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APEANCNOBHE

B kHure paccMaTpuBamOTCs JBHraTe/H NPHHUHIHAJBHO
HOBOrO THNa — nbe303JeKTpHyeckue. IIpeobpasoBaHue 3Jjek-
TPHYECKOH 3HEPrHH B MEXaHHYeCKylo BpalllalOuierocs po-
TOpPa OCYHIeCTBJASETCS B TakHX [BHrarensx 3a cyeT
be303NEeKTPHYECKOTO HJH  [be30MarHutHoro 3¢dekra,
HabJ/II01aeMOoro B CErHEeTO3TEKTPHUYECKHX WK (eppoMarHuT-
HBIX MaTepHanax. HeobXomuMoe MexaHHuecKoe BHIIPSAM-
JeHHe yNpyrux KojebGaHHH NPOHCXOAHWT B 30He (PPHKUHOH-
HOr0 KOHTaKTa pPOTOpa CO CTAaTOPOM.

OrcyTcTBHe OGMOTOK M MPOCTOTA TEXHOJOTHH H3TOTOB-
JIEeHus He SBJAITCA  eAHHCTBEHHBIMH MNpeHMyIecTBaMHy
Nbe303/IeKTPHYECKOro ABHraTens. Bricokas ypenbHas MoML-
HOCTb, OOnbwIOH K.IL A., LWIKPOKMH AHANA30H 4acToT Bpa-
IleHHS M MOMEHTOR Ha BaJy, OTNHYHbIE MeXaHHYECKHE
XapaKTEePHCTHKH, OTCYTCTBHE H3JyuyaeMblX MarHHTHBIX [0-
Jefi © MHOTHe ADYTHe MPEHMYILEeCTBA Nbe303JEeKTPHUECKHX
JABHTaTe/ el NMO3BONAKT PacCMaTPHBATh MX KaK JABHraTesH,
KOTOpblE B IUHPOKHX Macmrabax 3aMeHAT IpHMEHseMbie
B HacTosiiiee BpeMs 3NEeKTPHUECKHE MHKPOMalUHHBI.

PabGotbl no cO34aHHIO H H3YUEHHIO NbE303JTEKTPHUECKHX
JABHTaTeNell HayaTel B Haulefi cTpaHe B KueBCKOM mosHTeX-
HHyecKoM HHcTHTyTe B 1964 r, C 1969 r. nbesosnekTpuue-
CKHH J1BHraTeJb H3yuaercs B KayHacckom mnonuTexHHYe-
CKOM HHCTHTYTe ToJ pykoBoacrsoM npod. K. M. Pary.s-
ckHca. B pasBuTHe HampaB/jeHHsl CO3AaHHS 3NEKTPHUECKHX
NPUBO/JOB Ha OCHOBE Mbe303JeKTPHYECKHX ABHraTesell cy-
IleCTBEHHBIA BKJaJ BHeCHH KaHun. TexH. Hayk W. A. Cayu-
kuit u I1. E. Bacuabes. ‘

Boabloe 3HavenHe A/ NPOMBILIIEHHOTO BHEADEHHA
Nbe303NEKTPHYCCKHX JABHraTesell UMeT paboThl, MPOBOAH-
Mble B POCTOBCKOM TroCylapcTBeHHOM YHHBEPCHTETE M BO
BHWHpeaktuanekTpon (r. JloHeuk) IO CO3JaHHIO BHCO-
KOKAayeCTBeHHOH KepaMHKH [Jd [be303JeMeHTOB ABHraTe-
Jael.
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[Ipu HayusoM conpyXecTBe MHOTMX OpraHH3allMi CTpa-
Hbl TIOJArOTOBJIEHA OCHOBA [JIs1 NPOMBIIUJIEHHOTO BHEAPEHHS
H CepUHHOro MPOM3BOACTBA MbE303JEKTPHUECKHX [BUraTe-
Jeli ¥ yCTPOHCTB Ha HX ocHOBe. B Hacrosimee Bpemsi K ce-
PHAHOMY NPOH3BOACTBY PEKOMEHAOBAHH MbE30NPHBOA AJA
3JIEKTPONPOMIPHIBAIOLIErO  yCTpolcTBa,  paspaboTaHHBIE
KOHCTDYKTOpaMu obbeauHeHuss «dabda» (r. BuasHioc), u
Nbe303/IEKTPUYECKHHA NPUBOJ BeAyWlero ysna BHACOMarHH-
TodoHa, co3naHnbil B 06besuHenun «[Tosutpon» (r. JleHun-
rpan).

3a BHeIIHel KOHCTPYKTHBHOH NPOCTOTOH MBE303JEKTpH-
YeCKOro JBHraTe/]si CKpbIBaeTC psijf (QU3HYECKHX SIBIEHHUH,
KOTOpble€ CJIOXHEHWIHM 00pa3oM B3aHMOCBS3aHbl MEXIY
coboit. Kpome Toro, ocBoenHe HOBOrO HalpaBleHHs 3aTPYA-
HSIeTCsl TaK¥kKe MHOXKECTBOM CYyHIECTBEHHO Pa3NMYHBEIX BapH-
aHTOB KOHCTDYKUMH, DeaJIM3yIOMHX JecITKH BO3MOMKHLIX
pewenud. Ilo 3Tofi NpuUYHHe OUEHb BAXHO [OATOTOBHTH
YUTATENs, H NPEXJe BCEro HHKeHepHO-TeXHHYECKHX paboT-
HUKOB, K BOCHDHSITHIO HOBOH A/ HHX O0JIacTH TEeXHUKH
nepes HayaJoM IPOMBIIIEHHOTO BbINYCKa Nbe303JeKTpHYe-
CKHX JBHraTeJiei.

HJs DOocTHXKeHHs STOH UeJH aBTOPH  HCIIOJb30BAJIH
CBOH ONBIT H Pe3ynbTaThl HMcciejoBaHHii KueBckoro moan-
TeXHUYeCKOro HHCTHTYTa. DTH HCCJEeIOBaHUA IPOBOLUIHCH
NpH aKTHBHOW NogaepkKe HayuHO-NPOU3BOACTBEHHOrO 00b-
enuHeHust «<Masik» (r. Kues).

Astopet



nasa nepBasn

®OU3NYECKME OCHOBbBI PABOTbI
NbE3O3NEKTPMHYECKMX ABMUIATENEA

1. MICTOPUYECKAS CMPABKA

ITpe303/1eKTPUUECKHM ABUTaTesieM Ha3biBaeTCsl JEKTpPH-
YeCKMil ABHraresb, B KOTOPOM MeXaHHYecKoe IepeMellenue
BEJOMOro opraHa (pOoTopa HJH SKOPSl) OCYIIECTBJAETCA 3a
CYeT Mbe303JEKTPHUECKOro UMK Nbe30MarHHTHOTO 3{deKTa.
Kasajgoce 6bl, gocratoyno Bo3OynuTh Nhe303JeMeHT Ilepe-
MEHHBIM 3JIEKTPHYECKHUM HANpsXKEHHEM M, HCHOJb3ys Hu3-
BeCTHble MeXaHHYeCKHe CpeiacTBa, IpeobpasoBaTh KoJeba-
TeJbHOe ABHXKEHHe Ibe3o3dJieMeHTa BO BpallaTesbHoe [BH-
XeHdHe BegoMoro oprana. Oasako XOTs 3TOT NPHHUMN K
IIpOCT, HO ero TPyAHO peasid3oBaTh AJs aMIVIHTYJ H Hac-
TOoT KoJIeOaHHHl MNbe303jeMeHTa, KOTOPhie BCTpeYalorcs Ha
npaKTHKe.

HsBecTHO HeckoJbKO nombiToK cosfanus I B omHoit
M3 KOHCTPYKLHH 3alenyieHde poTopa co CTaTOpoM ocCy-
mecrBasercss Ge3 npockanaeabiBanus [1]. Takoh cnoco6
NOJIyUEHHs] BPaniaTesJbHOro ABHAKEHHS HAOMHHAET crnocob
BpaileHuss JAHCKa TenedoHHoro amnnapara. ABTOPH 3Toi
KOHCTPYKLHH NMPELJI0KHJIH NPU NOMOIH TpexdasHoro 3Jek-
TPHYECKOrO MNOJiA H3rubatb Nbe303/JeMEHT OAHOBPEMEHHO
B Tpex IJIOCKOCTAX TakK, 4ToObl ero KOoHel, NOCTYNaTeJbHO
nepeMeniasch, ONUCHIBAJ KPYroByIO TpaekToputo (puc. 1,a,6).
Ha noaBuxHOM KoHUE pacliojaraJjcs WTHPb [, KOTOpPbIH
GpUKUMOHHO B3aHMOJAEHCTBOBAN C POTOPOM 2, IPHBOAS €ro
Bo Bpamende. IIpaKTHUeCKOro NMpUMeEHEHHs] 3Ta KOHCTPYK-
LHsl He TOJyYHJIa.

Yxe paBHO ObUIO 3aMeyeHo, 4TO BHOpHpYyOLLlHe TeJa
MOTyT NOCTYNATeJbHO NMEepeMeUlaThCcsl IO rJaajKod NoBepx-
HocTH. Ha ocHOBe 3TOro sB/ieHHs ObLIM CO3J4aHBI PasJsHy-
Hble MeXaHHM3Mbl /5 NMEPeMEeLICHHS CbIyyHX TeJ H OTAeJb-
HEIX MeJIKHX fneTajeil |[2], mpeuMyiecTBeHHO MeXaHH3MEI
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TpaHCIOPTEPOB, BEAYIHM OpraHoM KOTOpHIX sBJIAETCHA
0BbLIunBIi 3JEKTPHUECKHA ABHraTeNb HJM 3JEKTPOMArHHT.
B [3] omican Takoii ke 3(¢eKT, oOHapyKedHbH Ha
YJAbLTPA3BYKOBLIX 4aCTOTaX IIpH BHINOJMIHEHHH BEAyLIEero
opraHa B BuAE YJLTPa3BYKOBOrO CTYMeHYaToro KOHUEHTpa-
TOpa M MO3BOJIAIOWKA C €ro MOMOULbIO MoJyyaTh Bpalla-
TeJbHOE JBWXKEHMe TrJiajkoro porepa. ABTop yKasasa Ha
BO3MOXKHOCTb CO3JaHHsI Ha 3TOM NPHHUMNE 3JEKTPHYCCKOro
ABUraTelsl.

a) 8)

Puc. 1. TI1L ¢ HEHTPOOEKHLIM HPHIKHMOM.

[Touck mpuHUMNHALHBIX pelieHHH Besacs W B JPYroM
HalpaBJ/eHHH. PaccMoTpuUM BpaueHHe KpyrJoro KapaHpa
1Ua, NMOMELIEHHOro B CTaKaH, KOTOPHH IOCTYNaTe/bLbHBIM
JNBHXKEHHEM pYKH IlepeMeulaeTcs Io 3aMKHYTOH TpaeKkro-
pun. BpaweHne kapanmama NPOMCXOAHMT NOJA JACHCTBHEM
CHJIbI MHepUMH, NPHJIOXKEHHOH K UEHTPY TfAXKeCTH KapaH-
Aaila, ¥ CHJb TPEHHA B MeCTe CONPHKOCHOBEHHS KapaHJa-
1a CO CTAKAHOM.

IT0T NpHHUHI Npeobpas3oBaHus MOCTYNATEJNbLHOIO OBH-
XKEHHS BO BpauleHHe poTopa ucnosab3oBaH B [1]], omucaH-
HoM B [4]. [IBuratess (puc. 1,8) COAEPKHT KOHLEHTPATOP
cKopoCTH I, B036yKaaeMplil NepeMeHHLIM 3JeKTPHYECKHM
_HanpsiKeHHeM BbICOKo# yactoThl. [loocTh 2 KOHUEHTparo-
pa, ABHrafich Mo OKPYHOCTH, BpallaeT BCTaBJEHHLIA B HEe
potop 3.

HecMorpa na opurHHajIbHOCTL DACCMOTPEHHOTO pelle-
HHS, TPAKTHYECKOro Pa3BHTHA OHO He moJayuusio. lig Toro
yTo6bl MOJOCTHL B POTOPE HJIM CTATOpPE HMeJja NMpPUEMJEMble
pasmepnl, BeAyuluil opral HoJxeH KoJebatbes. ¢ 60Jblloi
AMIJIHTYIOH. YBRJIUUUTL aMIUIHTYLY MOKHO, TOJNBKO yMeHb-
{IuB yactory KoJebaHui. OjHaKo ¢ INOHHXKEHHeM YacTOTH
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yMeHblIaeTcs H MOLIHOCTb, OTAaBaeMasl JABHraTe/ieM B Ha-
rpy3ky. Takum obpasoM, TpeBoBaHHA yBEJHUYECHHs aMILIH-
TYAbl KoJebGaHuil BeIyl(ero opraia H MOU(HOCTH ABHraTteJs
0Ka3bIBAOTCS B3aHMHO HCKJIIOYAIOLU[HMH. ‘

Bosbinee npakTHyeckoe npuMeHeHHe NOJYYMJM 1IAro-
e [1J1, B KOTOpPBLIX HCMOJbL3YIOTCA AHH30TPONHLIE CBOHACT-
Ba KOHTakTa cTatopa ¢ poTopoM [5]. B artux asurarensx
(puc. 2,a) sJeKTpoMexaHHuecKHH 1peobpasoBaresib B BHJE
KaMeptoHa [ WJaM KOHCOJILHO 3aKpellJleHHOro H3rHOHOro

3
)
4
!
a)
2 !
J
~ J)

_Puc. 2. Ilarosme TT1M.

3/eMeHTa nepelaer KosebareJabHoe ABHXKEHHe CTEPXKHIO 2,
KOTOpbifi nepeMeutaer portop & Ha omuH 3y6. Ilpu nBHxKe-
HUM CTepXHA B obOpaTHoM HampasJeHHu cobauka 4 Quk-
CUpYeT moJioXKeHHe poropa 3. IIBuratesb ¢ aHaJOTHYHLIM
NpUHLMTIOM AelCTBHS (¢ (PuKCauyell MOJOXKEHHA POTOpa)
npeasoxen B [6], mpuueM poTop BGLINOJNHEH He 3yO4aTbIM,
a raagkum (pue. 2,6).

Ecan cobauky 4 pachmofokuTb Ha KOHIUe CTepXKHA 2
(puc. 2,6), To oTHaJerT HEOOXOAMMOCTb B (PHKCHDYIOLIEM
3ybuatom KoJece. [Ipn ABHXKeHHW cTep:XKHA B NPAMOM Ha-
npaB/ieHHu coBayKa 3aKJHHHBaeT POTOp, NepelaBas eMmy
UMI1yJibC ABHIKEHHS; IIPH ABHXKEHHH B 0OpaTHOM Halpas.Jie-
HUH TPOUCXOAMT YMEHblUeHHe TpPEeHHA (pacCKJHHABAHHE).

CsoiicTBa 3aKJHHHBaHHA W paCKJIHHHBaHHA TeJ IIpH
ONpefe/IeHHBIX KOHQHTYDAUHfX  TOJKAWUIEro  CTEPXKHSA
6ulan Hcnoab3osans B I, onucannom B [7]. B 3Tom
gpuratese (puc. 2,2) ToJKalollHe CTE€PXKHH 2 HMEKOT Ha
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KOHIlax GaliMaku crenHadbHoRt ¢opMsl, obecrneunHBalolIHe
3aKJMHHBaHWe TpW [ABUXKEHHH BIepel H pacKIHHUBAHUE
npu npuXeHuH Hazanx. CTepKHH NpUBORATCH B JBHXKEHHE OT
Nbe303JIeMEeHTa, B KOTOPOM BO36YKIaI0TCA KPYTHJBHbBIE KO-
ne6anuda. Bhicokas yacroTa KpVTHABHHIX KoneGaHuit obec-
neynBaer NpaKTHYECKH HENpepbiBHOe BpauleHHe poTopa.
OrcyrcTBHe cBefeHuii o mapaMeTpax TAKHX JBHraTenef,
a Takxe 06 WX NMpHMEMEHHH He TO3BOASET NaTb WM Tpak-
THYeCKOR OLEeHKH.

IuckpeTHuift xapakTep IBHXKeHNs poTopa JABHraTess
C aHH3OTPOMHBIM KOHTAKTOM obecreynBaeT eMy NpuMeHenHe
B KayecTBe 3KOHOMHYHOrO IaroBoro asuratens. OcoGeHHO
MHOro NMaTeHTOB BBHIAHO Ha NMPHMEHEHWe TAKUX ABHrareseit
B yacoBbIx MexaHusmax [8—11}].

MomHoCTh ONMHCAHHBIX BBILUIE KOHCTPYKUHA B JyulleM
clygae COCTaBisiia COThle JNOJNH BaTTa, M HCMOJbh30BaHHE
HX B KayecTBe CHJIOBLIX MDUBOLOB sIBJsieTCs MpoSineMarHu-
HeiM. Paccmotpennwe TI[I Morau b  He3HaYHTENbHO
pacmupuTh 06aacTb NPHMEHEHHS] SJEKTPHUECKUX HBHrare-
Jefl, Ho OHM He MOTJIM C HHMH KOHKYDHDPOBaTb.

2. MPHMHUMUN BECNA

BcenemunM, Kak aBHXeTCs Jogka mo Bome (puc. 3,a).
3a BpeMsi, B TeueHHe KOTOPOTO BECJO Kacaercs BOMAH, €ro
ABHXKeHHe NpeobpasyeTcsa B JHHeAHOe TepeMelleHRe NOAKH;
B May3ax MeXAy rpeGKaMM JIOKa ABHKETCSI TO WHEPUHH.
Taxkoft npuHmUN npeobpazoBaHus KoaeGaTeabHOro MBHKE-
Hus B JuHefiHOe mnepeMemeHHe 3atoxeH B [1]1, onucaHuwo
KOTODHIX NMOCBAUIEHA HACTOAUIAsl KHHUra.

IMepBHIT nBHrarenb, OoCHOBAWHHLIA HA 3TOM NPHHIHIE,
6un cosnan B Comerckom Cow3se. [lpu wuccnenosaHuu
NMbe303JeKTpHYeckux TpaunchopMaTopoB OblIo0 0O6HAPYIKEHO
eBa 3aMeTHOE JBHXKEHHe Nbe30o3neMeHTa B fepikarete MpU
BO36YXIEHUH ero 3JeKTpHueckum HanpsxkeHweM. Ha ocHo-
BaHuH oOHapyXeuuoro shdekra u Obli CNPOEKTHPOBAH
nbe30sMeKTpHueckufi npurareas [121].

AToT NBHraTeNL CONEPIKHT NLE303JEKTPHYECKHE aJe-
Ment [ (puc. 3.6), BHIMOJHEHHHH B BHIE TPAMOYTrOJbLHON
TIaCTWHBI, KOTOPAs ONHHM KOHIIOM NIPHXKHMaercs BHellUHef
CUNOf K ToBepxXHocTH potobPa 2. Ilpu 37eRTPUUECKOM BO3-
6y>xnenun Nbe3o3aeMenTa 3TOT KOWell, KaK M J0omacTh Bec-
Jla, mepeMeniaeTes no 3aMKHYTOH TPaeKTOPHH, MepHoAnye-
CKH OT/1aBas HMIYJbC ABHIKEHHS POTOPY.

8



Uro6bl  BHIABUTD NPHHUHMNHAJBHOE OTJHYHE 3TOTO
[1[1 or aBuratess, oMHcaHHoro B [l], paccMorpum nepe-
XONHBIH Tpouece, HAYMHAKOUMHCA B MOMEHT BKJIOUEHHS
oBoux ABUrateNeii Ipd OTCYTCTBHH HArpy3KH Ha Bauy.

B nBuratese, BbimosHenHoM mno [1] (puc. 3,8), moBo-
0K | HaXopuTCAd B LEHTPe poTopa 2 W He CUENJIeH C HAM.
[To Mepe HaKomJeHHs 3HEPrHH B IIbE303JEMEHTE [OBOAOK
nepeMeniaeTcs Mo CNHpasy, He 3auellisisch ¢ POTOPOM; IpH
3TOM poTop He Bpamaercs. C MOMeHTa cUENJIEHHs MOBOJIKA

w

m_————e— ]
= - -

—_—— - ——— —

2

Puc. 3. YnpouieHHHe cXeMbl B3aHMOXEACTBHS Mbe303JEMEHTa C POTOPOM
(Fn — cuna mpuxuMa).

C pOTOpPOM ABHIKEHHWe NMOBOJKA NMPOHCXOIUT MO OKPYKHOCTH
HOCTOSIHHOIO pajuyca ¢ IOCTOAHHOH wacTOTOH BpauleHus,
paBHOH YacroTe MHTAIOWIEro HANPAXKEHHS H, CJAEAOBATENb-
HO, HE 3aBHCSIIEH OT 3TOro HaNpsKEHHS.

B pBuratene, onucanuom B [12], mbe3oaneMeHT B Mo-
MEHT BKJIIOYeHHsl YK€ MNpHXaT K [OBEPXHOCTH POTOPa;
cAenoBaTeNBHO, C CaMOr0 Hayana Bo30OyXaeHHs KoJiebOaHHH
WX 3HeprHsl NpeobpasyeTcss B KHHETHUECKYIO 3HEpPrHIO Bpa-
uleHus potopa. UeM Oosbllle yacToTa H aMIMTYAA KOJe-
6anufi, TeM OoJaplie yacrora BpalleHHs portopa. Takum
obpasoM, yacToTa KoJleOaHHH Nbe303JeMeHTa He OrpaHuye-
Ha aMILIUTYHoll ero KoJebanuil H, .ClefoBaTeJbHO, aHa-
metpoM potopa. Ilo3ToMy yBesuuHBast 4acToTy, MOMKHO
yBeNMYUBATH MOIIHOCTb Ha Bany ABHraTess.

OrpanuyeHusi MOLUIHOCTH JBHraTe/si CB3aHH C €ro mnepe-
rpeBoM, pa3pylleHHeM MNbe303JeMeHTa, NOBLIILIEHHBIM H3HO-
COM KOHTaKTHPYIOLIHX MoBepXHocTeH M npyruMu dakropa-
mMu. OnHako 3TH fABJEHHsT HAGMIOAAIOTCA NPH  YIENbHBIX
MOIIHOCTAX, KOTOPHIE B HECKOJBKO Pa3 NPEBHLILIAIOT MOILHO-
CTH, XapakTepHble AJA AYULUIMX 3N€KTPOMArHHTHHX aHano-
rop (Ilo KpajiHell Mepe ¢ MOIHOCTBIO Ha Bany Menee 10 Br).
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3. NbE30O3NEKTPUYECKHUA SDDEKT

Kak H3BeCTHO, HeKOTOpble TBepAble MaTepHaJbl, HanpHMmep Ksapl,
CNOCOGHbl B 3JEKTPHYECKOM MOJe JHHeHHO H3MEHATb CBOH pa3Mephl.
JKeseso, HHKenb, UX CHJABEL H OKHCJLl NPH HAMMUHH NOJMAarHUYHBAIO-
mero noJs HJad MOCTOSIHHONO HAMArHHYMBAHHS TaKXKe JHHEHHO H3Me-
HSIOT CBOH pa3Mepbl NpH H3MEeHEeHHH OKDYXKalouWlero HX MAarHuTHOTO
nos. Ilepsple H3 HEX OTHOCATCS K [b€303JEKTPHYECKUM MaTepuasaa,
BTOphle — K MbE30MAarHHTHLIM; COOTBETCTBEHHO PA3JIHYAIOTCS I1bE303JIEK=-
TPHUECKHE H Mbe30MarHuTHbIe 3QQEKTHI.

[Ibe3031eKTpUYecKull JBHraTelb MOMKeT ObITh BHINOJHEH KaK U3 TeX,
TaK H U3 JAPYrHX MatepHanoB. OpgHako YCHJIUS HcciaegoBaTesell GBUIH
MpedMYILEeCTBEHHO HanpaB/eHbl HAa co3gaHHe 0e306MOTOYHLIX 3JMEKTPH-
YeCKHX JBHraTesjed; nosromy pgasnble o IIJL ¢ MarHHTHBHIM BO36yxje-
HHEM aKYCTHYECKHX KoseGaHuH B KiHre OTCYTCTBYIOT.

HsBecTHbl npsiMofi H O0GpaTHbIH Nbe303/neKTpHuecKue addekTsl. [Ips-
"‘MOH 3(deKT — 3To NosiBJCHUE 3JEKTPUUECKOro 3apsiaa NpH AepopMailHH
nbesosnementa. O6paThbifi 3DPeKT — 3T0 JHIIEHHOe U3MeHeHHe pa3MepoB
Nbe303JE€MEHTa NPH H3MEHEeHHH YJeKTPHuecKoro Nouas. Kpucraasbl, B Ko-
TOpeIX HabMmoOpmaercss mMbe303jaeKTPHYeCKHH 3ddeKT, obiagalT NOASPHbI-
MH cBoHcTBaMH. OHH NpOABJAIOTCS B TOM, YTO NPHJIOKCHHBIE K KpHCTAJ-
JY CcHIbl CO3JAIOT 3JEKTPHYCCKOE IOJe OINpeJeJeHHOro HanpabJeHHs.
{losromy npH gedopmauuy MNOJHKPHCTAJJIHYCCKHX (KepaMHYeCKHX) Tel,
COCTOSILIHX H3 OOJIBIIOrO YHCJAA XAaOTHYECKH OPHEIITHPOBAHHAEIX KPHUCTAJ-
JIOB, CyMMapHOe 3JeKTPHYECKOe Iioje oKaxKercsi GJH3KHM K HYJIO.

CyulecTBYIOT Nbe303JeKTPHYeCKHe MaTepHaJ/bl, Ha3BaHHble CErHEeTO-
3/IeKTPHKAMH, B KOTOPbHIX HalpaBJeHHe MOJSPHOH OCH MOXKHO H3MEHSThb
NpH 1IPUJIOKEHHH JOCTaTOYHO CHJbHBIX 3JeKTpuyeckux noJel. [Toa meh-
CTBUEM BHEUIHEerc 3JeKTPHYECKOro moJst NOJSPHhIE OCH KPHCTaJLJHTOB
OPUEHTHPYIOTCS NIPEeUMYLIECTBEHHO B OJHOM HanpasJseHud. [Tocse oTKi0-
YeHHs] NOJs. KPHCTAJJIHTBI HMCIOT OJHHAKOBhie HallpaBJeHHs NOJSPHbIX
oCeli U OKa3bIBAKOTCA KaK OBl «3aMOPOXKEHHBIMH». Takoe cBOHCTBO Cerme-
TO3JCKTPUKOB MO3BOJSCT AeJaThb MNOJUKPHCTAJIIMYeCKHe MaTepHajbl I0-
JIIPHBIMH NyTeM 3JeKTPHYeCKO# 06paGOTKH, KOTOpas Ha3blBaeTcsi MoJs-
pH3auued.

[MpakTuyecku mnbe3osseMeHT [1J] Mo:xKeT GbiTh BBINOJHEH H3 MOHO-
KPUCTAJIMYECKOrO Tbe3osaeKTpHka. OpHakg ceHyac u3-3a OTCYTCTBHS
KpUCTAJIOB ¢ TpefyeMbiM HabOpOM cBOWCTB NbC303/EMEHTH JBHIATes
1enecoo6pasHo M3rOTOBJASATh H3 [elleBblX IIbe30KepPAMUYECKHX MOJHKPH-
cTa/IM4eckUX MarepuasoB. [JosToMy B gaJbHciiuieM OygeM paccMarpH-
BaTh TOJbKO NMbe30KepaMUYECKHEe MaTepHasbl.

4. PE3OHAHC B MNbE3O3NEKTPHYECKOW NAACTUHE

EciH K Nbe303JeKTPHYECKOH NJACTHHe ¢ 9JEKTPOLAaM{ Ha INPOTHBO-
[OJIOKHBIX CTOPOHAX INPHJOXKUTb 3JMeKTPHYeCKOe HaMpsKeHHe, TO HA
KOHIAX MJAACTHHBI BOSHHKHYT CUJbi CxkaTusi M pacuiupenss [13]. Pac-
CMOTPHM BOJIHY, KOTOpas 3apOXKHaercs, HalpHMep, Ha JIeBOM KOHLE
Nbe30MJacTHHb (pucC. 4,a). 3Ta BOJHA pacHpoOCTPaHsieTCss B NPOAOJLHOM
HANpaBJEeHHH M JOCTHraeT NPOTHBONOJIOKHOrO KOHIA IJACTHHBL 3arTeM
OHa OTPaXKaeTCs OT Hero, He W3MeHsis (asel, U Hampasasercs 06GpaTHO
K JIeBOMY KOHIY MJIACTHHBI, OTpaaercs OT Hero H T. 1. 10 TeX rnop,
[OKa 32 CYeT MEXAHHYCCKHX H 3JMEKTPUYCCKHX MOTCPb B IJACTHHE BOJHA
He 3aTyXHeT.
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IMpu cxathy (uad paclIMPEHHH) CMeUleHHe YaCTHIL MPOHCXOAHT
B TOM ’Ke HalpaBJeHHHd, B KaKOM [POHCXOAHT PAaclpoCTpaHeHHe BOJHBHL.
Takue BOJIHEI HAa3pIBAIOTCA OPOJOJBHHIMH B OTJIHYHE OT INONEPeyHbIX,
Yy KOTODbIX CMellleHHe YaCTHIl MMepHeHAHKY/AsSPHO HaMmpaBJ/eHHIO HX pac-
[pOCTPaHEeHHs.

B paccMaTpuBacMOM ciayyae HampaBJeHHe 3JICKTPHYECKOro MoJs
610 NMepneHIHKY/ASPHO HAaNPaBJEHHK DACHPOCTPAHCHUS Boalibl. Bo3amo-
JKeH TaKKe Cayuyall, KOTAa 3JEeKTPOAL PacNoJIOXKeHbl Ha TOpLax Nhe3o-
naacTuibi. TOrga HanpaBJcHHE 3JCKTPHYECKOrO IOJS NapaJ/elbHO Ha-
NPaBJEHHI0 PAcIpOCTPAHENHS BOJMHbI. B COOTBETCTBHU € 3THM pas3nHyalOT
nonepeunsit ¥ NPOJOJbHEIH €HOCOGb BO30YA<JEHHS NPOXOJBHBIX KoJe-
Gauuii wan sonu {14].

NAvAvAAY I , ’

2]
AAA \
N\
® == \
N

a) 6)

l/ 8) [A
Puc. 4. Pacnpenenenue nAedopmauuit BROJIbL NBE303IEMEHTA.

Hdo cux nop paccMaTpHBanach Gerymas Bosiya. Ec/H CJI0XHTb Bce
npsAMbIe H OTpakeHHule Oeryiige BOJIHBI B TIhC3OMJACTHHE, TO MOJYYHM
KPHBYIO pachpefeleHHsi CMellleHuii B cTosieii BoJHe (puc. 4,6). AMmIH-
Tyfa CMeuleHuft B TakOii BOJHe MakKcHManbHa TOrja, KOrda Ha JJIHHE
Mbe30TWIACTHHBI YKJA1bIBAETCS L(EJ0€ YUCAO HONYBOJH. DTO YCJIOBHE BH-
NOJIHsIeTCS AJs ONPeJe/eHHbIX 4acTOT BO3GYXKIAEHHS Mbe30NAaCTHHBI fm,
Ha3BAHHBIX PE30HAHCHBIMH.

Yeaosue pe3oHaHca HUMeeT BHA:

fm=cfA=cm[2l,

rie ¢— CKOPOCTb 3ByKa B INbC30MJIaCTHHE; A — AJHHA BOJIHBI BO36YX-
AaeMblX KojeGaHui; /m -— HOMCD MOJAbI KoJeOaHHH, T. e. YHCJO, NOKa3H-
Bawoliee, CKOJbKO MOJYBOJH YKjajbiBaercsl Ha IJHHE [ Nbe30MJacCTHHHI;
nepBy0 MOAY HAa3biBAlOT TaKKe OCHOBHOM. \
CkopocTb 3BYKa B Nbe303JEeKTpHUYeckoil MNJacTHHe, B KOTOPOH BO3-
GyXKaaloTCs NpOAOJbHbIE KoJeGauus, owpemeaserca o gopmyie

e=VvEn,

rae YE, — monyas FOHra; p — nJoTHocTh MaTepHaJa.
[Mo3TOMY ycaOBHE PE3OHAHCA JIMECT BHA:

fn=VYE/pm2u.

Sdra dopmyaa HCNOAb3YETCS /s ONPENENEHHS AJHHB Nbe303eMeH-
Ta N0 3afaHHOH paGoyell yacroTe ABUratetss B Ciayyae, KOCJa Obe30-
3JIEMEHT BbITIOJIHEH B BHAE NPSIMOYrOJbHOH IJIACTHHBL C 3JIEKTPOJAMH HA
60KOBbIX OBEPXHOCTSAX. SRV
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PaccMOTpHM OCHOBHYIO MOZY MNPOZOJbHBIX KOMEGaHWH Nbe303/eMeH-
Ta, B KOTOPOM BO36YXgeHH cTosiude BOJHbL [TonoxcHHe paBHOBeCHsS
Kax/0e CeueHHe TPOXONHT C MaKcHMasbHON ckopocthio. Kaxpast koop-
IHHATA X XapakKTepH3YeTCs CBOMMHU 3HAYEHWAMH AMIJIHTYJ HaNpsiKeHHs
T, cmemenns S u koneGaTesbHOH CKOPOCTH v; 3MIOPHl WX pachipeaese-
HHs 110 AuMHe o6pa3slia NokasaHbl Ha puc. 4,6.

Takum o6pa3om, 1 CBOGOAHOrO MNbe303JAEMEHTA MpPU OCHOBHOI
MOj€e NPOJOJbHbIX KoleGaHHi MeXaHHYEeCKOe HampsiKeHHe MaKCHMalbHO
B MeCTe MHHUMYMa KouebaTeslbHbIX cKkopocTell Hiu cMeltenuil. Ha KoH-
HaX cBOGOZHOTO Mbe303jNeMeHTa HaNpsKeHHe paBHO HYJIO, a CMenieHHe
H Kosie6aTenbHast CKOPOCTh MaKCHMATbHBL.

Tak kax smI0pbl TOMYYEHB! B pe3yJbTaTe CJIOXEHHS OTPe3KOB CHHY-

‘COMpANBLHOTO HAMpsKeHHUs:, pe3yJbTHPYIOMAsn KpHBast uMeer (OpMYy CH-
HYCOH/IbI.

5. NONEPEYHAR CURA

Kak u3BecTHO, meficTBHE HOCTOSIHHOA CHJIBL F Ha KOHIE KOHCOJNbHO
3aKpemJeHHo# OajlKH SKBHBAJEHTHO OZHOBDEMEHHOMY HEHCTBHIO CHI,
BBISBIBAOIMX  cIBHr Gajdku  (puc. 5a), ©  MoMeHTa  cHT,
BLI3bIBAIOIIHX «ducThifiy u3ru6 (puc. 5,6) [15]. Hanomuum, uro <«uuc-
Thilf» H3THG B He3aKpeMJICHHOH MIacTHHe HabMIOmaeTcs TOTHA, KOrga Ha
ee KOHIAX MPUJIOKEHbH MOMEHThl paBHble, HO NPOTHBOMNOJIOKHLIE TIO 3HA-
Ky (puc. 5,6). TIpy 3TOM MJIOCKOCTH TJIACTHHBI, H3rHOasich, CTAHOBATCS
UHJIHHAPUUECKHMHE [OBEPXHOCTSIMH, PAaJHYC KOTOPbIX TeM MeHbIe, YeM
6oJibite H3rHGa0nIHe MOMEHThI.

9)

Puc. 5. NebopManuu casura u uari6a Gajaku.

B panbHeiineM G6yiem paccMaTpuBaTh TpPeHMYIEeCTBEHHO Caydait
pesoHaHca. TToCKOMbKY pe3OHAHCHbIE yacTOThI KOJIeOAHUHA CABHra mbeso-
3JieMeHTa OOBIYHO 3HAYHTEJNLHO MNPEBbIMIAl0T pabouue yacTOThbl JBHraTe-
N, HePe30HaHCHblE CMeplelds OpH KojeGaHHAX CABHra MOXKHO HE YuH-
THIBATh.

Hirak, nonepeunas cuia, NPHJIOKEHHAs K TOPUY NbE3ONIACTHHBI, Bbl-
abiBaeT uarububle nedopmanud. Ecou 3Ta cHa H3MEHSIETCS BO BPEMEHH,
HAOpHMEp, MO TrapMOHMYECKOMY 3aKOHY, TO Ha TOpLE MNbe30NIaCTHHBI
BO3HUKAIOT Oerymye moncpeyHsle BOJIL, KOTOpbIE OTPAXKAKTCs OT BTO-
poro Topua, BO3BpAILAOTCs K MNEPBOMY TOpLY, OTPAXKAlOTCsi OT Iliero
HT I

O6pasoBanne nonepeyHoll cTosiuell BOMHbI aHATOrHYHO O6pPA3OBAHUIO
Npogo/ibHON BOJHbI. [The30MJIacTHHA MOWKET pe30HHPOBATh Ha PasHbIX
4acTOTaX, COOTBETCTBYIOLIMX PA3JHYHBIM HOMEPAM MOA H3rHOHBIX KoOJe-
Ganuit. Pasmuua 3akiaiouyaercd Jdllb B TOM, 4TO CKOPOCTb 3BYKa MJs
NpoAONbHBIX KOJe6aHHH Majo 3ABHCHT OT AsuHbl BOMHBL. CKOpPOCTb pac-
NpocTpalenust H3THGHbIX KOJeGaHHH 3HauMTeNbHO MEHblle CKOPOCTH pac-
NpocTpaHeHus MNPOAOJbHLIX KOJeGaHHH C)KaTHS — PACUIHPEHHS H BO3-
pacraer no Mepe yMeHbIUCHHA AJHHBI BOJIHBI, MPHOJIHIKAACD B HPEReb-
12



HOM cJaydYae K CKOPOCTH paclpoCTpaHeHHs NPOMLOJbHBIX BOJH. YKasaHHOe
OTJIUYHE NPHBOJHUT K TOMY, 4TO DPE3OHAHCHmIE YACTOTH C YBEJTHUEHHEM
HOMepa MOABI KoseGaHMii BO3PACTAlOT He MPONOPUHOHANBbHO (KaK mJs
KOMeGaHull CXaTHS — pacTsKeHHs1), a kak umcena 1; 2,76; 543; 8,94:
13,37 ... 3t0 crnpaBenanBO Npu YCJOBHH, YTO AJHHA BOJHEI Gosee ueM
B 10 pa3 GoJblle TOMMUHBI N1bE303JEMEHTA.

Hns TII nocremsee ycrosue, Kak TMPaBHJIO, He BhImosHAeTca. [To-
9TOMY [JIsi ONpefeNeHHs Pe30HAHCHBIX YaCTOT H3rHGa HeOOGXOMHMO MOJb-
30BaThcs GopMy.ioi [16]

I /S yE
na (m + 1/2) Yy
fmr'—‘-‘ o2 ]/ 12(1 = ,z)P ’ M

rie a— TOJMiHHA Mbe3o3jeMenTa; O — Kospduuunent [TyaccoHa.

Or1a ¢opMyna npPHBOZHT K MNOTPEMIHOCTH, NpeBbimaomeir 20%, u
fIpHEMJIEMA B OCHOBHOM JJIi KAYECTBEHHOro aHanu3a. [TpH mpakTHYECKHX
pacuerax BBIYHCJIEHHBIE 3HAYEHHS YACTOThl YTOYHSIOT SKCIEepPHMEHTAJbHO.

6. TPAEKTOPUA ABMXEHUA KOHLA NbE3ODNEMEHTA
B MECTE KOHTAKTA C POTOPOM

Ecit MasTHHKY COOGHIMTL ABH)KEHHE B IBYX B3aHMHO NEpPIEHAHKY-
JISPHBIX MJOCKOCTSIX, TO OH OYHeT ONHCLIBaTb 3JIMNOC, OTHOLUIEHHE Oceit
KOTOPOr0 3aBHCHT OT aMIVIATYIHbIX H (Da30BbIX COOTHOLIEHHN MeXay
BbIHYK JaI0MHMH cHiaMH. [Ipn paBeHcTBe aMIUTYA 3THX CHJI H CHBHTE
tas na 90° masaTHMk GyHeT ABHraThCs NO OKDPYXXHOCTH. AHanoruuHo,
€CTH B Mbe303JIEMEHTE OJHOBDEMEHHO BO30YXKA€Hbl B3AHMHO TepHeHIH-
KYJspHble HeCBi3aHHble (HAH cNa6o CBs3aHHble) koJeGaHHs, TO KOHEN
nbesosaementa A aBuXKeTCs no suaancy (puc. 6,a).

JBa THna xone6aHHil Ha30BeM HECBs3AHHBIMH, eCH OfHO M3 HHX He
BO36YXKJaeT ApYroe, T. €. eCNH OHH CYUIECTBYIOT HezaBucuMo. [Ipume-
DPOM HECBSI3aHHBIX KOJeGaHHH SIBJISIOTCS NPOAOJLHbIE M H3THOHbIE KOJe-
6anus. [TpumepoM CBA3AHHBIX KO/MeGAHHH MOTYT CIYXKHTh [POAOJbHbE
kKose6aHHs MO [OJuHE H UIMDHHe Nhe30NJAcTHHb, a Takxe HW3rHGHble
kKoJse6aHHUs MO ee MaHHe H HIHpHHe. EcaM KoJeGadHs SBJASIOTCS CBS3aH-
HbIMH, TO Ha PE3OHAHCHBLIX 4acToTax CABHT (a3 MeXAYy HHMH paBeH
HYJIO.

PaccMoTpum fBa B3aMMHO NepNEHIHKYJAPHO PacHotio-
KEeHHBbIX 1be303/eMeHTa (puc. 6,6), B KoTophx BO36YyXKie-
Hpl IpoJoJbHHEe Koaebanus co caBurom a3z 90°. Kasa-
Joch ‘GBI, €CJAH COEAHHHTb KOHUBI MbE303JeMEeHTCB (Tou-
ku A), To Touka CoenHHeHHs GyaeT ABHraThesl MO OKPYX-
HoctH. Ha caMoM Xe jiene tpaeKkTopuefl QBHXKEHHs Oyier
npsiMasi, NoKasawHas Ha PHCYHKe MyHKTHpoM. [Ipu akycTh-
YeCKOM COENHHEHHH TMbe303/JeMeHTOB (B ToukaX A) mpo-
HOJIbHbIE BONHE MPOHHKAIOT H3 OLHOTO 3JeMeHTa B Apyroft.
CMemnBasich MeXay coboft, oHH CTaHOBSITCSI B TOYKE CO-
eHHEHHS HepasJHYHMLIMH.

Eciu B npesosnemente Bo36yxIeHH NPOAOJBHEE H
u3rubHble KoseGaHHA OAHOM YacCTOTH, TO NPH CABHre (a3
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Puc. 6. Tpaexktopuu

OBHXEHHST TOYUeK Ha
KOHIAX [be303JjeMeH-
TOB.

MEXJ]y HHMH, OTJHYHOM OT HYJIS,
TpaeKTOpHed JBHXKeHHS TOukH A
ABJsieTcss aanmnc. Hasoeem yroa
cABura (a3 Mexay Bo3bOyXKaaeMbi-
MH KOJIEOaHHAMH YIJIOM TpaeKTo-
puu Y. 119 0gHHAKOBBIX aMILIHTY/L
NPOJOABLHHX M H3rHOHBIX Ko.1eba-
uuft (Ag=Ay) TpaeKTopHH nBHKE-
HHSl TOYeK Ha TOpUE Nbe303JIEeMeH-
Ta TOKasaHbl HAa pHC. 7,a, a AJd
pasublX aMIOAMTYRL —Ha pHC. 7,6.
Bo3MoxHo Takxke ABHKEHHE TOUKH
N0 3aMKHYTOIl KDHBOH C IIOCTOSIH-
HOM CKOpocThblo. B HepesonaHCHOM
pexHMe Takoe ABHKEHHE IIPOUCXO-

SO

pe180°  @e225°  ptz70°  @=J15°  @360°

a) F
=
@ =30° p=30°
A= P Fp=44y

7 &

Puc, 7. TpaeKTOpHH ABMKeHHS TOYeK Ha KOHILAX NBEe303/IEMEHTOB  NIPH
Pa3THYHBIX COOTHOLIEHHX MeXMY aMIVIMTyIaMH NPOXOJBHBIX H H3THG-
HBIX: KoJ1eGaHHH.
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AuT mox meficTBHEM BBIHYXKpalOIWEH CHJIBI, H3MEHSIOIIEHCS
Mo 3aKOHYy nuabl (puc. 7,8). Ilpn moJMrapMOHHYECKOM H3-
MEHEHHH BbLIHYXK/AMOWEH CHJABl opMa 3JJIHIICA HCKaXKaeTcs
(puc. 7,e) [17].

ITonepeynas cuna Ha KoHIE MPOAOJNBHO CMELIAIOLIErOCS
nbe303JeMeHTa BO3HHKAeT NPH ero B3aWMOAEHCTBHH C IIO-
BEPXHOCTLIO poTopa. JTa CHJIa MNPONOpLHOHAJbHA CMelle-
HHIO H COBNajaer ¢ HHM IO
¢ase. ns noHuMaHHsS NpHH- s ¥
[IHIIa paboTbl ABHraTe/s Bax-

HO 3HaTh (asoBbie COOTHOLIe-
HHS MEXJy B3aHMHO INepIeH-
AMKYJADHBIMH KONeOaHHsIMH.
Ha puc. 8 nokasann uacror-
HBIE 3aBHCHMOCTH aMIJIHTYIH

cmeuledus S u caBura dasz ¢

MEXIY CMEuleHHEM H 3JIeK- ' i’ f
TpHHECKHM HaUpAMCHAEM b 8. Yacrornue sasHcHMocTH
BOJIM3H pe3oHanCa IS NePBOH  aypnryns cvewennst S # cas-
MOJDBI IPOAONBHEIX KONeOanHA ra $a3 @ MexAy cMemeHHeM H
nbesosneMenta. B OKpecTHo-  oneKTpHueckMM  HaNpKeMHeM
CTH pe3OHaHca CABHT (a3 me- Nbe30dIeMeHTa.

HAeTCAd OT HyJsd 10 N, Ha

4acToTe pe3oHaHcoB fp oH paseH m/2. Ilo Takomy ke 3a-
KOHy H3MEHAIOTCH aMIIHTyaa M ¢asa CMelleHHs KoHINa
Nbe303JIEMEHTa B INONEPeyHOM HAIpABJEHHH, OTJIHYHE 3a-
KJIOYaeTcs B TOM, 4TO pa3HOCTb (a3 OTCUMTHIBAETCS OT
¢aspl cMeueHHST KOHIA NbE303JEMEHTa B IPOAOJIBHOM
HanpaBJIeHHH.

b

7. SNEMEHTH N U ONUCAHME EFO PABOTbHI

Paccmorpum IIJ1 minpoko npuMensiemMoli KOHCTpYKLHH
(puc. 9,a). OCcHOBHHIMH 3JeMEHTaMH ABHraTeNs fABJSIOTCS
cratop u potop. Ha ocHoBanmu cratopa I ycranoBjenbl
npe3ossieMentT 2 M NMOAWMNEHKH 3. K oCHOBaHHMIO KpenuTcs
TakXKe Koplyc (Ha PHCYHKe He IIOKasaH); KOpIyC B HeKo-
'TOPHIX CJAyyasX MOXET OHTb COBMEIIEH C OCHOBaHHEM.
B kauectBe OCHOBaHHMS MOryT HCIOJb30BaThC MNaHeJH,
IWaccu npubopoB, HaNpHUMep NMaHe/b JEHTONPOTAKHOTO Me-
XanH3Ma Maruutodona. PoTop 4 06bluHO BHINOJIHAETCH H3
TBEPAbIX MaTepHAJOB (CTajb, YYTyH, TBepAHH CIJAB, Ke-
paMHKa M J1p.); OH IpeacTaBjseT coGoi TeJo BpalleHHs
C IaJKOH MoBepXHOCTHI0. Ecsin Heo6X01HMO MOMYUHTD CJI0K-
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HYIO YTJIOBYIO 3aBHCHMOCTb AJsi MOMEHTa BpallieHHs!, pOoTop
NOJKEH HMeTb (OopPMY 3KCIEHTPHKA C OJHHM HJH HECKOJb-
KHMH BBICTYHNaMH. '

Heorbemmnemoii yacroio T1[1 sBAsieTCs aKyCTHYECKH H30-
JIUPOBAaHHAsA OT OCHOBAHHA H OCH POTOpPA 3JNEKTPOMeXaHH-
yeckas kosnebaresbHas CHCTeMa — OCUHIIATOP (BubpaTop).

Puc. 9. Konerpykuus IT]1,

B mpocreiimem cnyyae ocuunnsTopoM sBAsieTCS Mbe3osse-
‘MEHT BMecTe ¢ M3HOCOCTOHKOH mpoknankoil 5. Ecau ocuua-
JISITOp BBHINOJIHEH B BHA€ NMPAMOYroJIbHOH MJIACTHHH, TO ee
KOHel mpuXar K INOBEPXHOCTH POTOpa, a APYroil 3aKpensieH
Ha OCHOBAHHM ¢ NMOMOWUBIO 3JACTHYHOH NPOKJAaAKH 6, Ha-
npumep, u3 ¢Toponnacra, pesuHs u Ip.

Baxsoit yacteo- T1J] siBnsieTcs sjeMeHT NPUXKHMA; OH
MOXeT OBbITb BHIOJHEH B BHAE MJIOCKOH CTaJbHOMN IPYyKH-
Hbl 7, KOHEL| KOTOPO# Yepe3 3/1aCTHYHYIO npokJaaiKy 8 ma-
BHT Ha KOHeu ocuuianatopa. /s H3MeHEHHMs! CHJIB TpH-
16



JXK¥Ma Ha KOHIe NPYXHHH YacTo YCTAHABJMBAIOT peryJi-
POBOYHBIE BUHT 9. ¥Yroa [ MeXAy HamnpaBJeHAeM CHJIb
IIPHXKHMA U NIOBEPXHOCTBIO OCUMJLIATOPA Ha3biBaeTCsi YIJioM
npuxuma (puc. 9,0). OcuunAsTOp KacaeTcsi IOBEPXHOCTH
poTopa MOA ONpefeNeHHBIM YIJIOM, Ha3blBaeMbiM YIJIOM
KOHTaKTa G. JTOT OCTPBbIl yros 06pas3oBaH IJIOCKOCTbIO,
napaJsesbHOH NPOAONbHOH OCH OCUMJIATOpA, H KacaTesb-
HOW MJIOCKOCTDBIO, TNpoXoAsiledl 4Yepes JIMHUIO KOHTaKTa
OCUHUJISAITOPA C POTOPOM.

Breurnuii BuA 1ab6opaTopHbIX H ONHTHHX 06pasuos [11L
370#i KOHCTPYKIHH TpHBEIEeH Ha pPHc. 9,6.

[1pu co3mauuu Mmopmeau I1[ aBTOopaMu ObliH NPUHATH
CJIelyIoULHe TPeanoJIoKeHHs:

1. Tlonepeuntie Ko/eGaHHsi SBJAAIOTCA HITHOHBIMH H
BO30yX/Jal0TC TpPH OTPaKEHHH MNPOAOJbHHX KoJaeOGaHHK
OT TOBEPXHOCTH poOTOpaA.

2. BpameHnne poropa ob6ycnoB/eHO 3aKJIHHHBaHHEM IDH
CMEIUEHUH KOHUa OCLUHJINATOPa B OJHOM HampasJeHHH H
PaCK/JHHHBAHHEM TPH CMEIEHHH B 0OpaTHOM HampaBJCHUM.

OKClIepUMEHTHI, BLITIOJHEHHBIE aBTOPAMH, OKOHYaTeJIbHO
MOATBEPAHIH MeXaHu3M (GPHKLUHOHHOrO B3aHMOACHCTBUS
HEeCBA3aHHBIX NPOJOJNBHBIX H U3rHOHHIX KoJeOaHUH oOCuMJ-
JATOpa M IO3BOJHJIM CO3J1aTh MOJEJb, HJJIOCTPHPYIOILYIO
ocHoBHble (u3ndeckue npoueccst B IIJ[. Coramacro sToft
MoJeJH NpPH NOAKJIOUEHHH ABHraTeNss K HCTOYHHMKY Iepe-
MEHHOro HanpfXKeHHsd C yacToTod, OJIM3KOH K pe30HaHCHOH
yacrore NPOJOJbHBIX KOJeGaHH#, B OCUH/JISATOpPEe yCTaHaB-
JIMBAIOTCSl CTOSIYHE NIPOJOJIbHEIE BOJIHHL.

Bynem cudTaTh, 4TO oCUMANATOP Kacaelca PpoTOpa
B OAHOH TOYKe IIpH ONAHOMEPHOH MOAEJNH W BAOJb JIHHHH
NpH ABYMEPHOH Moaenu. DTy TOYKY WJH JHHHIO HA30BeM
KOHTaKTHO{. KoHTakTHas ToukKa, CMeINasicb B MPOJAOJBHOM
HanpaBJIieHHH, TepeMellaeTcss ¢ TOBepXHOCTBbIO poTOpa
(puc. 9,e), a cjefoBaTe/NbHO, CMelaeTCd U B NONEPEUHOM
HanpaB/ieHud. YacTb HOBEPXHOCTH poOTOpa, € KOTOPOHl
B3aHMOJEHCTBYeT KOHTAKTHAasi TOYKa (JHHUSI) B TeyeHUe
OfHOro mepHona KoJneOaHMH, Ha30oBeM 30HOH KOHTaKTa.
Takum obpasoM, nepeMmellende KOHTAKTHOM TOYKH B 30He
KOHTaKTa NPHBOAHT K MNOSIBJEHHIO MONEPEYHOH COCTaBJIsi-
oMt CHJBL, KoTopas Bo30yXaaeT CTOYHe BOJHB M3rH6a
Ha yacrore, ONM3KOM K pesoHaHCHOH. B pesysabraTe KoH-
TaKTHas TOUKAa AONOJNHHTEJBHO CMELLAeTCS B MONEPEHOM.
HamnpaBJ/eHHH 32 CYeT Pe3OHAHCHBIX W3THOHRIX KoNeGaHHi.”
CaBur das MKy TNPOACJBHHIMHE U M3rHOHBIMH Konie6a-
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HUAMYU MoXeT u3MeHAThes B mpeaenax or 0 go 180° B 3a-
BUCHMOCTH OT COOTHOLUEHHsT Mex1y BhiOpaHHo# pabouelt
YacTOoTOHA JBMraTesNss M PE30HAHCHOH 4acToTol KoJsebaHHH
usruba. Ilpu caBure ¢as, otanyHom ot 0 u 180°, KOHTaKT-
Hast Touka ABMAKeTCs mo sasuncy (puc. 9,0). B momeHT
CONPHKOCHOBEHHA C POTOPOM OHa NPHXKHMMAeTCs K ero Io-
BEPXHOCTH, BXOIHT BO (GPHKLIHOHHOE 3aLeNJIEHHe H Iepe-
JaeT pPOTOPY OAHOHANPABJEHHLIH MMIyJNbC ABHKEeHHS. IIpH
3TOM OCUMJJIATOP INONyyaer HMIYJAbC [ONEPEYHOH CHJIH,
KOMIIGHCHDYIOIIHi MOTEepPH 5HEPrHH H3rHOHBEIX KosebaHHuil.

8. BLIEOP PA3MEPOB OCLIUNNATOPA

B nepsrix I1[] MolwBoCTh Ha BaJy He TIpeBHIlAaJa Aecd-
THIX J0JIeH BaTTa, a K. II. 1. COCTABMsJ BCEro JIHUIb HECKOJb-
KO NMPOLEHTOB. [lapaMeTps yacTo HMeJH CJAyyaHHBIH Xapak-
tep. Hanpumep, ma ogsom wu3 [11 6w sadukcuposan
K. I 1., paBHbiii 40%. Ongnako pesynbTar okasancsi HeBOC-
MIPOH3BOAHMBIM Aae IJs1 JaHHOTO JBHraTefs.

Ha xapaxrepucrtuku I1J] BaHsIH pasMeps H KOHCTPYK-
IUH POTOPA, OCUHUANATOPA, 3j1eMEHTOB KpenneHHs H [MpH-
XKHMa, yribnl KOHTaKTa H NPUKHMa, M3HOC Mbe303JEeMEHTa
U apyrue akrtophl. YCTaHOBJNEHHe MeXaHH3Ma B3aHMOJAEH-
CTBHS IPOJONBHLIX H MONEPEYHHIX KONeBGanuii OTKPHIO LIH-
‘POKHE BO3MOMHOCTHM A/l 3HAYHTEJNBHOrO yJAyylIeHHs Mapa-
MeTpOB JBHrareJfes.

Urobs MOHM3UTH HanpsiKeHue Nurtanus 1110, nceneno-
BaTeJH CTPEMHJHCH YMEHLIUHTh TOJILHHY OCUHJANATOpA.
Ho 3to B coorBercTBUH ¢ ¢popmynoir (1) npuBogumno K ype-
JHUYEHHIO HOoMepa MOJB H3rHOHBIX KoaebaHuil. Bwmecro
HeoBXOAMMEIX BTOPOH, TPETbeH HJH 4YeTBEpPTOH Mo KoJe-
GaHuii Bo3Oy:xjaganuch Oosee BLICOKHE (BblE JECATOH).
Ecan pns Becnx Moj KojaebaHuil cayya#iHo moabupaltiochk
HeoOX0JMMOE COOTHOIIEHHE MeXJy PEe30HaHCHBIMH YacTo-
TaMu NMPOJONbHHIX M H3THOHBX KONEeGaHH, TO COXPAHHTh
€ro NMpH BO3JAEHCTBHH necra6nnnanpylomnx tbakropoB BbLi10
HEeBO3MOXKHO.

Tak kKak B KOHTaKTHOH ToyKe MPOAOJBHHE H TONepey-
Hble KoneBaHHsl OCHMANATOpA B3aMMOAEHCTBYIOT, (a3oBhe
COOTHOLUEHHUS] MeKJY HHMH JOJXKHbl CYLIECTBEHHO BJHATH
Ha napamerpsl asuratens. CnegoBaTenbHO, Ans 3pdekTuB-
Horo B030yxJIeHus KoneGauuji usruba pabouylo uacroty
I1[1 HeobxoanuMo BHIOUPATE He TONBKO B 00J1aCTH Pe3oHaHC-
HuIX 4aCTOT MpOAOJbHBEIX KonebanHH, Kak 3TO CYHTANOChH
panbiie, Ho u B o6JacTu pesoHaHca KoJebaHuii u3ruba.
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Tlpn HepesoHaHCHOM BO36GYXKHeHHM NPOAONBLHBIX KoJeba-
HHUH HaNpsKeHHe IUTaHUsl JBUTaTe sl NPHLITOCh Obl YBeJH-
YHTbL B AECATKH pas.

OntumanbHOE COOTHOLIEHHE MeXay Pe30HAHCHHMH Yac-
TOTaMH HPOAOABHHIX M HM3THOHBIX KonebGaHHiN AOCTHraercs
COrJIacOBaHHEM [OJIHHBI H TONILHHEI ocuuansrtopa. I'pyboe
COrNiacoBaHHe pa3MEPOB MOMKHO INPOHM3BECTH H3 YCJOBHS
pPaBeHCTBA YaCTOT A-d MOJAH MPONONbLHHIX M M-i MOABI H3-
ruOHBIX KoneOaHHMil; 3TOMY PaBEHCTBY COOTBETCTBYeT INpH-
BeJeHHHH B Tabn. | Habop OTHOWIEHUH NJIMHBI OCUHJIATOPA
'K ero ToJIlIIHHe.

Ta6anua 1
Homep MOES MPOROTH- Homep Moam xoneGammft uarufa
He o A T 4 5 6
1 3,75 9,65 16,6 26,8 35,3
2 — R— 4,96 —_— 16,4

.

OTHOlLIEHHA COOTBETCTBYIOT IKCHEPUMEHTAJNbHBIM [aH-
HbiM ans T1J1 ¢ potopom u3 tBepmoro cmiaBa BK-6 (yroa
KoHTakTa — 45°,. cuna npuxuma —20 H, wupuna nbeso-
ajementa — 7,8 MMm). -

O6biyHO B ocUMNSTOPe BO3GYKAAIT APOLOJbHBIE KO-
neGanHusa NepBofl Moanl M KosieGaHHsi H3ruba BTOpOM.
Tperhell, yerBepTofi nam maAToit mMoA. TouHoe ompenenenue
pa3MepoB OCLUHANATOPA- NPOH3BOAUTCS 3JKCIEPHMEHTAIBHO
And AaHHBIX MartepHasja M KOHCTPYKIHH pOTOpa, YIJIOB
KOHTaKTa W NPHXHMAa, MaTepuaja H3HOCOCTOHKOH mpo-
Knaaku. JLnnay ocuuansitopa Beibupalor npuMmepso Ha 10%
Goubluell pacyeTHOTo 3HAYEHHHA; 3aTeM, MOCTENEHHO yMeHb-
was ee, ONPEAENAIOT ONTHMAaJbHYIO AJNHHY IO MaKCHMYyMy
K. I [

9. TPAEKTOPUSQ ABMIKEHMA KOHTAKTHOH TOUKM

MoxKHo NPEeAnoNOKUThb, YTO ANA ABHraTesedl ¢ QpuKIU-
OHHEIM KOHTAaKTOM MEeXAYy CTaTOpOM ¥ DOTOPOM HAeaNbHOMH
TPaeKTOpHeil ABH)KEHH KOHTAKTHOH TOUKH sIBJIsS€TCA Tpe-
YLONBHHK MM NPSAMOYrONBHHK (puc. 10,a), mo KoTopoMy
KOHTaKTHast TO4Ka B 30HE 3ALENNEHUS ABHXKETCS ¢ MOCTOSH-
HO# cxopocThio. [l PE30HAHCHBIX CHCTEM TaxkHe TPaeKTo-
PHH [BUKEHHS MOJYYHTb HEBO3MOXKHO, OJHAKO K HHM MOXK-
HO npuOGJAU3UThLCS, H3MEHSAS TapMOHHYECKHE COCTaBASIOLIHE
NPOJOJBHHX U U3THOHHX KOJeOaHui,
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OCHOBHBIC BAPHAHTBl TPACKTOPHH ABHKEHHS KOHTAKTHOR
TOYKHM AJIST MAeaJbHO XKEeCTKOro poTOpa M yIjia KOHTaKTa
45° npuBenensl Ha puc. 10,6 — e, npudyem BapuanTe 10,6 —
2 COOTBETCTBYIOT DaBEHCTBY AaMINVIHTYJ NPOJOJNbHHIX H H3-
FHOHBIX KoJleOaHMH (HCKaXKeHHS TpaekTOPHH TpH CONpPH-
KOCHOBEHHSIX KOHTaKTHOH TOUKH ¢ IOBEPXHOCTBIO POTOpa
He TIOKa3aHH).

%) /

J

¢‘lﬁ5°;\) ol
2) a)

Puc. 10. TpaexTOopuu ABHXKEHHS KOHTAaKTHOH TOUKH.

~

CKOpOCTb NBHXEHHSI KOHTAKTHOM TOUKH IO 3JUIHIICY He-
MOCTOSTHHA H YMEeHbIIAeTCS C YBeJTHYeHHEM KPHBHU3HH Tpaek-
TopHH. Pas3noxuM BeKTOp JHHEHHOH CKOPDOCTH JBHXKEHHS
Ha HOPMAJbHYIO Un H TAHreHIHAJbHYIO U, COCTABJISIOIIHE

(puc. 10,6). OueBugHO, YTO TAHIEHIHANbLHAS COCTABJSIOLAS
sBasiercs moJsiesHoll. Tlpu GoablIMX 3HAYEHHSAX HOPMAJbHOH
CoCTaBJsioNlefl BO3MOXKHB OTCKOKHM KOHLA OCUHJJASTOpPA OT
nosepxHocTH poropa (puc. 10,8, &). Takoii pexum paboTh
ITA moxeT GbITh oTHeceH K BuGpoynaphHomy [18, 19]; om
COTIPOBOKTAETCS 3aMETHBIM M3HOCOM KOHTAKTHOH MapH.

CkopocTb poTopa MOCTOSIHHA M He MOXKeT CYLIeCTBeHHO
M3MEHHTbCS 3a BpeMs OfHoro kacaHus ocumaasitopa. Ilo-
3TOMY HEMOCTOSHCTBO TAHTEHIIMAJBbHOH COCTaBJAIOILEH CKO-
POCTH NIBHKEHHMS] KOHTAKTHOH TOUKH NPHBOJHT K NMPOCKAJb-
3HIBAHHIO, a CJIeJJOBATENbHO, K MOTEPAM MOLIHOCTH H YBeJH-
YeHMIO M3HOCA B 30He KOHTaKTa. TakMM obpaszom, mpennou-
THUTENBHE MaJjsle yrabl KoHTakta (puc. 10,6); 3TOT BBIBOJ
TeM Gosiee CIpaBejJIHB /IS peasbHBIX POTOPOB, MOCKOJBKY
npyu GOJIbUIMX 3HAUEHHMAX HOpMaJbHON coCTaBastiollefi Cko-
‘POCTH B POTOp OTBETBJSETCH YaCTb AaKYCTHUECKOH SHepruw.

TpaekTopuM NBMXKEHHMS KOHTAKTHOH TOYKH MpPH Hepar-
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HBEIX aMILTHTYaX MOTepPeyHoON U MPOLONBLHON COCTABJISIOLIMX
CMelleHHs ToKa3aHel Ha puc. 10,0, e. DT caydaH COOTBETCT-
BYIOT Hy/1eBOH TaHreHIHaJbHOH COCTABJSAIOLIEH CKOPOCTH Ha
BHIXOJle M HA BXOJe B 30HY KOHTAaKTa M MO3TOMY ONTHMAJb-
HBIMH CYHTATBCS HE MOTYT.

HenocTosHCTBO TaHreHIHa bHON COCTABAAIOWEN CKOPOCTH
MOXeT GbITh YMEHBIIEHO MYTeM AONOJHHTENBHOTO BO36YX-
JBeHUsl BTOpoft H TpeThefl rapMOHHK 3JE€KTPHYECKOro CHrHa-
ga (puc. 10,5¢). Taxoft cmoco6 yJaydmieHHss TapaMeTpoB
[T skcnepumeHTanbHO TpoBepsiicst aBTopaMu. IIpH sToM
0Ka3aJsoch, YTO HabJuonaeMoe He6osablIoe yBeJHUEHNe MOII-
HOCTH Ha BaJly JBMraTe/isl He ONpaBALIBAET 3aTparT, CBS3aH-
HBIX C YCJIOXKHEHHEM CXEMBI.

UccnenoBanns TpaeKTopuM NBMKEHHS KOHTAKTHON TOY-
KH C MpYMeHeHHeM COBPEMEHHBIX MEeTO/0B BH3YyaJbHOTO Ha-
GMIONEHNsT TIPOIECCOB, B TOM YHciae rojorpaduuecKux CBSl-
3aHBl C Cepbe3HBIMM TPYAHOCTIMH. BO3HHKHOBEHHe HH3KO-
gacToTHHX BHOGpauuit ITJ], o6yciOB/NEeHHHIX HETOUHOCTBIO
H3rOTOBJIEHHS pOTOpa, NPHUBOAMT K pPa3MBITHIO H306paxe-
HUSL W TOJIOTpaMM.

[TepBLie yIOBJIETBOPUTEbHEIE CHUMKH TPAEKTOPHH ABH-
XKeHHR TOUeK B 30He KOHTaKra Owulau cnenads B. C. Bum-
HEBCKMM. YBeJMUEHHe NJIMHBI TNbe303JeMEHTa H JHaMeTpa
pOTOpa MPHBEJIO K YBEJHYEHHIO aMIUIHTYAb KOoJie6aHMH KOH-
na ocuuiaaTopa 10 30—50 MKM H CHHXKEHMIO MX YaCTOTHL.
IMpu atom ¢ momoursio MuKpockona MBC-1 oruernmBo Ha-
611012 /1HCh TPAEKTOPHH NBHXKEHHS CBETALIMXCS Touek (rpa-
Hell KDHUCTA/JJIMTOB), HAXOASIIMXCH B HENOCPENCTBEHHON
6/MU30CTH OT KOHTAKTHOM TOUKH.

dororpadupoBanne M BH3yasbHble HAGMIONEHHMS MO3BO-
JUJH OTpeNeNuTh 3aBHCHMOCTb YryIOBOfl CKOPOCTH Bpauie-
Hust poropa ITIl © oT GopMBI TPaeKTOpHH NBHIKEHHS KOH-
TAaKTHOM TOUKH. 3aBHCHMOCTb © OT YacCTOTH TMHTAHMS [ TpH
TIOCTOSTHHOM HampsiXeHun nutanus U nokasaHa Ha puc. 11,a.
3aBHCHMOCTb YrJIOBOAi CKOPOCTH BPALIEHHSI OT HaNpskKeHHs
NUTaHAS TIpY 3aJaHHON YacTOTe MpencTaBijeHa Ha puc. 12.
Ha sthx rpadurax m306pa’eHH COOTBETCTBYIOMIME TpPaeK-
TODHH IBHXEHHS KOHTAKTHHIX Touek. TpaexTopus mocTpoe-
HB )11 B3aHMHOrO PACNOJNOXKEHHS POTOpa H OCHHUANATOPA,
nokasaHHoro Ha puc. 11,6.

‘Ha6nonenuss 3a TpaeKTOPUSAMH NBHUKEHHS KOHTAKTHON
TOUKM ToATBepAHNH, 9T0 paborta ITJI ocHoBaHa Ha B3amMo-
NefICTBHH NBYX B3aHMHO TMEPNEHAMKYNSIPHBIX KOJeGaHM
OCLMJIJIATOPA B TOYKe KOHTaKTa ¢ poropoM. [oaTeepauivck
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TaKXKe IpennosokeHus, Kacawoiunecs GopMB TpPaeKTOPHH
ABHXeHHS. [lomosHHTeNbHOEe TOATBEpPXKIEHHE OMHCAHHOIO
BHIlle ME€XaHu3Ma pabOTH .ABHraTeiss OBIO MONVYEHO
B. C. BuliseBCKuM NpH HCIIO/Ib30BAHHN H3HOCOCTORKOR npo-
KJA3LKH U3 mpoBoxswero Marepuana. Ha creunanbuoit yera-
HOBKe GBLIH CHSTHl OCLMJIOrPAMMB HATPSKeHHS, npuJo-
HEHHOrO K KOHTAKTY 3TOH MNpPOKJAAKH C MeTalJHYeCKHM

pOTOpOM.
O

)

~

()

-2 00 = =
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Puc. 11. 3aBucumocts yriaosoit cko- Puc. 12. 3aBucumocth yraosoft
POCTH BpaIlleHHsi POTOpa OT YacTo- CKOPOCTH BpAIEHHs poTOpa OT
TH HANpSKEHUs] NUTaHUS. HANpPSKEHUs] NHTAHUS.

3aBHCHMOCTE OTHOCHTENBHOrO BpPEMEeHH KOHTaKTa Tyx/T
H YaCTOTBI BPAlleHUs ABHraTess n OT HATPSKEHUs NHUTAHHS
U npencraBiens Ha puc. 13,a. Ha puc. 13,6, 8 mokasaun
3AaBHCHMOCTH TeX e NmapaMeTpoB OT Harpykaloulero Mo-
MeHTa Ha Bany My u cunbr npuxnMa Fn. W13 atux 3asucu-
MOCTeil CjienyeT, 4TO yAeJbHBe xapakTepucTukd [T phiure
B TOM CJIy4Yae, KOrfla KOHTaKTHas TOUKa ABHKETCS MO rHCTe-
PE3MCHOH TpaeKTOpHH, T. e. Korna KOHeI OCHMJJIATOpA NIPH
06paTHOM JBHXKEHHH OTPBIBAETCS OT MOBEPXHOCTH POTOPA.
OnHako BpalleHHe MPOHCXOAMT M B CJyyae, KOIAa KOHel
OCUMJUIITOPA TPH ABHKEHHH Haszall, He OTPHBasCh, CKOJIb-
3UT M0 MOBEPXHOCTH POTOPA, MPHIKHUMASCh K HEMY C MeEHb-
el cusiof, yeM mpu ABUXKeHwu Brepend. VI B mepBom © Bo.
BTOpPOM cliyyasx NMpOABJAAECTCA THCTEPE3UC CHJBI TPHKNMA
B MeCTe KOHTaKTa, fBJAIOUIHACT OJHHM H3 0053aTesNbHbIX
YC0BHH BpamieHus potopa. BropmM ycioBueMm. siBJsieTcs
CKOJIbXKEHHEe HJIM OTCYTCTBHE KOHTAaKTa NpH OGPaTHOM [IBH-
HeHHH KOHIA OCHHJIATOpA.

OTH yCJIOBHA CJedyeT OTAHYATh OT YCJHOBHS aHH30TPO-
MUK TPEeHHs, TPeAnoJaaraipuiero pasjiHiHe B KOdppuumeH-
TaxX TPeHHs NPH NBHKEHHUAX KOHIA OCUHJJISATOpA Blepen H
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Hasaj 10 MOBepPXHOCTH POTOPA ¢ OAMHAKOBHMH CHIaMH mpu-
KHMa.

M3 npuBenennbIX rpadMKOB CJENyeT, 4TO AJst paccMaT-
PHBAeMOro JABHraTe/sl BpeMs KOHTAaKTa, ofecrleuHBalouiee
MaKCHMaJIbHYI0 YaCTOTy BpAUIEHHs, COCTABJSET NPHMEPHO
0,7 meprona kosnebanuil T. B nelcTBHTENBHOCTH 3TO BpeMmH,
BEepOsITHO, HECKOJIBKO MeHbllle, TaK KaK 2JIeKTPHUECKHH KOH-

T /T me! /T nyc7? /T nc!
Qgp ! —o 033 ‘ 59 S/Zo
087 < - 8617 06 ; \
b Ao
0,7 A - 47 =
7 7 / ‘
05 Ui gs WA "
60 7 60 % B 05 40 45 20Hm 2 % 6 8 4
a) 0) Ui

Puc. 13. 3aBHCHMOCTH OTHOCHTEJBLHOrO BPEMEHH KOHTAKTa H HacTOTH
BpAlleHHsT POTOpa OT HANpSIKEHHsl NHTAHHA, MOMEHTa Ha Baly M CHJH
NpHXHUMa.
3HayeHHs 1:,(/7‘ OTMEUYEeHH rpejroqbﬂukauu; 3Ha4yeHA n — KPYKKaMH; Z‘—nepﬂon
KoseGaHui,

-

TaKT AOJIKEH HacTynaTh pDaHblile, yeM MOJNHBIH MeXaHHde-
CkHi. KpoMe Toro, peasibHO KOHTAaKT MPOUCXOAMT He 1O JH-
HHH, a 10 IVIOLIA/IH; MOITOMY OfHH TOUKHM paHblie BXOAAT
B KOHTaKT, a Ipyrue No3xe BHXOAAT H3 Hero.

Has TIO ¢ MomHocTeio Ha Bany 3. Br, pa6oTauero
B DEXMME MAKCHMaJbHOro K. M. 1., IPH HANpSAKeHHH MUTA-
Husg 200 B u3amepennoe 3Hauenume 1 cocrasmio 0,457.
YMeHbleHHe OTHOIIEHHS Tx/T B CHIOBOM peXuMe paGOTH
ABUCATENS, OYEBHAHO, CBA3AHO C YBEJHUEHHEM TOYHOCTH H3-
MepeHHH IpH YyBeJHUYEHHH pa3Maxa KoJeGaHHi KOHTAaKTHOM
TOYKH.

10. 3AKNIMHMBAHME. YITIOBAS CKOPOCTb BPALUEHMSA Nf

Ilpepnonoxum, 4To B 3a30p MeXAy MIACTHHON W POTO-
poM BcTaBJleH kauH (pHC. 14,a). Tlpu Bpamennn poropa mo
YacoBOH CTpeJiKe KJIuH BTITHBAeTC B 3230p; NPH 3TOM CHIA
TPeHHsI MEXNy KJAHHOM H DOTOPOM yBeduuuBaercs. Ilpn
BPAIEHHH B NPOTHBOMONOKHOM HANpaBJeHHH KJMH BHITaJ-
KHBAeTCS M3 3330pa M CHJIa TPeHHs yMeHblIaeTcs. AHajo-
THYHBE 3¢ dekT HaGJI0NAeTCS, e/l IPOCTO ONepeTh MAACTH-
HY Ha poTOp. PoJb KMMHA B 3TOM ciiyyae urpaer yacTh Ma-
Tepuala B 30He KOHTaKTa (puc. 14,6). Tor xe sdoexr,
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OueBUAANO, NOJKEH HMeTh MecTo H B Ciyiae, Korfla Kouetl
CTepXHS MepeMellaercs no rosepxHoctn poropa. Ilpu nBu-
XeHHH BIPaBO NPOHCXONNT 3aKNUHMBaHME (puc. 14,6), npH
IBHMKeHHH BJIeBO — packaunuBaHue (puc. 14,6). B obnacTb
KOHTaKTa MOXKeT BTSTHBaTbC M MaTepuan poTopa,
4TO TaK¥Xe NPHUBOJHT K YBeJHUEHHIO CHJIBI TPEHHS B OAHOM
H3 HamnpaBJieHHWH BpalleHus poTopa.

—— ——

a) 4) 8

Puc. 14. Moaenu B3auMOJeHCTBUSI KOMIA INIACTHHH C POTOPOM. '

Jns OLeHKN BJIUSHUA 3aKJHHHBAHUA HA XapaKTePHCTH-
KW ABHratess OBLTM M3MepeHbl KO3 (HIMEHTH 3aKJIMHHBA-
HUA [JIS pa3iuYHEIX MaTepHajop portopa. Kosdduument
3aKJIMHHBAHUs ompefessieTcs no dopmyne Ny=M,/M,, rne
M), m My — MOMEHTH TpPOTaHHs poTOpa B NPSIMOM H obpaT-
HOM HanpaBJieHusX, npudeM Bcerna M;>Mo,.

Oxkasanoce, 4yT0 KO3((PUUHEHTH 3aKNHHUBAHHUA AJS pas-
JUYHBIX (PUKIUMOHHEIX Nap 3aMeTHO pasjunuaiorcs. OnHako
0OHAPYKHUTb NPAMYIO CBSI3b MeXKAY KO3)OdHUUEHTOM 3aKJH-
HUBaHNS W napaMeTPaMHM JABHTaTeJsi He ynanoch. Ilpmumna
3aKJI04aeTCs B TOM, 4YTO ecJu npu OOpaTHOM JABHKEHUH
KOHIl2 OCUHJIISITOPA KOHTAKT HapyLIaeTCs, TO 3aKJIHNHHBaHUE
BHOCHT JOTIOJIHUTEJNbHOE TPEHHE TOJBKO NPH NPSIMOM NBHXKe-
Huu. MoOXHO npennoJioXuTh, YTO MOWIHOCTh Ha Bajay I1J
JIOJKHA 3aBHCETh OT CHJIBl TPEHHS M B MeHbLIEl Mepe OT
K03 QUIIMeHTa TPeHHS, KOTOPHIH BJAHSIET JHIIb Ha CHJY NpPH-
xuma. [lostoMy cBf3b nmapaMeTpoB ABHratess ¢ Ko3hou-
IIMeHTOM TPEeHHS SIBJASeTCS KOCBEHHOH — uepe3 CHJay Mpu-
xuMa. OT 3TOil CHJIBI 3aBHCHT NOTJIOLIEHHE aKyCTHUeCKO#
sHepruu potopom. Ho yKaszaHHoe NOMIOUIEHHEe 3aBHCHT OT
MHOTHX (aKTOPOB, B TOM YHCJe M OT CBOHCTB MaTepHaJja
poTOpa M ero reoMeTpHH; NO3TOMY 3aMETHTH BJIUSHHE 3a-
KJIHHIBAHHS NIOKa HE yoaeTcs.

JluneliHast CKOPOCTb BpaleHns pOTOpa 3aBHCHUT OT aMILIH-
‘TYABL M YaCTOTHl CMeEWEHHs KoHua ocuuansitopa. Ciaenosa-
TeJIbHO, Ue€M Gosibute Hampsikenue nutanus 11, Tem Gosbie
AonxHa OHTL nuHefHAS CKOPOCTb BpalUEHUs PoTopa. Am-
MJIMTYa CMelleHUs NMPOINOPIUOHAJbHA JJIHHE Mhe303JeMeH-
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Ta. TeM He MeHee, yBeNWUMBas 3Ty AJHHY, HeJlb3s yBesH-
YUTb CKOPOCTb ABHTraTeNf, TaK KaK OJHOBPEMEHHO yMeHb-
u1aeTcs YacToTa KoseGaHu# ocumaisitopa. Moxno mosTomy
CuUNTaTh, YTO NPENEJbHO NONYCTHMas 9acToTa BpalleHUs
[1]] He 3aBHCHT OT 4YaCTOTH BO3GYMXKAEHHS.

MakcumanbHast aMmIHTYAa CMeIeHHsi OrpaHuuHBaeTcsl MNpeAes]oM
NPOYHOCTH MaTepHana OCUWIIATOPa WJIH MNEPerpeBoM Mbe303JMeMEHTA.
TlcperpeB NMpHBOAMT K MOTEPC 11bE303JICKTPHUECKHX CBOHCTB (TEMNOBOf
ACHONAPHIAUNH), KOTOpas MPOHUCKOZHT MPH ONPENEEHHON KPHTHUECKOM
TeMAepaType, laseiBacMOR Temnepatypoit Kiopu.

Jl1st MHOTHX NpOMBIIWIEHHBIX MartcpHanos Temnepatypa Kiopn mpe-
Boimaet 250°C, mosTOMYy MakcuMaidblias aMuJIHTY4a CMeUieHHH TpenMy-
IeCTBeI0 OFPAHHUIIBACTCS IPEAETOM Mpoutoct!l Matepuana. Ias mbe-
3oxepamuueckoro Marcpuana TBK-3 npepeabko momyctumas snHefiHas
CKOPOCTL Uy COCTABJISIET B JydlueM Cayyae 1,6 M/c, 4TO COOTBETCTBYET
HanpsXeHUIO B Mbe3oajneMeHrte, npuMepHo pasuomy 1000 MIla. C yue-
TOM JBYKDaTHOTO 3amaca li0 MPOYHOCTH vy =0,75 M/c:

Yrnosast ckopocTh poTopa ompenensteTcsi no ¢opmyae
0=205/Dy,

rae Dy, — nuameTp poropa.
Orciona A8 9acToTH BpamieHHsl (B MHH™!) uMeewm:

n=60vy/nDy.

Ecan Dp=0,5-+5 cm, To n=3000-+-300 mun—!. Taxkum
06pa3oM, H3MeHAsT TOJNBKO AuaMeTp portopa IIJI, MoxKHO me-
PeKpHTh UIUPOKYI0 06JaCcTh 9aCTOT BpallleHus Baja JBHIra-
TeJs.

VMeHblIeHHe HanpsKeHUus nuTaHus 1] mosBosseT CHH-
3UTh 49acToTy BpauieHus 10 30 MuH~! mpm coxpaHeHum 10-
CTaTOYHO BHLICOKOH MOUIHOCTM Ha Bajy Ha eAVHMIY MacChL
Hcrnonb3oBaHue Nbe303JeKTPHUECKHX MaTepuasoB, apMHpPO-
BaHHBIX BHICOKONPOUHBIMI candupoBuiMu ycamu [20], nacrt
BO3MOXKHOCTb PaCIIMPHTbL ANANa30H 4acTOT BPAIIEHHS ABH-,
rateans no 10000 mwmu—'.

Takum 06pa3oM, B WIHMPOKOH 06/aCTH NPaKTHIEZKOro
npumenenns I1J[ moryT obecnednTh MexaHWUeCRHMil MPUBOL
HCTIOJIHUTENIbHBHIX 3/IeMeHTOB 0€3 WCIOo/b30BaHus peayKTo-
poB. [lnsg crneumasbHBIX YCTPOHCTB MMeeTCss BO3MOIKHOCTD
ente B GOJBLINX TPeNesaX YBelWYHBATb AMAMETP POTOpPAa H
32 CUeT TOrO YMEHbIIAThb 4acTOTy BpAIU€HHS (HANpHMeD,
Anamerp portopa 1]l nis UpourpHBaTens MoXeT GHTh yBe-
MHuer 1o 20 cwm).
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14. KPENJIEHME U NPMXUM OCLIMIJIATOPA

Jist ymeHbLIeHUS] OTePb aKYCTHUCCKOH IHEPruH OCLHJ-
JSTOD ABUraTeNs NOJIKeH ObITb HaJeXkHO H30JHPOBUH.
B mpocrefilleM cayyae ero cienyer ynepeTb B 3BYKOH30JI-
IHOHHYI0 NPoKaanky I (puc. 15), BHINOMHAEMYI0 U3 PE3HHBI
HJIU JPYTrHX MaTepHaJioB ¢ HHU3KHM YIEJbHBIM BOAHOBBIM
conpotuBJeHNeM. 3aKpenJeHHe KOHIA OCHHJJIATOpPa uepe3
NpoKJanKy 6yJeM Ha3blBaTh TOPUEBBIM;, B OTJHUHE OT KOH-
COJIBHOT'O OHO O6ecTeyHBaeT OTHOCHTENbHYIO cBOOOY Iepe-
MelleHHsl KOHIa OCUHJIATOPa B 1IPOAOJHHOM M NOTIePeYHOM
Hanpasaenusx. Uem GoJbIIE pasjuune MeX1y BOJHOBBIMA
CONPOTHBJIEHUSIMH  OCUHJLJIA-
TOpa ¥ 3BYKOM3OJSIMUOHHON
MpoKJanku, Tem OoJbllas
yacTb napgawlomed Ha nOpo-
KJaAKy aKyCTHuecKoH 3Hep-
‘THH OTpaXaeTcd B OCIHJI-
JIITOP.

ITpuxuM ocunIsTOpa TaK-
XKe 1ejecoo6pa3Ho OCylLlecTB-
JTh uepe3 3BYKOHM30JSIHOH-
HYI0 3JJACTHYHYIO NPOKJIANKY.
Takas npoknagka 2 yMeHb-
maeT NOTepH aKyCTHUYECKOH
SHEPrHH  4Yepe3  OCHOBAHHe
neurarens. Kpengenue ocuui-
JIATOPa B MECTE MaKCHMyMa
cMemeHu 6aarogapst CBoeil
NPOCTOTE HCNOJb3yeTcss HaH-
Gosiee yacto. Tem He MeHee,
MOTEepPH 3HEPTHH uyepe3 3BYKO-
H30JITIIHOHHY10 NPOKIANKY
JIOBOJILHO OILYTHMBI H CHHXKa-
10T K. 0. . ABHUTATENS B Cpen-
nem Ha 15%.

‘Puc. 16. Dmopsl cMerieHH# AgyctHueckas N30/ HsA

Ansa npopombuux (/) ¥ W3- yJIydllaeTcs, €CJH KpelJieHhe

THO6HEIX (2) KONle6aHufl OCIHN- OCYIIECTBJSETCS B MECTE MH-

ﬁ:g;pfml-’ﬁ’gzﬁ (@ ¥ mpe gyumyma cmemenu. s Ha-

XOXKJeHHS 3TOr0 MecTa CTpo-

AT 3MIOPLI CMenIeHui 11 n1po-
JOJBHBIX M H3rHOHHX KoJjebauuii. lns kose6aHuil BTOPOi
¥ TpeTbell Mom M3rH6a yKazaHHbie 3MIOPH [PHBENeHHl Ha
puc. 16,a, 6. VI3 pucyHKOB cjeayeT, 4TO mJIs OCLHJIISITOPOB
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¢ yetHo# Mono#l koseGanuil u3ruba cyllecTByeT reOMeTpH-
yecKkoe MeCcTo TOYeK (JHHHS B (EeHTPe MJACTHHB), CMerle-
HHSl KOTOPHX DaBHH HyJi0. Brosb aToil nuHMM nenaooT or-
BEpPCTHE, B KOTOPOE BCTABJSIOT TOHKHI CTaJbHOH CTepXKeHb
IJIS1 KPEMJIeHUs ocuusitopa (pHc. 17,a).

MonomophHbIe OCHHATATOPH NPOMIe 3aKPEnJsTh B LEHT-
pax (pHc. 17,6). lns ysesuueHUsT NPOUHOCTH OCHMJJISTOPA

NN

TN
&

o)

Puc. 17. BapuanTH 3aKpenieHHs! OCIHIJIATOPA.

ero CHa6xKaloT CTaJbHBIMH NPOKJIanKaMH, OGBIUHO cOepuMsie-
MbIMH ¢ 3gekTposamu (pHuc. 17,8). IloctaToudo 3¢deKTHs-
HBIM SIBJISIETCA KpemJieHHe B pamke (puc. 17,2), KoTopyio
TIPUKJIEHBAIOT MJIH NPUNAMBAIOT K  oCUMANATOPY. Pamky
MOXKHO TaK¥XKe HCIOJb30BaTh /IS MNOAKJIOUEHHS ONHOrO W3
3JIEKTPOLOB OCLUHUJIJIATOPA.

B MHKDOMHHHATIODHBIX IBHraTesNsiX OCHMJUISITOP 3a-
KPennsior . B PE3HHOBOM HJIH TOJHYPETAHOBOH meT/Ie
(puc. 17,0), a B nBHraTessX YaCOBHIX MEXaHH3MOB K OCIIHJI-
JATOPY TPHUNAWBAIOT TOHKHH Bosocok I (puc. 17,e), ycra-
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HOBJIEHHBH B NOAWIMIHMKAX (Ha PHCYHKe He IOK23aHHI).
[lepneHauKyASIPHO eMy NPHIAHBAIOT TOHKYIO TJIOCKYIO Npy-
XKHHY 2, KOTOpasi yIHpaeTCs B BHHT 3, peryJHpYIOUIHA CANY
NPHKHUMA OCUHUIISATOPA.

Kpensnenne B paMKax HCNOJB3YIOT H IJS OCUH/JISTOPOB
C HeueTHOH MoJo¥ KoseGanmit maruba. B stom ciyuae Ha
OCUHJNISTOPE AenaloT 0aHnax U3 HUTOK, NPONHTaHHBIX 30OK-
CHAHHIM KieeMm (pHc. 17,). PasMmemas Takylo pamky OJH-
JXe K JJHHHH MHHHMYyMa CMeLleHHH NMPOAOJNbHBIX HJIH H3rH6-
HHX KoJeOaHHH, MOXKHO (OpPMHPOBATH HEOOXOAMMYIO Tpa-
eKTOPHIO [BHKEHHS TOYeK B 30He KOHTaKTa.

KpoMe onucaHHHX yCTPOHCTB, AJS NPHXHMa OCIHJJISA-
TOpa K POTOPY H3BECTHO MHOTrO ApYyrux. B xadectBe CHJIOBBIX
371eMEeHTOB HCIONB3YIOT NJIOCKHE WJIM BHTHE INPYZXKHHH,
a TakKxXe De3HHOBHE M NOJHYpeTaHOBHE IUHYpbl HJH IPO-
Knafkd (WHYpH paboTaloT Ha pacTsixeHHe, NPOKJAAKH Ha
cxkaTue). B nBurarensix, npuMeHsieMBIX AJ TPaHCHOPTHPO-
BaHHUS JIEHTB, MOTYT HCIOJb30BaThCS TaKXkKe CHJIOBBHE 3Je-
MEHTH! B BHJe NMOCTOSHHHIX MAarHUTOB M 3JEKTPOMAarHuToB.
HacTo B ycTpo#icTBax NPHKHMAa HCIIOJNB3YIOT rHOKHe nepe-
Ja4yd ¥ peiyard. BHGop TOH MM HHOH KOHCTPYKUHUH NHUKTY-
eTCs B OCHOBHOM PauHOHAJTbHOH KOMIIOHOBKOH 3J1eMeHTOB
JABHrarteJIs.

B Hacrosmee Bpemsi Hamboslee LIMPOKO HCIOJb3YeTCS
NPHKHM B HeNoCpenCTBeHHOH GJH30CTH K JIMHMH KOHTAaKTa
OCUHJIJIATOPA C POTOPOM, T. €. B MeCTe MaKCHMAaJbHHX CMe-
weHH# nbesoasementa (puc. 18,a). Ha puc. 18,6 noxasano
IPHXHUMHOE YCTPOHCTBO, HCKJIOYaoulee NOTepH aKyCcTHYe-
CKO# 3HEPTHH Ha NPHKHUM. B 3TOfl KOHCTPYKLUHH OCHHIISITOP
COBEpIUAET IPOJAOJbHEE KOJNeGaHUS BTOPOH MoAL H H3rub-
Hble KoJe6aHusl YeTHOH MOJBI. i

Kak nokasamm uccienoBaHus nabopatopHeix 06pasios,
Ha paGorty I1]] okassiBaeT BiusiHHE H KOHCTPYKUHMS BBIBOAOB
nbe3osneMenTa. MHHHMAaNbHOE 3aTyXaHHE BHOCSIT BBIBOABI
B BH/€ TOHKHX NPOBOAHHKOB M3 MEIHOM HJHM JATYHHOI npo-
Bojokn auamerpom 0,02—0,07 mm. BriBop nwesoasnementa
SIBISETCS KOHUEHTPATOPOM 3HEPTHH aKYCTHUYeCKHX KoJeba-
Huit. KOHUeHTPauus MeXaHHUeCKHX HANpsXKeHH# 4acto mpu-
BOIUT K Pa3pyLieHHI0 BHIBOLOB, 0COOEHHO NPH HAJHYHH B HUX
AedekToB. [l yBesHUeHHS] HaeKHOCTH BHBOLOB HX CKDYYH-
BAIOT B KT'YTHKH, COCTOSAUIHe M3 nsitm U Oojiee KUl [as
BBIBOAOB HCNOJb3YIOT Tak¥ke nposog MI'T®. droponmnacto-
Basl H30JAUMS TAKMX NPOBOAOB BHOCHT 3aTyXaHHe B pe3o-
HaTop, 00pasOBaHHHi BEIBOLOM, H yMEHbUIAeT TeM CAMBIM
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MeXaHHUYECKHe HampsiKeHHs] B NMPoBoiHHKaX. Mecto cnaiikn
BHBOJA C 3JMEKTpomoM 1esecoobpa3Ho 06BOJaKHBaTh 3BY-
KonorJomamouny matepuasoM. asa stux ueneil  yno6Ho,
HampHMep, HcnoJsb3oBath Kiedl [IBA, kanmaio Koroporo Ha-
HOCSIT Ha MEeCTO CO€IHHeHHS BBIBOJAA ¢ 3JekTpomom. Has
yMeHbLIeHHs 3aTyXaHHsS, BHOCHMOrO BBIBOZOM, ero HeoGxo-
IMMO 3aKpeIJIsITh B MeCTe MUHHMyMa H3rHOHBIX KojleGaHui.
210 N03BOJISIET YMEHbILKTb OTBETBJIEHHE AKYCTHYECKOH 3Hep:
I'HH B BRIBOJ. .

%

74

Puc. 18. KoHCTpYyKuuy NPUKUMHUBIX YCTPOHCTB.

DJIeKTPOAB! MOXKHO NOAKMIOUAThH K HCTOYHHKY H C MO-
MOIIBIO KOHTAKTOB. Jlyuline pesynbTarsl OHJIM [OJYUYEHH
IpH HCNOJB30BAHMH rPadUTHHIX KOHTaKToB. ClenyeT HMeEThb
B BHAY, UTO CJOH 3JIeKTPOAA B MeCTe MeXaHHYECKOro KOH-
TaKTa noj AedCTBHeM yJbTpasByka paspyuaercs. Iloatomy
IpH UCIOJb30BAHUHN NPHXKMUMHBIX KOHTAKTOB 3JI€KTPOL B MeC-
Te KOHTAKTa JOJIKeH OBbITh YTOJIeH, HalpuMep, NyTeM NOA-
naf#ky GPOH30BOH NJIACTHHKH. KOHTAKTHBIH BHIBOj yAOOHO
COBMeIlaTh C 3JIeMEeHTOM IpHXKHUMaA, a TaKXe C MecToM 3a-
KpemnJieHHus oCuuasiTopa. IIpuMeneHe KOHTAaKTHHIX BHIBOJOB
ONMpaBJaHO B Tex cayuyadx, Koraa Tpebyercsi MHOTOKpaTHasi
3aMeHa OTpaboTaBIUX OCHUJLIATOPOB.

12. KOODDOULMEHT NOJIE3HOITO AEACTBUA

Yacrora BpauieHHs pOTOPa, MOMEHT, MOLIHOCTb Ha Baay, K. I 1.
H Macca sBJSIOTCS OCHOBHBIMHM NapaMeTpaMH 3JIEKTPHUECKHX [BUraTe-
Jgeit. {as I1]0 sTH napaMeTphl 3aBUCAT OT KOHCTPYKUHH LBHTaTe/si, CHJIbL
H yrna TpHXHMa, yrja KOHTaKTa, OT MaTepHala poOTOpa M H3HOCOCTOM-
KOH MpOKJajkH, paGouei uactoThl. OTCiOHa CHAEAYeT CNOKHOCTb OLEHKH
TOrO HJIH HHOrO BapuadTa BhiNoJHeHns [1]]. Takas oueHka OCJOXKHSET-
Csi eme M NMOTOMY, YTO CYLIECTBYeT yxKe GoJee 50 NpuHuHNHAJILHO pas-
auuHLlX KoucTpykumi [T7T [12].

B cBsidguw ¢ 3THUM H3 BCex NapamerpoB [1]] Heo6xoAuMO 6ulIO BH-
IEeJHTh OCHOBHOH MJIsi TOTO, 4TOOB! Cy3uTh OOJacTh HCCJENOBaHHi, Ha-
[paBleHHBIX Ha MOWCK JYYWHX KOHCTPYKTHBHLIX BapHaBTOB. TakuM ma-
paMeTpoM, N0 MHEHHIO aBTOPOB, ABJsETCst K. I. J. ABUraTels.
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Hettcrsurensro, CKOpPOCTb H MoMeHT Bana [1]] sierko BapbHPYIOTCH
H3MEHEHHEM JHaMeTpa poTOpa M 3aBHCAT OT MOIIHOCTH Ha Baly, KO-
Topas TeM O6oablue, yeM Oosbuie K. M. A. Yron casura ¢a3 Beeraa
MOXHO CHAeNaTb PaBHHM HYJIO, €CJH HCIOJb30BaTb KOMIIEHCHP YIOILYIO
HHAYKTHBHOCTB. Takum o6pa3oM, K. I. J. IBHTATENst ABISIETCS OJHHM H3
HanboJsiee BaXKHBIX MapaMeTPOB KOHCTPYKLUMH.

Ins psurateseil ¢ TOpUEeBHM 3aKpemNeHHeM OCHHJLIATO-
poB OblJM M3MEpeHbl MAaKCHMaJsbHble 3HAYeHHs K. M. 1. NpH
BO30yXJIeHHH KoseGaHH# BTOPOH, TPETbEH M YETBEPTOH MOJ
usruba. [Ipu aTom BapbHpPOBANUCH YACTOTA, MOMEHT U MOLI-

6orn%
0+
4oy =008
o 2%
ot 150 : ' 40 M=10Hcm
200 {%
0t . 4
AL e N
2 6 10 n 8 5 15 25 35 H 53 54 55 56wy
a) ) 8)
_ -
,’f-n’c T ne! M =0Hom
2% u=3008 ’ g
M-% : 0 / " l
- ~ N\
] Y ,
A \ 250 .
2 1 Ijﬂ g Zlﬂﬂ :MI 2 ) 1 1 1 ({
0 % 8 12 6 Hem 100 750 200 250 300 B
) )

Puc. 19. 3aBucuMocTH K. I. A. IBHraTessi OT MOMeHTa Ha Bany (B H-cwm)
CHJIH TPHXHMMa ¥ 4acTOThl BO3OYXKMIEHHS; HATPY30OUHble XapaKTePHCTHKH
M XapaKTEePHCTHKH ynpaBJieHHsI.

HOCTb Ha BaJy, yroll W CHJa I[pPUKHMA, YyroJ KOHTaKTa.
OkaszaJsioch, 4TO BO BceX CayyasiX NPH MaKCHMAaabHBIX 3HA-
YeHHs X K. M. 1. yrojl KOHTakTa Gwny paBeH 45+5° (usmepe-
HHSI IPOBOMMITUCH AJIst CIJIOLIHOTO POTOPA, BHIOJHEHHOrO H3
TBepjoro cnnasa BK-6).

[Tpn usMeHeHun yrsa npuxuMma B npemenax ot 60 mxo
120° omyTumeIx namenenuiit napamerpos I1]] ne 6bm0 06Ha-
pyxeHno. Iloatomy nanabHefiline M3MepeHHS TNPOBOAHJHUCD
AJIsT yrta KOHTakTa 45° m yroia npuxuma 90°. 3aBucumoctn
K. II. 1. M OT MOMeHTAa Ha Bany M, cuabl npuxuma Fy u yac-
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TOTH BO30YXKJAeHus f, a TaKKe 3aBHCHMOCTH 4acTOTH Bpa-
IeHHUsT 7 OT MOMEHTa Ha Bany M u HanpsiXeHus Bo3Oyxne-
Hust U nng msuratenst ¢ BO3OyXIeHHeM TpeTbeHl MOIbI
KoseGaHnil M3ru6a noKasaHw Ha puc. 19. ’
MagcuManbpHHH K. 1., . ABUraTeJsl 3aBUCHAT OT MaTepHa-’
J1a, U3 KOTOPOro BHIIOJNHEH nbe3oviement. Hasa 111, npeso-
3JIeMeHT KOTOPOro H3TOTOBJIEH H3 Mbe30KepaMHyecKoro Mma-
tepuana [TKP-10', nonyuyen pexOpAHBIH JO HAcTOSIIEro

Ta6auma 2
HekoTopeie xapaKTepHCTHAKH OTeyeCTBEHHHX Mbe3OMaTepHaJon

tg Bv % é. = '.5 ﬁ

T 8, Lo | 5¢ 8e
Marepuan | ®33/% | 5 crag| mpu E= %“ ky E;;& §g . E%
nomx (=3 xB/em o %9 :‘:’( § g% <
BK-3 11200 | 2,0 4 105 | 0,25 | 300 | 4700 | 3,5
BC-3 1800 | 2,5 — 270 { 0,2 300 | 4000 |. 5,5
TC-19 1500 | 3,5 —_ 290 | 0,4 50 1 3300 | 7,0
TC-23 1050 | 0,75 4 280 | 0,43 [ 200 | 3200 | 7,4
TCHB-1 2050 — 2 — | 0,45 70 {2900 ( 7,3
TBC-3 2400 | 1,5 ‘3,5 453 | 0,45 | 200 | 3600 { 7,1
BLITCC-1 1000 | 0,8 1,5 548 | 0,43 | 500 | 3500 | 7,3
TIKO-124T 970 | 0,5 1,5 300 | 0,52 | 1200 | — 7,5
MKI-501 1800 | 0,5 - — | 0,6 500 | — 7,5
INKP-5 350 | 0,27 — 325 | 0,46 | 2400 | 3800 | 7,7
[KP-6 2400 { 0,4 1,8 234 | 0,64 1100 | 3200 | 8,2
TIKP-8 1450 | 0,35 0,9 320 | 0,59 | 2100 | 3300 | 7,7
1TKP-10 380 ¢ 0,3 0,9 297 | 0,48 | 2800 | 3300 | 8,0
TIKP-12 1800 | 0,37 2,0 220 1 0,64 | 1500 | 3200 | 8,0

n pHMeYaHHe. ega — NH3NEKTPHYECKAS MOCTOSHHAS IIPH 1P HJIOXKEHHH NOoJA B Ha-

NPaBJleHun MONAPH3AUNH K NIOCTOSHCTBE MEXAaHHYECKOro Hanpskenus T, so— U3 TeKTDHYE-
CKadt TNOCTOSHHAS BaKyyMa; kp-—panuanbmﬂﬁ k03 bduLHeHT 3MeKTpOMexXaHHYeCKOH CBs3H.

BpeMeHH K. M. 1., paBHHil 85%. Bricokue ynenbuue xapak-
Tepuctuku uMmelor takxe [ ¢ nbesosnemeHTamMn u3 maTte-
puana ITK[-124T. HekoToprle XapakTepucTHKH pajga oTe-
YeCTBEHHHIX Nbe30MAaTEPUANOB NpuBefeHH B Taba. 2 [21—
23].

OxnuM U3 OCHOBHBIX TpeGoBaHui, nperbaBasgeMblX K Ma-
Tepuaay nbesosnementa [1I1, sBisercs ero MakcHMaapHas
AMHAMHYECKAs] MPOYHOCTD, NOCKONBKY MbE303NeMeHTH pado-
TalOT npu OOJBLIKX MeXaHHUYECKHX Hanpsixenusx. Kpowme

4 ! 3ror MaTepHaJj MOJyuYeH B Pocrosckom rocy,tl'apcméﬂﬂom yﬂuneb-
clreTe,
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TOr0, He06X0AUMO, YTOOH Y nbesoMaTepuana O6blJIH BEHICOKAS
MeXaHuJecKkass M 3JeKTPHUecKas no6pOTHOCTL mpu pabote
B peXHMaxX, NpefeNbHO AOTYCTHMHX MO MOIIHOCTH.

13. UI3HOCOCTOWMKUE NPOKNAAKKU. PECYPC NA

Pecypc pBuratens sapncut oT KoHcTpyknum (puc. 20,0 —
M) H MaTepHana H3HOCOCTOHKO# mpoknaaku. O6mUHO MJIO-
manb KOHTaKTHPYIOmMEX NOBEPXHOCTH POTOPAa B AECSTKH H
COTHM pa3 MPeBOCXOJHT MJIOmMAAb KOHTAKTHPYIOmeH oBepx-
HOCTH npoKianku. [TosromMy H3HOC poTopa, 0COBEeHHO BHLITON-
HEHHOTO ‘U3 CBEPXTBEDABIX MATepHANOB, NpeHeGpeKUMO

3 ﬁ)l Le)l )_ﬁ):l ;e)j

a) o)

—d T2 - T ] Cw
) 3) u) #) 7) M)
Puc. 20. BapHaHTH BHIMOMHEHHS H3HOCOCTOMKUX MPOKJIANOK.

man. Hanpumep, nast potopa us tBepporo cniasa BK-6 nna-
metpoM 20 MM 32 2000 u pa6orw [1[1 mpousolues U3HOC Ha
ray6uny Bcero Jguuib 10 MKM, 4TO COOTBETCTBYyeT YBeJHUe-
‘HHIO yrioBo# ckopocTH Ha 0,05%. WsHococTolKas HEBHCTY-
natomas (puc. 20,a) npoknaaka tonmuHoit 0,7 Mm 3a 3To-
JKe BpeMs HM3HOCHJIACh MOJHOCTBIO.

Hnst yMeHbLIEHHS H3HOCA HEBHICTYMAIOIEH MPOKJAAKH
JeJajuch MONHTKY M3rOTOBJSTH POTOP M3 MaTepHaloB, 06-
JlaflalomMX CYmeCTBeHHO MeHblllefi TBepAoCTbio (360HHTA,
Kap60JIuTa, OPraHHYECKOro CTekJa, nepeBa u apyrux). On-
HAKO 3TO NMPHUBOJAMJIO K 3aMETHOMY YXYIIIEHHIO XapaKTepHcC-
tuk TTJ1. JdBuraTesanb rioxo 3amycKaJcs, U OCHHJIIATOP [MO-
NO6HO MHCTPYMEHTY yJAbTPa3ByKOBOTO CTaHKA, BHpabaTH-
BaJl PEITBHHH Ha MOBEPXHOCTH HEMOJBHKHOrO pOTOPA; TPH.
9TOM K. I. A. ABHMratens cHuxazcs no 10%. !

B. B. Jlyusunos u U. A. Cayuxuii [24] npennoxunn
H3TOTOBJISITH H3HOCOCTOMKHE HEBHICTYMAOIIHE INPOKAANKK
(puc. 20,e) u3 nmacTugecKux MaTepHaNoB (TEKCTOJIHTA,
Kap6osuTa, MpeccoBaHHON ApeBecHHH). IIpuMeHeHHe opra-
HHYECKHX MaTepHasOB JJIS H3rOTOBJEHHS HEBHICTYMAOIIUX
MPOKJIaZIoK HJH POTOpoB ompasaaHo miast T MomHOCTbIO
menee | Bt. B Tex ciyuasx, xorza tpefyercs MONYYHMTh
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GonblIof pecypc ABHraTenst H GOJbIIHe yjaeJbHble MOIIHOC-
TH, NS HEBHCTYMAOMHKX INPOKJIaNOK HCIOJNL3YIOTCS TBEp-
nHe M CBepXTBepjable HeOpraHHYeCKHe MaTepHaldH, TaKHe
KaK anmas, 3Jb60p, py6uH, candup, NOJHKOp, aJyH], MaTe-
pHaJb Ha OCHOBe Kap6una THTaHa, BOJAbdpaMa, XpoMa, HHT-
puna 6opa, KpeMHUs H Ip.

PasiHuHEe BapHaHTH BHIOJHEHHS M3HOCOCTOMKHX MPO-

KIaloK H MX KpemnJeHHS Ha KOHIE OCIUHMJJIATOPA TOKa3aHH
Ha puc. 20. Han6osee TexHOJOTHUHBIe BapDHAHTH! KpENJeHUS
HeBBICTyMalomel MpokaajKu MOKa3aHw! Ha puc. 20,a, 6. Lan
3HAYHTEJBHOrO YBeJHYEHHS pecypca ABHraTeNst aBTOPaAMH
6BIIH MpeNsIOXKeHH KOHCTPYKLHH BHCTYMAlOUIHX MPOKIanoK
(puc. 20,6 — 9, u, m). DTH NPOKJATKH MOrYT BHIIOJHATHCS
KaK M3 MJIAaCTHYeCKHUX MaTepHaJIOB, TaK H U3 TBepPABIX H3HO-
COCTORIKHX METAJIJIOB H KepaMHK.
OcranbHbe BapuauTh (puc. 20,0¢, 3, K, A) NPHUMEHSIOT
NPEeHMYLIeCTBEHHO TTPH HEOGXOAMMOCTH YBeJHUEHHs NMOBEpX-
HOCTH B MecTe ckJjefiku. [Tpoksagku ¢ BricTynaomeh 9acToio
HCTIOJIB3YIOT Takke B peBepcuBHEX [T]1.

IMpu pa6oTe mBHraTesst B 30He KOHTaKTa KOHUEHTpHPVeT-

Csl 3HauHUTeJbHast sHeprusl. YacTb 3Toff SHepTHH B MOMEHT
TNIPOCKaJIb3bIBAHHST MPOKJAAKH MO pOTOpPY TpeBpalyaercs
B Temo. ITpu 3TOoM TemmepaTypa B 30HE KOHTaKTa MOXeT
npesrmath 500°C. Ilpu ucnosib3oBaHuM, HampHUMeEp, CTalb-
HBEIX POTOPOB MPOHCXOAUT HelpepHBHOE CrOpaHHe TOBEDX-
HOCTH POTOpPa C OGHJIBHBIM BbIIEJIEHNeM OKHCH XKeJe3a B BH-
Ie MeJKOXHcTepcHoro nopoiunka. CrlenoBaTesNbHO, MaTepHa-
Il TIPOKJANKH M pOTOpPa JOMXKHH OBITH JOCTAaTOYHO
| TEDMOCTORKUMH H CTOHKMMH K OKHCJEHHIO.
i HWcnwranus TT]1 ma pecypc mokasafiu, 4To BpeMs Hapa-
'60TKH 3aBHCHT OT MOIUIHOCTH Ha BaJy, NpHXOAsmedics Ha
eIHHUIY NJHHH KOHTAKTHPYIOLUIEH MOBEPXHOCTH OCUHJIJISATO-
pa. ITpencTaBuTb 3Ty 3aBHCHMOCTH B Buie rpadHka MOKa
HEBO3MOXHO, TaK KaK OTCYTCTBYIOT CTAaTHCTHUECKHe NaHHBIE
MO HCMBITAHUSAM Ha PEeCypC OMBITHON mMapTHH, cocTosmiedt
XOTS 6B M3 HECKOJBKHX JECSITKOB ABHUTaTesefl.

Oxasasioch, 4TO H3HOC CBSI3aH C HApYUIEHHEM HOPMaJlb-
Holl pa6oTel 1] u3-32 MCKaXeHMs TPaeKTOPHM TOYKM KOH-
Takta. HecmoTps Ha TO, UTO cAelaHB TONBLKO MepBHle WIArK
Mo H3y4YeHHI0O H3HOCA KOHTaKTHpyiommux mosepxmocreft TT]I,
MoJyyeHHHE pe3yJbTaThl YVXe ceffgac mo3BoJsioT ofecte-
YHTh BpeMsi HapaGOTKH He MeHee 2000 u gast neurateneft
MOWHOCTbIO AC 2 BT U IeCATKM THCS'W YacoB mJst ABuraTe-
Je#t momHocreio 1o 0,01 Br,
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fnaBsa BTOpasn

BNMAHME CONYTCTBYIOLUMX DNEKTPOMEXAHMYECKHAX
IMODEKTOB HA MAPAMETPbI NbE3ONEKTPUHECKMX
ABUT ATENENA

14. KONEBAHUA U3IMBA NO LUMPMHE OCLUNIIATOPA.
KOHTAKTHOE NATHO )

B reuenne nepuopma koneGaHuil NHHHS KOHTAKTa OCUMAAATOPA € PO-
TOPOM [MepeMellaercs Mo HeKOTOPOH MNOBEPXHOCTH, KOTOPYIO Ha30BeM
NIOBEPXHOCTBIO compsiKeHHs. [0 cuX mop Npefnosarajoch, 4ro 3Ta f0-
BEPXHOCTb ABJfETCH LWIHHApHYecKo# (puc. 21,a). [TpakTuuecku mosepx-
HOCTb COMPSIKEHHSI MOXET OTNAHYaTbhCs OT UMJIHHAPHYECKOHW, YTO COmpo-
BOXKJL2€TCS M3MeHeHHeM JIMHeHHOH CKOPOCTH Touek ofGpasyiomefi Kak no
BenuuuHe (puC. 21,6), Tak n no HanpasneHuio (puc. 21,6). B pesynnbra-
Te 30H2 KOHTaKTa yMEHbIlaeTCsl M MOSABJAETCA NMPOCKANb3biBAHHE MEXKAY
TOYKaMH, CKOPOCTH KOTOPbIX He PaBHbI JIMHEHHOM CKOPOCTH poTopa. dToT
HexeJaTenbHblil 3QdeKT BH3bIBaET 3aMeTHOe CHHXKEHHe K. I . ABHra-
TeJsl H NMOsBEHHe CKpHMa.

Puc. 21. TpaeKTOpHH ABHIKENHR KOHTAKTHHIX TOYEK.

OCHOBHO NIPHUMHOM MCKPHBJIEHHS] KOHTAKTHOM JIHHHH SIB/SETCS BO3-
GyKJeHHEe MaPa3HTHbBIX MeXaHHYeCKHx KosieGanui. Han6osee yacto BO3-
6y:xpawTest Kosebanus usruba o wupuHe niacTHHL. OHM MOPOXKBKAOTCH
NONe3HLIMH KoMeGaHuaMu u3ruba no AjhHe OCHM/IATOpa H 06GYCaoBJe-
HBl MAYCCOHOBCKUMH cBsiasmu. Ecnm xoneGanus N0 WHPHHE OCUHAIATODA
He SBJASIOTCS Pe3OHAHCHBLIMH, TO MPaKTHYECKH HMH MOXHO mpeHeGpeub.
IMostomy, npoexkTupyst [1I, cTpemsrtcsi pasHecTH De30HaHCHI H3THOHBIX
Kosle6anuil Mo JNHHE M pe3OHaHch KoaeGahuit MO WHPHHE. JTO JOCTH-
raetcss fBYMs nyTamu: aubo pesoHaHc xoNeGaHuil Mo INHPHHE CMEIlaQT
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8 06/macTb BHICOKHX YACTOT, YMEHbllas WIMPHHY oOCUHANsATOpPa, JHOO,
Hao6opOT, YBENHYMBAIOT IUHPHHY OCuHAAATOpa TAK, uTO6bl pabouas
4acToTa JBHTaTe/ls cOBNajfiajia C 4acTOTaMH aHTHPE3OHAHCa H3THGHBIX
KoneGaHuil Mo WHpHHE. DTO COBMAafeHHE HMEET MECTO B CJyuae, KOrja
M0 IUMPHHE MNACTHHHI YKJAaAbIBaeTCs YETHOE YHCAO NMOJYBONH H3THOHBIX
KoJsleGaHHi.

Panee npemmonaranocb, 4to (PHKUHOHHOC B3aHMOAEHCTBHE OCUHMJ-
- JISTOpP2 C POTOPOM MPOHCXOAMT N0 Bceli 30He KOHTaKTa. [IpakTHuecku
KOHTAaKT 4acTo HabJ/IomXaeTCs B OXHOM IVIH HECKONBbKHX MATHaX; MOBEpX-
HOCTb 3THX MATEH H HX PacloJsoKeHHe H3MeHSIoTcst BO BpeMeHH. Diyk-
TyalliH KOHTAKTHOrO MsATHA NPOHCXOAAT MO Mepe HSHOCA MaTepHaloB
B 30HEe KOHT@KTa, a TaKxe BCJeJCTBHe JMIOGMTOB OCUHANATOPa H poTopa.
Crabunnsaumsi KOHTAKTHOrO mMsATHa o6ecreynBaeTcss MPH TIIATENILHOM
H3rOTOBJIEHHH poTOpa. DueHHe poTOpa M ero KOHYCHOCTb HE JOJIXKHbI
NpeBbLIATh HECKOJbKHX MHKpoMeTpoB. C Takoi € TOYHOCTbIO MOJIXKHO
‘OCYILIECTBASITECS. KPENJIEHHe OCUHIIATOpa H poTopa. HeBnimonHenne 3THX
YCNOBHII NMPHUBOAUT K KoJeOGaHHAM YIJIOBOH CKODOCTH BpALIeHHs, aMILIH-
TYJa KOTOPHX MOXKeT JOCTHraTh 5% cpcaHelt CKOpPOCTH.

PaccMOTpHM BJIMSIHHE CMeEILEHHsS] KOHTAKTHOTO NSTHA Ha
pabory I1[1. HanGonee He6maronpusTHHM SBJSETCS CAyYaH,
KOrjla KOHTaKTHOE NSITHO HaXOAHTCS BOJH3H OfHOH M3 GOKO-
BHIX noBepxHocTell ocuuansitopa (puc. 21.2). Tlepemennasn
cuna F, KoTOpast BO3HMKAaeT B 3TOM cJydyae MpPH B3aHUMO-
JIeHCTBHH OCLHMJJISITOPA C POTOPOM, BHI3HIBaeT KojeOGaHHR
CIBHra M KoJjeGaHus H3ru6a no WHpHHEe ocuuanstopa. Ilpu
coBNajieHHn pabouell 4acTOTH JABHratess C COOCTBEHHOH
yactoTol KoseGaHui cABHMra Wiu u3ruba 1o LIHPHHE OCUHJ-
JIATOpA KOHTAKTHHIE TOUKH HAYMHAIOT LBUraThCs MO 3aMKHY-
TOH TPAeKTOPHH, KOTOPAs PACMo/0XKeHa B MJIOCKOCTH OCIHJI-
Jaropa. B pesysnbraTte mosB/ASETCS NMOCTOSHHAS COCTaBJISTIO-
as CuiIB Fyyx, HanpaB/JeHHAs BAOJb JHHHH KOHTaKTa. DTa
CHJIa CMellaeT OCUMJJIATOP B npenenax modrta, a, clenoBa-
TEeJBbHO, IPOHCXO/UT NlepeMellleHHe KOHTAKTHOrO NsiITHA BAOJb
JIMHHK KOHTAKTa. V3MeHeHHe cuibl Fnx MPHBOAHMT K Hempe-
PHBHHM KOJI€6AHUSIM OCHHJJNSTOPA C 4YacTOTOH, O6JM3KOM
K yactoTe Bpauenus potopa. Ilorepn sHeprum ma napasut-
Hble CMELIeHHS OCUMJIISTOPA BAOJb OCH POTOPA BH3HBAIOT
M3MEHeHHUS YaCTOTHl BPAIUEHHS H CHOCOOCTBYIOT NOSIBJICHHIO
cKpuna.

Takum o6pasom, mpu pacuere OCUHIMIATOpA CJEAYeT
ofecnednTb A0CTATOYHOE yJaJieHHe YacTOT Pe30HAHCOB KO-
Jebanuil u3ru6a u cABUra oT pa6Goyeli YacTOTHl ABHUTATEJIS.

15. NAPA3MTHBIE MOfIbl KONEEAHMMA POTOPA
.
B MOMEHT cOnpHKOCHOBEHHS OCLHHJJIATOPa C POTOPOM
9aCThb aKyCTHUeCKOH 3HEPTHH NPOHHKAeT B POTOP B BHAE.
yupyrux o6beMHHX M NOBEPXHOCTHHX BOJH. Tak Kak BO3-
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MYILEeHHe POoTOopa HMeeT MPOAOJbHYIO H NONePeyHyio COCTaB-
JSOILHE, TO B HEM MOryT Bo30yAHTbCS KojneOGaHHS 1IPAKTH-
YecKH BCeX THIOB (pajuasbHble, NpOAOJbHBE BLOJb 06pa-
3yiouleil, H3ruOHHe BLoJb 000J04YKH U 06pasyollel, NoBepx-
HOCTHHE H T. 1.). B cnyolHEIX Meras/uyeckKHX poTopax
KoJieGaHHsI, MHOTOKDATHO OTpaXasicb OT TpPaHHL pOTOpa,
MOTYT NIPHBECTH K OOPa30BAHMIO CTOSIYMX BOJIH. DTH BOJHBI
0Ka3HBAIOT BJIHSHHE HA TPAEKTODHH IBHKEHHS KOHTAKHHX
ToueK. MOXHO NpeanoNoXKHTh, YTO NPH HEKOTOPHIX (a3o-
'BBIX COOTHOLIEHHSX CTOSIYME BOJIHEL OyAYT CHOCOGCTBOBATDL
yayuuiennio napamerpos 1. Ilas peannsauun Takoi BO3-
MOKHOCTH NoTpe6oBaJic Obl TOUHBIH YYeT aviIHTYA U a-
30BBIX COOTHOLIEHHH KojseOaHMi BCeX THIOB, CTaOHJIbHOCTH
KOTOpPHX NpH BO3JEHCTBHH BCEX JeCTaOMJIH3HPYIOIIHNX (ak-
TOPOB INpaKTHYECKH HEBO3MOXKHO ofecnednTb. IlosTomy
ynpyrue Koje6aHHs B POTOpe BO BCeX caydasx cJuaeiayer
CUMTATb BpeAHBIMH. /IS HX yCTpPAHEHHS MOXHO, HalpH-
Mep, YMEHBUIHTb JHaMeTp M JJIHHY pOTOpa, B pesyjbTaTe
yero ero coOCTBeHHHeE YacCTOTH OKaXyTcsl BHue pabouel
yactotsl II[. DrtoT cnocol, NpuMeHsseMBIH TOJABKO AJS BHI-
COKOCKOPOCTHHX JABHraTejeil, He TapaHTHPYeT MOJHOro
YCTpaHeHHs NMapa3suTHOH peakuuu poTopa, NOCKOJNbKY BMec-
TO paAMaJbHBIX KOJNeOGaHHH MOryT MOSBHTbCS KoneOaHHs
n3ru6a, KpyTHJIbBHHE M NpPOAOJbHHE KOJeOaHHA N0 IJHHE
BaJa.

DBonee nHanexXHHH sddekT nosyyaeTcs NpH yMeHBIIEHHH
A0OGpOTHOCTH MaTepHana poTopa. DTO JOCTHraeTcsl NpH HC-
NOJIb30BAHHH TOPHCTBIX HEOPraHHYeCKHX HJIM KOMIIO3HIIH-
OHHBIX MaTepPHaJsoB, B TOM YHCJIe W MaTepHANOB, MOPH KO-
TOPHIX 3aNOJIHEHH OpPraHHYeCKHMMH cOocTaBaMH. [IpuMeHeHue
pPOTOPOB M3 OPraHMYECKHX MaTepHaJioB NPAKTHUECKH yCTpa-
HSeT peakUHi0 pOTOpa, OAHAKO NIPH 3TOM 3HAUHUTEJHHO
YXYAIIAKOTCS MNapaMeTpbl ABHrATeNS.

PoTop uacTO0 BHIONHAIOT COCTABHHM: BaJ — CJOH 3BYKO-
NOTJIOTHTENS — MOJNHH UWHJIHHAD U3 CBEPXTBEPAOrO MaTepHa-
Ja. Takas KOHCTPYKUHMA 4acTHYHO aeMIPHpYeT paiuanbHHe
KoneGaHusl ¥ KoneGaHHS BAOMb OOpasylolled UHJIMHApA.
ITonHOCTBIO HCKJIIOYAETCS BIHSHHE Bajla HAa KosieGaHHS po-
topa. OHaKO B TaKOM pOTOpe HaOJIOLAIOTCT 3HaYUTENbHHE
NpoRONbHHE KONeOaHus M KoneGaHHs H3ruba mo OKPyXK-
HOCTH UMJIHHADHYECKOH 0060moukH. [jst MOJHOTO AeMIdpupo-
BaHHS 3THX KONeOaHWA LMIMHAPHUECKYIO OOOJOUKY BHIOJ-
HSIOT TOHKOCTeHHO# (Todwmmuon 0,2—0,5 mm). IBurartenu
C TaKHMH POTOpaMH pabOTarOT NpaKTHYECKH OeCLIYMHO, oj-
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HAKO MX K. M. . 4 MOLWIHOCTb 3HAYHTENBHO HHXeE, YeM JBH-
ratesed CO CIJIOLTHBIMH HJIH TOJICTOCTEHHBIMH POTOpaMH, H
6MU3KH K COOTBETCTBYIOINM XapakrepuctukaM I ¢ naacr-
MaCCOBHIMH POTOPaMH.

16. AKYCTUHECKME WWYMbI NA
»

3ajgauya CO3NAaHUSI MOIUHBIX Nbe303JeKTPHYECKHX JBHra-
TeJiefl ¢ BHICOKMM K. 1. ., 6ecliyMHO paboTalomiuX Ha Jio-
6bIX 4aCTOTaX B 00JIACTH Pe30HAHCA, OCTAeTCsl HepeLleHHOH.
TTostomy B GoJsbLUMHCTBE CiyyaeB NPHXOAHUTCS MPOEKTHPO-
BaTh TaKHe [BHTCaTeJH CO CTPOro 3aJaHHBIM HHTEpPBaJOM
paGounx wuacror (B npexenax 0,5—1%), wHckmouas tem
CaMHIM BO3MOXKHOCTh ynpaBiaeHus napamerpamu Il nyrtem
H3MeHeHHus1 pabouell YacCTOTHI

Iympr aBurartenst MOryT npencTaBssiTh cobofi  ciaboe
IIHIIEHHe, YPOBEHb KOTOPOro He IpPeBHIAeT YPOBHS IIyMOB
JBHTaTeNeH ¢ NOJAUIHNIHAKAMH CKOJbXeHHs. DTH WyMH 00yc-
JIOBJIEHH CYXHM TpPeHHEM B MecTe KOHTaKTa pPOoTopa C OUMJI-
JSTOPOM; OHH CHJBHO 3aBHCST OT BbIOOpPa (HPHKUHMOHHOH
fapLl U NPAKTHYECKH OTCYTCTBYIOT, €CJH OJHH U3 y3JOB INa-
PB! M3rOTOBJEH M3 NJIACTHYeCKOro MartepuaJta. )KHAKAS HIH
TBepAas CMa3Ka TaKKe yCcTPaHseT LIYMBI, OAHAKO IPH 3TOM
3aMeTHO YMEHBUIAIOTCS K. I. . U MOMEHT Ha BaJy.

IIyMu BTOpPOro THma — CKpPHNH, KOTOPHIE B OTJHUYHE OT
IIHIIEHUS] CO3Jal0T HEMPHSITHBIE OMIYIIEHUS H [PAKTHUECKH
HCKJoYaioT npuMernenre I1J] B moMenieHUsX, rie HaXOAATCS
JqofH. CHHXeHHe YPOBHS 3THX UIYMOB SIBJSETCH OMHOH H3
OCHOBHBIX LeJsieit pab0T 110 Nbe303JIEKTPHYECKHM ABUTATEJISIM.,

Aptopamu coBMectHO ¢ A. A. Ilpesom [25] uccienoBan
YaCTOTHBIH CHeKTp CKpUIOB. MamepeHuss nokasajau, YTO
CNEKTP COCTOHT U3 NHCKPETHHX YaCTOT, KOTOPHE COBIAAAIOT
C pe30HAHCHHMH YaCTOTAMH, PacClOJOXKEHHBIMH B 3ByKOBOM
AuanasoHe. ITH 4aCTOThl COOTBETCTBYIOT NMPEHMYLLECTBEHHO
MojaaM KosebaHHi H3ruba.

DBosee perasnbHbie HCCAELOBAHHS CKPHIOB OBLIJIH BHINOJ-
HeHbl C NOMOLUbI0 AATYHKOB KoseGaHHH H3ru6Ga, HaKjeeH-
HBIX Ha ocuiaaatop. OHH no3BoNHIN OGHAPYKHTH TaKKe
FapMOHHMKH ¢ YAaCTOTAMH, PABHBIMH PE30HAHCHBIM YaCTOTaM
OCUHMJIISITOPA H MPEBBILIAIMNME BEPXHIOH TPAHHIY 3BYKO-
Boro amaiasona. HekoTopele 3 3THX yacTOT OKa3aJiICh BH-
ure pa6oueit yactoTl 11, /I8 oCUMAIATOPOB C ONTHMAJD-
HO BLIODAHHHMH pasMepaMu KoseGaHHS Ha BceX YKasaH-
HHIX 4aCTOTaX OTCYTCTBYIOT M CKDHIIH He MpPOCJYIIHBAIOTCS.
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Cpe;m NapasuTHHIX KoJebaHuii ObLin 06Hapy>KeHm # cy6-
rapMOHHUKH, YAaCTOTH KOTOPHX KpaTHh paboueil wacroTe
JABHUraTes.

PaceMoTpum Temepb MexanusMel BO36yx[eHHsi cKpuna. [TepBHIl me-
XaHH3M CBfI3aH ~ C NapaMETpPHYeCKHM BO3GYyxJAeHHEM Cy6rapMOHHK.
MsBecTHul B2 cnoco6a NMOHHKEHHMs 4acTOTH CHrHana. Ilpu nepsom cro-
co6e cirHaj CHauyaja BBIIPAMJSETCS, a 3aT€M npeobpasyeTcsi B CHTHAM
M06oii yactotul. [lpu BTOpOM crmoco6e npeo6pasoBaHie OCYECTBASIETCS
3a cuer mapameTpuueckoro s ¢ekra. Bpauteiine poTopa cBupgeTeabCTBYET
0 BLINIPAMHTEALNLIX CBOHACTBAX GpHkUHounoro xkoHtakta B I1J[. 3T0
BpallleHye NpH ONpefe]eHHLIX YCJIOBHAX MO:KeT B0306YxKAaTb MPOLOTb-
Hble H H3rHOHble KO/Ie6aHHS OCUHANATOPA CO CPABHHTENbHO HU3KHMH
yacroramu. [Ipeo6pasoBanne BpaileHHs B napasHTHBE KoNeGaHUS OCLHJ-
JSTOPa NPOHCXOAHT AHANOTHYHO npeobpas’oBaHHIO KoneGaHuil OCUHJANSA-
TOpa BO BpaueHHe poropa. Ha onpenenenHofi 4acToTe uponOJbHblE H
H3ruOHble KoNleGaHus OCUUWIATOPA PE3OHHPYIOT H OKAa3HBAOTCH CABHHY-
THIMH mo ()ase TakWM 0OpPa3oM, YTO KOHel OCHHJJIATOpa MepeMelaeTcs
10 3JTUNTHYECKOH TPAaeKTOPHH.

BTopoit MexaHnsMm Bo36yxEeHHs CKPUNOB CBfi3aH ¢ a(peKTOM 3a-
KJAHHHBaHHA. TIpH BpameHHH poropa NMPOHCXOLHT CHKATHe OCUHJINATOPA
RO ONpeaeNeHHOr0 MOPOroBOro pasMepa, NpH KOTOPOM pa3pyluaercs
KOHTAKTHPYWOIAA MNOBEPXHOCTL. B TeueHHe OueHb KOPOTKOrO BpeMEHH
TpeHHe O0Ka3hnBAETCH PaBHbLIM HYJIO, 3aTeM OCLHMIATOP, PacUIHPSSCh,
BO3BpaiaeTcsi B HCXOJHOe cocTOsHHe. Takoe NepPHOLHUECKOe 3aKJIHHH-
BaHHe OCLHANATOPA H SABJASETCS NPHYHHOH CKpHNa.

PaccMorpuM MexauH3M NapaMeTPHUeCKOro BO36yxJIeHus cybrapMmo-
HHK. Kak u3BectHo '[26], H3MeHeHHe MacCH HJIH 2KeCTKOCTH KoJeba-
TEeJNbHOH CHCTCMbl TNPH ONpPeJeseHHbiX YCHOBHSIX MOXeT MpPHBECTH K Ma-
paMcTpHueckoMy BO36yxIeHHI0 CyOrapMOHHYECKHX HYacTOT, KpaTHBIX
yacTore H3MeHeHHs NapaMeTpa. BO3MOXHH pas3jHuHble BapHAHTH Napa-
MeTpHuyeckoro Bo36yxpenus cyb6rapmonuk B [1]]. [lpemmonoxum, uto
B MOMEHT BO30YXJAeHHs CKpPHNOB G6OJbllass OCb TPACKTOPHH TOUKH
KOHTaKTa (3JIHICA) COCTaBJsET C KacaTelbHOH K pOTOpY yroJ, IIpu-
mepHo paBuuit 90°. TIpu Takoii TpaeKTOpHH KOHEL Nbe3031eMeHTa, CO-
NpHKacasicb ¢ POTOPOM, OKA3kIBAeTCs HAa HeKOTOPoe BpeMs 3axaTuM. Ho
OCUHJIIATOP, 3aXKaThlil HA OJAHOM KOHLe, HMecT 6oJlee HH3KHe pe3OHaHC-
Hple YacTOThl, YeM B CBOGOZHOM cocTOsHHH. ClenoBaresbHO, MOXHO
CYUHTATh, YTO MNPH 3axKHME OCUHJIATOPA B €r0 MEXZAHHYECKYID CHCTEMY
BHOCHTCHA MONOJNHHTENbHA% Macca, BO3pacraiollasi N0 Mepe YBeJHYEHHS
NJIOUaiH KOHTaKTa ocuuaasaTopa ¢ poropom. IIpu coBnazeHun pesOHaHc-
HBIX 4aCTOT 3a:KaTOTO OCUMJUIITOPa C 4acTOTaMH, KpaTHHIMH paGoueit
yacrote I1M0, u pocratouHoM ypoBHe BO36GYKIACHHS BO3HHKAIOT CKPHIIH.

B noab3y aToro mMexaHnaMa BO36YXKHEHusi CKPHIOB CBHAETEJLCTBYET
ONHCAHHHH HHXe 3KcnepnMeHT. KOHCOBLHO 3aKPEIVICHHbBIA OCHHAJSTOP
¢ coOcTBEHHOH 4acTOTOH, paBHOM HECKOJDLKIIM TrepiiaM, C TOMOIINBIO mbe-
303qeMcnta BO30yXJajcs Ha yacroTe, Koropas B 2 pa3a mpesbillajia
COOCTBEHHYI0 4aCTOTY OCUMJNSATOPA C ABYMs 3akaTuiMn Konuamu. Ko-
Jebanusi OCUHINATOPAa H3MEPSLMCh NPH MOMOLLH Mhe3ofarunka. o Tex
10p 110Ka KOHEll MNbe3odjeMmciTa Ob csobojen, cy6rapMOHHUECKHE KO-
nebains oTCYTCTBOBaMH. Korfla e K KosebaoimeMycsi KOHLY Nbe3oaJe-
MeHTa 6nia NPHABHHYTA Omopa, KOTOpasi KpaTKOBPEMEHHO 3auemJsana
ero cBo6opHbli KOHEN, Nbe30JATYHK GUKCHPOBAJ CyGrapMoOHHYecKHe
Kose6anus. ’
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U3syyenne MexaHu3Ma BO30yXKAeHHS aKyCTHUeCKHX UIy-
moB B I1J1 mo3BOJIMJIO CAeJaTh CAeAylollHe HpaKTHYECKHe
BHBOABL. [/st ycTpaHeHHs CKpUma NPH KOHCTPYHPOBAHHH
I cneayeT npuiepkuBaThCcs cienyioumux npasua. Corna-
COBaHHBle pasMephl NbE303JEMEHTa CJelyeT BHOHMpaATh Tak,
uto0bl ABHraTesb paboTas Ha BO3MOMKHO MeHblleH MoOJe H3-
ru6HbX KoseGanuil. PezonaHcibie uacToTh INbe3osdJeMeHTa
IO €ro WHPHHE H TOJNIIHHE JHOJKHB ObITH BO3MOXKHO
nanbllle ot pa6oueit wacrorw I1J1. Kpennenve nbe3osjeMen-
Ta JOJXHO BHOCHTb MHUHMMaJibHOE 3aTyXaHHe Ha pabouux
mMonax KosneGaHul M MakcHMmaJsbHoe Ha 6oJee HM3KOYaCTOT-
HBIX Momax. MarepuaJs nbesosjeMeHTa NoNkKeH ObITb ONHO-
ponHuiM. IllupuHa KOHTAKTHOH MJIOWAAKH [AOJNKHA OHITb
MHHAMAJbHOU. TlpakTHYecKd 3Ta wHpHHA AJs gacTor 20—
200 kT'u nexxut B npenenax 0,056—0,5 Mm.

17. MATEPUAN POTOPA. BXOAHOE CONPOTUBIIEHUE NA

Has Toro uto6bl onpenesuTs BIHSHHE MaTepHasja pPoOTO-
pa Ha xapakrepuctHk# I1[1, OblaM HCCJAEROBAHBL ABHCATEJH
€ pOTOpaMH, BHIIOJHEHHHIMH M3 pa3JIMUHbIX MaTepHAaJIOB.
HJs. M3roTOBseHHS POTOPOB MNPHUMEHSJIMCh MaTepHasbi Ha
OCHOBe KapOuaa THTaHa, BoJbdpaMa, Xpoma, HUTPHI KPeM-
Hus1, 6opa, cTanb, 4yryH, OpoH3a, JATYHb PA3JHYHBIX Ma-
POK, CIJIaBBl aJIOMHHHSA, TUTaHa. MCOBEITBIBAMCH DPOTOPH
M3 KDeMHHusl, py6uHa, KBapua, cTeKja, CHTaJja, KepaMHKH
22-XC, nbe3oKepaMuKH, (GeppuTOB, 8 TaKKe pPOTOPH M3
NJaCTHYECKHX MaTepHaJIOB — TEKCTOJHTA, 300HHTa, KapG6o-
JIUTA, OPrCTeKJia, U3 Pe3HHbI, NONHYyPeTaHa, TBepAbIX MOPOjL
nepesa. Ilpu nccienoBaHHAX NPHMEHSIICS OCUMMNATOP C H3-
HOCOCTOHKOH Npokmafkodl u3 kepamuku 22-XC; pasmepn
OCUHNIATOPA ObIJIM BHIGPAHBI HCXOAS M3 YCJIOBHH ero pabo-
TH C pOTOPOM M3 MaTepHasa BK-8.

[Ipy ucnpITaHHSX HOBOTO POTOPA YHMCTOTA ero MOBepx-
HOCTH JIOCTeNeHHO H3MEeHSIeTCs 10 ONpefeseHHOro cTabHJb-
HOro coctosiuus. [103TOMy XapaKTepHCTHKHM H3MepsIHCh
nocse Takoil crabunusauuu. OCHOBHElE pe3yJnTaTH H3Me-
peHHH NpHBeneHb! B TabJ1. 3.

OTH pe3ynbTaThi, 8 TaKXe JApyrde JaHHHE, [10JyYeHHbIe
IJIS Pa3JHYHBIX CHJI NPHXKHMA, TaK U He NO3BOJHJIH OKOH-
YaTesbHO CBA3aTh OCHOBHbIE MapaMeTPhl ABHratels ¢ Qu3n-
UeCKHMH CBOHCTBAMH, TO KpafiHefi Mepe, HeopraHHUeCKHX
MatepnaioB. Tak, HalpHMep, 0XHAaJ0Ch, 9TO OyIeT BHIB-

39



JNeHa saBucuMocTh mapametpoB [1JI ot xosddunmenra tpe-
Husa. OfHako Manoe 3HaueHHe KO3¢, (pULHEHTA TPEHHs KOM-
HeHCHpYeTCs yBeJdUYeHHUEeM CHJAB NPUXKHUMA, 4TO JHIIb He
3HAYUTEJbHO YBEJIHUUBAET MOTEPH B 3JEMEHTAX KpenJeHHus
n npuxuma. He oGHapyxeHa siBHAsi 3aBUCHUMOCTb llapamert-
pos II[] u oT BOJHOBOro COMpOTHBJIeHMST MaTepHasa. Bce
HCIHTAHHBIE HEOPraHHUecKWe Marepuasb ofecrnednBanu
3HAUMTEJbHOE OTPaXKeHHe aKyCTHUECKOHA 3Hepruu oT MmoBepX-
HOCTH pOTOpA.

Tagauna 3
Busiane matepuaJa poTopa Ha xapakrepueriknm I1]1
és ’E = . ] 2
] g S, Qul T B .
Er i< |38283| 8 2% 0
Marepran ;:c. 8= 3:§§ EE 8a% | =
= £5 HEHET P gz | =
SF | 2F 588 s8] S8 | »
Cram XBI' . . . ... .. 57| 52 | —49 |53,60| 1,76 | 25,8
Cramp 45 . . . . . . . .. 8,8 55 | —41 {53,50] 2,73 | 32,9
Cranbp xpomucTan . . . . . 2,0} 36 | —40 |54,00/ 0,62 8,6
Yyryy Ne 1 . . . .. .. .] 9,3 54 —2 52,58 2,88 | 26,8
s N2 ... ...| 9,71 60 | —20{52,44] 3,01 | 26,7
s N3 . ... ... .| 10,0] 67 —7 152,51 3,09 | 23,3
Bpousa . « o s o o« . . -} 2,561 30 20 | 53,421 0,77 | 13,6
Merp. .. ........] 40] 37 053,61 1,24 | 16,7
Kpempwit . . .. ... ..| 6,7 60 0152,70| 2,08 | 17,3
TekCTOMMT ¢ TBePOOCHIaBHOM :
o6osoukol (2 mM) . . . .| 6,4 50 | —15153,10] 1,99 | 20,6
Toxe 0,4mm . ... ..|] 1,0 20 | —50 |54,10] — —
Ceunen, ¢ TBepAOCHIaBHON
ofonouxoit (0,4 mm) . . .| 0,7 30 [ —23 (53,1 |0,25]| 4,5
Oprcrekr0 . . . . ... .| 0,3] 65 40 |51,00| — —
Teepmuid cnas TH5K10 . . .| 4,7 | 60 | —64 |52,69} 1,46 | 27,8
TIBK6 ¢ o v o v v v v o 7,01 70 | —66 52,00 2,17 | 38,1
BK6 . ..........] 6,4] 64 | —64(52,3 [1,98] 35,3
BK-8 . ...,.......} 56| 60 (—65|52,7 | 1,74 | 34,2
BK-16 ... ... 45| 63 | —70 152,481 1,4 }32,4

M premenanne. Hemuranns nMposBoAHMACh A4S POTOPOB AHaMeTpoM 20 MM NpH Ha-
npskeHAn Bo3abymaennd apuratens 200 B, cuiae npwxuva 20 H, dactore Bpautesust 5 ¢=1.

CnesyeT OTMETHTb, YTO POTOPH M3 MNJACTHYECKHX Ma-
TepHaJ/OB, U3 CBUHIA, 0JI0BA, aJIOMHHHS, TaK ¥Xe KaK pOTo-
PBI C TOHKOCTEHHBIMH 060J10UKaMH, oGecnmeuydBasd MeHbIIH{
KPyTAIMA MOMEHT Ha Baly U COOTBETCTBEHHO MeHbllHe
MOWIHOCTE M K. M. 1. OxHako wacrtota BpallleHUss poTopa
ocTaBajach JOCTAaTOUYHO BBICOKOH,
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[IpenenbHoe anauenHe yacTOTH BpalueHHst B nocieIHeM
clyyae AOCTHraeTcsi IpH HHM3KOM HaNpsKeHUM IHTaHHS,
a peryJupoBaHHe ee C IIOMOLIbIO HANpPSXKeHUs 3aTPyAHEHO.
ITH pe3yabTaThl MOXKHO OOBACHHTb HH3KMM 3HAUEHHEM Ipe-
Aena TPOYHOCTH yKa3aHHBIX MaTepuanob. Huskas mpou-
HOCTb IIPUBOJHT K TOMY, 4TO HPH 3alleNJeHHHd KOHLA OCLMJ-
JiTOpa C pOTOPOM NMOBEPXHOCTHHIA CJOi paspyluaercs; 3To
CONPOBOXKAAeTCS CKOJIbXEHHEeM KOHLA OCLMANATOPA MO I10-
BEPXHOCTH poropa. Tak Kak CHJa TPeHHS Majo 3aBHCHT OT
CKOpOCTH, TO npH pa6ore IIJL B pexXume CKONIbXEHHS 4aCTO-
Ta BpallleHHs POTOpa NPAKTHYECKH HE 3aBMCUT OT Hamps-
XeHHS THTaHHA.

Caenyer OTMETHTb, YTO MaTepHasbl C HHU3KOH Mpoy-
HOCTbIO (a/JIOMHHUH, Meflb, UX CIIaBbl) 3aMETHO OCHINAIOTCH
npu pa6ote I1[l 1 no3TOMYy MOryT ObITb HCIOJbB30BAHEl TOJb-
KO AJIST M3TOTOBJEHHS POTOPOB MAJOMOIUHBIX JBHraTesel
HIH ABUratesiefl C OpraHHYeCKMMH H3HOCOCTOMKHMH IIpO-
ki1agkamu. HaoGopor, cBepxTBepabie wMarepuann (BK-6,
BK-8 u marepuaJqel Ha ocHOBe Kap6uja xpoma, KapGuga
THTaHa, HUTPHJA KDPEMHHs, HHUTpHAA Gopa) uenecoobpasHo
HCcnoab3oBaTh AAd IIJL mmpokoro knacca O0co6eHHO s
MOILHEIX ¥ BEICOKOCKOPOCTHBIX JBHraTedeil.

Potopnl, BHINOJHEHHBIE U3 CBEPXTBEPAHX MaTepHAJIOB
¢ GosbLIoi aGpasMBHOCTbIO, HANpHMEp M3 aayHAA, CHJIbHO
H3HAIIHBAIOT NPOKJAJKH, 3aMeTHO CHHXKasi pecypc JABHrare-
as. Ilpu narotoBnenun poropos u3s cranu XBI ra6aoganocsk
HepaBHOMEPHOe OKHCJIeHHe TOBePXHOCTH npu paGoTe B CH-
J0BhIX pexumax. O6pasymoiimecsi OKACAb CHABHO M3HAIIH-
BalOT NMPOKNAJKy H BHI3LIBAIOT KOJeOGaHUs 4acTOTH Bpaiie-
nust. IlosTomy menecoo6pasHo M3rOTOBAATb POTOpP M3
HepxaBewoued crand. CTanbHbe H UYTYHHBlE POTOPbI MOTY'?
ObiTh PEKOMEHJOBAHBI A/ JAelIeBbIX MaJOMOLIHBIX JBHIa-
teqedt (10 1 Bt), oT KoTopbix He TpeGyercsi CTAaGHALHOCTH
YacTOTHl BPalleHHs.

I1pu uccnefoBaHUM POTOPOB, U3TOTOBJEHHBIX U3 Pa3JiHy-
HBIX MaTepuaos, OblI0 0GHapyXeHO, YTo paGouast yacToTa
AJst Kax[IOro AaHHOrO pOTOpa M OCUHJAJNATOPA HMeeT ompe-
JeJieHHoe 3HayeHHe. ABTopamu GblIH H3MepeHbl PE30HAHC-
HBIE YaCTOThl [JISi PA3JHUUHbIX MAaTEpPHaJOB POTOPOB IIPH
HH3KHX YPOBHSIX BO30OYXXAeHHs OCHUHANATOPA, KOrAa poTOp
He Bpawlaercs. 3HAUEHUs] Pe30HAHCHBIX YACTOT TPHBeEHBE
8 Ta6J. 3.

CpaBHenue NOJYUYEHHBIX JAaHHHX MeX1y cO60M, a Takke
C 4aCTOTOH Pe30HAHCA MPOJOJbHHX KojeGaHMil CBOGOIHOrO
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OCHMJJIATOPA NOKa3HBaer, YTO KaXAHH MaTepuan poTopa
BHOCHT CBUIO PeaKTHBHOCTb B Pe30HaHCHYIO CHCTEMY IIbe30-
3JjeMeHTa. B pe3yabraTe NOBHILIAETCA KEeCTKOCTb CHCTEMH
H YacToTa pe3oHaHCa yBeJHYMBaeTCs MO CPaBHEHHIO C yac-
TOTOH CBOOOJHOTO OCLHUJLIATOpA.

Tak Kak peakTHBHOCTb BHOCHTCSI POTOPOM B MOMEHT ero
COTIPHKOCHOBEHHS C OCLHJJIATOPOM, NMapaMeTpPhl pe3oHacHO-
rO KOHTypa H3MEHSIOTCS C YacToToil KojeGaHHH. dToro Hs3-
MeHeHHMs MOXeT OHITb JOCTATOYHO [HJsI TOre, YTOOK TpH
60/bIINX YPOBHAX BO30YXKAEHHSI CHCTeMa NapaMeTpHYeCKH
B0o30yauiach Ha OAHOH M3 cy6rapMoHHYecKux yactoT. [Ipu
paccMOTPEHHH TNapaMeTpHYeCKOro Bo30yKIeHHs HeoOXOlH-
MO TaKXe YYMTHBAaTh, YTO NapaMeTphl Pe3OHAHCHOH IenH
MOTYT U3MEHATbCH NOJ AeHCTBHEM IMOCTOSIHHOH CXXHMawLlen
OCUHMJIATOp CHJAHL, KoTopasi AeHCTByeT B Harpy»XeHHOM pe-
JKMMe H IpejicraBasieT cOOOH peakUHIO poTopa.

YBesnuuenHe XeCTKOCTH MNbe303jJeMeHTa, 00ycJOBJAEHHOE
pPOTOPOM, 3aBHCHT OT MOJOXEHHS U pPasMepoB KOHTAKTHOTO
nsAtHa. JIJsi HETOYHO HM3rOTOBJIEHHOrO POTOpPa KOHTAKTHOE
ISITHO MOXKeT M3MeHSTbCS B 3aMeTHBIX Npejesnax; B pe3yJb-
Tatre BxoxHoe comportuBienHe [1][ Takxe He ocTaercsi mo-
CTOsIHHBIM. HecTaGuabHOCTD BXOJHOIO CONpPOTHBJIEHHS SB-
JIsieTCsl CylleCTBeHHBIM HeJIOCTATKOM ABHUraTelis, OCJAOQXKHSAIO-
wHuM  BkJawoyeHue [IJL B uenu oGpaTHo#  cBSI3M
npeoOpasoparesieii, pa6oTalOLIMX B aBTOreHEpPaTOPHOM pe-
XKuMe. V3aMeHeHHe CONMPOTHBIEHHS B TaKHX CXeMaxX NPHBO-
OUT K KOJleGaHMSIM 4acTOThl, KOTOPasi MOXeT BHIXOAHTbL 33
npefensl o6aactH dactoT OecluyMHOH paGoThl ABMraTteds.
[TosiBniesue ckpuma BHI3BHIBAeT ele GOJbIIHE CKAYKH COMpO-
THBJIEHHSI, TAK K4K KOHTAKTHOE MATHO MOXKET OTCYTCTBOBATH
B TeueHHe TPUMEPHO TNOJOBUHHI NepHOAa CyOrapMOHHKH.
HAast ycrpaHeHHsi ONMUCAHHBIX SIBJEHHH TPUXOLMTCS TIpHME-
HsiTb B HCTOYHMKe nurtaHus I1J] sagaroumuit reneparop Ge3
3JeKTpoMexaHHyeckoil oOpaTHON CBs3H.

Kone6anust conpoTuBIeRHs: MOryT GhITh ocaali/ieHsl B pe-
3yJabTaTe noAbopa MaTepHaNOB pPOTOPA, BHI3LIBAOMMX MH-
HHMaJIbHBEIA CABHT YacTOThl pe3oHaHca. JJjs 3THX MaTepua-
JIOB, K KOTOPBIM OTHOCHTCSl, HampuMmep, TBEepAH crnaaB
Tl5rl§% pacmHpsieTcss [HanasoH yacToT 6GecwlyMHOH pa6o-
TH .
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Fnasa TpeTbsa

KOHCTPYKUMM MbE3OINIEKTPUHECKMX ABMHIATENEA

18, HEPEBEPCMBHBIE NbE3O3JIEKTPUHECKME ABUTATESIN
C BO3BYXXAEHMEM REDOPMALMHA CKATUA, PACTAXKEHMSA
U U3FUBA

Bce TIJI moxkHO KaacCH(pHIHMPOBATH CAeAyOLIHM o0pa-
3oMm: HepeBepcuBHbie u  peBepcuBHele (HITA u  PIIMI);
C NMbe303JeKTPUUECKH NacCHBHBIM POTOPOM H AKTHBHBIM CTa-
TOPOM, C NbE303JEeKTPHUCCKH AKTHUBHBIM POTOPOM H NAacCHB-
HHIM CTAaTOPOM, C 3JEKTPHUECKHM B030yXkAeHHeM KoJeOaHuH
OJHOr'O THIIA U ABYX THIIOB. /

B j1BHraTensix MoryT OHTb BO36YXKIeHH KoJdeGaHus
CXKaTusl — pacTsKeHHs, u3ru6a, cBUra, KpyTHJABHBIE H pa-
quanbHHe Kojebanusi. CoueraHus 3THX KoJseGaHHIl Mo ABa
NpPUBOJAT K GOJBUIOMY UHCAY CYU[€CTBEHHO PA3/JIHYHBIX KOH-
crpykuuii [1[1. Kpome Toro, Bce 3TH KoseOGaHUsT MOTYT BO3-
OyXKIaTbCA 110 PA3JUYHBIM HANpaBJeHUSIM OCLHHUAJAATOPA,
HampuMep BO3MOXKHBI KoseOGaHHA CABHra MO TOJIIMHE, IIH-
pHHe, aauHe. Onucath nogpo6Ho Bce KoHCTPyKiuu [T 3pech
He MpelCTaBJsieTcss BO3MOXKHKIM, TeM 6oJiee YTO MHOTHE U3
HHUX elle HEJOCTAaTOYHO H3yueHBL. [JoaTomy B masbHeitiiem
MOMbITaeMCst cOPMYNHPOBATE TOJNBKO OOLIME MPHHIUIH
TIOCTPOEHHUsST KOHCTPYKIUHH, NpHAepxKuBasich genenus [1]1 Ha
TPH KAAcCca: ¢ MacCHBHBIM POTOPOM, C MACCHBHEIM CTATOPOM
H aKTHBHBIMH POTOPOM H CTATOPOM.

Panee paccMoTpeHHbli aBuratesnb (cM. puc. 9,a) orHo-
cutcs K HITM, Tak Kak ero peBepc HEBO3MOXKeH (MMM He-
3¢ QeKTHBEH) HH NPH KOMMYTALHU 3JEKTPOAOB, HU MpH H3-
MEHEeHHH YacTOTHl MUTAIOUEro HanpsiKeHus. B 3Toil KoHCT-
PYKUMH 3JIEKTPHYECKH BO30OYXKIAAKIOTCH TOJMBKO INPOAOJLHEE
Kojie6aHUsl 10 MJIHHE MJIACTHHH, TONepedHble (M3rHGHBIE)
KoseOaHusi BO3OYKIAAIOTCA 1IpH B3aHMOACHCTBHM OCIMJIS-
TOpa C POTOPOM.

KOHCTpyKuuUsi ABHraTe/si CYmeCcTBEHHO He H3MeHHTCH,
€CJM OChb POTOpa pACNONOXKHTb napaslielbo  [JaCTHHE
(puc. 22,a). Ilpu atoMm pabouywo uwactoty [1J] BHGHpaioT
NpHMEPHO PABHOH YacToTe pe3oHaHCa YNpyrux KoJeGaHui
N0 WIHpHHE TUIACTHHH. B TakoM ciyuae snauurtennHo yBesu-
YHBAIOTCA TIIONIA/b MEXaHHYECKOro KOHTAKTa OCHHJIATOpa
C POTOpPOM H MOIMIHOCTbL Ha Bajy ABMratens. Pe3oHaHcHbIe
KoJleGaHHUSt MOXKHO BO3GYIHTb U 1O TOJMLIMHE MAACTHHBL. Of-.
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Hako 3TOT CJAyyall BCTpeyaeTcs PelKO M TPAKTHYECKOro
HHTepeca He MPeACTaBJSET.

MomHocts 11J] Ha AAHHOH YacTOTe MOXKHO YBEJHUHTD,
NOBBLIIAS HOMep MOABI YNPYrux KoJjeGauuii. Has 3toro
Mbe303JeMeHT AeJSAT Ha 30HBl C OJMHAKOBHIMH 3HAUeHUSIMH
MeXaHHYeCKHWX HampsieHHH. OTH 30HB BBHIENSIOT JHGO
snexTpopamu (puc. 22,6), nu6Go HanpaBjieHHeM IOJIsipH3a-

;XW Eﬁjiiéiil
) )

24
- 5

a) 6)

HC)

a)
Prc. 22. Koncrpykunn HITJL.

mHH 30H (puc. 22,8). M3BecTHH Takxke koHcTpykuuau HITM,
B KOTODHIX 2JIeKTpHUyecKH Bo36yxKnalorcs Kosle6anus uaruba,
a npoxoJibHBle KOJeGaHHS reHepHUpyloTcsi meXxanHdeckd. Ko-
JgeGaHust u3ru6a MOXKHO BO3GYXKaaTh HECKOJbKHMH crocofa-
MH, CXeMaTHYecKH NOKa3aHHBIMH Ha puc. 22, —3.

B nanebnefiwiem pedopManHaMu «yuctoro» u3rnba GyneM HaseBaTh
IneKTpHYecku Bo36yxpaemele nedopManuu u3ruba, He CONPOBOXKAANO-
muecs ckatHeM — pacrskenneM. Ilpu «uucrom» wusribe mno ToMIIMHE
BMeeTcs CJI0H, IJoWAa b KOTOPOrO NMPH HepOpPMAUHH TMNACTHHE OCTAETCH
wenameHHoH. YacTtn, pacmonoxenHbie 1o ofe cTOPOHE OT 3TOCO CJIOf,
06.121210T ONHHAKOBOH Mbe30AKTHBHOCTLIO, T. C. NMPH NPHJIONKEHUH 3JeK-
TPHYECKOTrO MOJIA HAa WX KOHUAX PAa3BHBAIOTCH CHJEl, OXHHAKOBBIE MO Be-
JIYYHHE W TIPOTHBOMONOXHBIE [0 HanpasaeHuioo. HeopHOpomHOCTh Mare-
PHANIOB TMHE30JIEMEHTOB NO MbE303MCKTPUUECKUM MM YAPYTHM CBOfi-
CTBaM, Pa3jiuyue TOJIIHK WM TUIOMANel 3JeKTPOJOB TMPHBOLAT K TOMY,
yTo BMecTe ¢ nedopMaumamMi wu3ru6a Bo3ByRAALTC pedopManuu
CHCATHS — PACTSINEHUsA, KOTOPHE, CKJIaNblBasch C MCXAHHYECKH BO36yxK-
HaeMbIMH TIPOLONBHBEIMY 1e)OPMALHSIMH, MOTYT CYIIECTBCHHO YXYNLIHTH
napamerpsl HIII. TlapameTpel XBHraTens c¢ s/eKTpHuecKHM BO3GYXie-
HHMeM TpPOJOJbHBIX KOJe6anuii MOTYT CYmECTBEHHO yXYMIHTbCH H3-32
KoneGaunfi u3ru6a, OCYCNOBNEHHBIX, HaNpumep, HEONHOPONHOCTHIO Ma-
TepuaJsa.

Jns cosMmemlexnst HM3ruGHOTO U TIPOJOJILHOTO PE3OHAHCOB HOMeEp
Moxbl KoneGanuft uarn6a AoJKeH OHTb BHle HOMEpa MOAB NMPOAOJbHEIX
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KoneGawui. [N 3TOTO Mbe30INEMEHT PA3LENAOT HA 30HBl, YHCIO KOTO-
PHIX JOMXHO ObITb DaBHO HOMEPY MOXbl M3THOHbIX KoneGaHui. 3oHH
BHAENAOT Halpaeienwem nonspudaunu (puc. 22,6) wnu 3/MEKTpPONLAMH
(puc. 22,7, 3). B kaxpofi 30He MeXaHHYECKHe HATPSKEHUS MMEIOT ONH-
HAKOBbIE HATPABJEHHS.

Hepesepcuupie ITJ1 ¢ anekTpHuecKMM BO36YXOeHHEM
Xosne6auuft H3ru6a mo cBoum mnapamerpam ycrynaior HITIT
C 3JIeKTPHYECKHM BO36yXaeHHeM KojebaHuft cxaTtus — pac-
TAXeHHs; HX OCUHJJSTODH SBASAIOTCS Goslee CAOKHBIMH IO
KOHCTPYKUHH, @ DOTOPBI BPAINAlOTCA B NPOTHBOMNCJIOKHOM
HanpaBjieHHH. TIpH BHIKIIOUeHHH HAMpSXKEHHS OCLHAIATOP
HII c snekTpuuecknM Bo36YXieHHeM kosne6GaHHH Haruba
OKa3BIBaeTCs pPaCKJAHHEHHBIM. 4YTO TIO3BOJSEeT BO3BPATHOH
NpyXHHe BEPHYTh POTOP B HcXoxHOe mosoxenne. Hao6opor,
B ABHTaTese C 3MeKTPHUECKUM BO36YKaeHHeM NpPOAOAbHBIX
KoJeGanuil OCUUAAATOP B BHIKJAIOUEHHOM COCTOSHHH 3aKJH-
HHUBaeT pOTOP.

CoBMecTHOe BKJIOUEHHE ABYX OCHHJNSATOPOB ¢ BO3OYX-
IeHHeM KojieGaHHN pasaUUHBIX THNOB (pHc. 22,u) mo3BoJseET.
MOYTH BABOE VBENHYHTH MOUIHOCTb BBICOKOCKOPOCTHHIX
HII 6e3 yBenuuenuss ra6apuToB (1A CpaBHEHHS Ha
puc. 22,x nokaszan HIIII ¢ ocuninsTopamMu oaHMHaKOBOTO
THMA).

19. NbE3O3NEKTPUYECKUE ABUFATESIU C NACCHUBHBLIM POTOPOM
M BO3BYXAEHMEM KONEBAHUA CABUTA

HepesepcuBHublfi  Mbe3037€KTPHYECKUH ABUraTeNb ¢ BO36YXKIeHHEM
KoJle6aHU# CIBUra OTAHYAETCH OT ABHraTeds ¢ BO3GYXKIEHHEM MPOIOJb-
HHIX KosieGaHuii TosmbKo monmsipusanuefi mbesosnementa (puc. 23,a) [12].
B mbe3osneMenTe ¢ nomepeyHod MO OTHOWIEHHIO K HATPABJEHHIO TPHIO-
KEHHOTO UTEKTPHUECKOTO TONS MoasfpH3anmuell BO30YKIAOTCH OOHOBpE-
MeHHO Ko/e6aHHs CABHra, Kak Mo ToJuuHe (puc. 23,6), tax H MO IJHHE
(puc. 23,8). Ha pesoHaHCHHX wacToTax 3TH KojeBaHus JerKo pasfe-
asores. O6HYHO pesoHaHc KoseBGarufl no mauHe (xorma [>>2a) Mamo
3aMeTeH.

Pesonanc c¢aBura mo TOMIUHE MBC303.1€MEHTA OTANYALTCS HU3KUM
BXOAHHIM COTIPOTHBJIEHUEM, PABHHIM HECKOJHLKHM OMaM H gake .1eCSIThiM
HIonsiM oMa. DTO CBA3aHO € TeM, 4YTO YKA3aHHBI pesomanc Habmopaercs
Ha CPaBHHUTRALHO BBICOKHX UacTOTaX (coTHu Kuaorepu). DddeKTHBHOCT
SJIeKTPOMEXaHHUeCKOro Mpeo6pasoBanus ompenensiercs KospdHIHEHTOM
3MEKTPOMEeX2HHYECKOl CBA3H CHBUIOBHIX KoMcGaHHHN, KOTOPHIA AN He-
KOTOpHIX MaTepHanos pocruraer 0,7.

Cosnanve HITJ c so36yxnenneM xoneGaHuft ciasura mo TOJIIHHEE
MO3RONSeT 3HAYHTEJbHO TOBLICHTL PaBouyi0 YacTOTY NBHraTeNs — JO
500 kTu. B pe3aynbraTte pacumpsiercs o6jactb 4acToT GecuymHORM pa-
6OTEl M 3HAYMTENBHO CITHXKARTCH HEOGXONMMOE HATpSKeHHE MHTaHHs,
B nacrosulee BpeMs H3TOTOBNEHbI MakeTsl, MOATBepxKjaiollue pa6orTo-
Cnoco6HOCTb TaKHX ABHraTenell, olnako WX mapaMerps NOKa eule Aa-
JIEKH OT JXEJaeMHX.
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Mccenenosanus HITM ¢ Bo3Gyxaennem KoseGaHuil cABUra
(nonepeuHbix KojeGaHHi) OGHApPYXKMJH  CJOXKHOCTb IpO-
ueccoB (HOpMHPOBAHHUS TPAEKTOPHH [BMXXEHHS KOHTAKTHOI
Toukd. OKas3ajoch, YTO KoJebGaHHUA CABHra IO TOJIIHHE re-
HepUpYIOT KaK HU3rHOHHEE 10 TOJIUMHE, TaK H NpOpOJbHBIE
1o anuHe KoJebanus. [TogkmoueHne poTopa U ero Harpyxe-
nue (BIJIOTb JO 3a)KaTHsl) Majio BAHAIOT HA BXOAHOE COIpO-
THBJIEHHE OCHU/JIATOpa. DTHM OGBICHAETCA HU3KHH K. 1. L.
IBHraTesst ¢ Bo36yxJeHHeM KosebGaHuil ciBura (MpHMEpHO
10%). Heso B TOM, YTO pOTOp He3HAYUTENbHO HarpykKaer
OCHUJANSATOD M INOYTH BCS BBejleHHAs B pPe30HATOpP 3leprs
pacceHBaeTcsl Ha ero BHYTpPeHHeM COIPOTHBJIEHHH.

Hcnonn3oBaHue KojeGanuii casura no TOJMUIHHE IHe30-
3JEKTPHUECKOH 060J10uKH (pHC. 23,2) NO3BOJsIET CO3[aTh
[1[1 ¢ macCHBHBIM POTOPOM, B KOTOPOM KOHTaKT MeXIy po-
TOPOM H CTAaTOpPOM IIPOHCXOJHT He IO JHHHUH, & 1O NOBEpX-
HocTH. B 3Tolfi KOHCTPYKUHH Nbe3o3JeMeHT / NOJSpH30BaH
B TaHreHnHanbHOM HanpabjdeHud. IIpH NOAKIIOUEHHH 3JeK-
TpoAOB 2 K HCTOYHHKY IepeMeHHOro HalpsiKeHHs BHelIHSA
H BHYTpPeHHSfl HUJIHHIpPHUYECKHE MOBEPXHOCTH Nbe303JeMeH-

A a)

7 2)

Puc. 23. T1be305/1eKTPOABHTATeNH C MAcCHBHBIM POTOPOM H BOSGyXne-
HueM KoaeGauuii CABUTA.

Ta CMellalOTCA B  IPOTHBOMOJIOXHBIX  HalpaBJeHHAX
(puc. 23,0). BuyTpeHHSIs 1OBEPXHOCTb U€Pe3 H3HOCOCTOM-
KYIO NMpOKAajgKy 3 B3auMOZelicTByeT C poTopom 4, Bo3OyX-
Jasi B HeM pajHajbHbie Kosle6Ganus. DT Kogebanus obecne-
YUBAIOT 3allellJIeHHe pOTOpa H CTaTopa B KaKOM-/HIGO OJHOM
HanpaBJIeHHH.

Bo36yxkaenue KojeGaHHil c1BHra no TOJALIHHE HUAHHIPH-"
geckoli 0GOJNOYKH He YJyuluaeT YCJAOBHA COMJIaCOBaHHA
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OCUMIISATOpa ¢ Harpy3koii. A nosbienus K. . A. fipHxo-
JUTCS yBeJHUYHBATb TOJLIMHY OGOJIOUKH, YBeJHYHBAS IPH
3ToM 06beM nbe3osnementa. [loaroMy paccMoTpeHHast KOH-
CTPYKUUS SIBJASIETCS nepcneKTHBROM aas 1/ Goabiioi Mou-
woctu (cBbime 100 BT); oHa He TpefyeT NOMLIMIHHKOB H
OKa3blBaeTCsi KOMNaKTHee Apyrux KoHcTpykumuii 11

20. NbE3O3NEKTPUUECKME ABUTATENIM C NMACCHBHBIM POTOPOM
WU BO3BYXAEHMEM KPYTUALHBIX KONIEBAHWKA. NA C MACCUBHLIM
CTATOPOM

CoueTaHHe KpPYyTHJBHBIX H NpOAOJBHEIX KoJeGaHHil Tak-
e MoxeT ObITb HCIOJB30BaHO IPH CO3JaHHU HOBHX KOH-
crpykuuit [1/1. B ornuuve or KoneGaHu# caBhra no TOJ-
L1MHEe UUJUHApUHYecKOH O6GOJOUYKH, KpYTHJIbHHE KosaeGaHHsS
B 000J0YKe MOXKHO pacCMaTpHBATh KaK KoseGaHHsSt CIBHra
no o6pasymoueil nuauaapa. KoneGanusi cisura 1no TOJLIH-
He B 3JeMeHTapHOM o06bemMe Moryr OHTb B0O30YKAEHH

=
&

Puc. 24. TIbesosnekTpomsurateds ¢ NaccHBHBIM pPOTOPOM H BO3GYxJe-
HHeM KPYTHJbHBIX KOJeGanuil.

HalpsIKEHUSIMH, TPHUJOKEHHHMH KaK 10 TOJNIUHHE, TaK
U 10 ANHHe mnbe3osneMeHTa. COOTBeTCTBYIOIHE BapHaH-
TH BO30yXJAe€HHS KpYTHJABHBIX KoJebaHHII MOKasaHbl Ha
puc. 24,a, 6. Ons pealH3auUH 3TUX BapHAHTOB IIbe303Je-
MEHT H3rOTaBJIHBAIOT H3 HECKOJbKHX CKJEeHHHLIX uYacTeil.
Ecnu M3 KaXablX ABYX COCeNHHUX CeKUHH OAHY NOJSpH30-
BaTh NPOJOJbLHO, a APYry!l0 MO TOJMLIHHE, TO KpYTHJIbHHIE
KoNeGaHHst MOXHO BO3OYIHTP W B CIJIOIIHOM TOJOM IlH-
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JuHzpe. B 3TOoM caydae 3jeKTPonbl HaHOCAT Ha mNOBepX-
HOCTb LMJHMHPA B BUAE KoJel WJIH nojoc (puc. 24, 6, e).
Oxaun u3 BapuaHtoB IIJL ¢ 3JeKTpHUECKHM B03OyXJe-
HHEM KPYTHJBHBIX KoJieGaHMil II0Ka3aH Ha puc.24,d. B 3t0ii
KOHCTPYKIMH BO30YXKJAeHHe NPOAOJBHLIX KoJeGaHul NpOHC-
XO[MT IIPH YrJle KOHTaKTa, PaBHOM HyJIO; 1O3TOMYy JJs
BpallleHusl pOoTopa HeOOXOAMM IYCKOBOH MOMEHT.

Ecau ocuuaasrtop I1 c ajexkTpruecKUM BO30YyXKJAeHHEM
KPYTHJIbHBIX KOJieGaHHI paccyuTaTh Tak, YTOOB paCOUHMH
yacTOTaMH OBITH YaCTOTHl NePBHIX MO/ KPYTHJbHBIX H IIPO-
JOJbHBIX KoJeOaHui, To yacTH poropa I u 2 (puc. 24,0)
OyAyT Bpauatbcsi B INPOTHBONOJOXKHBIX HaNpaBJeHHAX.
Jast TOro uro6el obecledynTh BpallleHHe B OJHOM Halpas-
JIeHHH, HOMepa MOJA KPYTHJbHBIX M IPOJOJIBHBIX KoJeOaHHH
JLOJIKHBL OTAHYATHCA HAa HeueTHOe YHCJO.

[Ipocrefimmit gBHrateib ¢ NacCHBHBIM CTaTOPOM MOKa-
3aH Ha puc. 25,a, 6. B 3TO# KOHCTPYKUHH OCUHJIJIATOP,
BBEIIIOJHEHHBIA B BuJe AHCKa [, 3akpelsieH Ha Bajy ORHUM
H3 CnocoGoB, TpejcTaBJeHHBIX Ha puc. 295,6. Hampsixenue
yepe3 CKOJb3fLLHE KOHTaKTHl 2 NOJAETCS HA OCLUUJAAATOP.
Ha ero nosepxHocTb onHvpaercsi 0AHA HJIH HECKOJbKO YIpYy-
FHX NJ1aCTHHOK J.

OMHH H3 NpeanosiaraeMblX MEXaHH3MOB pPaGOTH TaKO-
ro ABHrateis 3ak/iouaerci B cieaylolleM. Paauasbuble
KoJieGaHHs, 3JIeKTPHYECKH Bo30yxKjaeMble B JHCKE, CO3-
JAalOT B MeCT€ KOHTAaKTa AHMCKa C IJAaCTHHOH IlepeMeHHYI
cuny F, HopManbHyl0 K mOBepxHOCTH Aucka. CocTabisio-
IHE 3TOH CHMBL Fup U Fuar BO3GYKAAKOT NPOJOJBHBIE H H3-
ruGHBle KojeOaHus, KOTOpele (OPMHPYIOT TPaeKTOPHIO TOU-
KM KOHTaKTa.

B kadecTBe ocuMaAAATOpa MOXKHO HCIOAB30BaTh H IH-
JIMHAPHYECKYIO 0Gon0uKy (puc. 25,2, 0). Hdansa yMmeHbuIeHus
H3HOCA Ha Mbe303JeMEHT OJeBalOT CTaJbHOH OOpyu HAH
HaHOCAT CJIOK H3HOCOCTOHKOrO Marepuana. [asd yBemauye-
Hus MouiHocTH JIJ[ ocuuansarop [/ OKDYKAaIOT YNPYrHMH
IJlacTHHaMH 3, KOTOpble OJHOBPEMeHHO TO3BOJSIOT YyCTa-
HaBJUBATh POTOP B KOpHyce (Ge3 MORIIKUNHUKOB (pHC.25,0).

O6paiieHnpli BapuaHT II[L c OCUMMIATOPOM B BHAE
[IMJUHAPHUECKOH 060/IOUKH MO3BOJIAET MCKIOUHThL CKOJb3s-
Iue KOHTakKThl (pHc. 25,e). HcnoJsib3oBaHue OCHUAASATOPA
¢ BO3GyXjieHHeM KoJeGaHUi CABUra 10 TOJLIMHE LHJIHHI-
puueckoii 060J04KH (pHC. 25,0) maeT BO3MOXKHOCTb yBeJsH-
yuth pabGounme uacToThl IIJ] ¢ naccusHbIM craTopom. Ha-
060poT, yMeHbIIEHHe YaCTOTbl JBHraTeNls JOCTHrAaeTCs TpH
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BosOyxnenun KojeSamuii casura mo oBpasyioutef uH-
JUHADPA, T. € KPYTHJbHbIX KoJeOaHHii (puc. 25,2).
[Ibe3osnexTpHyecKie [BHTaTeld C NACCHBHBIM CTaTO-
POM HMEIOT CpaBHHTEJBHO HEBBHICOKME yiesbHble XapaKTe-
PUCTHKH; WX K.I.J. MOKa He mnpesniwaior 209%, npuuem

/'y’/’/‘;
=

Puc. 25. [1e3031eKTPONBHUTATENH ¢ NACCHBHLIM CTATOPOM.

ABUraTenu SABASIOTCA HePEBePCHBHBIMH M, Kak IPaBHJO,
HH3KOO60POTHBHIMH. Cjenyer, oxHaKO, OTMETHTb, 4TO HX
aKyCcTHYeCKHe LIYMbl HMEIOT HU3KUH YPOBeHb, YTO CYLIeCT-
BEHHO MpPH WCHO/Ib30BaHHM yKasaHHbX [1] ana mpusoxa
JHCKA 3JeKTPONPOUTPLIBATE NS,
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21. NbE3ODNEKTPHMYECKWE ABMFATENM C BLICTYNAIOWMMMA
NPOKSIA IKAMM

Eciu npUMeHHTb H3HOCOCTOHKYIO IIPOKNAZKY, 3HAUH-
TeJbHO 6oJlee TOHKYIO, UeM Mbe303JeMeHT, H HMEIOIYIO Bhl-
CTyIl OTHOCHTEJBHO ero TOplia, TO Pe30HATOp TPOJOJbHBIX
KONeGaHHA MOXHO aKyCTHUYECKH H30JMPOBaTh OT KoJsieba-
HHH u3ru6a. OOBIYHO A1 STHX lesell BHICTYN Paclofaralmr
MOA yrJOM K MJOCKOCTH Ibe303JeMeHTa, GAM3KHM K 45°
(puc. 26,a). Yroa KoHTakra BHOHpaloT B npejenax 30—80°.

v ' ﬁ =45
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Puc. 26. TIbe3osnekTpoABHraTenH € BLICTYNAOUHMH NPOKNAAKAMH, HX
XapaKTepUCTHKH.

B mbesossnemente I1I1 ¢ BelcTynaiowel npoknaakoi Ko-
neGanua u3rub6a HMeOT OYeHb Madyl aMIUIHTYyAY; OHa
yMeHplIaeTc C YMeHbUIEHHEM TOJIUMHH BoeicTyna. Ilpu
KOHTaKTe OCHUJJATOpPA ¢ POTOPOM pe3oHAHCHAst Yacrora
MpaKTUYECKH He H3MeHseTcst. IToaToMy 3HaYHTENbHO CHH-
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XeHa 3¢dexTHBHOCTL BO36yxXAeHHST cy6rapMoHHuK. [Tpu
H3HOCE TIPOKJAJKH NJOLladb KOHTAKTa OCTaeTcsl NOCTOSH-
HOM M cpaBHHUTENbHO MaJofl. ATO ABAAETCS OLHON H3 mpH-
ydag crTabunbrHoctd paGotH III wu Takke cnocoGerByer
yMeHbUIEHHIO yPOBHS CyGrapMoOHHK BO BCeM aHamnasoHe pa-
GOUHX 4aCTOT. ‘

IMpn m3meHeHun 3HaKa yria xoHtakra (puc. 26,6) mpo-
HCXONHUT H3MEHeHHe HalpaBJeHHs BpaUleHHs, YTO HCMOJb-
3yercst aast pesepcHpoBaHHs [IJI MexaHHYecKHM cnocoGoMm.
Y3kas 30Ha KOHTAaKTa CNOCOGCTBYET YMEHbIIEHHIO TOTepb
aKyCTHYECKOfi 3HeprHu uepe3 poOTOp, YTO OciabasieT peak-
IHI0 poTOpa.

[Tepenal BOMHOBOrO COTMpPOTHBJEHHS HA KOHLE OCUHJSA-
TOpa yBeJHYHBAaeT CTeNeHb OTpa)KeHHsi aKYCTHUECKOH 3Hep-
THH OPOAOJBHHX KojJeOaHHf oT paGouero KOHIA OCHHMSA-
TOpa, YTO HAapAAy ¢ MaJbMH TNOTEepsIMH B 30He KOHTAaKTa
yBeJIHUHBAeT ROOPOTHOCTL pe30HAaTOpa NPOJOJLHHIX KOJe-
Gapuil. YpenuueHue pO0GPOTHOCTH COTIPOBOMKAAETCH 3aMer-
HHM CHHXeHHeM HanpsKeHHs nuranus TTI.

Baaronapst ToMy 4TO Nbe303J1€MeHT H30JHPOBAH OT KO-
JeGanufi u3rmba TpoKAankH, TpeGoBaHHS K BHOGOPY ero
pasMepoB 3aMeTHO cuHXaioTcst. TlosBasieTcs BO3MONHOCTE.
B UIMPOKHX Tpeaesax HU3MEHATb UINPHHY Nbe303jeMeHTa H
HOMEp MOJH TIPOAOJIBHHX KojeGaHH#H. KpoMe TOro, MOMKHO
BHOHpaTh pabouyio yacTOTY TOYHO PaBHON dacroTe peso-
HaHCa H 32 CYeT 3TOTO JAOTIOJHHTEJbHO CHH3HTb HATIpsiKe-
HHe BO36GVxkaeuus ITJI.

B TIH c. Bucrynawomefi npokaaakolt 3HAYHTEJSBHO
ocnaGienbl KojJeGaHHS BXOXHOTO COTIPOTHBJEHWS H MTHO-
BEHHON CKOpPOCTH 3a ONHH 060pOT poropa. MexaHusm pa-
6OTH paccMaTpUBaeMOr0 ABHraTessl euie HeROCTATOYHO
usyuen. [Tpexnonaraercs, 4rto pa6ora 3TOT0 ABUraTesst, KaK
u apyrux HIIJI ¢ macCHBHBIM pOTOpPOM. OCHOBaHa Ha B3a-
UMOXEACTBHH NpPOAONBHHX M H3THGHHIX KoNe6Ganufi. He Hc-
KJTI04aeTcst W BO3MOXKHOCTb 3aKNHHHUBAHUS H pacKJHHHBA-
HHs TIpH QBHKEHUH KOHUA MpPOKJaiKH BIEpen W Ha3ajg Mo
NOBepXHOCTH poropa. llpeamonaraemHil MexanHaM BO3-
OyxaeHns M3TWOHHX KoJebGaHuil sakmouaercs B caeaylo-
wem. IMpononbueie Kone6aHus YACTHUHO OTPAKAOTCA OT
TOpUA TIbe303/EMEHTA, @ YACTHYHO pPaCHPOCTPAHAITCS IO
BHICTVNY, CO3/aBast Ha €ro KOHue ToNepednywo cuay. Ipu
B3aMMO/1eiCTBHH BEICTVIA C POTOPOM 3Ta CHJa BO36GyXKaaeT
CTOSiYMe BOJNHBI H3rHGa MO AJWHe BBEICTYNA, KOTOpbIf Npen-
CTaBisfieT COGOHl KOHCOJNbHO 3aKpelyIeHHYI MaacTHHy. Pas-
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"JIMYHbIE BapHAHTHl BBIIOJTHEHUS BHCTYINOB NOKa3aHbl Ha
puc. 26,6—e.

Hcnonb3oBanue BTOPOH MOAbI NPOAONBHEIX KOJeOGaHHIl
N03BOJISeT CO3MaTh QBHraTeJb C MHHHMAJBbHBIMH NOTEPSIMH
Ha KpenJjeHHe H TPHXHM TIbe30oasnieMeHTa (puc. 26,%¢).
ITpnmensst H3HOCOCTOHKYIO NPOKJAAKy C ABYMS BBICTYNa-
MH, MOXKHO JIErKO OCYLIECTBHTb MexaHudyeckuil pesepc T[]
NyTeM 1IOBOPOTA OCUMANATOPA Ha 'HeOOJBLIOH  yroj
(puc. 26,3).

Hcnonp3ya uunnHapuieckyo o60AOYKY HJAH ee 4acTb
AJIst BO3OYXKIEHHS NPONOJBHEIX KoJebGaHu#i 10 OKpyXkKHo-
CTH, MOXKHO JIErKO BBHINONHUTbL KOHCTpyKuHio ITMI, noxasan-
Hy1o Ha puc. 25,e. ToT Ke NMPUHUMN peasu3yeTCs B JBHra-
TeNAx ¢ BO3OYXKAEHHEM paauadbHBIX KoJeGaHHH B JHMCKax
HIH- IHJIHHIPHYECKHX 060J0YKaX.

3aBHCHMOCTH YacTOTHl BpalleHHsd 7 OT MOMeHTa Ha-
rpy3kd M u HanpsikeHus Bo36yxaeHuss U s OZHOTO H3
JgaGopatopHeix 06pasuos III c BeicTynamoueli npokaai-
Koil (puc. 26,a) npusegensl Ha puc. 26,u, x. OcuuansTop
IBHrateasi BBHIIIOJHEH B BHAE INPAMOYTONBLHOH IJACTHHH
pasmepoM 32X7X2,5 MM ¢ BhcTynamoweii Haka1agkod H3
CTajbHOH JeHTH TonwuHoi 0,08 mMm. Potop aBuratens
AHaMeTpoM 7 MM BHINIOJHEH H3 MHHepaJoOKepaMHKH
LIM-332. Cuna npuxuma 5 H. Macca gsuratens 30 r.

22. PEBEPCMBHBIA NbE3ONEKTPUUECKMIA OBUTATEND
C AKTUBHBIMM POTOPOM U CTATOPOM

IBuratesn, B KOTOPBIX pPOTOP H CTATOP COZEPHKAT
OCLUANATOPHL,  (YPHKUHOHHO B3aHMOAENCTBYIOIHE MeXIY
co6ofi, orHocarcst kK 1/l ¢ aKTHBHBIMH POTOPOM 1 CTaToO-
POM; OHH SABJAITCH PEBEPCHBHBIMH Nbe303JEKTPHYECKHMH
apuratensiMu  (PIT). Ocunanstops MOXHO B036VKAaTh
KaK Ha OMHOIl yacToTe, Tak M Ha KPaTHHX yacrorax [27].

IIpocrefimas roHcTpykuust Il ¢ aKTHBHBIMH POTOPOM
H CTATOPOM n0KaszaHa Ha puc. 27,a. PoTtop mBuratens BH-
NoJHeH Takxke, Kak U B [IJl ¢ maccuBHHIM CTaTopoM; OH
COAEPKHUT OCUHIJAATOP PpagHaNbHEIX (CABHIOBHIX H Kpy-
THJBHBIX) KOJeGanHH, BO3GYKAeHHe KOTOPHX OCYLIECTB-
JIieTCS Yepe3 KOHTAaKTHHEe KOJblia.

[Ipn NOAKMIOUEHUH HANPSKEHHS B OCLHIIATOPE CTATO-
pa B036yXKHaoTCH NpPOAOAbHBE KoneGaHHA, a B OCIHJ-
JATOpE DOTOpA — pajuanbHble. Yuactok AA cTatopa
(puc. 27,6), conpukacaiomuiics ¢ poTopoM, JABHraeTcsi Mo-
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crynarenbHo. Ecin guamerp poropa npu sToM H3Mensercs
TaK, KaK 1I0Ka3aHO Ha PHUCYHKe, TO NPH ABHXKEHHH HANpPaBo
yuacrok AA nepepaer HMIYAbC POTOPY, a TPH ABHKEHHH
Ha/JI€BO MEXAHHYECKHIl KOHTAKT MeXJAy POTOPOM H CTaTo-
POM HapyIIaeTCsi u POTOP NPOLONKAET ABHraThcs 1O HHEP-
wun. Jlerko y6egutbest, uto npu u3MeHeHuH ¢aspl xoseba-
-Huil poropa unu cratopa Ha 180° npousofizer pesepc.

Puc. 27. Ipocrefimne Koucrpyxknan I1JI ¢ axrusmnMu pPoOTOpOM H cTa-
TOPOM. -

OnucanHblii Mexanusm paborsl IT1J] ¢ aKTUBHBIMH po-
TOPOM M CTAaTOPOM INPHHUHIHAALHO OTJHYaeTcss OT BCEeX
paccMoTpeHHbIx paHee. ITo npuHuMIY OeficTBHS ABUraTeb
HanoMHHAeT WAroBee [BHraTedH ¢ 3yOUaTHM pPOTOPOM;
OTJIMYHE 3aK/I0UALTCH B TOM, 4TO KaX/blii 3y6 (popMupyerT-
Cl pagHANBHBIMH CMELEHHSIMH OCUWIIATOPA potopa (Ha
puc. 27,6 nokasaHa TPAeKTOPHsS JBHXEHHS TOYKH B no-
BEDXHOCTH OCLHJJIATOPA).

Hs-3a Bo3Oyxnenus KonebaHuii usruba mpH yrie KoH-
TaKTa, PABHOM HyJ/Ii0, apaMeTpel paccMOTpeHHoro I1]] npu
BpalleHuHd B NPAMOM H OGPAaTHOM HaNpaBJeHHAX pPasfH-
4awTcsa. ITOT HeI0CTaTOK yctpaHeH B I1]] ¢ BO36YKIeHHEM
NPoAOMLHBIX KoMeGaHuit BTopot Momm (puc. 27,2). ‘

B aBuraressix ¢ aKTHBHBIMH POTOPOM H CTATOPOM IIO-
Ne3HY10 pabOTy COBEPIUAET OCUMJJSTOP CTATOPA, 4 OCLHI-
JATOp POTOPa OGECHeYHBAET CHHXPOHHOE 3allerlieHHe po-
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Topa co cratopoM. [loatomy poas morepb B porope B 06-
X MOTepsix ABHraTens sgBAsercs cyllecTBeHHoi. [las ee
CHHXKEHHS HeoOXOJHMO YMEHBUIHTb 00beM [be303JeKTPH-
yecKo#i yactdH poropa. C 3Toff LeAbl0 €ero mnbe3o3JeMeHT
BLIMOJIHSAIOT B BHJAE UMJIHHADHYECKOHi o6osouku (pHc. 28,a).

Prc. 28. Ilbe3oanekTpOABHraTeNH C aKTHBHHMH POTOPOM H CTaTOPOM,
o6anarouine BLICOKHM K. T I,

Puc. 29. INnockas koucrpykuus ITJE.

Ecnu  BoKpyr poropa pacmomoxuTh ABa OCUHAAATOpA
(puc. 28,6), TO MOXHO emle B 2 pa3a CHH3HTb BJHSHHe
norepb B porope Ha K.m.A. apurarens. CoequHss KOHIIbI
OCLHJIIATOPOB, MOJYYalOT KOMIAKTHYIO KOHCTPYKnuio ITJ1
C aKTHBHBIMH POTOPOM H cTatopoM (pHuc. 29). B 3Toit KOH-
CTPYKUHH TNPOLOJbHHE KOJeOaHHST BOCBMOH MOAH BO30YXK-
AaTCs N0 AJAHHE OKPYXHOCTH OCUHJJSATOpA CTaTOpa, BbI-
MTOMHEHHOr0 B BHJe UHUAMHIApHYecKoi o6osouru I. Ocpua-
JIATOP pOTOpPA BHIIONHEH B BuOe ABYX Kojen 2, MOMeNieH-
HBIX BHYTPH 060MOB 3, KOTOpbie (PHUKLUHOHHO B3aHMOeii-
'CTBYIOT C H3HOCOCTOHKHMH NpoKnafkaMu 4. DTH NpPOKIaLKH
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pacrnojiokenbl B MeCTaX MaKkcHMyMoB kosebaTenbHhix cKO:
pocreit ocumansTopa craropa (uepes omuH). OGoam, ycra-
HOBJIeHHble HA OCH POTOPA, MMEIOT BO3MOXKHOCTb OCEBOID
nepemeleHust. C NOMOWIBIO NPYXHH & OHU NMPHKHUMAKWTCA K
H3HOCOCTOAKHM IIPOKJIaKaM.

Puc. 30. Peepcrsusie I1]1.

JBHArateqn c¢ akTHBHEIMH POTOPOM M CTaTOPOM MOIKHO
MPOEKTHPOBATL JJA CAMBIX Pa3JMYHbIX COYETAHHH THIIOB
Konebanuit. Tax, B KOHCTPYKIMH, MTOKA3AHHOHA Ha puc. 30, a,
OCLHANSATOP  CTaToOpa BO3OYyXAaeT CHBHIOBble CMeELICHHs
BHYTPEHHEH IMOBEPXHOCTH LHIHHAPHUECKOH 060JOYKH, KOTO-
past B3aHMOJEACTBYeT C PagHaJbHBIMH KOJE6a HUSIMH TPeTh-
el MOAB! OCUHINATOPA POTOPA. B KOHCTPYKLUH, NOKa3aHHOM
na puc. 30, 6, B ocuuansTope craropa B030yXIa0TCst KO-
NebaHHs CHBHTa, a B KOHCTDYKUMH, NOKA3aHHOH HA
puc. 30,8, — konebanus usruba. Pacnonaras OCLHJJSTOP
PainanbHbiX KoJe6aHui BHYTPH LHAHHAPHYECKO 060J10UKH,
MOJyyaeM ABHratesb ¢ KPYTHABHBIMH KOJEGAHUSIMH OCLHI-
Jsitopa cratopa (puc. 30, 2).

B nacrosmee ppems tpymno onpenenuts mecro 1] c
AKTHBHLIMH POTOPOM M CTaTOPOM cpefm Apyrux I1J1. Ouu
KOHCTPYKTHBHO CJOXKHEe, H MOITOMY ONTHMH3ALMA HX KOH-
CTPYKIHi elle He NPOBOAH/IACL. Cpenu NpeuMyniecTs yKa-
3aHHBIX ABUraTeNell MOXKHO OTMETHTL OXHI2EMYI0O BHCOKYIO
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YMenbHYI0 MOWIHOCTb, O6YCAOBJIEHHYIO TEM, YTO BCS aKyCTH-
yecKasl SHeprasi pacrnpenensercs B porope u crarope. Ilbe-
303J1eKTPHYECKHE ABHUraTeqd ¢ aKTHBHHIMU pPOTOPOM H CTa-
TOPOM HMEIOT CHMMETPUYHbIE XapaKTepHCTUKH NpPU NPAMOM
‘M obpaTHOM HamnpaBJleHUsix BpaileHHs, yCToiunBo pabora-
IOT 1pH HM3HOCE H, CJefloBAaTeNbHO, HMEIT pecypc,
Goabmn#, uem IIJL ¢ maccuBHLIM poTopoM. Boamox-
HOCTb pPa3JeNbHOro ynpabJeHHs 'KoJeOaHUAMH KaXAoro TH-
na 1o3BOJIET JIErKO KOHCTPYKTHBHO NOAABJIATH KoJebaHUs
napasuTHBIX cy6rapMOHHYECKHX MO.

B II[ ¢ akTUBHBIMH POTOPOM H CTAaTOPOM aKyCTHYecKas
3Heprua NepexodUT U3 POTOpa B CTaTop U HaoGopot. Ecau
B II[l ¢ macCHBHBIM pOTOPOM MOXKHO YJY4LIHTb YyCJOBHE
TNOJIHOrO OTpaXKeHus NyTeM MHCIOJb30BaHUA POTOPOB C BHI-
COKHM BOJIHOBHIM CONPOTHBJIEHHEM, TO 3TOrO HeJb3sl CAeaaTh
B IIJl ¢ akTuBHHIMH potopoM u cratopoM. B II[ ¢ mac-
CHBHBHIM CTATOPOM MOXHO o0ecrneuuTb MOJHOE OTpaXKEHHe,
BbIOMpas COOTBETCTBYIOLIUM OOpa3om yroa Konrakra. B ILI
C aKTHBHBIMM POTOpPOM H CTATOPOM YroJ KOHTaKTa AJfd Ko-
-1eb6anuii ogHOro u3 tunos pabeH 90°, MO3TOMY 3HAUMTENb-
Hasl 4acTh 3HEPrud 3TUX KojJeGaHuH NPOXOAUT U3 OJHOrO oc-
L41:9T0pa B APYrod.

B nexoropeix cayuaax I1[] ¢ akTHBHBHIMH POTOPOM U CTa-
TOpPOM HCIOJB3YIOT B PeXiMe paboThl ¢ MacCHBHBIM pPOTO-
pOM MpH BpalleHHM B NPAMOM HampaBJeHuH. [Ipu 3ToM yroxa
KOHTaKTa dyaiie Bcel'o BhibupaloT paBHmM 45°. Ilpu Bpa-
meHHH B OOpaTHOM panpaBJeHUu MOAKAIYAIOT OCUHAJIATOD
poTOpa, a OCHMIJATOP CTAaTOpa MOXKeT ObITb KaK BKJIOYEH,
TaK Y BbiKJKOYeH, TakKoil pexuM HCIOJNB3YIOT TOrAa, KOraa
pa6ouuM fIBAfETCA BpalleHUe poTopa B NMPAMOM HampabJe-
Huu. [Ipu BpameHuu B oOpaTHOM HaNpaBJE€HUH OCLUIJA-
TOP POTOpA MCIOJbL3YIOT AJA CHATHA TPEHUS, YTO yallle BCe-
ro OCYILECTBAAETCA C MOMOILBIO BHEIIHEro Bpallaoulero Mo-
meHra. TaKoi pexum npumensior, Hanpumep, B ILI,
HCIONB3YEMBIX /8 NMPHBOAA JEHTONPOTAXKHBIX MEXaHH3MOB
MariuTOQOHOB.

23. PEBEPCUBHbBIE NbE3O3NEKTPUYECKUE ABUTATENMU
C SNEKTPUYECKUM BO3BYAEHMEM NPOAONBHLIX
U U3IrMBHBIX KONEBAHUK

DneKTpHuecKoe BO30YXKAeHue IPOJONbHBIX H NONEPEUHbIX
konebGaHui mo3BoJsser cosfate PIIJ] mpu WCnonb3oBaHHu
KOHCTPYKUHHA ¢ maccuBHbiM poropoM. [Ipu snektprueckom
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BO3GYKIeHUun KoeGanufi ABYX THIOB TPAEKTOpHUS ABUNKEHHS
KOHTAKTHOI TOYKH U3MEHAETCA aBTOMATHYECKH TpH U3MeHe-
HHH HATPYSKH M TeMIePaTyphl, a TaKXe npu H3HOCE KOH-
lla Tbe303/IEMEHTA U NPU BPEMEHHBIX M3MEHEHHsIX napame-
TPOB Mbe30KepaMUKH. (
~ Haubosnee mupoko ucnonbsytorest I ¢ anexrpuueckum:
BO30YXKIEHHEM MPOAOJIbHBIX ¥ H3rHBHDIX Kose6aHuh 1o aau-
He NTacTHHbI. B ONNOH M3 KOHCTPYKUMi (puc. 31, a) uacthb
OCLHJJIATOPA (IO TOJIIHHE) BHIIOJHAETCS Nbe303J1EKTpUyec-

2,

Puc. 31. Tbesosnexrponsurarenn C BO3GYXJEHHEM NDOJONLHBIX W H3-
THOHBIX KoNleGaHuf o IIHHE TIIACTHHHL.

14

Kil NaccusHOM, HanpuMep, u3 Meramna. B 3TOM cJayyae 3a
CUeT HeCHMMeTpuu OCHHJIATOpPA OTHOCHTENBHO HeATpanbHOf
IVIOCKOCTH B HeM oxHOBpeMeHHo BO36YXKAAITCA NPOAOND-
HBIE H H3rHOHBIE KOse6aHHUS,

POCKTHDYs nBurare.b no 3amanusm TpeGOoBanusM, He-
06X01MO yCTaHOBHTE ONpeleNieHHOe COOTHONIeHKe Mexny
POIO.TbHOM M H3rHGHON COCTABASIOMMH KOseGanuii. B pac-
TOsALee BpeMsi 3T0 jpesnaercs CICAYIOWHM 06pasoM. [Ins
3a1alHoro HoMepa MOBl Ko.1e6aHuji u3ruba crposit smopy
MEXaHUYCCKHX HaNpsiKeHuUf (puc. 31, 6) u onpeneasior 30-

KeHHS KOHTaKTHOH TOYKH, H3MEHsoT COOTHOWeHe MeXAY
IVIKHOR ¥ TOJIHHO IbE305JIeMEeHTa ¥ Tem caMbiy pasna-
BHraior yactothl mpomoJabHoro H u3ru6HOro pesoHaHcos.
CMemas pabouyio HacToTy, U3MeHSIOT COOTHOIIeHHe MeX Ay
AMIVINTY 1aMy | ¢pasamu NPORXONBHBIX ¥ U3rHGHBIX KoJe6a-
HU}. ’
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Hannune B oCuMANSATOPE Nbe303JEKTPHYECKH NACCHB-
HBIX gacTell 3aMETHO CHHXKaeT 3P(EKTHBHOCTb 37€KTpOMe-
XaHHYeCKOro npeobpa3oBaHus IHEPrHH. DTOrO HegoOCTaTKa
JIMUIEH OCUMJNSATOP, BHIONHEHHBH B BHde ABYX NJACTHH H3
Nbe30371eKTPHYECKOro MaTepHaJa.

Ha puc. 32, a noxasana xoucrpyknus OCLMINATOPA, B
KOTOpOM BO36y¥KnawoTes KosaebGanus BTOPOil MoAbl. OxHa H3

Puc.-32. Koncrpykuuu ocuunanropos T11I. -
ITH — nmpeo6pa3oBatens HanpaMEeHHs, o06ecNeYHBAONIHA MHTAHRE ABHraTeNsa.

Yacrell OCUHMAIATOpPA CAYyXKUT AAs1 BO3GYKAEHHS KoneGaHHi
u3ruba, a apyras — gis BO3GyXKIeHUs NPONOJBHBIX KOJe-
Ganufi. COOTHOIIEHHE MeX 1y aMIJIHTYAaMH 3THX KojeOaHHi
JIETKO M3MeHsIeTCs] peryJMpOBKOH HaNpsXKeHHs NHTaHHs,
caBur ¢as3 onpenensercs asocasuramomeii nenbio. Hsme-
HeHHe caBHura ¢a3 Ha 180° npusoaut K pesepcy ITM.

Hro6bl 06ecneynTh paBeHcTBO napaMeTpos [1]1 npH Bpa-
LIEHHA B NIPAMOM M OOpPaTHOM HampaBJeHHSX, OCHMANATOP
BBITIOJHAKT CHMMETPHYHHIM OTHOCHTENBHO POTOpPA M B HeM
BO30YXKAI0T MPOLOJIbHBIE H H3rHGHble KONEGAHHS C YeTHBIMH
MOJAaMH.

B pacemorpennbix T[] ¢ ocuuansiTopaMu B Bume maac-
THH KOHTAKT MeXJy POTOPOM H CTATOPOM OCYMECTBASIETCS
0 LHIMHAPHYECKOi MOBEPXHOCTH poTOpa. M3BeCcTHB TaKkKe
KOHCTPYKUHH [I]], B KOTOPBHIX pa6ouMMH SABJSIOTCA TOpLie-
BbI€ MOBEPXHOCTH poTopa (puc. 32,6). B Takom nBuratene
HCTOMB3YeTCsA GUMOPOHDLIH NMbe303eMeHT; ero pasMepHl u
HallpaBieHHe MOJAspH3aUnyE ofecneunBaT BO30yXKAeHHe

98



BTOPBIX MOJ Kose6aHuit, MPOLOJbHbIX [0 AJMHE H H3MHGHBIX
o uMpHHe Nbe3o3jdeMeHTa (puc. 32, 8). YKasanHoe coue-
TaHHe KojaebaHuil (popMupyer HeOo6XOAHMbie TPAEKTOPHH
IBUKeHHsT KOHTaKTHbIX Touek. Pesepc T[] ocyuiecrsasiercs
KaK u3MeHeHueM (a3 HanpsikeHHs nuraHusi (0OBIYHO B CEK-
KM BO3HYKAeHHs NMPOAOJbHBIX KosnebaHHuii), TaK 1 H3MeHe-
HHeM paboyel yacTOTHI ABUraTeds.

24. PEBEPCHUBHbIA NbE3O3NEKTPUUECKUA ABUTATENb
C MOHOMOP®HBIM OCLIUNNATOPOM U C UCNOJIb3OBAHUEM
SMDMEKTA 3AKNMHUBAHNS

Ilpuy pabote TII B MecTe cKJefiKH NJAACTHH BO3HHKAICT
31aunTe/bibe MeXaHudecKHe HampsixeHus. KpoMe Toro, cam
Nbe303JeMeHT MOXKET HarpeBaThCs a0 Temnepatypu 100—
200°C. Bce 310 mpegpaBAsieT xKecTKHe TpeOoBaHHs K Ka-
YECTBY COeNHHeHHsT macTHH. [IpakTHueCKHM TOJBKO CKJEH-
BaHHe HeOpraHuvdecKMMH Marepuanamu obecleynBaer Ha-
JICXKHYIO paboTy OCpUaAasaTOpa.

Jlaa Toro uTo6bl HCKJIOUUTDH CKJAeUBaHHe MAAcCTHH, OBIIH
paspaboraHbl KoHcTpykunu [1]] ¢ MOHOMOP(HBIMH OCUHANSA-
Topamu TNPOAOJBHHIX W NOmepeuHblx Kosebanuil. OmHa u3
TAaKNX KOHCTPYKuMH mokasaHa Ha puc. 33, a. Ocpuanarop
BBIIIOJIHEH B BHJE Y3KOH NJaCTHHH, MpHUYEM KOH(pUTypanHs
3MeKTposoB obecleynBaeT BO3OYyXKaeHHe KaK MPOXOJbHHX,
TaK M U3FUOHBbIX KojeGaHuil. s coenHHEHHS 3J1€KTPOJOB
MPOU3BOJUTCS MeTaJu3alMsi MOBEPXHOCTH Mbe303JeMeHTa
MyTeM XHMHYECKOrO OCaxXKAeHHs MeTaJJa.

Hapsgy c mpeumyimectBamu ne cpaBHeHH1o ¢ Gumopd-
HBIMH OCUHNATOPAMH TaKas KOHCTPYKLHS HMeeT W CylecT-
BeHHBI{ HeJO0CTaTOK — MOHHKEHHHH pecypc, 00yCHOBAeHHBIH
yMeHbLUIEHHEM MJIOmAANM KOHTaKTa. DTOro HexocTaTka JH-
mweHa MOHOMOp(dHAsI KOHCTPYKIHMS, MOKa3aHHas Ha puc. 33, 6;
OHa 0GeCleYHBAET AOCTATOYHO GOJBIIYIO HJOMIAAb KOHTAK-
Ta U mpocTta B M3roToBjeluH. Ho TakoMmy OCpuansTOpy npH-
Cyll CBOH HeJOCTaTOK — HU3Kas 3¢ deKTHBHOCTb BO36yKAe-
Husl Ko.e6aHuit usruba, KOTOPYI MPHXOAHTCS KOMIEHCH-
poBaThb BHICOKHM YPOBHEM HalpAMXKeHHA MATaHUA.

Taxkum o6pasom, Bei6op KoHcTpyknuu PITI ¢ sjpekTpu-
yecKuM BO30OyKIeHIleM NIPOAOALHBIX I MONepeuHHX Kosaeba-
HUH onpenensieTcss KOHKPeTHLIMHU TPeOOBAHHSMH K JBUrare-
JI0 (HanpsixKeHHeM MUTaHUs, CTOHMOCTBIO, pecypcoM).

Kax 6blM0 MoxKa3zaHo BHLIe, BO3GYK/IeHHe B OCLUJIJIATO-
pe KonebaHuil un3ruba H3MeHsieT HanpaB/eHHe BpallleHHA
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POTOPA 1O OTHOLIEHHIO K HaNpaBJIeHUIO, COOTBETCTBYIONIEMY
BO30YXKIeHHIO MPOLOJbIbIX Kosebanui. CrenoBaTenbHO, eC-
JM OJlHA YaCTh OCUMJLIATOpA BO3OyXpaeT Koje6aHMA H3TH-
6a, a BTOpas — NPOLOJbHbIE, TO, NONEpPeMeHHO BO30yXKaas
3TH YaCcTH, MOXHO DeBepCHPOBATb ABHraTelb. ¥YKa3aHHbI
cnoco6 peBepca Jerko peajnsyercs B KOHCTPYKLHSX, TMOKa-
3aHHBIX Ha pHc. 32,a, 33; npu 3TQM yros KOHTAKTa BhLIOHpa-
toT 6/M3KUM K 45°. Ilpu TakoM yrie KOHTakKTa 3a cueT 3a-

)

Puc. 33. PI1]], ¢ MOHOMODGhHBIMH OCLWIIATOPAMH.

KJHHUBAHHUS yBeJIHYMBAETCS TPEHHE H BO3MOXKHO IOJHOE OT-
paXKeHHe NMPOOJBHLIX H NONepeuHHX KoJebauuii. Caenosa-
TeJbHO, K.II. . paccMaTpPHBaeMbIX JBHMraTesiedfl MOXeT NpH-
O61MKaThbCl K MaKCHMAJbHBIM 3HAUEeHHSAM K. I. A. HepeBep-
CHBHBIX ABUrareJjefl.

l13ywenne PIIII, B KOTOPBIX HcMOAb3yeTcsl 3DPEKT 3ak-
JMHHBaHHUs, MO3BOJHAO OOHAPYXKHTb elle ONMH clocob pe-
sepca. B gBHratesie onucaHHOH KOHCTPYKLHH, B KOTODOM Of-
HOBPEMEHHO 3JIeKTPHYECKH BO30OYXKAEHB M NPOJOJbHbBIE H
u3rububie KoJebaHHs, CyLIeCTBYIOT ABe paboune YacTOTH,
Ha KOTODBIX BpalleHHe MPOHCXOLHT B Pa3Hbie CTOPOHHL. M3-
MeHSs [J/OWAaAKu 3JeKTPOAOB, NpelHAa3HAaUeHHBIX AJSl BO3-
OyXK/1eHHs H3rHOHBIX M INPOMOJbHBIX KOJeOaHHH, MOXKHO
obecneyutb cuMMerpHuio xapakTepuctHk PIIJL maa o6oux
HanpasJleHHil BpaleHus. [Ipu sToM oObIYHO MJIOWAAL 3JeK-
TPOLOB 151 BO30YKIeHUsl u3ruGHbIX KoJebalnit BbibupaeTcs
6osnbwer. Cxema koMmyTtauun PIIJ, ynpasasieMoro mno yac-
TOTE, 3HAYHMTEe/JbHO MpOILE, YyemM CXeMa IepeKJlouYeHHs OOK-
JaJloK; O3TOMY HHTEPEC K TaKHM JBHTCaTeNssM 0COOEHHO Be-
JIHK.

[IpuBenem xapakrepucTuku oaxoro u3 PIIJl paccmor-
PEHHOro THIA: MOMHOCTL Ha Baay 0,5—0,7 BT; HanpsixKenue
nutanug 100—150 B, yacrora spawenuas 100—300 mun—!,
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macca 40 r. B aBuratese HpHMeHeH OCHHMJLISTOD NMPOAOJb-
HBIX M HM3rHOHBIX Kogebanuil Bropoit moan. K. m. A. IBH-
ratens 10—15%, uto coorBetcTByer I c BO36yXKAeHeM
BTOPOH MOIbl Kosebauuit uarunba. KoHCTpyKUHsi ABHrates
nmokasaHa Ha puc. 33, a.

25. NbE3OJMNEKTPMUECKHMA BUTATESIb C BO3BYXXAEHUEM
NPOAOSbLHBIX M MOMEPEYHbIX KOREBAHWA.

CoyeTaHHsi NPOJOJBbHBIX, H3THOHBIX, KPYTH/JbHBIX KOJe-

Gauunit u KosmebaHuil casura garoT 60JbIIOE UHCIO Pa3/iHy-
HbIX BADHAHTOB KOHCTPYKTHBHOTO BhinosnHenus ITJ1. Mx upun-
LU0 MOCTPOEHHS 3aK/IOYaeTcs B TOM, YTO ABa BbIOPaHHBIX
aKyCTHUYECKH csiab0 CBSI3aHHBIX THIA KoJeOaHHH AOJKHBHI.
6LITb B3aHMHO ODTOrOHAJIbLHBIMH M CABHHYTH no ¢ase. Lle-
-1ecoo6pasHo TaKxe, 4To6bl paboyas 4acToTa ABHraTess OX-
HOBPEMEHHO HaXOAHWJacb B 30HaX pe3oHaHca Ajs KoJjeba-
HUl ogHoro u apyroro tuna. Casur ¢as KojsebaHuit AOCTH-
raeTcsi NyTeMm CMeLIeHHs pe3oHaHca KoJiebaHHH OIHOTO H3
THNOB OTHOCHTe/JbHO pabouefi wactoThl IIJ[ snubo nyrem
casura ¢as oQHOTO H3 3JEKTPHUECKHX CHIHAJIOB OTHOCH-
TeJIbHO APYToro, OCYHIECTBJASEMOro NpH noMown ¢asocaBu-
rampoluei LUenu.
* C yuyeroMm stux npuHununos [T ¢ BO3OyKaeHueMm m0po-
JNOJbHBIX M KPYTHJbHBIX KOJeOaHHH MOxKeT ObITb, HalpH-
Mep, BLINOJNHEH, KaK [OKa3aHo Ha puc. 34, a. B gsurarene
B JIEBOH YacTH OCLHANATOPA BO3OYXKAAWTCH KPYTUJIbHBIE
KoseGaHUsl UYeTHbIX (HEeYeTHBIX) MOJ, KOTOpbiEe NepenaioT
MUMIYJAbC ABHXKeHHS poropy. IlpaBas yacTh ocuuAAATOPa
B0306yXXaaeT mNpojo/bHbie KoJgeOaHHA HeYeTHHIX (UETHBIX)
MOJ, B Pe3yJbTaTe Yero NPOUCXOAMT Nepejgada poTopy Kpy-
THJAbHBIX Kosebauui ocumusaasropa. B I1J1, nokasauHoM Ha
puc. 34, 6, Bo306yxKaaloTca KosjeGauwHs CABHTA NO TOJILHHe
U HJIHHADHUYECKOH 000/I0YKH B HalpaBjeHHH ee o6pasyoliel
H KPYTH/IbHbIe K0/1€6aHNsl HEYeTHBIX MOZK.

B KOHCTPYKUHH, NPeACTaBAE€HHON Ha puc. 34, 8, coue-
TaloTCs KoJebaHHS CABHIA IO TOJUIMHE B HaNpasJeHHH OK-
PyKHOCTH H B HampaBJieHHH obpasyomelt nuanuapa. KoJe-
6anus CABHMra W NMPOJOJbHbIE KOJeGaHWS MO TOJLUIHHE BO3-
Oyxpatorcs B [1]1, nokasanHOM Ha puc. 34,e. to XKe coue-
TaHHe BO3MOXKHO H B HWJIMHIPHYECKOH KOHCTPYKUHH C TOH
JHUIIb pa3HHLEH, YTO NPOJLOJbHbEIE KosebaHus u KosaebaHus
caBura BO30YXJAAKOTCS B ABYXCJAOHHOH IMJIHHAPHYECKOl!
obosouke. Takoe penieHHe NMO3BOJSET CHENATh BCIO LHJHH-
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JApHYECKy0 IMOBEPXHOCTb poTopa paGouelt u 34 cder
STOr0 3HAYUTE/bHO YBEJNHUYHTb pecypc ABHTaTes.

YcnemHo onpo6osaun Bapuant PIIJT ¢ BO30YXIeHHeM H3-
THOHBIX KoJe6aHHil MO TOMNIHHE K LWIHPHHE OCHU/JIATOPA C
pacnpocrpaHeHneM BOJIH N0 €ro anuHe (puc. 35, a). B Ta-
KOM JBHTaTe/Je OCLUHIIATOP BHIMOJHAIOT B BHAE OpycKa ¢
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Puc. 34. Koncrpykuuu PITI,
¢':V — dasocaBHraoouee ycrpoficTso.

ABYMsl LIE/AMH, PACNOJOKEHHBIMH BO B3aUMHO NEpPNEHIH-
KyJAPHBIX IJIOCKOCTAX. DTH IMEJIH Noc/e MeTaslM3almHH HX
NOBEPXHOCTEH 3alONHAIOT KJeeM. B pesysbTarte mosyuaior
ABe GuMOpOHbie yacTH GPycKa, B KOTOPHIX B036yXKam0TCH
HECBSI3aHHbIE B3aHMHO OPTOroHaJibHbie Ko/JeGanus H3ruba.

[Tbe303.1CKTpUUECKHi ABHTaTeNb ¢ MAaCCHBHHM POTOPOM
MOKeT ObITb IOCTPOEH H 11a OCHOBE OCLUHJIATOPA PafHallb-
HBIX H NPOAOJBHHIX KO.Je6auuil. DTH Kosebanus spi1s0TCS
c1abo CBA3AHHBIMH, UTO NO3BOJAsCT OGEceYHTh MEXIY HH-
MH caABHT (a3, HEOOXOAMUMBI /51 OPMHPOBAHHS 3a1aHHOM
TPAEKTOPHH ABHXKEHHS KOHTAaKTHOH Toukd. Ha puc. 35, 6
-TIOKa3an ONMH M3 BO3MOXKHHIX BapHAHTOB TaKOro ABHraTe/isl
C OCUHJANATOPOM, BHIOJHEHHHIM B BHAe MOJOTO LAJHHAPA.
151 ycrpaneHus U3THOHBIX Kose6auuil HCIO/Ib3yIOT ABa PO-
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TOpa, (QPHKUHOHHO B3AUMOLEHCTBYIOWIHE C OCLHJIIATOPOM.
Pepepc TI[I ocymecrBasteTcs nyteM H3MEHeHHS YacTOTHL

B Hacrosimee BpeMs He mpeicTaBiaseTcs BO3MONKHHIM
AaTth NOJHYIO OLEHKY KaXKJO# M3 ONHMCAHHBIX KOHCTPYKIIHI,
MOCKOJIbKY H3ydeHHe H npumeHenue [1]] moka mayr no ny-
TH Deann3aluu npocTedmux (B TeXHOJIOTHYeCKOM OTHOIIe-
HAH) KOHCTPYKTHBHBIX BaPHAHTOB, ualie BCETO C OCIH/JISA-

p 774
a) 7 7,

Puc. 35. Bapuantu PITJ] ¢ Bo36yxleHHeM H3rHGHBIX KOJeGaHH{ 1O TOJ-
INHHE H IIUDHHE OCHWIATOPa (@) H ¢ BO36GYXKIEHHEM pafHAJbHLIX H
NPoAOJIbHEIX KosieGanHi (6).

TOpaM# B BHAE OJHOCJHONHHIX NPSIMOYTOJbHHIX HJIACTHH. .
[ToaToMy orpaHHYMMCs JIMIIb NPHBEIEHHHIMH HHXKe O6mHMH
COOGpaxKeHHUAMH,

IIbesoanekTpuueckne aBHraTeqn c Bo3bByKIeHHEM KO-
Aebannit H3ru6a MO IWHPHHE H TOMHHE SBJASIOTCA CAMbI-
MH HH3KOYACTOTHBIMH [BHraTeJMH H MOTYT OBITb CIpO-
€KTHPOBAHH A/ paboTH B AHanas3oHe yacToT oT 30 I no
100 xTu.

Onu 10/1KHB GHTH CAMBIMH Ma/IOMOUIHBIMH H CAMBIMH 3KO-
HOMHMYHBIMH (1m0 norpebaseMoli Ha BXoge MOU[HOCTH M TO
K. m. 1.). [Ibe3ossexkrpuyeckue gpurates c BO30YXKAeHHEM
KPYTHABHBIX M NPOAOJLHBIX KOJeGaHHA MOryT GHTb CIpPO-
CKTHDOBaHbI A AHanasoHa yacror oT 20 mo 200 kIn,
C BO30yXJeHHEM KPYTHJAbHHX KoJeSaHuii W KoJe6aHui
casura — ot 50 o 500 kI'u, ¢ Bo3GyxneHnem npogoJbHBIX
Kosne6aunii u Kome6aHmii CABHra mo ToALLlMHE — oT 100 Jite
1000 xI'u. MOXHO MpeanonoXuThb, 4yTo Mo Mepe yBesHYeHHS
paGoueit 4acTOTHI yHe/NbHAS MOUIHOCTb Gyier BO3DacTaTh.

[Ipu stoM oXmupaercs yMenblmenuwe K. m. g, Tak Kak
6yayT yXyAuIaThesi YCJOBHS COTAacOBAaHHS OCHHILIATOPA C
BHewwHel Hareysxoﬁ.
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26. YIMPABJIEHME CKOPOCTbLIO NA. ABMUIATESTH
C MEXAHMYECKWM PEBEPCOM

B npocretfiem ciyuae pesepc PITIL ocymectpasercs ¢
MOMOIIbIO pesie WIH MepekaroyaTeneit (cM. puc. 32, a).
[Ipumenenuio Ana 3THX Uesieli 6ECKOHTAKTHEIX YCTPONACTB B
psiie cayyaeB NPensTCTBYeT CJAOXKHOCTL KOMMYTAIlHH BHICO-
KOYaCTOTHHX HanpskeHu# Bo36yxmenus I[1JI, uMeromwux
6oabuine aMnaHTyan (10 100—400 B). Takoii mpobiemnl

Uyn,

4)

Puc. 36. CXeMH 3MeKTPHUECKOr0 YNpaBJeHHs ckopoctbio T1.

nmpaktuyeckn Het Ans PIIM c pesepcoM, ocymiecT/sieMbiM
3a cueT HM3MeHeHHs uacToThl. [/ 3TUX JABUraTesedl jgoc-
TAaTOYHO H3MEHHTh NapaMeTpbl LenH, 3ajamoued YacToTy
reseparopa.

B oanux ciyyasx ykasaHHas Lelb COAEDPXKHT YNpaBif-
emblit LC-KOHTYp, B ADYrHX c/yyasiX MNOAK/IIOYAIOTCH JO-
MOMTHUTe/IbHAS KAaTyllIKa HJIH KOHJeHcaTOp, HalpHuMep, C TO-
MOLIbIO CXeMbl, TOKa3aHHO Ha puc. 36, a. B KauecTse ym-
paBJisieMbIX PEAaKTHBHBIX 3/1I€MEHTOB HCMOJ/b3YIOT BapHKallbi,
BApHKOHAbI, APOCCeN ¢ HachieHneM. ['enepaTops ¢ yacro-
To3anaromuMi RC-uenmsiMi ynpasasiioTest 0 4acToTe H3Me-
HeHHeM HaNPSXKEHHS CMELleHHA WKW aKTHBHOIO CONPOTHB-
JIeHNUs, B Ka4eCTBE KOTOPOTO OOBIYHO HCIO.1b3YIOT CONPOTHB-
geHne TpaHsucTopa. OnHcaHHBle NPHHIMIL TPHMEHSIOT
Takxe /1S ynpasieHusi 4acrtorofi spawenus I1J1, peryiu-
pyeMbiX 1o 4actoTe. [lasi ymeHbuienus 06JacTH ynpaBienus
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‘TI0 4aCTOTe M yBeJIHYeHHs KPYTH3HBl XapaKTePHCTHKH yIpas-
JeHns nocaegoBatesibHo ¢ [I]] BLJIOYAIOT Y3KOMOJOCHHIH
¢unbTp (Yawe Bcero ABYXNOMIOCHBIH Mbe303JEMEHT) HJH
OCYLIeCTBJAAIOT BO36y:XKaeHHe JIBUTraTe/iss OT Nbe303JIeKTpPH-
yeckoro TpaHcdopmartopa.

Pesepc PII/l ¢ siekTpuueckH pasfiebHHIM BO36yxje-
HHeM Ko/je6aHWi JBYX THIOB NPOU3BOAAT NYTeM BK/IIOUEHHS
HHBepTOpa (a3wl I B ONHH U3 KaHaJoB BO36yxXIaeHHA (PHC.
36, 6). DTn KaHA/IBEl COCTOAT U3 YCHAHTENEH MOIWIHOCTH CHI-
Hana 2, pa6oralomux oT obuero 3ajgaioouero reiepatropad.
HMHBepTOp 4acTo cOBMEWAIOT ¢ YKa3aHHBIM TeHepaTopoM.
Ecnu ycuauTe b MOWHOCTH HMeeT TpaHcGOPMATOPHLHIN BHI-
XOJ, peBepc Lesecoobpa3Ho OCyLeCTBIATh ¢ NOMOMbIO KJIO-
uell nepeMexHoro HanpsikeHust K; n Ky, KoTopbie ynpaBas-
foTcst HanpsixkenueM Uynp; U Uynpe, HApUMeED, KaK NMOKa3aHo
Ha puc. 36,8. I[Tpu nonaue curhasa Wynp; aBUratens Bpa-
maercd B OAHY cTOpoHY, npu nopaue Uymps—B gpyryio.
Knoun K; n Ko wiupoKo MCHOMB3YIOT TaKXKe JJIsi KOMMYTa-
uuu Heckoabkux [1]1.

JIBuraTenu, [/ KOTODHX yNpaBJ/eHHe MO YacCTOTe He-
Les1eco06pa3HoO, PeryJnupyoT U3MEHeHHeM HaTpsKeHHs BO3-
OyxKJeHNs, YTO OCYLIECTBJASETCH MO CXeMaM, NOKa3aHHBIM
Ha puc. 36,2, 9. B 3Tux cxemax B KauecTBe JHHeHHO ylpaB-
JISI€MOTO CONMPOTUBJIEHHS HCNOMNB3YIOT TPaH3UCTOP. [ToCKOb-
Ky noTepy Ha CONPOTHBJEHHE CHHXKAIOT o6uuil K. 1. I., 60-
Jiee 3KOHOMHYHO ynpaBJ/eHHe [JBUraTeJeM 3a CuUeT H3MeHe-
HHUS IUHPHHBI MMIYJbCOB MHTAIOWEro Hanpsikedus. Ecuau
YCHIHTENb MOIIHOCTH paboTaer B pexxume A uau B, To yn-
‘PaB/ieHHe CKOPOCTbIO OCYUIECTB/ASETCS NOYTEM H3MeHCHHS
BXOJHOTO HANPSIKeHHS HJAM HaNpsAXKeHHA CMeleHHs TpaH-
3UCTOPOB YCHIHUTES.

PeBepc aseKtpuyeckn HepeBepcupyeMbix [T/ MOXHO oCy-
LeCTBJAATh MEXaHHYECKH; NPU 3TOM JBHUTaTe/Nb HE TepsieT
npeumymects HepepepcHBHBIX [IJI. KoHerpykuns mexaHu-
4YecKy peBepCHpPyeMOro [ABHraTesis, cOpepxKalllero ABa OC-
UHuAIATOPa, noKasaHa Ha puc. 37,a. IIpu npumenenun ogHo-
IO OCUHJJIATOPA MOXKeT OHTh HCIOJNb30BAHA OfHA M3 KOH-
CTPYKLHH, npeicTaB/ieHHHX Ha puc. 37,6, 6. Pukcauus
nbe303/JeMeHTa ocylecTBAAeTCS ¢ TOMOLIBIO 11J1aCTMaCCOBOR
BHJIKH, BBINOJIHEHHO!, HaNpuMep, M3 CTEK/JOTEKCTOJHMTA.
Bu/Ka uMeeT BO3SMOXHOCTb yr/IOBHX M POJOJIbHEIX IepeMe-
WeHHH; oHa CHabXeHa Kysnaukom [, KOTOPbIil CBsI3aH C PH-
dyarom ynpasJjeHus 2 (puc. 37,6). B KOHCTPyKUHUAX € ABYMS
OCLH/ANATOPAMH MOLIHOCTb, 3aTpauHBaeMasi Ha peBepe,.
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GoJiblle, YeM B KOHCTPYKUHAX C OLHHM OcUM/IsTOpOM. Kpo-
Me TOTO, HCIOJb30BaHHe [BYX OCUHIATOPOB YCJAOXKHAET
KOMMYyTauuo u Hactpoiiky. Pesepc IIIl ¢ ocuunnsTopoMm
B BHJe NOJIOTO UHJIHHApPA OCYLIEeCTBJfAETCA MO cXeMme, MOKa-
3aHHOH Ha puc. 37,2

Puc. 38. Ibe309/eKTpoABHraTENIR C TOPIEBHM NPHXHMOM.

[Tapamerpsr IT/I 3aBHCAT OT cuabl PHKHAMA M OT yraa
KOHTAKTa OCUHMJJIATOPa C POTOPOM. DTH CBOHCTBA HCIOJb-
3YIOT [/l ynpap/ieHUs MTHOBEHHON M CpPelHell 4acTOTOM
BpaweHus aBuratens. [Ipuxim ocnuaisitopa K poropy ocy-
IECTBJSAIOT C NOMOWIbIO 3/71€KTPOMArHHTa H, H3MeHAA TOK B
ero 06MOTKe, H3MEeHSIOT CHIY NPHKHMA.

HMcnonb3ysfl KOHCTPYKUKH € TOPUEBBIM H UEHTP06eKHbIM
DMPHXKEMOM, HalmpuMep NOKAa3aHHyi Ha puc. 38,a, BBOIAT
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[HOJIOXKHTEJNbHYIO HMJH OTpHUATEJbHYI 00paTHy0 CBf3b IIO
yacToTe BpallleHHd; ¢ TIOMOWIBIO 3TOH «CBA3H (DOPMHPYIOT
HeoOXOAMMYIO 3aBHCHMOCTb YAaCcTOTH BpAllleHHss OT MOMEHTa
Ha Bajy. Eciu HauyanbHasi chjga NPHKHEMA MeHblle CHJIBI,
COOTBETCTBYIOIIEHl MaKCHMAaJbHOH dYacToTe BpalleHHd, TO
CBAI3b 110 UacTOTE BpALeHH TOJOXKHTeJbHa (CM. puc. 13,8);
Takafl CBSA3b YBeJHUHBAET 3aBHCHMOCTb YacTOTHI BpalleHHA
OT MOMeHTa Ha BaJy ABuraTess. Brifupad HadaJ bHylO CHay
npuxuMa GoJblue, yeM cujia TPH MHHHMAJbHOH YacroTe
BpalIeHHsI, MOXKHO cTaOHIM3HPOBATL YACTOTY BpameHHs.
ApToMaTHuecKkoe yIpaB/eHHe YacTOTOH BpalleHus IIy-
TeM H3MEHEHHs yIia KOHTAKTa OCyHieCTBJASeTCH B KOHCTPYK-
muax 1] ¢ TopueBbiM IPHKEMOM oclu/iATopa (pHuc. 38,0).
C ysesinueHHeM MOMeHTa Ha Bajy OCUM/IATOD MOA HEHCT-
BHEM CHJIBI peaklHd poTopa cMellaeTcd Ha3aj, H3MeHAA
yros KOHTaKTa. ECIH YroJ/, COOTBETCTBYIONIHIT ONTHMANbHON
YacTOTe BpamlleHHusi, Menblie 45°, To o6paTHas cBA3b OTPH-
gaTtesbHa; ecan O6oabme 45°, T0 CBA3L MOJOXKHTENbHA.

27. CNOCOBLI YBEAUYEHUS MOLWHOCTK NA

MakchHManbHasi MOWIHOCTb Ha BaJly JBHratelss 3aBHCHT OT €ro
K. 0. . ¥ NMpefeJbHO AOMYyCTHMOH MOIIHOCTH moTepb. st MHOrHX mpo-
MBIIJIEHHEIX Mbe30KeDaMHYECKHX MaTepHaloB 3Ta MOLIHOCTL oIlpeje-
JIIeTCA He TeMIepaTypolf Harpepa, a mpejenoM NPOUYHOCTH OCUHJIATOPA.
B pesysnprate yame BCero MaKCHMaJibHas MOIHOCTL HA Bany I1J1 ompe-
HesisieTcss He TenJIOH3Jyuyalollledl MOBELXHOCTHIO, 8 06BEMOM OCLHIIATOPA.
OnHuM M3 orpaHHYeHHH JJIHHBI OCUHAJAATOpPA ABASercs paboyast 4acTtoTa
OBHTaTess, KOTOpast B GOJBIIHHCTBE CJyYaeB He MOXKET HAXOXHTHCH
B o6mactH 3ByKOBBIX uacTtoT. Kpome Toro, camo mo ceGe ysenHueHue
JUIMHBl OCUHJNIATOPA He yBEeJHYHBAaeT MOmHOCTL Ha Baay I1[. Ileficreu-
TeJNbHO, aMIIATYya CMewleHHsT KOHUA OCLHJISTOPA, BHIMOJHEHHOTO B BH-
Ae TNNacTHHB JUIMHOH [, NMpPH TNPOROALHBIX KOMeGaHHSAX NePBOH MOMbI
BIOJb €e NIJIHHBI OnpejeasicTcs GpopMynof

A=2Tyl/nYE,

rie Ty — MeXaHHYECKOE HANPSIKEHHE B IIeHTPe MJIaCTHHEL
Hcnonbsys skBHBaseHTHBIE CXeMb 3aMemenHst [13], noayunM cie-
Ryiolilee COOTHOLIEHHE JJISI CKOPOCTH CBOGORHOr0 KOHIA Nhe30N/aCTHHBI:

v =’8’Ud31fQM/ﬂa,

rae U — Hanpsixkenne AHTaHHS (PE30HAHCHOH YaCTOTH f); dsg — nbeso-
SJEKTPHUECKHH MOAYJb; (Qm — MeXaHHYecKas NOOPOTHOCTH MaTepHaia
OCUHJJIATOPA; @ — TOJIMAHA Mbe30TJIACTHHDL.

YunruBas, uto f=c/2l, rae ¢ — ckopocTh 3ByKa B Nbe30sJeMeHTE,
HMeeM:
v=4Ud3cQy [na,

T. €. CKOPOCTb KOHI@ Nbe30MIACTHHBL He 3aBHCHT OT €€ JJIHHBL
Ipennosio:kHM, uTo cMelmeHHe DaGouero KOHLIA OCHH/ISATOPA Tpe-
HeGpe)HMO MaJo Mo CDABHEHHIO C PajHyCOM POTOPA H; CJIELOBATEJBHO,
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KOHEl[ OCLUHJ/IIATOPA ABHKETCH B MJIOCKOCTH, NMPOXOAslledl Yepe3 JHHHIO
KaCaHHsi OCUWIJIATOPA ¢ POTOPOM. DTO [HOMYHIEHHE AaeT BO3MOKHOCTD
npeHeGpeub YrJIOBHIMH TlepeMelleHHAMH KOHUA OCLWIISTOpa H CYHTATH,
YTO OCLUWIISTOpP NepeMeliaercs mocTynaTeabHo. Kpome rtoro, mpeamoso-
XHM, UTO CHABHT (a3 MeKAY NMPOAOJNBHHIMH M TIOTEPEUHEIMH KojeGaHHs-
MU GJM30K K HYJIIO H NO3TOMY NPHGJIHKEHHO TDPAEKTODHI0 ABHIKEHUS
KOHTAKTHOH TOYKH MOKHO CUHTATH OTPE3KOM IPSIMOL.

C yueToM NPHHATHIX XOMYILIEHHH, KOTODBIE COOTBETCTBYIOT ONTHMAJb-
Hoit paGore II[, nosyuyaeM cleRyouyio ¢opMysay AJs cKOpoCTH pabo-
4ero KOHLA OCUMJIIATODA:

Up.x=0/c0s a=4Uds;cQx /na cos @,

Tlle @ — yroJl KOHTAaKTa OCUHJISATOP2 C POTOPOM.

Sta popmyna nonysena Ge3 yduera NOTEpb SHEPTHH B MecTaX Kpe-
JIEHHS ¥ TPHKHMMa OCLMINIATOPA, a TakxKe Ge3 yyeTa paccesHus SHepruu
B pOTOpe. VYKa3aHHHE TNOTCPH YYHTHIBAIOTCSH BBEXCHHEM S eKTHBHOM
ROGPOTHOCTH ocuHMIIATOPa Qog ¢.

Maxcumanbroe TaHreHnHambHoe ycunwe Fp [28], xotopoe neit-
CTBYeT CO CTOPOHE OCUHJ/UIITOpPA Ha POTOP, OTpejesiercss COOTHO-
IeHHeM

Fr=Ubdy Yf"cos a,

rpe b — WHPHHA NMbE30MIACTHHEL.

YunTHBasy, YTO OCHMJVIATOD -OTAAET SHEPIMI0 DOTOPY TOMBKO MpH
ABIKEHUH B OJIHOM HANpaBJeHHH, NOJYUHM CleAylomylo ¢GopMyay aas
MOILIIHOCTH ABHTATENA:

1
N= 5 Faop x= 2w2dzanMY1E/m'

Ecnu ckopocTh KoHIA OCUHAAATOP2 JIMHEHHO 3aBUCHT OT HarpyKxalo-
IIeTO MOMEHTa, TO MOJOBHHA 3TOA MOMHOCTH MOXeT ObiTh NepefaHa
B Harpy3Ky. N

OuesHM TpesensHO AOMYCTHMYIO MOWIHOCTb, pasBusaemylo I He
Bany. Heo6xomuMo yuecTp, uUTO MaKcHManbHas TaHreHUHANbHAs CHJIA
cospaercs Gerymefl BOJNHOH, TaK KaK Ha KOHIE OCUHJANATOPA PacmoJo-
KEeH y3en CTOAYeH BOJHB HanmpsixeHHs. Hao6GopoT, CKOPOCTH KOHUOB
OCHMJITIITOPA OTPERENSIOTCS CTOSTUCH BOJIHOM.

IMpeanonozxuM, uto 3¢ppeKTHBHON A0GPOTHOCTH Qapg COOTBETCTBYET
NOJIHOE COTPOTHBJIEHHE MEXAHHYECKHX NOTepb Ry.n=Ru-+Rx+Ra.sxn,
rge Ry — colpoTHBJeHHe NOTePb B MartepHajse OCUMJIATOPA; Ry — Co-
TPOTHBJIEHHE KOHCTPYKUHOHIIBIX NOTepb, COCTOSMIHX H3 NOTEPb B JAeTa-
JIAX KpeMJieHHs, TMPHXHMAa H B poTope; Rm zs=Rg/c0s? a — COMPOTHB-
JIEHHC HArpy3KH, BHeCEHHOE B MEXaHHYeCKYI0 YacTb.

CxropocTh paboyero KoHLA HArpy:KeHHOTO OCUMWISATOPA H TaHIeH-
LHaJjbHAs CHJIA, DAa3BHBaeMasl JBHTaTeNeM, ONpenelsioTess ¢GopMmyniamu
Upx=Ubds i YE /Ry x cos 0

Ubd,,YER,
T Rynpcosta

. JJas cuabl, AeficTBYIOmel B HEHTPe OCHMILIATOPA, HMEEM:
Fy=UbdsYF Q=,44,

Te Q®sp¢p — AOGPOTHOCTL HATPYIKEHHOrO OCHHJATOPA.
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IMonaras, yTo 3Ta cHIa paBHAa CBoeMY NpEIENbHO QNYCTHMOMY
3HaueHHIO Fp.pow, HaXOAHM TpeflebHOe HANpHKeHHe BO3OYKIEHUS
OCLHJIIATOPA

Uu.uon=Fn.non/bdal Yf‘Qnaoo‘

TakuMm 06pa3soM, NOCKOJNBLKY MOLIHOCTb HA HAarpyske OmpejensieTcs
dopmyoit e
N=U2b2d?, (Yl )2Ra/R2u x cos? a,
IJIs1 ee TMpefiesIbHO JOMYCTHMOTO 3HAUeHHs MoJaydyaeM:
N — F 2l'I.I.lOl'lIal‘l
n.xon — (QHSM)2 RzM.ﬂ cosa o

370 cooTHOUlEHHe sBASETCH NPHOHIKEHHBIM, TaK KaK INodaydeHo Ge3s
yueTa KoieGanu# u3ru6a, 3aMeTHO CHHKAOWMX Frn.gon; OHO NMPHMEHHMO
TOJIbKO TOTAA, KorZa I1]] Bo36yXmaloT oT HCTOUHHKA ToKa. Ha npakTn-
Ke 3HauyuTeNbHO yayre I1J] MUTAOT OT MCTOYHHKA C HeGOJBIINM BHYTPEH-
HHM CONpPOTHBJEHHeM. B mocienHem ciyyae, ecJiH ABHraTesb PacCUHTaH
Ha TpelejbHO HOTMYCTHMYIO MOILIHOCTb, TO OTKIIOUEHHe HArpy3KH NPHBO-
JHT K paspylIeHHIO TNbe3o3jeMeHTa. [To3TOMy mnpelenbHO OMycTHMOE
Hamnpsi;KeHHe NHTaHHS CAeLyeT DAaccYHTHIBATH JJS pEeXHMAa XOJOCTO-
ro xozxa

Un.non=Fn.non/bd31 YF Qad»d\‘

Ec/n He yuHTHIBaTb KOHCTDPYKLMOHHHE NMOTEPH, TO MOXKHO TNOAYYHTH
dopMysaH AJs NpefesbHO NOMYCTHMOH JHHEHHOH CKOPOCTH poTOpa

4Fq non€ . 4Fn pon 4T non¢
mab cosoYE ~ mcosaZy  mcosaYE

Un,gon =

rae Ty oy — MPENE/BHO [OTMYCTAMOE MeXaHHuecKOe HampsikeHue; Z, =

=ab VPYIE—BOJIHOBOE COTIPOTHBJIEHHE OCLALIATOPA; p — IVIOTHOCTb Ma-
TepHaJa Nbe30N/Iac THHbI,

TakuM o6pasoM, ANs 3aJaHHHX YIVIOB @ CKOPOCTb 3aBHCHT TOJNBKO
OT CBONCTB MaTepHana OCUHIATOPA. (st NMbe30KepaMHYecKoro Marte-
puana [13T-5 ng,ﬂ.enbﬂaﬁ JUHAMHUecKas NMPOYHOCTb HA DasphlB PaBH?
2,8-107 H/m? /[23]. PacueTHoe 3HaueHHEe Un pon AN STOTO MarepHana
paBio 2,54 wm/c. TIpn gnamerpe poropa D=1 cM COOTBETCTBYHOIIAs
9acTOTa BPAllEHHS COCTABJAALT Un.pon/nD =81 c-1. -

Lns ToBbIUleHHs MOWHOCTH Ha Baay I1J] HeO6XOAMMO, H3MEHsAS
JJIMHY OCUHJVISITOPA, OJHOBDEMEHHO YBeJHYHBaTh HOMEpP MoAbl KojeGa-
HH#, BO3GYMXAAEeMBIX BIOJb €r0 IJIMHB. YBeJqHYeHHe TOJIHUHBL TPIMO-
yrosmbioro ocuuasttopa HIIIL 6e3 uaMenenus NJHHBI CBSI3aHO C nepe-
XooM Ha Gosee HH3KYI0 MOAY KojeGauumit u3ru6a, uTo TIPHBOLUT
K YMeHbLIEHHI0 K. 1. A. H TIO3TOMY He BCeria ONpaBjaHo. YBesnuueHne
UIHPHHB OCUHJIATOPA TOBBIIAET MOWHOCTL I1JI, HO IIMPHHY MOXKHO
YBEMYHBATH TOJBKO A0 ONPENENEHHOrO Mpeaesa, NOCJAE KOTOPOro He-
OGXOJHMO YBEJHUHBATH TaKXKe [JHHY H TOJNUHHY OCUMJUISTODPA.

Ecnn Bo36ymuTh B OCHMJIIATOPE YNpYrHe BOMHBI, PACIpOCTPaHSIO-
IIHECs Mo IIHPHHE mactuHbl (pHC. 39.0), TO YBEJHYMBAs IJIMHY OCIHJ-
JIATOPA, MOMKHO 3HAUHTENbHO MOBHICHTL MomHoctb ITJ], Jpyrum pele-
llMeM siBJSteTCS yBeJMUeHHe YHCIA OCUWLIATOPOB, KOTOpble pacrnosnaraloT
KaKk B TJIOCKOCTH, Mapa/uIeJIbHOH OCH Bpauiewuss (puc. 39,6), TakK H
B IVIOCKOCTH, TeprneHAHKYJAspHOll 3To#i ocu (puc. 39,8). B-mocaenHem
Cllyyae 3HAYUTENbHO MOBHILIAETCHE CTAOMABHOCTH MTHOBEHHON YacTOTbl
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BpAIIEHHS] H ORnOBPEMEHHO YBEeJHYHBAETCS 4aCTOTa ee KoJeGaHHH, 4TO
yJayyliaeT cr/iakKHBaHHe NPH HCHOAb30BAHHH MaXOBHKOB.

TlpuMeneHne HeckoabKux poTopoB (puc. 39,2, 0) mo3asosseT yBeau-
YHTb K. I. A. ABUFATENlss M 3a CYET 3TOTO TaKKe YBEJIHUHTb ero MOIl-
Hocte. Kpome T0ro, ucnoabsoBaHHe HecKOJABKHX DOTOPOB MO3BOJISET
SHAYHTEJNPHO YNMPOCTHTb YCTPOHCTBO, B KOTOPOM NpHMeHsiercst 11[1, B Tex
Cay4asX, KOTAa KaxAWH H3 POTOPOB SABAACTCS PaboyuM; NPHMEPOM Ta-
KOTO YCTPOHCTB2 SIBASIETCS 9/1eKTPOGPHTBA. Ecin na BTOpoM KOHIe

,

fa

Puc. '39. Hbeaosnexrponnurarenn, 06€CTeynBAIOIIHe YBETHYEHHE MOMLHO-
CTH Ha Banay.

OCUHJ/VIATOPA YCTAHOBHTH BTOPOf pPOTOP HJIH HaKJIOHHYIO TJIOCKOCTD
(puc. 39,2, a), T0 YBEJIMYHTCH COCTABJASIONAS M3THOHEIX KOJeGaHufi m
NPH HEKOTODHX COOTHOLIGHHAX MeXAY HOMEpPaMH MOon NPOZOMBHHIX H
H3rHGHBIX KOJNEGAHHA H3MEHHTCS HamnpasJeHHe BpaLleHHS pOTOPA.
Mouwnocers TI1 ¢ MonoMOpdHEIM OCHH/IATOPOM H3rHGHHX KOJeba-
HUA (puc. 33) Moker GHTb yBeNHueHa, ecau OCUHNIATOD CKJEHTb H3
HECKOMBKAX mbesomiacTud. OXHAKO 6osee TeXHOMOIUSHBIM SBASETCH Bbl-
TOJHEHHE OCUMJIATOPA B BHAe GPycKa CO WIENAMH (puc. 39,e). Has
YBENMUEHHS TIPOYHOCTH OCLM/VIATOPA &M TOCAe HaHeCeHHs 37eKTPOLOB
SalMBAIOT KOMNAYHAOM. B TakHX KOHCTPYKIMSIX B pasHbix 3y6uax
OCUHLIATOPA MOKHO 3/1eKTPHYECKH BO3GYXKAATh KoJeGaHus Pa3HbIX TH-

nos. Msmenss ¢asy koseGaumir OZHOTO H3 THMOB, MOXKHO peBepcHpo-
Batb [1[.

28. HATIPSDKEHME NMUTAHMS Np

IMuranme I MoXHO ocymecTsasTh OT npeoBpa3oBare-
Jlefl HanpsiKeHHus, coGpaHHHX o GecTpaHchopPMaTOPHEIM -
cxemaM. B atom cayuae gBurarenn caenyer paccynThiBath
Ha HaNpsXKEHHA OT HeCKOJbKHX BoJbT mo 300 B (B 3aBu-
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CHMOCTH OT HaNpSKeHHs NePBHYHOrO HCTOYHHKA MHTAHMS).

B oT/inune OT 31eKTPOMAarHHTHBIX IBHraTelell BbIIOIHATD
II]T Ha BbicOKHe HANMpsIKeHHS He MpPeACTaBASeT TPYIHOCTEH.
JJist 5TOro MOXKHO yMEHbLIATL N/IOWAAL JEKTPOIOB, OCY-
INEeCTB/IATL YACTHYHYIO JeNOJsPH3aLHI0 MATEDHANA, HCIOMb-
30BaTh MaTePHANbl C HH3KHM 3HaYeHHeM Mbe30MOAYIA dg

Ja%x

5) 8)

Puc. 40. ITbe30saeMenTH, paccyHTaHHble Ha TOHHIKeHHOE HanpsiKeHHe
TIMHTaHUSI.

(nanpumep, mnbesokepamuky IITC-22). Pasnocs pesoHas-
CHBIE YaCTOTHI TPOJOJIbHBEIX H TIOTIEpeYHHIX KOJIe6aHH, MOX-
HO B INHPOKHMX MpejesaX H3MEHATb TPpefyeMoe HampsKeHHe
nutanusa I111.

YBeqnuenne HampsKenusi Bo3GyKjueHHs aBuraTens 3a
CHeT yMeHbIIeHHS Kodh(uuHeHTa 37eKTpoMexaHHuecKoR
CBA3KM MaTepuajsa MOXKeT ObITb HCIO/Mb30BAHO B TeX CJydasiX,
Korna mnocnenoBatedbHo ¢ I1J1 BK/IOYeHA HMHAYKTHBHOCTB,
HeHTpa/Nu3ylomas BXOHYIO eMKOCTb ABHraTesnd. C YBeJIH-
uennem HanpsxkeHus IIJl Heo6XxomuMas WHIYKTHBHOCTD
00bIYHO BO3pacTaeT; KpoOMe TOro, MOBHIIAIOTCS TpeGOBaHUS -
K MEXBHUTKOBOI usonsuun. Bee s10 npusoaut x ysennuennuio
PasMepoB KaTYUIKH, YTO 4acCTO 3aCTaBJsieT OTKa3aThbCs OT
ee NpUMeHeHHs.

Hast ymeHblueHus eMKoCTHOH CocTaBasiomel: BXOJHOTO
conporHBiends T[] npu BK/IOYeHuH Ge3s HeHTpasu3yomel
HHIYKTHBHOCTH Mbe305JeMeHT BHIOJHSIOT H3 MaTepHaJa C
BHICOKHM KOG (HIHEHTOM 3JeKTpoMeXaHHUeCKOH CBA3M.
[Ipn stom aaekTpoaw pacmosaraior Ha GOKOBHIX MM TOp-
UEBLIX TpansX Nbe3osneMeHTa. PacmoJoxeHne 3J1eKTpoios
Ha TOpUEBBIX IpaHsAX MO3BOJSET HCMOJNb30BaTh OAHH H3 Ca-
MBIX BBICOKHX KOS OULUHEHTOB 3/1eKTPOMEXaHUUECKOH CBSI3H
MaTepuana kss. Ecin mpH 9TOM HampsikeHHe, HeOGXoxHMOe
AJIA BO3OYMIEHUs ABHrareJis, OKasbiBaeTcsl BhIlUe 3a5aHHO-
O, To Ha Mbe303JeMEeHT HAaHOCAT KOJblEBble 31eKTPOLHI,
HO3BOJAAIOINE CHU3HTbL HANPSKeHHe NUTAHHSA (puc. 40,a,0).
Takoit T[] uesnecoobpasto MPOEKTHPOBAThb, HANpUMED, A
peoGpasosareseii ¢ MHTaHHEM OT ceTH HampsiKenuem 220 B.
Cnoco6 yBesinuenuss HanpsixKeHus MyTeM yBeJHYeHHs MexX-
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Ly3/IEKTPOLHOTO TIpOMeXXyTKa IPHMEHHUM /i BCeX KOHCT-
pykuuii I1J] He3aBHCHMO OT THna Bo36yxKmaeMbix KoJjeba-
Hui. J1s1 yMeHbIIeHUs HaNpsixKeHUsl MHUTaHus Lesaecoobpas-
HO B036yxnaTb KoseGaHusi Oosnee BLICOKHX MOJ, TaK Kak,
yBeJHuKBas pabouyio 4acCTOTY, MOXKHO CHH3HTb HaNpsiXKeHue
06paTHO NPONOPIHOHASLHO KBAPaTy YacTOTHI.

3) T

Puc..41. Tbe30s1eMeHTH, BHNOJHEHHbE B BHE CTYNEHYATHX KOHIEHTPA-
TOPOB CKOPOCTH.

CTpenxaMH NOXa3aHE BO3MOXKHLIE NOJIOXKEHHS OCH pOTOpa.

PanguxanbHbeIM croco60M yMeHbIIEHHA HATIPSAXKEHHS TTH-
TaHHS ABJSAETCSA BLINOJIHEHHE [be303/1eMeHTa MHOTOCIOMHBIM
C MapaJj/iesibHbiM coeflHeHHeM caoes (puc. 40,8). Pacuie-
HeHHe MeXIY3/JeKTPOAHONO NPOMeXKYTKa yMeHbIIaeT Hal-
psiXeHne NPONopPUHOHA/bHO Yucay cioeB. CoBpeMeHHas Tex-
HOJIOrusl NO3BOJISIET H3rOTOBASITL KePaMHyeCKHe IIhe303Jie-
MeHTHl TosmHuHo#t 0,1 MM, uyTo ofecneuyuBaeT CcHUXKEHHE
HanpsikeHuss nuranusa 1] B cunoBoM pexnme o 10 B.

Jlns yMeHblUeHUsl HANPAXKeHHsi NHTAHHS MOXKHO TaKxKe
PeKOMEHJ0BATh Nbe303/IEMEeHTDI, BHINOJHEHHLIE B BHJAE CTy-
MeHyaThlX KOHUEHTPATOB cKopoctu (puc. 41). OnHako mc-
noJib30BaHHe KOHIEHTPATOB YaCTO MPHUBOAMT K YMEHbLIEHHIO
IJI0MaJd KOHTaKTa OCLUHJIJIATOpa ¢ POTOPOM H, CJeloBa-
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Te/IbHO, K yMeHbieHnio pecypca I1[. IMostoMmy ux mpume-
HeHHe yame Bcero onpasaaHo aasa I1JI MowHoCTbIO MeHee
0,1 Br. Tak, HanpuMep, KOHIEHTPATOp, NMOKa3aHHBIN Ha
puc. 41,e, 6bin1 ucnosb3oBal B [1]] yacoBoro Mexanusma; ero
pHMEHeHHEe NO3BOMIO CHU3HTb HaNPsKeHHe MUTAHHS [IBH-
raresas no 0,1 B.

IIpn Bo36yxnenun nonepeuHux KosneGaHuji 3y6bsi CTy-
MEeHYaThIX KOHUEHTPATOB MOXHO paccCMaTPHBATL KaK IIac-
THHBI, KOHCO/MLHO (pHuC. 4l,a—e, 3) unu wapHupHo (puc.
41,5%) 3aKpen/ieHHble OTHOCHTeJbHO OCHOBAHHS KOHIEHTpPa-
TOPa; MO3TOMY COT/1aCOBAaTh HOMEpPa MOJ HX NPOLOJLHLIX H
nonepeyHbiX KoJebanuli He mpexcraBasieT Tpyaa. OaHako
NpUMEHEHHe CTyNeHYaThIX KOHIEHTPATOPOB AJIS yMEeHbIIeHHs
HanpsikeHnst nutanua 171, paboTaowmux B CHIOBBIX PexH-
‘Max (T. e. B pexuMax, 6/IM3KHX K NpeleJbHO NOTYCTHMbIM),
Helesnecoo6pasHo, MOCKOMbKY TOT Xe 3(D(PeKT IOCTHraeTcs
IPH HCHOJb30BAHHH 6os€e NMPOCTBIX OCUH/JAATOPOB C MHO-
FOCMOMHBIMH nibe3o3MeMeHTaMu. OnpejeseHHble BO3MOK-
HOCTH NPEeACTaBIskeT HCIO/b30BaHHE OCLH/ISTOPOB, BBITIOJ-
HEHHBIX B BHJe CTyNeHYaThIX KoHueHTpaTopos, s PIL]] ¢
ynpaBp/ieHueM no yacrtorte. KoHueHTpaTop He TOJIBKO yBeJiH-
YHBaeT KoJseGaTesbHyl0 CKOPOCTb KOHLA OCUHIATOPA, HO H
BbI3BIBAET [JONOJHHUTEJNbHBIN CABHr (a3 KosebaTenbHbIX CKO-
pocTeif B MOMepeYHOM H TNPOAOJNBLHOM HANpaBIeHUAX (g0
180°). B pesynbrate B obsactu pesoHanca Qasa KoJeGa-
Te/IbHHX CKOPOCTell MOXeT H3MeHATLCS B npegesnax or 0 1o
360° u, cieroBaTeNbHO, B YKa3aHHOM 06.1aCTH CYUIECTBYIOT
ABe 30HBI C MPOTHBONIOAOKHLIMH HaNpaB/JeHHSIMH BP Al eHHSL.

Muorne wucciegoBaTeNu NHITAIACh YMEHBIUHTL HANpsi-
HEHHE MHTAHUSA, UCNO/Ib3YS OCHH/IATODH B BHIe HECTyNeH-
MaThiX KOHLUEHTPATOPOB MeXaHHYecKoro Hanpsixkenus [18].
Takne OCUHAJATOPEI, KOHUSHTPHUPYS HPOAO/IbHBIE KOJeBa-
HHfl, PaCCeUBAIOT SHEPrHIO IomepedHblX Kosebanuil. [lpu
9TOM 3HAYUTENBHO yXyAAIOTCH YCI0BHSA AJ15i QOPMHUPOBAHUS
HEOOXOAMMBIX TPAeKTODHil [BMXKEHHS KOHTAKTHBLIX TOYEK.
B pesynbrare cHuxkaercs x. . 1. gBuratesei, yMeHblmaeTcs:
CTaGHABLHOCTD HX PabOTHL M CyxKaeTcs [oJ0ca pabounx yac-
TOT. KpoMe TOro, 3HaUHTENbHO YCJAOMKHSAETCS H3rOTOBJEHUE
OCIPHJIIIATOPOB.



Tnasa uertsepras

SKBUBAJNEHTHBIE CXEMbI NbE3O3NEKTPUYECKMX
ABUTATENEA

29. DKBMBASIEHTHBIE CXEMbI MbE3O3SIEMEHTA NA
TIPK NPOAOSbHBIX M U3rMBHBIX KONEBAHMUSAX

OKBHBAJIEHTHAS JMEKTPHYCCKAN CXEMa [1b€303J1EMEHTa, BBIIONHEHHO-
TO B BujAe OpycKka, B KOTODOM BO3OYXKIAeHb NpPOAOAbHbie KoneGanus
(puc. 42,a), npencrasaser coBoll UIECTHNOMOCHHK, TOKa3aHHHH HA

puc. 42,6 [13]. [Tapamerps Gpycka W ero 3KBHBAJEHTHOi CXeMbl OINpe-
JeNAI0TCA CAERYIOIHMH GOpMYynaMu: /
BOJIHOBOE CONPOTHBJIEHHE

Z=abgc,
€MKOCTHOE COTPOTHBJIEHHE
Xﬂ- = a/ble"u (l—kzal) N
K03 HIHEHT TpaHCHOPMALMH HIEANBHOTO TpaHchopmaTopa
ny=bYEdy;

NoCTOSIHHASA PACIPOCTPAHEHHS

Y=o Vp/Yf.

3necy eTys — AUoeKTpHUECKas MOCTOSIHHAS MaTepuana; KRy — KO-
3¢ GHUIHEHT 3JIEKTPOMEXaHHYecKOi CBSA3H.

174

Z-zth g z,

A

a)

5) -

Puc. 42. DKBHBANEHTHAs CXeMa NbE303JEKTPHYECKOTO GPYCKa, B KOTO-
POM BO36YXKIeHbl NPOHOJBHBIE KOJIEGaHUS.

OKBHBAJIEHTHAS JJCKTPHUECKAA CXeMa NbE302JIEKTPHUECKOro Gpycka
'c BO3GyxaeHHeM KoJeGanuit usruba (puc. 43,a), nonyyennas I0. A llei-
K0 [29] (KueBcKH#l NOMUTEXHHUCCKHH HHCTHTYT), NpPeACTaBasier coGoH
JEeCATHIOMOCHHK CO CMeLYIOIMMH napamMeTpaMH (pHC. 43,6):
jZy (chkl—coskl) (cos kl —chkl —shklsinkl)
Ly="p (ch &l cos k[ — 1) (sh &I 4 sin &) ;

iZ, (ch kl — cos kl)? i
Z:="g2 (chkl coskl — 1) (SR Al ¥ Sin kl) ’
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iZy (chkl—coskl) (sinkl —shkl) -
k? sh k! +sin kI ’
1z 2.

k? shkl 4 sinkl’

Z,=

Z,=
jZo chkl 4 coskl—2
Zs="p “shklysinkl

1 chkl—coskl abdy;
E shkl fsinkl 3 N= 2sf

Ny =

k*a’

S
Co=4deg3bl/a; Z, =-]?s—ﬁ—('°

= pablysr;

¢ ©_ 4/ PPt
- s H3F — 12PS]E] .

Cuar

3nece  Zo — XapaKTEpHCTHUECKOE MEXaHHUECKOE  CONPOTHBJIEHHE
u3ruby; & — Bo/HOBOE 4YHCIO; SP(; — KOMIIOHEHTA MNORATAHBOCTH MpPH
TIOCTOSIHHOM  TOJIe; €33 ~— JH3JEKTPHYECKAast NPOHHIIAEMOCTb [PH IO-
CTOSIHHON  AeopMalMH  S; Cuar — CKOPOCTb DPacHPOCTPAHEHHS BOJM
M3ru6Hex nedopMamnuit; Co — 3JeKTPHUECKAsh EMKOCTb 3aXATOTO CTEPK-
Ha. Ha puc. 43, 44 Q,, Q; — CKOPOCTH NOBOPOTAa KOHIOB CTEPXKHS; Uy,
Uy — nonepeyHrle CKOPOCTH KOHIIOB CTEPIKHS.

)

Puc. 43. DxpHBajeHTHAA cXeMa Be303/1eKTPHIECKOro 6pycka, B KOTOpoM
BO36GYKIeHE KoJie6anus -u3ruba.

Cxema nojyuewa gns cBo6OZHOM OuMOpGHHOH NIaCTHHE B mpexmo-
JIOKEHHH, UTO €e BbLIBOABI NMOAKJIONEHb K MCTOUMHKY Hanpskenns U
H. Ha KOMUaX INIaCTHHbl NECHCTBYIOT nonepeunsie cHam F, Fj, a Takxe
MomenTsl CH1 M; u M, Kpowme Toro, npeanomaramocs, uto 3JIeKTpHYe-
CKOC HANDPAKEHHE OKBHBAIEHTHO MONEPeyHOH CHIE (MOMEHTY CHJbI),
A TOK [ COOTBETCTBYET MONEPEUHOH CKOPOCTH CCYEHHS U (ckopocTH To-
BOpOTa TONEPEYHOro CeueHHs Q). Boilo npHHATO, uTO Amars>db, rie
Agar — AMHHA BOJMHE KOMeGaHMil H3ru6a. Ha stoM OCHOBAHHH BCe Mexa-
AHYECKHE HANpPAKEHHS, KpOMe Tyy, GbuTH MPHHATH paBHbIMH Hymo. He-
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CMOTPSL Ha TO, YTO 3JIeMEHTapHbIH 06beM Nbe303EeMEHTa H3MeHSTeT CBOIO
¢dopMy nox nelCTBHEM TONEpEYHHIX CHJ M MOMEHTOB CHJ, NpearoJara-
JOChb, YTO 3/IEKTPHYECKOE ITI0JIe HamNpaBJeHO MO TOJIHHE Mbe303JIeMeHTa
H B KaX/AblH MOMeHT BPeMeHH OAMHAKOBO IO BCeMy 00bemy.

30. MPHUHLMMBI NOCTPOEHMSA SKBUBAMEHTHbIX CXEM NAQ
C NACCHUBHBIM POTOPOM

[peacTaBUM OCUHAIATOP B BHAE Mbe303JeKTPHYECKOH
NJIacTHHBL ¢ 2JIeKTPOLaMH Ha GOKOBHX NOBEpPXHOCTAX. DKBH-
BaJIeHTHAs cXeMa TaKofl IJIaCTHHBl NPH BO36YXKIEHHH HpO-
IONBHBLIX Kose6aHui Obla NpUBeeHa Ha pHUc. 42,6.

PHc. 44. OKBHBajeHTHast CXeMa
Nbe303/1eKTPHYECKOTO 6pycKka, B
KOTOpOM BO36YXJeHbl Kojeba-
HHs1 H3rH6a, npu M;=M,=0.

CxeMa, COOTBeTCTBYIOWAs BO36YKAEHHIO H3THOHBIX KO-
aebanuil, Mo/ydaeTcsl M3 CXeMbl, MOKa3aHHO#H Ha puc. 43,6
B IPEANOJNOXKEHHH, uTO MOMeHThl M; u M, paBHB Hy/I0
(puc. 44). Ias ocunaaaropa C BO3GYKIAEHHEM TOJNBLKO IIPO-
LOJBbHBIX KOJeGaHHll Mbe303JeKTPHUeCcKasi aKTHBHOCTb IO
H3ru6y OTCYTCTBYeT H, CJe0BaTeNbHO, KO3 uiuenT TpaHc-
dopmanun N pasen Hy.Jmo.

MexaHn3m nepenaun ABHKEHHS OT (CTaTOPpa K POTOPY
COOTBETCTBYeT MOJeNH, INOKasaHHo#i Ha puc. 45,a [28].
KoHTakTHas nJouniagka npeacras/iena TeJoM I, Ha KoTopoe
HeHCTBYIOT TAHymiast CHia cratopa Fy y cujia HOPMAJIbHOTO
AapJeHHs (cuia 3aiellieHns cTatopa ¢ poTopoM) Fa. Potop
IpejcTaBJeH TeJoM 2, Ha KOTOpoe AefiCTBYeT CuJia HATPYy3KA
Fu=My/R, rae My — MOMeHT cuiibl Harpysku, R — panuyc
potopa. Kpome Toro, B 30He KOHTaKTa ABYX TeJ AelCTBYyeT
cuna TpeHHs Frp, paBHas INpouspeaeHnio KO3dduuxenta
TPeHHs Ha CHJY 3alellJeHHus.

[TocTpouM 3aBHCHMOCTb CKOpPOCTH ABHKEHHsI Uy Tesa [
OTHOCHTENDbHO TesJla 2 OT CHJAH Fyp /s pasiu4yHEIX 3Havye-

\
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HHU cHabl 3anensiedus F,. Ilonaras, 4to cusia TpeHus me
3aBHCHT OT CKOPOCTH, MOJYYHM CeMefCTBO KPHBBIX, IOKA3aH-
Hoe Ha pHc. 45,0.

[TocraBus B cooTBeTcTBHEe cHie Fyp 3JIeKTpHYECKoe Ha-
TIpsi2KeHHe U, a CKOPOCTH Ur — TOK i, OJYUHM BOJIbT-aMIep-
Hble XapaKTepHCTHKH (pHc. 45,8) HeKOTOporo ynpasise-
MOro 110 HanpsiXKeHHo HesnHelHoro conpoTuBaeHus (YHC).
Bxonnas xapaxrepucruka YHC nokasana Ha puc. 45,e. Cme-

) (i‘,)
Flay)
&)
Ur ) 3t fe “4
Ge>h
Frpnr’;:vor 4 ¢
&) ’ )

Puc. 45. Monenp H XapaKTepHCTHKH MEXamH3Ma NepefauH IBUIKEHHS OT
<raropa K poTopy. )
Frporm F por — CHAIN, COOTEETCTBYIOWME TPOrammio Tena I.

IlenHss Tesla I B Hampap/ieHuu cHibl Fy; He NIPOHCXOMT.
H3menenHe 3HaKa 3TO# CHJIbl TPUBOAMT K OTPHIBY Teda |
OT TeJa 2, YTO COOTBETCTBYeT GECKOHEYHO GOMLUIOMY TOKY
npu macce (HHAYKTHBHOCTH) Tesa I, paBHOR HyJIo.

31. SKBMBAJNIEHTHAS] CXEMA TAA C YINIOM KOHTAKTA,
PABHBIM HYNIO

[Tvesosaexrpuueckuil deuzarers ¢ naccusnoim poropo.
PaccmoTpum aBuratenb, B KOTOPOM TAHymas cHiaa 06ycJos-
JIeHa NPOAOJAbHEIMH KO/IeGAaHUSMH, a CHJa 3allellJIeHHS —
KoseGaHusAMu u3ru6a (puc. 46,a). Tanymas cuia cooTBeT-
€TBYeT 9/IeKTPHUYECKOMY HANPSKEHUId Ha OfHOH M3 MeXaHH-
YeCKHX CTOPOH 3KBHBAJNEHTHOH CXeMbl Ibe303JeKTPHUeCKOH
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niactanbl (cM. puc. 42,6). B cayuae, koraa Fy>Fyp> Fa,
Teso | HayuHaeT ABHrathesi ¢ ycKopeHueM. IIpu stom cuia
Fy ypaBHOBelnBaeTcsl CHNONH HAarpy3KH M HHEPUHOHHOH CH-
Nolt Fo="Fy+ Fu.

CaenoBaTebHO, TsHYyIas CHIA (HampsiKeHue) o6y-
CJIOBJIMBaeT ABHKeHHe (TOK), mpHYeM CKOPOCTH Teaa [ H
npoKnafku 2 paBHH. TakHm 06pa3oM, TOKH Ha MeXaHHYec-
KOil CTOpOHe LIeCTHNO/IOCHHKA H B HAarpy3ke OQMHAKOBHI,
YTO COOTBETCTBYeT TIPHCOeAHHEHHI0 Harpy3KH K BHXOIHBIM
3axumaM A, B sKBHBaJeHTHoH cxemwr (puc. 46,6). Ha-
TPy3Ka NPH 3TOM BKJ/I0YaeT B ce6si HHAYKTHBHOCTb, 9KBHBA-
JIEHTHY10 Macce poTopa.

JlonycTuM, YTO COTMPOTHB/IEHHE HArpy3KH 6ecKOHeYHO
BeJHKO (poTop 3axaT) H Fp>Fqyp. Hst Takoro pexuMa Me-
XaHHYyecKasi CTOpOHAa 3KBUBAJEHTHOH cXeMbl HarpymeHa
Ha CONpoTHBJEHHe TPeHHud, T. e. Ha YHC. YkasaHHoe cO-
IPOTHBJ/IEHHE NOJKJIIOYaeTCs MapaJlyieJbHO CONPOTHBJCHHIO
Harpy3KH. YTpaBJ/eHHe 3THM COTLPOTHBJIEHHEM OCYIIECTBJSA-
eTcsl TIoNepeyHol CHJIOf Ha KoHUe ocuu/astopa. Ciaenosa-
TeJIbHO, MeXaHHYecKasi CTOPOHa KBHBAJIEHTHOH CXeMbl 6pyc-

r |zgl]

Puc. 46. KoncTpykuua # skBuBaientHas cxema Il ¢ yraom KOHTaKTa,
PaBHBIM HYIIO. ’

I W 1] — 5KkBHBaNeHTHbie CXeMbl OCUHJIATOPOB, B KOTOPbIX BO3GYXIEHBI MPOIXOMb-
HHe H H3rHOHble KoJieGaHHS;. Z'KD H Z”Kp — IOJIHKeE CONPOTHBJEHUA MOTePb, CBSA-

3aHHLIX C KpemeHHeM OCHHINSATOPOB; Z  — CONPOTHBJIEHHE HarPy3KH.

Ka, B KOTOPOM BO30Y>K/I€Hbl H3MH6GHbIe KO/IeOaHus (CM. pHC.
44), ronxHa 6biTh NOAK/IIOYEHA Ko BXoxy YHC.

IIpu nocrosiiHol cHJle NPHKAMa OCUHJIIATOPA K CTATOPY
9KBHBAJICHTHASl CXeMa COJAEDPKHT HCTOUHHK NMOCTOSHHOrO Ha-
npsKeHHst Un, COOTBETCTBYIOWEro yKasaHHOH cujae, H eM-
kocTb Cy, 9KBHBAJIEHTHYIO NOAATAHBOCTH TIPYXKHHBL. B 06-
Iem cryqae 3Ta eMKOCTb 3aMeHsieTCst KOMIJIEKCHBIM COlIpOo-
THBJIEHHEM, YYHTBHIBAIOIIUM MacCy H MOTePH B NpYKHHe.

Ilve30arexTpuueckuti dsuearens ¢ aKTUBHbIMU poTopom
u craropom. B T1] ¢ aKTHBHBIMH DOTOPOM H CTaTOPOM CH-
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Jla 3auelieHds BO36yxJaerTcs B poTope; mostomy YHC
ClIEyeT TIPpEACTaBJsATb B BHJE YeTHPEXMOJIOCHHKA. Bwmec-
TO 9KBHBAJICHTHOH CXeMbl OCUHM/IATOPA C BO36YKIeHHEM.
KosieGaHHil H3THGA NPHHHMAETCS CxeMa OCIHJJIATOPA, B KO-
TOPOM BO30GYXKJeHbl pajHajbHble KodeOaHHs. B ocTaibHOM
9KBHBaJieHTHAs cxeMa [1/] ¢ akTuBHEIMH poTOpoM H cTaTo-
POM aHaJ/IOrM4Ha PaCcCMOTPEHHO BHIe cXeMme ¢ MACCHBHHM
poTOpOM.

32. TPAHCOOPMATOP HAMPABSIEHUH CUA

ITepsas modess, PaccmoTpum cHcTeMy Tpex cun Fa, Fo, F'y, npuno-
HEHHPIX B ONHOH Touke (pHC. 47,a). YCIOBHA HX PABHOBECHS HMEIOT
BHI:

F __FL.. F' — Fy
3 sina® 7 0

T tga

Ecin KaXIoff H3 CHA TMOCTAaBMTH B COOTBETCTBHE 3JEKTpHUECKOE:
HaNpsKEHHe, TO SKBHBANCHTOM YKAa3aHHOH cHCTeMB! OYAET HeasIbHblit
Tpancopmartop (pHc. 47,6). Ilas TOro uTo6b! MPOBEPHTH YCIOBHE PaB-
HOBECHsl CHCTeMb, CBEeM BCe HaNpsIKeHHs K OLHOMY BXoxy (puc. 47,8).

tga:i o R A

Pue: 47, CucreMu CHJ, NPHAOXEHHHX K ONHOM TOUKE, H HX 3MEKTpHYe~
CKHE SKBHBAJIEHTHI.

B pesynbTaTe MOMYuHM TPH NMApalIENBHO COeXHHEHHBIX HCTOYHHKA oau-
HAKOBOro HAMpSKEHHs, DABHOBECHE KOTOPHX (OTCYTCTBHE TOKa) Ode-
BHAHO. ECH OTK/IOUHTH OT TPaHCHOPMATOpa ABA HANpPSKEHHSA, HalnpH-
Mep F/y m F,; 1O HampskedHe Fy, Ha Bxoge TpaHchopmaTtopa Gyler-
HHAYUHPOBATh HA €r0 BbIXOAAX HANDSKEHHs F'o u Fs, 9TO SKBHBANEHT—
HO Da3JIOKeHHiO CHARl Fy HA JBe COCTaBONHe,
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Bropas modesb. PaccMOTpUM cHCTEMY YeTHIDEX CHJI, NIPHJIOXKEHHBIX
B onHOH TOuKe (pHuc. 47,2). Ecau B Takoil cucTeMe B ypaBHOBEIIEHHOM
COCTOSIHUHM HC3AaBMCHMOH fBIsleTCS ORHA cuaa (Hanmpumep, Fg), 1O 3Tod
€uJle COOTBETCTBYET GECKOHEeYHOe MHOXKECTBO 3HAueHHH CHJI [0 3ajaH-
HHM nanpasjeHusaM. Clef0BaTe/bHO, CHCTEMY UeTHpeX CHJ HeJb3sl npel-
€TaBHTb B BHJAE OJHOTO HA€anbHOro TpancdopMaTopa, KO3(pGHIHEHTH
TpaHCHOpPMaLKH KOTOPOrO 3aBHCAT TOMLKO OT Hanpassenuit cua. ITo To#t
Xe TNpHYHHE HeJb3sl OJHO3HAYHO pAa3JOXKHTh OAHY CHIY 10 TPEM Ha-
npaBJieHysIM, DACTONOXKEHHBIM B OJHOH IIOCKOCTH. EcTecTseHHo, 4Tto
HEBO3MOXKHO OCYLIECTBHTb M COOTBETCTBYIOULYIO 3JEKTPHYECKYIO aHa-

JIOTHIO.
1] ] ] .
24(] ,. |z |]
o Ty B2
;7 K3 Ky [
: A L™ m

Fu
Zy Zg
G

R R YHC

2) | Jr 2 5)

Puc. 48. AxpuBanenTHas cxema [1]] ¢ yrmoM KOMTAaKTa. He DPaBHuIM 0
u 90°

JlonycTHM, YTO NpPHJIOKEHbl [Be He3aBHCUMble CHJH, HanpuMmep, Fo
u F'y (puc. 47,0). IBe npyrue cuns Fs u Fgm, onpeneinsieMnie COOTHO-
ALUEHHAMH g
Fs=F,sina+4Frtgasina;

'w=Fq cos a—F'y cos aftg a,

YpaBHOBEWIHBAIQT CHJIbI Fo m F’o HId ABJAIOTCS pPEaKUHAMH OIOD HJH
HarpyskH.
. ITocraBHB B COOTBETCTBHE CHJAM 3JIEKTPHUYECKHE HANPAXKEHHSA, MNO-
JIYUHM:
Uy =Ryt +hoti;
uﬂ=u4=k3d1+k4u2.

STUM COOTHOWIEHHAM COOTBETCTBYET CXeMa, IoKasaHHas Ha pHC. 47,e,
roe ki=1/sina; ky=1/tgasina; k3=1/cosa; ky=tg a/cos a.

PaccMorpum Teneph 3kBuBasneHTHYI cxeMy IIJ[ ¢ yrioM KOHTakKTa,
He paBHhIM 0 u 90° Ilpeamosno:kuM, YTO OCUMJJIATOD BHITOJHEH B BHIE
TIPAMOYTONbHON NIAaCTHHBE, B KOTOPOH BO30Y:KAEHH NPOJAOJbHHE BOJHLI
(puc. 48,a). Ilns pasHOBecHs Heo6X0auMO, YTOOH PaBHOAEACTBYHOI(AS
cun Fo, F'o, Fu u F; 6ulna paBHa HyJIo.

DJIeKTPHYECKHM 5KBHBAJEHTOM TaKOH CHCTEMH CHJ, XaK OblIo 1O-
Kasauo BHIe, sBJAITCA ABa KAeanbHux TpaHchopmaropa Tpy u Tp.
80 :
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(puc. 48,6). Ilpu mocTpoeHun skBHBajeHTHOH cxemul IIJ] X 06MOTKAaM
TPaHCHOPMATOPOB CledyeT IIPHCOEAUHHTb SKBHBAJEHTHBIE MHOTONOJIOC-
HHKH OCUHJIISATOPOB MPOJAOJNBHHIX M H3THOHHIX Kose6aHui, KOMIJIEeKCHhIe
COTIpOTHBJIEHHS HArpy3kd H potopa Zy n Zp, a Takxe YHC. Ha sropoi
MeXaHHYECKOH CTOpOHEe KaxAOr0 MHOTOTOJMIOCHHKA HeOGXOHHMO BKJIIO-
YATb KOMIJIEKCHOE CONMPOTHBJEHHE MOTEph Ha Kpemnende (Z'xp, Z”xp).
Ha Bxone YHC BXMIOYaI0T HCTOUHHK HATIPSHKEHUS, SKBUBANEHTHOTO CHJe
npuxuMa Fy, ¥ KOMIIEKCHOe CONMPOTHBJIEHHE TMpUKHMA Zg.

OmucanHble NPHHLHMMBL MOTYT GbITh KCMOBL30BAHBLI MPH TOCTPOCHHH
SKBUBA/CHTHRIX CXeM JIIOOHX KOHCTPYKuuit I1[I, B KOTOPHX NPOMCXOAHT
B3aHMOJEHCTBUE IBYX B3AHMHO NEPNEHAMKYIADHBIX KOJeGaHHI.

Fnasa natasa
.

M3MEPEHME MAPAMETPOB MbE3O03JNEKTPMYECKMX
ABUTATENEA U UX MUTAHME. NPUMEHEHME N

33. USMEPEHME NAPAMETPOB NA

Hsmepenue momenra u cxopocru epawenus. Ilo cpas-
HEHHUIO C 5/1EKTPOMATHUTHBIMH MHKpoJBHraTenssMu I1]1 pas-
BUBAIOT GO/IbIIHE MOMEHTEI Ha Baay. [losToMy BhImyckae-
MBl€ IPOMBIIIIEHHOCTBIO MOMEHTOMETPB{ He MPHIOAHBI IS
H3MepenHs MOMeHTOB Ha Baay I1]I. ABropaMu 6ula1 paspa-
6oraH npubop (puc. 49) xas u3aMepenust Momentos ot 0,1 Ko
100 H-cM, comepxauiuii 1HCK H3 MarHHTOMSTKONO xeJe3a
I, K KOTOPOMY Yepes (eTPOBYIO TPOKJIALKy NPHKHMAETCH
anmoMHHHeBbI nuck 2. Ha ocu gucka ycrawossien rpys 3
CO CTpesIOUHBIM yKa3aTteleM MoMeHTa 4. 3a aJOMHHHEBHIM
AHCKOM HAXOXHTCS MOCTOSIHHBIL MarHUT &, KOTOpPHE ¢ no-
MOIIbIO BHHTOBOH mepefayd 6 MOXKHO TNepemellaTh BIOJb
OcH MoMmeHTOMeTpa. JKeneswbii IHCK CBOGOXHO mnepeMe-
Iaercs BAOJNb OCH H, TIPUTATHBASCh K MOCTOSIHHOMY MarHu-
Ty, mMpHXKHMaeTcs K aJIOMHHHEBOMY IHCKY C CHJIOH, KOTO-
Pas tem GOusiblie, 4eM MEHLIIE DPACCTOSHHE MeXIy MKejes-
HbIM JHCKOM H MarHMTOM. Ilepememias MarHHT, MOXHO
B IIHPOKHX NpefesaX H3MeHATb MOMEHT Harpy3kd Ha Bajy
IBHraTesiss. YBeJqHYHBAs 3TOT MOMEHT H HOGHBAasich OCTa-
HOBKM JBHrate/isi, ONPEAEJSIOT €ro NPeJeJbHBH MOMEHT.

Hast ucenenosawuss I mpuMeHsieTcs cTeH, KOTOPHIH
06ecreunBaeT BO3MOXKHOCTb YCTaHOBKH poTopa s1060# KOH-
CTPYKUHH, a Takxe BO3MOXHOCTb MepeMelleHHs OCIHJIA-
TOpa W H3MeHeHMsl yria ero KoHTakra ¢ portopom. Ilpemy-
CMOTPEHO YCTPOHCTBO /ISl PEryJIHPOBAHHS H H3MEPEHHS CHIH
NpuxnMa. amepenue 4acTOTH BpameHHs Ha CTeHAE INPO-
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M3BOIHTCS C MOMOIIbI0 6ECKOHTAKTHOTO HMIYJbCHOTO HAAT-
YuKa H 1HGPOBOro yacToToMepa.

Hamepenue snekrpuueckux napamerpos. CxeMa H3Me-
peHHsl >JeKTPHYecKHX mnapaMerpoB [IIJI moka3aHa Ha
puc. 50. Boabrmerp V; (tuna C-50) npepnasxauen mis u3-
Mepenust HanpsikeHds Ha [IJ1. Boabtmerp V, (tuma B3-3)
BMecTe ¢ KaJuOpOBaHHBIM CONPOTHBIEHHEM R, CAyXKUT.AJIS
H3MepeHHsT TOKa JBUTATEJIS.

Puc. 49. UsMmepnreap momenra.  PHc. 50. Cxema n3MepeHusi 3JeKTpH-
yeckHx mapamerpos I1JI.

Cneur ¢a3 Mexny TOKOM M HalpsiKeHHeM H3MEepsIoT
¢ nomouibo dpazoMerpa ¢ (tuma @2-13). IpaBHiit Ha cXe-
Me Bxon (asomeTpa moxkJmouenus K uen RsCy, R4Cs, R3Co,
C NMOMOIIBI0 KOTOPOH OCYIIEeCTBJISIOTCS [eJeHHe Hampsike-
HHst mHTanus [1]I ¥ caBHT ero mo ¢ase npumepHo ua 90°.
Yron cpsura perynupyooT c NOMOLIbI TePEeMEHHOro KOH-
nencatopa C,. JleBnlll BXox ¢pa3omeTpa TNOAK/IIOUEH K BHI-
Xony BoubTMeTpa V,; YCHJIMTEJNb 3TOr0 BOJbTMETPa H3Me-
HseT (asy Hanpsikenus Ha 180°.

Hanpsixkenne Ha npaBoM BXome ¢da3oMerpa sBJseTCH
ONMOPHBIM; ero ¢asdy yCTAHABJHBAIOT NPH KajHGpOBKe cXe-
mMbl. KannGpoBKy OCyIIecTBJSAOT ciexylomuM obpasoM. Ha
paboueit uwacrore I1]] nepekmiodaTens [I; ycTaHAaBJAHBAOT
B TIOJIOXEHHE 2, B pe3y/ibTaTe Uero BMeCTO ABHraress Moi-
KJi04aeTcss KaJHGpOBOUHOE CONMpOTHBJIEeHHe R, Ilpu 3TOM
TOK B H3MepHTENbHOH cXeMe HaxOoauTcs B dase ¢ Hamps-
XKeHHeM, a oOmuil caBHr $as, dHUKCHPYEMEIl da3oMeTpoM,
pasen 180°—90°=90°. C noMompio KoHxeHcatopa Cs cTpes-
Ky ¢asoMerpa ycranaBiauBaioT Ha orMmerky 90°. Ilocne sTO-
ro nepex/awodaTenb [7; NepeBONsiT B noJoXeHHe I H BMECTO
CORPOTHBJIEHHS R, MOAKJIIOUAETCS 3TAJIOHHBIH KOHIEHCATOp
C\. B pesyabrarte caBur (a3 okasbiBaeTcsi paBHbIM 180°—
—90°—90°=0. [Toka3anue dazomerpa MOKeT GbITb OTJIHY-
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HBIM OT HYJIS B TOM CJIydae, €ClIU B CXeMe HMEeTCs HecKOM-
IeHCHPOBaHHAs DEeaKTHBHOCTb, KOTOpPas JO0JXKHa OHTh
yCcTpaHeHa. ’

Hamepenne napamerpos [1[] nmpousBoAHTCS B f0J0XKe-
HUM J nepexJouarteas [1;.

[IpH HCrONb30BAHHH ONHCAHHOM METONUKH MOTPELIHOCTH
u3MepeHuss mapaMetrpoB [IJ] cocTaBisOT: HJIs MOMEHTa
wa Bany 2%, nas ckopoctu 0,1%, nns HanmpsKeHUs OUTa-
uust 0,5%, nast Toka 2,5%, mas ciBura a3 MeXay TOKOM
U HanpsKennem 19%.

34. MICTOYHMKHKU NUTAHMA NA

B kauectBe ucTouHukKoB muTaHHA [1J] ucrmoab3yioT mpeo6pa3oBaTeNH
TIOCTOSIHHOTO HAMpsXKeHHs B I[ePeMeHHOe HampsKeHHe YJIbTPA3BYKOBOM-
vactoThl. IlpeobpasoBatenu uanpsikenuss (ITH) moxHo kaaccudHuupo-
BaTh 110 CXeMe, NMOKa3aHHoH HA puc. 5l.

[Tpeo6pasoBaTeny HanpsxeHusl, B KOTOPHIX CHTHAJ 0OpaTHOH CBS3H
CHHMAeTCd C OCUUMIATOpA, ClelAT 32 Mu3MeHeHHeM ero pe3OHaHCHOM
4acTOTel. DTH Tpeobpazosareny, NpUMeHsAeMble 1N BO3OYKALHUA NMbE30-
INeKTPHYECKUX TpaHcdopmaTopos, omucannt B [23, 30]. PaccmorpuMm
OCOOEHHOCTH MX BbINONHEHHMS IIPY MCMOAb30BaHMM aas murawus [L.
OTHoleHye BXONHOTO aKTHBHOTO CONPOTHBJEHHS K eMKOCTHOMY B [BH-
raTensix C HEBLICTyMalllell MPOKIaAKOi CyIleCTBEHIIO BhIlle, YEM B TPAHC-
dopmaropax. ITosToMy nnst HHX HCMOJB3YIOT NMPEHMYIECTBEHHO KOMITEH-
CUPYIOILYIO MHIYKTHBHOCTb, BKJIIOUEHHYIO TOCJACAOBATENbHO CO BXOIOM
IBuraTens. B pesynbraTte snexTpomexauuyeckas oOpaTHasl CBSI3b 3HAUH-
TenbHO ocnabssieTcdl, MOCKOJBKY MH3MeHEHMS HHIYKTHBHOCTH CMeINaloT
6ananc ¢a3 Mo uyactoTe H, CICAOBATENbHO, BAUAT HA uactoTy 1.

VisMeHeHHie DEaKTHBHOIO BrOAHOro conporxBienus I1J]I B TeueHHe
ofHOro oBopoTa orciexusaercs reweparopom ITH. B pesymsrare wacro-
Ta reHepaTOpa HeNMpepLIBHO H3MCHAETCS B HEKOTOPOI MoJ0Ce, KOTOpas
yacto ObIBaeT ILHpe moJoCH OeCWIyMHOH paboipt pBuratensi. ITH 0CO-
Gennocru I1J| orpanuuuBaT o6aacth mnpumcucausi [TH c¢ anexTpomexa-
Huueckod o6paTHoil cBsi3blo. OOGLIYHO Takue npeoBPa30BaTeNH HCIOJb-
3yioT A NUTaHHS JABHraTened C BLICTyNalolleHd MPOKAaIKOf H B TexX.
ciyuasix, Korna TpeGOBaHHS K MOLIHOCTH HA Bany H K K. M. A. SABJAIOT-
€ BTOPOCTENEHHBIMH (HAMpxMep, B 4ACOBBIX [BHIaTeNsX, MPOHIPHIBA-
Tendx).

[TpeoGpasoBaTcay HampsKeHus ¢ sJeKTpoMexaHuueckoll o6parTHOR
CBA3bI0 MOTYT ObITh BBIMOJNHCHBI B [BYX Bapuantax. HauGosee 1HPOKO
M3BECTHB! MpeobpasoBaTenit C TPaHCHOPMATOPHOH 0OpaTHOH CBSA3BIO.
Ilnd ux upMMeHeHHS OCHMJJNSITOP HOJIKEH uMeTh oxuH (puc. 52,a, 6)
iy gBa (puc. 52,8) snckrpoma obparHoit cesizu. O6syno B TTH ¢ onHEM
97eKTPOLOM OOpaTHO CBSI3Y Harpysko# Tpansucropa T sBIseTCS aKTHB-
Hoe JIMHeHHOE WM  HesJuHEHHOe  CONpPOTHB/IEHHE, HHAYKTHBHOCTh
(puc. 52,a), TpancdopMaTop HAK ynpaBASCMBbIR KAKOY HA TPaH3UCTODe
apyroit npoBogumoctd [30]. B cxeme, moxasamsoit na puc. 52,0, mpu-
MeHeHO HOBOE€ DpelleHue: MexXay rtparsucropamu T; u Tp BKIOueHA
HHayKTHBHOCTH L, paBHad 100—500 MkT's. DTa HHAYKTHBHOCTb 3anacaer
SHePTHIc LM Paspsiie eMKOCTH TMbC303/EMCHTE MO LeMH: MbC303MEeMeHT ~—
L — orkpuireiji Tpansucrop Tp. Ilocae Toro, kak ykasauHblit TPaH3MCTOP
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C anexTpomMexa- C 3azawupu re-
HAYBCKOK 0GpaTHOH HepaTopoM
BA3BN
C Ppascgopuarop| |Cao cassp NO C oTzenbusM Tre- gogggﬁggﬁ?g'
Holl cBA3BL TORY HepaTopou yemmureney
MOouHOCTH

c Iy (683 WY c Iy

Puc. 51. Knaccudukanus npeo6pasopatenelt Hanpsikenus (J¥ — momos-
HHTeJbHH{ YCHAHTENb MOIIHOCTH).

a)

7

R T "

- 8) T 3 2)

Puc. 52. Cxemnt TTH ¢ snekTpoMexanuueckofl 06paTHON CBA3BIO.

3aKpbIBaeTCH, TOK KaTywkdn L mpoxomur mo menu: mdon M — mepexon
6asa — smuTTep Tpansucropa Ti; MPU 3TOM TpaH3HCTOp T OTKPHBAeTCH.
Ynpasnedue ABYMA ONHOTHMIHBIMH T aH3UCTOpaMy oOcyuiecTBisieTcs Ge3
cornacyroutero tpancpopmaropa. B [N1H ¢ msyms snexTpopaMu o6partHol
CBA3H (pHC. 52,8) HanpsiKeHHe o6paTHOli CBA3M MONepeMEHHO BKJIOYaeT
H BbIKJIFOYaeT TpaHsuctopul Ty U Ta.
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B pacemorpennbix neiwe npeo6pasoBaTeAsix YCHAHTENL MOULIOCTH
SIBJISIETCS OJHOBPEMEHHO M YCHJIUTENEM TOKa B Ilend O6paTHO# CBS3H.
Takoe pemcuue npuemaemo aas [1J1 ¢ HuskuM Hanpsxeniem Bo3Gy ge-
HuA. [lng nBHraTededt ¢ HanpskeHueM Bo3GyxmeHus puiie [0 B Bbixon-
HOE COMpOTHBJIeHWe CEKUMH OOpaTHOH CBsI3M He COMJIACYCTCS € BXOIHBIM
COMPOTHBJAEHHCM YCHJIHTENS MOIUIHOCTH, B 3THX CIyyasx HCMOAb3yIOT
JOTIONHEHHbIE COTJIACYIONIME S/MCMEHTHI (pHe. 52,2). [asi coraacoBaHus
8 uenAx oOpaTHOH CBS3H HapAAy
C 3JIeKTPOMArHHTHBIMH MPHMEHSIOT H
be303/IeKTPHYeCKHe TpaHchopmaro-
pot [23, 30].

B TIIH ¢ ycuaureaem TOKa
(puc. 53) HOBBIM siBAsieTCS THTaHHe
9TOr0 YCHJHTENsi TaKXKe H 3Hepref,
HaKOMMeHHol B KaTyluke HHAYKTUB-
HoctH. Takoe peluenHe Mo3BoJasieT N0-
BHICUTb K. M. A. ITH, ymenbiuTs ero
pasMepnl H CTOHMOCTb. HMcnonp3osa-
HHe MHOTOCJOHHBIX IMbe303JIeMEHTOB, _
a TaKXe ABYXCJOHHHX ¢ pa3JHYHOR o= T
TOJNIIHHOH cjoeB (cM. pHC. 40,8)
CHHMaeT BOMPOCHl COrJIaCOBaHHA Lie-
neli [TH ¢ peurarenem. Puc. 53. Cxema ITH ¢ ycHiHTe-

Ipu npoektnposannu ITH ¢ jem Toka M UHIYKTHBHBIM Ha-
TPaHCPOPMaTOPHOH 3/1EKTPOMEXAHH-  goNleHHEM SHEPrHA.
4yeCKoH oOpaTHOH CBSI3bI0 HEOOXOMH-

MO YYHTHIBaTh, YTO NMpeobpasopaTelib

MOxeT BO3GYNUTLCS HA YAaCTOTC NAPASHTHOH MOIM KojeGaHui. Has
TOro 4to6bl BO36GyAHTh OCUMJIAATOP HAa HeOOXONHMOHN uacToTe, CJELYyeT
[IPaBUJILHO PaCCYHTaTh ero pasmepH, ¢opMmy, Mowanb K pacrojoxenne
3JIEKTPO0B OBPATHO CBS3H, 2 TAKKe HCN0Jb30BaTh (GuanTpnl [23].

35. NPEOSPA3OBATE/Ib HAMPSKEHMA C OBPATHOW CBA3bIO
Mo TOKY

DKBHBAJEHTHOR cXxeMOH [IBYXMOJIIOCHOIO OCHHJJIATOpA
ABJSeTCS NOCJEA0BATEJbHO-Mapa/ieNbHEH KOHTYP Cs, Ly,
Cy, Rw, Rs (puc. 54,a). ConpotuBjieHHe TaKOTO KOHTYpa
Ry (puc. 54,6), a cienoBaTesNbHO, H TOK uYepe3 OCILHIIA-
TOp 3aBHCSAT OT YacTOTHL.

Ecau B nenu o6paTHO# CBSI3H HeT [ ONOJHHTEJIBHOH peak-
THBHOCTH, TO GajiaHc ¢a3 HacTynaeT TOJBKO Ha 4YacToTaX
pe3oHaHca fp M aHTHpE3OHaHCa f,, KOTAa CONMpPOTHBJEHHE
OCUMJIIATOPa sBJsieTcd aKkTHBHBIM. Ecsau mpu 3toM ycio-
BHe Gajanca amIIMTYA BBINOJHSETCS TOJNBKO B OKpecTHOC-
TH 4acTOTHl pe3oHaHca, TO CXema BO3OYNHTCs Ha 4acToTe
fp 1 6yner clenuTh 3a ee H3MEHEHHEM.

ABTOpHl MPEIJIONKHIH OCYIEeCTBAATh BO3GYKAEHHUE be-
303JIEKTPUYECKHX YCTPOHACTB CHrHaJOM OT 3JEKTPOMEXaHHU-
yeckoil cBsian no TOky [31]. D10 nO3BONHIO, HCHONB3Ys
co3faHHbie B KHEBCKOM MOJTUTEXHHYECKOM HHCTHTYTe KJio-
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YEBbI€ YCHJIHTENH C WHAYKTUBHBIM HAKONJICHHEM 5SHEprHu,
pa3paboratb npocteie cxemsl ITH (eM. puc. 52,6, 53) ¢ mu-
TaHHeM OT NOBBIIIEHHOTO HANpPSIKeHHUs, B TOM 4YHC/Ie U OT
ceTH HanpsikenueM 220 B wu wacroroft 50 Tn (puc. 55).
B ykasaHubix npeoGpa3oBaTe/isix BKJIIOUEHHE TPaH3HCTOPOB
OCyWIeCTBASCTCS ~ TOKOM  CAMOMHIYKuHH.  TpausucTop

Puc. 54, DkBuBazenTHas cxemMa HBYX-
MOTI0CHOr0  OCUMANATOPA (@) W ero ya-
CTOTHAsA XapakTepucTuka (6).

C, —emKkocTb  mpesosnementa; L., C,,,
RM—HH)lyKTHBHOCTb, €MKOCTh H CONpPOTHB-
Jqenue, 3KBHBANEHTHELIE COOTBEeTCTBYIOI UM

MeXaHH4YeCKHM napaMeTpaM Nbe303JeMeHTa;
R, — conpoTupienHe, 3KBHBaJeMTHOE  €ro

Harpyske.

(cM. puc. 53) nuTaercs HanpsixeHHeM KoupeHncatopa C.
DTOT KOHIEHCAaTOpP mnop3apsiKaercsl Pas’psAHbIM TOKOM eM-
KOCTH nbesoaaeMenta [1]1..

B mpeo6pasoBaTese, cxeMa KOTOpPOro MNOKa3aHa Ha
puc. 55, koupencatopsl Ci, C; W KaTyLUKH UHIYKTHBHOCTH
L,, L, o6pasyoT IBa HH3KOAQGPOTHHIX IMOC/eJ0BATENBHO

=

Prc. 55. Cxema TIH ¢ nuranneMm ot
CeTH HanpsKeHuem 220 B.

COeIMHEHHBIX KOHTypa, HMEIOMIHX AKTHBHOE CONPOTHBJIEHHE
Ha paGodeil yactoTe. DTH KOHTYpH HCKI0YalOT BO36yXKne-
HHe Ko/MeGaHMH Mapas3uTHBIX MOJI. .
Paccmatpusaemble nmpeoGpasopaTesii MOryT paGoTaTh
KaK C KOMIEHCHpyiouledl HHAYKTHBHOCTbIO Ha Bxome IIJI,
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Tak H 6e3 Hee. KoMnencupymomas HHIYKTHBHOCTb CMeIaer
6asaHc (a3 no yacToTe H NO3BOJSET BEIOpaTh pabouyto dac-
TOTY B J1000OH TOYKe B OKPECTHOCTH pe3OHaHca OCLHJLJIS-
TOpa; KpOMe TOro, OHa ofecrneuyyBaeT KOCHHYC yIja MOII-
HOCTH, paBHBIfl egunHpe. MHIyKTUBHOCTH MaJjiorabapHTHHIX
apocceneit Ly — Ls cocrasaser go 0,5 mMI'H. Jnsi nutaHus
[11 OT HHM3KOBOJBTHOrO HCTOYHHKA ObIM pa3pabOTaHb
cxeMmbl ITH, onHa M3 xoTOpHIX noka3aHa pHuc. 56,a. B aroit

ATy

o) 6)

Puc. 56. IIprauunnansuas cxema ITH ¢ o6paTHOM CBA3BKO MO TOKY.

cxeMe uerblpexnoJiiocHuka Y mpencraBiasier coGo# Mbe3o-
3/MeKTpHUecKui TpaHchopMaTop (puc. 56,6) HIH 3JEKTpO-
MarHHTHHH TpaHcOpMaTOp H ABYXMOJIOCHLIH nbesoale-
MeHT (puc. 56,8). B 06oux ciayuasx nbe303jeMeHT BBINOJ-
HseT QYHKUHH (GHUILTpa, 3ajaloumiero 4acTOTy reHepaTopa.
DTOT Mbe303JeMeHT H3roTaBJIHBAT H3 TOrO Xe MaTepHana,
4YTO W Nbe303JIeMeHT OCHH/JIATOPA, U YKPeIJSIOT Ha KOp-
HAyce nBurate/s. B pesynbTaTte ocyuiecTB/sSeTCS OTC/IeXH-
BaHue H3MeHeHHs 4acTOTHl [IJI mpH M3MeHeHHH TeMImepa-

TypHI.

36. MPEOBPA3OBATENb HAMPXEHUA C 3AQAIOLMM
TEHEPATOPOM

B TIH ¢ 3agaiomuM reHepaToOpoM 4YacTOTHO3ajAarolled
LeNblo SABJAETCS NOC/AeI0BATeJbHBIH -KOJleGaTe/ bHBI KOH-
typ LC (puc. 57,a) WM ABYXMOMIOCHBIA Tbe303jseMeHT [13
(puc. 57,6). CoBMemieHHe reHepaTopa ¢ YCHJHTeJeM MOIL-
HOCTH 3HAQUHTEJbHO YNpOIIaeT CXeMy; OnHaKOo MPH 3TOM
B YaCTOTO3aJaiollyl0 LeNb BHOCHTCS HEKOTOpasi nepeMeH-
Hasl peaKTHBHOCTb co cropoubl [1]]. B pesysnbrate BO3HH-
KaloT (QJIyKTyalHH 4acTOTHl I'eHepaTopa, UTO OrpaHHUHBaeT
npuMeHeHHe TaKHX CXeM B YCTPOACTBax ¢ MOBBIIEHHBIMH
Tpe6OBaHUSIMH K CTaOGHJIBHOCTY MIHOBEHHOH YacTOTHl Bpa-
ieHus,
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Anextpuueckyo cBasb I1J] c.3amawoumuM reHepaTopoM
MOXKHO yMEHBIUHTb, BK/IIOUHB MEXTy HUMH YCHJHTENb MOIIL-
HOCTH. DTOT YCHJHTE]b MOMKeT ObITb BBIMOJHEH MO ABYX-
TaKTHOH cuMmeTquHon (puc. 58,a) HiM HecHMMeTpHu-
HOil ToJyMocToBO#i cxeMe (pHuc. 58,6). B monymocToBo#
cxeme TpaHsucTop Tj pacceHBaeT HECKOMbKO GOJIBIIYIO
MOIIHOCTb, ueM TpaHsucTop T, Ecsn mpenensHO AOMyCTH-

L__|

——

Puc. 58. Cxemut ITH ¢ yCHIRTENAMH MOILHOCTH.

Mast MOIHOCTb TpaH3ucropa T; HefocTatoyHa, TO IIJI
BKJIIOUAIOT TaK, KaK I0Ka3aHO Ha puc. 58,6 NMyHKTHpOM.
Takoe BK/IIOYeHHEe [e/qaeT YCHJHTENb MOIIHOCTH CHMMeT--
PHYHLIM OTHOCHTE/JBLHO HCTOUHHKA MUTAHMUS.

B cxemax c¢ TpaHchopMaTOpHBIM BHIXOJOM YCHJIHTEJNS
MOIIHOCTH TpaHcHOPMATOPH BHIOMHAIT Ha (eppHTOBLIX
Gepreundkax tunos 1000 HM, 1500 HM, 2000 HM. Orho-
IIeHHe YHCEJ BUTKOB OOGBIYHO BBHIOMpAlOT He MeHblIHUM 15.
YMHOXeNnHe HampsKeHUsl NPHMePHO B D pa3 OCYLLeCTBJS-
IOT ¢ NOMOILBIO NocjeioBaTenbHoro Koutypa LC (pHuc. 58,6).

CxeMbl ¢ TpaHcOPMATOPHBIM BBIXOZOM OOBLIYHO IIpH-
MEHSIOT B TeX CcJyyasaX, Korga Jjs NHTAHHS cho,nbsyer-

83



€ HallpsixkeHHe fIOCTOSHHOTO TOK4, MeHbliee 19 B. I[Jm
HanpsKeHud Boiwe 20 B mpumeneHHe Takux cxewm orpaHu-
UHBACTCS NMapamerpaMH TPaH3UCTOPOB, KOTOpbIE TOJKHH
UMeTb pabodee HampsKeHHE MeXAY KOJIJIEKTOPOM U 3MHT-
Tepom, npesbimaiouiee 50 B. TlostoMy ans wanpskenui,
Gosmbuiux 20 B, yalme HCMOJB3YIOT NOMYMOCTOBBlE H MOCTO-

«If
9
PHc. 59. CxeMbl MOCTOBBIX ycmmenekmdmuocm.
o+
s ) | o
r @ A~ I'l‘_! ~ na
Q T O

‘ﬂ_» D)

@%%3}%@ e

Puc, 60. Cxembl ITH ¢ ycHauTensiMM MOWMOCTH st ClenHaJpHOro NpH-
Menennss (I' — reneparop; B — BHINIPSIMHTEND).

I

BHe cXembl. IIpuMenenne Mocrosbix cxem (puc. 59) obec-
eYHBaeT yABOGHHE HaNpsixKeHus Ha Bxoxe [1J, uto ymo6Ho
Lnst_GecTpaHcOpMaTOPHATrO BKJIIOYEHHs ABUTATEJNS.

Hast IIH ¢ nurannem ot cern manpsikenus 220 B 6ul-
Jla paspaboTaHa cxeMa C MOCJeNOBATENbHBIM COeTHHEHHEM



tpansucropos (puc. 60,a). 31y cxeMy Hcroib3ylot B Tex
caydasix, Korja NpHMCHeHHe AOPOTrOCTOSIIIHX BBICOKOBOJBT-
HbIX TpaHsucTopoB (THnoB KT-809, KT-704 u np.) Heuelse-
coo6pasHo MM He obecrneyuBaeT BHINOJHEHHe TPeGOBaHHUI
mo K. m. 1. Jas paciuHpeHHs BO3MOXKHOCTeH NpPHMeHEeHHs
MaJIOMOIHBIX TeHepaTOpOB, COGpaHHBIX Ha HHTErpaJbHbLIX
cxeMax, Obll pa3paboTaH JBYXKAacKaiHBIl YCHJIHTeJb
€ 6osbIIMM KO3 GHULUHEHTOM YCHJIEHHS N[O MOIIHOCTH
(puc. 60,6).

Ecnu nanpskenue BO36yXHAeHHs, INpHXoAsmieecs Ha
€IHHHLY TOJIIHHB Nbe303JeMeHTa, npeBbluaer 50—
100 B/mM, TO Heo6XxoauMo co6ai0aaTh ONpeleseHHYo
MOJIIPHOCTb BKJIIOUEHMsi: HalpaBJeHHE NMOCTOSIHHON COCTaB-
Jsomed Hanpskenusi [1H noskHO coBmagaTth ¢ Hanpasie-
HHEM BeKTOpa mnoJsipH3auuu. Ecau OCUMJASTOP H3rOTOB-
JIeH W3 MaTepHa/la ¢ HH3KOH TemmepaTypoii Kiopu (HHXKe
150°C), To Asis uCKIIOUEHHs HemoJsipH3auud HeoOXOoQHMO
MMeTb JOMOJIHUTENbHbIH MOJNSPH3YIOUMI MOTEHLHAN; €ro
MOJy4yaloT MpH MOMOLIM OPOCTEHINHX BHINpsiMHTeNel B,
BKJioyaeMbix Ha Bxode I (puc. 60,8, 2).

37. NPUMEHEHME N

Kaccernoui maenutogon. Hcnonbzosaune I11 B anma-
paType MaTHHTHOH 3alHCH MO3BOJseT [O-HOBOMY MOAOHTH
K NPOEKTHPOBAHHIO MeXaHH3Ma TPaHCHOPTHPOBAHHS JIEHTHI
(MTJI). 310 06ycnOBJIEHO BO3MOXKHOCTbIO NOJY4YEHHS GOJIb-
IUX KpYTAIHX MOMEHTOB INIpH CPaBHHUTE/JbHO HEGOJBIIOM
o6beMe JBUTaTess.

B kaccerHoM MarHuTO(OHe peasH3YIOTCST HHTErpaJbHbie
csofictBa I1]], orcyTcTBylouiue y ero asajoros. Ilon uH-
TerpaJ/ibHbIMH CBOHCTBAMH 3JleCh NMOHHMaeTcs CIOCOOHOCTD
ITO snucarecs B y3abnl MTJI TakuM oGpasoM, 4TO MeXa-
HH3M YacCTHYHO BBINOJIHSET (QYHKUMH ABHTATENs: SIBJISETCH
€ro KOpIycOM, COAEPXKHT MORIIMIHHKH, 3JIEMEHTBl Kpel-
JIEHHUSI, TPHKHMa, BBIBOJBI.

Ha puc. 61, noxaszaHa KuHeMaTHYeCcKass cxeMa YeTHI-
pexasuratesbyoro MTJI. [IBuratesnu GOKOBbHIX y3/10B I
o6ecneyuBaoT MOAMOTKY, NMOATOpMAarkHBaHHe M IE€PEMOTKY
JEeHTH 2; MO noTpeGJsieMOMYy MMH TOKY MOXHO MOJYYHTb
MHPOPMALHIO O HATSKEHHM JIeHTH, €€ OCTaHOBKe HJIH 06-
pbiBe. Benymne ysssl 3 OCyIIecTBJSIOT ABHXEHHE JEHTHI
Bllepen M Hasaj, obecledyuBalOT ee NMOCTOSTHHOE HaTsXkKeHHe
B 30He MAarHUTHHIX FOJIOBOK M MEPEAaloT B CHCTeMY aBToO-



MaTHYEeCKOTO PeryJMpOBaHHs HHPOPMAUHIO O AETOHAUWH H
CpeiHe#l CKOPOCTH [BUKEHHS JIeHTbl. Bblcokue crapr-crom-
Hble xapakTepucTHky I1J] TO3BOJNSIOT BMecTO MaXOBHKA
HCMOJ/b30BATD 3/IEKTPOHHYIO CHCTEMY CTaGHJIH3aUHH MIHO-
BeHHO# ckopocTH. Pasmepn MTJI He npeBHIIa0T pazmepos
GbyTasipa Kaccerhl.

Puc. 61. Kunematuuecke cxembi MTJI kacceTHoro MaruutooHa.

OnucadHblfi MeXxaHU3M siBJIsieTCs NepCleKTUBHBIM; B Ha-
cTosimee BpeMsi npopabaThiBalOTCs €ro oTjenbHble y3Jbl. [o-
ToBsiTcA K cepuitHoMy Beinycky MTJI ¢ HepeBepCHBHBIMH
IT]] u Mexanuueckolt KOMMYyTanuell NMPUKUMa Nbe303JeMeH-
TOB.

KuneMaTnueckasi cxeMa TpexasuraTejabnoro MTJI moka-
3ana Ha puc. 61,6. TIpHKHM ONHOrO M3 OCHHJISTOPOB /,2
K POTOPY OCYIIECTBJSETCS pblyaroM § NpH HaXKaTHH KHOM-
Ku 4. CHaa NpHKHMA NPH 3aNHCH H BOCIPOH3BEIEHHH CO-
crapasetr 1| H, npu nepemorke —4 H. Ilpeo6pasosaresb
HanpspKeHUst cobpaH No. cxeMe ¢ OTJAe/JbHBIM 3a/alolluM re-
HepaTopoM Ha TpaHsucTopax KT312. Mexanusm umeer cie-
Aylomue TeXHHYeckHe XapaKTePHCTHKHM: HalpsiKeHHE TMH-
tanus 12 B; notpe6asiemast MmomHocts 0,6 BT mpu 3amucu
u pocrnipoussesedun u 1,6 BT npn nepevoTke; nmpomOJIKH-
TeJAbHOCTL NepeMOTKH s kacceT MK-60 menee 1 MumH;
ko3 duuHeHT neTOHAUUH MeHee 0,3% pm1s MaxoBMKa Mac-
coit 150 r; HecTabu/IbHOCTL CpelHell ckOpocTH He GoJee
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2% (Ges mpHMeHeHHsI 3/1€KTPOHHOTO CTAGH/IM3ATOPA CKO-
POCTH).

B paccMorpennbix Mexanuamax poropel I1JI cosMelle-
HBl C BeAYUIMMH BaaaMH. Ilns yMeHbIUIEHHs Macchl Maxo-
BHKa Obln paspaboran I1] ¢ mpuBomoM Bemyuiero BaJia
yepe3 GPHKUHOHHYIO CBsA3b (pHc. 62). TIpH ToM xe KO3ddu-
unezx(')re METOHALKHK Macca BeAyIlero ysja yMeHbIUHJAch
o r.

Puc. 62. Ilbe3aoanekTpuuecKuf-
HBHTaTeNb C  NPOMEXYTOUHEIM
POTOPOM.

Kaccernoul duxtopon. dns obecneueHHs BBICOKOH cTa-
OMJILHOCTH CKOPOCTH BpamieHus U MoMeHTa potopst MTJI
JOJIXKHBL GbITb M3TOTOBJAEHBl ¢ BBICOKOH TOYHOCTBIO; GHEHHe
poTOpa He MOJIKHO NpEeBBIIATh 2 MKM. BHcOKass CTOMMOCTb
TaKHX POTOPOB IpH MeJKOCepHAHOM MpPOH3BOACTBE He IM03-
BOJISIET HCNOJb30BAaTh HX B MarHHTO(OHAaX TpPEThero KJjac-
ca u pHkTtodoHax. IlosTomy ObliiM paspaboTaHbl KacceT-
Hele MTJI ¢ gByX- H OXHOJABHraTeJbHBIM IbE303JIEKTPH- -
YeCKHM NPHBOIOM. 4

Cxema npuBoma OGOKOBBIX Y3JI0B JIBYXJABHIATEJbHOIO
MTJI nukrodpona nokasama Ha puc. 63. Mexanusm coaep-
XHT IBa Tbe303JeMeHTa; OAMH M3 HHX [PHXKHMAeTcs K po-
TOpY NPH OHOM HAnpaB/JEHHH IBHMXKEHHS JEHTBI, IPYro# —
Ipyu TPOTHBOMOJOXHOM. KpoMe TOro, nbe€3os;neMeHTBl NpH-
JKMMAIOT IIKHB K HYXKHOMY Y3JY.

OnuonsuratenbHeii MTJI nukrodona Geln paspaborau
O. JI. boiiuenko [32] (KueBckuil mOJTHTEXHHYECKHH HHCTH-
TyT) Ha Gase MTJI maruutodona «CnyTHHK». IIpH 5TOM ObLT
ucnosnb3oBaH [1JI ¢ MexaHHYeCKHM peBepcoM (CM. pHC.
37,a, 6). J¥KTO)OH HMeeT cjefylollHe TeXHHYecKHe Xa-
PaKTEPUCTHKH: noTpebasieMass MowHOCTh 2 Bt mpu 3amnucH
H- BOCIIPOH3BedeHUH U He GoJee 4 BT npu mepeMOTKeE; MPo-
JOJXHUTENbHOCT mepeMoTkH a1s kacceT MK-60 He Gosee
1 vun; kosbdunuent geronanuu menee 0,6% (npu ckopoc-
1 4,76 cM/c); HecTaBHJbHOCIL CpenHeH CKOpOcTH He 60-
aee 2%.
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Karyweunoii MTJI Oas sudeodanucu. K MexaHH3MaM
JJIsi KaTylIeuHbX annapaToB BHIe03amHCH M BOCHPOH3Bele-
HHUsS NPEeNbABASIOTCA Gosiee XKeCTKHe TpeOGOBAHHSA, UeM K Me-
XaHH3MaM KaTyIIeYHbIX MarHHUToGOHOB. B coOTBeTCTBHH
¢ 3THMH TpeGoBaHHAMH Obln paspaboran MTJI Ha ocnoBe
CepHAHOrO BHIEOMarHHTOpoHa «Jiektponnkas JI1-08.
BJioK BHAEOTOJIOBOK H ‘BeLyLIHiA y3eq HPHBOIHJIHCL B JBH-

Puc. 63. Cxema mnpusoma 60Ko-

BHX Y3/I0B JBYXJIBHIaTeIbHOIO
MTJI mukrtodoua.

JKeHHe HermocpeAcTBeHHO OT ocuuiisitopa I11. Cxema npu-
Bojga OOKOBBHIX y3J0B moKa3aHa Ha puc. 64,a. Ha puc. 64,6
npuBefeHa ¢oTtorpagus CTaHZapTHOTO 6J0Ka BHIEOr0JIO-
BOK C YCTAaHOBJIEHHBIM Ha Hell Ibe303JeKTPHUECKUM JBHra-
TeJeM H IpeoGpasoBaTeseM HampsikeHHsl. PoTopom nBura-
Tessl gBJsieTcs cTaJbHON Baa 6aoka. B I1JI 6blaH MCHOJb-
30BaHBH OCHHJ/IJISITOPBl € BBICTYMAIOMMMH MNPOKJAaJKaMH.
OcuunasiTopel MMesH pasvepbl 32X 7X 3,5 My 1 50X 10X
X5 mm [20].

HcnbiTanusi, KOTOpPHE NPOBOAHJIHCH 6e3 HCNONb30OBAHHSA
CHCTEM CTaGHJIH3aUMH CKOPOCTH, MOKA3aJH, YTO ONHCAHHBIH
MTJI umeer craenyolHe TeXHHIECKHE XapaKTePUCTHKH: MO-
TpebasieMass MomHOCTh 3 BT npu 3anucH M Bocnpon3BeneHHH
H 6—8 BT npu nepeMoTke; NMPOAOKHTENbHOCTb IepeMoT-
KH 4 MHH; kK03 dHIHeHT geToHauuu He Gomee 0,2%; Hecra-
GunbHOCTD cpeaueii ckopoctH +3%; pecypc 1000 u. B pesyub-
taTe MojepHu3auuu Macca MTJI ymenpiunnace Ha 800 r. [Tpu
CepHMHHOM NPOHM3BOACTBE OXHA4eTCH TaKXKe 3aMeTHOe CHH-
JKeHHe CTOMMOCTH Y3JI0B MPHBOAA.

IIpouzpoisaress epamsanucu. XapakrepuctukH [1]1 nos-
BOJISIIOT OCYUIECTBHUTb HEMOCPeACTBEHHBIH TNpHBON JAHCKA
NPOMrpHBaTels NyTeM YCTAHOBKH Ha €ro BaJjy poTOpa,
K NOBEPXHOCTH KOTOPOTO MOCTOSHHO NPHXKAT OCHMJ/JIATOP.
Heob6xonuMas MOIIHOCTL Ha BaJy NPOHTpHIBaTesisl He Ipe-
BoimaeT 0,2 Bt; mostomy portop I1J] mMoxKeT GHITH H3TOTOB-
JieH KaK H3 MeTajasa, Tak M H3 IJ1acTMacchl, HanpuMep Kap-
Gonura. [lys MeTa1M4eCKHX DOTOPOB YCIEIIHO WCHOJb3Y-
IOT OpraHuyecKHe HPOKJAAKH.
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DNeKTPONpPOUTrpbIBaOIIee YCTPOHCTBO UMeEeT cJaelyrollue
XapaxkTepHUCTKH: AMaMeTp yyrysHoro potopa 100 mM; Mac-
ca nucka 1,6 Kr; mpomo/KHTEJBHOCTh pPa3roHa 2 c; OyCKo-
Bo#it MoMeHT 7 H-M; morpe6asemas MomHocTb 1,5 BT; k030-
(HUMeHT JeToOHAUMH M HecTaOUJIbHOCTH CPeNHeH CKOPOCTH

q

Puc. 64. Cxema npuBosa GOKOBBIX y3J0B BHfEO-
marunTodona (a) ¥ GJOK BHAEOTONOBOK C yCTa-
HosaeHHuiM 11 (6).

He Gosee 0,1%. B snextponpourpeBatoomeM ycTpoiicTse
HCIIONB3VETCH 3JIEKTPOHHAsS cucTeMa CcTabuauM3anuu cpei-
Heil y MrHOBEHHOH 4YacToTbl Bpaillelilis C NPHMEHeHHCM OM-
,THUecKoro naTudka. Ecan npueoj Basa npourpeiBartens ocy-
WECTBATh yepes INPOMEKYTO4HbIH portop (pHc. 62), To
MaKCHUMaJIbHbIH KO3(DGIHUMEHT HeTOHAUMH MPH OTCYTCTBHH
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crabunnsaropa ckopoctd coctaBut 0,05%. Mcnbitanus Ma-
KETOB Pa3JIHYHBIX POTOPOB MOKA3aJH, YTO BO3MOXKHO CO3/a-
HHe 3JIEKTPONPOUrpHIBaTE€Cl 6€3 IPHMEHEeHHsl HHepUHOHHKX
Macc.

Jaektpobpurea. O6pasey GHJ  H3rOoTOBNEH Ha Gase
37eKTPo6pHTBEl  «XapbkoB-6M». JIBa potopa amamerpom
8 MM OBITH BHIMOJIHEHH ¢ TBEPIOCTIaBHEIMH OGOJIOYKAMH U3
kap6uma turana. Mx npuBOx ocyliecTBassICs OT OXHOrO WJIH
ABYX Nbe303JIeMeHTOB. B nepsoM ciyyae MOILHOCTL HA Kax-
IOM BaJy cocTaByassiia 2 Brt, Bo BrOopoM —3 BT, o6mas
norpebJsiemas MOWHOCTb — 15 Br. ITuranue snektpobpur-
BBl OCYWIECTBJ/IAJIOCH MOCTOSIHHBLIM HanpsikeHueM 9 B 1o
cxeMe, MOKa3aHHok Ha pHc. 57,a.

Yace.. O6pasen 6bln BHINOJNHEH Ha 6ase MexaHH3Ma
HacToAbHBIX yacoB «CJjaBa». B cTeHkaXx MexaHH3Ma GblIx
NPOCBEPJEHbl 1Ba OTBEPCTHS, B KOTOphle GblJIa BCTaBJEHA
ock. B nenTpe ocu GbUTH mopmasHBL OCHMJIAATOP (CM. pHC.
17,e) v GpoH30BBIH BOJNOCOK, ABJSIOUIHACS 3J1€MEHTOM NpH-
xuMa. OCUHIIATOD OLHHM KOHHIOM ONMHMpaJcs Ha CTaJbHOM
potop, CBOGOIHO HacCaX<eHHBHH Ha Ocbhb XPanoBOro KoJjeca.
IThuTanne oCUMAJISITOPA OCYLIECTBJAAJOCH MO CXeMe, [1OKa-
3aHHOH Ha pHc. 52,8, C HCMOJb30OBAaHHEM TPaH3HCTOPOB
KT307. Hanpsxxenne nuranus 1,2 B; noTpe6asemeii TOK
150 MxA. Manas norpe6asieMass MomHocTb Tl 49acoBHIX
MeXaHH3MOB MO3BOJIAET NMHTAaTh HX OT (POTO3JEMEHTOB.

Llazoseui Osuearess. OTIHUHBIE CTAPT-CTOMHLIE Xapa-
KTEPHCTHKH TIO3BOJISIOT HCNoJAb30BaTh I1J] B kKagecTse lia-
rosoro Asuratess. s 3Toro Ha ero BaJly yCTaHaBJHBAKOT
HaTYMK TOJIOKEHHsi, HampuMep ortoxatuuk. [Ipm nopaue
HanpsiokeHust nutadus I oTpabaTbiBaeT 3agaHHOE YIJIO-
Boe mepememenye. Ilocse 3Toro matyMk BHaeT HMNYJbC,
OTKJII0YAIOWHUH HCTOUHUK MHUTAHUSA, H IBUraTeJNb OCTAHABJH-.
Baercs. ‘

O6pasen III umeer clenyiollye TeXHHUeCKHe Xapak-
TEPHCTHKHU: BpeMs nycka 0,5 MC; BpeMs TOpMoXeHHs | Mc;
gactoTa Bpamenuss 10—20 c-!; MoMeHT Ha Bany 2—
— 4 H-cM; morpemHocTb oTpaBOTKM YTrJIOBHIX nepeMele-
Hui 0,2° cpenHsis M MUMNy.1bcHash MOmHOCTL 4 H 8 Br; not-
pebasieMas MomHocth 12 Br.

[TuTaHHe aBHraTeNss OCYHmIECTBASJIOCH TQ ‘CXeMe, MOKa- -
3aHHOM Ha puc. 56,a.

IaexTpousmepuresvroui npubop. IlpucoennHeHue K po-
topy IlJl cTpenkn H BO3BPAaTHOWH NMPYXHHH MO3BOJIAET HC-
N0b30BATh JBUraTelb B KayecTBe MasoraGapuTHOrO U je-
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IIeBOTO 3JIEKTPOH3MepHTebHOro npubopa ¢ KPyroBoH ILiKa-
no#t (puc. 65). JIns npenorBpalleHHs 3aKJIHHUBAHHA IIPH
OTK/IOUEHHH HaNpsiKeHHs B OCHMJJISATOPE BO30YMKIAKT KO-
JebaHus ABYX THUNOB. Bo30yXaeHue npomoJabHBIX M MOme-
pedHbIX KOJebGaHHHA OT OJHOTO HMJIH IBYX Pa3HBIX HCTOUHHKOB,
a Tak¥e BBHINOJHEHHe JBUraressi ¢ aKTHBHEIM POTOPOM H
CTaTOPOM IO3BOJIAIOT HAa OCHOBE. PACCMOTPEHHbIX NPUHIH-
OB cO31aBaTb NMPUGOPHI AJsi U3MEPEHHUsl MOILHOCTH, CIBH-
ra ®@a3 u 1. A. Ecau BHIOOJHUTB POTOp B BHAe 3KCLEHTPHKA
WJIM TIPHIATb ero MOBEPXHOCTH ClenHadbHyw ¢GopMy, TO

X (X
Y L . [ LA :

L2 A ,’I/,/I’/,,I/A‘}b:

%

R

MOXHO peaju30BaTh CJOXHblE (PYHKUHOHAJbHBIE 3aBHCH-
MOCTH, HanpHMmep, MeX1y HalpsiKeHHeM BO30yXJeHHs H
4acTOTOH BpamIeHHS MM MOMeHTOM Ha BaJy. [Ipu Henmojb-
30BaHuu 30heKkra 3aKIMHHBAHUsSI JIETKO €037aTh NpHOGOPHI
IJIs1 M3MepeHHsl MMIYJbCHHX HaNpsiXKeHHH ¢ 3anOMHHaHHEM
U nocjaegylomuM cbpocoM nyTeM BO3OYXKIEHHS B OCIHJ-
Jsrope KoseGaHu# uaruba. Ilpumensis I1J], MOXHO Takxe
CKOHCTPYHPOBaTh BBLICOKOUACTOTHbIE H3MEpPHTeJbHbBIE TIO-
JIOBKH, TNpelHa3HauyeHHble, HANPHUMep, 1/ HACTPOHKH pa-
JHONPHEMHHUKOB,

Junetinolui 0gueareay. TlepBasi KOHCTPYKIHS JTHHEHHOTO
npe3o3jieKTpuueckoro asurarens (JII1[1) npennasHawaJiach
st mpusona pese. B 1969 r. JIITJL 6vli HCOIb30BaH JJs
npusona Hocutens 3anuck [33]. B CCCP sT0 HanpasieHue
MOJIYYHJIO najbHelulee pa3ButHe B [34 — 36]. Mccienosa-
aue JIT1J ¥ BO3MOXKHOCTeH HX NpUMeHeHHs B KauecTBe CH-
JIOBBIX TNPHBONOB NpoBOAATCS B TOMCKOM MNOJIHTeXHHYEC-
KOM MHCTHTYT€ TMOJ PYKOBOZCTBOM KaHA. TexH. Hayk
A. U. Tpopumosa.

B Bapuante JII1JI, nokaszanom na puc. 66,a, ocuuaias-
TOp B pe3y/lbTaTe 3JEKTPHYeCKOro BO30YyMXAeHHs Koneba-
HUH OXHOTO THNA BHI3BIBAET.OJHOHANpaBJeHHOE ABHXKeHHE
SIKOpsi; €ero BO3BPAT OCYIIECTBJAETCS NpPYMKHHOM. JITI ra-
KOH KOHCTPYKUHMH pa3BuBan cuay no 50 H. B kayecTBe siko-

Puc. 65. CxeMa INbe303JeKTpPH-
4eCKOro  H3MePHTEJLHOTO MpPH-
6opa.




pa Gbl1a MCNONB3OBAHA NUIACTHHA W3 HepXKapelomell cra-
JIM; OCUHJLIATOP OBbLT BHINOJNHEH B BHAE M1ACTHHBI pa3Mepa-
M 100X 10X 10 MM 43 nbesokepaMuyeckoro MaTepHaJjia
OTC-19. Oas YMEHBIUEHHS CHJ TPEHHS NPH BO3BpaTe KO-
"Psi B OCHHILIATOPE BO3GYXKNalOT KoJleGaHust BTOPOro THIIA HJH
BbINOJHAIOT 5IKOPb MbE303JIEKTPUYECKH aKTHBHEIM H TpH
-BO3Bpate B HeM BO3COyKaawT KoieGanus. .PaccMoTpennas
cuctema JITTJl skBuBaseHTHa cucTeMe npHBOa SIKOPSL OT
BpaUkaIoLIerocst poJiHKa.

0=180°

0 Y2 1 x
)

a)
Puc. 66. Kouncrpykuyun JITIH.

KoHerpykuus, sKkBuBasNeHTHass NPHUBOAY SKOPS OT Hec-
KOJIbKHX DPOJIHKOB, MOKa3aHa Ha pHc. 66,6. Takas cHcreMa
noJyyaercst NpH BO3OYXKAEHHH KOjJeGaHHi ABYX THIOB IO
AJIHHE OCHH/IATOPA WM NMPH BO3OYKIEHHU KoJieGaHUi Of-
HOrO THNA B OCHWJUIATOpE CTaTOpa, a APYroro THma — BoOC-
uusiaTope Axkopsa. Paccmatpusaembiit JIIIJ] o6ecneunBaer
BO3BPATHO-TIOCTYNATeJNbHOe IBHXKeHue sIKOpsi. [IpuMep BbI-
IOJMHEHHsi TAaKOro jaBMraTess NoKasaH Ha pHc. 66,0. B oc-
UHATSITOpE CTaTopa BO36YyXmaiT NPOAOJAbHBle KOJeGaHHS
nepBOii MOxbl M u3ruba BTOpoOil Moxbl. M3MmeHenue (a3snl
HanpsKeHus nuranus "Ha 180°, Hanpumep, cexuuii npogosb-
HbIX KOJIe6aHHH obeclieUHBAET BO3BPATHOE JBHKEHHE SKO-

o

P Cucrema, 3KBHBaJieHTHasi NPUBOAY SKOPS OT GecKOHeu-
HOTO YHMCJa POJNHKOB, MOKa3aHa Ha puc. 66,6. Ona 06GHYHO
peasiusyeTcsi npH BO30YKIEHHH OLHOBPEMEHHO NPOIONBHEIX
H nonepedHHX KoJeGaHHH IO MJIHHe MNPAMOYTOJLHOrO OC-
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unasTopa (puc. 66,2, 0) uan npH BO3GYHKaeHHH Kosebanuil
OJHOrO THNIA B OCUHJJISATOpPe CTaTOpa, 4 APYroro THMa —
B OCHH/INIATOPE SKOPA.

B JITII c axkTuBHBIM SIKOpEM MOXHO yNpaBJsiTh 3aKO-
HOM H3MEHEHHS CHJIbl IPH H3MEHeHHH MOJIOXKEHHS SKOpS.
Hanpumep, ecin B ocumssitope sikops (pitc. 66,e) BO30YX-
Aatb TPONOJbHEIE KOeGaHHA MO AJHHE, & B OCHHJJIATOPE

9]
[

3! ERNENY

o) 6)

Puc. 67. CxeMb mbe3osseKTprueckux pede (a, 6) W JuHefiHOro NpHBOJ-
HOro MexaHH3Ma (8).

cratopa H3rHGuble KoJsebGaHHs (MaH Hao6opoT), TO 3aBH-
CHMOCTb CHJIBI F OT KOOpIHHATH SIKOPS X MMeET BHJ, NMOKa-
3aHHBli Ha pHc. 66,9%¢c. Bropas BeTBb KPHBOH moOJyYeHa NpH
capure Ha 180° ¢a3bl HanpsKEHHs, MUTAIOIIEro OCLHJJIS-
Top cratopa. Ha ocuose JITII] MOXHO H3rOTOBJATH MbE30-
3NIeKTpHUECKHE pese C TNOTpeb/sseMOH MOIIHOCTbIO OT Hec-
KOJIBKHX JIECATKOB MHKPOBATT 10 HECKOJbKHX BaTT. Takue
pene B pabouyeM cOCTOSIHHH He noTpeb.sitor sHepruu. [Tocie
cpabaTblBaHHA CHJIa TPEHHS HANEXHO YIepXHBAaeT KOH-
TakThl B 3aMKHYTOM I0J/IOX€eHHH. BKiiouenye nepeMeHHOTO
no/is, Bo3byxaatomero kKojsebGaHHs, CHHMAeT CHJIYy TPEHHS,
a B HEKOTOPHIX KOHCTPYKIHSIX BO3BpallaeT KOHTAKTHI B HC-
XoxHoe coctostHue (puc. 67,a).

B pese, nokasanHoM Ha puc. 67, 6, OCUHJIIATOP COCTOHT
U3 1BYX OHMOpGHBIX Nbe303/JeMEHTOB; 4acTh KaXKIOrO H3
HHUX CJYXHT AJs1 BO3OYXIEHHS NPOMOJNbHBEIX, KoJseGaHuil, a
Ipyrasi 4acTb—aJs1 ‘BO306yxneHus KoneGanui uaruba. Ilepe-
MelleHHe SIKOPS OCYIIeCTB/IsAeTCS B pe3yJ/bTaTe JHCKPETHOTO
HU3MeHEHHS 4acTOThHI.

HOana obecneuenuss Gosapmux ycusauit (20—100 H) 6wun
BBINOJIHEH JIMHeHHBIA npuBon wa Gase I1J1 ¢ spamatomuM-
cst poropoM (puc. 67, 8). B 310l KOHCTPYKUHH cTajbHAS
Jenta ToJdwHHOA 0,05 MM HaMaTbiBaeTcs Ha BaJ pOTOpa.
Ecnn wa nosepxHocTH poTopa cmenath raagkue yriayGie-
HHsI, MOXHO IIOJIYYHTb JBUraTesb C (pHUKcaLHeH yriaoBoro no-
JIOXEeHHUs. ’



Jluneftunte IIJI MCnoONB3YIOT TakKXe AJS NpPHUBORA MNpH-
’KUMHOIO pOJIHKa KaTyliedHoro Marautodona [37]. Cxema
NbEe303JIeKTPHUECKOTO INPHBOJA TNPHXKHMHOTO pOJHKA Kac-
CEeTHOro MarHuTOMOHa MOKa3aHa Ha pHC. 68, a. OcuuansitTop
! uMeer nBe mnapw 0OGK/JI2JOK, OfHA H3 KOTOPHIX 2 mpH
BKJoueHHH HanpsixKenus: Uynp; Bo36yXKaaeT npoaO/bHBIE KO-
JebaHUA cpaBHUTEIbHO OOJbIIOH MOIIHOCTH. DTH KoJeba-

Puc. 68. Cxemnl npuBoma NPHKHMHOTO posuka (@) H Kaperku (6, 6)
KacCeTHOro MaruurodoHa.

Hua obecneywBaiOT MPUXKUM POJIMKA 3 NpH 3alucH M BOC-
npousselenuu. [locse OTK/IIOUEHHS HANPSXKEHHUS OCLHUJIISA-
TOp VJepIKHBaeT PoTOp 3a cueT 3aKJIHHHBAHHSA J0 NOSBJE-
HUst uMnysabca cOpoca. DTOT HMIYJAbC IM0CJTe BK/INOYEHHS
HanupsikeHust Uynpy momaercs BO BTOPYIO Napy o0OKaaxok
4, xoropuie BO30yxkaT Kolebanus U3ruba, pacKJIHHHBAIO-
e OCHHJLISTOP. B pe3ysbraTe mpyKuna 5 BO3Bpamaer po-
JIHK B UCXONHOE€ COCTOSIHHE.

Bo3byxnenne ocuuaasTopa ocymectsiasercs ot IIH
npusBoxa GOKOBBIX Y3J0B MarHutopoHa. Kommyrauusi o6-
KIanox ofecneyuBaercs ¢ MOMolublo tpaHsuctopos Ty u To
(KT605b), 3aliyHTHPOBAHHBIX MO [EMH KOJJIEKTOP—3MHT-
tep mwonamu 1, u T, (21102A). [pmxum ocymectsaseTcs
B Teuenue 0,2 ¢; cuna npuxuma 20 H; norpebisiemass uM-
myJibcHas MOMIHOCTE 5 Br.

IIpuBOox KapeTkH KacCeTHOrO0 MarHutodoHa Oblji BHINOJ-
HeH B IBYX BapHaHTax. B nmepBoM u3 nux (puc. 68, 6) nBa
OCHMJINATOPA TPU BO3OYXKIAEHUN TPOMOJNbHHIX KoJeGaHuil
obecneynpaloT pabouHil XO# KapeTKH; CcuJia TpPHKHMa CO-
crasnsier 4 H. Bo propoM Bapuaute (puc. 68, ) B pesyin-
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Tare NPOJAOJbHHX KoJeOaHHH OCHMIIATOPA Ha OCb POTOpA
HaKpyYHBaeTCSl TOHKasl MeTaJJIHuecKasi JeHTa. PassuBaeMas
cuna Moxer Aocrurath 20 H. B ofoux cayuasix Bo3Gyxue-
HHe H3rHGHBIX KoeGaHuil NPUBOAKT K BO3BPATY KAPETKH B
HCXOJHOEe TOJIOXKeHHe. DTH KojebaHusi BO3OYKaalOT Ha 4da-
CTOTE, OTJIHYHON OT 4aCTOTHl MPOAOJMBHBIX KoaebaHuii. [lo-
3TOMY KOMMYTALHSI OCYLIECTBISIETCS NMYTeM H3MEHEHHs da-
CTOTH 3ajgatouiero reHeparopa. Tak xe kak u B MTJI kac-
CeTHOr0 amnmnapara, B OCLHMJJSTOPE NPHBOAA KAPETKH BO3-
GyX)na/auch M3rHOHBIE KoeGanus TpeThelt Moanl. OCUHJIIA-
Top HMesa pa3Mepnl 19X5X1,9 MM u Gbl1 H3rOTOBJEH H3
nbe3okepaMuka [TKJI-124T.

JIuHelHble Nbe303/eKTPHYIECKHE TIPHBOAB HMEIOT 3HAUH-
TeJIbHO MeHblHe Pa3Mephl, 4eM 3JeKTPOMarsHuTh. Tpebye-
MBIi OT HHX CYMMapHBEIH Pecypc cOCTaB./IsIeT AeCATKH 4acoB,
[TosToMy KOHCTPYKIHH POTOPA M Nbe303TeMeHTa 3HAUHTEb-
HO ynpomaTcs. JIKOpsS BBEIMOJIHSIOT CIJIOMWHBIMH H3 CTaJH,
YyryHa WJIM JAPYTHX JeNIeBbIX MaTepHaJOB C AOCTATOUYHO
GoabwiuMu aonyckaMH. OCUMANATOPH yCTaHABIMBAKT 0e3
H3HOCOCTOHKHMX TpPOKNafoK. B HCTOUHMKAX mnuTaHusi HpH-
BOJIOB TNIPHMEHSOT, KaK [MPaBHJIO, 3JEKTPOMeXaHHYeCKYIo
06paTHYI0 CBSI3b M HCNOAb3YIOT MHHHMAJbHOE YHCJAO Je-
Tajed.

ITO N03BONIAET NUHEHHBIM IPHBOAAM HE TOJMBKO MO Mapa-
MeTpaM, HO M [0 CTOHMOCTH KOHKYPHPOBaThb ¢ MpHUMeHse-
MBIMH B HaCTOsllee BPEMsT 3J1eKTPOMAarHUTaMH.

Husxooboporueie I1J]. KOHCTPYKTHBHBIE 0COGEHHOCTH
[T] nosBossiI0T co371aBaTh HU3KOOOOPOTHBIE ABHrATeNH Ge3
ucnoJab3oBanust peaykropos. Ha puc. 69 npusesena doror-
padus HeCKOAbKHX NabOpPaTOpHBIX 06PA3IOB TaKHX ABHra-
tesedl. YactoTa BpalleHHst poTopa 3THX ABHraTeNell JeXXHT
B Tpelenax oT 10Jed 10 HeCKOJIbKHX 060pPOTOB B MHHYTY,
MOMEHT Ha BaJjy Aocturaer 10 Hwm, a k. m. 1.—409%.

Ha puc. 70 .noxasaHbl uCIBITAHHSI MOLUHOTO HH3K006O-
porHoro [1/]. [To KOHCTPYKIMK 3TOT ABHraTelb OTHOCHTCS K
[Tl ¢ akTHBHBIM cTaTOpOM. Ero OCUMJJSTOP BHLINONHEH B
BHJE Nb€303JIeKTPHUECKOTO KOJIbIla, H3TOTOBJAEHHOTO M3 Iibe-
3okepaMHkH TBK-3. PaGouast wactora asuratesns 60 xI'i.

IIpusod kaccersi kunoannapara. Bec sneKTpHYeCKHX
ABHraTesedl H MeXaHH3MOB NPHBOJA COCTABJISET OCHOBHYIO
4aCTh BeCa KHHoannapaTtoB. KuHeMaTuueckas <XeMa KHHO-
annapatos OOBIYHO CTPOMTCA TaKHM 00pa3oM, 4YTO OpuH
MOUIHBIA 3JIEKTPHYECKUl ABHraTeJb NMPHBOAUT B JABHIKEHHe
BCE €ro MeXaHW3Mel. Takoe mocTpoeHHe KHHEMaTHYECKOH
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cxeMbl O0YCJIOBJEHO TeM, UTO B HacTOslee BpeMs OTCYTCT-
BYIOT 3JIeKTPOMArHHUTHbBIE JBHrATeH, CIIOCOOHbIe 0DECTeUnTh
paboTy KaXk1oro MeXaHH3Ma KHHoamnapara OTA€NbHO OT
apyroro. HegocraTkaMu Takoil KWHeMaTHYeCKOH CXEMbl SIB-
JISIOTCS ee CJOXKHOCTb, HH3Kas HaleXHOCTh, 6osbllas Mac-
ca KHHoannaparta W rabapuTHble pa3Mepsl. [Ibe3osneKkTpHye-

Puc. 69. Huskoo6oporuuie 11,

CKHI ABMraTeJb NMO3BOJAET MPHBOAHTb KaXKIBIH y3ejJ KHHO-
aTmapara OT CBOEro JBHTaTe/s, UTO YCTPaHseT mepevncieH-
Hble HEJOCTATKH.

Ha puc. 71 nokasana 300-merpoBasi Kaccera 36-MHJIH-
MeTPOBOI KHHOJEHTbl C YCTaHOBJAeHHbIM Ha Hel [1]1 (aBu-
raTe/jp MokasaH cTpenkoil). TexHHuecKHe naHHBIE ero cje-
Jqyouine: dactora BpalleHusi 10—200 MuH~!; MOMEHT Ha
Baay 0,2 H-wm; nanpskenue nmutanus 40 B; wactora Hanps-
xenus nutanus 70 x['w; nmorpebasemast mowHocTs 2,5 Br;
Macca 150 r.

HcenbiTaHusl KacceThl COBMeCTHO ¢ KHHoammapatoM <«Po-
NHHA» N0Ka3ajH NepCneKTHBHOCTb npuMeHenus [1J1 B Kaye-
CTBe NPHBOIHBIX Y3J0B KHHOafimapaTypHl.

ITee3ozeneparop. MoxXHo npenno/soXuth, yto 11, ocHo-
.BAHHBLIH HA AaHH3OTPOTHH TPEHHS, AOJKeH obsanaTh CBOHCT-
BOM HeOOpaTHMOCTH, T. €. OH He AOJXKeH paBoTaTb B PEXH-

]
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Me reHepatopa 3/JeKTPHUECKOro Hanps:kKeHus. B oraudne or
Hero [T/l ¢ Bo36GyKaeHHneM ABYX B3aUMHO OPTOrOHaJdbHBIX
Kose6aHuil no/keH OniTh obpatumoii cucremofi. Mccaeno-
BaHHus HepeBepcHBHbIX [IJ] B pexuMe reHeparopa NOATBEp-
Aujyu HX obpaTuMocTb. OQHAKO 3/IeKTPHUECKHH CHTHAJ yaa-

Puc. 70. UcnbiTaHusg MOLIHOTO HH3KOOGOPOT-
woro I1IL.

BaJ0OCh MOJYYHTb TOJLKO HA HEKOTOPHIX JHCKPETHHIX 4acCTo-
TaX, NOpHYeM MOUHOCTb H K. m. JA. reHepatopa Obliu
He0CTaTOUHBl AJ15 pakTHiecKoro npuMeHenus. Menuranns
B pexkuMe reHepartopa pesepcuBHBIX [1]] mpusenn X oGHa-
JeKHBAIOUIUM pe3y/bTaTaM.

[Tpu uccaenoBanuu I, paGoraiouiero B pexXuMe rese-
partopa, Ha OAMH M3 BXOJOB OCHHJJIATOPA NOAAIOT Hanps-
}KeHue AAA B0o3OyXKAeHHS KojeGaHHH ONpeNesIeHHOrO THMA
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(o6p1uHO M3ruba). BhiXxoaHOW 3/€KTPHUECKHH CHrHAN CHH-
MaloT ¢ OOKJajoK OCHMWJJSATOpa, MpenHa3sHAaYeHHBIX s
BO30Yy:KaeHHsT KomeGaHuil Apyroro thna (OOBIYHO NPOAOIb-
HpiX). JJs1 Toro yToGbl NOJIYUHTb TOJNR3HYIO 3JE€KTPHYECKYIO
MOUIHOCTb, paBHylo 1,4 BT, npuxoanTcs 3aTpauuBaTh Mexa-
HHUECKYI0 MOLIHOCTb, PaBHYIO mpumepHo 5 BT, u 31ekTpu-

Puc. 71. 300-mMerpoBasg KacceTa KHHOJEHTB C YCTAHOBJIEHHHM Ha
neit T1M.

Jeckyio 1,2 Br. DTu pe3ynbTaThl noaTBepKaalOT BO3MOXK-
HOCTb CO3/1aHHS Nbe303JeKTPHYECKOro reHepatopa. TakHe
regepaTopbl MOTYT HaHTH nNpuMeHedHe B KauecTBe MCTOUHH-
KOB Hampsi)KeHUsl ¥ JAaTYHKOB CKOPOCTH.

PaccMoTpeHHble TPHMepPLl He HCUepIibiBAIOT BCE BO3MOXK-
HocTH ucnonb3oBaHus [1Jl. Dtu aBuraTenn Moryr HaiTH
IIHPOKOe NPHMeHeHHe TaKXKe B PasJIMYHBIX aBTOMaTrax, Po-
6oTax, AETCKHX HrpymiKaX H B JAPYrHX yCTPOHCTBaXx.

H3ayuenne 1[I TonbKo HauanoCh, IOSTOMY He BCE HX BO3-
MOJKHOCTH DacKPHITH, a NpejejbHble NapaMeTpul ellle He
nocturHyThl, [IpenennHas MouHocts I1/1 npHHNUNHATBHO He
OrpaHH4YeHA, OAHAKO KOHKYPEHTOCIOCOGHOCTL € 3JIEKTPO-
JIBUTATeJIIMH JIPYTHX THIIOB OrpaHuuMBaeT 00/1aCTb MX NPH-
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MeHeHHs M0 MOLIHOCTH, B HacTosillee BpeMst 3To orpaHHYe-
Hue cocraBasier npuMmeprHo 10 Bt; oHO cBSI3aHO He TOJBKO C
KOHCTPYKTHBHHMU ocobenHoctsaMu [IJI, HO W ¢ ypoBHeM
Pa3BUTHS HAYKH H TeXHHKH, B UaCTHOCTH C COBEPLIEHCTBOBA-
HUEM Nbe30KepaMHYeCKHX, CBEDPXTBEPABIX M H3HOCOCTOMKHX
matepuanos, Craenyetr TakxKe OTMeTHTh, uto [I/] xopouo
COOTBETCTBYIOT PAa3BHTHIO 3JIEKTPOHHOH TeXHHKH, MHKDOMH-
HHATIOpH3allMu 3JEKTPOHHOH aNnnapaTypbl, MOBHIUIEHHIO €e
HageXXHOCTH M KadecTBa, YBEJHUYEHHIO (GYHKIHOHAJNBHBIX
BO3MOJKHOCTEH, CHHIXKEHHIO CTOMMOCTH. JIBHraTeau XOpOIUO
BIUCBIBAIOTCS B pas3JIHUHBIE MEXaHM3MHB M B paBHOH Mepe
YAOOHBI ISl KDPYNHO- M MEJIKOCepHIHOro NPOH3BOACTBA.
Psin HX YHHKaJbHHIX CBOHCTB, OTTHCAHHBIX B KHHTe, HCK/IIOYa-
10T MHOTHe npobJieMEBl, BO3HMKAIOLIHE MPH NPOEKTHPOBAHHH
annmapatypel. OTH CBOHCTBA NO3BOJSIOT BO MHOTMX Caydasix
H3MEHHUTb NPHHIMI INIPOEKTHPOBAHHS amnnapatypbl — OTKa-
3aTbCS OT NPHBOAHBIX TIEPeNay H PACUJIEHUTbh MeXaHHUeCKHH
NPHBOJ Ha PSA MAJOMOUIHBIX JABUraTtesedl, pacrooXeHHbX
HenocpeACcTBeHHO Ha (QYHKUHOHAJbHBIX y3JaX MexaHH3Ma.
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