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Hacrosiue meToauyeckue yka3aHus peAHa3HaYeHbI JJIs UCIIOJIb30BaHUs MIPU
BBITIOJITHCHUH JTA0OOPATOPHBIX paboT 1o KypcaM «OCHOBBI JJIEKTPOMEXaHUKWY,
«InexkrpoMexannueckne cucreMbl CYJIA». OTH NUCHUIUIMHBI MOCBSIIEHBl H3y4e-
HUIO Pa3JIMYHBIX CBOWCTB, TMHAMHYECKUX OCOOCHHOCTEH, METOJO0B IMMOCTPOCHHS Ma-
TEeMaTUYECKUX MOJIENIEH IEKTPOMEXAaHUYECKUX YCTPOUCTB UMHAYKTUBHOTO THUIA, MO-
JYYUBIIUX IIUPOKOE PACTIPOCTPAHEHUE B MEXATPOHHBIX, ABTOMATHUYECKUX CHCTEMAax
U CHCTEMax aBTOMAaTHYEeCKOoro ympasieHusi. K TakuM ycTpoilcTBaM MOXKHO OTHECTHU
MUKpPOMAIIIUHBI TIOCTOSSHHOTO M TIEPEMEHHOr0 TOKa, WH(OPMAIIMOHHBIE MAIIWHBI,
AJIEKTPOMATHUTHI, DJEKTPOMArHUTHBIE MPeoOpa3oBaTeIM, MPEACTABISIONINE COOOM
BBIPOXKICHHBIN THUI JIEKTPOMEXaHUYECKOTO IIpeoOpa3oBaTesi SHEPTUH.

[y 1abopaTOpHBIX pabOT BKIIIOYAECT:

1. AHaM3 CXEMHBIX PEMICHUM KOHCTPYKLIMU OSJIEKTPOMEXaHUYECKUX
npeobpazosarenei (OMII) pazauyHOro Ha3HAYCHUS.

2. Uccnenosanus xapakrepuctuk DMII B ycTaHOBUBIIMXCS U MTEPEXOAHBIX
pexUMax.

Kaxnas nmabopatopHasi paboTa paccuuTaHa Ha OJHO JBYXYacCOBOE 3aHSTHE.
VYuuteiBass MHOTOOOpa3ue TUMOB W OOJIBIIKME PA3IUYUsl B TPEOOBAHUAX K CIEIHUAIIb-
HBIM MUKPOAJIEMEHTaM, B KaXJ0i paboTe COACPKUTCS KpaTKOe ONMKUCaHUE MPUHITUIA
JICUCTBUS ¥ OCHOBHBIX CBOMCTB UCCIIETYEMBIX O0OBEKTOB.

JlaGopatopubie paboTbl 1O AuCHUIIUHAM «OCHOBBI 3JIEKTPOMEXAHUKW,
«nextpoMexanndeckue cucteMbl CYJIA» npenHazHayeHbl ISl CTYJAEHTOB CIICIIH-
ampHOCTEN 15.03.06 — «MexaTtponuka», 24.05.06 — «Cucremsbl ympaBieHHUs JeTa-

TCJIBbHBIMU allliapaTaMu»



Jlabopamopnasa paboma Ne 1

N3VYEHUE KOHCTPYKIIVM 1 XAPAKTEPUCTHUK DJIEKTPOMEXAHUNYE-
CKHMX CUCTEM C UCHOJHUTEJLHBIMU YCTPOUCTBAMU ITOCTOSH-
HOI'O TOKA

[Iporpamma paboThI

1. TeopeTnueckre ucciae0BaAHUS

1.1. U3yunTh KOHCTPYKILIMH, COCTABUTh KOHCTPYKTUBHBIC U MPUHIIUIUATIBHBIC
CXEMbI HMCHOJHUTENbHBIX JABUTaTeNel moctosHHoro toka cepui I, CI, CJI, AII,
JAI12, II1IM, AIIP, taxorenepatopos cepuid T/I, TT'TI.

1.2. [Tonw3ysach CipaBOYHBIMU JaHHBIMU, ONIPEJACTUTH HOMUHAJIBHBIC 3HAYCHUS
AKCIUTYaTallMOHHBIX [MApaMETPOB MAIlIMH. Y CTAHOBUTH CBSA3b KOHCTPYKTUBHON CXEMBbI
MAIIIUHBI ¢ €€ (PYHKIIMOHATLHBIM Ha3HAYEHUEM.

1.3. O3HaKOMHUTBCS ¢ KOHCTPYKIMSIMU U CXeMaMU OOMOTOK JJIEKTPUUYECKHUX
MAIIIMH MTOCTOSTHHOTO TOKA.

2. [losicHeHus u yka3aHus K pabote
2.1. [IpuHIMO AECTBUS 1 OCHOBHBIE YPABHEHUS IBUTATEISI IOCTOSIHHOTO TOKA

DIIEKTPUYECKUE MAIIMHBI TOCTOSHHOTO TOKA MEXATPOHHBIX CUCTEM U CHUCTEM
aBTOMATHYECKOT'O YIpaBJICHUS BeChMa Pa3HOOOpa3HBI MO CBOeMy HaszHadyeHHio. K
HHUM OTHOCSITCS HCIIOJHUTEIbHBIC JIBUTaTeNd KOJUICKTOPHBIE U OSCKOHTAKTHHIC, Te-
HEPATOPHI U TAXOTEHEPATOPHI, FICKTPOMAITUHHBIE YCUIUTEH.

[TpyHUMIT AEUCTBUSL ABUTATENS MOCTOSSHHOTO TOKAa OCHOBAH Ha B3aMMOJICHCT-
BHM TOKa IMPOBOJHUKOB OOMOTKH SIKOPSI C MAarHUTHBIM TIOJIEM BO30YXKJICHHS, B pe-
3yJbTATE Yero Ha KaKIbIH MPOBOJIHUK OOMOTKHU SIKOPS ACHCTBYET JIEKTPOMAarHUTHAS
cuna (puc. 1.1). CoBOKYmHOCTh BCEX CHUJ, JEHCTBYIOIIUX HA MPOBOJHUKHA OOMOTKH
SKOpPS, CO3AET AJIEKTPOMArHUTHBIA MOMEHT, KOTOPBIA MPUBOAUT SIKOPb JIBUTATEIIA
BO BpAallICHHUE;

M=C, DI, (1.1)
N
rIe CmZp—- KO3(PGUIIMEHT MOMEHTa, BEJIMYMHA KOTOPOIrO MOCTOSHHA
2*r*a ’

JUISl TAaHHOW MAaIIWHBI, P -4UCJIO0 map moyrocoB; N - 4KMCIIO aKTUBHBIX MPOBOHUKOB
0OMOTKH, 28 - YHCJIO MapaJljieIbHbIX BeTBeH 00MOTKH; @ - MarHUTHBINA NOTOK, BO; |,
- TOK SIKOps, A.

[TomMuMO BpalamIEero MOMEHTA, Ha BAJI ABUIaTeNs JIEMCTBYIOT TOPMO3SIIUE
MOMEHTBI: MOMEHT XO0JIOCTOr0 X0J1a My, 00yCIIOBJICHHBIM MEXaHUYECKUMU U MarHuT-
HBIMH TTOTEPAMU, MPOTUBOAECHUCTBYIOIINI MOMEHT, CO34aBaEMbId MEXaHU3MOM, KOTO-
PbI IPUBOAUTCS B IBUXKEHHUE JBUTATEIIEM.

Ecnu pBurarens paboTaeT B yCTAaHOBHUBIIIEMCSI PEKUME C IMOCTOSTHHOW YacToO-
TOW BpPAUIEHHUs, TO BPALIAIOIIMA MOMEHT PaBEH CyMME MPOTHUBOACHUCTBYIOIIUX MO-
MEHTOB:

M=M,+M,=M, (1.2)
Ecnau aBurarens paboTaeT B MEPEXOJHOM PEKUME, TO Ha Bajl JBUTATENS JCH-



CTBYET €lle JUHAMHYEeCKU MOMEHT MQ.
M=M. + M, (L3)
BenmuunHa 3TOr0 MOMEHT MpOIOPIIMOHATIFHA MOMEHTY HWHEpPLHMH J Bpalllaro-
IIMXCS 4YaCTEW JIBUTATENS U HATPYIKAIOIIETO YCTPOMCTBA:!
dew
Mg=J— (1.4)
dt
IJ€ @ - YIJ0Bas CKOPOCThb JBUTATEI.

——

Puc. 1.1. IlpyHnun neicTBus ABATaTeNs MOCTOSHHOIO TOKA.

B npouecce paboTel nBUraTens sIKOpb Bpamlaercs B MarHUTHOM moje. Ilpu
TOM B €r0 OOMOTKE HABOAMUTCA 3.11.C., KOTOpasi BCETJa HAMpPaBICHa HABCTPEUY TOKY
saKkopsi. IMEHHO TTO3TOMY €€ Ha3bIBaIOT MMPOTHUBOA.JI.C.

E.=C.®n (1.5)

N .

Ce:éJT - KO3 PUITUEHT MPOTUBOI./I.C., TIOCTOSIHHAS JIJIsi TAHHOW MAaIlINHbBI Be-
a

JUYMHA, N - 4aCTOTa BPAIIEHUS IKOPs, 00/MUH.

Hanpsbkenue, noaBeneHHOe K Lenu sikops Asurarens U, ypaBHOBeIMBaeTcs

NpoTHUBOA.1.C. E, ¥ majieHueM HanpspKeHUs! Ha CONPOTHUBIICHUH LIETIH SIKOPST 2T

U=E+I,>r (1.6)
BoIpakeHue st Toka IKOpsi UMEEeT BUJL:
U-Ea
l.=—— 1.7
=5y (1.7)
[Toacrasus (1.5) B (1.7), 3anuieM cCOOTHOLIEHUE
UZCECDn+|oZ r,
npeoOpa3oBaB KOTOPOE, HalJAEM BbIpaKEHUE JJIs1 YaCTOThI BPAILICHUS:
p=Y Lot (1.8)
Ce®

N3 Beipaxkenus (1.8) ciaemyer, 4TO 4acCTOTY BpalIEHUS] MOKHO PETyJIHPOBAaTh
M3MEHEHHEM MOABOANMOTO K 3JIEKTPOJABUTATENIO HANPSHKEHUS, COMPOTUBJICHUS LIETTH
SIKOPS, MArHUTHOTO TOTOKA.
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2.2. YCcTpOUCTBO 3AEKTPUUECKON MAIIMHBI TOCTOSTHHOTO TOKA

DIIEKTPUYECKAs] MAIIMHA MOCTOSHHOTO TOKAa COCTOMUT M3 JIByX OCHOBHBIX 4ac-
TE€U — HEMOABUKHOM, HA3bIBAEMOW CTATOPOM, U BPAILAOIIEHCS, HA3bIBAEMOU SIKOPEM.
OTH 4acTH pa3/elieHbl BO3IYIIHBIM 3a30poM. Ha puc. 1.2 nmoka3aHsl cTaTOpbl MAIlIMH
MOCTOSIHHOTO TOKa: COOpHBIN (a) U muxToBaHHbIN (0). CTaToOp COCTOUT U3 CTAHUHBI
1, Ha BHYTpEHHEHN MOBEPXHOCTU KOTOPOM PACIOJIOKEHBI MOJIIOCH 2. ['1aBHbIE MOI0-
Chl MAIIIMHBI COCTOSIT U3 CEPACYHUKOB U OOMOTOK BO30yxaeHus 3. B HIbkHeN dyacTu
CepACYHUKA HMMEETCSl MOJIIOCHBI HAKOHEYHUK 4, KOTOpPhIA 00ECHeUYrBAET HYXHOE
pacnpeneneHne MarHuTHOW MHAYKIIMU B BO3JIYIIIHOM 3a30D€E.

Puc. 1.2. Cratopsl MamiH NOCTOSTHHOTO TOKA.

Cranuna (1) aJIeKTprYECKOM MaIMHBI IIOCTOSHHOTO TOKA CIYXKHUT JUISl Kperuie-
HUS BCEX YaCTEH MaIIUHBI, SIBISETCS SJIEMEHTOM MAarHUTHOM II€NU U U3rOTABJINBACT-
cst U3 ctanu Wik gyryHa. CepJiedHuk mostoca (2) MOXKeT ObITh JIFOOBIM, HO Yallle ero
HaOUPAIOT U3 IITAMIIOBAHHBIX JIUCTOB JJEKTPOTEXHUYECKOW CTald, MHUXTYs (COOu-
pas) X B MaKeT, CTATMBACMbIi IMuibkamu. [loarocHble HakOHEUHUKHU (4) mHOTIA
BBITIOJIHSIOT KaK OJTHO LIEJI0€ C CEpJICYHUKAMHU MOJIFOCOB, @ HHOTJA MIUXTYIOT OTEIb-
HO M KpEIAT K CepJCUYHHMKAaM, OOMOTKH IOJIOCOB (3) M3roTaBIMBAIOT U3 MEIHOTO
M30JIMPOBAHHOTO MPOBOJA.

SAxopb MalIMHBI TOCTOSIHHOTO TOKAa COCTOUT M3 CEepJeYHUKAa, OOMOTKHU SKODSI,
KOJIJIEKTOpa U Bayia. CepACUHUK SIKOPS TPEACTABISIET COOON UIUHIP, HAOpaHHBIN U3
IIITAaMIIOBAHHBIX JINCTOB JICKTPOTEXHUYECKOU cTanu TommuHoi 0,35...0,5 MM, koTo-
pele mepea cOOpPKOM TMOKPBIBAIOT CIEUUAIBHBIM H30JUPYIOIIUM JIaKOM, YTOOBI
YMEHBIIIUTh BUXPEBbIC TOKH, BOSHUKAIOIINE B PE3yJIbTaTe MepeMarHuuuBaHUsl IKOPS,
BBI3BAHHOTO €T0 BpalllEHHUEM B MarHUTHOM MoJe (puc. 1.3).

Puc. 1.3. CepaeuHuk sikopsi:
a - JJUCT cepJieyHrKa sikops, O - hopma nma3oB cepaeuHUKa SIKOPSL.



7

[Tocne cOopku cepaeyHrKa sIKOPs B €ro Ma3bl YKIAABIBAIOT aKTHBHBIE CTOPOHBI
CeKIIMH 0OMOTKH sIKOpsi. B MammHax Masioil MOITHOCTH TMa3bl JIENAI0T MOTy3aKPBIThI-
MU, a B MalllMHAX CpPeJHEH M OOJBIIONW MOITHOCTH — OTKPHITBIMU (puc. 1.36). Yacto
na3bl AKOPS JENA0T CO CKOCOM, YTO OCTAOJISeT MyJIbCallii0 MAarHUTHOW WHAYKIIUA B
BO3/YIITHOM 3a30p€ M CIIOCOOCTBYET YMEHBIIICHUIO BHOpAallMii M IIymMa B IPOIECCce
paboTbl MamMHbl. OOMOTKA SIKOPSI COCTOMT W3 CEKIIMH, BBIIIOJIHEHHBIX W3 MEIHOTO
M30JIMPOBAHHOTO TPOBOJIa KPYTJIOTO HIIM MPSMOYTOJIBHOTO cedeHwus. KOHIbI ceKInit
MIPUIIAUBAIOT K TJIaCTUHAM KoJuiekTopa (puc. 1.4).

Puc. 1.4. YcTpolicTBO KOJIEKTOpA.

KomtekTop cocTOUT M3 KOJUIEKTOPHBIX IIACTHH 1, M3TOTOBJICHHBIX M3 XOJIOI-
HOKaTaHOW MeIu KIMHOOOpaszHoro mnpoduis. OCHOBaHHMEM KOJUIEKTOpA CIY>KUT
BTYJIKa 3. Y JBUraresieil Majoi MOIIHOCTH IUJIACTUHBI KOJUIEKTOpPA 3alpeCcCOBBIBAIOT
B miactMmaccy 2. [lmacTuHbl KOJUIEKTOpa M30JUPYIOTCS APYT OT Jpyra 4Yaiie BCEro C
MTOMOIIbI0 MUKaHUTA (CKJIEEHHBIX CHEIUATBHBIM JIAKOM TUTACTHHOK cienbl). Komek-
TOP, TaK K€ KaK U CEPJICYHUK SIKOPS, KECTKO 3aKPEIISIOT Ha Bally.

BHemiHss 11enb MalivHbI CBsi3aHa ¢ KOJUIEKTOPOM C MOMOIIIbIO meTok. [letku
pacmoJiararoTcs B IMETKOJASPKATEIIX W MPKUMAIOTCS K KOJIJIEKTOPY MpyXKuHamu. B
MalTgHaX MaJlO MOITHOCTH IIETKOACP)KATEeIN MOHTHPYIOTCS HEMOCPEICTBEHHO B
MOAIIUITHUKOBOM IuTe. [T0IMUIMTHNKOBBIX MATOB JIBA: TIEPEIHUN - CO CTOPOHBI KOJI-
JIEKTOpa, 3aTHUN — C TMPOTHUBOIIOJIOXKHOW CTOpPOHBI. [[s1 mpricoequHeHnss 0OMOTOK
MAIIIUHBI K JIEKTPUUECKOMN CeTH MalllMHa CHa0KeHa KOPOOKOI BHIBOJIOB — KJIEMMHOM
TJIaTOM.

Jl71st paGoThI AIEKTPUUECKOM MAIIMHBI HEOOXOMMO HAJIMYWE MAarHUTHOTO TO-
nsi. B OONbIIMHCTBE MAIIMH TOCTOSIHHOTO TOKA 3TO TOJIE CO3/1aeTCs OOMOTKOM BO3-
Oy>XeHUs, TUTAEMOU MOCTOSTHHBIM TOKOM. [1o cioco6am BO30YKIeHUs pa3InvaroT:

— MAIlIMHBI HE3aBHUCUMOTO BO30YXKICHHS, B KOTOPHIX OOMOTKa BO3OYXKICHUS
OB nuTaetcst OT UCTOYHMKA, JJIEKTPUUECKH HECBS3AHHOTO ¢ 0OMOTKOM sikopst S (puc.
1.5a),

— MAalIWHBI TapaUIeIbBHOTO BO30YXKIACHHUS, B KOTOPHIX OOMOTKA BO30YKICHUS
1 00MOTKa SIKOpsI COeMHEHBI TTapauiesbHo (puc. 1.5,0),

— MAIIIMHBI TOCEA0BATEILHOTO BO30YKIEHHUS, B KOTOPHIX 0OMOTKA BO30YXK-
JICHUSI 1 OOMOTKA SKOPsI COSAMHEHBI TTOCIeI0oBaTeabHO (puc. 1.5,B),

— MAIIMHBl CMEMIAHHOTO BO30YXKJCHHS, WMEIINUE JB€ OOMOTKH BO3-
Oy>XKJIeHHsI, OJTHAa U3 KOTOpBhIX BKIIOYeHa napaienbHo (OB1), a npyras (OB2) - nmo-
cle0BaTeIbHO C OOMOTKOM sikops (puc. 1.5,1).
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Puc. 1.5. CriocoObl BO30YKIEHUS SJIEKTPUUECKUX MAIIIMH MOCTOSHHOTO TOKa

Bce nepeunciieHHbIe BBIIIE MAIIUHBI SBJISIFOTCS MAIlIMHAMU C DJICKTPOMArHUT-
Hble BO30YyXKJIeHHeM. B moclienHee BpeMs MIMPOKOE PACIPOCTPaHEHUE TMOTYUHIIH
MAIIIUHBI ¢ BO30YXKIEHUEM TTOCTOSIHHBIMU Maruutamu (puc. 1.5,1).

OOMOTKA SKOPSI MAIIMHBI TTIOCTOSTHHOTO TOKA MPEACTaBIsACT COO0H 3aMKHYTYIO
CUCTEMY MPOBOJIHUKOB, YIOKCHHBIX B Ta3bl SKOPS M COSTUHEHHBIX C KOJUIEKTOPOM.
OHa cocrout u3 cexui — karymek. Kaxas cekuusi cCoeIuHeHa ¢ AByMsI KOJJIEKTOP-
HBIMH TIacTHHAMU. DopMa CEKIMIA U TTOPSIIOK MTPUCOCTUHEHUS UX K KOJJICKTOPHBIM
IJIaCTUHAM OIPEIeIIIeTCs TUIIOM 0OMOTKH. HanbombIiee pacnpocTpaHeHHE TOTyqIH-
JIY TIeTJIeBasi U BOJIHOBasi 0OMOTKH (puc. 1.6.)

II II
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Puc. 1.6. llaru npocToii neTieBoi U BOJHOBOH 0OMOTOK

KoHIibl cexnuii mpocToi netineBoil oOMoTku (puc. 1.6a) mpucoeanHSIOTCS K
COCEIHUM KOJIJIEKTOPHBIM ITacTUHAM. Kaxkaast CeKIUsl COCTOUT U3 aKTUBHBIX CTOPOH
I, pacnonararomasicsi B mazax, u Jio0oBbIx dacteil ||, mocpeacTBOM KOTOPBIX CEKIMH
COEIUHSIOTCS MEXy COOOM M MPUCOEIUHSIIOTCS K KOJJIEKTOPHBIM IJIacTUHaM. YTo-
OBl BBIMIOJIHUTH CXEMY MPOCTON METIeBO 0OMOTKH, HEOOXOIMMO 3HATH €€ MapameT-
PBL: Y1, Y2, Y — IIEPBBIA, BTOPOU U PE3YJbTUPYIOLIMM LIArK MO SIKOPIO; Y, — ILIar 1o
KoJuiekTopy. IleTneBbie OOMOTKM NPUMEHSIIOTCS B DJEKTPUUECKUX MalIMHAX, pac-
CUMTAHHBIX HA pabOTy MPHU CPABHUTEIHLHO HEOOJbIINX HANPSHKEHUSIX, HO 3HAUUTEIb-
HBIX TOKaXx.

B npocroii BonHOBOM 00MOTKE (puc. 1.6,0) Kakaas ceKuus NpUCOSTUHSIETCS K
JIBYM KOJUIEKTOPHBIM IIJJACTUHAM, PACCTOSHUE MEXKIY KOTOPBIMU COOTBETCTBYET
JBOMHOMY TOJIIOCHOMY JI€J€HHUI0. BOJIHOBBIE OOMOTKM INPUMEHSIOTCS B 3JIEKTpUYE-
CKHX MallliHaX MOBBIIIEHHOTO HANIPSDKEHUS TPU CPAaBHUTEIBHO HEOOJIBIIIOM TOKE.



2.3. XapaKkTepUCTHKH JCKTPHUSCKUX MAIIMH TTOCTOSTHHOTO TOKA.
PaccMoTpuM, XapaKTepUCTHKHU SJICKTPUYECKUX MAIIMH TIOCTOSHHOTO TOKa B
3aBHCHMOCTH OT THIIA U Ha3HAYCHUS MAITUHBI.
Ha puc. 1.7,a — T npuBeneHsl paboure U MEXaHUICCKUE XaPAKTEPUCTUKHU 08U~
eamejisi NapalenbHo20 8030YHCOEHUL.
7l
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Puc. 1.7. XapakTepucTiKke ABUTATENs MOCTOSTHHOTO TOKa MapajijieIbHOro BO30YyXk-
JICHUS.

K pabGouuMm xapakTepucTUKaM OTHOCAT 3aBUCHMOCTb YacTOTHI BpalleHHs N,
BEJIMYMHBI TOTPEOIIIEeMOro Toka | u mone3Horo (Harpy304Horo) MmomeHTa M; OT 1o-
Je3H0M MoIHOCTH P, mpu HensMmeHHbIX HanpsbkeHuu U 1 Toke Bo30yxaeHus ..

MexaHnyeckasi XapaKTepUCTHKA JIBUTATENs MPEACTABIIsIET COO0M 3aBUCUMOCTD
YacTOTHI BpalieHus sikopsi oT MomeHTa N=f(M) npu HeM3MEHHBIX HANPSHKEHUU CETH U
COTIPOTUBIICHUM IIeTH BO30YyXKAeHUS. Eciam B 1enb SKOps BBECTH JOTOJHUTEIHHOE
conpoTtusieHue R,,,, ToO MOTydeHHbIE MEXaHUUECKNE XapaKTePUCTHKH (KPUBBIC 2 U 3
Ha puc. 1.7,0) OyayT UCKYCCTBEHHBIMHU B OTJIMYUE OT €CTECTBEHHBIX XapaKTEPUCTUK
npu Ry, =0 (xpuBast 1).

EctecTBeHHass xapaKTepUCTHKA JBUTATENS MapauIeTbHOTO BO3OYKIEHUS SIB-
JSIETCS «OKECTKOM», T.K. PU M3MEHEHWH MOMEHTA Harpy3KH 4acTOTa BpAIICHUS W3-
MeHsieTcsl He3HauuTenbHO (Ha 5-10 %). MckyccTBeHHBIE XapaKTePUCTUKU JABUTATEIS
C yBeJIHUYEHUEM R, CTAHOBUTCS «MSTKUMID).

Ha Bun xapakrepuctuku nN= f(M) Brnusier Taxke BeIMYMHA MAarHUTHOTO IOTO-
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ka. Tak, mpu ymenbiieHnn noroka O, yBennunBaeTcs 4acTOTa BpAllEHUS! UEaIbHO-
ro X0JOCTOro Xoja Ny ¥ OJHOBPEMEHHO MOBbIIIAeTCss AN. DTO NIPUBOJIUT K PEIKOMY
M3MEHEHHIO KECTKOCTH MEXaHWYECKOUM XapaKTepuCTUkH (puc. 1.7,B).

[Tpu n3MeHeHun HampsbKeHUs Ha sikope auratens U u3MeHsercs dactora N,
a BenuuuHa AN ocrtaercss mocTosiHHOU. CiemnoBaTeNnbHO, JKECTKOCTh MEXaHHYECKHX
XapaKTEPUCTUK HE MEHSETCS — OHM CMENIAIOTCS MO BBICOTE, OCTaBasCh Mapaylieib-
HBIMU JpyT Apyry (puc. 1.71).

PerynupoBanue 4acTOThI BpallleHUs JBUTATeNIel MapauieIbHOTO BO30YKICHUS
OCYUIECTBJISICTCS. U3MEHEHUEM TOJIBOJUMOTO HANpsHKEHUS,, K3MEHEHHEM COIPOTHUB-
JICHUS B LEMHU SIKOPs, U3MEHEHHUEM MarHMTHOTO MOTOKA.

[TomuMoO yKa3aHHBIX CITOCOOOB PETyIMPOBAHUSA YAaCTOTHI BPAILICHUS JBUTATE-
Jeil mapayienbHOr0 BO30OYXKIEHHS, CYIIECTBYET €IIe MMIYIbCHBIA Croco0 peryiu-
poBaHMs 4acTOThl BpamieHusi. CyIHOCTh 3TOTO croco0a WILTIOCTPUPYETCS CXEMOH,
n300paxkeHHON Ha puc. 1.8,a. VI3MeHeHusa Toka B LeNu OOMOTKHU SKOpS WILIIOCTPH-
pytorcs rpadukoM Ha puc. 1.8,0.

Ha puc. 1.9 npuBenensl pabourie © MEXaHUYECKHE XapaKTEPUCTUKU Osucames
noCie008amenbHo20 8030YHCOCHUSL.

Tox B030YyxaeHus aBuratens paBeH Toky skops (1=, ), 4ro nmpumaer >TUM
JBUTATENSIM 0CcOObIe cBoiicTBa. Paboune XapakTepuCTUKH WX HEJIMHEWHBI (pHC.
1.9,a). Mexanuueckue xapakrepuctuku asurareis (puc. 1.9,0) n=f(M) takxe Henu-
HelHbl. [Ipu BBeaeHUM 100aBOYHOTO CONMPOTUBIEHUS Ry B LIENb AKOpS MeXaHUYe-
CKasl XapaKTEepPHCTHKA CMEMIAETCs, B 00JIACTh MEHBIIIUX YaCTOT BpalleHus (KpuBas 2
Ha puc. 1.9,0). PerynupoBaHue 4acTOThl BpallleHUsS B JBUTATENIE€ BO3MOXKHO TpeMs
criocobaMu: M3MEHEHUEM HAIPSHKEHUST BO30YXKICHHsS, COTIPOTUBIICHUS LIETIH SKOPS,
MarHMTHOTO MOTOKa. [IpudeM peryiaupoBaHUE 4acTOTHI BpAICHHUS M3MEHEHHUEM Ha-
NPSDKEHUS U COTIPOTUBIICHUS IIETIH SIKOPSI MPOM3BOAUTCS TakK )K€, Kak U B JBUTaTENe
napajieIbHOr0 BO30YXKICHUS.

Ulc
_‘ [}
08 o5 -_%_ 7 3
SIElBEl/ZEN
oy v [ % r%"‘s\
t, n
Foer T
a o

Puc. 1.8. UmnyIbCHOE peTyIMpPOBAHUE YACTOThI BPALICHHS JBUTATEIISI TOCTOSHHOTO
TOKa
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Puc. 1.9.  XapaxkTepucTuku ABUTATENSA MMOCTOSTHHOTO TOKA MOCJIEI0BATEIBHOTO
BO30YKICHHUSI.

JlBUrareinyd mOCTOSIHHOTO TOKa C MEXAaHHUYECKUM KOMMYTaTOPOM — KOJUIEKTO-
POM — UMEIOT Psijl CYIIECTBEHHBIX HEJOCTATKOB, OOYCIOBJICHHBIX HAIMYUEM IIETOY-
HO-KOJUIEKTOPHOTO y3J1a, YTO 3HAYUTEJIbHO OTPAHUYMBACT 00JIACTh UX NMPUMEHEHMUS,
OCOOCHHO B TSDKEJBIX YCJIOBUSIX JKCIUTyaTaluu (arpeCCUBHBIE CPEJbl, MOHMKEHHOE
JaBJIEHUE BO3yXa, TPSICKa, BUOpAIMH U T.I1.).

Jns obecrieueHus: HAAEKHON paOOThI B TSDKENBIX YCIOBUSIX JKCIUTyaTalluu B
CUCTEMaX AaBTOMATHKU MPUMEHSIOTCS OeCKOHmaKmmuvie 0suecamenu NoCMOAHHO20
MOKa, y KOTOPBIX WIETOYHO-KOJJIEKTOPHBIN y3€]1 3aMEHEH MOJIYNPOBOJIHUKOBBIM
KOMMYTaTOPOM, YTO OOECIEYMBAET BBICOKYIO HAJECKHOCTh pabOThl. beCkOHTaKTHBIE
JIBUraTeNId MOCTOSIHHOTO TOKA, KaK MPaBWJIO, COCTOAT U3 CIIEIYIOIINX OCHOBHBIX 3JIe-
MeHTOB (puc. 1.10,a): 6eckonTakTHOro npurarens (/1) ¢ omHodaszHoit 0OMOTKOM Ha
CTaTOpE W POTOPOM B BHJI€ MOCTOSHHOTO MAarHuTa, JAaTYMKA MOJIOKEHUS pPOTOpa
(JIITP), BBIpabaTHIBAIOIIETO CHUTHAJIBI YIpaBJICHUs, OCCKOHTAKTHOIO KOMMYTaTopa
(BK), ocymectnistorniero no curdanam JI[TP koMMyTariio TOKOB B 0OMOTKaX CTaTO-
pa JaBUTraTers.

I'1

BK anp

=

a 0

Puc. 1.10. BeckoHTaKTHBIN, IBUTATEIb IOCTOSHHOIO TOKA: a — OJIOK-cxema, 0 —

yyBCTBUTENBHBIN 351eMeHT TP — natunk 3/1C Xomna.

B kauecTBe MaTYMKOB MOJIOKEHUS POTOpPA MPUMEHSIOT Pa3INYHbIC YyBCTBU-
TeJbHblE OECKOHTaKTHBIE AyeMeHThl. Hanbosee nenecooOpa3Ho HMCIOJIb30BaTh J1aT-
quku DJIC Xomna (puc.1.10,0), npeacrapistonire co00il TOHKYIO MOJIYIPOBOIHUKO-
BYIO IUIACTHMHY C HAHECEHHBIMM HAa HEW KOHTAaKTHBIMU IUJIOLIAJKAMH, K KOTOPBIM
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MpUTIAsSHBI BBRIBOJIBI 1-2, MOIKIIFOYCHHBIE K UCTOYHUKY HanpsbkeHust U; , 1 BBIBOJIBI 3-
4, ¢ KOTOPBIX CHUMAIOT BBIXOJHOU curHan U,. Eciou B nienu 1-2 npotekaet 1ok | , a
JaTYNK HAXOAWTCS B MAarHUTHOM II0JIe, BEKTOp MHAYKIMK B KoTOpOro mepneHauky-
JSIpeH MJIOCKOCTH TUIACTHHBI JAaTurKa, TO B AaTunke HaBoauTcs DJIC u Ha BhIBOIAx
3-4 nosiByisieTcst HanpspbkeHue U,.

Ha puc. 1.11 npuBeneHa npuHIMIIHAIBHAS cXeMa O€CKOHTAKTHOTO JBUTATEIIS
MIOCTOSTHHOTO TOKA, JUIsl YIIPaBJICHHUS KOTOPHIM MPUMEHSIOT AAaTYUKA XOJIa U KOM-
MyTaTOp, BHITIOJHEHHBIN Ha TPAH3UCTOPaX

..
~35 ¥, o— vr2

iy
e

§W; : Vit
4
K1 il

1-Lx'-[?—'-l VT4
W N X
L~ A Y S V13
H2 K2 3 W, Wb +
S [ @2 ;

w3 L
wy i
NJ —— -

Puc. 1.11.Ilpunmunuansuas cxema BJIIIT.

UYetsipe oomoTku (a3wl aBuratens W; — W, pacrnosioskeHbl Ha SIBHOBBIPaKECH-
HBIX TOJIIOCaX MUXTOBAHHOTO cepaeuHuka craropa. Jatumnku Xomma JIX1 u X2 yc-
TAHOBJICHBI B Ma3ax MOJIOCHBIX HAKOHEUHHUKOB JIByX CMEXHBIX MOIHOCOB. CUIIOBBIE
Tpan3uctopsl VT1-VT4 paboraror B peneitHoM (kiarodeBoM) peskume. CUrHan Ha oT-
KpBITHE TPAH3UCTOPA MOCTYMAeT OT COOTBETCTBYIOIIETO JaTuuka Xosuia. [utanue
naT4uKOB XOJUTa OCYIIECTBIISIETCS OT MCTOYHMKA Hampspkenus U;. Uucino o6MoTok
cTaTopa OOBIYHO HE MPEBBINIAECT YETHIPEX, HO OHU UMEIOT OOJIBIIIOE KOJIMYECTBO BUT-
KOB U, CJIEJIOBATEIIbHO, MOBBIIIEHHYIO HHAYKTUBHOCTD.

M/M

1

05

nwn 1

Puc. 1.12. Mexanndeckue XapakTEPUCTHKU OECKOHTAKTHOTO JBUTATEIS
MTOCTOSIHHOTO TOKa
DTa 0COOEHHOCTh OTPAKACTCS HA XapPaKTEPUCTUKAX OCCKOHTAKTHOTO JBUTATE-
a1 (puc. 1.12), KoTopble B LIEJIOM CXOAHBI C XapaKTEPUCTUKAMH KOJUIEKTOPHBIX JBHU-
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raTeyiell moCcTOsSTHHOTO Toka. HemocTtaTkamM O€CKOHTAKTHBIX IBUTATENIEH MTOCTOSTHHOTO
TOKa SBJISIETCS CJIOKHOCTb YCTPOMUCTBA U BHICOKASI UX CTOUMOCTb.

B ycrpoiicTBax aBTOMaTHKM B HACTOSIIEE BpEeMs IIMPOKO MPUMEHSIOTCS
yIpaBlIIeMble 3JICKTPUUYECKUE JABUTATENIM HEOOJBIION MOIIHOCTH, MPEeoOpa3yromue
AIEKTPUUECKUIN CUTHaN (HANpsHKEHUE YIPABJICHHS) B MEXaHUYECKOE IMepeMEIECHUE.
Takue nBUrateay Ha3bIBAIOTCS UCMOJHUTENbHBIMU. K HUM NpenbsBISIOTCS MOBBI-
IICHHBIC 10 CPABHEHHUIO C OOBIYHBIMHU JBUTATENSIMU TpeOoBaHus. [lockoyibky OHHU
MIPUMEHSIOTCS OOBIYHO B CIIEISANIUX CUCTEMAX, TO JJII HUX XapaKTEPHBI YaCThIC ITyC-
KU, OCTAaHOBBI, PEBEPCHI.

YacroTra BpalleHusl 3TUX JBUTATENIEH, KaK MPAaBUIIO, HEBEIIMKA U 3HAKONEpe-
MEHHA, TI03TOMY MX HE CHAOXXaroT BEHTWIATOPOM. J[J1s1 COKpalieHuss BpeMEeHH Tiepe-
XOJIHBIX MPOLIECCOB HUCIOJIHUTENIbHBIE ABUTATEIN BBINOJHIIOTCS MAJIOWHEPLUHOHHBI-
MU. OCHOBHBIMH TPEOOBAHUSIMU, MPEABSIBISIEMBIMU K 3TUM JIBUTATEISIM, SBISIOTCS
CJIeIyIOIIHE:

— IIMPOKUH AUANa30H PEryJIMPOBAHUS YACTOTHI BPAILICHHUS;

— JIMHEHHOCTh PETYJIUPOBOYHBIX U MEXAHUUECKUX XapPAKTEPUCTUK;

— OOJIBIION MyCKOBOW MOMEHT;

— MaJsasi MOITHOCTh yIPaBJICHUS;

— OBICTPOJEHCTBUE;

— HaJEKHOCTh B paborte;

— MaJyible TabapuThl U Macca.

Pa3nuyaroT MCHOJHUTENbHBIE JIBUTATENHN MOCTOSHHOTO TOKAa C HE3aBHUCHUMBIM
BO30YXJIEHHEM WJIM ¢ BO30YXK/IEHHEM OT TTOCTOSIHHBIX MarHuToB. [Ipu He3aBUCMMOM
BO30YXKJIeHHUH 0OMOTKa BO30YK/ICHHS TTOCTOSIHHO MOJIKJIFOYEHA K CETH, a Ha 0OMOTKY
VIOPABJICHHUS] CUTHAJ TIO/IAaeTCsl, Korja HeoOXoIuMOo BpaleHue Baja. B 3aBucumoctu
OT TOTO, HA KaKyr0 OOMOTKY TOJIal0T YIPABISAIONINI CUTHAJ, pa3InyaloT JIBa criocoba
yYIpaBJIECHUS UCTIOJIHUTENbHBIMU ABUTATEISIMU: IKOPHOE U notocHoe (puc.1.13).

JI71s1 MCTIOTHUTENBHBIX ABUTATENIEH C TOCTOSTHHBIMU MarHUTaMy YIIPaBJISIFOLIAN
CUTHAJI MOJAI0T HAa 00OMOTKY sikopsi. Koadduument curnana ans nBurarenei ¢ sskop-

U o
HBIM YIMPaBICHUEM « =U—y. Jlns nBurareiie, ¢ IOCTOSHHBIMH MarHHTaMH
6
a= y . Korna nanpspxenne U,=0, Tok B 0OMOTKe SKOpS Iy ¥ BpalatOIIUi MO-

Urom
MEHT JBUTaTEeNss M paBHBI HYJIIO, a, CJIEIOBATEILHO, CAMOXO0,T HCKITFOYaeTCS.

Puc. 1.13. CxeMbl BKJIIOUEHHUS IBUTATEICH MOCTOSTHHOTO TOKA P SAKOP-
HOM (@) ¥ MOJIFOCHOM (0) yrpaBiieHUH
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N3smensas Uy, MOXHO peryImpoBarh 4aCTOTY BPALICHUS JBUATATENsA. Y PABHEHUE

MEXaHUUYECKOM XapaKTEPUCTUKH UMEET BHU]I
m=a—V (1.9

rac M — OTHOCUTECIIbHOC 3HAYCHUC MOMCHTA, M = —— |
M é
n

V — OTHOCHTECJIbHAsA 4aCTOTa BpalllCHUA, V =—,
n

ox

M, — MOMEHT, pa3BUBaEMbIil JBUTATENIEM MPHU YacToTe BpaimieHus N = 0 u Ko-
s dunrente curnana o=1.

Ncx — YACTOTA BPAILLEHUS XOJIOCTOrO X0/4a ABUraTens npu a=1

U3 (1.9) cnenyer, uTo MEXaHMYECKUE XapaKTEPUCTUKHU JBUTATEIIS TIPU pa3iiny-
HBIX 3HAYCHUSIX O JUHEHHBI U napauienabHsl (puc. 1.14,a). PerynupoBounbie xapak-
tepuctuku (1.10)

V=a—m (1.10)
MIPU Pa3IUYUAX 3HAUYCHUSAX M TaKXkKe JIMHEWHBI U napajiiesbhbl (puc, 1.14,6),

B nBuraresne ¢ moJitOCHBIM yIPaBICHUEM HAIPSKEHHUE YIPABJICHUS MOJIAI0T Ha
O0OMOTKY TJIaBHBIX MOJOCOB. UTOOBI OTPaHUYMTh TOK SKOPS iy, pu N=0 B ero Iemb
BKJIIOYAIOT JIOMOJHUTEIbHBIA PE3UCTOP [,,5. PerynmpoBaHHe 4acTOThl BpalleHUs
OCYIIECTBIIACTCA TTyTEM N3MEHEHHs HANPKEHUA yNpaBieHnaU . =al, , T.¢. U3MeHe-

HHMCM MAar"duTHOI'O IIOTOKa ABUIATCIIA. YPaBHeHI/IC MEXaHUYECKOH XapaKTCPUCTHUKH
ABUI'aTCJIA C ITOJTIOCHBIM YIIPABJICHHUCM UMCCT BU/I:

m=a—a’Vv
m A}
08 08
0.6 N : 1-o0=1 0.6 | 1-m=1
0.4 N 2-a=0,75 0 X 2—m=0,75
02 NN 3-a=05 02 % 3-m=05
NN N 4 - 0=025 4-m=025
0 92 04 06 08 V o= 0 02 0406 08 @ '
a §)

Puc. 1.14. MexaHnnueckre U peryJMpoBOYHbIE XaPAKTEPUCTUKH IBUTATENS IPU
SKOPHOM YTIpaBJIEHUU

MexaHuveckue XapakTepUCTUKU TAKXKe JTUHEHHBI, HO B OTJIMYME OT JBUTATENS
C IKOPHBIM YIPABJIEHUEM KECTKOCTh MX IPU U3MEHEHUU (X HE OCTAETCsl MOCTOSHHOM
(puc. 1.15,a). YpaBHEeHHUE PETyTUPOBOYHON XapaKTEPUCTUKUA UMEET BU/I;

v=(a—-m)/a’ (1.12)

N3 ypaBHenus (1.12) BUIHO, 4TO PEryIUPOBOYHBIE XaPAKTEPUCTUKU JIBUTaTe-

JIs ¢ TIOJIIOCHBIM YITpaBJICHHEM HeJmHeHHbI (puc; 1.15,0).
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Puc. 1.15. Mexannueckue U peryjJupoBOYHbIC XapaKTEPUCTUKH JIBUTATESA
C TIOJIFOCHBIM yIIPaBJIECHUEM

Cpenu reHepaTopoB MOCTOSIHHOTO TOKa HAHOOMBIIMA MHTEPEC MPECTABISIOT
TaxoreHepaTopbsl. OHU TMpeAHa3HAYEHBI IJIsl MPEe0Opa30OBaHUs MEXAaHUYECKOTO Iepe-
MEILICHHS B dJIEKTpUuueckuid curHan. OCHOBHOE TpeOoBaHue, MPEAbSIBIIEMOE K TaXo-
TEHEpPATOpPaM, JIMHEUHOCTh BBIXOJHOW XapaKTEPUCTUKH

U —kn=k3% (1.13)
dt

rae U, — BBIXOJIHOE HaNpsKEHUE TaXOreHepaTopa, N - 4acToTa BpallleHUus po-
Topa, K — k03 pHULIHEHT MPONOPIMOHATIEHOCTH; & — YT'OJI TOBOPOTA.

TaxoreHepatopbl UCMOJB3YIOTCS JJISI Pa3IUYHBIX LEJIeH: U3MEPEHUST YacTOThI
BpAIllCHUs], OCYIIECTBJICHUSI OOpaTHOM CBS3U MO CKOPOCTU B CHCTEMaxX aBTOMAaTHUYe-
CKOT'O PEryJMpOBaHUs, BBIIIOJHEHUS 3JeKTpuueckoro nuddepenuuposanus (1.13) u
MHTETPUPOBAHUS B CXEMaxX CUYETHO-PEIIAIONINX YCTPONCTB. TaxoreHeparopsl MoCTo-
SSHHOTO TOKa MMEIOT He3aBHCHMOE B0O30ykaeHue (puc. 1.16a) mam Bo30yKIeHHE OT
MMOCTOSIHHBIX MAarHUTOB.

iy i
Ure 3
G

!! .
L . |
L ] 8\ /| Pmin .

Ry Ui

a 0
Puc. 1.16. Taxoreneparop MOCTOSTHHOTO TOKA

3aBUCUMOCTh HamNpsDKEHUs Ha BbIXOJe TaxoreHeparopa U,. OT 4acToThl Bpa-
IICHUs N HA3bIBAETCS BHIXOIHOW XapakTepucTukoi (puc. 1.16,0). Bennunna k=U,,./n
HA3bIBAECTCA KPYTU3HOW BBIXOJHOM XapaKTEPUCTUKU. Y COBPEMEHHBIX TAXOTE€HEPATO-
pPOB 3HaueHHe KpyTus3HbI coctapisieT 3...300 mB/o6/Mun. KpyTrsHa BeIXOgHON Xa-
PAKTEPUCTHKH 3aBUCUT OT CONPOTHUBIICHHS HArpy3ku Iy, [Ipu r, = o Kk umeer Hau-
Oonpiniee 3HaueHue (mpsimas 1, puc. 1.16,6). C ymeHbIIeHUEM I, YMEHBIIIACTCS BEJTH-
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ynHa K (ipsimas 2, puc. 1.16,0).

3a cueT najieHus HAMpPsHKEHUsI Ha MIETOYHOM KOHTAaKTe y TaxoreHepartopa Io-
SBJISIETCS 30HAa HedyBCTBHUTENbHOCTH &, Tae U, = 0 (mpsmas 3, puc. 1.16,6). Eciu
MarHuTHasl CHCTEMa TaxOTeHepaTopa HACKHIIICHA M COMMPOTUBIICHUE HATPY3KH I, HEBe-
JIMKO, BBIXOJIHAS XapaKTEPUCTUKA OTKJIOHSETCS OT JIMHEHHOH (ripsimast 4, puc, 1.16,0)
3a CYET pa3MarHUYUBAIOIIETO JCHCTBUS SKOPAI.

3. ConeprkaHue oTyeTa
B oTdere MOKHBI OBITH MPUBEACHBI KOHCTPYKTUBHBIE CXEMBI DJICKTPUICCKUX
MAaIllMH TOCTOSTHHOTO TOKa, YKa3aHHBIX B M. 1.1, omucaHwe mpuHIMNA ICHCTBUS U
0COOCHHOCTEHW (PYHKIIMOHUPOBAHUS YCTPOWCTB, TaOIHMIIBI HOMHUHATBHBIX JKCILTyaTa-
[IMOHHBIX TTAPAMETPOB, TPOBEJICH aHAJIN3 OCOOEHHOCTEH KOHCTPYKIHMM U HOMUHAJb-
HBIX 3HAYEHUN SKCIUTyaTallMOHHBIX MapaMeTPOB MU OCHOBHBIX XapaKTEPUCTHK DJICK-
TPUYECKUX MAIIMH Pa3TUYHOT0 (PYHKIIMOHAIBHOTO Ha3HAYCHHUSI.
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Jlabopamopnasa paboma Ne 2

M3VUYEHUE KOHCTPYKIIUN U XAPAKTEPUCTUK SJIEKTPOMEXAHHU-
YECKUX CUCTEM C UCITIOJIHUTEJIbBHBIMU YCTPOUCTBAMMU I1EPE-
MEHHOTI'O TOKA

[Iporpamma paboThI

1. TeopeTudeckue UCCieI0BaHUS

1.1. U3yunth KOHCTPYKIIMH, COCTABUTh KOHCTPYKTHUBHBIC Y MPUHUMUIHATHHBIC
CXEMbI MCHOJIHUTENbHBIX ABurareneu cepuu MO, 2ACM, JIAT, YA, OM, AJII,
JIN ]I, TaxoreneparopoB cepuit AT, TT, TJ[-2, TaxoOMeTpUUECKUX arperaroB Cepuu
JI'; Bpamatrommxcst TpanchopmaropoB u cenbcuaoB BT, BTM, BC, CTCM, CC, 3/,
JC.

1.2. TTosib3ysACh CIIPAaBOYHBIMU TAHHBIMHU, ONIPEICIIUTH HOMUHAJIbHBIC 3HAYCHUS
AKCILTyaTallMOHHBIX NTApaMETPOB MAIIIMH. Y CTAHOBUTH CBSI3b KOHCTPYKTUBHOM CXEMBI
MAIIIUHBI ¢ €¢ (PYHKIIMOHATLHBIM Ha3HAYEHHUEM.

1.3. O3HaKOMHUTBCS ¢ KOHCTPYKIMSIMU U CXeMaMU OOMOTOK JJIEKTPUUYECKHUX
MAaIlIMH [IEPEMEHHOT0 TOKa.

2. llosicHeHus U yka3aHus K padbore

2.1. AcunxpoHHbIe MalllvHbl. Ha3HaueHue, yCTpOUCTBO U MPUHITUI ACH-
CTBHSI aCUHXPOHHBIX MaIllUH

ACHUHXpOHHBIE MAaIlIMHBI — HauboJiee PACIPOCTPAHCHHBIC AIEKTPUUECKHE Ma-
muHbl. OCOOCHHO MIMPOKO OHM HCHOJIB3YIOTCA Kak dJeKkTpojBurarenu. Ha poso
ACMHXPOHHBIX JABUTaTener npuxoautcs He meHee 80%, BCEX ANEKTPOABUTATENEH,
BBIITYCKAEMBIX JIEKTPONPOMBIIIIIEHHOCTHI0. OHU HIMPOKO UCIOIL3YIOTCS B YCTPOM-
CTBaX aBTOMATHKHU, OBITOBBIX U MEIUIIMHCKUX MpUOOpax, yCTPOMCTBAX 3BYKO3AMUCH
u 1.1. [llupokoe pacrpocTpaHeHrne aCHHXPOHHBIX JBUTATENel 0OBICHICTCS MPOCTO-
TOW WX KOHCTPYKIIMM, HAJIEKHOCTHIO B pabOTe, XOPOIIMMH SKCIUTyaTallMOHHBIMH
CBOMCTBaMHM, HEBBLICOKOW CTOMMOCTBIO M MPOCTOTOM B 0OCTykMBaHuH. B Hacrosiiee
BpeMs TOSBUJIOCH OOJIBIIIOE KOJMYECTBO PA3HOBUAHOCTEH M MOuUKAIUN acHH-
XPOHHBIX MAlIWH, B YaCTHOCTH, ACUHXPOHHBIE UCIOJHUTEIIbHbIC JBUTATEIHU, TaXOre-
HEpaTOpPhl, CETLCUHBI, Bpalllalomuecs TpaHchopMaToOpsl U Jp.

OCHOBHBIM YaCTSIMHU JHOO0T0 aCHHXPOHHOI'O JBHUTaTens sBisercs (puc. 2.1):
HETIOJIBM)KHAS YacTh 1, Ha3piBaeMasi CTaATOPOM, M Bpalllaroliascs 4acTh 2, Ha3bIBae-
Masi potopoM. CTaTop U pOTOP pa3iesIeHbl BO3AYIIHBIM 3a30POM, BEJIMUMHA KOTOPOTO
n3Mensiercs B nuanaszone 0.1 ...1,5 MM B 3aBUCMMOCTH OT MOIIHOCTH MamuHbl. Kop-
IyC MalllMHbI 3 U3rOTABIMBAIOT U3 CTAW WU amtoMuHusg. CTaTOp MaIluHBI BBITIOJ-
HSETCS IIMXTOBAHHBIM W3 JIUCTOB DJICKTPOTEXHUYECKON CTaju, YTO YMEHbIIIAET TO-
TepU Ha BUXpEBbIC TOKU. JIMCTHI makeTa cTaTopa ImramMnyroTces TojumHon 0,35 umu
0,5 MM ¥ UMEIOT Ha BHYTPEHHEW CTOPOHE Ma3bl, B KOTOPHIE YKIAJBIBAIOT OOMOTKY
cratopa. JIuctel ctanm nepea cOOpKOU B MaKeT U30JIUPYIOT, TOKPBIBAS CIIOEM JIaKa.
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Puc. 2.1. HpI/IHHI/IHI/IaJ'ILHa}I CXCMa ACMHXPOHHOI'O ABHUI'aTCJIA

[Ta3wl cTaTopa MOTYT OBITH OTKPBITBIMH, MOTYOTKPBHITHIMUA WU TOJTY3aKPHIThI-
Mu (puc. 2.2,a). B MammmrHax Manaoi MOITHOCTH MIPUMEHSIIOTCSI TIOJTy3aKPhIThIC Ma3bl.

Puc. 2.2. ®opma na3oB cTatopa U poTopa.

PoTop acuHXpoHHOro ABUraresnsi OOBIMHOTO MCIIOJHEHHS MPEACTaBIsET cO00i
HaOpaHHBINA U3 IITAMIOBAHHBIX JTUCTOB ANEKTPOTEXHUUYECKOMN CTAIN CEepJICYHUK C Ma-
3amu. B 3aBUCHMMOCTH OT TOKa OOMOTOK POTOpPHI ACUHXPOHHBIX JABUTATENICH ACNATCS
Ha KOPOTKO3aMKHYThI€ U (a3Hble. B mMammHax Manoi MOIIHOCTH OOBIYHO MPUMEH -
0T KOPOTKO3aMKHYTBIE POTOPHI, B Ma3aX KOTOPBIX PACIONIOXKEHBI MEHbIE WU aJlto-
MUHHEBBIE CTEP)KHHU, COEIMHEHHbIE C TOPLOB KOPOTKO3aMBIKAIOIIUMHU KOJIBLIAMU
(puc. 2.3 a,06). OOMOTKa B 3TOM ciyyae uMeeT BuJ Oennubed kineTku. Popma mnas3os
poTopa MOXKeT ObITh caMoil paznmuuHoil (puc. 2.2,0). B nuratensx ¢ ¢ha3HbiM poTo-
pOM poTop uMeeT Tpexda3zHyro 0OMOTKY, C TaKHUM K€ YHCIOM IOJIOCOB, YTO U 00-
MOTKa cTaropa. OOMOTKY pOTOpa COECIMHSIOT MO CXEME «3Be3/1a», TPH KOHIIA KOTO-
PO BBIBOST K TPEM KOHTAKTHBIM KOJIbIIaM, BPAIIAOIIMMCS BMECTE C BaJOM Malllu-
HBI

ACHHXPOHHBIE UCTIOJTHUTEbHBIC JIBUTATEIN YaCTO MUMEIOT IMOJbI HEMarHUT-
HBIl pOTOP, KOTOPBIM BBITIOJIHSIETCS] B BU/IE TOHKOCTEHHOTO aJIIOMUHUEBOIO CTaKaHa
U He uMmeeT cepaeuHuka (puc. 2.3 B, r). Takas KOHCTPYKIUSI 00J1ajaeT MaJIbIM MO-
MEHTOM MHEPIIMU U 00eCcleurnBaeT BeChMa IIEHHOE CBOMCTBO — OBICTPOICHCTBHE. DTU
JBUTATENIM BBITYCKAIOTCS MOILIHOCTBIO OT JI0JIEH 0 COTEH BaTT, KaK Ha MPOMBIIIICH-
HYI0, TaK M Ha noBsileHHbIe YacToThl — 400, 500, 800 u 1000 I'u. BHyTpenHuii cra-
TOP CIYKUT JIJISi YMEHBIIEHUS] MAarHUTHOTO COMPOTHUBIICHUSI Ha MyTH paboyero mar-
HUTHOT'O TIOTOKA.
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Puc. 2.3. AcuHXpOHHBIE ABUraTeNU: ¢ Oenuubel KiieTkoi Ha porope (a, 6, rae 1 —
oOMOTKa cTaropa, 2 — Kopmyc, 3 — cratop, 4 — potop, 5 — Oenuubs KieTka, 6 —
MOIIUITHAKOBBIN ITUT), C TIOJIBIM HEMAarHUTHBIM POTOPOM (B, T, rae 1 — kopyc, 2 —
BHEIIIHUI CTaTOp, 3 — BHYTPEHHHH cTaTop, 4 — 00MOTKa cTaTopa, 5 — MmoJjIblii He-
MarHUTHBIA POTOP, 6 — MOIIMITHUKOBEIH IINT), ¢ pa3HBIM poTopoM (T, Te 1 — 00-
MOTKa CTaTopa, 2 — CEpACYHUK CTATOpa, 3 — KOpITyC, 4 — CEpACUHUK pOoTOpa, S —
obMoTKa poTopa, 6 — BaJl, 7 — KoJibIla, 8 — MyCKOBOW PEOCTAaT; 1l — CXeMa BKIIF0Ye-
HUST)
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Hapsny ¢ nBuratensiMu, UMEIOLIIMMH I0JIble HEMAarHUTHBIE U KOPOTKO3aMKHY-
ThIe pOTOpHI (puc. 2.3), B KAYECTBE UCIIOTHUTENIbHBIX U CUJIOBBIX JBUTATENEH MIpUMe-
HSIOTCS IBUTATENU C MOJBIMU (pepPOMAarHUTHBIMU poTopamMu. CTaTOphI TAKUX JBUTA-
TeJe HUYEeM He OTIMYAIOTCSA OT CTATOPOB JABYX(a3HBIX ACHHXPOHHBIX MalINH, a PO-
TOP BBIMOJHAETCSA B BUAE MOJIOTO (DEPPOMATHUTHOTO LMIUHAPA, KOTOPBIA YKpEIIs-
€TCsl Ha Bajy C MOMOIIBIO ABYX WJIM OJHOW METaINTMYecKuX Mpobok. Tak kak poTop
(beppOMarHuTHBIA W MArHUTHBIA MOTOK 3aMBIKAETCS HEMOCPEACTBEHHO IO POTOPY,
OTIIaJaeT HEOOXOIMMOCTh BO BHYTPEHHEM CTaTOPE.

PaccMoTpuM mpUHIAI JEHCTBUS ACUHXPOHHOTO JIBUTATENs Ha IPUMEpE TpeX-
(da3zHoro BUraTeNs ¢ KOPOTKO3aMKHYTOH 0OMOTKON potopa. Ha cratope Tpexdas-
HOM MAaIllMHBI PACHOJIOKEHBI TPU CMELIEHHBIE APYTI OTHOCHUTENIBHO Apyra Ha 120 s
rpaaycoB oOMOTKU. Toku (a3 CABUHYTHI APYT OTHOCUTENIBHO ApPyra BO BPEMEHH HA
1/3 nmepuoma. B pe3ynprare co3naercs Bpalllalolleecs MarHUTHOE IOJIe, 4acToTa
BpAILEHHs] KOTOPOT0, WJIK CHHXPOHHAs 4aCcTOTa

60 f
n, = : (2.1)
p

rae f; - yactora mUTArOIIETO TOKA; p - YHCIIO Map MOJICOB OOMOTKH CTATOpA,
OIIpEAEIAETCS NIMHOM 11ara OOMOTKHU M CXEMOU €€ COSUHEHMS.

Ecnu poTop HENOJBHKEH WUJIM 4acTOTA €r0 BpallleHUs] MEHbLIE CUHXPOHHOM, TO
Bpalllalollieecss MarHUTHOE TOJI€ MepeceKaeT MPOBOJHUKH OOMOTKH pOTOpa U UHAIY-
LUPYET B HUX 3.1.C., HAIIPABJICHUE KOTOPON OMPENEIAETCS MPABUIOM IPABOW PYKHU.
Ha npoBoAHMKHN ¢ TOKOM, paclojIOKEHHbIE B MATHUTHOM MOJIE, JEHCTBYIOT JIEKTPO-
MAarHuTHBIE CUJIbI, HAPABICHUE KOTOPBIX ONPENEISAETCS MPABUIIOM JIEBOM pyKHu. Ec-
JI1 MOMEHT 3TUX CHJI IOCTATOYHO BEJIUK, TO POTOP IPUXOAUT BO BPAIICHUE U €0 yC-
TAHOBHUBILASACS YAaCTOTAa BPALIEHUS Ny COOTBETCTBYET YCIOBHUIO PAaBEHCTBA AJIEKTPO-
MarHuTHOr0O MOMeHTa TopMo3HOMY, M=My;. TopMO3HOI MOMEHT CO31aeTCsl BHYT-
PEHHUMU CUJIAMH TPEHUS U CHJIaMU Harpy3Kd MeXaHHW3Ma, PUBOJUMOTO BO Bpalle-
Hue. Takoil pexuM paboThl HA3bIBAETCS JBUraTeabHbIM. OTHOCUTENBHYIO Pa3HOCTb
4acTOT BpaUIEHUs] MArHUTHOTO MOJISl M pOTOPA HA3bIBAIOT CKOJIbKEHUEM

S _Nn-ny (2.2)

nl

YacTo CKOJIBKEHHE BBIPAXKAIOT B TporieHTax. OUueBUIHO, YTO B ABUTATEIHLHOM
pexume 1>S>0.

Ecnu poTop acHHXpOHHOW MalllWHBI Pa3orHaTh, HAPUMED, C TOMOIIBIO JBUTA-
TeJsl, 10 YaCTOThI OOJbIIE CHHXPOHHOM, TO aCHHXPOHHAs MallliHa MEepeiieT B reHe-
paTopHbIii pexum, mpu 3ToM S<O . Ecnin u3MeHuTh HallpaBiIeHUEe BpalleHUs poTopa
(MM MarHUTHOTO T0JIA) TaK, YTOObI MArHUTHOE TOJIE M POTOP BpAIIAJIUCh B MPOTH-
BOIIOJIOKHBIX HANpaBlIECHUSIX, TO MalIMHa OyIeT MOJydyaTh U3 CETH aKTHUBHYIO MOII-
HOCTh. OJIHAKO B 3TOM Ciy4ae 3JIEKTPOMATrHUTHBIH MOMEHT M HampaBlieH MPOTUB
BpallleHUsI POTOpa, T.€. SBISETCS TOPMO3SIIUM. DTOT PEKHUM HA3BIBAIOT PEKHUMOM
AIIEKTPOMArHUTHOTO TOPMOKEHHUSI, 1 Hero N,<0, S>1.

Takum 00pazoM, xapaKTepHOW 0COOEHHOCTHIO ACHHXPOHHOUW MAITMHBI SBJISET-
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Csl HAJIMYMEC CKOJIbXKCHMS, T.€. HCPABECHCTBO YaCTOT BpalICHHUA N U Ny. HOBTOMy Ma-
IIWMHY HA3bIBAIOT aCHHXpOHHOﬁ.

2.2. MexaHN4eCKrEe XapaKTEepUCTUKNA ACUHXPOHHBIX JIBUTaTENEeN

Yamie Bcero CBOWCTBA aCHMHXPOHHBIX JIBUTATENIEW OLIEHUBAIOTCS 3aBUCHMO-
CTBIO YaCTOThI BpallleHHs pOTOpa Ny OT Bpamiaromero Mmomenra M, n, = f(M)  uwm
M=f(n,). Muorma sta 3aBucuMocTh BhIpakaeTe B Buae M=f(S) mmu M=f(v), rue
v=ny/ny. Ilpu 3TOM

s=™h 4, 2.3)
nl

Mexannueckas xapaktepuctuka (puc. 2.4.a, 0, B) UMEET MaKCUMAJIbHBIA MO-
MEHT IpHU YacToTe BpameHus N,~0,8...0,9)n;, npu 4dactoTe BpamieHus N,=N; Bpa-
maromuii MoMeHT M=(), a ipu N,=0 ompenensieTcst MyCKOBOW MOMEHT, KOTOPBIi CO-
ctaBnseT M;=(0,3...0,7)Mmpax.

H
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Puc. 2.4. MexaHnueckue XapakTepUCTUKA aCHHXPOHHON MalllMHbI

CkoJbkeHune, Ipu KOTOPOM MOMEHT UMEET MaKCUMaJIbHOE 3HAUYEHNE, HAa3bIBa-
€TCSL KPUTHUECKUM, S,

2.3. CriocoOb! yrpaBieHUs UCTIOJTHUTEIbHBIMU JIBUTATEIISIMH.

ACI/IHXPOHHBIG HUCIIOJIHUTCIIBHBIC IBUTATCIIN, NPUMCHICMBIC B YCTPOﬁCTBaX
ABTOMATHKU, SABJIAIOTCA YIIPABJIISICMBIMU. ['maBHBIM 06p2130M 9TO I[BYX(i)aBHBIe JABUT'a-
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TEJIH C MOJIBIM HEMarHUTHBIM poTopoM (puc. 2.5,a). OxHa u3 0OMOTOK cTaropa, 00-
MOTKa BO30YXKICHUS, MOJKIIOYAETCS K CETH MEPEMEHHOI0 ToKa ¢ HanpsokeHuem U,
K oOMoTKe ynpaBiieHust cTaTopa MOABOAUTCA HampsbkeHue ynpasieHus U,. Paznu-
Yal0T TPU OCHOBHBIX croco0a YIpaBieHHsS YacTOTOM BpAIICHUS HCIIOJHUTEIHLHOTO
JABUraTels: aMILUTUTYAHbIHN, (Da30BbIiA, aMILTUTYAHO-(a30BbIH.

[Ipy aMIIUTYAHOM YIpaBICHUH U3MEHSETCS TOJBKO aMIUIMTYIa HANpsHKEHUS
ynpasnenus Uy. BexkTopsl HanpsbkeHU# ynpaBieHHs U BO30y:KAEHHs IPU BCeX 3Ha-
yeHHsAx HanpsokeHus U, obpasyrot yromn 90° (puc. 2.5,0).

Hanpspkenue ympaBieHHss OOBIYHO BBIPAXKAIOT B OTHOCHUTEIBHBIX €IUHHUIIAX
kak otHomienue U, x U,, IpuBEeIEHHOE K YMCTy BUTKOB OOMOTKH YIIPABJICHUS

o= (2.4)
Us
rae k=W, /W, - kosdduument tpanchopmanmn.

Benuuuny «,Ha3piBatoT 3PGEeKTUBHBIM KO3(PUIIMEHTOM CHUTHajla YIpaBlie-

HUSIL.

dazoBoe ynpasieHHE XapaKTepHO TeM, 4To Uy 0CTaeTcss HEM3MEHHBIM 110 Be-
avuuHe ¥ paBabiM - U, /K | a peryaupoBaHue 4acTOTHI BPAILICHUS JOCTUTACTCS IyTEM
U3MEHEHUs yria casura a3 ¢ Mexnay Bekropamu U, u U, (puc. 2.5,8). IIpu ammun-
TyIHO-()a30BOM YMPABICHUH MU3MEHSIOTCA KaK aMIUIUTY/Aa, Tak U Yrojl casBura ¢as
mexay U, u U,.

o —
A Uy
vy
u,‘li : ,
/2
Uy
C}
a § B

Puc. 2.5. JIByx(da3Hblif aCHHXpOHHBIN JBUTATENb C TTOJIBIM HEMArHUT-
HBIM POTOPOM
Ha puc. 2.6 npuBeqeHbl MEXaHUYECKUE U PEryJIUPOBOYHBIE XAPAKTEPUCTUKU
JBUTATEN C aMIUTUTYAHO-(a30BbIM ympaBieHUeM. J[OCTOMHCTBAaMU aMILIUTYIHO-
(a30BOTO YIPABIICHUS SIBJISIETCS CPAaBHUTEIbHAsI MPOCTOTA CXEMbl M BO3MOXKHOCTH
MOJIyYE€HUS 3HAYUTENbHBIX ITYCKOBBIX MOMEHTOB.
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Puc. 2.6. XapakTepuCcTUKH ¢ aMIUTUTYIHO-(a30BbIM YIIPABICHUEM.

[ToMUMO TIEpEUHCIICHHBIX BHIIIE CIIOCOOOB YIIPABICHUS aCHHXPOHHBIMH JIBH-
raTeJsIMH 71 Tpex(das3HbIX JBHUTATEICH MPUMEHSIOT €Ille ABa Crocoda: peryanpoBa-
HUE YaCcTOTHI BPAIICHUS U3MEHEHHUEM YacTOTHI TOKA B CTATOPE W M3MCHCHHUEM YHCIIa
MOJII0OCOB OOMOTKH CTaTopa.

YacToTHOE peryJMpoBaHHE OCHOBAHO HAa M3MEHEHHH CHUHXPOHHOW YacTOTHI

60 f
BpanieHusi n=—-21. J[Ji1 OCyIIeCTBICHUSI ATOTO CII0C00a peryIupoBaHusl HEOOXOAUM
p

VMCTOYHUK IUTAaHMS JBUraTesl NMEPEMEHHBIM TOKOM C PEryJIMPyeMOM 4acToTou. B
Ka4eCTBE TAKMX MCTOYHUKOB MOTYT IPUMEHSATHCS AIEKTPOMAIIMHHBIE WM MTOJTYTPO-
BOJHUKOBBIE IIPEOOPA30BATENH YACTOTHI.

PerynupoBaHue 4acTOThl BpalleHHUs W3MEHEHHEM YHCia MOJIFOCOB OOMOTKH
cTaTopa JaeT CTYNEHYaTyl0 PeryaupoBKy. M3MeHATh YiCIlIO MOII0COB B OOMOTKE CTa-
TOpa MOXHO JIMOO YKJIaJKOW Ha CTaTope AByX OOMOTOK C Pa3HbIM UHCJIOM IOJIIOCOB,
00 YKIIAIKOW OJJHOM 0OMOTKH, KOHCTPYKIIMSI KOTOPO TO3BOJISIET ITyTEM MEPEKITIO-
YEHUs KaTYLIEYHBIX TPYIII [0Jy4aTh Pa3IMYHOE YUCIIO MOI0coB. Ilocneanun cmo-
co0 MoTy4rJ1 HauOoJIbIlIee MPUMEHEHUE.

2.4. BBICTPOAEHUCTBHAE UCITOTHUTEIIBHBIX IBUTATEIICH

Bpems pa3roHa UCIOIHUTEIBLHOTO JBUTATENS ONPEAEIAETCS TIaBHBIM 00pa3oM
AJIEKTPOMEXAHUYECKMMHU TMPOIIECCaMU, T.K. W3-3a OOJILIIOr0 aKTUBHOI'O CONPOTHBIIE-
HUS POTOPA AJIEKTPOMArHUTHBIE MPOLIECCHl OYEHBb OBICTPOTEUHBL. OOBIYHO OBICTPO-
JNEUCTBUE JNBUTATENS XapAKTEPU3YET €ro JICKTPOMEXAHUYECKAS] TTOCTOSIHHASA BpEMe-
Hu T7,,, KOTOpas MPUMEPHO Ha MOPALOK BBILIEC JIEKTPOMArHUTHOU IIOCTOSIHHOW Bpe-

L .
MEHU T, = R’ 00yCJIOBIICHHOM MHJIYKTUBHOCTBIO IBUTaTensl. 3Hauenue 7, onpenens-

€TCsl M3 YCJIOBUM pa3roHa poTopa ABUTATEIS MPU CTATUUYECKOM MOMEHTE Ha Bally
M_.,,=0. IIpu 5TOM ypaBHEHHUE, OMUCHIBAIOIIEE MPOIECCH B MEXAHMYECKOW TMOICHC-
TEME

199 v — (2.5)
dt
HpI/IHI/IMaeT BU
399 _ (2.6)



24

rac J — MoMeHT HHCPIWH Bpallatonuxcs Macc. I[J'IH NACATIM3UPOBAHHOTO ABUTATCIIA
JIMHCHHAs MEXaHUYECKas XApPAaKTCPUCTHKA UMCCT BUJ]

M=M 1-2) (2.7)

0
rne M, — IyCKOBOH MOMEHT, q — YTII0Bask CKOPOCTh XOJIOCTOTO XO/1a.
Torna c yuetom (2.7) ypaBHenue (2.6) MOKHO TIpeoOpa3oBaTh K BHIY

do o,-o

2 2.8
dt T, (2:8)
rae
Jo
T, =—" 2.9
o 29)
PemnB ypaBHenus (2.8), moiayuum
o=a,l-e) (2.10)
ypaBHEHUE KPUBOM pa3roHa asuratess (puc. 2.7).
wu‘-———-rnuu
: L
I -
vk %
i | (oo,
| J| 1 i
tNOH t

Puc. 2.7. Kpuas pa3roHa UCIIOJHUTEIIBHOTO IBUTATEIIS.
YTroBas CKOPOCTh BpaIICHHs (» aCUMITOTHYECKH CTPEMUTCS K YCTAaHOBHUBIIIC-
MyCsl 3HQUEHUIO g, Tipu t=T,,,, o= a)o(l-e'l)=0, 633 wo. CnenoBarensHO, T,,, MOXKHO
paccMaTpuBaTh KaK BpeMs pa3roHa ABUTATENS 10 YIJIOBOW CKOPOCTH, COOTBETCT-
Bytrouiei 0,633 wy.

2.6. ACUHXpOHHBIN TaXOT€HEPATOP
ACHHXPOHHBIN TaxOTe€HEPATOp MOJ0OHO TaXOT€HEepaTOpaM MOCTOSHHOTO TOKa
MPUMEHSIOT B MEXaTPOHHBIX CUCTEMAaX ISl MpeoOpa3oBaHus MEXaHUIECKOTO Bparie-
HUS B DJICKTPUYECKUIM CUTHANL. B HllealbHOM cllydae TaxOreHepaTop JOJKEH J1aBaTh
Ha BBIXOJ/I€ HANIPSIKEHHUE, TPONOPLIMOHAIBHOE YaCTOTE BPAILlCHUS:

U =kn win U = kdd—C;) (2.11)

DTy 3aBUCHUMOCTh HA3bIBAIOT BBIXOJHOM XapaKTEPUCTHUKON TaxoreHepaTopa.
KoHCTpyKInMs aCHHXpOHHOTO TaxOoT€HEepaTopa aHAJOTMYHA KOHCTPYKIIUM aCUHXPOH-
HOT'O MCTIOJIHUTEJIBHOTO JBUTATENS C MOJIBIM HEMarHUTHBIM poTopoM. Ha ctatope B
naszax yJIOXKeHbI B OOMOTKH, CABUHYThIE B IPOCTPAHCTBE HA 90°. OnmHa 13 00OMOTOK
BO30YXJIEHHS TTOCTOSTHHO BKJIIOUYEHA B CETh, ApYyras, TeHepaTopHas, MPUCOCIMHEHA K
Harpyske, T.e. siBsieTcs BbIXoIHOM. OCHOBHBIM IMOKa3aTesieM KauecTBa padOThl TaXo0-
reHepaTopa SIBJISICTCS JTUHEHMHOCTh BBIXOJHOM XapakTepuctuku. Ha puc.2.8 uzobpa-
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’KCHBI BBIXOJIHBIC XapaKTEPUCTHKU HeKalIuOpoBaHHOro (a) W kamuOpoBaHHOTO (0)
ACHHXPOHHOTO TaXOT€HEepaTopa.

v 2 | Uﬂﬂ/x
Boix [ AU 2
i doux }AU&IX

7

/7

Puc. 2.8. Peanbnas (1) u uneanbHas (2) BbIX0/IHAs XapaKTEPUCTHKA ACHHXPOHHOTO
TaxoreHeparopa

HpI/I‘-II/IHaMI/I, BBI3BIBAIOIMWMHU IIOTPCITHOCTH TAXOI'CHCPATOpA, ABJIAIOTCA: TCX-
HOJIOTHYCCKUC HCTOYHOCTH HU3T'OTOBJICHHA, SJICKTPOMAIHUTHAA PCaKIUA pOoTOpaA, U3-
MCHCHHUC COIIPOTHUBJICHHUA POTOpA IIPHU H3MCHCHHHN YaCTOTHI BpalllCHUA, M3MCHCHHC
COIIPOTUBJICHUA OOMOTOK M MarHUTHOIO COIMIPOTHUBJICHUA II0 PA3JIMYHBIM OCAM IIOJ
BJIMAHHUCM TCMIICPATYpPbl, HACBIIICHUA U AP.

2.6. Bpamatoumecs: TpaHC(pOPMAaTOpPbI U CEINbCUHBI

Bpamaromumucsa (HOBOPOTHBIMU) TpaHC(OpMATOpaMU Ha3bIBAIOT JJIEKTpUYE-
CKH€ MUKpPOMAIINHBI IEPEMEHHOTO TOKa, MPeoOpasyIolue yroy noBopoTa poropa B
HaNpspKEHUE, TPONOPLIUOHATIBHOE 3TOMY YIUIy WJIM HEKOTOPBIM ero ¢pyHkiusam. [lox-
pOOHO YCTPOWCTBO, MPUHIUI ACHCTBUS M XapaKTEPUCTHKU BPAILAIOIIUXCS TpaHC-
(hopMaTopoB U3N0KEHBI B JabopaTopHOii padoTe Ne 6.

DNEeKTpUYECKHE MAIIMHbl CUHXPOHHOW CBS3M CIYy>KaT HIJii CUHXPOHHOTO M
cuH(}a3HOro MOBOPOTA MJIM BPAILECHUS IBYX WJIM HECKOJBKHX OCEM MEXaHWYECKH HE
CBSI3aHHBIX MEX]y c000il. B mpocTeiiiiem ciaydyae CHHXPOHHYIO CBSI3b MPEIACTABIISIOT
C TIOMOILBIO JIBYX OJAMHAKOBBIX, PJIEKTPUUYECKU COCAMHEHHBIX MEXAY COOOM MHIYK-
LIMOHHBIX MAIllMH, Ha3bIBa€MbIX cellbcMHaMHu. OJHY U3 MalllH, MEXaHUYECKU COeu-
HEHHYIO C BEJyILIEH OChIO, Ha3bIBAIOT JATYUKOM, & APYT'YI0, COEAUHEHHYIO C BEIOMOM
OCbI0, — MPUEMHUKOM. DTa cUCTeMa padOTaeT Tak, YTO MPH MMOBOPOTE POTOPA CEllb-
CHHA-JaTYMKa Ha KaKOH-JIMOO yroi @, poTop ceabCHHa-MPUEMHIKA TOBOPAYUBAETCS

Ha Takol ke yroia ©,. CienoBaTellbHO, CUCTEMA CTPEMUTCS JIMKBUANPOBATH Pacco-

[JIACOBAHUE MEXKIY MOJOXKEHUSIMH POTOPOB JaT4HMKa U npuemMHuka. CUCTEMbl CHH-
XPOHHOW CBSI3U MOJAPA3ACISIIOT Ha JIBA OCHOBHBIX BUJA: CHHXPOHHOIO MOBOpoTa (TIe-
penaym yriia) U CHHXPOHHOIO BpalleHus (3JEKTPUUECKOTo Baia). Pa3nuuaroT aBa oc-
HOBHBIX pEXHUMa padOThl CETLCHHOB: MHIUKATOPHBIN W TpaHchopmaTopHbiid. [Ipu
WHJIUKATOPHOM pexume (puc. 2.9) poTop ceabCHHA-IPUEMHUKA COETUHSAIOT HEMOo-
CPEACTBEHHO C BEJOMOM OChI0. Ero mpuMEHsIOT Ipy MaJIOM 3HAYEHUHU TOPMO3HOTO
MOMEHTa Ha BEIOMOM OCH, OOBIYHO B T€X ClydasX, KOrJa Ha OCH YKPEIuIeHa XOpOUIOo
yYpaBHOBEIIICHHAs] CTpEJIKa MHAMKATOpa (OTCI0/Ia Ha3BaHUE — MHIAUKATOPHBIN). [Tpu
TpaHchopmaTopHoM pexume (puc. 2.10) — curHas 0 HaJTM4YUKM PACCOTIACOBAHUS Me-
KOy TMOJOKEHUSMU POTOPOB JIaT4YMKa U NMPUEMHHKA MOJAECTCS Yepe3 YCUIIUTENb Ha
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VCIIOJIHUTEIIbHBIN JBUTATENb, KOTOPBI NOBOPAYMBAET BEAOMYIO OChb U POTOpP CENb-
CUHA-TIPUEMHUKA, JUKBUAUPYS paccoriiacopanue. [Ipu 3ToM BBIXOJHON CUTHAI IIPHU-
€MHHUKa MPONOPLUHUOHATIEH CUHYCY yTIJla paccorjacoBaHUs MOJA00HO BpalllaloIIeMycs
TpaHchopMaTopy, MOITOMY TaKOH pEKUM MOy Ha3BaHKE TPaHCHOPMATOPHOTO.

Puc. 2.10. Cxema BKIIFOUEHUS CETHCUHOB B TPAHCHOPMATOPHOM PEKUME

CenbCHHBI UMEIOT JIBE OOMOTKHU: NEPBUYHYIO, WIM OOMOTKY BO30YXACHHUS U
BTOPUYHYIO, WJIM OOMOTKY CHHXpOHHM3auu. B 3aBHcHUMOCTH OT uncia (a3 oOMOTKH
BO30YKJICHHSI pa3IMYalOT OJHO- U TpeX(azHble ceabCUHbl. OOMOTKY CHHXPOHU3AINH
B 000WX CIIydasix BBINOJHSIOT Tpexda3Hoi. TpexdasHble CeNbCUHBI IO KOHCTPYKIIHH
10100HbI Tpex(ha3HbIM aCUHXPOHHBIM JBUTaTEISsIM C KOHTAKTHBIMU KOJIbIIAMH Ha PO-
Tope. OnHO(a3HbIe CENbCUHBI AaHAIOTUYHBI OAHO(A3HBIM ACUHXPOHHBIM MalllHAM.
B cucremax aBTOMaTHKU MPUMEHSIOT KOHTAKTHBIE M OECKOHTAKTHBIE CelbCHHBI. [1o-
MHMO 3TOTO HCTONB3YIOT AuddepeHInanbHbie CeIbCUHBI, KOoTaa TpeOdyeTcs moBopa-
YUBaTh BEJOMYIO OCh Ha YTOJI, paBHbII CyMMe WJIHM Pa3HOCTU YTIJIOB MOBOPOTA JIBYX
Beaymux oceil. Emie onHON pa3sHOBHIHOCTBIO CEIbCUHOB SIBISIOTCS MarHECHHBI —
MUHHUATIOPHBIE OECKOHTAKTHBIE CEJTLCHHBI, MPUMEHsIEMbIE B CHCTEMaXx Mepeaadu yria
pH BECbMa MaJIbIX MOMEHTAX COMPOTUBJICHHs Ha Baly MPUEMHUKAa U MaJlOM pac-
CTOSIHUW MEXY TaTYMKOM U MTPHUEMHHUKOM.

2.7. CHHXpOHHBIE MaIlIUHBI
CHUHXpPOHHBIMU MAaIlIMHAMU HA3bIBAIOT AJEKTPUUYECKHUE MAIMHBI IEPEMEHHOTO
TOKa, Y KOTOPBIX MAarHUTHOE TOJIe, CO3JaHHOE OOMOTKOM MEPEMEHHOTO TOKa, BpaIa-



27

€TCsl B IPOCTPAHCTBE C TOM K€ YaCTOTOM, YTO U POTOP, T.€. CHHXPOHHO ¢ poTopoM. B
MEXaTPOHHBIX CUCTEMAaX IIUPOKO MPUMEHSIOTCS CHHXPOHHbIE MUKpOABUTaTE . OHU
UCIIOJIB3YIOTCSl TaM, TJIe¢ HEOOXOJUMO MOAJIEPKUBATh MOCTOSHHYIO YacTOTY Bpallle-
HUs (B JICHTOIPOTSDKHBIX MEXaHU3MAaX CAMOIUIIYIIUX MPUOOPOB, paguoanmiaparype,
NPOrpaMMHBIX YCTPOMCTBAX W Jp.). B psme ciiydaeB CHHXPOHHBIE MUKPOMAIIUMHBI
NPUMEHSIOTCST KaK T€HEpaTophl, HApUMeEp, JUIsl MOJIyYeHHUS] IEPEMEHHOTO TOKa TO-
BBIIIICHHOW YacTOThI (MHAYKTOPHBIE T€HEPATOPbl) U U3MEPEHUS YAaCTOThl BPAILCHUS
(CMHXpOHHBIE TaXOT€HEPATOPHI).

B 3aBHCHMOCTH OT OCOOEHHOCTEH AMEKTPOMArHUTHOM CHUCTEMBbl CHHXPOHHBIC
MUKPOMAIIIMHBI MOAPA3IEIIOT Ha CICAYIOIINE THUIbI: JBUTATEIU W TE€HEPATOPHI C
MOCTOSIHHBIMA MarHUTaMU, PEaKTUBHBIC JBUTATEIN, TUCTEPE3UCHbBIC IBUTATENN, UH-
TYKTOPHBIE TEHEPATOPHI U IBUTATEINN; [IIarOBBIC JBUTATEIIH.

JIrobast cMHXpOHHAs! MalliHA COCTOUT M3 JBYX OCHOBHBIX YaCTEH: HETOIBHU K-
HOTO CTaTopa M BpallAloOLIErocs poTopa, pa3[esIeHHbIX BO3AYLIHBIM 3a30poM (puc.
2.11).

KOHCTpYKTUBHO CTaTOp CHHXPOHHOM MAIlMHBI AHAJOTUYEH CTaTOpYy AcCHUH-
XpOHHON MamuHbl. CepJIeYHUK cTaTopa HAOMparoT U3 IITaMIOBAHHBIX W30JIMPOBAH-
HBIX JINCTOB 3JIEKTPOTEXHUYECKOM CTanM, B Ma3ax €ro pasMmemarT oOMOTKY mepe-
MEHHOTO Toka (00buHO TpexdaszHyro). Ha Bamy ykpemistoT poTop ¢ 0OMOTKOM BO3-
OyKJIeHHs, KOHIIBI KOTOPOW MOJABOAAT K KOHTAKTHBIM KoJibLaM. [IOCTOSIHHBIN TOK,
MPOXOJs IO OOMOTKE BO30YKIACHHSI, CO3/Ia€T MAarHUTHOE TI0JIE POTOpa — IoJie BO30y-
KICeHUA. B CHHXpOHHBIX MalllMHAX MPUMEHSIOT JBa crocoba BO30YXKIEHUS: DJICK-
TPOMAarHUTHBIN WM TMOCTOSTHHBIMH MarHuTaMu. BEIlie onmmcaHo 3JeKTPOMarHUTHOE
BO30YX/ICHHE.

Puc.2.11. YcTpolicTBO CHHXPOHHOM MalllMHbI

B cnyuae B030yXJa€HUSI MOCTOSHHBIMU MarHUTaMH POTOP HE UMEET OOMOTKH
BO30YKJICHUSI, @ €T0 TMOJI0ca MPEJCTABISIOT COOON MOCTOSHHBIM MarHuT. JTO JaeT
BO3MOYXHOCTh TOJIYYUTh MAIIMHY 0€3 KOHTAaKTHBIX KOJICIl, a, CJIeIOBATEeIbHO, MOBBI-
CUTb €€ HAJIeKHOCTh U K.1.J. HamOosbiiiee npuMeHeHNEe MOTYyYUIIA JBUTATENIN JIBYX
KOHCTPYKTHBHBIX HCIOJHEHUH: C paguaibHbiM (puc.2.12, a) W aKCHaJbHBIM
(puc.2.12, 6) pacronokeHueM 0JI0Ka MOCTOSHHBIX MAarHUTOB M CTAJILHOTO ITAKETa PO-
TOpa ¢ KOPOTKO3aMKHYTOH OOMOTKOM.
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Puc. 2.12. YcTpoilcTBO CHHXPOHHOI'O IBUTATENS C MOCTOSSHHBIMU Maruutamu: 1 —
oOMOTKa cTaropa, 2 — cTaTop, 3 — MycKoBasi 0OMOTKa THUIAa «OeInYbs KJeTKa, 4 — ma-
KET pOTOpa, 5 — NOCTOSIHHBIE MAIHUTHI.

Potop cMHXpOHHOTO reHeparopa MPUBOJNUTCS B JBHKCHUE MEPBUYHBIM JIBUTa-
TelleM. MarHutHoe moJjie poTopa, CO3JAHHOE MOCTOSIHHBIM TOKOM, MOJBEJICHHBIM K
00OMOTKE BO30YKJEHUS, BpallasiCh BMECTE C POTOPOM, IEPECEKAET MPOBOJIHUKH 00-
MOTKH CTaTOpa M HaBOJUT B ee (pa3zax 3.1.C. OIMHAKOBOW BEJIMYMHBI U YaCTOTHI, HO
caBuHYTHIE 1O (Pa3e Ha 120° oTHOCHTENBHO ApyT Apyra. [lpu noakimoYeHnu K BbIBO-
JaM 0OMOTKHU CTaTopa MOTPEOUTEISI SHEPTUU B IIENIU T€HEPATOPA MOSIBISIOTCS TOKHU.

Takum 00pa3oM, CHUHXPOHHBIN TeHEpaTop, MOTPEOIISIsI MEXaHUYECKYIO DPHEPTUIO
MIEPBUYHOIO JIBUTATEINS], OTIAET AJIEKTPUUECKYIO SHEPTUIO IEPEMEHHOTO TOKA.

OOMOTKa cTaTOpa CUHXPOHHOTO JIBUTATENs CO3JaeT BpalllatoIieecss MarHUTHOE
MOJIE C TEM K€ YMCIIOM IOJIFOCOB, YTO U Ha poTtope. biaromapss MarHUTHON CBSI3U
ATOTO TOJIS C MOJIFOCAMU POTOPA BO3ZHUKAET JIEKTPOMArHUTHBIM MOMEHT. B pe3ynb-
TaTe AJICKTPUYECKasl SHEPTHsl, MOCTYNAIoas U3 CETH B 0OMOTKY CTatopa CUHXPOH-
HOT'O JIBUTATelsl, MpeoOpazyeTcss B MEXaHUUECKYIO0 SHEPryi0 BpanieHust poropa. Cy-
IIECTBEHHBIM HEIOCTAaTKOM CHHXPOHHBIX JBHUraTesied SIBJISAETCS OTCYTCTBHE y HHUX
MMyCKOBOTO MOMEHTa. THEPIIMOHHOCTh pOTOpPa HE TO3BOJISIET €EMY MTHOBEHHO Pa3BUTH
YaCcTOTY BpAaIllCHUs, PaBHYI0 YAaCTOTE BpAILCHUS MO, KOTOpas yCTaHABIMBAETCH,
KaK TOJIbKO B 0OMOTKE cTaTopa MOsIBISETCS TOK. B pe3ynbTaTe Haj MOJI0caMu poTo-
pa MpPOXOAAT TMOJIOCHI MOJISI CTaTOpa pa3HOW MOJISIPHOCTH. [losToMy Mexay mosjiem
cTaTopa | IMOJICAaMU POTOpA HE BO3HUKAET YCTOWYMBOW MAarHUTHOM CBSI3U, CTIOCO0-
HOU CO31AaTh 3JICKTPOMAarHUTHBIM MOMEHT, JEUCTBYIOIIUN B OJJTHOM HaIlpaBJICHUH.

JIJist mycka CHMHXPOHHOTO JIBUTATENsl HEOOXOAMMO MPEIBAPUTEIHHO MPUBECTH
POTOpP BO BpaIllEeHHE C YaCTOTOM, OJIM3KONM K CHHXPOHHOW. B 3TOM ciiydae mpu men-
JIEHHOM TEPEMENIECHUN TOJs OTHOCUTEIBHO POTOPA OH BTSITMBAETCS B CHHXPOHU3M,
T.€. HAUMHAET BPALAThCA C CHHXPOHHOM 4acTOTOM. /{1 MOJIy4eHHs! IMyCKOBOrO MO-
MeHTa Ha portope (puc. 2.12) kpome 010Ka MOCTOSHHBIX MAarHUTOB YCTAaHABIWUBAIOT
COOpaHHBINA U3 JTUCTOBOM CTAJIM TMAKET, B Ma3aX KOTOPOTO pa3MENaloT MyCKOBYIO KO-
POTKO3aMKHYTYIO OOMOTKY THIIa «OeIYbs KJIETKa», KOTOpas 10 OKOHYaHUU MPOLIeC-
ca IycKa CIYXKHUT JAeMII(epoM, TPENATCTBYIONUM KadyaHusiM poTopa. [1yck cuHXpoH-
HOTO JIBUTaTeisl C AJIEKTPOMATHUTHBIM BO30YXIAEHUEM OCYIIECTBISIETCS B CIEAYIO-
M TMOPSJIKE: 3aMKHYB OOMOTKY BO30Yy>KJ€HUsI Ha compotuBieHue I  (puc. 2.13),
NOJKJIIOYAIOT K ceTh OOMOTKY craropa. Bpaimaromieecst mosie cratopa HaBOAWT B
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MyCKOBOW OOMOTKE 3.11.C., KOTOpPBIE CO3JAI0T B CTEPXKHSIX TOKU. B pe3ynbrare B3au-
MOJICHCTBUS ATHX TOKOB C BpAIIAIOIIMMCS MOJIEM cTaTopa o0pa3yeTcs Bpallarolini
MOMEHT, KOTOPBII 3aCTaBJIIET POTOP JIBUTATEIS BpaaThcs. PaccMoTpeHHbIH crioco6
MycKa CHHXPOHHOTO JIBUTATElNs HA3bIBAIOT ACHMHXPOHHBIM, TaK KaK B 3TOT TEPHOJ
JBUTATEIh paboTaeT Kak aCHHXpOHHBINA. Korja gactoTa BpameHus poTopa JOCTUTHET
BEJIMYMHBI, OJM3KOH K CHHXPOHHO#H (n, ~0,95n,), 0OMOTKY BO30YKIE€HHUS IOIKII0Ya-
I0T K UCTOYHUKY TMTOCTOSTHHOTO TOKA, U BO30YKICHHBI POTOP BTATUBACTCS B CHHXPO-
HU3M.

11

Puc. 2.13. Cxema BKJIIOYEHHS] CAHXPOHHOIO JIBUTATEINS IPU ACUHXPOH-
HOM ITyCKE.

B npoiiecce acMHXpOHHOTO IMyCKa JBUTaTelb TOJAKEH ObITh HEBO30YKICHHBIM,
B IIPOTUBHOM CITy4yae MarHUTHBIA MMOTOK BO30YKJEHUS HAaBOJIUT B OOMOTKE cTaropa
3.11.C., KOTOpas co3JaeT ToK. BzaumoielicTBue NOCIEIHETO € MOJIEM poTopa oOpa3yer
TOPMO3ALINI MOMEHT. DTUM MOMEHTOM OOYCIIOBJIEHBI XYAIINE IMyCKOBBIE XapaKTe-
PUCTUKU CUHXPOHHBIX JIBUraTeliel ¢ MOCTOSHHBIMU MarHutamu. Kpome toro, B npo-
1[ecce MycKa JABUTATENsl HEJb3sl OCTABJIATh Pa30MKHYTOM OOMOTKY BO30YK/I€HUS, TaK
KaK B HaYaJIbHbIM MOMEHT ITyCKa B HEM HABOAUTCS 3.1.C. BEJIMYMHA KOTOPOU MOXKET
0Ka3aThbCsl OMACHOU Jisl U30JAUud 0OMOTKHU. [ToaTOMy 0OMOTKY BO30YXAECHUS NEpen
ITyCKOM JIBUTaTelsl 3aMbIKalOT Ha COMPOTHUBJIEHHUE I, IPUMEPHO B AECATh pa3 00jb-
11ee COMPOTUBIICHHUSI OOMOTKHU BO30YKICHHUS.

Kpome acMHXpOHHOTO MycKa, CHHXPOHHBIE JBUTATENIN MOTYT OBITh MYILIEHHI B
X0/l ele ABYMS CIoco0aMM C TOMOIIBIO BCIOMOTaTEIbHOTO (Pa3rOHHOTO) ABUTATENs
Y TJIABHBIM TOBBIIIEHUEM YaCTOTHI TOKA — YaCTOTHBIN ITyCK.

Paboumne xapaKTepUCTHKH CHHXPOHHOTO ABUrarteis (puc. 2.14) nmpeacTaBisioT
co00i1 3aBUCUMOCTH YacCTOThI BpalleHus Ny, moTpediasiemoro Toka l;, moiesHoro Mo-
MeHTa M, u K03 dUIMeHTa MOIITHOCTA COS¢ OT TIOJIE3HOW MOITHOCTH P mpu Heus-
MeHHBIX Hanpsbkerun U; , yactote cetH f;, a Taxke BenmuuHe Toka BO30y)aeHus .
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Puc. 2.14. PaGoune XxapakTepuCTUKU CHHXPOHHOTO JIBUTATENs.
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[TockoJibKy "YacToTa BpalleHUsI CAHXPOHHOI'O IBUTATENs N, paBHA CUHXPOHHOM
yacrore N;=60f,/p, cienoBaTebHO, €€ MOKHO PEryJIMpPOBATh IyTeM M3MCHEHHUS Yac-
TOTBHI NMUTAIOIIErO HampspkeHus f; wim ymcna momocoB 2p. PerymupoBaTh 4acToTy
BpaIICHUs MTyTeM M3MEHEHUs Yucia MOJIIOCOB B CHHXPOHHOM JIBUTaTelie HEeleIeco-
o0pa3Ho, Tak KaK B OTJIMYUE OT aCUHXPOHHOTO 3/IeCh TPeOyeTCs U3MEHATh YUCIIO TO-
JIIOCOB KaK Ha CTATOpE Tak U Ha POTOPE, YTO MPHUBOJUT K 3HAYUTEILHOMY YCIIOXKHE-
HUIO KOHCTPYKUHUHU poTopa. [1o3ToMy NpakTHYECKH HCIONB3YIOT JHIIb U3MEHEHUE
YaCTOThI MUTAIONIETO HaNpsbkeHUs1. K CHHXpOHHOMY ABUTATEI0 TPUMEHUMBI BCE OC-
HOBHBIE TOJIO)KEHUSI TEOPUU YACTOTHOTO PETYJIMPOBAHUSI ACUHHXPOHHOI'O JIBUTATEIIs,
OJIHAKO B YHUCTOM BHJE 3TOT CMOCOO MPUMEHUM JIUIIh TIPH MaJIX MOIIHOCTSX JBH-
raTensi, Korja Harpy304Hble MOMEHTBI HEBEIUKH, 2 HHEPIIUS IPUBOIHOIO MEXaHU3Ma
Maja.

JI1s1 CHHXpOHHBIX JABUTATENCH, TPUMEHSIEMBIX B 3JIEKTPOIPUBOJIAX ¢ OOIBIITUM
MOMEHTOM HWHEPIMH MPUBOJHOTO MEXaHW3Ma, HEOOXOJMMO OYEHb IUIABHO MEHSTH
YaCTOTY MUTAIOLIETO HAMPSKEHUS, YTOOBI JBUTATENh HE BBINAJ U3 CHHXPOHU3MA.

3. ConepxaHue oT4yeTa
B oruere 10/KHBI OBITH MIPUBEICHBI KOHCTPYKTHUBHBIE CXEMBI JICKTPHUICCKUX
MAIIIMH MOCTOSIHHOTO TOKA, YKAa3aHHBIX B M. 1.1, onmmcaHue MpUHIMIIA JIEUCTBUS U
0COOCHHOCTEN (YYHKIITMOHUPOBAHUS YCTPOUCTB, TAOIMI[BI HOMUHAJIBHBIX IKCILTyaTa-
IIUOHHBIX MapaMeTPOB, MPOBEJACH aHAIN3 OCOOCHHOCTEH KOHCTPYKIMN U HOMHHAJb-
HBIX 3HAYCHUN SKCIUTyaTAllMOHHBIX MAPAMETPOB W OCHOBHBIX XapPAKTEPUCTHUK IJIEK-
TPUYECKUX MAIIUH PA3IUIHOTO (DYHKIIMOHATHLHOTO Ha3HAUCHHUS.
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Jlabopamopnasa paboma Ne 3
N3YYEHUE KOHCTPYKIIMHN 1 XAPAKTEPUCTUK DJIEKTPOMEXAHUWUYE-
CKUX CUCTEM C SJIEKTPOMATHUTAMU ITOCTOAHHOTI'O TOKA.
[Iporpamma paboThI
1. TeopeTnueckue uccneg0BaHUS

1.1. O3HaKOMHUTBCS C KOHCTPYKLMSMH 3JIEKTPOMArHuToB. ONpenenuTh TUI
AJIEKTPOMArHuTa, OTMETUTh OCOOEHHOCTH KOHCTPYKIUI X pabouux 3a30pOB.

1.2. CocTraBUTh NPUHIMIHAIBHBIE CXEMBI AIEKTPOMAarHuToB. IIpoBectu cpas-
HUTEIIBHBIN aHAJIN3 DKCILTyaTallHOHHBIX [IapaMETPOB AJIEKTPOMArHUTOB.

1.3. CocraBUTh CXEMBI 3aMELICHUS MATHUTHBIX LENEH AIEKTPOMArHUTOB. 3a-
nycaTh ypaBHEHUS JABM)KEHUS DJIEKTPOMATHUTOB C YYETOM OCHOBHBIX OCOOEHHOCTEN
UX QYHKIMOHUPOBAHHUS.

2. IlosicHeHus U yKa3aHUs K padoTe

2.1. HazHaueHue, yCTpOICTBO, MPUHLMIT ACHCTBUS AIEKTPOMEXaHUYECKUX Ipeodpa-
30Baresen

VY CIIOBHO pa3auyaroT ClEeAYIOIIME MPYIIbl AIEKTPOMEXaHUYECKUX Peodpaso-
Bareneil (OMII): cunoBele U ympasisitomue. B kauecTBe npumepa HCIOJIb30BAHUS
OMII kak ynpaBiSIFOIIETO 3JIEMEHTa PAaCCMOTPUM €ro padoTy B KOHTYpE ITHEBMAaTH-
YECKOM CHIJIOBOM CUCTEMBI yripaBiieHus (puc.3.1).
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Puc. 3.1. IlpuHIMnuaibpHas cxeMa MHEBMAaTHYECKOM CHIIOBOM CUCTEMBI YIIPABICHUS
Curnanst ynpasneaust U, u oOpatHo#t cBs3u U,. MOCTYMaOT HA YCUITUTEh-
HoOe ycTpoiicTBo 1, rae ommbka paccornacoanus U, mpeoOpasyeTcsi, yCUIIMBAETCS U
MO/IA€TCSl HAa JIEKTPOMArHuT 2. 371eCh 3JEKTPUUECKUN CUTHAI rpeoOpaszyeTcsi B Me-
XaHUYECKOE MepeMEIeHUE SIKOPs, Ha OCH KOTOPOTO PACIOJIOKEHO pacipeeIuTeNb-
HOe ycTporcTBO. [Ipu 3TOM 3aciOoHKa pachpeaeTuTeILHOTO YCTPOMCTBa 3 IepeKpoeT
BBIXO/l U3 OJIHOM U3 MOJIOCTEH M MOpPIIEHb MHEBMATUYECKOTO ABUTaTeNsd 4 nepemec-
TUTCS B HaIlpaBJIE€HUH, COOTBETCTBYIOIIEM YMEHBIIECHUIO OIMOKH PacCOrIacoBaHUsI.

Ecnu ommbka paccoriacoBanus paBHa Hymo, .. U,.=U,, To nopiueHs ABUrareis u
JBUKOK MOTEHIIMOMETPA OOPAaTHOM CBSI3U S OCTalOTCS HEMOJABWXHBIMU. B 310 cxe-
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M€ BJIEKTPOMArHuT 2 U yCHWINUTENb 1 00pa3yloT eANHYI0 TUHAMHYECKYIO CUCTEMY —
AJIEKTPOMEXAaHUYECKHI mpeoOpazoBarenb. OOBEKTaMU MCCIEAOBAHUS HACTOSIIEH
1a60paTOPHON pabOTHI SABISIFOTCS AIEKTPOMATHUTHI.

[IpyHIMO [EWCTBUS 3JEKTPOMATHUTOB OCHOBAaH HA BO3HUKHOBEHUU CHIJIBI,
JEUCTBYIOIIEH HA MOABUKHBIA (heppOMAarHUTHBIN AJIEMEHT (SKOPb) B PE3ysbTaTe W3-
MEHEHUSI JHEPI'MH, 3allaCEHHOM B CHCTEME, IIPU €ro MEepEeMEIIEHUU. DIEKTPOMaruu-
ThI, B KOTOPBIX HAIPABJICHUE CHUJIbI HE 3aBHCUT OT HANPABJIECHUS TOKA B YNPABJISIO-
X OOMOTKaX, OTHOCSITCS K TUITy HEUTpaJNbHBIX (pHUC. 3.2,a); SJIEKTPOMArHuThl, B
KOTOPBIX HaIlpaBJICHUE CUJIbI OMPEIEISETCS HAMPABICHUEM TOKAa B YINPAaBIIAIOIICH
00MOTKE — K TUITY MOJSIpU30BaHHbIX (puC. 3.2,0). [lonspuzoBaHHbBIE 2JIEKTPOMArHUTHI
BBIIIOJIHSIFOTCS, KaK IMPABHIIO, C IKOPEM, PACHIOJIOKEHHBIM MO/ TOJIKOCAMU, HEUTPaIb-
HbIE — C TOBOPOTHBIM WJIM MOCTYIATEIbHO JBHKYIIMMCS SKOpeM. MarHuTOnpoBO/IbI
AIIEKTPOMATHUTOB OOBIYHO HE MIMXTYIOTCS.

I
Uy
a 0
Puc. 3.2. IlpyHIMOMaIbHBIE CXEMBI 3JIEKTPOMArHUTOB: a — HEUTPaJIbHOTO, O — MOJIS-

PU30BaHHOTO.

2.2. XapakTepucTuku u napamerpsl OMII

YroObl yCHemHO pemaTh BOMPOCHl aHAIM3a M CHHTE3a MEXaTPOHHBIX CHCTEM
HE00X0aMMO pacrojiaraTh xapakrepuctukamu SMIL.

CraTruecKkue XapakTepUCTHKH TPeoOpa3oBaTellsi OMpPEACISIOT ero paboTy B
YCTaHOBMBIIUXCS PEKUMAX M IMO3BOJISIOT CYAMTh O 3aKOHE M3MCHCHUS MEXaHHYe-
CKOM KOOPJMHATHI MWW JBIXKYIIETO MOMEHTA B 3aBUCUMOCTH OT BEJIMYMHBI U 3HAKA
YIPaBJISFOIIETO CUTHANA, 00 UX HOMHHAJIBHBIX U MAaKCUMAJIbHBIX 3HAYCHUSX, & TAKUC
0 pa3Mepax mopora 4yBCTBHTEIBHOCTH M THUCTepe3uca. K cTaTHYecKuM XapakTepu-
CTHKaM OTHOCST BHEIIHIOW XapakTtepuctuky « = f (i) 1 MOMEHTHYIO XapaKTepHUCTH-
Ky M, = f(i,@).

Bun MomeHTHOM xapakTepucTuku (puc. 3.3,a) HEUTpaJIbHOTrO Mpeodpa3oBaTe-

JIA O6YCJIOBJICH HEJIMHEHHON 3aBHCHUMOCTBIO IMPpOBOAUMOCTH pa6oqero 3a30pa U Ha-
CBIIICHUEM MaTcCpuraia MAarHuToIpoBoaa.
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HeonHno3nayHOCTh BHeEHIHE#H XxapakTepucTuku (puc. 3.3,0) HEUTpasbHOTO
OMII onpenensieTcs COOTHOIIEHWEM 3HAYEHU MOMEHTA JBUXKYIIero M,, W MOMEH-
Ta IPYKUHBI M, IpU o = a,,, . [Ipy OTCYTCTBUM TOKA yIPAaBICHUS AKOPb JJIEKTPO-

MAarHATa yJIEpKUBAECTCS NMPYKUHOM B HEUTpajdbHOM nojiokenuu. [lo mepe Hapacra-
HUsI TOKa yTOJI IIOBOPOTA SIKOPS YBEJIIMUMBAETCS 10 TEX IOP, OKa M, HE CTaHET paB-
HbIM M,,. IIpu HEKOTOPOM TOKE, Ha3bIBAEMOM TOKOM CpabaThIBaHUS |y, IKOPb CpPbI-
BacTcA Ha ynop, a M,,>M,, npu Bcex 3HaYCHUAX « . [IBMKYIIMI MOMEHT BCIIEACTBUEC
YMEHBILIEHUS 3a30pa 10 MUHUMAJIBHOIO 3HAYEHMS, ONPEAEISIEMOTO TOJIIIMHOMN ILIa-
CTUHBI OT 3aJUIIaHUs, 3HAUUTEIIBHO BO3pPACTACT IIPU « =, . 1103TOMY 11pU 1ociie-

AYIOLEM YMEHBIIEHUU TOKa SIKOPb MPOJOJIKAET HAXOAUTHCA Ha YIOpE 0 TEX IOp,
MOKa TOK HE YHaJeT J0 3HAYCHHUsS, Ha3bIBAEMOTO TOKOM OTIYCKAHUS Iy, TIPU ITOM
Toke M,,>M,,. SIkopb B 5TOM CiIydae COMIET ¢ ynopa.

XapakTtep nepexoJHbIX npoueccoB B HeluTpaibHoM OMII (puc. 3.3,B) moka3bl-
BAET, YTO CYILLECTBEHHOE BIIMSAHHME HAa HUX OKAa3bIBAIOT HACHILIEHWE MaTepuaia mar-
HUTONPOBOAA, BUXPEBBIE TOKH, MPOTHUBO-3./1.C., HABOJUMAas B OOMOTKaX IMpHU JABUXKeE-
HUU SIKOPS, TApaMETPbl YCUITUTENS MOIIHOCTH.

(24
MSM X e
15
14
12=1¢ i 0 L~ -
12 on | |
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Puc. .3.3. Tunoseie xapakrepuctuku IMII ¢ HEUTpaTbHBIMU JIEKTPOMArHUTAMMU.
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HeonHo3Ha4HOCT M HEKOTOpas HEIMHEHWHOCTb XAPAKTEPUCTUK « = f(i)
M, = f(i) monspuzoBaHHbIX NponopiuoHaibHBIX OMII (puc. 3.4,a,0) oObsicHsaeTCS

TUCTEPE3UCOM U HEIMHEHMHOCThIO KPUBOW HAMAarHMYMBAHUS MaTEpPUAJIOB MarHUTO-
IPOBO/JIA.

ol j M A
dﬂDKC s bignm
If - A;\’L
—f—t [ :
mc('g s”ﬂ( 5
a 0

Lgb e | |Vopd
o lo / 3 lw 0

-\\ 4

AY
\
N . 45
\ \ 2

\ \

VR
B -5 ] A 90

/ < \\

\

ot 2 13
\
\\
40 \ 180
T
r Pl

Puc. 3.4. Tunoseie xapakrepuctuku OMII ¢ nosmsspr30BaHHBIMU dJIEKTPOMATHUTAMU

CpaBHenue rpadikoB MEpexXoIHBIX TpoiieccoB (puc. 3.4,B,I) U YaCTOTHBIX Xa-
pakrepuctuk (puc. 3.4,1) nonspruzoBaHHbix IMII ¢ ycunuTensiMu MOITHOCTH, 00J1a-
JAIONUMU BBICOKMMH (2) 1 HU3KUMU (1) BRIXOAHBIMU COTIPOTHBIICHHUSIMU, TTOKA3bIBa-
€T, YTO YBEJIWYEHUE BBIXOJHOTO CONMPOTHUBJICHUS YCUIIUTENS MOUIHOCTU MPUBOIUT K
noBbIIEHUIO ObicTponeicTBus OMII, T.e. K yMEHbBIIEHUIO BPEeMEHHU CpaOaThIBaHUSA
tcp M pacuMpenus MOJIOCHI IPOITYCKAHUS ().
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3. ConepkaHue oTyeTa

B ortyere mOmKHBI OBITH MPUBEACHBI MPUHIMITUAIBHBIE CXEMBI, CXEMBI 3aMe-
IIEHUS] MATHUTHBIX LENel U XapaKTepUCTUKU pa3inyHbIX THIOB OMII, 3anucanbl ux
YPaBHEHUS JBUKCHUS.
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Jlabopamopnas paooma Ne 4
NCCIENOBAHHE XAPAKTEPUCTHUK OJHOPA3HOI'O TPAHCOOPMATO-
PA MAJION MOITHOCTHU

[Iporpamma paboThI

1. DxcnepuMeHTaIbHbIE UCCIIETOBAHMS

1.1. IIpoBecTr OMBIT XOJIOCTOTO X0/1a, ONPEAECIUTH MOIIHOCTh NOTEPL Fp, TOK
XOJIOCTOTO X0Ja lg, HANpsDKeHHe BTOpruYHOU 00MoTKH U, mpu n3menennu U; B nua-
nmazone (0,5...1,1)U,.

1.2. IlpoBecTn wuCHBITaHHS TpaHcPoOpMaTOpa B PEXKHUME HACPy3KH IpU
U,=(0,5...1,0)U,.

2. TeopeTnyecKkrue UCCIETOBAHUS

2.1. CocTaBUTh CXeMy 3aMeIlEeHUsl INEKTPUUYECKON Lienu TpaHchopmaropa c
MHAYKTUBHOM CBA3bI0. 3anucarh nuddepeHnuanbHble ypaBHEHUSI €r0 0OMOTOK JUis
ciydasi f=const, r,=co. [1o1y4uTh KOMIUIEKCHbIE YPABHEHUS, IEPEUTH OT UCXOIHOU
CXEMBbI 3aMEILEHUS K CXEME 3aMEIICHHsI IPUBEEHHOTO TpaHcpopMaTopa C dIEKTPU-
YECKOH CBA3BIO LICIEH.

2.2. Berunciutb Ko3pPpuuueHTsl TpaHchopManuu.

2.3. Tlo maHHBIM 3KCIIEPUMEHTAIBHBIX MCCIENOBAHUN PACCUMUTATH MapaMETPhI
CXEMBI 3aMEIIECHUS Z,,, I, X,, 1 IOCTPOUTH XapaKTEPUCTUKU XOJIOCTOTO XO1a.

2.4. Ilo xapakTepucCTHKE X0J0CTOro xoaa At U, onpeneiauts NoTepu B CTaU
P, KO3 (DULHEHT MOILIHOCTH XOJIOCTOTO X0/1a COS ¢y U MPOLIEHTHOE 3HAUCHUE peak-
THBHOH COCTaBIIAIONIEH i, TOKA XOJIOCTOTO X0/1a OT IIEPBUYHOTO TOKA .

2.5. Ilo maHHBIM OIIBITOB MOACYUTATh M3MEHECHHE HANPSDKEHUS HA BTOPUYHOU
0OMOTKE MpHU NEPEXOE OT XOJIOCTOr0 X0/1a K HOMUHAJILHOM HAarpys3Ke.

2.6. Onpenenuth KO3OPUIMEHT IMOJE3HOTO IEHCTBHS TpaHchopmaropa IpH
Ui=U,,, L=,

[Tosicnenus u ykazanus K pabote

1. KpaTkas xapakrepucTuKa 0ObEKTa UCCIIEeI0OBAHUS

Tpanchopmartop sIBiIsSIETCS CTATUYECKUM 3JIEKTPOMArHUTHBIM anmnapaToMm, Ipe-
00pa3yromuM NePeMEHHBIN JIEKTPUIECKUNA TOK OJTHOTO HANPSDKCHUS B TIEPEMEHHBIN
TOK JIPYyTOro HaIpsiKEHUs TOU K€ YaCTOTHI.

B npocreiimem ciydae TpaHchopMaTOp MUMEET OJIHY MEPBUUHYI0 OOMOTKY, K
KOTOpPOM MOJBOJUTCS AJIEKTpUUECKash SJHEPrusi, U OJHY BTOPUUYHYIO OOMOTKY, OT KO-
TOPOM 3HEPrusi OTBOAUTCS K moTpedurento (Harpyske). [lepenaya sHepruu u3 oHOM
OOMOTKH B JIPYTyIO MPOU3BOJUTCS MYTEM AJIEKTPOMArHUTHOW MHAYKIuu. ns ycu-
JICHUSI AJIEKTPOMArHUTHOM CBSI3M MEXIYy OOMOTKaMHU MOCJeHHUE OOBIYHO pacroJfia-
raroTcs Ha 3aMKHYTOM (peppOMarHUTHOM MarHUTONPOBOJE.

[Ipu nmoaktoueHNK NEePBUYHON OOMOTKU TpaHCPOpMaTopa K CETU C CUHYCOU-
nanpHBIM HanpsokeHrneM U; B 0OMOTKE BO3HHKAET, TOK I, KOTOPBIA CO3[AaeT CHHY-
COMJAIIBHO M3MEHSIOUIUICS MAarHUTHBIM MOTOK @D, 3aMBIKAIOIIUKCS IT0 MarHUTOMIPO-
Boay. [loTok @ uHAynMpYeT 3.1.C. KaK B MEPBUYHOM, TaK U BO BTOPUYHOU OOMOTKE.
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[Ipu mogkmrOYeHHH K BTOPUYHONW OOMOTKE HArpy3kH, B 3TOH OOMOTKE BO3HHKAET
BTOPHYHBIA TOK I M Ha €€ 3a)KMMax yCTaHABJIMBACTCS HEKOTOpoe Hampsikenue Uo.
Pe3ynbTupyromuii MarHuTHRIM MOTOK MarHUTOIpoBojaa @, co3/aeTcsa TOKOM 00erx
oomorok. [Ipu yacrore curnana f<150 I'tp s yMEHBIIICHHS TIOTEPh Ha TepeMarHu-
YMBAaHWE MAarHUTONPOBOJ HM3rOTABJIMBAETCS U3 JIMCTOB AJIEKTPOTEXHUYECKON CTain
tonmuHoM 0,35-0,50 Mm.

B aBTOMaTM4eCKHX YCTPOMCTBax, B Pa3IMYHBIX CXE€Max C 3JIEKTPOHHBIMU H
HMOHHBIMU TPHOOpaMU IIMPOKO MPUMEHSIOTCS CUJIOBBIE TpaHc(OpMaTopbl Majon
MoIHocTU. Takue TpaHchopMaToOpbl U3rOTABIMBAIOTCS MOIIHOCTBIO OT HECKOJIBKUX
€AVHUI] O HECKOJBKUX COTEH BOJBT-aMIEp Ha MPOMBIIUICHHYIO YacToTy 60 u mo-
BbIlIeHHY1O yacTtoTy 400-600 I'11.

[TockonbKy cuiioBbIe TpaHCPOPMATOPBI MAJION MOIIHOCTH pabOTalOT COBMECT-
HO C 3JIEKTPOHHOM amnmaparypoi, sIBJISIOTCS €€ 4acTblo, TO K 3TUM TpaHchopMaTopam
IpeIbsABIseTCS. 0cOOble TPEOOBAaHNUS, OTIUYHBIE OT MPEIbSABISEMBIX K MOIIHBIM CH-
JIOBBIM TpaHCc(hOpMATOpPaM.

Tpancpopmarop OKEH UMETh MUHUMAJIbHYIO CTOMKOCTh, TaK KaK CPOK €ro
CIIyOBbl OIpaHUYEH, TOCKOJIBKY OH CBSI3aH CO CPOKOM CIIYXOBbI 3JIEKTPOHHOW arma-
paTyphbl, KOTOpasi CPABHUTEIBHO OBICTPO YCTApEBAET U U3HAILIMBAETCS.

B cxeme nuTaHMs paguo3JEKTPOHHOW amnmapaTypbl Ba)KHO TaKXe HMETh
TpaHcGopMaTop MUHUMAIBHBIX TA0APUTOB C MAKCUMAJIbLHO BO3MOXKHBIM KOd(uiiu-
€HTOM ITOJIE3HOTO JIEUCTBUSI.

VYka3aHHble TPeOOBaHUS TOCTUTAIOTCSA MYyTEM MaKCUMaIbHOI'O MCHOJIb30BaHUS
AKTUBHBIX MAaTEpUAJIOB U YIPOILIECHUS KOHCTPYKIUA. OQHAKO ClIeIyeT OTMETUTh, YTO
CTpEMJICHHE MOJIYYUTh TPAHC(HOPMATOP C MATBIMU CTOUMOCTBIO M Maccoi IMyTeM Mo-
BBILICHUS] AJIEKTPOMArHUTHBIX HAarpy30K NPUBOJAUT K HEKOTOPOMY CHUKEHUIO COSQ U
K03 duULIMeHTa TTOJIE3HOTO JIEHCTBUSI.

Ucneiryemsiii omHodasnblii cunoBoii TpancopmaTtop TC-330K-1 MomHOCTHIO
P=330 BT u nepsuunsiM HanpspkeHuem U;= 220 B paccunTan Ha JUIMTENbHYIO aK-
THUBHYIO Harpy3ky npu yacrtore 50 I'm u temneparype okpysxkatomeit cpenbr <50°C.
OcHoBHBIE TaHHBIE TpaHCPopMaTOpa MPUBEIACHBI B Ta0. 4.1.

Tpancpopmarop MeeT ABE OCHOBHBIC YacCTH: JeHTOUHBIN cepiaeunuk (JIC) u

obmotku (puc. 4.1).

Puc. 4.1. O6muii BUJ CCIeAyeMOT0 CTEPKHEBOTO TpaHc(opmaropa ¢ JIeH-
TOYHBIM cepieuHUuKoM (JIC) u KOHLIEHTpUUECKUMH 0OMOTKamMu: 1 - mepBUYHas 00-
MOTKa; 2 - BTOPHYHBIC OOMOTKH; 3 - M30JIAIIMOHHBINA OYPTHK, D - SKpaH.

o

AT
P i
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Tabmnura 4.1
Howmu- Co-
HaJILHBIE Hom- po-
Halb- | Ync
nepe- bl o THUB-
OOMOTKH BreiBoapl | MeHHBIE JIEHHE
TOKH, | BHUT
Harps- o0Mo-
A KOB
JKEHUS, TOK,
B Om
1-2 220 1,65 | 578 2,5
1
5-6-5 120 0,75 | 316 2,4
8-10-8 32 0,9 84 0,6
12 -12° 17,6 0,2 46 1
14 - 14° 6,5 1,2 17 0,1
15-16 6,5 8 17 0,6

JIC u3roTaBivBarOT U3 Y3KOW JIEHTHI 3JIEKTPOTEXHUYECKUX CTaJed WM CIIa-
BOB pasnuyHoi TonmmHabl. Hanbonee pacnpocrpanenst JIC u3 X010 AHOKTaHHOW aHU-
3otponHo# ctanin Mapok 20895. ITpumenenue JIC o cpaBHenuto ¢ IIC (muxToBaH-
HbIE CePACYHUKH U3 JINCTOBOM CTaJIM) MO3BOJISIIOT CYIIECTBEHHO CHU3UTh MAcCy U ra-
6apuTthsl Tpanchopmaropa. OOMOTKY C MEHBIIIUM JHUAMETPOM IMPOBOJA Kak Oojee 10-
POTYIO IS CHUPKEHHUSI CTOUMOCTH TpaHchopMaTopa pacrojaratoT OJuxke K CTEPKHIO.
OOMOTKY ¢ OOJBIIUM JUAMETPOM MPOBOJIA JEIAI0T HAPYKHOM, MTPU ITOM KOHCTPYK-
1IUst OOMOTOK MPUOOPETAET OOJBIITYI0 MEXaHUYECKYIO TTPOUYHOCTb.

JI71s1 321U THL OT TTOMEX, MTPOHUKAIOLIUX YePe3 AIEKTPOCETh, MKy TIEPBUUHON
¥ BTOPUYHOU OOMOTKaMM TIOMEIIIEH JIEKTPOCTATUUECKUI dKpaH 3. DKpaH BHIOJIHS-
€TCSl U3 U30JIMPOBAHHOTO MPOBOJA B BUJE OJTHOCIOMHONW OOMOTKH, OJMH M3 KOHIIOB
KOTOPOU 3a3EMJISIETCSI.

2. YpaBHenus TpanchopmaTtopa. CxemMbl 3aMeleHus

PabGouune nporecchl TpaHchopmaTopa HCCIEAYIOTCS C MOMOIIBIO ypaBHEHUMN
HanpspKeHUH 00MOTOK. K 00IIenpuHSITHIM JOMYIIEHUSM, HCTIOIh3yEMbIM TIPH 3aIHCH
muddepeHnanbHbIX YpaBHEHHM TpaHcpopMaropa Ha ocHOBe 3akoHOB Kupxroda,
OTHOCSTCS JIOMYIICHUs, TPUBeIeHHbBIC B [1,2].

1. EMKOCTHBIE TOKH MEX]Iy BUTKAMH OOMOTOK M MEXy OOMOTKAMU MarHUTO-
POBOJIOB MpeHeOpexumo Maisl (f>1-5 kI'm).

2. MarHuTHasi MPOHUILIAEMOCTb, UHAYKTUBHOCTH U B3aUMOHMHIYKTUBHOCTH 00-
MOTOK CUHTAIOTCSI IOCTOSTHHBIMH BEJIMYMHAMH.

3. IloTepu Ha BUXpEBblE TOKH B MaTepUajie MarHUTOIIPOBOJA MPEHEOPEKUMO
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MaJbl.

CxeMmy 3aMeICHHs AJICKTPUUYCSCKON IENH C WHIYKTHMBHOW CBS3bI0 U Tudde-
pEHIIMAJIbHBIC YpaBHEHHUSI 0OMOTOK 0JiHO(a3HOro TpaHchopMaropa COCTaBUTh CaMo-
cTosiTebHO. [Ipu 3TOM HCTI0JIB30BaTh 0003HAUCHMUS:

Ui, Uy, iy, I - MTHOBEHHbBIEC 3HAYCHHS HANPSKCHUH U TOKOB IICPBHYHOM M BTO-
PUYHON OOMOTOK; I, Iy, L11, Ly; - aKTUBHBIE CONPOTUBIICHUSI M COOCTBEHHBIC MHTYK-
TUBHOCTH, 00OMOTOK; L1,=L,;=M - B3aumMHass ”HAYKTUBHOCTH 00MOTOK; W1, W, - unc-
JIO BUTKOB OOMOTOK.

OOBIYHO CWJIOBBIE TpPaHCPOPMATOPHI, a TAKKE PSA BHUIOB CIEIHAIBHBIX
TpaHc(HOpPMaATOPOB PabOTAIOT ¢ CHHYCOUIAITBHO-U3MEHSIOMNMUCS TOKAMHU U HaIrpsi-
KEHUsMU. B aTOM ciydae miis aHaimM3a yCTAaHOBHUBIIIUXCS PEKHMOB PabOTHI TpaHC-
dbopmaropa BmecTo Aud@epeHIMaNbHBIX ypaBHEHUN YA0OHO MOJIb30BAThCS KOM-
IJICKCHBIMU YPAaBHCHHSIMU JIJIS JEHCTBYIONIUX 3HAYCHUH TOKOB M HampspKeHUH. [t
MOJIYyYeHHsI ITUX ypaBHEHHH B auddepeHImaipable ypaBHEHHS TpaHc(opMaropa
CJIEAYeT MOJICTAaBUTh BBIPAKEHUS:

u, =~/2&ei; u, =/2%e i
iy =\/§ngzejwt I =\/§|82161wt

[Tocne mpeoOpa3zoBaHuii OJIYYAOT YpaBHEHUE TpaHC(POPMATOPA B KOMNIEKC-
Houl hopme:
Ugf: rll%"' lelr%-l_ leZF%

4.1
_LﬁzL =T F%‘" szz F%‘" jX1zl§L ( )

rae
Xp=oly, Xyp=0ly,, X, =oM

MPECTABIAIOT COOON MOJIHbIE COOCTBEHHBIC M B3aMMHBIE MHAYKTHUBHBIC COMPOTHUB-
neHust OOMOTOK.

Juddepenumansubie ypaBHeHUsT TpaHchopmatopa u ypaBHeHus (4.1) momaHo-
CTBIO ONPEACIISIIOT MPOIECChl, MPOUCXOASIINE B TpaHCHoOpMaTope MPHU yKa3aHHBIX
BBIIIIE JIOMYIIEHUSX, U TTO3BOJISIIOT PEIIaTh 3a/1a4u, CBSI3aHHbIE C paboToM TpaHchOp-
MaTopa B MEPEXOJAHBIX U YCTAHOBUBIIMXCS PEKUMaX paOOTHI.

OnHako, Ha MPAKTUKE PACUYEThl CTATHUECKUX XapaKTEPUCTUK TpaHCcPopMaTopa
o Gopmysam, MoIy4aeMbIM HETOCPEACTBEHHO U3 (4.1), HE MOTYT OBITH BBITIOJHEHBI
C HEOOXOIMMOM TOYHOCTHIO, BCJICICTBUE HAJTUYHS YJICHOB, MPEACTABIISIONIUX COOOM
Pa3HOCTH BEJIMYWH, OJIM3KUX 110 3HaUYEeHUI0. Kpome Toro, pacueTsl HEYyI0OHBI B CBSI3U
C TeM, 4YTo Ipu HepaBeHcTBe uncna BUuTkoB Wi AN, mapamerpsi I, L, M, X, Hanpsixe-
Hus U, K1 Toku i, K nepBUuYHON ¥ BTOPUYHON OOMOTOK MOTYT CHUJILHO Pa3jINyaTh-
csi 1o 3HaueHuto. [loaToMy BMECTO peanbHOro TpaHcpopMaTopa paccMaTpUBACTCS
HKBUBAJICHTHBIA €My, TaK Ha3bIBAEMbI IPUBEACHHBIN TpaHCcHOpMaTOp, MEpBUYHAS U
MpUBEJCHHAS BTOpUYHAS OOMOTKM KOTOPOTO HMMEIOT OJIMHAKOBOE YHCJIO BUTKOB
W,’=W, ipu 3TOM YKCIIO BUTKOB BTOPUYHOM OOMOTKH H3MEHHUTCS B K pas:

W, W,

K=_—2—_1 4.2
TR (4.2)

Benuunna K HassiBaeTcs koo dunyuenmom npugedenus uiy mpancopmayuu.
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B pesynbTaTe Takoit 3aMEHbI WM IPUBEICHUS MTOTYJArOT:
¥ = kK 4.3)
UYToOBI MOIIIHOCTH MPUBEICHHON U pealbHOM 0OMOTOK MPHU BCEX PEKUMAX pa-
00THI OBLIM PAaBHBI, COOTIOAIOT PABEHCTBO
B = K (4.4)
Torna
&
*k
MarHuToIBIKYIINE CUJIbI TPUBEACHHON U peaabHOM 0OMOTOK Ha OCHOBAHUU
(4.2) u (4.5) paBHBI:

r, =k°r, (4.5)

IquNz = I82&\/\/2 (46)
B cootBerctBum ¢ 3aBucumoctsamu (4.3), (4.5) B ypaBHenusix (4.1) nenaror
MOJICTAHOBKY, a MOCJI€ MPeoOpa30oBaHUU IMOIYYalOT CUCTEMY YpPaBHEHHM, KOTOPOM
COOTBETCTBYET CXE€Ma 3aMEIlICHUs, PUBEICHHAs Ha puc. 4.2a, rae:

. X .
X, =Xy, —kXpy; X, = kz(xzz _le); X, =kXy, (4-7)

Jlugppepenyuanvnovie ypasnenus TNpUBEIECHHOTO TpaHChoOpMaTopa 3amHChi-
BAaIOT, UCTIOJIB3YS MOJACTAHOBKY
u, . .
=2 i, =ki, (4.8)
k
[Tomy4eHHBIM ypaBHEHHSIM COOTBETCTBYET CXEMa 3aMCIIEHUs, MPEACTaBJICH-

Has Ha puc. 4.20, Tre

U, =

. M .
S; =Ly, —kM; Szzkz(l—zz_?); M, =kM (4-9)

Kommnekcubie 1 auddepeHimanbabie ypaBHEHUS MPUBEIECHHOTO TpaHchop-
MaTopa MOyYUTh CAMOCTOSITENIbHO, TPOBEPUTH UX COOTBETCTBUE CXEMaM 3aMEIICHHUS
puc. 4.2a,0.

Cxema 3amMereHusi TpaHcopmaTopa MOKET ObITh IOCTPOEHA C YYETOM Mar-
HUTHBIX TOTEPh B CTaIM. B 3TOM cilyyae B cxeMme 3aMmelieHus napauieabHo X'io
BKJIIOUAETCS] aKTUBHOE COMPOTHUBIICHHE, TIOTEPH B KOTOPOM IPOMOPIIMOHATHLHBI Mar-
HUTHBIM 1oTepsaM. Toraa HamarauumBaromuii Toxk K = K+ & pasgengerca Ha akTus-

Hyto K (depes I,,) 1 peakruHyto K (uepes X’1p) cocraBmsromue. K, onpenensier
MOLIHOCTh MarHUTHBIX MOTepb P, K cosnaer marHuTHBIA noTok. OGIuee compo-

THUBJICHUC ABYX ITAPAJJICIbHBIX BeTtseit OoIIpCACIIACTCA 3aBUCUMOCTbBIO!
' 2

rjXx . -
z = maJ-12l :rm_,_J)@fn’rm:X_,xm:Xu (4.10)
rmat + JX12 rma
TaK KakK
r.>> X,

Torna cxema 3amerenus (puc. 4.2a) npumet Buj (puc.4.2B) wiu (4.2r), rae:

Z =0+ X, 2, =0+ X,z =r +jX,.

JIns ynpoliieHusl pac4eToB 4acTO MOJIAralT Z,=o0 TaK Kak zZm>>Z1~Z’,. Torma
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TpaHcPopMaTOp MPEACTABIAETCS IKBUBAJIEHTHBIM CONPOTUBIICHUEM
7, =2,+1, (4.11)
Omnpenenenre napameTpoB CXEMbI 3aMelIeHHs TpaHchopmaTopa MOXKET OBbITH
MPOBEJICHO OTBITHBIM ITyTEM.

Puc. 4.2. CxeMbl 3aMelIeHus1 ByX0OMOTOYHOTO TpaHchopMaTopa
0e3 yuera (a, 0) u ¢ y4eToM (B, I') MATHUTHBIX MTOTEPb.

3. O1BIT X0JIOCTOTO X0/1a

PexxumoM xosocToro xona TpancopMaTopa Ha3bIBAIOT PEKUM, TIPU KOTOPOM,
€ro BTOPUYHbIE OOMOTKH PA30MKHYTHI M BTOPUYHBIC TOKUA PaBHBI HYJIIO.
B aTtom ciyuae TpaHchopMaTop MOXKET OBITh MPEACTABICH CXEMOW 3aMeIeHUS
JUIIb C JABYMS TOCJIENOBATEIbHO COCIUHEHHBIMU COMPOTUBICHUSIMH Z; U Z, (pUC
4.2r). Toraa nojiiHOE CONPOTUBIIEHUE TpaHchoOpMaTOpa, €ro aKTUBHAsI U MHIYKTHB-
Hasi COCTaBJISIIOIIME B PEKUME XOJIOCTOTO X0/1a ONPEAEISIOTCS 3aBUCUMOCTSIMU:
Z,=2,+2,, fa=0+r, X,=X,+X_, (4.12)
B cunoBeix TpanchopmaTopax r>>rp; X3>>Xq, MO3TOMY C BBICOKOH TOYHO-
CTBEO MOHO CUHMTATh, UTO MTAPAMETPBI XOJIOCTOTO XO/1a OJTHOCTHIO OINPEAEIISIIOT Ta-
paMeTpbl HAMArHUYUBAKOLIEH 1IEMNA CXEMBbI 3aMELICHHUS:
Z,=25 I, =0, X,=X, (4.13)
[To 3TOM € MpUUMHE MOJHO CKa3aTh, YTO MOUIHOCThH XOJOCTOro xoxa P, om-
penensieT MarHuTHbIE oTepu Py,
P, =P, (4.14)

Cxema npoBeieHUsI OMbITa X0JIOCTOrO X0/1a MpUBeieHa Ha puc. 4.3.



Puc. 4.3. CxeMa npoBeIeHUS ONbITA XOJIOCTOTO X0/a.
W3 nanHbIX ombITa Juisi HOMuHAIRHOTO HampstkeHust U;,=220 B, onHodaszHoro
TpaHcopMaTopa ONpeeaOTCs MOJTHOE, aKTUBHOE U MHIYKTUBHOE COMPOTHUBIICHUS
XO0JIOCTOT'O X0/1a:

P
zozh,roz—g,xoz 22 -1} (4.15)
IlO IlO
K03 puimeHT Tpanchopmanun
k=" Yo (4.16)
WZ U 20

KO3(PUIIMEHT MOILITHOCTH XOJIOCTOrO X0Aa

c0s ¢, = UPOI =55 1E 4.17)

0°0

[Ipu uccnenoBanuu TpaHcpopMaropa He OTPAHUUUBAIOTCS OMPEIEICHUEM TO-
Ka XOJOCTOrO0 XOJa U MOTEPh XOJOCTOTO XOJa Il HOMHUHAJIBLHOTO HAmNpsHKEHUs, a
MPOBOJIAT "OMBIT XOJIOCTOTO X0aa".
[Tpu ombITe XOIOCTOTO X012 HAMPSKEHUE TIEPBUYHON 0OMOTKH M3MEHSIOT oT 1,0U,
10 0,5U,,; u caumarot ¢ marom 10 B. I1o 1aHHBIM OmbITa OJIy4aroT 3aBUCUMOCTH |y,
Po, COS([)o:f(Ul)

JlaHHbIEC ONBITA PEKOMEHTyEeTCS 3arucarth B Ta0. 4.2.

Tab6maua 4.2.
JlaHHBIE OMbITA PacueTHbIe 1aHHbBIC
Ulo, B Ilo, A Po, Bt Uzo, B |2, A(zmﬂ ombITa COS®g Zo,OM RolOM
Harpysku)

110
220

Ha ocHoBannu omnwita Xoioctoro xoxa mit Uy, onpenensaoresa |, Ipo, P, u
COS ¢, -

Ha puc. 4.4 nokazan nmpuMeEpHBI BHJ XapaKTEPUCTHUK XOJOCTOro xoxa. Ha

U P
KpUBBIX puc. 4.4 BUIHO, UTO CONPOTUBJICHUS Z, = I—“’ U I, =— CHIbHO 3aBHCAT OT

0 0
HaCbIIICHWA CTAJIN CCPACHHUKA.
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Puc. 4.4. XapakTepuCTUKHU U NTapaMeTPbl XOJIOCTOr0 XO/1a.

4. UctibiTanus TpanchopMaropa B peKMMe Harpy3KHu.

CusnoBoil TpanchopMaTop Majaoil MOIIHOCTH B OOJIBIIMHCTBE CiydaeB paboTa-
€T IpY HOMUHAJILHON Harpy3ke, 0OBIUHO 3Ta Harpy3ka akTuBHas. Cxema mpoBeIeHUs
OTbITA MpEJICTaBJIEHA Ha puC. 4.5.

UcnpiTanue Tpanchopmaropa B pexkuMe Harpy3Ku MPOBOJUTCS C IS0 Ompe-
JICJICHUS;, U3MEHEHMs HAMPSLKEHUSI HA BTOPUYHBIX 0OMOTKAX MPH MEPEXoe OT XOJ0-
CTOTO X0JIa K HOMUHAJIBHON Harpyske; KoddPuirenTa mojae3Horo AeUCcTBUsg U K03(-
(duleHTa MOIIMHOCTA TNEepBUYHOM 1enu. ONbIT MOPOBOAUTCS TMPU 3HAYCHUU
U1:U1H:220B.

Koaddunment nonesnoro neidctBusi TpancpopmaTopa MIpu HOMUHAIBHOM aK-
TUBHOM Harpy3Ke ONnpeessieTcsl Kak OTHOIICHHUE TMOJE3HOW MOIIHOCTU P u moTpeod-
JIsIeMOM U3 ceTu Pi.

P P-P,-P, N
n= E100% = 1Tf100% P = 21: 1%r, +P,, (4.18)
]=

1 1
rae P, onpeaensiercs 3aBUCUMOCThBIO (4.14).

KoadduimenT MomHoCTH MEPBUIHON [IETIM U M3MEHEHHS HANPSDKESHUST Ha 3a-
KUMaxX OOMOTOK IpPH IMEPEeX0Jie OT XOJOCTOTO XO0Jia K Harpy3Ke OIpPENesSIoTCs 0
cienyomuM hopmynam:

CoS @, I AU, _ Yz Uy (4.19)
U 1 I 1 U 2i
rae U, - HanpshkeHne Ha BTOPHYHBIX OOMOTKAX MPU OJTHOBPEMEHHOW HOMHHAILHOU
Harpyske BceXx 0OMOTOK.

Puc. 4.5. Cxema ucnbiTanuii TpancGopmaTopa B pexuMe Harpy3KH.
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5. ConeprkaHue oTyeTa

B oTuere mpuBOIATCS: MpUHIMIUATIBHAS dJIEKTpUUEcKas cxema TpaHchopma-
TOpa M €ro MacmopTHbIE JNaHHBIE, CXEMa 3aMEILICHHs SJIEKTPUYECKOH Ieru TpaHc-
dbopmaTopa ¢ MHAYKTUBHOMU, CBSA3bIO U €ro auddepeHaabHble yPaBHEHHS: BBIBOJ
KOMILJICKCHBIX YPaBHEHUH MPUBEICHHOTO TpaHC(HOpPMATOpa U €ro CXEMbl 3aMEIICHUS
0e3 yueTa U ¢ y4eTOM MOTeph Ha IepeMarHu4MBaHue, CXeMa UCTBITAHUN XOJIOCTOTO
XoAa TpaHchopMaTopa, pe3ynbTaThl ONbITa U MX aHAJIN3, PACCUUTAHHBIC 3HAUYCHUS
K03 UIIMEHTOB TpaHCPOpPMAIMK U TTAPaMETPOB CXEMbI 3aMEIICHUS Zy, Iy, Xp, CXe-
MBI UCIIBITAHUN U PE3yJIbTAThl OIbITa PEKMMa HArpy3KH, pacCUMTaHHBIC 3HAYCHHUS
napaMeTpoB YIPOIUICHHON CXeMBI 3aMelIeHHs] TpaHcpopMaTopa Z, Iy, X, K.IL.1., COS@
1 AUy, ocuMUIOrpaMMbl U3MEHEHUS TIEPBUYHOTO U BTOPUYHOTO HANPSKEHHH B pe-
KUMax, IPeyCMOTPEHHBIX IPOrpaMMoii paboThl. BBIBOIBI.
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Jlabopamopnas paooma Ne 5
N3YUYEHUE XAPAKTEPUCTUK ACUHXPOHHOI'O
TAXOMETPUUECKCI'O ATPET'ATA.

[Iporpamma paboThI

1. DxcriepuMeHTanbHbIE HCCIEN0OBaHUA
1.1. O3HaKOMHTBCS C MACTIOPTHBIMHM JAHHBIMU M KOHCTPYKLIMEW arperara, uc-
II0JIb3YSl MATEPHUAIIBI CTEH1a-BUTPHUHBI.
1.2. CHATH peryiavupoBOYHYIO XapaKTEPUCTUKY aCUHXPOHHOIO JBUTATENS IPH
aMILTUTYAHO-(pa30BoM criocoOe ympasieHus. McciaenoBare camoxof (camoxonx OT-
cyrcTByeT, eciau npu U,=0, n=0)

n=fU,), M, =0 (5.1)
1.3. CHATh BHEHIHIOIO XapAKTEPUCTUKY TaXOT€HEpPATOpa
Uu,.=1fn); M, =0 (5.2)

1.4. CHATP Ha KaJbKy C 9KpaHa - ocuuuiorpada nepexoHyro XapakTepUCTUKY
ACHHXPOHHOTO JIBUTATEJISI
n= f(t) mpu U,=8-1(t) (5.3)
371eCh 1 - 4acTOTa BpalleHHs Bana Auratelns; U, — HalpspKeHHE yIpaBlICHUS
auratens, U, - BBIXOJHOE HaIpsDKCHHE TaxOoreHeparopa; Z, - COMPOTHUBJICHHE Ha-
Ipy3Kd, M, - MOMEHT Harpy3Kd Ha Bajay JBHTaTeIIs.

2. PacyeTsl ¥ MOCTPOEHUS

2.1. Ha ocHOBaHUU pe3yJIbTATOB SKCIEPUMEHTAIIBHOTO UCCIIEI0BAHUS MIOCTPO-
UTh CTaTHYCCKHE XAPaKTEPUCTUKHU ABUTATEIs U TaxoreHepartopa (5.1) u (3.2) u om-
pPEEIUTh 30Hy IPOMOPLUHUOHAIIBHOIO PETYJIMPOBAHUS ABUTATENS, AOIMYCKask MOTrpell-
HOCTh B UBMEHEHHUH CKOpOoCcTH A=25%.

2.2. TlpoBecTn rpaduyeckyro JuHeapu3aluioo xapaktepuctuk (5.1), (5.2) u
MpEeACTaBUTh UX B BUE (5.4)

n=k\U,; U, =k.n k,_=o (5.4)

Omnpenenuth K03hGUITMCHT TIepeaun ABUraTelis u tTaxoreHeparopa K, K,... Be-
avuuHa K, orpenenser KpyTH3HY @

2.3. Jlna mepexoaHoi xapakTepucTuku (5.3) paccuuTaTh MacIITaObl, MOCTPO-
uTh KpuByto N = f(t). Onpenenuts rpaduyecku 3HaUEHUE IICKTPOMEXAaHHUECKOM MO~
CTOSIHHOM BpeMEHHM ABUratens 7,,.

[losicnenust 1 yka3zaHus K paboTe

1. KpaTkas xapakTepucTHKa 00beKTa UCCIICIOBAHUS.

B ManoMounHeIX cieasmmx cucremax snekrpoaBToMathku U CAY mupoko
MPUMEHSIIOTCS IBUTATENIM - TaxoreHeparopsl Tumna JII' - IByXMalIMHHBIC arperarsl,
COCTOSAIIME U3 ACUHXPOHHOTO JABYX(Aa3HOrO YNpaBisieMOro MCIOIHUTEIBHOTO 3JIEK-
TPOABUTATENS U ACHHXPOHHOTO TaXOT€HEpaTopa C MOJILIMA HEMAarHUTHBIMU POTOpa-
mu. TaxoreHepatop Mmpu 3TOM BBIMOJHSAET (DYHKIHMHU JAaTYUKA CKOPOCTH. PoTOphI
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ANEKTPOABUTATENISI U TaXOT€HEPATOPa, BBHIMOJHEHHBIE B BUJE MOJIBIX HEMArHUTHBIX
CTaKaHOB, PACIOJIOKEHbI HA OJJHOM Baily. CTaTophl ABYXMAIIMHHOTO arperara Habu-
paroTCs U3 U30JUPOBAHHBIX JIMCTOB AJIEKTPOTEXHUUECKOM cTanu. B ma3zax BHemHero
cTaTopa pacrojaraloTcs OOMOTKHU YIpaBieHUs] U BO30YKICHUSI aCHHXPOHHOTO JJICK-
TPOJIBUTaTeNsl, CABUHYTHIE B IIPOCTPAHCTBE OTHOCHUTENBHO Apyr apyra Ha 90
AIL.Tpaj., U IBE OOMOTKH aCHMHXPOHHOTO TaxoreHepaTopa - BO30Y>KJEHHUS U BBIXO/I-
Hasl, TAKXKE CIBUHYThIE B MpocTpaHcTBe Ha 90 sn.rpag. BHyTpeHHUl cTatop CiyKut
JUISl YMEHBIIIEHUS! MATHUTHOTO COMPOTHUBJIEHUSA cUCTEMbl. [IpuHIMNUanbHas cxema
TaxOMETPUUYECKOI0 arperara npuBeaeHa Ha puc. S.1.
3 2 y ;2 3

i ]

: /
N _,'/'//7/ UL

‘i'!‘_"‘{r];.*,]:ﬁf? '!! : ‘:
Alime }-mj.{.l' N 5

.

. i ; ! i
S NN

Puc. 5.1. [lpynnunuanbHas cxema aCHHXPOHHOTO TaXOMETPUYECKOTO arpera-
Ta: 1,2 - BHEIIHUE W BHYTPEHHUE CTATOPHI, 3 - 0OMOTKHU CTATOPOB, 4 — MOJIBIE POTO-
pBI.

[IpyHIMI AEHUCTBHUS ACMHXPOHHOI'O JBUTrATEls COCTOUT B ciexyromeM. [Iymb-
CUPYIOIINE MOTOKU, CO3/IaBaeMble TOKaMH B 0OMOTKaX BO30YKACHUS U YIPaBIICHUS,
CABUHYTHI B MPOCTPAHCTBO Ha yros 90°, cozmarotr B o0IIEeM ciydae dJUTMIITHYECKOE
BpalIaroLIeecs IoJIe, KOTOPOE HABOJIUT BUXPEBBIE TOKH B poTope. B3aumonelicteue
MOJIL CTaTopa C TOKaMU poTopa OOYCIIOBIMBAET BO3ZHUKHOBEHHE BPAILLIAIOLIETO MO-
MEHTa, PaBHOTO Pa3HOCTH MOMEHTOB OT IPSIMOTO M OOPAaTHOTO MoJieH, Ha KOTOpbIe
MOKHO Pa3jOKUTh SJUIMIITHYECKOE BpalatoLIeecs MoJie CTaTopa.

JInst co3gaHust Bpalaromerocs mojsi, KpoMe MpOoCTPAaHCTBEHHOI'O CIIBUra CTa-
TOPHBIX OOMOTOK, HEOOXO/IUM BPEMEHHOW CIIBUI HAIPSKEHUH U TOKOB B OOMOTKax
BO30YXKICHHS W YIIPABJICHUA, T.€. HEOOXOAUMO, YTOOBI (ha3oBbIil caBur =0 u Ha-
npsukenre oomotkn ynpasienus U, =0. Ipu =0 nwmm npn U,=0 Bpamarommii mo-
MEHT ucuesHeT, a npu y=a2, U,=U, u U,=-jU, Bpamaromuii MOMEHT OyaeT MakcH-
MaJIeH.

Takum obpasom, nmpu n3menennn U, n3MeHsAeTCs CTENeHb SIIMITHYHOCTH T10-
JIs1, YTO BJICYET 3a COOOM M3MEHEHNE CKOPOCTH BpallleHUs Bajia IBUTaTeIs.

OTcrofga crneayloT TpHU croco0a YNpaBieHHs ACUHXPOHHBIMU JBUTATEISIMU:
aMIUTUTYIHBIH, (pa30BbIN U aMILTUTYHO-()a30BbIH.

ITpn ammurynHom cmocobe ynpasnenus U,=var, y=const. Heobxomumoe
cMelleHne =712 co3maeTcs (pa3oCMEeIaonUM YCTPOHCTBOM.

ITpu daszosom crnocobe ynpasnenus U,=const, y=var. 3menenue ¢aspl Ha-
IPSKEHUS OCYIIECTBIISIETCS C MOMOILBIO (Pa30BpallaroIIero yCTpoicTaa.

ITpn ammumtyaao-dazosom ynpasienun U,=var, y=var.
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OCHOBHBIE CBOMCTBA JBUTATENS C MOJILIM POTOPOM MOTYT OBITH TOJIYYCHBI U3
PacCMOTPEHHUSI TAKOTO UAECATIBHOIO JBUTATEIs, Y KOTOPOrO COMPOTUBIEHHE POTOpa
I,, BO MHOTO pa3 IIPEBBIIIACT CONPOTHBICHUE BCEX IPYTUX OOMOTOK, KPUTHYECKOE
CKOJIB)KEHUE S,;,—00 MOTEPHU B CTaTOpe OTCYTCTBYIOT [ 1 ].

[[Iupokoe pacnpoCTpaHEHUE ACMHXPOHHBIX JBUTATEJIEH C MOJIBIM POTOPOM
00YCIIOBJICHO EIBIM PSIIOM MPEUMYIIECTB, KOTOPBIE BHITOJHO OTJIMYAIOT UX OT HC-
MOJTHUTEIBHBIX IBUTATENICH APYTUX THUIIOB:

1. Masblii MOMEHT MHEPLUUH, YTO JOCTUTACTCSA BBIIOJHEHUEM POTOpPA B BUJIE
TOHKOCTEHHOT'O CTaKaHa M3 HEMAarHUTHOIO MaTepualia ¢ MaJiol IMJIOTHOCTHIO (ayto-
MUHUN WK JropadtoMuHuii). TolmHa CTeHKH poTopa Kojebnercs B nmpeaenax 0,2-
0,8 mM.

2. bonpuioil MycCKOBOW MOMEHT BCJIEJICTBHE MOBBIIIEHHOTO COMNPOTUBIICHUS
poTOpa, YTO B COBOKYMHOCTH C MaJIbIM MOMEHTOM HHEPIUHU, 00eCTIeUnBacT Majylo
AIEKTPOMEXAHUYECKYIO TIOCTOSIHHYIO BPEMEHHU JIBUTATeNsi, €ro OBICTPOACUCTBHE U
MOBBIIIEHNE YCTOMYMBOCTHU CIEISALIIUX CUCTEM.

3. Mexanuyeckasi XapakTepUCTUKa JBUraTesis NpUOIMKaeTCsl K MPsIMOJIMHEN-
HOM, YTO JTIOCTUTAETCA 3a CYET OOJIBIIIOTO KPUTHYECKOTO CKOJIBKEHHS (CKOJIbKECHUS
IIpH MaKCUMaJIbHOM MOMeHTe): S,,>1 (00bruHO S,, =4...7).

4. Hlupokuii quana3zoH IJIABHOTO PETYJIMPOBAHUS CKOPOCTH, OOYCIOBIICHHBIN
BO3MOKHOCTBIO U3MEHEHUH B OOJBIINX MPeesiax Mo 00OpaTHOM MOCIeI0BaTEIbHO-
cti. KpaTHOCTh peryaupoBaHus CKOPOCTH JOCTUTACT Nmax/Nmin=100...200; Hamm4me
30HBI MPOMOPIMOHATIBHOTO PEryJIUPOBAHUS CKOPOCTU BpalICHUS NPU HU3MEHEHUH
ynpassomero Hanpspbkerus N=K,U, . BeicTpoe n3MeHeHne HarpaBIeHUs] BpallCHHsI
neuratens. [ImaBHbINA U OECIIYMHBIN X0/ U3-32 OTCYTCTBHSI 3yOIIOBBIX BBICIIUX Tap-
MOHMYECKUX B KPUBOU IOJIA.

5. CriocoOHOCTH ABUTATEINS K CAMOTOPMOXKEHHIO, T.€. K OCTAHOBKE POTOpa MPH
CHSITUW HANpPsDKCHHUS CUTHaJla ¢ OOMOTKM YMPABJICHUS, YTO JOCTHUTAETCS 3a CUeT
OOJIBIIIOTO KPUTHICCKOTO CKOIBKEHHUS (OTCYTCTBUE CAaMOXO0/1a).

6. CTaObunbHOCTh pabOYMX CBOMCTB ABUTATENS PU KOJIEOAHUSIX TEMIIEPATYPHI.

7. OTCyTCTBUE TPYUIUXCSI KOHTAKTOB, YTO 00ECIEUMBAET MAJIbIii MOMEHT Tpe-
HUSI M MaJible HAIPSDKEHUS TPOTaHUsl, CTAOMIBHOCTD MapaMeTPOB, OTCYTCTBHE UCKPO-
BOW KOMMYTAIIUU U CBSI3aHHBIX C HEW pajuoroMeX, MOBBIIIICHUE HAJIC)KHOCTU U IKC-
TTyaTanus.

8. BO3MOXHOCTh MIPUMEHEHHUSI B IIEMH YIIPABICHUSI ITPOCTHIX U HAJCKHBIX YCH-
JIATEJIEN IEPEMEHHOTO TOKA.

9. IIpu noBeimennu yactothl 10 f=400...500 ' cHIokaeTcs Macca IBUraresaci
Y YCWINTEJIEH U MOBBIIIAETCS TOUHOCTh OTPAOOTKH.

K HepocTtatkam JBUTATelNsl C MOJIBIM POTOPOM CJIEAYET OTHECTHU:

1. Bonbmioii HemarauTtHeI 3a30p (0=0,6-1,3 mMm), oOycnaBnuBaromuii 0OJb-
1011 HAMarHWYUBAIOIIUNA TOK M CPAaBHUTEIBLHO HU3KUM KOI(POUITUEHT MOIITHOCTH.

2. OTHOCHUTENBHO HU3KUH KOA(DPUITMEHT MOIE3HOTO JEUCTBUS, T.K. IBUTATEIN
MOTPEOJISIFOT CPAaBHUTEIBLHO OOJIBIIION TOK M PabOTAIOT MPHU OOJIBIINX CKOIBKEHUAX —
OOJIBITIOM COMPOTHUBJICHUU POTOpa (HOMHHAIBHOE CKOJbXkeHue okono 50%), dto
MPUBOAMT K OOJBIIMM MOTEPSIM B CTATOPE U POTOPE.

3. OtHOCHUTENBHO OOJNBIIAs Macca U pa3Mepbl ABUTaTess. ACHHXPOHHBIN Taxo-
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TeHEPATOpP C TMOJILIM POTOPOM KOHCTPYKTHBHO HE OTJIMYAETCS OT JBUTATENS MOI00-
HOTO THITa M MPEACTABIISICT COOOM AIEKTPUIECKYIO MAIlIMHY, pa0OTAaIOIIyI0 B TeHepa-
TOpPHOM peXxume. B TaxoreHeparope mpoucxoaut AudQepeHInpoBaHue MeXaHude-
CKOH BEIMUYWHBI, OCHOBAHHOE Ha TOM, YTO 3.1.C., HHIYKTUpYyEMas MPU MOCTOSTHHOM
notoke @, MpormopIroHaAIbHA YaCTOTE BPAIICHUS Bajla MAIIMHBEI N:
E=cOn=c, L
dt
T7Ie C1, C2 - KOODPHUITMEHTHI TPOMOPIMOHATBFHOCTH, &) — YTOJ MOBOPOTA Baja Malllu-
HBI.
[maBHBIM TEXHUYECKUM IIOKa3aTelieM KadyecTBa padOThl aCHHXPOHHOTO Taxo-
reHepaTopa, Kak U JI00ro THIa TaXOreHepaTopa MePEeMEHHOTO U IIOCTOSTHHOTO TOKa,
SBJISIETCS] JINHEWHOCTh BBIXOJAHOW XapaKTEPUCTUKH, MPEJCTABISAIONMEH 3aBUCUMOCTD

BBIXOJIHOTO HamNpsDKeHHs OT yacToThl Bpamienus U, =f(n) wm U,.=f(v), rae v=n/n, —

OTHOCHUTEJIbHAS 4acTOTa BpameHus; U, = Yo OTHOCHUTEJIbHOE HAINPSKEHHUE.
0d

Tonbko B "maeanbHOM' TaxoreHepaTope 3aBUCUMOCTH BBIXOAHOM 3.1.C. WU
BBIXOJTHOTO HAIpPSDKEHUS OT YaCTOThI BPAILIEHHS] MOKHO CUMTAaTh CTPOTO JIMHEHHOM.
VY pealbHOTO € TaxOreHeparopa UMEIT MECTO MOTPEIIHOCTH BBIXOJHBIX BEITUYMH,
BbI3BIBAEMbIC PSJIOM (haKTOPOB.

[IpyuriHamMu, BBI3BIBAIOIIMMH MOTPEUIHOCTH, T.€. OTKIIOHEHHWE BBITOJHOM Xa-
PAKTEPUCTUKH OT JUHEUHOU SIBIISFOTCS:

1. DnekTpoMarHuTHas peakius SKops (Wil poTopa);

2. U3meHeHue napaMeTpoB (COMPOTHUBIIEHUS OOMOTOK) IMOJI BIUSTHUEM TEMIIe-
paTyphbl, HACHITIICHUS U Jp. IPUYUNH;

3. 3MeHeHne HEKOTOPhIX MapaMeTpoB B (DYHKIMU CKOPOCTH BpalleHus (Ha-
IIPUMEP, COIPOTUBIIEHHUS [TOJIOTO POTOPA);

4. Tlanenue HaNpsHKEHUS MIPU BKIIIOUEHUU BBIXOITHONM OOMOTKH Ha HAarpys3Ky,

5. HeunzbexHble TEXHOJIOTMYECKUE HETOUHOCTU MPHU U3TOTOBJICHUHM TaXxOreHe-
paTopoB.

J1J1s TOBBIIIEHUST TOYHOCTH M cTaOMIbHOCTH XapakTtepuctuku U,,.=f(n) potop
BBITNIOJIHSETCSI OOBIYHO M3 MaTepHuajia O OOJIBIIMM YAEIbHBIM CONPOTHBICHHEM, a
TAKKE C MaJIbIM TEMIEPaTypHBIM KOd(QHIHeHTOM compoTuBieHns a<10™...10
OM/°C (Hampumep, u3 (GochOPHUCTOl, MAPTAHLIOBUCTON GPOH3BI WM U3 CILIABOB TH-
1a MaHTaHWH, HEH3WILOED).

B acMHXpOHHBIX TaxOrOHEpaToOpax, Kak U B MalIMHAX MEPEMEHHOTO TOKa, MOo-
IPELIHOCTh BBIXOJHOM Xapakrepuctuku AU,, T.e. OTKJIIOHEHUE OT JIMHEHHOCTH, OIpe-
JeJAeTcs 0 aMIUIUTYA€ U (has3e U ABISETCS KOMIUIEKCHON BEITMYMHOM.

B coBpeMEHHBIX ACMHXPOHHBIX TaXOIOHEPATOpPax C IMOJIOM POTOPOM ITOJIHAS
MOTPEUTHOCTh MPU MAaKCUMAaJIbHON paboyeil, 4acTOTe BpalllEHUsI COCTaBISET

|4aU,]=0,1...2,5%

MeHbIme 3HaueHuH norpemHoctu |AU | OTHOCSTCS K TOYHBIM TaXxOreHeparTo-
paM, MPUMEHSAEMbIM B HMHTErpUpPYIOMIMX U AUG(EpeHIUpYIONIUX 3BEHBSIX CUYETHO-
pearonumx yCTporuCTB, 0O0JIbIINE — K TaXOreHepaTopam Jijisi OOpaTHBIX CBSI3EH.

Ctporo roBopsi, OIIEHUTh CTENEHb JIMHEWHOCTH TaxOreHepaTopa Mo BBIXOJHBIM
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XapaKTepUCTHKaM, HEJb3s, T.€. OObIUHbIE CIIOCOOBI M3MepeHus HanpspkeHus U, u
YacTOThI BpPAILIEHUS N C MOMOIIBI0O HOPMAJbHBIX MPUOOPOB (naxe kiacca 0,2) s
yKa3aHHBIX Iesie He npurogusl. [losTomy 3Ta 3amava B 1abopaTOpHBIX padboTax HeE
paccMaTpUBaeTCs.

Ba)xHbIM TEXHMUYECKUM TOKa3aTeJIeM KayecTBa pabOThl TaxoreHepaTropa siBjsi-
€TCsl KpyTU3HA (WK yAeNbHas 3.11.C.) @, T.€. 3.1.C. (WM HanpsHKeHUE) TaXoreHeparTo-
pa, OTHECEHHas K OJHOMY 000pPOTY B MUHYTY.

KpyTusHa BBIXOAHOW XapaKTEPUCTUKU ACHHXPOHHOI'O TaXOrE€HEpaTopa 3aBU-
CUT OT U3MEHEHHUS MMapaMeTPOB CXEMbl 3aMEIICHUS] MAIIMHBI MO BIUSHUEM TEeMIIe-
paTyphbl, HACBIIIEHUS U APYTUX TPUUUH.

VY CcOBpEMEHHBIX ACUHXPOHHBIX TaXxOT€HEPaTOPOB OTECUYECTBEHHOTO MPOU3BOJ-
CTBa KpPYTHU3Ha, JIGKUT B npenenax ot 1 7o 10 mB/o6/mMun (6ombiine 3Ha4yeHUs] OTHO-
CSITCSl K TaXOT€HEpaTopaMm JUisi OOpaTHBIX CBsI3EM).

Kpome AByX BbllI€yKa3aHHBIX TEXHUUYECKUX MOKa3aTenel (JIMHEHHOCTh U Kpy-
TU3HA), KAYECTBO pabOThl TaXOreHEpaTopa B aBTOMaTHUYECKUX YCTPOMCTBAX 3aBUCUT
OT HAJIMUMSI TaK Ha3bIBAEMOW OCTATOYHOM 3./1.C. (HYJIEBOTO CUTHAA).

OcraTtouHas 3.4.c. (HanpspkeHue) Eg B reHepaTtopHoil 0OMOTKE aCUHXPOHHOTO
TaxoreHepaTopa, Ha3plBaeMasi HHaue HYJIEBBIM CUTHAJIOM, COOTBETCTBYET HETIOIBHK-
HOMY TI0JI03KeHuI0 poTopa (N = 0).

Y COBpPEMEHHBIX THIIOB TaXOTE€HEPATOPOB OCTATOYHAsl 3.1.C. COCTaBIISAET
25...100 mB.

[TpuMeHeHre B MEXaTPOHHBIX CHCTEMax arperaToB JBUTATEIb—TaXOTE€HEPATOP
MO3BOJIIET CHU3UTh UX MAccCy U rabapuThl, CYIIECTBEHHO MOBBICUTh TOYHOCTD 33 CUET
UCKJTIOUEHHUS JIIo(pTa MEX 1y BaJlaMU JBUTATENs U TaXOreHepaTopa.

2. JJabopaTopHBI CTEH]T U CPEACTBA UCCIICIOBAHUS

JlaGopaTopHBbIil CTEH]T BKJIIOYAET TAXOMETPUUECKHI arperat nmepeMeHHOro To-
ka JII-1TA u cHMHYCHO-KOCHHYCHBIM Bpamjatomuiicss Tpancopmatop BT-1, ciyxka-
MM PEryJIATOPOM aMILIMTY B, yIpaBisomero Hanpsokenns U,. Cxema crenna pea-
JU3YEeT OJWH U3 CIOCOOOB YNPAaBIICHUS - aMIUIUTYJIHO-(a30BO€ yIpaBJIEHHE C KOH-
JIEHCATOPOM B 1IETIH BO30YKI€HUS (KOHJEHCATOPHOE) puc. 5.2).

- —

Puc. 5.2. Cxema BKIIIOU€HHS] OOMOTOK ACHHXPOHHOTO JIBUTATENS MPU aMILIU-
TyIHO-()a30BOM YIIPABJICHHH.
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Hanpsbkenue ynpasnenus U, coBnagaer 1o ¢ase o HalpsyKEHUEM IHUTAroNen
cetu U=36 B (400 I'm). CaBur no ¢aze Toka, a, clieI0BaTeIbHO, U HAIPSHKSHUS Ha
00OMOTKE BO30YK/I€HUSI OCYIIECTBIISECTCS KOHIEHCATOPOM, BKIIFOUEHHBIM I1OCIJIE0BA-
TEIbHO ¢ 0OMOTKOM BO30YKIEHMSI, MUTAEMOM OT TOM k€ CeTU. YTpaBJICHUE IBUraTe-
JIEM TIPOU3BOJUTCS 32 CUET M3MEHEHHUS 3HAUCHUS HANpPSDKEHUsS YIPaBJICHUS, IpPU
TOM KOHJEHCATOp INpH IYCKE, KOI/la CKOJIbKEHHE paBHO 1, oOecrieunBaeT BpeMeH-
HbIH caBur 90°, mpu U3MEHEHUH CKOJIbKEHUSI BPEMEHHBIN CABUT U3MEHSAETCs. 3Haye-
Hus U, pEeruCTpUPYIOTCS C MOMOIIBIO BOJIBTMETpOB B3-38. /IManazoH m3aMeHEHUS
U,=0...12 B; u3mMepeHne CKOPOCTH IPOU3BOAUTCS CTPOOOTAXOMETPOM. 3aMephl He-
00X0/IMMO HAYMHATh C MAKCUMAJIBHOTO 3HAYEHUS , T.€. IIPH MOJOKEHNUHU MEPEKIIIoYa-
tens "mkana 3". JleMCTBUTENBHOE 3HAYEHUE N CUMUTHIBAETCA C COOTBETCTBYIOIICH
IIKaJbl NpuOopa, Korja NpH CHHKEHHH YaCTOThl CBETOBBIX UMITYJIBCOB MOJTY4YaeTCs
HETMOABUKHOE NU300pakKeHUE PUCKH HA BaJTy JIBUTATEIS.

W3mepenue HampspkeHus U,,, TpoU3BOAMTCS € MOMOIIBIO BoJbTMeTpa B3-38
IPU CHATUU CTATUUECKUX XapaKTepUCTUK u ocumiorpada C1l-196 nmpu cHatuum ne-
PEXOAHBIX XapaKTEPUCTHK.

3. Cratnueckue XapakTepUCTUKHA TaXOMETPUYECKOIO arperara.
[Tpu monayyeHUH CTAaTMYECKUX XapaKTEPUCTHUK IBUTATENs U TaxoreHeparopa
OJIHOBPEMEHHO 3aMEPSIOTCS CKOPOCTh N U HamnpsbkeHue Taxoreneparopa U, npu us-

MEHEHHH YIPABIAIONMiero Hanpsokenus Uy . JIBTAThI OIBITA CBOAATCS B TaOI. 5.1.
CHE ABJIAIOIIETO Ha enns Uy . PesynbraTel onbiTa cBOAATCA B TaOII. 5.1

Tabmura 5.1

U, (B)
N, 00/ Mun

UTF1 B

[Tpu mony4eHuu peryaupoBOYHBIX XaPAKTEPUCTHK CIIEAYET MPOBEPHUTH, UMEET
JIM IBUTATENb CaMOX0/l. Ecii mpy CHATHH CHUTHAJIA IBUTATENb MTPOJI0JDKACT BpalllaTh-
Cs1, TO aKTHUBHOE COMPOTHBIICHHE POTOPA HEAOCTATOYHO BENIMKO. [Ipu HaaHUUK B Ma-
[IMHE KOPOTKO3aMKHYTHIX BUTKOB B OOMOTKAaX CTaTopa, aCHMMETPUU MarHUTHOM Iie-
U WIIH 3aMbIKAaHWH OTAEIBHBIX JHCTOB B MAKETE CTATOPa BO3MOKEH TEXHOJIOTHYE-
CKHIl CaMOXOJI, T.€. BpallleHue IBUTATENs IIPU BKIIOYEHUH B CETh TOJBKO OJHOM 00-
MOTKH CTaTopa.

ITo JaHHBIM OMBITa B OTHOCHTEIBHBIX €AUHUIAX CTPOSTCS TPaGHKH:

peryaupoBOYHas XapakTepucTHKa asurareis v=f(«) u BHEUIHsS xXapaKTepH-
ctuka taxoreneparopa U,,.=f(v).

OTHOCHTEJIBHBIE €IUHMIIBI OTPEAEIACTCS 3aBUCUMOCTIMHU:
DL B SRy (5.5)
n P U U

C C meH

rac: v, Ume - OTHOCHUTCJIbHAasA CKOPOCTb W HAIIPAKECHHUE, Ol - KOS(i)(bI/IHI/IeHTa
CuUrsana, n, Uy, Um2 - TCKyHICC 3HAYCHUC CKOPOCTH, HAIIPAKCHUSA YIIPABJIICHUA U Ha-
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npsiKeHus Taxoreneparopa; U, - cuaxponHasi ckopoctb; U - Hanpsbkenue cetu; U, -
HOMHHAJILHOE HAINpsHKCHUE TaxOreHepaTopa, p - YMCJIOo Tap MOocoB apurarens, f -
4acToTa CETH.

JI71st cpaBHEHUSI paCCYUTHIBACTCS U CTPOUTCS Ha Tpaduke peryIupoBOYHOM Xa-
PAKTEPUCTUKHU PEATbHOTO JIBUTATENsl XapaKTepUCTHUKA WCATbHOTO IBUTATENS PU
HYJIEBOM OTHOCHUTEIILHOM MOMEHTe Harpy3ku m=0:

y=2e-m (5.6)
1+

Omnpenenserca 30Ha MPONOPLUUOHAIBHOTO PEryJIUPOBaHUS WIACATBHOTO U pe-
aJbHOTO JBUTATENEH, T.€. IUana30H U3MEHEHUS &, IPU KOTOPOM CKOPOCTh MEHSIETCS
POIMOPIMOHAIIEHO CUTHAITY C MOTPEITHOCTHIO

Av< 43%

[IpoBoauTCS nUHEapu3alus XapaKTEepPUCTUK JBUTATENII M TaxoreHeparopa

rpaduyecKuM Coco0OM U MO 3aBUCUMOCTAM (5.4) paccuuThIBAIOTCS KOA(DPUIIUESHTHI

nepenaun asurarens K, u taxoreneparopa K,,., @=K,,..
4. IlepexoaHas XxapaKTepUCTHKA AaCHHXPOHHOTO JIBUTATEIIs

[epexomHoii xapakTepucTUKOi cuctembl N(t) Ha3pIBACTCS M3MEHEHHE BO BpE-
MEHU €€ BBIXOJHOW KOOPJHUHATHI IPH 10J1a4€ Ha BXOJ CUCTEMbI €IUHUYHOTO CTYIIEH-
yaToro Bo3zaeicTaus 1(t).

[Tpu onpenenerun N(t) aBurarens, 1(t) IMUTUPYETCS MTHOBEHHBIM BKITFOUCHH-
eM ympasistomero Hanpsbkenus U, = 8 B tymOnepom "Bki". 3HaueHue N u3MepseTcs
TaxoreHepaTopoM, mojaercs Ha Bxoa Y™ ocuuiuiorpada, paboTaromiero B pexume
"pazeptka". Bung n=f(t) u MmeToauka onpenencHus T, IpuBeACHbI HA pucC. 6.3.

n Ts

0.63n

ver

Puc. 5.3. Bua nepexoIHON XapaKTepUCTUKHA aCHHXPOHHOTO JIBUTATEII.
Cornacuo Buay N=f(t) acHHXpOHHBIH ABHraTelb MOXKET OBITH MPUOIMKEHHO
onucad nudQepeHnraIbHpIM ypaBHEHUEM BUIA:

T, & #=k,U, (5.7)
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5. ConeprkaHue oTyeTa
B oTuere mpuBOASTCS KpaTKHid MEpeueHb OCHOBHBIX JTOCTOMHCTB M HEIOCTAT-
KOB aCHHXPOHHBIX JBHUTATEICH M TaxOoTreHepaTropa C MOJBIM POTOPOM, TpaduKu U
ypaBHEHUE, ONPEACISAIONINE CTATHYECKNE U JUHAMHUECKHUE UX XapaKTEePUCTUKH, pac-
cunTaHHble mapameTpsl K, K., a, T,,. BbIBOABI MO pe3yiabTaraM CpaBHUTEIBHOTO
aHaJIM3a CBOMCTB peabHOI0 U UI€aTbHOTO ACHHXPOHHOTO JIBUTATETIS.

bubmmorpaduyeckuit ciucok
1. Yeuer 10.C. DnekTpruueckue MUKPOMAIIMHBI aBTOMAaTUYECKUX YCTPOUCTB. -
M.: T'ocaneprouaar, 1957.-286 c.
2. FOdepor T.K. DnexTpudeckue NBUTATEIN aBTOMATHYECKHX YCTPOWMCTB. -
M.: Bricmas mkosna, 1976. - 416 c.
3. XpywmeB B.B. Onexrpuueckne MUKpOMAalInHbBI aBTOMATHYECKUX YCTPOMCTB.
-JI.: Dueprus, 1976. - 583 c.
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Jlabopamopnasa paboma Ne6

NCCIEJOBAHUME XAPAKTEPUCTUK BPAITAIOIIEI'OCA
TPAHCOOPMATOPA

[Iporpamma paboThI

1. DxcniepUuMeHTaIbHBIE UCCIEIOBAHUS
1.1. O3HaKOMUTBCS ¢ KOHCTPYKUHMEN U MACTIOPTHBIMU JTAHHBIMU UCCIIEAYEMOTO
Bpatnaromerocs tpanchopmaropa (BT), ucnonb3ys MaTepuasbl CTEHAA - BUTPUHBI.
1.2. UccnenoBath padoty BT - mo cxeme puc. 6.2, mpoBeCTH CHMMETPHPOBa-
Hue BT, onpenenuTs 0CTaTOUHYIO 3.11.C.
1.3. CHATh CHHYCHO-KOCHUHYCHYIO XapakTepuctuky BT.

2. PacdeTsl ¥ MOCTPOCHMSI

2.1. PaccuuTaTh 3HauE€HHWE OCTATOYHOW 3.J.C. B MPOIICHTAX OT 3HAYCHUS Ha-
MPSDKCHUST TTMTaHUS OOMOTKH BO30YKIIEHUS CHHYCHO-KOCHHYCHOTO BPaIaroIIerocs
tpancpopmaropa (CKBT).

2.2. TToctpouTts rpaduku 3aBucumocteit Ur=f() mis cuaycHO# 1 KOCHHYCHOM
0OMOTOK TP HAJIMYUW U OTCYTCTBUU TIEPBUYHOTO CHMMETPUPOBAHHSI.

2.3. PaccunTaTh XapaKTepUCTHKY M MOCTPOUTh rpaduk 3aBucumoctu Ur=f(a)
st muaeitHoro BT.

[losicHenus n ykazanus K padbore

1. Kpartkas xapaktepucTuka 00bEKTa UCCIE0BaHUS

Bpamatomuecs (nmoBopotHsie) Tpanchopmartopsl (BT) sBrnsrorcs mpubopamu
HOBOI'O THWIIA, BIEPBbIE CO3JAaHHBIMU B Hameu crpane. Teopus BT kak MHIyKUMOH-
HOTO TIprOOpa, TEOPHs M aHAIU3 CXEM, a TAKKE€ CaMHU CXEMBbI, B KOTOPBIX paboTaroT
BT, co3znanbl u pa3paboTaHbl OTEUECTBEHHBIMU YUCHBIMU.

Bpamatomuiics tpanchopmatop mpenacTaBisieT coO0N WHAYKIIMOHHBIA TPU-
00p, KOHCTPYKTUBHO CXOJHBIA C aCMHXPOHHBIM JBUTaTe]IeM C (ha3HBIM POTOPOM
(puc. 6.1).

B npouiecce pabotsl nosnoxenue poropa BT oTHocutenbHO cratopa 3agaeTcs
WCTIOJIHUTEIbHBIM JBUTATEIEM, KOTOPBIM MTOBOPAYUBAET POTOP HA ONPEICICHHBIC yT-
JIBI.

Potop BT mMokeT moBOpaunuBaThCsi OTHOCUTENBLHO CTATOPA HA HEKOTOPBIN YrOJl
WJIU BPAIAThCsl. DJIEKTPUUECKUI KOHTAKT ¢ OOMOTKaMU pOTOpPa OCYIIECTBIISIETCS JIH-
00 TMOCPEJCTBOM KOHTAKTHBIX KOJIEI U MIETOK (puc. 6.1), mubo mocpeacTBoM CIu-
paNbHBIX MPYXuH, ecau BT paboraer B pexnuMme OrpaHWYEHHOTO MOBOpoTa. B mo-
CJIEHEM CIIy4ae yroJ mOBOpPOTa pOTOpa OrPaHUYMBACTCS MAKCUMAJIBHBIM YMOM 3a-
KPYYUBAHUS CIIUPATIbHBIX TPYKHUH.
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Puc. 6.1. Bpamatomuiicst tpanchopmarop: 1,2 - oOMOTKHM cTatopa v poTopa,
3 - Kopnyc, 4 - KOHTaKTHBIE KOJIbIIA.

B ma3sl cratropa BT ynoxenbsl 0ObIYHO 1B€ OOMOTKH, CIBUHYTHIE B MPOCTPAH-
ctBe Ha 90°. OnHa U3 3TUX 00MOTOK (0OMOTKA BO30YX IACHUS) TUTAETCS IEPEMEHHBIM
TokOM. Jlpyrast oOMOTKa - KBajpaTypHasi, 3aMbIKaeTCsl Ha COMPOTUBIIEHUE Z, (4acTo
2,=0) 1 KOMIIEHCUPYET JIEHCTBUE MONEPEUHBIX M0JIe 0OMOTOK poTopa. B HEKOoTOphIX
ciy4asx o0€ CTaTOpHble OOMOTKHM MOJYYalOT HE3aBUCHUMOE NMUTAHHUE MEPEMEHHBIM
TOKOM.

B ocnoBsbix Tunax BT B ma3zax poTopa Takxe yJl0XeHbl OOMOTKH, CIBUHYThIE
B MPOCTPAHCTBE HA yroy 90°, oaHa U3 KOTOPBIX HA3bIBACTCSI CUHYCHOM, APYras - KO-
CHUHYCHOM (cM. puc. 6.2).

B cnenmanbabix Tunax BT Ha cTratope 1 poTope MOTyT OBITh HACKOJIBKO 0OMO-
TOK (6oJiee 2-X), CIBUHYTHIX Ha MTPOU3BOJIBHBIC YTIIBI IPYT OTHOCUTEIBHO JIPYTa.

B 3aBuCHMOCTH OT MOJIOKEHUSI POTOPA B3aUMOWHIYKTUBHOCTh MEXY OOMOT-
KaMH CTatopa U poTopa U3MEHSETCs, BCIECACTBUE YETO U3MEHSETCS U JIEHCTBYIOIIEE
3HaYeHue 3.1.C., HABOAUMOW B POTOPHBIX OOMOTKax. XapakTep H3MEHEHUus 3.1.C.
Er=f(«) 3aBucuT OT cXeM coeMHEHUI 0OMOTOK JIPYT ¢ APYrOM M B3aMMHOT'O MX Pac-
ITOJIOKEHHSL.

B 3aBHCHMOCTH OT 3aKOHA U3MEHEHUS HAIIPSKEHUS HA BBIXOJIE PA3IMyatoT TPU
OCHOBHBIX Thna BT:

a) CMHYCHO-KOCHHYCHbIM BT, m03BOJSIONIMI MOMYYUTH JIBAa HAIMpPSOKEHHS Ha
BbIXoxe Eri=EgrmSina; E,r=Ecosa

0) muuennbiii BT (JIBT) Eg=Ern;

B) BT-noctpoutens, AJist peiieHusi TPUrOHOMETPUYECKUX 3a/1a4.

Y CKBT u JIBT k cetu mOAKIIOYAETCS TOIBKO OJTHA OOMOTKHU BO30YKICHHUS.

Jnsa nonydenust BT pa3snuyHbIX THUIIOB MOKHO MCIIOJB30BaTh OJIHY U TY XK€
MaIuHy C AByMsi 0OOMOTKaMH Ha CTaTOpE W JBYMS Ha POTOPE MPH Pa3TMUHBIX CIIOCO-
0ax uX BKIIOYEHUS. DTH TPAHCPOPMATOPHI MPUMEHSIOT B ABTOMATHYECKUX M BBIYHC-
JUTENBHBIX YCTPOUCTBAX, MPEAHA3HAUYCHHBIX ISl PELICHUS] TEOMETPUUECKUX U TPH-
TOHOMETPHUYECKUX 3a/a4, BBITIOJHEHUS PA3JIMUHBIX MAaTEMATUYECKUX OIEpalnii, mo-
CTPOEHHUS TPEYTOJIbHUKOB, IPEOOPa30BaHusl KOOPAUHAT, PA3OKEHUN U MOCTPOCHUS
BEKTOPOB U IIp. B crcTeMax aBTOMaTUYECKOTO PETYIMPOBAHUS UX HUCIIOJIB3YIOT B Ka-
YEeCTBE M3MEpPUTENIEH paccoriacoBaHusi, (UKCUPYIOUIUX OTKJIOHEHUW CHUCTEMBI OT
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HEKOTOPOTO 3aaHHOTO ITOJIOKEHUS.

BT o0pryHo paboTaroT B yCTpoHCTBaX M MpHOOpax BHICOKOW TOYHOCTH, TJIC
BONPOC MOTPEIIHOCTEN SABISETCS OAHUM MB OCHOBHBIX. [lorpemnocTtu nmpeodpas3ona-
HUS YIJI0BOTO nepemeleHus B HanpsbkeHue B BT B 3aBucumocTy ot ux pusnueckoin
IPUPOABI MOKHO ITOAPA3AEIUTD Ha 4 TPYIIIIbL:

1. IlorpemnocTy, onpenensiemsle NpuHUMIIOM padoTel BT B naHHOM pexume
(OTKJIOHEHHE BBIXOJHOW XapaKTEPUCTUKU OT CHHYCOMJAIBHOTO WM JIMHEWHOTO 3a-
KOHa).

2. IlorpemHocty, onpeaensieMple KOHCTpyKUHe. OHU BBI3bIBAIOTCS B OCHOB-
HOM HECHHYCOMJAIBHOCTBIO paclpenesieHus 3./1.c. OOMOTOK BJOJIb OKPY>KHOCTH Ma-
IIMHBI, U3MEHEHHUEM MAarHUTHOTO CONPOTHUBIIEHUS BO3AYLIHOTO 3a30pa BCIIEICTBHE
HaJlM4yus Ma30B HA MOBEPXHOCTAX CTATOpPa M POTOPA, HEJIMHEWHOCTHIO KPHUBOU Ha-
MAarHA4YMBaHUs U SBJICHUEM TMCTEPE3UCA.

3. IlorpemHocTH, ompeaeiseMble TEXHOJOTHEW H3roTOBICHUSA. OCHOBHBIMU
HMCTOYHUKAMU 3TUX ITOIPEIIHOCTEN SBIIIOTCS DKCLEHTPUCHUTET PACTOYEK CTaropa U
pOTOpa, aCUMMETPHSI MarHUTOIIPOBO/A, HETOYHOCTh PACIOJIOKEHUS U CKOCA Ia30B,
HaJIM4ue KOPOTKO3aMKHYTBIX BUTKOB B OOMOTKax M JIMCTOB B MAarHUTOIPOBO/E,
OLUIMOKYU TIPU BBIIOJHEHUH OOMOTKH. JlJi1 yMEHbILIEHUSI 3TUX NOTpeIHocTeld Tpedy-
€TCsl yCTaHABJIUBATh JKECTKUE JOIYCKU HA DKCLEHTPUCUTET U JILIUITUYHOCTH CTATO-
pa. COOpKy MakeToB cTaTopa U poTOpa CIEAYET IPOU3BOIUTH BEEPHBIM CIIOCOOOM C
Y4ETOM MArHUTHOW aHW30TPOIMHU JIMCTOB. He momyckaTe BOZHMKHOBEHHMS KOPOTKO-
3aMKHYTBIX BUTKOB M JJUCTOB WJIM HECOBIIAJICHUS YMCET BUTKOB B OOMOTKAaX.

Bimsinue TEXHONOTMYECKUX NMOTPEIIHOCTEN MOYKHO MPEACTABUTh KaK IMOsBIE-
HHME HEKOTOPOM N00aBo4HOM 3.1.Cc. AE, . B BBIXOAHBIX OOMOTKax, 3.1.c. AE,

uMeeT B OOIIEM cilydae JIB€ COCTaBJIAIOLIME: 3.1.C. (HampsbkeHue) ommbku AE

COBIIAJIAIONIYI0 MO (pa3e ¢ BBIXOJHOM 3.1.C. U OCTATOYHYIO 3.1.¢c. AE CIABUHYTYIO

ocm 2
o (daze Ha 90°. Ilpu 3TOM B pacUeTHBIX TOUKAX C HYJIEBBIM BBIXOJHBIM HAIPSKEHU-
eM (HyJIeBbIX TOYKaX) 3.71.C. CTAHOBUTCS OTJIMYHOM OT HYJIA.

D.1.c. omMOKN O0YCIOBIMBAET ACHMMETPHIO HYJIEBBIX TOYEK. ACUMMETpHS
XapaKTepu3yeT B OCHOBHOM HETEPIICHIUKYISIPHOCTh OOMOTOK CTaTopa M poTopa.

AE,, MOXeT OBITb CKOMIIEHCHPOBaHa OCHOBHOW BBIXOJHOM 3.1.C. ITyTEM JOIOJIHU-
TEJILHOTO MOBOPOTA Ha yroj, npu kotopom E__=-AE . Ocrarounas s.x.c. AE

7 fid
HE KOMIICHCUPYETCSl JOMOJHUTEIBbHBIM NOBOPOTOM poropa. [loatomy B BT BbIXOA-
HOE HampsHKeHUE HUKOT/Ia He oOparaeTcsi B HyJIb B Ipeiesiax 000poTa, a JIUIIb MPH-
oOpeTaeT HEeKOTOPOe MUHUMAJIbHOE 3HAUECHHE.

TexHoJorn4eckre MOTPeIIHOCTA MPUBOIIT TaKKe K TOMY, 4TO OOMOTKH CTa-
Topa (poTOpa) OKa3bIBAIOTCS HEMEPHEHIUKYISIpHbIMU. [Ipu 3TOM MOTOK BO30YXKIe-
HUSI HABOJMT 3.]1.C. BO BCTIOMOTATeJIbHOU (KBaIpaTypHOIi) 0OMOTKE.

4. TlorpeurHocTy, onpeneaseMbie YCIOBUSIMU dKCIuTyaTauuu. [Ipu u3amMeHeHuu
TeMIepaTypbl OKPYXKaloIlIel cpesibl MEHSIETCS aKTHBHOE COMPOTHUBJIEHHUE OOMOTOK.
Konebanust 4acTOTHl HANMPSHKEHUS CETH BBHI3BIBAIOT M3MEHEHUE WHIYKTUBHBIX COTIPO-
TUBJCHUN. VI3MEHEHUE aMIUIUTYIbl HAPSIKEHUSI CETU aBTOMATUYECKU CKa3bIBAETCS
Ha 3HaYEHUHU BBIXOJHOTO, HampspKeHus. Kiacc TOUHOCTH TMOBOPOTHBIX TpaHChopMa-
TOPOB YCTaHABJIMBAETCS JJIi HOPMAJIbHBIX YCIOBHUM 3Kcrutyaranuu. [Ipu ompenene-
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HUW KJIAcCa TOYHOCTH TMOBOPOTHBIX TPAHC(POPMATOPOB YUUTHIBAIOTCS CIICTYIOIINE
TOKa3aTeNn

1) ommbka B BEIpaOOTKE CHHYCOUAIBHOMN (KOCUHYCOUIAILHOM). 3aBUCHMOCTH
B IIporieHTax ot U, . (0,005-0,2%);

au omax

2) ommOKa B BBIPAOOTKE JHMHEHHON 3aBUCHMMOCTHU B IponeHTax oT Uy . co-

OTBETCTBYIOIIETO KOHIY JInHelHOoM 30HEI (0,05-0,2);

3) accuMeTpus HYJIEBBIX TOYEK, B YIJIOBBIX €IWHUIAX, O] KOTOPOHW IMOHMMA-
€TCSl MAaKCUMaJIbHOE OTKJIOHEHHE YTJIOB C MUHHUMAJBHBIM HAIPSKEHUEM BBIXOJIHBIX
obMoTok oT pacuetHbix 0, 90, 180 u 270°(10" - 6'40");

4)MaKkCcUMalIbHOE 3HAYCHHUE 3.1.C. B KBaJIpaTypyold OOMOTKE B MPOLEHTaX OT
HampsDKeHUs Bo30yxaeHns U, Tpu pa3oMKHYTHIX pOTOpHBIX 0OMoTKax (0,04-1,2%);

5) ocTato4Has 3.7.C. B HYJEBBIX TOYKaX B IMPOIEHTaX OT HANPSDKEHUS BO30YK-

nenns U, (0,003-0,1%).
Kiacc TOYHOCTH ycTaHaBIMBACTCS 10 HAMXY/IIIEMY U3 mapameTpos [1].

2. JlTabopaTOopHBIil CTEH U CPEACTBA UCCIICIOBAHMS

JlaGopatopusbiit ctenn coaepxkut uccienyembii BT tuna BTMSIL. OomoTtka
B030ykaeHus BT nuraercs ot cetu Hanpsbkenuem U, =365 , 400 I'n.

3HayeHus yria MOBOPOTA POTOpPA CUUTHIBAIOTCS CO WIKAIbl JETUTEIBHON TO-
JIOBKM, YCTaHOBJICHHOM Ha ocu peaykropa BT. Ilpuuem, 6 o00opoTOB nucka aenu-
TEJILHOW T'OJIOBKM COOTBETCTBYIOT 0JlHOMY obopoTty potopa BT. Yron nmoopora po-
TOpa U3MEPSIETCS B OTHOCUTENBHBIX €UHUIAX - T.J. (TBICSYHBIX AUCTAHIMM). 1 T.1I.
cootBerctByer 1/6000 okpyxkuoctw, T.€. 100 1.1, — 6°

N3mepenne HanpsHKeHUH Ha CTAaTOPHOM M POTOPHOM OOMOTKAaX MPOU3BOIUTCS
MOOYEPETHO € MOMOIIBIO JIEKTPOHHOTO BOJIBTMETpPA

3 CummerpupoBanue BT

O6moTka Bo30yxaeHust BT nutaercs oT ceTu NepeMEeHHOro TOKa CO CTaOMIIU-
3UpOBaHHBIM HampsbkeHueM. [lynbcupyroliee MarHUTHOE IoJie, 00pasyeMoe 3TOi

0OMOTKOM, HHIYKTHPYET B OOMOTKe poropa d »3.1.c., E, mpomopumoHanbHyro

COS, u B 0OMOTKE poTOpa b, s.xc E;, nponopruoHaneEyto Sina . Ipu mox-

KITIOYEeHHH K. 0OMOTKAM pPOTOpa HATPy3KH B BHjE cONpoTuBIeHHil £, u Zy B HUX
MOSIBJISIIOTCS. TOKH, U 00pa3zyeTcss BTOPUUHOE MarHuTHoe mnoJie. Bo n3bexanue ncka-
KEHHsI BTOPUIHBIM TT0J1eM. KOCHHYCHO#M MITH CHHYCHO# 3aBUCHMMOCTH 3.1.¢C, Ey n E,

OT yria ¢ mpuOeraroT K TaK Ha3bIBAEMbIM BTOPUYHOMY U TEPBUIYHOMY CUMMETPH-
POBAHUIO MOBOPOTHOTO TpaHCPOpMATOPA.

Bropuunoe cummerpupoBanue BT - 310 mog0op Takux CONPOTUBICHUM Ienen
€ro BTOPUYHBIX (POTOPHBIX) OOMOTOK, MPU KOTOPBIX OTCYTCTBYET MOIMEPEUYHbIA Mar-
HUTHBIM TIOTOK (HANpaBJICHHBIA NEPHEHAMKYJISAPHO HAMpPaBICHUIO 3.1.C. OOMOTKH
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BO30Y>KIEHHs CTaTopa). Y CIOBHEM BTOPHUYHOTO CUMMETPHUPOBaHUS, 00ECIeUnBalO-
IIETO PABEHCTBO HYJIO CyMMBbI MOINEPEUHBIX COCTABISAIOIMUX 3./1.C. 0OMOTOK pOTOpa,
ABJIIETCS PAaBEHCTBO MOJHBIX CONPOTUBJICHUN Lienied BTOpUYHBIX 00MOTOK BT (ux
«CUMMETPUS).

Oco0eHHOCThIO BTOPUYHOIO CHMMETPUPOBAHMS SIBISIETCS TO, YTO IIPU €ro
OCYILECTBIEHUH BXOJHOE conpoTuBieHue BT, a cnenoBarensHo B MOTpeOIIseMbIil U3
CETH TOK IPU MOCTOSHHOM HampspKeHUM nutaHus U, He 3aBUCHUT OT yIJia IOBOpPOTa
potopa a. IIpy BTOpUYHOM CUMMETPUPOBAHUM BBIXOJHOE CONPOTUBIICHUE Zg,,, B OT-
JUYHUE OT BXOJHOTO Z, HE SBJIAECTCS ITOCTOSIHHOW BEJIMYMHOM - OHO 3aBUCHUT OT yTja
noBopota poropa « llociennee i Henoro psaa CXeMm sBISIETCS BECbMa HeEXelna-
TenbHBIM. HemocTostHCTBO Z,,,, orpannumBaeT oomactu npuMmerneHuss CKBT co Bto-
PUYHON CUMMETPHEM.

IIepeuunoe cummerpupoBanre BT nponsBoguTcs myTem 3aMbIKaHUs KBaapa-
TypHOI OOMOTKH Ha CONPOTHUBIICHHE, PABHOE IO BEJIMYMHE BHYTPEHHEMY COINPOTHB-
JICHUIO UCTOYHHMKA TUTAaHUS OOMOTKH BO30YKIEHUS.

B cnyuae, korga BT nurtaercs oT MCTOYHMKA OOJBIION MOIIHOCTH, COITPOTHB-
JIEHUE KOTOPOTO Z,.,=0, U1l OCYIIECTBIICHNS IEPBUYHOTO CUMMETPUPOBAHUS J10CTaA-
TOYHO 3aMKHYTh HAaKOPOTKO KBaJIpaTypHYIO OOMOTKY, UTO Yallle BCETro U JeJaeTcs Ha
IIPaKTHUKE.

®U3NYECKYI0 CYIIHOCTh MEPBUYHOIO CUMMETPUPOBAHUSI MOKHO OOBSICHUTH
TEM, YTO BHOCSIIUN MOTPEIIHOCTh MOMEPEUHBI MOTOK POTOpa AeMI(PHUPYETCs TOKa-
MU KBaJIpaTypHOU OOMOTKH CTaTopa, KOTOPhIE BOSHUKAIOT MPHU HAJIMYUH MONEPEUHO-
ro notoka @,. BcieacTBrue 3TOro NONepeYHbId NOTOK MPU MEPBUYHOM CUMMETPUPO-
BaHUU OYEHb MaJ (puc. 6.2,a).

OCOOEHHOCTBIO NEPBUYHOIO CUMMETPHPOBAHUS SIBISETCA TO, YTO IPHU €ro
ocyuiectBieHuu BeixogHoe conporusienue CKBT He 3aBucaT oT yria noBopora po-
Topa (Z,,,—CONSt). D10 siBHsieTcs nojoxutesbHbiM cBoicTBOM CKBT ¢ mepBuuHoi
CUMMETPHUEH.

He ouens cymecrBennbsiM HenoctatkoM CKBT ¢ mepBu4HON cuMMeTpuen siB-
JII€TCs 3aBUCUMOCTD €I0 BXOJIHOT'O, COIIPOTUBIICHUS Zy, OT yIVIA

Ha npakrtuke tam, rie 3T0 BO3MOKHO, IPUMEHSIOT OJHOBPEMEHHO U IIEpBUY-
HOE ¥ BTOPUYHOE CUMMETPUpPOBaHHE. Takoe CUMMETpUpOBaHUE 00ECIeUnBAET HAU-
nyumne xapakrepuctuku CKBT.

B pabote npoBoautcs onbIT o nepsuuHoMy cummeTpupoBanuio CKBT. Cxe-
Ma OmbITa MpHUBEAeHa Ha puc. 6.2a. BropuuHoe cUMMETpUpPOBAHUE IPOBOJIUTCS TIPU
cHsiTun xapakrepuctuk BT (puc. 6.20).

1-1 — 06MOTKa BO3OYKIACHHS

2-2 — KBajpaTypHas 0OMOTKa

3-3, 4-4 — cuHyCHas U KOCHHYCHAs OGMOTKH
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Puc. 6.2. Cxembl Bpamiaromierocst Tpancopmaropa: a) CHHyCHO-KOCHHYCHOTO
BT ¢ nepBuunbiM cummeTpupoBanueM; 0) nunerinoro BT
CO BTOPUYHBIM CUMMETPUPOBAHUEM.

4. CUHYCHO-KOCHHYCHbIE XapakTepucTuku BT

CuHycHas, a 3aTeM KOCHHYCHasl XapaKTEPUCTUKU CHUMAIOTCS 110 CXEME PHUC.
6.2. IIpy 5TOM BOIBTMETP BKIKOYAETCS MOOYEPEAHO B LIENIb CHHYCHOW U KOCUHYCHOM
0OMOTOK.

Ilepen HauanoM ombITa HEOOXOAUMO MOJATh U IPOKOHTPOJUPOBATH 3HAYEHUE
HanpsbkeHus cetu U, a 3aTeM BbICTaBUTH "HyJIb'" IIKAJIbI IUCKA U3MEPUTEIBHOM Io-
70BKH. "Hynp" BBICTABIISIETCS TOBOPOTOM POTOPA 10 MOJIOKEHHUSI, IPU KOTOPOM B
cuHycHOM o0MoTke HanpspkeHne Urc=0 (paktuuecku Up.=AU,.,).

Tak kak BT uMeeT TE€XHOJIOTMYECKHE IMOTPEIIHOCTH, TO BPAIIEHUEM pPOTOPA
YAAETCsl YMEHBIINUTD HAINPSKEHUS JIHILIb 10 3HAYEHUS

URCZAE,ZZOE; AEﬂOEzAEOUI+AEOCT

Komnencupys AE,,, 10oNOJHUTEILHBIM TOBOPOTOM Kopmyca cratopa BT otHo-
CUTENBHO POTOpA, CUUTHIBAEM CO IIKaJIbl BOJbTMETpa 3HaueHue AE,., u orMedaem
"HyJb" IIKaNbI.

N3mensia nonoxxkenue poropa, uzmepsiem Ug. He Oosee uém uepes kaxasie 30°
(500Tm). [Janubie 3amepa 3aHocuM B Tabiuiy u crpouM rpadpuk Ur.=f(c). BaTem
OIIBIT MPOBOJUTCS JJIsl KOCHHYCHOM 00MOTKH 1 cTpouTcs rpaduk Ur=f(c).

JI714 OLleHKM BIIMSIHUS CAHMMETPUPOBAHUS HA yCTpaHeHU norpemnocret BT B
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BOCITPOU3BEJICHUN CUHYCHO-KOCHHYCHOM 3aBUCUMOCTH IIOBTOPUTH OJIMH U3 OIBITOB U
noctpouth rpadpuk Ur.=f(c) npu pazomkHyTON KBajapaTypHOi 0OMOTKe. CpaBHUTH
rpaduk Ug.=f(c) B mepBOoM 1 BTOpOM OmBITaX.

5. JImneiinas xapakrepuctuka BT.

JIuneitHasi, XapakTepucTUKa CHUMaeTcs mo cxeme puc. 6.26. Kak. BumHoO u3
stoit cxembl JIBT monyuyaercs uz CKBT npocteim nepekiitouennem oomMotku. Ksa-
paTypHas 0OMOTKa COEIMHAETCS MOCIEA0BAaTeIbHO ¢ CUHYCHOU 00MOTKOM. O6e 3TH
0OMOTKH BKJIIOYEHBI HA CONMPOTHUBICHUE Z,. KocuHycHass 0OMOTKa MOAKIIOYAETCs] Ha
CONMpOTHUBJIEHUE Z,. [Ipy mpoTekaHNU TOKOB 10 ’TUM OOMOTKaM HAaIpPsKEHUE HA Z,'

Ug =Ug, ne
1+ mcosa
r71€e M - HEKOTopas MOCTOsTHHAS.

O6b1yHO OepyT M=0,54 1 Moay4yarOT JUHEHHOCTh C TOYHOCTHIO A0 1% B mpe-
nenax ot 0 mo 60°, 1.e. mo 1000ta. JInHeiHas XapakTeprCcTUKa TOKa3aHa Ha puc. 6.3.

[Ipn HensmenHoMm Z, JIBT noimkeH MMETh BTOPUYHYIO CUMMETpHIO. JlocTrxke-
HUE CUMMETPUU MOXKHO ITPOBEPUTH, BKIIOYUB aMIIEPMETP B 1I€Nb BO30YXKIEHUS TO-
cienoBaTesibHo ¢ 00MoTKOM 1-1 (Merox amnepmetpa). [Ipu nocTHkeHUU cUMMETpUN
3HAYEHHE TOKA HE 3aBUCHUT OT IIOJIOKEHUS pOTOpA.

DKCIEPUMEHTANIBHOE OIMPEAECICHUE JIMHEHHON XapaKTEPUCTUKH MPOBOJAT MIPU
U,=36 B, 400 I'u. 3a Hayayio oTCYeTa MPUHUMAIOT MPEIBAPUTEIHLHO YCTAHOBICHHBIN
"Hynp" MIKaIbl. 3amMep MpoBOIAT yepe3 Kaxasie 15° (250 ta) moBopora poropa BT.
[To nanubIM 3aMepa coctaBisitoT Tadbmuiy u ctposat Ur=f(a). Ha rpaduke ykaspiBarot
JMara3oH u3MeHeHus o, mpu kotopom Ug=-Ke, k=const.

us
40 / \\
\\
30 7
20 /T/ o
10 A \
WV «

20 4V 60 s 900 120 w0 160 150°
Puc. 6.3. IlpumepHbIil BUJ TMHEHHON XapaKTEPUCTHKHU.

6. [IpaBuna opopmiieHus oTuera
B otuere mpuBomArcsa: npuHuunuanbHas cxema BT u nepedeHs BUIIOB MO-
rpemHocTet BT, anexrtpuueckue cxembl CKBT JIBT u ux xapakTepuUCTHKU C aHAIIH-
30M BIUSIHUS TOTPENTHOCTEH, OnpeaessieMbix mpuHiumnoM padotel BT u TexHonoru-
el m3rotoByieHHs. KpaTKo MOSICHSIIOTCS. METOJbl YCTPAHEHUSI MOTPEIIHOCTEN (CHM-
meTtpupoBanue). [IpuBoaarcs Tabauibl U rpa@UKu CUHYCHOM, KOCUHYCHOM U JTMHE -
HOM XapaKTEPUCTHUK.
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Jlabopamopnasa paboma Ne 7
NCCIEJOBAHUE XAPAKTEPUCTUK UCITOJIHUTEJIBHOI'O JIBUT'A-
TEJIA [TIOCTOAHHOI'O TOKA

[Iporpamma paGoTHI.

1. DxcieprMeHTaIbHbIE UCCIEOBAHUS
1.1. O3HaKOMUTBCSI ¢ MACIOPTHHIMU JAHHBIMU U KOHCTPYKIIMEH JBUTATENs,
WCIIOJIb3Ys MaTEpPHUaibl CTEHAA-BUTPUHBI.
1.2. CHATB perynmpoBOYHYIO XapakTepuCcTUKy. MccienoBars caMoxonn

n=f(U,), M,=0 (7.1)
1.3. CHATh MEXaHUYECKYIO XapaKTEPUCTUKY JBUTATEIS
My=f(n) (7.2)

C skpana ocimniorpada CHATh U300paKeHUE XapaKTEPUCTUKHU.

1.4. C nmomoipto ocumiorpada CHITh MEPEXOIHYI0 XapaKTEPUCTUKY JBUTa-
TeJIs:

n=f(t), U,=24-1(t), B

2.1. Ha ocHOBaHMU PE3yJabTATOB OMBITOB MOCTPOUTH CTATHUECKUE XapaKTepH-
ctuku neuratens (7.1), (7.2).

2.2. TlpoBectu nuHeapuzaiuio xapakrepuctuku (7.1) rpadudeckum crnocobom
¥ mpencTaBuTh ee B Bune N=kK,U,. Paccunrtars ko3 duireHT nepenadn qurareis K.
OnpenenuTs 30HY MPONOPLIHUOHATBHOTO PEryJIUpPOBAHUS JBUTATENS JOMycKas To-
IPELIHOCTh B U3MEHEHUH cKopocTH 150 06/MHUH.

2.3. .Paccumrath Macmrtadbl moctpouTh ocumuiorpammy N=f(t). Onpenenuts
rpaduyeckuM criocoboM 3HAYCHHE HIEKTPOMEXaHNIECKON MOCTOSHHOM BPEMEHH.

[Tosicnenus u ykazanus K padote.

1. KpaTkas xapakTepucTHKa 00beKTa UCCIICIOBAHUS.

B MexaTpOHHBIX cUCTEMax HapsAy C MCHOJHUTEIbHBIMHU JBUTATEIISIMH IEpe-
MEHHOI'0 TOKa IIMPOKOE PacpOCTPAHEHNUE IOIYUYUIN ABUTATENIN MOCTOSIHHOTO TOKa,
oOJasaronue psoM MPEUMYIIECTB OHU MO3BOJSIOT 00€CIEYUTh TEOPETUUECKH JIHO-
Oble CKOJIb YTOAHO Majible U OOJIbIINE YaCTOTHI BpAILEHUs, JAI0T BOZMOXKHOCTh MPO-
CTO, TUTABHO U AKOHOMHYHO PETYJIMPOBATh YaCTOTY BpalIEHUs B IIMPOKOM JHUAINA30-
HE, YCTOMYMBO padOTaIOT MpH JIOOBIX YACTOTAX BPAILCHUS, UMEIOT JIMHEHHbIE MeXa-
HUYECKHUE U B OOJBIIMHCTBE CIy4YaeB PETryJIHPOBOYHBIC XapPAKTEPUCTUKU, HE UMEIOT
camoxoja, o rabaputaM M Macce 3HAYUTENIbHO (B 2-3 pa3a) MeHblIe IBYX(a3HbIX
ACUHXPOHHBIX MCHOJIHUTEIBHBIX JABUTATENIEH MEPEMEHHOT0 TOKa, 001alaioT 3HA4Yu-
TEJbHBIM MYCKOBBIM MOMEHTOM U B psJieé KOHCTPYKLMA CPaBHUTEIHLHO HEOOJBLION
MMOCTOSIHHOM BPEMEHU.

OCHOBHBIM HEJIOCTATKOM KOJUIEKTOPHBIX JABUIaTesIeld MOCTOSHHOIO TOKa, OT-
PAaHUYMBAOIIMM 00JIACTh UX NMPUMEHEHHUS, SBISIETCS HAIMYUE KOJUIEKTOpA U ILIETOK,
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T.€. CKOJIB3SIIMX KOHTAaKTOB. HEmOCTOSHCTBO NMEPEXOAHOr0 CONPOTHUBIIEHUS CKOJIb-
3SIIMX KOHTAKTOB MPHUBOJUT K HECTAOMIBHOCTH XapaKTepUCTUK ABuratens. Mckpe-
HUE TMOJI IETKaMH BeJIET K MOJTOPaHUI0 KOHTAKTOB (KOJIEKTOpa U MIETOK), K 3arpsi3-
HEHUIO JIBUTATeNs, K HEOOXOIMMOCTH CHUCTEMAaTUYECKOr0 YX0/1a 32 HUM, HE MO3BOJIS-
€T YCTaHaBJIMBATh JIBUTATEN HOPMAJIbHOTO HCIIOJHEHHS BO B3PHIBOOMACHBIX MOME-
meHusx. Kosekrop U meTku, SBisisich UCTOUHUKOM PaguoONoMeX, TPeOyIoT IS X
M0JIaBJICHUSI CTICIIMAJIBHBIX (PUIIBTPOB.

Ycunurenu NOoCTOSIHHOTO TOKa, HEOOX0IMMBbIE /Il paOOThl KOJJIEKTOPHBIX HC-
MOJIHUTENBHBIX JBUTaTeNel MOCTOSIHHOTO TOKa, OOBIYHO 00Jiee CIOKHBI, YeM YCUIIHU-
TEJIV [IEPEMEHHOT0 TOKA, IPUMEHSAEMBIE B CX€MaX C UCIOJHUTEIBHBIMU IBUTATENSIMA
IIEPEMEHHOT0 TOKA.

KoOJImeKTOpHbIE HUCIONMHUTENBHBIE MUKPOJBHUIATENIN IIOCTOSHHOIO TOKa IO
KOHCTPYKIMHU SIKOPSI MOKHO Pa3JI€IUTh HA MCIOJHUTEIbHBIE JIBUTATEIN OOBIYHOTO
WCIIOJIHEHHUSI, UCTIOJTHUTENIbHBIC JBUTATEH C TJIaJKUM OECIa30BbIM SIKOPEM U Mallo-
MHEPUHUOHHBIEC UCTIOJTHUTENIbHBIC IBUTATEIIN.

B pabote uccienyercs MajJOMHEPLMOHHBIA HCIIOJHUTENbHBIN JBUraTeNlb Ce-
pun JAI1P ¢ nosibiM HEMarHUTHBIM POTOPOM

Mukponsurarenu cepuu IIP ABISIOTCS NBYXIONIOCHBIMU 3JIEKTPUYECKUMHU
MalIMHAMU TTOCTOSHHOTO TOKa 3aKpPbITOrO JOMOJHEHUS C BO30YXACHUEM OT MOCTO-
SHHBIX MAarHUTOB. B OTIMYMe 0T MUKPORJIEKTPOABUTATENEN MOCTOSHHOTO TOKA KJlac-
CUYECKON KOHCTPYKIMHU — C SIKOPEM, HAOpaHHBIM W3 IIMXTOBAHHOM 3JIEKTPOTEXHUYE-
CKOM cTanu, MHUKpodjekTpoasurarenu cepun JIIP umeror monslii GeckapKacHbIN
SIKOPb, TOCTOSIHHBIN MarHuT, PAcOJIOKEHHBIH BHYTPHU SIKOpS, U HAPYKHBI MarHu-
TOIIPOBOJ ISl 3aMbIKAHWSI MATHUTHOTO NMOTOKA. fKOpb 3JIEKTPOJABHUIaTENIed CEpUU
JIIP HE comepKUT CcTaiu, a CIEeI0BATEIbHO, U HE UMEET MATHUTHBIX NOTeEph. Kpome
TOro, OJ1laroiapsi OTCYTCTBUIO CTAJIM B SIKOPE YCJIOBHUSI KOMMYTalMs y HUX OoJiee OJia-
TONPUSITHBI 110 CPABHEHUIO C YCIOBUSIMU KOMMYTAlMH 3JEKTPOABUTATENEH KIACCH-
YEeCKOM KOHCTPYKIUU. DTO, B CBOIO OYEpPe/Ib, OIAroNpusTHO CKa3bIBAETCS Ha U3HOCE
IIETOK, KOTOPBIM y MHUKpOdJIeKTpoaBurarenen cepuu JIIP cymecTBeHHO MeEHbIIE,
YeM y IPYTUX TUIOB 3JIEKTPOJBUTATENIECH.

Pa3MellieHre MOCTOSHHBIX MAarHUTOB BHYTPHU SIKOPSL TO3BOJIAET MOJIYYUTh
00JIbIlIME 3HAYEHUS! UX MATHUTHON SHEPTUM M 00ECIIeUnBaET Jy4Ylllee €€ UCI0JIb30Ba-
HHE BBUJY PE3KOI0 CHMYKEHHMS IOTOKOB paccessHus. [1oaTomy nipu Tex ke HapyKHbBIX
pasmepax dJEKTPOABUTATEN U MPU UCIOJIB30BAHUU OJMHAKOBBIX MAapOK MAarHWTOB
MOJIyYarOTCs 3HAYUTEIBHO OOJIbIIME BEIMYMHBI pabOuyero MarHUTHOTO IMOTOKAa IO
CPaBHEHMIO C IPYTMMH MarHUTHBIMU CUCTEMAMU DJIEKTPOABUTATENEH.

brnaronapss npuBeAEHHBIM BbIIIE KOHCTPYKTHBHBIM OCOOEHHOCTSIM, MHUKPO-
anekrpoasuraresy cepuu JIIP uMeror 3HaunTeIbHbIC IPEUMYILIECTBA 110 JJIEKTpUYE-
CKMM I1apaMeTpaM IO CPAaBHEHHWH C CYLIECTBYIOIIMMHU MHUKPOIJIEKTPOABUTATEISMHU
KJIACCUYECKOM KOHCTPYKLMHU. Tak, HanmpuMmep, o0 CPABHEHHUIO C MUKPOIJIEKTPOABUAT A~
tensimu cepur J{IIM oHM Tipu TeX K€ MOIIHOCTSX MUMEIOT 0o0Jiee BHICOKUM K.ILJ. (Ha
16-25%), 60mBIIION CPOK CITYXKOBI (MMPUMEPHO B 2-3 pasa) U MEHbINYIO (TPUMEPHO B 2
paza) ANEKTPOMEXaHUYECKYIO TOCTOSIHHYIO BpemeHH (15-20 mc).
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2. JJabopaTopHBI{ CTEH]T U CPEACTBA UCCIICIOBAHUS

JlabGopaTopHbIil CTEHJ COIEPKHUT OOBEKT HCCIEIOBAHUS - MUKPOABUTATEIb
JIIP-52, TaxoreHepaTop MOCTOSSHHOTO TOKa, U3MEHSIOIINI YaCcTOTY BpallleHUs Bajia
nsuratens - TI'TI-3 u gaTuuk MmoMenTa JIM. YnpaBieHue aABUraTesieM OCYIEeCTBIs-
eTcsl IyTeM W3MEHEHUs HanpsbkeHHs B Lenu ooMoTku sikops U,. Hampsokenus U,
U,,.. UBMEHAIOTCA MOOYEPEAHO BOJIBTMETPOM C TipeaenoMm usmepenus 40 B, nsmene-
HUE HAIPsHKEHUS BO BpeMeHH HabmoaeTcs Ha skpane ociutorpada C1 30.

3. CTtaTnyecKue XapaKTEPUCTUKH JABUTATENS
[Ipu cHATUU PEryIMPOBOYHBIX XapPAKTEPUCTUK 3HAUCHUE 334A€TCS C TOMOIIBIO
UCTOYHMKA TOCTOSIHHOIO TOKa U IOJaeTcd B Liemb sikopHoM oomotku U,=U,. Ilpu
stom M,=0. 3nauenue U,. m3amepsiercs taxoreneparopom U,,.=K,.n, 3Hauenue U,
U3MEpSETCs C MMOMOIIBIO BOJIBTMETpa. MaciitaOHbiii kodhdunmeHT K, onpeaesnsercs
M0 CIIPaBOYHBIM JIJAHHBIM (TIpH HOMUHANBHBIX 3HaueHusx U,=27 B, n=4500 06/Mun).

Pe3ynbTaTh! onbiTa 3aHoCATCS B Tabm. 7.1.
Tabmura 7.1

U, B
U,., B

n,06/Mun

[To maHHBIM TaOIUIBI CTPOUTCS TpadUK PEryITUPOBOYHON XapaKTEPUCTUKHU B

. u . n
OTHOCHUTEJIbHBIX eauHMIax (puc. 7.1,0): a=—— ; v=—vo .
n

SAHOM HOM

m v
0,8 0,8
0,6 0,6
0,4 0,4
0,2 1\ 0,2
0 0,2 0,4\ 0,6 0,8 V 0 02 0,4 06 08 O
1-0=1,2-0=0,75,3-a=05, 1-m=1,2-m=0,75,3 - m=05,
4-0=0,25 4—m=0,25
a 6

Puc. 7.1. Cratndyeckue XapakTepUCTUKU JBUTATEIS:
a) MexaHU4ecKue; 0) peryJIMpoOBOYHBIE
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Omnpenensierca 30Ha MPOMOPIMOHATBHOTO PETYIUPOBAHUA =d, .IPOBOJUTCS
JTUHeapu3anus xapaktepuctuku v=f(a) n paccunteiBaetcs K03QPUIMCHT MTepenadn
JBUTATEIIS
~v_n

a U,

N300paxeHne MeXxaHMUECKON XapakTepucTuku (puc. 7.1a) cHumaeTcs ¢ sKpa-
Ha ociuiorpada. M, usmepsercs aarunkoMm momenTta (JAM). Curnan ¢ JIM nonaer-
cs Ha BXoa «Y» ocumiutorpada, curaan ¢ taxoreneparopa U,.=K,.n Ha Bxom «X».
Ocumutorpad padotaer B pexxuMe «ycuiaeHuey. I'paduku kpuBbix M,=f(n) mis tex
3Ha4yeHuH U, 3apUCOBBIBAIOTCS HA KaJIbKY.

kd

4, HGPGXOI[HEUI XApaKTCPUCTHUKA IBUT'aTCILA

Ilepexonnas xapakrtepuctuka  N=f(t) cuumaercs npu U,=24-1(t).Curnan
U,..=K,.n momaercs Ha BepTHKAIBHBIN BXOJ ocumuiorpada, KOTOpbI paboTaeT B
pexxume pa3BepTku. ['paduk mepexomHOro mpoiecca CHUMAETCsl ¢ KpaHa Ha KaJbKy
IIPY MTHOBEHHOM BKJIIOYEHHH ynpasistroniero HanpsoxeHus U,. IIpumepnsiii Bug n(t)
U METOAMKA OMpEeNIeHUs dJIEKTPOMEXaHMUECKOW MOCTOSHHON BpeMeHu T, TpuBe-
JICHBI Ha puc. 7.2.

s
{

Puc. 7.2. IlpumepHslil BUJ IEPEXOIHOIO MpOoLiecca ABUTaTeNsl.
Bun nepexonHoro mporecca moka3bIBaeT, 4TO padoTa ABUraTelis MOCTOSTHHOTO
TOKa MOXET OBbITh ONKcaHa ypaBHeHueM Buaa (5.7).
[Tony4yeHHble 3HaueHHs mapameTpoB K, @, T,, CpaBHUBAIOTCS C MapaMeTpaMu
acMHXpOHHOTO ABurarens (padora Ne 5).

5. Conepxanue oT4yeTa
B oTuere npuBOAATCA: MEPEUECHb OCHOBHBIX JTOCTOMHCTB M HEJOCTATKOB HC-
MOJIHUTEJIBHBIX JIBUTATEIEH IMOCTOSSHHOTO TOKAa, U B 4acTHOCTH, cepud [IJIP, mac-
noptHeie naHHble asuratens JIIP-52, rpaduku ero peryampoBOYHBIX, MEXaHUYeE-
CKUX W TEPEXOJHBIX XapaKTePUCTHK, MuddepeHimarIbHoe ypaBHEHUE IBUTATEINS,
paccunTaHHble TapameTpsl Ky, a, T,,,. BBIBOIBI 110 pe3yabTaTaM CPaBHUTEIBHOTO aHa-
JIA3a CBOMCTB MCITOJIHUTEIIBHBIX IBUTATENIEH NOCTOSHHOTO U IEPEMEHHOT0 TOKA.



65

bubmmorpaduyeckuii CrucoK.

1. Apmenckuii E. B., @ank [[. b. DnekTpudueckre MHUKpOMamuHbl. — M.:
Bricmras mikoia, 1965. — 286 c.

2. KOdepop @. M. DnexkTpuueckue MalluHbl aBTOMATHYECKUX YCTPOUCTB.
— M.: Breicmag mikoia, 1976. — 416 c.

3. MUKpPO3JIEKTPOJBUTATENIN JJIsl CHUCTEM aBTOMATUKH: TeXHUYECKUU
cnpaBoYHUK /mox pea. D. A. Jlomounukosa, @. M. IOdeposa. — M.: Dueprusi, 1969, -
765 c.

4. bpyckun /. 3., 3opoxoBuu A. E., XBoctoB B. C. Dnexrtpuueckue ma-
muHbL. — M.: Beiciias mkoina, 1987. — 4. 1 —319 ¢.; Y. I1. — 335 c.



	Лабораторная работа № 1
	Лабораторная работа № 2

