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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.
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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-

15



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-
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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, cy6ra