npamo- HernpsiMo-

3y6HIX 3y6bIX
6-1 (mepegauM NOBBICHHOH TOY- 20 30 CKOpOCTHBI® nepenayd, AeuTe/bHble
HOCTH) MeXaHH3MBI
7-1 (nepena4y# HOPMAJAbHOH TOY- 12 20 [Tepenaun, paSoTawiHe ¢ NOBbILICH-
HOCTH) HBIMH CKOpDOCTSIMH H yMepeHHhIMH

HATPY3KAMH HJH Haobopor

B-1 (nepepauyd  NOHHMKEHHOH TOM- 6 10 [Tepenaun ofuiero MAmHHOCTPOEHHHA
HOCTH)
9-a (rpyfble mepegaus) 3 5 THxOXo4HbIE Nepenayd Malu{ HH3-

KO TOUHOCTH

Hasub6onbuiee pacnpocrpanesie 8 MamdHo-
CTPOEHHH HMEWT CTEeNeHH TOYHOCTH nepejay
6, 7, 8 (taba. 10.2). Boicrpoxoassle nepe-
Hayd (B aBHALKH, CYJOCTPOEHHH H T. M.)
H MPeiH3HOHHBIE NENHTEeNbHbE MeXaHH3MB
BBIMONHAKT TaKXe MO CTeneHH TOUHOCTH 5.

IlonycTHMO KOMGHHHPOBATb CTENEHH TOY-
HOCTH 10 OTAENbHBIM IOKa3aTelsM (8 He-
Goapwux npeaenax). Hanpumep, ans npenu-
3HOHHBIX JeJHTe/bHbIX Nepenad NpH HOpMax
KHHEMATHYECKOH TOYHOCTH MO CTeMeHU 3 NpH-
MEHAIOT HOPMB MAABHOCTH PAGOTH H HOPMBI
KOHTAKTa /10 CTeNeHH 4,

HesaBucuMO oT cTeneHell TOYHOCTH CTaH-
AApTHU30BaHbl CAeAYIOLIHEe BHIB CONpsXKe-
HHA KOJeC B MNOpsiiKe yBeJHYeHHsA 3a3opa:
H, E, I, C, B, A

B conpsixkennu H mHHHManbabiil 3a30p pa-
Bed HYJII0. O6blup0 peKOMEeHAYIOT cOoNpsXe-
uua B. [las pesepcupyeMblx nepenay MpH-
MEHAKT COMPSXKEHHA ¢ yMeHbIUEHHBIMH 3a-
30paMH. ‘

TouHocTB 3yfuaTblXx KoJeC H mepenayd

0603Ha4aT YKa3aHHeM CTeNeHH TOUYHOCTH
(nnn crernedeld TOYHOCTH 1O TEPBBIM TPEM
nokasare/JsM TOYHOCTH) ¥ BHIA CONpPA-
xeuuii. Hanpumep, TOYHOCTL LHAHHApPHYEC-
KOH mepepayH 1o creneHd 6 ¢ HOPMAJILHBIM
6oKopbIM  3a30poM  00o03HAyaloT 6-B,
FOCT 1643—81. TouHocTb TOH XKe nepefayH,
HO C TMOHHXEHHBIMH Ha OAHY CTEeNeHb HOp-

‘MaMH KHHEMAaTHYECKOH TOYHOCTH o0603Ha-
yaot 7-6-6-B, FTOCT 1643—81,

Hopmbl KHHEMaTHUECKOH TOYHOCTH H I1J1AB-
HOCTH JATCA 0 HECKOJbKHM [I0Ka3aTe/saM,;
HATIPHMEP, HOPMBl KHHEMAaTHYeCKOH TOu-

_HOCTH — MO KHHEMAaTHYECKOH MOTPEUIHOCTH,
HAKOIJIEHHOH [IOTPelIHOCTH OKPYKHOrO wwara
H Jp.; HOPMbI IJIABHOCTH — I10 LHKJIHYECKOH
nmorpellHocTd H Ap. Te HAH HHBE MOKa3a-
TENH HCMOJAL3YIOT B 3aBHCHMOCTH OT HaJH-
uHsl H3MEPHUTENLHBIX CPENCTB H YI00CTBA U3-
MepeHui.

JOONYyCcKH KOHHYEeCKHX U THIOU -
HBX 3y6uaTblXx nmepejay peraamen-
THUPYIOTCH CTAHAAPTAMH, KOTOpble OXBa-
TBIBAIOT BCE BHAL KOHHYECKHX Tepefad c
METANTHYECKHMH, MexaHHuyecKH ofpaboraH-
HBIMH KOJlecaMH ¢ MOAyAAMH 1..56 MM H
AHAMETPpAMH [EJHTENLHOH OKPYXKHOCTH [0
4000 MM. B cranmapre npeaycmorpeHbl Tak-
xe 12 crenenedl TouHoctu. HauboJee wiH-
POKO B MALIUHOCTPOEHHH [IPUMEHSIOT KOJeca
cTefleHed TOYHOCTH 7 H 8, KOTOpHIE Hape-
3310T Ha CTaHKax HOPMAaJbHOH TOUYHOCTH
6e3 nocneayiouiero UWJIHQOBAHHA HJAH IIPH-
TAPKH. TOUHOCTb KOHHYECKHX nepenad 06oO-
3HAYAKT TaK Xe, KaK U UHJIHHIDPHYECKHX.

[Tpu wemomycTHMOCTH 3a30pOB B 3y0ua-
TOH nepegaye ¢ napajiegbHbBIMH OCAMH MOXK-
HO Hape3aThb KoJieca € [1epeMeHHblM 110 JJIHHe
3y6a cMeleHHeM HHCTPyMe®Ta, T. €. Hape-
34Th HX CJ€rka KOHHYeCKHMH ¢ BeplIHHAMH,
Hanpas/jeHUbIMH B Pa3Hbie CTOPOHBI, H BbIGH-
paTb (ycTpaHsaTh) 3a30p B3aHMHBIM OCEBBEIM
CMeLUCHHEM KoJec.
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§ 10.7. CHJIbl, JEMCTBYIOWHE
B ULHIAHUHAPHUYECKHX '
NMEPEJAYAX

3HaHHe 3THX CHJN H HX COCTaBJAAIOMIHX
MO OCAM KOOPAHHAT HeoGXoAMMO AJS pac-
yera 3yObeB, BaJOB W HX onop. Buibupaem
© CHCTEMy KOOPJHMHAT C HAyaJIoM B NMOJNIOCE 3a-
LETVIEHHS NMOCEpeiHue [HPUHB BEHNA: OCh X
HanpaBjasieM BJOJbL OKPYXHOH CKOPOCTH,
OCb Yy MNeprneHAHKYAAPHO H OCb 2 BAOJb
ocd 3yBuyatoro koseca (puc. 10.11, a, 6).

PaccmarpuBaeM MOMEHT 3alleNIeHHSA B T1O-
Ji0ce, CHJBl TPEHHsA BBHAY HX MAJOCTH He
yuuThiBalOTCA. CHIbl B3auMoaeHcTBHSA 3y0LeB
NpH 3TOM HAaNpasjeHbl [0 JHHHH 3alerl-
JeHHA.

PaccmaTpHBaeMm cuJ/ibl Ha Ne/IHTENbHBIX [H-
"AHHApax, nedcTBYIOLIHE B HEKOPPHTHPOBAH-
HbIX 3anelJieHHsiX HJIH ¢ BLICOTHOH KOppeK-
LHedl W NpUMeHsieMble TAaK»e IJs pacuera
BajOB H MNOAWIHMHAKOB BO BCEX KOpPPHTH-
POBaAHHBIX 3alleMVIeHUAX KaK JIETKO ofnpeje-
Jfemble H oueHb GJH3KHe K CHJIaM HA HAYyafb-
HBIX DHJAUHApAX.

OKpy»KHas CcOCTaBJASIOMIAA CHAB (BLOJD
OCH X) [l 3y04aThiX KOoJec BCeX THIIOB

F1=2-10°T/d,
Gy
F
V) L4 Fa
L
! A .
l Fg
] FZ 1
' T~
a) a
e X
A
Fz
o &
z ’ l \” ?\ t
fy &
£a

5)

Puc. 10.11. Cuinl, AeficTBYOWHE B Koco3yGoM
LHIHHAPHYECKOM  3auenyieHHH  (1JA  nepenaw
C yrIoBo#d kKoppekuuedr |y napamerpoe . Fy
o, oa U B nobasisiercsi HHAEKC @)

rae T — nepenasaempiii Momenr, H-mM; d —
AeJHTENLHBIH JHaMeTp, MM.

Cocrasasiiouite cuinl — paavanbHasa Fy H
oceBasi F,. mpaMo3y6uix koaec Fy=F, tg a,,
F,=0; KocoayGhix Koaec F,=F tga, F.=

=Fitg p.
HopmanbHass Kk nosepxsocTH 3yfa cuaa:
F!
npAmMo3y6bix Koaec f,=-——;
cos a,
F

Koco3yOuix kogec F, == :
: cos a, cos fi,

cos iy 630K (M MOXKHO MPUHUMATb PABHLIM )

cos B (sin Bs=sin P cos a,).

st yTouHeHuss pacyeta 3y6beB ¢ YIJIOBO#
KOppeKUHeH HCMOAb3YIOT CHAbl Ha HayaldbHBLIX
IHJIHHAPAX. -

CocTaBasiiouie CHAE — OKPYKHas, pajHafib-
Has H oceBasi:

priQ' lOaT/dw', Fy=Ftw tg Ol tw,
Fz:Flw tg Bw'

Hopmaneuad kK noBepxHocTH 3yBa cuaa F,
He 3aBHCHT OT KOPPeKuHH;

F F,

cos o, cos By, cosa, cos f,

tw

it

n—=

3yfuarble mnepegaud MOTYT pPAaCCYHTHI-
BATbCA HA KOHTAKTHYIO W H3rHOHyKO npou-
HOCTh 10 Pa3HbIM 3HAYEHHSIM MOMEHTOB
Ty M Trp, B 4aCTHOCTH, BCJAEJCTBHE Pa3HOro
BJAHAHUSA TTHKOBBIX HATPY30K HA KOHTAKTHYIO
H H3THOHYIO [IPOUHOCTb.

§ 10.8. PACYET 3YBbEB
HHUJIHHAPHUYECKHX 3¥YBYATDBIX
KOJEC HA KOHTAKTHY1IO
NMPOYHOCTHb

Pacuer cBOAHTCA K YLOBJETBOPEHHIO yC-
JIOBHs, 4TOGH KOHTAKTHBIE HAIPSIXKEHHs B
3y6bAX Oy OBIH paBHbHl HJIH MeHbLIE J0O-
nyckaeMmulx [o]y. Pacuer seayt anf sauen-
JIEHHA B MOJIOce, TAaK Kak BbIKPAUIHBaHHE
HAaYHHAETCA Yy MOJIOCHOH JHHUH (HA HOXKe),
NpHYEM TIONIOCHAS JIHUHS B NPSAMO3YOBLIX ne-

perdadax HaxoZHTCHA B 30He OgHOMAapHOro 3a-
HelJICHH A,
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B kauectBe HcXOAHOH NpHHHMAT ¢GOp-
myay Fepua ans HauGOAbUIHX KOHTAKTHHIX
HanpsxedHd oy, MIla, npu cxKatuu uuanua-
poB BAOJAL 00pa3ylolHX:

wn
0H=ZE V 0 "'<-.[0]Ha
np -

rJie B MPUMEHEHHH K pacuery 3ybObes

— K03 dH-

Lp=
E
l—v%_

l—vg
E, M Ey

n

[MeHT, YYHTHIBAIOLWIHH MeXaHHYecKHE CBOH-
CTBA MaTepHaJoOB LIECTepHH H KoJeca,
E\ n Eo— mMoaynn ynupyrocTH wMarepHasa
mlecTepHd H KoJgeca; vy H V2 — K03pdH-
LHEHTHl TOMEPEYHOro CXKaTHA MaTepHadoB
[IECTEPHH H KoJeca, pasHble aasa cranu 0,3,
KHFn
a -nast yyrysa 0,25; w,=

— HOpMAaJlb-
[Z
Hasi Harpy3Ka Ha eJHHHIY JJIHHL KOHTAKTHbIX
JUHHH; Ky — K03 (HUHEeHT HArpy3kH (cM.
c. 177}; Fn — HOpManbHad K [I0OBEPXHOCTH 3y-
6a cuia; /5 — cymmapHas AJHHA KOHTAKT -
HbIX JUHHHE;
1 1 1
+

Prp Pr P2

~— MNpHBeNCHHAA KPHBH3HA,

3HaK «-+>» B 3TOH QopMynae U B MOCJAEAYIO-
LIHX — JJA BHELIHEro 3allel/ieHds, 3HaK
«—» — JJIA BHYTPEHHEro 3alen/eHus; p;
P2 — pajuychl KpHBH3HH Tipodunel 3ybbes
mleCTEepHH H KoJjeca.

nsa craapHbix 3y6uaTbix Kosec Ko3¢¢H-
uMedT Zp =190 MIlal/2, E,=E;=2,IX
* 10° MIla, v, =v,=0,3.

Npsawmoay6rie nepepaun. B npsamo3y6uix ne-
pelauyax NAHHA KOHTAKTHBI X JHHHHA
[y MeHsieTca B Mpoluecce 3apenjedHdss OT
pa6oued IMUPHHB BeHUA b, (B 30HE OJHO-
NapHoro 3aueniedus) fo 2b, (B 30He AByX-
napHoro 3auennenus). [las pacyeTos s cooT-
BETCTBHH ¢ pe3y/nbTaTaMH 3KCIEPHMEHTOB
npuHuMawT ly=by/Z; taoe Z, — xo3ddu-
HHEHT, YUYHTHIBAIOILHH CYMMAapuylo = IJHdy
KOHTAKTHBIX JIMHHHA: -

Z,=\[(4—e)/3..

[Ipy nameneHHH KO3 @PHUHEHTA MEPEKPHI-
T or 1,25 g0 !|,9 kosdpdbuuuenr Z, me-
usgerca ot 0,84 po 0,96. B cpeadem u pas
npubanXKennnlx pacueros Z, =09, wuro
cooTBercTBYET ¢, = 1,6,

HopmManbnad Harpyska Ha ej-
HHOY AJHHBE KOHTAKTHBIX JIHHHA C YUueTOM,
yro F,=F;/cos a,, '

2.
_ KHFtZe
" b, 050,
Paauyce XpHBH3HB  NpogpHaeH
3y6beB iiecTepHH H kojaeca (puc. 10.12):
p1 =0,5d 1 sinl ttrw; P2=0,5due sin arw.

[1puBeseHubli paauyc KpHBH3HBI C Y4YE€TOM,
410 dw=d coS o/COS Otw,

1 2(uz1)

erp  diucosartgam

[ana nepesay 6€3 cMeUWEHHA HCXOLHOMO KOH-
Typa amw=o;=oa. [loacrasus B dopmyay
lepua BbIpakeHUsA AAA W, !/pmp, mony-
yaeM OCHOBHYIO ¢dOpMYyRYy aas pac-
yera NpAMO3YObIX MEpenad Ha KOHTAKTHYIO
MPOYHOCT:

K.F 1
oy =ZpZ.Zy e ex’

db, u

Ay

i
Lb

Puc. 10.12. Cxema K pacyeTy KOHTAKTHOH npou-
HOCTH 3y6beB
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“———UH()'VKH < {U]H '

TIe Oyy — HanpsKeHHe TPH HOMHHANBHON
Harpyske (K, =1), npeacrapasionlee HHTe-
pec il HAKOMJeHHA ONbiTa NPOeKTHPOBAHHA;

/ Ky—  MHOXHTENb, XapakTepHayloumHh
yBeNHUeHHE HOMMHAJIbHBIX  HaMpsKEHHH,

Fi=2.10°T,;/d\ — okpyxHas cuna €a ge-
JuTenbHOM auamerpe; T,y — pacueTHbli
BpawaloUui MOMeHT Ha lecTepHe, H-Mm;

Z,= : _1/ 2 — ko3puuuent (pHe.
COS oy tg diw

10.13), yuuTpiBalomui hopMy cenpaKeHHLIX
nosepxHocTed 3y6ne (OH o6beluHSleT MHO-

XKHTEJH

H3 ¢opmyanl ana w, H

2
COS o tg s

U3 ¢opmyas Aas | /pnp).

[aa nepenau 6e3 cMellieHuss ¥ NpH Koag-
¢uIHeHTax cMelledds X+ X:=0 koad¢dH-
nHedtT Z, =275. .

QopmMyay AJA NPOEKTHHIX pac-

4 e TOB, ONpeAesOUly0 NPUOIHKEHHO MEX -

OCEBOE DACCTOAHUE d, 3yduaTblXx MpPAMO-
3y0bIX mepeaay, MOJAy4alOT H3 OCHOBHOH 3a-
BHCHMOCTH, Tioiaras, yro Zp =190 MIla'/?,

Z.=09, Zy=205, buo=Vu0w, dizxdy =
=F2a_w/(u-_#:l): :
31 KyT
aw=450(u 1)\ —L2_
lpau[U]H

Kocosy6uie v ieBpounnble nepenauu. B Tou-
HBIX KOCO3yOHX mepegauyax B CBAA3H C §oJb-
WHM O6WHM KO3(p(hHUIHEHTOM MNEPEKPLITHA
H Jydiled npupaboTKOH HArpyska pacrpe-
ensiercss MexXay 3yObsamH 6Gonee paBHO-
MEePHO.

KoHTaKTHBE JAHHHUH B OKPYXHOM
HATPABJCHHH CMelleHM OJHA OTHOCHTEJLHO
APYroH Ha BEJMUYHMHY OKPYMXHOrO WAara pp
10 OCHOBHOHM OKPYXXHOCTH.

HdauHa KOHTAKTHBIX JHHHH MPH TOPLOBOM
KO3 HLHEHTE nepeKpbITHA g, = |
(puc. 10.14, a) pasua {,=b,/cos fs.

KoHTakTuble JHHHM HaKIOHEHH K o6pa-

3YIOMHUM OHJAHHAPOB B NJAOCKOCTH 3anefne-
HHSA NMOA yriom f, HakioHa 3y6a Ha OCHOB-
HOM [HAHHAPe, rape Sin fp=sinp cos a..

Zy
3a — =
’ oy
N &
2, \&
27 Y \ \ T

a
/

) \ :
24 005
<IN
) .
U.Uf ‘E\ \ \
71 F0073 24 \\\Q \\
a' 04 \\\\‘:\\\ \
ﬂ,m\\ \\\}k
= SSSSNN
oI §\§' N
N
s
55 5 70 45

Puc. 10.13. Tpaduk onpeteienns KoadhdHunenTa
Zy, YUHTBIBAIOUIET0 (HOPMY CONPSIKEHHBIX MOBEpX-
HocTed 3yGbes :

Kak caeagyer ua puc. 10.14, 6, npu yseau-
YEHHH €, CKOPOCThH pocta [z yBeJHUHBaeTcH
B CBAI3H C TeM, UTO MeHsieTCH YHCJI0 nap 3y6beB
B 3auenjiediy. JIJIMHa KOHTAKTHHIX JHHHHA GoJiblle
{y B kg, pas, T.e.

e bw
by
Q
Fo
q)
. By
£ / &
i ¥
b
5)

Puc. 10.14. Tose 3anenaenHs KocoayOX KoJlec
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l . bwsa
= o5 B, 0
b

rae k. — KO3 @OHUHEHT, YUHTHIBAIOUIHH HM3MEHe-
HHS1 YHcaa nap 3y6beB B 3allelVIEHHH; B KOCO-
3y06bX nepesauax oH pased 09..1, a B weBpon-
ubix 0.97...1.

C yuerom npeanoxeunuii MCO kospon-
LHEHT R, HE yYHTHIBAIOT H [y ONpeaeasior
Mo CJAeyKuied 3aBHCHMOCTH:

ls =by/(Z%cos By),

|
rae Z¢=_\/7” K03(hOHUHEHT, YYHTHIBAIO-
o

mAH CyMMapHylo MJHHY KOHTAKTHBIX JIH-
HHH. '

HopmanbHasn narpyska Ha eiHHULY JJIHHBI
KOHTAKTHBIX JHHHH

Wo=KyFa/l s=KyFt/ (I 5cos o, cosBs).

Pajguyco KpHBHU3HH NpodHIEH
3y6heB. HyxkHbe 115 pacyetos Ha npou-
HOCTb pafHycbl B Ce4YeHHH, MNEepNeHIHKy-
JAAPHOM KOHTAKTHOH JIHHHH, OnpeaeqsioTcs
Mo H3BecTHOW H3 aAuddepeHitHalbHOH reo-
MeTpHH TeopeMme MeHbe: p.=p:/cos Py, T
pt=r Sill Giw — PaAHyC KPHBH3HB B TOPLO-
BOM ceueHuH; r =d,/2 — paauyc Haua bHOH
OKPY>XKHOCTH. YuHTbiBasg, uro dy=d cos o,/
/c0S Oy, OKOHYATENBHO MOJAYYaeM

pn=0,5d cos a: tg atu/cos Ps.

-TlpuBenennass KpuBH3HA

I _ 1 + 1 _ cos PBs %
Pnp 21 P2 0,5¢cos oy tg Ciw
1 | 2{u=1) cos B,
_ ) =
X( di _dz) diu cos oy tg o

B cOOTBETCTBHH C YCTAHOBJIECHHBIMH BbIlIIE
3HAYEHHAMH W, I, 1/pnp OCHOBHAA
pacuetrHasa ¢dopmyaa A KOco3ylbIX
Mmepeaad NMPHHAMAET CJASAYIOUIHH BHI:

GH:ZE‘ZEZH v

= GHO\[R;! < [0} &,

KHFr (u;{;l) .
dlbwu T

1 /2 cos Po
rae  Zpy-= COS tg o —  KO3hduit-
edr (cM. puc. 10.13), yuuroiBaomHl Gopmy
conpsixKeHHBX TOBepPXHOCTeH 3y0GbeB (OH
o0 beAuHAeT MHOXHUTeAH 1/cos oiw H3 GOP-
Myabl s w, d  2cos fs/(cos oy tg ttiw)
u3 opmyabl A | /pnp).

[ITpy npoekTHPOBAHHH HOBBX
mepegad H3 pacyeToB HA KOHTAKTHYIO
[IPOYHOCTh OTPENEJIAIOT MEKOCEBOE PACCTO-
HHe, [peiBAPHTENbHO 3a8aBLIACH

Pog= bw/aw-

Ilas cTanbnbix Kojec mocje npeobpasosa-
HHH M MOACTAHOBKH B OCHOBHYID GopMyay

Z =190 MIla'/% Z,=0,8 (e.=1,6);
Ly=247 (p=10° x 2=x.=0) noayuaewm

3. Ky TI-;;_
a,— 410(&_—L— l) \/W.

Ilonyckaemast Harpyska 3y6GuaTelX Mepexad,
Kak caegyer u3 cdopmyab [epua, mpongpuHo-
nanoHa ((6]y/Zg)°. Jonyckaerca aisl yno6erBa
pacueToB 3yOuyaTbIX Nepenayv C BHEUIHUM 3ayen-
JIeHHEM HCI0/1b30Ba HHE pacyeTHBIX 3aBHCHMOCTEH ¢
BRefeHHeM K09G(UUHEHTOB KOHTAKTHBIX Hanps-

Fi(u+1)

bwdlu

§ 10.9. PACYET 3YBbEB
IEMJTHHAPHYECKHX NEPENAY
HA HU3THB

llpamo3ybue nepepauu. 3y6 paccmarpu-
BAeTCs KAK KOHCOMbHAA 6anKa ¢ HATPY3KOH,
pacrpenejeHHoOd mno JUHHH KoHrakra. [lpu
pa6oTe AUHUSA KOHTAKTa MepeMeraeTcs Io
BpIcOTe 3y0a U MeHAeTCH I[1e4O CHJIbL.

[IpHauMaeM, uTO CH/bl TPEHHS Ha 3yObAX
npene6pexkuMo MaJjbl. Torna MOXKHO CUHTATD,
4yTO CHJAa B3aumoneicrsus 3y0bLeB HAMpas-
JeHa 10 HOpPMaJiH K KOHTAKTHPYIOIMM [O-
BEPXHOCTAM, T. €. IO JIHHHH 3alelIeHns
KacaTeibHOH K OCHOBHBbIM OKDYXKHOCTSIM.
CaepoBaTeibHO, MPH OQEHCTBHH  [TOCTOSH-
HOr0 MOMEHTA CHJa B Hpouecce OxHONap-
HOro 3alienfeHWsl OCTAeTCs [MOCTOAHHOH.
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Puc. 10.15. CxeMn K pacquy' 3ybbeB Ha H3THO

B nauane paccMaTpHBaeM pacyer JJis Cay-
yasg jeficTBHA CHJAL B BEPLUIUHE 3Y-
6a (puc. 10.15). [IpuusaB pacueTHyio CHJY
pABHOMH HOJHOH CHJie B 3aLEN/CHHH, NTOTyYUM
YIPOILEHHbI PACUET B [IPEANOJNOXKEHHH, UTO
" BTOpasi nmapa 3y0beB He ywacTsyeT B pa-
Gote (pa3”OCTb WIAroB 3apel/ieHdna 3yGbes
BCJAEJCTBHE [IOrPElIHOCTEH  H3FOTOBJEHHSA
- Goablle ynpyro#d aedopMaiHy 3yObes).

DTOT pacyeTHBA cayuald NPHrOAeH AAA
OCHOBHBIX PACUETOB Mepejad OTHOCHTEJBHO
HEBLICOKOH TOYHOCTH M  HArpy»KeHHOCTH

(B uyacrHocTH, H3 yJAyUYLIEHHBIX CTaled H
yyryHa), Ajsl I[peiBapHTENLHHIX DPacyeroR,
ANSL MPOBEPOUHBIX PACYETOB C MOJMOXKHTENb-
HbIM Pe3yNbTATOM, llepeayd ¢ MapameTPaMH,
" BHIGpauyUbIMH MO JIPYrHM KPHTEPHSM (B yacT-
HOCTH, IO KPHTEPHIO KOHTAKTHOH MTPOYHOCTH) .
B HejanekoM NpOLLIOM 3TOT pacueT MpH-
MEHSJICA KaK €JHHCTBEHHBIH.

[Tpuaumaem, uro 3y6 HarpyxeH B Bep-
WHHE YAEJbHOH HOPMANBHOH CHAOH wWp=
=KpF./b,, KoTOpasi cBA3aHA C YAENBHOH
OKpYKHOH cHloll w=2T-10%/by=KpFi/by
H3 YypaBHeHHMS] MOMEHTOB COOTHOIIEHHEM
Wp=w/cos a;. KoadpdHuuedr Harpysku

Ky =Kp,Krs yIHTDIBAET QHHAMHUYECKYIO HA-
rPY3Ky H HepaBHOMEDHOCTb pachpeeneHHs
HAarpy3KH mo mupHHe 3y6a (cm. c. 177).

[lepeHocuM cuay BAOJb JIHHHH JEHCTBHA
no ocu 3y6a u paccMmarpusaeM j[Be ee CO-
crapasiioiuve: #aruGawouwyro 3y6 w cos yp/
/cos oy U cxumawiuyw 3y6 w sin y/cos a;
(cm. puc. 10.15).

Tak Kak ycTanOCTHble TPELMHH H pas-
pylIeHHE HAYMHAIOTCA Ha PACTAHYTOA CTO-
poHe 3yBa, To HA HEH H MPOBepSAIOT MpOHU-
HOCTb 3yObeB.

MecTHbie HANMPsSIXKEHHA B ONacHOM ceuernH

wCcosyh W Siny
G'F=: - P ao N
cos'a, W cosa, A,
st
re WS:T —MOMEHT CONMPOTHBJIEHUA, HAa

H3THG OMACHOrO CeYeHHs WHPHHOH, paBHOH
eJIHHHLE; S5) — TONMHA 3y6a B ONACHOM
ceyeHHH;, A;==s, — maoulaab e IHHAUB AJIH-
Hbl ONACHOFO CEUEHHs; A, — pacuyeTHoe IJIeYo
CHJIBI, Oy — TeOpeTHUeCKHH KO3(pPHIHEHT
KOHUEHTPAUHH HaNpsiKeHUH.

[Noacrasus 3Hauedua w, W, H A;, BHIHOCHM
34 CKOOKH 06IHe MHOMXHTENH H yMHOXaeM
yHCJMTEAb KW 3HaMeHaTeqb HA m; TOTAA

_ F‘KFYFS

F
bom

7

Qo ( 6 h, cos y msinv)
COS @y 2 - 8¢

— Ko3(p¢uuHedT ¢Gopmbl 3yObeB, 3HAYEHHS
KOTOPOro, B 3aBHCHMOCTH OT 4Hcja 3yGbeB
H CMELUEeHUHA MCXOMHOro KOHTypa X, NojaydeH-
Hbple METOAAMH TEeOPHH YMPYFOCTH, MPHBE-
nedsl B taba. 10.3.

Ilnsi pacueroB Ha IBM npuaumaior

Yps=3,47 +13,2/2, —27,9x/ 2, +0,092x.
Kosdpdpuuuentst Qopmbl 3y6bes Kojec ¢

BHYTPEHHUMH 3yGbAMH H3 aHAJOTMUHOrO pac-
CMOTpEHHS:

Z . . . . . . . & 5 60 =70
Yes - . . . . . 4,02 388 380 375
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10.3. KosdpduuyueHTnl Gopmu 3yGnes

Kosd dpHuuent cMewmenns 87
HCXOJLHOTO KOHTypa x €. =
S5 2
o I
- 255
a1 —05]—02[ 0 [+02|4+05(+08|xE
% =54
2 $5o
: £
g L e o
J KosdpdpHunenr Y, Sy
> ' =
10 — — — — — 296 —
12 — — — — 3,556 3,08 —
14 — — — 405 3,56 3,14 —
16 — — 447 399 3,67 3,]7 1,61
17 — — 430 397 358 321 153
20 — — 4,12 3,90 359 325 1,62
25 — 439 39 381 360 333 1,70
30 4,67 4,14 3,85 3,75 3,61 3,37 1,74
40 4,24 390 3,75 3,68 3,62 3,44 1,79
80 4,02 3,83 3,73 366 362 348 1,83
60 3,93 382 3,73 3,68 363 352 1,86
80 3,89 3,81 3,74 — — — 1,91
100 3,87 380 3,76 — — — 1,94

PaHee pacyer BenH Mo HOMHHA/JLABIM Ha-
MPAKEHHAM, KOTOpPbBIE ONpeielsiliH ¢ mo-
Mouibio Ko3pdHuHenTa Yi ., = Yp, /s, coO-
OTBETCTBEHHO [AONMYyCKaemble HANPsIKeHHA Ha-
3H4uajd 'B  HOMHHAJbLHBIX HaNpsKEHUSAX.

[To npemnoxennmo MCO yuvactue B sauene-
HHM BTOPOH Mnapbl 3yGbeB MPHOIHKEHHO YUHTH-
BAETCH BBEAEHHEM B (POPMYJY AAA HanpAXKEHHH
Haruba op ABYX MHOXHTened Y. (kosddHuHent,
YVUMTHIBEIOUIHE  COBMECTHy!0 paloTy  TOUHBIX
3y6een) .M Kp, (xo>(dHUHeHT, BXOAALIMH B
Ko3ppHUHEHT Ky H YUYHMTHIBAKIIHE pacnpesefe-
HYe HArpy3KH Mexny 3YObsIMH B CBfI3H C MOTper-
HOCTAMH H3rOTOBJICHHS, CM C. 184) B ynporites-
HLX pacuetax V.Kp, =

YTounenunie pacqe'm BBICOKOHAMPSHKEHHDIX
TOYHLIX nepefay NPHXOAHTCH NPOBOAHTD A5l NBYX
BO3MOXKHBIX PacueTHHX CJAyuaes.

Cayuah {. Cuna peHcTByer B BEpLIKHHE 3y6a,
HO BTOpasi mapa 3y0beB MpPHHHUMAET Y4acTHe B
nepefave cuwibl. Pacnpejenenne cui mexny Apymsi
napaMH 3y0beB YCTAZHABJIHBAETCA M3 ypaBHeuHi
PABHOBECHSI H YCNOBHfl COBMECTHOCTH YIPYIHX
nepeMerileHHH
napel 3yGbE€R MeEHbIIEe, YeM Y pacCYHTHBaEMOH
nepBod Ha HaWGOJIbLWIYI0 BEPOSTHOCTHYIO pa3-
HOCTb A; WATOB 3aLENJIeHHs).

" Ortciona pacuernasi, MNpUJOXKeHHasd K Bep-
myHe 3y0a cuia onpejensiercsl ymHoxensem o6-
mefd cHABL Ha MNpoH3BefeHHe Ko3duIHEeHTOB
Ye KFGQI:

(ynpyroe nepemeunieHHe BTOPOH -

C1 (Ap—yq)

n

YeKFa= 0,42 + 0,58

3nech NPHHATHL JKECTKOCTh pacCUMTHBAEGMON Naph
3y0beB (KOHTAKT ofHOro 3y6a y Bepwimninl) C) =
= 10 u Bropo# napu 3y6beB Co=14 H/ (MM + MKM) .
Uucnosuie k03¢ ¢HUHeHTH B ¢Gopmy/e BbIpa-
KalwT OTHOCHTENbHble KEcTKoCTH nap 3y6Gbep
C[/(C] -I-Cz) =0,42 H CQ/ (Cl +C2) 20,58
3nauenve A b [17] npHMHMAOT DABHBLIM

0,8 prbl +fpb2 »

rae fopr M fpp2 — a6COMOTHBE 3HANEHHST NPELEND-
HBIX OTKJAOHEHHH HIArOB 3allenJieHHs] MIECTePHH H
KoJieca.

PexkoMeHgauun no BHGODPY 4., T. e YMeHb-
IIE€HHA MOrPEeIIHOCTH Mara 3anenjiedis B pes3yiib-

Tare npHpaboTkH, npuBenenn B Tabu. 10.7.
B cayuae, Koraa
Cy (As—yo) w21 Kpay =1,

Cnyuait 2. MNonuas cuna gelicTryer B Kpaii-
HeH ToYKe OJHOMAPHOro 3auemaeHHsl. B 3aBHCH-
MOCTH OT COOTHOILEHUS MAPAMETPOB OMACHLIM MO-
XKeT OHTb 3TOT HAH NpeAbIAYIIMA ciyual. Pac-
ueT OT/IHYAETCH OT YIIPOILEeHHOTO PacuieTa TOJAbKO
3HaYeHHsIME KOo3ddHuHenTa hopmbi 3yOben, KOTO-
pble 3aBHCAT HE TOJNLKO OT uucen 3yGbeB 2| H
KO3 QHUHENTOB CMELIEHHA X, PACCYHUTHIBAEMOrO,
HO H COMNPSXKEHHOTO 23 H xp 3y6uaThlX KoJec.
Kosdduuuentsl popmbl 3y6bes A/151 TOUHHX NMepe-
Aay cienyer 6pate no rpagpHky Ha puc. 10.16, no-
crpoennomy B. B. Bparuneim.

fTopadox noavaosanus, TlpoBoauM, Kak yxa-
3840 Ha CXeMe, BEePTHKa/JH OT 3aJaHHOro YHceja
3yObeB 2z pPAacCUHTLIBAEMOrO H 2, COMPSKEHHOro
3y0uaToro KoJeca- 0 KpPHBLX KO3(HIHEHTOB
CMELEHHA X H COOTBETCTBEHHO X;. OT 3THX Touek
flepeceyeHns NPOBOJAM FOPHIOHTANM A0 Mepeceye-
HHsi ¢ ocamu A ¥ coorserctBenno B. Uepes no-
C/le[iHHe TOUKH [epeceueHHsl MPOBOLHM MPSMYIO,
KOTopasl Ha ocH Yp, YKa3bBaeT 3uayeHHe mno-
cJeHero.

Cneundrka BONpocos MPOUHOCTH KOCO3Y-
GbIX-¥ IHEBPOHHMX NMepefau W 0coGenHocTH
pacueroB. |. JloHukKeHHBle AMHAMUUYECKHE
Harpy3kKH W COOTBETCTBEHHO KO3(pduuHeHT
nuHamuubsoctd K, (cm. c. 178),

2. Jlyuwas npupaborka H Jyulias COB-
MecTHas pabota nap 3yGbes, HaXOAAIHXCH
B 3aUeljeHHH. 21O yuyHTbiBaetcsi Kosddu-
iineHramy Y, 0 Kp,. Koadpuuueur Y. =1/g,
YYHTBIBAET pacrnpejiefiedne HArPy3KH Mexay
3y06bsiIMH BBICOKOTOUHBX 3yfuaThiX Nepepady,
AnA KOoTopwix Ky,=1. Bauanue norpeuu-
HOCTEH H3roTOoBJeHHsA (B OCHOBHOM OLIMGOK

3ailenyedisl) YUUTHIBAOT KOIPQPHIHEHATOM
Kth ; 1.
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Puc. 10.16. Homorpamma pis onpe-
aenenns Yp, NMPH MPHIOKEHHH CHJIb
B BepXHeH TOYKe mnepeconpsKeHHs

s
b

154 172 10268766862 52 4438343226 20 18 1?2

3. HakioH KOHTAKTHBIX JIHHHH K OocHOBA-

i}
Z
A 518
X 1Y
401L x=-0,6 - Xg=1
, s
38 \ \/xs //I
AP
4 06
4994
44
£|?,2
/ 00
7 .
AN L
A -0,2
T L
o ~04
T
_0,5
n % 20 2530 40 S50 W 100
z
2.10°T
{= ——dw— — OKpyXHas cuna; T\p —
1

HHIO 3y6beB # paGoTa 3y0beB Kak IJIACTHH,
a He kak Ganok. CooTBeTCTBEHHO BBOJMTCSH
onbITHbIA KO3 GHUHEHT -
L

o5 = 07

Yﬁ,=1-—83

4. Yronmeune sybben (ymedbluenue Kosd-
¢pHuUenTOB popmbl 3y6beB). KoaddpuiueHTol
dopMbl 6epyt no puc. 10.16 B 3aBHCHMOCTH
OT 3IKBHBAJEHTHBIX uHUcen 3y0beB 2, ==
=2/cos*B H 2z,9=29/cos?B.

OcHoBHOE ycaoBHe pacyeTa Ha
H3ru6 3y0neB, UTOGbl MecTHOe HamnpsXeHUe
OT H3ruba B ONAaCcHOM ceueHHH ObLIO MeHblIe
_ HJIH DABHO JONYCTHMOMY:

FiKf
bym

O = YesYeYa<< [o] 5

3nece M HUXKE m — HOPMAJIbHBIH MOAYJb;
Kr=Kr,KpgKp, — K03DDHUIUHEHT HArpy3KH;

pacueTHblH Bpawawiuid moMedT, H-M; d, —
JNEJIHTENLHLIA AHaMeTp WecTepHH, MM; Y —
Ko3G¢HIHEHT yraa HakKJIoHAa 3yObes, JJs
npsaMo3y6uix nepegau Ye=1; Y.=1/e, —
KO3(pGOHINEHT, YYHTBIBAIIIHA TepeKphiTHE
3y0Obes.

HauGonee pauuonanbHo#t ¢opmoi pacue-
TOB, MO3BOJAKILEHR O6ecledHTh HAH MPHGAH-
3HTbCS K PaBHOMPOUHOCTH 3yObheB [0 BbI-
KpallHBaHHIO H H3/J0My, ABAsAETCA OMNpene-
JieHHe MOJYJAA MO M3BECTHOMY MEKOCEBOMY
pPacCTOSIHHIO G, H UWHPHHE KoJec by, moay-
yeHHBIM H3 pacyera Ha KOHTAKTHyIO MpoY-
HOCTb. _

Bbipa3uM HanpsxeHus U3ruba op B 3yObfiX
lWecTePHH HJH KOJieca yepe3d MexXO0ceBoe pac-
CTOAIHHE (w, TOACTABHB BMECTO

204

d=der =357

b
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rie 3sHak TJKc A5 BHEIHEro, 8 3HaK MHHYC
NS BHYTPeHHEro 3aueneHds (31ech H HHXKe
noj « OOHHUMAIOT MepelaTOuHOe UHCIIO
3yObuatofl nepenauu, Bcerga Oovibllee HJH
paBHOE eJHHHUE):

op=10"Tp KpYps Y. ¥pX

u+1
L=< o]y,
X mbwaw —~ [ ]F
OoTCloJa MHHHMaAJbHOE 3HAUYCHHE MOonyad
u+-1

Eca opoudocth Ha n3ru6 ssasiercs oc-
HOBHBIM KpHTEepHeM paGorocnoco6HocTH (aas
3aKaJieHHBIX 10 BLICOKOH TBepaoCTH 3y6ua-
THIX KoJjiec), a yHcaa 3ybbes mepeflayd 3a-
paHee 3ajadbl KHHEMAaTHYECKHM pPacyeToM
(HanmpHMeEp, COraacHO yCaAOBHAM TOUHOrO fe-
pPEeNaTOYHOIO OTHOWEHHA B METAMNIOpexKY-
IIHX cTaHkax W T. M.), pacuer BejeTcsl B
¢dopmMe omnpeaesieHHsa MOyl MO 3aJdaHHBIM
yHcsaM 3y6bes ¢ nochaelyoluled MpoBepkoH
KOHTAKTHOH [POYHOCTH.

Toraa, BelpasuB 8 npeaniaymeidl popmyne
ILHPHHY KoJiec yepe3 MOoAyAb b =1PniM H yuH-
TeiBafg, 4to (u4-1)/a,~2/mz, nonyuaem

3 3
2‘ lO TIFKFYFSYGYﬂ
m;‘\/ z2tpm (o] , -

3HauyeHue Y. cM. HA c. 155

Ecan Matepuan kosieC OAHHAKOBBIA, TO
pacueT BeJyT MO lecTepHe, KOTopas HMEET
6osiee TOHKHHA 3y0 y OocHOBAHHA H, CJleA0Ba-
TebHO, GONbLIHE 3HAYEeHHA KO3 PHIHEeHTa
¢dopmbl 3yO6beB Ypg. CoorBercrBeHHO B Qop-
myae noa Ygg M [6]p nonuMawT Ypg H
{0} r1-

Ecam martepuan uwecrepaH 6oJee mpo-
yed, yeM MarepHaj kojeca (uTo OGBIYHO
6piBaeT NpH OOABWHX MNepeaaToyHbIX 4YHC-
Kax), TO pacdyer BeAyT MO TOMy M3 3yGua-
ThIX KOJIEC, ¥ KOTOPOTO MeEHbIle OTHOLIEHHE
[6] -/ Yrs. LlenecooGpasso, utoSbl [0] s/

Yesi = [0] ro/YEse-

§ 10.10. MOOHOHKALLUSA
NMPO®HJIEH 3ALENMJIEHHS

Mopugukauua npoduaedt (KoppHruposa-
HHE) ' yBEJIHYHBAET [PEHMYUIECTBA 3BOJIb-
BEHTHOrO 3anenienHs, obecrneyupas yMeHb-
IieHHe MHHUMAJBLHO [OMYCTHMBIX 4HCEN
3y6ben, NOBbILIEHHE TPOYHOCTH, OCOGEHHO H3-
ru6HOH, H3HOCOCTOHKOCTH HJAH TJIABHOCTH
3BOJIbBEHTHHIX Tepeaad.

B ocuHoBHOM npHMeHAeTCA MOAHPHKAUHA
npAMo3yGuiX Nepenad. Moaupukanto Koco-
3y0blx mnepenay nNpeHMYLIECTBEHHO MpHME-
HAIOT AJ51 BIIUCHIBAHHSA B 3allaHHOE MEXKOoce-
BOE pAaCCTOAHHE W TMpPH MaJblX UHCAAX
3y06beB ILIeCTEPHH.

MoanpHKanus 3alenyiedHsi BO3MOXKHA!

CMEILEHHEM CTAHAAPTHOTO HCXOJTHOTO KOH-
Typa (4TO NpH Hape3aHHH 3y6beB CBO-
JHTCSL K CMEUIEHHI0 HHCTPYMEHTANbLHOH peii-
Ku);

npuMeHeHHeM MOJHQPHIHPOBAHHBIX HCXO.-
HbIX KOHTYDOB.

OcHoBHOE NpUMEHEHHE, NUKTYEMOE CTpeM-
JIEHHEM HCIOMb30BATh CTaHAAPTHBIA HHCTPY-
MEeHT [eHTPATH30BAHHOIO H3TOTOBJEHHS,
HMEET ONTHMH3alWs CMellleHHeM CTaHIapT-
HOFO HCXOJHOFO KOHTYpA.

TIpu nosoXHTEenbHOM cMelleHuH (OTOABH-
raHkH) HCXOMHOTO KOHTYpa 3y6 yTodJiLaercs
y OCHOBAaHHA H YMNPOUYHAETCs, MOABAAETCH
BO3MOXXHOCTb YMeHbLIEHHsi 4HUcaa 3yObeB H
YBEJIHUYCHHA MOIYJAS MPH TOM e JHaMerpe
IeCTEPHHK, YBEJAHYHBAKTCA paJHyChl KpH-
Bu3ubl. [IpH s5Tom aas npAMo3yGumx mepe-
Aay MOoBHWIAETCA TNPOYHOCTH paboyHx no-
BepxHocTed 3y6bes. BoifopoM onTHManbHBIX
CMEUeHHH B OTAENbHBIX cayuasax obecneun-
BAaeTCs MBYXNMApHOE 3anenieHHe B MOJAKICE;
B Hepegauax, NojBeprajomHxca abpa3us-
HOMY HM3HAUINBAHHUIO, YMEHbLIIAT YAeJbHOE
CKOJIbXKEHHE.

OpHako yJayuluieHHe OJHHX MapaMeTpoB
3alelN/eHdus (HanpuMep, NpOYHOCTH) OOBIUHO
CBA32HO C yXy/lleHHeM JAPYrHX NapameTpos
(HanpuMep, Ko3g¢uuH¥edTa [EpPeKphITHH).

' Io crapos TEPMHHOJIOTHH, COXPaHEHHOH B 3a-
pyGexuol nurepatype H mokymentax UCO.
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CMenieHHA HCXOJHOTO KOHTYpa 0003HAaua-
OTCA XM d Xom, TAe X; U X3 — KO-
(UIHEeHTHl CMelLeHHs, m — MOoAyJab. Echau
MEXKOCEBOE PACCTOSIHHE COOTBETCTBEHHO yBe-
JHYHTL Ha CyMMY TMOJOXHTEJbHHX CMeile-
HHH, To B nepefaue obGpa3osajcsa Gbl 3a30D.
[TosTomy mexoceBoe paccTosiHHe yBeJHuyH-
BAIOT Ha MeHbIIYIO BEAMYHHY ym = (X}
+x2—Ay) m, rae y — KosdbdHuHEHT BOCNPH-

HHUMaeMoro (pea/jH3yemoro) cellledus, a
Ay — k03P dHIHEHT yPABHHTENLHOTO CMELLLE-
HHS, onpejejsieMblH 4as NpAMo3yObix mepe-
aad o uomorpamme (puc. 10.17) B ponsx
OT Z:=z1+22 (an9 KOcOo3yObiX — CM.
FOCT 16532—70).

COOTBETCTBEHHO MEHSIIOTCS  HayaJbHble
JHAMETPbl, IHAMETPbl BEpIIMH H BrOagHH
3y64aTbiXx KoJdec. ‘

migp 203 H0qg, 403, S0 903 g 20 e 30 qp-go0403e 110
078 2T 4,50 [ 410 1200 199 4,00 870 12490
CJeaee 700 FH990 kg, 390 660 490
2u 490, 3F 980 180 f60
140 200 JqoEsI0480qF " 5q0 3~ 140 6,50 970
460 21 20 580 - 970 80 160 240 JZ0HF 540 Wy pyh
' o ogpee Free 0 EY P Few Jeow
42 [ - :
90 g 55190 Zw}gy " 190 :éﬁﬂ#ﬂﬁ t-i'm 160 360 G624 448
w0 - 040 ' 930
190 3 e medE 2edE e 870 399 o
180, mif&‘a & - 9' 2q 150 340 4o s; 19
- 970 140 130 s40 4
170 370 620 - 900 ' 890
s AF " aedf Mo 2204E3207004F 570 %04E 580
17 7 40890
1 230 7 4502"7 a60320 600 o [ 430 el 370 360 870
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Puc. 10.17. Homorpamma ansa onpenenennsi koadduuHenTa ypaBHHTENbHOrO CMELEHHs A

@ — NpH MPOEKTHPOBAHWH HOBOH Nepefayn MO Xy H 6 -— NpH BNUCHBAHHH NEPEAAYH B 3aNAHHOE MEX-

0CEROE DACCTOSIHHE gy MO Y=

Aw —

a
H Z{:
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Monudukauuss 3auelJIeHds CcMELIeHHEM
HCXOJHOTO KOHTYpa MOXeT OBITh BbICOTHOH
H YIJIOBOH.

[Tpy BbLICOTHOH MOAHPHUKALHH TOJOXKH-
TeJbHOE CMe[EHHe A5 IeCTEPHH COBMEILA-
eTCAl ¢ TAaKHM K€ OTpPHUaTelbHbiM CMelle-
HHEM /sl KOJlecda X|= — X3, T. €, LIECTepPHS
yrnpouHsieTca To H3ruby 3a cyeT KoJeca.
[loaromy 3Ta MopHHKalUHA  NpuUMeHSETCSH
MpH MajbiX YHcAax 3yObeB wecTepHH H 60/b-
HIHX MepeJaTouHbX yucaax, Cpoe Ha3BaHHe
OHA TOJYYHJIa IOTOMY, 4TO [IPH HEH MeHsleTcsA
COOTHOLLIEHHE MEXIY BBICOTOH FOJOBOK H HO-
xKek. OHa peanHsyercs mpocTo — Her Heob-
XOAHMOCTH B H3MEHEHHWH MeXOCEBOrO pac-
cTofHHA. HauyaabHble OKpYXHOCTH coBma-
JaloT ¢ AeNUTe/ bHbIMH, YpaBHHUTeAbHOE CMe-
medne Ay pasHo HyJI0. ‘

¥raosana moaudukauusa (Koppekuus) no-
HHMaeTcsa Kak obuiui caydail, npu Koropom
CyMMa K03} PUIIHEHTOB CMellleHHsA x| + X2 He
paBHa Hyal0 (Kak NpaBuio, Gonbure Hyas).
Ona HMeeT 3HAYHTENLHO GOJIbLIHE BO3MOXK-
HOCTH H pacnpocTpaHeHHe, 4eM BbICOTHASA.

B cooTeeTcTBHH ¢ nNpHAOKeHHeM K
F'OCT 16532-—70 ana npsamo3y6beix mepeaau
PEKOMEHAYIOTCS caenylomue K03 UIHeHTDI
CMELIeHHA X| H Xo.

B cunoBbix nepeaauax ¢ HezalaHHbIM MeX-
oceBbIM paccrosiiiem npH  10<{ 2z, << 30
x1=x,=0,5 (c npoeepko# npu z; < 16, uro-
6n €.>=1,2), a npu 2> 30 (Hau c onTH-
MaJIbHOH MOAH(DHKAlIHER TONOBKH NpH 2>
>20} )C]=X2=O. :

B CcHAOBHIX mepelauyax ¢ 3aJaHHBIM MEX-
oceBbIM paccTosinueM 0,5 (z| + 22)m npu 2 2=
=21 x=x:=0, a npu 14z <20 u
u>=35 x1=03, a xo=—0,3.

B xuHemaTuueckux mepenauvax mpH z| =

=17 xi=x=0, npu 12116 1 22>
>22 x1=0,3, xe= —0,3.

CaenyeT cyHTaTh [epCreKTHBHOH, 0cobeH-
HO AJ151 3yOuaThlx Kojec, noajeauidx 1er-
panH30BaHHOMY NPOH3BOACTBY, KOpPPeKUHIO,
yCreuwHo MPUMEHAEMYI0 B CTAaHKOCTPOEHHH.
Koapduuuent koppexkunu x=0,0061 (100 —
—z). KoppekuHa obecneydBaeT mocTOAHCTRO
Me¥XOCEBOIO pPACCTOAHHS MNpPH [MOCTOAHHOM
CyMMapHoM uHcje 3yObeB H MONYJE, 4TO
oyeHb BAXKHO JJ5 KOPOGOK CKOpOCTEH.

¢

Koppekuusa pacnpocTpaHAeTcA Ha NMPAMO-
3yOble Kojeca ¢ 22212 npH cyMMapHBbIX
urcnax 3ybves 2. =2 30.

s oTBeTcTBEHHLIX Nepenay cnocol Kop-
pPEKIHH CJeayeT BoiOHPATb B COOTBETCTBHHU
C OCHOBHBIM KpHTepHeMm paboTocnocoOHOCTH
nepemau.

Insa 3akpoiThiX Nepeaay, Hecyias cnocoob-
HOCTL KOTOPBIX OTNpeaeisieTcd KOHTAKTHOH
BBIHOCJAHBOCTBIO, KOppeKiHsa o6puHo obecrie-
UHBAET MAKCHMAaJbHO BO3MOXKHOE yBEJNH4YE-
HHE pajHycoB KPHBH3Hbl B MOJIOCE 3amnen-
JEHHsl, /A Yero BplOHPAIOT BO3MOXHO
6oabulyio cyMMY KO3Q(PHIHEHTOB cMellenHi
X; H Xz, YTO OJHOBpEMEHHO [OBHIIIAET
u3ru6uy npouHoctb. OaHako Haubonee 3¢-
(PeKTHBHA KOPPEKIHA C MOJIOCOM B 30He JIBYX-
MapHoOro 3auemieHHs (CoNpHKAacalTca ABe
napol 3y6nbes).

an 3akpLITHX nepejauy ¢ TBepaoH mo-
BEPXHOCTBLIO 3y0beB B Tex cayuasx, Korjaa
Hecymiaa  CMocOOHOCTh  OrpaHHYHBAETCH
NMPOYHOCTbIO 3yObeB Ha H3CHG, KOPPeKLHA
JOJKHA O0ecneylTb NOBblIIeHHe MPOYHOCTH
H paBHOMPOYHOCTL Mo H3ruly 3yObep wiec-
TEPHH H KOJeca.

Ecau He yunTBIBAaTb pa3HOE YHCJAO IHKJOB
HAarpyKeHHs, TO MPH OJAHHAKOBBHIX MaTepHa-
Jax WeCcTepHH H Kojaeca Ko3¢pPHIHeHTH
copmMbl 3y0bes LlecTepPHH M KOJieca JOJXKHbI
6bITb pasHbI,

B 3aKpbiThIX W OTKpBITBIX mnepepauvas,
pecyyaa cnocoBGHOCTh KOTOPLIX OrpaHHYuBa-
ercsl 3aeflaHHeM HJH H3HAIIUBAHHEM, KOP-
PEKIIHA AOJKHA B MEPBYID OuepeAb yMeHb-
WaTth H BLIPABHHBATL CKOPOCTH OTHOCHTEND-
HOTO CKOJMbXKEHHSI B KPaHHUX TOYKax 3aueln-
JeHHa (rie 3TH CKOpPOCTH HMEOT HAaHOO0Jb-
mee 3Hadedue). JlaA NOBBILIEHHS HM3HOCO-
CTOHKOCTH penecoobpa3Ho TaKxKe yMmeHb-
IATb BLICOTY HOMXKKH 3y6a wIecTepHH.

B nepenauax BbICOKOH TOYHOCTH TIpH 3Ha-
YHTEJbHbIX HArpy3Kax, Korja owx6Ka B ware
Maja [0 CPABHEHHIO ¢ YIPYFHMH TepeMe-
IeHHsAIMH 3y6beB, ueaecoofpa3do AAdA pac-
npeeseHdst HArpysku Mexay 6oabluuM
yucaoM 3yObeB yBeqHYHBaTb KO3 GUIHEHT
NepekpuTHA. YBenuueHHeM Ko3(dHuHeHTa
MepPeKpPHTUS MOMKHO CYIIEeCTBEHHO yMeHb-
ITHTh IIYM Mepefau.
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Puc. 10.18. B.J’IOKHpOBOlleIﬁ
20 =28:

¢ — PaBHOMNPOYHOCTh KOJeC H3 OJdHOro Marepuana;
n’==1" — papeHCTBO YAGNbHHX CKOJibXKeHHH Ha HOX-
Kax 3y0beB B KPaiiHHX TOYKaX 3allelJeHHA; X1, M
X9 min — [PaHAUN HenojpezaHHS WeCTepHH H KoJeca

KOHTYyp 21=14,

[lpenenbrbie 3HauYeHHA KO3GPUIHEHTOB CMe-
HUIEHHAI OrpaHHYHBAOTCA CAEAYIOLHMH haKro-
pamu: :

4) HejONyCTHMBIM ToApe3aHieM 3y6beB (T. e.
HHTepdepeHlined pabGounX npoduaed H HHCTPY-
MEHTA TIp# HAPE3aHHH),;

6) 3aocTpeHHeM 3y0bem, T. €. YMeHbLUeHHEeM
TOJAUIHHL 3y6beB Se MO OKPYXKHOCTH BLICTYMOB
N0 npejeabHOro 3Haverus, obuiyno (,25m, a nan
UEMEHTOBAHHLIX koJsiec (,4m, XoTa yiKe uMeercs
" OMBIT HOPMaJibHOA paBoThl peAyKTOPOB C LEMeH-
TOBAHHLIMH  KOMECAMH, HMEIOIIHMH  TOJLLHHY
3y6beB M0 OKPYXHOCTH Bhictynos (,2m;

B) MNosABleHHeM uWHTepdepeHUHH (B3aHMHOTO
BHenpeHusl) npodHaeH npu pabore;

r) yMeHblieHneMm Ko3¢G@PHUHEHTa TepeKPLTHS
1o TipeneabHOro 3HaueHHs.

[TpenensHbie 3HaueHHs] CMELEHHH MOXKHO Of-
pefeanTb € MOMOLIbI0 CMEeiHANbHBX pPAaCYeTHLIX
rpad)uKop — Tax Ha3biBaeMbIX GJOKUPYIOLIHX KOH-
TypoB (puc. 10.18), koropbie cTPOSIT B KOOpH-
HaTax: KO3(PQPHIHEHTH CMEelleHHsl MEeCTepHH Xi,
Ko3¢pHUHENTH CMELIEHHA Koseca Xz, KaKmplli U3
NepeuncyieHHbHX (aKTOPOB OTCEKaeT HAa rpadHke
061aCTh CMelIeHHH, KoTopbie He MOFryT OhiTh HC-
NoJb30BAHBL.

B rtaba. 10.4 npusesedni pekoMeHgyeMble HaM-
Gojibiine K03 GHUHEHTH CMeLeHHs Xy H X2 TIPAMO-
3YOLX [NECTEDHH H KoJeca, HAPE3aHWHX peet-
HLIM HUCTPYMEHTOM [Jif ofecreuennsl CAeAYIOLIHX
YCAOBHH:

a) HauOOJbmeH KOHTAKTHOH NPOYHOCTH;

6) naubonbwed NPOYHOCTH HA H3rHO H paBeH-
CTBA HOMHHAJbLHLIX HanpA)KeHHB H3ru6a 3yObes
IIECTePHH H KOJeca, H3rOTOBJEHHBIX W3 OfHHA-
KOBOTO MaTepHalla C y4yeToM pa3HOro Hampas-
JeHHA CHJI TPeHHA Ha 3yObAX;

B) HauGoJbed M3HOCOCTOHKOCTH H HaHOO/b-
Wero ConpoTHB/IEHAs 3aejaHuI0 (PaBeHCTBA YAEAD-
HbIX CKOJIbKEHHH B KpaHHHX TOUKAX 3AUENAeHHs ).

Ilpu cocrapnenny Ta6a. 10.4 npefeabno gonyc-
THUMas TONIMHEA 3Y0beB N0 OKPYKHOCTH BLICTYNOB
6bt1a npuHATa pagHofl 0,2b m W HanMeubllee
3HAuUeHHe KO3(pPHIHMEHTA [MepeKpbiTHsl e,= 1,2,
[Ipn Hapesanun Kojec noONGSKoM MoJe OJIOKH-
pyiollero KOHTypa pacuiupsercsl H MOXHO MOpH-
MeHAITb GOJIbIUHE TNOJOXHTeNbHbE KOPPeKiHH.

B koco3yfnix mnepepauax yraopas Kop-
pexiuf 19 YBeNHUEHHs NPUBeAeHHOro paan-
yca KpUBH3HEI Mano3¢dheKTUBHA H3-33 OTPH-
1{aTEeNBHOrO BJHAHHA yMedbllieHHs KO3hdu-
UHEeHTa NepekpbiTHA. TIPH ManblX 3HauYeHHAX
21 H OTHOCHTEJbHO He0O0JbLIHX Mepenanax
TBEpAOCTEH ienecoo6pa3Ha BBICOTHAsE KOp-
pekuHa ¢ Ko3pGuUHeHTOM CMeleHus Xx;=—
=0,3, xo= —0,3.

OnTHMH3alHA 3BOABLBEHTHOrO 3aUemieHns
C TpUMEHEHHeM MOAH(HIIHPOBAHHHIX HCXO]-
HblX KOHTYPOB JaeT AOMOJHHTENbHBE BO3-
MOXKHOCTH. .

s ocob0 HanpsixKeHHBIX mepeaay (mpe-
UMYUIECTBEHHO B ABHAIMH) TIPHMEHAIOT HC-
XOAHble KOHTYPB ¢ MOBLILIEHHBIMH YrJjamu
nmpodpunst 25 1 28°, B Tom uHcae npH Goab-
IIHX nepegaToYublX uHCJIax,

Oco6o 3¢ PeKTHBHE nepefaiy C NMOBbILICH-
HLIMH YIJlaMH 3aiernJieHHsl H rapanTHpOBaH-
HHM KO3 }HIHEeRTOM nepekpuiThHA 2. Tlpen-
CTaBjsieTcsl  BO3MOXKHBIM  NPOEKTHPOBATH
nepepayd ¢ oueHb MajJbIMH 4HCcaAaMH 3y6bes.

ns mepenay BLICOKOH KHHEMATHYECKOH
TOUHOCTH MOXXHO peKOMEeHAOBAaTb MpHMeEHe-
HHE HUCXOMHBIX KOHTYPOB C MaJbIMH YrjlaMu
mpopuas 10...12°. Bo3amoxHO ocyuiecTBJe-
HHE MHOrOMapHoOro sanenieHuss ¢ Koagpgu-
LUHEHTOM MepekpuTHSA 3...4, KOTOPOE nepenek-
THBHO [JIA MNepefad H3 MNOJUMEpPHbIX MaTe-

pHanos.

MonudHurpoBaHHble HUCXOLHbIE KOHTYpPH
NEePCNeKTHBHL H  4aCTHYHO [PHMEHSIOTCH
B AaBTOMOGHJBLHOH MpOMBILIIEHHOCTH BBHIY
MacCOBOCTH IPOH3BOJCTBA. '
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10.4. Pexomenayemme uanbo/ibline 3HaYeHHsi KodPGDHUHEHTOB CMEWEHHA (x| H X2) HHCTpymeHTa '
z
¥cnopua
22 12 15 18 22 28 34 Haubosbwero
- [TOBBIIICHHA
Xy Xo Xy Xa X Xa Xy Xo X Xo Xi Xg
630 061 034 064 054 0b4 — — — — — — K
18 057 025 064 029 0,72 034 — — — — — — U
049 035 0,48 046 054 054 — — — — — — H3
0,30 066 0,38 075 060 064 068 068 — — — — K
22 062 028 073 0,32 O 81 038 095 039 — — — — H
063 038 055 054 0 60 0,63 067 067 — — — — U3
030 08 02 104 040 1,02 059 094 08 08 — - K
28 070 0,26 0,79 035 08 0,38 1,04 040 1,26 042 — — H
057 048 060 063 063 072 071 081 085 0,8 — — N3
03 103 013 142 030 130 0,48 1,20 080 1,08 1,01 1,01 K
34 076 022 083 034 093 037 1,08 038 130 036 1,38 0,34 H
060 053 063 072 067 082 074 09 086 1 OO 1,00 1,00 H3
030 1,30 020 1,53 029 148 040 1,48 0,72 233 090 1,30 K
42 0,75 0,21 092 032 1,02 036 1,18 038 1,24 1,31 1,31 027 51
063 067 068 08 068 094 076 103 088 1,12 1,00 1,16 H3
030 1,43 025 1656 032 1,63 043 160 064 1,60 080 158 K
50 058 —0,16 097 03! 1,00 0,36 1,22 042 1,22 025 1,25 0,20 )51
63 0,77 066 102 070 1,11 0,76 1,17 091 1,26 1,00 131 U3
030 1,69 02 1,87 041 1,89 053 1,80 070 1,84 0389 - 179 K
65 0,55 —0,35 0,8 004 1,10 040 1,17 036 1,19 020 1,23 0,15 H
064 100 067 1,22 071 1,35 076 144 088 156 099 1,565 U3
030 19% 30 2,14 048 208 061 199 075 2,03 0,89 _ 1,97 K
8 054 —0,04 0,73 —0,15 1,14 040 1,18 0,26 1,16 0,12 1,19 0,07 H
0 65 1,18 0,67 1 36 0 71 1,61 0,76 1,73 087 1,8 098 1,81 U3
030 29 036 232 052 231 065 219 080 22 094 222 K
100 053 —0,76 071 —0,22 1 00 028 1,12 0,22 1,14 0,08 1,15 0,01 H
0,66 142 066 1,70 (} 71 1,90 0,76 1,98 086 212 0,97 215 H3,
— — — — — — 0,75 243 0,83 247 1,00 2,46 K
125 — — — — — — 1,11 0,21 1,12 0,07 1,20 009 ‘U
— — — — — — 0,76 238 086 240 0,92 2,40 HU3

O6o0o3navenua K— rkonraktdHass npounocts; M — npounocts na

KOCTh H CONPOTHBAEHHE 3acaHHlO.

#aru6, U3 — uzuococtol-

§ 10.11. PACYHETHAMA HATPY3KA

Pacuer 3y6uaThix mepefay Ha MPOYHOCTH
HayHHAT C ONpele/eHHs] PpacueTHOH Ha-
TPY3KH.

Ha npouHoere 3y6heB BJAHSIOT OueHb
MHOFHe ¢akrophl, nedcTBHe 3HAUHTEJAbHOH
YaCTH KOTOPLIX HE3ABHEHUMO OQHO QT APYroro

(MM BBHAY HEAOCTATOUHOH H3yYEHHOCTH
H CAOXKHOCTH MPHHHMAeTcsl He3aBHCHMBIM ),
a MO3TOMY MOXKeT ObiTb BHIPAXKEHO OTJEJb-
HBIMH KO3(dHIMEeHTaMHA .

' B pajbHefimiem Gyger NOCTENEHHO OCylle-
CTBJSITbCA fiepexof Ha GoJjee crporyio Gopmy
pacuera.
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KoappuiHeHTsl, OTHOCHIIHECSH K HATPY3Ke,
ofo3HaualoTess OykBOH K ¢ HHIEKcAaMH,
Koa(i)cpmmembl, crepududeckue aJ4 pacyera
Ha wu3rub,— 6ykBOoi Y, a ana pacuera
HAa KOHTAKTHYIO [POUHOCTb — OGykBOH Z.

Pacuernas Harpy3ka Ha 3yfuaTble KoJeca
CKJIa/IbiIBAETCA HU3:

a) HOMHHAJBHOH HJH TNpH I[I€ePEMEHHOM
pexHMe pabornl HaubGoAbIIEH AJHTENLHO
JEeHCTBYOlLeH BHellHeH HArpysKH;

6) HONOAHHTENLHOH BHELWHEH HAMPY3KH OT
Meperpy3oK — BHeLIHEH AHHAMHKH

B) BHyTpeHHeHl NHHAMHUECKOH HarpyskH,
CBSI3AHHOH C MOTPEUIHOCTAMH H3COTOBJEHHS
4 [OJATAHBOCTHIO 3y6beB, BaJ0B W MOJLLIHII-
HHKOB; ,

T') JONOJHHTENbHOH HAPY3KH HA ONACHOM

yuyacTke [JHHH 3y0beB, MOABJIAIOEHCH
BCJAEACTBUE YIPYTrHX MEPEKOCOB BAJOB U HAa-
YajsbHHX [OTPelHOCTed  H3rOTOBJACHHUA —

KOHI[EHTPAlHH HATPY3KH.

PacuerHass Harpyska B TeXHHYECKHX pac-
yerax OOGbIYHO OTpenesAcTCd yMHOXKEHHEM
HOMHHANBHOH [, HArpy3ku Ha Ko3adhdu-
[IHeHT Harpysku K:

Fr=FmomK|
3
. T
rﬂe FfHQM:—Q*"’l"Q‘—“E_i
d

T\ — moment, H- ™, Ha miecTepHe ¢ fesuTeNb-
HbIM JHAMETPOM d;, MM.

B psigze MCTOYHHKOB pacueTHYIO HArpysKy
F: W cooTBeTcTBEHHO MOCAEAYIOLLHE pacyeT-
Hble (GOpPMyJibl BbIPAXKAKT UYEPe3 MOMEHT
Ha BefOMOM Bajy Ty, MOCKOMLKY HJsl PEAYK-
TOPOB OCHOBHOH CHJ/IOBOH XapaKTepHCTHKOH
ABasieTcs To.

Kosbduunent "varpysku yno6Ho npeacra-
BHTb B BHIE [IPOH3BENeHHUA 4yeTbipex Ko3p-
QHLHEHTOB *:

K:KA KuKﬁKOL,

rae K, ~— ko3pduuuesT BaelHeild HarpysKy;
Ky, — xo>pdruvesT BHyTpeHHeHd nUHamuue-

' B uacTosuwee BpeMsa paspabaTbiBaKiTcs
Takxe 0606LleHHble pacueTbl HAM HCUOJIB3YIOTCH
pe3y/ibTaThl aBTOMaTHYeCKOH 3aNHCH HATPY3OK AJ1A
THMOBBIX MamsH.

cKolt narpyaks; Kg — RghddHuneHT KoHlleH-
TPAllUH WJId HEPABHOMEPHOCTH HArpY3KH [10

IANTUHE KOHTAKTHOW JauuuH; K, — ko3dpdu-
IIMEHT pACNpeleNeHdsl HATrPy3KH MeXay
3yObAMH.

Uupeke y xo3pduimenta K, sbifpan
B CBSI3H ¢ OCHOBHHM BJHSIHHEM HA €ro BejH-
YHHY CKOpPOCTH; HHAEKC Yy Ko3ddHuHeH-
ta Kp ofycaosjaed TeM, YTO KOHUEHTpalHA
HArpy3kd CBA3aHA C U3MEHEHHEM HCTHHHOTO
yIJia HakAoHa 3y6a f; HHaekc y Ko3¢pdH-
unenra K, BolOpaH YycJaOBHO MW CBA3aH
¢ TeM, UTO pachpejesicHue HAarpyskd Mexny
3yGbsIMH pacCMaTpUBAETCA B HOPMAJbLHOH
IIOCKOCTH, [J1€ H3Mepsierca yroa 3anen-
JEeHHUS oL,

Kpome Toro, y Ko3@@PHIIHEeHTOB, OTHOCH-
IEHXCA K pacyeTaM Ha KOHTAKTHYIO IIpOoY-
HOCTb, IIpeAycMaTpusaercl HHAeKC ff
(B uyecTb AaBTOpPAa pPACYETOR KOHTAKTHBIX
nanpskeaufi H. Hertz), a y kosdduunen-
TOB K pacuyeraM ua H3ru6 — HHjpekc F
(OT ClOBA «HOXKA» HA AHrJHHCKOM H He-
MEUKOM sI3bIKaX). DTH HHAEKCHI - MHINYTCH
nepBbiMH, HanpuMep Kpyg H Kpp.

[lJs1 npenBapHTeNbHBIX PACYETOB JOMY-
ctumo npuHumMath K=1,3...1,5. Menbuue
3HA4YeHHA caeayerT BHOHpaTk Aaa  6oaee
TOUHLIX [epefad H I[pH pAachoJOXKeHHH
3y6uathlx KoJjiec GJHXKe K cepepuHe Mpoje-
TOB, BOJbIIHE — AJ5 MEHEE TOYHBIX Nepeaay
MPH PACHONOMKEHHH HX y ONop.

Bremnne n0ONONHUTENbHBIE HATPY3KH.
BHeulnue Harpysku, BKJAIOYAKOLUIHE JHHAMH-
yecKHe HATpPYy3KH MAallHH, B 1IEJ0M OIlEHH-
BalOTcsl OOBLIYHO CHenHaNsHCTaMH COOTBeT-
CTBYIOIIIMX OTpacied MAlIHHOCTPOEHUs Ha
ocHoBe 0600iIeHHs  IKCMEPHMEHTAJLHLIX
NAHHBIX WJM pelleHHdA 3agad  AHHAMHKH
MAlIMH BMeCcTe ¢ JABHrarejsiMd, HCIIOJIHH-
TEeJbHLIMH  MeXaHu3MaMH HWJAH  [APYrHMH
COBMECTHO paboTalinHMH MallHHAMH.

Koap¢uuueHt BHewHed aHHAMHYECKOH
HArpy3kd 0pH pPaBHOMEDHOM pexHMe Ha-
rPy:KeHHs1 ABHraTessi, €C/JAH pexKdM BeJOMOH
MAlIHHB paBHOMepHbIH, paBed |; ¢ MaJnol
uepasHoMepuocteio 1,25, co cpenHeR He-
paBHOMepHOCTbIO 1,5; CO 3HAUHTEJLHOH He-
paBHomepuoctbio 1,75. Ilpaw paGore nsu-
raTesfl C MaJoH HepapHOMEPHOCTHIO KO3 -
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nHeHT yMHOXaercda Ha 1,1...1,05; co cpea-
HeH HepaBHoMmepHocTbio Ha 1,25...1,15: co
3HA4YHTENbHON HEpaBHOMEPHOCTBIO Ha 1,5...
1,3, MeHbUIHe 3HAYEHHs — NMpH Goabuieil
HEPaBHOMEPHOCTH PaBoThl BEAOMOH Ma U HB.
[lpaBuibHee BuewHHe AMHaMHYecKHe Ha-
TPY3KH BBOAUTb B pacyeTHbd rpadHk Ha-
IPY30K, T. K. OHH OGBIYHO JeHCTBYIOT pejiKo.
Torna kos¢pduuHeHT K 4 MOXKHO NPHHHMATD
PaBHbLIM efHHHIE.
B nacroawmei rnase kosdduuuenr suemusei
Harpy3ku coxpameH B ofmed ¢opmyae
aas K, Ho B pacuerHbix ¢opmynax mHe Mno-
BTOPAETCH.

JHRaMHuecKHe HArpy3kd B 3aUeneHuH.
Bauaune 3THX Harpy3ok Ha HaJeXHOCTb
H pecypc 3y64aThiX Kojec MOMKeT ObiTh
Be€CbMA CYLIECTBEHHBIM, OCOGEHHO B ObICTpO-
XOJHBIX mnepegayax HENOCTATOYHO BbICOKOH
CTeeHH TOYHOCTH H B Mepeflayax yHHBep-
caJibHblX MallHH, paboTalUlHX 3HAYHUTENb-

HYK 4YacTh BpEMCHH C HEﬂOFpYBKOﬁ H C pas3-’

HbIMH YacTOTaMH BpalleHHSA.

JJs OueHKH BHYTPeHHeH JHHaMMuyecKoH
Harpy3kH OblJid paspaboraHnl yaapHas Teo-
pHuA, paccmarpusanouman ynap 3y6eeB B Mo-
MEHT nepeconpsikenns [42], u Bubpauuon-
Hag TEOPHUA, H3yuamoulas Harpyskd Bcaef-
CTBHE KHHEMATHYeCKUX NOrpewHocTed 0 u3-
MEHEHHA XKECTKOCTH 3y6bes M0 yray mno-
BOpoOTa,

B nocaegnee Bpems mnosyueHo obiee
pewedye 3a1a4Yd ¢ NMOMOLIBIO MHOTO3HAYHOH
(OYHKUHH  KHHeMaTHYecKOH MOrpeHOCTH
B MHOronapdom saunenseduH. Pac-
CMATPHUBAeTCA CyMMapHas Harpyska — cra-
THUeCKash H [MHAMHUYECKAsl, 4TO ABAAETCH
JIOTHYHbIM, TaK Kak ofe 3aBHCAT oT ¢asbl
sauennenns. OnpenensioTes CHALI H KOHTAKT-
Hbie HANpPsiXKEHWA B KaxKA0#t TouKe 3anern-
JIEHHs, B TOM WYHCJE C YUYETOM MEepeMed-
HOCTH paguycos KpUBU3HBI 3yObes. TexHu-
Y€CKHe pacueTbl BO3MOXHBI TOJbKO € [IO-
mowbio IBM; ana 3roro paspaGoradnl
COOTBETCTBYIOIIHE MPOrpaMMBl,

B pekomennaunax HMCO wna ocoose
HeeaenoBaHuid PeTTHra W Ipyrux BHYTpeH-
HHEe JAHHAMHYECKHE HArpy3KH mpeamnoJara-
€TCsi ONPEeNeNsATh 10 aMIAUTyAaM KoneGaHHi

MpH [MOBTOPHBIX HATPYKEHHAX OT OWHOOK
uraros sallemyieHusn, OWKOOK Npoduas H oT
nepeconpsi:xkeHus 3y6bes. B ocHOBHO# Aope-
30HAHCHOW 30He [MHAMHUYECKHE HAarpy3ku
OLEHHBAIOTCA orubaloiied nHKoB cy6peso-
HAHCOB H COOTBETCTBEHHO MPHHHMAKOTCA TIPO-
MOpLHOHAAbHBIMH OTHOWEHHIO 4acTOThl BO3-
Gy IEHHA K OCHOBHOH PE30HAHCHOM yacTote,
T. €. NPONOPHHOHANBHBIMH CcKopocTH. Or-
AeNbHO paccMaTpHBAIOTCA HArpPy3KH B pe3o-
HAHCHOH H  TocJepe3’OHAHCHOH 30HaX.

B oreyecTBeHHOM MAalUHHOCTPOSHHH H B
[OCT 21354—87 B popesoHancHOl 30He
MPHHAT pacueT JAHHAMHYECKHX Harpysok
8 3y6uaThiX nepegauyax no ymnapuoil Teopuw.

Yaapsl B npsaiMo3y6bIX KojlecaX BO3HHKAIOT
IpH Bxoje 3yObeB B 3anenjieHue H npu
BBIXOe H3 3alenye’us MpeallecTBYOIeH
napsi 3yobes. [asa 6Ge3dynapuoit paGorh
B MepPBYI0 oyepeb HeoOX0AHMO, yTOODI 3y0bs
BXOJHJ/IK B 3aUelJIeHHEe H BBIXOAHNAH H3 Hero
no JHHHH 3aUelnyieHusd, T. €. uToObl ObUIH
paBHB Ward 3aueieHds KoJec noj Harpys-
KOH.

Ecau 6b Kosneca gaxe ObIH H3roTos-
JieHbl a0COMIOTHO TOYHO, TO BCE Ke yAaphbl
HMeJH O6bl MecTo, TaK KakK HeH36exHo
MoJ Harpy3koit aedopmaiui 3y6beB BAHAKOT
TakK XKe, Kak U oHbKH B iuare,

Ha6awopaworca ypaps  apyx
BHJ0B. KPOMOYHBIA H CpelHHHBI.

EciaHd war 3enenfeHds seioMoro kojaeca 2
Gonbuie, uem war seayiero /, To npouc-
XO[HT NpeXACBpEeMeHHBIH BX0 B 3aneljeHye
KPOMKH BEJJOMOT0 KOJeCca U Tak HaspiBaeMbli
KpoMouHbll ynap (puc. [0.19).

Ecau war sauensiednsa BefoMoro Koseca
MeHblle, yeM War Beaylrero, T0 NPOHCXOAHT
3ana3jbiBaHHe BHIXOJa H3 3alielIeHHs Mpea-
WecTBylOmEeHd napul 3y6beB H Tak Ha3biBae-
MBI CPEHHHBIH ynap nocjeayiouieii napesl
[Tocneanssi BXOAUT ¢ ymapoM B KOHTAKT
He B HayaJje, a B cepenHae paboyero yyacTka
JIHHHK 3aUenjedHs MpH BHIXOAE ¢ 3amasibl-
BAHHEM M3 KOHTAKTa MpeAllecTByIOUeH napsl
3y6bes.

M3 rteopun ymapa wu3BecTHO, uto cCHJA
COyIapeHHsi YNPYrux Ten

w,=v.mC .

OCHOBHBbBIX
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Prc. 10.19. Cxema coyrapeHHsi 3ylbes:
@ — KpOMOuHMA yjaap, 6 — cpeAdHHHA yaap

3nech B TNpHMeHeHHH K ynapy 3yObes
3BOJILBEHTHLIX Hepegad U, — CKOPOCTb CO-
yarapeHHdsi, nponopuHoHanbHas oxpy;xﬂoﬁ
CKOPOCTH, CMELLeHHIO' TOYKH KOHTAKT& NpH
yAape OT JIHHHHU 3alemedus1; mociaeaHee Ha
OCHOBe OObIYHOH 3aMeHbl 3BOMILBEHT HA MAJIOH
AnuHe AyramMH KeaapatHoH napafoJsbl mpo-
NOPIHOHANIBHO KOPHIO KBAJPATHOMY H3 JAeH-

cTByOIlell oOWHOKH 1Dara  3aleljedus:;
m=—n a
—_ ——r———— —— [IDUBEJICHHA MACCa
e, puses ca, rjae my

H My — NpHBEJeHHBIE K OCHOBHBIM OKPYXKHO-
(CTAM H K efHHHIE WHPHHbLI BeHna Macchi
KOJIEC C — xecTKocTh nmapbl 3yObes.
BblpaSHB BCE TMapaMmeTpbl, BXonfAllHe B
npenmnymym bopmMyay, uepés mapamertphl,
HauGodee YAOOHbIE 1A TEeXHHYECKHX pac-
METOB, [IOACTABHB UHCAEHHBlE 3HAYEHHA
IJIOTHOCTH MaTepHasa H KECTKOCTH 3y0bes
H BBIDA3HB KOPEHb H3 AeHCTBYIOLLEH OWHOKH
raroe 3auenyeHuss 3y6uaThlX KOJeC 3MIH-
PHUeCKOH 3aBHCHMOCTBIO OT HOMEPA CTeNeHH
" TOUHOCTH NepPeNauHt Ner, MOJAYIAEM PACYETHbIE
Gopmyabl.
" YeabHble pacueTHHe NHHAMHYECKHE HAa-
TPY3KH K pacyeTraM Ha KOHTAKTHYIO MpoO-

*YHOCTb Wy, U HA H3THG wp,, H/MM, coor-

BETCTBEHHO PaBUhI:

_“ a
vazﬁpgoU : 1

her — ODO3HAUEHHE CTENeHH TOYHOCTH 4...8;
go~ (Ne;—2) — npubankeHHoe BhIpaxKeHHe
BJAHAHMA AelcTByOILed OWHOKY warop 3a-
nenyieHHs (KOpHsA KBaapaTHOro H3 AefcTBylo-
weH ouwiubku); b6y H-6p — Ko3bOPULUHEHTHI»
MPONOPLUHOHANLHOCTH, YUHTbIBAKOLIHE BJHSA-
HHe Koco3yfocTH, MOZM(PHKAUHIO FOJOBKH,
npupaboTKy, cieH(MHKY BJIHAHHA AHHaAMHUe-
CKHX HArPy30K Ha TMpPOYHOCTb, yBejHUeHHble
MPOTHB faHbiX B puaoxKennd K [OCT 21354—
87:

L L
[1pamble 3y6bsa 6e3 moaHdH-
KauHd TOJI0BKH 0,20/0,10 0,2
[pamste 3y6ea ¢ MonHpHKa- -
nueli roJoBKH 0,15/0,07 0,15
Herpsaimbie 3y6pa . 0,08

0,08/0,04

B uucauTene nmnpHBeaeHsl 3uayeHHs Oy
A5 3aKalieHHbiX, a B 3HaMeHaTeje — JJisi
He3axKaJjieHHhX 3yObes 060HX HAH OJHOTO 3y6-
4aToro KoJeca mapbl.

3aBHCHMOCTb JHHAMHYECKOH HArpy3KH OT
CKOPOCTH MO JIHHEHHOMY 3aKOHY cosmaja ¢
pekomednauuamd MCO, U uHcnendsie 3Ha-
yeHHd oKasanuch OaH3kumH. [lpepenshoe
3HayeHHe [HHAMHUECKOH Harpy3kKd TpH-
HMMAETCA pPaBHLIM CHJE, nedopMHPYIOLIEH
Mapy 3y0beB HAa BepOATHOCTHOE 3HAuyenue
A, pasHOCTH W1aroB 3alleNieHHsl 11eCTePHH
fpp1 M KOJECA fpz0 38 BHIUETOM KOMTEHCHpYe-
MOH OWHOKH A=z H MKM

Wnax = C (Bp—Ap),

rae Ap=0,8+/fo1 + frv2, MKM:

C=12 H/(Mm-MKM) — yaeabuas
KOCTb MapH 3y0bes.
ITH pacueTbhl NPHMEHHMB AJA Pa6oThl B

Kecr-

JOpPE3OHAHCHOH 30He, T, e, npﬂﬁnu}l{eano

LA NpAMO3YGLIX Tiepenay a0 <1
IOOO

a4 JJi KOcO3yOblXx mepejgau go l()()() ——<C 1,4
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B GiH3KHX K pe30HaHCy 30HAX, B KOTOPBIX
#Horga pa6oralr ObICTPOXOAHBIE MepefayH, CJje-
AyeT BecTH pacder no pexomenmauusam HMCO.
Tlox pesonancHo#t 30HOH NOHHMAETCHA 30HA UYACTOT
ppameuns 0,8...1,3 peaonaHcHOH 4acCTOTH.

Pesonaucuan yacrtora .

3 10%

“21
rae C, — cpelnsa yAe/bHasd TopnéBaﬂ KECTKOCTD,
3HAaueHHe KOTOPOH B nepBoM NPROJTHKeHHH MOXKHO

npuHumatb paBubiv 20 H/ (MM - MKM);

d2
— 2
14 u

Ha® K OCHOBHHIM OKPYXHOCTAM macca 3ybuaThix
KoJiec, Kr/MM; IIpH NPHCOeNHHERHH K HIeCTePHe [N0-
6aBOYHON MAcChl C MOMEHTOM HHepuMH, B y pas
6OAbLIHM, YeM y LIECTEPHH,

np =

m=325- — yaellbHas  NPHBeJeH-

dzv
m=325.10"°%_2_.

. u 4+
KoadduiinentT BHYTpeHHeH nWHAaMHUECKOH
HArpy3kH, B JajbHeHmeM [IJs1 KPaTKOCTH,
KaKk 3TO TPHUATO BO Beelt TeXHHUYECKOH
auTeparype,— Ko3pdHIHEedT NHHAMHYECKOH
HArPY3KH, ONpeiensieTcsl /s PAacueToB Ha
KOHTAKTHYIO MPO4YHOCTb H HA H3rul no oye-

BHJIHBIM aaaucumocmmz

b, w
w Wy w” Fu
1 +—F— H KFU_ 1+ F !
Fy
rape Wy, Wr, — P¢eKTHBHAA AHHAMH-

yeckas Harpyska Ha eJHHHLY IUHPHHBI 3YyG-
YyaToro BeHUA [/ pacuera COOTBETCTBEHHO
Ha KOHTAKTHyIO NMPOYHOCTL H HA H3THO;

2-10°T
Fy=—— u
dl

2.10%T ¢

CHJABl B 3aUeJIeHHH, OTHEeCEHHbIE K JeJIH-
TeAbHOH OKPpYyXHOCTH; T1y H T\ — MOMEHTHI
HAa LIeCTepHe MO KOHTAKTHOH H H3THGHOM
[POYHOCTH.

JOas npuGAHKEHHBIX PACUETOB [pPAMO-
3y6bX Nepefay MOXKHO MOAL30BATLCA 3HA-
yeHuAMH Kozp¢puuuenros Ky, U Ky, H3
ta6a. 10.5, paccyuTaHHBIMH [0 33aBHCHMO-
cTaAM Ha c. 179.

Kosgpduunentol Ky, 8 Kp, HMEOT 60Jb-
moe paccefiHH€ B COOTBETCTBHH C paccesd-
HHeM BXOMALLHX 8 HHX BenuudH. JluHamuue-
CKHe Harpy3kKH H COOTBETCTBEHHO KO3 (ppH-

iHeHTol Ky, H Ky, yBeau4yeHbl 110 CPABHEHHIO
c npugoxennem x [OCT 21354—87, no npu-
onmxensl kK MCO, [1as He1orpyKeHHbIX Tiepe-
Aay  Ko3(p(dHUHEHTH TakKe yBeJHuuBa-
10TCA.

KonueHTpauusa HAarpy3kH no JQJHHE KOH-
TakTHLIX amuni. Harpy3ska pacnpeneasercs

" paBHOMEPHO TOJbKO B MNPAMO3yObIX TEpe-

Jagax TMpH HAeasbHO TOYHOM H3rOTOBJE-
HUH H npH abCoOIIOTHO XKEeCTKHX BaJaax H oro-
pax. B meficTBHTENbHOCTH BCJAEACTBHE YIpPY-

" rux nedopMalidil BaJNoB; yMpyrHxX CMEINeHHH

H M3HOCA MOMUWMIMHUKOB, a TakKxe Torpeul-
HOCTeH H3TOTOBJIEHHSI COMpSKeHHble 3yfua-
Thle KoJjeca TMepeKauwuBaloTesl 0JHO OTHO-
cutesibdo  apyroro (pHc. 10.20,a). s
IUHPOKHX LiecTepeH MaJjoro JHaMerpa, Ha-
pesaeMblX Ha Baiax, CYUIECTBEHHBIM OKa3bi-
BaeTCsl TAKXKe 3aKpy4yHBaHHE Tena, KOTOpoe
MPUBOJHT K HCKpUBJAEHHIO 3yOhes
(puc. 10.20, 6).

B peayJabraTe ykKasaHHblx Aedopmauui u
MOrpewyHocTed H3roTOBJEHHST nepeiadd ¢
aGCONIOTHO MKECTKHMH 3yObAMH JOJKHBL Obl
HMEeTh YIJIOBOE KacaHHe, KaK [0Ka3aHO Hd
puc. 10.20,a8 (cBepxy). BcaencTsHe ke
MONATANBOCTH 3yObEB KOHTAKT OOGLIUHO MPO-
HCXOMUT HA BCEH HWAH Ha 3HAUMTENbHOH
yacTu AJUHBL 3yObeB. OnHako ynpyrue nepe-
MenleHus 3y0bes No AJIHHe He OJHHAKOBHI H,
CJAeOBATENbHO, HArpy3Ka TAaKXKe paclpe-
aeqsiercss HepasHomepHo (puc. 10.20, 2).

KoHiedTpaia Harpy3ku teM G0Jblle, YeM
Goablile Yyroj OTHOCHTEILHOrO [1epeKoca Ba-
JIOB TMOJ CONPSKEeHHbIMH 3y0yaTbIMH KOJie-
CaMH, yem OoJibIIe HX BIHDHHA H UeM MEeHbLUE
’KECTKOCTb TeNa WHPOKHX LEeCTEPEH MAJ0ro
aHaMerpa.

OrHouleHHe MaKCHMAJBHOH YIEJbHOH Ha-
TPY3KH BCJAeACTBHE KOHLEHTpAUHH €& MO0
IauHe 3y6beB K cpenHell Ha3blBaloOT KO-
GUOHEHTOM KOHIUEHTPaIHH HATPY3KH.

3y6bsi 3y6uaThiX KoJeCc HMEIT Ccrnocod-
HOCTb lIpHpabaTelBaThcs, B pe3yabrare 4ero
pacnpeleseHde HArpy3kH MOXKeT UacTHUYHO
HJTH [OYTH TOMHOCTBIC BEIpaBHATbCA. Cnocob-
HOCTb K mnpHpaboTKe Ppe3Ko TMNOHHKAETCH
C [OBHLILIEHHEM TBEPAOCTH H CKOPOCTH,
BLI3bIBAIOILHMH NOBBINCHHE TOJUIHHBI Mac-
AAHOH nNJeHKH Mexay 3yGbsamu. [lostomy
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10.5. KoadpduuHedT AHHAMHYECKOH Harpyaku
Ky Kro
CreneHb TeepnocTh
TOYHOCTH IO MOBEPXHOCTEH v, M/c
I'OCT 1643—381 3y6bEB
] 9 10 15 20 | o 10 15 20
H u Hs 1,02 1,10 1,20 L0 1,40 1,02 1,10 1,20. 1,30 1,40
> 350 HB 1,01 1,06 108 1,12 [,iI6 1,01 o 1,08 112 1,16
6
Hy wam 1,63 1,16 32 - 1,48 1,64 1,06 32 1,64 1,96 -
< 350 HB 1,01 1,06 A3 1,19 126 1,03 1,13 1,26 1,38 1,61
Hy 1 Ho 1,02 1,12 25 1,37 1,5 02 1,12 125 137 1,6
= 350 HB 1,00 1,06 1,10 1,15 1,20 1,01 , 1,10 1,15 1,20
7
H, wnu Ho 1,04 1,20 1,40 1,60 180 1,08 1,40 ,80 — —
<. 350 HB 1,02 1,08 1,16 1,24 132 103 1,16 32 1,48 1,64
Houn H 1,03 1,15 B0 145 1,60 1,0 1,15 ,30 . 1,60
g > 350 HB 1,01 1,06 A2 1018 1,24 10 1,06 1,12 , 1,24
Hy wiau Hy 1,05 1,24 A48 1,72 96 1,10 1,48 1,96 — —
<350 HB 1,02 1,10 J9 1,29 1,38 o4 1,19 1,38 168 1,77
Hou He 103 1,17 1,35 l‘z52 1,70 1,03 1,17 1,35 1,562 10
‘> 350 HB , 1,07 1,14 121 1,28 1,01 1,07 J4 121 1,28
9
H\, win H, 1,06 . 06 1,84 — 1,11 Db — —— —
< 350 HB , , 122 134 1,45 1,04 1,22 145 1,67 —
a) RN
A
Puc. 10.20. Cxema Kk onpegesieHHio KOH- 8 o
LEHUTPAMH HATPY3KH NOo AJHHe 3yOben: ’ =
4 — CXeMa YIPyrux repemMeuieqdii BaJjoB; _ 5
6 — aniopa KPYTALWHX MOMCHTOB H CXeMma | 1
AeopMHpOBaHHA 3y6Ga NpH 3aKpYyuHBAHMH b S
ecTePHH; 8 — KOHTAKT 3y6beB B MJOCKOCTH yay " Pay "_—_’"35
sapenaeHssl (ceepXy — abCoAIOTHO HECTKHX, 3)
CHH3Y — MOJATJ/HBHIX), ¢ — 3Tw0pa LaBAeHHH ] Oj . —
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Puc. 10.21. Tpaguk pas onpegeneHHsi OpHEHTHPOBOUYHBIX 3nadeHHi Kospdrumenta Ky, (Llndpn

Y KPHBLIX COOTBETCTBYIOT ne€peigadam HA cxemax)

paccMaTpHBaIOT HAayaIbHBIH TEOPETHYECKHH H
3¢ (pheKTHBHBIH (AEHCTBYIOMWHA nocjae MnpH-
paGoTKH) KO3(DPHUHEHTHl KOHUEHTPAalHH
Harpy3kH.

OpHeHTHPOBOUHBIE 3Ha4YEHHSA S(PEKTHB-
HOro Ko3¢¢duilHedTa KOHUEHTpanHH Ha-
rpy3ki  Kyz Ha TIpHMepe penyKTOpHbIX
nepenau no N'OCT 21354—87 npeacrasaeHa
Ha puc. 10.21. 3nauvenns Kz na 15..20 %
MEHbLIE.

J st yMeHbLIeHHA KOHUEHTPAIIHH HArpy3KH
CMeNyeT: 4) MOBbIWATb TOYHOCTH U3rOTOBJE-
HUA ~nepeaad; O) MOBBIIIATL KECTKOCTh
B4JIOB W ONOp; B) BLIGHpATL GaarolpHATHOE
MOJIOKEHHe  KOJEC OTHOCHTENBHO  OTOP;
r) BHOOAHATL 3y6bsa GoukooGpa3HbIMH
(cTpesa BbIMYKJOCTH MPH HEKECTKUX Banax
0,0003...0,0006 or wupHHLI BeHila, a [MpH
JKECTKHX BaJax BIBOe MeHblle} HJAH ¢ He-
6OJbIIOH KOHYCHOCTbIO WIH B BHIE KOHYCHOH
60OUYKH,

Llisi OTBETCTBEHHBIX KOHCTPYKIHH, B mep-
BYIO O4Yepelb AJfA TeX, Yy KOTOPBIX MOXKHO
0KHAAThb 3HAYHTENbHYIO KOHUEHTPAIHIO Ha-
Tpy3KkH, KOo3(QQHUHEHT KOHUEHTpalHu CcJje-
AyeT ONpEfeNsATb PACYETHHIM TYTEM,.

Jaa npouynocTd 3y6bes MO HanpsKeHUsAM
HarH0a U KOHTAKTHBIM HANPSAKEHHSAM BaXKHA
HE MaKchuMaJjbHasg yaeabHasa (T. €. OTHe-
CeHHaA K eJHHHLUe MJHHB KOHTAKTHBIX
JIMHHH) Harpy3ka B OHOM KpaiHeM ceueHHH
KOJeC, a ycpefqHeHHas HA HEKOTOPOM, XOTH
M HeGOJbHIOM, yyacTKe MIMHBI 3y6a. 31O
CBA3aHO C TeM, UTO MNOJOMKY 3y0a Jaxe
MO KOCOMY CEUYEHHIO BbI3blBAeT cyMMmapHas
Harpy3ka Ha HeKOTOpoH JJHHe (Mo ceue-
HHIO H3joMa). TodHO TakXKe BBHIKpALIHBAHHE
3y0beB HMEET 3HAYEHHE, TOMBKO €ClH OHO
MPOHCXOAUT HA HEKOTOPOM YUYacTKe IJIHHbL
3y0ba.

KPOMC TOoro, cJjeayer #HMetrb B BHAY,

4TO 3y6 TOM AeHCTBHEM COCPEIOTOUYEHHBIX
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CHJl HMeeT 3HAYHTEJLHO MEHLLIYIO KEeCTKOCTh
Yy KOHI[OB, YeM B CpeJHEeH 4acTH.

Kosp¢puinHeHT KOHUEHTPAlUHH HarpyskH
OMpeAeasOT A7 HEKOTOPOrO pacyeTHoro
ceyeHHsi 3y6a HA pAacCTOAHHH OT cpeaHed
miaockocty 0.4 by,

PaccmatpysaeM cHauana coOCTBEHHO TEO-
peTHyeckHi Ko3appHiHEHT Kgﬁ KOHIIEHTpa-
ilHA HArpy3KH HJAH [aBJIeHHS, HENoCpPes-
CTBEHHO OTHOCHMIEFOCHA K pacuyeraM Ha
KOHTAKTHYIO npouHocTh. Pacnpenenenne aa-
npaA:edud H3ruGa HecKoabko Gojee paBHO-
MepHOe, TaK Kak 3y6 pafoTaer Kak TJac-
THHA. :

B npeanonao:KeHHH -MPONOPILHOHANbHOCTH
MEXAY HAarpy3KoH H YINPYFrHMH NEpemerle-
HHAMH KO3 (PHIHEHT KOHUEHTPALUHH MOXHO
ONpenesHTh KaK €IHHHIY MJI0C OTHOLIeHHe
JOMOJHHUTEALHOTO cMeleHHsa (3¢ deKTHBs-
HOTO OTKNOHEHHs KOHTAKTHBIX JHHHH) [uy
B pacuyeTHOM CEYEeHHH K CpelHeMy YTpy-
"OMy [epeMelleHHI0 3yObeB fep!

Kitg =1+ 0,4fuy/ fcp,

ba
rae fey={pp 4 fes; ka=.m tg y—

CMelieHHe BcJaeACcTBHE YIPYroro Mepekoca
oceH, MKM; fr. =~ 0,5Fy — cmelweHne BcaencT-
BHE T[OTPelHOCTeH H3roTOBJAeHHA; Fpg—
AOMycK Ha HampapieHue 3y0a, MKM (y4HTHI-
Baercs B yTOYHEHHBIX pacuerax).

Cpeanee ynpyroe nepemelieHne

fcprHUFtZg/(C, COS Cﬂfbw),

rae Z2 — ko3ppULHEHT, YUHTBIBAIOIHA AJH-
MY KOHTAKTHHX JHHuH; C’ — yJejbHadA
HOpMaJbHasl JKecTKOCTh mapbl 3yObeB, INpH-
G6auxkenno pasuasg 14 H/(mm-mkm). Tlpu
yOpoUIeHHbX pacueTax MPHHHMAIOT

Ze~0,85 1 cos a;~ 0,94,

Kax yxe ykasblBajoch, XecTKOCTb 3yObeB
He 3aBHCHT OT MOAYJA H B YCJOBHAX pac-
YETHOro ¢Jy4yas — KoHTakra Yy [moJioca
3auerieHHa 15 HeKOPPHIHpOBAHHLIX 3yfua-
THX KOJiec onpenenaserca #3 GOpMyan
1/C’=0,05139+4-0,1425/2,, +0,1860/2.».
Topuoras xkecrkocts C,=C’€¢,C0Sf ¢ yue-

TOM JBYXNMApHOCTH 3alerJeHHs TpH f, pas-
Hom 12, 20 u 30°, cooreercrBeHHo 20, 18,
15 H/(MM+MKM);, A8 CTaAbHBIX MPAMBIX
3y6bes 14 H/ (M- MKM). '

[IpH npeaBapHTEAbHBIX pAacyeTax MOXHO
IPHHHMATL tg y ansa 3yb6uarblX KoJec, ycra-
HOBJIEHHBIX y OIMNOpP, MpH MNOJAT/HBLIX Ba-
nax 0,002; npu xecrkux Banax 0,001; B cay-
yae ycranoskH mnocepeaude Baaa 0,0005.

Jlasa  TOuHBIX Tepenauy  AOMHHHpYyOLIEe
3HAYEHHe HMeEET WieH, YUHTHIBAKLWHA ynpy-
rHii  nepekoc ocefl. Yuer mnorpelinocred
usroroejaenus cm. [17].

Jsl IWHPOKHX wecTepeH Manoro fuaMerpa
Heaecoo6pasHo B BHIPAXKEHHH [Af K‘,’,zp
BBOAHTHL AOMOJHHTENbHBIH uieH k(b, /di)%,
YYHTBIBAIOLWIHA 3aKpyuHBaHHe Tena lecrep-
un. Kos¢ppuuuenr k=0,14, ecan spamaio-
IHA MOMEHT TMOABOAMTCA <¢O CTOPOHH
KOHUEHTpPAllHH HATpy3KH OT TNepekoca oced,
B mpoTHBHOM ciydae K= —0,08. Kak cne-
ayer Hu3 ¢GopMmyab aas  kKospPHIHEdTa
K%p, OH 3aBHCHT OT HArpyskW, TaK Kak
fep HHTEHCHBHEE pacTeT OT HarpyskH,
yem y. OH MeHblle AAA 3aKajeHHBIX 3ybuya-
ThiX KoJec H OoJjpllie A0d yJAydlIeHHHIX.

Banaxue npupaboTKH OUEHHBAKT ¢ [MO-
mouibio Ko3dhduuuerra Ky, (Tada. 10.6), ko-
TOPBIH OTHOCAT K TpPHPAUIEHHIO YOEJbHOH
Harpy3kH OT KOHIEHTPAlHH, T.e. K (K‘},ﬂ—
—1). Takum o6pasom, Kpyz=1+ (Kyp—
_I)KHW'

KospduinueHT KOHOEeHTpauHH HArpyskH
no u3ruby Ky OUEHHBAIOT MO 3aBHCHMOCTH

10.6. 3nauenna koadgbrunenta Ky,

TBepdocTh nopepXxHocTed 3ySbeB

Oxpyxunasn
CKOPOCTE, M/C | 500 tv | 450 Hv | 750 Hy
(300 HB) | (45 HRC,) | (60 HRC.)

20 0.64 0,79 0,90
15 0.62 0.77 0.89
10 0.58 0.75 0.88

5 0.54 0.72 0.87
0.5 0.45 0.67 0.85
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rae Np — mnokasareab crenend, BHGHpaeMbli
B 3aBHCHMOCTH .OT OTHOWEHHsT pa6ouel
UIHPHHBI BeHlIA K MOAYJIo;

bo/m . . . 4 7 10 20 40
[1pamosy6oe :

3aierjieHue 071 083 08 094 097
Kocosytoe 3a- '

nenienHe

. 057 0,73 081 09 09

Pacnpeneaenne HArpy3ku Mexay 3yGbamu.
PacnpeneneHue Harpy3kd MexAy 3yGbaMH
VUHTHBAKT JByMs TmapaMdH KodgpdHIH-
eitos Z,, Ky, n Y, Kg, coorserctsedso
MpH pacyerax Ha KOHTAKTHYIO H H3ruGHyio
npoynocte. Kosdpduuuedt Z, u Y, yunth-
BAIOT pacrnpeaejeHde HArpy3kd B BBLICOKO-
TOUHBX [lepejayax, Koraa MOrpemdocTAMH
H3roTOBJACHHA MOXHO mnpeHeGpeub BeaencT-
Bie HX wmanaoctd. Cmocof ompenenedus
Z, u Y, paccmoTped Bbillle.

Koapduunenrsl Ky, 0 Kp, yuHTHIBAIOT
pacnpefeseHde Harpy3kH Mexay 3yObsiMH
B CBA3H C MOrpellHOCTAMH H3rOTOBJEHHSA,

B npubiauxkeHHBX pacyeTax AJA TOUHBIX
3y6uaTbhiX KoJec (HauuHasa ¢ S-H CTeleHH
TOYHOCTH H BhIille) NPH TBEPAOCTH KoJeca
U wecrepdd Gonee 350HB npuuumaior
koappuunent Ky, =1; paa rpybeix 3yGua-
THIX KoJeC (cTereHb TOYHOCTH 9-1) Ky, =
—1/Z% Torpa nais cTeneHed TOYHOCTH
ner=>5...9 kosdpdbunuenr Ky, onpeneasaor
no 3aBHCHMOCTAM JIHHEHHOH HHTEPMOASLHH!

Kyo =140,25(n-—5) (1/Z:—1).

10.7. OpHEHTHPOBOYHKE 3HAYECHHA Y,

[Ipu ocpenHeHHbXx 3Ha4YeHHAX KOIPPUILM-
eHTa OepekphTHa g,= 1,6 3uauennn !/Z}
Ana npsamo3yObIx Kojec passbl 1,25, a pas
Koco3y6uix 1,6, TOria

51 TIpAMO3yOBIX KoJiec

Ky, =1+0,06(n,—5),
AJ5s1 KOCO3yOblX KoJec

KHO'.= 1 +0,15(nc1_5)

[ipn TBepnocTH 1ecTepHH MM KoJjeca
meHbwe Hau pasdHod 3560 HB wnanbaska
(Kye— 1) yBeanuupaerca B 1,5...2 pa3za.

Kos¢pdunuenr K;, HEe noJXKeH TpeBbl-
wath A npaMo3y6uix Koaec 1/Z2 w pas
Koco3yObIx koJec e,=¢g, + &g

[Ipyn pacuerax HA U3rHGHYIO TPOUYHOCTH
MoJjararT, 4TO BJAHAHHE NOTPEIHOCTEeH H3ro-
TOBJEHUA HA pacnpefejeHHe HArpy3KH
MeXJy 3yObsIMH TO e, uTO H B pacyerax
Ha KOHTAKTHYIO" [IDOYHOCTb, T. €. Kp, =

:KHG.'

B yrousenunix pacuerax 3HaueHHs Ky, H
Kr, OnpenessloT H3 YCJAOBHS pPAaBHOBECHA W
COBMECTHOCTH NepeMelleHui:-

NPH &, — kot ep<C2

£y
KHGL: KF:1=_2’“'“ X

x[ 0,940,

Cybuw (Qaf pbe — Ys) ] i
FiKyg, Kyg ’

TepMooGpaborka OkpyxHaa cKOpocTb, Yay MKM MaKcHMalibHOE 3HAueHHe
M/fc Yor MKM

Hopmanunsaius, v<H Bes orpanndenuii
yiyulieHHe 160f e

5<<v<<10 — 12 800/0 41 1im

OH lim

v> 10 6400/0 1 im

[NoBepxHocTHOE ympoune- — 0,075f 5 ' 3

HHe

Mpemevanus: 1. Jlaa 3y6uathix KoJec ¢ pasHod TepmooOpaBOTKOW ONPELensloT cpeiHee

3HAYECHHE Y,

2. O jim — AJATEIbHBIA MPefiesl KOHTAKTHOH BLIHOCIMBOCTH.
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npu &,>> 2 _
K= Kpa=09+047\ 220
y

Cybw(af ppe — Ya)
FikpgKp,

rae C, — yAeJbHasl TOPHOBAA YKECTKOCTb 3yObeB
napsl 3y6uatslx Kodec, H/(mMM-MKM), cm. c. 183;

fobe="~f f§m+f§bz — 3 geKTHBHAR  PA3HOCTh

OWHGOK IIATOB 3aLeNJIeHHs1, MKM; foo1, fppe — TIpE-
Jenbuple OTKJIOHeHHs] OHGOK Waros, 3aienenis
HiecTePHH H KOJIEC; a, — Ko3pduuuent, paBubli 0,5
aast yayumenHsix (1 wan Hy<<350 HB) u 0,7 aan
TBepAbIX Kojec {H, u Hy> 350 HB); y, — ymeHb-
LIeHHe TOT'PelliHOCTH Wara 3auemiedidsl B pe3y/ib-
tate npupaboTk, mxM (taba. 10.7).

Mpeneibubie 3uayenust Kosppuuentos Ky,
H Kp,:

npu KHrz< l’
Kpa= L

npu K gy = £y/8.Z8 npuiuManT Ky, =ey/e.Z;

npi Ky, > £, NpHHUMART Kp, == gy/e.Ye.

Krp,<<| npunamaor Ky,=1,

§ 10.12. JONYCKAEMbBIE
HANPS)KEHHS

JlonyckaeMbie KOHTAKTHbBIE HANPAKEHHSA

Basosbie JgonyckKaembie HamnpsiKedHsd nJds
: 3ybyaTthix KoJiec, paboTamIunX MpU NOCTOSAH-
HOM peXHUMe B 30HE TODPH3OHTAJb-
HOTO y4acTKa KPHUBOH ycTadJao-

- 10.8. Mpeaean KOHTAKTHOH BLIHOCJAHBOCTH Oy,

CTH, B 4YacTHOCTH Jas ObICTPOXOIHBIX
UM PACCYHTLIBAEMBIX HA JJIHTEJLHBIE CPOKH
SKCIlyaTaliui 3yGuaThix Kojec:

[o] Ho—OH limZ RE o/ Sy

e Oy i, — AJMHTeNbHbIA TIpeaen KOHTAKTHOH
ppiocausoctd (taba. 10.8); Sy — Ko3bdH-
L{HEHT 3amaca IMPOYHOCTH; B CBA3H C IIOCTE-
MeHHbIM [POLECCOM TMOBPEXKAEHHA MOBEPX-
HOCTH H TIOHHXKEHHOH ONaCcHOCTbIO aBapHH
malidH K03 HiHedT Sy Ha3zHaqyawT He6ob-
wuM: |,2 npu oaHopoAHOH cTpyKType 3yba,
1,3 mnpu TNOBEPXHOCTHLIX  YNMPOUHEHHAX;
Zp — K03 QULHEHT, y4HTHIBAOWHH [1EPOXO-
BATOCTb COMPSKEHHBIX MOBEPXHOCTEH (MPH
Ra=1,25...0,63 Mkm Zp=1; npu Ra==2,5...
1,25 MM Zp=0,95, npu Ra=10...2,5 MKM
Z,=09); Z, — xo3p}HuHEHT, YUHTHBAIW-
mHil BAHAHHE CKOPOCTH; IOBBIIEHHE CKO-
POCTH BbI3bIBAeT TOBbIUIEHHE TOMUIHHBI
THAPOAMHAMUYECKOTO MACAAHOFO ¢CJlos  H
yMeHbluenne ' KosdduiuHenta Ttpenus. [lpu
TBEPAOCTH pafouux MOBEPXHOCTEH MeHee
350 HB Z,=0850%"! (npu v, paBHOM 5,

10 v 20 m/c, Z,=1,0; 1,07 u 1,15), a npu
teepaoctd Goasire 350 HB Z,=0,9250°°°
(npu v, pasiom 5, 10 v 20 Mm/c, Zo=1,
1,04 u 1,07).

" MopMyabl YMECTHO INPHMEHATb N0 U=
=50 M/c.

‘JlonmyckaeMble KOHTAKTHBIE HAlpsKeHH:
AAf8 KOCO3yOGb X mepexgady, B KOTO-
phix TeEpaocTh Kodeca< 360 HB, moryr
GLITH [OBBIMIEHBH TYyTEeM MOBBILICHUS TBEp-

TepMHueckasi HaIH XHMHKO-Tep- Teeploctb

mHJeckan oGpaborka nopepxyocTedt Tpymnbt Mareprasios @ 1o MIT2

Yiayumende, HOpMaTH3aua < 350 HB Vraepoguerbie u tern- 2 yg +70
poBaHHbIE CTAJH

O61beMuas 3akaJjka 38...50 HRC, 17Hyge,+100
TMosepxuocTnan 3axaJka 40...56 HRC, 17Hyrc,+200
LiemMentanus, uurpouementa-  56...65 HRC, Jlerposauubie ctand  23Hypce,
HHSl H 3aKaJjka
AsoTHipoBanHe 550...750 HV 1050

Bes Ttepmuieckoh 06paboTKu —

Yyryu 2Hyg.
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AOCTH IIeCTePHH BCREACTBHE TAK Ha3biBae-
MOT'0 FOJI0BOYHOIO 3¢dekra. Kak H3BecTHO,
HECYILasi cMOCOGHOCTL MOBEPXHOCTH ro.nomm
KaKk onepexawued, 3HAYHTEJbHO Bbille,
YyeM MOBEPXHOCTH HOMKH, KaK OTCTalled.
B koco3yObix nepenayax KOHTAKTHAas. JHHUA
HAK/JAOHEeHa K NOJIOCHOH JHHHH H TIPOXOIHT
0 MOBEPXHOCTSAIM HOXKH H TOJOBKH 3yOLeB.
B pesyabTare MeCTHOrO BbIKpalUHBaHUSA
H H3HalWlMBaHHA HOXKH 3yba Kojeca Tpo-
HCXOJHT Mepepacnpejeiedse NaBieHUus 1o
KOHTAKTHOH JHHHH H O6OJbliasi dHarpyska
MmepesaeTcss Ha ToJoBKY 3yla.
B wurore ponyckaemoe

[6] 4y =0,45({0] 1 + [0] y2),

HanpsixeHde |

NpH  3TOM 1 25[0] H min == [U] H> [0] H min-

3JTa 3aBHCHMOCTb NPHMEHKMA ;_um OKpYX-
HOA ckopoctd ao 20 M/c, Bblle KOTOPOIt
ofecneuyBaerca Ge3bi3HOcHast pabora M me-
pepacnpeefeHds AABJEHHS He MPOHCXOJHT,

Jlonyckaemble HanpsixeHusa  3y6uaTbix
" KoJiec, paboTalluIiX B 30HE HaKJOH-
HOH KPHBOH ycTaaocTH (T. & [pH
pacueTHOM YHcAe LHKJAOB HarpyxXeHud
N, MEHbUWIEM 4YHCAA HHKIOB? Nyg, NOCTH-
KeHHH [UIHTENbHOrO Mpeaena BbIHOCJAHBO-
CTH), oNnpefelsilOTCA H3 YpaBHEHHUs KPHBOH
ycraaoctd ogN =0y jmNng roe m — 1no-
Kaszarteab creneHd, OOLMHO MNpHHHMaeMblH
MpH KAYEHHH HHJAHHAPOB, CXKHMAaeMblX BAOJIb
o6pasyiowmH4x, pasueiM 6. Caenyer npuHs-
mMaTb Nyg=H}p (Ho e Gonee 12.107).

Pa3sjenns npasyio H JeBylO 4acTH ypae-
HeHHsi Ha Ko3(Q}HUHKEHT 3anaca MPOYHOCTH,
Mojy4aeM ypaBHEHHE AJAA  JOTycKaeMbiX
. HanpsKeHH;

[c] EN = [o] #oNwe

otkyaa [o}y=2Zy 0] go

rae Ko3¢p@HnHeHT AO0JArOBE4HOCTH

! HecKoanko Tounee npuHuMath  [oy] =

=057 (0] &1 + [0] Z-
2 OTH uMC/ia LHKJIOB B JHTEpatype no 3ybua-

ThIM TNepefnayaM Takxe 0603Haqa}0TCH Ny iim»
a npu uarube Ng .

H npokata Sp=1,4...2,2,

_\/NHG ,
N— /-

[Top N, nonamaetcsa ofiiee YHCAO HHKAOB
TMPH HArpy3Kax ¢ MOCTOAHHLIMH aMITHTYlaMu
HAW B OO0LleM cayuae HarpyXeHHUS 35KBH-
BAJIEHTHOE YHCJAO LHUKINOB Ny

[lpenenswoe HanpsixkeHHe M COOTBeT-
CTBEHHO KO3(hdHUHeHT Z, oOmpeaesiorcs
yCJAOBHEM CTAaTHUECKOH MPOYHOCTH  HJIH
MaJOUHKJOBOH yCTaJOCTH.

B npoBepkax NpoyHOCTH moOA AelCTBHEM
PeNKHX H/jH eJNHHHUHBIX GOJbINHX MHKOBBIX
nmeperpy3ok  (MpH  OMACHOCTH TAaKOBbLIX)
JOIyCKAeMble KOHTAKTHbIE HAMpPsXKEHHSA AAA
YAY4YLIEHHBIX H 06'beMHO-3aKa/JieHHbIX 3y0bes
[6] y=2,806:, a nnn nosepxnocmo ynpoy-
HeHubix 44 Hypc.. :

Jlonyckaembie HanpPAKEHHNA NPH pacueTe
3y6beB Ha u3rub

BazoBhe NOMmycKaeMble HAMpPsKeHHs AJS
ay6yaTbix Kojec, paboTaoiMX B 30HE
roOpM3OHTAJJbHON BEeTBH KPH-
BOH yCTAAOCTH TpPH HepeBePCHBHOH
Harpyske

O riim Y p¥ ¥
[0-] F():: S ul EEY
F

rie Of |y, — Npefes BLIHOCAHBOCTH, onpene-
JifieMblil Ha 3yGbAX OPH OTHYNEBOM IIHKJIC
(taga. 10.9); Sy — kospdpuuuenr sanaca
MPOYHOCTH, BLIOHpPaeMbli B 3aBHCHMOCTH
OT cTabHALHOCTH CBOHCTB MaTepHana H'Tex-
HOJIOTHH H OTBETCTBEHHOCTH KOHCTPYKIHH;
st CTAJAbHBIX 3y6uaThIX KOJIEC H3 TOKOBOK
B cpendem 1,7
(B npepaoxennax UCO S; = 1,4, uto caeny-
€T CYHTATh B MpPHMEHeHHH K HALlHM MeTO-
AHKaM pacyeTa 3aHHKEHHbIM, MPHBOMSILLHM
K HU3KOHW HaNieXKHOCTH) ; ¥ — K03 ULHEHT,
YYHTBIBAIOIHA LIEPOXOBATOCTb TePEeXOAHOH
MOBEPXHOCTH; NpH 3yGodpesepoBaHiH H LIH-
¢bopanuu ¢ Rz=40 Mgm Yp=1; upu nonu-
posanun Y,p=1,05...1,2 (6oabmne 3Haye-
HHA NpH yaAydlleHHM W 3akaake TBU);
Yy — Ko3Ppuunent pasmepor (MacmTaGHbIH
dakrop), o npenjoxedusam * MCO nans
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00bEMHO-TEPMOOGPAGOTAHHBIX CTaNeH, yy-
TyHa co c¢epouganbHLiM rpapurom Y,.=
=1,03—0,006m (0,85 Y.< 1}, mna no-
BEDXHOCTHO 3aKaJeHHBX U a30THPOBAHHBIX
crajed Y,=1,06—0,006m (0,8<CY.<<1),

nasi  ceporo  uyryda Y,.=1,075—0,0lm
(0,7<<Ye<<1); Vs — kOShOHUHEHT, YyUMTHI-
BAOWHA 4YBCTBUTEJNBLHOCTh MaTepHaaa

K KOHIEHTPAUWH HaMpsAXKeHHH H TPajveHT
HalpsXKEeHHH, oNpefe/sieMbld B 3aBHCHMOCTH
or moayasa: Y;=1,082—01721g m.

[Ipu wnndopanyu nepexonHod 30HBI (Bbi-
KPYXKKH) TOcse yNPOYHEHHA [ONyCKaeMoe
Hanpsxedde cHHxkaoT Ha 20 % BcaeacTBHe
CHATHA cna0oA ¢ ONarolpHATHBIMH OCTAaTOY-
HbIMH  HANDSKEHUAMH CXKaTHsA, a I[pu
BO3MOMHOCTH [pHXOra H 06paszoBaHus
CTyNMeHbKH CcHuXKaWT Ha 30 %.

[lpy nedbopManHoOHHOM YNpOUHEHHH BHI-
KPYXeK JONycKaeMoe HAIPSXKEeHHE MOXHO
nosuiiats #a 10...309%. OrHocuTenbHO
GoabluHA 3 EKT ynpouHeHHs [OCTHraercd
IpH MeHEee COBEPUIEHHBIX [IpoLeccax [peasa-
puTenbHoH 00paboTKH.

Llonyckaemble HanpsAxKeHHsa HU3ru6Ga 3y0b-
eB B 0OILIEM CJIYyUYae ONpelesiorcsa 1o
3aBHCUMOCTH

[0] = [6) g Y4 ¥y

3nech Y, — KosdpduuuenT, BBOOUMEIHA IIpH
JABYCTODOHHEM  MNPHIOXKEHHH HAarpPy3KH;
v TFN ‘
A YA 7 7 T N ’
Ty u N — Harpyska U 4YHCJIO [{HKJOB Harpy-
KEeHHA 3a ynoOHyl0 eJAHHHLUY BpPeMeHHu
B npsiMoM HanpasaenuH; Tr 4 N' — 10 XKe,
8 00paTHOM HAamMpawJeHHH, ¥y, — Ko3Ppdu-
[{HEeHT, MpPHHHMAeMbIA AJS 3y6uaTblX Kojec
H3 HOPMaJH30BAHHbIX H YJyYLIEHHBIX CTa/eH
pasabiM (1,35, H3 3aKaNI€HHOH CTANM C TBEP-
nocthio Gonee 45HRC, 0,25, us aaompo—

\/ NF(;
Yy =

ko3 duuuent nonaropeuddoctu; N, — obwiee
YUC/IO UMKJIOB NPH Harpyskax ¢ IOCTOSIH-
HbIMH AMILIMTYAaMH HJi4, B Oo6wWEM cayuae
Harpy:Keuus, SKBUBAJCHTHOE YHCIO LHKIOB
Ngg (cMm. c. 13); m npHHuMaOT fua 3y64a-
ThIX KOJIEC H3 Y/iy4iieHHbIX cTaJsedl pABHBIM b,

poBaHHOH craau 0,1;

a U3 3akameHHBlXx 9; Ngpg — UuMCAO HHKIOR

Harpy»XeHu# Ao nepesioMa KPHBOH YCTaMOCTH,

MpUUMMaEMoe AJsA CTaJdbHHX 3y6beB 4- 10"
Ycnopue npoYHOCTH

m | Npg
"‘--<-._ [0] FOV Nk -

TIpHBENeHHbIC 3aBUCHMOCTH MOXHO Bbipa-
3HTh BMECTO HAMDSKEHHH yepe3 HaTrPy3Ku
HJIH MOMEHTBHIL.

I1pu pacuere Ha MaNOLMKIOBYIO BHIHOCIH-
BOCTL (MPH YHCJAAX IUKAOB NOBTOPHBIX BO3-
aeficteuii ot 10° go 2-10°) pomyckaembie
HampsiXKeHus BuolOHpAIOT B 3aBHCHMOCTH OT
BPEMEHHDBIX IIPe/IesIOB BBLIHOCJHUBOCTH, KOTQ-
pble TIPHBOAATCA 15 uHcen 1uKaos 103, 10*
n 10° _

[Ipn nposepke MpoOYHOCTH MO MAKCHMAJD-
HOH Harpy3Ke NONYyCKaeMble HANIPSXKEHHS Bbl-
GUpAaIOT B 3aBHCUMOCTH OT TIpPEfeSbHOrO Hd-
MPSAXKEHHs, He. BbI3bIBAIOILETO Pa3PyLIEHUS i
OCTATOYHBIX AeMOPMAUMHA [IPH €IHHUYHOM
HarpyxeHuu,

ITO HanpsKeHHe, TAK K€ KaK BPEMEHHbIE
npejesbl BBIHOCAHBOCTH, ONPENeAsioT [pH
YIAPHOM HArPYXKEHHH. :

Yuer nepeMeHHOCTH pexxHuma paboTm nepe-
Aauy#. DosbuwiHHCTBO 3yGuaThix mepepau
paoTaeT B YCAOBHUAX [IepeMEHHKX pPEeXHMOB
Harpysok. Pacuer 3THX nmepefau 00 MakKCH-
MaJibHbiM Harpy3kaM B NpPeAlNOJOXKEHHH HX
MOCTOAHHOIrO [EHCTBHA, €CTEeCTBEHHO, MpH-
BOJHJ Obl K HEHYXXHOMY YTSKEJEHHIO nepe-
jau. '

3nechb pacuer usaaraerca B ¢opwme, lpe-
UMYLLLECTBEHHO [IPUHATOH B Hacrosiee Bpe-
MA Ana 3y6uaTblX mepenmad, B KOTOPOH 32
pacyeTHyK) TPHHUMAOT HAUOOMALIIYID HJH-
TEeNbHO EHCTBYIONLYO HACPy3Ky, a mepeMeH-
HOCTb HAIPY3KH YUUTBIBAIOT BHIOOpOM HOMY-
CKaeMblX HATIpSIKeHHH.

HcrnonbiyeM ycnosue CyMMHPOBAHHA [10-

s

— g ¥ ypaBHEHHE HAaKJIOH-

BpE)KI[EHHfIZ

i
HOH BeTBH KPHBOH yCTaJOCTH THNMA KPHBBIX
Benepa

o' Ni=ag N, =const,

rae fuy — obigee 4YUCJAO UHKIOB JEHCTBUS
HEKOTQPOro - HanpsiXeHus1 oy N — 4HCJIO
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LHUKJIOB IO paspylIeHHs OPH TOM XX Halps-
KeHu; N; — YHCIO NMKAOB HaNpsAXeHHd 10
MepeoMa KpHBOH yCcTaloCTH, T. €. A0 JOCTH-
KEHHUsl JIMTeBHOTO [pejieaa BLIHOCAHBOCTH.
[Tpu Harube 3y6beB Np; = (2...5)10° (pac-
yeTHOe 3HaueHHe 4-10°%), MPH KOHTAKTHBIX
HAnpsKeHunx Nyg=Hjp<<12-10"; o, —
npejea BLIHOCAHBOCTH TPH NAHHOM Hanps-
KEHHOM COCTOAHHH; @ — FKCMEPHMEHTAIbHO
ycTaHaB/JHBaeMbli napamerp, oObYyHO Ou3-
KHH K eJHHHLE; 3HAYeHHs @ CYILeCTBEHHO
6oabuiHe eaMHHUBI HAGMIOAAIOTCA B Y3KOH
O0JIACTH 3HAYHTENbHBIX IIACTHUECKHX JIe-
¢dopmManui, 3HaYEeHHA @ MEeHbIIHe eXHHHIbI
MOAYYAIOTCA NPH AJUTEJBHOM JeHCTBHH Ha-
NpsXKEHUH HHXKE NpeenoB BbIHOCIHBOCTH H
KpaTKOBpeMEHHBX O6OJbLINX Meperpyskax;
m — [0Ka3aTejb CTeNeHy KPHBOH yCTaNOCTH.
YMHOXKHB B ypaBHEHHH CYMMHDOBAHHS
HOBpe KJAeHHH yHCauTeNnb M 3HaMeHaTedb Ha
o/, HOJIyUHM B 3HAMeHATEe MOCTOSIHHYIO Be-
VIHYHHY, KOTOPYK MOMeM BBIHECTH H3-TIOJ
3HAaKa cyMMbl H 3aMeHHTb ogN . Torna

Yoo nig =aog Ng = const.

Ha ocHoBe 3Toii 3asucuMocTH aAe#cTBHE
BCEro KOMMJEeKca HampsKEeHHH B TeuyedHHe
cpoka cayX6bl 3aMeHAeM NEHCTBHEM MAKCH-
MaJbHOFO AJAHTEIbHO AEHCTBYIOIETO Hanps-
MeHHs B TedeHHe IKBHBAJNEHTHOrO 4YHCJA
uakaos Ng:

ZO’{%;’E = aorrrr:ax NE'

Boipasus ofimee uHCAO LHUKIOB HArpy-
jKenuil n;y NMpH HanpsKEHHH C; Yepe3 CooT-
BeTCTByfomyfo 4acToTy BpallleHHA B MHHYTY
h; W.06lWYI0 NPOAOMNKHTENbHOCTL paboThl
I; B 4acax IpH TOM 3Ke HAMPsKEHNH, TIOJTYUHM

.. 60 ZO'Enniti=a0-r':ax NE'

Orciona, npusss (o HaKonjeHHs GObLLIMX
3KCTepUMEHTANbUBIX HaHHBIX) A1 Ko3hdH-
IlHEHTAa a pacyeTHoe 3HauyeHWe, pasHoe I,
onpenessieM 3KBHBAJEHTHOE YHCHAO UHKIOB

m
NE=6()Z ( - : ) nt,.

IMoacuer SKBUBANEHTHOrO YHCRA LUHKIOB
yepes HanpsixKeHusl Heyno0GeH, TakK Kak tpe-

Gyer onpeje/eHus HanpsKeHHH MpH Kaxa0i
darpyske. OueBHAHO, YTO MNpH pacyere Ha
M3THG OTHOLLEHHE HANpPsKeHHH MOXKHO 3aMe-
HHTb OTHOLIEHHEM MOMEHTOB!

T. \"™
NE=NFE=6OZ —) ni

max

ir

roe m==6...9.

Jlaa pacuera nmo KOHTAKTHBIM HaNPAKEHH-
SIM, yUHTBIBAS, 4TO TNMOCJENHHE NPH Hauaib-
HOM KaCaHHH IO JIHHHH [PONOPLHOHAJBHLI
crenedd 0,5 H3 wWarpy3sok HJAH MOMEHTOB,
noJayuaem

A i

T:‘
:602 T nt,,

rae m-=06,

[Tpu mnasHbIX peKMMax “pacrpeieseHHs
Harpy3ok cymMma 8 ¢opMynax 3ameusiercs
HHTETPaAJOM.

[IpepenbHble 3HayeHHsA AONYCKAeMbiX Ha-
MpsixKeHAH OrpaHHYHBAIOTCS YCAOBHAMH cTa-
THUECKOH MPOYHOCTH.

[1pa cyMMHpOBaHHH NOBPEXKAEHHH OGBHIYHO
I ofecleyeHnsl HAJEXKHOCTH YUYHTHIBAIKOT
AelicTeHe IepeMeHHBIX HaNpsMKeHHH, HauH-
Hasa ot (0,7 npenena BHIHOCJAHBOCTH (B Hpel-
MOJIOXKEHHH, UTO BLICOKHE HANPAKEHHs MOTJIH
MOHHU3HUTDL MPeaen BHHOCAUBOCTH). B cBsasn ¢
BBICOKHMH TOKa3aTejqsAMH cTeneHH MpH Ha-
NMPFAXKEHHSX B ypaBHEHHsIX KPHBBIX YCTAAOCTH
JeHcTBHE MaJsiblX HATIPAXKEHHH He CylLecTBeH-
HO, H [O3TOMY B GOJNIBLUIHHCTBE Cjydyaes, U B
YACTHOCTH AJs1 THOOBLIX PEXHMOB, MOXKHO
CYMMHpOBAThL JefiCTBHE BceX HalpsKeHHH,
YTO HAET B 3anac MPOYHOCTH.

JlelCTBHE KOHTAKTHBIX HANPSXKEHHH HUXKe
npefena BbIHOCAHBOCTH OTHOCHTEJNbHO 00Jb-
e, ueM H3THOHUBIX, H TMO3TOMY AJAA HHX BBO-
JHTCA AONOJHHTENbHOE OF PAHHYEHHE: HE YYH-
ThIBAaeTCA NOBpexAawimiee IeHCTBHE nepe-
MEHHBIX HanpsiXkeHud 3a O6GILHM YHCAOM
LHKAOB Harpyxeund 24Ny rae Nyg —

YHCIO LHKJIOB 10 nepejioMa KpPHBOH ycTa-
JIOCTH.
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Puc. 10.22, Tunosble pexHMbi HATPYKEHHS:

0 — nocroAHxui#; [ — raxennft; I — cpeannfi pasHo-
BepoATHHA; 111 — cpeannit vopmanbulii; IV — nerkui;
V — 0co60 Jaerkui

H3ydennble sKcnepHMEHTaNbHO paclpee-
JIeHHS HArPy30K (BPaLlLAlOUIHX MOMEHTOB) IO
BPEMEHH AN5l PasHblX MAUIHH MOXHO CBECTH
K MATH THIOBBIM, XOPOIIO H3y4eHHbIM B MaTe-
maruxe. Tumopblie pexumbl (puc. 10.22):
TsKeNblH — PB-pacnpenenedie ¢ napaMerpa-
M Xx=T/T.,=0,77, a=6,8, b=2; cpen-
HHH — paBHOBepoATHHEA, x=0,5; cpea-
HHA — AopMasbHbl, x=0,5, S=0,19; Jaer-
Kuit — B-pacnpegenenne, x==0,42, a=22;
b=3,2; oco6o aerkuii —x=0,31, a=1,8,
b=4,0. 3pecb x — cpeaHen3pellleHHOE 3Ha-
YEHHE MOMEHTA.

Tsaxennlll pesKUM XapakTepeH 1151 rOpPHBIX
MallHd, CPeAHHH PaBHOBEPOATHOCTHBIH —
AN MHOTHX JOCTATOYHO HHTEHCHBHO 3KCH-
AyaTHPYeMbIX MAIlKH, HOPMadbHbli — AJs

{0.10. Havanbubie MOMEHTH

6oNbUIHHCTBA YHHBepcaJbHBIX MALIHH, Jer-
KHH — A5l WHAPOKOYyHHBEePCANbHLIX CTaHKOB
¢ 60AbIKMM AHARA30HOM PEryJHPOBAHHSA CKO-
pocredl (meranefl npuBoAa Ha BhIXoJe).

"KBHBANEHTHLIE LHK/Abl HAarpyXeHuéi aas
THTOBBLIX PEXXKHMOB MOTYT GbITh NMpeiacTaBJe-
Hbl B BHAE Nyp == Ny« Wy, j5 U Npp = Ngpm, rie
Ny — cymMmapHOoe uHCO UHKAOB HAarPyXKeHui
BCEX yPOBHEH, a W, /y, m — HAYANBHLIE MO-
MEHTH COOTBETCTBYIOLLErO pacnpeaeneHus
HarpyskH. [lopsinok HauajabHOro MOMeHTa pPa-
BeH MOKA3aTenlo cTeneHu m Wad m/2 ypas-
HeHusi KPHBOH yCTanOCTH. 3HAUeHHS W
H P9 A PA3JIHUHBIX paclpefeneHdii Ha-
rPy30K BBIUHCAEHBl MO 3aBHCHMOCTAM, H3Be-
CTHBLIM H3 TEOPHH BEePOATHOCTEH, H IPUBENEHD]
B taba. 10.10. Ucnoab3osanre THOOBBLIX pe-
xKuMoB (cM. puc. 10.22) nospoaser cyluecrt-
BEHHO YNPOIUATh PacyeThi.

HenbiTanna #a BHHOCIHBOCTE 3y0beB, LHIHH-
pHYecKHX 06pasUQB H PONHKOB MPH THIOBLIX NJ/1aB-
HBIX peXHMaX HATDYKEHHHA B nuanasone ot N; no
obuiero YHcaa MEKIOB Ny=3-10° ¢ vacrorams,
THOUYHBIMH 1A Mam#{oCcTpoenud pao  3000..
3500 of6/mHH, nNoKasamMd MNOBLILLIEHHE npene-
Jla BBIHOCJHBOCTH, OTHECEHHOr0 K MaxcHMa/lbHOH
Harpyske.

3T0 CBHAETENBCTBYET O TOM, YTO B 30HE YHCel
HHMKJIOB HArpyxeHHH 3a nepeioMoM KPHBOH ycTa-
JIOCTH NpH NJaBHbIX 3aKOHAX pacapefefeHHl uMe-
eTCcsl [ONOJIHHTEIIbHEIH Pecype MPOYHOCTH, MOJAJe-
Kawui JONOJHATENbHOMY HCCIEN0BAHHIO,

B onnitax na‘saka/eHubiX 3y6baX KosddHuH-
€HT NMOBLIIIEHHA Npefena BhHOCIHBOCTH, OTHECEeH-
HHH K MaKCUMaJbHOH Harpy3Ke, NPH TAXKeNOM pe-
XKume 6bl1 pasen 1,15, npu cpennem paBHOBEPOAT-
HoctuoM 1,2 ®u  cpenuwem wvopmasbhoMm 1,25
Ha xpyribix o6pasuax uag6apka na 30...35 %
meHblle. [Ipu uactorax Goaee 100 T'u 3ddekr
cuuzkaeres, a ¥ 200 T'u nponapaer.

Pacuer na KOHTaKTHY®©O

Pacuer Ha H3rH6GHY©0 BHHOCAHBOCTb

BHIHOCJHBOCTD
= A
;é TepmoaG- | 9 ' TepMoo6pabotka | m TepmooGpaGorka | m m
Dd-: g pEGOTKa M'm'/2 P p Um p p m
0 1,00 1,00 3akadka 00b- 1,00
| ' 0,50 Yayuwenne, 0,30 eMuHas, 3akaij- 0,20
1T  Jlwo6asn 3 0,25 Hopmasusanusi, 6 0,14 Ka nosepxHoct- 9 0,10
111 0,18  aszotuposanue 0,06  wnam, nemeura- 0,04
v 0,125 0,038 LHs 0,016
v 0,063 0,013 0,004
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H3anoxeHHbld BpLIE pacyeT ¢ MOMOILbIO 3K-
BHBAJIEHTHBIX [IHK/JOB HMeeT P JOCTOHHCTB.
OH MpOBOAHTCH MO OCHOBHOH peajlbHOH Ha-
rpy3Ke H MO3TOMY XOpOLIO cONpPSKEH ¢ yOpo-
LIeHHBIMH TNpeaBapHUTeNbHBIMH pacueTaMH,
KOTOpble mpaKTHUecKH HeHn30eXXHbl TPH KOoH-
cTpy#poBanuu. [IpHBelleHHe Mo LHK/IAM, KaK
no ¢akTopy MeEHee BJAHAIOMIEMY Ha MOBpEX-
LeHHs, JorHyHee, yeM Mo Harpyskam. Pacuer
umeeT GONbWYIO (PHIUYECKYIO ACHOCThL, a MO~
sroMy of0ecneyuBaercss orOpacelBande He-
MOBpeXKAA0IUHX HATPYXKEHHH, BBEAEHHE APY-
MHX YTOUHEHHH H T. 1.

Tem He MeHee BnOAHE NPaBOMEDHLI TAKKE
pacuyeThl ¢ MOMOLIbLIO IKBHBAJEHTHBIX HAMPA-
WeHHH HAH Harpysok, kKak 06ojiee mpocThe
B obuHe ¢ pacuyeraMH TMOJLIHIHHKOB Kaue-
HHA. 9TU pacueThl BO3MOXHbI B ABYX dopMax.

{. Pacuersl no 3xBHBa/leHTHOMY HanpsXe-
HHIO, TIOBpeXJamiluee AEHCTBHE KOTOPOro B
tTeueHHe N; LLHKJOB paBHO MOBpeXnaouleMy
NeACTBHIO BCErOo KOMILIEKCA HArpyXeHuH 3a
pacueTHBd MepHoj (NpHBeJSHHE K dHCHy
LHKJIOB 10 MepeioMa KpHBOH ycranocTu Ng):

m m THZ <
0= ZGf Ng = Omaxs

TAE G, — HaNpsXKeHHE MPH MAaKCHMAJbHOM
NJIHTEAbBHO JIEHCTBYIOLIEM BpALLAOILEM MO-
MEHTE.
Ycanosue npoyHocTH of <X [6}o, rae [o6]o —
-6a3opoe AONycKaeMoe HampsiKeHHe.

2. PacueTnl M0 3KBHBaJIEHTHOMY .Hamnps-
KEHHIO, OTHeceHHOMY K obuieMy uHcay Ny
HKJIOB Harpyeuuit npu Ny<<Ng.

YcaosHe npoyHOCTH

or<[o]o

Mpu Ny> Ng pacyer BefeTcsd Kak B Ape-
AbLAYUIEM caydae.

a— ¢ NpsMBIMH;
3yObAMH

B yrouneusblx pacyerax nepenau, pabo-
TAMIHX ¢ HONbIIHM OBGLUIHM YHCIAOM [IHKIAOB,
YUHTBLIBAIOT cabblii HAKAOH NpaBoi BeTBH
Kpuepoii ycranoctd Benepa. Pacuer 1ipu
nepeMeHHOM peKUME HAarpyKeHHs YC/0XK-
HAeTcs AOMOJIHHTEAbHBIM y4yeTOM [Mospe-
YKAAIOMIHX HANPSXKEeHHHA B 30HE MPAaBOi BETBH
KPUBOH yCTaNOCTH.

§ 10.13. TTEPEJAYH
KOHHYECKMMH 3YBYATBLIMH
KOJECAMH

Kounueckde 3ybyaTbie Kojieca OPHMEHSAIOT
B mepefiayax MeXJIy BaJjaMH, OCH KOTOpPHIX
pacrojoxeunl noj yraoM. OcHoBHOE NpHMe-
HeHHe UMEIOT Mepenaul ¢ lepecexkalomuMHca
nog yraoM 90° OCsiMH, T. €. OPTOroHaJbHbIE

nepejaul, KOTOpble paccCMaTPHBAIOTCS HHXKE.

[lepenauu ¢ MexoceBHIM YIJIOM, He PAaBHLIM
90°, TNpPHMEHAIT pelKO H3-3a CJIOXKHOCTH
¢bopM H TEXHOAOrHH H3TOTOBJEHHA KOpmyc-
HBIX JeTaJel, HeCYIUHX 3TH nepefauH, XoTsd
NIt H3TOTOBJIEHHA CAMHX KOJieC MeXoceBOH
YFOJ1 Tlepefadyd He WMeeT 3HauyeHHA.

HecMOTps Ha TO, 4TO KOHHYECKHe KoJseca
CJ0KHEe, UeM HHJIHHIPHYECKHE B W3rOTOBJME-
HHY U MOHTAKe, OHH UMET JOCTATOUHO 1IH-
POKOe TIPHMEeHEHHE B MAUIHHOCTPOEHHH, onpe-
AejsieMOe  yCJAOBHAMH KOMMOOHOBKH Y3J108B
MALIHH.

KonnueckHe KoJjieca BBINONHAKT ¢ MPAMbI-
MH, TAHFeH1[HaJbHbIMH, KPYTOBBIMH H APYTH-
MH KPHBOJHHeHHBIMH 3y6baMK (pHuc. 10.23).

Puc. 10.23. KonnyecxHe 3yfuaTble Koneca:

6 — ¢ KOCBIMH, & — C KPYTFOBHIMH
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lMpsimoayGble  KOHHYECKHE Kojeca  cie-
JyeT NPHMEHSATb MpH HEBLICOKHX OKPYMKHBIX
ckopoctax (Ao 2...3 M/c) Kak Haubosee
NpocThie B MOHTa)ke (ZomycTuMo Ao 8 m/c).
[Tpu Gonee BHICOKUX CKOPOCTAX Ueecoolpas-
HO MPHMEHATD Kojieca ¢ KPyroBeiMH 3yObsiMH,
Kak obecleuusarole 6oJsee NaasHoe 3alen-
JIeHHe, MeHbIIHH WYyM, GOJbIIYI0 HECYILY
cnoco6HOCTL H 6oJee TexHOJOTHUHBIE.

3y6bs ofpabaTnBalOT HA CHENHAJbHBIX
CTaHKaxX AJs Hape3aHHA KOHHYECKHX KOJIeC.

B maccoBoM H KpY[HOCEPHHHOM MPOH3BOJ-
CTBE B CBAI3H C BO3MOXHOCTBIO KOMITEHCAILHH
TMpH HAape3aHUH 3yObeB NOCJAENYIOHX 33Ka-
AOuHbIX AedopManHil KOHHUECKHE Kojieca He
mAudyiOT, a OrpaHUYUBAITCA [PHTHPKOH.

B koHHYecKHX nepenauax 1A obecnedyeHusn
npu c6opke NpasHAbHOTO KOHTAKTa 3y0bes
NpeLycMaTPHBAKT BO3MOXKHOCTb OCEBOH pe-
I'YJHPOBKH 3Y8UYaThIX KOJEC.

Hecyuias cnocoGHOCTh KOHHYECKHX 3y0uaTblX
nepefay ¢ MOBHILIEHHBIM MEPEeKOCOM OCeH (0T KOH-
COTBHOTO PACNOJNOKEHHS], HEAOCTATOYHOR KecT-
KOCTH BaJIOB H KOPIYCOB) MOXKeT GbITb HECKOJIbKO
MOBHIIEHA [AXEe 110 CPABHEHHIO C Mepejavyami,
HMEIOUHMH KPYroBoH 3y6, BbiMoJiHeHHeM 3yObeB
ABOSIKOBLINYKJIBIMH H BOIHYTHIMH. O6e cTOpOHBL 3Y-
6a IIeCTEPHH HApe3aloT BLIMYK/bIMH, a Kojleca —
BOrHYTHIMH. BHHTIPBILI MOJYUaeTCsl BC/1eACTBHE TO-
ro, 4To yAeJbHasl JKeCTKOCTb Nnapbl 3yGhes He me-

HACTCH MO J/ivHe 3y6beB H MATHO KOHTAKTA NMpH fe-

¢opmauuu BaJOB He CMELlaeTcH.

leomeTpruecKkne pacyeTbi KOHHYECKHX
3y6uartbix nepepau

[eomeTpHYeCcKHe pacyeTbl KOHHUECKHX KO-
Jiec aHaJOrHyHbl pacueraM LHIHHIPHUECKHX.
3y6bsl KOHHHECKHX KoJec ofpasyloTca o0xa-
THIBAHHEM MO MJOCKOMY KOJiecy C TpAMOJIH-
HeldbpiM npoduieM 3yOnes aHAJOTHYHO TOMY,
KaK 3yGbA LHIHAJPHYECKHX Kosec o6pa3yloT-
csl obkaToiBanHeM 1o pekke. Yneno 3yObes

[JIOCKOTO Kodleca zy="\[ 224 z2 (MOXeT 10-

JYYHTbCst ApoGHBIM). BMecTo HavyanbHBIX H
JEJHTENbHbIX LHJAHHIDOB UHJIHHAPHYCCKHX
KOJIeC B KOHHYECKHX KOJECaX BBOAATCA [1OHA-
THS: HA4aAbHBl H OEeJUTENbHBIH KOHYCHI,
KOTOpble, KaK NPaBHJO, COBMANAIOT, TAK KakK
A5l KOHHYECKHX KOJIEC YTIJIOBYIO KOPPEKIUHIO

npakTauecKd ‘ke TNpHMeHslOT. B Kauecrge
TOPLUOBBIX CeUeHWH paccMaTpuBaloT ceye.
HMA MOBEPXHOCTAMH JONOJHUTENbHbIX KO-
HYCOB, T. € KOHYCOB, OCH KOTODBIX COBIa-
JAI0T ¢ OCBIO KoJieca, a 00pasylollue mep-
neduKy/AspHbl K 00pasyoI M AeAHTENABHOr o
Kodyca (puc. 10.24). Hcnoabayworea mo-
HATHS BHEIIHer0 M BHYTPEHHErO AONOJHMK-
TeJNLHBIX KOHYCOB (OrpaHH4MBaOWIHX 3y6ua-
ThIi BEHEl) W CpeaHero AOMOAHHTE/bHOrO
Konyca. [elcTsdrenbdbie NpodgHIAN 3yGben
KOHHYECKHX KoaeCc BecbMa OAH3KH K [po-
¢unam BoOOpaKAEMBIX 3KBHBaJEHTHBIX LH-
JHHAPHYECKHX KOJeC ¢ pajHycamH [enH-
TEABbHBIX OKPYXHOCTEH, paBHbIMH JJHHAM
o6pa3yluHx JONOJHHTENAbHbIX KOHYCOB.

3y6bpA KOHHUYECKHX KOJIeC MO NPH3HAKY W3-
MEHEeHHS] pa3MepoB CeyeHHH MO JJIHHE BBITOJ-
HaT Tpex dopm. '

Ocepana ¢opma [ — HOpMANBLHO [OHH-
Kawowdecss 3y0bA; BeplIHHBI  AeJHTENb-
HOTO H BHYTPEHHEro KOHYCOB COBMNAaAamwTt
(puc. 10.25, a). Ity GopMy IPHMEHSAIOT a4
KOHHYeCKHX Ti€penay ¢ MpAMbIMH H TaHIeH-
HAJbHBIMH 3YObLsAIMH, a TakKXe OTpaHHuUeHO

'AAA nepefad ¢ KPYroBuiMH 3yObAMM IIDH

my=2 0 25y=20...100.

Ocesas ¢opma I — BepuminHa BHyTpeHHe:
ro KOHyCa pacnojaraercsi Tak, 4ToO MIHUPHHA
[HA BMAAHHBLL KoJjleca NMOCTOAHHA, a TOJLHHA
3y6a no AeJUTENbHOMY KOHYCYy pacreT ¢ yBe-
JdHyeHHeM pacCTOSIHUSA OT BEPLIHHKEL. DTa dop-
Ma 1o3BoJsieT 06padaThiBaThL OJHUM HHCTPY-
MEHTOM Cpa3y o6e NOBEPXHOCTH 3yObeB KOJE-
ca. [Tostomy oHa siBisieTcs OCHOBHOH JIfI
KOJIEC C KPYTOBBIMH 3YGbsMH, LIHPOKO PUME-
HFIETCA B MACCOBOM [1POM3BOACTBE.

Ocesas ¢opma 111 (puc. 10.25, 8} — pab-
HOBBICOKHE 3y0bsl; 06pA3yIOIIHEe NEeNHTENBHO"
ro M BHYTPEHHETO KOHYCOB [apasiesibl. ITY
GopMy MNpPHMEHAIOT AJAs1 KPyroBblX 3yObeB
MpH 2y =>40, B 4acTHOCTH [IpH CcpefHUX KO-
HYCHBIX paccTosiHUAX 75—750 MM.

dopmbt I u [II noayuyalor cMmeineHHEM
BepUIHHbI KOHYCA BMAJAHH H BEPLIHHB JNETH"
TeqbHOTO KoHyca (puc. 10.25, 6, 8).

' Obnactd mpumenenns noapobuee cm. [OCT
19326—73.
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Prc. 10.24. Cxema K reoMeTpHUecKOMY pacueTy
KOHHUYECKHX Tnepegay

Y KoHH4YecKux KoJec yaoGHO H3MEPATD,

a MOTOMY H 3aJaBaTb pasMephl 3yObem Ha
BHEUIHEM AOMOJHUTENLHOM KoHyce. B 3yfua-
THX Kojaecax ¢ 3yGeaMd ¢opmbl [ oGbiunO
ONEepPUPYIOT OKPYXKHBIM MOJYyJeM Ml Ha
BHeliHeM Topie. B ay6uaThix Konecax ¢ 3y0b-
amu ¢opwmsl [1 u [l npenmymiecredno ome-
PHPYIOT HOpMAJAbHBIM MOILYJIEM MMny HA CEpE-
AHHE WHPHHB 3y0yaToro BeHuA.
" Kpyroswe 3y6ba Hape3diOT HEMOMY/IbHBIM
HHCTPYMEHTOM, TMo3BoAsAl0uM ofpabarsl-
BaTb 3y0bs B HEKOTOPOM JAHANAa30HEe MOYJeH.
TlosTomy monyckaercsi mpuMeHsATb nepeaauH
C HeCTAHAAPTHBIMH H APOOHLIMH MOJYJAMH.

CooTHolIEHHE MEeXKAY MOAYIAMH My U Mum

cheayioiee:
Lt ’
b
( 1—05 Re) cos B,

rae R, — BHELIHee KOHYCHO€ pacCcTOsIHUE
(cM. pHc. 10.24).

Yroq HakaoHa JauHud 3y6a BHOHPAWOT,
YUHTBIBASl, 4TO YyBeJHUYeHHE f§, yaydliaer

mte= ]

———

2 0

Puc. 10.25. dopmbl 3y6beB KOHHUeCKHX Mepeaay

MJaBHOCTD 3aLEeNJAeHUs, HO MPH 5TOM BO3pac-
TaT ycuius. [1pH KpyroBoix 3yObsix npeumy-
IECTBEHHO TIpHMEHAIOT Prn=235°, a MpH TaH-
resuuaabupix 20...30°, o6biyHo yroa fn. Bbl-
OApalT KpaTHeIM 5°.-

MHHHMAaNbHO JONMYyCTHMbBble yucaa 3y0bes
npusenenbl B Tabn, 10.11. Jdna ymedbiueHus
IIyMa pPeKOMEHAYyIOT HPHMeHATH TPHTHPKY H
BLIGHpaTh HeKpaTHbie 4Hcia 3y0Gbes KoJec.

Insa 3y6uaTelX nepefaud ¢ TBEPAOCThIO pa-
Gounx mosepxuocred 3ybnes mecrepuH H; H
Koneca He>>45HRC, uncao 3y6beB wecrep-
HH pPEKOMEHIyloT BeOHpaTh no pHe. 10.26 B
3aBHCHMOCTH OT BHELIHEro MAeJHTeJLHOI0
JHAMETpPA WeCTepHH d.i, npy TBEPAOCTH H u
H,<{ 350 HB sbiGpanuble 3HaueHUsa 2z; yBe-
JAayHBaloT B 1,6 pa3sa; mpu H;,>45 HRCG,
H H,<(350 HB 2z, yseauunsawot B 1,3 pa3a.

OcdoBHble TeoMeTpUYecKHe COOTHOUIEHHS
B KOHHYECKHX [epejadax TIpUBEJeHb B
taba. 10.12...10.14.

Koppuruposanue KOHHUECKHX 3aUenyeHHi
MO CPaBHEHHIO ¢ LUAHHADHYECKHMH HMeeT
caenywoulde ocobedroctH, O6aacTb eneco-
0Gpa3HOro IPUMEHEHHA BBICOTHOH KOp peKIHH
KOHHYECKHX 3auenieddii pacwmupena. Ha-
ofopor, yrjoBas KOpPPEKUHA, NpH KOTOpPOH
CyMMa CMeELIeHHH HCXOAHOro KOHTypa IJif
KOJieC He paBda HyJI0, BecbMa TPYAHO OCy-
ILeCTBHMA H3-3a HEeOOXONHMOCTH COXPaHHTh

10.11. MHUMMaAaLHO AONyCTHMbLIE YHCaa 3yObeB
IWeCTEPHH

[tepenarounoe 21 IpH Ba,
‘ncio u 0...15 20...25 30...40
I 17 17 17
1,6 15 15 14
2 13 12 11
=3,15 12 10 8
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z
d u=1
u=2
20
-; {
u=315 u-4| u*lb',J
0 40 60 80 100 125 160 dgy, 1
a)
< u=1
25 ]
AT e 2
=305 | U4 | ]
V) [ /
— u=63
5
40 60 80 100 1Z5 160 dop,hH
5)

Puc. 10.26. Tpajdur pns OHpEJlEJ‘[EHHﬂ unces
3y06beB [IeCTepHu:

@ — npAMO3y60#; 6 — ¢ KPYroBuMH 3yGbaAMH

3ajlaHHblfl  ME@XoceBOH yroJ, no3ToOMy ee
MpakTHyeckKd He npHmeHsorT. lnsa Kowuye-
CKHMX 3aleNJeH’id, B OTHYHE OT LHJAHHIPH-
UECKHX, TIpH #2225 yno6HO TPHMEHATb Tak
Ha3blBAEMYI0 TAHTEHIHAALHYIO KOPPEKUHIO,
3aKJA04anULyl0css 8 yToJuUleHHH 3y6a wec-
TEPHH H COOTBETCTBEHHOM YTOHEHHH 3y0a Ko-
Jeca. TaHreHunanbHasA KOPPEKUHSA KOHHYe-
CKHX KoJlec He TpeOyeT cNemHanbHOrO HHCT-
PYMeHTa, TaK Kak ee [OAydawT Oaaronaps
pa3BeneHHI0 pe3nos, o6pabaTelBaOLIMX MPO-
THBOIIOJIOKHbBIE CTOPOHBI 3yOben, [lasa uH-
JHHIPHUYECKHX KOoJieC TAHFEHLHAAbHYI0 KOp-
PeKUHIO He MTPHMEHAIOT, TaK Kak oHa Tpefyer
cnenHanbHOTO HHCTPYMEHTA.

10.12. OcHoBHMe pa3Mephl KOHMHYeCKMX 3y6uaThiX Kodec ¢ NMPAMBIMH, TAHTeHUHANbHBIMH H KPYrOBHIMH
NOHHKaWWHMHCA 3y6bAMH (oceran dopma 3ybbes 1) npu MemoceBoM yriae X =90°

[Mapamerp 3auensenus Gopmyaa
BHemnHee KoOHycHoe pacCTosiHHe R.=0,5m.25
[lupuna senua b<{0,3R. (kpe=b/R.<<0,3)
CpejiHee KOHyCHOe paccTosiuye =R.— 0,56

Hau6oablasa BoicoTa:
3y6bes (y Topua)
- MOJOBKH 3y0beB (y Topua)

HOXKH 3y6beB (y Topua)
Oxpyxnas Toamuna 3y6a no BHemrHeH feJu-
TeJIbHOH OKPYXKHOCTH
Yroa:

HOXKKH 3y0ObeB

AEJAHTENBHOrO (HAuaJbHOTO) Komyca

KOHyCa BepuIUH

KOHyca BHAafHH
Iuamerp:

BHEILHeH AeJHTe/bHOH OKPYXKHOCTH

BHEHIHHH BEpIUHH

Pacuernoe 6a3oBoe paccTosiHHe (OT BepIUHHBI
[EeJHTEABHOrO KOHyCa /10 0CHOBAHHA HAPYKHOTO
KOoHyca)
IKCUEHTPHCHTET [Js1 TaHMeHuHAJ/bHBIX 3y0beB
¥roan HakjoHA:

TaurevHanbublXx 3y6bes y Topua

KpyrosboX 3yGbes

* O603HAUYAET BENHUHHY B NOJSIX MOAYJIS.

he=2hfme+c, rOe h¥=c0s fm; c=0,2mq
Hoet == (h;‘ke“i"xl cos Bm) Mie, hae2—2hfemte'—hael
hfel—h —haela hfe2-—h — fge

Se1== (0,01 + 2x, tg @n+ X:) Mo Se2=nMMse— Se\

tg B£l=‘hfe}/Re; tg Bro="hy o/ R
tg 8 =2/22; 5.=90°—§,
8a1=0864652 8aa=02+406;,

O =8 —0f1; br2=8,—8>

de1 =My, deo=Myp2q

' dae[=del+2hae[ cos 61;

dae2:de2+2hae2 W ] 62
A| =PR. cos 61 ‘—hael sin 6[',
A2=Re cos 62_hae2 sin 62

e=Rpsin fm

sin f.=¢e/R.
Be=Pm+AB, rie AB=5b(C4— Cp/Rn);
Ca= duyCOSPm ' B

dow=(1,7=2,1) R
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10.13. OcHoBHbie pasMepbl KOHHYECKHX 3y6UaTHIX KoJlec ¢ NIOCTOAHHOR WHpHHOA JHA BnaaHum (oceBas

¢popma 3y6bes 11)

[MapaMerp 3anenneHns

Popmyna

Cpenuee KOHyCHO€ PacCTOAHHE

Ilnpuna syGuatoro BeHua

Buemnsaa KonycHas JHcTaHLHA

BhicoTa rostosgi ay6a nocpeniHe MHPHHLL BeHIEA
Okpy:KHas ToAuHHa 3ya B cpefineM HOpMa/b-
HOM CeueHHH

MpoMexyTouHass pacdeTHad BeJudYHHA (OMmpe-
genasercs npH Bn=0 8 OKpyrJafieTcs 10 LeJoro
yHcAa, kparvoro 10)

CyMMa yrfioB HoXek 3y0beB HIECTEpPHH H KoJe-
ca B MHHyTax

¥ront noXKu 3y6a (okpyrautb po 1)

[TonpaBka BHICOTHL FOJIOBKH NPH nepexoie Ha
BHEIHMHHA KOHYC
HanGoubinasa Bhicora:

FOJIOBKH 3y6GbeB (MmO TOpLY)

ay6a no topny

Rm=Mnm25[2 cOs Bm

b<0,35Rn (kym=0/Rn<0,35)

Re=Rm+0,5b |

a1 = (h;+xl)mnm; ha.‘ZﬁQh;mnm_hal; rae h;ml
Sam 1= (0,5“—'— 2x1 tg an+x-¢ l)mnm;

Spemoe=NMnam— Sam 1

g 1= CoRn o o, 10800tgB.
Zz tgan
Co= 2C, sinfn, . Ao = (1,52,3)Rm
d'llll
Mpu Bn5=0 8;3=a cosec Pn;
10800 ctga,
np“ ﬂm:() sz=——-——£-—&.—
z
Swm
“=.Ef§_.._2.; Bmesz"—efl

At am
Ahoy=0,56 tg B;2; Ahgr=0,56 tg 69

hael=hal+Ahal; haezzha.‘Z‘l‘AhaZ
he=2ha+ ¢+ Aha(+ Ahao

[Tpumeuanune Beanunnn 8, 84, 6, de, dae, A OnpefessioT Tak xe, Kak npn dopme 3y6a I.

10.14. OcHoBHHE pa3MepM KOHMHYECKHX KOJEC' C PaBHOBHCOKHMH 3yGbamu (ocesast ¢opma syGees 1)

TMapameTp z3anendeHHs

dopmya

Beuicota 3y6a
BricoTa rosioBkH 3y6a

h=2h;mnm+c, I‘II,E h;zl; c=0,25mnm
hal=mnm(h:z+xl); ha2=2h;mnm_’hal

2
¥roa HAYaN6LHOrQ, HAPYXKHOrMQG # BHYTPEHHEro tg6;=—l-; §.=90° —§,
23

KOHYCOB

Okpy:xHas ToluMHa 3y6a B CPeineM HOPMAib-
HOM CeueHuH

Sp1= (0,5ﬂ+QXI tg a0n+xt) Mnm,
Sn2=0Mum— Sn |

[MTprmeuaune Benuudun d., do, 1 A onpefiesigioT Tax e, Kak npH ocesofl gopme 3y6a |.

[TpakTuueckd 1jA KOHHUECKHX 3y6YaThix
3aleNAeHHH MPHMEHAIOT BbICOTHYIO KODPpeK-
UHI0 B COUYETAHHH C TaHreHoHaabHoH. [das
MOBBILIEHHA H3HOCOCTORKOCTH H COMPOTHBJIE-
HHA 3y0beB 3a€aHHIO ¢ MOMOILBIO. BHICOTHOH
KOPPEKUHH BbIpAaBHHUBAIOT YAejbHble CKOJb-
XKenda 3yObeB wWecTepHd H KoJieca, a ¢ Mo-

MOLUBID TAHTeHI[HAJbHOH KOppeKiHH BHIpPAB-
HHBAIOT MPOYHOCTb 3yGLEB LIeCTePHH KoJeca.
Ha stoM ocHoBaHa cHcTeMa KOppeKlUHH
SHHUMC KoHHYeCKHX nepeiauy ¢ MpAMBIMH,
TAHreHLHAABHLIMH H KPYropbIMH 3yObsMH.

PexkomeHayemblit Ko3¢QHUHEHT palHajib-
HOr0 CMeLIEHHsi Y IIeCTepPHH
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1 cos “f,

Kos¢puuuedT rtaHreHuuaJbHOro cMeile-
HUA Y LWecTepHH TIPH u> 2.5

xoo=a-+b(u—25),

rae npH Bm=0...15° a=0,03; b=0,008;
npd Bm=15...29° coorBercrBenno 0,07 wu
0,010; nmpu Pn=20...40° 0,11 u 0,010

CHAbl B KOHHYECKHX 3yGuaThiX
nepeaauax

Oxkpy:KHasi cOCTaBAALIIAA CHJ, OTHECeH-
Hasl K cpeJHeH Mo IUHpUHE BeHla Ae/UTeNb-
HOH OKpPYXHOCTH dn1,

- 2.10%T,
t dml .

MpamMosyOne KOHHUECKHE KO-
aeca (puc. 10.27, a). B cBA3u ¢ TeM, 4TO B
KOHHYECKHX KoJlecaXx ¢ MpsAMbIMH H HEMPSMbI-
MU 3y6bSMH He TIPUMEHAOT yrIoBYIO KOppek-
110, YIOJ 3aUeNNeHUs paBen yray npoduis
HHCTpyMeHTa.

Cuna, pasasarawuas 3yébs F,, nedcreyer
B MAOCKOCTH yz. I10 aHAMOrHH ¢ WHIHHAPH-
YeCKHMH KoJiecaMH

FUIF:th:.

f
a)x

10.27. Cxeynl pas onpefejieHdsl CHJl B 3y6-

Puc.
yaThx nepegavax

CocTrasJfoiHe CHJA BAOJL OcCeH ¢ u 2
(8 — yroa Ha4yaJbHOrO KOHycCa) COOTBETCT-
BEHHO PABHbI:

F,=F,cos &==Ftg o cos 0;
F,=F,sin 6=F,;tg a sin d.

CymMmapHasi, HopMaJbHasa K OCH BaJia cuaa
(B TMIOCKOCTH XY)

F,=\/F, —}-F2 F/ 14tg?ocos?d .

KoHHuecKHe Koaeca ¢ TaHreH-
HHAAbHBMH H KPHBOJHUHeHHBIMYU
3y6baMU. YHoGHO paccMaTpHBATh 1BA
pacyeTHLIX CJy4as, pasIuyalInHXcAd Ha-
npaBjieHHeM OTIEJMbHbIX COCTaBJSIIOLLHX CHJ
Ha 3y6bsx.

Cayuai | (puc. 10.27,6). Cuna F,,
HopMaJbHAA K JHHUHM 3y6a (;nexawaa B
MJIOCKOCTH, KACATENbHOH K JIeJTHTEJNbHOMY KO-
HYCy), HUMEeT [pOeKIHK Ha o6pas’ywinyw
Je/UTeJIbHOrO KOHyca, HaNpaBAeHHYIO OT ero
BepLIHHDI.

Cuna Fy=F,/cos B.

» Cuna, pasapurawiuas 3y6od, HOpMaJIbHdH
K 06paay10u.LeH AEMUTERLHOTO KOHyca (10
4HAJIOTHH € LHJHHAPHYECKHMH KOJecaMH),

FU:EN tgan:F[ tg (ZH/C()S E).

Cocrasasmomas cuibl Fy, HanpasjiedHasi
BAOJMbL 006pasylonell JefHTeNbHOTO KOHyCd,

F@,zFN\sin B=Ftg B.

CocTaBAsOLIHE CHJBI 10 OCAM KOOpJHHAT
y H Z Oonpejensiorca Kak aJrefpaHueckan
cymma npoekudil cun F, u F, Ha 3TH ocH!

F t
CSﬁ(g 1 [ )

Cayuatr 2 Cuia Fy, HopManbHas K JH-
HHH 3y6a, HMeeT MPoeKlHio Ha ofpa3yluyio
Ha4albHOrO KOHyCa, HalpaBleHHYI K €ro
BEpIIHHE.

B cBs3u c 3TUM B npenbayinHx ¢opmyaax
BTOpBIe 4WieHbl MEHAIOT 3HAKH Ha o6parHble.
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Hanpapnenue ocesoll cHAbl K BepluHHE
KOHyCca HEXEeJNaTe/lbHO B CBA3H € BO3MOX-
HOCTBI0 3aKJHHUBAHHA rnepejaud Mpu 3Ha-
UHTENbHbIX OCEBBIX 3a30paXx B NMOAIIMIHHKAX.

Herpyano ce6Ge npencraBuTh, 4TO [pH
> =0+ 0,=90° paguanveasi cusa Ha
umecrepHe Mo aGCoMOTHOH BeJHYHHE paBHA
OCEBOH cHJIe HA KOJlece, a OCeBasi CHjJa Ha
miectepHe pasHa palHajabHOH CHJie Ha
Konece, '

[lpu onpenene’un cui, aeHCTBYIOIUX HA
BaJ/bl H OCH, C YYETOM CHJl TPEHHUA HCXOMHBIM
AIBJIAETCA TOJOXKEHHE O TOM, UTO CyMMapHas
CHJIa B3aHUMOAECHCTBUS MexXay 3yObAMH Ha-
KJIOHEHA B [IJIOCKOCTH CKOJIbXKEHHUA MO YFJIOM
TPEHHA OTHOCHTEJNbHO O6HIeH HOPMAJH K 110-
BEpPXHOCTH 3y0beB.

Mo>XHO HCI0/b30BaTE QOPMYJbI € YBEJH-
YEHHBIMH Ha YrJbl TPeHUA yrJaMH 3anense-
*HuA. [Ipu 3TOM 119 npAMo3yOuIx Kojsec nosy-
'4alT TOYHbIe 3aBHCHMOCTH, a A/ HENpPSAMO-
8y0bix — mpubuKeHHBle, HO OJH3KHe K
TOUHbIM.

PacyeTbl KOHH4EeCKHX 3y6uaThiX KoJiec
Ha NMPOYHOCTDb

PacueTel CcTPOAT Kak pacyeThl IKBHBANEHT-
HBIX LMAMHIPHYECKHUX KOJIEC.

Pacuernan Harpy3ka NpUHAMAETCS PABHOH
CHJIEe, OTHECEHHOH K CpeHel [0 WHPHHE BEH-
1a JNeJHTEJNbHOH OKPYXHOCTH KOHHUECKMX
KoJiec:

di=da(1—0,5k), do=d.(l—05k).

ﬂHﬂMeprI SKBHBAJMCHTHBIX UOHJHHApHYEC-
CKHX KOJIecC

dI d2 ‘
) dv2=

UI=

cos &, ’ cos 8y

Uucna 3y6bes 3KBUBANEHTHBIX IHJIHHIPH-
YECKHX MpAMO3YyObIX KoJjec
1= 3 Y
cos &, cos® p

cos 8y cos3p

DKBUBAJEHTHOE [ePefATOUHOE YHCJIO
(TOJBKO JJiSl pacrnpocTpaHeHHsi pPACUETOB
Ha KOHTAKTHYI UPOYHOCTb NHIHHADPHYECKHX
[Iepefay Ua KOHHYECKHE)

" 2,9 2y c0s &
v— = =
2, 2, cos b,

2
cos §;
2
5 =
COS 09
Monyap npuHUMAaeTcs paBHBIM HOPMAaJlb-
HOMY MOJyJIO HA CepejHHe LIHPWUHBI BeHNA.
s pacyera HA KOHTAKTHYIO [POYHOCTb
B GopMyay AN KOHTAKTHUBIX HAMNpAXeHHH

HHAHHAPHYECKHX KOJIEC, BbIPAXKEeHHYIO yepes
OKpPYXHYIO cHy F;, noacraBasiem

2.10°T,
T d, (1—0,k

Ft »
be)
b="ks.R.=0,0kp.d.1/sin §;, BMecTo d; mon-
craBiasgeM doi=di/cos §;=d. (1 —0,5k)/
fcos &, a u 3ameHsem Ha u,= (cos §;/
/cos 82)? u npousBomEM MPHGAHKEHHYIO 3a-
meHy (1 —0,5k5.)" da 1,04 (1 —ks.).

Kpome Toro, BBOAUM YCTAHOBNEHHBIH OMbI-
TOM KO3¢pPHUHEHT TOHHKEHUA HecyineH cno-
cOOHOCTH KOHHYECKHX llepeiay 1Mo CpaBHEHHIO
C SKBHBAJNEHTHbIMH [IHJAHHIPHYECKUMH 7
(06bluno npusumalor y=10,85)}.

Hocne npeoGpaszoBanuil mojayuaem

oy=17 \/ 385 10°K,T) (6] 4,
V(1 —kpe) Roed? 1t
rae, Kak H B LHJHHAPHYECKHX MNepenayax,
Z=7.2Z,7
KHZKHUKHBKHa‘

B oreuectsenno npakTtuke Gosbllee mpu-

MEHEHHe COXpaHHAa TpaJHUuOHHAA ¢opMma
pacdera

6p=3-10° B gy Ry
(l —"kbg) kbeﬂﬂdglu
Y
rae Up=—3.—— — KO3pdHuHeHT, Ha3Ha-
ZBKHa

yaeMbld NI NPAMO3yObX mepenay paBHbIM
0,85, a nna nepepad ¢ KpyroseiM 3yGom,
ornpenensieMbld 1Mo Gopmynam:

MpHd TBEPAOCTH paGoOuHX [0BEPXHOCTEH
3y6ben mectepun H, u koneca Hy<C 350 HB

B,=1,224021u;
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npu tBepaoctd H,Z>245HRC, n1 Hy<

< 350 HB
Oy =1,1340,13¢;

npu teepaocth H; 0 Ho =2 45HRC,
4 =081 4+0,15u.

Hapyxuplii guaMerp wecTepHd € Kpyro-
BLIMH 3yOLAMH NPH KOHCTPYKTOPCKOM pacue-
Te AAs1 PEKOMEHAYEMOrO OTHOIUEHHS Rp.=
=bh/Re=0,285 MOxKHO HaHTH H3 opmMyJibl

7“U‘!kb’
lo]304u

Jlonyckaemoe Hampsi:keHHe OGBI4HO Olpe-
AENSI0T TO MEeHee TBepAOMY Kojecy Mapbi.
Ho upu tBepnoctd opHoro uam o6oHX KoJaec
napel menee HB 350 nmpm nepenage teep-
aocreii HB, — HB2Z>= 100 u npu okpyxHo#
ckopoctH v<{20 M/c (ycnoBue mpupabarbl-
BAEMOCTH) JOMyCKaeMOe HampsikeHHe s
THX KOJeC MOXHO HAa3HA4aTh

[6] y=0,45([0] 41+ lo] 42) <
rae [o] yo < [o]hi

@dopMyabl IPOBEPOYHOr0 pacyeTa Ha U3rH6
KOHHUECKHX 3y6uaThiX KoJec (Takxe ¢ yye-
TOM TIOHHXeHHOH no T, Hecylled cnoco6-
HOCTH IO CPaBHEHHIO C LHJIHHAPHYECKHMH) :

27 10°T ¢ Kp, Kpp¥pr
OF = bd mgﬂp

~ del=1650

1’15[0] H2

== [G]Fl .
el

Ypa
Ore= 0 p17— < [0]r2,

Fl

rae ¢,=0,80 — 01s npamMo3yOuix nepexnau;
Ansi nepefay ¢ KPyrosbiM 3y6OM c yueToMm
nanubix AGMA (CUIA) onpeanensierca B 3a-
BHCHMOCTH OT TBEPAOCTH llecTepHH | U Ko-
Jdeca s no caenywowuM dopmyaam:

0p=0,94 40,084 npu H, n Hy< 350 HB;
ﬂp'=085—}—0 0434 npu H,>=45HRC, w
H. <350 HB;

F——065—}-0l1u npu H, n1 Hy>=>45HRC,.

Pacyernass ¢opmysna AAs MPOEKTHOTO
pacueTa KOMMUECKHX 3yGuaThIX KOJiec, ec/iu

OCHOBHBIM KpHTEpHeM HABJAsEeTCst MNPOYHOCTH
Ha U3rub, a yHcaa 3yObeB 3ajaHbl 3apaHee,
HMeeT BHJ

3

2,7 - 10°T 5y K o K ¥ g

e Ym2: [0] 195

Koagpduunent popmut 3yObeB cneayeT Bbi-
OUpaTbh B 3aBHCHMOCTH OT 3KBHBaJIEeHTHBIX
yucen 3y0beB 2z, H 2,2 10 Taba. 10.3, ysenu-
yeHnbiMH Ha 20 .

Kpyrosbie 3y6bsi ¢ TOYKH 3peHHs npoy-
HOCTH# OTJIMYAIOTCH OT MPAMBIX H KOCHIX 3y6b-
eB AyropoH ¢opMOH H HAaYaNLHBIM KacaHHEM
B Touke. [losromy 8 CCCP n 3a pyGexom
IUHPOKO MPHUMEHSIIOT ClNenHa/dbHble pacuerdl
KOHHYECKHX MepeAay ¢ KPYroBbIMH 3yObaMH
AGMA, paspaboranubie ¢upmoil 3yGopes-
HbiX cTAHKOB «[JiHCcOH», HMeouel Oonbloi
ONBIT APOEKTHPOBAHHSA, H3rOTOBAEHHA H HC-
MbITaHHsI KOHHUECKHX 3y6uyaTHX nepenay. ITH
pacueThl HMEKT Ty Xe OCHOBY, 4TO H H3J0-
XKEHHbIE, HO H HMEIOT HeKOoTopble crieliidHrue-
C¢KHe O0COOGEHHOCTH.

§ 10.14. KNI 3¥BYATbBIX NEPEJAY

ITorepn MouHOCTH B 3y64aThix nepefayax
B OCHOBHOM CKJajbiBalOTCS H3 MOTEpPh: a) Ha
TPeHHe B 3alenyedHdH; 6) Ha pa36pblsripa-
HHe Macjka; B) B MOJALIHNHHKAX. B ocobo
ObICTPOXOAHBIX TEpeAayax MOryT GuiTh 3Ha-
YHTENbHHIMH BeHTHJALHOHHDBIE MOTEPH.
O6wui KIIJ nepenaun

- (¢‘3+¢‘P+¢‘ﬂ)!

rae Pa, Pp, Pn — OTHOCHTEJNILHbIE NOTEPH B
3aleNyieHHy, Ha pa3bpoui3ruBaHHe Macja 4 B
NMOAILHMHHKAX.

fTorepu B 3anenyeHdH BHI3HIBAKOTCA CHJA-
MH TPEHHsl MeXAy 3y6bAMH. CHIbl TPEHHA B
peXKHMe MOAYXKHIKOCTHOH CMa3Kd pacTyT C
yBEJIHUEHHEM LEPOXOBATOCTH MOBEPXHOCTH,
C YMeHbUIEHHEM BA3KOCTH Macia H ¢ yMeHb-
weHHem ckopoctH. Buousanue 3THX ¢akropos
Ha CHJY TPEHHS B 3HAUYUTENbHOH CTENeHH
CBAI3AHO ¢ HX BAHAHHEM HA HECYILYIO cnocob-
HOCTh MACJSAHOrO KJIHHA MeXJy 3yOGbsMH.
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IIpH GoabltHX CKOPOCTSAX BCTYMAIOT B CHAY
3aBHCHMOCTH, XapakTepHble /s FHAPOAHHA-
MHUYECKOH CMAa3KH.

[ToTepn Ha TpeHue B 3auenieHHH OGBIYHO
MPHAUMAIOT NPOMOPIHOHANBHBIMH MOJe3HOH
Harpy3akeé H OTHOCAT K TaK Ha3bIBAEMbIM
HarpysousbsiM norepsM. KosdopuuueHt Ttpe-
HHS CKOJIBXKEHHA Mexny 3yObsiMH [ B 3aBH-
CHMOCTH OT yKa3aHHbIX (akropoB 0O0BLIYHO
kKoaeGaerca B8 npeaenax 0,025...0,08. 3a
pacyeTHbie MOXHO NPHHHMAaThb CAeldylolllHe
€r0 3HAUeHUA B 3aBHCHMOCTH OT CyMMapHOH
CKOPOCTH KaueHHA U y= 2Uoxp SIN &

vy, M/fc . . . 1 10 20 30 60
o . 0,08 0,06 005 004 0,025

OtHocHTeNbHbIE 1OTEPH B 3alENJIeHHH
NpAMO3y06bIX H KOCO3YGbIX nepeau BuIYHCI -
IOT KakK oOTHolreHHe paboTbi cHA TpPEeHHA
'CKOJIbKeHHs. MeXAy 3yObsMH MpH MOBOPOTE
lkonec Ha oAMH War K nepefasBaeMoi KoJie-
"caMH MoJIe3HO# pabote 3a TOT XKe [ePHOA;

by~ 2,3;(_&:.:_‘_) By,

ZI ’ 22

rae Ry — Ko3gpdHiHeHT, paBHBIR AA51 HEKOP-
PHTHPOBAHHOTO 3aleIVIeHHA |; anna 3auense-
HHA C BbICOTHOH KOppexklHed npH x=0,5
Re=1,15; npu x=0,8 ke=1,4,"3HaK «+»
ANs1 BHEWHEro, « —» [/1 BHYTPEHHEro 3a-
LeTIeHHA.

Popmyna nokassisaeT, YTO AOTEPH CHABHO
YBENMUHBAIOTCSA C YMeHblIeHHeM YHces 3yOb-
€B, 0COOEHHO IIeCTepHH.

[lorepu Ha pasmelnnBanHe U pasbpbI3aruBa-
HHE Macja pacTyT ¢ yBeJHueHHeM BA3KOCTH
Macija, OKPYyXHOH CKOPOCTH, IHPHHBI KoJjec,
rMyOuHbl MOrpy:KeHus. B oTanune oT morepsb
Ha TPeHde B 3allenjeHHH OHH He 3aBHCAT
OT HArpy3kd H MNO3TOMY OTHOCSITCH K UHCAY
MOCTOAHUBIX MOTEPD.

OrdocHTenbHBlE MOTEPH HA pa3MELIHBaHHE
H pa3lpni3ruBadne Macjaa AAs Kojeca, To-
TPYKEHHOrO B Macno Ha rAyOHHY, PaBHYKO
OJIHHAPHOH HAH JBOHHOI BHICOTE 3y6a, MOTYT
OLITH MPHOJHKEHHO ONPENENeHbl 110 CAEAYIO-
IWHM GopMyaam:;

F
wpx—% H . Fp=Cb‘\/ U'V/(Z{"{"Zg),

10.15. Cpenunue 3uauennst KL ay6uarnx nepeaau
HA NOALIHNHHKAX KaYeWus

[Tepesaua
KoHCTpyKuHa WHJHH-
e | Kone
ckKas
3akpoitasi CpeaHecKOpocT- 0,98 0,97
Has ¢ XKHAKOH CMa3KoH
3akpoiTaad BBICOKOH  TOM- 0,99 0,98
HOCTH C 3KHIKOH cMaskoH _
OnicTpoXoaHas
Otkpoitast ¢ maactauno#t 0,96 0,95
CMa3koH

rae F, — OKpyxHas cHJa, 3aTpayHBaemas
HA pa3MellHBAHHE H pas3Opbi3rHBAHHE Mac-
aa, H; Fi=2.10T\/d\ — okpyxHas cuia
nepenaun, H; v — oxpyxHasi ckopocts, M/c;
b — WHpHHA KoJXec, MM; v — NHHAMHUecKas
BA3KOCTL Macja npd pabouedl TeMmMmnepary-
pe, Ila-c; ¢ — kostduumnenr, pasubii 30
(MpH cTpyHHOR cMa3zke ¢=20).

[Torepu B mogmunavkax cm. c. 361, 390.

Cpenuue 3Hauedus KI1II ayGuarteix nepe-
a4y Ha MOJWMMHAKAX KAYeHHs MPH HCIOJb-
30BAHHH TNMONHOK pacueTHOH MOIIHOCTH NMpH-
seleunl B Taba. 10.15.

[Tpu nepenaue venonnoit mowmHoctn KI1J
3HAYHTENBHO HHXKE BCJAEACTBHE BAHSHHS IO-
CTOSIHHBIX TIOTEPD, T. €. OTepb, HE 3aBHCAIIIHX
OT nepefaBaeMoi MOULHOCTH.

§ 10.15. BEPOSATHOCTHbI
PACYET HA NMPOUYHOCTD
3YBYATBIX MEPEJAY

Yrobu pacuer 6bijl MpHEMJIEMLIM A1 LIHPOKO-
ro NpHMEeHEeHHs, BBeJleM B HEro 3Ha4YeHHs paccefl-
HHSl TOJNBKO TE€X MapaMerpoB, AJA KOTODPHIX OHO
cyliecTseHHo. Muorue napaMeTpbi B NPOYHOCTHBIX
pacyerax 3aBeflOMO MOXXHO CUHTATb [AETEPMHHHDO-
BAHHLIMH € HOMHHAJNbUKMHA 3HaueHHssmH. s na-
paMeTpoB, HMEIONIHX MaJloe paccesuHe, BHGHpaem
HAJAEXHbi€ pacueTHuie 3Hauyenud. [lnsa Goablued
CTPOroCTH PACCMATPHBAEMbiE HH)Ke pacueThi MO)K-
HO Ha3LBATb BEPOSATHOCTHLIMH PACYETAMH C YUETOM
paccesHHsl OCHOBHBIX CJy4aHHBIX T1apaMeTpoB.

YuuThiBaeM paccesuHe CAeAYROIIHMX MapaMer-
pos: 1) KosaddHuueHTOB Harpy3sku — suemumned
HAFPY3KH K4, BHyTpeHued THHAMHKH K., KOHIeHT-
panHy Harpysku Kp, pacnpefeneHHsi Harpy3wd

MeXNY 3yObAMH K., 2) npelesibHuX N0 MPOUYHOCTH
HanpsaKeHHH.
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KosdpHuHeHT BHemHe# Harpysk# K, o6BI4YHO
3afideTcHl MpejejbHbIMH 3HadeHUsaMH K, .. H

K4 min- COOTBETCTBEHHO cpefHee 3HaueHde K=
=O~5(KA max+KA min)‘

B 06LIYHOM MpeaNoNIOKEeHHH, YTO BCe MnoJe
paccesnys MOKPHIBAETCH MIECTbIO CPelHHMH KBaf-
paTHUYeCKHMH OTKJIOHeHHAMH S,, noayuum S, =
= (K} nax — Ky min ) /6 H COOTBETCTBEHHO KO3dPH-
LHEHT BAPHALHH

KA max KA min
6K,
Pacceaune pHyTpeHHell AHHAMHUYECKOH Harpya-
KH B OCHOBHOM oOIpefe/sieTcl pacceésiHdem pas-

HOCTH A 1AroB 3auenJeH#sl, TIPHYEM JHHaMHYe-
CKasi Harpyska NpHHHMAaeTcsl MpOINOPuHOHAIBHOM

VA.

Co6eTBenHO KO3 PHuHENT AHHAMHUHOCTH Ha-
rpyskn Ko=1+4c VA, Ha storo smpaxenus
clefyer, 4TO KO3 QHIHeHT BapHAUHH v, KO3d-
¢uunenta K, Meubllue KosthdpuunenTa BapHauHH

V=

U, AMHAMH4CCKOH HAA0ABKH B ———  Orcroza
_R_ _1 KU
o
vu=——27.(—_—v[\. Hannuyne uncna 2 B snamenatesie
u

BRI3BAHO TeM, 4TO B GopmyJe maa K. Beanuynna A
HaXOIMTCA MOJ KBAJAPaTHbIM KopHem. [lisi HHxKe-
HEepHRIX PaCueToB MOMXKHO NpHHATH v, =0,25.

KoHuenTpanHs uarpysxyd no 1MpHHe BeHuya
CKJAMLIBAETCSl H3 COCTaBJAWILEH YIIPYrux gedop-
MailHH, KOTopas moXKeT 6bITh NpHHSTA AETEPMHHH-
POBAHHOH, ¥ COCTABJAAKILEH OT MOrpemHocTed H3-
FOTOBJEHHS, KOTOPast IBJAAETCA CAYUaWHOH BEJIHYH-
HoH. [IpuHHMaeM [0JI0 AETEpMHHHDOBAHHOH CO-
crasisiioulei papuolt 2/3. Torga poas caywainod
eocrapiafiouiedi papHa 1/3 H cooTBeTcTBYWOILLEE
nojie pAcCefHHA KO3(P(HHUHEHTA KOHHEHTPALHH
Harpysku pasuo 2/3 (Kg—1).

[Tp oObluHOM MpeanoJOXKEHHH, YTO CpefiHee
KBaJipaTHYeckoe OTK/AoHeHde S cocrasasier 1/6
MOAs paccefndsl, KOG QHILHeHT BapHauuu

Sy _ Ky—|
9%,

CpenHee sHaueuue koadpdHunenta Ky onpene-
JAOT 10 CpejHeMy 3HAUEHHIO yIJla nepekoca Ba-
J0B nog 3y6uatoll nepenaue.

Kosdduunent BapHaun# xosapduudenra K.,
YUHTHIBAKILEro pacrnpejfejedde HATPY3KH MEXAY
3y06bsiMH, B NepBOoM NPHOJHMKEHHH MOXHO OLEeHH-
BaTb H3 YCJAOBHs, YTO AHAMA30H 3Ha4YeHHH Kqo— |

nokpnipaercsa 68, rae S, — cpeaHee KBaapaTH-
yecKoe OTK/AOHeHHe f,.

‘Ka_l
Sazh . Yo == - '

3K

Cocrapiaaouwne  obuero Koadduuyuenta na-
FPy3kH K yCcJOBHO paccMaTpHBaeM He3aBHCHMBIM
M onpejeiseM KoabdHUHEeHT BapHAUHH Ug MO
MpaBHJY KBAApPAaTHUECKOr'0 CYMMHPOBAHHA:

_ 5 %, .2
UK—'\/ vi+ v+ v+ v, .

CTaTHcTHYECKHE XapaKTepHCTHKH COMPOTHBIe-
HHA YCTa/J0cTH 3YObeB yCTaHABJIMBAlOTCS HCIIBITA-
udeM 3y6uaTbix Kosec-06pa3uoB, a conpoTHRJ/IeHHA
KOHTAKTHOH YCTAJIOCTH TaKMXKe HCIBITAHHEM DOJIH-
KOB C THMHYHbIM [JIA 3y6UaThIX KOJEC CKOJbXKEeHHEeM.
[TpeHMYLIECTBEHHO HCMONbB3YIOTCA XapaKTepHCTH-
KH, onpenesenuble npH 50 % -Holl BeposaTHOCTH He-
paapymensst. [1pH Heo6XOAHMOCTH HCMONB30BAHHS
IKCMEePHMEHT AJIbHBIX 3HAUEHHH NTPee/IOB BLIHOCAH-
BocTH 06pa3uoB, cooTBeTeTBYIOMHX 90 %-
99 %-# BepodATHOCTH 6e30TKa3HOR paboTbl, AJs
nepexona k 50 % - BepOSATHOCTH HYX)HO ITH 3HAYe-
HHA Pa3sfednTs Ma | — upvf,,, rae up —- KBaH-
THJ/Ib Pacnpefe/eHHs, COOTBeTCTBEHHO paBHas 1,28
H 2,32,

KosgpdruneHTH BapHauHH HaTYPHBIX 3y6UaThIx
KOJIEC HEeCKOJIbKO BoJibiie, yeM Ko3d(HIHEHTH Ba-
pHALHH Xosec-06pa3uoB (BCJIeCTBHE [ONMOJHH-
TEJbHOMO BJHAHHS MEXKIIaBOYHOTO pacCesiyHA,
Ko/1e0aHHA TRepIOCTH, PAJHYCOB MEPeXONHBIX KPH-
BbiX):

Ulim =\/(Uloim)2+ 0,12 -

BepositHOCTH cOXpaHenHs1 paboOTOCNOCOOHOCTH
O COMPOTHBJIEHHIO KOHTAKTHOH YCTa/lOCTH H yCTa-
JIOCTH MO H3rHOY OueHHBaeTcH O0BIYHLIM coco6oM.
OnpeaeiisieTcs KBAHTHL pacrpegeneHus

n— 1
Up=— —
P —5 5 3 )
nUim +us

TAE =0y, /0 — K03t PHUHEHT 3anaca NpOUYHOCTH
MO CPEAHUM 3HAUEHHAM; G, - CPEIHee 3HAYEHHE
Npefesa KOHTAKTHOH Gy |, HIlH H3THGHON O |;p,
BHIHOC/IHBOCTH; ¢ — Cpenyee 3uHaueHne geHCTBYIO-
IIEre KOHTAKTHOIO Uy WJH M3THOHOrO op Hanps-
HKEHHA (BblYHC/ISIEMOE NPH CPEIHHUX 3HAYEHHAX
KOIPPHUMEHTOB  HATPY3KH); Up 4, — KOIGH-
UHEHT BADHAUMH IPEIEJIOB BBIHOCAHBOCTH, 1IPH-
HHMaeMblid papubim 0,08...0,1 /s yayywienusix
HOPMAaJIbHBIX H HOPMaJIH30BAHHBIX 3yOuaThiX KO-
jgec n 0,1...0,14 119 MOBepXHOCTHO-YIPOUHEHHBIX;
BJst Uy |\ 3HaueHHA Meubiue Ha 10...20 %: v, —
KO3 DHUIHeHT BapHaluKn AeHCTBYWOLIMX Hanpsi>Ke-
HHH, DABHBIH U, HAn 0,50, COOTBETCTBEHHO JIA
HanpsKeHHH H3rHOHBIX HJH KOHTAKTHBIX.

3artem no rabaMygaMm AJA HOPMaJbHOrO pac-
Npee/ieHHst 10 BHIYHCAEHHOMY 3HAYEHHID KBaH-
THJIH  ONpEAE/SIIOT  BEPOATHOCTb  (3e30TKa3HoM
pabotsl,
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§ 10.16. PACYET 3YBYATbIX
MEPEJAY HA 3BM

Hcnonbizopanue IBM nossosser npoasa-
JH3UPOBATH BJHAHHME MApaMeTpoB 3auen.e-
HHS, 3y60pE3HOro HHCTPYMEHTA HA KAuecTBo
fnepenayd 4 BbIOpaTb BAPUAHT, HAUJYULIHM
o6pas3oM OTBeualolHid TPeOHOBAHUSIM.

[IpuHuHnuanbHas cxeMa aaropHTMa noka-
3aHa Ha puc. 10.28.

Hcxoausie nannsie (CHMBOJ 2) BKAIOYAIOT:
BpallAOMWUA MOMEHT H 4acToTy BpailleHHs
THXOXOAHOrO BaJja, pecypc paboThl, pexHM
Harpy»eHus, NepeiaTouHoe OTHOLIEHHE, MU-
HUMANBbHBI U MaKCHMAaJbHBIH YIibl HAKIOHA
3y6beB, MHHHMAaJbHOE YHCI0 3yOpeB LIecTep-
HU, THN Depenaud (LUAHHADHHECKAH BHEIU-
HEeTO WJH BHYTPEHHEro 3aueneHdsi, KoHu4e-
ckas). Kpome Toro, BBOAATCS CBeACHHS 06
MCXOJHOM KOHTYpeE, 0 MaTepuaJje KoJjec H Hx
XUMHKO-TepMH4ecKOH 06paboTKe, © <CTaH-
AAPTHHIX 3HAYEHUAX pasMepoB (P MOAY-
JIeH, NPeANOUYTHTENbHBIX YHCEM AHAMETpasb-
HBLIX U JMHEHHHIX pa3MEpOB) H Ap.

Pacuer BeayT B caeaviowleMmM: MOpsJKe:

1. Onpenensiior (CHMBOJA 3) gonycKaemble
KOHTAKTHbIE HaNPAMKEHHS U HANPSAKEHUA U3-
ruba. Tak K4k KOHTAKTHbLIE HATNPSKECHUSA 3a-
BHCAT OT OKPY»HOH CKOPOCTH, & u3ruOHble —
OT MOAyJas, TO TPEABAPHTENBHO Hepyr
v=3 M/c, m=1 (B nanbHeHmieM OHH YTOU-
HSIOTCH) .

2. B Hauazne pacuyera (cHMBon 4) onpe-
AeNsoT npe/BapHTeJbHbIe pa3Mepsl Nepena-
UH, yHcaa 3y6LeB KOJec, MOAYJAb (CHMBOJ D).

3. OnpeneasnoT Ko3hhUUHENTH HATPY3KH
(cuMBol 6) M KOHTAaKTHBIE HalpsKEHHS
(cumBoa 7) no npenBApHTENbHO BHIOPAHHBIM
pasMepaMm. EcnaM KOHTAKTHHE HaNpsKeHUA
Gonbilie [ONYyCKaeMblX (CUMBOJ 8), TO yBeJH-
YHBAKOT Pa3Mepnl Ay, des (CHMBOI 9), OKPYT-
ASIOT HX N0 PAAY NPeanOUTHTENLHBbIX YHCeN
H BO3BPALLAIOTCA K OfipeleNieHHIO JioNycKae-
MBIX HaNpPsixKeHHH (CHMBOJ 3). ITOT IHKI
IOBTOPAETCH [0 TeX TNOop, NMOKa He OYaer
YAOBJETBOPEHO YCJAOBHE CHMBOJA 8.

Puc. 10.28. Cxema anroputma pacuera 3yGuaThix
nepenau

!

(- fTyck
2 -

(- BBod ucxofHbiXx GanHbIX
3 1
Onpedenenue donycxaemsix

Hanpaxenud [6]y, [6]r

4 Hemr

szg

5 Az

D

Bbibop nped8apumeqsHbix
pasnepal

-

]
[ Onpedenerue
KOIPPUUUEHITION HAZPYIKU
— 7 ]
Onpedenenue

KOHTIQKTTHBIX HATPANERUL
Gy

wﬁs]ﬁ

. Hem
2/3
YBenusumy Oy = /[ p ]H) dy

Aa

ey

10
[_ Onpedemenue bf

y;iﬂuqumb m= m[ )VJ
7 [6]F

: Hem
MA’ 7L
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i IMEHbUIUMIE 24
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[ IRenuyums
MEXOCETDE pACCHIOAHUE

— 16
fevams peaynsmamol
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4. OnpenensiioT HanpsiKeHus  H3ruba
(cumBosi 10) H cpaBHHBAKOT HX ¢ JAOMycKae-
MbIMH (cumBoa 11). Ecsu ycaoBue CHMBO-
ja 11 yaoBaerBopsaeTcs, TO 0e4aTalT Pe3yih-
TaThl cuera (cMMBOJ 16) H 3aKaH4YHBAIOT
~cyer (cumBoa 17).

Ecau yciopue ciMBoaa 11 He BHNoaMseT-
Cfl, TO YBEJM4YHMBAIOT MOAY/Ab (CHMBOJ 12).
Ecsu yucno 3y6bueB mecTepHH OoJibiile MHHH-
MaJibHOTO (CHMBOJ 13), TO yMEHLINAKOT YHCIO
3y6beB H BO3BpalllaloTci K Havaly LHK/AA
(cumsoa 3).

Ecau yHcno 3y6beB NONYUHTCH MeHple
MHHMMAaJIbHO [AONYCTHMOrO, TO YBeJHUYHBa-
IOTCA pa3Mephl du, deo. B 3TOM ciydae 3TH
pasMephl onpeessloTCsl IPOYHOCTbIO 3yGbeB
Ha H3rub.

Ja1s onTHMH3aIMM NapaMeTpoB Nepenaul
10 Macceé MOXHO BBeCTH HX BapbHDOBaHHE.
B KauecTBe BapbHpPYeMbIX apaMeTPOB MOX-
HO B3fITb OTHOCHTEJbHYIW IIHPUHY KOJec H
MEXO0CeBOE pPacCTOsHHe, .

B KadecTBe oOl(eHKH KayecTea fMepeaayu
MOXXHO MPHHSITL Oe3pa3MepHBl KO3(GhHLH-
eHT, NMPONOPIMOHAJBHHH Macce KoJiec, KOcC-
BEHHO OTPaXKaUHH CTOKMOCTS 3y6HaToM ne-
pefayu:

bwai o cos?p
o= 5
Tz2/(14u)

1

rie aw, bw, P — MeXOCeBOe pacCTOAHHE,
IIHPHHA KOJIec, yroJl HaknaoHa 3y6beB; of —
HanpsxeHue uaruba; T, 2y — MOMEHT H YHC-
10 3y6beB INeCTepHU; U -— (epeaTOUYHoe
YHCJO.

Jag 3y6yaThiX KoJiec ¢ BBLICOKOH TBepao-
CTbI0 pabouux MOBEPXHOCTEH H3IMEHEHHE YHC-
Jia 3y6beB 3KBUBAJEHTHOTrO 3y64aToro KoJieca
(21/cos® B) oT 10 10 25 yMeHbLIaeT 3HAUEHHE
a B 1,4 pasa. PanuonanpHble 3HaueHHS
3y6beB z;/cos®p=17...25.

§ 10.17. UHJIHHAPHUYECKHE
NEPEAQAYH HOBHKOBA

SBoJbBEeHTHAA cHcTeMa 3alenieHus, Mo-
Jy4YHBUIAS B TeXHHKe BBHAY CBOMX Geccnop-
HhEIX AOQCTOUHCTB luMpouyalinee pachpocTpa-

J
W

¥ <

Puc. 10.29. Unnuugpuueckas mepesauya Hosuko-
pa OJ13

HeHHe, HMeeT, OHaKO, HEKOTOpPbie HeJ0CTaT-
KM: a) Majble npuBefeHHble pajgHyChl KpH-
BH3HB paGouux noBepxHocTedl; 6) NOBLI-
WIEHHYI0 B CBA3H ¢ JHHEHHHIM KOHTaKTOM
3yObeB . UYBCTBHTEJBHOCTH K [epeKocaMm;
B) MOTEpH Ha TPEHHE B 3aLEIVIEHHH B CBA3H C
CYUIECTBEHHBIM CKOJIbXEHHEM.

DTH HeJOCTATKH YMEHbIIEHbl B 3alleNIeHHH
Hogukopa.

B stom 3apensienun (puc. 10.29) koHtaxt
3yObeB nepeMewlaeTcs He MO NPOQHIII0, KaK
B NpsiMO3y0OM 3BOJILBEHTHOM 3alENJIEHHH,
a BAOJb 3yGa, NpHYeM CKOpPOCTb fnepemerie-
HHA M YroJ JaBJieHUsi OCTAKTCA NOCTOSTHHBI-
MH.

3T0 003BOJsIET oO4YepuuBaTh NpoOQHIH
3y6beB HecONnpsKeHHbIMH KPHBBIMH, B 4acT-
HOCTH AyraMu oxpyxHocTe#l ¢ GJU3KUMH pa-
JHyCaMK KPHBH3HbLl MPH BHYTDEHHEM Kaca-
HUHM. JIMMHA 3apengeHdsl  pacnoJioXkeHa
napa/jesbHO OCAM KoOJiec, a He B MJOCKOCTH
HX BpalleHHs,

Heo6X0AHMBIM yC/IOBHEM HerpepbLIBHOCTH
3alenViedus 3y6beB H NOCTOARCTBA MTHOBEH-
HOTO NepeflaTOYHOTO OTHOWIEHHS SBJAETCHA
yCc/ioBHe, 4TO6H KO3GD@QHIMEHT NePEeKpHITHS
6bl Goablue enHHULb. B K0CcO3y6BIX 3BOJB-
BEHTHbIX Nepefayax OH cKJaajbBaeTca U3
TOPLOBOr0 H OCEBOro Ko3(pUIHEHTOB mepe-
kpoiTHa. B nepepaue HosHKOBa TOPUOBBIH
K03 pULHEHT MepeKpbiTHA paBeH Hymo. Che-
[AOBaTe/JbHO, OceBOH KO3(hpUUHENT NMepeKphl-
TUS1 AoJiXKeH ObITh 60abllle eAHHHIIL, H KoJie-
ca 06fi3aTe/IbHO AOJKHBI HMETh HenpsMble
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3y6bsi. AKTHBHBIE IOBEPXHOCTH 3YObeB npej-
craBasioT cobofd  TpyGuaTbie KPYTOBHH-
TOBBIe MOBEPXHOCTH, N03TOMY nepenaud Ho-
BHKORA MOJHO HAa3bIBAaTb KDPYrOBHHTOBLIMH
nepefayaMu.

B nipojosibHO# NIOCKOCTH B ¢BA3H ¢ 60Jb-
[UAMH paAMycaMH KPHBH3Hbl AKTHBHbBIX
NOBePXHOCTEHl KacaHUe OPOHCXOAHT TaKke €
GONbIIKM HPHBEAEHHBIM pajHycoM KpH-
Bu3HEL. TakuMm 06pa3oM, AaBjieHHe pacrpo-
CTPAHSIETCA HA 3HAYHTE/bHYH IiOWAAb
KOHTaKTa.

Iepenauyu HoBukoBa 06s1anaoT NOBEHLEH-
HOH KOHTAKTHOH Hecyle#d cOoocoGHOCTHIO
N0 cpaBHEHHIO ¢ 3BOJIbBEHTHBIMH B 1,5...2 pa-

3a. DT0 BLI3BAHO, BO-NePBEIX, KacaHHeM Bbl-
" MyKAO¥H NOBepXHOCTH 10 BOTHYTOH H COOTBET-
cTBeHHO 60sblHOH MIOUIAAKOH KOHTaKTa H,
BO-BTOPBIX, AOBHIUIEHHOH yAeNbHOH Hecyuied
¢noco6HOCTBI0  MAaciAsIHOro  KJAHHA  MeXAay
3y6bamu. [locneHee CBA3AHO € TeM, YTO CKO-
pOCTb KaYeHHs] HANpPaR/ieHa NepneHAHKY/sD-
HO K JIAHHH KOHTAKTa W B HECKOAbKO pas3s
MpeBHIUaeT TAKOBYIO B IBOJIBBEHTHHIX Tepe-
pavax.
* Tlepenaun HoBukoBa nosyuniu pacnpocrt-
panerde B CCCP u 3a py6exoM B PenyKTO-
pax o6lero Ha3HaueHus, B CYAOCTPOEHHH
¥ psfe APYTrHX OoTpacied MallMHOCTPOCHHSA.
B nnaHeTapHbIX nepenadax H KOopobkax ne-
penau (ckopocteii) BeaeAcTBHe GoJibed WIH-
pUHLI, yeM B OpsIMO3y6blX IBOJbLBEHTHBIX, HX
NpHMeHeHHe 3aTPyAHeHO.

B cBA3H ¢ uMKAHYECKUM H3MEHeHHeM Onop-
HbIX peaKuu# B OGBIYHBIX KOCO3YyOHIX INepe-
Nauax HoBukoBa caepyer cuHTaTh Oepchek-

TUBHBIMH [Jisi OGLICTPOXOAHBIX MOUIHBIX Ma-
WwHH wWeBpoHHHe nepeaaud HoBHKoBa HiH
nepenausd HoBHkoBa ¢ apouHbiM 3y6oM, oGec-
neyxBaloHIHe NOCTOAHCTBO PeaKLHH.

Ipumenenue nepeaay HopukoBa Hauanoch
c mepeaady C OfHOH JIMHHEH 3auenyeHHf
(OJI3), a B HacTOsIUee BpeMs B OCHOBHOM
OpPUMEHSIOT flepefaud ¢ AByMfA JHHHAMH
sauenienns ([J13), koTopble paccmaTpH-
BAIOTCA HHXKE.

B nepemayax ¢ 0ogHOH JAuHHed 3a-
enJjedua npopuab 3y6a ogHoOro KoJeca
(KaK NpaBHJIO, WIeCTePHH) AejaeTcsl BHIOYK-
JabiM (¢m. pue. 10.29), a apyroro -— BOTHY-
TBIM.

Ecau Beaymum fABAAeTcA 3y6uaToe Ko-
Jeco ¢ BbINyKJabiM npodwuieM 3yObeB, TO
TOYKA KOHTAKTa pachojioXeHa 3a IOJICOM
W nepeaady HasbBaloT 3anomocHoi. Ecan
BefeT KOJiecO ¢ BOTHYTHIM OpodHaeM, TO
mepejaya CTAHOBMTCSA JONOJIOCHOMH.

Brinykanlit npodusb pacnofaraercsd BHe
HauanbHOH OKPYXHOCTH, UTO TO3BOJSIET Ae-
JaTh LlecTepdio Oe3 Bpe3aHHA B Bak NpH

3HAYHTeJbHO MeHbLIeM 4YHCJE BYGbEB, yem

npH »BOJIbBEHTHOM mnpodunae. Paguychl KpH-
BH3HB npodusiell BoGUpaloT BecbMa 6JIM3-
KMMH 1o abconoTHOH Beanyube. B pesynibra-

- Te npupaboTKH oBecneuHBaercd KacaHHe 0O

BhicOTE 3y6bes, O/H3KOe K JHHeHuaTOMY.

[lepenayy ¢ AByMA JNHHUAMHU 3a-
nenJeHHUs MOXKHO OPeACTAaBHTb KaK cO-
yeTaHHe AONOJNIOCHOH M 3aMONIOCHOM nepe-
naun. TofoBKH 3Y6bLeB 1HecTepHH H KoJeca
HMEWT BBLIMYKJbIA NpodHIb, a HOXKH — BO-
FHYTBI,

&
=/,
E\ '-‘ ﬁﬂ n "‘
Q\
lé;‘ Sy=158m Sy=/38m
l;fﬁ,’.i?fm,,
=
E a ,]”0 L~ =
v A
=T . : % S §
a:"‘( Q /‘.,‘,19 7 AR V Aavanmsuan
= p
QZJ// . /h § 7 NpAMOR
S 5 Ffﬂff?ﬂ};§ ‘;:: Q075m
N D =
Puc. 10.30. Mcxonsbift KOHTYP, HOD- S |492m | -\ 45323mn
mais MH 4220—63 <
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Jna vape3aHusi BBIYKJAbIX H BOTHYTHIX
3y6beB TpebyiloTCA pa3Hhle HHCTPYMEHThI
3y6ba nepeaau ¢ ABYMS JUHUAMH 3alene-
HUA HApe3aloT OJHUM HHCTPYMEHTOM. DTH fe-
pefaud oOJafawoT OOJblUeH KOHTAaKTHOH H
H3rHOHOH NPOUYHOCTHIO.

HcxoaHbiii KOHTYpP B HOPpMAJbHOM ceyeHHH
nepenay ¢ OJJHOH JHHHeH 3auensieHusa ¢ TBep-
aocteio 3ybbe go 320 HB (puc. 10.30)
ycTaHoBaen Hopmaasio MH 4229—63. Yron
JaBJieHHA NIPHHAT paBHbIM 30°, riybuHa 3a-
xopaa 3y6bes 1,15 m, cooTHOWEHHe pafjHycOB
KPUBH3HBI npoduied pr 1,1p..

OcHoBHOE NpHMEHeHHe B HACTOAILEE BpeMd
noay4uiu nepegadd Hosukosa [1J13 ¢ ncxon-
HbiM KouTypoM no 'OCT 15023—76 u nepc-
NeKTHBHBIMH koHTypamMu JIJI3 1,0—0,15
u A3 0,7—0,15.

Koutyp no 'OCT 15023—76 (puc. 10.31)
pacnpocTpaHsieTcsl Ha [OepeAayd TBEPAO-
ctbio <320 HB ¢ m<{16 MM U <20 M/c.
bBonee BbicOKHe noka3zaread ofecneyHBaioT
koHtypet IJI3 1,0—0,15 u AJI3 0,7—0,15.

Kontyp AJ13 1,0—0,15 (puc. 10.32) ¢ pa-
AMycamH npoguiel B AOJAAX OT HOPMATbHOTO
mMoayns 1,0 1 1,15 npUMEHAIOT NpH TBEPAOCTH

3ybbes < 40HRC,.

Kouryp AJ3 0,7—0,15 (puc. 10.33)
¢ paanycaMu npodusier 0,7 u 0,80 npuMeHsIOT
nipH tBepaoctH == 45HRC,. Ilepenaun ¢ Kou-
TypoM 1J13 1,0—0,15 npoBepeHsl B 3KCIya-
Tauuud npu v po 98 m/c.

YUucna 3yb6beB wecTepeH 2 BH-
64patoT o6bl4HO B Auana3oHe 10...25, MeHb-
lIHe 3HayeHHA — NP OOJBLIMX llepelaToy-
HBIX YHCJIAX H MaJblX CKOpOCTsix. Masbie 3na-
yeHHs z; AONYCTHMBl B CBRI3H C OTCYTCTBHEM
noapesa.

Monyabm— HopMasnbHBIH (B COOTBET-
ctBud ¢ [OCT 14186—69), Boi6upaercs no
[epBOMY NPENOUYTHTENHLHOMY HJIH 110 BTOPO-

MY pdaAay:

1-ff psan . 1,6 2 25 3,15 4

2-fi pAL . 1,8 225 28 355 43
l-fpaa . . . .5 63 8 10 125 16
ofipag . . . .56 7. 9 112 14 18

C pocroM MOAyad pacTyT pasMepbl onac-
HOTO ceveHus 3yba H AJiHHA JUHUH KOHTAKTa,
NO3TOMY CYLIECTBEHHO YBEeIHYHBAKWTCA Kak
M3THOHAsi, TAK W KOHTAaKTHasl NPOYHOCTb.

Yroa naknona 3y6beB peKoMeHpay-
0T BelOHpaTh 10...25° ans koco3ybbIX nepe-

L /4
S«
“"‘:27’ 41
7 e 1A, |
L Xa i 9q
= ey Aenumensnan
2 ’ ™ npaman
. 1 4,‘ ;
/ | 7
Ex
Modyns flapamempsr ucxodwozo kowmypa,6 003U MOBYAR
3 MM pa-t pf* ‘pi* xa* xf* yf* hﬂ* hf* EK fk‘* EK* §* e x

Om 16 30315 |( 1742 |130742)|052424|0,3927010,50526|007264

090 | 105 |G52092|125932 |131932 153199 (160960

L4315 30 63 |114920128920)0.518060.39270 048994 006356

090 | 105 |852172 (1262501131750 (153559160600

}

763 10

115098 | 127098 |0,51129 |6,39276)|047462|0,05448

090 | 105 (052254(1265661131567 (153919 |160240

10 7 16

115277 125277 |050382|039270 045 938|0,04540

090 | 105 1052334\126885 (131385 |154279\159880

Puc. 10.31. Hcxoauslii koutyp mo 'OCT 15023--76
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Puc. 10.33. Hcxonuw#l xoutyp AJ13 0,7-0,15

Aau H 20...45° pas weBpoHHbIX. [Tpu yMeub-
WEeHHH YTI/ia TOBbIIAETCH Hecyulas cnocol-
HOCTL TepejaadyH, Ta4K KaK yBeJqHYMBAKOTCHA
panHychl KPHBH3HBI 3YObeB B ILJIOCKOCTH,
NePNeHAUKYASADHOH JHHUH KOHTAKTA, H YBe-
JIHYHBAETCA CKODOCThH KauyeHHs, a clejoBa-
TSJbHO, TOJIIHHA MACAAHOIO KJIMHA MeXAy
3yObaAMH. 3aT0 yBeaHuMBAaeTCHd OCEBOH wuiar
H oceBble raGapurel nepejgauy.

Kosbdbuuuenr oceroro
KPBITHUA

mep e-

sﬁsz/px=Kp+Aes

rae K, — uesoe YHCIO OCEBHIX WATOB P, HA
lupuHe 3ybuatoro BeHua b.,.

Rl

[lepepaqu B peaykropax ofuiero Hasgaue-
HHA 00bl4HO BbINOJAHAKT ¢ K,=1, a ansa no-
BHIIIEHHOH HecymleHd cnocoBHOCTH M 1JiaB-
HOCTH B peiayKTopax TypOUH H NPOKATHBIX
CTAHOB IIDH CHMMETPHYHOM pacHOJOKeHHH
OTHOCHTENIBHO 0nop BHIMonHAT ¢ K,=2;
3; 4 ub.

Jpo6Hy0o yacTb Ae 0CEBOTO NePeKpbITHS,
obecneyHBaILYI0 [JIABHOCTH NEPECcoNnpsxKe-
HHA, BBIOUPAIOT B 3aBHCHMOCTH OT K,

K, . . . 1 2 3 4
Ae .03...0,4 02...0,3 0,1...0,2 0,0...0,1

®opMyJabl A OCHOBHBLIX Pa3MepOB mnepe-
Aaun Hoeukosa J1J13 caenywonine:
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JIHaMeTp Ae/HTENLHOH OKPYKHOCTH

di=mz/cos f

Koseco
dy=mzafcos §

Hlecrepun

JuameTp BeplinH 3yObeB dor=d, +2h,m dag_d2+2ham
JlnameTp BnaAuH 3YObeB di ==d| —2him dig==ds—2him
PacuerHasi WUHPHHE BeHUA by=nmeg/sin §

[TlupuHa BeHua KoJjec by=bu+ (0,5...1,5)m by="bw
Me:xocepoe paccTosiHde a=0,5(21+22) /cos p

3nech hX¥=ho/m — KO3QPHLUHEHT TrOJOBKH
3y6a; Af=h;/m — Ko3dpdUIHEHT HOXKKH
3y6a.

Jasa ronrypa JJ13 no T'OCT 15023—76

=0,90, h#¥=1,05; ana xourypa J[IJI3
1,0—0,15 A*=0,75, A¥=0,90, mas [1J13
0,7—0,15 h¥=0,60, hf=0,75.

Pacuer nmepenauy HoBukOBa Ha KOHTAKT-
HYI0 IPOYHOCTb BEJETCH Ha OCHOBE opMyahl
lepua A/ cXKATusl UHJIHHAPOB. 3a pacuer-
HYIO IJIHHY NPHHHMAaeTcsl AJHHA YCJIOBHOH
JIMHHH KOHTAKTa 110 BHICOTe 3y6beB, pealiu3y-
emMas nocsie mprHpaboOTKH 3yObeB,

[=ps (@g—a),

r1e Qg — paguyc npo¢uas rosioBKU; o) H
oty — MpefesibHble YIJIbl JaBJeHusl Ha JHHHH
KOHTaKTa, paf.

TpuBeneHubifi paanyc KPHBH3Hb! 3yObeB B
MJIOCKOCTH, MEpPHeHAHKyAsIPpHOA JIMHHH KOH-
TaKra,

pe=dwitt/ [2(u=1) sin a; cos B sin® p].

YcaoBHe KOHTAKTHOH NPOUHOCTH (B obie-
NPHHATBHIX AJA pacuera 3yGuaThiX Oepeaad
o6o3nauenuAax u pasmepHoctax CH, kpome
JuHeiHBIX Pa3MePOB) MOXHO 3aMHCaTh B CJie-
AyloleM BHE:

3
2.10°T
=2 wZaZ bl “fl
d[m
— —— e
KHUKHa<[0_]
K, U

3aech Bce Ko3(gpUUHEHTH, KpoMme Kodddu-

uHenTa Matepuana 7z, =V E/n(i—p%,

coeuH¢pHIHbL

Kos¢duuuenur Zg, 3apucauait ot yria
(B rpaaycax) HakKJoHa 3y6beB H YUHTHIBAIO-
WHA AEACTBHTENBHYIO0 TIOWIAAb KOHTAaKTa,
npuBeseH Ha puc. 10.35.

Kosdduunuent, yduThiBAOWHA ANUHY YC-
JIOBHOH JIMHMH KOHTaKTa MO Bbicote 3yba,

Zv=\[tg a/pa(az—a) ,

rie o H o2 — B paadadax. JlJA HCXOQHBIX
koutypoe o 'OCT 15326—76 Zx=0,8, aas
koutypos J1J13 1,0—0,15 Zx=0,95 u AJI3
0,7—0,15 Zx=1,22.

Ko3a¢pduuueHT HepaBHOMEPHOCTH pachnpe-
AeJieHHs HATPY3KH MexXAY TOJOBKOH H HOX-
Koil 3y6a

Ho=14+07ha\u—1/z,.

Koaddpuiuent Ky, AHHAMHYHOCTH HArpys-
KH MOX@HO NPHHUMATH TAKHM Xe, Kak AJd
3BOJIbBEHTHBIX Oepefau (cM. Taba. 10.5).

Koadpdpuunent K, pacnpeneneHuss Harpys-
KH M0 MA0IAaAKAM KOHTAKTa, OJMHAKOBEIH B

' pacyeTax Ha KOHTAKTHYIO M M3THOHYO Mpou-

HocTH, ana nepepau JJI3 npu eg>> |
Ae
e p 2KP

3aech uudpH 2 B YHCIHTeNE H 3HaMeHaTele
YUMUTHIBAIOT JIBe JIHHHH 3aleNJeHus.

Pacyer nepeaay HoBukKOBa Ha H3THOHYIO
MPOYHOCTH BEAYT MO MECTHLHIM HanpsXKeHHAM
Or NOj AeHCTBHEM HArpysKu, pacmpejeneH-
HOfi HA TWIOWIAAKAX KOHTaKTa PaBHOMEpHO
o BeicoTe 3y6a H 1Mo 3JJHOTHYECKOMY 3aKOHY
BAOJIbL 3yfa:

3
Grm ¥i¥, Y 20T 2-10°7

mz

Kp K
% FK Fa < [O']F-

3pech KO3dpduurent Gopmbl 3y6bes Y onpe-
aeasiercss no puc. 10.34. Kosbduuuent Y,
YUHTBIBAIOLUIMA BiHAHHE yraa f HakpoHa
3y6beB (H BKIOUAKIIHA 3KCHIEPHMEHTAND-
HYIO TONMPABKY HA OTIHYME JeHCTBMTEJIbHOH
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7,

0 01 42 0.3 04  Ae
Puc. 10.36. Kosq)qmuneﬁ{ Y, _

MIOUAAKH OT NPUHATHIX B PacueTHOH cXeMe),
npuBeaeH Ha puc. 10.35.

Koagpduuuenr Y, npoctpancTeeRHOro Hs-
MEHEHHsI HanpsXKeHHH BCJEACTBHE mepeMe-
IWEeHHs MVIOMAaJKH KOHTaKTa no AnuHe 3y6a
npuBeseH Ha puc. 10.36 B 3aBHCHMOCTH OT
MHHHMAJbHOIO YHCAA Ry, MAOLWAAOK KOHTAK-
Ta u oT Ae. [as nepenay OJI3 &, =1. aa
nepeaaa INJI3 &k ;,=2k, a 0pu HEKOTOPLIX
COYeTAHUAX mapaMeTpoB 2k, 1.

Koapduunenr wepapHOMepHOCTH pachpe-
AefieHHS HATPY3KH MeXXAy ToJIOBKOH W HOXK-

KOH
Kro=1+0,85/,\/u—1/z,.
Ana  nepepau  [AJI3 ¢ TeepaocThio

<350 HB npu 2, =220 u u<C4 MOXHO npH-
HUMaTh Kp, = 1.

KosddHuueHT AMHAMHYHOCTH HATpPY3KH
Kr, MOXXHO MPHHHUMATH TAKHM Xe, KaK L5
3BOJIbBEHTHHIX NepeAay.

Pacuer ua uaru6 npoussoasT Ans MeHee
MPOYHOIo Kojeca W3 maphl.

Bei6op ponyckaeMblXx HanpsiKeHHH, yder
nepeMeHHOCTH pexXuMa paboTh asia nepegay
HosukoBa npoBoaaT Tak xe, Kak 4J5 3BOJb-
BEHTHBIX.
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B HacTosinee BpeMsa HCCJeNyOTCH nepesa-
yy HoBHKOBA ¢ BBICOKOHW TBEPAOCTBIO aKTHB-
HbIX TnoBepxHOcTed. PaapaGoraH U yTBep-
x)Jed OCT Ha HCXOAHBIH KOHTYD TBepAbIX
nepeaa4y HoeukoBa.

§ 10.18. MEPEAAYM
C APOYHBIMH 3YBbSIMH

B nocnegHue rofibl Nofyd4alT pacnpoct-
paHeHue LMJIMHApPHYECKHE fepefaud ¢ apoy-
HbIMH 3YObLSIMH (apounble). Apounnle nepena-
4d BecbMa NepcleKTUBHbl O/aroaaps cyuie-
CTBEHHbIM [IpeUMYIIeCTBAM: MaJOH 4YBCTBU-
TEJbHOCTH K MepPeKocy ocell M NOBBblieHHOH
NPOYHOCTH 3yObeB Ha H3rUO.

Apounsle 3y6ba Hape3awT pe3uOBHIMH TO-
JIOBKAMY METOAAMH NEepPHOHUECKOra M He-
npepuiBHOrO nesieHHsi. B nepBom cnydae
JIMHHS 3y6a mpeacTras/sieT coboH AYTYy OK-
PYXKHOCTH, BO BTOPOM — JVIY YAJHHEHHOH
uukaouapl. [1pu 3Tom nocratounoi Ans npak-
THYECKHX pPAacueToB TOYHOCTBLIO 1poduIb
apoyroro 3y6a B cpegHeM TOpPLOBOM ce-
YeHHH COOTBETCTBYeT MPOPHIIO MPSIMOro

3BOJIbBEHTHOTO 3yHa. PopMa apounoro 3yba

XapaKkTepu3yercss CJAeAyIOulHMH ABYMS Teo-
MeTPHYEeCKHMH napameTpamH: KozdhduuueH-
TOM AJIHHB 3Y0a Yn=>,/m U KO3PHUUHeH-
TOM KDPYTH3HBl apKH 3y6a W, =04,/R, rae
R — ycTaHOBOUHBIf pagHyc pe3la Ha pe3no-
BOH TroOJioBKe, b, — IIHEPHHA 3Y04ATOro
BeHua. OG6HUHO MnpUHUMAIOT Y, =10...20,
P =1,1...13.

Jlnisi pacyera Ha POYHOCTE KOJieco ¢ apou-
HBIMH 3YGbAMU 3aMEeHFIOT 3KBHBAJEHTHBIM
KOJIECOM C IIIEBPOHHBIMH 3YOLSAMU C TaKUMH
Ke 1MaMeTPOM HayaJbHOH OKPYXHOCTH, YHC-
JIOM 3y0beB H MoayaeM. YroJ HakjloHa 3KBH-
BAJIEHTHOrO MOJYIEeBPOHA [Jf YKa3aHHOTO
AMana3oHa 3HaYeHHH# 1, COOTBETCTBEHHO
paBen 16...20°.

PacuyeT Ha NpPOYHOCTb apOYHBIX MNepeaay
C HA4yaJdbHbIM KOHTAKTOM 3YObeB 1O JHHHH
BeayT mo 'OCT 213b54—87, kak pJiA 9KBH-
BaJICHTHBIX 1IeBPOHHBIX Nepefay, HO ¢ YYeTOM
CAeAyIOIHX ClelH(pHYECKHX OCOGEHHOCTeH.
Pacuer Ha cONPOTHBJIEHHE KOHTAKTHOH yCTa-
JOCTH BelyT AJiA 3alenJieHHsd B noJioce B

Cpe/lHeM TOPLOBOM cedeuuyu 3yfa. [Toatomy
KO3t bULKHERT Zy, YUUTHBAWWHUA HoOpMY cO-
NMpSXKeHHBIX NOBepxHocTell 3y6GbeB, paccuH-
THIBAIOT, KaK AN 0pAMO3yOuIX nepepad. Pa-
CYeThl OOKA3HBAKOT, UTO BCJAEACTBHE OCEBON
CaMOYCTAHOBKH 3y64aThiX KOJIEC BAHSHUE TIe-
peKoca apo4HLIX 3y6beB He3HauHTeabHo. [1o-

3TOMY B pacyeTax fpHHuMAT Kyg=1.

[Tpu pacuere apouHsix nepegauy Ha CONpo-
THBJEGHHE HW3FHOHOH YCTAMOCTH pacyYeTHbLIiH
yrosa nepexoca 3yO6beB OnpepensoT 1o IpH-
G6nuxendod dopmyne y= (2,39 ,—0,7) X

X eqPm ¥y, A€ 5 — CyMMapHBIH yroJi nepe-

Koca oceH 3y6yaThix KoJlec B MJIOCKOCTH 3a-
uenjeHua. Bausuue AyroBo# QOpMbl JHHHH
3y6a Ha yBeJIHUEHHE [0 CPaBHEHHIO C Mps-
MbIM 3yGOM H3rHOHOK OPOYHOCTH YYHUTHIBAIOT
Mo AaHANOrdd ¢ KOCO3yObIMH TiepejladyaMu
IMMHUPHUECKHM KO3 DHIIHEHTOM.

Pacuer Ha Opo4yHOCTb apoO4yHHIX nepepay
C Haya/MbHbIM KOHTaKToM 3y6beB B TOUKe
H6a3upyeTcs Ha TOH K€ OCHOBE, YTO H H3JO0-
JKeHHbIH Bblllle, HO UMeeT CAeAYIoulee OTJIH-
yue. HanpskeHnHoe cOCTOsIHHE 301bI KOHTAK-
Ta JJS pacyera Ha CONPOTHBJEHHE KOHTAKT-
HOH YCTaJIOCTH M 3aKOH pacrpeiesieHHsa Ha-
rPY3KH 1O INHPHHE BeHlUAa AJA pacyeTa H4
COTPOTUBJIEHHE YCTAJOCTH NPU H3THOE caeny-
er ofpenesifiTh no Teopun [epua. Pacuerh
NOKAa3bIBAOT, 4YTO OINTHMAaJbHas JOKAalIH3a-
LMST KOHTAKTa apOUYHKIX 3yObeB obecnedHBaeT
NMpH MepeKoce ocel 3yHuaTHX KOJAeC AOTOJ-
HUTENLHOE CYUIECTBEHHOE CHHMKEHUE KOH-
TAKTHBIX H H3THOHBIX HAlpsXEeHUH.

§ 10.19. 3YBYATBIE
PELYKTOPbI

3y6uyaThle pPeAYKTOPH —— 3TO MEXaHU3MBL,
clyXauide AA9 NOHHXEHHA YIVIOBBIX CKOPO-
cTefl M yBeJudYeHHS KDYTALHX MOMEHTOB H
BBLINIOJIHAEMbBIE B BHAE OTAEJNBHBIX arperaros.
3y6uaThie peAYKTOpPH HMEIOT IIHPOKOEe NpH-
MedeHHe, 0co0eHHo B NOALEMHO-TPAHCIOPT-
HOM, METAANYPrHUeCKOM, XHMHYECKOM MalIH-
HOCTPOEHHH, B CYJAOCTPOEHUH H T. A.

[Tpu MasabIx 06WKX DepeAaTOYHBIX OTHOUIC-
HHAX NPHMEHSIOT OAHOCTYNERYATHIE PEAYKTO-
put  (puc. 10.37, a). TlepenaTouHsie 4HCJ]A
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nenecoobpa3no BbIGUpaTh He Gosble 6,3
(npeanoutuTeabHO 00 5) BO H3BexkaHue ype-
JAuyeHus rabapuros. Hanbonbiuee pacnpoct-
.paHedHe B HacToAUIee BPEMS UMEIOT IBYXCTY-
neduatble penykropel. Jas "ux Haubosee
XapakTepHbl TNepefaToO4YHbie OTHOUIEHUS
6,3...40(50).

Ilpu nepepaTouHblx orHowenusx 25...250
NPHMEHAIOT TPEXCTyNeH4YaThle pPeayKTOopb
(puc. 10.37, 0, e). Ux obnacth npuMeHeHHS
paciiupsieTcs 3a CyeT ABYXCTyNeEHYATHIX pe-
AYKTOPOB C GOJBIIHMMH NepeiaTOYHBIMH OTHO-
. IIEHUFAMH, HO ONHOBPEMEHHO HX, ecTeCTBeH-
HO, 6yAyT 4YacTHYHO 3aMeHATH 6OJiee KOM-
NAKTHBIMH TJTAHETADHBIMH H BOJHOBBIMH pe-
LYKTOpAaMH.

MexoceBbie paccToAHHS PeAyKTOpPOB Ha-
3HayaioT U3 pana R20.

Puc. 10.37. Hau6oaee
HCHHblE CXeMBl PEAYKTOPOB

pacnpocrpa-

[lepenaTouHble OTHOLUEHHSI PeAYKTOPOB
BoIOHpAIOT [0 MOPMAJIBHOMY PSIAY UYHCEN CO
aHamedateseM 1,25 (1-H npennoyTHTeNbHbIH
pAn) uau co 3HaMmeHatenem 1,12 (2-# psaa).
KOHCTpYKTHBHBIE COOTHOILEHHS Nepejay pe-
AVKTOpPOB NpUBeneHet Ha c. 154—157.

M3 pByXcTynmenuaThiX peAyKTODOB Hau-
60Jibliee paclpocTpaHeHHe HUMET PefyKTo-
pbl N0 passepHyTod cxeme (puc. 10.37, 6).
DTH pelyYKTOpPH HanGo/see npocThl. OHu HMe-
10T HAMMEHbIIYIO IIMPHHY, HO HECHMMETpPHU-
HOE pacnoJioXeHHe KoJec Ha BajiaX nPHBOAUT
K TIOBBIIIEHHOH KOHLEHTpalUWW HATPY3KH 00O
AJivHe 3y6a. [losToMy Takne pefayKTophl Tpe-
6YIOT KeCcTKUX BaJOB. YKa3aHHLIH HegocTa-
TOK 6oablle CKa3blBAETCA NPH 3aKaNICHHBIX 40
BRICOKOH TBEDPIOCTH KoJiecax H HUepaBHOMep-
HOH. Harpyske (npupaboTKa 3aTPyAHEHA).
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B uensix yaydiueHuss YycJioBMH paboThl
HauboJsiee HAarpy>KeHHOH THXOXOAHOH CTYNeRH
TIPUMEHSIIOT  peAyKTOpbl ¢  pa3ABOEHHOH
6blcTpoxoaHofl cryneHnio (puc. 10.37, e).
JJas obecneyeHuss paBHOMEpHOH Harpys3kH
o6eunx 3ybuaThlx nap 6LCTPOXOAHOH CTyNeHH
HX [enawT KOCO3yObiMH, TIpUYEM OJHY
napy — npaBoH, a APyrylo — JieBOH, H OJHH
BaJ ycTaHABJAMBAIOT HA NOJAUWMNHHKAX, fA0-
NycKaloLHMX OCeryl caMoycTanoeky. Jdedop-
Ma[MH BaJiOB THXOXOJHOH CTYMeHH He BHI3HI-
BAKOT KAKOW-NTH60 CYMECTBEHHON KOHLEHTpA-
LHH HATPY3KH MO AJHHe 3yObeB BCAEACTBHE
CHMMETPHYHOTO pacnoNioxeHus Kojec. Pe-
AYKTODHL NoJydaoTca Ha 20 9 snerue penyk-
TODPOB N0 Pa3BepHYTOH cxeme.

OTHOWIeHHEe MeXOCeBbIX PACCTOAHHHA THXO-
XOAHOH W OBbICTPOXOAHOH CTyNeHH ABYXCTY-
neHyaThiX PeayKTOpoB a,r1/a,5=1,12...1,6.
Bosibinee 3Ha4YeHHe ONTHMAJILHO MPH 60Jb-
IIHX TMepeAaTOyYHbIX OTHOLIEHHAX M NOCTOAH-
HOM pexuMe Harpyski. B cooTBeTcTBHH C
OpedMyHLleCTBEHHBIMH  YCJOBHAMH  HCHOJb-
30BaHHA PEAYKTOPOB LenecoobpasHa TeHieH-
UMS YMeHbUWeHus 3Toro oTHoweHus. Tak, aas
KPAHOBBIX PefyKTOPOB pexoMmernnyioT 1,25.

Coocusble pegyktophbl (puc. 10.37, 8) umewot

masble rabapuThl Mo aauHe, Mx npuMenenne
cliefyeT PacCUIHpATH.

TpexcTyneHuaThble penyKTOpE! BbIMOJIHAIOT
no pa3sepHyToii cxeme (puc. 10.37, d), aHa-
JOTHYHOM cXeme, [OKa3aHHOH Ha pHC.
10.37, 6, uau mno cxeme (puc. 10.37,¢e)
¢ pa3ABOEHHOH MPOMEXYTOUHOH CTYNEHbIO.
B mocneanux obecneydpaioTcA 6J1aronpumr-
‘Hble yCJOBHA AJA paboTht GbICTPOXOAHOH
H THXOXOQHOH cTyneHex.

[Tpu Heo6Xx0AKMOCTH B3AKMHO¥ TepIeHH-
KYJfIDHOCTH BXOJHOr0O H BHIXOAHOTO BAJIOB H
He6OMbOM NepeflaTOYHOM OTHOLUEHHH NpH-
MeHSI0T KOHMYeCcKHe DPenyKTopbl  (pHcC.
10.37, ), a npu GonbuIMX nepegaTOYHLIX OT-
HOINEHUAX — KOMOHHUPOBAHHbIE KOHHYe-
CKO-UMJHHAPHUECKHE DENYKTOphl  (pHC.
10.37, 3). BricTpoxonHo#i AenalOT KOHHYE-
CKYIO nepejauy.

O61ee nepefaToqyHOE OTHOLLIEHHE ABYX-
H MHOTOCTYNEHUYAThIX PEAYKTOPOB pa3buBaioT
MeXAy CTYNeHAMH B COOTBETCTBHH C 3a/1aH-
HBIMH YCAOBUAMH ONTHMH3auHH. OCHOBHbIM

yCJIOBHEM /i1 peAYKTOpOB 0611ero Ha3Haue-
HHS SIBJSIETCS MHHHMYM Macchl B COOTBer-
CTBEHHO MUHHUMYM oOGbema. Jl/ig AByXcTynen-
4aTbIX HECOOCHBIX PEAYKTOPOB BHIrOJHO 0bec-
MeyHBaTh PABEHCTBO AHAMETPOB KoJsiec GbicT-
pPOXOAHOH H THXOXOAHOH cTyneHu. CooTBet-
CTBEHHO NepeaaTodHoe 4yHCJI0 OBICTPOXOAHOM
crynenu ug=(0,75...1)3/u’, rae ko3dpduun-
edT 0,75 npHHUMAIOT IPH TIepEMEeHHOM PeXH-
Me (KO3 PHUUHEeHT [OJTroBeYHOCTH <C1),
a ko3(ppUHHeHT | — OpH TNOCTOSAHHOM pe-
XKHUMe,

B TpexcryneHuaThix pefiyKTOpax B CBI3H C
OrpaHHYelHeM TpefefibHbIX MepeAaTOuHbIX
yuces B nape o6LIUHO AHAMETPHI KoJiec BbiCT-
POXOAHOH CTYMNeHH 4esaloT MeHblle, a KoJec
MPOMEXYTOUHOH H THUXOXOAHOH CTyNeHu —
6JH3KHMH OJIHH K APYTOMY.

CyluecTBYIOT TaKxXe Apyrue cneuuduue-
CKHE KPHTEPHH ONTHUMH3ALHH.

B mnocnexHee BpeMs 3HauuTeNIbHOE pac-
NMPOCTpaHeHHe MNOJYYHAH MOTOP-PeAyKTOpH,
KOTOpble §0see 3KOHOMHUYHBL, ueM THXOXOH-
Hbl€ BBICOKOMOMEHTHble 3JIeKTPOABUraTeJH,
ouM uMelot 6osiee Boicokue KITJL u nyckoBo#
MOMEHT.

O6Go3HavyeHnss TUOOpa3MepoOB DPelYKTOpOB
CKJIaAblBAIOTCH H3 NPOTNHCHBIX TiepBbIX GYKB
uX HaMMeHoBaHmuil (LI — UHJIHHAPHUECKHH,
K — kounueckuit, [1 — niaHeTapHblil), 4Hc-
Jia CTyneHeH, OCHOBHOrQ mapaMerpa (MM)
THXOXOAHOH CTYNEeHH (MexXO0CeBOro paccrof-
HUs, AHaMeTPa OCHOBAHHA [eJIHTeNibHOIO
KOHyca, pajdyca BOAWJA) H NEpPefaTO4yHOro
oTHowmeHusi. B Hauyane o603HayeHUsT MOTOp-
peayKTopoB JoGaBnsieTcd 6ykBa M.

[lepBocTeneHHblM OOLUHM KpHTEPHEM TeX-
HUYECKOr0 YPOBHA peAyKTOPOB fBJAETCHA
OTHOIIIEHHE Macchl PeAYKTOPA K JONYCTHMOMY
MOMEHTY Ha €r0 THXOXOAHOM Bany: y=m/T,
rie m B Kr, I 8 H-M. Ero Bennuuxa B Hau-
6oMbUIeH CTeMmeHH 3aBUCUT OT TBEPAOCTH 3y0-
yaThiX KoJieC. .Y peAYKTOPOB OCHOBHBIX THIIOB
¢ LIeMEHTOBAHHLIMH H 3aKaNieHHbIMH 3YObLAMHA
vy=0,03...0,05 u mMeeT TEHAEHUHIO K CHH-
KeHHIO.

Banbl, Kak npapiio, mOABEPralT yJaydlIeHHO
Jfo Teeppoctd 270...300 HB; panwm ¢ nHameTpaMH
2o 80 MM fgonycKaetcs W3FOTOBJSTH W3 CTanH 45,
padbl ¢ d==80...125 MM — u3 craaud 40X, paJjbl
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¢ d=125...200 MM — u3 crane#t 45X1], 40XH,
35XM. VimeercAl TeHIEHUHS! NPHMEHATH TIJajKne
Ba/lbl OAHOrO IHAaMETPa ¢ Pa3sHbIMH NOCAaJKaMH.
Kouup Bamor nesecoo6pasHo BHINOJHATE KOHH-
YEeCKHMH.

Onopel Ba/OB PeAYKTOpPOB, KaK MPaBHJO, BHI-
MOJHAIOT B BAJE NMOAUANHHKOB KaueHus. [logmnn-
HHKH CKOJTbKE€HHSl B HACTOSIee BpeMsl NPHMEHAIOT
TOJAbKO MPH O4YeHb CTeCHEeHHbIX JHaMeTpa/bubiX
raGapuTax (B IJIaHeTapHLIX mepegavax) H npH
MECTKUX TpeOOBAHHAX K BHOPOAKYCTHUECKHM CBOH-
CTBEM.

OcHOBHbIM THNOM MOAMIAMHHKA AN PUKCHPO-
BaHHLIX B OCEBOM HaMpaBiA€WHH BadOB cJjelyer
CUHTATL KOHHMECKHH PONHKOMOAIIMIHHUK ¢ 60MGH-
HUPOBAHHBLIMH POJHKAMH.

Ecnu paccrosiiHe MeXIy OMOpaMH HEBEJHKO
(He mpepbiwaer 600—700 MM), OGBIUHO MPHMEHS-
10T HauGosee MPOCTYI0 YCTAHOBKY nOALIHMHHKOB
ppacnop (puc. 10.38). Ilpu GonblinX paccTOAHHAX
MEXAY ONOPAMH TAK YCTaHABJAHBATb MOJUIHIIHAKH
Helleneco06pasHo H3-3a TeMIepaTypHbX Aedopma-
uuH.

B 3THX ciyyasix Bal (PUKCHPYIOT OT OCEBHIX
nepeMelledHi B OgHoH onmope, BOCMPHHHMAIOILEH
TAKXKE OCEBbIe HAarpy3KH, €CJIH OHH HMEIOTCH, a BTO-
pyio OMOpY BHINOIHAKT njaBawlled. B TaAxenbix
peAyKTOpax HMHOTAA NMPHXOZHTCH CTABHTL MO JPa
NOALIHMHAKA B ONoOpe. -

[lpa  orcyTcTBHH HEOOXOZMMOCTH  TOUHOrO

OCeROr0 (GHKCHPOBAHHS BadoB wUesecoofpasHo
HeperyJaHpyeMbie

MpUMEeHSITh HONLIHIHNKH, B

- —=1

A

s . e e e e e

+

Puc. 10.38. Penykrop AByXcryneHuaTbifi NHAHHIPHYECKHH
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YacTHOCTH, NPH YMEPEHHBIX HArpyskax pafHanb-
Hble WAPHKOMOALIHITHHKH.

B peaykropax c¢ uieBpoHHoH nepepauefi GblcT-
POXOAHBIA Bajd mepefaud YcTaHaBRAHBAIOT Ha nja-
BAOUIHX, OOLIYHO UHAHHAPHYECKHX DOJHKONOM-
LIAMHAKAX, UYTo ofecneyHBaeT CaMOYCTAHOBKY
Basa MO OCH H OZMHAKOBYI Harpy3aky mnoJylles-
POHOB.

Kopnyca peaykropoB pexoMmeHnayetcs ¢opMu-
poBaTh IMIOCKOCTAMH ¢ BHYTPEHHHM paclofoxe-
Huem ¢uaanues, pebep, Go6uiulek, 60ATOB B Kap-
MaHax.

Kopniyca peaykTopoB OOGBIYHO  BLIMOJHSAIOT
JATHIMA H3 CEPBIX YYIYHOB CpefHeH [podYHOCTH
CY 15 u CU 20. Kopnyca tAXeablx pegyKTopos
NpH yAApHOH Harpyske BbITOJAHAKT JHTHIMH H3
BBICOKOMpo4HOro uyryua, sHanpumep CUH 40, uinu us
cranad. B enHHHYHOM M MeJKOCEPHHHOM NPOH3BOA-
cTBax KOpnyca BHIIOJNHAIOT CBADPHLIMH H3 JUCTOBOH
crand. B paavHefiweM objacTb NPUMEHEHHS cBap-
HBIX PeIYKTOPOB MOXeT GhLiTh PACLIHPEHA HCNOJb-
30BaHHeM THYTHIX H LWITAMNOBAHHBIX 3JEMEHTOB.

ToMuAAL CTEHOK YYTYHHBIX JIMTBIX KOPHyCOB
MOXHO BbIGHPATH MO IMIHPHUYECKOH 3aBHCHMOCTH

.4
8=2+/0,1Ty =6 Mm [T2 — MOMEHT Ha THXOXON-

Hom sany (H.m)];
8 =0,96.

Jdunamerpel 60ATOB KpemnjieHHSl KpPBIIKH d =
=T, >>10 MM, dysaaMeHTHBXx dyp=1,25d >
=12 mm.

Ilpn OKpYXHBIX CKOPOCTAX Ha 3yGHATHIX Koje-
cax g0 12,5 M/c NpPHMEHAT [PEUMYILECTBEHHO
KapTepHOe cMa3biBaHue 3aleJeHHA: B KapTep 3a-
JUBAIOT Macao, ofpasylomee MacJaAHYI0 BaHHY.
3y6uaTthie KoJeca peKOMeHAyIOT MOrpyXaTth B Mac-
J10 Ha ray6uny 4...5 mogynei. THXOXOoHble Koseca
(BTOpOHt H Tperbedl crymeHe#) npH HeoGXOAH-
MOCTH JOMYCTHMO NOrpyaTh Ha riay6Guse ao 1/3
A¥amerpa Kojaeca,

IIpH BBICOKHX OKPYMXHBIX CKOpOCTSIX KOjec
MpUMeHsIoT cTpyfiHoe cMa3biBanHe. Macno, npoka-
YHBAaeMoe HACOCOM, NTPOXOJHUT uepe3 GHALTP, a NpH
HeOOXOAHMOCTH Yepe3 OXJaAHTeNb, H MOABONHTCS
yepes cOIJIO, 8 Ha LIHPOKHE KoJeca — 4epes pac-
npeaenuTesaH (TpyOKH ¢ OTBEPCTHAMH), o6ecreyH-
BAKOWKe paBHOMEpPHOE pacnpefefedde Macaa mo
JAHHe 3y6beB.

Bfi3kocTh Macaa BuIOHpAOT TEM BBIILE, YEM
fosble HAarpy3ka H MeHblle CKOpPOCTb.

Hau6onbluee npHMeHEHHE HMEIOT CPEAHHE MH-
HepaJbHble HHAYCTpHAJAbHBIe Mac/a ¢ BA3KOCTBIO

vso=30...60 MmM?/c. iMeloTcs TeHAEHLMY NOBbLILIE -
HHf BA3KOCTH Magces.

15 0co60 GBLICTPOXOAHBIX M JIErKHX nepefad
B HENAX yMeHbIUEeHHS NOTeph Ha TpEHHe MpHMe-
Hstior Macio H-J1-A-22 u MeHee BfI3KHe MacJaa.
B 15 eABIX TAXOXOAHBIX PELYKTOPAX IPH 0< 5 M/C
MPHMEHSIOT TsKEJble HHAYCTPHAJIbHbIE Macha.

CMasbiBaHHe NOALUIHNHHAKOB Kauy€HHA PenyK-
TOPOB HauboJee MPOCTO OCYleCTRASeTCH pa36prI3-

TOMUHHBL CTEHOK KpbiLlIeK

rHBaHHeM MacJa 3yG4aThiMH KosecaMH (MacsaHbl v
TyMaHoM). Macao nonagaer B NONWIHNHAKH He-
NOCPeICTBEHHO HJH Yepe3 MacjocOGHpaTe/ibHble
Heno6Kku. JIas coxpaHeHHs B TOaLIHITHEKE HEHOL,-
WOro 3anaca Macja [OoJe3HO MpefycMaTpHBaTh
Ko3blpbKH. EcaH cMaspiBaHHe pasbpbi3rHBaHHem
HEeMPHMEHHMO, HANPHMEp, H3-32 MaJIbLIX OKPYXHblx
cKOpocTeH 3y6qarblx Kosnec (meHee 4 Mm/c) Han
HAJHYHA B MacAsHOH BaHHE NMPOAYKTOB H3HALIH-
BauHs, HNPHMEHAWT maacTHuHyl cMasky. llpu
3TOH cMa3Ke npeaycMaTpHBAaIOT HEKOTOPOE IPOCT-
P2HCTBO AJIsl 3aM0JHEHHSI cMa3Kod H Maciaoyfep-
wusapowrne wad6ul. [Tpy 60ALIIAX YacTOTax Bpa-
IIEeH!sT H HArpy3kax NMPHMEHHAIOT NPHHYNHTENBHOC
cMasniBaHHEe OT OOULEH CHCTEMBL.

1lenecoobpasnblfl CpoK CayKOH 3y6anux pe-
aykropoB 10...50 Thic. 4 B 3aBHCHMOCTH OT YCJO-
BHA TpHMEHEHH.

PacueT peayKTopoB COCTOHT M3 pacuera sie-
MEeHTOB — 3y064aTHX nepefad, BaAoB, MONUIHIHH-
KO8 H TeMJIOBOFO pacuera (NAf ObICTPOXOANBIX
nepeaad). Tennopo# pacueT OLICTPOXOAHBIX PELYK-
TOPOB NPOU3BONAT [0 AHAJOTHH C PacyeToOM uep-
BAYHBLIX PeXyKTOPOB.

§ 10.20. MEPEOAYH
ME)X1Y BAJIAMH

C MNEPEKPELIHBAIOLIUMHUCH
OCSAMH — BUHTOBBLIE
H THIMNOHWOHbLIE

B nepepayax c nepecekalomuMHCH OCSIMH
(KOHMYECKHMH KOJlecaMi ) OTHO U3 KoJec, Kak
OpaBUJIO, TPUXOAUTCA YCTAHABAMBATb KOH-
COJIBHO, UTO YXYAINAET YCJAOBUSA paboTH nepe-
Aauu.

B nepepauax ¢ nepekpemiHBalOUUMHCH
OCAMH 004 BaJia MOXHO BLIRECTH 32 Npele/b!
nepenadd B o60UX HAaNpaBJaeHUAX. ITO MOKET
NPeAcTABUTH CYMIECTBeHHble MPeUMYyNIecTBa
npH HeOOXOJMMOCTH NPUBOAHUTH OT GOJHOIO
Bajia HECKOJbKO Apyrux. [las nepeaau ¢
MepeKpellHBaloUIAMUCHA OCAMH XapakTepHa
MIaBHOCTH paboThl. Ho B HUX HMeOT MECTO
OOBbILIEHHBIE CKOPOCTH CKOJIbXKEHHSA, H3Ha-
IIMBAHUA W TOTEpH HAa TpeHHE.

BuntoBble 3y6uaThie nepepaun. BunrtoBol-
MH Ha3blBaIOTCA NepesayH, CoCToAIHe U3 KO-
cO3yObIX UMAMHAPHYECKHX KoJieC ¢ Nepekpe-
IWHUBAUMUCT ocsMu (puc. 10.39).

B BHHTOBBIX mepemayax HauanbHoe Kacd-
HHE MeXAY 3YObAMH MPOUCXOAUT B TOUKE
B YCJOBUAX 3HAUYHMTEJIbHBIX CKOPOCTEH CKOJb-
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Puc. 10.39. Buurosas aybuartas nepepada

Puc. 10.40. Cxema BuHTOBOH 3y6uaroii mepegaun
-
xeHus. [ToaToMy Hecyuiasi CIOCOGHOCTD 3THX
nepenay HeBeJHKA, W OHH OPH 3HAUMTEAbHbBIX
HArpy3Kax YCTYOal0T MecTO THNOMIHBIM H
MHOT03aX0/IHLIM YepBIYHBIM.

OcHOBHOE NpHUMeHEHHe UMET BHHTOBBHE
TEPEJAayd ¢ MexOCeBbIM yIJioM, paBHbIM 90°,
6e3 KOppeKUHH.

JHamerpbl Ha4asbHHEIX H COOTBETCTBEHHO JIe/IH-
TEJNbHBIX HHJIHHAPOB HEKOPPHIHPOBAHHBIX KoJec
(puc. 10.40):

d mnzl
=My = .
1 t1<1 08 51 s
do=m,zo= it

roe mn w mtg—-mpuoaue MOLYJH [IECTEPHH H
Kojieca; By u P2 — yrabl HaKIOHA 3yGbEB C OCBIO
Koneca.

Mexocenoe paccrosiue

awno,5(d] +d2).

Tepenarounoe uucao

' n 2o

fly 21 )
Boipasis 2; B 23 yepe3s LuaMetphl KoJlec, Mo-
JYUHM
d2 cos By ds g B
g Pt
dl cos B, 4

Taxnm 06pa3om, sapeHpOBaHHe NEPELATOMHOTO
YHCHA BO3MOXHO NyTeM H3MEHEHHA JAHAMETpoB
H Yri0B HaKJIOHA 3YOmeB.

Kak B nepepaue BuHT — rafika, KI1J pasTO-
BeIX 3y64aTbiX Nepenay CHABHO 3aBHCHT OT yria
Haknowa 3y6ueB. HanGosee poicokuit KI14 moay-
t{aeTCﬂ nmpH Pi&sBe, TOuHee mpa B; =45°— /2
H Br=45°4-@/2, rne ¢ — yron TpeHus Mexny
3y6bAMH (npeanofaraercs, Kak OGbIUHO, wlecTep-
HA' Beaywad).

[Tpr HeobXoxMmOCTH o6ecneuydTh LOCTATOYHO
soicokuit KIIJ yrabl Haknona 3yGeeB BHOGHpAKT
PABHBIMH HJIH GJIH3KHMH MO 3HAYEHHAM.

Honyckaeman no u3docy uarpyska (H)

F=d" |k] P,
dld2 i ame
rne d=—— — TpHBEJEHHbIH OHAMETP, MM,
8 d,+d,
140,50,
= . KO3bbdHUHEHT, 3ABACAMHAA OT
1+,

CKOPOCTH CKOALXKEHHA v.=uv,/sin B;, m/c; [k} —
ycJIOBHOe nonyckaemoe Hanpsixende, MIla.

Marepuansl. BHHTOBHIX KoJiec BHIGHpAOT mJs
JyHUIero CONPOTHB/EHUA 34EAaHHIO Pa3HOPOIHBI-
MH —- 3aKasieHHast crajib no GpoHae ({[k] ==
=0 035/0 085 MIla) wann  auTHOPHKUMOHHON
miacTMacce ([k] =0 07/0 17), 3akanednas cranib
Mo 3akaJjieHHo# crasik ( [&] —-0.04/0,10) (B uncsH-
TENE ~— JoNyCKaeMoe HanpsflxeHHe MNOCJHe Henpo-
NOKHTeNBHOR NpHPaGOTKH, a B 3HaMeHatejle —
noc/e TulaTeabHOM).

lunouptbie nepegaun. unouanse UK KO-
HHYeCKHE BHHTOBLIE NMepefaud OCYUIeCTBAsN-
IOTCA KOHHYECKMMH KoJecaMH C [epekpe-
LHBAHMHICA ocAMH (puc. 10.41)}. Tunoua-
Hble KoNeca, KaK NPaBH/I0, BHINOMHAIT ¢ KPY-
rosuiMH  3yGbaMu. Ilepenartounble umMcna
oGblyHO BHIOHpaOT B AHauasoHe ot | go 10,
B fnipesiesie Ao 60. JLONONHUTENBHO K yKazaH-
HBIM OO UMM AOCTOHHCTBAM nepepad sauenie-
HHEM C NepeKPeIUBAaOIIHMHCA OCAMH (n/1aB-
HOCTbL pa6OThl, BO3MOXXHOCTb BEIBOAHTEL BaJbl
3a npepejsl nepegadyd B o6e CTOPOHLI) THOO-

1

I
)ﬁ .

Puc. 10.41. Tunouguas nepenada
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MAHble nepenaud 06/1afaOT NOBLIIIEHHON He-
cymiefi crnocoGHOCTBIO. DTO Tnpexae BCero
CBfI3aHO C TEM, YTO B IMIIOHAHBIX fiepegauyax
B OTJIHYKE OT BUHTOBbIX o0ecreduBaeTcsa KOH-
TAaKT, 61M3KKHH K JIMHEHHOMY, C ONTHMAJIbHbI-
M (opmMoil M pasmMepaMH nATHA KOHTaKTAa.
B 3TOM OTHOUIEHHHM OHH aHAJOTHUYHBI KOHH-
4ecKHM nepegadyaM ¢ KPHBOHHEHHBIMH 3y0b-
aMH. CKOPOCTH CKOJIbXKEHHA B THOOHMIHBIX
nepegavyax 3HAYHTENbHO MEHbLIE, YeM B BHUH-
ToBBIX. [IpH TOM iKe AuaMeTpe KoJleca H fnepe-
LATOYHOM YHCJie AHAMETD [EeCTepHU B THIO-
HAHBIX Tiepeaayax nojydaerc GoJblile, yeM
B KOHHYECKHX.

KpoMe Toro, 3y6ba B TUIIOHQHBIX Oepe-
Ja4ax XOpOLIO OPHUTHPAIOTCA W He MoaBep-
XKeHbl CYHIECTBEHHbIM HCKAaXKEHHSIM BCJeA-
CTBHE J[OCTATOYHO pAaBHOMEPHOrO CKOJb-
XXeHHA 10 paboued NOBEPXHOCTH 3Yy0b-
eB. Bnarogapa ToMmMy, uTO B 3aUen/eHHH
OJHOBpEMEHHO HAXOAHTCA HECKOJIbKO map
3y6beB, THOOHAHBIE Oepellayd MOTYT TipHMe-
HATHCA B MeXaHH3MaX BBICOKOH TOYHOCTH,
B YacTHOCTH B KaudecTBe AEJHTEJNbHBIX nepe-
Aad OpelH3MOHHBIX 3YOOpe3HbIX CTaHKOB,

3HauuTeNibHOE pacnpocTpaHeHHe THUIIOHI-
Hble nepefayd OOJIYUHJAH B aBTOMOGHAAX H
ApYTHX TPaHCNOPTHHIX MawHHax, B Gymaro-
jJejaTeNbHbIX, B TEKCTHMLHBIX H APYTHX Ma-
mHMHaxX. B TeKcTHAbHBIX MallMHAX THOOHA-
HBIE Mepefauyd JesaloT BO3MOXHBIM TPHBOA
oT oaHoro Bana no 200 BepeTeH.

HepnocraTkoM rHIOH/AHBIX niepeaay siBsger-
cA OOBbIIIEHHAsA OMACHOCTb 3aefqaHHH, CBA-
3aHHaf ¢ HaJH4YHMEeM CKOJIbXKeHHs BAOJL KOH-
TaKTHBIX JuHHA. CpeacTBOM TNOBHILIEHHS
COTPOTHBJEHUS 3aefaHHI0 FHNOHJHBIX fepe-
a4 CJNYXKHT NpHMeHeHHe NPOTHBO3aAHPHBIX
CMAa304HbIX MATEpHANoB, KOTOpbie ObIIH
pnepsble pa3paGoTaHbl MPHUMEHHTEJIBHO K
TMIOHAHLIM Oepefauam.

OmnacHocTh 3aefaHHM TeM MeHblle, YeM
MeHbllle THIOUAHOe CMelleHue, T. &, Mexoce-
Boe paccrosanue £ (cm. puc. 10.41).

[Tpu npoeKTHPOBAHKH FMNOMAHBIX Oépeaad
O0bLIYHO BBHIOHpPAIOT [HOOHAHOE CMELeHHe
F=1(0,2...0,3)dss; B nepepauyax JerkOBbIX
aBTOMOOHIIEH H JIerKHX Trpy30BHKOB E <
< 0,2m2,, a B nepefauvax THXeNMblX TpaHc-
nopTHbIX Mauuuk E<C0,1mez., roe

2 2
z.=\ 21+ 25.

¥TJibl HaKAOHA 3YObeB LECTEPHH ¢ ee 0Cho
06bluHO BHIGUPAIOT B =D50° HJH HECKOJbKo
YMeHbIIAIOT C yBeJHUEHHeM 4Hciaa 3y6bes:
npu z,=6...13 B,=50° npn z,=14...15
B =45° npu 21=16 p,=40°. Ilpu 3TOM Yyr-
Jbl HakJoHa 3y6beB Kojeca Pg=230...35°
(casur TOpuoB 3yGbeB KoJeca AOJIKEH ObITh
6aM3KHM K 1,3 TOp1OBOrO miara).

Yriap 3alenieHdss o AJasi 0pOTHBONONOXK-
HBIX CTOPOH 3yObeB NOJNYy4aloTcs Pa3/IHUYHHL-
MH. OHH MeHblIe IJA BOrHyTOH C€TOpOHHI
3yObeB [IecTepHH H CONPAXKEHHOH BhINYKJOH
CTOpOHbl 3y6beB KOJIECa W COOTBETCTBEHHO
foJibiie  AJs  OPOTHBONOJOXKHBIX CTODOH.
B ueprexxax AOCTATOYHO YKa3bIBaTb CpPeAHHH
YTOJ Clep, KOTOPBIH AJT Nlepeaay MaluHH ob1e-
ro MamKHOCTPOEHHS H JIETKOBBIX aBTOMOOH-
ned 2,28 oO0blyHO NPHHHMAIOT pPaBHbIM
21°1%5’, a pyis nepenad TAXKe blX TPAHCOOPT-
HBIX MalouH 22°307,

Buibop HanpaBnennss 3y6beB wIiecTepHH

~ (npapoe UJH TeBOe) He ABISAETCH POH3BOMb-

HBIM, 2 3aBHCHT OT HAOPAaBJ€HHA MHOOUAHOIO
CMeIneHH .

['eomeTpHuecKkH#l pacyeT rHOOMAHHIX nepe-
Aad aHaJOTHUeH pacqeTy KOHMYEcKHX ¢ Kpy-
roBbIMH 3yObsiMH, HO HECKOJIbKO CJIOXKHEE.
[Tpu pacueTe -n0Jib3YyIOTCS pacyeTHBIMH Tab-
JuuaMu d rpagukamu. Oaun U3 napameTpoB
NPUXOAUTCH oONpenesiaTh MNpeaBaPUTeNbHO,
a OOTOM YTOYHATH, T. €. MOJib30BATHCHA METO-
AOM NOCTel0BaTeNbHOTO MPHUGIHKEHHS.

[lepepaTouHoe yuc/O THNOHAHBIX Oepelad
N0 aHAJOTHH C BHHTOBLIMH LIUJIHHIPHYECKH-
MH mepefavyamu

ny zy  dycospy

TR Ny A
rae Bi M By — Yribl HAaK/JAOHA 3y6Gbes-ImecTeP-
HH W KoJieca, npuueM B+ B2==90°. Tak Kak
f1 BEIOUpAOT BOJLINHM, ueM Bg, TO OpH OAH-
HAKOBHIX AMaMeTpax KoJjec d» W nepenaTod-
HOM YHCJEe u JHaMeTp UWecTePpHu ¢, THIOHL-
HOH mepejauu noJyuaercsi B k= cosPy/cosB
pa3 Gojblle, yeM B KOHHYECKOMH.

Pacuyer runouaHex nepepad no KOHTAKT-
HBIM HanpsAXeHUsIM H HA H3TH6 MOXHO MPO-
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H3BOAMTH TaK XKe, KaK KOHHUECKHX, PH OJH-
HAKOBbIX AHAMeETpax, WHPHHAX U TOPUOBBIX
MOAYJIfX.

[Ipu 3TOM NO KOHTAKTHOM OPOYHOCTH BONY-
yaerTcs AONOJHHTENbHBIA pecypc, Tak Kak
NPUBEASHHBIH PAAKYC KPHBU3HE B THIIOHAHBIX
nepefauax nonydaercs B £ pas Gosblue, yem
B aHAMOrHYHBIX KOHHYecKHuX. [TonHbi# reome-
TPHYECKHH U IPOYHOCTHOH pacyeT rUNOWAHLIX
mepejay npuBeAeH B paborte [51].

§ 10.21. MJIAHETAPHbIE
NEPEAAYH

[lnanerapabiMM  HasbBIBAIOT Nepejau,
uMeolHe 3y6yaTele KoJeca ¢ TiepeMellalo-
WHMHCA TeoMeTPHUeCKHUMH ocaMH. [IBUXKe-
Hile 3THX KoJieC, Ha3bIBaeMbIX MJIaHEeTaPHBIMU
KM CATeNVIHTAMH, CXOAHO C ABHXEHHEM Tia-
HOT, OTUYEro nepefayd ¥ NOJYYHJIH CBOE Ha-
spadve. CaTeaJuTbl 0GKATLIRAIOTCA MO LEH-
TpaJbHbIM KoJlecaM, HMeIOHUHM BHelllHee UJH
BHYTpeHHee 3anenyeHde, (OcH caTe/lHTOB
3aKpenJieHbl B BOJWJE H BPAlAXOTCH BMECTe
C HHM BOKDYT UEHTPaJibHOH OCH.

PaccMoTpuM miiaderapHbii MeXaHH3M MO cxe-
me 1 (taba. 10.16). Kak u Apyrue npocThle mia-
HeTapHble MEXAaHH3Mbl, OH MOMET HMETb TPH COOC-
Hoix Bada. OJMH H3 HHX OOGLIYHO 3aKpemifloT
HenoaBHAKHO. Torga MexaHusMm obiagaer OLHOU
cTenenslo cpoboabl H MpeiacTaBliseT cCoOGoH npoCTyIo
nJaadetaphyio nepepauy. Ecad BpamawTtes Bce
BaJibl, TO MEXaHH3M HasbiBaercs AxddepeHnHaNb-
MbBIM H HCOOJAb3YETCS AJA CNOXKEHHS ¥ pa3noxe-
HHS JABHXKEeHHH.

Kak H3apecTHO n3 TeOpHM MeXaHH3MOB, nepe-
AaTO4YHBe OTHOIIEHHA TNJaHeTapHbBIX MeXaHH3MOB
ynoGHee Bcero onpefesisiTh, MBICJEHHO COOOLHB
BCEeH CHCTeme MepeHOcHOe ABHXKEHHe ¢ YrJOBOH
CKOPOCTRIO, paBHOH CKOPOCTH BOAWJIA, HO 06paTHoH
no 3HaKy. Toraa nomyyum MeXaHu3m ¢ OCTAHOBJIeH-
HbIM BOJHJOM, T. €, TAK Ha3blBaeMbl NpHBEJeH-
HbIfi MexaHH3M, KOTOpHIH SIBJIAETCS HenaaHerap-
HeiM. B npHBejeHHOM MeXaHH3ME 3aKpenJeHHble
3BEHLA IAaHEeTAPHOH mepegayH npelnoaaraloTcs
ocBOOCOXK AeHHBIMH. JIA 3TOro MexaHH3Ma 3amuchi-
BAKOT BLIpaXKeHHe NepeAaToOMHOro OTHOLICHHA iy ye-
pe3 yrioBble CKOPOCTH 3BEHBEB OTHOCHTENbLHO
BOfHAA (ypaBHeHHe Buaanca):

W) —®,
Py— i5

[lepeparouHoe OTHOLUEHHE ip CUHTAGTCA MOJO-

XKHTENbHBIM, eC/AH B MPHBEIEHHOM MexaHH3Me

BXO/AHBIE ¥ BHIXOAHBIE 3BEHbAl BPAmaloTcA B OAHY
CTOPOHY, M OTPHUATENLHBIM, €CiH — B pa3sHhle
CTOPOHBIL.

Jns nepenaun no cxeme 1 (eMm. ra6na. 10.16)

W) =@, 2

W3 — Wy

rae 2; H 23 — COOTBETCTBEHHO 4Hcsia 3y6beB
Kosiec | u 3.

B 3T0# nepenade o6bIuHO Kosieco 3 3akpen-
JeHo, T. e. ®w3==0.

Torna nepepaToyHoe OTHOLUIEHHEe MOJiaHe-
TapHOH NepenayH

Ilnanerapuble nepefauu HMEWT HIMPOKHE
obsiacTH Ha3zHAueHHUS U MPUMEHEeHHR:

1. PeayuuporaHue CKOPOCTH — CHJIOBLIEe
MepedayH ¢ MAJbIMH yAeJibHbIMU rabapuraMu
M Macco#, KUHeMaTHUeCcKHe mnepejaud ¢
GOJMbIUKMH TepefATOUHBIMM OTHOLIEHHAMU.

2. CloxeHHe M pPa3ioXKeHHE [ABMKEHUSA.

B wuacrosameM Kypce paccMaTPUBAOTCH
IViaHeTapHble MEXaHHU3Mbl ¢ OO3HMUHHE UX HC-
N0/ib30BaHHA KaK pe/yKUWOHHbIX Oepeaay.

[IpeuMywiecTsa 1JiaHeTapHbHIX nepenay
(Majble raGapuThl U MeHblIas Macca) o6b-
ACHAOTCA CJeAYIOIHMHA [IPHYHHAMU: a) pac-
npeaesieHdeM HACPY3KH MeXAY caTeJIMTaMu,
6narogapa ueMy Harpyskd Ha 3y6bsSX MeHb-
e B HECKO/JbKO pa3s; 6) GosblIMM fepe-
AaTO4YHbIM OTHOLIEHHEM B OJHOH CTYIEeHH,
4YTO YacTO MO3BOJAeT He Npuberatb K ClOXK-
HbIM MHOTOCTYNI€HYATHIM OepefauaM; B) 1HH-
POKHM NPHMeHeHHeM epefay ¢ BHYTPEHHHM
3ajlenieHHeM, o0/iafa0 KX OBLILLIEHHO He-
cyumeH crnocobrocToio. Kpome TOoro, B CBfI3H
C MeHbUIMMH pa3MepaMHU NJjiaHeTapHble nmepe-
AauyH J[ONYCKAlT TepMHUYecKyl 06paboTKy
Kojiec 0 BoJjiee BHICOKOH TBEpAOCTH.

Tlnanerapuble nepesaun paboralT ¢
MEHBHIMM UIYMOM, ueM TipOCThHe, YTO CBA3A-
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HO ¢ OOBHIINEHHOH NJ1AaBHOCTbIO BHYTPEHHErO
3auenfeHdsi, MeHbINHMH pa3MepaMH KoJec,
'3aMBIKAHHEM CHJI B MeXaHu3Me W nepeaauedd
MeHBbIIHX CHJ HA KOpmyc.

3aTo nJaaHeTapHble nepegauu Tpe6yioT no-
BbIUIEHHO# TOYHOCTH HM3TOTOBJIEHHA, HMEIOT,
KaK OpaBHJAO, GoJiblllee 4YUCAO Aeraned H
cliokKHee B c6OpKe, 4YeM TepeAauyd ¢ Heno-
ABHMXKHBIMU OCAMH.

IlnanerapHble nepeaadd yao6HO BCTpaH-
BAIOTCHA B 3JIEKTPOABUrATENiH, XOA0BbIE KoJle-
ca, 6apa6aHbl, LIKHBLI.

[lnaHeTapHble nepeaauu B HacToOsIeE BpPe-
Mfl BHINOMHAIOT A/IA MOMeHTOB 10 5-10° H. M,
¢ LWHPHHOH 3y6yaThiX BeHUOB A0 800 Mmwm.

Hau6onee pacnpocrpaHeHHBle THOBI fia-
HeTaPHBIX OepefAady H HMX XapaKTepPHCTHKH
npuBeaeHsl B tabn. 10.16.

BoabluHHCTBO NPOCTHIX OJAHETApPHBIX Me-
pefau MMEOT OO ABA UEHTPANbHBIX KoJeca
¥ BOJAMJIO, yuacTBylOllee B Nepejaye MOMEH-
ToB (0603HaueHue 2k —h, puc. 10.42). Ilpu-
MEHAIOT TaKXKe Oepeflaud C TPeMs LeHTpalib-

F X

HEIMM KOJecaMH W BOAMJIOM, CJYXAUHM
TOJILKO AJi TOAAepPKHUBAHHUS CATENJIHTOR
(o6o3nauenue 3k, puc. 10.43).

[lnaHerapHble nepeaadyl 00 HX KHHEMATH-
YeCKHM BO3MOXHOCTSIM MOXHO pa36uTh Ha
cliefyloHIMe TPYnnbl:

1. TIpocToie nepenaud ¢ HeGOJBIUHMHU Iie-
penaToYHbIMH OTHOLIEHHAMH, HO ¢ BBICOKUM
KITA (cxemsl 1, 2 B rtaba. 10.16 u puc.
10.42). Ilepenauu npHroaHbBl AJS CHJAOBHX
NIPHBOAOB.

2. [TpocTbie mepenayd ¢ GoabuIHM HHTEp-
BaJiOM NEePefAaTOYHBIX OTHOIUEHUH, HO C no-
uKeHHbIM KITL (cxembl 3, 4 B TaGa. 10.16).
Y s5TuUxX nepedau NOpUBelleHHble MeXaHU3MH
HMEIOT MOJIOXKHTeNbHble NepeJaToYHble OTHO-
UIeHHS.

[TostoMy ¢opMyasl AJa OepelaTOUYHbIX
OTHOINEHHH mMaHeTapHLHIX mnepegay HMe-
10T OTpHLATENbHBle uJieHb!, [O03BOJAIOILHE
BapbUpPOBaTh NepefaTOYHLIE OTHOIHEHHS B
IIUPOKUX Mpefenax U MoJdydaTb 3HAUUTENb-
HYIO PeayKUHIO.

f———

,E

]

A

24

Puc. 10.42. Oanopsinnasd nnaderapHas nepemava no cxeme 1, ta6a. i0.i6
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Puc. 10.43. [nauerapuan nepenada

3. KoMGuHHpOBaHHbIe mepepfady, cocTas-
AsiemMble M3 ABYX OPOCTBHIX 3y6uaThix niaHe-
ﬂ‘apnmx nepenad HiH 3y6uaTol njiaHeTapHoOH
fiepenaud MU MexaHH3Ma nmapasiieNbHbIX KpH-
POLIMOOB | T. 4. (cXeMsl 5, 6, 7, Taba. 10.16).
¥ HHX paclUHpEHHblE BO3MOMHOCTH. J[ByX-
CTyneHyaTble nOepefaye Lesiecoo6pasHO BbI-
MOAHATL ¢ OAHHAKOBBLIMH PafiHyCcaMH BOAHMJI.

Ilpu mpoekTHpoRaHHH TUiaHeTaPHLIX mepe-
Baqy ouyeHb BaXHO BbLIOPATH ONTHMAJILHYIO
CXeMy, TaK KaK [JaHeTapHble Tepenadu
Pa3HBIX cxeM AJMA OAHOH M TOH Xe uenu
MOTYT HMeTb CYLLEeCTBEHHO pa3JHYHble ra-
6apuThl U B HECKOJBKO Pa3 OTJHUaIOUHECH
MOTepH.

KI1/ nnaderapusix mepenay o6ul4HO PE3KO
nafjaer ¢ pocTOM MepefaTOYHOrO OTHOUICHHS
(cMm. Ta6a. 10.16). [Ipy HeoBXOAHMOCTH
nmosyueHusa noBbimendoro KIIJL uwuoraa oka-

mo cxeme 6 taba. 10.16

3bIBAeTCA LesiecOOOpPa3HbBIM COeAHHSATH OJia-
HETAPHYI0O Oepefayy € HemJaHeTapHOH HJIH
Jaxe noc/el0BaTeNibHO COeAHHATHL ABE mjia-
HeTapHble Nepenaud (cM. puc. 10.43).

B nnaHerapublX nepegadax WHPOKO MOpH-
MEHAIOT 3ybuaThie Napbl ¢ BHYTPEHHUM 3a-
uel/JieHHeM. ¥YMeHbllad Pa3HOCTH yHces 3y6b-
eB KOJIeC ¢ BHYTPEHHHM 3aliel/ieHHeM, MOXKHO
3HAYHTENILHO PACIIHPHTH KHHEMaTHYecKHe
BO3MOXKHOCTH nepenad. [Ipumensan nepenauy
¢ yrioM 3auenaedus a==30° u koapdunuen-
TOM BBICOTH FONOBKU h¥=075, MOXHO A0-
BECTH pa3HOCTh yuces 3yGbeB A0 3, a enje
HeOO/IbIIMM JONOJIHUTENBUHM YMEHbUICHHEM
BBICOTHI TOJIOBKH 3yObeB — 0 2. YIJOBO#
KOPPEKLHEN 3alen/eHHs], Hape3aeMoro Hop-
MaJbHBLIM ABajllATHIPAAYCHBIM JOJAGSIKOM,
MOKHO JOBECTH pa3sHOCTb UHces 3y6beB o 1,
HO ¢ nonHXeHHbiM KI1/[. B ueBo4YHBIX mMaa-
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HeTapHbIX nepeAayaX (NPOEKTHPYeMbIX IO
cxeme 7, Tabi. 10.16) conneunoe KOMELO BbI-
NOJIHAIOT ¢ UeBKaMH (pOJIMKaMH Ha ocex),
a 3yGbA caTenINTOB OYEpPUUBAIOT OO KBHU-
JAHCTAHTaM K 3MHULHKIOHAAM. Pa3HocThb uMcen
LLeBOK H 3yObeB OGbIYHO paBHa |.

CyluecTBEHHOE TMOBLIIIEHHE KayecTBel-
HBIX MOKasaTesedl miaHeTapHbIX nepejay ao-
CTHraeTcA NyTeM YCTPaHEHMUS H3OBLITOYHBIX
cBAsze [H8].

Jnst ycTpaHeHHs] KOHUEHTPAUMH HATPY3KH
10 IOTOKAM H JJHHe 3y6beR cliegyeT yCTaHaB-
JHBATh OJHOBEHIOBbIE CAaTeNJHTH Ha cdepH-
YECKHX MOALIHIHHKAX H gesaTb COJHEe4yHoe
KOJeco MmjiaBaloiitM,

[MpumensioT Takke niaHeTapHnie mepe-
Aa4yd ¢ BblpaBHHBaHWeM HATpPY3KH Me}l{ny
NOTOKAMH 33 CUYeT [OAATJMBOCTH Bomma
HAH 06013 ¢ BHYTPeHHHUMH 3yObsMi,

3ybuatble KoJleca njaHeTapHbIX nepénay
MOXHO paccquTblsaTb TaK Xe, Kak Hen.naﬂe-
TapHBIX. a

Uncia 3y6beB Kojec ONMpenestioT HEXomns
H3 3a]aHHOro nepenaTovyHoro OTHOIIIEHHH
(cM. Tabn. 10.16) u ycnopuii:

COOCHOCTH 2p=0,5(23—2;);

cobupaeMocTH (2, + 23) /n. =uenoe 4ucHo;

cocenctBa 2o+ 2<< (24 2zo)sinn/n., roe
2), 22, 23 — 4Hcna 3y6bes cCONHEUHOro KoJjieca,
CaTedJIUTa H BTOPOIo LEHTPAaNbHOTO' Ko.neca
Ne -—— YHCJO CaTeNIUTOB.

[Tpu pacuere nuaneTapHelx nepepai na
KOHTAKTHYI0 H M3THOHYIO MPOYHOCTH 'pac-
cMaTpHBaioT 3yfuaTyio mapy, BBOAS K pac-
YETHOMY MOMEHTY Ha LEHTPaJLHOM Kojece
COMHOXHUTENb K./n., rae K. — ko3 buuuenr,
YYMTBIBAIOILHH HepaBHOMEPHOCTb pacrpeje-
JIeHUS] HATPY3KU Mexay caTennutramu (K;=
=1,15...1,20 — npu orcyTcTBHU H36BHITOU-
HbIX CBsI3ell, HanpuMep, PU NJiaBameM co-
HEeUHOM Kosece U K.=2 npu OTCYTCTBUH BLI-
paBHHBAHUS HATPY3KH); Uu=2z9/2, =1 — ne-
PefaTo4YHOoe 4YHCA0 KOoJiec paccYHThiBAEMOTo
3auensiedus; Py 6epyt pasueiM 0,7...0,b gasa
TEpMOYAydllieHnblX MaTepHnanos, 0,b...0,3 —
AJISl 3aKaTeHHbIX (MeHbllIHe 3HAYEHHA A/ CA-
TEJIIUTOB € ABOHHBIM 3yGYATHIM BEHUOM).

[Ipu onpenenenun K== KK, xosphpuugenr
K HaxopeiT Kak AN KOHCOABHO PaclofioKeH-
HbIX KoJiec (cM. c. 180), a Ky ~— nyist cKopocTH

OTHOCHTEALHO BOAUNA.

[1pu onpedeneHnu KBUBAJIEHTHOTO YHCAA
HHKJA0B HarpyxeHusa Ny (cMm. ¢. 188) yuuThi-
BAlOT KOJHYECTBO 3alenSieHHH (A uewT-
PAJbHBIX KOJIEC YMHOXKEHHeM Ha n.).

[IpoekTHpoBaHHe u pacueT naaHeTapHBIX
nmepenady npuBeseHH B pabote [44].

§ 10.22. BOJIHOBLIE TNNEPEOAYH

BosinoBbIe nepenay KHHEMAaTHYECKH ﬂpEEJ.I-
CTAaBJAOT COOOH NuaHeTapubie nepefaud ¢
OJIHUM H3 KoJiec B BHOe THOKOro geHua. [ u6-
KHii Beneuw I (puc. 10.44) nedopmupyercs
FEeHEPATOPOM BOJH 3 H BXOAHT B 3auel/ieHue
¢ UEHTPANbHLIM KOjecoM 2 B ABYX 30HaX.

[1pHHIUD BOSHOBHEIX Iepenay 3aKM04aeTCs
B MHOTONAapHOCTH 3auelyeHus 3ybbes, KOTo-
pas onpene/ifer BCe NONOXKUTeAbHHE Kaye-
CTBa 3THX Tepejay 1o CPABHEHHIO ¢ JPYIHMH.

BosiHosbie neépefaun B cpaBHEHHH ¢ 00blY-
HBIMH 3y6UYaThIMH HMEOT MEHBUIYI0O Maccy u
Menbmide rabapute, ofecneunpatloT 6GoJsee
BHICOKYI0) KHHEMATHYECKYI) TOUHOCTh, HMEOT
MEeHBIIWH MEepTBHIH XON, 06J1aA410T BLICOKOH
peMngpupyoine cnocobHocTbio (B 4—5 pas
O0JibIIEH, YeM y OGBIYHLIX ), pa6GoTaIoT ¢ MeHb-
IIHM LIYMOM.

‘lpu Heo6XonHMMOCTH BOJHOBbLIE Nepefau
MO3BOJIAIOT MMepeaBaTh ABHKEHUE B TepMETH-
3MpOBaHHOE NPOCTPAHCTBO (€3 NMpHMEHEHHUs
CaNbHUKOB.

BoaHoBsole nepegadu no3poisioT 0CyUIeCT-
BAATL BOJbIIHE MEPESATOYHbBIE OTHOIIEHHS B
ONHOH CTYMEHH; NpH 3ybyaThlX "KoJiecaX M3

72 3
: ]
]
(A 771 1
N - uaj
& 4 ‘ |
w2=0
Puc. 10.44. Cxema BOJHOBOH nepenaymn
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cranu U, =60 (orpaHHuyHBaeTcs npou-
HOCTHIO 0OpH H3rube TrHOKOro Kojeca) H
Una.x =300 (orpanvuypBaeTcd MUHHMANBHO
AOTYCTHMOH BeNH4YMHOH Moayas, paBHOH
0,2...0,15 wmm). Tlpu stom KIIJ| pabeH
80...90 %, KaK U B IJiaHeTaPHLIX nepepayax
C TeM e NepelaTOuYHbIM OTHOLUEHHEeM.

K HepocTaTKaM BOJIHOBBHIX Tiepenady MOXKHO
OTHECTH OrpaHHyeHHbie 4YacTOThHl BPalleHHUS
BEJYHLIEro Bajia reHepatopa BOJiH nipH 60Jib-
IUHX QHaMeTpax Kojec (BO H3bGexaHue GoJib-
IIMX OKpPYXHBIX CKOpOCTeH reHeparopa),
MeJKHe MOAyaH 3y6uaThx Kosec (0,15...
2 MM). TIpu cepu#HOM H3TOTOBJEHHH B
CIleUHaIH3HPOBAHHOM  [IDOM3BOACTEE  BOJ-
HOBbIe [MepejayH [elleBle MnjaHeTapHBIX.
lg)yTHJIbHaH KECTKOCTH BOJIHOBBIX Nepenad
HECKOJIBKO MeHblIE NPOCTHIX 3yHuarhiX, HO
00BIYHO SBJiSIeTCH AOCTATOUYHOM.
| %Ha puc. 10.44 rubkuii Beden ] nHapesaH
Ha Ae@OpMUPYEMOM KOHUE TOHKOH LUJIHHI-
pHYecKoil 060/I0UKH &, IPYTOH KOHel KOTOpO#
yepes TOHKOE [HO COENHHSIETCH ¢ BHIXOAHBIM
BaJloM 4.

[eHepaTop BOMH 3 COCTOMT H3 0BAJBHOTO
KyJlauKa cOOTBETCTBYIOUIErO NpodUif H clie-
HAJIbHOTO WAPHKONOALUHNHUKA 6 ¢ THOKHUMH
KoJMbuaMu. MHoraa BBHINOMHAIOT reHeparop
BOJIH B BUJe ABYX AHCKOB (pPOJIMKOB), pacno-
JIOXKEHHBIX HA BaJy UJH B BUAE 4eThipex po-
JHKoB. C6OPKY 3aLEnEHHS MOXHO OCyIe-
CTBHTh TONbKO Nocje pedopMaudd rHOKOrO
KoJsteca.

Ha KoHuax 60JblIOH OcH Bana 3y6bf
3aLenJIIOTCH 110 Bcel BHICOTe, HA MAJiOH OCH
3y6bs1 He 3aUenasaoTcsA, MexAay 3THMH y4acT-
KaMH 3y0ba rulKOro KoJieca Nnorpy>KeHbl BO
BIafAHHbI KECTKOrOo KoJeca Ha pa3Hyio ray-
6udy. 3apensieHde HAMOMHHAeT ULTHIEBOE
COeMHEHHE.

[Tpu Bpamenuu rewepatopa BOJIH THOKHI
3yb4aThiii BeHey o©OOKATHIBAGTCH OO HEmno-
ABHXKHOMY KOJIeCy, Bpamas 060J04Ky H BaJi.
[IpuHuun paGotbli BONHOBOM Tepejaud ada-
JIOTHYEH TIJiaHeTAapHOW mnepefade c napad-
JeAbHBIMH KPHBOIIHIAMHU (cxema 7
Taba. 10.16).

Papuanbuule nepeMenienusl w ruSkoro Ko-
Jeca 1o OKpYXHOCTH HMEIOT ABa MakcHMyMa
M Ba MHHHMYMa, T. €. JiBe BOJHbL [lostoMy

3

o1
(ogel]

Puc. 10.45. Cxema BoiHOBOH mepefaud ABHXKEHAS
B répMeTH3HPOBAHHOE MPOCTPAHCTRO

lepenayy HasblBawT ABYXBOJHOBOH. Bos-
MOXHbl TPEXBOJIHOBDBIE flepefaud, HO HX MPH-
MEHSIOT pefKo, TAK KaK B TpPeXBOJHOBOH
nepefaye Bbllle HanpsKeHUd H3ru6a B rH6-
KOM KoJiece,

Ecsiu 060404Ka HenmoABHKHO cOefMHeHa C
KOPIyCcOM, TO BpallleHHe OT reHeparopa
nepenaeTcd XecTKOMY KoJlecy ¢ BHYTDeHHUMHU
3y6bamu. B cxeme (puc. 10.45) ana nepenauu
ABHXEHHA B repMeTH3HPOBaHHOE [1pOCTpai-
CTBO FHGKOE KoJleco uMeeT 3y0OuaThlil BeHell,
PACHOJIOKEHHBIH B cepeuHe YAJHHEHHOIO
UHJAMHADHYECKOTO CTaKaHa, JeBbll (pyaHen,
KOTOPOTO TepPMETHYHO COEHHEH ¢ KOPMyCOM.
Bpameuue nepegaercst OT redepatopa BOJH
K XKeCTKOMY KOJiecy 2p, BBIIOJHEHHOMY B BH-
Je cTaKaHa, OXBaThIBAlOUIEro 4acTbh rubkKoro
KoJieca,

[lepeaauyu (cm. puc. 10.44) moryr pabo-
TaTh B KadecTBe peaykropa (KILI 80...
90 %) wu wmynprunnukatopa (KIIJL 60...
70 %). B nepeoM cayydae BeAyUIHM 3BEHOM
ABJSIeTCHA TeHepaTop BOJH, BO BTOPOM —
BaJi THGKOro WJH XKecTKOTo KoJieca.

IlepenaTouHoe OTHOIUEHHE@ BOJIHOBBLIX Ile-
pefau onpefenifieTcs Tak Xe, KaK H AJA nJja-
HEeTapHHIX, N0 ypaBHenuio Buajuca.

[Tpy HemoaBMXKHOM XECTKOM KoJece 2
(cM. puc. 10.44)

3HaK MHHYC yKasblBaeT Ha pa3HbIE HalpaB-
JIEHHA BpauleHus BeAYULlEro H BeJOMOTO
3BeHbeB. .
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Tpu HenmoABHKHOM THGKOM Kojiece (cM.
puc. 10.45)

g 29

fig 29— 2; "’
rae fig, 1 (n2) — YacTOTHl BpallleHWs Bedy-
Hero ¥ BeAOMBIX 3BeHbeB; 2|, 22 — YHCAA
3y6beB KoJec TMOKOrO H KECTKOro COOT-
BETCTBEHHO.

PaszHocTh 3y6beB Kosec AOMXKHA OLITH
paBHa WM KparTua yucay BoJH (Kak B nJja-
HEeTAPHOH Nepeaaye — yucay CATeJHTORB),
T. €.

2e—21=R,ny,

TA€ My, ~—— YHCJAO BOJH, OGLIYHO paBHOe 2;
R, — K03(pPHIHEHT KPATUOCTH, OGHIUHO paB-
Hbl#l eAuHuLe; pU u << 70 k,=2; npu u <45
k. =3.

Heo6xoaumoe MakcumanbHOe paamanbHoe
nepeMenieHie @, OPH OTCYTCTBHH GOKOBBHIX
3a30POB AOJKHO PABHATBCA MOJNYPA3HOCTH
JHaMeTPOB HayaJbHBIX OKPYXKHOCTed:

Wq =0.5(dw2_ dwl) .

11 3BOJIbBEHTHOrO 3auemieHHsl AHAMET-
pPbl HayaJbHHIX OKPYXXHOCTEH MOXHO Bbipa-
3UThb 4Yepe3 AHAMETpPbl JeSHTEJbHBIX OKPYX-
HOCTe#:

cCoS o COSs o
v=d———=mz————
cosa, cos o,
Torna
cos o
Wo=05(zg—2))Mm —— =
COS oaw
| cOs o
‘ =0;5 mkznw e
CoS .

wr

rae m — MOAYJb 3aleyieHHd; o H Oy —
yrabl npod Ui HCXOAHOTO KOHTYPa H 3auen-
JICHHA.

CJeqoBaTenbHO, BEJIMYHMHA MaKCUMAJbHO-
ro yOopyroro mnepeMellenus paBHA Mexoce-
BOMY paccTOAHHIO OGblyHOH nepenadyd BHYT-
PeHHero 3alenJieHud.

Ecau 3y6uaTble Benunl Hape3aHbl Ge3 cMe-
IIEHHA MPOH3BOAAULETO HCXOAHOTO KOHTypa
(xy=x2=0) uAM Cc OJHHAKOBLIMH CMeille-
HHAMH (ONS BHYTPEHHEro 3auefJieHHd x| =

=X3}, TO Qp=0a H Wo=0bm(z;—2z) =
=0,5m kznw.

I AByXBOJIHOBOH Mepefayd i, =2
kz=]., Wo=m.
MuyuManbHO  AOMyCTHMOE  paAKalbHOe

yapyroe mnepeMellleHHe wWo=mcosa. [lpu
a==20° OTHOCHTeNbHOE pajHaNbHOE Mepe-
MeuleHHe wo/m=0,94, npu & =30° we/m=
=(),866.

UeM meHblle mepeaaTouHoe OTHOLIEHHE B
OfAHOH cTyneHH, TeM OGoJblue mnoTpeGHas
BeJIMYHHA Wo:

m
m 2w,

[IpuMeHAIQT Tak)Ke BOJHOBYIO Oepedawvy
¢ ABYM#A 3y6uaThiMU BeHL AMH Ha FH6KOH 060-
JIouKe (Kak KHHEeMaTHUYecKYyi), COOTBeTcT-
BYIOILYIO VIAHETAPHOH ¢ ABYMS BHYTDeHHHMH
3anenyieHHAMHE (cxema 4, taba. 10.16). [Te-
pefaTouHble oOTHoweHHA wu=3600...90 000,
KIlA 2.5 %.

KOHCTPYKUHA BOJIHOBOro 3y6uaToro pe-

AyKTOopa nokasaHa Ha puc. 10.46. I'enepatop
BOJIH, BKJKUAOHIHH KyJa4yok 7 OBaJibHOI
(OPMBl H 1HAPUKONOAIUIUNHHK & ¢ THOKMUMH
KOJMbLUAaMH, MocaxeH Ha GblcTpoXoaHbli pan f
Ha TNPUBYJKAHU3HPOBAHHON Pe3UHOBOH Mpo-
Knaake 8. T'eneparop BOJIH pedopMupyert
3ybuaThlii Bedell 4 rHGKOro KoJeca, BBINOJ-
HEHHOTO B BHAE LHJIUHAPUYECKOH OBONOUKH
M COeJHHEHHOTO CBAapKOH C THXOXOAQHBIM Ba-
JoMm 9. JKecTKoe KoJieco 5 BHINOJHEHO 320410
¢ KopnycoM. Kpbllika 3 BuIMOJiHeHA ¢ pafu-
anbHbIMH DebpaMH, KOTOPhe OXJaXKjaawoTcd
NOTOKOM BO3/yXa OT BeHTHJATOpa 2.

Hnsa HopMaJsibHOH paGOTHl nepeaaud Tpe-
6yeTcsa BHIcOKaf cTeleHb COOCHOCTH reHepa-
TOpa BOJIH, THOKOro M XeCcTKoro kojiec. Pe3u-
HOBasl TpokJagka § A0 HEKOTOPOH cTeneHH
KOMITeHCHpYeT HeCOOCHOCTb.

Pa3spa6oran cTaHaapTHBIH pAJ pedyKTOpOB
B CCCP. CrangapTHbii psAa COAEPXKHT
11 TunopasmepoB (AnaMeTDPH AeJHTeNbHbIX
OKPYHOCTEH THOKOrQ 3JeMEHTa HaxopdaTcs



BONHOBBLIE NEPEJAYH

223

Puc. 10.46. Boanoro# 3y6uatbiii pemyk-

Top L3

B AdanasoHe 50,8—DH08 mm). B Kaxnom TH-
nppasMepe PeiyKTODHl HMEIOT uyeThipe W/id B
cpeavem nuanazone (80—320 MM) cemb ne-
PEAaTOYHBIX OTHOIUEHHH, NOJyYaeMHIX 3a
LHET u3MeHeHHs] MOAyns M yHciaa 3yGbes.
.~~MakcumanbHasg 4acTtoTa BpauleHHs re-
HepaTopa BOJH C [UAPHKONOAUIHITHHKOM
3500 mMuE™'! AJA OHAMeTPOB THOKHX KoJsiec
50,8...203 MM u 1750 muu™' ans AuaMerpoB
;254...407 mm. YacToTa BpauleHHa OTPAHUYH-
'BAETCA TeMnepaTypoll Harpesa H paboTocno-
€OGHOCTHI0 NOALIMNHHKA reHepaToOpa BOJIH.

-~ JlmanasoH mnepesapaeMblX BpanlAOMIHX
MoMentoB 30...30000 H-M, MomHocTeH
0,095. .48 kBT.

B Haule#t cTpaHe paspabotasbl H HcnbITa-
Hbl PeayKTOpH ¢ TepefaBaeMblM MOMEHTOM
150 000 H-m.

Pacuer BoAHOBLIX 3y6uyaThix nmepesay ' or-
duyaercsd OT pacyeTa OOBLIYHBIX 3yOGuaThIX
nepefgay TeM, YTO YYUThBIBAET H3MEHEHHUS
nepBouavyasbHOR (OPpMBI 3y6uaThIX BEHIOB
U TeHepaTopa BOJH OT ynpyrux Aedopmauni.

DKcrepHMeHTalibHble HCCeAOBAHUSl MOKA-
3BIBAIOT, YTO BOJIHOBble fiepefadyd CTAHOBAT-
CA HepabOTOCNOCOOGHBIMH TI0 CAEAYIOWHMM
OPHYHHAM.

1. Paspyuiesue noAKUTHHKOB reHepaTopa
BOJIH OT HArPy3KH B 3alUelleHHH WU H3-3a
3HAYHTEJILHOTO TIOBLILIEHHA TeMMepaTyphl.

[loBbilenue TeMnepaTypsl MOXKET BLI3BATD
HelonycTHMOe YMeHbINeHHe 3a30pa MeXay

' PaspaGorau 1OKT. TeXH. HayK npod.
C. A, lllypanoBhim.

J 44586 78

N bl

/ .

reHepaTopoM M THOKHM 3y6uUaThIM BeHIOM.
HoMuBanbHbI# 3a30p Ha AHAMETp MPUMEPHO
pased 0,00015 nuamerpa oGoJouku. Bospac-
Tauue HArpy3Kd H TeMraepaTypbi B HEKOTO-
pbIX cJy4yasix cBfI3aHO C HHTepdepeHuued
Bepliud 3y6beB Ha BXoae B 3alellieHMe,
NOABJMAIOMEHCA OPpH GOMbLIKMX H3MeHeHMAX
nepBoHauanibHOH (OPMBI reHepaTopa BOJH,
THOKOrO M XKecTKOro 3yGuaTbiXx BeHIOB.

2. Tlpockok remeparopa BOJH OPH 6OJb-
MIUX KPYTAWMX MOMeHTax (no aHaJioruu
¢ npegoxpaHuTenbHod wMmydToh). [Ipockok
CBfAI3aH ¢ H3MeHeHHeM (popMbl reHeparopa
BOJIH, THOKOTO H JKeCTKOro 3y0uaThiX BEeHUOB
noj Harpyskod BciaelCTBHe HX HeAOCTATOU-
HOH pagHaNibHOM XKeCTKOCTH WM OpH 6oJb-
IIHX OTK/JAOHEeHHSIX pajHaJibHbIX PasMepoB re-
Hepatopa. [IpockoKk HacTynaet Toraa, Korga
3yGbd nra BXxoje B 3alenjieHHe YIHpPawTCA
OJMH B APYroH NOBepXHOCTAMH BepurdH. [Ipu
3TOM IeéHepaTop BOJH CKHMAaeTCA, a KEeCTKoe
KOJiecO pacnupaercs B paAnaJbHOM Hampas-
JEHUH, YTO OPUBOAUT K OPOCKOKY.

151 npeAOTBpalledHsl NPOCKOKA PaHalib-
Hoe ynpyroe nepemMellledHe rubKOro .Koseca
npeAycMaTpuBaloT 60Jblle HOMHHAJBHOTO,
a 3apen/ieHHe co6HPAIOT C HATATOM HJIH yBe-
JHYHBAIOT pa3MePhl NepefauH. ’

3. [TonoMka ruGKOro KoJeca: OT TPeuiuu
YCTAJOCTH, MNOABAAMMXCA BAOJb BOagHH
3y6uaToro BeHua OpH HampsXeHHSX, NPeBbl-
IHa0MHX npenesn BHHOCUBOCTH. C yBenHye-
HHUEM TOJILIHHBLI THGKOTC KOJieca HanPAKeHus
B HeM OT MOJIE3HOrO MepefraBaeMOro MOMEH-
Ta YMEHbLIAIOTCA, a OT AePOPMHPOBAHHSA
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reHepaTopoOM BOJIH yResiMuuBalTcs. [loatomy
ecTh ONTHMAJIbHAA TOJIIIHHA.
JlonroBeyHocTs TBRGKOTO 31eMeHTa Jerko
obGecrnieynBaeTcAd NPU NepeaaTOYHOM OTHOLIe-
HUH B cTyneHd u> 120 u upeaBbluaftuo
TpyaHo npH u <80, Tak Kak norpe6Has BeJu-
YHHA PaAHa/IbHOTO YIPYroro fepeMelleHus
yBeJHYMBaeTCA C yYMeHbLIeHHeM NepenaTod-
HOIMO OTHOUIEHHUS. '
. 4. HUsnoc 3y6bes, Hab/ofaeMbll Ha KOH-

ax, o6panieHHbIX K 3aesKe rubKoro KoJieca,
H3Hoc B nmepByio ouyepenb 3aBUCHT OT Hanpsa-
XKeHHH CMATHA Ha OOKOBbIX [OBEPXHOCTAX
OT NOJe3HOH HATPY3KH.

YacTo BO3HHKaeT W3HOC NPH CPABHUTENBLHO
He6OMILUIKX HAarpys3kax, CBA3aHHBIA ¢ MHTEp-
tdepedure BeplWIHH 3y6beB OT yNpyrux fae-
dopmauuit 3BeHbeB 104 Harpyakoi. Bo us-
GexxaHHMe 3TOrO reoMeTPUYECKHe MapameTpol
3anelneHds cuaenyeTr BuIGUpPaATh Tak, uTOGH
B HEHATpyXeHHOH nmepejaye B OHOBpPEMEH-
HOM 3alemJleHdd Haxoamwfdoch 15...20 %
3y6beB. Mexay ocTajlbHBIMH 3YObAMH B
HOMMHA/NBHOH 30HE 3alelieHHA [OJXKeH
66ITh GOKOBOE 3a30p.

[Ipu yBeJuueHHH KpYTAUIETO MOMEHTA
3a30p BbiGHpaeTcA H YHCAO OJHOBPEMEHHO
3auenaAiuxcsa  3y6beB  yBesiHYUBaeTCs
13-3a nepeKalliBaHus 3y6bes rUOKOro Ko-
Jeca BO BOAaJHHAX MKECTKOTO KoJjieca ofT
3aKpPYTKH OOOJIOUKH M BC/AEACTBHE APYIHX
Jfedopmanuit Kojiec.

5. TlnacTuyeckoe TeyeHHe Marepuasia Ha
GOKOBBIX MOBePXHOCTAX 3yObeB OpH 60Jb-
IIHX meperpysKax.

AHajH3 NpHYMH BBIXOAA H3 CTPOS BOJHO-
BbIX Mepefad MOKa3blRaeT, 4To NpH mepefa-
TOYHbIX oTHowweHusax u> 100...120 nwecymwas
cnocoGHOCTL OOBIUHO OTPAHHUHBAETCsl CTOM-
KOCTHIO MOALIMTIHUKA TeHepaTopa BOJH; NipH
<< 100 — npouyHOCTbIO rHOGKOro 3neMeHTa,
MPHYEM YPOBEHb HANPSXKEHUH OmpenensieTcs
B [IepBYIO ouepe/lb BEeJHYHHOH pauaibHOro
yIpyroro nepemMenieHUst @y H B MeHbLIeH
CTefleHH BpAllAOIUUM MOMEHTOM.

MakcuMasiibHO AONYCTHMBbIA Bpawawomui
MOMEHT CBfI3aH C {TOAATJAHBOCTBIO 3BEHDLEB.

Yno6Ho 3a KpuTepdHH paboToCMOCOBGHOCTH
YCIOBHO MPHHATH AONMYCTHMBIE HaMps:KeHUA
CMATHA [0].v Ha OGOKOBBIX MOBEPXHOCTHX

3Y6beB 0 aHAJOI'HH ¢O0 WAHUEBBIMH COeaHu-
HEHHAMH:

. 04T K |
Py d°

< [0k

OTciopa

wd[clcu ’

rae 7 — Bpamawimui MOMEHT Ha THXOXO[-
HoM Bany nepeaaud, H-m; d — auamerp
AeJHTeNbHOH OKPYXHOCTH rHOKOro 3ybuaro-

B
ro BeHla, MM; wdzd—— KO3 PUIHEHT LIH-

puHB 3y6uartoro Benua (6Geperca 0,2...0,18
anaa cunoBeix, 0,15...0,1 gas Manonarpyxe-
HBIX B KHHeMaTHYecKHX nepejau); K — Koag-
GHUHeHT, 3aBHCAMWMA OT pexuMa paboTwl,
paBubit 1 npH cnoko#inoit narpyske (7.,./
/T<<1,2); 1,25 — npu yMepeHHOH 1HHAMHYE-
ckoit "arpyske (7.,,/T<<1,6); 1,75 — mpu
pe3ko auHaMH4yecko# wHarpysge (7.../
/T<<25).

[Ipn paboTe ¢ npoAOXKUTEIBHBHIMH OCTa-
HOBKAMH KO3 (UUUEHTH yMEHbINAIOT, a MpH
HENPepbLIBHOH KpYrJiocyTouHOH paGoTe yBe-
JuuyusawT B 1,2 pa3a.

Benuuuny [0].y 6epyT 1o paHHBIM 3KCTe-
PHMEHTOB TAKOH, IPH KOTOPO# TaKxkKe obecne-
yHBaeTcA paboTOCNOCOOHOCTH Tiepejayu 1o
JPYFHM KPHTEPHAM:

[0] ™M IGKuKan,

rae K., K. Ki;— Kosadpdunuedts, 3apHcs-
LI[He COOTBETCTBEHHO OT MEPEATOYHOrO YHC-
7ia B PACCYHTHIBAEMOM CTYMEHHU U; OT 4aCTOTbI
BpauUIEHHsT A1 rewepaTopa BOJH, MHMH ', OT

pasMmepos nepepaud d. COOTBETCTBEHHO

2 311000
Ku=—u“"‘—; Ku:‘\/ )
|73 n

Ke=1

Ki=125 npu d<130 wmm,
d> 130 mMM.

B cpennHx yciaoBHAX [o]cs AaA CTandb-
BbiX xoJec 10...20, pns mjiacTMaccoBBIX

TpH
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3...15 MIla; npd ManbX CKOpPOCTAX TeHepa-
TOpa yBeJW4HMBalOTcA B 5...10 pas.

Paamepbl nepeaauu, noayyeHable no npej-
JIOXKEHHBIM 3aBHCHMOCTSIM, COINIACYIOTCA C
AAHHBIMM KaTaJIoOrOB HHOCTPAHHBIX (UDM.
[Tapamerpnl 3auenieHnss BEIGHPAIOT ¢ YY4ETOM
[0AaTAHBOCTH 3BEHbLEB.

[Jf ynpoulenHs pacueToB NPHMeHSoT
YIPOUEHHBE 3aBUCHMOCTH, TNPOBepeHuble
skcnepuMeHTaMd. OHU cripaBejiJIHBbI TONbLKO
A 3BOAbBEHTHBLIX 3y6yaTbiX KoJec, Hape-
3aHHBIX CTAHAADPTHbIM HMHCTPYMEHTOM ¢ HC-
XOLHBIM KOHTYPOM, HMewluM o=20° xo-
spduuneHT BHICOTH AF¥=1, xo03ddUUHEHT
paguanbHoro 3azopa C*=0,25 (nau C¥*=
=0,35 a1 moaysaa go 1 MM): anis mepena-
TOYHOTO YHCJa B OAHOH cTynenu u =60...320,
a TaKxe AN YKA3aHHBIX HUXe COOTHOIUeHUH
pa3MepoB u dhopMul geopManuu redeparopa
BOJIH.

Monynb 3auenieHds BbIMUCJASETCA 0O 3a-
BUCHMOCTH m =d/z U OKpPYyIJIseTcs A0 CTaH-
JlapTHOrO.

Heobxonumblfi GOKOBOH 3a30p MeXAy
3yObsIMM B Hayaljie 30Hbl 3alenjeHHs HeHa-
TPYXKEHHOH mnepenadyd U BeJHYHHA OTHOCH-
TEMbHOrO pajHaldbHOrO YIPYroro mnepeMe-
IeHUA:

103 TmaxB
m  d?hGm

Imax

+4-107*(u—60);

wh=0,89 48 1052, 4 217

m 1
roe 7,., — MakKCHMAJbHO NONYCTHMBIH MO-
MeHT T[eperpy3kd (o6blyHO Ty, =2T);

G — MoayJib ynpyroctd npu kpydeduu, MIla;
hy — TonwKHa 060JIOYKH KoJsieca, MM (pHC.
10.47); m — Mopynib, MM; @} — paauanbHoe
ynpyroe nepeMemieHHe B AOJMAX  MOAZYJSA
wo/m (hy — cM. ¢. 226).

CMelueHue HCXOMHOTO KOHTypa ANs FHOKo-
ro X) ¥ XecTKOTO Xz Kosiec H rjybuna 3axonda
B JOJNIAX MOAYNA hy/m:

. 1,35 — wy
| =
085 o 01
¥z,

Xe=x1+ (wa‘-—'l);

h

N
>
(¥

y
\

d,, donyck C
dry
;
dy donyck A

c—
fll
2

TC 8 84 -I:‘J

S =

Puc. 10.47. 'ubkoe Koseco

* h
mn

=4d4wy— (4,6 —4wg) 107%2, —2,48.

PasMepbl 3y6uaTeix KoJec onpeaensiorT 1mo
3aBUCUMOCTAM, aHAJOTHUHBbIM 3aBUCHMOCTSAM
Ans1 OObIYHOTO 3auenieHUus.

JnaMeTpHl OKpPYXHOCTEH BHafAMH H Bep-
IIHH 3y0beB THOKOro KoJieca (HapesaeMoro
cTanaapTHoO# ¢pesoit);

dp=m (2, —2he —2C* 4 2x,): _
dar=dj + [2h3+ 0,7} m.
JHaMeTp BepuiuH XKeCTKOro KoJjieca
doy=dy) + 2wom — 2h; m.

HNuameTp BllajHH XECTKOTo KoJieca 3aBH-
CHT OT mnapaMeTpoB J0J6sika H onpeje-
JASETCA MO0 H3BECTHLIM 3aBHCHMOCTHM:

de = QGCT -I" da(],

rge
cos a
QQCT: m (22—2(]) ——— ]
COS Cler
. X2—Xo .
invea=——=2toca4+inva.
er P g + _

UHnekc 0 OTHOCHTCHA K HHCTPYMeHTY (Ho.a-
Gsiky). CMemeHHe HCXOQHOrO KOHTYpa [0J-
Gsika cpeaHe#d M3HOLIEHHOCTH MOXHO 6paThb

x0=0, nuaMeTp OKpPYXHOCTH BepLIMH AOJ-
651Ka

dao=m (204 2ha+2C*).

Tonmwuny 3y6a npu napesanuu KOHTpPO-
JIMPYIOT MO POMUKAM HJIM uepe3 JJAMHY oblled
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Puc. 10.48. TenepaTopbl BONH:

G — KynauKkoBbili; § — ABYXPO/JHKOBHIH

HopMaJ/K. CreneHb TOYHOCTH 3y64aTHIX KoJec
o6bIYHO 7-A.

PekoMmenayemas reomerpuueckas ¢dopma
3alUeIVIeHHA  HCK/JIouaer  HHTepdepeHUHIo

(npH HapezauHu ruGKOro Koseca B uegedop-.

MHPOBAHHOM COCTOAHUK 4YePBAYHOH (pe3oH,
a JKEeCTKOro — CTaHAAPTHHIM A0JGAKOM cC
yuc/IoM 3yGbeB A0J65Kka 20<< 0,529).

Ky/nauKoBhH reHepaTop BOIH HMeeT Kyna-
YOK, BHINOJHEHHBLIA 10 (Gopme KOJbLA, pac-
TAHYTOrO 4eTHIPbMA CHAAMH ¢ YIVIOM MexXay
cuiamMu 2=60 °. Papuyc-BekTop Kyrnadyka
(puc. 10.48, a) B KaxaoH yeTBepTH

p=0,5dn+w,

rae dy — BHYTPeHHHH AMAMETD MOAINHOHHKA
reHepaTtopa; W — pafHaJbHble nepeMeleHus
ru6KOro KoJiblia NOALIKNHUKA, KOTOPHIE NOA-
CYHTBHIBAIOT B HHTEepBate 0 p<Cfh;

w= (1 4069 cos @ +

01337
-+ ¢ sin @ sin p— %) :

B HHTepBaJe P<I

L] =]

P

wh

w= 01557 Il2785mq)—|-( )cosq;)(

X cos ﬁ——%] ,

w|=wg[ 1,05+0,08(\/°l";; ——1)} .

3aech @, — moTpeGHOe MaKCHMaJdbHOe YTIpY-
roe nepeMeuieHHe C y4eTOM YMpyrux Moaat-

rae

JHBOCTEH reHepaTopa BoJH H KeCTKOIQ KoJk-
Ca;-a TaKXe OTKJIOHEeHHH pa3MepoB OT HOMi-
HaAbHBIX TIPH H3TOTOBJEHHM; . Wo== Wy M.
JlucKOBBIA TeHepaTOp BOAH (CM. puc.
10.48, 6) nmeer ABa GOJBIUHX POJIHKA AMa-
MeTpoM Dp, PACHOOKEHHBIX HA IKCUEHTPH-
KOBOM Ba/iHKe C IKCHEHTPUCHUTETOM e:

D,=d.+ 2w, — 2,

roe e=3,4wym; d, — BHYTPeHHHUH AnHaMeTp
UHJIHHApPA HJIH TOAKJAAHOrO KOJbLA.
[loaumunuukH re’eparopa BOJH Paccyu-
THBAIOT N0 peakUuHu f, Ha AHHAMHYECKYID
rpy3onoabeMHoOcTb. PanuanibHasi peakuus Ha
OJHH NopmUnHUK Fp=0,6T/d, oceBaa F.=
=0,1F,, kosdpduiHenT Bpamienus V=12,
ko3 duruuedT 6e3onacHoctd Ke=1,1 — nan
KYJauKOBBIX TeHepaTopoB (¢ THGKHM TOj-
IMHOHHKOM ), Ks=1,3 — AJiT AHCKOBBIX [EHC-
paTOPOB ¢ OOGLIUHBIMH MOALIHIMTHHKAMH.

T'ubxoe KoJecO BHINIOJHAOT C JIHOM

(puc. 10.47, a) WK C WIHUEBBIM COSJHHEHH-

M (puc. 10.47, 6), npudem 3yGuaTble BeHIlbi
OJHHAKOBbIE (C 3IBOJbBEHTHBHIMH 3YObAMHU],
Ho B1=10,68. TonmuxHa 3y64aTOro BeHua Ao
BNiajiHH 3yObeB

hi=(704+0,5u) 10~* mz,.

Ocranbuble peddudpe: (C=0,28; hz==
= (0,5...0,8) hy; Al=h;; L=08d; hy=
= (1...1,2) ho; ha=2h,;, hs>=0,16d.

['u6xoe KoJieco NMPOBepsSIIOT HA OPOYHOCTh
MO0 H3BECTHLIM 3aBUCHMOCTAM A 3anaca
npoudocTd BaJjor (cM. c. 324). Iloacramus
B HHUX O, Tg U APYTHE mapaMerphl, MOJyuH™
3aBUCHMOCTb AJiF olipede/ienus o61ero 3and-
ca MPOYHOCTH rHGKOro KoJjieca

20 _ud

10%Tu \ ¢
TR ien\ )
KeKowiERT\] 140, 15( e

rie ¢ — nepejaToYHOe OTHOLIEHHE BOJHOBOH
nepefayy B GHOM CTyneHH; d=mz2, — AHA-
METp OeAUTENbHOH OKPYMKHOCTH, MM, m —
MOAYJIb, MM; L — AnuHa, MM (CM. pHUC.
10.47): wy=wo/m — paanajbHas aedopma-
uua; E=2.10° Mlla — gaa craau; h—
TOJIHHA 3y64arToro seHla, pasHas
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0,5(dj —du), MM; K¢ — 3tbeKTHBHBLH KO3¢-
$HIUHEHT KOHUSHTPALLKK HATPAKEHHH y OCHO-
BaHuaA 3y6a; T — Bpamamoiuyd MOMeHT,
H-M: K; — Ko3pprumedT yseniHueHHsa Ham-
psi>KeHHH OT CHJ B 3aUeIVIEHHH; 0| — Nepe-
zes BHIHOCJTHBOCTH MaTepHaJja cTaHAapTHBIX
KPyribix o6pa3uoB OPH 3HAKOMNEPEMEHHOM
uHKie Hanpsxeuuit, Mlla.

D¢} derTurHblil K03 UIHEHT KOHLEHTpa-
IHH HAOPAMXKEHHH

_ (ha+C")md
Ka--l—l-0,05\/ -y X

min

min"{"0 01
R .. +0, 02

MunuManbHBIi paguyc nepexoaHo# mo-
BEPXHOCTH, MM,

_ m(ha-}-C —x;—p") .
Rmin fla-{-C -—x:——p +0521 +P mr
rge C* =O,25, p*=0,4 npu m> 1; C*=0,35,
p*=0,4 npu m=1..0,5; C*=0,5, p*=0,33
npu m<0,5. '

KosdhduunedT yBelHyeHHs1 HanpsMeHHH
OT CUJl B 3aleieHHH

22T
AT 7 10%dht
KoJeca BuOOMHAWOT U3 craau 30XI'CA,
50X, 38XHBA, 40X13 ¢ TBepaocTbiO
28...32 HRC,.

JKecTroe Koseco BHINOMHAKT ¢ TOJILKHOfM
o6oaa hoz> (6..8) k1. Menbiunfi Kodpdu-
IIHeHT OPHHHMAIOT [PH T0CajKe XEeCTKOro
KoJieca B KOPNyC M0 TOCAAKE C HATArOM.



r1TABA XI
YEPBAYHDLIE NEPENAYA

§ 11.1. OBLIHE CBENEHHA

UepBsAyHas nepegada (puc. 11.1) coctour
M3 uepBAKa I, T. e. BUHTA C TpalieneHaasb-
HO# WK 6H3KOM K Hel no dopMe peanboit, U
4epBAYHOrO Kojieca 2, T. e. 3y04aToro Ko-
Jieca ¢ 3y6baMH 0co60H QopMb, nOy4aeMoi
B pe3y/ibTaTe B3aUHMHOTO OrHOAHHA C BHT-
KaMU 4epBfiKa.

UepssAuHble nepefauyd OTHOCATCA K UHCAY
3y64aTo-BUHTOBBIX, HMEWIIHX XapaKTepHbie
yepThl 3yOuaThiX H BUHTOBBIX Nepeaad. B orT-
JHYMe OT BUHTOBHIX 3yOuaTbiX mepeaad c me-
pPeKpelMBalOUIHMHUCA OCAMH, Y KOTOPHIX Ha-
yasibHbIH KOHTAKT OPOHCXOAHUT B TOUYKE, B yep-
BAYHBIX Tiepenauax HMEeT MecTo JuHeHHbiH
KoHTakT. B oceBoM ceueHHH 3y0bs KoJieca
HMEIOT Nyroeyio ¢opMy. D10 obecneyHBaeT
objeraHue Tejia uepPBAKA U YBeJIHUYEHHe
AJIHHbl KOHTAKTHBIX JIHHHH.

H306perenne yepBAYHBIX Tiepeaay NPHIOH-
CblBalOT ApxuMmeny.

JlocTouHcTBA YyepBAYHBIX nepenadu:
a) BO3MOXHOCTH NMOJIY4eHHs1 HOJBIIOrO nepe-

cXeMa

Puc. 11.1. Kutiemarnueckas yepBAYHOH

nepenavH

AATOYHOrO OTHOWIEHHS; 6) MIaBHOCTb M Gec-
LIYMHOCTb paGoOThl, BO3MOXHOCTL TOYHBIX JC-
JUTEJIbHBIX TepeMeleHu .

HenocraTkd H0OMbIIMHCTBA YEPBAYHBIX Ne-
penau: a) HU3kHiE KILM; 6) Heob6xoauMoCThL
NPUMEHEHHUs L5 Kojeca A0pPOroCTOAIHX aH-
THPPHKUHOHHEIX MaTepHalioB.

Uepssiuuble nepefadd NpHMEHSIOT NPH He-
06XOAHMOCTH CHHXKEHHS CKOPOCTH M mepena-
YK ABHXKEHUS MEXAY NMePeKpPEeIlHBaO L HMHCS
(B 60ABLILIUHCTBE CaydaeB B3aMMHO OepleH-
AHKYJAsIpHBIMU) BanaMH. O6beM NpUMeHeHHs
yepBAYHBIX Tepenay cocTasager oxkosio 10 Y
OT nepefau 3auemnieqHueM (3ybuyaThix M uep-
BAUHBLIX). BBIOYCK uepBAYHBIX pepyKTOpOB
MO YHCAY eAHHHL COCTaBMsieT OKOJO NOJIOBH-
HB OOILEro BBIIYCKA pPelYKTOPOB.

[1lupoKO NpUMeHAIOTCA YepBHYHBIC Mepe-
Aadd B MOJBEMHO-TPAHCIOPTHHIX MalIHHAX,
¢cTaHKaX, aBTOMOOMJIAX H APYTHX MauiHHAaX.

[lepenaTouHoe OTHOINGHHE u UepBSHHOH
nepenavyH ONMpeAe/]sioT H3 YC/JAOBHA, 4TO 3a
KaxablH 000pOT uepBdAKa KOJeCco NOBOpayi-
BaeTcsl Ha YHCAO 3y6beB, PABHOE YHCJY BHT-
KOB 4epBsKa:

i 29
u:———_—":-———-

flo 21

TAE 2y U 2 — UKCJIO BUTKOB YePBAKa H YHCJIO
3ybbes KoJieca; ny H 1z — 4acTOTHI BpalleHHS
yepBsiKA M Kosjeca, MUH ™ L.

TaxkuMm o6pa3oM, nepesaTOYHOE YUC/IO lie
3aBUCHT OT OTHOIIEHUS JHAMETPOB UEPBAKA
M YyepBAYHOTO Kojeca.

Hauboabuiee pacnpocTpaHeHHE MOJAYYHIH
yepBAUYHble Nepegadyd C UHJIHHIPHYECKHMH
yepBsiKaMHU (0 r106GOMAHBIX YEPBAUHBIX jlepe-
nauyax cM. B § 11.13).

OcHoBHbBE napaMeTpH
BAUHBX UHJIMHApPHUYECKHX

uep-
me-
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penau. Uepssiunbie mepegayH BCJAEACTBHE
OTHOCHTeNbHO HU3Koro KI1JI npuMeHsioT Ans
HeQOMbIIHX W CPeflHHX MOLLHOCTEH OT foneH
kuwioBatra Ao 200 xBt, KakK npaBuso 1o
60 kBt, ans Momentos fo 5-10° H.m. Ile-
pefaTouyHble OTHOLIEHHS] OOBIYHO NPHHUMAIOT
paBHbiMH OT 8 g0 63...80; B OTAGABHBIX CJY-
yadx, HanpUMep B MPHBOIE CTONOB DOJbIIOTO
auametrpa craukos,— po 1000. ,

IF'OCT 2144—76* ycranasauBaeT CJAeAyIO-
lMe 3HAYEHUs] TnepefaTOUHbIX OTHOLIEHHH
YepBAYHBIX PEAYKTOPOB:

pag 1-d . . . 8; 10; 12,5; 16; 20; 25; 31,5; 40; 50;
63; 80

pag 2-i . .. 9; 11,2; 14; 18; 22,4; 28; 35,5; 45;
56; 71

QakTHYECKHe 3HAuUeHHs [TepelaTOYHblX OTHO-
1MEHHE He JOJKHBL OTJiHUuaThbcd GoJsiee uem
Ha 4 % or sHauenuit no F'OCTy.

3uaueHus MogyneH m, MM, BEIGHpAIOT (MO
TOCT 19672—74* u TOCT 2144—76*) us
paaa: 1, 1,25; 1,6; 2; 2,5; 3,15; 4; 5; 6,3; 8;
10; 12,5; 16; 20; 2b; nonyckatorcd m, paBHbie
1,5; 3; 3,5, 6; 7; 12 u 14. Mexocesbie pac-
CTOAHUA a, (no 'OCT 2144--76%):

(S

.. 40; 50; 63; 80; 100; 125; 160; 200;
250; 315; 400; 500 .
pag 2-i . . . 140; 180; 225; 280; 355; 450 Mm

pan l-i .

'§ 11.2. TEOMETPHS YEPBAYHDbIX
LHJAMHAPHYECKHX NMEPEAAY
BE3 CMEILIEHHS YEPBSIKA

['eomeTpuueckne pacyeTh 4YepBAUHLIX Me-
penau aHaJIOrHYHBl pacyeTaM 3yGuaTHIX nepe-

gau. Buauasme paccMaTpuBaeM 3alefsieHde
6e3 cMelleHHs] YepBsKa.

Yepeaku. B cBg3d ¢ U3roToBAEHHEM uep-
BAUHHIX KOJieC HHCTDYMEHTOM, ABJIAIOMWHMCA
aHAJIOrOM 4epBsiKa, COIIPSXKEHHBIH TNpodUIb
KoJleca MoJjyudaeTcsl aBroMaTtuuecku, [losto-
My fpo¢HAb BUTKOB YepBfiIKa MOXXHO BapbH-
poBaTh. Buibop npodHuas onpeeasiercs npe-
HMYIIECTBEHHO TEeXHOJIOPHYECKHMH (aKTo-
paMu.

[TpuMeHTIOT YEpPBAKH CAEAYIOUIUX THOOB:
apXUME/IOBbl; KOHBOJIIOTHble H GJIH3KHE K
HUM — HeJQuHeHYaThie; 3BOJIbBEHTHDIE, @ TaK-
XKe C BOTHYTHIM mpopuneM (0 nocaegHux
cm. § 11.13).

ApxuMenoBB YepBAKH (puc.
11.2, a) npeacraBiasgioT coGOH BUHTHL ¢ Pe3b-
6oii, HMelome# NpAMOJHHeHHble OUYepPTAHHUSA
npodusisi (Tpaneudio) B OCEBOM CeueHHH
(B TOPLOBOM CceYeHHH BHTKH OuepyeHbl apXu-
MeA0BOH COHPAaAbio). IDTH 4EpPBAKH NOPOCTH
B M3TOTOBJIEHHH, €CJU He TpebyeTcs UX LUJIH-
¢oBaHMe, TO3TOMY OHH COXPAaHUJH TNpPUMEe-
HeHlMe B THXOXOAHDBIX, He CHJIbHO HaNpPsiXKeH-
HBIX mepenadax. i ux wingposaHud Tpeby-
eTCH KpYyr, O4Yep4YeHHBIH CJOXHOH KpPUBOH
B OCEBOM CE€4YeHHH, YTO OrpaHH4YHBaET HX
NpPUMCHEHHe.

[Tog KOHBOJNWTHHBMH 4YepBH-
kKaMu (puc. 11.2,6) NOHHMAT uyepBAKH,
HMeHe NpAMOJHHeH b IPodUIb B ceue-
HHH, HOpMa/bHOM K OCH CHMMeTpuu. BUTkH
B. TOPLOBOM CeYEHHH OYCPYeHbl YAJIHHEHHOH
HJIH YKOPOUEHHOH 3BOJIbBEHTOH. ITUH YepPBAKH

“obnajnaior HEKOTOPbIMH TEXHOJOMHYECKHMH

Puc. 11.2. OcuoBdble THIB LUHIHHAPHYECKHX 4YepPBSKOB:

a — ApXHMeJ0B; § —— KOHBOMIOTHRHIA; 8 — SBOJALRBEHTHH
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ApeUMylUECTBAMH TepeA  apXHMeAOBLIMH.
[Tpu ToueHuu pe3bGbl ABYCTOPOHHHMM Pe3uoM
(no npothua10 KaHaBKH) 00 06eHM GOKOBBLIM
' rpaHsM pe3lla HMEIOT MECTO OIHHAKOBHIE
yrJbl pe3adusl.

[lnugoBaHue KOHBOJIIOTHBIX YEPBAKOB KO-
HYCUBIMU KPYraMH ¢ NpAMOJHHeHHBIMU O6pa-
3YIOIMMHE Ha OOBIYHBIX pe3b6ollTHdOBAMb-
HbIX CTAHKAaX NPUBOAHT K MOJYYeHHUIO H e J U-
HefiuaTbX 60KOBB X NOBEePXHDO-
¢Te#, BecbMa OJH3KHX K MOBEPXHOCTAM
KOHBOJIIOTHBIX uepBAKOB. UepBAuHble ¢pesnl
ANfl Hape3aHU 4epPBAYHLIX KoJec WJAHGYIOT
TEeM XKe cnoco6oM, MO3TOMY NOJYHAlT npa-
BH/bHOE 3allen/eHue. Hapesanue pess6bl He-
JNUHefiyaThIX 4YePBAKOB Nepea MX uuwindgoBa-
HHEM KOHyCHbIM UIJMHK(POBAJBHLIM KPYroMm
MOKeT OHITb OCYIeCTBJEHO TakXe AUCKOBOMH
¢pe3oH.

JBOJMbBEeHTHLH e HePBAKH (pHcC.
11.2, 8) npeacrasasior co6oii Kocozy6bie Ko-
Jleca ¢ MajiblM UMCAOM 3y0beB W oyeHb 60Jb-
WHM YIVioM HX Haxjaona. Ilpodunb 3y6a B
TOPLOBOM CeUEHHH OuYepyeH 3BOJIbBEHTOH.
JBO/NLBEHTHAA MOBEPXHOCTb MMeeT NPIMO-
JUHeHHbIHl Npo¢HIb B CeUYEHHH IOCKOCTDIO,
KacaTe/NbHOM K OCHOBHOMY LH/JHHAPY YepBs-
Ka, MO3TOMY 3BOJIbBEHTHBIE YepPBAKH MOXKHO
iHdoOBaTh NAOCKOH CTOPOHOH ulMH(pOBaAIbL-
Horo kpyra. Ulaudyemble yeppsaku crieayeT
AenaTb 3BOJIbBEHTHLIMH.

UepAunble nepeaadd HMelOT YCJIOBHbIE
0603HaYeHUA: apXUMeAORH ZA; KOHBOJIOT-
Hele ZN; HequHeHuyaThble, NONY4YeHHblE ULINU-
(hoBaHMEM KOHYCHHIM Kpyrom, ZK; 3BOJib-
BeHTHble ZJ; ¢ BOTHYTHIM fOpodusieM uyep-
Baka ZT.

B ueprAuHLIX nepegayax B COOTBETCTBHH
¢ TOCT 19036—81 cranaapTHbi#i yros npo-
¢uns OpuHAT paBHBIM 20°: y apxXHMeqOBHIX
yepBAKOB — B OCEBOM CEHEHHH Gy, ¥ KOHBO-
JNIOTHBIX — B HOPMAJbHOM CEUYeHHH, ¥ IBOJb-
BEHTHbIX 4YEePBAKOB, KaK Y Ko0co3y6miX KO-
Jec,— B HOPMAJbHOM cedeHHH KocoayG6oH
peiiky, cuenJfolLeic ¢ YePBAKOM, Y HeJH-
HeHMYaTEHX — YroJ 0poguisa KoHuyecKoH npo-
H3BoAfALLeH MOBEPXHOCTH.

Paccrosinne MeXAy OJHOMMEHHBIMH TOY-
KaMH COOTBETCTBYIOIIAX OGOKOBBIX CTOPOH
JBYX CMeXHbIX BHTKOB UeDBfKA, H3MepeHHoe

d-t’mu ?

hf?‘
ha 7

a4
d;
| e

=
L

by

Puc. 11.3. CxeMa UHIHHAPHYECKOTO apXUMeENoBa
yepBsIKa

MmapasiiesibHO OCH, HAa3bIBAIOT PACUETHBIM LIa-
roM 4epBsiKa M 0003HAYalOT uepes p (pHcC.
11.3). _
OrHOlUeHHe p/mt HA3BIBAIOT MOAYJieM /M.
Moaynb — cTavaapTHeii  napamerp  (cM.
§ 11.1); nna depBsiKa OH AABJSIETCS] OCEBbIM,
AJf 4ePBAYHOTO KoJeca — TOPLOBLIM.
UepBAuHble Kojeca Hape3aloT YepBSYHbI-
MH pe3amMi, pexyiHue KpOMKH KOTOPHIX TipH
BpaweHHd ¢pe3bl HASHTHYHBI € MOBEpPX-
HOCTbI0 BHTKOB 4epssika. [loaTomy B wmessnx
COKpAILlEHHsT HOMEHKHATypnl 3ybope3Horo
MHCTPYMEHTa CTaHAAapTH30BaHbI TaKKe
KO3(bPHUHEeHTH AHaMeTpa uepBsika

4=

m

JleaureJbHpti  fHAMeTp depBAKa (CM.
puc. 11.3) di=¢m, roe ¢ BbIGHpaloT 1O
[OCT 2144-—76* B coueTaHuu C MOAYJeM /7
(raba. 11.1).

PeroMennyerca BBIOUpPATH qg=0,252;
(npu atom d, ~0,4a,, Tae d, — MeXoCeBoe
paccTOfIHHE), Tak Kak yBeJHYEHHe ¢ IIPpHBO-
AuT K cHukenuio KI1J1 nepenauu, a ymennuie-
HHe — K [a/EHHI0 U3rHOHOH ECTKOCTH uYep-
BAka. JlONyCTUMBHM CUMTAOT 3HaA4EHHH
qmm=0,21222.

HauaabHblf guaMerp yepBsika 6e3 cMmele-
Hua dy) paBeH JefuTEIbHOMY AHaMeTpy di.

Yucno BUTKOB 4epBsiKa BLOMpAIOT B 3aBH-
CHMOCTH OT M[epefaTOYHOro OTHOIUeHHA U.
F'OCT ycrauasaupaeT 2z, paBHbiM |, 2 4 4.
[Tepenauu 6onbLioH MOHIHOCTH He BBIIOJHSA-
10T ¢ 4epBAKAMH, UMCIOIIHMH OJLHH BHTOK,
u3s-za majoro KIII # cHABHOTO HAarpesa.
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11.1, 3Havuenus moayaeli m B 3aBHCHMOCTH OT KOIPDHUUHEHTOB pHAMeTPA uepBaAka g npH z=1, 2, 4

(FOCT 2144—76 %)

m, MM q m, MM g
2 8; 10; (12); 12,5; 16; 20 (7) (12)

2,5 8; 10; (12); 12,5; 16; 20 8 8; 10; 12,5; 16; 20
(3) (10); (12) 10 8; 10; 12,5; 16; 20
3,15 8; 10; 12,5; 16; 20 (12) (10 **)
(3,5) (10); (12*); (14 *) 12,5 8; 10; 12,5; 16; 20

4 8; gg); 10; {12 *); 12,5; 16; 20 (14) (8 ***

5 8; 10; 12,5; 16; 20 . 16 8; 10; 12,5; 16

(6) (9); (10) 20 8; 10

6,3 10; 12,5: 14; 16; 20

, 8;

* Toabko mpn 2, =1.
** Toabko npu 2;=1 1 2.
*** Tonbko npu 2;=2,

[Mpumeuadne Pagsuauendit m u g ycranapaupaer 'OCT 19672—74 *. B ta6anue npHeselieHo
OTpaHH4YEHHOE YHCJIO MOAyJNe#l. 3HaueHHA, He 3aK/TIOYeHHBle B CKOGKH, ABASIOTCA NpeAnOdTHTENbHBMH.

¥Yroa noareMa JIHHHH BHTKA yepBAKa Ha

JeNHTeJbHOM [HJIHHApEe Y (AeNHTe/NbHBINA
yroJ noabema)
_.p“ __le #m21 _2]
tg?_ﬂ.dl - nd, o dl q !

rie p, =pz| — XOJ BHUTKA 4epBfAKa, p —
miar.

Bhicota rosioBKH Ao B HOXKH fj; BUTKOB
onpejensiercA no opMmynam

har=ham; hj=hpm,

Fle Ko3()(UUHEUT BHICOTH FONOBKH Ay =1,

K03 GOHUHEHT BHICOTHL HOXKH Aj, ANA apxH-
MEOBHIX, KOHBOMIOTHBIX H HeJHHeHuaThiX
YepeaxoB paBeH 1,2, a A/l 3BOJIbBEHTHBIX
140,2 cos y.

IOuamerp BepmuH dq; (BHeWIHHM p[ua-
MeTp) M puaMeTp BnaguH dj:

day=di+ 2h,,

dp =d1— 2h;,.
Hnuny b, Hape3aHHOH YACTH YePBAKA BbI-

6upaioT TeM 6Gosnbluel, yeM GoJblilee YHCJO
3yObeB KoJieca 2., T. €.

b= (ci+c220) m,

fpu 2;, paBHoM | U 2, ¢ =11, ¢2==0,06; npu
21=4 ¢,=12,8 ¢2=0,09.

Jaa mandyeMelx 4 (pesepyeMblX yepss-
KOB AJIHHY b yBeJHYHBAIOT HA 25 MM NIPH Mo-
Ayne m<<10 MM, Ha '35..40 MM fpwH
m=10...16 MM, Ha 50 MM npu m> 16 Mm
(TOCT 19650—T74).

[Tpu HeponycTHMMOCTH 3a30pOB B 4epBfd-
HOH mepenade yepBAK AENAIOT C NepeMenHOH
TOJIMHHON BHTKOB ¥ BEIGHPAIOT 3230 OCEBLIM
mepeMellleHHeM 4YepPBAKA MM [PUMEHSIOT
NPUBOJA KoJeca OT ABYX HePBSIKOB C HATATOM
MeXx /Ay HHMH. .

YepBaunbie koseca (puc. 11.4). Muuu-
MaJibHble yHc/ia 3y6bes KOJeC 2, o, BO BCIO-
MorareJlbHblX KHHEeMATHUYECKHX nepefaqax
NpH 4YepBAKAX C OAHKMM BHTKOM MNPHUHMAIOT
paBubiMH 17...18, B CHJOBBIX mnepeaauax
2 nin ==26...28. OnTumManbHO AJA CHJIOBBIX
nepefau: z;=32...63 (#e 6osee 80). B npu-
BoAax CTOJIOB 60JbIUIOrO AMaMeTpa 2z Ao-
xoautr po 200...300, B OTAeNbHBIX cayuadx
o 1000.

JlenurenbHblii ¥ COBNAjaOUHi ¢ HUM Ha-
ya/ibHBIA KHaMeTp

d2 =Mzq.

HuaMeTp BepuinH du; 4 BIAAHH dj2 B CPefl-
HeM cCeuyeHHH B mepegauaXx 6e3 cMeluleHHdA
YepBAKa COOTBETCTBEHHO PABHHI



232 YEPBSYHBIE MEPEJAYH

Lmey orve

dam2

Puc. 11.4. Cxema yepmsiuHOro KoJeca

da2 == dQ —]— Qhag; dfg = d:g —_ th:g.

B nepepauax ¢ uMciOM BUTKOB uepBfiKa
ABa H Gouee 3 (PexKTUBHOE ToJe 3alenieHus
GoJiblle, 4yeM B nepeaaue, 4EPBIK KOTOPOH
HMeeT OJiHH BHTOK, NO3TOMY HAPYXHBIH aua-
MeTp H INHPHHY KoJeca OepyT MeHbIIHMHU
(mpu Tex xe do, dyo u m). Hauboabiuii nua-
MeTp KoJeca

dam? a?+ . '

1+2

[Ilupuny xomeca npuuumawt 1o T'OCT
19650—74: b,<{0,75d, npu z=1, 2 wu
b2<0,67d,; npu z,=4.

YcioBuetilt yroa ofxsara 28 aas pacyera
Ha MOpPOYHOCTb HAXOJAT 110 TOYKAM mnepece-
4eHHSA OKPYXHOCTH dg— 0,5m ¢ TOPUOBLIMU
(KOHTYPHBIMH) JIHHASIMU 4E€PBAUHOTO KoJleca:

. ba
sin § = e
B o6meM cnyuae MexoceBoe paccTOsIHHE
nepenadyd 0003HA4YaOT yepes a.; AJs nepeja-
4YH 6€3 CMeuleHus yepBsika — uyepe3 a. OHO
paBHO MNOJYyCyMMe NHAMETPOB A€JHTeNbHBLIX
OKPYXHOCTEH 4epBfAKa W KoJeca:

dy +d m

A=—7G—= (‘7'1‘22)

B uepBsuHbix nepegadax HEOGXOAUMO
NpesyCMarpuBaTh BO3MOXKHOCTH pPeryJiHpo-

BaHUsl NPH COOPKe MOJIOXKEHHA HepBAUHOIY
KoJeca BAOJb €10 OCH [Jisl COBMEUIEHHS C oce-
BOH IIOCKOCTBIO YepBsKa.

§ 11.3. YEPBSAYHBIE
ILHJIHHAPHYECKHE MEPEAAYH
CO CMEIEHUEM YEPBSIKA

CMellleHUe 4YepBsiKA B OCHOBHOM BbINIOJ-
HSIIOT C LeJ/ibio BIIHCHIBAHUS TIEpejayl B cTall-
AapTHOoe MexoceBoe paccrosnue, Obecneuye-
HHe CTaHAApPTHbIX MEXOCEBBIX paCCTOAHME
0COOEHHO BaXHO IS PEAVKTOPOB, TaK KAk
3T0 obperyaet YHH(PHKANUIO KOPNYCHBIX fe-
TajseH,

Mexkocesoe paccrosHue

Aw=a-+ mx
HIH

ay=0,0m (g+2:42x).

KoappUiHeHT cMeuleHns yepBsika (M HH-
CTPYMEHTA TPH Hape3aHHH Kojieca)
Ay
=-——0,5
x==-—— (g+22)

|

BHIOHpaloT B npefenax -+ 1. [Tpexnoururens-
HO HCIO0/b30BATb MNOJOKHTEJIbHBIE CMEHUIC-
HHS, NIPH KOTOPBIX OJHOBPEMEHHO NOBLIIIAET-
cA TPOYHOCTL 3YObeB KoJieca.

Hapesanue konec aisa nepepau co cme-
ICHHEM YepBAKA H 6€3 Hero oCyulecTBAHET-
Csl OJHHM M TeM K€ HHCTPYMEHTOM.

ITapamerprl uepBsika B nepefaye co CMELIEHHEM
H 6e3 Hero OCTalTCA HEHAMEHHBIMH, 34 HCKJoue-
HHEM DauHbl HapesaHHo# wacTd. Kpowme Toro, me-
HAETCHA OJHH pacUeTHblA napaMeTp, He MpocrapJsie-
MBI Ha paBouynx YepTexax,— NHAMeTP HAauaJbHO-
ro UMAXHApa (HauajbHBIH nHAMETD)

dei=m (g+ 2x).

Yroa nogbema JWHWW BHTKa uyepBAKa 1a la-
HYaJbHOM UHJIMHAPE Vo (Ha4aJdLHBIA yros noabema)

<]

tg Yo = —vn.
g Yuv q+2x

Kosdpduunents! ¢, 4 ¢ 1A OnNpefeseHdsa njH-
Hbl &, HApe3aHHOHW YacTH YepBAKA B 3aBHCHMOCTH
oT KoshHuneHTa cMeLenns x caenyiowse (FOCT
19650—74):
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... —1 —05 405 +1 =

6onee
z2=1; { Ci 10,5 8 11 12
=2 Ca... 1,00 0,06 0,1 0,1
. Cian- 10,5 9,5 12,5 13
21= { cs... 1,06 009 0,0 0,1

Y d4epBA4HOrQ KoJseca, HAPe3aHHOTO CO CMeE-
eHHeM HHCTpYMeHTa, BCe pasMepbi, KpOMe 1Ha-
MeTpa HauaJbHOH (neJHTeNLHOH) OKPYMKHOCTH,
OTJHYHLL OT PAa3MepPoOB KoJseca, HapezaHHoro Ges
CMeLlleHHA HHCTPYMeHTa.

Jnamerp mepuldH W BmajiMH 3yGbeB KoJeca B
CpeNHEM CeUeHHH:

daa=m (224 2+ 2x);

dis=m(2e— 2,44 2x) — ansa nepenpau
¢ yepssikamu ZA, ZN, ZK;

dp=m (20—2—0,4 cos v+ 2x) — naga
¢ ucpBAKaMH Z/[.

nepenay

§ 11.4. CKOJIb)XEHHE

B YEPBSAYHON MEPEJAYE,
KO3®®HLMEHT MOJIE3HOIO
NEWCTBUSA, CHJIbl B 3ALENJEHHH

XapakrepHublMH OCOOEHHOCTAMH  paboThl
YepBAUHBIX Tepefau [0 CParRHeNHK C 3yb-
YaThiIMH ABAATCH BOAbIIHE CKOPOCTH CKOJIb-
XKeHusi M HeGaaronpuaTHOe HalpaBlieHHe
CKOJIbKEHHS OTHOCHTENbHO JIHHHH KOHTAaKTa.

CKOpOCTb CKOJILXKEHHAl Ui HallpabieHa
No KacaTenbHOH K JHHHH BHTKAa 4epBAKa
(puc. 11.5):

U

Uy — ———
oK COS Vo y

r L ndw 11
AS U1=g 1000
Fyo roneca Bumon vepbaxa
[
DR (i
¢
'\
Ay
Y
AR

Puc. 11.5. Onpefenenne CKOPOCTH CKOAbKEHHSN

OKpYXHasl CKOpOCTb, M/c, YepBAKA Ha Ha-
JaJbHOM AHAMETpE.
Jasg mepegauy ¢ yEpBAKOM,
OJIHH BUTOK (21=1), vex = V1.
HauuHaa npoeKTHBIH pacueT nepeaayy,
vex (M/C), MOXKHO OpHEHTHPOBOYHO OII€HHTb
N0 3aBUCHUMOCTH

HMEIIHM

4n, 3
UCKzT(')T‘ TQ,

rge n; — 4acTtora BpalleHun qyepBs-
Ka, MHH " '; To — MoMedT HA Kojiece (MaKcH-
MafbHBIH CpefH AJUTENbHO AeHACTBYIOIIHX),
H-m.

Hecyuiaa cnocobHocTh nepeMeniatomHx-
cA OfHAa N0 APYrof CMAaszaHHbLIX NOBEPXHO-
cTed MOMKeT GbiTh 3HAUHTEJNBHO NOBbLILIEHA,
ec/H obecneunth Me)KAy HHUMH XOoTd Obl Ha
HayaJbHOM YACTH KOHTAKTa KJIWHOBHAHBIH
3a30p B HanpaBjeHHH CKOPOCTH. Jlas uH-
JHUHAPHUECKHX NOBepXHOCTeH ¢ MTHHEHHbIM Ha-
yaJibHBIM KacaHueM 3TO COOTRETCTBYeT YCJO-
BUIO, UTO CKOPOCTb IepIeHUKYAAPHA JHHHH
KOHTAaKTa UM HMeeT 3HAYUTEJbHYIO cjaraw-
My©, MNepneHAHKYJApHYI0O K 3TOH JIHHHH.
[Ipu 3TOM Tpenue MeTans OB 6e3 CMa3z04YHOro
MaTepHalsia 3aMeHsAeTCda KUAKOCTHBIM; MACIIO,
3aTATMBAEMOe B KJMHOBOH 3230, BOCIpH-
HHMaeT YaCTHYHO UJH OOJHOCTHIO AeHCTBYIO-
YO HATPY3KY.

Ecan y uuMAMHapHYECKHX NOOBepXHOCTeH
CKOJIbXKEHHe MPOMCXOAUT BAOJb JIHHHH KOH-
TaKTa, Mac/JfHBIH cJ0H B KOHTAKTHOH 30He
0O6pa30BaTLCH HE MOMKET.

B 3y6uaThix nepegadax ¢KOPOCTH CKOJib-
XKeHUA NepIeHAHKY s pHbl KOHTaKTHBIM JIHHH-
M (IpsAMO3y6bie nepefaud) HAU OJIU3KH
K MepneHaHKyaapaM (Koco3yOble nepeaauu).
Mexay TeM B uepBAYHBIX niepenavyax B cpel-
HeH yacTH 3yba yepPBAYHOro KoJeca HMeeTcH
30HA, B KOTOPOH CKOJbKEHHE MPOHCXOAHUT
BAOJ L KOHTAKTHBIX JuHHE (puc. 11.6). Ha
puc. 11.6 nudpamu I, 2, 3 oTMedeHbl KOH-
TaKTHbIE JHHUU B UX MOCJAEAOBaATebHOM TO-
JIOKEeHHH B lipoLecce 3alelieHds H CKOPOCTH
CKOJIbXKEHHA U B HEKOTOPBIX TOYKax (Ha-
npaBJlieHHe U OJIM3KO K HanpaBJIeHHIO OK-
py];KHOf:I CKOpOCTH yepBfiKa v,). 30Ha, B KOTO-
POH HaANpaBAEHHE U TOYTH COBNajaer ¢
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Puc. 11.6. [lonoxeune KOATAKTHBIX JHHHH Ha 3yGe
KOJeca ¢ apXHMeIOBbIM YEepBSIKOM

HanpaBaeHHEeM KOHTAKTHBIX JHHHH, 3alITPH-
XoBaHa'.

He6naronpusiTHoe HanpasieHHe CKOpo-
CTH CKOMBXEHHS CHYXKHUT MNPUUHHOH OOHHM-
xkeunnoro KIT[ uepBAuHO# nepeaayH, MOBH-
II@HHOI'0 H3HOCA U CKJIOHHOCTH K 3aejaHHIo
(cm. § 11.5).

KI1Jl B yeprAyHOM 3allenyieHHH ), Ofpe-
JeJIAI0T N0 3ABHCHMOCTH, BhIBeAGHHOH AJs
BHHTOB, HO KMeloeH 06U XapaKTep U pac-
IpoCTPaHAmEHCH TakxKe Ha YepBAYHbIE ne-
peaaun (Npu BeAylLUeM YepBsKe):

- tg yo
R T

rae ¢’ — NpHBeXeHHBIH yroa Tpeuud; [ =
=tg ¢’ — npuBeneHHnd Ko3(pdHIHEHT Tpe-
HHA.
3uayeHHe 1), YBEJMUHBAGTCS C POCTOM
HayaJbHOIrO YIJia MNOABEMA Vw A0 Yuw=
=45°— ¢’ /2, KOTOPBLI# COOTBETCTBYET MAaKCH-
MyMy 7. [Ips pajabHeilleM pocTe Yyria
moabeMa 1, HaduHaeT najaatb (puc. 11.7).
3710 Jerko nokKasaTh, OPHPABHAB HYJIO OPO-
dn,
w
Npou3BOgHOMN.
O6biuno uepBAYHbIE MEPefaud HMET Yr-
Jbl mogbeMa ao 27°, TaK Kak B 30He B0JIbLUINX
yrios nopbema KIT[| mensiercs mano, a 60b-

H3BOAHYIO M POBEPHB 3HAK BTOPOH

! BaMmHOCTb PacnoNoxeHHsl KOHTAaKTHbIX JHHHH
nepneHaHKY IIPHO HAMPABACHHIO CKOPOCTH CKOJb-
KEHHSl WJIOCTPHPYETCH  CJAEeNYIOLHM  OfBITOM
LIHHHUTMAILL: necymas cnocoGHOCTb YepBAYHOMH
nepenay Gblia CyliecTBEHHO NOBLILIEHA B PE3Y/ib-
TaTe TOro, 4To GblAa BbIpE3aHA 30HA, B KOTOPOR
CKOJIbXEHHEe MPOHCXOAXT BAOJAL  KOHTAKTHBIX
JHHHA.

QSv%

98 —— —Llf’-ﬂ,m

97 8015

% 062

P
IEE i
Vi el - b
92 3 Yy a4 — 0,04
0,05

V107047 % 006

84 ~ 0,08

a0 LA 7 g,10
v/ ’zf -1 0,12

i A - g6

50 ol =020

50 s

40

k71 ~
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0 & & 12 I 20 2 28 32 36 40 4% 48 fu

Puc. 11.7. 3asucumocts KI1Il (n.) uepBsiuHoO-
ro 3auemvieHHsi OT HayaJAbHOro yraa Moxb-
eMa (Yw)

e YrJbl MoAbeMa BhITONHUMBI TONBKO B 0e-
penavax, KMelUIUX YepPBAK ¢ YeTbiPbMA BHT-
KaMH, TPYAHBIX I H3rOTOBJEHHA H HMeIO-
IWHX MaJjble NepeqaToOdHble OTHOLUEHHS.

. ¥rabl TpeHust H COOTBETCTBEHHO Ko3(hdu-
LHeHTHl TPeHUA 3HAYHTEIbHO YMEHbLIAITCS
C yBeJIHYeHHeM CKOpPOCTH CKOJbXKeHHus (Taba.
11.2), uto cBA3aHO ¢ ycJoBHAMU 06pa3oBa-
HMA MacJAHbIX KIHHbeB B 3aUeniedun. MeHb-
l1IHe 3HauyeHHs Ko3Gh¢pHULHEHTOB H YIJIOB TPE-
HHS COOTBETCTBYIOT TBEPABIM 1HGOBAHHBIM
M OOJHPOBAHHBIM YepBAKaMm, paboTaiolHM
B YCJIOBHAX OGHUJIBLHOH CMAa3sKH.

Insi nepenay co cTaJbHbLIM UYEpPBHAKOM
M 4YTYHHBIM KOJIECOM KO3(] (pHilHeHTHl TPEHHUS
NpMHHMAlOT Ha 60 % Goabme.

-O6muit KIT[1 uepBsiuHOro peaykropa

n=1-— (Y4 Pn + Py + pu+¥s),

rae Ps, Pn, Py, Pu, Pa — OTHOCHTEJILHBIE NO-
TEPH COOTBETCTBEHHO B 3aleIVIEHHH, TOA-
IUATHAKAX, YIJMOTHEHHSIX, HA MNepeMellIHBa-
Hue W pa3bpbisruBanme Macia (6apGoTax),
Ha TIPHBOJ BeHTHJIATOpPA.

B ueppfiyHnx Mepefadyax Ha TNOAIIHNHH-
KAaX KaueHHsl NMpH MOJb30BAHHH YKAa3aHHbIMH
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11.2. MpuBepeHHble KO3 PHUIMEHTH! TPeHHA ' W yrabl TPEHHA ¢ MEXKAY CTANbHBIM YEPBAKOM H KOJECoM

H3 OpoHan
e M/c f 9 Yexy M/ C F ¥
0,01 0,10...0,12 5°40/...6°50" 2,5 0,03...0,04 1°407...2°20/
0,1 0,08...0,09 4°30/...5°10 3 0,028...0,035 1°30’...2°00
0,26 0,065...0,075 3°40°.. .4°20/ 4 0,023...0.03 1°2(/...1°40"
0,5 0,055...0,065 3°107...3°40° 7 0,018...0,026 1°007...1°30/
1 0,045...0,055 2°30°...3°1¢Y 10 0,016...0,024 0°55’...1°20/
1,5 0,04...0,05 2°20°...2°50¢ 15 0,014...0,020 0°5(...1°107
2 0 035...0,045 2°007...2°30/
B 1a6a. 11.2 3HaueHUsiMH NpHBEAEHHBIX KO3 (- Cunni B 38u€NJeHHH  DAacCMaTPHBAIOT

(OHUHEHTOB WJIH YIJIOB TPeHHs B 3alelieHHH
MOXKHO MOTEePH HAa TPeHHUE B Onopax oTAedb-
HO He YUHTHLIBATh.

3HaueHHs1 OTHOCHTENBHBIX OOTEpPb Yy,
Yu H P NMPH HACTOTE BpAalHHA UepPBsAKa
n = 1500 mur~' npusesens Ha pHc. 11.8.
[Ipu ppyro# wactoTe BpauleHHsA NOTEpPH B
YIJIOTHEHHAX 1y H3MeHATCH Ma/io, NoTepH
Ha Gap6orax Yy HIMEHSIOTCA MPONOPIHO-
HA/JIbHO NEPBOH CTENEeHH OTHOUIEHUH UacTOThE
K 1500, norepu Ha 0PUBOA BEHTHAATOpPA —
NPONMOpPUHOHAABHO KBajpaTy 3TOTO OTHO-
LIeHHA.

KI1[l wuepesiuHbIX mnepegau HUXKe,
APYrux MexaHH4YeCKHX Iepejau.
-~ Hauwmnas npoexkTHpii pacueT mnepenau,
f)s MOXHO TPUHATL MPUGIHKEHHO

00)
200 / °

~ Jast pacueTa Tesla 4epBsika, Bajia uep-
BSIUHOTO KoOJieca M MOAIIMTIHHKOB YepBAYHOMN
nepefayd Heo6XOQMMO 3HATH CHJibI, AeHCT-
BYIOLLHE B 3aleNJeHHH,

yem

Ns "-’0,9( ] —

4 ny = 1500 mun! /
¥y ¥s
605 —_—
/ ——
Y
g
50 w0 150 240 a
Puc, 11.8. Ornocuresibible NOTEPH B yepsAdHOH
nepefdye

OPUJIOKEHHBIMH B NOJIOCE 3allelJIeHHs U 3a-
AA10T TpeMsl B3aUMHO NepHeHAHKYJAPHBIMH
cocrapisiiomuMe (pue. 11.9):

1) OKpyxHOH CHJOH Ha KoJece, paBHOH

0CeBDOH cHJie Ha uepBsiKe,

9T, 102

Ft2=Fa1=“_’"r_ -
2

2) OKpPYXHOH CHNO# Ha tlepBﬂKe paaﬂoﬁ
oceBOH CHJIe Ha KoJecle,

P e 2T,-10°  2T5-10°
. tH=—1a2=— dw] - dm.luna -
=Fatg(vu+¢');
3) paguaJbHOH CHJIOH, pa3aBHramollel

yepBAK H KOJeco,

Fr2=FrI=Ft2tg Clx.

Puc. 11.9. Cuin B ueppAYHOM 3auenyeHuy
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B stux ¢opmynax 7: u T, — MOMeHTHI
COOTBETCTBEHHO Ha Baly Kojieca W yepBsKa
(MaKcuMajbuble cpead [JUTENbHO pedcT-
pytlomux), H-m; 1, — KITJ, yuuTbiBatomui
NoTepd B 3alenJeHHd M [ONINMNHHKAX:
oy =20° — yro/i npotusisi B OCEBOM CeYeHHUH
apXHMeN0oBa 4yepBsKa.

§ 11.5. MPUYHHDBI BbIXOJA
M3 CTPOSl YEPBSYHbBIX
MEPEJAY U KPUTEPHHU
MX PABOTOCMOCOBHOCTH

OCHOBHBIMH NPHYHHAMU BBHIXOAA H3 CTpOSA
yepBFAYHBIX NepeAay ABJAAITCA H3HOC 3yObeB
Kosieca, 3aefaHHe, IOBePXHOCTHBIE pa3pylle-
Husl 3yObeB KoJeca.

M3auHoc orpaHuydBaeT CpPOK CJyKObI
O6OJBINHHCTBA YepBAYHBIX Oepefad. Ox oueHb
CHJIbHO 3aBHCHT OT CMA3KH, YBEIHUYHBAETCSH
pH HETOUHOM MOHTAXe 3alenieHds, npu 3a-
TPSI3HeHHOM CMa304HOM MaTepHaje, MPH Io-
BhIIIEHHOH [LIEPOXOBATOCTH YePBsKa, a TAKXKe
IIPH 4acThIX NMYCKaX H OCTAaHOBAX MepefavH,
NMPH KOTOPHX YCJOBHS CMAa3KH YXYIIIEHbI.

Zaenanue ocobO OnacHo, ecsH Kojeca
H3rOTOBJICHBl M3 TBEPABIX MaTepHanoB: 6e3-
ONOBAHHBIX O6poH3 K uyryHa. [Ipu TBepabix
MaTepHa/siaXx KoOJec 3aejaHHe MpPOHCXOAMT
B AIPKO BbIpa)KeHHOH (pOpMe CO 3HAUHTENb-
HEIMH MOBPEXCHHAMH TOBEPXHOCTEH H T0-
cielyioUHM GhICTPBIM H3HAUIHBalHeM 3yObLeB
YyacTUIIAMU MaTepHaja KoJjeca, NpHBApPHB-
IHMHUCA K uepBAKY. IIpu MsITKHX MaTepHa-
Jax Kojec (OJOBAIHHBIX OpOH3) 3aejaHHe
Hab/logaeTcs B MeHee onacHo#l ¢opme: Mare-
puan Koneca (OpoH3a) «HaMa3blBaeTcsi» Ha
yepBsK.

YecTanocTnoe BHKpPAaWHBa-
H M e Habmw aeTcd r1aBHLIM 06pa3oM B ne-
pegadax ¢ KojecaMH H3 CTOMKHX MPOTHB 3a-
enaHus O6poH3. BelkpaiunBaHHE, KAK NpaBH-
Jio, HabJIIOAAeTCHA TOJIBKO Yy KoJeca.

[ITnacTHUuecKOEe pa3pylmweHHe
paboyHx MNOBepXHOCTeH 3yObeB uepBAUYHOrO
KoJleca HabnwoaaeTcsl NpU AeHCTBHH OOJABUIHX
fneperpy3sok. :

Hanombe 3y6beB KOJdeca MOX-
HO HafJawaarb rAaBHbIM 06pa30M MOC/Ee H3-
HOCA WJIH BCJeCTBHE OMIHGOK H3rOTORJEHHS.

§ 11.6. MATEPHAJIbI

Kak yka3eiBanoch, B YEpBSAUHOM 3apell-
JEHHH HMeeTcsl 30HA ¢ HeGMaronpusATHBIMH
YCNOBHAMH CcKOJibKeHHs. KpoMe Toro, Kou-
TAKT HCKaXKaeTcd B CBSA3H C AedopMauUAMHU
Teja yepBAka. BuimosHeHHe o6oUX Tes uep-
BSIYHOH Mapel U3 TBeP/IbiX MATePHa OB He fa-
€T MOJIOKHTENIbHBIX Pe3yNbTaToB H OHO TeJO
(06bIYHO KOJTecO) He0O6X0AHMO BHITIOJIHATD H3
AHTHQPHKUHOHHOIO, OTHOCHUTENBHO MATKOro
Marepuasna.

Marepuanbl yepBsAuHO# napol B COOTBET-
CTBHH C BUAAMH pa3pyleHHUs H [IOBpEXe-
HUS 3yObeB AOJMKHEL 06JiafaTh H3HOCOCTOM-
KOCThIO, TOHHXXEHHOH CKJOHHOCTBIO K 3aena-
HHIO, XOpolleH npHpabaTbiBaeMOCTBIC U I0O-
BLIIIEHHOH TeMIONPOBOAHOCTIO,

UepBAKH B CHIOBHIX Nepefauax, Kak
NpaBHJIO, BHINOMHAIOT U3 cTaliel, TepMHYEeCKH
06paboTaHHBIX 10 3HAUUTENLHOR TBEPAOCTH.
Hauiyuiywo cTOHKOCTb mepefiad o6ecreuy-
BAIOT UePBAKH H3 lleMeHTyeMblx crasnei. [pe-
MMYILECTBEHHO lIpuMeHsIoT ctanib 18XI'T, a
takxe cranu 20X, 12XH3A, 15XP, umero-
1iHe TBePAOCTh Nocje 3akaiku 56...63 HRC,.
[ITupoKo NpHMERSIOT TAKXKE YePBAKH H3 cTa-
nedt 40X, 40XH, 35XTCA ¢ noepxHOCTHOI
uin oO0beMHOH 3aKankoH [0 TBEpPAOCTH
45...55 HRC,. [1pu 3TOM.-HE06X01UMBI HITHHO-
BaHHe M MOJHUpOBaHHE uepBAKa. [IpuMeHdIOT
TaKXKe 4YepBAKH M3 a30THpPyemblx cralfed
(38X2MIOA, 38X2I0 u np.), Tpebyioumux
TOJMLKO mnoaHpoBaHHa (6e3 wiudoBaHUA).

YnyulleHHble HePBAKH OPHMEHAIOT BMECTO
3aKaJeHHbIX H3-3a OTPAHHUYEHHbIX TeXHOMOH-
YeCKHX BO3MOXKHOCTeH (OTCYTCTBUSA 060DPYHO-
BaHHA 1A WIHDOBAHUA UYePBAKOB) HJIH
BBHAY HeoO6XOQMMOCTM B3aUMHOH TIpUpa-
OOTKH KOJeca U uepBsika. Kpome Toro, yiyd-
HIeHHblE U  HOpPMaNH30BaHHBIE  UePBSKH
NPUMEHSIOT BO BCIOMOraTeNibHBIX THXOXO[-
HBIX H MaJJOHarpyxXeHHblX nepepauax. as
nepenay ¢ KoJecaMH OueHb OOJbIIHX AHa-
METPOB BO3MOXHO MOpPHMEHATb OpOH30BHIC
YyeppAKH, KOTOpbie MO3BOJISIOT BLIMOJHATD
KOJieca YYryHHBIMH.

Bednn uUepBAYHBIX KOJeC NpPH CKOpO-
CTAX CKOJIBKEHHS Uk 22 4 M/C BBUIOJHSIOT U3
oNoBsAHHO-docpoprcTHX 6pous BpOI10H 1 ® 1,
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bpOl0®1, onoBAHHO-UHHKOBOH OGpOH3H
BpO5bL5CH. HeobxonuMoCcTh B NpUMEHEHHH
6poH3H ¢ BBICOKHM COJepXaHHeM OJ0BA
TeM BHile, 4eM 0oJblie Ue U OTHOCHTe/ibHAS
OPONOJKHTENIBHOCTE paGoThHl Nepegayi.

Jlnsl THXOXOOHBIX nepenay NPHMEHAOT
aNMIOMHHHEBO-Ke/le3HCThIe OpOH3bI
BpA10)K4H4JI, BpA9)K3J1 u narynu. Ipu
3TOM UepBfAK JOJIXKeH 00f3aTeNbHO HMETh
BHICOKYI0 TBepaocTb, He uuxe 45 HRC,.

[Ipu ManblX CKOpPOCTAX CKOJbXeHHS (Me-
Hee 2 M/c) H npu OGOMBUIMX AHAMETPAX KOJIeC
AONYCTHMO NPUMEHATb 4yryHsl Mapok CU15,
Cu20.

B cayyae npUMeHeHHS XPOMHMPOBAHHBIX
HyepBAKOB PeXUMbl paboThl YEPBAYHBIX nepe-
_Aad ¢ 4YTryHHBIMH KOJjecaMH MOTYT 3HAuH-
. TeJIbHO MOBBIIATHCA. B OnbITHBIX yCcnoBUSX
AOCTHIFHYTO V=5 M/c U oy =230 MIla.

.§ 11.7. PACUETbI HA MPOYHOCTDH

UepBAunbie nepeaayd pacCyYMTHIBAIOT Ha
COMPOTUBJNEHHE YCTAJOCTH H CTATHYECKYIO
NPOUYHOCTH [10 KOHTAKTHHIM HAaNpAXKEHUAM
M HanpsikKeHUsIM uaru6a. B OoAbLiMHCTBe
cJyyaeB HanpsixkeHUs Haru6a He onpepess-
IOT pa3Mepnl fiepejayyd H pacuyer 10 HHM OpH-
MeHSIIOT B KadecTBe npoBepoyHoro. OH 3Ha-
HHM TOJBKO TpH OOJbIIMX uHcidax 3yO6beB
Kosiec {(6osee 90...100) u And pydHbix nepe-
aay. OCHOBHOe 3HaYeHHE HMeeT pacueT Ha
COMPOTHR/IEHHE KOHTAKTHOH YCTAOCTH, KOTO-
PBIf f0JXKeH NPeAOoTBpAllaTh B NPOGKTHpYye-
MBEIX nepenadax BbIKpaliMBaHWe, M pacuer
Ha saepande. Pacuer na M3HOC COBMeILAIOT
C 3THM pacyeToM.

¥YcnoBuA 3apensieHUs M Hecyulas cro-
co6HOCTh mepejad ¢ LUMJHHAPHYECKHUMH
U€pBAKAMH OCHOBHBIX THMOB BecbMa OJIH3KH,
~ OCOBGEHHO NpH MajoM YHCJIE BUTKOB YEPBSKA.
IMostomy pacueTs, KOTOophie BeAyT B MpH-
MEHEHHH K TMepejadyaM ¢ apXMMeaoBHM
4epBAKOM, pacnpoCTpaHdATCS HA Nepejayu
C ApYrUMH UHJHHADHUYECKHMH YepBAKAMH.

lInpuna xoJseca & 1O Ayre OKPYXKHOCTH
puaMerpa d, BBIPaXKaeTcs yepes HayadbHblil
AHaMeTp uyeprsika d.i W YCJHOBHBIH yroa o6-
xBata 28 B rpapycax (cMm. puc. 11.4):

28
b= dw _—
e 3600

[Io aHanoruu ¢ KOCO3yGLIMH mepemadamu
AJIMHA KOHTAKTHBIX JIUHMH

0.75b5u 26 Eq
p= e =0, 7515

COS Vu

COS Vu

Koadpduuuedt 0,75 yuuTHIBAeT YMeHb-
WICHHOE TI0Jie 3alenyieHHs. YCJIOBHBIH yroa
o6xgata 20 06bBIYHO HA3HAYaAlOT pPaBHBIM
100°. Topuosplfi KO3(pDHHUKEHT NepeKPbITHA
B CpeAHEH TIJIOCKOCTH 4epBA4YHOro xoJjeca
ee=1,8...2,2 (pacuetHoe 3Hauenue 2).

JnHHa KOHTAKTHBIX JIHHME B cpeaHeM

l,3dw[
[gmm ——— | -
COS Yu
Hopmanbuasi warpyska Ha eAMHHIY AJH-
Hbl KOHTAKTHBIX JIHHHHA

I FioK — FrzK
" Tgcosyecos . 1,3dy cOS ap
2.10°T,
rae F;2=T~— OKPYIKHOE YCHJHe Ha
KoJece; K — Ko3bduuuenT Harpy3ku

(§ 11.8).

PacyeT N0 KOHTAKTHLIM HANPAXKEHHAM
BCAYT ANA 3aUenJeHHsi B NOJiOCe, 4yTO MO3-
BOJIIET YUPOCTUTb pacyer.

Ananoruudo pacyeTy 3y6uaThiXx mnepeaau
B KayecTBe HCXOAHOH NPHHHUMAIOT H3BECT-
Hyto gopmyny l'epua A/ Han6OABUIHX KOH-
TAKTHHIX HANPAMXEHWH NPU CKATUU I[HIHHA-
POB BAOJBL 06pAa3yONIHX, B KOTOPOH Ko3ddu-
uueHt [lyaccona npusar pasubim 0,3:

wl.E
Pu

0H=0,418

»

roe p, — NpUBefeHHbI# DafHyC KDHBH3HLI,
E — npuseneHHH# MOAY/L YIIPYFrOCTH mare-
puana

F_ 2E,E ,
E +E;
£y — MOnynb ynpyrocTH MatepHana uepBsi-
Ka; £, — Moaysb yHPYrocTH MaTepHana

KOJeca.
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Puc. 11.10. Cxema K oflpeae/eHu10 NpHBEIEHHOTO
paguyca KpHBH3HHI

Butka apxumenoBa uepBfika B cpejHed
[VIOCKOCTH HMeT Mnpoduic npamobouHo#
pPeHKH p;= oo, a 3yObfl UEPBAUHOTO KoJeca
HMeIOT 3BOJIbBEHTHBIH Npoduab (puc. 11.10);
MO3TOMY pacyYeTHul#l MNPUBeAeHHBIA pPaaHuyc
KPHBH3HB papeH pajHycy KpUBH3HbH 3y6a
YepBAYHOLO KoJeca B NOJIOCe 3apene-
HHA, T. e,

1 ds sin o,
! _ 9 |
Po=Po 2 cos?y,

[lopctaBHB B  HCXOAHYX 3aBHCHMOCTDb

ANl Oy BHIpaXeHue OJf pe, 8 TAKKE Wy,
Fio; de=mzy; dw|=“-m(q—|-2x);

20, 0.
"= mrare s W=
Yw=10° E;=2,15-10° MIla; E2=10°> MIla

(6ponsa, uyrys) u T (H-M), a Takxke 3ame-
HHB ¢+ 2x Ha ¢, Nocje npeo6pasoBaHmil
nodyuaem opmyny aas oy (Mlla):

5300 - [ = t1y
Ou= 22/q|_\/(g ™ '")3KT2-<.. [o4].

Aty Xe GHOPMYTY MOKHO 330HCATH B ADY-
TOM BHfe, BHIPA3HB @, HUepe3 AHAMEeTPHI KoJie-
ca do v uepBska d,. 1A 3TOro A0OCTAaTOUYHO
YMHOXHTb YHC/JAKTENb W 3HAMEHATEb NOAKO-
PEHHOrO BLIPAXKEHHA Ha M’ W NPOM3BECTH
HeGoJbiuKe npeo6pazora”HHA. Toraa

_ 15000 - [ KT»
UH—— d? dwl

< [oy]-

B npoekTHOM pacuere onpeaesfioT Mex-
OCeBOe PACCTOAHUE Ay, MM, M0 3aBHCHMOCTH

5300

3
te=( o+ )\/ (""o,,]zg/ql ) KTe .

qi

Ipunas g=0,25z; u x=0, 3Ty 3aBHCHMOCTb
MOXHO YNPOCTHTD:

T:K
[UH]2 ’

rae T; — momeHT Ha KoJece, H-M; K —Ko3-
¢unuenT narpysku (cm. § 11.8); [oy] — no-
nycKaemMoe KOHTaKTHoe HanpsikeHue, Mlla
(cm. § 11.9).

B nanbHei#ilueM BaXXHeHIIHM pacyeToM
UePBAYHLIX Nlepegay A0JXKeH CTaTh Pacyer Ha
H3HOC M 33ejdaHue C HCHOOJb30BaHHEM KOH-
TAKTHO-THAPOAKMHAMHYECKOH TEOPHH CMA3KU.
[ocnenuss, NPUHUUTHATBHO YTOUHSASA PACUET
Hecyule#d cnocoBHOCTH MACJAHOrO CJI0H C yue-
TOM H3MeHeHHA (POPMBI 3330Ppa OT KOHTAKT-
HbIX aedopmanufi, gaer NOAX0H K OLUEHKe
nmpeaeNbHOH Ge3anl3HOCHOH Harpy3kH, 3aena-
HAA, TeMa H3HALIUBAHHA.

Pacuer no HanpaxeHusm u3rnba seayT
Ansl KoJleca, TAaK KaK BHTKH UepBfAKa 3Ha-
4UTEeJbHO NMpOYHee, H MO0 HOMHHAJBHEIM HaN-
pPAXKEHHUAM BBHAY HeJOCTATOYHOM H3YYEHHO-
CTH BJHAAHAA KOHLEHTPAUWH HANPAXKEHHH
Ha NPOYHOCTb MATEPHA/IA yepBsiUHLIX KoJec.

Pacuer auajsoruued pacuery Koco3yGbIX
UHWJIHHAPHUECKHX KoJiec, TOJbKO 3y6bda 4ep-
BAYHBIX Kosiec mnpuHHMaioT Ha 20...40 %
npounee Koco3yOnix. IloBbllleHHas mpou-
HOCTb 3y0ObeB YepBAUHBIX KOJieC ¢BA3aHa C HX
ayroso#i ¢opMoli W C TaK Ha3bBAEMHIM
eCTEeCTBEHHBIM CMellleHHEM, HMEOUIHM MECTO
BO BceX CedyeHHAX, KpoMme Cpe,uHero (cM.
puc. 11.4, ceuenne A — A).

Hanpﬂmeﬂue u3ruba 3y6ben

3
Qo ~610

. WaCOS Aa¥ g Wn COS &y COS Yol

Jp—= = =
F Ma m

FeaK cos yu Yy

= < [of],
l,3m2Q| = F

rie F;z — okpyxkuasl cuna goneca, H; K —
k03 puuueHT Harpyskd (§ 11.8); y, — Ha-
yajdbHbIA yroJ noawema; gi=gq-+2x;, g —
KO3hdUUHeHT AHaMeTpa HepBsiKa; X — K03d-
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11.3. Koadduupentnl dopmbl 3yfa uepBavHOre Koaeca Yo

2" YF zv YF u zv \ YF “ zu ‘ YF

20 1,98 30 1,76 40 1,65 80 1,34

24 1,88 32 1,71 45 1,48 100 1,30

26 1,85 35 1,64 50 1,45 150 1,27

28 1,80 37 1,61 60 1,40 300 1,24
(HIHEAT CMelleHHs 4YepBfika; m, H m — My=Fnl/4,

MOJIVJIH Y€pBSiKa, MM, COOTBETCTBECHHO HOD-
MaibHbtH H  oceBOH, Yy — KO3(pHUHEHT
dopMbm 3y6a 4SS 4epBAYHOTO KoJeca, BbI-
GupaeMblii N0 SKBHBAJEHTHOMY YHCHY 3yObeB
2y==29/c08% v (Taba. 11.3); [of] — no-
IlycKaeMOoe HOMHHAJbHOE HanpsiKeHHe H3-
ruGa 3y6bes koeca, MITa (§ 11.9); Mmuoxu-
Teab cos® y, B GHOpMysie AN Z, YUHTHIRAET
HaKJOH KOHTAKTHBLIX JUHHA u pabory 3yba
KaK {1JIaCTHHBL.

Pacuer obbluHO BeayT B GopMe OpoBe-
POYHOrO. h

[Ipy HanMyud B CHOEKTPe HArpy3oK OHKO-
.BBIX MOMEHTOB Ty« TIPOBEPSIOT CTATHYECKYIO
MPOUYHOCTh paBGouHX TOBePXHOCTeH 3yObeB
KoJleca, a TaKme HX CTAaTHYeCKyl H3rubHylo
TIPOYHOCTD.
" TlukoBbi#i MOMEHT, BOZHHKAIOIIUA Ha Bany
Koneca NpH OYCKe,

T‘“’”‘ =18 maxun’

‘rae T,y may — MAKCUMAJBHBIA MOMEHT ABH-
rarens; u>> | — nepelaToyHoe OTHOLIeHHe
MeXAy BaJioOM ABHraresss M BaJiOM 4eDBfy-
Horo kosieca; m — KITJ cooTBeTcTByOLIErO
YYyacTKa KUHEeMATHYeCKOH LenH.

Yenosuss NpPOYHOCTH:

THHK
Oh’maxzoﬁv Ts "'~<- [GHmax];

THHK
Ormax=0F T
2

= [GF max] >

r8€ (04 max]s [OF mex] — Opedesnbubie A0-
nyckaemble HanpsikeHua (§ 11.9).

Pacyer Tena uyepBfika NPOH3BOJAAT Ha
MPOYHOCTh H HA KeCcTKocTb. Harpysku Ha
UepBSiK U SNIO0Pbl H3THOAIOIWHX H KPYTALUX
MOMEHTOB noKazaHwl Ha pue. 11.1t, Makcu-
. MAJbHBIA H3rHbaioiaii MOMEHT OT cHab Fi

rae ! — paccTofiHHe MeIy OonopaMH uep-
BfIKA.

MakcumanbHBIH u3rnbalouHi MOMEHT OT
cun F, v Fa

Mo=Fo\l/4+ Fardur /4.

CyMMmapHbii H3rH6aomWMi MOMEHT

M=~Mi+M}.

DKBHBAJIEHTHBIE MOMEHT M HanprXeHus
ANs1 yNPOIUeHHBIX pacyeTOB MO HOMHHAJb-
HbIM HaNpsAXKEeHHWAM (HA OCHOBE 3HepreTuue-
CKO¥ TeopHH MPOUHOCTH) MOXKHO ONPEAe]HTb
no dopmynam:

M=~ M*+0,75T2,

ME
GE:W'

roe Wy — MOMEHT CONPOTHBJIEHHA H3ruby.

. £ Fes
%’7% ‘.:_f’ T %k/u_;
/////a : a7
4'1? {
udﬂjjlllIIIIrth.ﬁf
ﬂmF”
mmrm.n
om F,y
,‘fﬂ‘rm M
- om fy
r

Puc. 11.11. Bmopb MOMeHTOR AJIfl YepRAKa
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[ToBbimiennble nporu6el uepBsKa BbI3bi-
BAlOT HEAONYCTHMYIO KOHIIEHTPAIHIO HATPY3-
KH B 3alelJeHHH, M03TOMY MaKcHMalbHble
NPOrHOH YePBAKOB OrpaHHYHBAIOT BEJIMYH-
Hamd < (0,005...0,008) m.

§ 11.8. PACYETHAS HATPY3KA.
KO3®PUUHEHT HATPY3KH

Pacuernaqa warpyska Wid pacueTHBIH MO-
MEHT MOTYT ObiThb NOJiydeHbl YMHOXKEHHEM
COOTBETCTBYIOLHX HOMHHAJIBHBIX BEJIHYHH HA
K03¢pPpHuueHT Harpysku K.

Ko3(pHuueHT Harpyakd B OPHMEHEHHH
K yepBAYHLIM TepejadyaM ONpefeNnloT Kak
npon3seAeHHe KO3(pGhHIIMeHTa KOHIIEHTPaluU
Harpyskn Kp Ha JgUHAMHUeCKHH (CKOPOCT-
HO#) Ko3pduuueHt K., T. e. K=KK..

KOHueHTpauusd HaAarpyskKH 10
AJiiHe 3y6beB B OCHOBHOM BbI3bIBaeTcs fe-
thopMaLUAMH yepBsaKa, TaK KaK y Hero 3HaUHU-
TeJbHOE PACCTOSHHE MEXAY ONOopPaMH, a BO
u3bexaHHe NOBLIIIEHHBIX NOTEpPbh HAa TpeHHe
OH He MOXKeT ObIThb H3rOTOBJeH O0JbUIOro
JHaMeTpa.

BeaeacrsHe nporuGa Baja uyepBsiKa yBe-
JMUYHBAETCS NeHCTBHTENbHOE MEXKOCEBOE pac-
CTOSIHWE H COOTBETCTBEHHO Paguyc Ha4yalbHO-
ro UHJHHAPA YepBAKa, a Ha HEM YroJi Mogb-
€Ma BHTKOB uepBsiKa CTAHOBHUTCHA MeHblIe
yrjia Hak/oHa 3y0GbeB KoJeca,

Teopernueckui# Ko3(hpHUHEHT KOHUEHTpa-
LMK HArpy3kd B YCJOBHUAX OTCYTCTBUHA OpH-
paboTKH paBeH OTHOLUIEHHID MaKCHMAaJbHOR
YAeJbHOH HArpyskd 1o AJMHHe 3yGben, KOTO-
pasi iMeeT MecTO BOJIM3H TOpLA 3Y6a W, ,, =
=wep+ wp, K CpefHeH yaeJbHOH Harpys-
Ke Wep:

K§= " 1y 2

Wep wcp )

C ydeToM NUHeHHOH 3aBHCHMOCTH MEXIY
HarpyskaMHu 4 COOTBETCTBYIOMIUMH YIIPYTHMH
nmepeMelleHHsIMUH MOMKHO 3a0HcaTh

B'_"l_i_ 6(.‘]) y

rae 8., -— cpeanee no njuHe 3yba ynpyroe
TiepeMerenne; 8s -— AONOJHUTENbHOE YOPY-
roe nepeMelllense ot nporuba uyeppska.

OueBuaHO, uTO 83 NMPOMOPUHOHANBHO Ky6y
PacCcTOAHUS MexXAY ONopaMu yepBsKa, KOTO-
poe MpHHHUMAIOT AJs NpeABAPHTENbHHIX pac-
4eToB paBHbiM 0,9mz,. [ToaToOMy NpHOAHKEH-
HO NPHHHMAIOT, Irm oTHOIIeHHe Bp/8cp Mpo-
NOPUHOHAIBHO z3. Kpome Toro, oo siBsiseTcs
(hyHKUHEH OTHOCUTENBHOTO JHaMeTpa 4depBs-
Ka ¢ (T. €. yHCJia MOAYJieH B IHAMETpE AeJH-
TeJIbHOrO NHIMHAPA YepBsika di) U (DYHKLH-
efl 4yHcia BHMTKOB uepBsiKa z;. [locieanue
(9 4 21} B 3HAUUTeNbHOH CTeneHH ompejie-
JSIOT XECTKOCTb 4YepBAKa M BAUsHHE ero
nmporub6a Ha KOHUEHTpPALHIO YNPYTHUX nepe-
MeHleHHH 1Mo AjauHe 3y6beB. TakuM o6pazom,
TeOpeTHYECKHH KO (HUHEHT KOHUEHTpAlHH
HATPY3KH B YCJIOBHSIX OTCYTCTBHsA TPHPaBOT-
KH MoKeT ObIThb OpefcTaBjeH ciaeaylouiel
3aBUCUMOCTBIO:

Ki=1+ ()"

rae 8 — goshduuHenT aedopManHH yepBd-
Ka, 3aBHCAIUMA OT g U 2; (Taba. 11.4).

3y6bsl uepBAYHOrO KoJeca 06JafaioT
COOCOOHOCTBIO npHpabaThiBaThess, [Ipu no-
CTOAHHOH Harpy3ke MNpPOHUCXOAHT ToJHas
npupaoTka M pacnpenefieHHe Barpy3kH
BoipaBHuBaetcs. [Ipu nepemennofi narpyske
MPOHCXOHT YacTHYHasa NPupaboTKa H 3y6bn
NONY4aOT eCTeCTBEHHYI0 O0YK0OGpPasHOCTS.
Ilpu wekoTopoMm cpeanem MoMente 7T, KOH-
UEeHTpaUHsT Harpy3KH OTCYTCTBYeT, a [IpH
MaKcHManabuoOM  (pacyerHoM) T.. ~ OHa
coxpansercs. [TosToMy KoHueHTpauuo yuH-
THBAIOT 00 OTHOWEHHI K H30LITOYHOMY
mMoMenTy T... —T7.. Dbdektupusil Ko3bh-
(hUUUEHT KOHUEHTPAUHH HATPY3KH

Kﬁ_1+( )(I—X)

11.4. Koapdpuuuent nedopmanuu yepnsika o

Koaduunent nedopmaunu 0 npu g
Z;

7.1 8 9 10 1 12,5 14

b7 72 89 108 127 157 190
45 57 + Tl 8 102 125 152
ol 61 76 89 110 134
37 47 58 70 82 101 123

W
=
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1,25 M=

o
120
115 \

]
S

2y

Z,=Z

/ 2.17;1

110 H-M
105

810 20 30

40 50 60 u

Puce. 11.12. T'paduk nna onpeneseHHs Hayanab-
HOrO Ko3gduumenta Konuenrpaunn Ki

31ech 1o aHaNOTHH ¢ 3yGyaThiMH miepejaua-
MH X — OTHOUIEHHE CPELHEB3BCLICHHOIO MO-
MEeHTa K MakKCHMaJbHOMY, T. €.

T: \
ITo ¥ ad
7 ax Tmax NZ *

m

X=

rne Ny=Ytay Ni=tLng;

Ti, i H n; — COOTBETCTBEHHO MOMEHT, BpeMsA
paBoTl B yacax HJH B OTHOCHTEJbHHX efH-
HMLAX H YacTOoTa BpalleHUsi B MUHYTY IpH
pexume i; T,,,, — MAKCHMAaJbHBIH AJAHTEABHO
JeHCTBYIOHA MOMEHT.

[Tpu nocrosiuHofi narpyske X=14u Ky=1.

JluHaMuueckuil (CKOPOCTHOA) KodpGHUK-
eHT ONnpejensercs KauecTBOM U3rOTOBIEHHS
H CKOpocThio Bpauwenud. [Ipu Tounom usro-
TOBJAEHUH (nJiowlajb KOHTAKTa COCTaBJafAer
He MeHee 75 9% HOMHHAJLHOH) M OKDYMHOH
CKOPOCTH KoJieca vp<L3 M/C TpPHHHMAIOT
K,=1. O6piudo K,=1...1,3.

Hauunass upoexkTubii pacdeT uvepBAYHOR
nepefaud, npunumalor K=0,5 (Ki+41).
3nauyende HadaJbHOrO KO3POhUUHEHTA KOH-
[eHTpallHd TIpHHHUMAIOT 1o puc. 11.12.

§ 11.9. JOMYCKAEMBIE
HANIPS)KEHHA

OcobeHnocTd Bbifopa [QONYyCKaeMbix Ha-
NpaXKeHHd AAA 4epBAUHBIX KoJeC CcBA3aHb
C HX MAJibIMH 4aCTOTAMH BpPaUIEHHA H MaJbl-
MH SKBHBAMIeHTHBIMH YHUCJIAMH HATpPYKEHHH,
TOrAa KaK KPUBHIE YCTAJOCTH NPH KOHTAKT-
HBIX HaNpsKeHUAX U npu H3rube nasa 6pons
MMEIOT OYeHb AJIMHHBIC HaKJOHHBIE y4acT-
KH — 10 25-107 uukaos Harpyxedui. [lo-
ITOMY 33 HCXOJHblE BLIGHPAIOT JOIycKaeMble

nanpsxenus npu 10° wau 107 unkios Harpy-
}eHHHA B 3aBUCHMOCTH OT OrpaHHUYEHHOro
npejena BbHOCAMBOCTH. [las uyryHa Ha-
KJIOHHbIE YYACTKH KPHBBIX YCTAJIOCTH KOPOT-
KHe, 4yTO TI03BOJIAET BbIGHPAThH HanpAXKeHHA
HE3ABMCHMO OT YHCJA LHKJOB.

JonyckaeMmble KOHTAKTHBIE
Hanpaxednud, Mlla, aoaa uepBAYHBIX
nepefad C KOJCCAMH H3 OpPOH3 ¢ [0CTaTOd-
HbIM CONpOTHBJIEHHEM 3ae[aHHI0 (OJOBAH-
Hble H aHajoruysble UM OpoH3bt) BhiGHpa-
I0T H3 YCJOBMSI COTNpOTHRJIEHHS MaTepHasa
NOBEPXHOCTHOH YCTaNOCTH B YC/JOBHAX HEH3-
Oex HOro H3Hoca:

8 107
[o4] = (0,75..0.9) 6,Cy \ 57— .

HE

raie  (0,75...0,9)0, — ponyckaeMoe Hanps-
kenue npu 107 LUKNOB; 0, — BpeMeHHOE CO-
IIpOTHBJAEHUE A7 OPOH3Bl NPH pacTAXKEHHH.

Boabluine 3HaYEHHS YHCJIOBOrO KO3ddH-
ILHEHTa B (hopMyJie — LJis nepejay ¢ uemMel-
TOBAHHKIM YEPBSIKOM, MeHbliHe — JJis nepe-
Aau C 4epBAKOM, 3aKajleHHLIM NMpH Harpese
TBY. Ueppsak unindgoBad H MOJLKPOBaH.

Kos(pduument C,, YUUTHIBAOmMHA H3HOC
H 3aBUCHAILHA OT CKOPOCTH Uck:

Uexk o« . l; 2; 3; 4,

Cy 1,33; 121; 1,11; 1,02;
ek . . . . B 6; 7: =8
C, 0,95; 0,88 0,83; 0,8.

DKBHBAJEHTHOE UYMCAO UUKIOB HATPY-
K EeHHI

T
[VHE::E‘)OE(

Tmax

)4’r,-n,- <925.10,

rpe T, n; U f — MOMEHT, yacroTa Bpa-
HICHHA KoJjeca B MUHYTY H BpeMda paboThHl
B yacax npu pexume i; T, — MaKcH-
MaJbHBH JJIHTeNbHO AeficTBYIOIMHA MOMEHT,
o KotopoMy epertcss pacueT (7,.,==T2).

Ecan N> 25-107, T0 ero npuHAMAIOT
paBHbim 25- 107,

Hnasa Teepabix (6e30J0BAHHBEIX) OpOH3
H UYTYHOB JONYyCKaembie KOHTAKTHble Ha-
npsXKeHusl BLIGHPAIOT H3 YCJIOBHA COMPOTHB-

JEHHA 34CaHHIO B 3aBHCHMOCTH OT CKODOCTH
CKOJIbLECHH .
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AJA  depBAYHOro Kojieca u3 6e3000BS-
HacTod Gponsbl (BpA10)K4H4, BpA9XK3J1)
H 3aKaNeHHOro 1HAH(OBANLHOIO U TNOAMPO-
BAHHOrO uepsaka [g,] = (300...275) —
— 2D Uk, e BOABLIHE 3HAUSHHA YHCJAOBOIO
KO3 bHUNMeHTa -~ A/ [[eMEHTOBAHHOIO yep-
BsiKa, MeHblHe — A5 3akajenHoro TBY;
Yex — B M/c; [04] — B MIla.

[ koneca M3 uyryHa M yepBsiKa, 3akKa-
aeaworo  TBY, [oy) =200—35vy, mpu
yaydileHHOM 4epBake [o,] =175—35 v

IlpenenbHo nomyckaemble HANPSKEHUS
MpH NPOBEpKe Ha MAKCHMAJNBHYW CTaTHYe-
CKYI0 HJIH E€AHHHUYHYIO OHMKOBYIO HArpys3Ky:

[0y, ] =40: — onoBsinHaa Gpousa,
[64,,.] =20, — Ge3onoBannas GpoH3a,
[Omax] = 1,65054 — uyryH.

JJonyckaeMbe HOMHHAJbHHE
HanpaxeHuda uiruba aaa 6poHso-
BbIX YepBAYHBIX Kojsiec npdH paboTe 3yObes
OfHO# CTOPOHOH (T. e. TNPH HepeBePCHB-
HOH nepejaue)

9 106

lop] = (0,250,+0,080,.) N
F

rge or H Oy — Npejejbl TeKydecTH H TNpou-
HOCTH OPOH3BI PH pacTsXKEeHHH; A1 HPOH3LI
BpOIOH1®1 npu wveHTpoGexHOH OTJIHBKE
o.=165, 0,=285 MIla; pns 6pousn
BpO10®1 npu otaupke B NecoK or==140,
o, =220 MIla; To xe, B KOKWJIb COOTBeT-
crBedno 200 u 250 MIla; 6pousnt BpOSLIGCH
COOTBETCTBeHHO o0.=80, 0,=100 u o0,=
=90, 0,=180 MIla; N,; — sxBuUBaNeHTHOE
YHCJAO LMKJAOB HArpyxeHu#, onpeaenseMoe
Mo cjeaywoied gopmyde:

T - '
Nes=608( )i

max

Ecoiu N, < 10°, To ero mpHHUMAOT paB-
ubiM 10°% ecam Ngyp>>25-107, To paBHBIM
25.107. Kopeun B (popMyJie y4UTbIBAeT MO-
HHKEHHe CONPOTHBJEHHS YCTAJOCTH Mare-
pHaia ¢ pOCTOM uHCia LMKJIOB HAarpy-
- JKEeHHH. :

JlonyckaeMoe Hanpsikende aias  4Yyryu-
HBIX UepBSYHHLIX KOJec rnpHu paboTe 3y6beB

OAHO# cTOpOHOR [ap] =0,2204, (0w — mpe-
Aes NpOYHOCTH Ha H3rub).

[Tpu paBote 3yGbeB 06eHMMH CTOpOHAMH
(peBepcHBHAs mepepava) noJydeHHble 3Ha-
YEeHHST AOMyCKaeMOro HanpsiKeHus [o,)
yMHOXatoT Ha (,8.

[Tpepeabuble fonyckaeMmble HAMpSKERHS
NPH OpOBepke HA MaKCHMAJbHYI0 CcTaTHue-
CKYI0 WJH EAHHHYHYIO MHKOBYIO Harpysky:

[0F max] =0,80r — 6poH3a;
[0Fmax] =0,605 — uyryn.

[IpuBenennble 3xech AONYyCKaeMule Ha-
MPAXKEHUs Onpenesennl NMpH YCJAOBUH, UTO
30Ha 3aUen/ieHuss nepenadyd NOOCTOAHHO
Haxoaurcs B Macde. Ecin 3TO ycloBue He
BBINOJHAETCH, TO CJAeAyeT CHHXATb AONYyC-
Kaembpie HanpsixkeHua Ao 0,85 npuBeqeHHBIX.

§ 11.10. TENJIOBOW PACYET
M OXJIA)XJLEHME YEPBSIYHbIX
MEPEJAY

Uepssiyuble nepenauyu paGoranT ¢ 60Jb-
WM TenJaoBbifieneHHeM. Mexay TeM Ha-
rpeB Macjia [0 TeMmreparypbi, NPesbINai-
el npeneabHyio [y . ] =95 °C, npusoaur
K flIoTepe HM 3allHTHOH CMOCOOHOCTH H K
ONACHOCTH 3aefaHHsl B Tepepaude. Pacyer
NMPU YCTAHOBUBIUEMCH TENJIOBOM COCTOSIHUH
NPOU3BOASAT Ha OCHOBe TeIJOBoro fianasca,
T. €. NpHPaBHHBAA TenJORBBIAS/EHHE TeINiO-
oT]aue,

Konnyectso temmorel  (Br), BHgensio-
Ineecss B 4epBAUHOM nepefane, HellpepbiBHO
paGoratowedt ¢ KIIA 7 u nepenamoiuei
MOIIHOCTE Py (kBr),

W=10"(1--n) #,

rae n-— KIIl nepenaun Ges yyeTa norepb
Ha TPUBOA, BEHTHJSITOpA.

KoaudecTso Temaote, ovBOAUMON CBO-
OOIHOH NOBEPXHOCTBIO KOpHYca fepefay
H QYHAAMEHTHOW NAHTOR HJM Dauoifl,

lei(T (tm _‘ro) A (1 =4 u)a

rae A= 20as” — nosepxheets TEIIOOTIA-
Yd KOphyca nepefaul, B KOTOPYK BKJIO-
yaetca 50 9% noeepxHocTu pebep, M?;

Iw U I, — TeMMeparypa Macjaa U TeMmnepary-
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pa okpyxalomero Bo3ayxa, °C; K. — kosp-
(UL HeHT TeJOOTAAYH, paBHb 2.,
18 Br/(M>-°C) (6oablide 3HAYECHHS MpH-
HUMAIOT MPH GNArONPUATHBIX YCAOBHAX LHP-
KYJIlHH BO3/lyXa); B THOAXHBIX PEAYKTO-
pax K;=16 Br/(m*.°C) (cm. Takxe c. 391);
Y — KO3 (HLHENT, YYUTHBAWIHUN TEMIo-
OTBOJ B (yHAaMEHTHYIO TUIMTY HJAH pamy
MallxHHbl B foxopsamHA o 0,3 opu npusiera-
HHH KOpnyca nepefaud no Gonbuioil nosepx-
HOCTH (NPH YCTAaHOBKe peAyKTopa nHa 6eToH-
HOE OCHOBAHHe ero AHO BHIKMOYAeTcHd U3
TENJMOOTAAUH).

" MakcHMaJ/bHOe KOJHYECTBO TemJioTHl, KO-
TOPOE MOXeT OTBOAHTBLCH KOPNycoM me-
penauu

[Wlmax] =K: ( [tumax] —1) A (1 +1~p)v

rae f, max — MAKCHMANBLHO AONYCTHMAS TeM-
mepatypa macJaa.

[To TennoBomy Ganmaucy W=W, MoxHO
onpejeluTb pafouyiw TeMnepaTypy Macha
tw (°C) mam MowHocTs [P)], KOTOpas Moxer
ANUTENBHO OepefaBaTbCAA 4YEPBAYHON nepe-
AayeH COMIACHO YCJAOBHIO, YTO Temiepa-
Typa mac/ia He npeBblwaer [f ...]:

103 —n) Py _
b=ttt e

K:(ltymax] — ) A (L
(py] = el =419
10°(1—mn)

Ecnu 1> [fyma], T. &0 W [W, k], TO
AOJiXKeH OBITb MPefycMOTPEeH OTBOA H3GhI-
TouHo# rtennotl W— W, ... D10 poctH-
raerci opeGpeHueM peayKropa (ecau pe6pa
paHee He MpefycMaTPUBAJIHCD), HCKYCCTBEH-
HOH BEHTHNAIHeH, 3MEeBHKAMH C OXJ/1aXKAAI0-
el XHAAKOCTHIO B Mac/siHO# BaHHE HJH
APYTHMH OXJaXAaUKMH yCTPORCTBAMH.

Pacnonio;keHue peGep BHIOHPAIOT COMiacHO
YCJIOBHIO MyYIlIero WX O6TeKaHHst BO3AYXOM.
[lpu ecTecTBeHHOM OXMla)K1eHHWH B cOOTBeT-
CTBHH C TeM, 4TO Harpethlii BO3AyX moj-
HUMaeTcA BBepX, pefpa caeayer pacrosa-
ratb BepTHKa/bHO. [Ipu  wHcKkycerBennom
o6ayBe koprnyca peGpa pacmojarailoT BAOIb
HaNpaBJeHUA MOTOKA BO3AYXA OT BEHTUJA-
' TOpa, O6BIYHO FOPH3OHTANBHO.

MckyccTBeHHBH OGAYB oOcyLiecTRIAsETCS
BEHTUISITOPOM, YCTAHABJHBAEMbIM Ha Bajy
yepBAKa. BoagyuiHoe oxaaxaeHue 3Hauu-
TeJbHO OpOUEe M [eilieBile BOASHOIO, MO-
3TOMY OHO MNOJIYYH/IO HauBosblIee pacrpo-
crpadenne. OHo Oosee 3(p¢peKTUBHO TMpH
pacmo/loKeHuH 4depBsKa I[10J UYePBAYHBIM
KOJIeCOM, Tax Kak B 3TOM cjydae BO3AYLI-
HbIH OOTOK OXJa)XjaeT MAaCASHYK BaHHY.
Ilpu uckyccTBeHHOM 06AyBe KOsdpHLHEHT
TENnMCOTAAaYH 06/1yBaeMblX CTEHOK AOCTHraeT
20...30 Bt/ (M%-°C) u Bbime.

BoapsHoe oxsaxaeHHe MpPHMeHSOT apH
HCOOXOAUMOCTH OTBOAA OOJBIHIOTO KOJiHye-
cTBa Temna. KosdpduuueHT Temnoorgaud
OT [MOBEPXHOCTH Tpyb ¢ oxnaxpawomei
XHAKocTbio paBen 100...200 Bt/ (m%.°C).

BonbluMHCTBO uepBsiyHBIX Mepeaad paGo-
TaerT C (epepbiBaMH.

[Tpk NOBTOPHO-KPATKOBPEMEHHOM pexHMe
paboTel, ec/idi BPeMsl HenpePHIBHOH PabOTH
H Iay3pl Mafjbl MO CpaBHEHHIO ¢ BpeMeHeM
pasorpeBa nepejayd A0 YCTAHOBHUBIHEHCH
TeMNnepaTypsl U mOepeaada paGoTaeT Ges
COELHANbHOTO OXJ4XK[AEHHH, TO pAacyeT B
nNepBoM IIPHOJHAKEHUH MOXKHO BECTH 1O TeM
K€ 3aBUCHMOCTAM, 4TO H MPH NOCTOSHHOM
pexkMMe, HO TO CpefHeMY KOJHYecTBY
TENIOTH, BbAeNANIeHcss 3a eHHMIlY Bpe-
MEeHH.

§ 11.11. KOHCTPYKLLHUH
YEPBSYHbIX PELYKTOPOB

OcHoBHOE pacnpocTpaHeHHe HMeT OLHO-
CTYNeHYaTbie 4epBAYHble DPeAyKTopbl. [IHa-
Ma30H NepeiaTOYHLIX OTHOWEHHH u=_8...63.
[Ipu 60JbUIMX MepefaTOUYHBIX YHCAAX TPH-
MEHAIOT [BYXCTYTIEHUaThle uYepBSYHbIE De-
AYKTOPBl HJIM KOMOMHHpOBaHHBle 3yGuaTo-
YepBAUHLIE PEeAYKTOPHI. -

PelyKTOpbl BHITOJHAT €O crefylomHMy
BapUaHTAMH DACNOJIOXKEHHA YePBAKA U 4ep-
BAYHOIO KoJleca:

l) uepBsik mOA KOJIECOM — MpPHMEHSIOT
IPH  OKPYXKHBIX CKOpPOCTHX 4epBfiKa J0

4..5 M/c, CMa3Ka — OKyHaHUeM uyepBskKa

(puc. 11.13, a); nonmyckaer mepesauy 60/ib-
UE€H MOLUHOCTH 10 KDPHTEPHIO HArpeBa, HO
Xy¥Ke B OTHOLUEHMH yTEUYKH Macja;
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Puc. 11.13. OcHOBHBIE cXeMB OHOCTYNMEHYATBIX YEePBAUHLIX PEAYKTOPOB

2) yepBAK Hal KOJieCOM — MpeaNOuTH-
TeibHAs KOHCTPYKUHMS, [pHMeHsieMas B
OLICTPOXOAHBIX MOepeflauax Bo H3GexaHue
M3JIHIIHMX OOTepb Ha pa3bpeiaTHBAHHE Ma-
cla OBICTPOXOOHBIM UHEpPBAKOM, CMa3ka —
okyHnanueM Kojeca {puc. 11.13, 6};

3) uepBAK ¢ TOPH3OHTAJBHOH  OCHIO,
CHENJSIWHACA C KOJMECcOM, HMEILHM Bep-
THKaJbHYO och (puc. 11.13, 8);

4) 4epBAK C BEpPTHKAJbHOH OCbIO, pac-
nosoxennofi c6oky Koseca (puc. 11.13,e).

JIBe mnocaenHHe KOHCTPYKUMH TNPHMEHATDH
HeXXeJaTeibHO BCJeACTBHE TPYNHOCTH cMa-
3HBAHUA NOAUIHTHHKOB BEPTHKAJbHBIX BAJIOB
U yaepXKaHHA CMa3KH OT BBEITCKAHHSA.

Uepsa KU Bcaydae Hape3aHust pe3ndOHI
Pe3ioM A0JXKHb HMEThb BBIXOA AJA HHCTDPY-
MeHta (mpotouky). Ha pesb6odpesepuom
cTaHKe pesabba MoXeT GBbITh H3TOTOBJEHA
co cGerom.

YUeppsiunble Koaeca B UeIAX
" 9KOHOMHH LBETHBIX MEeTaJVIOB BHINOJNHAIOT
¢ BEHLOM H3 AHTH(GPHKUHOHHBIX MaTepHa-
JIOB M CTAJLHBIM MJH YYTYHHBIM LEHTPOM.

[TpuMensiior chenyomHe THNOBBIE KOH-
. CTPYKUHH:

1. BangaxupoBadHasd KOHCTPYKUHS, B
KOTOPOH 6poH30BLIH 0604 NOcaxeH HA cTa/b-

HOA WJAM 4YYTYHHBIH HEHTP ¢ HaTdarom
(puc. 11.14,a). Kouctpykuuss npocra B
M3rOTOBJIEHHUH H INIpHMEHseTCA [OaA KOoJec
HeOONMbINHX JHAMETPOB B nepefauax He Ha-
NpAXeHHbIX B TeNJIOBOM OTHOWIERUH. [IpHme-
Hellde ee B CBA3M CO 3HAYUTENbHBIM pac-
xofaom OpoH3n orpaHudeno. [Ipu Harpeee
0 BHICOKOH TeMmepaTypsl [10CajiKa MOXeT
ocnabeTb BesencTBHe O0Onbllero Kosddu-
HeHTa JHHeHHOro pacuiHpenHss OpoH3H,
yeM uyryia wuJau crtanu. J{ns npeporspa-
uIeHHS B3aMMHOTO CMelleHHs! BeHila H CTy-
NHibI B CThIKyeMble [TOBEPXHOCTH BBEpPTH-
BAIOT BHHTH WJH YCTAHABJMBAIOT KpPYIJ/ble
HITIOHKH,

2. bonroBasi KOHCTPYKUUA, B KOTOPOH
6pOH30BLIR Belell, BBLITTOJHEHHBIH € (JaaH-

T

e s

722 b
'd | 3 ./:/'i\)\
a) d) 8)

Puc. 11.14. THnoBbI€ KOHCTPYKILHH 3y6UaThiX BeH-
OB gepBAYHbIX KoJaec

K\‘\R
N7
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Puc. 11.15. TunoBbie KOHCTPYKLUHH UePBSAKOB H HX
onop
HEM, TPHKPEIiAT 60ATaAMH K CTYODHUE

Koneca (puc. 11.14,6). Draven sbinoda-
HAIOT N0 BO3ZMOXHOCTH CHMMETPHUHBLIM 10
OTHOIIEHHIO K BEHIY AJS MEeHbIUero Hcka-
XKeHHs paboudX OBEPXHOCTEH 3yObeB Beae -
cTBUE TeMIepaTypHblXx aedopmauui. 3Ty
KOHCTPYKLUHIO MPUMEHAIOT AJad Kojec 60ab-
WIMX U CPpeAHHX QHAMeTpOB.

3. HauGonee paunoHasbHAasg KOHCTPYK-
Mg — OUMeTannd4yeckas, 6POH30OBBHIA BeHEl|
KOTOPOH OTJAUT B (POpMY C NpeaBapHUTeNbHO
BCTABJEHHBIM B Hee 1eHTpoM (puc. 11.14, 8).
OTY KOHCTPYKIHIO TPHMEHSIOT B MallMHAax
CepHHHOro NpoU3BOACTBA.

B uepBAuHBIX Mepenauax, Kak INPaBHJIO,
PUMEHSIOT TOALWMUNHHKH KayeHHs .

UepBAKH ¢ HEOOABIIHM PAcCTOAHHEM Me-
KAy ONoOpaMH B mepemadyax, He HanpsiKeH-
HHIX B TenJiOBOM OTHOLUEHUH, AONYCKAeTCs
ycTaHaBJIMBATH Ha pajHasibHO-YNOPHEIX NMOJ-
IIMIHHKAX 1O OAHOMY B onope (yCTaHOBKA
«Bpacnop») (puc. 11.15,a). ¥ uyepmsiKos
¢ GOJbIIHM pacCTOSIHHEM MEXAY OIOpaMHu,
pafoTalm KX B HANPAXKEHHOM TeilJIOBOM
pexuMe, CTaBsAT B OJAHOH OTOpe NAaBaoWHUi
NMOMIUUINHUK, @ B APYroH — ABa pazualibHO-
YIOPHLIX HJIH OAHH CABOEHHBIH, BOCOPUHH-

MaionuiHe ocesble yCHJIHS B 000X HampaBsJje-
HUfX (puc. 11.15, 6).

Ilns Basa 4epBsUHOroO KoJieca BBHAY ero
He6OABIIOA AJHHL TIPHMEHAIT 00 OJHOMY
pagHaibHO-yIOpHOMY  (0OBIYHO KOHHYye-
CKOMY POJIMKOBOMY) TNOJLIHNHUKY B OfnOpe,
KOTOpble YCTAaHABAHRAWT BPACIIOP.

Kopnyca KpymHbIX peayKTOPOB [AenaloT
C BepXHeH KpBbHIKOH, a MaJblX — ¢ 60KOBOH
KpbitnkoH. Kopnyca penaloT 4yyryHHbIMH H
aNIOMHHHEBBIMH.

§ 11.12. CMA3KA

B cBA3U ¢ HebMaTOUPHATHBIMH YCOBHAMH
JJS BO3HHUKHOBEHHS MKUAKOCTHOIG TpeHHSd
B YePBSYUbBIX Nepefayax PEeKOMEHAYIOT TipH-
MeHSITh Gofee BsI3KHe Macjia, 4yeM B JPYFHX
nmepenavyax. Bmecte ¢ TeM B CBH3U ¢ HCHOJB-
30BaHMeM [A/f1 uyepBAYHbIX KOJeC LBeTHBIX
MeTaJ/iJiOB HE CJICYeT NPUMEHSITb aKTHBHBIE
NPOTHBO3AaAMPHBIE TIPHCAAKH.

PekoMeHOYIOT ppUMEHATH TJAYDOOKOOUH-
illeHHLle  JieTHPOBAHHblE HHAYCTpPHANbHBIE
macaa MITI B 3aBHCHMOCTH OT CKOPOCTH
CKOJIbXKEeHHH:

CKOpOCTh CKOMb-
HEeHHH, M/c
Macna UI'T1

Menee | l...4 3,5...6
250; 182 182; 152 152; 114

[Ipu pabore B ycnoBUSX TIOBTOPHO-Tiepe-
MEHHOTO pexkuma clieflyeT NPUMeHATb Macia
BA3KOCTbIO HAa CTyneHb HHXe, a NpHU TeMlle-
paType okpyxawuel cpean 25...50°C —
Ha OJHY CTYIIeHb BBIIIE.

[Ipu orcyrcrBun Macen HMITI uau  He-
NOJIHOH 3arpy3ke mepefadud MOXKHO TpHMe-
HATb HeJierHpoBaHHbIe HedTHHBIE Macaa ¢
BA3SKOCTBIO, BHOMpaeMo#t Mo napaMerpy
63/ (10%0c), T€ O — KOHTAKTHOE HarpsXKe-
nue, MITa; v — CKOPOCTD CKOJIbKEHHS, M/C:

0?1/ (10%0e) .
Vioo, ¢CT
(10°% wm2/c) . 85 12 17 26 42

125 32 8 20 50

B 4epBAuHBIX Nepenauyax, OPHMEHSEMBIX
OoOBIUHO TIPH  MOBTOPHO-KPAaTKOBPEMeHHBIX
pexHMax paboThl, XKeMaTeAbHO CMAa3biBaHHe
MOrpy»eHueM B MacC/asHYI0 BaHHy Ha BCIO
BLICOTY cUenawmHuxcsa 3y6besB, B TOM UHCJe
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B Ilepefladax ¢ BEpPXHHM paclo/ioXeHHeM
uyepsska. [1p4 3TOM HEOHXOAMMbBI MepOTpHSA-
THS ANS [OpeAOTBpalleHHsd BLITEKAHHA Ma-
cla, T. €. TpPHMEeHeHHe TepMeTH3UDYIOIHX
macrt, obecnedyeHHe IKeCTKOCTH (piaHueB.
CMasblBaHHe MacJiopasbpuI3arHBAO LIUMH
KoJibLaMH He3(p(deKTHBHO.

B ObicTpoXoaublX MOWHLIX Nepejadax C
BEPXHHM DACMOJOXKEHHEM uepBsika IpHMe-
HAIOT TPHUHYAHTENBHYIO CMAa3Ky OT Hacoca
HermoCpeCTBEHHO B 30HY 3aleNsieHus .

§ 11.13. MEPEJAYH
C BOTHYTbIM MPO®HUJIEM
YEPBAKA H TJIOBOMJHBIE
NEPEQAYH

BUTKOB

MMepepauyn ¢ BOrHYTbIM MNpodHAEM BHT-
ko yepBaka Z7. B 3THUX mnepegayax KOH-
TaKTHbIE JHHUH pachosaraiTcs 6odee 6iaro-
npusATHO (Noa OOJbIUMMH YIJiaMH K CKO-
POCTH CKOJBXKEHHS), T. . OHH UMEIOT JiydlllHe
YCJOBHA AJ151 00pa3oBaHHA MacCIsiHOTO KJHHA,
a Takxe OOJbliHe MpHUBeJeHHble padHyChbl
kpaBu3Hbel. Hecyuias crnoco6HOCTb TaKux
mepenad Ha 30--60 9% 6Goablue, uem O6bIU-
HbIX UHTHHAPHYeCKHX (GObllde 3HAYEHHS —
npy GOJIbUINX CKOPOCTSAX); NOTEPH Ha TpeHHe
B HMX [0 ABYX pa3 MeHblue.

Papnyc KpuBH3HH OPOGHIA BUTKOB uep-
BAKA MOXHO BbOHpaThb MO 3aBHCHMOCTH
{iel.

harx
r= : (I+2,2q)m,

sin « 29

rae x — Ko3(pdHUUeHT cMelleHKs 4epBfKa
(M MHCTPyMEHTA MNpH HApe3aHHH KoJjeca),
npuMeHsieMbii BO H3GexxaHHe MNoape3aHud
ay6beB  Koseca: npu 2:=26...40 x=
=1,0...1,2; npu z,>> 60 x Bo3pacTraer .0
1,5; hAs — x03(d(UUHEHT BHLICOTBI TFOJOBKH
3yba.

Koopaunara uenTpa Ayrd OT OCH 4YepBfiKa

e=0,5d, 4 r sin a.
OcHoOBHLIE TeoOMeTpHYecKHe COOTHOLIEHHH

AN UHAMHOPUHYECKHX YEPBAYHBIX Mepeay
pacnpoCcTpansaiOTcA Ha NepelayHd ¢ BOIHYTBIM

npodunem uepBsika. PekoMenayioTcdl JHUIDL
HEKOTOpble HeGoJblUKe YTOYHEHHS:
HAUOONBUIMK AHAMETD YEpBSAYHOIQ Kojeca

dows=dast 5 (T—21) (2—x)m;

mHupuHa 3y64aTtoro BeHna
bg—:'lbdl—— (21’——-— 1) m,

rae $=0,75 npu z1=1 u 2; y=0,67 npu
212—"4;

AJHMA Hape3aHHOH dacTH waH(oBaHHOro
yepBAKa

by = (16 +0,062,) (0,940,12,) m.

FnoGouanbie nepegauu. Hecymyro cmo
cOBHOCTL 4EPBAUYHBIX TIEpefau MOKHO Cyule
CTBEHHO MOBBICHTL, €CJAH BBHIIOJTHHTL YepBst
H Kojieco riobouaneimu (puc. 11.16, 11.17)
[Tpu sToM yBenuuuBawTcsl uHCAa 3yOber
B 3alnelJieHHH, NpUBEIEHHbIE pajUyChl KpH-
BU3Hbl H KOHTAKTHHIE JIMHHH B 33AUEILTEHHH
pacrniojaraioTcd 1moj GOAbIIKMM yriaoM K Ha-
MpaBjeHnIo CKOPOCTH CKOJIbXKeHH s, 4TO yJayu-
raetT ycioBHA AJs 06pa3oBaHHA MACHSHLIX
KJIHHBbeB B 3aulenseHun. Hecyiasi cnoco6-
HOCTb TJOGOHAHBIX TNepefnady npd VCAOBHUH
TOYHOrO H3FOTOBJNEHHH M HajJexXallero
OXJa¥ AeHUs OKOJO ToJyTopa pas 0o.Jbile,
yeM Mnepefady C UHJIUHAPHUCCKHMH UepBH-
KaMu | ¢ JiMHeH4YaTHIMH pPaBOYUMH TIOBEpX-
HOCTSIMH.

[o6ounubie mepegayu BCAEACTBHE CBOHX
MaJjblx ra6apuToB H, cjlef0BaTeNbHO, MaJOi
MOBEPXHOCTH TEIVIOOTAAYH OKAa3blBalOTCH
CHJIBHO HAIpSAXEHHBIMH B TENJIOBOM OTHO-
IIeHHH, TOATOMY HX NPHMEHSIOT MpeHUMYy-
IICCTBEHHO B IIOBTOPHO KpPAaTKOBpPEMEHHOM
peXHUMe ¥ C HCKYCCTBEHHBIM OXJa)KIeHHEM.
[IpuMenenue rsiOGOMAHBIX Tepefad 6Hoace
3¢ppekTHBHO IAA 6GOJbIIAX MOMEHTOB, 4eM
4SS MaJblx.

B CCCP npumensiior rio6oupnbie nepe-
AAayH ¢ NPAMOJNIMHEHHBIMU MPOPHAAMH 3yObeB
Kojieca U BHTKOB 4epBsika B 1EHTPaJbHOH
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Puc. 11.16. Cxema raobo- ?

2l
Hauo# nepenayu
5
- |k
Y
i~ p P R
?
N\
Z
-5 " P,
2 Tz 2
vy
£ v N ™
AN < ol S| o o
2 rat
=]
]
_ - Y (. R
\ -‘-_—b—-

naockocTd. TIpoduau o6pasywoTes NpaMbIME, BapbUpyeMble He3aBHCHMBIE [apaMeTphbl:
KacaTeJNbHHIMH K OPOMHALHON OKPYXKHOCTH. MexOoceBble pacCTOsiHMA, AeJHTe/bHble fHa-

JIJis OrpaHHuUeHHsl HOMEHKIaTypht JOPOTO- MeTpbl UepssiKOB (B cpeAHeM cedeHHH),
ro HHCTPyMeHTa IVioGoMAHbIe Tiepelayl CTaH- nepefaTouHble yucaa (T. €. OTHOLIeHHA (hHK-
papruszosanel  (FOCT 9369—77, TOCT cupoBaHHLIX 3HayeHMH 23 H 21}, HIHpHHA
24438—80, TOCT 17696—80). B ocHoBY BeHua uyepBsA4yHOro Kojeca. B oTauuue or
cTaHAapTH3alUMH TOJOXKEHH cjJeAyioulHe GOJbLIMHCTBA APYTHX 3y64yaThix M 3yG4aTto-
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BHHTOBHIX TMepeaad 3HAYCHHUS MOAYJA He
CTaHJApPTH30BaHbl U He OKPYrafdioTcs, Tak
KaK OJHHM KOMILIEKTOM pe3loB MOXHO
Hape3aTh YEPBAIKH pa3HOro MOAyJsd, a CTaH-
AApTH3AUHA MOAYJA He MNO3BOJSET COKpa-
THTb YHCIO pes (oaHOH (ppe3oit Bce pasHO
Helb3sl Hape3aThb KoJieca ¢ Pa3HbIMH YHCJIAMH
3yObeR).

3HaueHHa MexXoceBHX pPaccTOSHUH CTaH-
JapTH30BaHH B AMana3ode ot 40 g0 1600 MM,
npyHyeM TNpeAnouTHTeJbHble 3HaueHHs pac-
mpenesiensl no psgy Ra 10.

HenwnTesbHble fHAMETPbl Y4epBSKOB ycTa-
HOBJIEHH TpeX psaoB. MeHbliHe AHaMeTphl
yepBAkoB (l-H pnaAa) euibupaloT B neanx
yMeHbIUEHUs NOTepb Ha TpeHHe AJA ObICTPO-
XOAHBIX Nepefay, pabOTAIUUX NPH MOCTOSH-
HBIX Harpyskax. [loBblieHHEIE HqHaMeTphI
U3 2-ro u 3-ro panos obecnedyuBanT O0OJb-
IHYI0 XEeCTKOCTb H COCOGHOCTE BOCHPUATHS
neperpy3ok NP NOBTOPHO KpaTKOBpPEMEHHbBIX
pexHMax.

Homuna/ibHble mepefaToyHble yucia ycra-
tnosjessl ot 10 no 90, npeanouTuTe/ibHbIE —
no paay R10.

l'eoMeTpuueckie pacueThl rAOGOHAHBIX
mepefdad nofoGHbI TreoMeTPHHECKHM pacue-
TaM 4epPBAUYHBIX Tepenay ¢ UUJIHHIPHYECKHM
4YepBAKOM.

OcHoBHBIM KpuTepHeM paBoToCcHOCOOHOCTH
TJIOBOHAHBIX [epegad  sIBASIETCHA  H3HOCO-
CTOMKOCTD.

Pacuer npoH3BoasiT no 3aBUCHMOCTAM,
OCHOBaHHBLIM Ha 06061eHHH OOAbLIOro sKene-
pHMeHTAJBbHOrO MaTepuana, HabaoOAeHHH B
JKCIIYATAUMH M ONHTA  H3roTOBUTENeH
[23].

TexHONOTHA H3rOTOBNEHUS U CHOPKH FJIO-
OOMAHBIX Nepefad CyLIeCTBEHHO CJOXHee,
4eM YepPBAYHBIX ¢ OUJIMHIPHUECKHM uepBs-
koM. Hyxen Gospmuii u Gonee noporofi
KOMIJIEKT HHCTDYMEHTAa M  ChelHajbHOoe
obopynoBanue. [lpu c6opke HeoHXOAHMA
BHIBEPKA TOYHOrNG MOJOXKCHHA BIOAb OCH
He TOJNBKO 4epBAYHOTO KoJjieca, HO H uep-
BAKA.

[TosToMy obsiacTe npHMeHeHHs rJi0BOHM-
HBIX [epefad cyxaeTcs W paciupsaercd
obiacTb MpHMeHeHUs] YCPBAYHBIX flepenay
C BOTHYTHIM NpO¢UIeM uepBAKa.



raABA XII
LILENNHbIE NEPEJAYH

§ 12.1. OBUHE CBEJLEHHS

[[ennaa nepegaya coOCTOHT H3 Beayuie
H BeJOMOH 3Be3j04yeK H LE[H, OXBATbI-
BAalOLIEeH 3Be3lOYKH H 3auemasiomedca 3a
HX 3y6pa (puc. 12.1). TlpumensiorT Taxkxe
LenHble nepegayl ¢ HeCKOJbKUMH BEJOMBIMU
3pe3floukaMi. Kpome nepeudcieHHblX OCHOB-
HbIX 3JIEMEHTOB, llelHble epefaud BKJI0YalT
HaTsXKHBIE yCTPOHCTBA, CMA30UHBIE YCTPOH-
CTBA U OrpamicHus.

[lenb cOCTOHT H3 cOefHHEHHBIX IIapHU-
paMH 3BeHbeB, KoTopbie ofecne4yHBaloT no-
ABHXHOCTH HJH «THOKOCTb» IEIlH.

Llenubie nepegaud MOIYT BHNOOJHATLCA
B HIHPOKOM J[HAana3oHe NapaMeTpoB (cM.
c. 252).

Ulupoko wucHoOAB3YIOT HenHBEe nepegaud
B C&JbCKOXO3AHCTBEHHHX U MOOABEMHO-
TPAHCMOPTHBIX MaWHHAX, HedTeOypoBOM
060DPY/NOBAHHH, MOTOLUHKJIAX, BEJOCHIEAax
aBTOMOOHAAX.

[lénunie nepepaud npUMeHsTOT: a) ApH
CPefHHUX MeXOCeBbiX pACCTOSIHHAX, TpH
KOTOpHX 3ybuarble mepejaud  TPe6yiOT
NPOMEXYTOUHBIX CTYNEHeH WM mapa3suTHBIX
3yOuaThIX KoJiec, He RbI3bIBAeMBIX He0HXo-
AXMOCTBIO TMOJIYUEHHS] HYXHOrO fepefaTou-
HOrO OTHOWIEHHS; O) TPH KEecTKUX Tpe-

Puc. 12.1. Cxema uennoii nepenauu

O0OBaHHAX K rafapHTaM WM B) TuPH Heo6Xo-
AMMOCTH paboThl 6e3 fpocKadb3biBaHHA
(NpensATCTBYWIErc NPHMEHEHHIO KJIHHO-
peMeHHBIX Oepepauy).

KpoMe uenHeIX nOpUBOAOB, B MaliHHO-
CTPOEHHH TNPHMEHAT LenHble YCTpolcTBa,
T. e. uenHble nepenaynm ¢ paGoOYUMHU opra-
HAaMH (KOBLIAMH, CKpebOKaMH) B TpPaHCHOP-
Tepax, 3JieBaTopax, 3KCKaBaTopax H Apy-
THX MallHHAaX.

K RocToHHCTBAM uenHeIX nepegay OTHO-
cAT: 1) BO3MOXHOCTb NpPHMEHEHHS B 3Ha-
YUTEJBHOM [HAamna3oHe MeXOceBbiXx pac-
CTOAHHH, 2) MeHbUIMe, 4YeM Yy DEMeHHbIX
nepenad, rafaputbl; 3) OTCYTCTBHE CKOJb-
xKenus, 4) sbolcoku#t KI1; 5) masnie cuasl,
LeHCTBYIOUIHE HA BaJibl, TAK KaK HeT HeohXo-
AMMOCTH B OOJBIIOM HAYATBbHOM HATHKEHHH
6) BO3MOXKHOCTL JIETKOH 3aMeHBl (el
7) BO3MOXHOCTL Mepefaud ABHMKEHHS He-
CKOJBLKHM 3Be3J04YKaM.

BmecTe ¢ TeM uenubie nepegauH He THIIEHDI
HEeIoCTAaTKOB: 1) oHH paboTaioT B yCIOBHAX
OTCYTCTBHUA KUAKOCTHOrC TPEHHSI B IApHH-
pax H, CAeNOBATeNbHO, C HEH3OEKHBIM MX
U3HOCOM, CYUIECTBEHHBIM [IpH MJIOXOM CMa-
3bIBAHUH H TIONATAHUU NbIM U TPA3X; H3HOC
IIADHHPOB TIPUBOAHMT K YyBeJHueHHIO Iuara
3BeHbEB H AJIHHBL LeNH, 4TO BBLI3BIBAET He-
06XOJHMOCTb TNpPUMEHEHHS HaTAXHBIX YCT-
poHcTB; 2) oHu TpeGVIOT 6OJee BHICOKOH
TOYHOCTH YCTAHOBKH BaJIOB, 4eM KJAMHOpe-
MEHHble Mepejadd, U OoJee CIOKHOIO YXO-
Aa — cMa3blBaHHs, Pery/.iMpoBKM; 3) nepe-
Aayd TpeOYWT YCTAaHOBKM B KapTepax;
4) CKOpOCTL IBUKEHHUS LENH, OCOOEHHO NpH
ManblX yHcaax 3y0beB 3Be3jOuek, He [OCTO-
fIHHA, 4TO BHI3bIRAeT KoJsieGaHusi nepena-
TOYHOTO OTHOIIEHHA, XOTS 3TH KoJeGaHUSA
HeGosibiine (cm. § 12.7).
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§ 12.2 ILEMH

Ilenu, npuMeHsieMble B MallHHOCTPOEHHH,
N0 XapakTepy BbINOJHSAeMO# HMU paboThl
MOAPa3AeNifgiOT Ha JBe TPYNIbl: NPHBOJAHbIE
H TAroble. llenu crawaapTH3OBaHBI, HX
NPOH3BOAAT HA ChelHaJUu3UPOBAHHBIX 3aBO-
Aax. Boimyck TOJMBKO NPHBOJHLIX LeleH B
CCCP npesbimaer 80 miH. M B roj. Hwmu
OCHALaeTCs €XeroAHo Hojiee 8 MJIH, MAIIHH.

B kauecTBe NPHUBOAHBIX MPHMEHSIOT pO-
JIHKOBHle, BTYJOUHBIE W 3y0O4aThie IleMnH.
Jlns HUX XapaKTepHH MaJble 1ard (ass
YMEHblleHHs1 JHHAMHYeCKHX Harpys3ok) H
M3HOCOYCTOHUHBHIE 1HAPHHPH (Asia obecne-
YeHHS] J0JTOBEUHOCTH). o _

OCHOBHBIMH TEOMeTPHUYECKUMH Xapakre-
PUCTHKAMH Lene#t ABMAOTCA Al ¥ LWIMPHHA,
OCHOBHOH CHJIOBOH XapaKTepPHCTHKOH — pa3-

pyluapmas Harpyska, ycTaHap/udBaeMas
OOBLITHBIM NyTeM. B cooTBeTCTBHM ¢ MeXAay-
HAapOAHBIMH CTAHAAPTAMH NPHMEHSIOT LEnH
C waroM, kpatubiM 25,4 MM (T. e. ~ | fwfimy).

B CCCP u3roToRJIOT clefyloune npH-
BOAHbBIe POJIHKOBbIE K RBTYJOUHBE Leny Mo
IF'OCT 13568—75%:

[TPJ1 — poJuKOBHIE OAHOPSIAHbIE HOP-
_ MAaJbHOH TOYHOCTH;
IIP  — PONHKOBLIE TMOBLIILEHHON TOYHO-
CTH;
IIPJI — poauxoBble AJMHHO3BEHHHIE!
[IB  — BTymnouHHIE,;
[TPHU — ponnkoBble ¢ W3OTHYTHIMH nJlac-
THHAMH,
a TakXe poJduKoeble pene no TOCT

21834—76* pna GypoBbIX ycTaHOBOK (B Gbl-
CTPOXOHLIX Tepeaayax). '
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Puc. 12.2, OcHOBHEIE
neneH:

THIBI

a — rpy3oBas Kpyrao3peHHasn;
& — rpysopan TmJacTHHYaTaf
IHapHHpHAA, 6 — TACOBAag BTY-
JIOYHAAA; & — TIPHBOAHAA POJHKO-
Bas oOAHOpAnHas; {0 — TO Ke,
ABYXpAAHAfA; € — npHBOgHaA po-
JHUKOBARA € HIOTHYTHIMH NNIACTHHA-
MH; 2 -— MPHBOAHAA BTYJAOYHAA,
3 —- UpHBOJHAA 3y(4aTad ¢ BHYT-
PeHHHMH HampaB/sOUIHMH MJac-
THHAMH; 4 — MPHBOAHAA 3y0uaTas
¢ OOKOBBIMH  HANPaBJSIOUIHMHA
OnacTHHAMH; K — NpUBOaHaa ¢a-
COHHO3BEHHAA KpIOYKOBaA;, 2 —
npHBOoAHAA ACOHHO3BEHHAA BTY-
ﬂOqHO-lllTblptEBaﬂ
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' Puc. 12.3. Poi#koBasa uens

Ponukorbie wenu (puc. 12.2,¢2, 0
H 12.3) — 370 Uenu CcO 3BEHLAMH, Kaxjoe
H3 KOTOPBIX BBIMOJIHEHO M3 JABYX ILTACTHH,
HanpeccoBaHHHIX Ha BaJHKH (Hapy»XHbie
3BeHbsi} WM Ha BTYJKH (BHYTPeHHue
3BeHbsi). BTynKd HapeThl Ha BaJiMKdH CO-
OPAXKEHHBIX 3BEHbEB W 00pPA3YIOT LIAPHEUPBL
HapyxXHble U BHyTpeHHHe 3BeHbA B LeMNH
yepenyioTcs.

BTy/iki, B CBOIO ouepedb, HecyT POJIHKH,
KOTOpble BXOAAT BO BNajUHbI MeXAY 3yGbAMH
Ha 3Be3404kax H CHENJAITCH CO 3Be3f104-
KaMH. DJsiarogaps pojHkaM TpeHHe CKOJb-
XKEeHHS MexXAY Lenbio H 3Be30oYyKoH 3ame-
HfeTCsl TPEHHEM KaueHHs, YTO yMeHbllaer
u3Hoc 3yOber 3pe3apouek. [lnmacTuHb ouep-
YUBAWT KOHTYPOM, HANOMHUHAWIHM UHD-
py 8 B npubAMKAIIUHM ITACTHHB K TejaM
pPaBHOTO COMPOTHBJACHHA PACTAKEHHIO,

Baauku (ocH) ueneH BBIMOJHAKT CTyneH-
YATHIMH WJIH TJIaAKHMHU.

KoHIBI BaJHKOB pacK/ienbiBaloT, NO3ITOMY
3BeHbsl LeNu HepazneMubl. KOHUH uenu
COeAHHAIT COEJHHUTENbHBIMH 3BEeHLAMH C
3aKpelieHHeM BAJIKKOB WIMAHHTAMH
(puc. 12.4, a) unu packjenoiBanueM. B cay-
yae HeoOXONHUMOCTH MCHONb30BAHHSA LENH C
HEYETHbIM UYHCJIOM 3BEHLEB NPHMEHSIOT crie-
uHaJibHbIe Niepexo/inbie 3senbs (puc. 12.4, 6),
KOTODbIE, OAHAKO, cjabee, YyeM OCHOBHBIE;
MO3TOMY OOBIYHO CTPEMATCH NPUMEHSITh LEenH
C YCTHBIM UYHCJOM 3BEHLEB.

[IpH 6oabwMXx HArpyskax u CKOpocCTsX
BO M36GexxaHHe NpPHUMEHEHHWS Lemell ¢ 60Jb-

a) 4)

Puc. 12.4. Coeanunrencuoe (a) u mnepe-
X0aHoe (6) 3BeHbS POJHKOBOH Len

ITHMH 1araMHd, HeGJaronpHATHBIX B OTHO-
IEHUH AHHAMHYECKHX HATPY30K, MPHMEHTIOT
MHOropsigHnie menH (cM. puc. 12.2,9). Ux
COCTABJSIOT M3 TeX XK€ 3JieMEHTOB, 4TO H
OJHOpSIHbIE, TOJIbKO HX BaJIUKH HMEIOT yBe-
auvennyio anuny. [lepenapaeMblie MOILIHOCTH
H paspyuiaiomue HarpyskH MHOTOpPALHBIX
uened NOUYTH OPONOPLHOHAJNBHHE  YHCHY
PALOB.

XapakTepHUCTHKH POJHKOBBIX LefnieHd To-
BhllleHHOH TouHOcTH [IP npuBeienb B
tabn. 12.1. Poaukosble uend HOpMaJbHOMH
toudocTH [IPJI cranmpaprusosanbl B JHa-
nasoHe waros 15,875...50,8 u paccudTaHbt-
Ha paspywawinyio Harpysxy Ha 10...30 %
MeHbIIE, YeM y HeneH OBBIICHHOA TOUHOCTH.

HAniuHHO3BeHHBEe pPONHUKOBBH &
nenu [IP/l BoNOAHAWT B yABOEHHBIM
HiaroM 10 CPaBHEHHIO ¢ OOBLIUHBLIMH POJIH-
KoBbIMH. [lo3ToMy OHH nerue W peuieBie
oObludbix. Mx uenecoobpasHo npHMeHATH
MpH ManiblX CKOPOCTAX, B 'YACTHOCTH, B
CeJIRCKOXO3AHCTREHHOM  MALIMHOCTPOEHHH.

Bryaounse wuenu I[IB no xowu-
CTPYKUUH COBNAAAIOT C POJIMKOBHIMH, HO HE
HMET pOJIMKOB, 4YTO YyAelIeBJNSeT yemnb
M yMeHbllaeT rabapuTtel 4 maccy Npu yse-
JUYEeHHOH TUIOWAAH TPOEKUHH luapHUpaA
(cM. puc. 12.2, 5¢). DTH UenH H3rOTOBNAIOT
C 1HaroM TOJMbKO 9,025 MM H npHMeHSIOT,
B YACTHOCTH, B MOTOWHKJAAX H B aBTOMOOH-
JAX (NpUBOI K pacrnpeieHTeNbHOMY Baay).

Llenn noxasblBawT AOCTATOYHYIO PaBoOTO-
CMOCO6HOCTh.
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12.1. Mpueoguue poaHkosbie

uenu no F'OCT 13568—75* (cm. puc. 12.3)

Pacctos-
HHE MEX- UTnpuna Hpoex-
1 |y sayr- [ILnamerp|Huamerp|suyrpen- | LHEPHHA [ 1S na0-| Paspy- | paeqq
O6o03Hayenue nenu ar 1€ | oonnnmu | BalHKa | poawka peit  |BHYTPCH-| WAAM WAUAR| |\
HR P, MM | .- d,mv | di, MM | nnacra. [HEFQ 3BE-| WAPHA- | HATPY3- | oy oy
HAMH, st A, e | M2 B,MM| pa A?, ka, kH
Ban, MM MM
[1P-8-460 8,00 3,00 2,31 5,00 7.5 477 11 4,60 0,20
[1P-9,525-910 9,525 5,72 3,28 6,35 8,5 8,03 28 9,10 0,45
ITP-12,7-900-1 12,7 2.4 3,66 7,75 10,0 49 17,9 9,00 0,30
[1P-12,7-900-2 12,7 3,30 3,66 7,75 10,0 5,80 21 9,00 0,35
MP-12,7-1820-1 12,7 h,40 4,45 8,51 11,8 8,80 40 18,20 0,65
I1P-12,7-1820-2 * 12,7 7,75 4 45 8.01 11,8 11,3 50 18,20 0,75
[1P-15,875-2270-1 15,875 6,48 5,08 10,16 14,8 10,78 55 2270 0,80
[1P-15,875-2270-2 * 15,875 965 5,08 10,16 14,8 13,95 71 22,70 1,0
[1P-19,05-3180 * 19,05 12,70 5,96 11,91 18,2 17,75 105 31,80 1,9
I1P-25,4-5670 * 25,40 15,88 7.95 15,88 24 2 22 61 180 h6,70 2.6
I1P-31,75-8850 * 31,75 19,05 9,55 19,05 30,2 27,46 260 88,60 3,8
[1P-38,1-12700 * 38,1 25,4 1,1 22,23 36,2 35,46 395 127,00 5,5
[1P-44,45-17240 * 44 45 25,40 12,70 25,70 42 4 37,19 475 172,40 7.5
[1P-50,8-22680 * 50,8 3175 14,29 28,58 48.3 45,21 645 226,80 97

-

* llenn, Koropbie MOIYT H3rOTOBJATHCA ABYX- HIH TPEXPSH/IHbIMH.

PonukoBbe pmeoH ¢ M3OTHY-
ThHMU nJdacturHamu [IPHU wna6u-
paloT M3 OAMHAKOBBIX 3BeHbeB, NMOAOOGHBIX
nepexogHoMy 3Beny (cM. puc. 12.2 ¢).
B cBA3M ¢ TeM, 4yro nAacTHHBE paboTaloT
Ha H3ruG u nosToMy o06sanaloT IMOBbLIIEH-
HOH MOAATNHBOCTBIO, 3TH UENH MPHMEHFIOT
Npd JMHAMHYECKHX Harpyskax (yaapax,
4acTHIX peBepcax M T. O.).

B obo3nadyendHH poauxKoBOH WAM BTyJMOU-
HOM LeNH YKa3blBAIOT: THII, LIAr, paspyuia-
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Puc. 12.5. 3y6yarasa uenb ¢ WWapHHpAMH Kaue-
HHA

oy Harpysky M Homep I'OCTa (Hampm-
mep, lleno [IP-254-5670 TI'OCT 13568—
756 *). ¥ MHoropansbix ueneil B Hauane 060-
3HaueHHs] yKa3blBalOT UHCJO PANOB.

3ybuatble nend {cM. pHc. 12.2,3, u;
puc. 12.5, Tabn. 12.2) — 370 uenu co 3BeHbs -
MU M3 HaGopos nMacTHH. Kaxpaas nnacTuHa
uMeeT no fABa 3yb6a cO BMagUHOH Mewkay
HUMH A5 pasMewenHsas 3yHa 3Be30YKH.
Pafoune (BHeuwiHUe) mOBepxHOCTH 3yOben
STHX NJACTHH (NOBEPXHOCTH KOHTAKTa CO
3Be3/l0UKAMH, OrpaHHyeHbl TJIOCKOCTAMH H
HAKJIOHEHBl OJHA K APYrod noa YIJIOM BKJH-
HUBaHUA o, paBHbiM 60°). ITUMH nosepx-
HOCTAMHM Ka’KJ0e 3BeHO caJuTcs Ha aBa 3y6a
3Be3ouKH. 3yObsi 3Be3NOUEK MMEWT Tpa-
NeuHeBUANBIH TTPOGHID.

[lniacTMHE B 3BeHbX pa3iABHHYTH Ha
TOJNILHHY ONHOH HJAH JABYX NJACTHH COIpH-
XKEHHBIX 3BEHbEB.

B HacTosamee BpeMsi B OCHOBHOM W3ro-
TOBASIOT LENH C lapHHpaMH  KadeHusi
(cM. puc. 12.5), KoTOpHe CTAHZAPTH3GBaHbL
(TOCT 135562—81*).

Jlis o6pazoBaHHMA [ADHMPOB B OTBEp-
CTHA 3BeHbEB BCTABJSAIOT NPU3MBlI C IHJIHH-
ApHYECKMMH paGOUYHMH MOBEPXHOCTSAMH.
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12.2. Mpusoanpie 3ybuateie uens [3-1 ¢ wapuupamu kauenuss (FOCT 13552—81 *) ogHocTOpOHHETO

3auennedus * (cm. puc. 12.5)

PaCCTOHHHe p?l::lajg,]-::lo- Macca 1 M
[Ilupuua |ocH LapHH- Toaurnna i ey H
War P, UTupuua b, mm MAACTHHH, | pa no Bep- | D A3MEP W | oo oryyy | FPY3KA Ha lucm m:-
MM h, MM | mHHH 3y6a MM s, MM L;: lgﬁn pHHAI,
hl‘ MM p HU. ! KT
12,7 225...52,5 (uepes 13,4 7,0 476 1,6 1000 0,58
6 Mm)
15,875  30...70 (uepe3 8 mMm) 16,7 8,7 5,95 2,0 1270 0,72
19,05 45...93 (uepe3 12 mmM) 20,1 10,5 7,14 3,0 1500 0,86

* TOCT 13552—81 * skawouaer takxke uenH [13-2 ¢ waramu 25,4 u 31,75 MM, paccuntaHuble Ha

NBYCTODOHHEE 3aile€nJjeHHe.

[TpusMbl onupatoTcs Ha abicku. [lpu creuu-
aJlbHOM MNPOPUIHPOBAHUH OTBEPCTHH nJa-
CTHH H COOTBETCTBYIOILIHX = TNOBEPXHOCTEH
OPH3M MOXHO NOJYYHTh B HIAPHHDE MPAaKTH-
4ecKH yHCTOe Kaueuue. MMewrtcs  skcnepu-
MeHTaJ/Ibible H 3KCO/iyaTauHOHHbIE JaHHblE O
TOM, 4TO pecypc 3y6uaThiX Lenel ¢ mapHupa-
MH Ka4eHUs BO MHOIO pas Bbillle, yeM LUenei
C WIAPHHPAMH CKOJbXKEHH.

Bo uH3GexaHue GOKOBOroO CrnoJisaHusl Lenu
CO 3Be3[0ueK TMpPeAyCMATpPHBAOT Hampas-
JS0UUMe MAacTHHB, OpeiCTaB/AIUIHE CO-
60¥ oObluHble VIACTHHEI, HO 063 BHIEMOK AJis
3y6beB 3Be3fouek. [IpHMEHSAWT BHYTpeHHHE
(cM. puc. 12.9) uau OOKOBHe HaNpaB/isio-
tHe miacTuue. BuyTpendue nanpasasiomue
TJIaCTHHbI TPEGYIOT NPOTOUKH COOTBETCTBYIO-
el KanaBkM Ha 3Be3fioukax. Ouu obecne-
4MBAWOT Jiyyllee HampasieHHe TIPH BBICOKHX
CKOPOCTSIX H HUMEIOT OCHOBHOE MpPHMEHEHHE.

JlocTonncTBaMU 3y6UaThiX uenei 1o cpas-
HEHHIO C DOJUKOBBIMH SAIBASIIOTCH MeHbIIHM
IIyM, MOBHIIIEHHAS KHHEMAaTHYecKasd TOu-
HOCTb H [OIlycKaeMasi CKOPOCTb, a4 TaKxXe
NOBbILIEHHAA HAAeXHOCTb, CBA3aHHAS C
MHOTOINACTHHYATOH KOHCTpyKuued. Onnako
OHH TsXKenee, CJOXHee B H3TOTOBJEHHU
H nopoxe. [losToMy oHH HMewT orpanuyeH-
'HOE NIPUMEHEHHE H BHITECHAIOTCH POJHKOBBIMH
eNsiMH,

Tarosvie uenu nonpasfesnsiioT Ha TpH
OCHOBHBIX THMa: mnaacTHH4aTtele mo [OCT
D88-—81* (cm. puc. 12.2, 6, 8); pasGopHbie
no I'OCT 589 -85; Kpyriospenubole (HOp-

MaJIbHOH W MOBBLIUIEHHOH [IPOYHOCTH) COOT-
BercTBenHo mno TOCT 2319-—81 (cm.
puc. 12.2, a).

[l1aacTunuatole yenu cayxar pisa mepe-
MeuleHHs TPY30B TOA JOObIM YIVIOM K FMOpH-
30HTANbHOM ILJIOCKOCTH B TPAHCINOPTHPYIO-
IIHX MallMHax (KOoHBeHepaX, MOL'beMHHKAX,
3ckanaropax H ap.). OHM 0GBIUHO COCTOAT
H3 MIACTHH MPOCTOH HOPMBI M Ocel co BTyA-
KaMH WM Oe3 BTYJIOK; [J/i HUX XapakKTepHH
Gosbllye ulard, Tak Kak GOKOBbie NJiaCTHHbI
4acTO MCMOAB3YWOT J[Jisl 3aKpenJieHHs I0-
JoTHa TpaxcrnopTepa. CKOPOCTH JBHKeHHS
Lened 3TOro Tuma OOHLIYHO He NpPEeBHIIAOT
2...3 m/c.

Kpyzaossennbte yenu HCNONB3YIOT B
OCHOBHOM JJifl nojBeca H NMOAbeMa FPY308.

CylecTBYIOT creuHalbHble LEnH, nepe-
AaloliHe JBHXEHHe MexAYy 3Be3Jo4KaMu
C B3aMMHO MOEPHEHAHKYJAPHLIMH OCSMHU.
Banuxu (ocH) nByX COCeAHHX 3BeHbEB
TAKOH uend B3aWMHO MepneHAHKYJISPHBIL.

§ 12.3. OCHOBHBIE MAPAMETPbI
NPHUBOAHDBIX LLEMHBIX MEPEJAY

MomHocTH, a9 nepegaud KOTOPHIX
MPUMEHSAIOT UENHble Nepefauvd, H3MeHSITCs
B nHama3oHe OT J0JieH 00 COTEH KWIORATT,
B O0IleM MAaUIHHOCTPOEHHH OGBIYHO A0
100 kBr. Mexocesble paccTOSHHA NENHBIX
nepenay AOCTHTalT 8 M.

HacTtorn Bpawmenusn 3Be3no-
HEK MU CKOpPOCTH OrpaHHYHBAIOTCH
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12.3. HanGoabuine pekoMeHIYyeMBIe /7, , H MPeleNbHbIE /1,, YACTOTH BPAMEHUS MAAOH 3Be300UKH (MuH ')

[lar uenu P, MM

THo nenwn
6 9,525 12,7 15,875

19,05 25,4 31,75 38,1 44,45 50,8

B, HPJT 3000 2500 1250 1000

900 700 500 400 300 250

1800 1200 1000 900 600 450
2200  — — — — —

1P - 6000 5000 3150 2300
3.1 — — 3300 2650
4000 3300 2700

[Ilprmeuannn: |. Buncantene npuBeeHsl 3HaYeHHSA YACTOTH BpailleHHs N, 5, B 3HAMeHaTENle —

3HAUEHHS fipp.

2. TlpHu yacToTe BpallleHHA M, p YHCJIO0 3yOheB MasOH 3Be3NO4YKH NOAXKHO ObiTh 2 2= 15. [1pu yacTtoTe
finp 21 22 20 1 HeoGXx0AHMAa MOBBILIEHHAA TOUHOCTE U3TOTORJNEHHUA 3Be3/I04YEK, MOHTa)Xa Mepefaud H 06H/b-

HOE CMa3blBaHHE.

BeJIMYMHOH CHMJBl  yAapa, BO3HHKalomiedl
MexAy 3y6oM 3Be3A0YKH M LIAPHHPOM
LleNK, H3HOCOM U WyMoM nepeaau. Haw-
GonbluMe pekoMeHAyeMble U NpefeNibHHE
4acTOTH BpaHIeHHA 3Be3[OUeK NpuBeleHbl
B Tabn. 12.3. Ckopoctu aBHXKeHUSI uened
OGBLIUHO He IpeBbllIaloT 15 M/c, OAHAKO B
nepefayax ¢ UeNfAMH H 3Be3JO0YKAMH Bbl-
COKOro Kauyectea npu 3¢h¢eKTUBHbIX Cho-
cobax cMa3blBaHHs AOCTUramT 35 M/c.
Cpeaunss ckopocTh uenu, M/c,

: znP
Y= 06-1000 '
rae z — 4uc/jio 3yObeB 3Be3f04KH; 11 — d4a-
CTOTa ee BpauleHusi, wMun '; P — war
LenH, MM.
[lepenaTtouHoe OTHOWMEHHE

onpeAenslioT M3 YCJOBHS paBeHCTBA Cpef-
HeH CKOPOCTM UeNOH Ha 3Be3Joykax (cM.
puc. 12.1):

21 P=2zn2P.

Orciona nepenaToyHoe OTHOWEHHE, 0OO-
HHMaeMOe Kak OTHOlleHHe 4YacTOT Bpaue-
HMA BeJylled H BelOMOH 3Be3J0ueK,

n 2o

19 <1

rae Ny H ng — 4acTOTH BpallleHHA BEII,YHJ.EI‘:[

M BedOMON 3Be3jouyek, MHH '@ 2] M 2Zp — .

yucsia 3y6bes BeAyUIEH U BeAOMOH 3Be3fo-
YeK.

[lepepaTtouynoe oTHOLleHHe OrpaHH4YHBA-
ercd rabapuramu nepesauu, yriaaMH o6xBa-

Ta W vyHciaMH 3y6beB. O6bI4HO u<C7.
B orTpeabusix cayuafix B THXOXOAHHIX me-
pelauax, ec/AH Tno3BoJAer Mecro, u<10.

Uucana 3y6beB 3Be3pouek Mu-
HUMAaJM bHBlEe yuc/a 3yOheB 3Be3/I0UeK Ol PaHH-
YHBAKOTCA HM3HOCOM LUAPHMPOB, AHHAMHYE-
CKHMU HarpyskaMH, a TaKxe OIYMOM mnepe-
Aay. Uem MeHblle yHCAO 3Y6beB 3BE3N0UKH,
TeM GoJibllle H3HOC, TAK KAaK yroJ 0oBOPOTA
3BeHa NpH HaberaHdy LEMH Ha 3Be3j0uKy
u cGeranuu ¢ Hee papeH 360°/z.

C yMmeHblueHHeM yucna 3y6beB BO3pa-
CTAlOT HepaBHOMEPHOCTb CKOPOCTH A BHXKEHHS
IlenM H CKOPOCTb ynapa IenH O 3Be3fl0YKY.
MunrmanbHoe 4Hc10 3y6beB  3Be3f0YeK
POMHKOBBIX LeneHl B 3aBHCHMOCTH OT mepe-
JATOYHOro OTHOLIEHHA BBHIGHPAIOT [0 3MOHU-
pHHECKOH# 3aBHCHMOCTH

z[min=29—%u> 13.

B 3aBucHMOCTH OT 4YACTOTHl BpalUgHHSH
Z{ min BBIOHPAOT NPH BBICOKHX YacTOTax
BpaleHUsa 2y i, = 19...23; cpeanux 17...19,
a npu Hu3kux 13...15. B nepemauax 3yG-
yaTbIMH LENfAMH Z,.. Goabuie va 20...30 %.

Tlo Mepe u3HOCa HenH ee WAPHHPHL NOA-
HHUMAIOTCA No npoduaio 3y6a 3Be3ZOuKH OT
HOXKU K BeplUHHEe, 4TO MPHBOJHT B KOHeu-
HOM cyeTe K HapylleHHIO 3auenyieHdss. [Ipu
5TOM MpefeipHO JONYCTHMOe YBedH4YeHHe
lara Henu TeM MeHblle, yeM GOJblie 4HCJO
3y6beB 3Be3jo4kH. [loaToMy MaKkcuMalibHOE
4yHCio 3y6bes OTPAHMYHBAIOT MPH HCHOJb-
30BAHHHM  DOJIHKOBBIX Lemed  BeJIHUHHOH
100...120, a sy6uartuix 120...140.

~
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[IpennoururesibHo  BuIGUPATL  HeyeTHoe
YHCJIO 3yObeB 3Be3jlouek (OCOOeHHO MaJsiof),
YTO B COYETAHHUH C YETHHIM YHCJIOM 3BEHbEB
yend cnoco6eTByeT pPaBHOMEPHOMY H3HOCY.
Ewe GoJsiee H1aronpueTHO, ¢ TOUYKH 3PEHUA
M3HOCA, BHIOMpATL YHCAO 3yObeB MaJo#
3Be30UKH H3 psifia NpPOCTbIX YUCEN.

PaccrtodHuhe MeXAY OCSAMH
3Be3J04YeK M AAHHA [Lend Muuu-
MaJibHOE MEeXOCeBOe paccTOsHUe g, (MM)
ONPeNe/Ii0T H3 YCIOBHH:

OTCYTCTBHUS HHTepdepeHuuu (T. e. nepe-
celyeHHs) 3Be3fgouek '

amm> 0,5 (De | +De 2) »

rae D,
' 3Be3104YEK;
yrofbl  yroa ob6xBaTa Lenbid MaJoi
3pe3floukd Obl1 Oosblie 120°, T.e. yroa
HAKJOHA KaxXAOH BeTBH K OCH mnepeaavud
6w menblne 30°. A Tak Kak sin 30°=
=0,5, TO @ > d2—d-
OnTHMa/JibHble  MeXOoceBble

a= (30...50) P.

H D,y — Hapyxuble aHaMeTphl

PaccTOsAHUS

OGLIYHO MeXOceBbIe PACCTOAHUS PeKOMeH-
IYIOT OFpaHWUYMBATHL BeJIMYUHOU
| a = 80P.

IloTpe6HOoe uucao 3BeHbeB Ie-
niu W onpepensiioT no mnpeABapHTENLHO
BLIOpAHHOMY MEXOCEBOMY pACCTOSHHIO da,

miary P H 4uciaM  3yObeB  3Be3I0UeK
Z( H 29
21+ 29 2a Z9—2,\ P
W= s+ 7P +( 2 ) a’

monyyeHdoe 3nauenue W OKpyrJisoT n0
6anxaHero Uesoro (XedaTesNbHO 4eTHOrO)
YyucJa.

JTta ¢opMyna BBIBOAUTCA 0O AaHAJOrHH
< dopMmynoir aas Aauubl pemusn (§ 14.7)
H sBJfeTcA npubsidxeHHoH. [lepeue aBa
uysieHa ¢opMyJbl AT noTpebHOE 4YHCAO
3BEHbEB TMpPH 2Z;==23 KOIJAAa BeTBH LeEMNH
napaie/ibHbi, TPeTHW uJieH YUYMTbhiBaeT Ha-
KJOH BeTBei,

Paccrodanue Mexay OCAMH 3Be3loyex o
BHIOpAHHOMY YHCAY 3BEHBEB Llend (6e3 yueTa
NPOBUCAHUS LeNH) CAedyeT H3 Npejbifyiuei
thopMy bl ”

P 21122

V(r-232y ey ]

llenb nosKHA HMeTb HEKOTOpOe TNDPOBH-
canue BO H3(exaHHe NMOBLIIIEHHOH HATPY3KH
OT CMJIbl TAMECTH U pajHaJbHOro OHeHHd
3Be30UEK.

JIlnst 3TOrO Mexocesoe paccTofHHe yMeHb-
wawT Ha (0,002...0,004)a.

IHlar uenu NpPHHAT 3a OCHOBHOH mapa-
mMeTp uermHoH nepepaud. llenH ¢ 6Gonbwium
WAaroM HMeloT OOJIBIHYI0 Hecymyil cnocol-
HOCTb, HO ONYCKAKT 3HAYMTEJbHO MeHblIHe
4acTOTbl BpalleHHs, OHH paboTawT ¢ 60Jb-
WHMH AHHAMHYECKHMH. HArpy3kaMu H IOY-
mom, Caenyet BbiOHpaTh Lenb C MHHHMAJBHO
LONYCTHMbIM AJi AaHHOH HArPy3KH 1LArom.

OGuIuHO E‘%g P < —2%; YMeHbIHUTL  lar
3y6uaThiX Lened TNpH KOHCTPYHPOBAHHH

MOXKHO, YBEJNHYHB ee [HPHHY, a AJH pPOJHKO-
BbiX Lenel — NPUMeHHB MHOTOpsiAHbIe [EenH.
JlonycTHMBle IHaru 0O KPUTEPUI0 GRICTPO-
XOJIHOCTH Tepejauu cienylor U3 taba. 12.3.

§ 12.4. KPHTEPHH .
PABOTOCIIOCOBHOCTH

M PACYETA LLEMHbIX MEPEIAUY.
MATEPHAJIbI LLEMER

[lenubie nepenauyn BBIXOAST H3 CTPOd MO
cAenyiowuM npuyuuaM: 1. M3unoc wap-
HUPOB, NPUBOASIIHA K YAJHHEHHIO LENOH
H HapyLUIEeHHIO ee 3alemn/ieHds cO 3Be3f0y-
KaMH (OCHOBHOH KpHTepH# paboTocnocol-
HOCTH 1A OOJbLIMHCTBA Nepeay).

2. ¥cranocTHOE® paspymenHe
MJIacTHR 1O NPOYUIMHAM — OCHOBHOH KpHTe-
PHH AJA GBICTPOXOAHBIX TSXKEJOHATPYXKeH-
HbIX pPOJIMKOBBIX Uene#, paboTalomwux B 3a-
KPBITHIX KApTepax ¢ XOPOLIHM cMa3biBaHUEM.

3. [lporopavuBaHHe BAaJUKOB H BTY-
JIOK B TJIaCTHHAX B MeCTaxX 3alpPecCOBKH —
pacnpocTpa”eHHas TpPUYHHA BbHIXOJAA M3
CTpOsi ueneH, cBA3aHHAA ¢ HEAOCTATOYHO
BEICOKHM Ka4eCTBOM HM3rOTOBJEHHA.
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4. BolKkpalmliBaHHe W paspyue-
HHE POJHKOB.

D. JlOCTHXKeHHe TpejfeALHOTO Tpo-
BHCaAHHSI XOJOCTOH BETBU — OAUH M3 KpH-
TEPHEB JJA TepeAady ¢ HeperyJupyeMbiM
MEXKOCEBbIM PaccTOSHHEM, paGoTalmux npu
OTCYTCTBHM HATAXHBIX YCTPOHCTB M CTeC-
HEHHbIX rabapurax.

6. Hanoc 3y6beB 3Be3foyexk.

B cOOTBeTCTBHH ¢ lpUBEJEHHBIMH TIPHUH-
HaMH BBHIXOAA UeOHBIX Tepesad H3 CTpof
MOXKHO cpaefiaTh BHIBOJ O TOM, 4TO CpOK

CMyXKOBl flepeflayd yalle BCEro OrpaHHuH-

BaeTcd AOJATOBEYHOCTHIO LIENH.

JlOATOBEUHOCTD K€ ueNnH B NMepByw oue-
peab 3aBHCHT OT H3HOCOCTOHKOCTH IUapHM-
poB.

MarTtepuan u repMuHyecKasn 06-
paboTKa ueneid UMEOT pemmaiouiee 34a-
YeHHEe AJS1 UX AOJTOBeUHCCTH.

[lnacTuHel BHINOMHSIOT M3 CpegHeyrJ/epo-
AHCTBIX HWJH JIEFMPOBAHHLIX 3aKaJHBaeMbIX
craned: 4b, 50, 40X, 40XH, 30XH3A
TBepAOCTbIO Npeumyiecteedto 40...00HRC;;
NJAacTHHBl 3yH4YaTblX Uened — npeuMyuie-
cTBeHHO H3 ctaau 50. HMaorHyteie nna-
CTHHBI, KaK TPaBU/i0O, H3FOTOBJIAKT H3 JIETH-
poBaHHbIX cTaneH. [LnacTHHB B 3aBUCHMOCTH
OT HAa3HAUYCHHSA UENH 3aKAJHBAIOT 1O TBEp-
poctH 40..50 HRC,. Jleranu 1mapuupoB —
BAJMHKH, BTYJKH M I[PH3Mbl — BhINOJHAKT
MPeMMYIIECTBEHHO H3 LEMeHTyeMbBIX cCra-
aed 15, 20, 156X, 20X, 12XH3, 20XH3A,
20X2H4A, 30XH3A 4 nonpepraioT 3akaJke

go bb..656 HRC,. B c¢BfIaH ¢ BBICOKHMH

TpeOGOBaHUSAMHU K COBPEMEHHBIM LIETTHBIM nepe-
ja4yaM Uenecoofpa3Ho NMPUMEHATb Jierupo-
BaHHbIE CcTA/NH. D(HDEeKTHBHO IIpUMEHEHHE ra-
30BOT0 UHAHHPOBAHHA pabOUHX MOOBEPXHO-
cTedl WIAPHUPOB. MHOTOKPAaTHOrO NOBLIIEHUSA
pecypca Uened MOXHO JOCTHIFHYTb AHQPY-

3HOHHBIM XPOMHpOBAHHEM IHAPHUPOB. YcTa-

JOCTHYIO IIpPOYHOCTb IIJTACTHH POJHKOBHX
Lened CylmecTBEHHO NOBHIHIAIT O6KaTHEM
Kpaes oTBepcTHH. J¢ddekTupHA TaKKe LpO-
becTpyfinas obpaboTka.

B 1mapHupax posukoBHX uened nnas pa-
60Tl 6e3 CMa304HOrO MaTepuasna HWIAH OpH
CKYAHOH ero mojgaue HAYHHAIT NPHMEHATH
11aCTMACCH.

Pecypc uendeix nepegau B cTallHOHApPHBIX
MaurMHax foJixed cocTapniars 10...15 Thc. u
paoThi.

§ 12.5. HECY1AS CIMOCOBHOCTb
H PACYET LLETTHbIX MEPEJAY

B cooTBeTCTBHH C OCHOBHBIM KpHTEpHEM
paboTOCIOCOOHOCTH  UENHBbIX  fepegay —
M3HOCOCTOMKOCTBIO UIAPHUPOB UENH - He-
Cymas cnocoOHOCTD IENHbIX nepefad MOXKeT
ObITH OnpeneseHa COTAACHO YCJAOBHIO, TO
KOTOpPOMY /aBJieHHE B IIAPHHPAX HE AOJKHO
[peBBIATH A0MYCTHMOIO B JAHHBIX YCJIOBHSIX
IKCIINyaTaLHH. ‘

B pacuerax uensbix nmepegad, B 4aCTHOCTH
B y4YeTe YCJOBHH 3KCIUiyaTallMH, CBA3AHHBIX
C BEJHYHHOH NYTH TpPeHHsl, YA0HHO HCHOJIb-
30BAaTb 1IPOCTEHIIYIO CTEMEHHYI0 3aBUCHMOCTD
MeXny pasjieHieM p H nytem S Tpenus
p"S=C, rpe C B paHHbBIX OrpaHHYEHHLIX
YyCJAOBHAX MOXKET paccMaTpUBATHLCH KaK NO-
ctosiuHasa peaHdHHa. [10KazaTenb m 3aBHCHT
OT XapakTepa TpeHHA; TpPH HOPMaJbHOMH
3KcIlyaTanMy nepefayd ¢ xopouwedt cMa3skoH
m Oxoa0 3 (B YCJHOBHUSIX CKYAHOH cMasKu
m xogetnetrca or 1 go 2). *

HonyctumMasa nonesnas cHiJa,
KOTOPYIO MOXeT NepeAaBaTh 1ieNb ¢ UIAPHH-
POM CKOJIbXKEHHS, )

L [pled
F——-T,

aneck [plo — monycTumoe naBaenue, MIla,
B lapHHMpax [JA CpPefHHUX 3KCIiyaTalHOH-
HBIX ycaoBHH (Taba. 12.4); A — npoekuus
OTIOPHOJ NMOBEPXHOCTH LIAPHUPA, MM?, paBHAS
NI POJIMKOBBIX H BTYJOUHBIX Uened dB..
[d — nHaMeTp BasiHKa; Bgy — UIHPHHA BHYT-
peHHero 3sena (cM. taba. 12.1)]; K, —
KO3 (HUHEHT 3KCIVIYaTaLlHU.

Kosdpduuuent skcnayatauud K, MoxeT
OHTb TpeACTABJEH B BUAE TNPOH3BeleHHUS
JacTHBIX KO3(pPUIIHEHTOB:

Ka == KJJ,K(JKHKPQI‘KCMKDE}KKT-

Koapduuuenr K, yuurbiBaeT AMHAMHY-
HOCTH HArpy3KH; TpPH CHOOKOHHOH Harpyske
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12.4. JlonycKkaeMoe paBiedHe B WAPHHPaAX PONHKOBHIX uenei

{p] s, MIla, npu uacToTe BpailueHHA MAJOH 3B€3104KH, MHH -!
HWar P, Mm
50 200 400 600 800 1000 | 1200 § 1600 | 2000 | 2400 | 2800 | 3200
12,7...15,875 35 31,5 28,6 26 24 22.5 21 186 16,5 15 14 —
19.05...25,4 35 30 26 23,5 21 19 17,5 15 — —_, = —
31,75...38,1 35 29 24 21 18,6 16,5 15 — —= — — —
44 45...50,8 35 26 21 17,5 15 — — — — — — —

K,=1; npu swarpyske c tonukamu 1,2..15;
npu cHiibHBeiX yaapax 1,8. Kosdpduunent K,
YUHTbIBAaeT AJHHY WenH (MexKoceBoe pac-
CTOSIHHE) ; OUEBHJHO, YTO YeM AJIHHHEE Nelb,
TeM pe)e NpH INPOYHX PABHBIX YCJIOBHSX
KaxKA0e 3BeHO BXOAUT B 3alenjeHue co
3Be30MKOA W TeM MeHble H3HOC B UIap-
Hupax; npu a= (30...50) P npunumaior K;=
=1; npu a<?25P K,=1,25; npu a=(60...
80) P K,=0,9 '. Kosthpuuuenr K, yuutaBaer
HAKJOH mepefayd K ropHsoHTy; ueM 6oAbiie
HAKJAOH Nepeladyd K FOPU3OHTY, TeéM MeHbIIe
JAOTYCTHMBIH CyMMapHBIA H3HOC UenH; npU
HAKJIOHe JIMHHH LUEHTPOB 3Be3jloueK Noj Vyr-
JIOM K TOPH3OHTY Ao 45° K, = |; npH Hakjoue
nog  yrioM ¢ Goaee 45° K,=0,15+/1.
Kospduuuent Kper YUUTHIBAET pPETYJAHPOBKY
nepefayd; [Js nepefad C pPeryJHpOBKOH
MMOMIOXKEHUS OCH OAHOH H3 3Be3A0UeK Kper=
=1; AnA nepejay ¢ OTTHAXKHBLIMH 3Be3j04-
KaMH MJIH HaKHMHBIMH POJIHKAMH Kper==1,1;
IS nepeaad ¢ HeperyJiHpyeMbIMH OCSMH
apesfodek Kper=1,25. Koapduument K.y
YUHTbIBaeT XapaKTep cMa3biBaBHS, TpPH He-
RPepbiBHOM CMa3blBaHHHM B MACIAHOH BaHHe
HJAH OT Hacoca K. =08, npu peryiaspHom
KanejibHoM HJH BHYTPUINADHUPHOM CMAa3bl-
BaHUU Kcy=1, NpH NepHOOHUECKOM CMA3H-
BaHud 1,0. Kosdduuuenr K, yuuThiBaer
- pexUM paboThl nepegayH; NMpU OAHOCMEHHOH
pabote Kpex=1; NpH ABYXCMEHHOH, YUUTHI-
Bafl YABOEHHBIA nyTb TpeHHs, Kpeu=-12=
2 1,25; npH TpexcMeHHOH Kpew =3/3 & 1,45.
KosdbduusneHr Kr yuduTeiBaeT TEMIEpaTypy
oKpyxaioule# cpeppl, npu —25° <7<

i 3.1 Lo
MoxHO TakmKe TNpHHAMATE K,= -

rae Ly — aauua uwenw npH a=40P, a [ —
JJIHHA pacCYMTLIBAEMOH LeNd B LIarax.

< 150 °C npuuumalt Ky=1; npu 3KcTpe-
MaJbHbIX YCJAOBUSIX K> 1. _ _

[Ipu ouenke 3Hauyenus koadduuueHTa
3KCiyaTaudd K, HeoH6X0aHMO XOTsl Obl
OPHEHTHPOBOUYHO YYHTHIBATh CTOXACTHYECKUH
(cniyuafiHbIH) xapakTep psiga  BJHSAIOUIHX
Ha HEro napaMeTpoB.

Ecnu no pacuery 3Hauenue kosgppunHedTa
Ks>>2...3, TO HyXKHO TIPHHATH KOHCTPYKTHB-
Hble Mepbl 10 YAYULIEeHHIO paGoTH Nepeaadn.

TIpHBOAHbBIE 11eNH NPOEKTUPYIOT HA OCHOBE
reoMeTpHYeCcKOro IMoao6Hs, [nOo3TOMY MJO-
anb NpoeKlHH ONMOPHOH NOBEPXHOCTH 1Hap-
HHpa AJIF Ka)XXQ0ro pa3MepHOro psAja ueneu
MOXHO NIPeACTaBUTL B BHae A =cP? rge ¢ —
K03 (U HEHT POITOPLHOHANLHOCTH, ¢ 20,25
AN OOLHOPAAHBIX leneH, Kpome Lenedl, He
BXOASIUHX B 3aKOHOMEPHBIH pa3MepHblid pAA:
[T1P-8-460; T1P-12,7-400-1 n [1P-12,7-900:2
(cM. Tabn. 12.1).

Honyctumaa cwia F uenu ¢ mp psaaMu

cP?[plom,
K,

roe  m, — Ko3gGhuUHeHT pSAAHOCTH LIEenH,
YUUTHIBAOLIME HEpABHOMEPHOCTH paclpefe-
JeHHUsl HArpy3KH 10 psjaM:

2p=1....2
mp=l....l,7

F=

r

3
2,5

y

Honyetumbit MoMent (H-m) Ha manoi
3BC3/10YKe '
Fd,
2.10°

FPZ]
2n-10°

T,
Orciopa war uenu
P=18,5 4 T\K./ (czimy[plo) -

B ormercreenuwix pacuerax cieaver B BBIPA-
WEHHH Nt K, NpOU3BeJIeHHe KO3 HIIHEHTOB,



258

HENHBLIE NEPEQAYH

MMeMHX caydaddblll xapakTep, 3aMeHHTH NPOU3-
BEeACHHEM HX CPEINHHX 3HAYEHHH K; yMHOXeHHeM

Ha 1+up\/ Yuf, e v, — ko3hpULUeHTH BapHallHH

OTIeNEHBIX KO3 GHuUHEHTOR K;, a8 tp — KBAHTH/b
HOPMAaJbLHOTO pacnpejle/ledus, BbLi6HpaeMas no
Tab/HuaM B 3aBHCHMOCTH OT JKeJaeMol Hajex-
HOCTH.

OpueHTHPOBOYHOE 3HAYEHHME MIara OxHO-
pAOHOH uenu (MM)

T
135) 2‘ ,

1

P=(128..

rae ko3gduuuent 12,8 — naa ueneit TP,
a Kospduyuedt 13,6 — ana uvenedt T1PJI,
Ty — momeHT, H-M.

[Ton6op menHblXx nepeAay NpoH3-
BOAAT B caedyioumeM nopaake. CHauana on-
peAesifiioT HJAKH BHIGHpAlOT uHcio 3y6bep Ma-
JIOH 3Be3JOuKH M MPOBEPSAIOT 4YHCJO 3y6beB
Gonbwol. 3aTeM 3ajaloTcA 1HATAMH LedH
C Y4€TOM YACTOTHl BpalueHud MaJioll 38e3n0u-
K 0o Taba. 12.3 wunu npeaBapuUTeNbHO
OfIpeAeJIAI0T WAaTr N0 OAHOH U3 NPUBEJeHHBIX
Bbillle ¢(hOPMYJi, B UYACTHOCTH, 33AaBIUHCH
OPUEHTHPOBOYHBLIM 3HaueHHeM K.

3areM B NOpAAKe MPOBEPOUYHOro pacueTra
ompeaensioT MOMEHT Ha MaJiod 3Be3Jouke,
KOTOPHIA MOXET TepejaBaTh HeNb, H CONO-
CTaBAAIT ero ¢ sagaHHeiM, OObMHO 3TH
pacyeTsl AeNAIOT NMPH HECKOJDbKHX, OJIH3KHX
K ONTHMAaJIbHbLIM COYeTAaHHAM IapaMeTPOB
H BbIGHpAIOT ONTHMAJbHLIH BapHAHT.

Jns uenHelX nepefau ¢ BLICOKHMH TPe6oBa-
HUSIMH MO0 HajeXHOCTH [OMNOJHHTEJbHO CJeayeT
BbIMOJHATL pAacyeT, NOo3BoJAIOUIHA OlMpeneauTh
BEPOATHOCTL Ge30TKa3HOH paboTHl MpH 3a0aHHOM
pecypce 3kcnayatauuH {. B 3TOoM cAayuae

_[aF]
 wHupSe

rae [AP] — npepmenbHOe ymesH4eHHe wiara LEMH;
Up — KBAHTWIb HOPMAJbHOrQ pachpejenenus, Mo
KOTOpOH #3 TabJHL ONpenefsiior BeposTHOCTD

6e30TKa3HOi paGoTthl; @ H Su» — CPeNHsAA CKO-
poCTb M CpenHee KBAJPATHHECKOE OTK/IOHeHHe

CKOPOCTH YBeJHUeHHsl wara LUemd {(UnCaeHHble
3HAYEHHs HaKalJMBalOTCH).

HosroseynocTs uenefi Haunbosee peasb-
HO ONEHMBATb MO MeTOAY MOAOGHA Ha OcC-

HOBE YCTAHOBJEHHOrQ0 H3 OnHTa 3KCIMya-
TALMH HJH HCNBITAHHH pecypca nepenauy,
npUHAMaeMo# 3a 3TaJIOHHYIO. 3TOT pecypc
no M. M. iBawkoBy yMuoxkaeTcs Ha oTHoLIe -
HHe YTOYHEHHBIX KOPPeKTHPYIOUWHX Ko3dhdu-
LLHEeHTOB J/Is1 3TAJIOHHOH H pacCUHTbiBaeMO#
nepenau.

Koppexktupywuiue kKo3¢phHUHEHTH:

No TBEPAOCTH IHAPHUPOB npu paborte
CO cMa3ko# M 3arpA3HeHHeM abpa3uBaMu:
noBepxdHocte 6e3 Tepmoo6paboTkH 2, mpu
o6bheMHOH 3aKasike |, npy uemertauun 0,65;

no fAaBfieHHI0 B 1mapuupax (p/pt),
TNpH HenpepblBHOM cMaske x=1,5...2,b, npu
nepHOAHUYECcKO! cMa3Ke 6e3 3arpsa3HeHHds
abpasupaMd x=1, TO Xxe ¢ abGpa3UBHBLIM
3arpsa3veddeM ~npH oO6beMHOH 3aKalfike
x=0,6;

Mo YycJOBHIO paboTEl NpH CMa3blBaHHH
MacjaoM: 6e3 aOpasHBHOrO 3arpssHeHHs |,
B abpasuBHo#l cpene 10...100;

N0 XapaKTepy CMa3biBaHHA: MepHojnue-
cKkoe HeperyasapHoe 0,3. peryasproe 0,1,
B Macaad”o# BaHHe 0,06 u T. A.

[epepaun 3y6uaThiMH HensiMH C WLADHH-
paMH KayeHHs MOAGHPAOT No (GHpMEHHBIM
AAHHBIM HJIH Xe MOAY5MOHPHYECKHM 3aBH-
CHMOCTAM M3 KPUTEPHUS H3IHOCOCTOMKOCTH.

BHauane BbIOHpAOT WIAr LeOH B 3a-
BUCHMOCTH OT 4acTOTH BpauleHUA Mauaod
3Be3floykH (cM. tTabmn. 12.3).

3aTeM omnpelesiOT IHMPUHY LEMH (MM)
B 3aBHCHMOCTH OT MomeHta 1, (H-.-m)
Ha MaJioH 3Be3fouke
FAlu K, TvK,

4P

2|P

B=——=1570 ————

IMpu onpepenennu KosbduuHeHTa IKC-
mayatanud K, lonycKaeTca OrpaHHUUBATLCH
yueToM Ko3cgduluHeHTa yria Hakaouwa K, H
npu v> 10 M/c ko3dbduuHeHTa BAUSAHUA
LeHTpobeHbiX ¢l K,=1-+41,1+10 0%

§ 12.6. MOCTOSAHHBIE CHUJIbI
B BETBSIX LLENTH U HATPY3KH
HA BAJlbl

Benymas perBb nenu B mpouecce paBoThl
HCIIBITBIBAET HOCTOAHHYIO HArpysky Fi, co-
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CTOSINLYI0 H3 MOJe3HOM cufibi F W HaTsxe-
HUS BeJOMOH BeTBH Fy:

Fi=F4F,.

HaTaxenHe BefOMOH BeTBH ¢ 3aBeJ/lOMbIM
3a0acoM OOBIYHO [PHHHUMAIOT

F2=FQ+FH1

rge F, — natAxenue oOT [eHCTBUSL CHJIbI
TAXeCTH, F, — HaTAKeHHe OT AeHCTBHH
UEeHTpOGEKHbIX HArpy30K Ha 3BeHbA LenH.

Haraxeune F;(H) onpeaensiercs npu-
O/IMKEHHO, KaK AJs1 a6COMIOTHO FUOKOH He-
PACTAXKHMOH HHTH:

2
FQ‘= g; gCOS lpv

rae g — macca OAHOINO MeTpa LEMNH, K,
| — paccTofHMe MeX Ay TOYKaMu IoJBeca
uend, M; f — cTpesa nposeca, M; g — YCKoO-
penue cBoGogHOro mnagenusa, Mm/ck P —
yroJl HakAOHa K TOPH3OHTY JHHHH, COeAH-
HAOLEH TOYKH noasBeca Uend, KOTOPbIH mpu-
6/HKEeHHO NPHHUMAIOT PaBHLIM YIJIY HaKJO-
Ha nepeaau.

[lpunumas | paBHBIM MeXoCeBOMYy pac-
croaunio a U f=0,02q, nonyyaem ynpouieH-
HYIO 3aBHCHMOCTb

F,=60ga cos ¢y > 10g.

Hara:xkenne uenu oT ueHTpobGeXHbLIX HArpy-
30K Fy(H) ans uendbix nepeaad ofpeaensioT
N0 aHajdOrHH C pEeMeHHBIMH Tiepeaadyami,
T. €.

Fu=gqu?

rie v — CKOPOCTH [ABHXeHHA Lenu, M/c.

LleuTpobexnas cugaa, pedcTBywuwas 1o
BCEMY KOHTYPY LUeNd, BLI3bIBAeT AONONHU-
TEJbHbIH H3HOC LIAPHHPOB.

Pacuetnas Harpyska Ha Ba/ibl UenHo#i ne-
penayu HeCKOJIbKO 60Jibllle N0Jie3HOH OKPYXK-
HOM CHJIBI BCJEACTBHE HATSKEHHS Lend oT
Maccol. Ee npunumaiwr &uF. Ilpu ropusou-
TaJbHOH mnepenave NPHHHUMAOT Ry =1,15,
NpH BepTHKanbHOH k, =105,

[lenubie nepesaym Bcex THIIOB NPOREPSIIOT
Ha MPOYHOCTL 110 3HAYEHHHAM paspyilawilel
HACPY3KH Fpagp (cM. TaOn. 12.1) u HaTsaxe-
HUIO0 HauboJiee HATPYKEHHOH BeTBH F| .

onpeaeNss YCJOBHYW BeNHUUHY KO0dddH-
UHEeHTa 3anaca MPO4YHOCTH

Fpasp

F L

Imax

K =

rae Fip..=F+ F,+ F,+ F. (onpeaenenue
F,cm. § 12.7).

Ecnau 3uavenue xoagdpHuueHTa 3anaca
npoudoctdH K>> 5...6, TO nonaraioT, 4TO LEMNb
VAOBJETBOPSIET YCJOBHAM CTaTHUeCKOH mpoy-
HOCTH.

§ 12.7. KOJIEBAHHUS
NEPEJATOYHOIO OTHOW EHUS
U JUHAMHYECKHE HATPY3KH

[Ipn pabore uenHod mepepayd ABHIKEHHE
Lend onpeaessieTcss ABHXeHHeM WIapHUpa
3BeHa, BOLIeALIETO NOCAEAHHM B 3aliell/ieHHe
C Beayulek 3Be3104Kol. Kaxnoe 3BeHO BefeT
uefib OpH TOBOPOTE 3Be3[J0YKH HA OJAUH
YIJOBOH WIar, a 0OOTOM YCTynaeT MeCTO
cleayroleMy 3seHy. B ¢cBA3H ¢ ITHM CKOpPOCTD®
Hend OpH paBHOMEPHOM BpaleHHH 3Be3-
AOUKH He mocTosHHa. CKOpOCTb LeNnH MaKcH-
MaJibHa B MOJMOXMEHHH 3Be3J0UYKH, NPH KO-
TOPOM pajuyc 3Be304KH, IPOBeJeHHbIH ue-
pes luapHHp, NeprHeHAUKY/NsAPpeH Belyluen
BEeTBH leMH.

B npoU3BOJLHOM YIJIOBOM 1IOJIOMEHHH
3Be3/04KH, KOTAa BeAyIUHH IHapHHDP MoBep-
HYT OTHOCHTENbHO NepHNeHJUKy/sApa K Bedy-
med BeTBH MOA YIVIOM ¢, TPOAOJABHAA
CKOpOCTL Lenu (puc. 12.6, a)

¥ ¥

)

Puc. 12.6. Kunematnueckas cxeMma LenHof nepe-
Aauyd H rpadHK CKOpOCTH uenu
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v=uw R cos a,

TAe i — MOCTOAHHAA YIJOBAa#g CKOPOCTH
BelylleH 3Be3I0UKH; R, — pajHyc pacnoJo-
KEHUA IaPHUPOB lEeNH (HaualbHOH OKpYXK-
HOCTH) BeAYIEH 3BE30UKH.

Tak kKak yron o wu3Mensgerca B npe-

It
penax ot 0 no 2, » TO CKOpPOCTb uemnw
H3MeHseTess OT U, A0 U, COS —

-4l
MruoBeHHas yryioBasi CKOpPOCTb BegoOMOf
3BE300YKHU
)
Rycos B’

e =

rae Ry — pajHyc HadaibHON OKpPYKHOCTH
BEAOMOH 3Be3104KH; f — yroji mnoBopoTa
tapHupa, [pUMbIKAKOIIEro K BeAyiied BeTBH

LUeNH (N0 OTHOLEHHIO K NepneHAUKYAspy
Ha 3Ty BETBb), U3MeHsowuiics B npejgenax
JE
or 0 po — -
2z

Orcioga MrHOBEHHOE NMEPEeAATOYHOE OTHO-
lIeHHe

oY Ry

032—_R|

cos B
cosa

W ===

M3 stoii dopmynsl u puc. 12.6, 6 mMoxHO
BUAETH, UTO:

1) nepemaTouyHOe OTHOLIEHHE HE MOCTO-
STHHO;

2) paBHOMEpPHOCTb JIBHXKEHHS TEM BbILLE,
yeM 60Jiblle yHcsa 3y0beB 3Be3/104eK, Tak Kak
TOTAA cos@ U Ccos P OJaUXKe K eauHule;
OCHOBHOE 3HaUYeHUe HMeeT yBeJUUeHHe yUucia
3yO6beB MaJIOR 3BE3/I0YKH;

3) paBHOMEpHOCTb JBHXKEHHS MOXKHO 3a-
METHO TIOBBICHTb, €CJIH CAEJATh TakK, 4TOGH
B BeYilleHd BETBH YKAAAbBAJOCH 1reJI0e UHCHAO
3BeHbEB; IIpH COOJIOAEHHH 3TOTC YCJIOBHHA
paBHOMEPHOCTH TEM BBiiIE, YeM OJHXKe OJHO
K APyroMy ducja 3yb6ber 3BE3[04YEK; IIpH
2) =29 u=const. ,

[lepeMeHHOCTH MEpPeAATOYHOrO OTHOUIEHHSA
MOKHO HJIJIIOCTPHPOBATh KO3(h(hHUUHEHTOM He-
pPaBHOMEpPHOCTH BpaleHHs BCLOMOH 3Be3-
JAOUYKH PH PABHOMEPHOM BpalnieHHuH Beayuei
3BE3I0YKH:

£ — “9 max — ®9 min

W2 cp

Hanpumep, ans nepejaud ¢ 21=18 ¢
29 == 36 & usMensercqd B npepeaax 1,1...2,1 %.
Menbillee 3HaY€HHE COOTBETCTBYET flepesaye,
Yy KOTOpPOH B Bejaywled BETBHM YKJaajibiBaeTcs
uenoe udcao W, 3peHbes, a boJgblilee — ne-
penaue, y kotropo#t W4 0,5 3penbes.

JIHHAMUYeCKHEe HATPY3KH LenHbIX nepenay
BbI3bIBAIOTCA:

a) TNMepeMeHHbiM TepejaTOYHHM OTHOIIE-
HHEM, TpPHBOLAILHM K YCKOPeHHsIM wMacc,
COeHHSAEMBIX UEMHBIMH NepegadyaMH,

6) ynapaMH 3BeHbeB UENH O 3y6ba
3Be3f0ueK NpH BXOJe B 3auellieHHe HOBBIX
3BEHBEB.

PacecMOTpHM JHHaMHUeCKHE HATPY3KH, BBI3HI-
BAEMBIE NepEeMEHHBbIM NepeaTOYHBIM OTHOLIEHHEM.
[lpaMem BHauasie, yTo Begymas 3Be3q04YKA B Cpsi-
30 CO 3HAUYHTEJbHLIMH NMPUCOCIHHEHHBIMH MAaC-
CamMH Bpa11AeTCAd PABHOMEDHO H YTO UKCJIO 3y6heB
BeAOMOH 3Be3/10UKH AOCTAaTOUHO BeJHKO, TOrja
B Ka4eCTRE MPUUHHE HEPABHOMEPHOCTH [BHMKEHHS
MOKHO paccMarpHBartb TOJLKO 3allenJeHue HernHu
¢ Benyuied 3Be3OUKOM.

Ckopoctb HaferaHud LUenH HAa BEAYLIYIO
3BE3[IOUKY B MOMEHT BpeMeHH T (CM. pHC.
12.6)

13
=R cosa=uw,R, cos( —-—ujl’l'.') ,
21

rne T OTCUMTHIBaeTcss OT MOMeHTa BXOna 3BeHd
B 3alenieHHe co 3Be3I0MKOH.
¥ cKOpeHHe LemH

. dov 2 . 4
j=—=0iR, sm(-———wlr .
: dt -4
Hanbonbliee yckopenwe uenu mnpu t=10
2
P2 P | wiP
Tmax=0OTR, sin — = =17
2| 2
[IpunumaeM uens HeBecomMoH H 3aMeHsieM

MAacCy BeAOMOH 3Be3fIOYKH H MpHCOeAHHEHHBLIX
neraledl npHBeneHHOH Maccod, cOCPENOTOYEHHOH
B WIAPHHDE UENH, MO YCJOBHIO DPABEHCTBA MOMEH-
TOB HHEPUHH OTHOCHTEJLHO OCH BPALlEHHA:

my==0y/R3,

rge 6 — MOMEHT HHEpllHHM BeAOMOH 3BE3N10YKH
M TpPHCOENMHEHHBIX K Hei macc; Ry — paauyc
Pacno/oKeHHsA [LIAPHHPOB MU Ha BEJOMOH 3Be3-
JLOYKE.

Han6onbinas nAHaMHYeckasi Harpy3ka Ha uenb
no 3akony HeloToHA B NpefoaoMeHHH, YTO Ienb
abCoJI0THO KecTKad,

Fll. _ m?jmax =0,5m2w%P-



MOTEPH HA TPEHHE. KOHCTPYHPOBAHHE IIEPEJJAY

26t

B ofmem cnyyae, yuuThIBash NOAATJIHBOCTD.
UerH H BO3HHKAMOWHE B HeH KojebaHHHA, nonay-
yaeM

Fn=0,5mq03 Pk,
rjge

| 1
kH:: — -

L ) : | — zialmak,
(1]

HBbLl H3 TEOPHH KOJMeGaHHH KO3 DULHEHT HapacTa-
HHA  KoJdeGaHH#. 3aecs o' = w2 — Kpyrosas
acTOTa BBIHYKIAEHHBIX KoJebaHuH,

1
w_A\/ kyrma

HbIX KoJieGaHHH
LLenH.

Ynpyrue yasnuHeHHst Leneil onpe/ieasiloTcs KOH-
TaKTHBIMH fe(OpMallHAMH B IIAPHHpAax, KOTOpLIE
BLI3BIBAIOTCA AaBJeHHEM B LIADHHDPAX H 3aBHCHT
OT NJOUIAAH TPOEKHHH [AaPHHPOR.

[Tpeacrapasem nogaramsocts (M/H) Beayimed
BeTBH lleNH B ¢GOpMe, KAaK njaa NPAMOTro pacrts-
THBAeMOro CTepPXKHA (HIH NPOBOJOKH):

ku=1/E.A,

H3BECT-

— Kpyrosas dacrota CoGCTBeH-

CHCTeMbI; R, — MOAATJAHBOCTL

rige | — AJuHa BETBH, M; A — 1J0LULAJk NPOEKLHH
uwiapHupa, Mm>;, F, — Ko3¢ppuuMelNT, paBHBIH
A1 POJHKOBHIX ((eTlel C YyYeTOM KOHTAKTHBIX je-
dopmaunit (2,1...2,5)10%

MoxHO Takxe olpelensis noJaTAHBOCTb
HeMH HeMoOCPeACTBEHHO Yeped k03 GHLUHEHTH KOH-
TaKYHOH MOAAT/IMBOCTH B WIADHHPAX.

Qopmyaa 418 OMHAMHYECKOH Harpysku yKasol-
BaeT Ha BO3MOXHOCTD pe3oHaHCa KojeGauuil,
KOTODDLIH, OIHAKO, BblpaXaeTcsl HesPKo BCaecTBHe
Goabliloro geMngHpoBaHua KodeGaHH# B uelnX.
Jna  OCoJbIIHHCTBA peKMOB paboThl  lEMHHX
nepenay 4actora BBIHYXKJICHHBIX KoneGauud Govib-
e, yeM coOCTBEHHbIX, H KO3¢¢HIHEHT Hapacra-
HHA koJie6aHnH MeHblue caHHuubl. Cregonsarensio,
PAaBHOMEDHOCTE  BpalleHHHA UeflHOH ' mepenaud
OOLIYHO BBIIIE, YEM MO H3J0XKEHHOMY KHHCMa-
THYECKOMY pac4ery.

Ecnu npuBenensas macca seaytiedl 38€3104KH
(¢ UpHcoefMHeHHBLIMH K Hell Maccamu) iy
COM3MEepHMa C MpHBeAeHHOH MacCoH BeIOMOH 3Bes-
AOHKH (C MNpHCOGAHHEHHBIMM MACCAMH) fHa, TO
B mpesblayliHe GOpPMyJaBE BMECTO nlp Cllelyer
MOACTABAATE NPHBEJEHHYIO MacCy

mymy
miy - my
CHrna yjnapa mnpH BXOZe 3BEHLEB B
3ailellIeHHe OUECHHBACTCH M3 PABEHCTBA KH-
HeTHueCKOH 3HEepruH yldapa HaGeralpoluero
3BeHa uend sSHeprud aedopMaUHH  CH-
CTeMBl. -

IlpuBenenHyo Maccy pafodero ydacTka
Lend OleHUBAWT paBHOH Macce 1,7..2
3BEHbEB.

O6unbHOe cMa3biBaHHE MOMKeT CyIlecT-
BEHHO CHH¥ATb CHJy yAapa.

§ 12.8. NOTEPH HA TPEHHE.
KOHCTPYHPOBAHHUE NEPEIAY

[ToTepu na TpeHue B UEMHHIX Ilepefadax
CKJIaJbBalOTCAd M3 MNOTepb: a) Ha TpeHHe
B mapaupax; 6) Ha Tpenue Mexay nJiacTH-
HaMM; B) Ha TpeHHe MeXJYy 3Be3JX0YKOH H
3BeHbSMH UeNH, a B pOJIHKOBBIX LENSAX TaKxe
MEXAY POJHKOM M BTYJKOH, 0OPH BXOJe
3BeHbEB B 3alel/eHdHe W BBIXOAe H3 3alell-
JEHHSI; [) HA TPeHHe B ONopax; 1} IIOTepb
Ha pa3fpblarHBanHe MacJaa.

OCHOBHBIMU FIBASIIOTCS NOTEPH Ha TPeHHe
B LIapHUpax U onopax.

[lotepu na pa3bpbiaruBaHue Macja Cyie-
CTBEHHbI TOJNBKO NPH CMa3blBAHHH LENH OKY-
HAHHEM Ha TnpeacabHOH AJad 3TOr0 BHAA
cMa3kH ckopocTH v=10...15 m/c.

Cpennue 3Hauenuda KIIJl npu nepepaue
OAHOH pacyeTHOH MOUIHOCTH JOCTAaTOUHO
TOYHO H3TOTOBJAEHHLIX M XOpOILO CMasbiBae-
MblX nepegadq cocrasasior 0,96...0,98.

llenuble nepenaud  pacnosiaraloT  Tak,
yToOBl Uenb JABHrajacb B BepTHKaJbHOH
IJIOCKOCTH, TIPMYEM B3aUMHOE [OJIOMKEHHE
10 BHICOTe Beaywled W BegoMmo# 3Be3fouex
MOxeT OGBbiTh  NPOU3BOJBbHBIM. OnTUMaNb-

HBIMH PACNONIOKEHHAMH LeIHOR nepeiaun

ABASAIOTCA TOPH3OHTAJbHOE U HAKJIOHHOE
noj yrJioM fo 45° K ropu3oHTy. Bepruka/ib-
HO pacnoJoXeHHnle Tnepegadyd  TpebywOT
Gonee TUlATENLHOH DEeTYAHPOBKH HATHXKEHHA
uend, Tak Kak ee NpoBUcaHdHe He ofecrneyH-
BaeT CaMOHATHXEHUA, I[103TOMY Leseco-
0b6pa3no X0TH Gbl HeGOAbLIOE B3AHMHOE cMe-
lienMe 3BE3J0YEK B TOPH3OHTAJIbHOM Ha-
MPAaBJE HUH.

Benywed B uendeiX nepefadax MoOXKeT
ObiTb KaK BEPXH#Af, TAaK H HHXKHAA BETBH.
Benymas BeTsb f0/iKHa OBITH BepXHel B cJie-
AYIOIHUX caydasax:

a) B Ilepejadax C MaJblM MeXOCEBBHIM
paccroanueM (a<<30FP npd u> 2) u B mepe-
Aauax, 6IM3KUX K BEpTHKAJbHLIM, 80 H3GeXKa-
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HHe 3aXBaTa NpoBHcaued BepXuel BeJOMOH
BETBbIO JOTOMHUTENbHBIX 3yObeB;

6) B rOpU3OHTANbHBIX Nepefadyax ¢ 60Jb-
IUHM MEXOCEBBIM paccTosiHieM (a>> 60P)

U ManblMH 4Hc/iaMH 3yObeB 3Be3i0o4eKk BO '

H30GexXaHHe CONPUKOCHOBEHHS BeTBeM.
Hataxedue nenei. llenHule nepena-

YH B CBA3H C HeH3O0eKHHIM YAJTHHEeHUEM

Lend B pe3yJsibTaTe H3HOCA U KOHTAKTHHIX
OOGMATHH B HIAPHHPAX, KAK TIPaBHJIO, JOJXKHBI
HMeTb BO3MOXHOCTb peryJHpOBaHHUs ee Ha-
THxeHud. [IpeaBaputenbroe HaTsXKeHHE Cy-
HleCTBEHHO B BePTHKaMbHBIX TMepefadax.
B ropu3onTaNbHbIX H HAKJIOHHBIX mepegaudax
jauenyieHHe Uend cO 3Be3ao4KaMHu obecre-
YHBAeTCs HATAMKEHHEM OT COOCTBEHHOM CHJIH
THXKECTH LeMNH, HO cTpesia NPOBUCAHUSA LenH
OOXXHA ObITh ONTHMAJBLHOH B YKa3aHHBIX
BhILIE Mpefdesiax.

Hnasi nepepau ¢ yrioMm Hak/joHa pao 45°
K TOPH30HTY CTpefy npoBUcaHHA [ BHIGUpAIOT
npubsiHxeddo papHol 0,02a. [lns nepepau,
OMM3KUX K  BepTuUkadbubiM, [=(0,01...
0,015) a.

HarsxeHue nenu peryiupyor:

a) nepememieHWeM OCH OAHOH H3 3Be3-
04YeK;

6) peryjHpyilOUIHMH 3Be3A04KaMH HJH PO-
JIHKaMH.

JKenaTesNibHAa BO3MOXHOCTH KOMIEHCHPO-
BaTb YAJHHEHHe LefNd B npefenax [ABYX
3BeHbeB, NOcJe 4Yero JBa 3BeHa Lend yna-
JASTIOT.

Perynupyiouue 3Be3404KH U PONIMKH che-
AYeT MO BO3MOKHOCTH ycTaHaBJiMBATh HA Be-
JIOMOH BeTBH LENH B MecTax ee HaHBOJb-
wero nposucaHds. [Ipy HeBO3MOXKHOCTH
YCTAHOBKH Ha BeJOMOil BETBM HX CTABAT Ha
BeAYyIleH, HO AJf YMeHbileHdud BUOPaUHH —
C BHYTDEHHEH CTOpPOHHI, rjge oHu paboTaioT
KaK OTTHAxHbIe. B nepepadax ¢ 3y6uaToi
uenpio  [13-1 perynupyouine 3Be3j0UKd
MOTyT paboTaTb TOJILKO KaK OTTSAXKHEIE, a pO-
JUKH KaK HaTsaxHble. Uldcno 3y6beB peryau-
PYIOILUX 3Be3A0YeK BBIOHPAIOT PABHBIM UHCTY
MaJiol pabGoyeH 3Be3NOUYKH MAH OOJNbLLHM.
[Ipy 3ToM B 3auen/ieHHH ¢ pPeryaupyio-
wel 3Be3/j04KOH JOJXKHO ObTh He MeHbile
Tpex 3BeHbeB uend. [lepemeuienue peryau-
PYHOUIKX 3Be3OYEeK U POJHKOB B LENHBIX

, { o

Puc. 12.7. Kaprep uennofi nepenadu
nepejayax aHaJNOTHYHO TAKOBOMY B PeMeH-
HbIX [epefauax U OCYLLeCTBJSETCA TPy3O0M,
NPYKHHOH M BHHTOM. Haubosabuiee pac-
NpOCTPaHeHHe HMeeT KOHCTPYKIIKA 3Be3J0UKH
C 3KCLLEHTPHYECKOH OChI0, NOAXKHMAaeMOH cnu-
PasbHOH NMPYKUHOH.

HapecTHO ycnelnHoe npumMeHenue LENHBIX
nepefay POJHKOBBIMH LENSMH TIOBBIIHEHHOTO
KayecTBA B 3aKPHITHX KapTepax npH Xopo-
lIeM CMA3bIBAHHH ¢ HENOABHXXHBIMH OCAMH
3Be3fo4eKk 0e3 cOoeuHasibHbBIX HATAXHBIX
yCTpOHCTB.

Kaprepu. [/ obecneyeHUsT BO3MOXHOCTH
HENPEPHBHOTO OOUJIBHOTO CMA3blBAHUS LeMH,
3alMTHl  OT 3arpsa3HeHu, OGeculyMHOCTH
paboTel M Ansi ofecnedeHus Oe30NACHOCTH
JKCTyaTallui LenHble Nepefadyd 3akioyaioT
B Kaprepsl (puc. 12.7).

BuyTpenuHe pasmepsl Kaprepa [OJIXKHBI
ofeciedHBaTb BO3MOKHOCTH IPOBHCAHHUSA Lie-
04, @ TaKXe BO3MOMKHOCTH YAOOHOIO 0b6Cay-
XKHUBaHHA nepexpayd. [lad wnabmopeHus 3a
COCTOAIHHEM Lend H ypOBHeM Macjia KapTep
cHabXalT OKHOM U YyKa3aTeJeéM VpOBHH'
Macna,

§ 12.9. 3BE31OUKH

[Ipodunuporane 3Be3goueK POJH-
KOBBIX LeNneH B OCHOBHOM NPOH3BOAAT
no I'OCT 591—69, npeaycMmaTpuBaiomeMy
H3HOCOYCTOHYHBBIe MpouaH 6e3 CMeiueHus
(puc. 12.8, @) ong KHHEMATHYECKHUX TOYHLIX
nepexrady U €O CMeILCHHEM AJAA OCTajbHbIX
nepenau (puc. 12.8, 6). lIpoduab co cme-
IleHHEeM OTJiM4aeTcs TeM, 4YTO BrnajuHa
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Puc. 12.8, Tlpogpuae 3Bes-
JOUKY POJHKOBOH LeNHOH
nepegadH
ouepueHa W3 JABYX LEHTPOB, CMENIeHHbIX BHajMHbl HJW HeMmHOro Bhiue. [lpoduab

Ha BenuuuHy e= (0,03P.
[Ilapuupel 3BeHbeB uenu, HaXOAsuIHecH
B 3ailen/ieHHH CO 3Be3[l04KOH, pacnosaraiot

Ha JIeNuTeILHOH OKDPYXKHOCTH 3Be30YKH.

JinamMeTp JeniHTeNbHOH OKPYXKHOCTH H3
paccMOTpeHHA TPeyro/fibHHKa ¢ BepUIHHAMH
B LieHTpe 3Be3JJ0YKH H B LleHTpax JBYX CMexX-
YbIX LIAPHHPOB '

p o

. 180° ¢

sim
F4

JlaaMeTp OKPYXHOCTH BHICTYHOB

180°
z )
IIpodunu 3y6a cocTodT M3: a) BHAAHHBI,
oyepuuBaeMoll paaumycom r=0,5025d,+
+ 0,05 MM, T. . HEMHOT'0 HOJTLIIMM TIOJTOBHHBL
AnaMeTpa poaHka d,; 6) Ayrd, oyepudBae-
MO# papuycom r1=0,8d,+r; B) npaMo-
JHHEHHOr0 MepexoAHOro Yyd4acTKa; T) ro-
JIOBKH, O4YepuHBaeMOH paauycoMm ro. Paauyc
re BBIGHPAIOT TAKHM, 4TOGHl POJIHK UENH He
KaTHJIcA 10 BceMy npoduaw 3y6a, a njiaBHo
BXOAUJI B COMNPHKOCHOBEHHE ¢ 3y06OM 3Be3-
104KH B DpaboueM TIONOKEHHH Ha Jiue

ddz

D= P( 0,5+ ctg

3pe3/loukd obecneyuBaer 3allellieHHe C
LeNnblo, HMewIeH A0 onpefeeHHOH cTeneHH
yBeJiHYeHHBIH wiar BcaencTBue H3Hoca. [lpm
3TOM POJIMKM [enH KOHTAKTHPYIOT ¢ yyacT-
KaMH npoguas 3ybbes, 6ojiee yAaJeHHBIMH
OT LeHTPa 3Be3flouex.

B yrounenuu T'OCT 591—69* ko3ddu-
ItHeHT BBICOTHI 3y0a usmensietcd ot 0,48 npu
OTHOLIEHMU 1Hara K JHaMeTpy POJIMKA Lend
P/di=1,4..1,5 no 0,565 npu P/d\=18...
2,0.

Ulupuua (MM) 3ybuaTorQ BeHua 3Be3J0UKH
AJS OHOPSAAHOMN, ABYX- U TPexpsiaHoH b, =
~0,98,,—0,15, rae By, — paccTofiHue
MeXJy BHYTPEHHHMH NJacTHHAMH.

Panuyc ry 3y6a B NPOAOJIBHOM CeYeHHH
(AN niaBHOrO HaOeraHusi 1eMH) H KOOPAH-
HaTy h LeHTpa KPHBH3Hbl OT OKPYXHOCTH
BeplwHy 3yObes mnpuHUMalOT ra= 1,7d; u
h=0,8d,.

[IpH cropocTu uend ao 5 M/c AONYCTHMO
no 'OCT 592—81 npumenATb ynpouleHHbIH
npodHAb 3Be3/I0UeK, COCTOAIHN H3 BNAAHHBI,
ouepueHHoH Mo Ayre, NPAMOJHHEHHOro pa-
Godyero yuactka H 3aKpyr/eHHs no Ayre Y
BepuinH. [Ipoduab noaponsieT - COKpaTHTH
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Puc. 12.9. Ipo¢use 3Be3n0YKH nepejgaud 3y6-
yartol yenbwo (r=2~P, c=04P, 5,=25)

KOMIJIEKT
3BE30YeK.

[IpodunnpoBanne 3pesnouex nepe-
Aa4y ¢ 3y64aTHMH HensgsMH 10
I'OCT 13576—81 (puc. 12.9) 3HA4YUTENBHO
npome, TaKk kak paboude mpodunu 3y6ben
NPAMOJHHEHHDL.

B nepepaue none3Ho# Harpy3KH y4acTBYyIOT
3...7 3y6beB {B 3aBUCHMOCTH OT o0Opero
yHCcna 3yObeB 3BE3J04YKH), 3aTeM clexyer
NepexojHbil  YYaCTOK € HCHArpyXeHHbIMU
3yObAMH H, HAKOHEl, 2...4 3y6a, paboTanomux
THVIbHOH CTOpPOHOH.

[lHaMeTp nenuTesibHOH OKPYXKHOCTH 3Be3-
JO4eK onpenensieTca no TOR Ke 3aBHCH-
MOCTH, UTO H [JIA POJIHKOBHIX LemneH.

JlnaMeTp OKPYXHOCTH BBICTYIIOB

180°
o

HHCTPYMEHTa AJA Hape3anHA

D,=Pcig

Beicora 3yba hy=~h-}e,
rae hr — paccrosinue OT JHHHH LEHTPOB
NAacTHHBEI 1O €e OCHOBAHHMA; e — paaHaib-
.HbIH 3a3op, paBHbifi 0,1P.

¥Yros BkAHHKHBAaHES Uend o =60°. /I sofno#
yroJi BnajHasl 3y0a 2fp=a—¢, yroa 3a-
ocTpenHsa 3yba y=30°—g¢, roe ¢ =2360°/z.

3BeHbd HeM3HOoUleHHOH 3y6uaToH wuenu
BXOAAT B 3aueniende ¢ 3yObsiMH 3Be3[0UKH
paboulMu rpaHsiMu oboux 3yGnes. B pesyib-
TaTeé BBITAXKH OT H3HOcAa B IHapHHpax
uenb pacrnojaraetca Ha OoJiblieM paguyce
U 3BeHbs LeNH KOHTAKTHPYIOT C 3YObAMH
3Be3MOUYKH TOJBKO MO OJHOH pabGoueH rpaum.

IHupuna 3ybyatoro BEHIA 3BE3JIOUKH C BHYT-
peHHuM HaupamjenueM B=»5h-} 25, rae 5 -—
TOJUIMHA TJACTHHBL LENH,

3Be3A04KH ¢ OGOJNBHIHM YHCAOM 3y6beB
THXOXO/HBIX nepepau (A0 3 M/c) npH or-
CYTCTBHH YJApHLIX HATPY30K AONYCTHMO H3-
roToBAsiTH U3 yyryHa Mapku CY 20, CH 30
¢ 3aKaskoil. B HeOmaronpUATHHIX YCIOBHSAX
C TOUKH 3peHH H3HOCA, HANPUMEpP B CebCKO-
XO35IHCTBEHHBIX MAIIUHAX, MTPUMEHSIIOT aHTH-
(bPHKUHOHHBIE U  BBHICOKONPOYHBIA YYrYH
¢ 3aKaJIKoH.

OcuoBHBE MaTepHaJH A/l M3TOTOBJEHHS
3BE3[l04CK: CPEeHeVYIJICPOAUCTbIe HJM JIeTH-
poBaunble craau 45, 40X, 50I'2, 35XTCA,
40XH ¢ nosepxHocTHOHN H/iH 06IIEH 3aKaNKOH
Ao teBeprocTd 45..550 HRC, uau uemenrtye-
Mele ctaad 15, 20X, 12XH3A c upemedra-
uved Ha 1...1,5 mm u 3akankoi no HRC,
55...60. TIpH HeoHXOAHUMOCTH 6GecmyMHOH
M TUIABHOH paboTel nepenady MOUIHOCTBIO
P<5 kBt u v<{8 M/C MOXHO H3rOTOBJATH
BEHUBl 3BE3J0YEK M3 NJIACTMACC — TEKCTO-
MUTA, 10JUPOPMAbAETHA, IOAHAMH OB, UTO
NPHBOIHUT K CHHIKEHHIO I1YMA U K NOBBILIEHHID
AOATOBEUHOCTH uened (B CBA3H CO CHHKe-
HHEM AHHAMHYeCKHX HATPY3O0K).

BenecTeie HEBBICOKOH POYHOCTH TIACT-
Macc NMpPHMCHSIOT TAKXKe MeTa/IOMJacTMac-
COBBLIE 3BC3JIOYKH. \

3pe3podku (puc. 12.10) 1m0 KOHCTPYKTHB-
HOMY OQOPMJCHHIO aHAJOrHYHbBI 3yGUaThiM
KosecaM. B cBa3H ¢ rTeMm, u4To 3y6bA
3Be3/0UeK B PONMIMKOBBLIX Mepejadyax HMEoT
OTHOCHUTEJIbHO HebOJbLIYI0 LWHPHHY, 3Be3-

Puec. 12.10. 3Be3qouKH
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1)

AOYKH HepegKO H3TOTOBASIIOT M3 JHUCKA H
CTYNHUB, coelHuseMbiX O0JiTaMH, 3aKieln-
KaMHU HJIH CBapKOH.

JIna obperdyeHHs 3aMeHbl NocJe H3HOCA,
3BE3I0YKH, YyCTaHaB/iHBaeMble Ha Bajax
MEXJY ONOpaMH, B MallMHAX ¢ TPYAHOH pas-
OOpKOH jenaloT paszbeMHBIMH MO JHaMer-
paNbHOH TIOCKoCTH. [l/ocKocTh pasbeMa
IPOXOAHUT uyepe3 BRAAMHBI 3yObeB, AJA 4ero
YHCJI0O 3yObeB 3Be3O0YKH MNPHUXOAUTCS BbI-
6UpaTh YETHBIM. )

§ 12.10. CMA3bIBAHHE

Haa OTBeTCTBEHHBIX CHJIOBBIX Mepenad
clieyeT Mo BO3MOXHOCTH [IPUMEHSITh Heflpe-
PBIBHOE KapTepHOe cMa3blBaHHE BHIOB:

a) OKYHAHHEM UEeNH B MacC/sHY0 BaHHY,
MpUYeM MOTPYKEeHHE LeltH B Mac/io B CaMOM
rMiyGOKOH TOYKe He JIOJIXKHO fpeBhllaTh
UWIMPHHBI TJIACTHHLI, NPHMEHSIOT [0 CKO-
pocti uend 10 M/c Bo H3bexauue He-
AONYCTUMOrc B30AJATHIBAHHA Macaa;

6) pa36pblaTHBaHHE C  NOMOINBIO Cre-
 IMaNbHBIX pa3BbpbI3rHBAOMIMX BBHICTYIIOB HJH
KOJiell H OTpasKaloMUX HHTKOB, N0 KOTOPBIM
Macso CTeKaeT Ha (enb, NPHMEHSOT MpH
cKopoctH 6...12 M/c B cnywanax, Korpa ypo-
BEHb Macja B BaHHC He MOXET ObITh NOAHAT
A0 pacnoJOXKeHHs Henu;

B) LHPKYJSILMOHHOE CTpyiHOe cMa3biBa-
AHe OT Hacoca, HauGosee CoOBeplIEHHBIH
cocof, NMPUMEHSIOT AJAST MOILHBIX OBICTPO-
XO/AHbIX Nepenady,;

r) UHMPKYJSLHOHHOE UEeHTpobexHoe ¢ To-
Aavell Macfia uepe3 KaHaJabl B Balax H
3Be30YKaX HenocpeACTBEHHO HA Lenb; NpH-
MEHAIOT NpPH CTecHEHHBIX rabapuTax nepe-
AA4U, HATIPHMEDP, B TPAHCMOPTHLIX MAlIHHAX;

A) UHDKYNAUHOHHOE cMa3blBAHUe pacClibi-
JeHUeM KameJib Macja B cTPye BO3AyXa
0O JaBJieHHEM; TPHUMEHSIIOT npH CKOPOCTH
Gosiee 12 m/c.

B cpenHecKOPOCTHBIX nepefavax, He HMeo-
[HX TePMETHUYHBIX KApTepoB, MOMXHO MpH-
MEHATb NMJACTHUHOE BHYTPHUIAPHHPHOE HJH
KanesibHoe cMasbiBauHe. Ilmactuunoe BHYT-
pULIapHHPHOE cMa3blBaHHE OCYIIECTBIAIOT
nepronHdeckHM, uepes 120...180 u, norpyxe-

HHEM LeNH B MAac/io, Harperoe a0 TeMmie-

paTyphl, o6ecneunsaiomei ero pa3XKHKEHHE.
[InacTHuHBE cMa304Hbli MaTepHasn NpHMe-
HUM OpH CKOPOCTH Lienu A0 4 M/c, a KaMnenb-
Hoe cMasblBaHHe — o 6 M/c.

B nepegavyax ¢ uensiMM KpyTNHBIX LArOB
npeaesibHble CKOPOCTH [JIS1 KamKA0ro cnocoba
CMa3blBAHUS HeCKOJIbKO HHXKe.

IIpu nepHopuueckod paboTe M HHU3IKUX
CKOpPOCTSIX [BHIKEHHS LeNH JOmyCTHMO
NnepHOJHYECKOe cMa3blBaHHe ¢ TOMOULBIO
pyuHO# MacJienku (uepe3 Kaxjabie 6...8 u).
Macno nogaeTca Ha HUXKHIOIO BeTBbL y BXOAA
B 3allelIEHHE ¢O 3Be3/10UKOH.

[lpH KaneslibHOM PYUHOM, a TaKxe CTpYH-
HOM CMa3biBAHMM OT HAcoca HeoOXOJHMO
obecneydBaTh pacnpenejesde CMa3oOuHOTO
MaTepdaJja Mo Bcel LUMPUHE LenH | nonaja-
HHE ero Mexay NJacTHHAMH Ads cMasbl-
BaHHA wWapuupor. [logBoAHTE cMa3Ky npes-
(OYTHTEJBHO HA BHYTPEHHIO NOBEPXHOCTb
Lend, OTKyAa 0oja AeHCTBHeM LeHTpobexK-
HOH CHJiBI OHA Jyudllle NOAAaeTcs K llapHUpaM.

B 3aBUCUMOCTH OT HArpy3Kd AJS CMas3bl-
BAHHA HEeNHbIX nepejady NPUMEHAT Macja

uagyctpuasbubie W-[-A-46.. HU-T-A-68, a
npu Majelx Harpyakax M-T-A-32.

Hauanu BHITIYCKaTb b bof pa-
60THl OpH JIETKHX pexXHMax IenH, He

TpefylouMe cMa3blBaHHA, TPYLUHECS NOBEPX-
HOCTH KOTOPBIX NOKPBITH CAMOCMA3bIBAOLLH-
MHCHl AHTH(PHKUHOHHBIMH MaTepHaJIaMHu.

§ 12.11. LEMHBIE BAPHATOPDI

Llenubie BapHaropnt (puc. 12.11) crposar
no cxeMme nepegady ¢ pa3iBHKHBIMH KOHY-
cami. Hx BumonHsaT B BHAe ABYX nap
Pa3aBHKHBIX 3y64aThiX KOHYCOB-3Be3104YeK H
CMOXHOH LeMd ¢ OONepeyHbIMH BhIABHXK-
HbIMH IacTHHAMH. [lepegaTouHoe oTHO-
IleHHe peryiHpyioT, cOJHxaa oaHy napy
KOHYCOB H pasjBMras Jpyryo, npuueM
Henb MEeHseT CBOE MOJOXEHHe Ha KOHYycax.

CuensieHde Lenu ¢ KOHyCAMH-3B€304KaMH
OCYLIECTB/IAETCH BbIABHMXHBIMU TJiacTHHAMH
LlenH, KOTOpHe BXOAST BO BHAAMHBL Ha KO-
Hycax. BbiaBHKeHHEe TWIACTHH NOPOHCXOIHT
NIOTOMY, 4TO OPOTHB 3yHa HA OXHOM KOHyce

pacnojiaraercs BHaJHHa HA NPOTHBONOAOXK-
HOM H Hao6opor,

-~
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Puc. 12.11. llenxo# Bapuatop

Uhcno 3y6beB Ha Kaxjaofi 3Be3jnouke
(sy6uaTom xonyce) o6u4HO 60, yrosi Kouyc-
HocTH OKosio 150°. HauGosabuin#i auamasos

n
max
=7,
min

mottaocts o 100 kBt. CropocTh npuBoj-
Horo Baja o6blugo 600..950 mMuu—!. Cko-
pocThb uenu go 14 m/c, KIT/I B 3aBHCHMOCTH
OT NepeaaToyHoro oTHolleHds paped 0,85...
0,95. Cpok cnyx6bl neneil ceoiime 5000 u.

KpoMe 3y6uaThix wUenubiX BapHaTOPOB,
[IpHMEHAIOT TaKXKe G DU KU MOHHbBIE 1€ 1-
Hple BapHaTopbl. B HHX KOHycHue
JIMCKHY BHITIOJIHAIOT [IAAKHMH, a eI BMECTO
monepeyHbIX MIACTHH HMEIOT POJIMKH B KOJO-
AOQYHBIX GPUKUHOHHBIX BapHaTtopax. Jo-

PeryJMpPOBaHHs 4acTOThl BPAIeHHS

CTOUHCTBA POJHKOB N0 CPAaBHEHHIO ¢ KOJOJ-
KaMH 3akiaiovaiorca B nosoiimeddd KITJ
BapHaToOpa M MNPOUHOCTH CuUENJeHHA BBHIY
3aKaTHIBAHHS POJHUKOB MeXAY KOHYCHBbIMH
auckamu. HauGoabwu# Ananaszon peryaupo-
BaHUA TepeaaToyHoro oTHoweHus 10, cko-
pocThb LenH — a0 16 m/c.

Llenueie BapuaTopbl XOPOWIO 3apeKOMEH-
AoBasin ceGa B pabore, HO AJi1 UX H3TOTOB-
JICHHA TpebyeTcd crenMalsibHasi TEXHOJAOrH-
YyecKkas OCHACTKA, H NMO3TOMY HX Helefeco-
06pa3HO BLINYCKATh B e AHHHYHOM NPOH3BOA-
cTee. [IpHMEHSIOT TaKXe cTyneH4YaThie KO-
POGKU cKOpocTedl ¢ LenHLIMH IlepefiayaMH.

B CCCP uenubie BapuaTopbl H3rOTOBJIAIOT
B AdamnaszoHe MowHocTed 1,5...185 kBT,



rnABA XII
SPUKILHUOHHDBIE NEPEJAYHU

U BAPUATOPDI

§ 13..1. OBWHE CBEAEHHSA

D pUKUHOHHBIE Mepejaul -— 3TO nepeaads,
B KOTOPbIX [ABHMeHHe OT Beayulero Ttena
K BEeAOMOMY TepefaeTcsl CHJaMH TpeHHS.

[Tpoctefiuiasi  ¢GpUKUHOHHAA  nepenada
MeXAy napasijleibHbIMH BaJaMH COCTOHT H3
ABYX DOJMKOB, NPHXHMAaeMbIX ADYT K APYTY
¢ 3afaHHo# cuaoit (puc. 13.1, a). Tlpu Bpa-
IeHHH BeAYUIEro poJHKA B MecTe KOH-
TAKTA BO3HHMKAIOT CHJbI TPeHHHA, KOTODbIe
OPUBOAAT BO BpalleHHe BEAOMBIA POMHK.
3aMeHUB ILMJHHAPHYECKHE DPOJIMKH KOHHYe-
ckamu (puc. 13.1, ), MOXHO OCYILEeCTBUTD
nepefauy MeXAy BaJaMM C MmepeceKaiolu-
MHCs] OCSIMH. BBINIOJIHUB OHO K3 TeJ KaueHHus
C mepeMeHHbIM DajHyCOM KaueHHs, MOXKHO
“OCYILECTBHTb Niepefiady ¢ NepeMeHHLIM nepe-
AATOYHbIM OTHoIneHHeM (Bapuatop). Ilpo-
cTelUMM OPUMEPOM TAKOH nepeaaud sBJAseT-
' n06oBast nepepada (puc. 13.2), cocros-
‘mwas u3 JAucka W poauka. [lpu nepe-
ABHXXEHHH POJMKA BAOJib OCH BaJia MEHsIeT-
¢l pajMyc KauyeHHs Ha [HCKe M, CJefoBa-
TeJIbHO, NepeAaTodHOe OTHOLUEHHE.

a)
Puc. 13.1. CxeMn (QPUKLUHOHHBIX Nepejsay s
TIOCTOHHHOIO MepefaTOyHOro OTHOMIEHHS:

4 — UHJIHHIPHUECKHMH
KaTKamMH

KatkamMa: O — KOHHYeCKHMH

Jlna nepepaud OKPYyXKHOH cunbl F (pHK-
LHOHHOH mepefaued Tesa KaueHHs AOMKHBI
6bIThb [PHKATHL OANO K APYTOMy C CHJIOH
(cM. pue. 13.1)

_SF

=7
rae f-— Ko3(GhUIHEHT TpeHWs; S — 3amac
cuenJienusi, npUHMMaeMbli B CHJOBBIX mepe-
pauax passbim 1,25.2, a B nepepauax
npu6opoB — 10 3.

PacyeTtdble 3HaueHHst K03 (U UHEHTOB Tpe-
HHA: CTa/b IO CTAJIM CO CMa3Koi B YCIOBHAX
ponuxoBbix Bapuaropoe 0,04..0,05, B ycisio-
BUSX [HcKoBbix Bapuartopor 0,015..0,035,
fe3 CMAa3KH CTajib — TEKCTOJNHT H PeTHHAKC
0,3..0,35, 3akanennas cTaJib-— METaNIO-
kepamuka ®AB-I1 0,3...0,35, cran, — acBo-
cmonisiHag niacrmMacca K®-2 04; 3akanen-
Haf cTajib — 3akKaiensasn cra’ib 0,15...0,18.

h
——.

O ey %)
|
!pr -
1

} HecKane3nuan
mouKa

Pue. 13.2. Jlo6Gosast nepenada
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[lo cune @ BeayT pacdeT Ha NPOUYHOCTH
Tl KaueHUH, A TaKKe pacuer BajoB H
NOALIKITHUKOB NCPELayK.

dpuUKUHOHHBIE Tepesauyd paBoTalT c He-
60AbUIMM  cKoJbKeHHeM. Bce mnepenadd
MMEIOT YIIpyroe CKOJbXeHHe, BbI3biBaeMoe
VIPYFHMH aeOpMaUHAMH  TOREPXHOCTHBIX
cioeB. B nepepauvax, pafoTanouiHX B Macie,
cKasblBaeTcs BAWSHHME MacAasHoro cnodA. B Ba-
pHaTOpax AOMOJHHTENLHO HabJ/0AaeTCsA reo-
METPHYECKOE CKOJIbXKEHHE, CBA3aHHOE C He-
OJHHAKOBBIM U3MEHEHHEM CKOPOCTH N0 AJIHHE
KOHTakTa Yy Ten Kaueuusi. Hanpumep,
B Jobosol nepegauve (cm. pHe. 13.2)
CKOPOCTb Up Ha POJIMKEe BAOJb 06pasyiolied
NMOCTOSHHA, a Ha JAHMCKe U, — [PONOPUHO-
HajgbHa paauycy. Ilostomy uHcroe Kadenue
Hab/mofnaeTcds B OJHOH TOYKe, a B ApYyrux
HMeeT MECTO CKOJBXEHHE CO CKOPOCTBIO Uc.

Ecnu pelcTBylOmIHMHA MOMEHT MpeBbinaeT
npeneibHbld, co3fapaeMbli CHJIaMU TPEHHA,
TO HaCTynaeT 6yKcoBaHUe, KOTOpoe ABJseTeo
He10MyCTHMBIM,

[Tepepato4yHoe OTHOWIECHHE PUKIHOHHOH
nepenauu ' (cm. puc. 13.1, a, 6)

fle RIC
U= = -——
i R
rae n, M He — Y4acTOTAa BpalEHHUS Bemdy-

mero H BEAOMOTO TeJI KadeHud, MI'[Hﬁl;

Ri # Ry — cOOTBeTCTBEHHO HX pajgHyCH;
{ — Ko3dQHUHEHT, YUHUTHIBAIOUHH CKOJIb-
KeHHe W H3MeHsOIIHAcA oT 0,995 aaA
nepepad, pagorawmux 6e3 cmasku, no 0,95
A7 BapHaTopoB, paboTaloulMX B Mache,
OpH 3HAYHTE/bHBIX NepefaTO4YHbIX OTHO-
e HUSX.

Huisi KOHHUecKOH (PHKUHOHHOH Iiepenadd
OTHOLIeHHe paguycoB R; H Ry Tell KaueHHS
MOXKHO 3aMeHHTb OTHOIHEHHUEM CHHYCOB yIJIOB
HaKJOHA a; H Q2 O0OPaA3yIUX KOHYCOB
M 3anUcaTh nepelaTO4HOe OTHOIUIEHHE B CJie-
AylomeM BHIe:

sin af

sin (¢ 2]

' B peryaupyeMbix nepefadax (o onLiTy CTaH-
KOCTPOEHHH) YAOGHO NPHMEHATb ¥ B TAaKO# dopme:

MZNQ/I‘L].

HocToudcTBa ¢GpUKUHOHHBIX Tlepejay:

a) MpocToTa TeJ KadeHud;

6) paBHOMEDHOCTb BpailleHHs, 4YTO MO03-
BOJIAET TPHMEHATh (PPHKUHOHHbIE NepefayH
B MAIHHAX [IPH BBICOKUX CKOPOCTAX, a TAKKE
B npubopax, HanpuMmep B npufope AAA 0po-
BEPKH TOUYHOCTH 3y6uaTblX KoJiec;

B) BO3MOXHOCTH O€CCTYNEHYATOro pery-
JUPOBAHUA 4YacTOThl BpauUlEeHHA.

[TocnenHee AaBngeTCs pellalOIUHM AJA [PH-
MeHeHHs1 PPUKIHOHHBIX BapHaTOpOB.

HepocraTku bpUKHHOHHBLIX Mepepay:

a) GoJsbiliHe Harpy3kH Ha BaJjbl M 0O0j-
IIHUITHHKKY KU HeoO0XOQHMOCTb TPHMEHEHHs
cmelHafbHbIX KOHCTPYKUMH ¢ pasTpyxeH-
HbIMH OMOpaMH (HAanpuMep, upu Ko3pdH-
uuedte TpeHus 0,250 W 3amace cUensieHus
1,0 cHAa B3aUMOJEHCTBHUA MEXAY TeJiaMH
KaueHHA B 6 pa3 mnpesblllaeT MNOJe3HYO
OKPYXHYIO CHJIY);

0) HeoOXOAMMOCTh CleUuHaNbHBIX HaXHM-
HBIX YCTPOHCTB ANH TPHXKATUA OAHOIO Tena
KaYeHHA K [JPYroMy;

B) OMacHOCTb I1IOBpeXJAeHHs mepegayx
npH GYKCOBAHHH M B OTAENbHBIX CJAydasx
HepaBHOMEPHbBIH H3HOC Tes KadYeHHs;

r) HEBO3MOXHOCTb, B OTJIHYHE OT mepeaad
3alenJeHueM, NoayueHHs abCoMOTHO TOUHBIX
CpPeAHHX MepefaTOYHbX OTHOLUEHHH H3-3a
MPOCKaJb3bIBAHHA H HeH30eXHBIX norpeui-
HOCTeH AHAMETPOB TeJN Ka4yeHHs, a MA03TOMYy
HCBO3MOMXKHOCTh NPHMEHEHHS Nepejadyd TpH
HeOOXOJHMOCTH KECTKOfi KHHeMaTH4ecKOH
CBAI3H, He AONycKawulefi HAKOMIEHHS YIJio-
BbIX OIIHOOK. ~

[IpumensioTca GPUKUHOHHBIE Tiepefauyd B
OCHOBHOM B OeccTynendaThix BapHaToOpax.
CoBpeMeHHbBle (hPHKUHOHHBIE BAPHATOPHI MO-
YT KOHKYPHPOBATb C 3JEKTPHUECKUMH H
THApARJAHYECKHMH OJarogaps CBoOeH Tnpo-
CTOTE€ U MaJjblM rafapuram MpH AOCTATOUHO
BoicokoM KII/I. HMx npumenenue orpauu-
yuBaeTcd OOJbUIMMH YCAeXaMH H BO3MOXK-
HOCTAMH 3JEKTPHYECKOrQ peryjHpOBaHuA
ckopocTH. Bce xe 3a pybeoM (pPHUKLHOH-
Hbi€ BapHATOpHl HMeloT GoJsibllee NPUMEHE-
e, yeM B CCCP. ®puxkuuonnbie nepejadt
¢ NOCTOAIHHBIM TepefaTOUHBIM OTHOLIeHWeM
NOBOJIHO HIHDOKO NMPHMEHSIOT B npubopax.
[MpumeHeHHe 3THX mepefad B MaluHHOCTpoe-
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HHH BeCbMa OrpaHUH4YeHHO H3-3a OoJblieH
LesiecoobpasnocTH NpHMeHeHUs] 3y6uaThix
mepenay, HMMEOMMUX MeHbilHe TabapHThL
LLIHpoko NpHMEHSIOTCH Tepefayd KoJjaeco —
pesibC U KoJiecO — NOPOXKHOe TOJIOTHO CaMo-
XOAHOTO TpPaHCHoOPTa.

OcHoBHble XapakKTepHCTHKH. DpHKUHOR-
Hble M[epejadyd U BapHaTOpbl BBHUIOJHAIOT
ANA MOIHOCTEH OT HUYTOXKHO MaJjblXx (pyd-
HOe pery/inpoBaHde NpHOOpPOB) A0 HECKO/b-
KHX COTEH KHJOBATT. ¥ GoJbLIHHCTBA (PPHK-
LHOHIIBIX MEpefay H BAPHATOPOB nepejapae-
Mas MOIIHOCTB He mpeBocxogdT 20 kBT.
Jis 60MbUIHX MOILHOCTEH NPEHMY HIECTBEHHO
CTPOAT BApHaTOpbl ¢ MHOTHMH 30HAMH KOH-
TaKTa.

[lepenaTounbie OTHOHIEHUS B CHJOBBLIX Tie-
pejavax BeibupaloT pno 1/7, B CHIOBBIX
nepejadax Cc pas3rpyKeHHLIMH BajaMH 10
}/15 u B pyyHHX nepegadax npUOOPUB
ao 1/25.

HauGonbimuii Auana3cH peryaHpoBaHHA
YacToT BpallleHHsA (OTHOUeHHe HauboJbiel

YacTOTHl BpAlEHHUs HA BHIXOJE K H4U-

. n

MeHblel) JJ ==——X NMPOCTbIX (PPHKIHOHHBIX
min

BADHATOPOB MOXeT JOXOOHTh Jo 3.4,

CABOEHHBIX BapHaTtopoB a0 12...16, obbluHO
4...8.

[lpHMeHeHnue GOABIIMX AHANA3OHOB pPETY-

JHPOBAHHUA CBA3aHO C 3HAUHUTEJBHBIM IIO-
Huendem KIIJI u npenedbHOH MOmHOCTH
HA Ma/iblX yacToTax BpAIIEHHA.
. O6wue Bonpoch KOHCTpyuposanus. Onuo
TEJO KAayeHHs K JPYroMy B MNpOCTeAumHX
nepefayax H BApHaTOpaX MajblX MOLIHOCTeH
H 4acToT BpPAIeHHA NPHKUMAETCSH ¢ NOCTOAH-
HOM CHUJIOH: HAYAJBbHOH 3ATSIKKON Crenuanb-
‘HbIX NPYXKHH HAH JAPYFUX YOPYILUX 3AEMEH-
TOB CHCTEMBI, pexe COOGCTBEHHOH CHJOH
TAXKECTH HJH UedTpoGexXHoil cHJoH.

B nepenauax, BKaUaeMblX H BBIKJIOYAE-
MBIX TyTéM CUENJEHHA M pacUenJeHHs,
CIKATHE Tesl KAueHUs COBMelllaeTcs ¢ ynpas-
JIeHHeM #® OCYLIECTBJASETCH OT PYKH HJH
C TIOMOUWBID TFHAPABAWUCCKHX HJH JIPYFHX
YCTPOHCTB.

nOCTOHHHy}O CHTY NPHIKATHA TIPUXOAHTCA
BbIGUPATD NO MAKCHMAJABHO T10J€3HOH OKpY K-
HOH cuJie, KOTopas ofBUHO AeHCTRYET pejKo.

Tak Kak TnOTepd HA TpeHHe U H3HAUIH-
BaHHe B 3HAUHUTENBbHOH CTEeTNIEHH ONpeaessioT-
CHl CHJIOH TIpHXKATHA TeJ KaudeHHd, TO nepe-
AayH C NOCTOAHHOH cUJOH npHxaTusa pabo-
TAIOT C UOBbiIIeHHBIM H3HOCOM H NOTEpPAMH
Ha TpEeHHe.

OTBETCTBEHHLIE MEePEfayd  BHTNOJHSIOT
CAMO3aTATHBAKILHMHCH C CHJAOH HPHXKATHA
Ted KA4YeHHH, H3MEHSIMEHCd nponopuuo-
HaJbHO H3MEHEHHUIO NepelaBaeMoro Bpanian-
ero MoMeHTa f61arofaps KJAHHOBOMY Mexa-
HHU3MY.

B nocnennee Bpems npensioKeHO MOA-
XKaTHe DPOJHMKOB OT pPeaKTHBHOTO MOMeHTa
yepe3 3aMKHYTYIO THAPABAHUYECKYIO CHCTEMY,

®opMmy TeJs KaueHds fepejad ¢ NOCTOAH-
HbiM fepeaTOYHBIM OTHOLIEHHeM BBIOMPAIOT
TaKoH, 4TobObl ObIAO 4YuCTOe KayeHHe. st
3TOM0  NepeAayd MexAy MapaJJie/bHbBMH
OCSIMH BBIIIOJIHAIOT ¢ LUHJHHAPHYECKUMH DO-
JHKaMH, a Tfepegaud Mexay Iepeceka-
IHMHCH OCAMH — C KOHHYECKHMH POJHKAMH,
uMeImUME obulyw Bepwuuy. Ilepegaum c
#)eao6uaroil GopMoit Te KadeHHsI, B KOTOPBIX
HA ONOpbl AEHCTBYIOT MEHbIIME CHJBL, [0-
NyCTHMBI TOJIBKO B cAydafiX, KOTJAa H3HOC
H NOTEPH Ha TpeHHe NPAKTHYECKOH pOJH
HE HrPalT, HATIPHMED TIPH OYEHb MEAJEHHbBIX
nepeMelleHUIX.

B coBpeMennblx BapHaTopax dopMy #u
pacrnoJoXXenHe TeNi KaueHus BHIOHPAIOT TaKH-
MH, dTOObl CKOJbMKeHHe Ha [OJAOLLAfKe
KOHTAKTa O6blJI0 MHHHMAJbBHBIM - B YCJAOBUS
paboThl MpHONMHXKAMHCH Obl K UHCTOMY
KadeHHo.

Tena kaueHust PpUKUHOHHBIX NEpeaay Bbl-
NOJIHAKT C HAYyajbHbIM KaCAHHEM MO JHHUH
(cM. puc. 13.2,a) wiM B Touke (cM. pHC.
13.2, 6). HauahbHoe Kacauue 1O JIHHHH
OOBIUHO NPHMEHAIOT B Niepefayax, y KOTOPHX
OTCYTCTBYET HJIH MaJO CKOJbXEHHE [0
AJIHHE I0INAJIKH KOHTAKTa B CBA3H ¢ (hOpMOH
Tes Kadenus. [lepegaya gonxkHa 6bITh TOUHO
H3rOTOBJEHA HJIM HAa4yaJbHble H YTIPYTHe fepe-
KOCBl BaJiOB AOJXHBl XOpPOIIO KOMIEHCH-
poBaThCA MNOAATJIHBOCTBIO .TeJd KaueHHs.

[lepenaun BuINOAHAWT aas paBoThl B
Macne H 6e3 cMazougoro marepuana. das
HepBBIX XapakTepHol O60JbUIAA  JOJI0OBEY-
HOCTb M HaxexHocTs. Pafora HXx nopum-
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HAETCH KOHTAKTHO-THAPOAHHAMHUECKOH Teo-
PHH CMAa3Kd, CBfi3aHa C pe3KHM NOBbILIE-
HHeM BS3KOCTH Macjia B 30HE KOHTAakKTa
H COOTBeTCTBEHHbLIM TMOBLHILIEHHEM Ko03hhHU-
[HeHTa TpeHus. llenecoobpasno npuMeHeHue
crelnabHbBX GPUKIIHOHHBIX Maces Ha CHHTe-
THUECKOH OCHOBE C TMOBbIIIEHHBIMU KO3 du-
[IHEHTOM TPEHUS, CONPOTHBAEHHEM 3aeJaHHIO
H W3HawuBaHuw. [lepepauu, paborawimie
6e3 cMa3sbieaHus, Tpe6yioT BBUAY O60JblIEro
KO3(bHIHEHTAa TPeHHs MeHbLUIUX CHJI BiPUXKA-
THH T€J1 KA4Y€HHS, HMelOT MeHblllee MPOCKalb-
3blaHHe U Oojsee ebicokHH KIII. [las ten
KayeHHs 3THX nepenad Heo6xoaHMa HagexX-
Has M3OJSIIUA OT TOMmajaHHA Macjaa Hu3
NOAIIHNHUKOB BO u3bexaHue OykcoBaHus,
BJEKYyUlero 3a cofo#l BbIXOA H3 CTPodA nepe-
Aauu.

Martepuaan. OcHOBHble Tpe6oBanus,
npenbsAB/JisgeMble K MaTepHajaMm Tena Kaue-
HUSI: 4) BBICOKAs H3HOCOCTOHKOCTD H NOBEpPX-
HOCTHAS OPOYHOCTb; 6G) BHICOKHE KO3¢du-
IHEeHT TpeHUA BO H3bexaHHe GOJBUIHX CHJ
NpHXKAaTHA, B) AOCTATOYHO BBHICOKMH MOZAYJib
yOPYyrocTH Bo H3GexkaHue MOBHILIEHHBIX MO-
Tepb Ha TPEHHE, CBA3AHHHIX C pasMepaMH
IJIOWAAKH KOHTAKTa.

3akaJieHHas cTaJjib OO 3aKaJeHHOH cTaJsiH
ofiecneynpaeT HAUMeHbIIHE rabapUThl B BH-
cokudt KIT/l nepemauu, HO TpeGyeT TOYHOIrO
H3rOTOBJIEHHSI fepenaud M BBICOKOTO Kauye-
CTBA OTAEJKH TOBepxHocTeH TpeHua. Hawu-
Gofiee NMPUrOAHLIMU SIBJASTIOTCA 1HAPHKOMNOA-
IUMHHKOBble ctanu Tuma [IX15, a Takxke
craad tHna I8XI'T u 18XZH4MA. [lepe-
AayH, KaKk npaBusiio, pabGortawdT B Maclhe.

Ona MarepuasoB crajb — mjacTMacca
Tpe6ylOTcsi MeHee BblCOKAs TOUHOCTb H3ro-
TOBJEHHA W OTAeNKA KOHTAKTHPYIOIHX no-
BepxHocTed. [lepenauu pabotaior 6e3 cMa3s-
K. B cBHisu ¢ GonbINMM KO3 (DHUHEHTOM
TpeHHsl HA BaJibl AEHCTBYIOT MeHbLLIHE CHJIEL,
4eM MPH METANTHYECKHX TesJaX KaudeHHs.
OcHOBHOH MaTepuas, OPHMEHHeMbIH Jo
nocjaenero BpeMeHH, Obli TEKCTOJMT.

B HacTofluiee BpeMsi MNPUMEHAWOT che-
uHaJbHble (pPHKUHOHHBIE TJiacTMACChl C
acOecTOBBLIM H Le/TIOJO03HBIM HANOMHHTE/EM,
KO3GOUUHEHRT TPEHHHA KOTOPHIX AOXOAHMT 10
0,5.

[lo pesynbraTaMm wucobiTaHUR XOpoLIHE
NnoKa3aTesiH M[OJAY4YalTCs Y  PeTHHaKca
®K-16J1, ®K-24A u nnacrMacch Kod-3.

[lepcrekTHBHO npHMeHeHUHE Nap 3akafieH-
Hafl CTaJib — ClHeYeHHble CIAaBbl, K3 KOTOPbIX
XOPOUWMMH CBOHCTBAMH ofJiajlaer MeTaJio-
kepamuka GAB-IT ua ocHoBe a/ilOMHHHEBOA
6pOH3LI.

Bonee wapexHbl mnepegadyd, y KOTOPbIX
Befylulee Telo cAeNaHO H3 MeHee TBepaoro
MaTepuasia, 4eM BeAoMOe, TaK Kak TnpH
ciydalHOM OYKCcOBAaHHH HA MOOCJEqHEM He
0o0pa3yloTcs JLICKH.

[IpuMensioT o6pesnneHnble Tena KaueHus,
o6GecneyuBawolllHe BecbMa BHICOKHH KO3hpH-
LHEeHT TPeHHs, OAHAKO MajalomHuHA C yBeJu-
YEHHEM BJAXXHOCTH BO3JAyXa.

§ 13.2. OCHOBHDBIE THIIbI
¢PHKLLHOHHLIX NMEPEJAY

[Mepenayn ¢ NOCTOAHHBIM NepesATOYHBIM
oTHomeHHem. [IpumepoM TaKux mepenau
ABAAIOTCH KOHHUECKHe H UHJTHHADHYECKHE
peBepcHBHbIE Tepefayd BHHTOBLIX MPeccoB.
[lepepaua (puc. 13.3) HMeeT nBa Begyuiux
KOHYca, M00YepeaHo cuen/iseMblX ¢ BeAOMbBIM
KOHYCOM OCEBHIM MNepeMelneHHeM Beayllero
Basa. [IpH stom BepoMmbiéi Bani, CBA3aHHBLIA
C BHHTOM, IOJydaeT TO MOpaBoe, TO JieBOe
BpaluleHHe, a BUHT COOTBeTCTBEHHO Ocylle-
CTBJisleT paBoudit H obpaTublé xoabl. Marte-
pHaJM KOHYCOB OOHIYHO 4yryH, pabouyio no-
BEDXHOCTb BeJOMOTO KOHyca MOKPHIBAOT
NPOPE3HHEHHOH TKAHBIO HJH TPECCOBAHHBIM

-

th
T

va

Puac. 13.3. KoHnueckan
npecca

pesepcHBHas nepeaada
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ac6ectoM. O6oa BeJOMOro KoHyca HHOraa
H3rOTOBJIAIIOT H3 TEKCTOJHTA.

[TpaBoMepHO NMPUMeHEeHHE COOCHBIX (PHK-
LHOHHBIX Mepegad ¢ MOJHOCTbI YpaBHOBe-
IIeHHBIMH CHJIAMH OO cXeMe MpOoCTOro mJja-
HerapHoro peaykropa. [Ipu HeobxoaHMOCTH
60JbUION peAyKLUHH MOXKHO OPHMeHATh (BPUK-
MOHHbIE BOJIHOBbIE NepeAaud, HO OHH pPa-
GoTalT C CYLEeCTBEHHOH NOTepeHd CKOPOCTH.

dpHKuHOHHKBIE Tiepefayd B nipHOGopocTpoe-
HUM XapaKTepH3YWTCA [NPeHMYIUECTBEHHO
NPYKUHHBIM TOAXKATHEM, MaJoOH I1HHPHHOH
MOACKOB KOHTAKTA HJH Haya/ibHbIM KacaHueMm
B TOYKe U B cJiydae HeOOXOZUMOCTH O4YeHb
60JbIIOH pefyKUHeH.

beccrynenyatsie ¢GpHKUHOHHbIE Tiepeaayd
no KuHemaTHKe yA06HO pa3fensATbh HA Mpo-
cThie fepefayd, nepefadyd ¢ NPOMEXYTOY-
HbIMM TeJiaMH KayeHHsi (CABOEHHBIE) H TJia-
HeTapHole fepejayd; a no ¢Qopme Tesa
Ka4yeHHs, Y KOTOPOro H3MeHsI0TCA pajHychl
KAYeHUA,— HA JUCKOBHle HJH JiIoGOBbBIE,
KOHYCHble, 1[1apoBble H TOPOBbIE,

[To pa3BeTBJjeHUIO MOTOKA MOIIHOCTH nepe-
jJadyd [easiT Ha OJHONOTOYHbIE H MHOTO-
NOTOYHbIE,

Jlo6oBbple BapHaTOpPH (cM. PHC,
13.2) BcaeacTBHE 3HAYHTENbHOH PA3HOCTH
CKOpOCTell Ha AJomAajKe KacaHHA yCcTynaioT
BapHaTopaM Apyrux KodcTpykuuit no KII/]
M H3HococToHKOocTH. Opnako 6Gaarojaps
cBOEH npOCTOTE, BO3MOXKHOCTH BHITOJHEHHS
MX peBepCHBHBIMH, a Takxe O6Jsarogapsa
mepneuAHKYISIPHOCTH OCeH Belyllero H Bejo-
MOTO BAaJIOB, UTO B pffie cly4YaeB ympoaer
KHHEMATHUYECKYI0 CXeMY MAallMHbI, [POCThie
N060BLIe  BapHaTOpbl HWHOTAA [PHMEHAIOT,
B YACTHOCTH, B MaJibiX BHHTOBHIX Opeccax
H npubopax.

KoHycHble MHOTrogHCKOBLE Ba-
pHaTopbl Mo cxeMe balepa HMewOT
Tela KaueHHs — fakeTbl KOHHYECKHX pa3-
ABHXKHBIX JHCKOB M TaKeThl pa3iBHXKHBIX

JHCKOB ¢ KOHHUECKHUMU NOsICKaMu (puc. 13.4) .

PeryaupoBaHue 4acTOT BpPalleHUA OCyLe-
CTBJISIETCA CMELLEeHHeM OCeH NPoMeXyTOUHbIX
BaJIOB, B pe3yJ/ibTaTe Yero MEHSETCH pPaccTos-
HHE OT OCH BpalleHus A0 MIONAaA0K KOHTaKTa
KOHHYECKHX AHUCKOB C COMPSXKEHHbIMH AHC-
KaMH{; AMAMa30H pelryJHpOBanHA A0 D.

Jlguxkende OT TNPUBOAHOrO BaJjda nepe-
JAaeTcsl ¢ MOMOIBI0 YCKOPSIOWHX 3y6uaThiX
nepeaau (x¢=23...3,8) ¢ napasuTHLEIMH KoOJe-
CaMM IPOMEeXKYTOYHbIM BajaM, a OT HHX Uepe3s
hPUKIIMOHHYIO fniepellauy Ha BeJOMBbIH BaJ,
coOCHBIH nipuBoAHOMY. UHc/io NOTOKOB B 3a-
BUCHMOCTH OT MOLUHOCTH BapHaTtopa 3, 4 U 6.

Yuesio KOHHYECKMX AHCKOB B TaKeTe BHI-
O6upaioT B 3aBUCHMMOCTH OT MOIUHOCTH, T.e€.
10...15. ¥roa KOHYCHOCTH JHCKOB 2...3°.
Ilupnua nosicka KoHTakTa oxo/io 0,1 Munu-
MaJibHOro paBouero paadyca nucka. Ordoule-
HMe HapyXHbIX AHaMeTPoOB AHCKOB ¢ Oyp-
TAMH H AMAMeTPOB KOHHYECKHX [HCKOB
2,4..27. CxaTHe AMCKOB OCYIUECTB/AETCS
KJAHMHOBBHIM MeXaHH3MOM. Teja KauyeHUs Bbl-
NOJHAIOT H3 BbICOKONPOUYHOH 3aKa/ieHHOH
CTaJii, OHH pafoTawT B Mache. B cBaA3u ¢
GOJBUIMM 4YHCJIOM TVIOILAAOK KOHTakra H
O0AbIIHMH pajdycaMM KPHBH3HbI nepegadd
MOTYT NepeAaBaTh 3HAUUTeNbHblE MOILHOCTH.

Tak Kax 0NPH TOHHKEHHH YacTOThl Bpa-
HIeHUA BEeAOMOrO Baja pe3ko BO3pacTaeT
KO3(hpHUHEHT TPEHUA B CBA3H C H3MEHENHEM
paauycoB KDHBH3HH JIHCKOB B 30HEe KOH-
Takra, TO peryJupoBaHHe TnepefaTo4yHoro
OTHOLIEHUST TIPOUCXOAHT C NpeAebHOH MOMI-
HOCTHIO, OJH3KOH K MOCTOSHHOM.

Cpeau QpHKIHOHHEIX BAPHATOPOB C XKecCT-
KHMH TeJaMH KauyeHHsI MHOTOQHCKOBBEIE Ba-
pHATOPLl SIBJIAIOTCA HaHGoJee NepCneKTHB-
HBIMH.

[llapoBo# coocHBI# CABOeHHBH
papuaTop (puc. 13.5) umeer Tesa ka-
YeHHs] B BHAEe [ABYyX COOCHO DPAaCOJNIOKEHHBIX
Ha BXOJHOM M BBIXOAHOM BaJjiaX KOHYCHBHIX
yaimek ! U 2 u uveTelpex wapos 3. Perynu-
poBaHHE 4YaCTOT BpPalleHUst AOCTHTaeTcHd Mo-
BOPOTOM TeOMEeTpPHUYECKHX Oced BpalleHud
uiapoB, Oaaropapsa 4eMy O/IHOBpeMEHHO
YBETHUHBAETCA pajMyC KayeHH WapoB Mo
OfHOH uyalilKe W yMeHbllIaeTcsl palHyC Kaue-
HHUA [0 ApyroH uauike. Koraa ocH BpalneHus
lWapoB fapajjejbHel OCH BapHaTOopa, nepe-
AaTO4YHOE OTHOWeHHe paBHo eaunuLe. [loso-
poT oceil BpauleHUs IAPOB OCYILECTB/IAETCH
MOBOPOTOM OCEH HAnpasJAIIHX POJIHKOB 4,
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BCTPOEHHBIX B uepBsuHbie Koseca 3. [locien-
HHE COrJacOBAaHHO TMOBOpPAyHBAlOTCA LeH-
TPafLHO  paCNOJOXKEHHHIM UepBAKOM 0,
ylpaBaseMbM ¢ [IOMOIUbI0 BajHKa &, KO-
TOPBIH NPOXOJHT Yepe3 CBepJeHHe B BejO-
MOM BaJly BapHaTopa. '

Tena kaueHusi IPHKHUMAKOTCH OLHO K ApY-
roMy 6Gaarogaps mnepepaic MOMeHTa MEXKAY
yallKaMH U BajaMH yepe3 JBa HE3aBHCHMBIX
HaXKHMHBIX YCTPOHCTBA B BUJe UIa¥b ¢ Ka-
HaBKaMH NepeMeHHOH rayOHHbl H UIAPHKOB 7.
Cunia upHxaTis yBeJHUYMBAeTCA C pPOCTOM
BpAlllaloLiero MOMEHTA.

HezapHcHMBle  Ha>KMMHBIE  YCTpOWCTBa
YCTPAHAIOT HJAH yMeHbUIAIOT MpPOCKA/b3HI-
BaHUEe KaK [PH NIyCKe, TaK M IIpH ToJjdkax,
BOCIIPHHHMAaeMblX BapHaTOpOM OT [PHBO-
AMMOH Maiuubl, [lManasod peryJaHpoBaHHd
BapuaTtopa 10...12, MowHOCTL OOHYHO IO
3 kBT.

Martepuan Ten KaueHMs — 3aKaJeHHasa
A0 BBICOKOH TBEpIOCTH CTagb.

TopoBu#t BapHaTop (puc. 13.6, )
HeceT HA BXOJAHOM M BBIXOJHOM  Banax
TOpPOBBHIE 4YallKH, MEXAY KOTOpBIMH Bpa-
maioTcda ABa Uau Tpu poJinka. Takum obpa-
30M, BLIXOQHOH BaJ BpamlaeTc? B CTO-
POHY, NPOTUBOIMNOJIOKHYIO BPAUICHHIO BXOI-
HOTO BaJsa. Palounlt npoduns dainex
OuepyYeH LyraMH OKpPYXKHOCTH H3 ofuero
nentpa. Yacrora palueHus peryaHpyercs
HaKAONoOM ocel Bpailenus posukos. Korpa
OCH BpalleHHs! POJUKOR TepHeHIHKYJAPHBL
OCH BapHaTopa, nepelaToO4YHOE OTHOMIEHHE
PaBHO egHHHIE.

Bpamarouiuii MomeHT 0T BXOAHOrO BaJa
K BeAymed 4aike M OT BeJIOMOA UYalIKH
K BBIXOJAHOMY BaJy nepefaeTcs 4depe3 He-
33aBMCHUMBIE HAXKHMHBIE YCTpPOHCTRA B BUje
Wwanb ¢ xaHaRKaMd TepeMeHHOR TIAYGUHB
H LWAPHKOB.

[IpeumyuiecTeenno npuMeHsieMbie MarTe-
pHa/bl TeJd KauyeHHs — cTalJib N0 TEKCTO-
JIUTY (TeKCTOJHTOBBIMH BHINOJHAIOT 0O0AB
POJIHKOB} .

Bapuatop umeer wHadanpHOe KacanHe
o JMHHMM M paforaeT 6e3 CMa3bBAHHA H
6e3 nosbiieHHoro Harpesa. [lnanason pery-

JupoBanasi Bapuartopa 2,5...8, npeumy-
IIEeCTBEHHO 4...6,3.
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Puc. 13.5. HlapoBo#i Bapuatop
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Pue. 13.6. KuHemaTHUecKHe CXeMbl BapHaTOpPOB K pacuery

Cxema Bapuatopa obecneydsaeT MaJylo
pPa3HOCTb CKOpDOCTEH Ha MNJAOWIajKe KOH-
TaKTa W TMOUTH TNOCTOSIHHOE OTHOleHde
CHJIbl OPHXKATHUA Tea KAYEeHHHA K OKPYXKHOH
cue. ONHAKO BApHATOP He MOJY4MJ 3HAUYH-
Te/ILHOTO PacnpOCTPaHeHHs H3-3a CJIOXKHOCTH
H BBICOKHX Tpe6oBauH# K TOUYHOCTH H3ro-
TOBJIeHUs. [lepBas KOHCTpyKIUA OblJia pas-
paboTana B copokoBux rogax B [IHUUT-
MAIllle; gocraToyHo TeXHOJOrHYEecKHe KOH-
CTPYKUHH ¢ HeoOXOOMMBIMH 3KCIJIyaTalHOH-
HBIMH MOOKasaTeJasaMH -pa3paborann B Poc-
TOBCKOM HHCTHTYTE CeJbCKOXO3AHCTBEHHOTO
MallHHOCTPOCHHUS.

CoepeMeHHbIe TeHJEHUHH PAa3BUTHS (PpHK-
LIMOHHBIX BapuaTOpPOB: peajH3auHus [pPHH-
LMa MHOTOKOHTAKTHOCTH, 3aMBblKaHUE CHJI
NPUXKATHA TeJi KauyeHHs Gjaronapd MHOTO-
MOTOYHOCTH, AaBTOMAaTHYeCKOe peryinpoBaHue
CHJl OpPHXKATHS C U3MEHEHHEM MOMEHTa,
nepexoj Ha nepejavd, paboTallHe B Mmac-
JSHOH BaHHe,-— CYMEeCTBEeHHO NORHAJAH TEX-
HHKO-3KOHOMHUYECKHe IoKa3aTe/qM BapHa-
TOPOB.

OpUKUHOHHBIE NPHBOABI ¢ LIHPOKHM [HA-
Ma30HOM peryJHpOBAaHHS BLIIOJHAT 1O
auddepeduHaibHOR CXeMe.

§ 13.3. KHHEMATHUYECKHE
M MPOYHOCTHBIE PACYETHI

Kunematnyecknii pacuer. [lepepatounbie

OTHOLIEHHS NpPOCTbIX BapHaTOPOB (pHC.
13.6,a u 6):
— n — Rl; .
o R,

“oin= Rig :
Rmax '

Uoax= all ]
Rmin

A€ 7 H Hp— 4acCTOThl BpalleHHsI Ha BH-
XOne M BXoAe Mepefadyd, MHH ' { —
KO3 DULHEHT, YUMTHIBAIOIHH CKOJbXKeHHE.

[lorpebuoe orHowenue HauGosbllero pa-
fodero pagMyca K HaHMeHbLUEMY

R

max umax

]
R min Umin

rae [ — AHanasoH peryaupoBaHMs, paBHbIH
nmax/”min'

[TepegaTounble OTHOWEHHS  CABOEHHBIX
BapHATOPOB C [IPOMEXYTOUHbBIM 3BEHOM
(puc. 13.6, 8 u &):

fn RiE ; T min Rminc
U = 55— = v Upin = = 5
0 Ry fto Rmax
_ nmax Rmaxg
umax - R
fto min

[lorpeGuas uactoTa BpaneHuss Ha BXOJE
nepejayd paBHa cpefHEMY r€OMeTPHUECKOMY

H3 N in B A a4

[lorpe6uoe orHouleHHe HauGonbllero pa-
JAHyca K HauHMEHbLIeMy

Rmax «\/ J"lmax
Rmin - R min 2@
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Pacuern Ha NPouHOCTb. Tesa KAauYEHHSA HYKHO
MpOBEPATH MO KOHTAKTHBIM HAMpPSXKEHHAM Ha
NJoLLaAKe KacaHHs.

Pacuer sepyr ans HanGonaee HEOJArOMpHAT-
HOro ciy4asi, NMpH KOTOpOM, KaK cJenyer H3
dbopmMyabt Fepua (§ 9.2), maKcHMaJBHO OTHOLIe-
HHE HOPMA/MLHOH cHapl @ K 3KBHBAJIEHTHOMY
pagvycy KpPHBH3HH p:

SF  2-10°ST,

/ id,

[Mpu napainefbHOCTH OCEH BELYULEro H BEIOMBIX
Tes KauyeHHs

Q:

| | 1 2cosa 2cos a
te— e e =2 T T =
o P pe d) + dso
2(14d\/d)cos a
— 7 )

3pech AOMNOJHHTENbHO 71 -— pac4eTHbld MOMEHT
(H-M) ua Tese kaueuus 1; d, 0 do — AHAMETDHI
TeJ KauyeHHs B PpACcYETHOM MOJOXKEHMH: p|==
=0,5d,/cos a # pg=0,5d:/cos @ — panHycH KpH-
BH3HBl, o — NOJOBHHA Yrja KOHYCHOCTH U=
=d,/ds.

[MonctapuBs BhIpa>keHAs ana Q H p B opMyJy
lepua ans cxaTHA HWIHHAPOB, OnpeenseM

25 ,\/SET1(1—|—d;/dg)cosoc
| = [0_] u fb ’
rae b — WHpPHHA ToACKA KOHTaKta; |o]y —

AONMyCKaeMoe KOHTAKTHOE HaﬂpH)KeHHe
Jas noGomodl nepepaun de=oo H a=0,

26,5 \/ SET,
{o] y fo

Jlonyckaemble KOHTAKTHbLIE HANPAMEHHT MOX-
HO MPHHAMATE DPABHBLIMH JIJTHTEJNbHBIM npegeaam
MIOBEPXHOCTHOH BBLIHOCAHBOCTH € MHHAMAJLHBIMH
KO3¢p¢HUHEHTAMH 3amnaca.

Jlna  3akajeHHblx crajet ¢ TBEpROCTEHIO
>60HRC, M0XHO MNpPHHHMATb NPH HAYaJbHOM

kacaHdH no JAuHHE [0] 5 =2800...1200 MIla, npu
HayaJkHOM KACcaHHH B TOouke — o 2500 MIla.

cooTBeTCTBEHHO )=

KouTakTHblE HanpsixkeHda Anad TeKkCcTo-
auTa 35...60 MIla, pis perunakca ao 80 MIIa
(npu moayie ympyroctu E==1,3-10* MIla),
ans MetasnokepaMuku PAB-IT no 160 Mlla
(mpu E=7,5-10* MIla).

Yuer pacueTHOro cpoka chAyxG6bi M mepe-
MEHHOCTH pexmuma paboTsl 0pH BbiGOpE J0-

OycKaeMHX KOHTAKTHBIX HAIPSIKEHHH CM.
§ 10.12,

275
§ 13.4. TOTEPH HA TPEHHE,
KIJ U PACYET HAXXHMHBIX
MEXAHH3MOB
HOTepH, CBA3aHHbBle ¢ HeOoAHHAKOBBIM

H3MeHeHHeM CKOPOCTH 1O AJMHHE [J0LLAaJIKH
Kacauusl (reoMETpHYECKHM CKOJIbXKEHHEM),
SIBASIIOTCA /i BapHaTopoB Haubosee cyiue-
CTBEHHbIMH.

KoopanHaTty A cedeHusi, B KOTOPOM MPOHC-
XOAHT YHCTOE KaueHHe H KOTOpoe orlpe-
JendeT nepeaaTodyHoe OTHOLIeHHE, HAXOAAT
10 YCHAOBHI0 PABHOBECHS OAHOIO M3 Ted
xauendst (puc. 13.7).

PaccMOTpHM OCHOBHOH cayuall — Hayanb-
HOe KacaHHe Tes Kauendd no JuHuu. [lpen-
nosaraeM, 4YTo AJHHA IVIOULAAKH KacaHHfA
Maja To CPAaBHEHHIO ¢ AJTHHOH 00pasymollHX
KOHycOB. Torga M3MeHeHHEeM IJied CHJ Tpe-
HUS MO AJHHEe TJIOIAAKH KacaHus OTHOCH-
TeAbHO OCH TeJ KAUueHUS MOXKHO npeHeGpedb
U OPHHSATH, YTO OKPYXKHAdA CHJia paBHa pas-
HOCTH CHMJI TPeHHs Ha IVIOuiajKe KacaHus:

2A
F_ fQ _b_- )
oTCioaa KOOP,U,HHaTa
F b
Az — —+.
Qf 2

-

Koopaunata A OTCUMTHIBAETCS OT cepe-
AMHBl JIHHHH KacaHHs B CTOPOHY, COOTBeET-
CTBYIOLIYIO YMEHbIUEHHIO CKOPOCTH Bpalile-
HHSA Ha BBIXOJE.

Phc. 13.7. Cxema HecKosbssiuiell TOUKH H noreph
Ha TpeHue
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[Ipu nocrosayHoOi cuae NpHXKATUA OLHOTO
T€Ja KauyeHUA K ApYroMy KoopauHaTta A
pacTeT BMecCTe ¢ yBEJHYEHHEM nepeAaBae-

. MOTO MOMEHTa H BcCHeACTBHE 3TOr0 YMeHb-
IAeTCs nepefaTOUYHOE OTHOLIEHHE Nepelayy.
[IpenenbHbiM sBssieTca ciiydali, KOraa 3anac
CUENJIEHUA paBeH eAHHHue, T.e. Qf=F,
toraa Aa(,bb. ‘
- Kak caenyer us dhopMysBt A9 A, B caMo-
3aTATHBAICUIHXCA Tepegadax, B KOTODHX
CHJia Ha)XaTHsl () Bo3pacTaeT NPOMOPIHO:
HaJILHO BPallaloueMy MOMEHTY HJH OKPYXK-
HOH CcHJie F, Koop/iMHATa A, a cJiefoBaTeJibHO,
H (lepefaTo4yHoe OTHOUIEHHE ¢ H3MeHeHHeM
Harpy3kH M3MeHAeTCH 3HAYMTENbHO MeHblIe,

4eM B IPOCTBIX nepepayax,

JL1s1 1poCTOTH PacCMOTPHM MOTEpPH Ha
\TPeHHe AN NpenefibHOro chygasi, Korga
3amac CUeINeHHS paBeH efHHHue: A=5/2.

CpenaHas CKOPOCTb CKOJIbKEHHS Ha TJIO-
[lafKe KacaHHusd

Uex=0,0b (w) sin a1 3= w2 sin o),

rae w;sin o« H we'SiN &y — YIVIOBBIE CKO-

POCTH BpaileHHss 06Pa3yiOUWIUX KOHYCOB

BOKpPYP BepulHHbl (cM. puc. 13.1, 6).
[Torepu MomuocTH Ha TpeHue

P = Qfvex=0,0Qfb (w: sin &, +we sin as).
[Topeoaumyio momuocts P ofnpepesisfem

KaK TpPOH3BEJCHHE OKPYXKHOH cuanl F=
=Qf¢ (fe — neHcTBHTENbHBIA KOI(DDHLHEHT

CllenJieHHss B nepefaye) Ha OKPYKHYIO
CKOpPOCTb v;=w;R, (R — pajuyc KayeHus
[epBOro Tesia Kadenusi):

Pmec(l)[Rt.

OrHOcUTeNbHEIE TIOTEPH HA TpPeHHe

_ P e i1 ota)
w'_—P__?ET (sm o)+ U SIN ag) .

[lorepn, cBsizanHbie ¢ MPOCKAaAb3bIBAHHEM
BO (PPHKLUHOHHBIX fepenadyax, paboTalLIUX
B MAaclqe, TeopeTHYeCKH MOXKHO ONMpeaesiiTh
H3 pellleHHs] KOHTAKTHO-THIAPOJHHAMHUYECKOH
3a/a4Hd C YUeTOM KOHTakTHBIX JedopMmauuii

Tea Kadedusi. [IpuGAHIKEHHO OTHOCHTeNIbHDIE
NnoTepH 1P MOXKHG TPHHHMATHL paBHEIMH
JKCNEPUMEHTANIbHO YCTAHOBNEHHBIM BEJIHYH-
HaM OTHOCHTEABHOTO CKOJIbXKECHHUS, KOTOpHIE
Ajs nepegay cOBPeMeHHBIX CXeM He MpeBhi-
mmawoTt 2..3 %.

[ToTepu B moOaAmUNHAKHKAX B CBA3U
C OOJNbIIHMH CHAAMH [pHKATHA OJHOTO
TeJia KadeHHWdA K APyroMy MrpaioT cyue-
CTBEHHMYIO pOJb, a AJ Oepejad Ha TMOJ-
IIMITHHKAX CKOJMbKEHUSA — NOMHHHPYIOLLYIO.

AGCONIOTHBIE M OTHOCHTEJbHBIE [10TEpH
B TOAILHIIHHKAX

Pa%Q (f1r10J1+f2r2w2);
+ 1y,

R:
rjae ry W rz — pajHycH WIeeK BaJos; [ H
[z — npuBefiennble KO3bOUUHERTH  TpeHMS
B IMOALIMITHHKAX.

B ciiyuasx KOHCOJBHOTO pacnofio:keHus
TeJ KauyeHHdA, Korja CcyMMmapHas cusia Ha
onopbl GoJiblle CHJBL Q, 9TO NOMKHO YUHTHL-
BaTbCsl TMPUBEAEHHBIM KO3(DOHUUEHTOM Tpe-

HHA B Onopax.
O6wu#t KI1[l nepenauu c onopamn

n=1-—) v,

rae )\ — CyMMa OTHOCHUTeNbHBIX [OTEeph.

v 7

Pacuer uamumublx mexanuamos. Paccmorpum
pacuer Ha HaHGoJee CJA0MKHOM MPHMEpe TOPOBONO
Bapuaropa (puc. 13.8), mMeouero nepemenubifi

1.

-:\ /

s

i

Puc. 13.8. Cxema x pacuery KIHHOBOTO HAXHMHO-
ro MéxaHuima

L
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YroJl KoHTaKrta TeJ KadeHHs ¢ ocblo. OKpyxkHas
peaKkTHBHAA CHJAa OT pOJHKA, MPHJIO0XKEHHadA Ha
paguyce R OTHOCHTEJNbHO OCH BapHatopa, BHI3bl-
BaeT OKPYXHYI0 CWJIy HA II4PHKax 3ayXHMHOTo
mexanuama FR/r. OceBaa cuna, co3papaemMasi
‘HaXKHMHBIM MEXAHH3IMOM C YIrJoM MoAbeMa Ka-
HABKH ¥,

FR ctg v
— .

HopMajbrast cusna B KowTakTe Tend KaueHHs

Fo  FRcigy
sind ~ rsind

Q=

YcnoBue paGotel llepenadH, KOTOpPOe NOJKHO
YHIOBJETBOPATLCS BO BCeX MOJOMEHHSIX poJHKa,
cneayotee:

rsimdigy
R

F_ <J.
Q

[To 3toMy ycnopHIo, 0GILEMY A BAPHATOPOB
C UIADHKOBLIM HAaXXHMHBIM MEXaHH3IMOM, Ofpe-
ReJSIOT HEOGXOAHMBIH YIOJl y MOLBEMA HAaXKHMHOrO
MexaHu3ma.

Hnsi TopoBoro Baprartopa (cMm. puce. 13.8)

R:—’RU——RI COS 0,
ad=p—a.



TJABA X1V
PEMEHHDbLIE NEPEJAYH

§ 14.1. OBIIIHE CBEIEHUS

Pemennan nepepaya cocTout W3 BeLyIEro
M BeJOMOro IUKHBOR H peMH#, HAaAeToro
Ha WKHBB C HATsXKEHHEM H Mepefaloilero
OKPYXHYIO CHJY C TOMOUbIO TpeHuus (pHuc.
14.1). TlpenycmatpuBaercss TaKxke HaTSX-
Hoe ycTpoHcTrO. B0O3MOKHBI mNepepadu c
ABYMSl MJIH HECKOJbKUMH BefAOMBIMH LLUKH-
BAMH. _

OcHOBHOE npHMeHeHHE peMeHHble Mepe-
A3YH HMEIOT: a) AJA NPHBOAA OT 3JeKTpo-
ABHTaTeJied HebOMBIIOH U cpeiHed MOMIHOCTH
MaluHH-0pyau#, 6) AAsA MpUBOZA OT NEpBHY-.
HbIX ABHratenef (BHYTpeHHero cropaHus)
JIeKTPHUECKHX TEeHepaTopoB, CEJIbCKOXO3AH-
CTBEHHBIX B APYI'MX MaUIUH.

PemMHU BBIMOMHAIT C CceyeHHEM B BHAe
Y3KOro OpPAMOYTOJibHHKA -— MJIOCKHE pPEeMHH
(puc. 14.1, a); TpaneyueBUIHOIO CEYEHHS —
KJIHHOBbIE peMuu (puc. 14.1,6) H noau-
KJIHHOBble pemHH (puc. 14.1, 2)}; kpyrjoro
CeYeHHA -— Kpyrable pemud (puc. 14.1, 8)
H 3yOyaThle pemHH (puc. 14.13).

HaunGosiee wmwupokoe pacrnpocTpaHedue B
MallHHAX HMEIOT KJIHHOBLIE H [IIOCKHE PEMHH.
Tlnockue peMHM NPHMEHAIOT Kak NpocTe-
IHe, HCOLITHIBAIOIHE MUHHMAJibHBIE HAMNpA-
XeHusd H3ri6a Ha UOIKMBAX; KJUHOBbie U

a) 5 8 2

Puc. 14.1. Cxema pemenHo#i nepefauu

NOJHKJAHHOBbIE — B CBA3H C HX MOBBLILIEHHOMH
TArOBOH crnoco6HOCTHIO. 3JyGuaThle peMHH
HCTIOAb3YIOT 6/1ar0AAapsa TOMY, YTO OHU ofaa-
AA0T JOCTOHHCTBAMH Nepenay 3alensieHHeM.
Kpyrjibie peMHH NpHUMEHAT AJiA nepejadu
MaJiblX MOLLHOCTEH, NPeHMYIICCTBEHHO B TIpH-
60pax, HAaCTOJIbHBIX CTAHKAX, MIBEAHBIX H GbI-
TOBHIX MalIMHAX.

KJIHHOBLIe peMHH B repejpade NMPHMEHSIOT
MO HEeCKOJbKY WITYK, YTOOH BapbHPOBATH HA-
rPYy304Hyi0 cnocob6HOCTL H H3beKaTb GoJib-
IIHX HaAnpsKeHuW u3ruba y oaHoOTO peMHs,
KOTODBIH MOJy4Yu/ics Obl YBEJAHYEHHOrO cede-
HuA. [lnockue peMHM, NO3BONSIOMHE H3ME-
HEHHEM IIHDHHBI peMHSA BapbHPOBATh HArpy-
304HYIO CIOCOBHOCTD, MPUMEHSTIOT 10 OAHOMY
B nepejaue.

HocToHlcTBa peMeHHBbIX flepefad, onpeje-
AdiouwKe o61acTH HX npuMedeHus: 1) Bo3-
MOXHOCTb TEpeAauyd ABUXKEHHS Ha 3HauH-
TeJdbHble paccTosiHdA; 2) nnaBHOCTL pa-
BOTHl — CMATrYeHHE TOJYKOB, BGecluyMHOCTD;
3) BO3MOXKHOCTb PaBOTH ¢ BHICOKMMH Yac-
TOTaMH BpaiieHds; 4) MaJjas CTOHMOCTbD.

HepocraTku pemeHublx mepesay: 1) 3ma-
4MTeJIbHbE raBapUThl — OBBIYHO B HECKOJBKO
pa3 Gosbwine, yeM Yy 3y6uaThix; 2) neus-
GeXXHOCTb HEKOTOPOTO YIPYroro cKOJbKeHHS
peMHsi; 3) NOBBIIIEHHBIE CUJII HA BaJbl
H ONOpBI, TaK KaK AJis nepefayd cuJ Tpe-
HUS HYXKHbI 3HAUHTENbHbIE CHJIbI TPUKATHSA
H HX NPUXOAMTCA Ha3aHauyaTb 0O MAakKCH-
MaJibHOM Harpyske; 4) Heo6X0auMOCTb, 3a
pPelKHMH HCKMOYEHHAMU, YCTPOUCTB AJIA
HaTAXeHHs peMHd; D) HeoGXOAUMOCThL fipe-
JOXpaHeHHs peMHS OT MomnajaHHA MacJja;
6) Manasi fOJroBEYHOCTH peMHel B GHICTPO-
XO/IHBIX Tepefayax.

PeMmenuble nepegauu, Kak NnpaBuno, [pH-
MEHSIOT MeXXJAY mnapajjedbHbIMH BaJaMH,
BpamlalouliMUCa B OAHY CTOPOHY (TaK Ha-
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,Prc. 14.2. YeTpoHCcTBa HaTAXKEHHA peMHeH:

a — no.cafaskaM™; 6 — nOBOpPOTOM KaqalOLll,EﬁCH TUIATH

3biBaeMble OTKpbIThle nepeaauu). [lpu stom
peMeHb TNOJABepraeTcA pPacTAXEHHIO H H3-
rufy.

¥YcsioBueM pabGoThl peMeHHBIX fnepepad
fIBNIeTCA HaTsXeHHe DeMHS, KOTopoe N0Ji-
AHO COXPaAHATbCA BO BPeMs 3KCHNyaTaUHH.

Hata:xeHue oGecne4dBalOT OQHHM H3 Cle-
AYOUIHX cnoco6oB:

1) nmepemeleHHeM OAHOTG M3 INKHBOB
(puc. 14.2);
2) HATAXHBIM POJHKOM, [103BOJISIOUIHM

nepHOAHYECKY0 TNepecTaHOBKY WJH aBTOMA-
THUECKH MO JePKUBAIOILHM HATAXKEHHE peM-
Hfi, TPY30M WM NPYXHUHOH (cm. puc. 14.23);

3) npenBapHTe/IbHBIM YNPYrHM pacTsxe-
HAeM peMHsl (HaWMeHee HafleXHbIH cMocob,
BBIXOAAIHH H3 yrorpelJieHHs);

4) aBTOMAaTHYECKHM YCTPOHCTBOM, obecne-
YHBAIOIIHM PEryJiHpoBaHUe HATHXKEHHUS B 3a-
BHCUMOCTH OT Harpyakd (cm. puc. 14.16).

§ 14.2. MATEPHAIJIBI NJOCKHX
NPUBOOHBIX PEMHER

O6mue TpeGOBaHHA K MAaTEpPH a-
JlaM TPHBOAHBIX peMHeH PeMmenb
AOJIXKEH HMeTb: a) AOCTATOUHYI) MPOYHOCTDH
NpH nNepeMeHHBIX HaNpPSXEeHHUHX H H3HOCO-
CTOMKOCTb; ©) HOCTAaTOUHBIH KO3HUHEHT
TPERHA CO WIKHBaMH BO u3bexande GOJAbLIKHX
CHJ HAYAJIbHOrO HATAXKEHHA; B) HEBBICOKYIO
H3rHOHYI0 XKeCTKOCTh BO H3bGexXaunhe 60Jb-

WHX Hanpsixenu# u3ruba npu orubaduu
LIKHBOB. ‘

Y O6OJbLUIMHCTBA COBPEMeHHBIX peMHeH
NpOYHOCTL oO6ecneuuBaeTcd cnelHasibHbIMU
CNOSIMH KOpAa, a NOBLIINEeHHB A KO3 (hHLIUEeHT
TpeHHf ~— NPONUTKOR UM ob6kaankamu. He-
CYULHE CJIOH, PAcTOJIOKeHHbIe NO LLeHTPY TH-
XKeCTH CedyeHHH, HMEIT BBLICOKHH MOAYMb
YNIPYFOCTH.

CHuHTeTHuyecKHEe TKaHble PeMHHU.
Cunretnueckde pemuu (OCT 17-969—84)
ABNAIOTCA Haubosee NepcneKTHBHBIMH BBUAY
HX TIOBbILIEHHOH TPOYHOCTH, AOJIMOBEYHOCTH
H BO3MOXKHOCTH 0ofecneqyuTh AOCTATOYHO Bbi-
COKHH KO3 (PHUUESHT TPEHHA.

B CCCP cunTeTHYecKHe PeMHH H3rOTOB-
JFI0TCA B OTpaHHuYEeHHOM Jdana3oHe pa3me-
POB M3 MEIIKOBBIX KallPOHOBBIX TKaHel
NpOCBEYHBAOILEr0 MNepenyieTends  (taba.
14.1). OuH 1PONKUTLIBAIOTCH PACTBOPOM MOJH-
amuaa C-6 M noOKpHBAWOTCA IJIeHKOH Ha
OCHOBE 3TOr0 MOJHAMHAA C HUTPUJIbHBIM
Kay4yyKoM. ¥genbHas paspylnawomas Ha-
rpy3Ka cOCTaBJseT AAH pPeMHeH TOJIIHHOH
0,8 B 1,0 MM cooTBercTBeHHO 60 U 90 H/ MM,
MOAYJIb YNPYroCTH NPHU PACTSKEHHH CTATH-
yeckuit 1200 u 1400 MIla u gpuHAMHUYecCKHH
1400 m 1650 MITa. [HonycTumasi CKOpPOCTb
peMust npu Tonwude 0,8 MM po 75 M/c, npu
Tojiiube 1 MM go 40 m/c.
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14.1. PasMepbl  CHHTETHYeCKMX  peMHell  mo
OCT 17-969-84 u TY 17-21-598—87

=
= [Mpeneasuoe
< OTKJIOHEHHE
= Baytpeuuna aauna, mm {x), mm
[ B}
=
= LIHPHHEL | LTHHE
10 250, 260, 280, 300, 320,
340, 350, 380
15 400, 420, 450, 480, 500, +0,25 2
530, 560, 600
20 630, 670, 710, 750, 800,
850, 900, 950
25;
30; 1000, 1060, 1120, 1180, =+0,5 2,5
40; 1250, 1320, 1400
- 50
60 1500, 1600, 1700, 1800, 4
1900, 2000
80 2120, 2240, 2360, 2500, 40,75 4.5
2650, 2800, 3000
100 3150, 3350
[Ipumeuanune Tonmuua 0,8 u 1,0 MM

PeMuu npope3HHeHHblEe KOPJ-
WIHYPOBALE C JAaBCAHOBHLIM HHY-
p oM. B npope3suneHHbIX peMHAX peanua obe-
cieypBaeT paGoOTy peMHsl KaK eauHoro ue-
JOTO, IM0BbIIIEHHBIA KO3()PUUHEHT TpeHUs,
3aluMulaeT KOpA OT noBpexaeHuil. Hepocrar-
KOM 3THX peMHeH §iIBJfIeTcs paspyluaiollee
AeficTBHEe HA HHUX MHHepaJibHBIX MaceJ, OeH-
3UHA, IeJOUYEH,

KopawsypoBble peMHH ¢ JiaBCAHOBLIM
IHYPOM ABJAIOTCA HaH60Jee COBEPIUEHHBIMHU
H3 Npope3uHeHHbiX peMuedi. PeMHM H3roToB-
astored Boaxckum 1 KpacHosApcKUM 3aBoja-
MH pe3HHOTeXHHu4eCKHX Hu3genu# mo TY
38-106514—77. Hecymui#i cjod npencras-
Jgsger cobo#t JlaBCAaHOBHIH KOpAUIHYpP AHa-
MeTpoM 1,1 MM, pacnosoxeHHbIH 1O BHH-
TOBOH JHHUH B pe3uHoBoM cJjoe. aa obec-
NeyeHHsT POYHOCTH Ha HAPYXKHOH H BHYT-
peHHeH MOBEPXHOCTHAX IMpPEAYCMOTpPEHO TO-
KpHTHe B BHAE [HAroHaJLHO 3aKPOEHHOH
tkanu OT-40.

YneapHan paspylsalomast HATPY3Ka NpH pacys-
MeHWH Ans pemus ToawmnHod 0,7 MM He MeHee
280 H/MM, a cratrHueckHil MoIyJb YNPYroCTH
370 MIla.

Mupuns pemuedi: 30; 40; 50 u 60 MM —
C TipefefbHBIM OTKJIOHeHHeM o1 MM, Ton-
HHa 2,8 MM ¢ TnipeaefibHBIM OTKJIOHEHUEM
+ 0,5 MM. Baytpennue aaunn: 500, 550, 600,
650, 700, 750, 800, 850, 900, 1000, 1050, 1100,
1150, 1200, 1250, 1300, 1400, 1450, 1500,
1600, 1700, 1800, 2000, 2500, 3000, no
5600 mm. lonycTuMasi cKopocTs Ao 35 M/cC.

Pesunnorkaunesne pemuu (FOCT
23831-—79*%). DTH peMHH COCTOAT H3 He-
CKONTbKHX CJ0EB XJion4yaTroGyMaKHOH Tka-
HH — GeJIbTHHIA, CBSI3aHHBIX BYJKAHU3HPO-
BaHHOH pe3nHON. OHM NMpHMeHAWTCA B fHa-
masoHe pa3mepoB no wupuue or 20 mdo
1200 mmM. Tlocrasasioreft B pyaosax. o
nocjefHerc BpeMeHH OHM Obl1H OCHOBHBIMH
MAOCKHMH pPEMHSAMH.

[IpeuMynecTBeHHOe pacrpocTpaHenHe H3
peMHeH 3TOH rpynbl HMEIT Hape3Hble PeMHH
Tuna A Kak 6onee THGKHE H 1103BOJANIIHE
Gonbiike ckopocTH. OHU cOCTOAT U3 HApe3aH-
HBIX COOTBETCTBEHHO WHUpHHe peMHA CJiceB
TKaHu. JIJisl noBbllIeHUsa THGKOCTH UX BhIIIOJN -
HAIOT ¢ PE3HHOBBIMH TpocaoHKaAMH MKy
npokjaaakaMu. KpoMku nponuraHbl crie-
LHAAbHBIM BOAOYTIOPHBIM COCTABOM-

Ilupunn, MM, pemueit Tuma A: 20, 25, 30,
40, 45, 50, 60, (65), 70, 75, 80, 100, (115),
(120), 125, 150, (175), 200, 225, 250, (275),
300, 400, 450, (550), 600 u t. . go 1200 mm
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14.2. TosmKHa peINHOTKAHEBBIX peMHed W MHHM-
Maldbdble JHAMETPH WKHBOB

B " | Mwaverp mkusa
Hucao ra 820 d_i, MM, IpH U
Inpokaa-
Aok Lpo 6e3 npo
c - -
KJagKaMH | KJaLoK 30 m/c S5m/c
3 4,5 3,75 160 80
4 6 5 224 112
5 7.5 6,25 280 160

yepe3 100. PeMHu mHpuHOH, 0603HaueHHOH
B CKOGKAaxX, XKeJaTeJbHO He MNPUMEHSTH.

Tonawuubl pemBedl U MHUHHMAJbHbIE JHa-
MeTpbl WKHBOB TpHBeAeHn B Taba. 14.2.

Moayas ynpyroctd 200...350 MIla. o-
myckaeMble ckopocTH pemusi no 30 m/c.

Pe3uHoTKaHeBbie PEMHH  BbUTOJHANTCH
TaKKe C 3auUIleHHBIMH KpPOMKAMH: 10O-
CIOHHO 3aBepHyTbie THna b, cocTogwue U3
LEeHTpaJbHOH NpoKAaaKH, 0OEPHYTOH KoOJblE-
BbIMH CJOSIMH TKaHH CcO B3aUMHO CMEUlEH-
HBIMH CTbIKAMH, U CNHPAJbHO 3aBEpPHYTHIC
THNa B, BoINOAHSAeMble H3 OJHOTQ KYCKa
TKaHH. DTH peMHH OoJice KeCTKHE, AOoMyc-
KaloT ckKopocTb no 15..20 m/c u TpebyioT
IUKHBOB GOJibLIMX. JHAMETPOB.

Koxauble peMHH 06/1a1al0T YHUBEPCAb-
HbIMU 3KCIYaTaUMOHHBIMM CBOHCTBAMH, BLICOKOH
Hecyluell CMOCOOHOCTBIO H [JOJATOBEYHOCTHLIY, HO-
IyckalotT paboTy €O 3HAUYHTENBHBIMM CKOPOCTAMH
1 (40..45 wM/c), xopowo paboTalT B YCAOBHAX
nepeMeHHBIX H YIApHbLIX HAlPy30K, BBHIY CBoef
rHOKOCTH MoOTYT paGoraTh Ha UIKHBax MaJbix
dAaMerTpoB. KoskaHble peMHH npefaHa3HaueHb! JLjs
nepenayn mMadbiX W CPEIHHX MOILHOCTEH H HMEIOT
wapury 20...300 MM, npuMeHsIOTCA KpalHe peako
H3-3a AeQHUHTHOCTH,

XjnonuatTobyMaxHble PeMHH NpPH-
MEHAIOT B JierKHX OLICTPOXOAHHX Nepenayax
CO WKHBAMH Mafblx aHaMeTpos. OHH Oodjee
AculeBbl, YeM JpPYTHe, HO MEHee AOJITOBEUHbI
H 6oJfiee 4YyBCTBUTEJbHBI K MOBPEXIAEHHIO
KpoMOK. Brinmyckaiorcsi peMiH ueJbHOTKA-
HbI¢ CaMOCBfI3AHHOI0O TNepenjeTenusa 4-, 6-,
8-cnofinbie wupdaod 30..250 MM U 6ecko-
HeuHble TKaHble H [IKWThIE DEMHH WIHPUHOMH
30, 40 u 50 MM. PeMHH BBIXOAAT U3 yNOTpeO-
JIEHHHA.

9 J

Puc. 14.3. CoeauneHHst KOHLOB peMHeil

Coepunenne KoHuoB pemuei. KinHoBbe, noMH-
KJIHHOBHE, 3yb4aTuie H ObICTPOXONHHE TJIOCKHE
PEMHH H3rotToBJAIOT GECKOHEUHBIMH 3AMKHYTHIMH.
YacTe ni1ocKHX peMHeH BBINYCKAIOT B BHAE AJHH-
HBIX JIEHT H XPaHAT B pPYJAOHax. IJTo BbLI3BAHO
TEXHOJOIHEH H3TOTOBJAEHHA H OGoOJbLUIHM pPasHo-
obpasneM MoOTpPeGHBIX AJIHH.

OcHoBuo#d, HauBojee coBepuieHHBH clocob
COeIMHEHHA peMHeH — CKIeHBaHHe, KOTOpOE Mpo-
H3IBOMSIT [JIA CJIOCHBIX peMHeH mo cryleHYaTod
MOBEPXHOCTH, @ /4151 ORHOPOIHBIX — [0 KOCOMY
cpe3dy (pHc. 14.3, a, 6). Mecra ckneiik# npopesu-
HEHHbIX peMHeH AOMNOJAHHTEJNLHO BYNIKAHH3HPYIOT.

IlpumeHsloT TakXe CIIHBKY H CoeAHHEHHE
MeTaJUIHYeCKMMH COeJHHUTENsIMH Kak GoJee lipo-
ctole cnocobbl AJs LUEeXOBBLIX YCJOBHH TpH 3ameHe
peMHeHd B HeGHICTPOXOAHBIX nepenauax. OnHHM H3
HanboJiee HaneMHbBIX CHOCOGOB CUHTAIOT CLIHBKY
BCTBIK X HJbHBIMH CTPYHaAMU C KOCHIMH IPOKOJAMH
(puc. 14.3, 8, 2), NpH KOTOPBIX CTPYHBI BHEXOAAT
Ha MOBEPXHOCTbH DEMHS TOJNLKO B OTHeJbHbLIX TOU-
KaX M Majlo U3HALIHBAIOTCH.

M3 MeranjHyecKHX coeqHHHTE/IeH JydlIHMH
ABIAKTCA NMPOBONOYHBIE CTIMPARH, KOTOPBIE Npoae-
BalOTCA B OTBEPCTHA, NPoOHTHlE B Ka’KNOM peMHe
M Mmocje [peccoBaHMs O6XHMAIOT KOHLb peMHeH.
Hlapuup cosgaercss B  peaysabrare COBMeie-
HAA clHpaJje#l W TpogeBaHdHA uepe3 HHX OCH
(puc. 14.3, 9}.

IMoTpeGHYI0 BeJHUHHY YIPYIrOro pPacrsKeHus
A L peMHs MpH Han€BaHWH HA WKHBBl (T.e€. pas-
HALRY NJIHH PeMHsl, HaJeToTo Ha IIKHBBI, H peMHs
B cBOGONHOM COCTOSIHHH) JMETKO HOACUMTATH, 3HAS
OMHHY peMHA L, MoAyiab ynpyrocTH pemHsi £ u
norpe6HOe HaNpsiKeHHe HAYAJBHOTO HATSKEHHS,
BhIfvpaeMoe ¢ y4yeToM MOCJAEAYIOMEH BHITAMKH
peMHsi M3 TpPaJHUHOHHBIX MaTepHanos, o= 18...

3 MMa: AL=—1.
a. -—T .

§ 14.3. KJIHHOBbLIE PEMHH

KJIHHOBBE PEMHU — 3TO peMHM Tpaneuue-
BHIHOTO ce4YeHH:I ¢ OGOKOBbIMH pPalO4YUMH
CTOPOHAMH, paboTalilHe Ha HIKMBAaxX C ka-
HAaBKaMH COOTBETCTBYIOWIETrO mpoduia (pHc.
14.4). Tay6uua KaHaBOK HIKMBOB [0JKHA
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GbiTb TAKOM, UTOGHl MeXAY BHYTPeHuef mo-
BEPXHOCTBIO PeMHEH H AHOM XKeJIOGKOB LIKHBa
COXpaHsAACA 3a30p.

Pemuu 6Gaaromapst KJHHOBOMY Ae#CTBHIO
OT/IMYAIOTCS TMOBLIIHEHHBIMH CHJIAMH Cllelie-
HMSl CO IIKMBAMH H, CJieA0BaTeNbHO, NOBbI-
IIeHHOH TAroBo# cnocobHocTbio. Tpaneuue-
BUAHas ¢opMa cedyeHUd peMHd H3-3a 6OJib-
IOH BLICOTHI HeGAaronNpHATHA C TOUKH 3DeHHsA
u3rub6a "a wxHeax U KIIJI.

ITO KOMMEHCHPYeTCA TeM, 4TO pEeMEeHb
H3rOTOBJSAKT M3 MaTepuasa ¢ MajJblM MoAy-
JIEM YOPYTOCTH, KPOME OCHOBHOIMO HeCYUEero
CNOfA, KOTOPLI HMeeT HeOGOJIbIIYIO TOJNILIHHY
M pachojaraeTcs M0 HeHTpaibHOMY ClOK
peMHHL.

Pemenb nosixeH OblTb THOKHM AJIS1 BO3-
MOXHOCTH pa6GoThi HA LUKWBAaX MaJjblX AHa-
METPOB H BMecTe€ C TeM HMeTh J[A0CTaTou-
HYI0 OONEepeuHyio JKEeCTKOCTb BO M3bGexanue
riyboKoro 3akJHHHBAHKA B KaHaBKaX ILUKH-
BOB H pafHaJIbHOTO CKOJIbXEHHS BC/eNCcTBUE
MoMePedyHOro CXKaTHHA.

KJIHHOBBIH peMeHb COCTOUT H3 CJelYIOHIHX
yacre#t (puc. 144, a, 6):

1) kopaa, npeAcTaBasiomero  coboi
OCHOBHOM HecyIHH cJIOH, pachoJioKeHHbIR
MPUMEPHO MO UEHTPY THXKECTH CedeHHus
pPeMHS;

2) pe3UHOBBIX CJOEB, PACMONOKEHHBIX Hall

M TOJ HecylHM cjioeM (KOPAOM), YCJOBHO

Ha3bBAEMBbIX CJIOSIMU PaCTAKEHHA H CXKATHS;

3) o6epTKH peMHS B BH/JE MECKOJbKHX
CNOeB MPOPE3HHEHHOH TKaHH, HAMOTaHHOMH
AHATOHAJBHO.
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8)

Puc. 14.4. KAvHoBble H MOJHKIHHOBbIE PEMHH:

! — caoit KopaTKaHH; 2 — cofl IPOpPe3HHEHHOH TKaHH
{oGepTtxa);, 3 -— pe3HHa, § — KOPIIHYp

Kopa BBINOHAOT H3 XHMHUYECKHX BOJIOKOH:
BHCKO3bl, Kanpoua, lapcaua.

B KopATKAaHEBLHIX PeMHAX (cM. puc. 14.4, a)
KOpJ BHIIOJIHEH B BHAE HECKOJBKHX CJIOEB
KOPATKAHH C OCHOBOH H3 KPYYeHbIX LUHYDOB
H TOHKHX pefKHX HHTeH yTKa.

B KopAlmHYpOBBIX peMHfIX (CM. pHC.
14.4, 6) KOPJ COCTOHT H3 OAHOTO CJIOA KODA-
IIHypa, HAMOTAHHOrO MO0 BHHTOBOH JIMHHM H
3aKMIOUEHHOTO B CJIOH MATKOH Pe3HHbl A/
YMeHbIIeHHS TPeHud.

KopaTkaHeBble peMHH fIpHMEHHMbl M[pH
HecTecHeHHBbIX rabapHTax mepefadH; B 3TOM
cnyuyae OHH 00/1afal0oT AOCTATOYHOH [HOJIro-
BeyHOCTbI0. KopAlHyposble peMHH, KakK 0o0-
JNee rUOKHE M AOJATOBeUHbIE, NPUMEHSIOT AJS
nepenad, paboTalOUIMX B HaMpAXKEHHBIX
YCIOBHAX, B HACTHOCTH NMPH HEOOXOAHMOCTH
IIKKBOB Maniblx AuaMetrpoB. JIpoucxopHT
mocTeneHHbll o0uwiuA nepexon Ha KOpPIAIHHY-
PORbIE PeMHH.

Cnoll pacTaXeHusi peMHeH BBIMOJHAOT H3
pesHHBl cpefHe#i TBepAocTH., CJAOH cKaTud
BHITTOJIHAIOT M3 Gosiee TBepAaCcH pe3MHbL.
CJ1oH pacTsKeHHs AJ5 YBeJHUYEHHA nonepey-
HOH KecTKOCTH PeMHsI MOFryT BKJw4YaTb MO
HECKOJIbKY CJiOeB TKaHH, PACKPOeHHOH Tak,
4yTOOB HHTH TKAaHU OLJIH PaclloioKeHbl MOA
yriaoM 45° K ocu pemHs. CJ10H TKaHH B OCHOB-
HOM MPHMEHSIIOT AJif IHPOKHX BAPHATOPHBIX
peMHeH.

st paboThHl Ha WIKUBAX MaJibiX AHAMETPOB
NPUMEHSTIOT PEMHH ¢ 3yGbsiMH Ha BHYTpPeHHeH,
a HHOPJA Ha BHYTpeHHe# M HapyxHOH no-
BEPXHOCTHX.
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14.3. Paamepbl ceueHus (cM. puc. 14.4, a) H ANHHBL KIHHOBLIX PeMHEH; MHHHMaabHbe JHAMETpH LIKHBOB

O6o3Ha-- [Ipeaeannue
Tun pemun yenue b, mm| b, Mm| A, MM | yo, MM (A, MM’ | pacueTHue gH- h'{n]ilﬁ‘ TvwH-m
: CeyeHHA Hbl, MM

0(Z) 8,5 10 6 2,1 47  400...2500 63 <25
Knunosse mo TOCT A(A) 11 13 8 2.8 81 560...4000 90 11...70
1284.1—80 * u b (B} 14 17 10,5 4,0 138  800...6300 125 40...190
1284.3—80 * B(C) 19 22 13,5 4,8 230 1800...10 600 200 110...550

I'(D) 27 32 19 6,9 476 3150...15000 315 450...2000

I (E) 32 38 235 83 692 4500...18000 500 1100...4500

E 42 50 30 11 1170 6300...18 000 800 > 2200
KauHoBnie y3kHe mno YO 8,5 10 8 2 56  630...3550 63 <150
TY 38-40534—75 u YA 11 13 10 2,8 93 800...4500 90 90...400 .
TY 38-105161—84 VB 14 17 13 3,0 159  1250...8000 140  300...2000

VB 19 22 18 4.8 278  2000...8000 224 > 1500

[ipimeuanne. B ckofkax nadbl o003HauyeHHs PEMHEA B MemAyHapogHo# cucreme. T -—
MOMEHT Ha OHICTPOXOAHOM WKHBE, A — IUIOMAAb NOMEPEUHOTO CEYEHHSI PEMHA.

KJAuHOBBIE PEMHH BBINYCKAWT OecKOoHed-
HbIMH. ¥TOJ KJIHHA peMHe#d B BbINPsAMJieHHOM
COCTOAIHMH g =40°3-1° (cM. puc. 14.4, a, 6}.

KJHHOBble peMHH BBIIYCKAIOT: HOpMaJb-
HbIX Ce4YyeHHH ¢ OTHolneHHeM OoJibllero
OCHOBaHHAA by TpallelHEeBHAHOTO CeYeHUs
E;'—Ozl,E...

h

1,3 u wupoxue ¢ %lg—zB,B...SA AJA Bapua-

TopoB. OCHOBHOe NpHMeHeHHe B HaACToHIlee
BpeMsi HMEWT pPeMHH HOPMAJbHBIX CeyeHHH
(Ta6a. 14.3). ¥3KHe KJAUHOBHE PEMHH TIOSABH-
JHCb B CBfI3H ¢ TOBBIIIEHHEM TPOYHOCTH
KOpAa, nNpu pasHeiXx raGaputax mnepegaud
OHH TO3BOJIAIOT nepenaBaTh B 1,5...2 pa3a
6oJbiMe MOIHOCTH, MOTYT paboTaTh HPH
6onee BBICOKHX CKOpPOCTAX H ¢ 60Jblioi
4aCcTOTOH meperu6os. [losTomy oHu 6yayT
BHITECHATh DPEMHH HOPMAJibHBIX CeueHHH.
[Tepexon na y3KHe BEHTH/ISITOPHBIE PEMHH
B aBTOMOOMJASIX B CBA3H ¢ 6oJbiueH A0ATO-
BEYHOCTBIO 3THX peMHeH MO3BOJIHJ CYULecT-
BEHHO COKPATHTb OOWUK BHOYCK BEHTH/JIA-
TOPHBLX peMHeH.

Pacuetnble anunn  pemuedt  uaMepsior
110 HeHTPaAJbHOMY CJIOI0 B HATSIHYTOM COCTOS-
uud. UX pacnoniaraior AaA peMHed HopMalb-
HbIX CEUEHHUH 1O pAAY TNPEANOUYTHTENbHLIX
yuces R40 ¢ npepgmoutredueM JJIHH mO pAAy
R20, a nnn yakux pemueid — no paxy R20.

K BoicoTe A= 1,6...1,7; y3kHe ¢

Moaysae ynpyrocTH Ha pacTsiKeHHe KIHHOBBIX.
KopaTkauneselx pemueli  250..400 MIla, xkopao-
WHypoBHX H y3KHx 500...600 MIla.

Moayds ynpyroctn Ha uarif peMHed ceyeHHH
A, B, B npu 00=0,9 MIla okono 400 MIla.
TIpHMeHSIIOT TaKxe peMHH C HECYIUlHM C/0eM
u3 cradbHbIX TpocoB. OHH 3HAYHTENBHO YiKe, UeM
PEMHH HOpPMaJIbHBIX cedeHHH, paforalor c MasiblM
YIPYTAM CKOJBXEHHEM H BhITAMKOH, HMEIOT BbICO-
kud KITJ, nonyckawT BBICOKHE CKOPOCTH, HO
menee nosaropeudsl (B CCCP me Belmyckawmores).

[Ipy HeoGxonumocTd paboThl peMHel
0bOEHMH CTOPOHAMU € pa3iauell 3HaYHTEeIbHOM
MOLILHOCTH NPHMEHSIOT JBYCTOPOHHHE KJAHHO-
Bble peMHH C ce4yeHHeM B BHOe LIECTH-
YroJbHHKA.

Moauknunosbie pemun (TY 38-105763—
84) —— HeckoHeuHble MIOCKHE PEMHHU C ' IPO-
JONbHBIMH  KAHHOBBLIMH  BBICTYNlAMH — pe6-
paMi Ha BHYTDEHHeH TIOBEPXHOCTH, BXOAf-
HIMMH B KOJblieBble KIMHOBble KAHABKH B
mwKkuBax (puc. 14.4,8). Pemuu coueraior
AOCTOMHCTBA TMJIOCKHX peMHel — MOHOJIHT-
HOCTb H THOKOCTH — M KJIHHOBKIX ~— IIOBbI-
MEHRYI0 CHJY CUENVIEHHS CO LIKHBaMH.
Hecymu#i crot peMHefl BLINOJHAKT B BHAE
KOpAIUHYpA H3 XUMHYECKUX BOJIOKOH: BH-
CKO3bl, CTEKJOBOJIOKHA HJIM JiaBcaHa.

HopmaninaoBaHbl TpH ce4eHHs MOAHKIHHO-
BbIX pemHell (Taba. 14.4). Yroa Kiauna
po=40°, TeopeTHuyecKasi BBICOTA TPOQUIA
e:=1,374 P, rpe P — 1nar; 0Jauusl pemueii —
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14.4. Pasmepbl NONHKAHHOBLIX pPeMHeH (cM. pHc. 14.4, 8) u napameTpul nepenay no TY 38105763—84

Ureno KJIHHBEEB
Q6o3nauelne [lpeneabHbie d
ceveHHA P,omum | H, MM | A, MM |r1, MM | rp, MM | Pacucrhbie “;“h'd" Ti,Hem
pemueit AdHEBL Lp, MM | pekomen- | HanGoan-
Lyemoe uee
K 24 4 215 01 04 400..2000 2..36 36 0 <40
J1 4.8 95 468 02 0,7 1250...4000 4...20 50 80 18...35
M 9,6 16,7 96 0,4 1,0  2000...4000 4...20 50 180 > 130
MMpumeuanna: | PeMan K Moryr samensats kiaunosble pemun O u A; JI samensiior b n B;

M samensior B, I, 1, E.
2. T{ — MOMEHT Ha GBICTPOXOAHOM LLIKHBE.

No psAy [NpeanouTHTENbHBIX 4Yucen R40.
[lepepaud ¢ TNOMMKAUHOBBIMH  peMHSAMH
MMelOT MeHblnue rabapuThl, YeM JApyrue
peMeHHble Nepegaud, paboOTAOT CO CKOPO-
ctamu go 40 M/c U ¢ nmepeaaToOYHBIMH OTHO-
wenuamu a0 10...15.

Kpyrabie pemuu [lpuMensiior xoxa-
Hbie, KanpoHoBble M xjonyaToOyMaxKHbie
KpyrJiblé peMHH, HHOrJa Mpope3HHEHHbIEe,
IuameTpsl pemHein GepyT B upenesax 3...
12 mM, obniyio 4...8 MM. Muuumanabuo
AOMYCTHMOE OTHOIeHUe AHAMeTpa MaJaoro
IIKMBA K AHaMeTpy peMmus =20, pekoMeHn-
ayemoe 30.

[Ipogpune kaHaBoK BeIOMPAIOT NMOJAYKpYI-
JbBIM C pajMycoM, pPaBHHIM paauycy DeMHd,
WU TpanmeHUeBHAHHM C yrjioMm 40°.

§ 14.4. OCHOBHBIE
XAPAKTEPHCTHKH PEMEHHbBIX
MEPEAAY

MowHocTH. Pemennusie mepenaud npu-
MeHSIIOT MpeUMyllecTBEHHO B AHalla3oHe
mowrocred 0,3...50 kBr. Berpeuawres me-
pepaud o 1500 kBT u Bbille, HO B HOBHIX
MalMHax MouHble (cBoite 300 kBr) pe-
MeHHble Tnepepaud H3-3a Oosbuiux raba-
PUTOB [PHMEHSIOT BeCbMa pejxKo. '

CKopocTu H nmepeflaTOYHHIE OT-
HomenHss. CKOPOCTH TJIOCKHX peMHeH
M3 TPAJHIHMOHHBIX MATepHaJOB H3MEHATCH
8 aguanasode 5...30 M/c. OxHaKO BHINOTHCRHE
peMHed M3 HOBBIX MaTepHasioB H Oojee
COBEpIIENHBIX KOHCTPYKIIHH NO3BONAET MPH-

MEHSITh OBICTPOXOJHBIE Tepelayd CO CKO-
poctbio pemus po 80..100 m/c (noapobuee
cM. § 14.2). CxopoCTH KJIUHOBBIX peMHel
cedenuit O, A, B, B He nosixHB npeBHIIATD
25 m/c, a ceuenud I', I, E — 30 m/c. Cko-
POCTH Y3KHX KIHHOBBIX M [OJHKIHHOBBIX
peMHeld — po 40 m/c.

BepxHui npeges ckopocTeH orpaHuyHBa-
eTcsl yXyAlueHHeM YCJIoBHH palorTbl peMHeit
B CBSI3H C pOCTOM [AeUCTBYWOIHX HaA HHUX
ueHTpoleKHblX CHJ, HarpeBoM, 06pa3oBa-
HHEM BO3VLWIHBIX MNOAYIIEK MeXAy peMHeMm
H [KHBAMH M, KaK CJAeACTBHE, pe3KHM
noHuxKenueM goaroseydoctH H KIIIL nepe-
jau.

Insa obecneyeHnss MUHHMANIbHOMO CeUEHUS
peMHsl cjefosBano Gbl BHIOMPAThL CKOPOCTD
B BepxHeH uacTH JManasoHa, oJHako 3TO
He Bcerna uesecoobpasHo. 3HauHUTENbHBIA
AHanasoH CcKopocTeH c¢BdAzaH ¢ TeM, UTO
OObIUHO pellaiolUM KPHTEepHeM NpPH [POeK-
THPOBAHMH DEMEHHHX Iepefad HBJSIOTCH
rabaputhl. [TosTomy npu maabix nepepasae-
MBIX MOIIHOCTAIX HJAH MaJfblX noTpelHbIX
yacToTax BpallleHHs oKa3dplBaeTcsl HeleJeco-
o0pa3HbiM yBEJHYMBATH QHAMETpBbI LIKHBOB,
4yTOGB O6ECIeYHTh ONTHMAaJbHYI0 CKOPOCTb
M MHHHMAaJbHOE CEeYeHHEe PeMHS.

[Ipenenbuble 3HayeHUA epefaTOYHBIX OT-
HOUIEHMH B peMeHHBIX Nepejauax oOmpeje-
JASIOTCA  JONyCTUMBIMH rabapuraMu nepe-
ga4dd, a TaKXe YycjaoBHeM  TOJy4YeHHHA
JOCTATOUHOrO Yyrjia ofOxBaTa Ha MajoM
mKuBe, MOMXKHO TIOJYYHTH MNepefaTo4HbIe
otHomreHua A0 10 (KJIHHOpeMeHHble nepe-
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AAa4M, NAoCKOpeMeHHble nepefayd ¢ HaTaX-
HbIM poqinkoM) . OaHako nepenatoyHble OTHO-
IIEHHS peMeHHbIX Jiepefad o6el9HO HE Hojee
4..5.

O6nacTH pauHOHANBLHOTO NpH-
MEHEHHUSA TUIOCKOPEMEHHbIX nepegay —
BBICOKHE CKOPOCTH H TpeOOBaHMA K 0JjaB-
HOCTH pafoThI.

KanusopeMeHHble nepefadd SBASIOTCA Tie-
perayaMd  YHHBEPCAJbHOIO  NpPHMEHEHHA,
HX NpeHMyulecTBa 0cof0 NposABAAIOTCA NpH
MaJiblX MeXOCEBHIX pacCTOAHUAX, NpH 6oJb-
IIHX MepefaTOYHbIX OTHOLUEHHSX, a TaKxKe
MpM Tepefade BpailleHHsT Ha HECKOJBKO
IIKHBOB, [IpH BEPTHKAJbHBIX OCHAX [LIKHBOB
H T. A

B K1HHOpeMeHHBIX Nepefaiax, Kak H B Apy-
'HX Tnepefadax ¢ OGeCKOHEYHBIMH (KOJiblie-
IbIMH) pEMHSAMH, XelaTeJIbHO paclonararh
UKHBBl KOHCOJNLHO AJas oGJerdeHus cMeHbi
yeMHEH, HHave /i 3aMeHbl 0o6opBaBlIerocs
peMHAI Heob6xoAMMa pa3bopka MaLIMHH.
B KAHHOpeMeHHHX nepefayax XejaaTeJbHO
DETYJHPOBATL HATSXKEHUS PeMHeH mnepeme-
lleHHeM OAHOTO Hu3 WKHBOB. [lpuMenenue
4aTAAKHOTO HJIM OTTAXKHOTO pPOJiHKA YAODO-
KaeT nepefayvy M yseJiM4UBaeT ee rabapuThl.

[Tpu 6onbiinx NepesaTOYHbIX OTHOLIEHHSX
M PEMHAX BHICOKOIO KadyecTBa MOMHO MpH-
MEHATD KJAHHOPEMEHHYIO NIepefavy, B KOTOpoH
MaAblH UIKUB gesiaeTcs XKedo6yaTeiM, a 6OJb-
IOH AVl YIeLUEeBJeHHS — IHJIHHIPHYECKUM.
Ecan nepepatounbie OTHOWIeHUA GOJbLIE
'NPHBOAMMbBIX HHXKe 3HAYEHHH:

ceveHve peMia . . .A b B 'I' 1O E
Umin - - . - . .4 375 35 325 3 3

TO nepefadya Mo TAroBOH CHOCOOHOCTH IKBH-
BaJieHTHa O0OBIYHOH KJIHHOpPEMeHHOH U ee pac-

CUHTBLIBAIOT KAK OOBLIUHYI0O KJIMHOPEMEHHYIO.
PeMuu ceuenuss 0 ans TakoH mepegaud He
MPUMEHSTIOT H3-32 HEYCTOHUMBOCTU TOJIONKE-
HHA Ha OOJBIIOM WKUBE.

MexoOCeBoe paccTOfHUE B MJIOC-
KOpPeMeHHBbIX MepenayaXx MOMHO HazHayarb
B WHPOKUX npejenax.

MuduManibHOe  MexXOCeBOe  paccTOfHHE
0o6bluHO BBLIGHpAIOT N0 YCJOBHIO, NPH KOTO-
pOM yroJi ofxpaTa Ha MaJiOM LIKHBe ObLI
66l He Medbilne 150°. MakcumanbHOE MeX-
0CEeBOe PACCTOSHME OrpPaHHUHBAETCH 3KOHO-
MHYECKHMH N1OKA3aTeJNsIMH: CTOHMOCTbIO peM-
HeHd, rabapuTamu nepegaun H T. . Ontu-
MaJbHOE ME)KOCeBOe pacCTosHHE
=2(di+dz).

B kiMHOpeMeHHBIX Nepemayax |

ain=0,55 (d1+d2) +H,

roe diy U de — gHaMeTpbl Manoro U 6oJib-
IIOr0 LIKABOB; A — BbICOTA CEUYEHHS PeMHS.

[Tpu Gosbikx a Bo H36exxanue CylniecTBeH-
HOTO yMeHbIIeHHs YIVIOB OOXBAara PeKOMEH-
AYIOT BEAYHIYIO BeTBb pacloJjiaraTbh BHHU3Y.

OnTtuManbHOE MEXKOCEBOE pAacCTOsiIHHEe B
3aBUCHUMOCTH OT AHaMeTpa OOMbLUOro WKH-
Ba do U UepejaTOYHOrO OTHOLIEHHA U H3
yci0BHS OfecneyeHdHs HeoOXOLHMOro yrja
00XBaTa HAa MaJioM LIKHBE:

w . . . .1 2 3 4
Goune/de . . 156 12 1

Qonr ==

5 6 # 6oJee
0,95 09 0,85

[aGapuThl peMeHHBIX nepegad B 3HAUH-
TeJIbHOH CTeleHH onpeAe AT MUHEMANTbHO
JNONYCTHMBIMH AHaMeTpaMu KUBOB. [locaen-
HHE, B CBOKW Odepefb, OnNpeAensior Hampsi-
XKeHHsy H3THGA M [0JITOBEYHOCTb peMHeH.

Honyckaembie OTHOIIEHHsI {UAMETDPA LIKH-
Ba K TOJIIUMHE NJAOCKOTO PEMHS NPHBEAEHbI

14.5. OrHoweHHe HauMeHbillere NONYCKAEMOro JHAMETPA HIKMBA K TOJUHKHE PEMHA B MJOCKOPEMEHHBIX

nepegayax
‘Dmin/(‘5 L’min/‘5
Pemiu Pemuu
pekoMeR- ﬂOHyC- pBKOMeH‘ Joyc-
ayvemoe KaeMoe ,IIyEMOE KaemMoe
CHHTeTHUECKHE 100 50 Koxauote 35 25
[1popesunennule 40 30 Xa0m4ato6yMaxKHbie LeJbHO- 30 25

TKaHble
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B Taba. 14.5, a MHHWMaJbHblE AHAMETDHI
WIKHBOB AJIl KAHHOBHIX peMHed — B Tala.
14.3.

Cnenyer uMeTb B BHAY, 4TO AQJroBed-
HOCTb peMHe#, TAroBada cnocobHoctb u KI1[]
nepeaay pesxo NajgamT ¢ yMeHblUeHHEM aHa-
METPDOB IIKHBOB, MO3TOMY e€c/id rabapHTHI
MO3BOJSIIOT, cjiefyeT U3beraTb MHHUMATbHBIX
AHAMETPOB LIKHBOB.

§ 14.5. KPHTEPHH
PABOTOCIIOCOEHOCTH

MU PACYETA PEMEHHBIX MEPEJAY.
PABOTA PEMHSl HA LIKHBAX

OcHoBHble KPHTEDMH pacyeTa peMeHHbIX
nepegay: |) rTsAropasgs cHOCOOHOCTL MJIH
MPOUYHOCTh CUEMJIEHHAl PeMHS O LUKHBOM;
2) NOJIrOBEYHOCTb pPeMHS.

Ecau He 6yner BbiAep:KaHO NepBOe YCao0-
BHe, peMeHb HAayHeT OYKCOBATh; eclu He By-
AeT BBHIAEPKAHO BTOpPOe YCJIOBHE, PeMEeHb
O6yaer cAHWIKOM GHICTPO BBHIXOAHTBL H3 CTpOA.

B mnacrtoamee Bpems AJNA KJAMHOBBIX U
NOJIMKJIHHOBLIX peMHeH NpHMeHAeTCd KOMI-
JIeKCHBEIN pacyeT Ha BHIHOCJAUBOCTD H TATOBYIO
CMOCOGHOCTD, & AJNA MAOCKHX PeMHEeH, HcMrbl-
THIBAIOWMUX MeHbLIME HATIPSKEHHS H3ru6a,
MOKa cOXpaHAeTCA pacyeT Ha THATOBYIO CTO-
cOGHOCTL ¢ mocjieayoled npoeepkod Ha
BBLIHOCJIUBOCTD.

Pa6ora ynpyroro pemusi cefizaHa ¢ ynpy-
THM cKOJbXeHueM mo wxHeaM. Hewusbex-
HOCTb YHPYroro CKOJbXeHHfi npu padore
Mepefayd cjaelyeT H3 TOrO, 4TO HaTAXeEHHe,
a cJedOBaTeJbHO, H OTHOCHTE/JbHOE Y/JHHE-
HHe BeAyuwied H BeJOMOH BeTBeH peMusA
pasnuyHbl. [IpH oberauny peMHeM Beayliero

WIKHBA HaTsxeHHe ero majpaer (puc. 14.5).

Pemenb yKopaudnBaeTcs H NPOCKA/Jb3biBaeT
no uIKHBY. Ha BeAoMoM [IKHBe peMeHb
yANHHAETCA U omnepexkaeT WKWUB. CKoJbXxKe-
HHe MPOUCXOAUT He nmo Bce# ayre o6xBara «,
a Ha HeKOTOpPoH yacTH ee P, Ha3bIBaeMOH
AYTro#l CKOJIbXeHHs.

Cuna TpeHUs1 MexAy PeMHeM U IIKHBOM
nepefaercs B OCHOBHOM HAa Ayre CKOJbXe-
HHA, HO YacTUYHO OGsaroaaps TaHreHUHab-
HOH NOAATJHBOCTH pPeMHAl TAKKe Ha ayre

&

Bedarieid
twxuf

Puc. 14.5. Ckonbxenue B peMeHHoOH nepepaye

MoKofl. B oObLIUHBIX pacyeTax mepegady CHJbL
TPEHHA-Ha AYTe NOKOA He Y4yHTHIBAWT. [lyra
CKOJIbXKEHHA pacnojaraerci c¢o CTOPOHbI
c6eraHHa peMHS CO LUKUBA.

Co cTopoHbl HaGeraHua peMHs HAXOAUTCSH
Ayra MOKOA, T.e. Ayra MNOCTOAHHOIO clen-
JeHHsT peMHA co wKHBoM. OKpPYyKHAA CKO-
pPOCTb KaXAOro lIKHBAa paBHA CKOPOCTH Ha-
Gerajoulei BeTBH peMHs.

[Ipn xoJocToM X0Ae ynmpyroe CKOJbxEHHE
M Ayra cko/ibXeHHs paBabl Hyawo. [lo mepe
pocTa HArpy3ku AYra CKOJIbKEeHHS pacTerT;
KOrja OHa JAOCTHraet BceH AyrH obxBara,
Ha4yuHaeTcA GykcoBaHHe nepeaaym.

CoriacHO YCMOBHIO TOCTOAHCTBA Macchl
peMHs, npoGeraiolilero B eAHHHLUY BpeMeHH
yepes AaHHOE HeMOABHIXHOE ceyeHHe, OTHOCHU-
TeJlbHOe YNPYroe CKOJbXeHHe PeMHS PaBHO
Pa3HOCTH OTHOCHTENbHBIX YAJIMHEHHH Beny-
el € U BeIOMON &; BeTBe# pemus:

§y=31—32-

Bbipasus & U g, no~3akony I'yka uepes
HaTAXeHHs BeTBeH Beayuled F, u BeloMoH
Fo nyomwanb ceyenust A u MOAy/ib yOPYrocTH
pemusa L, noiyuaem

' Fi—Fs
S=—Fz

§ 14.6. KHHEMATHKA
PEMEHHbLIX MEPEAAY

OkpyXHble cKOpocTH (M/C) Ha IIKMBaX
(cM. puc. 14.1)

— ndyn, " . ndatiy
‘T T PT Tw0
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roe d; U dy — AHAMeTpbl COOTBETCTBEHHO
BEAYIErO H BEOMOTO LIKHBOB, M; 1| H Ng —
4yacTOThl BpauleHHsl B MHHYTY BeAyLUero H
BElOMOTO [IKHBOB, MUH ™ '. ,

BeneacTBUe  HEH3GEKHOrO  CKOJIbXKEHHS
OKPYKHAas CKOPOCTb HA BEAOMOM IIKHBE Ug
MeHbllle CKOPOCTH v Ha BelylleM:

ve=(1—-8) vi.

OTClO}],El HCTHUHHOE ﬂepeﬂ,aTO‘lHOE OTHOUIE-
HHE

fn ds

ny  di(1—§) °

U=

Jdnsa pacyeToB MOryT GHITh NPHHATHL CJe-
AYOIlHe 3HA4eHHS] OTHOCHTEJBHOIO CKOJib-
xeuua &: nnockwe pemuu 0,01, KaHHOBHIE
kopatkaneeble 0,02 u xopawnyposie 0,01.

§ 14.7. OCHOBHBIE
TEOMETPUYECKHE 3ABHCHMOCTH
B PEMEHHBIX MEPEXAYAX

[TpH npoeKTHPOBAHHH PeMEHHHIX Nepeaad
HYXKHO oOnpeaensTh CJjelylolHe reoOMeTpH-
YeCKHe MapaMeTpbl: Yrod y MexXAy BETBAMHU
‘peMHsA, yroa o) o6xBaTa Ha MaJOM LIKHBE,
AJUHY peMusi L, a Takxe MexXocepoe pac-
CTOSIHUE @ (TPU UCTIOJL3OBAHHH HECKOHEeYHbIX
peMHeR).

Yron Mex/dy BeTBSIMH mnepejayu olnpeje-

JfIeTCa U3 BCNIOMOrareJJibHOro Tpeyro.anHKa
0,40, (puc. 14.6):

.y A ds—d)
NM==——=T [ ———
Si 5= o ne A 5

Orciopa y B paaHaHax

Puc. 14.6. CxemMa pemeHHOMR nepenaux

. A 2A
y=2arcsin — & — .
a a

Yros o6xBaTa Ha MaJOM UIKHBe B rpajlycax

ot = 180° —y° = 1800__2?’3‘_57,3".

Jlng njaockopeMeHHOH Oepenayd peKOMeH-
AYIOT 6paTh MHUHHUMAAbHHIH yroa o6Gxpata
150°, pas kaudHopemenno#t nepepaun 120°,
OAHAKO H mnpuH yriae 90° kauHOpeMeéHHafl
nepepaua pafoTaeT [JOCTATOYHO HAAEXKHO.

JnauHa pemua (6e3 yuyera TPOBHCAHHA
M HayaibHOrO AehOpMHPOBAHHA) onpene-
JAeTcs Kak cyMMa AJHH Ayr LIKHBOB Ha
yrjax ofxBaTa W AAMH [PSIMOJIHHEHHbIX
YUACTKOB DeMHS:

n(d:+di) (de—di)

= ¥ ———
L=2a cos.2—]- 5 +v 3 :

[Ipeo6pasyem popmyny, HCIONbL30OBAB IIPH-

' 1
BJIMKEUHYI0 3aBUCHMOCTh COS Tal1— ,,( ..Y_)

2 2 9
NOACTABHB 3HAUEHHS Yy H 3aMEHHB -
d,+d;
5 = dcp:
A2
L~2a+ nde,+—

Paccrosinge MexAy OCAMH WIKHBOB -[DH
BbIOpAHHOH AfHHe pemHs L

L —nd. 1
S o (L —ndg)? 847

o=

[Ipu pacuerax AJiMH PeMHeH H MeXOCeBBIX
pacCTOsIHUE KJIMHOpEeMeHHBIX Mepefaad one-
PUPYIOT pacyeTHbIMH AHAMETPAMH LIKHBOB
N0 HEHATPANbHOMY CJIOI0 DEMHS.

§ 14.8. CHJIbl H HATIPSI)KEHHS
B PEMHAX

OKpyxHasi cHlia Ha LWKHBAX WJH nepe-
naBaeMasi Harpy3ka pemHa (H)
_2KgT 10°K P
= =
d v ’

rae T — momenr, H- M, Ha UIKHBE AHAMETpPOM
d, Mm; P — nepepapaeMasi MOUIHOCTb, KBT;
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[y

14.6. KosdpuunedT nUHAMHUHOCTH HATPY3KH M pexHma pabote K,

Xapakrep narpyskm THnout matuHu Kp
Crnoxoiinas nyckosas Ao 120 9% OSnexkrpHuecKkHe reHepaTOPbl; BEHTHAATOPLL, LEHT- 1
HOPMAJIbHOMH pobexHble HacoChl H KOMIIpeccophl; J@HTOUHBIE

TPaHCIOpPTepPBl; CTAHKH ¢ HENpepbiBHBIM HpOLLeC-

COM pe3aHus
¥YMepeHrble KoieGaHHA. TMopliHeBbie HAcOCbl H KOMIPECCOPH C TpeMs H Li...1,2
[Tyckosasa a0 150 % HOpManbHOH fonee UMAHHAPAMH, [JIACTHHUYATHIE TpaHCIIOpTe-

a pbl; CTAHKH-aBTOMATHI

3HaunTeNbHbe KosmeGaHus. [lycko- PesepcHBHbie MPHBOLBI; CTAHKH ctporaibHble W 1,25...14
pafl go 200 9% wnopma/bHO#H nonbexHple; MOPLIHEBBIE HACOCH H KOMIIPECCOPH

C ONMHM ¥ [BYMS UHJIHHADAMH, TPaHCHOPTEpH

BHHTOBbIE H CKPEOKOBLIE, 571€BATOPbL

L

YpapHaa ¥ pe3koHepaBHOMepHas. IlombeMHHKH, 3KCKaBaToOpW, APard; 3KCUEHTPHKO- 1,5...1,6

[Myckopas go 300 % HopMajbHOH

Bbi€ H BHHTOBHE IIDECCHI,

HOMXHHLBI, MOAOTHL,

GeryHbl, MelbHHLbI

[Tpumedanue. [lpn yacTuiX H pe3KHX myckaX ABurareisi KoagopuuuedT Ky ciaenyeT noBbllIAThH

Ha 0,15.

K, — ko3 dpuuueHT IMHAMUYHOCTH HArPy3KH
H pexuMa pabornl (Tabia. 14.6).

MuorHe peMHH HEOJHOPOAHBI. TEeKCTHMb-
Hble peMHH HE HelPepblBHE [0 CeueHHIO.
OpaHako TnpH pacueTe BCe peMHH YCJAOBHO
MOXHO paccMaTpUBaTh KAaK CIVIOLIHbIE U
OAHOPOJAHBE H BECTH pacyeT No HOMHHAJb-
HbIM HaMpsiKEHHAM.

Hanpsxenue ot nepefpaBaeMoit OKpyXHOH
CHABL F,

—
FO= 1
rie A — niomanb Ce4EHHs peMHA, MM’
HawanbHoe uHaTsKeHHwe peMHs Fy BHIOH-
paloT No YCJIOBHIO, MPH KOTOPOM peMeHb MOT
6bl MepefaraTh NOJIE3HYID HATPY3KY, Coxpa-
HAA HATSIKEHHe JOCTATOYHO AJIUTESbHOE Bpe-
M1, He NoJy4dast 60JbIUOH BBITAMXKKH, H KMeJ
6bl YAOBJAETBOPHUTEAbHYIO HOJIFOBEYHOCTD.
3HayeHHs HadyaJbHBIX HAOPSXKEHHH o=
=Fy/A cMm. B pacuerax nepepau (§ 14.9).
CooTHolLleHHe HATSIXKEHHH BeaylueH F; H
Beaomoit F, Bersel npu pabore 6e3 yuera
LUEHTPOOEKHBIX CHJ OMPeAesiOT N0 H3BECT-
HOMY ypaBHeHuwo JI. DHjepa, BbiBeleHHOMY
AJis HEpaCTHMXHMOH HHTH, CKOJb3AuWEeHd 0o
UHJAHHOPY.

3alnHuCbiBaeM YCJOBHS PABHOBECHS 10 OCHM

X M y 37eMeHTa QyTH PEMHS C LEHTPAJbHLIM
yraoMm da (puc. 14.7); npuHamaem, 4To

da da

. da
Sl — =~ — —_
5 g~ 4 cos 5 I, Torga

YX=0 dFn — (F+dF) 2% _p42% _y.

2 2
YY=0 F4+dF —F—fdF,=0.

N

h

Puc. 14.7. Cxema cua, JeHCTBYIOIIHX HA 3JEMEHT
peMus .
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rae dF, — HopManabHas cufia, AeHcTBYHOWLAA
Ha 3JEMEHT PeMHsl OT LUKUBA; [ — k03(pdHu-
LHEHT TPEeHHS.

Peuie coBMecTHO 3TH ypaBHeHHs, TOJY-
yaem

dF
_F_ =fd0£

[locne uHTerpupoBaHHsi TO Ayre CKOJib-
XeHHd H IOACTAHOBKH npepenos Fi, Fo u O, p

B
F2 ’
rae ¢ — OCHOBaHHe HATYDPAJbHBIX Jorapud-
MOB; f§ — YroJi CKOJbXeHHH, NPHOMUKEHHO
npuHBMaeMbld paubiM 0,7 yria ofxmara a.
dopMyJla TNOKa3bIBAET, UTO OTHOIIEHHE
Fi/Fs CHJBbHO 3aBHCHT OT Ko3dduHUEHTa
TPeHHs H yrJia ckoyibXeHHs. Pemas noayuen-
HOE YpaBHeHHME ¢ OUYEBHAHBIM YCJOBHEM
Fi— Fe=F,, nonyuaem

Fi=F-9
g—1

H FQ:Ft_..l__,
g—1

rpe g=e'P,
CoOTBeTCTBYWIIHE HANPSKEeHHsaA pacTd-
XKenusi- B BeayuleH H BeJOMOH BeTBAX:

__Fy _F
Or=—7 H C2= —-.

LlenTpo6exkHasl cusia BhI3bIBAET HaANpAXKe-
HHA pacTAXeHHs B pPeMHe, K4dK B cBoboOA-
HOM BpamamimeMcs KOJble:

on=10""y0?,

rie oy — Hanpsxenusa B pemHe, MIla;
U — CKOPOCTb peMHsl, M/C; y — IUIOTHOCTb
MarepHana pemus, kr/m>.

JnayeHUs TMUIOTHOCTH peMHel y: Opo-
PE3UHEHHB X KODALHYPOBHX H TKAHEBBIX H
kaHHOBHIX 1100...1200 xr/m*, xjomuaToGy-
MaxXHBIX 900...1000 kr/M°, koxaumx 1000...
1100 xr/m>

T1pu H3ruGe pemus TONMUHON § HA LIKHUBe
nuaMetpa [} OTHOCHTENbHBIE YAJHHEHHSA
HADYMHHX BOJOKOH TI0 TeOMeTpHUECKHM
ycnoBHsIM paBubt 8 /0. Hanpaxenus uaru6a
B MPeMNOJOXKEHHH TOCTOSTHCTBA  MOILYJA
yupyroctu E.

8
0H=E_D B

YToyHeHHBIE pacueTs! BEAYT [0 ONACHHM
BOJIOKHAM KOPJAA, YYHUTHIBASl KPUBH3HY PEMHA
NpH H3TOTOBRJEHHH H T. .

Moayas  ynpyroctH paGoTaBIIXX  peMHeid,
a4 TAKXKE HCOBITAHHBIX MOCJE MpeiBapHTEe/bHOro
AJATEeNBHOTO HarpyaeHHsi 6ojblle, YeM HOBBIX.

3HayeHnss MOAYJAfA YNPYrocTH peMmHeH oM.
B§ 1424 14.3.

[lpu pacuere npuBefeHHOH KpyTHABHOIH NMOmAT-
JUBOCTH PEeMeHHOH [epefays HEOGXOOHMO Y4YH-
ThIBATb, YTO TOJBKO MMOJOBHHA OKPYXHOTO yCHJHS
HIET HA YyBeJAWYeHHe HArpy3kH BedyuleHd BETBH,
8 NOMOBHHA — HA pPAasrpy3ky BeJOMOH BETBH.
Toraa KpyTH/IbHAfA NOAATIHBOCTb {(yroJ, B pajHa-
HaX, OT MOMeHTa, paBHOro eJHHULE)

{
€= 2r’E Az °

rae { — pauua paGodeil BeTBH; r — pafinyc UIKHBA;
E, A u 2 — cOOTBETCTBEHHO MOJIYJb YNPYrOCTH,
nionagk ¥ YHCJAO pemMHed.

CyMMapHble Hanpsikeudss B peMHe (puc.
14.8):
a) B BeAylie# BeTBH
F, ‘
=7 Tow

6) B BeAoMO# BeTBH (MHHHMaJbHbie HA-

NPSKEHUS )

Fo
Omin= "7t Ou

B) MAKCHMa/IbHblE HANPSKERHA Ha Ayre
MOKOsA BeyHIero Mafioro IHKHBa

Puc. 14.8. dmopa cymmapsbix HampsixeHuit
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F
Umax:T+G“+Gu.

DT0 BHIPAaXKeHHE HCNOJNb3YIOT B pacyerax
Ha AOJITOBEYHOCTD,

Kak noKaszaHo Ha 3niope CyMMapHbIX Ha-
npsxeHud B pemue (puc. 14.8), B Mecrax
HabGeraHuA pemMHedl Ha WKHBbH W cGeraHus
peMHeH He NPOHCXOAHT PEe3KUX CKAYKOB Ha-
npfi>)KeMHH, TaK KakK pPeMHU TOCTerneHHo
MEHST paAuyChl KPHBH3HbI.

§ 14.9. PACHET PEMEHHbBIX
NMEPEAAY 1O TATOBOH
CITOCOBHOCTH H PACYET
NJIOCKOPEMEHHbBIX IEPEOAY

PacyeT ocHOBaH Ha KpDHBBIX CKOJbXeHHS
(puc. 14.9), Koropble cTpPOSAT B KOOPAHHA-
Tax: KO3(hPUIHUEeHT TArd ~— OTHOCHTEJbHOE
CKOMbXeHHe, KosdgpULUHEeHT TATH

. Fi . F, _ Of
= F XA T B3F, T Bo,.

XapaKTepHu3yer

ypoBeHb Harpy3ku nepeaayu. Orciona Hanps-
JKeHHe B PeMHe OT fnepefaBaeMOH HarpysKu
Op = 2009.

OTHocUTeIbHOE CKOJIbKEHHE
AL
[43] By
rieé vy K Uz — OKPYXHBbie CKOPOCTH Ha
BeAYUIEM H BEAOMOM LUKHBAX.

KpuBble CcKOJibXKEHHA MOJAY4aioT 3KcIepH-
MEHTAJNbHO: NPH MOCTOAHHOM HATSKEHHH
Fo mocTemeHHO TNOBLIMIAIT NOJie3Myl0 Ha-
rpy3ky F: U HU3MepHAIOT cKoJbXKeHHe E.

);% 4 f‘\\ d
a0 // Hgs
L 96
8,02 g %"ﬂ.‘;
2,01} ¥
N 3

0 81 41 45 449,05 Q8¥mry

Pue. 14.9. Kpusble ckonbxkenna u KILI

Jlo HeKOTOpOro .onpeneneHHOr0 KpUTHUE-
CKOro 3HaueHUA KO3(P(HUIHEHTA TAMH
CKOJIBXKeHHE § BbI3bIBAeTCA YNPYTHMH Aedop-
MAalHSAMH PeMHA, KOTOPbIE TPONMOPLHOHATBHLI
KO3 pHUHEHTY TACH, T. €. HArPy3Ke, H KPH-
Bafd CKOJbXKEHHA HMeeT COOTBETCTBEHHO
MPAMOJIMHEHHBIH XapakTep.

IMpu panbHediiem pocTe HAarPy3KHM BO3HH-
KaeT AONOJIHHTENbHOE MPOCKaJib3bIBAHHE U
CyMMapHOoe CKOJib)KeHHe Bo3pacTaeT ObICT-
pee, ueM Harpy3ka. 3aTeM KPHBAs CKOJb-
XKEHHA pPe3KO NOJHHMAeTCA BBepX W MNPH He-
KOTOpPOM MpeaejbHOM 3HauyeHHH KO3(hu-
LHeHTa TATH Y, HACTYNAET MoJiHoe B6YKco-
BaHHe.

KIId nepenaun, kak oG6bIUHO, BHAuaje
pacTeT ¢ pPOCTOM HArpy3KH Bc/elCTBHE
yMeHbUIEHHA BJAHAHHA M[OTepb XOJOCTOrO
xoaa. OH pgocTHraeT MaKCHMyMa B 30He
KPHTHYECKOTO 3HaYeHUA KOS QUL HEHTA TATH,
a MOTOM HaYWHAeT majaTb B CBA3H C AONOJ-
HUTEJIbHBIMH TNOTepAMH Ha OyKCOBaHHe.

Kpusble ckonbxenud 0 KIT/] nokasbiBaiorT,
UTO OMTHMAJIbHAS HATPy3Ka PeMEHHbIX mepe-
Aau JEeXHT B 30He KPHUTHUECKHUX 3HauyeHHH
Ko3dduuHeHTa TACH, rae HauGoaee BBHICOKHH
KITA. TIpu MmeHbwMX Harpyskax fepenada
Hegoucnoab3yetcs. [lepexon sa KpuTHueckoe
3HaueHue Ko3p¢pHUHEHTA TAMH AONYCTHM
TOJIbLKO NPH MNHKOBBIX Harpyskax H BecbMa
KPATKOBpeMeHHBIX neperpy3kax. Pabora B
3ToH 06J1acTH CBfi3aHa C MOBBILEHHBIM
H3HOCOM peMHs H NOTepe# CKOPOCTH.

OCHOBHbIE HCNBITAHUS PEMeHHBIX nepenay
C NOCTPOeHHEM KPHBHIX cKoMbxeHusa 1 KITL
NPOBOAAT AJIAA THNOBHIX ycsoBui: v=10 M/c,
a=180° 6/d anAa naockux peMHed wu3
TPaAMUHOHHHIX MaTepHanoB Gepyr 1/25, a
U3 cHHTeTHuyeckux 1/100 (8§ — Toamuna
PeMHf); 3KcOepPUMEHTAJbHO YCTaHOBJIEHH
TaKXe BJHAHHE YCAOBHH paborhl, yrJa
06xBaTa, CKOPOCTH M APYyrux (paKTOpOB.

CpenHue KpUTHYecKHe 3HAUEHHUA KOI(D(H-
LIMEHTA TATH Y« YCTAHABJAHBAIOT MO 3KCTEpH-
MEHTAJIbHEIM JaHHBIM: AJs [pOope3HHeHHbIX
H KOxaublx pemHe#r ~ 0,6, aaa xaondaTo-
6ymaxHbix ~ 0,5, nna cuatTeTHyeckux 0,45...
0,5.

[ Mpope3sHHEHHBIX KODAHLIX H PEe3HHO-
TKAHeBbIX peMHEH ... /¢, pasdo 1,15...
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14.7. DonycKaemoe HamnpsKeHWe op, OT Nepepa-
BaeMofl HATPY3KH CHHTETHYECKHX peMHeﬁ Gy

Ycaosee paGoTn nepegaun oo, MIIa log],
MIlla

[Mepuoguueckoe  peryHpo- 4 5
pauve npu d,/6< 80 5 6
ABroMarHueckH obecneym- 7.5 8,5
BaeMoOe TOCTOSAHHOE HATA-
Meune npH d, /6> 80
ABTOMaTHUECKH Pperyjiupye- 10 10,5
MOE TNEPEMEHHOE HATAMEHHE
npu d,/8> 80

1,3, ana xJomuaTo6yMaskHBIX 1eJbHOTKaHbIX
1,25...1,4, ana koxaunwx 1,35...1,5.

PacyeTs pemMenHBIX mnepepady
#H#a TACOBYW0 CNOCOOHOCTB TMpOH3-
BOAATCA N0 HANPAMKEHHUIO Op=F:;/b§ wnnu
0 yAeabHOHd Harpyske p=F;/b, KoTOpHIe
YCTaHABAMBAIOTCA MO 3KCHEPHMEHTATbHBIM
KPHUBBIM CKOJIbXEHHHA,

HAna cUHTeTHYeCKHX peMHed B Opejenax
roamwHe 0,4...1,2 MM ycTaHOBJieHbl Clienyw-
fIiie 3HauYeHHs JACNYCKAeMOro HanpsxKeHuf
P 3aBHCHMOCTH OT HA4YaJbHOTO HanpsKe-
AUl o9 (Taba. 14.7).

¥YnenprHnasi aonyckaemas Harpyska, H/mwm,

[p) o= [0F] 6.

HAna pe3suHOTKaHeBLIX PeMHel, HMEIOIUIHX
i cl10oeB, BHayase BbIGUPAIOT yASMBHYIO CHIY
HayaLHOIO HATFXKEHHS, OTHECEHHYIO K OA-
HOMYy CJOI0 TKAaHH B K eAHHHKUE MHIHPHHBI
pemMHs Sqi = Fo/bi. [laa nepenau c Haraxe-
HHEeM CUJIaMH YIPYTOCTH NPH MAJIOM MexXoce-
BOM pacCTOAHHM H yIJe HAKJOHa fepeaayH
Gonee 60° S =2 H/mMm; npu ToM Xe cno-
co6e HATAXKEHHA, HO GoJbIIEeM MeXO0CeBOM
PACCTOAHHH H YIJle HaKJOHA MeHbule 60°
S01=2,25 4 npr aBTOMATHYECKOM HATHKE-
HHH Sm=2,5.

Jonyckaemyio yaeNbHYIO OKPYXKHYIO CHIY
[P)o (H/MM) npu HavanbHBIX HaNpAXKEHHAX
Su=2 H/mMM npuuumawr no rtaba. 14.8.

Honyckaemas yaelbHAs OKpYXXHAfd cHaa
IPH HaYaJbHBLIX HANPSIKEHHAX Sgi, paBHBIX
2,25, 2,5 1 3 H/MM, YBeIHUHBAECTCA COOTBET-
ctBeHuo B 1,08, 1,18 u 1,32 pasa. Haa pe-

14.8. Hdonyckaemass yaenbHas .onpy;xuasl cHaa

[plo  peswwoTkamesnix pemmuedl Ha GeabTuura
BKHA-65 u B-820 npn So; =2 H/mm
Huamerp YzenbHan
Thn pemun majoro Wwku- | OKPYXHAR
Ba d|, MM cuaa [po,
! H/Mm
100 2,5
KopAlwHypoBH it 180 4,5
=220 6,5
TraHeBbi:
ABYXCJAONHBIH 80 5,0
100 5,2
=125 5,3
TpeXxcMOHRHbH 125 7.1
160 7,3
=200 7.5
YeThl peX CJIOHHbI i 180 10,2
224 10,5
=280 10,7
MATACAOHHBIH 250 12,7
315 13,0
=400 13,2

3MHOTKAaHeBbIX peMHeH ¢ OCHOBOH H YTKOM
u3 cunterudeckux Huteii TA u TK 3naye-
HUA [po] Bble. 3HaueHHus [Po1] HA Kaxab#
COH JIoNyCTHM B npefene ao 1 /15 npounocru
CJTOAL.

3uavennsn [po] ANA KOHEUHBIX KOPALIHY-
POBBIX peMHEH B 3aBHCHMOCTH OT TOJIIIHHLI:

6, MM=22.3,1 3,5...4,5 5...6

[po], H/Mm= 15 6,5 8,5

Ina Koxaueix pemHedl [op]o=1,7, ann
xnomuarobymaxkuux 1,5 MIla.

BiHAHHE OCHOBHBIX apaMeTPOB Mepepauy
M YCJOBEH paGOTHl YYHTHIBAIOT KOPPEKTH-
PYIOLIHMH KO3Gh(HUHeHTAMH, C [OMOUIbIO
KOTODbIX HaXOAAT PACYETHOE AONYCKAeMOe
HanpsixeHHe [op] U nomycKaemyio yaennnyio

Harpy3ky [p] B AeHCTBHTENBHBIX YCAOBHAX
paboThl;

[0r] =[or}oC u [p] = [p]oC,

rae C=CoCoC,C,.
Co — K03pPHUHEHT, YUHTHIBAIOWHH YCa0-
BHA HATSXXEHHA peMH M PACNONOKEHHE
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14.9. CkopoctHoH Koapduunenr C,

C, TpH CKOpOCTH peMus, M/c

Pemun
| 5 10 15 20 25 30
O6LIKHOBEHHBIE TIOCKHE 1,04 1,03 1,00 0,95 0,88 0,79 0,68
[110cKHe CHHTETHUYECKHE 1,03 1,01 1,00 0,99 0,97 0,95 0,92
KauHoBbie 1,05 1,04 1,00 0,94 0,85 0,74 0,60

nepefadyd. B mepepauax ropM3oHTAbHHIX K
6/H3KKX K HHM YBeJHUYEeHHE Macchl peMHsA
yJy4llaeT YCJOBHA CLUEMJEHHA ero co LUKH-
BAaMH, B iepeayax BepTHKAMbHbIX H OJH3KHUX
K BEPTHKaJbHBIM — YXYy[lIaeT yCAOBHS CLen-
JEHHS ero ¢ HHKHHM WKHBOM. [lna nepepau
¢ AaBTOMAaTHYECKHM HATAXEHHeM peMHs rpy-
soM Hau npyxudo#t Co=1. i nepepau
¢ NepuUoAHYECKHM MepeTArdisaHHeM peMHA
MPH yIJie HAK/JOHA JIHHUHM LEHTPOB fepeAadH
K ropuszodty 0..60° Co=1, npu 60...80°
Co=0,9, npu 80...90° C¢=0,8;

Cp — K03 buuneHT pexuMa pabOTHl TPH
ofHOCMeHHOH paboTe, paBeH |, ABYXCMeHHOH
0,87, Tpexcmennost 0,72;

Ca — K03 bHUKeHT, YUHTHIBAIOWHHA BJHA-
uue yrjaa ob6xsara. C yMeHblleHHeM YyTIJa
o6xBara o TAropas cloco6HOCThL Nepeaad
noHuxkaeted: C,=1—¢cq(180—a); ann
WIOCKUX peMHeH cq,=0,003, na8 KJIHHOBBIX
npyu a=150...180° ¢,=0,0025; TouHee H
BO BceM AHanmasone AN KIHHOBBIX Cy==
—=1,24 (1 —e~ "), and  NONHKIMHOBBIX
Co=1,37 (1 —e~ /13,

C. — ckopocTHO# Ko3(HIIHEHT, BBOJHMBIH
Ans nepenad 6e3 aBTOMATHYECKOI'O PerydH-
POBAHHS HATSXKEHHS PEMHS H y4HTHIBAOIMH
ocnablieHHe CUEIVIEHHS peMHA €O IIKHBOM
noa AedcTBHEM LEHTPOOEXHOH cHJIH C,=
=1—¢,(0,010°—1) (1aba. 14.9).

Jlna miOCKMX cpefHeCKOPOCTHHIX peMHe#H
M3 TPagHIHOHHBIX MaTepHasnioB .= 0,04,
AN OBICTPOXOAHBIX: Tpope3duHeHHbix 0,03,
xjaomyarobymaxkusx 0,02, cHHTeTHYECKHX
0,01; ansa xauHoBuix 0,05.

Kak nokasbiBaioT 3KCNEpUMeHTHI, TNpoY-
HOCTb CLENJeHHS peMHA CO LIKHBOM 3aBHCHT
OT orHouieHua §/d;, nostTomy AonycTHMbie
. NoJie3Hble HATPHAXKEHHA B MIOCKHX CHHTETH-
YeCKHX H Ppe3UMHOTKAHEBBIX H KJHHOBBIX
peMHsX JaloTcsl B 3aBHCHMOCTH oT 8/d..
Jins Apyrux pemuel BBOAHTCA K03¢pdUUHEHT

Cs, paBHbIM JJiA KOXaHbIX peMHed 1,6—
— 15 8/dy, ansi xaonuato6yMaxubix 1,4—
— 10 &/4d,.

OxoHyaTe/bHO NoJiHble (¢ yueToM Ko3dhdu-
NMEHTA AMHAMHUHOCTH) CHJbl F;, KOTOpble
MOTYT MepeAaBaTbCsi PEMHSIMH, PACCUYHTHI-
BAlOTCA MO JONYCKAEMOMY HanpfixeHHIO
[0f)lo uam no ypeabHo# Harpyske [po):

F:ZA [O-F,] Cwu Ff=b [p]oC

[Ipu npoekTHpoBaHUH nepeaad mo Tpebye-
Moil OKpyxHo# cune F,=2Ky-10°T\/d,
COOTBETCTBEHHO onpejeasiercd mnotpebGHasd
naowajib peMHsa A, MM, UM UIMpHHA D, MM:

A — Fi Cp— Fi
TorJoC > =7 ploC

§ 14.10. KOMMJEKCHbIA

PACYET PEMEHHBIX MEPEJAY

HA BbIHOCJIMBOCTbL H THATOBYIO
CMMOCOBHOCTb. PACYET
KJIMHOPEMEHHbBIX MEPEAAY

Hpess pacuera cocToHT B cliefyooueM.
3anucbiBaeM Bhipaxeuue AJisE MaKCHMaJb-
HOTO HANPSXKEHHS O,,, PEeMHA:

Omax=— Ot +0H+ Oy,

rae o) — HanpsiXKeHue pacTAXKEHHS B Bely-
leH BeTBH PEMHS; 0y — HANpsKenHe Haru6a
Ha MaJOM [IKHBE;, Oy —— HANpsixKeHHe OoT
LEeHTPOOeXHBIX CH.I.

3aTeM 3aMeHAeM 0O.,, Ha IpefcabHOE
HanpsKeHHe 70 BBIHOCJHWBOCTH Ha OCHOBC
YPaBHEHUA KpPHBOH ycTajJocTH Benepa
0'gaxjvzc HJTH 0'ma)(:C/}Vl/m’ rae N —
ofliee 3KBHBaJeHTHOE UHC/AO UHKIOB H3Me-
HEHHA HaNpsXKeHHH U3 pacyeTa 710 [Ba
LHKJAa 34 OAHH npoder peMHs.
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HanpsxeHue o) BbipaxkaeM 4epe3 Hanpsi-
KeHHe Oy OT TepejaBaeMOH HarpyskH M3
YCJAOBHA TIPOYHOCTH cUEIVieHHsl no JHsepy:

q.

01:0}7: q——l

*

rae g=e'®.

Hanpsiikeune o,=2 Ey/d., rpe y — pac-
CTOAHHE OT HEHTPAJbHOH OCH 40 ONacHOro
BOJIOKHA; d. -— 9KBUBAJIeHTHHIH  AHaMeTp
INKHBA. _

Hanpsixenwe o,=10"%¢?, rae y—
MJOTHOCTL MaTepHajia pPeMHs, KIr/M”.

M3 s10ro ypaBHenust mojydaem Beipae-
HHe OJf pPACUYeTHOTO HANpAXKEHUH
Of, YAOBNETBOPSIOUIEr0 YCJHOBHAM Mpod-
HOCTU U TATMOBOH CIIOCOGHOCTH:

_gq-17 C 2Ey 9 Aﬁ]
Or= "4 [Nlm—— 7 yve-10 .

O6mee 3KBHBAJNieHTHOE YHCJAO LHMKJOB HA-
rpyxenuit N=2.3600v L,, rape v — 4actora
npoferos pemus v/L, L, — nndna pemus,
L, — pacyeTHBIH pecypc peMHA.

JKBUBAJMEHTHHA fAHaMeTp WKHBA d.=
=d,K,, rae K, — kos3bduuueT, npejnasna-
yeHubtdi no ISO ansa ydyeta pasuoro Hamps-
xeHud H3ruba HaA WIKHBAX mepejadd (Ha
OCHOBE THNOTE3bl JHHEHHOI0 CYMMHPOBaAHHS
ycTaNiocTHBIX nospexaenuit), K,=x1,14—
0 14213 01—

Pacuer xJiHHOpeMeHHBIX mnepepay perJa-
meHTHposan ISO, B HEM IIpUHATO m=3J,
Ly=24 000 u u coorpeTcTBeHHO N =173X
X 10% v, paccroauue ot nefiTpaabHOM OCH 10
Haubo/see YAANEHHOTO BOJOKHA BBbIPAXEHO
yepe3 OCHOBHOH mapaMeTp ceucHHdA by.

COOTBETCTBEHHO pacuyeTHOE Hamnpf-
xenue, Mlla, '

0r,=5,65/v""—6 65 /d,— 102,

Jaa y3kux peMHeH KpHBBblE YCTajJOCTH
Jiydilie anipOKCHMUPYIOTCH NPAMBIMH B MOJY-
JIOTApH(MHUECCKOH CHCTEME KOOpPAHHAT.

CootBeTcTBeHHO O, +alg N=C.

[Tpy m==5u L,=240004 pacueTtHoe
HAaNpsixXeHHE

or=1(27,1—511gv)b;"**' —49b,/d, —
—1,12. 10 %02,

JlonyckaeMoe HamnpsixKeHHe AJsA pPeMHeH
HOpMaJibHbIX ceueHHR H Y3KHX B peasibHbIX
YCJOBHAX IKCTIIIyaTaluHH

[6r) =0pCulyp

rae €, — Ko3(ppUUMEeHT BIHSHHA yrjaa ob6-
xpaTta; Cp, — Ko3(pULHEHT pexkHMa paboThi
(cm. § 14.9).
BiufiHMe CKOPOCTH H JHAMETp WIKHBOB
YUHTBIBAETCA B MCXOAHOM YDaBHEHHH.
UHciao peMHed

Fy

2= ——,
[UFI]AICZ

rpe F=2K;T,/d\ (cM. ¢. 287); Kospdbuuu-

eHT C, y4uThIBAaeT HEpaBHOMEPHOCTh pacipe-

JeNeHUs HATPY3KH MeXAY PeMHAMH:

. . | 4...6
c: . . . . . . . 09 0,9

> 6
0,85

HOnsa eoibopa (., yHcAOM peMHed mpen-
BapUTe/IbHO NPUXOAUTCH 3aAaBaThCA.

OTH (opMyJsibl AOCTATOYHO YAOGHBI Aist
pacueTa Ha MallHHAX M KaJibKyJsATOpax.

B I'OCT 1284.3—80* npepycMaTpuBaercs
topMa pacueTa HA TOH e HAYYHOH OCHOBe
no TabJilIlaM MO HOCTeH P, KOTOPbIE MOXKET
nepeAaBaTb O/HH peMeHb TpOCTOH ABYX-
IIKHBHOH Mfepefayd npU [JAaHHOH CKOpOCTH
H JAHHOM JHAMETpPE MaJOoro [KHBA npH ¥ =1,
a=180°, aaune Lo, pecypce L, U CIOKOHHOH
paGote. Tabamubl Py MOXHO 33aMEHHUTH
rpacukamu (puc. 14.10).

MoOIWHOCTb, KOTOPYIO MOXeT fepefaThb
OJIHH peMeHb B peaJibHbiX YCJOBHAX,

(P1] = PoC.C,C ,Cu.

Kosdpdpuunentnl yria ob6xeata C, U pexuma
Cp cM. B § 14.9; koadp¢puLUUERT AAHHBI PEeMHS
C,=4%L/Ly; Xo3pPpHuIUEnT nepenaToqHoro
4Mcaa, YYUTHIBAOIMHA YMeHbUIEHHbBIE HANpS-
XKeHusd H3ruGa Ha GoJsibIeM UIKHBeE:

u=1... 1,1
C.=1...104

[}

Heo6xonumoe uneno pemuent

PKpg

£ = —H—[PI]Cz .
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Py, kBm * Py, KBm —
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= Puc. 14.10. 3uauesns Py a5 KIHHO-
04— BLIX PeMHEH C ceyeHHsIMH:
J 0 20 v 1fe a—A n O, 6—Bb u B, 8 — y3kue
J KJIHHOBHE DEMHH
§ 14.11. PACYET Pacuernasa cuaa, nepepaBae-
TMOJIUKJIMHOBbLIX PEMHEH Masd OAHHM pPe6GpPOM B peanbHHX
YCJIOBHAX,

Pacuert no croe#t OCHOBE aHaJIOTH4eH pac- Fi = FoCaloCaCr
yeTy KJIHHOBBIX peMHeH, ofecneydBaer npoy-
HOCTb DEMHSl M MPOYHOCTH CUEMJI€HHS cO  Ae Coa=1,37(1 —e—2/1%),
WKHBOM. HuxKe, B COOTBETCTBUH C JAHHBIMH ¢ =TT
HHUHPIL, pacuerst mpuBesenn B HECKOJBKO ‘ LT ’
ylpOuleHHOH dhopMe. [MapaMeTpbl HOJIHKJIHHOBHIX peMHed:
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Ceuenne Fy, H C. — K03 PHIHEHT Ca — ko3ppuusent’ Lo — Gasonan g — TOTOHHAanA
CKOpPOCTH nuame'rpa ATHHA pEeMHA, Macca OIHOTO Knii-
MM Ha, Kr/m
K 23 1,086 — 0,013 2,38—55/d, 750 0,09
J1 83 0,908 —0,015bv 2,95—155/d, 1500 0,45
M - 285 0,910—0,0167v 3,04 —328/d, 2000 1,6

Heob6xoaumoe uuciao pebep ¢ nocsienyio-
KM OKpyIJeHHeM

Z=F¢/F|.

HauanbHoe HaTsixeHHe DeMHA

F, =078 F,/Co+qzv?,

rpe ¢ — noroddag Macca OoJHOIo KJ/IHHA.

§ 14.12. CHJIbL,
AEACTBYIOLHE HA BAJIbI,
W MIOTEPH B PEMEHHOR NEPEJAYE

C u i bl, BO3HHKAIOIIHE B peMeHHOH Mepe-
naye, HeoOGXopHMO 3HaTb AJA  pacyera
BAJOB, ONOpP U LUKHBOB.

[1puHUMalOT, YTO MaTepuasn peMHeld cne-
nyer 3akoHy I'yka. Toraa noc/ie npuioxeHus
- NOJIe3HOH HArpy3KU CyMMa HaTsKeHHH BeT-
Be# 0cTaeTcHd nocTosiHHON. [leficTBue LeHTpo-
6exxHOH CHJIbl B YOPOILEHHHIX pacyeTax He
YUHTBIBAIOT, TAK KaK OHA yYPaBHOBELIHBAETCs
B peMHe M MOXeT Bbl3BAaTh JHLb Pa3TpPy3Ky
BaJIOB.

Ecau BerBH pemHuel napasnenibHBl (nepe-
JaTO4HOe OTHOLeHHe OG6JIM3KO HWJIH pPAaBHO
eaHHHue), cHia Fy Ha Basbl paBHa ABOH-
HOMY Ha4aJbHOMY HATAMEHHIO peMHs:

FZ =2 F0=2 U()A,

MIla;

TA€ O *- HAyaJbHOE HAaNpPsKeHHe,
A — nnowanr cevyenus pemHsa, Mm .

Puc. 14.11. Cxema cun, nefi-
CTBYIOIMX HA Ba/Jbl B PEMEH-
HBIX nepejauax

Ecau BerBM pemHeill He napaneSbHbI
(nepeaaTOYHO® YWCJO He PaBHO E€AHHHIIE),
CHJAY HA Ba/j OMpefeNiAlOT NO TPEYrOJbHHKY
OAB (puc. 14.11):

FZ=-\/F?+F§+2F1F2005? zQFocos-;-.

[TpubamKeHUe TeM cnpaBen/iuBee, ueM U
6/1uxke K enuHuue. B nepegayax 6e3 perysu-
POBaHHA HaTAXKeHUA ero O6LIYHO YCTAHABJIH-
BAOT ¢ 3amacoM, W OHO coxpaHfiercl MO
BuiTArHBaHusl pemus. [TostoMy npu pacuete
MaKCHMAJbHBIX CHJ HA BaJbl PEeKOMeHAYIOT
pacyeTHoe Hauya/lbHOe HarsixkeHHe Fg u ua-
npsixeHHe og yBeJIMYMBaTbL B 1,5 pa3sa.

ITorepu MoOWHOCTH COGCTBEHHO B
peMeHHBIX Nepefauax CKAaAbIBAIOTCA M3 MO-
TePb:

a) OT CKOJbXXeHHAl pPEeMHS [0 LWKHBAM;

6) Ha BHyTpeHUHEe TpPeHHe B peMHe;

B) OT COMPOTHBJIEHHA BO3AyXa JABUXKE-
HHIO PeMHS1 H LIKHBOB.

ITpu cpenHux ycioBusX paGoTH pacyeTHbIe
3HaueHur KIIIl n o6blyHO npuHuMAalOT ANA
JIOCKOpeMeHHbIX nepepau pasHeiM (0,96, a
AJA KJHHOpPeMeHHbIX B CBA3H C TOBLIIHEH-
HbIMM MOTEPSAMH Ha CKOJIbXKeHHe peMHel
NO IIKABAM H Ha BHYTpPeHHee TPeHHE B peM-
HAx 0,95. TTpu He6MaronpUATHLIX YCJAOBHAX
paboThl: MaJblX AHAaMeTpax WIKHBOB (3Ha-
uyeHusXx d/8 MeHblle peKOMeHAYEeMBIX), npée-

AEAbHHIX CKOPOCTAX peMHeH WIH HX mepe-
Ts:KKe KIIJ moxer cHuxaTsbes ao 0,85,
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§ 14.13. MTOPALOK
NPOEKTHOIO PACYETA
NJOCKOPEMEHHBIX MEPEAAY

|. BuifHpaOT THO peMHs.
2. Onpegensior gHAMETPH IIKHBOB, M:

3 [ p
di=(011...0,13)"\/ —, de=ud,/ (1—8),

rae P — momuocts, Br; 7 — yacTora BpauieHud,
MHH .

3ateM [pOBepHIOT CKOpPOCTL pPEMHA H MpH
HeOOXONHAMOCTH KOPPEKTHPYIOT nHamerp LWKHBA.
Jast ObICTPOXONHBIX H MOMHBIX Mepenad ueeco-
06pa3Ho 3ajaBaThCcd ONTHMAJBHOH CKOPOCTBIO
PEMHA H NO HeH ompenessiTe AHaMeTpHl LIKHBOB.
Jsi BCTpPOeHHBIX Mepejiad NpH HEOGXOAHMOCTH
MHHHMaJbHbIX ralapHTOB 3a7aloTcsi MHHHMAJb-
HOH TONILIHHOH peMHA H BbiGHpaloT d, B coOT-
BETCTBHH C MHHHMAJNbHO JOMYCTHMBIM OTHOLlE-
nueMm d_. /6.

3. Bufupaior MexxoceBoe paccTOHHHE B COOT-
BETCTBHH C TPeOOBAHHSAMH KOHCTPYKLHH MaLIHHBI
H MpOBEPAIOT YroJ o6XBata Ha MaJiOM UIKHBE.

4. OnpenensloT MAOIWAAD U [IHPHAY PEMHA MO
TATOBOH cnocoGHocTH. Pacuer npHxoxMTca BecTH
NyTeM MOCAEeNOBATE/NBHLIX NPHONHMKEHHH, 0OBIYHO
3ajaBafchk OTHoweHuem d /8, pasHbimM (d/§)
HAH OJIH3KHM K HEMy. '

5. Tlpopepsior coorBercTBHE TPeGyeMOro peM-
HA CTAHNApPTaM H PaldOHAJNLHOCTB BHGPAHHOrO
BapHaHTa no raGapHram nepejaus. .

6. Onpenensior cHBI, AeHCTBYICIHE HA BAJH.

min

§ 14.14. NOPAOK
MPOEKTHOTO PACYETA
KJINHOPEMEHHbBIX MEPEJAY

1. Beibrpator 1o taba. 14.3 npoduab peMHs
¥ aguaMerp MaJjoro IIkHBa. DBoabmme pasmepn
npodH.as B TabnaHlle COOTBeTCTBYIOT §0Jiee THXO-
XONHLIM TlepesauaM H HAOBOpOT. '

2. TpoBepsitOT CKOPOCTE pEMHA H COIOCTaB-
JAAIOT €€ ¢ NUTHMAaJBHOH.

Hansi 6GLICTPOXOAHBEIX H MOILMBIX Mepegay mpH
OTCYTCTBHH HECTKHX TpeboBaHHR K rabapuram
peaecoodpassn BLIOHPATh ONTHMAIbHYIO CKOPOCTh,
N0 HeH onpeeasTh NHAMETP MaJioro UIKHBA H
saTem 1o 1afi. 14.3 npoBepaTh, 4T06LI OH HE Bbla
MCHBLILIE MUHHMAARUO ROMYCTHMOrO.

3. BoiGupaoT MeKOCeBOe paccTosiHHe B COOT-
BETCTBHM C KOHCTPYKiHeH MawHHBl B peKOMEeH-
NYEMBIX. AJIA KJIMHOPEMEHHLIX [Epenay npejenax.

4. Oupepeasior ANMHY pPEMHSI, OKPYMISIOT ee
A0 Ganxaiiuero CTanJApTHOrO pa3Mepa H onpe-
AEJSIOT  YTOUHEHHOE MeXKOCeBoe paccTOsIHHE.

5. Tlpu pacuere no [SO onpegensT npeacib-
HOE HOMHHAJNbHOe HAMPSIKEHHE M AOTYCTHMOE

Hampsixenne [G6] B peatdbHBIX YCAOBHAX, a 1o
HeMy uHcao pemsei. ITlpa pacyere no I'OCT
1284 3—80* B rpaduueckoil dopMe oNpegesioT
mo puc. 14.10 momHOCTE Po, KOTOPYIO MOXKET fie-
penart OJHH peMeHb B THMOOBBIX YCJIOBHSIX,
MOTOM MOILHOCTL [P] B peanbHbIX YCJAOBHAX
# norpe6HOe 4HCJA0 peMHEH 2.

6. Ouen#BalOT panHOHANbHOCTb MOJYYEHHOro
BapHaHra no rabapuraM H YHCAY peMHeH.

7. OnpepensioT cuibl, 1EHCTBYIOLIME HA BAJBL.

§ 14.15. PACYET
KJHHOPEMEHHbBIX NMEPEAAY
HA 3BM

B cBsi3u ¢ TeM, 4TO pauHoHAJbHbLIE NMapa-
METPHl peMEHHbIX fTepeay B HacTOsLuee Bpe-
Msl MOXHO ONpefieSIUTh TOJNLKO METOOM Io-
ClEA0BATENbHEIX APUOJHXEHHH, [eIecoot-
Pa3HO HUCMOMb30BATH AJNTOPUTM C IHKJIH-
yecKOH CTPYKTYpoH KaK Haubosee 3KOHOMHU-

7
(  Ayex )
— 7

Gemr,Lem Popmupabanue naveubol
Ao umd || e asdapmsstx napanem-
a g e 208 negeday
P’ 1, H: al

Fy ¢, Zmax

Luxn nd a3meserure ce-
venud penuR

g knunalorx yaxex i =74
A28 ndruxaunalsix =13

Quun g u3MeHeryte dua-
sempalf wikubold

-Unpeﬂmmae aapamemipolf
nepefayu u nonpa Bovrsix
an:?gt puyuenmol

flepe dabaerman mougrocnio
p”=2[§:c ]A,é'zv (ﬂﬂfSﬂ)
T pn=Z[ij6'zV{ﬂ0r0£|r)
Pp=zFyv (389 ORUKAUHG-
Fo1x penred)

pEIYRSIMATION
pacyema

dhdz,...

b
dcmanolf

Puc. 14.12. Cxema anropit™ma pacuera KJIHHOpe-
MeHHBIX nepegad na IBM
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HOH ¢ TOYKH 3peHHs ob6beMa NPOrpaMmsl,
Bo suemneM ulk/Je opraHusoBan nepebop
ceuenufi peMHsa (cuMmBoJsibl AefictBuf 4.9
Ha cxeme ajroputMa puc, 14.12). INocneno-
BaTeNbHbIH mepe60p cTAaHAAPTHBIX AHAMET-
POB MaJIOro UIKMBA, HAYHHAH ¢ MHHHUMAJBLHO
BO3MOXXHOr0 AN AAHHOTC CceyeHHsd, MO3BO-
JSIeT Olipele/IMTh reoOMeTpHuecKHe pa3Mepbl
fMepejayd M HeoO6XOQUMOe UUCAO0 pPEMHeH.

[lepexon k criepywomeMy LIary ocyile-
CTBJSIETCS, €clM YHCIO pPeMHeH oKaxercs
6oJbLiIe MAaKCHMANbHOTO, 3a1aHHOTO B HCXOA -
HBIX AAHHBIX, UAH MeHblle ogHoro. O6LIYHO
pe3yabTaThl pacyeTa CONEpPXKAT OT TpexX Ao
BOCbMH BapHAHTOB nepenauy, ofjajatolHX
HaWMeHbIIMMUH rabaputamu. HcxonHbiMH
 JAaHHBIMH [Ji1 pacuera fABJSIOTCH MOULHOCTb
“'Ma BefyllleM BaJjly, 4acTOTa €ro BpalleHHs,
‘Heo6X0AuMOe nepefaTO4YHOe YHCIO H MEexX-

§ 14.16. MEPEJAYH
3YBYATbIMH PEMHAMHU

3ybuatete peMau (OCT 38 05114—76)
BBHUTOJIHAIOT GECKOHeYHbIMH MJIOCKHMH C BbI-
CTynaMi Ha BHYTPeHHeH NMOBEDPXHOCTH, KOTO-
phbie BXOAAT B 3aleneHue c 3yObIMH Ha
mKuBax {(puc. 14.13). JloctouucTBa nepejad.
OTHOCHTEJIbHO MaJble raBapuThl, OTCYTCTBHE
CKOJIbXXEHHU S, BO3MOXHOCTh 6OJILIIHX mepeaa-
TOYHBIX uHces, Bbicoku#t KI1/l, manble cuanl
Ha BaJibl H ofopul. [lepenaBaeMble MOHOCTH
M3MEHSIIOTCA B LIMPOKOM aAuna3zoHe., Tak,
BBITYCKAOT peMHHU AJif nepenayd
momiHocTH A0 200 kBrt, a yuuka/abHble —
no 750 kBr. [lepematoyuble OTHOWIEHHA
ofbiuHo — a0 12 (umorpa pgo 20), KIIJ
0,92—0,98. PeMHHU BBIMOJIHSIOT U3 pe3UHBL Ha

oceBoe paccTosidde, ycaoBua paGoThl, OTHO- <

CHTENIbHOE CKOJIbXKEeHHe PeMHSI U MaKCHMAJb-

HO JAONyCTHMOe YHCJI0 PeMHeH B mepejaude. )

B pesyabrare pacuyeTa Ha me4aTb BhIAANOTCA

reoMeTpH4eCcKHe pa3Mepbl nepejaul, YTod-

HEMHble 3HauyeHHHA NepefaTOYHOro 4Hcjaa H

MeXOCEBOTO DPACCTOAHHUA, CHJbl, AeHCTBYIO-

. Wle# Ha BaJibl, CTOMMOCTb KOMIJIEKTa peMHeH.

3T0 MO3BOJAET TNPOBECTH CPABHHTENbHBIH

aHa/JlH3 [OJYydYeHHbIX BapHaHTOB H CAeNATb

OKOHYATeNbLHBH BbIGOP Nepenadq. Pic. 14.13. 3y6uathii pemednb

14.10. Pemuu npusopuble 3yGuarne no OCT 38 05114—76 (cm. puc. 14.13)
m=£ P S h H ) ¥ b 2p Su b
1,0 3,14 1,0 0,8 1,6 0.4 50 3,0...12,5 40...160 1,0 1,3
1,5 471 1,5 1.2 2,2 0.4 50 3,0...20,0 40...160 1,5 1,8
2,0 6,28 1,8 1,5 3,0 0,6 50 5,0...20,0  40...160 1,8 2,2
3,0 9,42 3,0 2,0 4,0 0,6 40 12,5...50,0 40...160 3,2 3,0
4,0 12,57 44 2,5 50 0,8 40 20,0...100 48...250 4,0 4,0
5,0 15,71 5,0 3,5 6,5 0,8 40 25,0...100 48...200 ° 4,8 5,0
7.0 21,99 8,0 6,0 11,0 0,8 40 40,0...125 56...140 7.5 8,5
10,0 31,42 12,0 9,0 15,0 0,8 40 50,0...200 56...100 11,5 12,5

- Igpu MeudaHusa |. z,— yucao 3y6neB peMHA H3 pspa: 40, 42, 45, 48, 50, 53, 56, 60, 63, 67,

b

40,0; 50,05; 63,0; 80,0,

2,
‘3. Nanua peMHs L p==TLM.2Zp.

4. O6oanauennn Su M Au OTHOCATCA K IIKMBAM.

80, 85, 90, 95, 100, 105 112, 115, 125, 130, 140, 150, 160, 170, 180, 190 200 210, 220, 235 250,
I_annﬂa peMHAa b BHGHpaETCH M3 pama: 30 40 5,0: 80 100 12,5;
100,0; 125,0; 160,0; 200,0 mm.

160 200 25,0; 320
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OCHOBe OyTafgHeH-HUTPHJBHLEIX Kay4yKoOB,
noJuypeTaHa Had HeonpeHa. Hecywu# cioi
BbINOJIHAIOT K3 CTAJbHOTO, HABUTOTO MO BHH-
TOBOH JIMHHH TPOCA HJAH TPOCA M3 CTEKIO-
BOJIOKHA.

OCHOBHBIM NapaMeTpoM MNepefayd, Kak H
3y6uarof, fAiBAAETCA MoAy/ib m=P/n, rae
P — mar pemns. ®aopMa 3y6beB peMusi Tpa-
nenexaajdbHan: Bbicota 3y6eeB f=(0,6...
0,9) m, HauMeHbluas IIHpHHA 3YGber S =
= (1...1,2) m, yroa npodpusis y=>50 unu 40°
(rabn. 14.10).

Paapa6orana sy6uatopemeHHas fnepenaua
C MNOJYKPYyraoiM npodunem 3y6eeB (A.c.
775476, CCCP), obecneydBaOUIUM CylLECT-
BeHHO O6oJiee paBHOMePHOe pachpepe/ieHHe
HanpsxeHHH B peMHe, BO3MOXHOCTHL [OBHI-
iIeHHA Harpy3ok Ha 40 9, Gosee nyaBHbBIM
BX0J 3yObeB B 3alienJeHue.

OcHOBHbLIE reoMeTpHUECKHe Pa3Mephl peM-
HA W BOAAMHBI MIKWBA (puc. 14.14):

m P R h he R )
3 9,42 25 4 405 265 0,6
4 12,567 3,5 5 5,05 3,65 0,8
5 1571 45 6 6,08 4,70 0,8
[Tpu  npoekrupoBanuu mepemaun (OCT

38-056227—81. Ilepepaun 3yGuaTble pemeH-
uble. MeToabl pacyeta) npeABapUTENbHOE
3HayeHHe MOAyad, MM, BbIGHPAOT OO YOPO-
LIEHHOH 3aBHCHMOCTH

5§\/ 10°P,
m=23, PR

rae Py — motHocTh, KBT.

Puc. 14.14. 3y6uarteiii pemeHs ¢ 3YObAMH nOJY-
KPyrioro npoduas (a) # npoduib BroaaHHbl
mKuBa (6)

Hanee no ra6auue u3 OCT 38-05114—76
BHIOHPAIOT 4YHCAO0 3yGber MAaJioro lIKHBa 2,
B 3aBHCHMOCTH OT E€ro 4acCTOTHl BpalleHHd.

IlnaMeTpnl  [EAHTENBHBIX OKPYKHOCTEH
UIKHBOB, H3MEPSAEeMHX MO PAacHOJNOXKEeHHO
OCeH MeTajiioTPOCOB, MM,

d[ =MmM2 H d2=m222.

OkpyxHasi CKOPOCTb peMHs, M/c,
v=ndn/(60-10%.

MuHEMaIbHOE MeXOceBoe PacCTOsHHE Bbl-
6upaor a.,;,=0,5(di+d2)+C, rne C=
=2munopu m<b5u C=3mnpu m> 5 mMm.

JlnuHa peMHs npeaBapHTeNbHO omnpepe-
JseTcs, Kak AJs1 APYTHX peMeHHLIX mepefad,
OKOHYAaTeJIbHOE MEXOCeBOe PaccTosiHHe ofpe-
AeNSeTCS ¢ yYyeToM uHuciia 3yObeB peMHsl zZp.

Pacuernan cuna, nepesaBaemas 3yGua-
THIM DEMHeM,

2.10°K ;T

F1=—dl—_ HAH F[=103KFP|/U’

rae Ky — ko3dduuuenT pexxuMa paGoTsl UiH
AUHAMHAYHOCTH, BbibUpaemblii mo OCT, uiau B
CBSI3H C NOBBHILIEHHOH XKECTKOCTHI0 3y6uaThix
pemued on "a 30...50 9% Gonbuie, yem ans
OOBIUHBIX PeMeHHbIX Nepenad; v — CKOpocThb
peMud, M/c; P; — nepenapaeMasi MOILHOCTD,
KBT, d\ — nuamerp wKuBa, M.

HonyctuMad yagenbHass cuaa

-Ha | MM wHpUHB peMHuA

Fy=[F]4C.C.C,,

rae [F]o — cm. B Ta6a. 14.11; C, — ko3dpdu-
LHEHT, BROAHMDI A5 YCKODUTE/IbHBIX TIepe-
Aay:

oo . . . . . . 10...08 0,8...0,6

Co . . . . . .. 1,0 0,95

w . . . . 06..04 0,4...0,3 0,3

Ce . . . . 0,9 0,85 0,8
C.=1—0,2(6 —z9) — ko3pbuuuent, BRO-

AMMBIA TIPU MaJOM 4yHucsae 3y6GbeB 2p<I6
B 3allefl/ieHHH Ha MaJoM WKUBe; () — KO-
3¢p¢puLHeHT, BBOAMMbBIH MNpPH HAJHYHUH PO-
JAHKOB H paBublii cootBetcrBenuo 0,9 u 0,8
MpH OAHOM H JABYX POJIHKAX BHYTPH KOH-
Typa u 0,7 nipu posMKe BHe KOHTypa.
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14.11. Itapamerpni 3yGuaTopeMeHHbix nepepay W3 OCT 38-05227—81 (meron pacuera)

Moapyns m, MM

[Tapamer
P - 1 1,5 2 3 4 " b 7 10
JlonyckaeMas yaenbHas cuaa [Flo, H/mm 25 135 | 50 | 90 | 250/ 30,0 32,0 | 42,0
Ta ke cusa npH noAYKpYribiX KaHaBKax — 12,0 | 35,0 | 42,0 —
Hau6onwlree nepenatoyHoe yuacio 77 | 10,0 ; 11,6 1 12,0 | 80 8,0 57 47
HaumeHnbliee HOMycTHMOE YHCIIO 3YOBER 2 13 10 15 18
Hau6onbmee uhcao 3y6ben 23 100 115 120 85
Pekomen gyemoe HHC/I0 3y6beB 2, [IPH 1, MHH ™ '
1000 13 10 12 16 22
1500 14 11 14 18 24
3000 15 12 16 20 26
fTorounaa macca g-10%, kr/ (M- MM) 20 | 25 |30 |40 [ 60 | 70 | 80 | 11,0
fTopatAuBoCcTL peMHs IWMPHHOA 1 MM HA AJHHe 8 9 14 6 8 11 16
ogHoro wara A-10%, mm*/H
I

Uucno 3ybbeB B 3alelJieHHH Ha MajioM
uIKuBe

2o=2,a /360,

rjle o — yroin of6xXBaTa Ha MaJioM LIKHBe,
rpan (cM. puc. 14.6).
[luprua pemus

Fy

b= 5 .
(Fy—qv°)Cu

rae g — Macca 1 M peMus umMpaHO# | MM
(raGn. 14.11), a Bechb BTOPOH ujieH 3HaMe-
HaTensl — yaesibHaslh ueHTPobexxHas cuJa;
Cu — KO3 PHUIUUEHT, YUHTHBAKLIMA HENOJ-
Hble BUTKH KaHaTa y OOKOBHIX MOBEPXHOCTEH
PeMHS:

20

b. . . <16 95 32,40
Co. . . 07 0,95 1,0 1,05
b. . . 5063 80, 100 = 100
Ca- - - 1,10 [,15 1,20

I1pu 20<Z 6 pekomennyioT nposepaTh AaB-
Jienue Ha 3yObHX peMHA

rae o~2 — x03¢pGHUHEHT KOHUSHTPALUH
HATPY3KH MexJy 3yObsMH, TO BLHICOTE H
IJHHe 3Y6beB;

m, MEE™' . . . . 100 200 400 1000

[p]., MIla . 25 20 L5 10 .
ny, MHH™' | 2000 5000 10 000
[p]., MIla . 0,75 0,50 0,35

JluaMeTpsl BepUIHH 3Y6beB LIKHBOB
da|:d1—26+k1; da2:d2—26+k2,

rae § — paccTosiide OT BHAAHHBL DEMHS A0
OCH TpOca; k| H Ry — NONpaBKH K AHaMeTpaM
IIKHROB B ileJsaX 60Jiee paBHOMEPHOTO
paclipeelennss CHI MeXay 3yObsMH:

Ry =02(F /b)Az1; ky=02(F,/b) Az,

A — noAAT/IUBOCTE MeETAMNJI0OKOopaa (cMm.
Taba. 14.11). :
[IkuBbl BBINOMHAT ¢ paboyeil WHPHHOH
bonblied, 4yeM [IHPHHA peMH§, HA OJHH
Moayab. B nepepavax ¢ BepTHKaJbHBIMH
OCAIMH H npu 423 penawT ¢Jaadubl HA
000HX LHKHBaX, B OCTaJibHBIX — HA MAaJIOM.
B nepenavax ¢ npsaMo6o4nbIM npoduIeM
peMHsl KaHaBKM Ha WKHBAX TaKXe [AenaioT
NpAMOGOUHBIMH, HO HAYKHAA ¢ M > 2 MM —
C YrioM 9=42°. B nepejayax c¢ noJay-
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KPYLAbIM npogusieM 3y6beB peMHﬁ KaHABKH
Ha IIKHBAX AeNAl0T TaKxXe NOJAYKPYIJbIMH
¢ papuycamu Ha 0,15...0,2 MM Bousbwe pa-
Auyca NPOUNA PeMHS W ¢ 3aKpPYTrJIeHHAMH
Yy BeplUH (cM. pHc. 14.14).

§ 14.17. PACYET
3YBYATO-PEMEHHbBIX MEPEJAY
HA 3BM

Ha puc. 14.15 nokasaHa yKpynHeHHas
CcXeMa afirOpHuTMa pacuyeta 3y6uaTo-peMeH-
HOH Mnepenadd, KOTopas NO3BOJSET IJA 34-
AAHUBIX YCAOBHH ONpefAeSiuTb mNapaMeTphl
MepeAad ¢ MHHHMAJbHO BO3MOXKHBIMH rafa-
pUTAMH NpPHU HaubOJiee MOJHOM HCNOJBL30BA-
HUH HArpy304Ho# CMOCOOHOCTH peMuf.

Ca

A il
718, 2pd
Zmini  Zmaxg
ama.

L

(4
p:”lra’
U,K[:’fﬂ

PopnupoBanuce maccu ol

po8 madn 1415 u 14.16

—~3

| Yurn no usmenernure no-
dyns

= Ikl
oy=by

- LuKn ne usmenenurd wu-
PUHL] peNHE

Zy=Zmini~T
[ —7
Zy=Z,+f
Zz’d/,ﬂ'z,
V,fy, bum.o.

]
C Ocmanp8

Puc. 14.15. Cxema aJiropuT™Ma pacdera sy6uyato-
peMeHHBIX Tiepenay

EMaHFaGpIMHEIX nAPANErTI-

HUcxonHbIMH AaHHBIMH ABJASIOTCH: -MOII-
HOCTb Ha BeAyleM BaJdy M 4acToTa ero
BPAMICHHSA, OPHEHTUPOBOUHOE 3HAUEHHE Me K-
OCEBOTO DPAacCTOSHHSA, NepesaTOuHOEe YHCJO
H YclioBHS pafoTHl mnepenaud. BbeIXojguble
AAaHHbIE: MOAY/b, LWIHPHHA M YHCJIO 3yObeB
PeMHs], a TaKXe [KUBOB, YTOYHEHHOE 3Ha-
UEHHE Me)OCEBOTO pacCTOAHUSI, FEeOMETPH-
YeCKHe mapaMeTpbl IIKWBOB, Harpy3kH Ha
Ba/jiaX, CTOUMOCTb peMHA H T. [I.

[lpy ¢uxcHpoBanOM 3HAYEHUH MOLYJHA
(BHEIUHUH ITMKA) H 3ajaHHOH WWHpHUHE peMHSA
OpraHH3oBan nepe6op vucen 3y6beB MaJioro
IIKHBA, HAYHHAA C MHUHHUMAJBHOrO AOMYCTH-
MOIO 3HaYeHHUs (HTepauHOHHBLIR UK C CHM-
BOJiaMH JAeHCTBHA 7 u 8). PeaynbraTn
pacyeta BBIBOAATCH Ha Me4arb, KaK TOJABKO
Oy/eT BbIO/HEHO YCJOBHE: PAcUeTHAA HIHDPH-
Ha DeMHs MeHbllle WKW paBHA CTaHIAPTHOM
LIHPHHE,

B uenax ynpoileHust Ha cxeMe ajnroput™a
He NOKa3aHbl MPOoUeypsl TPOBEPOK BHIOHE-
HUST HEKOTODBIX OUEBHAHBIX YCJAOBHH: &<
Sloaxs P [Pl b/di <1, a Takxke okpyrT-
JIEHHA yucen 3yObeB peMHA A0 GJauXaillero
CTaHAapTHOro 3HauyeHus H T. A. Takum obpa-
30M, H3 BCEro MHOXECTBAa PAaCCUHTHIBAEMHIX
BADHAHTOB HA 1eyaTb OOBIYHO BblgaeTcs
6...10 BapuanTOB, M3 KOTOPBIX BEIOMpAIOT
OlHH HaubGoJee MOAXOAAINUA AaA KOHKperT-
HBIX YCJOBHAH.

§ 14.18. IEPEJAYH

C HATSH)KHbIMHU POJIMKAMH
H C ABTOMATHYECKH

PETYJIHPYEMbIM HATS)KEHUEM

HaTsikeble poOHKH B OCHOBHOM MNPHUMEHSIOT
B NJIOCKODEMEHHBIX mepenavax ¢ GOJMbLIMMHA Tepe-
AATOYHBLIMH OTHOLIEHHAMH H MaJbiMH pPaccros-
HUAMH Mexay ocami. [lepepaunm pwimosHsioTest
C HEeNOABHXXHLIMH OCSIMH IIKHBOB H YHOOGHBI B
3KCINIYATAllWH, TaK Kak B HUX 06JeryeHo Haje-
BaHWe DEMHA Ha IUKHB. 3aTO PeMeHb HMeeT MeHb-
WHH pecypc, yueM HA paGounx LIKMBAX, TaK KAK OH
H3rnGaeTcsl Ha pOJIHKE B JIpYTYK CTODPOHY, IMpH
3TOM CWJIBHO OOBHILIAKTCSH TPGGOBaHHH K COeaH-
HEHHAM KOHILOB PEMHEH, NOBHLILIAETCA CTOMMOCTH
nepenauy.

HatsKHLle pOMMKH B peBePCHBHHIX Tepenayax
NPHMEHATHL HeueaecoobpasHo.
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Puc. 14.16. Cxema nepenaYd ¢ aBTOMATHYECKUM
peryJaHpoBaHueM HanpsKeHHs

Huametp poruka dp= (0,8...1) dyp, T21€ d
MHHHMAJIBHBIA peKoMEeHIyeMbli QHAMETD LIKMBA.

HOna yBesuuedHa yraa o6xpaTta Ha MajioM
WIKMBE POJHK CTaBAT OJHXKe K MaJOMy IIKHBY.
OnHako BO H36e)KAHUE HOHHKEHHS A0JATOBEUHOCTH
peMHs paccrTosiide MEXIY PpOJMKOM H MaJjbiM
IMKHBOM pEKOMEeHAYIOT NpHHuMaTh a; 20,5 dpy,.
. ¥ron o6xBaTa pEMHeM DO/HKa o, He JOJDKeH
PLiTh CAHIIKOM Mad Aas GoJplliero MoCTofHCTBA
faTAXEHHS pEeMHS MpH BHTAXKKe, PexoMeHIYIOT

pHHHMATL Yroq okoso 60°. O6byHo OCh Kadalo-

HWIerocst puldara COBMellaloT ¢ OChI0 MaJoro IKHRA.
MoMmeHT rpysa HaH CHAY TIPYKHHBl NS HATHMXKE-
HHSl peMHA HeOoOXOAHMO AC]aTh peryiHpyeMbIMH.
_ Pemens gomxkes GuITh TOHKAM, 6€3 yTOJMMEHHSA
B CLIHBKE.

B cesiam ¢ xopowe# pa6oto#l KAnHOBHIX pemHefi
HpPH MadbX yraax o6xBata LIKHBOB HaTSAXKHBIE
POJIHKH B KJIMHOPeMeHHBIX NMepefayax NMPHMEHAKOT
TOJILKO MpH HEBOAMOXHOCTH TEepeMelueHHi ocei
Banap. PekoMeHgyeTes pacnosarath poJHK C BHYT-
peHHedl CTOpPOHB peMHs, yTO no3BOJseT H3berarth
neperdGoB peMHs B ofpaTHyl ctopoHy. Ponuk
ACJaT kenobyaTbiM ¢ auaMeTpoM  =d,;,.

PemenHasi nepenaua MOXeT Obith BHINOJHEHA
C CAMOHATHMKEHHEM pEMHH, T.€. ¢ YBeJHYeHHeM
HATAXKEeHHA NPONOPUHOHANBHO HATPY3KE, 4YTO PE3KO
yBennuusaer KI[1J nepenaun, pecypc peMHsi ¥ nof-
WHNHHKOS. [lAs 5TOoro UPHBOAHON 3JeKTPOIBHIa-
Telb NOJKEH ObiTh BHIIOJHEH Ka4aluuMCsi BOKPYT
OCH, CMEIEHHOH NO OTHOIUEHHIO K OCH poropa
(pHc. 14.16). Pemens HaTArupaeTcsl BCJAEACTBHE
NMOBOpOTa ABHraTeNid MpH BO3pacTaHHH CHALI
B Beaylied BeTBH pemHs.

Cwmewienne a oceit, oGecneunpamoiuee Tpebyemoe
COOTHOWeHHe ¢ = F/F; HaTAXeHHI BeTBesl pemMHA,
JIETKO oOnpefensierc H3 YPaBHEHHS] MOMEHTOB.
Has npocrefiiero cayuas napannensHoCTH Berhed

(e=1) cmemenne a=0,6d(g—1)/{qg+1).

§ 14.9. PEMEHHLIE NPUBOADI
C NEPEMEHHOH CKOPOCTbIO
BPALLEHHSA

CryneHyaTtToe H3IMeHeHHE CKOPO-
CTH JOCTHraeTcsl CTYMEHUYATHIMH IIKHBAMH
(puc. 14.7).

Puc. 14.17. Cxema
WIKHBHOH mepegaux

CTYNEHYaTo-

i
U

Hng u3MeHeHHs CKOpOCTH peMeHb mnepe-
KHABIBAIOT ¢ OAHOH CTyMeHM Ha [pyrywo.
Uucao cTyneHe#d Ha KaXX[AOM HIKUBE OOBIUHO
paBHO 2...4. CTyleHyaTo-IWKABHbIE Nepeaaut
B HacTofilllee BPeMA MNPHUMEHSIOTCA TOJBKO
AJIsT MaJbIX MOHIHOCTeH, Hanpuaep, B Ha-
CTONIGHBIX CTAHKAX, MEXAHH3HPOBAHHOM pyu-
HOM HHCTPYMEHTEe U T. A.

Beccrynenuarbe mepenauu Bbl-
MOJIHAIOT B BHIe nepefad KJAHHOBLIMH peM-
HAMH C pa3BHXKHLIMH KOHYCHbIMH IHKHBaMH
(puc. 14.18). Ha gax/0oM BajJly yCTaHOBJICHH
MO ABa KOHYCHBIX [HCKA-lUIKHBa, paboyue
NMOBEPXHOCTH KOTOpPLIX OO6pAa3ylOT KaHABKY
ANl KJIMHOBOTO DeMHA. CKOpOCTb PErynH-
pyeTcs NpHM pas’aBHKEHHH OAHON napbl KOHY-
coB U CcOJHKEHHH BTOPOH.

Hunanasod peryiupoBaHUs CKOPOCTH niepe-
Jaud 3aBHCHT OT MWupHust pemus. Cran-
AApTHBIC KJHHOBbIE PEeMHH AONYCKAlOT pery-
JHpOBaHHe B AuManasode =1y ., ./Momis OT
1,45 (ceuenus B, T, 11} no 1,7 (ceuenus
O, A, B). ‘

[IpermMyiiecTBEHHO NpPHMEHAIT fnepegauu
CO CheuHaJbHbIMH [IHPOKHMH DEMHSIMH,

LM .

. KOTOpBIC ofecneynBalOT AHAMA30H perysiu-

posanHsa no 8...10.

OcHOBHBle napaMeTpel IHHPOKHX peMHed
coriacio 'OCT 24848.1—81 npuBeaeHbl B
Taba. 14.12. ¥Yroa kiuHa peMHs B cBOGOJ-
HOM COCTOSIHHM ¢=234°, yroi y UIKHBOB
¢=26° npu J=9, ¢==28° npu =5 u
=32

[Ipn pacnonoxenWH peMHsi HA pa3HbIX
JHaMeTpax KOHYCHBIX ILHKHBOB YrOJi KJHHA
PEMHS Da3/IH4YEH, TO3TOMY NpaBHAbHBIH KOH-
TakT obecleunBaercsl CnelUHAJbHBIM MpP