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BBEAEHUE
O d

YpoBeHb pa3BUTUSI MAaTepUANIbHON KYJIbTYyphl UeJIOBEUECKOTO
OOLLIECTBA B MIEPBYIO OUYEPeIb OMPEesieTCs CO3IaHUEeM U UCTIOJb-
30BaHUEM MCTOUYHUKOB 3Hepruu. CoBpeMeHHas LIMBUJIA3ALIMS
HMMeeT HeCPaBHUMYIO SHEPreTUUECKYHO MOILIb IO CPABHEHUIO, CKa-
xkeMm, ¢ oomectBoM XVIII mnu XIX BB., HO IpU 3TOM CTaJla To-
pazno Oojee ysi3BUMOi. OCOOEHHO HArJISIAIHO GECIOMOIIHOCTh
LIMBUWIM3ALWU Mepe CUJIaMU IMPUPOIBI IPOJSMOHCTPUPOBAIa 3UMa
2010—2011 rr. cBOMMM JNEASHBIMU JOXKASIMMU.

U 310, yCcTh 1OCTATOYHO peAKoe, MPUPOIHOE SIBIICHUE, JaXKe
He CTUXUITHOE OeACTBUE, MOMEHTAILHO BEpHYJIO Hallle OOLIECTBO
XXI B. Kyma-To Hazan, B cepeauHy Beka XIX: B XKM3Hb 0e3 CBe-
Ta, LIEHTPAJIbHOIO OTOIICHUSI, BOAbI, a TJIaBHOE, MPAKTUUYECKU
0e3 coToBoli cBs13u, MHTEepHeTa 1 BceX MH(MOPMALIMOHHBIX TEXHO-
noruit. TakuM 00pa3oM, BCe JOCTUKEHUST COBPEMEHHBIX TEXHO-
JIOTUIA, BCE 3HAHUS YeJIOBEUECTBA, COXPAHEHHBIEC B 3JIEKTPOHHOM
BuUe, ObUIM OBl TTOTEPSIHBI Cpa3y M, MOXHO CKa3aTb, HABCEI/a,
ecu Obl HE BOCCTAHOBUWJIM MOJAvy 2JIEKTPUUECKON SHEPTUU.

Haiuu meranonumcel ¥ ropoia He B COCTOSIHUM BbIKUTD 0e3 2J1eK-
TPUYECTBA, MOCKOJIbKY B HUX PEaIU3YIOTCSI BCE COBPEMEHHBIE TeX-
HUYECKUE TOCTUKEHMS B TIEPBYIO Oo4Yepeb, a OHU HEMbICIVMbI
0e3 sHepruu. B MeHblIel cTeneHU OT JISASIHBIX JOXIEH MocTpa-
JAJIU XUTEJIM UHANBUAYAJIbHBIX JOMOB, 00eCIIEYeHHBIX HE3aBH -
CHMBIMU MCTOYHUKAMU OTOIUIeHUSI. [laHHOe TpUPOIHOE SIBJICHUE
a0COJIIOTHO He KOCHYJIOCH TeX XXUTENEel, Y KOTOPhIX UMEIUCh aBTO-
HOMHBIE UCTOUHUKHU BHEPTUU, OHU HE 0Ka3aJ1Ch OTPe3aHHbIMU
OT UMBUJIM30BAHHOTO MMPA, HO TOJbKO MOTOMY, UTO JIEASIHbIC
JOXIW TIPOLLIM Ha OrpaHUYeHHOM Tepputopun. [Ipousoiinu 3To
Ha Bceli TeppUTOPUHU CTPaHbl, 0Ka3aJ1Ch Obl 00CTOUEHHBIMU BCE
BBILLIKM COTOBOM CBSI3U, TeJleNepeJaTuUKU 1 Apyrast MHhopMal-
OHHasi UH(PpacTpyKTypa, 6e3 KOTOPOIi Hallla COBpEMEHHasl XXU3Hb
YK€ HeMBICIMA.



D MNEKTPUYECKUE MALLWHbDI

DTO0 caMblif, TTOXKaIYi, HAIJISITHBIN ITPUMep 3aBUCUMOCTH CO-
BPEMEHHOT0 00pa3a KM3HM OT MICTOUHUKOB SHEPTUH, O KOTOPHIX
MBI B OOBIYHOM KM3HM MPAKTUIECKU He 3aIyMbIBacMcsl. 3emile-
TpsiceHue B SInonum 1 aBapust Ha MyKycrMe JIUIIIb ellle pa3 o -
TBEPKIAIOT aOCOJIIOTHYIO BJIACTh MAaTepUAIbHOIO, B JAHHOM CJIy-
yae HepPIruu, Haj TyXOBHBIM, T.€. COBPEMEHHBIM YEIOBEYECCKIM
0O0IIIeCTBOM B I1eJIOM. VIMEHHO ITO3TOMY BC€ CTPaHBI, B TIEPBYIO
ouepenb EBporieiickuii coro3, Tak 03a00YeHBI SHEPreTUICCKOM
0e30MacHOCTbIO.

[TouTy Bcst 3HEPrusl B HACTOSIIIIEE BPEMST BRIpAOATHIBACTCS BIICK-
TPUUYCCKUMU MalHaMU. J1J1s1 mepeaayul v pacipenesieHUsT JIeK-
TPO3HEPIUHU TPEOYIOTCS TpaHC(HOPMATOPhI U aBTOTpaHC(hOpMAaTo-
pel. Kpome Toro, nBe TpeTH 3JIEKTPO3HEPIHMM, BBHIPaOOTaHHOI
Ha 3JICKTPOCTaHIIUSIX, IIPEO0pa3yeTCsT pa3TMYHbIMU 3JIEKTPOIIPH-
BOJIAMU B MEXaHUYECKYIO SHEPIHIO. DTOT MPOLIECC MOXHO TIpe/i-
CTaBUTb B BUJIE CTPYKTYPHOI cxeMblI (puc. B.1).

JI91
I'T wm TT > Tpl > Tp2

Y

Ilorpeburens

Puc. B.1. CTpyKTypHas cxemMa MpoU3BOACTBA
WU TOTPe6IeHNA SHEPTUMN

3nech I'T u TT' — rupporeHepaTop win TypdoreHeparop, rnpe-
00pasyollrii MEXaHUYECKYIO SHEPIUIO Mafalolleil BOAbI WK pac-
LIMPSIIOIIErocs Mmapa B 3JeKTPUIYECKYIO SHEPTUIO;

Tpl — nosblarome TpaHchopmaropbl. OHM MOBBILIAIOT
TpexdazHoe HanpsLKEHKE 10 COTEH ThICSY BOJIBLT;

JIDIT — 3-dazHast AMHUs 31eKTporepeaayu, BbICOKOBOJIBTHASL.
I'eHepatopbl mepeMeHHOTO TOKA BbIPA0AThIBAIOT 2JEKTPUUECKYIO
sHepruto npu HanpsckeHun 6—20 xB. IlepenaBaTh ke SHEPTIUIO
Ha JajibHKUE PaCcCTOSTHUS BBITOTHO MPY OOIbIIMX HAMPSIKEHUSIX TSI
TOT0, YTOOBI YMEHBIIUTD BeIMUMHY Toka B JIDII u, cnegosaresib-
HO, MOILIHOCTb ITOTePb B IMHUM, KOTOPasi MPONOpLIMOHATbHA KBaJl-
pary Toka:
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AP=1"R

b

(B.1)
rae /[ — BennunHa Toka B JIDIIL; R — conporusienue JIDII;

Tp2 — noHwKarlKe TpaHChOPMATOPhl, KOTOPbIe MTOHMXKAIOT
BBICOKO€ HAaMpSXKEHWE N0 MPOMBIIIJEHHOTO HaMpSIXEeHUS
U = 380 B yactothl /= 50 I'u;

[loTpebuTtenu — 3TO pa3IMYHOIrO pojaa BIEKTPOABUIATENM,
npeodpasylolue 31eKTPUUECKYI0 SHEPIUIo B MeXaHuuyeckyto. Oc-
HOBHas J10J1s1 TOTPEOIEHNS SJIEKTPOSHEPTUM B ITPOMBIIIIEHHOCTH
TPUXOJUTCS UMEHHO HA BJIEKTPOIBUTATENH.

O0671a1as1 BBICOKMMM SHEPreTMYECKUMU MOKa3aTeIsIMU U MEHb-
LIXMHU, TI0 CPABHEHMIO C IPYTUMU MPEOOPA30BATEISIMA SHEPTUH,
pacxoiamMy MaTepraioB HA €AMHUILY MOIITHOCTH, 9KOJOTUYECKHU
YUCTbIE JIEKTPOMEXaHUUYECKIE MPeodpa3oBaTe i UMEIOT B XKU3HU
YeJIOBEYECKOro 00111eCTBA OTPOMHOE 3HAYeHUE. DTO MOATBEP K-
eT U CTpYKTypHasi cxeMa (puc. B.1), u3 Kotopoit BUAHO, YTO 3JIeK-
TPUYECKHUE MALLIMHBI 3aHUMAIOT BAXKHOE MECTO B ITPOLIECCE MPOU3-
BOJZICTBa, MPe0Opa30BaHUs U MOTPEOICHUS DIEKTPUIECKO IHEP-
MU, a JaHHAs OMCLMIUIMHA SIBJISIETCST OMHOM U3 (pyHAaAMEeHTab-
HBIX IUCUUILIMH 3JIEKTPOTEXHUYECKOTO LIMKIIA.

C pa3BUTHEM aBTOMATHMUYECKUX CUCTEM YIIpaBIeHUs Bce 00b-
11Ie€ 3HAYEHME MTPUOOPETAIOT SIEKTPUYECKME MUKPOMAILIMHBI, KO-
TOPBIE UCTTOJIB3YIOTCSI B KAUECTBE UCTIOJTHUTEIbHBIX JBUATATEICH B
CHCTEMax aBTOMATUKHU U TEJIEMEXaHUKMU.

Paznenbl iucuUIIMHBL: TpaHc(hopMaTOpbl, ACUHXPOHHbBIE Ma-
IIWHBI, CHHXPOHHBIE MalllVMHbI, MAIIMHbI MTOCTOSSHHOTO TOKa,
MHGOOPMALMOHHbIE MAILIUHBI.

M3zydyeHue TeopeTnueckoro Marepuasia u OoJbIIOro KOJTMYECTBA
BOITPOCOB JIJI1 CAMOITPOBEPKH, MPENCTABICHHBIX B BUIIE TECTOBBIX
3alaHui, Oy/IeT CIIOCOOCTBOBATH M3YYEHUIO MOCIEAYIOLIUX TUCLIUIT-
JIMH y4eOHOTO TJIaHa, TAKMX KaK 2JEKTPUIECKUI TTPUBOIL, PETHC-
TpUPYIOLIME U aBTOMAaTUYECKUE DIeKTPOMEXaHUUECKKe TTPUOOPHI
U T.01., 2 TAKKe MPUOOPETEHUIO CIEAYIOIIMX MPOhecCrOHaTbHbIX
KOMITETEHIIUA:

B CMOCOOHOCTD MCMOIb30BaTh OCHOBHbIE 3aKOHbI €CTECTBEHHO-
Hay4YHbIX IUCLIMIIMH B TPo(ecCuOoHaTIbHOM AesITeIbHOCTH,
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D MNEKTPUYECKUE MALLWHbDI

MPUMEHSTHh METOIBI MAaTEMaTUYECKOTO aHAIM3a U MO/ -
pOBaHMS;

B CHOCOOHOCTh COOMPATh U AHATM3UPOBATh HAYYHO-TEXHUYE-
CKYI0 MH(pOPMALIUIO, YYUTHIBATH COBPEMEHHbIE TEHACHLIUN
pPa3BUTHUS U UCIIOJIb30BaTh JOCTUKEHMUS OTEUECTBEHHOM 1
3apy0eXKHOI HAyKU, TEXHUKU U TEXHOJIOTUU B Mpodeccuo-
HaJIbHOM AeSITeTbHOCTH;

B CIIOCOOHOCTb PACCUMTHIBATh U IMPOCKTUPOBATH 3JIEMEHTHI 1
YCTPOICTBA, OCHOBAHHBIC HA PA3IMUHBIX (DU3NUYECKUX TTPUH-
Lunax AevicTBUS;

B CHOCOOHOCTB yY4acTBOBATh B Pa3paboTKe (DYyHKIIMOHATIBHbBIX
M CTPYKTYPHBIX CXEM ITPUOOPOB;

B CIOCOOHOCTh K aHAIM3Y TEXHUYECKOTO 3aIaHusI 1 3a1a4 po-
€KTUPOBAHUS MMPUOOPOB HA OCHOBE U3YYEHMS TEXHUIECKOM
JINTEPATypPhI U TTATEHTHBIX UCTOYHUKOB.

1 TPAHC®OPMATOPbI

TpaHchopMaTop — 3TO CTATUUESCKUIA 3JICKTPOMAaTrHUTHBIHA aIl-
Tapar, IpeodpasyIoNIii HalpssKeHMe 1 TOK TIePBUYHON 0OMOTKH
B HaNPsSDKEHUST M TOKM BTOPUYHBIX OOMOTOK IPY HEM3MEHHOM Ya-
CTOTE ITUTAIOIIETO HAIIPSIKCHMS.

B tpaHchopmaTope HeT BpalllaloluXcsl YacTeil, [I03TOMY OH
He SIBJIIeTCS] MAIIMHOM B OOBIYHOM CMBICIIE 3TOTO ¢jioBa. OIHAKO
MpeoOpa3oBaHUe 3JICKTPOIHEPTUH B HEM ITPOMCXOIUT HAa OCHOBE
TeX 3Ke 3aKOHOB 3JICKTPUUYECTBA M MarHETH3Ma, KakK 1 B 3JICKTPH -
YeCKMX MalllMHaxX. B yacTHOCTH, Ha OCHOBE TeopuH TpaHchopMa-
TOPOB PacCMaTPUBACTCSI TEOPUST ACUHXPOHHBIX MAIlIH, IT03TOMY
TpaHCchOPMAaTOPhI COCTABIISIIOT HEOThEMIIEMYIO YaCTh Kypca 3JIeKT-
PUYECKMX MAILIVH.

1.1. Knaccudukauma tpancgpopmatopos

TpaHchopmaTopsl pazIuyaroTcs:

B 110 yuciy $a3 MUTaroulei ceTu — Ha OfHO- U TpeXda3HbIe;

B [10 COOTHOILIEHUIO HAMPSIKEHU A TEPBUYHOM U BTOPUYHOM
00MOTOK — Ha noBbiaoime U,> U 1 Ha TOHMXAIOLIKE
U,< U, roe U, — HanpspkeHWe MUTaHUS IEPBUYIHOM 00-
MOTKH, U, — HalpspKeHKe, CHUMAeMOE CO BTOPUYHO# 00-
MOTKU TpaHchopMaTopa;

B [10 Ha3HAYEHMIO — Ha CWJIOBBIC U CIielMaibHble (M3MEpU-
TeJbHBIE, COIACYIOlIMe, aBTOTPpaHC(hOPMATOPbI, CBAPOY-
HbI€, UMITYJbCHbIE, TICYHbIE U T.I.);

B [10 KOHCTPYKIIMM — Ha CyXue U MaciisgHble. B cyxux TpaHc-
(opmaropax oxjaxkaeHue OCyLIECTRISIETCS TPU ECTECTBEH-
HOW WX NPUHYAUTEIbHON KOHBEHILIMU BO3yXa, a B Mac-
JISTHBIX — TIPU €CTECTBEHHOM WM MPUHYAUTEIbHON LIMPKY-
JISIUMY TpaHChOPMATOPHOTO Maca;



D MNEKTPUYECKUE MALLWHbDI

B I10 KOHCTPYKIIMU CepAeYHNKA — Ha CTep:KHEBbIe, OpOHE-
Bble, TopouaaabHbie (puc. 1.1).

W,

v

i

Crep>xHeBOI Bponesoit TopounanbHbli

Puc. 1.1. Bunbt cepneuHUKOB TpaHCchOpMaTOpoOB

3necy W, u W, — ynciia BATKOB IIEPBUYHOM U BTOPUYHOM 00-
MOTOK TpaHcopMaTopa COOTBETCTBEHHO.

CepIeyHUKM CTePXKHEBOTO U OpOHEBOro TpaHchOpPMaTOpPOB
BBIMTOJTHSIIOTCS U3 JIMCTOB 3JIEKTPOTEXHUUYECKOM CTau, a Cepaey-
HUKU TOPOUAATBHOTO — U3 JIEHThI 3JIEKTPOTEXHUYECKOM CTaNIU.

IlnacTuHBI ¥ MOIOCKA JIEHTBI CEPACYHUKOB TpaHC(HOPMATOPOB
2JIEKTPUYECKU U30JIMPYIOTCS APYT OT Apyra cjaoeM jaka. TomiuHa
IJIACTUHBI U JICHTbI 3aBUCHT OT YaCTOThI MUTAIOLLETO HATIPSKEHUS
(Tabnuia).

Tabauya

3aBHCHMOCTD TOJIIUHBI IIACTHHBI CepacyHuKa Tpaﬂccl)opmaTopa
OT YaCTOThI MUTAIOLICTO HANPS2KCHUA

Yacroraf, I'n 50 400 1000 10000
Ay, (TommHa
[UIACTHHBI), MM 0,5 0,35 0,1-0,2 0,05

1.2. YcTpoicTeo ogHoda3Horo TpaHcgopmaropa

TpanchopmaTop B OCHOBHOM COCTOMT U3 TPEX YacTeil: cepaey-
HUKa (MarHUTOMPOBOAA), MUHUMYM JABYX OOMOTOK M KPEMeXKHBIX
JeTajaen.
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CepleyHK BBIIOTHSIOT M3 JIMCTOB WJIN JICHTHI 3JICKTPOTEXHU -
YEeCKOI CTalld, T.€. IMUXTOBAaHHBIN. DIIEKTPOTEXHUYECKAs CTalb
XOPOIIIO ITPOBOAUT MarHUTHBII IIOTOK, MIMEET OTHOCUTEILHO 0OJThb-
110€ YIeJIbHOE 3JIEKTPUIECKOe CONPOTUBIICHUE Y MAJIYIO TUIOLIAIh
TMIET/IV THCTEpe3nca.

VienapHOE 3JIeKTPUYECKOE COITPOTUBIICHUE CTAIN TTOBBIIAIOT
nobaBlIeHUEM B CTalb KpeMHUsA. CepIeuHUK HaOUpParoT U3 Iiac-
TUH WIK IeJIal0T U3 JICHTHI IJIs1 yMEHBIICHUS TIOTepb SHEPTUU Ha
BUXPEBbIe TOKU WM TOKU DyKo.

PaccmoTtpumM yacth cepaeuHuka (puc. 1.2). MarHUTHBIH TT0-
TOK B CEpACUHMKE SIBJSIETCS MYIbCUPYIOLINM, T.€. U3MEHSIOILMM
CBOIO BEJIMYMHY M HaIlpaBlieHe BO BpeMeHU. OH UHIYKTUPYET
BJ1C He TOIBKO B 00MOTKax TpaHchopMaTopa, HO M B CEpIACUHN -
Ke. DIEKTPONBMXKYLIAd cuia £ (MTHOBEHHOE 3HaYeHME — e, Ha
puc. 1.2), uHAyKTHpYyeMasi B CEpACUYHUKE, CO3IaeT BUXPEBOM TOK
i, 10 npaButy JIEHLIa TAKOTO HaNpaB/IeH!sl, YTOObI MATHUTHBIM T10-
TOK OT BUXPEBOT'O TOKa ObLT HAIpaBJIeH IMPOTHB MarHUTHOTO TI0TO-
Ka, KOTOPBII MHAYKTUPYET TaHHBIA BUXpeBOi TOK. HampapieHue
BUXPEBOI'O IIOTOKA OIPEIEISIETCS 10 MPABIUITY IPaBOro OypaBuMKa.

DIIEKTPUIECKOE CONPOTHBIICHUE Ha ITYTH BUXPEBOTO TOKA MOXKHO
3aIvcarTh B BUIE

! @
R =p, 5 (1.1) L
c /
[Ie P, — YAETbHOE 3JICKTPHYECKO- )
€ COMPOTUBJICHUE CTAJIN; [ — IJTH- Is
. e
Ha JIMHUY TOKQ; .5, — CeYEHME Cep- » C -
JNEYHUKA, Yepe3 KOTOPOE MPOXO0-
AT TOK. -
BenuunHa BUXpeBOro Toka orm-
penessieTcs Kak Ds S,
L=5r 2
6
Ecnu conporusienue R maio,
TO TOK [, BeTHK. Puc. 1.2. HampaBnexue
BUXPEBOTO TOKA U ITOTOKA
B CeppievHUKe
9



D MNEKTPUYECKUE MALLWHbDI

MOH.[HOCTL IIOTEPDL OT BUXPEBLIX TOKOB B CIIOIIIHOM CEPACYHMKE:
E2

P=1I-R=—, (1.3)
R,
rae [, E— neicTByioline 3Ha4YeHus.
1 yMeHbLIEHUs oTepb CepAeYHUK HAOMPAIOT 13 TUIACTUH —
LIMXTYIOT, MPUYEM IJIACTUHBI 3JICKTPUYECKU U30JIUPYIOT APYT OT
apyra cioeMm jiaka (puc. 1.3).

AHJ'I

Iy

A

)

Se

Puc. 1.3. Buxpesble TOKU B LINXTOBAHHOM CEPLLEYHUKE

Mor1HOCTh HOTEPb OT BUXPEBLIX TOKOB B IIMXTOBAHHOM CCP-
JCYHUKE: 5
2
(E/ nrm ) i nnn E

P, = n_ -R :n2 ‘R’ (1.4

w B w '
roe n  — KOJWYECTBO IVIAaCTUH B CCPACYHUKE; 7 - - RB — MU3MCHC-
HUEC COIIPOTUBJIICHUA CEPACUYHMKA BCJICACTBUC YMCHDBIICHUA Sc;
E / n,, — YUYUTBIBACT YMCHBIICHNEC MAarHUTHOI'O IIOTOKA U, CJICN0-
BaTCJILHO, SZLC 3a CYCT YMCHbIICHUWA IJIOIAAN CECUYCHUA I1J1a-

CTHUHDI.
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Ecnu Y4€CTb, YTO YHUCJIO IVIACTUH B CEPACYHUKE:

n = Y5 (1.5)

roe a — TojuuHa cepaeyHuka (puc. 1.3), To BeipakeHue (1.4)
OyaeT UMEeThb BUIL:
, E2 . AZ
P, = W’ (1.6)

a 1Jid CIUIOIIHOIO CEpACYHMKA: d = Am .

Taxum o6pa30M, MOIITHOCTb NOTEPb B CTAJIM IIMXTOBAHHOI'O
CepaAcyHuKa:
1o~ A2
P B Ann’ (17)

T.e. IPONOPLMOHAIbHA KBAAPATy TOJIIMHBI TUIACTUHBL: YeM TOHb-
1€ TUIACTUMHBI, U3 KOTOPBIX HAOpaH CepAeYHUK, TeM MEHbIIE B
HEM IIOTEPH MOIIIHOCTH.

[1nacTuHbI cepaeyHMKa CTITUBAIOTCS B AKET 11 YMEHbLIEHUSI
BUOpAIIMK TUIACTUH U 1IyMa TpaHchopmaropa.

IlIuxToBKa cepneyHrKa CBOMCTBEHHA HE TOJbKO TpaHchopma-
TOpaM, HO U BCEM DJICKTPUUYECKUM MalllMHaM MepeMEeHHOro ToKa.

OOMOTKH BBITTOJHSIOT U3 U30JIMPOBAHHOTO MEAHOTO UJIHU alio-
MMHUEBOTo npoBoaa. Kaxnbiii mpoBoI MMeeT CBOIO MapKUPOB-
Ky. B yactHocTH, B TpaHCchoOpMaTopax Majoit MOILIHOCTH OOMOT-
K1 MOTYT ObITb BBIMIOJIHEHBI U3 MeAHOTO MpoBoaa Mmapku [19B-2.
3nech I1 — o3Havaer mpoBon, B — amaieBas u3osILus, B —
BBICOKOIPOYHAsI, 2 — ABYXCJIONHAsT U30JISILIMSL.

Wzonsuus O6biBaeT paznuuHbiX Kiaaccos: Y, A, E, B, F, H, C.
s xnacca A gomyctumasi TeMriepaTtypa Harpesa coctasisieT 105 °C.
J17151 MPOBOAOB C OMaJIeBOI M30JISILIMEN TOMyCTUMAas TeMrepaTypa
HarpeBa coctasiser 115 °C, nj1s1 IpoBOIOB ¢ TEPMOCTONKOM U30-
et — 250 °C. I1pu npeBbILIeHUU 3TOM TeMITepaTyphl 3JIEKT-
puyeckas M30JISIIMsl CTapeeT U CPOK CIIY>KObI TpaHC(hOPMATOPOB
yMeHbluaetcs. [Tpoucxoaur afekTpruyeckoe 1 MeEXaHMYEeCcKoe cTa-
peHue. [1pu ay1eKTpruyeckoM CTapeHUH TEePSIIOTCST U30IUPYIOLLNe
CBOICTBA, MPU MEXaHUYECKOM — H30JISILIMST CTAHOBUTCST XPYIKOM,
MeXaHMYecKast IPOYHOCTh YMEHBIIIAETCSI.

11



D MNEKTPUYECKUE MALLWHbDI

1.3. MpuHUMN fEeNCTBMA N OCHOBHble YPaBHEHUA
oaHoga3sHoro TpaHcopmaropa

IpunHuun neiictBust TpaHchopMaTopa OCHOBAH Ha 3aKOHE 2J1eK-
TPOMArHUTHON MHIYKIMHU: €CJIM OOMOTKA MPOHU3bIBAETCS U3ME-
HSIOLIMMCS BO BpeMEHU MarHUTHBIM ITOTOKOM, TO B Heil MHAYK-
tupyetcsa DIC, nmponopuroHaabHas YUCIy BUTKOB OOMOTKM U
CKOPOCTM M3MEHEHMSI MAarHUTHOTI'O MOTOKA:

e=-W d_q> (1.8)
dt

3HaK MUHYC yKa3blBaeT Ha To, yto DJIC AeiicTByeT NMpoTUB
M3MEHEHMUsI ITOTOKA, a €CJIM MATHUTHBII MTOTOK CO31aeTCsl TOKOM
0OMOTKM, TO MPOTUB U3MEHEHMUSI TOKA.

[MpuHUMN AECTBUS paCCMOTPUM Ha MTpUMEpPE ABYXOOMOTOU-
HOTO CTep>KHEeBOTo TpaHcdopmaTopa (puc. 1.4).

PaccMoTpuM cHavana pexXuM XOJIOCTOrO XOfa, T.€. 7, = oo,
1,= 0. IToakmoynM repBUYHYI0 0OMOTKY TpaHc(hOpMaTopa K Ha-
npsokeHnio U, N3MEHSIOIEMYCS BO BDEMEHU 110 CMHYCOUIANIb-
HOMY 3aKoHy. [lajiee OyaeM cunTaTh, YTO BCE BEJIMUMHBI, XapaK-
TEPU3YIOLIME SJIEKTPOMAarHUTHBIE MTPOLIECChl B TpaHc(opmatope,

D

a @,
[l =

A

\

Puc. 1.4. MaruuTHbie motoku n 3IC B 1ByX0OMOTOYHOM
TpaHchopmarope (yHKLMOHANbHASA CXEMA)
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M3MEHSTIOTCSI BO BpeMEHHM TaKKe CMHYCOMIaIbHO. B neiicTBUTE Ib-
HOCTH TaK MOXHO CUMTATh TOJIBKO JUISI HEHACBILLIEHHOTO Cepliey-
HuKa. 11 TpaHchopMaTopa ¢ HACHIIEHHBIM CEPASYHUKOM He-
KOTOpbIE BEIMYMHBI, XapaKTEPU3YIOIINE 3JIeKTPOMATHUTHBII TIPO-
1IeCC, MOTYT OBITh HECHUHYCOMIATbHBIMU. OTHAKO HECUHYCOMIAIb-
HBbIe BEJIMUMHBI MOKHO 3aMEHUTh Ha MX SKBUBAJICHTHBIC 3HAUCHMSI,
M3MEHSIIOIINECS TI0 CHHYCOMIAIEHOMY 3aKOHY, TIO3TOMY JUIST OIT-
peIeIeHHOCTH BCE BEJIMYMHBI, XapaKTepU3YIOIKe IPOLIECCH B
TpaHcdopMaTope, MOXHO CUYMTATh CHHYCOMIATLHBIMU 1 0003Ha-
YUTb UX B BUJIE KOMILIEKCOB. U, — KOMIUIEKCHOE NEHCTBYIOILEE
3HAYCHME BXOTHOTO HAIIPSDKEHUSI.

[To nepBrUYHOIT 0OMOTKE OyIeT IPOTEKATh CUHYCOMIATBHBIN TOK
XOJIOCTOrO X0/1a /), co311aBasi Y 3TOM CMHYCOMAATBHYIO MarHu-
toasuxyuiyto cuny (MIC) [, W,, kotopas no 3akoHy Oma st
MarHMATHOM IIeTIM paBHa:

I,-W,=®-R,, (1.9)
rae Rm — MardMTHOC€ COIIPOTUBJIICHUEC, paBHOC
R, =———.
S (1.10)

3nech / — IIMHA JMHAM MarHUTHOTO MOJIS; S — IIolIanb,
4epe3 KOTOPYIO 3aMBIKAIOTCS JIMHUY MATHUTHOTO TOJIA; [ U [, —
OTHOCUTENIbHAs W a0COTIOTHAsT MATHUTHBIE TIPOHUIIAEMOCTH
cpelbl, yepe3 KOTOPYIO ITPOXOAUT MarHUTHOE TT0JIe, COOTBET-
CTBEHHO.

MarsuToaBMKyILast Cijia CO3IaeT IBa CUHYCOMIATbHBIX Mar-
HUTHBIX 0TOKa: P — OCHOBHO¥ MarHUTHBII TOTOK, 3aMbIKaIO-
LIUIACS TI0 CEPICUYHUKY, 1 Qpl — TIOTOK pacCesTHUsI, 3aMbIKalo-
IIUICS YACTUYHO TIO CePIEeYHUKY M YaCTMYHO 10 Bo3ayxy. Ha-
TMpaBJicHUE TTOTOKOB OMpeIelIsieTCs 1o MPaBKITy ITPaBoro OypaBum-
Ka. Bosoyx misg MarHUTHOro IMOTOKAa MPEICTaBIsSIeT OOJbIIOE
CONPOTUBJIEHHUE, clenoBaTebHo D >> Qp -

INepeMeHHbBIe MAaTHUTHBIE TIOTOKH 110 3aKOHY 2JIEKTPOMAarHuT-
HOWM MHIYKIIMY WHIYKTUPYIOT B 00MOTKax DJIC: 0CHOBHOI TTOTOK
@, — B/1C B nepsuyHoit ooMoTKe £, 1 B/1C Bo BTopuuHOIi 06-

=0
motke £, a notok paccesnuss @ — BJ1C paccesanus £ |.
-l =pl
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B pexume xonocroro xona £, u £ — DJIC camonHIyKLMH,
TaK KaK OHM BbI3BaHbl COOCTBEHHBIM MAarHUTHBIM ITOTOKOM,
a E, — BJ1C B3auMOMHIYKLWH, IIOTOMY 4TO Uil BTOPMYHOM 00-
MOTKY OCHOBHOM MOTOK SIBJISIETCS] BHELLIHUM.

DIEKTPOABMXKYILME CUIbl CAMOMHIYKIIMU AEHCTBYIOT MPOTUB
M3MEHEHHS TOKa B MEPBUYHOI 0OMOTKE, T.€. yMEHbILAIOT MpoTe-
KaloIMii TI0 HEH TOK, Tpudem £, >> Ep -

Kpome Toro, B nepBuyHO 0OMOTKE OyaeT UMETh MECTO Ia-
JeHUE HaMpsKeHUsI Ha aKTUBHOM COMPOTUBJICHUM MEPBUYHOM
00MOTKM. OOGBIYHO OHO MaJIo M COBMAAAeT MO HAMPABICHUIO C
TOKOM.

B pexxume xo0cToro xona BoO BTOPUYHONM 0OMOTKE MHIYKTHU-
pyercsa DJ1C B3auMOMHIYKLMK E,, TAKOTO XK€ HAMPABJIEHHU, 4TO
1 E|, HO TOK B OOMOTKE OTCYTCTBYET, IIOCKOJIbKY OHA PA30MKHY-
Ta. [Ipu Xo10cTOM X0Je 2JIeKTpUUYecKask SHEPrusl U3 NEPBUUHOMN
00OMOTKM BO BTOPMYHYIO HE MepeaaeTcsl.

PaccMoTpuM pexkrM Harpysku.

3aMKHEM BTOPUYHYIO OOMOTKY Ha HAarpysky z . B samkHyroii
uenu nop aeicteuem DJIC E, OyneT npoTeKath TOK /, B HaNpaBJie-
Huu DJIC. Bropuynas obmotka cosmaer MJIIC, pasuyro LW,
KOTOpas 00pa3syeT Ba MArHUTHBIX T0ToKa P, 1 Qp ,- Hanpasie-
HME 3THUX MOTOKOB OIpeAessIeTCs Mo MpaBUTy MpaBoro OypaBuMka.

IToTok Qp , uaayktupyer DJIC caMoMHIyKIMK Ep ,» KoTopast
JEUCTBYET POTUB TOKa /,. MarHuTHblii oTok P, ABsAeTCs Mo-
TOKOM P€akUMH ¥ JEHCTBYeT NMpoTuB 1notoka P, cTpeMsch ero
YMEHbIIUTb. OIHAKO PEe3yIbTUPYIOLINI OCHOBHOI MarHUTHBII
MOTOK B TpaHCc(opMaTOpe OCTAeTCsl IPUMEPHO HEU3MEHHBIM. DTO
clielyeT U3 ypaBHEHUsT paBHOBECUS TIEPBUYHOTO HANTPSDKEHMUST:

Q1=_E1_Epl+£0.,i' (1.11)

Pacuetamu 1 aKcnepyuMeHTaMu MOKa3aHO, YTO B pesKMMeE XO-
JIOCTOTO XOJa M Harpy3Ku Ep \» ¥ Ly, IO CpaBHEHMIO C £, Mabl.
3HayMT, MOXKHO 3aMucaTh CJACAYIOIIee PABEHCTBO:

U,=-E, (1.12)

T.e. HamNpsCKeHUE TMPUMEPHO paBHO NpoTuBOoD/C mepBUYHOI
oomotku, a DJIC mporopiroHaJbHa MarHUTHOMY IIOTOKY
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@, (£, ~ D), a Tak KaK CETEBOE HANPSKEHMUE ABJIACTCA HEU3MEH-
HbBIM, TO ¥ £, 1 OCHOBHOI MarHUTHBIA NOTOK P TOJKHbI OCTa-
BaThCsl HeM3MeHHbIMU. [ToTok @ ocTaHEeTCS HEM3MEHHBIM TIPU
TOJKJIIOYEHUN HAarPy3KH, €Ciiv MOToK D, OyneT CKOMIEHCHPOBaH
3a cyet yBenuuyeHus Toka 1 MIC nepBuYHON OOMOTKHU. 3HAYMUT,
B MIEPBUYHOI OOMOTKE B peskMMe Harpy3ku OyaeT mpoTeKaTb TOK
1>,

[puHuun aeficTBUs TpaHChopMaTopa 3aKI04aeTcsl B repenaye
BJEKTPUUYECKOI IHEPTUU U3 IEPBUYHON OOMOTKHM BO BTOPUYHYIO
nyteM MHAYKTUpoBaHus DI C 1 ToKa BO BTOPUYHON 3aMKHYTOM
0OMOTKE MepeMEeHHbIM OCHOBHBIM MAarHUTHBIM MOTOKOM. Yem
0O0JIbllIe TOK HAarpy3Ku, TeM OOJIblIE MOTPEOIsIeMblil TOK TpaHC-
(opmaropa.

ITo BTOpomy 3akoHy Kupxroda ajs1 mepBU4HOil OOMOTKU Ha-
IPY>XKEHHOr0 TpaHchOopMaTopa MOXHO 3aMKcaTh ypaBHEHUE paB-
HOBECHST HAIIPSIKEHUST:

Q1=_E1+£1"]+£1'j'Xp1~ (1.13)

Hunyxtrposanue 3/1C caMOMHIYKIIMK PAaBHOCUITBHO BHECEHUIO
B IIeTTb MHAYKTUBHOTO CONpOTUBIeHus, Torna 3/1C moynkHa ypaB-
HOBEIIMBATHCS TAICHUEM HAMPSDKEHMsT HA 9TOM COIPOTHBIICHUM

Epl = _11 'j'Xpl- (1.14)
ITo BTOpoMy 3aKkony Kupxroda ypasHeHue pasHosecust DJ1C
BTOPUYHOI OGMOTKH GyIeT UMeThb BUL:
E2=£2'r2+£2'j'Xp2+£2.§u’ (1.15)
31€ECh ZH — KOMIIJICKCHOC COITPOTUBJICHMUEC HATPY3KH, a
I, z,=U, E,=-1,-j-X,, (1.16)
rae QH — KOMIUIEKCHOC HaIIPAXKCHUE Harpy3Kku.

Ypasuenue pasHoBecrss MJIC tpaHchopmaropa Mmoaydum Imy-
TEM CJIEAYIOLINX pacCcyKaeHnii. MarHMTOABMKYILAST CHJIa XOJIO-
cToro xoa /; W, co3naet oCHOBHO# MarHUTHBII MOTOK XOJIOCTOTO
xona @,
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MarnutoaBuKyInast CHJIa B PEXUME HArpy3KH LW + LW,
Takxe 00pa3yeT OCHOBHOI MarHUTHBIMI IMOTOK MPU MOIKIIOYEHU U
K TpaHchopmaTopy Harpy3ku. CienoBareiabHo, paBHbl 1 MIC,
CO3/1al0llMe TaHHbIe MAarHUTHbBIE TTOTOKH, T.€.

Ly-Wy =1, W, +1,-W, (1.17)

TTonyuum dopmyibl As aeicTByommx 3HaueHuit 31C odMo-
ToK. [1ycTh OCHOBHOI MarHUTHBII ITOTOK M3MEHSIETCSI 110 3aKOHY:

®, =®, -sin(w- 7). (1.18)
Torma
dsin(w-1
AL I A LI CR) B (B )
dt dt

2

T.e. BJIC orcraer no ¢pase OT MarHUTHOro MoTokKa Ha m/2. U3
3TO (hOpMyJIbI MTOTyyaeM aeiicTBytollee 3HaueHue DJ1C:

E _E, _Woo, W 2n-f-0,

NG 2 2

rae @ , BO — ammimrtysa MarHUTHOTO MOTOKa; f, 'l — vacTora
nuralolero HanpskeHus. Torga aeiictyroniee 3HauyeHue B C
E,, mo ananoruu, Oyaer paBHO:

E, =4,44-W, - f-®,. (1.21)

U3 (1.20), (1.21) ¢ yuetoMm (1.12) cremyet, 4To KO3 PUIIN-

€HT TpaHchOopMaLUu:
kM _E U,
I/I/Z EZ U20

U, > E, 3a cuer nafgeHus HaIpsoKEHKsI B IEPBUYHON OOMOTKE;
ecnmu K> 1 — tpaHcdhopMaTtop noHwxkaroumi, K< 1 — nosblia-
IOLIUAWA.

VpaBuenus (1.13), (1.15), (1.17), (1.20)—(1.22) — 3T0 OC-
HOBHbIE ypaBHEHMS TpaHChOopMaTopa.

=W, -0, cos(wt)=W, -0, -sin((o.)-t)—E ,

(1.22)
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TpaHchopmaTop Ha MOCTOSTHHOM TOKE pabOTaThb HE MOXET,
MOTOMY YTO MPU MTOCTOSIHHOM MarHuTHOM notoke DC B 06MOT-
Kax He MHAyKTUpyeTcs. Ecnu nepBuuHyo 0OMOTKY TpaHchopMa-
TOpa BKJIIOYUTh B CETh [IOCTOSIHHOTO TOKA Ha TAaKOE XK€ HampsiKe-
HUe, KaK U MpU MepeMEeHHOM TOKe, TO TpaHC(hOpMaTOp CrOpUT,
MIOTOMY YTO B HEM He OyneT uHayKTuposathest DJIC £, u Ep L\ u
HaIpsDKEHUe CeTH OyIeT ypaBHOBEIIMBATHCS TOJbKO MaJeHUEM Ha-
MPSDKEHMST Ha aKTUBHOM COINPOTHBIECHUM MEPBUYHOM OOMOTKH,
KOTOpOE MaJlo U, Cea0BaTeIbHO, TOK B IEPBUYHOI 0OMOTKE OY-
neT oyeHb BenuK. MuayktupoBanue DJ1C B 1emnsix nepeMeHHOro
TOKa ¥ YMEHbLLIEHHE MOTPEOIsIEMOro ToKa P 5TOM IPUCYIE BCEM
YCTpOICTBaM MEPEMEHHOTIO TOKA.

1.4. NpuBepaeHne BTOPUYHON 0OMOTKM
TpaHcgopmaTopa K NepBUYHOA.
T-o6pasHasa cxema 3amelleHus TpaHchopmaTopa

J1J11 BOBMOXKHOCTH COBMECTHOT'O PACCMOTPEHUST IIPOIIECCOB B
MEePBUYHON 1 BTOPUYHOI OOMOTKAX, YITPOLIEHWS BEKTOPHBIX -
arpaMM ¥ BO3MOXXHOCTHU COCTaBJICHUSI 9KBUBAJICHTHBIX 3JICKTPH-
YECKUX CXEM 3aMelleHUST BTOPMYHYIO 0OMOTKY TpaHchopmaropa
OOBIYHO MPUBOMISAT K ITEPBUYHOI.

PaccMmoTpuM cHavaa uneaibHbBIN TpaHC(hOpMATOp, T.€. TAKOI
TpaHcdOopMaTop, Y KOTOPOTO OTCYTCTBYIOT IIOTEPH SHEPIUHU U ITO-
Toku paccestHus. Kak Obu10 1mokasaHo Bbiire, DAC orcraer or
MarHMTHOTO TOTOKA Ha yrou 1t/2. OnpenemM Terepb COOTHOIIIe-
HUE BEKTOPOB MUTAIOLIETO0 HAMPSIKEeHMs] 1 MAarHUTHOTO MOTOKA.
W3 onpenesieHys 1j1sl MAeaIbHOTO TpaHchopMaTopa CIeayeT, YTo
r,=0, X, =0, r.c. najeHne HaNpsKCHNS! B IEPBUYHON OOMOTKe
paBHo Hymo. Torma uz ypasHeHus (1.13) momyyum:

do do
u1=—el=—(—W1- °j=Wl- S = (1.23)

dt dt

=W oo, -sin((m-t)+g).
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CrnenoBartebHO, HaIIPSDKEHUE TIEPBUYHOI OOMOTKU OTepexaeT
MAarHMTHBIHI MTOTOK Ha yroJI m/2, TOraa BEKTOpHAs [uarpaMmma rie-
aJIbHOTO TpaHcdopMaTopa Mpu XOJI0CTOM XOJe UMEET BUI, TTpe/I-
CTaBJICHHBII Ha puc. 1.5, rme nuarpamma mocrpoeHa st K > 1,
TpaHcHOpMAaTOp MOHWKAIOIIMIA.

W3 BekTOpHOI AMarpaMMbl BUAHO, YTO HAMpPSIKEHUE Ha BTO-
PUYHOI OOMOTKE HAaXOAMTCS B MPOTUBO(dA3e ¢ MepBUYHBIM Ha-
MPsSCKEHUWEM M OHO MEHblIe MEePBUYHOIO, MOCKOAbKy K > 1.
W3 ypaBHeHus (1.17) noTpebasieMblit TOK TpaHc(opMaTopa rpu
Harpy3ke MOXHO 3anucaTb B BUIE:

L = Lo +(_£2 I/Vz/I/Vl)s (1-24)

tne [, =-1, -W,/W, =-1,/K — KoMneHcallMoHHasi COCTaBJIsI-
Io1LIas1 TOKA MePBUYHOI OOMOTKHM, KOTopasi co3zaet B Heit MIC,
PaBHYIO MO BEJIMYMHE U MTPOTUBOIOI0XHY!I0 1o daze M/IC Bro-
PUYHOI OOMOTKH, YTO NPUBOAUT K HEM3MEHHOCTH MarHUTHOTO
MOTOKa TpaHchopmaTopa.

BekropHast tmarpamma uaeanbHoro tpaHchopMaropa rnpy Ha-
rpy3ke nmpusefeHa Ha puc. 1.6.

Ui=-E

AU=-E

Y E=U
VE
Puc. 1.6. BexTopHaa guarpamma
Puc. 1.5. BexTopHaa guarpamma WAeanbHOTO TpaHchopmaropa
wpeansHoro TpaHchopmaropa IIPW Harpyske
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MolHOCTh KOMIIEHCAUMOHHOI COCTaBIAOIIEN TOKa /|, BO3-
HUKAIOIIe MPU Harpy3Ke, He ToJIbKO ypaBHOBelBaeT MJ1C BTO-
PUYHOI 0OMOTKH, HO ¥ 00ECIIEYMBAET MOIITHOCTh BTOPUYHOM 00-
MOTKH, OTJIaBaeMYIO Harpy3Ke:

I -E -cosg,=(I,/K) E, -K-cosg, =1,-E,-cosg,. (1.25)

C yuetom puc. 1.6, -K - E, = -E, = -K -U,, eciu yMHOXUTb
CONPOTHMBIIEHKE HArpy3Ku Ha K? 11 coxpaHeHus [, cxema 3ame-
LIEHUS WAeaTbHOro TpaHchopMaTopa Mpu Harpyske OyaeT uMeTh
BMI, MOKa3aHHbIA Ha puc. 1.7, rae BBENEHO MHAYKTUBHOE CO-
NPOTUBJIEHKE jX|, TIOTOMY YTO TOK XOJIOCTOIO X0/ia /; OTCTAET 110
Gbaze or Hanpspkenus U, Ha yron 90°.

U -E=-KE JXo -KU, Kz,

Puc. 1.7. CxeMa 3aMelleHUs UAeaNbHOTO TpaHchopMaropa
IIPU Harpyske

W3 puc. 1.7 cienyet, 4To, IJSI TOTO YTOOBI JIEKTPUUECKU
COCMHUTD MEPBUYHYIO M BTOPUYHYIO OOMOTKH, HAIO YBEJIUYMTh
BJ1C BTOpUYHOI 0OMOTKM 10 BeanurHbl DJIC nepBu4HOIi 00-
MOTKH, U3MeHUTh da3bl DJIC, ToKa 1 HANPSIKEHUST BTOPUYHOMR
o0MoTKHM Ha 180°, TOK BTOPUYHOI OOMOTKHU pa3feauTh Ha K,
a COIPOTUBJICHUSI — YMHOXUTH Ha K. I1poliecc 3aMeHBI peajib-
HOI BTOPMYHOI OOMOTKM pacyeTHOM Ha3bIBaeTCs MPUBEACHUEM
BTOPUMYHOI OOMOTKM K MepBUYHOM. [lapaMeTpbl MpuBeaeHHOM
WJIM PacyeTHOI BTOPUYHON 0OMOTKM OyaeM 0003HayaTh CO IUTPH-
xamu. [1pu TakoM NpuBeIeHUM MarHUTHBINA MOTOK TpaHCcdOp-
maropa, MJIC 1 MOIIIHOCTH BTOPUYHOI OOMOTKM COXPaHSIOTCS
HEU3MEHHbIMMU.

19



D MNEKTPUYECKUE MALLWHbDI

Takum 00pa3oM, ¢ yIeTOM BBIIIECKA3aHHOTO 13 BBIPAKEHUS
(1.15) monyuaeMm cieaytoliee ypaBHeHUE:

1 1 , 1
~E,K =-E, =_;[é.1(2.r2—;[é-1(2.j-)(p2—;[§~1(2-;. (1.26)

1

BBeneM crenytoiyie 0003HaYeHUS:

’

E, K=E,, 1—K2=12, Kor=r,

2 . I vad 2 ’

K- jX,,=jX,, K" -z, =2,

IMoncraBnsist 3T 3HaYeHUs B BhIpaxkeHwne (1.26), moirydaem

ypaBHeHue paBHoBecust D/IC n1s mpuBeneHHON BTOPUYHOI 00-
MOTKH:

_E2=_El=_£'2.r2'_£’2.j.X;2_1’2&;. (1.27)
Pasnenum ypasuenue (1.17) Ha W, mony4um mnpu oToMm:
W, 1 ,
L)=£1+£2WT=L+£2E=L+£2, (1.28)
Nnu:
11 = lo - [2- (1.29)

DT0 ypaBHEHNE PaBHOBECHS TOKOB TpaHC(hOpMaTopa ¢ IpuBe-
JICHHOI BTOpMYHOI 00MOTKOM. [1py 3TOM ITepBUYHYIO OOMOTKY
ocTapysieM 63 U3MEHEHMSI, TOTOMY UTO K Heil IIPUBOIVM, 1 YpaB-
HeHue (1.13) coxpaHsieTcst B IpesKHEM BUE.

U, =_E1+£1"]+£1‘j'Xp1-

ITo ypaBHenusm (1.13), (1.27), (1.29) cocrapnsiem T-obpas-
Hy10 cxeMy 3amelteHus (puc. 1.8). CxeMmy HAaUMHAeM COCTABIISITh
¢ ypaBHeHus (1.13), ciaraeMblie KOTOPOTO 00pa3yIoT JIEBYIO YacTh
cxeMbl. [IpaByto 4yacTh cXeMbl 00pa3yIoT claracMble YpaBHEHUS
(1.27).

[Ipu xomoctom xome TpaHcHopMaTOp MOTPEOIISTIET AKTUBHYIO
MOIIHOCTb, UAYIIYIO Ha TIOKPHITHE MOIIIHOCTH ITOTEPh B IIEPBUY-
HOI1 0OMOTKE 1 MOIIIHOCTH ITOTEPh B CTaJIU cepleyHrKa. Ha amek-
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-
I<

Puc. 1.8. T-o6pa3Has cxeMa 3aMelleHns TpaHcdopmaropa

TPUYECKOI CXeMe MOTepr MOLIHOCTH MPOUCXOAAIT Ha aKTUBHBIX
aJeMEHTax, T.e. B pe3ucTopax. MoOIIHOCTb MOTEPh B OOMOTKE Mbl
YUY CONIPOTUBIIEHUEM 7, TOTIAa MOLIHOCTb IIOTEPh B CTAJIM CEP-
JIEYHUKA HAJIO YYECTh PE3UCTOPOM 7, M YEPE3 HETO JOJIKHA TIPOTE-
KaTh aKTUBHAsl COCTaBJIAIOLIAst TOKA £ .

Jpyrasi, HAMarHNYMBAIOLLASICS COCTABJISIIOLLIAst TOKA £, cO3/1a-
€T OCHOBHOI MarHUTHBIN MOTOK B CepACYHUKE, KOTOPhI 00Yy-
CJIOBJIMBAET MHAYKTUBHOE COMPOTUBJIEHUE B3aUMOWHIYKTUBHOC-
TH TIEPBUYHON U BTOPMIHOM OOMOTOK X .

ITonyyeHHast cxema 3aMelLIEHUS TTPU OTKIIIOUEHHOM Harpyske
Z,, HocuT HasBaHKe T-00pa3sHOii, MOTOMY YTO 3JIEMEHTHI CXEMBI

obpasytot OykBy T.

1.5. 3KcnepuMeHTanbHOE OnpepesieHne NapameTpoB
T-o6pa3Hoii cxemMbl 3amelleHus

OnbIT X0/10¢TOr0 X01a. B ombITe X0IOCTOr0 X01a BTOPMYHAS
00MOTKa TpaHCc(hOpMaTOpa pa30MKHYTa WJIM BKJIIOUEHA Ha BOJIBT-
METp ¢ OOJIbIIM BHYTPEHHMM COITPOTHBIcHUEeM. Ha rmepBruHyto
0OMOTKY T0JIaeTCsI HOMUHAJIbHOE, T.€. paCUeTHOE HaIIpSDKEHME.
OIBIT XOJIOCTOTO XOJa IPOBOAMTCS IIO MPEACTaBICHHON Ha
(puc. 1.9) cxeme.

[MonkmoynM IepBUYHYI0 OOMOTKY K CETH IIEPEMEHHOT'0 TOKA.
[epemelieHreM IBIDKKA aBTOTpaHCHOpMaTopa ATp YCTAHOBUM 10
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ATp l*
W

Iy Tp
A
Py ¢
UZO
(v )
Ul H
d

Puc. 1.9. Cxema ImpoBefieHUs OIILITA X0J10CTOTO X0Za

S}

BOJILTMETPY V|, HOMUHAJILHOE HANpsikeHue U, ¥ IpU 3TOM Ha-
MpsEKEHUM CHUMEM TMoKa3aHusl mpubopoB. Battverp W nmokaxet
AKTUBHYIO MOIIHOCTh P, a amrepMeTp A, — TOK /.

T-o0pa3Has cxema 3aMelleHUsI OTHOCUTENIbHO ToueK cd OyaeT
UMETb BUJI, MTOKa3aHHBIN Ha puc. 1.10.

5~

r jXpl

Ui ro JXo

d-

Puc. 1.10. Cxema 3amelneHus Tpatchopmaropa
B OITHITE X0JI0CTOT'0 X073

Bropuynas 06MOTKa pa3oMKHyTa, T.€. 7, = e, [, = 0, mosro-
My HIapaMeTphl IPUBEICHHOM BTOPUYHON OOMOTKM B CXeMe YKa-
3bIBaTh He OymeM. [10CKOIBKY OTCYTCTBYET Harpy3ka, To IoTpeo-
JIAIEMBII TpaHCHOPMATOPOM TOK MaJl, OH cocTtasiseT ~ 0,05 /, Toka
MEPBUYHOM 0OMOTKM TIPY HOMMHAIBLHOI Harpy3Ke.

[MosToMy mameHWeM HampsDKEHUs IMEPBUYHON OOMOTKHU
1;(r 1/ X)) MmoxHo nipereGpeyn. CienoBaTeIbHO, MBI TPpeHEOpe-
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raeM MOIIIHOCThIO TTOTepb IIePBUIHOI 00OMOTKHU. Torma cxema 3a-
MellIeHUs OyaeT MMeTh BUA (OTHOCUTEbHO TOUeK cd), MOKa3aH-
HbIi Ha puc. 1.11.

\ A

Puc. 1.11. VpomeHHan cxema 3aMelleHUA
IJ1s1 OTTBITA X0JIOCTOTO X0l

C)’IGZ[YCT OTMETUTD, YTO BATTMETP w pu CACTaHHBIX JOITYLIC-
HUAX 6YI[€T ITOKa3bIBaTb MOIIHOCTL IMOTEPDL B CTAJIM CECPACYHMKA,
T.€. MOIIIHOCTD ITOTECPb Ha COIIPOTHUBJICHUN l'O n, CJI€O0BATCIIbHO,
MO2KHO 3aIlricCaThb. ) U2

— Ulu _ 1n

£ p - 1 P (1.30)

rae l'O — AKTUBHOC COIIPOTUBJICHUE nonepet{Hoﬁ BETBHU CXEMBbI 3a-
MCIICHUSI.

[TonHoe COIIPOTUBJICHUE nonepequﬁ BCTBU paBHO:

% = Yu | (1.31)
I 0

Y Hac napalieJIbHOEC COCAMHEHUE, IIO3TOMY HCO6XO,Z[I/IMO Haii-

THU TOKH, IMPOTCKAIOIIMUE I10 BETBAM LECIIN, U BOCIIOJIb30BaTbhCA

cieayolLeii (hopMyJIOi:
Iy, = JI;-1;,. (1.32)

31ech BeIMYMHY [, ONpeliesisieM M0 aMIIepMeTpy, a 3HaYeHHe
[, HaxomuMm 1o (opmyure: U
1

I, ="
= (1.33)
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Janee HaXOOMM COCTaBJISIIOLYIO TOKA 10u U 3aTe€M COMPOTUBJIC-
HUe X
U
_ 1u
X, = T (1.34)

Op
Onpenenum koadpuimeHT TpaHchopmauuu K. HanpsokeHue
U,, HaxoamMm 110 BOILTMETPY V|, a 3HaYeHue HanpsokeHus U, —

110 BOJIBTMETPY V..
k=D (1.35)
U20

KoadbduuueHT MolHOCTH TpaHChOpMaTopa pacCUUThIBACTCS
o opmyie:

5 6
U, I (1.36)
rae ¢, — caBur ¢as mexay U, u 1. Enie pa3 oTMeTM, 4TO NpH
X0JIOCTOM XOJIe BATTMETP MOKa3bIBAET MOIIIHOCTb MOTEPh B CTATU
CepleYHMKa NPY HOMUHAIbHOM HampsokeHuu, T.e. Py= P,
TaK KakK Mbl IIPEHEOPErIn MOTepsIMU B OOMOTKE M3-3a UX MaJloi
BEJIUYMHBI.

OnbIT KOPOTKOro 3aMbIKaHusA. B omnbiTe KOPOTKOIo 3aMbIKa-
HMSI BTOPMYHAs OOMOTKA 3aMKHYTa HAKOPOTKO WM Ha aMIepMeTp
C MaJIbIM BHYTPEHHUM COIpOoTUBIeHUEM. [Ipu 3TOM Ha mepBUY-
HyI10 0OMOTKY MOAAeTCsl TAKOE Majioe HampsiKeHKe, YTOObI 1o 00-
MOTKaM IMPOTEeKaId HOMUHAJIbHBIE, T.€. pACYETHBIE TOKMU.

CxeMa aiist onbita K3 nmeeT Buj, mokazaHHbIi Ha puc. 1.12:

cosQ, =

111«1:111(

Atp = Tp
(W A
PlK ¢
()
UlK
d

Puc. 1.12. CxeMa poBeieHUA OIILITA KOPOTKOTO 3aMbIKaHUA
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OIBIT KOPOTKOTO 3aMbIKaHHsI MMPOBOAMTCS CIEAYIOIUM 00pa-
30M. JIBMXKOK aBTOTpaHchopMaTopa ATp CTABUTCS B MOJOXEHUE
HyJieBOro HanpsbkeHust. [lepBruuHyio 0OMOTKY aBTOTpaHcdopMa-
Topa MOAKJIIOYAIOT K CeTH MepeMeHHoro Toka. [lnaBHo yBenu-
YrBas HaMpspKeHUe TepeMellieHMeM ABUXKa aBToTpaHchopMa-
TOpa, M0 aMIIEPMETPY A, YCTaHABIMBAIOT HOMUHAILHOE 3HAYE-
HUE TOKA TEepBUYHOM 0OMOTKH, T.e. [ = [ . Ilpn sTOM BO
BTOPUYHON OOMOTKE YCTaHABIMBAETCS HOMUHAJIBHBINA TOK 7, .
IIpu naHHOM 3HAYeHUM TOKA CHUMAIOT MoKa3aHUs MpUOOPOB:
1o BarTMeTpy W — MOIIHOCTD P, , 110 BOJIBTMETPY V — Hampsi-
JKeHME KOPOTKOro 3aMbikanus U, . HanpskeHue KOpOTKOro 3a-
MbIKaHUs U, SBISETCA BAKHBIM ITaApAMETPOM TpaHC(hOpMaTopa.
Ono mano u cocrapisier npuMepHo 0,05 U, . DTo HampsikeHue
XapaKTepu3yeT ManeHue HarpsKeHys BHYTpY TpaHcdopMartopa npu
MPOTEKAHUY HOMUHAJIbHOTO TOKA.

Tox xo070€TOro Xo1a Mo CpaBHEHUIO C HOMUHAJIBLHBIM TOKOM
MaJi, IOTOMY ITOINEPEYHOI BETBbIO B CXEME 3aMellleHUsT TpaHC-
(opmaropa B orbITe KOPOTKOIO 3aMbIKaHUSI MOXKHO MpeHeOpeyb.
Torma cxema 3amellieHus TpaHC(hopMaTopa OTHOCUTETbHO TOUEK
cd 6yaet umets BUA (puc. 1.13). Ecnu 00beAMHUTL CONMPOTUBIIEC-
HUSI, TO AKTUBHOE U MHAYKTMBHOE COMPOTUBJICHUSI KOPOTKOTO
3aMbIKaHUSI OYIyT PaBHbI:

ro=htrn, X=X+ X0, (1.37)
U cxema 3amenieHus1 OyaeT BHIISIAETD ellle KoMmnakTHee (puc. 1.14).

Ba’ITMeTp W nokasbIBaeT MOITHOCTb IOTEPb PIK Ha aKTUBHOM

CONPOTUBJIICHUU 7., A HOMMHAaJIbHBIA TOK 111-1 OIIPEACTACTCA IO

L, n JX

i Qlk

d e

n no X

p2

Puc. 1.13. CxeMa 3aMelleHNA A71A OITLITA KOPOTKOTO 3aMbIKaHUs
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d e

Puc. 1.14. Cxema 3aMel}eHUA C COMPOTUBIIEHUAMN
KOPOTKOT'O 3aMbIKaHuUs

ammniepmeTpy A,. M3 5TuX n3mMepeHuit HaxoaMM aKTMBHYIO COCTaB-

JIAIOLIYIO COIMPOTUBJICHHA KOPOTKOI'O 3aMbIKaHMA
» A
L= (1.38)

In
ITomHoe COITPOTUBJICHUEC KOPOTKOI'O 3aMbIKaHWA 6y,Z[CT PpaBHO:
1k

T (1.39)

In

W3 Beipaxkenutii (1.38) u (1.39) onpenensiem:

X, =22 - (1.40)

PacueTnl n SKCIICPMMCEHTLI ITOKAa3bIBalOT, YTO

Z, =

’ r.( ’ pr
AEh = Xplsz2zT' (1.41)
MoKHO TakKe HaTH KO3(PUIIMEHT MOLIHOCTH:
A
cosQ = £ 1.42
(pK lellu ( )

rae ¢, — casur (a3 mexay U, u 1, .

He yyuTbiBas nornepeyHyo BeTBb CXeMbl 3aMeLLEHHUSI, TIPEeHe-
OperaeM MOLIHOCTBIO IOTEPh B CTAIM cepAeyHrKa P, B 1aHHOM
onbiTe K3. OT0 cripaBeniMBO, Tak KaK 3TH MOTepu Maibl. Jleii-
CTBUTEJIBHO, MOIIIHOCTb TIOTEPh B CTAJIM CEPACYHUKA TTPOITOPIIMO-

HaJIbHa
P ~B:~®) ~E ~UL
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2
HOCK?JILKY Bonbite K3 P ~U/,
P ~U}, 10

In ?

P U} U}
])C'K'5 = UIZK - ])C.K's = ])c.xx : UIZK = ])c.xx (0! 05)2 5 (143)
C.XX 1u 1u
T.€. JEMCTBUTEIBbHO, MOIIIHOCTBIO ITOTEPD B CTATIU B OIBITE KOPOT-
KOTO 3aMbIKaHUSI MOXHO MTPEHEOPEYD.
B onbite K3 BattmMeTp W noka3bsIBaeT MOLLIHOCTb MOTEPh B 00-
MOTKax TpaHc(opMaTopa Mpu HOMUHATLHOM TOKE. 3HAYMUT, MOXKHO

3anmcarhb:

a JIJId XOJIOCTOIoO XOo4a

PIK = POGH'

C yyeToM OMBITOB XOJIOCTOTO X0Aa ¥ KOPOTKOTo 3ambikaHust KITJT
TpaHchopMaTopa B HOMUHATBHOM PexkUMe ONPeAeIsIoT 1Mo ¢hop-
MyJIe:

])211 ])211

3“=])211+P +P' z])211-|—P0+P11(’ (144)

C.H 00.1

roe P, =U,, I, cosg,, — aKTUBHAas MOLIHOCTb HATPY3KU B HO-
MMHAJILHOM PEXUME.

3mech mpeanonaraeTcs, 4To, BO-NepBbX, Pj= P, a, BO-
BTOpBIX, P = P, . IlepBas 3anuch CrpaBeminBa, IOTOMY YTO
MIOTEPU B CTAJIM OIIPEEIISAIOTCS HANIPSKEHUEM, A HAIIPSKEHUS B
HOMUHAJIbHOM PEXMME U B OIIbITE XOJIOCTOIO X012 ONMHAKOBBI.
Bropas 3amucsk cripaBeuinBa OTOMY, YTO MOLIHOCTb I1OTEPh B 00-
MOTKaX OIPEIEJIAETCS TOKOM, @ TOKA B HOMMHAJIbHOM PEXUME U B
OIBITE KOPOTKOTO 3aMbIKAHUS OMTHAKOBBL.

o HaiineHHBIM apaMeTpaM CXeMbI 3aMELLIEHUS MOXHO pac-
CYMTATh JIIOOOH pexxuM paboThl TpaHCHOpPMATOPA, UCTIONB3YS U3-
BECTHBIE METO/IbI PACY€ETa JIEKTPUYECKUX LIETIEl, BKIIOYas PeXuM
XOJIOCTOTO XOJa, HOMUHAIBHBIN, U PEXUM SKCILTyaTallMOHHOTO
KOPOTKOTO 3aMbIKaHUs, KOTOPBII ABJIAETCA aBapUUHBIM peXMU-
MOM, IJIe TOKHM TpaHC(hOpMaTopa B AECATKM U COTHU pa3 MOTYT
NIPEBBILLIATH HOMUHAIbHBIE TOKU. [10 pacyeTy Toka KOPOTKOTO 3a-
MBIKaHMs 3TOTO peXXMMa BbIOMPAETCA alaparypa 3alluThl: IUIaB-
KM€ IIPeIOXPaHUTENN, ABTOMATUYECKIE BBIKJIIOYATENIN U T.1.
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1.6. BHewHAAa xapaKrepucTuKka TpaHcpopmaTopa

BHerHs1s1 XxapakTepucTrKa TpaHchopMaTopa — 3T0 3aBUCHMOCTb
HaIpsKEHMA Ha Harpy3Ke OT TOKa BTopruHoi oomotku U (1,) 6o
U’ (I'). Ot oqHOI# 3aBUCKUMOCTH MOXHO JIETKO TIEPEHTH K 1pY-
TOi, UCITONIB3YSI (DOPMYIIBIL:

I =?, L=1. (1.45)
ITomnbITaeMcst MOMy4UTH 3aBU-
cumocth U (1)), MCHONb3yd
CXeMy 3aMelleHMS. YTIPOIIEHHAs
cxema 3amellieHus1 TpaHchopMa-
TOopa 6€3 yuyeTa MornepevyHon BeT-
BU UMEET BU/I, TIPENCTABICHHbIN
Ha puc. 1.15.
ITpennonoxum, 4To COMpo-
Puc. 1.15. VipoujeHHas cxeMa ~ TMBJIEHME Z', IMEET aKTUBHO-MH-
3aMellenus TpaHchopmaropa  AYKTUBHBIN Xapakrep, TOTAA Ha-
C HarpysKon MpSKEHUE Ha Harpyske OyaeT
orepekaTh TOK Harpy3Ku Ha yroJi
Harpysku @,. [1ocTporM BEKTOPHYIO IMarpaMMy JUIs TaHHOM Cxe-
MBI 3aMenieHust (puc. 1.16).

ylu 7,]2'].)(1”(

o)

: Puc.1.16. BexTopHaa

| Iuarpamma yIpoueHHon
| CXeMBbl 3aMellleHus

I Tpaxcdopmaropa

o > C Harpy3kon
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W3 BeKTOpHOI1 THarpaMMbl MOXHO 3aITHCaTh:
OA =0C — (AB + BO),
rne OA = U ', AB = Ir, cosp,, BC = I; X -sing, OC = U,

—H’ = —2' P! —=1n’

TaK Kak yroi (¢, — @,) MaJ.
Torma

v, =0, -1, ~(rK-COS(p2+XpK~sin(p2). (1.46)

H

[IpoananusupyeM 3Ty 3aBUCUMOCTb. Ec/in Harpyska akTMBHas,
10 9,= 0, cosp,= 1, a sing,= 0. Torna
4 ’
UH =UIH_[2 .’;H (147)
T.e. C yBeJIMUEHMEM TOoKa Oy/leT Bo3pacTaTh MaleHUe HAIPSDKEHUST
B 0OMOTKax TpaHchopMaTopa U HalpsKeHWe Ha Harpy3Ke OyaeT
yMeHblatbes (puc. 1.17).

U'
"OA
¢, <0
UIH (p2 =0
¢,>0
I
I
I -
121-1 I'2H

Puc. 1.17. BHeurtne xapakTepucTuUku Tpaicgopmaropa

IlycTb Harpy3ka Tenepb MMeeT aKTUBHO-MHAYKTUBHBIN Xapak-
Tep, T.e. ¢, > 0. Torma cosp, > 0 u sing, > 0, cnenoBaTebHO,
HanpsokeHne Ha Harpyske U OyzieT elue MeHbllle, YeM B CiIydae
YHCTO aKTUBHOM Harpy3KH, MO3TOMY KpUBasl BHELIHEH xapaKTe-
PUCTUKY MOMIET HUXKE.

Ecnau Harpy3ka HOCUT aKTHMBHO-EMKOCTHOM XapakTep,
T0 cosp, > 0, sing, < 0 M, crenoBaTENbHO, HANPSIKEHWE Ha
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Harpyske B 3TOM ciiy4yae OyaeT 0oJibliie, YeM MPU YUCTO aKTUBHOM
Harpyske, T.e. KpuBasi noiiget Bbiuie (puc. 1.17):

u =0, +1, X, sing, - I; -r -cosg,. (1.48)

3a cuer TOI'O, YTO NaaCHMEC HAIIPAXKCHWA HA MHOAYKTUBHOM CO-
IIPOTUBJICHUH paCCCAHMA KOPOTKOI'O 3aMbIKaHMA CYMMUPYETCA C
TECPBUYHBIM HaAIIPAXKCHUEM, HAITPAXKCHME HAa HArpy3KEe B HCKOTO-
POM JHara3oHe TOKa MOKET BO3paCTaTb U JaK€ IIPEBbILIATh IIE€P-
BuuHoe. OJHAKO OOJIbLICH YaCThIO Harpyska ABJIACTCA aKTUBHO-
HHHYKTHBHOfI, 1 HAIIPpAXKCHUE HAa HArpy3Ke YMCHbIIACTCA.

1.7. KN Tpancgopmatopa

Teneps KIT/I TpancdopmaTopa paccMOTPUM C HECKOJIBKO APY-
IUX MO3ULMIA, T.€. mocTapaemcs onpeaeantsb, Korna KITI umeet
MakcuMaibHoOe 3HaueHue. 3anuiieM dhopmyny st KIT B Buzae:

P _R-P-P, U I cosg-P-If

C
P P U -1 -cosg,
3HaK «=» IPUOJIU3UTENILHO CTABMM TIOTOMY, YTO CYnTaeM /, =
I',, TOCKOJIbKY HE YYMTHIBAEM IIONEPEYHYIO BeTBb. B maHHOM
dopmyie rmoaraeM, 4yTo BCE ITapaMeTphl IIOCTOSTHHBI, KPOME Be-
aunaunel 1), .. KITI ects Gynkuus ot /). [lorepu B cTamu P,
HE 3aBUCST OT TOKA, TaK KaK OHM ONPEACISIOTCS HAIIPSIKEHUEM.
B pexume X0I0CTOro Xoma MOITHOCTD B IIEPBUYHON OOMOTKE
P, #0, Tak KaK TI0 Heil MIET TOK, @ MOLIHOCTb BTOPUYHO# 0OMOT-
ku P,= U, I} cos,= 0, mockonbKy /', = 0 u, cliefoBareibHo,
n = 0. B pexume xopotkoro sambikanus P, = U’ I’y cosp,= 0,
nockonbky U, = 0 u, cneposarenbHo, n = 0. 3Ha4uT, MeEXIY
STUMM KPAaTHUMU PEKUMaMM CYILIECTBYET PEXXUM paOOTHI TPaHC-
dopmaropa, korma ero KITJI mmeer MakcMMallbHOEe 3HAYCHHUE.
Torna mMoxHo uccnenosath GyHKUMIO M(/) Ha MakKCUMyM.
BosbMeM Mpou3BOaHYIO OT 9T0M (yHKLMHK 110 /).

T
- (1.49)

dn _ (U cosg —20r, ) (U1 cosg,)

dl, (U1 cos o, )2 ) (1.50)
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’ ”
U, cosg, (U 15 cos g, = Pop — 17775 )
- 2
’
(U1 cos o, )
OTKyga noyiyyaeM, 4To JaHHOE YCJIOBUE BBITIOJHSIETCS MPU
7”2 _ . 22
P-1I"r=0->P=1I"r. (1.51)
r1e P, = const Ipy HOMUHAIBHOM HampsikeHuu, a Py =11,
BEJIMYKMHA TIEPEMEHHA, TIOCKOJIbKY 3aBUCUT OT /.
Taxum o6pazom, KII/I MakcumaieH, Koraa IOCTOSTHHBIE T10-

Tepu TpaHCc(HOpMATOpa paBHbI IiepeMeHHbIM P = P (puc. 1.18).
MOIIHOCTh TIOTEPh B CTAJIM CePIECYHMKA HAa BUXPEBbIC TOKH 1

P06

AN :

nOl'IT - T

N

, A
12 K3
Puc. 1.18. KauecrBenras 3aBucumocts KIIJ] TparcdhopmaTopa
OT TOKa BTOPUYHOW 0OMOTKM

rucTepesnc (IepeMarHnIrBaHue) 0OBIMHO ONPEEIISIOT 10 (hop-
MYJIE:

B 2 f 1,5
P=K, p M —=||— , B,
c o6p pyn 1 TJ'[ (50 FH) T (152)

e K, — koapuureHT 06paboTKy, paBHbIi 2—2,4, KOTOPbII
YUUTBIBAET YBEIMUYCHHME ITOTEPh 3a CUET YACTMIHOTO TIePeMbIKAHMSI
IIACTHH, HANPUMep M3-3a 3ayCeHLEB; p, Br/kr — yaenbHble
ITOTePY MOITHOCTH JUIS1 JAHHOM MapKu CTaJIM IIPY aMILIUTY/IE Mar-
HUTHOM MHayKuuu B = 1 T u yacrore /= 50 I'il (naHHas Beu-
YrHa 0OBIYHO MIPUBOIUTCS B CIIPABOYHMKAX); M, KT — Macca cep-
JIeYHUKA.

Mo1HoCTb OTEPH B 0OOMOTKAX:
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P =121+ 12 7, (1.53)

rae 11, 12 wr,r,— HeﬁCTBy}OMHe 3HAaUYCHUA TOKOB M aKTMBHBIC

COITPOTUBJICHUA 0OMOTOK.

1.8. 3aBucumocTb rabaputos TpaHcgopmaropa
OT BbIXOJJHON MOLLHOCTH

[TomHast MoIIHOCTB TpaHchopMaTOopa OnpenessIeTcs: (PopMyJIOii:

S=FE-1, (1.54)
rone E, — omnpenpensercss BblpaxeHueMm (1.21), a MarHUTHBIi
ITOTOK:

® =8B, -S.. (1.55)

3nmech B, Tn — aMIuMTyaa MarHUTHOM MHIYKLIMY B CEpAEYHM-
Ke, S, =a-b — ceueHue CTaIM CEPACYHNKA.
Hapucyem Tpancdopmatop B paspese (puc. 1.19).

I
Y

W] WZ

Somla:SO
Puc. 1.19. Bup Tpatchopmaropa B paspese
Yucao BUTKOB BTOPUYHON OOMOTKM MNP YCIOBUHU, YTO 0O-

MOTKA IOJTHOCTBIO 3aHMMAET MOJIOBMHY IUIOLIANHN S OKHA TPaHC-
dopmaropa, 06pa30BaHHOTO CEPICYHUKOM, PABHO:
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an
W, = S—z, (1.56)
rae K — Koo(hGUUMEHT 3a0THEHNS TUIOMIAIN OKHA MEbIO (IUIs
nuametpos nposonos 0,1—1 mm K, = 0,2—0,4); S, — ceyeHue
MPOBOJA 10 MEIN, MTOITOMY YUCIHUTETh GopMydsl (1.56) — aT0
IIOIIAIh MEIU TTOJIOBUHBI OKHA.
Tenepb yureM, YTO IJIOTHOCTb TOKA BO BTOPUYHOM OOMOTKE
paBHa:

SO
Qo g
2

1
62=?2_>12=52'S2- (1.57)
2
Ortcrona:
S, - K
S=444. 20 . f.B .5 .5 .9 =
2S2 f m c 2 2
=2,22-8,-K,,-f-B,-S. -8, — (1.58)
- 5,8, = 5

2,22-K,,-fB,-5,

3neck Susmepsiercsa B BA, f— B I'u, B, — BT, §, — BA/M2
W3 dhopMyJIbl BUIHO, YTO C YBEJIMUEHUEM ITOJTHOM MOIIIHOCTH Ta-
OapuThl TpaHCcOpMAaTOpa YBEIMIMBAIOTCS, TAK KaK YBEJIMIMBACT-
¢ IUIoLIAb OKHA S, M TUIoLaAb ceueHus ctanu S. [l 3anaHHoi
MOLIHOCTH § MOXKHO OIPENEIUTh NPOU3BeAeHHE S5, ¥ 110 U3Be-
CTHOM TUIOIIAIY OKHA CTAaHIAPTHOTO CePACYHNMKA MOXKHO BbIUM-
CIIUTh HEOOXOIMMYIO IIIOIIAIb CEYCHUST CTaJIH, T.€. HEOOXOIUMYIO
TOJIIIMHY Habopa cTajiu b.

[Ipu nipenBapUTEILHBIX pacdyeTax MOXKHO IT0JIaraTh:

K =0,2-04; B = 1-1,5Tn; §,= (2—4)10° A/m?.
D1y hopMylry MOXKHO MCIOIB30BATh ST TIPEABAPUTEIHLHOTO
pacueTa rabapuToB TpaHchopmaTopa. M3 popMyIIbl TaKKe BUITHO,

YTO C YBEJTMUCHHEM YaCTOThI ITUTAIOIIETO HANIPSDKEHUS f YMEHBIIIa-
eTca mpousseleHue S8, T.e. rabaputel TpaHcdopmaropa
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CTAHOBSITCSI MEHBIIIE, [TOTOMY Ha JIeTaTe/IbHBIX alliaparax ImprumMe-
HSIIOT TTOBBILIEHHYIO YacTOTY nmuTatoliero HanpsekeHus 400, 800,
1000, 2000, 10000 T'u. Bce 3T0 cHuUXKaeT MOJETHYK Maccy
3JIEKTPOOOOPYIOBAHMSI.

Ecm TparcdopMaTop CripoeKTUpOBaH Ha HU3KYIO YaCTOTY IT1-
TaIOUIEro HAMPSIKEHMSI, @ €r0 BKIIOYWIM HA UICTOYHUK TMOBBIILIEH-
HOI YaCTOTBI, TO JIJIs TOTO YTOOBI BCE ITapaMeTphl pacueTHOI (op-
MYJIBl COXPaHUJIUCh, IIPOU30MIET YMEHBIICHUE aMIUIMTYIbI Mar-
HUTHOI MHAYKUMK B, . B 5T0M ciyyae Takoii TpaHcdopMartop npu
ITOBBIIIICHHOM YaCTOTe TUTaHMsI OyIeT MMETh HETOMCIIOIh30BaH-
HBIIl B MATHUTHOM OTHOIIICHUH CEPIACUHUK, T.€. TpaHC(HOpMAaTOp
Oy/IeT OTHOCUTEIIBHO TSDKEITBIM.

Ecnu tpancdopmarop, pacCUMTaHHBINA Ha pabOTy OT CEeTH I10-
BBIIIIEHHO YaCTOTHI, BKIIIOUMTH B CETh IIMTAHMSI C HU3KOM YacTo-
TOiA, TO NMPOM3OMIET yBeIUYEHHE B , yBelIMYeHME MOLIHOCTH
noteps B cTanu P ~ B 2, yBeJIMUeHUE CTENIEHY HACILIEHUS Cep-
neyHrka, MJIC xo0cToro xoaa 1 Toka XoJI0CTOro Xoza, yBejauye-
HM€ MOIHOCTH MOTEPh B 0OMOTKaxX P, T.e. TpaHcdopmarop Oy-
IIeT ITeperpeBaThCsl.

W3 pacuetHoii hopmyisl (1.58) cienyet, 4To

S=A4-1* (1.59)

rae A — Ko3(h@ULMEHT TPONOPLMOHATBHOCTH; / — OIpeaesio-
it pasMep rabapura. Orcrona:

S S
[N S
A A (1.60)

BumHo, 4To rabapuTthl TpaHCcOpPMaTOpa ¢ YBETMUSHUEM IT0JI-
HOI MOIITHOCTH S pacTyT MemjieHHee. Hammpumep, ecnu S yBenu-
yuBaeTcs B 16 pa3, TO omnpeneIsioIii pa3Mep rabapuTa yBeIm-
yuBaeTcs B 2 pasa.

C TOYKM 3peHUsI MEHBIIIMX TabapyTOB X MEHBIIEH MaCChI JTy4IIe
HMMeTh OJIMH TPaHC(HOPMATOP C MOIIHOCTBIO S, YeM, JTOITYCTHUM,
IBa TpaHchopMaTopa ¢ MOIIHOCTIMH 1/ ) S, paboTaroIImMX mapai-
JICJTIBHO.
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PaccmotpumM Teneps, Kak 3aBucut KITI Tpanchopmaropa ot ero
rabapuroB. 3anuuieM Gopmyny (1.49) B HeCKOJIbKO MHOM BUIE:

B B
"CRTRTRR (16D
J1J1sT MOIITHOCTH TIOTEPh B CTAIM MOXKHO 3aICaTh:
P~M~V~P. (1.62)
151 MOILITHOCTU MOTEPh B 0OMOTKAX:
Po-ror-n 8ot (1.63)
2
Torma u3 dopmyn (1.61) — (1.63) cienyeT, 4TO
Al 1
““uriBrecr T, B _C (1.64)
Al A-l

rae A, B, C — ko3¢ duLmeHTl MpornopuroHaibHocT. OTcona
BUIHO, YTO C YBEJIUYEHUEM BLIXOIHOM MOLIHOCTU P,, a 3HAYHUT,
U TIOJIHOM MOLIHOCTH S, pacTeT JIMHelHbIi pasmep /, u KIT/I yse-
JuuuBaetcsl. Hanpumep, TpaHchopMaTop ¢ HOMUHAIbHOM MOILII-
HocTeio S, = 10 KBA nmeer KIII n = 0,99. C ymeHbleHeM
BbIxoaHOM MouHocTh P, KII1/I mamaer 1 MoxeT noxoautsb 0 0,2—
0,3. D10 MPOMCXOAUT U3-3a TOTO, UTO OIS TOTEPh MOLITHOCTH B TPAHC-
(opMaTope OTHOCUTEJILHO MOJIE3HOM MOLHOCTU P, BO3PACTaeT.

1.9. YctpouicTBo TpexcgasHoro TpaHcopmaropa

TpexdasHblit TpaHCHOPMATOP MOXKHO IOIYIUTh M3 TPEX O~
HaKOBBIX OMHO(DA3HBIX TPAHC(HOPMATOPOB, €CIN UX ITEPBUYHBIC
0OMOTKH 1, COOTBETCTBEHHO, BTOPUYHBIC COSIMHUTH B 3BE311Y MM
TpeyroibHuK. [lomydeHHbIi Tpexdas3HbIi TpaHCHOPMATOp Ha3bI-
BaeTcsl TpexdasHoii TpaHcdopMaTopHoit rpynioi (puc. 1.20).

Oomotka A — X, rme A— Hauasio ¢asbl, a X — KoHell (pa3bl, — 3T0
(aza A, oobmotka B — Y — ¢aza B, oomorka C — Z— ¢a3za C.
BMmecTe 3TM Tpu OOMOTKM COCTAaBJISIIOT IEPBUYHYIO OOMOTKY
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Cetp

A B J CJ
D - D - D
((mi q-1 q

x§ P Yy P ‘3

aq b= c
XT—(E) y C:j z @ ¢

Harpyska

Puc. 1.20. TpexdasHas TpaHchopmaTopHas rpyrma

TpexdaszHoro TpaHcdopmaTtopa. IlepBuuHasi oOMOTKa HMMeET
6 KJ1eMM, MapKUPOBaHHBIX OOJIBIIMMUI OYKBaMU.

OOMoOTKa a— X, TAe a — Hayvajo (asbl, ax — KoHell (a3bl, —
a10 (paza a, obMoTKa b— y — haza b, obMoTKa c— z — (haza c.
BMmecTe 3T 0OMOTKY COCTaBIISIIOT BTOPUYHYIO OOMOTKY Tpexdas-
Horo TpaHcdopMmaTopa. BropuuHass oOMOTKa TakxkKe HMMEET
6 KJIeMM, KOTOpbIe MapKUPYIOTCS MaJIbIMU OyKBaMK. TakuM 00-
pasoM, TpexdasHblii TpaHchopMaTop uMeeT 12 KiieMM.

TpexdaszHast TpaHchopMaTOpHasi rpyIIna yaoOHa B 3KCILTyaTa-
1M (ITOCKOJIBKY €CJIM BBIIIUIA U3 CTPOsI OaHa (Da3a, To IOCTaTOYHO
3aMEHUTh TOJILKO IMEHHO 3Ty (ha3y), HO UMeeT OOJIblIe rabapy-
THI X Maccy.

J17151 yMEHBIIIEHST Ta0apUTOB IIPOBEAEM CIICAYIOIIIE PAcCysKIe-
Hus1. COCTBIKYEeM CTepKHU 0e3 00MOTOK MeXIy co00il Tak, Kak
3TO TMoKa3aHo Ha puc. 1.21 (Bun cBepxy). KpecTnkoM 1 ToukamMu
ITOKAa3aHbl HAIIPaBJICHUS] MATHUTHBIX IIOTOKOB B KAKOM-TO MOMEHT
BpeMeHH. KpecTuk 0003HayaeT MarHUTHBIN ITOTOK, MAYLIUANA OT
Hac, TOYKa — Ha Hac.

PaccMoTpuM pexxiM XoocToro xona. MarHUTOIBIEKYIIAst CHJIa
IIEPBUYHOI 0OMOTKH KaXXIOro TpaHchopMaTopa co3naeT IepeMeH-

HBIC MArHUTHBIC ITOTOKMU .
Ly W, — QA’

Ly Wy— @,
1, W.— @,
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A,a D, D Cc
RN E==== I
[}
Dp
av
B,b

Puc. 1.21. CocTeikoBaHHas TpexdasHasn
TparchopMaTopHan rpyIna

Dy

IepBuunas TpexdaszHast 0OMOTKaA MO -
KJIIOYeHa K Tpexda3Hoi ceTu MUTaHus,
TMO3TOMY MarHUTHBIE TTOTOKU OyIyT U3-
MEHSITbCS BO BpEMEHU CUHYCOUJAIIBHO C
OIMHAKOBOW aMIUIUTYAOI, HO CO CABU-
rom (a3 Ha 120 s5eKTpUYeCcKuX rpamy-
COB MeXXay co0oit. BpeMeHHasT BeKTOp-
Has [rarpaMmma OyIeT MMeThb BUl, TTOKa-
Puc. 1.22. BeKTOpHAA  3qpHbIii Ha puc. 1.22.

AnarpaMmma MariuTHHX BekTopHas cyMMa 3TMX MarHMTHBIX
MOTOKOB TPEX}a3HOTO  o1oKOB GyET PABHA HYJIO:
Tparchopmaropa
D, +P, +D, =0. (1.65)

B durypHom cepreyHuke, 0003HaYeHHOM XXUPHBIMM JIMHUSI-
MU, 3TH MarHUTHBIE IIOTOKX CYMMMPYIOTCSI, U B KaXKIbIii MOMEHT
BpPEMEHU MX CyMMa paBHa HYJIIO COIVIACHO BEKTOPHOM TUarpamMmme.
3HauuT, GUTYPHBIN CEpAEUYHUK MOXHO U3bSITh, @ Ha €ro Mec-
TO IOCTAaBUTh CTePKEeHb ¢ oOMoTKaMu B, b. Torma moaydeH-
HBII TpaHchopMaTop OYAeT UMETh BUI CBEPXY, IMOKa3aHHBII
Ha puc. 1.23, ¢ COOTBETCTBYIOIIEH 3JIEKTPUICCKOI CXeMOi CcO-
eMHEeHMs] 0OMOTOK, HaIlpUMep, B 3BE31y.
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Aa B,b Cc

Puc. 1.23. Tpexdasusiit Tparchopmarop (BUL CBEPXY)

[Tony4yeHHbI# TpaHCchOpMaTOp Ha3bIBaeTCs Tpexda3HbIM TpeX-
cTepkHeBbIM. OH 60J1ee KOMIIAKTEeH, UMEET MEHbIIIYIO Maccy Mo
CpaBHEHMIO ¢ TpexdazHoii TpaHchopmaTopHoii rpymmnoit. OqHaKo
€ro MarHyWTHas LieTb cTajla HECUMMETPUYHOM.

HMssectHo, ut0 U, ~ E, ~ @. Ilpn 3TOM cucTemMa NnepBUYHBIX
(ha3oBbIX HANPSLKEHUIT CUMMETPUYHA, 3HAYUT, OyIET CUMMETPUY-
Ha M cucTeMa MarHUTHBIX MOTOKOB ¢a3. ITo BTopomy 3akoHy Kupx-
roca JIst MAarHUTHOM Lienu (puc. 1.24) 3anuiieM ypaBHeHUs paB-
HoBecust MIIC as3:

le ’ WA =0 'RMA + l—/Mdf,
Lo Wy =Py Ryp + Uy, (1.66)
Lo - We =P - Rye +Uyy,
A B C
D
= Ao, A [Dc
) )
LioW, T Lo W T LeoWe T )
X Y i Z
1 e ” | .
a b c
) ) 4 )
=
Iy
[/
X y z

Puc. 1.24. Cucrema MaroUTHLIX TTOTOKOB 1 MIIC
TpexdasHoro Tparchopmaropa
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rae RM " RMB’ RMC — MAardMTHBIC COITPOTUBJICHUA CEPACYHMKA HA

MyTU NPOXOXIEHUS MarHUTHHIX Notokop @ , @ ® ; U, g

MarHuTHOE HaIlpssKeHMe MeXXIy Toukamu d v f. Y1cio BUTKOB B

oOMOTKax onxuHakoBo, W, =W, =W,_.
M3-3a TOro YTO MArHUTHEIE COIIPOTURIIE-

Hus a3 R, =R, . > R, ,, nonyyaem [, =

1, > 1,, T.e. N3-32 HEONMHAKOBOCTU

JJIMH MarHuTHoM uemw ([, = [, > [,

cM. puc. 1.24.) Tox xonoctoro xoaa ¢asbl

B nonyuyaercs meHblie TOKOB paz Au C. [

Takum 00pasom, cucteMa TOKOB XOJIO- Py, 1.25. BektopHas

Lyo

Ipo

CTOTO X012 Tpex(a3HOTO TPeXCTeP>KHEBO- [MarpaMma TOKoB

ro TpaHchOpMaTopa OKa3bIBaeTCsi HECUM- X0J10CTOT'O X07a

MeTpuyYHoii (puc. 1.25). Tpex(hasHoro
OnHako Npy MOIKIIOYEHUH K TpaHC- TpaHchopmaropa

opmaTopa Harpy3Ku crcTeMa IepBUYHBIX

TOKOB ITOJTyYaeTcsT MPaKTHIeCKH CUMMETPUYHOM BCIISICTBHIE TOTO,
YTO HArpy304Hasi COCTaBJISIOIIAsI TOKa BO MHOTO pa3 IPeBhIIIAeT
TOK XOJIOCTOTO XOMa U SIBJISICTCSI CAMMETPUYHOI, TaK KaK CUMMET-
puuHoii siBnsiercst cuctema BJ1C Tpexda3Hoil BTOPUYHOI 0OMOT-
ku. Hampumep, Toxk daset A4: [, =1, — I’ (ananor [,=1 —1’),
rae /! — Harpy3ouHas cocTapisolas Toka. Takum oGpasom, mist
CUJIOBOTO TpaHC(hOopMaTopa HECUMMETPUSI MAaTHUTHOM 11eIn He
WTpaeT CYLIECTBEHHON POJIH.

[puHiun aeiicTBus Tpexda3HOro TpaHchopMaTopa TaKKe 0C-
HOBAaH Ha 3aKOHE 3JIEKTPOMarHUTHOIM MHIYKIIMH, TOJIBKO ITPU pac-
CMOTPEHUU MPUHIIMIIA ASHCTBUS HY>KHO TOBOPUTH O TpexdazHOM
HanpspkeHUU cety nutaHust, TpexdasHoit MIIC, tpexda3zHoM Mar-
HUTHOM noToke, TpexdaszHoit DJIC, Tpexda3HbIX HAMPSIKEHUSIX
U TOKax Harpy3ku. T-oOpa3Has cxeMa 3aMelleHUsT OTHOM (ha3bl
TpexdazHoro TpaHchopmaTopa Takas ke, Kak 1 1151 oqHopa3HO-
ro TpaHc(opmaropa, TOJILKO BXOIHOE Hanpskenue U, — 310 da-
30BO€ HAIPSDKEHME M OHO PABHO:

U
U, ===,

V=R (1.67)

IJIs1 COCAMHEHMS 3BE34a U U ® = UH — 1A COCIUMHEHMA TPECYTOJIbHUK.
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1.10. pynnbl coegnHeHna 06MOTOK
Tpex(asHoro TpaHcopmaTopa

I'pynmna tpaHcdopmaTopa onpenesseTcs o BeKTOPHOM nuar-
pamme BJ1C, MoCTpoeHHOM 1151 MePBUYHON U BTOPUYHOI 0OMO-
TOK I10 TaK Ha3blBaeMOMY MpaBuiy yacoB. CyTb MpaBuja: eciau
BekTop JiuHeitHoi D1 C nepBUYHOI OOMOTKM COBMECTUTH C MU~
HYTHO# CTpEeJIKO# YacoB U CTPEJIKY MOCTaBUTh Ha Ludpy 12 1u-
(bepbnara, To MosoOKEHUE YACOBO CTPEJIKM, COBMEILLIEHHOH C O/1-
HOMMEHHBIM BeKTOpoM JinHeliHoi DJIC BTOpUUHOI OOMOTKHU, MO-
KaXXeT HOMED TPYIIIbI.

Bcero Ha umndepbaare 12 uudp 1 TpUHUUIUATIBHO BO3MOXHbI
12 rpymnmn ¢ y4eToM HarpapieHUi HAMOTOK OOMOTOK U COeAMHE-
HUI 0OOMOTOK B 3BE31y WJIH TPEYTOJbHUK.

NPUMEP 1. PaccmoTpum BekTopHyto auarpammy D1 C Tpexdas-
Horo TpaHcdopmaropa, y KOTOporo nepBUYHasi 1 BTOpUYHast 00-
MOTKM COEIUHEHBI B 3BE3/ly, a HallpaBieHUss HAMOTOK a3 ou-
HakoBBI (puc. 1.26). IlycTh K03 dULIMEHT TpaHChHOpMaUN
K > 1, 1.e. TpaHchopMaTOp MOHUKAIOLINIA.

BexTopHyto aparpaMmy HauMHa-
eM cTpouth ¢ (pa3oBbix DJIC nep-
BUYHOI OOMOTKM. 3aTeM CTPOUM
nuHeliHyo BJIC Kak pa3HOCTb (a-
30BbIX DJIC.

E,.=E,-E..

Hanee cTporuM BEKTOPHYIO aUar-
paMMy 11 BTOPUYHON OOMOTKH,
npuueM DAC E, E,, E mnapan-
JIeJIbHBI 31C MEPBUYHON OOMOTKU
E, E, E. CrenyomuM Imarom

Puc. 1.26. CxemMa
coefuHeHnst 00MOTOK
Tparchopmaropa
3Be3ga — 3Be3ga (Y/Y)
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nmapajjieJIbHbl M HallpaBJICHBI 412
Ha ungpy 12, Takum oOpazom mo- Eqc E,
ayuunachk rpynmna Y/Y — 12
(puc. 1.27). E,.

Ecnu HanpapieHue HaMOTKU
BTOPUYHOI OOMOTKY M3MEHUTH HA Ce B
180°, To BekTOp E, TOBEPHETCA Ec g S E  Es
Ha 180° u rpymma 6ymeT Y/Y — 6. b

C
E. Ey

MPUMEP 2. I1epBruHass 0OMOT-
Ka coetHeHa 38e3110ii (Y), a BTo- Puc. 1.27. BekropHbie
pUUYHasT — TPEYroJbHUKOM (A) [MarpamMmer
(puc. 1.28, a). HanpaBneHue snc rpymmst Y/Y — 12

HaMOTOK ITO-TIPEKHEMY OIMHAKO-
Bo. B atom ciyuae dazoBbie BJIC Takke OyayT NapajiebHbl,
re. E || E, E,|| E,, E_.|| E, npuuem sextop E, = — E,
TaxkuMm 0Opa3oM, yacoBast CTpesiKa, COBMEIIEHHAsI C BEKTOPOM
E , Oyner HaxomuTCsl IIpaBee MUHYTHOI cTpenku Ha 30°, T.e. Oy-

JIeT HarpaBJieHa Ha iudpy 1 1 rpymma Oyner Ha3biBaThes Y/A — 1
(puc. 1.28, 0).

Puc. 1.28. CxeMa coeputernit 06MOTOK (@) 1 BEKTOPHLIE AMATPAMMLL
apc rpynms Y/A — 1 (6)
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Ecnu n3aMeHuTh HallpaB/ieHe HAMOTKY BTOPMYHON 0OMOTKH
Ha POTHUBOIIOJIOXKHOE, TO BEKTOp £, moBepHeTCs Ha 180° 1 rpyrimna
oymet Y/A — 7.

NPUMEP 3. IlepBuuHasi oOMoTka coennHeHa 3Be3mo0il (Y),
a BTOPUYHAsI — TPEYTroJbHUKOM (A), HO TPEYrOJIbHUK 00pa3oBaH
no-apyromy (puc. 1.29, a). AHaJOTMYHO CTPOUM BEKTOPHYIO 1M -
arpammy. Bektop E,. mo-mpexHeMy HamnpaBsieH Ha uugppy 12
Y COBMEIIEH C MUHYTHOIA cTpenikoii. Bektop £ = E , .. uner
M3 TOYKU ¢ B TOUKY @. 15T TOro 4TOOBI CTPOUTH BeKTOp £ U3

—ac

touku C, Hamo coemnHUTh TOUKU C 1 ¢. B 3TOM citydae momyyaem
rpynny Y/A — 11 (puc. 1.29, 6).

Puc. 1.29. Cxema coepuHeHU A 0OMOTOK (@) U BEKTOPHLIE AMATPAMMLL
3IC rpynmu Y/A - 11 (6)

HecMoTpst Ha oOwIre rpyIiin, CTAaHIAPTOM PEKOMEHIOBaHBI K
MPUMEHEHUIO ABe rpynibl 12 u 11.
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1.11. YcnoBua BknovyeHusa tpexdgasHbix
TpaHcopMaToOpoB Ha napannenbHyio paboty

Ecnu MoliiHoCTH onHOro TpaHchopMaTopa HEA0CTATOUHO ISt
MUTaHUS HATPY3KM, TO MapajyieIbHO MOXKHO MOJIKIIOUUTD €llle
OIIMH TpaHC(hOPMAaTOp MEHbLIEH, OOIbIIEH WM PAaBHON MOLIHO-
CTHU B 3aBUCUMOCTH OT BeJIMUMHbBI Harpy3ku. I1pu aTom Kaxknbiit
TpaHcdopMaTop OyIeT HarpyKaThCsl MPOIOPLUMOHATIBHO CBOEI HO-
MUHAJILHOM MTOJTHON MOLIHOCTH, €CJIM BBITIOJHSIIOTCS CeAYIOLIMe
TPH YCJIOBUSI:

1) mapasienbHO BKIItoYaeMble TpaHC(hOPMAaTOPbl JOKHBI UMETh
OJIMHAKOBbIE KOA(PhULIMEHTHI TpaHChHOPMaLMKU MPU OAMHA-
KOBBIX HOMMWHAQJIbHBIX MEPBUYHBIX HAMPSIKEHUSIX, T.C.
Kl - Kll = Opu U, = Umu R

2) 4YTOOBI HAMPSIKEHMST KOPOTKOTO 3aMbIKaHMS MapasuiebHO
BKJIIOYaeMbIX TpaHC(hOPMATOPOB ObLIM OIAMHAKOBBI, T.C.

Ull(l = Ull(ll =

3) uTOOBI MapaiiebHO BKIIOUaeMble TPAHC(OPMATOPhI UMENN
OJIMHAKOBYIO I'PYIIITY, T.€. ONMHAKOBYIO CXeMY COCAMHEHUSI
obmMoTok. 17151 omHoda3HbIX TpaHCGHOPMATOPOB 3TO YCIO-
BME BUIOM3MEHSIETCS B TPEOOBAHME OAMHAKOBBIX 2JICKTPH -
YEeCKMX MOTEHLMATIOB COSAMHSIEMbIX BMECTE KJIEMM.

Paccmotpum nonpobHee atv ycioBus. [lycTb ycaoBus 2) u
3) — coOmogatorcs, a ycioBue 1) — HeT, T.e. MyCTh, HAIpU-
mep, K, > K. Kosdpuument tpaHchopmannm ectb

U, U, U,

K1=U_IU=E_1“: Ku:#:E_lu! (1.68)
201 21 2011 211

rae U, ,, U, — HanpsDKeHUs BTOPMYHBIX 0OMOTOK TpaHC(hopMa-
TOPOB B pexuMe Xoj1ocToro xona. Orciona noiydaem £, < E, .
[Ipu napamienbHOM COeAMHEHUM TaKUX TpaHC(HOPMaTOpOB 13-

3a HeoaMHakoBoCTU DI C BTOPUUYHBIX OOMOTOK BO3HUKAIOT YpaB-
HUTEJbHbIE TOKHU Jaxe MPU OTCYTCTBUM HATPY3KHU. A TOCKOJIbKY
TOKM BTOPUYHBIX 0OMOTOK YPaBHOBEILIMBAIOTCSI TOKAMU TIEPBUY-
HbIX OOMOTOK, TO YpaBHUTEJIbHbIE TOKU OyayT MPOTEKATh U B Mep-

BUYHBIX 0OMOTKaX. 3a CYeT YpaBHUTEIbHBIX TOKOB TpaHC(HOpPMaTop
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TreperpeBaeTcs Jaxe B OTCYTCTBUM Harpy3ku. Bce 3aBUCHT OT cTe-
MeHu pa3anuus kosdgduuneHToB TpaHchopmaunu K.

ITyctb Tenepb ycaoBust 1) u 3) — BBINIOJNHSIIOTCS, a YCJIOBUE
2) — HeT, HampuMep, aonyctum, yro U, > U, . YipouleHHas
cxema 3aMellleHMsl MapajuiebHO paboTaoLIMX TPAaHC(HOPMATOPOB

umeetT Bua (puc. 1.30).

a In zZa b
——Pp— 1

T

l(_]m v Ly & Z'H[

Puc. 1.30. VpomeHHan cxeMa 3aMellleHUA IapaujlenbHo
paboraromux TpaHchopMaTopoB

31ech z,, ¥ Z,,, — MOIHbIE CONPOTUBIEHKST KOPOTKOTO 3aMbIKa-
HUs. Moayab HanpsDKeHUS | Uab| paBeH:

Up="1i 2q="1y za- (1.69)
OTKyzaa nojryJyaem:
lell .U
i T Lo " - Ui 11 U, - Ui - S (1.70)
1111 2 &.U Um Ilull 'Ulu lel 'Suu . '
Ih‘l 1n
Ecmm U, ,= U, T0 moTpedJisieMble TOKU MPOMOPLIMOHATbHBI

ITOTPEOJISIEMBIM MOIIIHOCTSIM, T.€. TpaHC(hOopMaTop MaJoi MOIII-
HOCTH Harpy3uTcst MajbIM TOKOM, a TpaHc(opMmaTop OOJIbIIOi
MOIIIHOCTH — OOJIbIIIMM TOKOM. B HalreM ciydae TpaHchopma-
TOp, UMEIOLLNMIA GOJIbLIEE HATIPSKEHME KOPOTKOTO 3aMblkanus U,
Harpy3uTCsI MCHBIIIMM TOKOM, T.€. TpaHC(HOPMATOPHI OyIyT Ha-
IPYXEHBI HEIIPOIIOPIIMOHATLHO CBOMM HOMWHAJIBHBIM MOIIIHO-

CTSIM, ¥ OJIH M3 TpaHC(HOPMATOPOB OYIIET IeperpeBaThCsl.
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ITyctb Teneps ycaoBus 1) u 2) — AE
BBIMOJIHSIIOTCS, a YCIoBUEe 3) — HeT, an — a
HampuMep, IOMYCTUM, UTO Mapai-

JIeTbHO BKITIOYeHBI TpaHcdopMaTopbl  Lacrpil Eacrp12
rpynn 12 u 11. B sTom ciyyae Bo3-

HuKaeT pasHocTHass DIIC mexay oa-

HOMMEHHBIMM 3KMMaM1 BTOPUYHBIX '

obmorok (puc. 1.31.). B

B MecTe COenMHeHNUs! TOUEK a, U 4, A
aeiictByeT gomnoaHuTeabHas BDJIC, Puc.1.31. BekropHast
paBHast AE, KoTopasi BbI3bIBAET ypaB- [Marpamma sac
HUTEJIbHBIN TOK B 0OMOTKax. Eciu Ob1 apannenbHo
TpaHchopMaTOphl ObUIM OAMHAKOBOI BKILIOYEHHLIX
rpynnbl, T0 AE = 0 1 ypaBHUTEb- TpaHchOopMaToOpPoB
HBII TOK TakxXe Obl PaBHSIICSI HYJIIO rpynm 12 n 11

(BekTopbl BJIC npu 3TOM ObLIUA ObI
OIMHAKOBO HAIIPABJICHBI).

B cnyuae ogHodazHbIX TpaHCchOP-
MaTOpPOB, J1a U B Clly4yae TpexdasHbIX
TpaHCc(pOPMaTOPOB, HYXKHO YOSIUTHCS *
B 3KBUITOTCHIIMAJIbHOCTU COCIMHSIE-
MBIX BMecTe KieMM. J171st omHOoda3HBIX
TpaHC(HOPMATOPOB 3TO ITPOBEPSIETCS 4
caenywomM oopasom (puc. 1.32).

Uy

BxiroyaeM BTOpUYHBIE OOMOTKHA *
MPOM3BOJILHO uepe3 BonbT™MeTp. [Toa- Puc. 1.32. Cxema
KJII0YaeM CeThb U, €CJIM HaMpsDKeHUe Ha hasnposku
BOJILTMETPE paBHO Hymo U =0, a oH onHo(basHoro
u3MepsieT pa3HOCTh MOTEHIIMAJIOB, TpaHchopmMaTopa

TO KOHIIBI OOMOTOK Ha BOJIbTMETpE OY-

IyT UMETh OMMHAKOBEIE 3JIEKTPUUECKIE TOTeHIINATBl — 0003Ha-
yaeM uX *, KOHIIbI 0e3 3Haka * Takxe OyayT UMeTh OJMHAKOBBIC
ajeKTpuueckue noreHuuansl. [lepea mapanieabHbIM COSAMHEHU-
eM TpaHc(hOopMaToOpoB UX (pa3rpoBKa 00sI3aTeTbHA, MHAYE MOXKET
OBITh KOPOTKOE 3aMBIKaHHE B I BTOPUYHBIX OOMOTOK, TaK KaK
nx DJ1C GyayT AeiicTBOBATh B KOHTYpEe He BCTPEYHO, a COTIACHO.
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1.12. Cornacytowui TpaHchopmarop

Hns noseieHust KIT mo6oro ycrpoiicTBa HEOOXOAUMO YBe-
JIMYUTH MOJIE3HYIO MOILIHOCTb, MOTPeOIsieMyto Harpy3Kkoit. B anex-
TPUYECKHUX LIETISIX MAKCUMAIbHAs MOIIIHOCTh B HATPY3Ke BbIIEIISIET-
cs 11pu yeaoBun R = R . Kak npaBuiio, CONpOTUBIEHUS reHepa-
TOpa ¥ Harpy3Ku 3HaAUYMTeJIbHO pasiuyatorcs. [TosToMy B TMHMSIX

JX:

bk

[ty

T

Puc. 1.33. Cxema
BKJLIOYEHUA
COTIaCyIoIEero
Tparchopmaropa
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JXs

Ry,

—Xc

CBSI3U M B pAAMOTEXHUKE ISl COIJIaco-
BaHUs MAapaMeTPOB UCTOYHMKA C HArpy3-
KOW C 1IEJIbIO MOJyYEHUST HAUOObIIEH
AKTUBHOI MOIITHOCTH B Harpy3Ke LI1po-
KO MPUMEHSIETCS COIIaCYIOUIUI TpaHC-
(opmatop (puc. 1.33). [TapameTpsl re-
HepaTopa M Harpy3ku, Kak MpaBuWIIO,
Bcerna 3agaHbl. Heobxonumo ompene-
JIUTh NTapaMeTPhl COTJIACYIOLLIETO TPaHC-
(opmaTopa 1 BeTMUKHY AOTIOJTHUTEb-
HO BKJII0OYaeMOro KOHIeHcaTopa.

[Ipeamnonoxum, 4To coriacyloiuit
TpaHchopMaTop SIBIIETCS UACATbHbBIM.
WpeanbHblit TpaHchopMaTop — 3TO
TpaHcdopmaTop, y KOTOPOro OTCYTCTBY-
10T 1oTepu B oOMoTKax (r, = r, = 0),
MOTEPU B CTAJIH (ITOMepevyHasi BETBb CXe-
MBI 3aMeILEHUST pa30MKHYTa) U MOTOKU
paccesTHUS (Xpl =X, = 0;. B stom
cilyyae cxema 3aMelleHNs TPUMET BUJL
(puc. 1.34).

YroObl BbIACIsIEMAsl MOLIHOCTb Ha
Harpy3ke ObLIa MaKCHUMaJIbHOU, HEOO0-
XOIMMO BBITIOJTHUTb TPEOOBAHMS:

R=R, X +X -X.=0. (L71)

Puc. 1.34.Cxema 3ameleHus
C WLeabHLIM COTTACY0UM
TparchopMaTopom

TPAHC®OPMATOPbI L]

W3 311X TpeboBaHU TTOTyd4aeM HEOOXOMUMbIe 3HAYCHUST KO-
adunmenTa Tpancdopmaiu K cornacyrouiero tpaHcopMaTopa
1 eMKkocTu C, BKIIIOYaeMOM TI0C/ICIOBATEIEHO C Harpy3KOM:

R =R =KR, —>K=JRE, (1.72)

X.=X +X, X =KX, >

, K
— X, =KX,

1.13. AsToTpaHcopmaTop

ABTOTpaHC(HOPMATOp — 3TO TPaHC-
(opmaTop, y KOTOporo BTopuuHasi 00-
MOTKa MUMEEeT 3JIeKTPUUECKYIO CBSI3b C
MepBUYHOM. ABTOTpaHCchOpMaTOp CIy-
SKUT JJ1S1 TIOJTyYeHUsT HECKOJbKUX BTO-
PUYHBIX HAMPSKEHUI WM TJIaBHO pe-
TYJIMPYEeMOTO BTOPUYHOIO HaIllpsiKe-
Hus1. B mepBoM ciyyae oT mepBUYHOMN
00MOTKM JenaroT oTBoabl (puc. 1.35).

3necy U, > U,, ax n ax — BTOpHY-
HbIe 00MOTKM, AX — miepBuuHas1. Bro-
pUYHbIC HAMPSIKEHUST — NUCKPETHBIE,
HeperyaupyeMble BeTUUUHBbI.

Bo BTOpOM Cilyyae BTOpUYHOE Ha-
npspkenue U, IUTaBHO PEryJmpyeTcs Tie-
peMmenieHneM aBMXKa a (puc. 1.36).
ABTOTpaHC(hOPMATOP, MJIABHO PETYIM-
pYIOUIMI BTOPUYHOE HaMpsKeHKe, Ha-
3p1BaloT JIATP — maGopaTtopHbIM aBTO-
TpaHchopMaTopoM. OOBIYHO TUana3oH
perynupoBanust JIATPa nipu BxogHOM
HanpsbkeHun 220 B cocraBasier 0—
250 B.

=——)C=—/ .
2p-f-C 2p-f- X

K2
(1.73)

A

U, A

X X
Puc. 1.35.
ABToTpatchopmaTop
C HEPEr'yAUPYEeMLIM
BLIXOLHLIM
HampsiKeHUeM

A

Ul U2

X X
Puc. 1.36.
ABToTpatcdhopmaTop
C PETYNNPYEMLIM
BLIXOLHLIM
HampsiKeHUeM
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KOHCTpYKTMBHO OH BBITIOJIHSETCS B BUAE TOPOUAATBHOIO Cep-
JNEeYHUKA, HABUTOTO M3 JICHTHI 2JEKTPOTEXHUUYECKOM CTalu.
Ha uzonnpoBaHHYI0 MOBEPXHOCTL TOPOMIA HAMATBIBACTCS TIEPBUY-
Hast ooMoTKa AX. JIBuzkok JIATPa BeInonHsieTCsl B BUAE 371€KTPO-
MPOBOISILLIETO POJIMKA, MePEMEILIAIOILErocsl 0 BUTKAM OOMOTKM.
B HekoTopbIX ciiyyasix aBToTpaHCc(hopMaTop UMEET Pl IPEUMy-
LIECTB, B TOM YHCJe M0 rabapuraM Mo CPaBHEHMIO ¢ OOBIYHBIM
TpaHCcHOPMaTOPOM.

PaccMoTpuM ai1eKTpryecKyto cxeMy Harpy>KeHHOTO aBTOTpaHC-
dopmatopa (puc. 1.37). ITo nepBomy 3akoHy Kupxroda:

L+1, =1, (1.74)
ITycTb yriel @, ¥ @, TAKOBBI, YTO

MOXHO 3anucaTtb HpI/I6J'[I/I3I/IT€.T[bHOC
PaBEHCTBO:

L+1,=~1, (1.75)

TOrJa nmojiHad MOILIHOCTb Harpy3Ku:
Su :Uz '12 :Uz '(11 +1xa):
:Uz'll +U2'1xa :Pm"'Ruar =

=U, 1, +U,-(I, - 1) =

X x
1,
PMC.1.37. :U2'11+U2'12' 1—1— =
JneKTpnuecKas cxema U.. 1 K _21 (1.76)
— 2 2
HarpyXeHHOTo =-22+0,-1, ( ,
aBTOTpaHchopMaTopa K K
rne 1, = L/K

W3 dpopmyier (1.76) BUTHO, YTO MOIIHOCTD B HATPY3KY ITOCTY-
IaeT IBYMS MYTSIMU: 1) 3JIeKTPUIeCKUM ITyTeM IIpU TOMMaTaHuu
NIEPBUYHOTO TOKA /; BO BTOPUYHYIO OOMOTKY, ITOCKOJIbKY OOMOTKHM
AJIEKTPUYECKHU CBSI3aHbI MEXIY COOOIi; 2) 3JIeKTPOMArHUTHBIM
ITyTeM Yepe3 IepeMeHHBII MarHUTHBIH ITOTOK. OnTuMasbHast Be-
JuurHa KoadduimeHTa TpaHcdopmauu K = 2.
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Ecnu yepe3 a1eKTpoMarHUTHBII IOTOK ITOCTYIIaeT ITOJIOBUHA
MoIHocTH (1pu K = 2), To rabapuThl CepAeYHNKA aBTOTPAHC-
dopMmaropa OymyT MEHBIIIE IT0 CPABHEHMIO C OOBIYHBIM TPaHC(HOP-
MaTOPOM TOM XK€ MOIITHOCTH C TeM Xe K03(hDUIIMESHTOM TpaHC-
dopmaru K, MOCKoJIbKY B 0OBIYHOM TpaHC(HOPMATOPE BCSI MOIII-
HOCTb IIepenaeTcsl Yepe3 MarHUTHBIN ITOTOK.

Tok, TeKyIuii yepe3 BTOPUIHYI0 00MOTKY aBTOTpaHChOpMa-
TOpA ax, PaBeH Pa3HOCTU TOKOB /, — 1, CIIe0BaTeNIbHO, TIPY O/IM-
HaKOBOM IJIOTHOCTH TOKOB BTOPMYHON OOMOTKH C TUIOTHOCTBIO
TOKOB OOBIYHOTO TpaHC(hOpMaTOpa MOKHO YMEHBIIUTh CCUECHUE
MPOBOJIa BTOPUYHOM OOMOTKM ax aBTOTpaHChopMaropa. DTUM
JTOCTUTAETCST 9KOHOMUST OOMOTOYHOT'O ITPOBOJIA.

HemocraTku aBroTpaHchopMaTopa: 00MOTKa HU3KOTO HaIIpsi-
SKeHMSI IOJDKHA MMETh TY e M30JISILMIO, YTO ¥ 0OMOTKA BBICOKOTO
HaIpPSDKeHUST, TIOCKOJIBKY OHU 3JIEKTPUYECKM CBS3aHBI; HET pa3-
BSI3KM ITO ITOCTOSTHHOMY TOKY, UTO BaXKHO B paIUOTEXHUKE.

1.14. U3meputenbHblie TpaHcgopmaTopbl

M3meputenbHbIe TpaHC()OPMATOPhI CIOJIB3YIOT IJTaBHBIM 00-
pasoM ISl TMIOAKIIOYCHUST 3JIEKTPOM3MEPUTEIbHBIX TIPUOOPOB K
LI TIEPEeMEHHOTO TOKa BBICOKOTO HarpsokeHust. [1pu aToM arek-
TPOM3MEPUTEIbHBIC TTPUOOPHI OKA3bIBAIOTCS U30JIMPOBAHHBIMU OT
LIeTIell BRICOKOTO HAMPSDKeHMS, YTO 00ecIieurBaeT 6€301acHOCTh
paboTHI 0OCITYKMBAIOIIETo IlepcoHata. Kpome Toro, uamMepuresb-
HbIE TpaHC(HOPMATOPHI JAaIOT BO3MOXHOCTh PACHIUPSTh IPEIEIbI
M3MEPEeHMSI IPUOOPOB, T.€. U3MEPSITh OOJIBIINE TOKM 1 HAIIPsSTKe-
HMSI C TIOMOIIIbIO CPABHUTEIIEHO HECIOXKHBIX IIPUOOPOB, PACCUM-
TaHHBIX [UISI U3MEPEHMsI MaJIbIX TOKOB M HalpsDKeHUid. B psime
CITyJaeB U3MEPUTENIbHbIC TPAHC(HOPMATOPHI CITyKAT IS IIOIKITIO-
YEHUS K IIeTISIM BBICOKOTO HaMpsDKeHUsT 0OMOTOK pelte, obectie-
YUBAMOLIMX 3aIUTY 3JIEKTPUUSCKUX YCTAHOBOK OT aBAPUIHBIX pe-
SKMOB.

HamepuTennbHbIe TpaHCHOPMATOPHI IOAPA3IEIISIIOT Ha IBa THTIA:
TpaHchOpMaTOPhl HAIIPSDKEHUS U TpaHC(OPMATOPhI TOKA.
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N3zmepurennnbie Tpancgopmaropsl Hanpsukenus (TH). O6biu-
HbIE BOJILTMETPBI 3JIEKTPOMAarHUTHON CUCTEMbI U3MEPSIIOT Hampsi-
xkenue 10 1000 B. Ecnu TpeGyeTcst uamMepuTh 06bliiee HampsiKe-
HME WM MOJYYUTb CUTHAJ PONOPLIMOHATBHBIA BEICOKOMY Harpsi-
>KeHuto, To npumeHsitor TH (puc. 1.38).

U, ¢ Ly

L /
Uy by

Puc. 1.38. Cxema BK10YeHUA TPaHChHOPMATOPA HATPSIKEHUA

M= =E

Bo Bropnunyio oomoTky TH BKiItOUaroT BOJIbTMETp V, T.€.
TpaHcdopMaTop HampsKeHMs paboTaeT Ha XOJI0CTOM xofy. B aTom
ciydyae Koo GULUMEHT TpaHc(hopMauuy OyaeT

U,
K=/ >U=KU, (1.77)

20
OO0BIYHO Ha TpaHC(HOPMATOPE YKa3bIBalOT HOMUHAIBHBIN KO-
spduument Tpanchopmauun K . Torma no u3aBecTHOMY HOMU-
HalbHOMY K03 dumeHTy TpaHchopmaunn K BbMUCIAETCS 13-

MEPACMOC HAITPSAKECHUE U1 .

|14
K, = Wl - U, = KUy. (1.78)

i
2
st neneii 6e30MmacHOCTH OOCTYKMBAIOLLIETO MIepCoHaIa 1 MpH-
0OpOB o1HA TOUKa BTOpUuHOi 00MoTKM TH 3a3emsiercsi.
[Mockonbky K v K paznnyarorcs, TO BOSHUKAET IIOTPELIHOCTh
MO HamnpsDKeHMIo, a Tak Kak ¢haza MPpUBEACHHOIO BTOPUYHOTO
HanpspKeHUsT He coBMaaaeT ¢ ¢ha3oii epBUYHOrO, BO3HUKAET YI-
JIOBasl MOTPeIIHOCTb, onpenensitomas yroa y (puc. 1.39). Ilo-
IPELIHOCTU MO HAMPSIXKEHUIO U YIJIoBasl BOZHUKAIOT U3-3a Maje-
HMS HAMPSDKEHMST B OOMOTKaX.
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Ua U Tpanchopmarop HanpsiKkeHUs paboTaeT
=21 B peXHMe, OJM3KOM K PEXKUMY XOJOCTOTO
X0J1a, TIOCKOJIbKY BHYTPEHHEE COTIPOTUBIIE-
HHMe BoJbTMeTpa V oueHb Beauko. st
YMEHBIIIEHUS TOTPEIIHOCTEN HEOOXOTUMO
YMEHbIIIATh MafeHNe HATIPSKEHUST OT TOKa
XOJIOCTOTO XOJIa EPBUYHON OOMOTKU. DTO
MTPOU3BOAST ABYMSI Ty TSIMMU.
Bo-niepBbIX, BHIOUPAIOT 151 CEpACYHU-
Puc.1.39.Vrnosass  ka BHICOKOKAYECTBEHHYIO 3JICKTPOTEXHHU-

TIOTPeLrHOCTb YECKYIO CTaJlb C KPYTOM KPUBOI HAMAarHu-
TpancpopMaropa  YuBaHMS WU TMepMayioil. Bo-BTophIx,
HaIpsKeHNA AMIUIMTYAY MarHUTHOW UHIAYKLIMU B CEP-

JeYHUKe aenarT Majoil. Bce 310 mo3Bo-
JISIeT YMEHBIIIUTh HAMarHMYMBAOIIYIO COCTABJISIONIYIO TOKA XO-
JIOCTOTO X0Ja 10“.
Hu3zkue MarHuTHBIE UHAYKIIMU B CEPACUHMKE YMEHbILIAIOT T10-
TEPU B CTAIU. DTO MO3BOJISIET YMEHBIINTh aKTUBHYIO COCTaBJISIIO-
1IIYIO TOKa XOJIOCTOrO X0/1a /,, ¥ B LIEJIOM TOK XOJIOCTOIO XO/a:

1, =13, + 1. (1.79)

J1s1 yMeHblIeHUs aaeHKsI HalpsKeHUsT B OOMOTKE TUTIOTHOCTh
TOKa BbIOMPAIOT MaJloii, T.e. BRIOMPAIOT O4Jblliee ceYeHUe Mpo-
BOJIa, 0OeCreunBaloLIee Majloe ConpoTuBieHue R,. Manoe naze-
HUE HAMPSDKCHNMST Ha MHIYKTHBHOM COTPOTUB/ICHUH PACCesTHUS X |
obecreynBaeTcsl TeM, YTO MPU MaJbIX aMIUIATYAaX MarHUTHOR
MHAYKLIMU HACBILIEHUE CepleYHMKA OTCYTCTBYET M ITOTOKM pacce-
SIHWSI MUHUMAJIbHBI.

N3mepurensnbie TpancgopmaTopsl Toka (TT). Ammepmerpsl
2JIEKTPOMArHUTHOM CUCTEMbI Ha pa3IMyHble Mpeaesbl U3MEPEHUS
YCTPOEHbI TaK, yTo amnep-BuTku (MJC) y Bcex amnepMeTpoB
onuHakoBbl M paBHBl [ - W = 350 A. Takum obGpaszom, ecnu

W=350—-71=1A,aeciu W=1— 1=350A.

[Ipu 5TOM ¢ YMEHbIIIEHUEM YMCIa BUTKOB YBEJIMUMBACTCS Ce-
YeHUe MPOoBoOJA NMPU COXPAHEHUU TUIOTHOCTU ToKa J. [1pu uzme-
peHUM OOJIBLIKX TOKOB UM TOKOB 0€3 pa3pbliBa 3JIEKTPUUYECKOM
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e MPUMEHSIOTCS U3MepUTEJbHbIE
TpaHchopMmaTopsl Toka (puc. 1.40).

YpaBHeHnue paBHoBecust MJIC TpaHc-
(opmaropa:

Iy Wi =1, - W+ 1, -W,. (1.80)

M3-3a MasiocT TOKa X0JIOCTOro Xo/a pe-
syssrupytoas MIC £ W, nosyyaercst He-

W, GonbLoit. [ToaTOMY MOXKHO 3anucaTh
VAYAYAYAN
W, 1 1
b Il=12W?=12?u—>11=72.(1.81)

3nmeck yumn, yto K = W /W, Toxk
1, uamepsieTcs 1o amrepmeTpy, Koaphu-
Puc. 1.40. Cxema uueHT TpaHcdopmauun K n3BecTeH, Ta-

BKILIOUEHUA KM 00pa3oM BBIYUCIISIEM TOK /; B M3Me-
TpaHcopMaTopa PSEMOM LIETIN.

ToKa B nevictBurensHoctt MJIC xomocToro

XOJ/Ia HE paBHA HYJIIO0 U MPU ONpeaeIeHUN

I g 1, TOKAa BO3HMKAET MOTPEUIHOCTh IO TOKY U

yrjoBas nmorpeirHocTs (puc. 1.41). dns
YMEHbIIEHUS 3TUX MOTPELIHOCTENH HYX-
HO CHMXaTbh pe3yabTupyloinyro MJIC
1,W,, T.e. CHHXaTh TOK XOJIOCTOTO XO/Ia.
Mepbl CHUXKEHUST TOKA XOJIOCTOTO Xoa Te
K€, UTO U JUIs TpaHC(OpMAaTOpOB HaMpsI-
SKEHMUS.

Ocob6eHHOCTh TpaHC(hOPMATOPOB TOKA
3aKJII0YAETCS B TOM, UTO OH pabOTaeT B pe-
XKHMe, OJM3KOM K KOPOTKOMY 3aMblKa-
HMI0, TTOCKOJIbKY COIPOTUBIEHUE aMIIep-
MeTpa Masio. [1o3ToMy B OTCYTCTBUM aM-
nepMeTpa BTOpUYHast 0OMOTKa JOJIKHA ObITh 3aMKHYTa HAKOPOTKO
¢ momolbo Kitoua (puc. 1.40), uHaue Ha pa30MKHYTOI BTOpUY-
HOIT 00MOTKe Bo3HUKaeT 0ombiuas DJ1C ~ 2+3 kB, onacHag misg
SKU3HHU.

Puc. 1.41.Vrnosas
TIOTPeLrHOCTb
Tparchopmaropa ToKa
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O6bsacHserca o10 crnenyomum obpasom. Eciu [, = 0,
to LW,=0wu I W,= I W,, a nockonbky nepsuunas MJIC /W,
nMeeT OOJIBIIYIO BeIMIMHY, TO ¥ 3HaueHre MJIC xoocToro xona
I, W, Takxe BEIMKO, 4TO CO3MAET OOJBLION OCHOBHOM MarHUTHBIIA
MoToK 1 6onbliiyo D/C.

TpaHchopMaTOpsl TOKA IIMPOKO IMIPUMEHSIIOTCS] B BUIE TOKO-
BBIX KJIelleil. 3aMKHYTBIIl CepIeYHUK MOXET Pa3MbIKAThCSI, 1
BHYTPb KJIEIIIeii TTOMEIIAIOT IIPOBOJI C TOKOM, KOTOPBIi Haf0 13-
MepuTh. Kielm cHaGkeHbI MHOTOIIPEIeIbHBIM aMITEPMETPOM, H,
TaKUM 00pa3oM, MOXXKHO M3MEPSITh CHITY TOKa Oe3 pa3pbiBa IIeIu.

IIpnMeneHue U3MepUTEILHBIX TPaHCGHOPMATOPOB IS H3Mepe-
HHS 0OJIBIIMX MOIIHOCTEl WM 3Hepruii. [1py n3mepeHUn 60JIb-
IIIMX MOITHOCTE! TOKOBYIO OOMOTKY BaTTMETpPa MOIKIIOYAIOT KO
BTOPUYHOM 0OMOTKeE TpaHC(hopMaTopa TOKa BMECTO aMITepMeTpa,
a 0OMOTKY HaIIpsDKEHUST BATTMETPA K BTOPUYHOI 0OMOTKE TpaHC-
dopmatopa HanpstkeHMs. Torma BaTTMeTp MOKa3hIBaeT aKTUBHYIO
MOLIHOCTb P,, MPONOPLMOHAIBHYIO AKTUBHOM MOLIHOCTH P, riep-
BUYHOU IICTIN:

P =U, -1 -cosg, (1.82)
rae U, I, cos, — HanpsKeHue, TOK U KO3(DOULMEHT MOLIHO-
cTy nepBuyHoOii uenu. Toraa:

1
P=K, U,-I,-—-cosq, =P -K,. (1.83)
I(ul

31ech ceIaHo JONMyLIEHHE, YTO @, = @, .

O6wuno K, >1,a K,; <1, torna xoadpduument npornop-
LIMOHAJIBHOCTH 1o MoltHoct! K, = K, /K, >> 1.

Ha pesysbrar uaMepeHust MOIIHOCTH P, BIUSIIOT HE TOJIbKO I10-
IPEIHOCTU TpaHchopMaTopa Mo HAMPSIKEHUIO U TOKY, HO U yIJIO-
BbIC TIOIPEIHOCTH, B PE3YJIBTATE YETO ¢, # .

1.15. Muk-TpaHchopmartopsbl

B a1eKTpoHHOI TeXHUKE ST PETYIMPOBAHUS YIIPABJISIEMBbIX
BEHTWIEH (TUPUCTOPOB, TUPATPOHOB, PTYTHBIX BEHTWICH M T.II.)
HEO00XOIMMO MMETh MMITY/IbChl HAIIPSDKEHMSI PE3KO 3a0CTPEHHOI
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(mukoobpa3Hoit) dopmbl. Takue UMITYIbChl MOXKHO MOJYYUThb OT
CUHYCOMIATLHO MU3MEHSIOLIErocsl HAaMpsIXKeHMsI ¢ TTIOMOILIbIO MHK-
TpaHcHopMaTopoB.

ITuk-TpaHcdopmaTop nNpeacTaBisieT co00i OOBIYHBIN ABYX00-
MOTOYHBI TpaHCHOPMATOP ¢ CUTbHOHACHIIIIEHHBIM CEPACYHUKOM.
[TepBruHY10 0OMOTKY €ro MOAKIIIOYAIOT K CETH NePEMEHHOTO TOKa
Jepe3 0OJIbIIOE aKTMBHOE CONMPOTUBIEHUE 7, . (puc. 1.42, a).
IIpu nocTaTouHO OOJIBIIOM AKTMBHOM COIPOTUBICHUH T10 MEp-
BUYHOI 0OMOTKE MUK-TpaHchopMaTopa MPoTeKaeT CUHYCOUIAb-
HbIiA TOK . [Tpy 3TOM MarHuTHBIA NOTOK @ He N3MEHSAETCS MO
CUHYCOMIE, TaK KaK OH BO3pacTaeT MpONOpLOHATbHO TOKY TOJIBKO
MpU MajbIX €ro 3HayeHMUsX, KOTAa CepAeYHUK HeHachIlEeH
(puc. 1.42, 0).

D
7’106 |___>___| A
—{ %
- JP !
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D
- I
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Puc. 1.42. CxeMa BrtoueHUs (@) 1 BpeMEHHbIE LuarpamMmsi (6)
nuK-Tpaxcdopmaropa

B pesynbrare KpuBast U3MEHEHMSI MArHUTHOTO 1ToToKa P mpu
CUHYCOMIATBLHOM TOKE i, (- GOJIBIIOE) MMEET TpareLeUAaTbHYIO
dopMy, a BO BTOpUIHOI OOMOTKE MHAYKTUPYETCSI MMKOOOpa3HOe
HanpspkeHue u,. [Tk HanpsKeHns BO3HMKAET TOra, KOraa Mar-
HMTHBIH TTOTOK P MPOXOIUT Yepe3 HOJIb U CKOPOCTh €ro U3MEHe-

HUSI MaKCUMallbHa B cooTBeTCTBUM C (1.8):
dd

20T
dt

U, = —
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[pu BKMoueHNM TpaHchopMaTopa yepe3 aKTUBHOE COITPOTHB-
nenue caBur ¢as ¢, = 0 1 HanpsKeHUe ¥, Y TOK i, COBMANAIOT MO
(ase. Takum 00pa3oM, MUK HANpPsKeHUs u, 00pasyeTcsl, Korna
HanpsKEHMe U, TIPOXOAMT Yepe3 Hojib. Ecim xe TpeGyercs, uto-
OBl 3TOT MUK BO3HMKAJl IIPU MAaKCUMAJIbHOM 3Ha4Y€HUU U, TO B
LIeTh TIEPBUYHOI OOMOTKY BKJTIOYAIOT MHIYKTUBHOE COIPOTHBIIC-
HME, TOTA YTOJI @, = 1/2, U HANPSKEHME U, ONIEPeXaeT TOK i, Ha
3TOT YTOJL.

JInst moBbILIEHNS KPYTU3HBI ITMKA U4, MATHUTONPOBObI MK~
TpaHCHOPMATOPOB U3TOTOBIISIIOT U3 TIEPMAJIIOs], MMEIOIIETO BhI-
COKYIO HaYaJIbHYI0 MATHUTHYIO IIPOHUIIAEMOCTh ¥ KPUBYIO HAMAr-
HUYMBAHUS C PE3KO BBIPAXKEHHBIM HACBIIIICHUEM.

MarHuTHyI0 CHCTeMY MUK-TPaHC(hOPMAaTOpa YacTO BHIITOIHSIOT
C MarHUTHBIM IIIYHTOM, KOTOPBIi CHJIBHO YBEJIMUYMBAET IIOTOK pac-
ceanuna @, , a, crenoBaTeNbHO, U MHAYKTUBHOE CONPOTUBJIEHNE
00MOTOK (T.e. yroi @, = m/2). B takom TpaHcdopmarope mnep-
BUYHAasi OOMOTKA pacIiojiaraeTcsi Ha CpaBHUTEJILHO TOJICTOM CTEp-
XKHe [, a BropuuyHasi — Ha TOHKoM 3 (puc. 1.43).

@ D,
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Puc. 1.43. [Iux-TpatHchopmMaTop C MArHUTHLIM IIYHTOM

[Tpu 5TOM MarHuTHLIA MOTOK @ B CTepXKHE / UMEET CUHYCOU-
JaJbHYI0 (OPMY U 3aMBIKAeTCsS B OCHOBHOM 4Yepe3 MarHUTHBII
wyHT 2. CtepXeHb 3 co BTOpUYHOI 0OMOTKOI OyaeT ObICTPO Ha-
CBIIATHCA, ¥ TTIOTOK P, OyneT nMeTh TpaneuenaanbHyo Gopmy.
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B pesysbraTe BoO BTOpMYHOM 0OMOTKE BOSHMKAET MUK HAIIPSIKe-
HUS 4, B MOMEHT ITPOXOXIEHW TOKa i, M moToka @ yepes HoJlb,
a HalPsKEHMS U, Yepe3 MaKCUMyM (puc. 1.44).

uz

Puc. 1.44. BpeMeHHbIe AMarpaMmsl IMK-TpatHchopmaTopa
C MarHUTHBIM UIYHTOM

W3amenstsa yroi casura a3 MexIy MUTAIOIIUM HaIlpsDKeHUEM
U, Vi TOKOM i B IEPBMYHOI OOMOTKE (BKJII0Yas B €€ LIENb aKTHB-
HbIC ¥ peaKTUBHBIC COTIPOTUBJICHUS WM C ITOMOIIBIO (ha3opery-
JIATOPA), MOXHO U3MEHATD MOJIOKEHUE MUKA HATIPSDKEHUA U, OT-
HOCHUTENILHO CHHYCOM/IbI HATIPSDKEHUS U,

2 ACUHXPOHHBIE MALLUHbI

ACI/IHXpOHHbIC MalllMHbI — 3TO MallMHBI IEPEMEHHOIO TOKA,
Y KOTOPLIX YaCTOTa BpalliICHMA pOTOPA HE paBHA 4YaCTOTE BpalllatoIIc-
TOCA MarHUMTHOTO ITOJIA M 3aBUCHUT OT HArpy3kKm Ha BaJly MalllMHbI.

2.1. Knaccuumkauma acCMHXPOHHbIX MALIMWH

[To umciy a3 nuraroleit ceTr aCHHXPOHHBIC MAIITHBI MOXKHO
pasnenuTh Ha TpexdasHble, omHOoMa3Hble W IBYX(da3HbIe, a 110
Ha3HAYECHUIO — Ha TeHepaTophbl, IBUTATe/IM U CIICIIMAIbHbIC aCUH-
XPOHHBIEC MaIIIMHBI (ACUHXPOHHBIE TAXOT€HEPATOPHI, (ha3operyisi-
TOPBI, YIIPaBJIsieMble WM MCIIOJIHUTEIbHbIC TBUTATEIIN ).

[To KOHCTPYKIIMK pOTOPa aCUHXPOHHBIE MAIIIMHBI TTOApa3Ieis-
0T Ha aCMHXPOHHBIE MAIIMHBI C KOPOTKO3aAMKHYTHIM POTOPOM,
¢ (ha3HBIM POTOPOM U POTOPOM CIELIMATBHOTO UCTIOTHEHHUS (C MO-
JIbIM HEMarHUTHBIM MJIM MAaTHUTHBIM POTOPOM, C ITyOOKOIIa3HbIM,
C IBYXKJIETOYHBIM POTOPOM M T.I1.).

BoJbiteit yacTblo aCHHXPOHHBIE MAIIMHBI IIPUMEHSTIOTCST KaK
nBuratenu. ['eHepaTOpHBI peXXrM MCIOJb3yeTCsl KaK OMUH U3
PEKMMOB pabOTHI IBUTATEJIS.

2.2. YcTpoitctBo TpexgasHbIX aCMHXPOHHbIX
ABUratenemn

ACMHXpOHHBII nBurateb (AJl) B OCHOBHOM COCTOUT M3 ABYX
yacTeil: HeTIOABMKHOM YaCTH — CTaTopa U MOABMXKHOM YacTH —
poropa. CTaTop CIIYKUT JJIsI CO3MAaHMsI BPAIIakOIIErocsl MarHUT-
HOTro 1oToKa. B poTope mpourcxomut npeodpazoBaHUe JIEKTPH-
YEeCKOI BHEPTUY B MEXaHUIECKYIO ITpy MHAyKTUpoBaHuu DJ1C u
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TOKa B POTOPHOI OOMOTKE BPaIaOIIMMCS MATHUTHBIM ITIOTOKOM 1
BOZHUKHOBCHHHM 3JIEKTPOMAarHUTHOTO BPaIIIaloIIero MOMEHTA.

KoncrpyktuBHas cxema AJl ripencrapieHa Ha puc. 2.1.

Tpexda3zHblii CTaTOp COCTOMT U3 IIMXTOBAHHOTO CepPACYHUKA [
¢ mazaMu. [1a3el pacmojIoKeHBI 10 OKPYKHOCTU CTaTopa, oopa-
3ys 3yOI1el 2 cTatopa. B masmel yimoxeHa TpexdasHas oOMOTKa,
JI000BBIC YaCTU 3 KOTOPOil OTOTHYTHI ISl YI0OCTBA pa3MellleHHsI
poTopa.

Puc. 2.1. KoHCTpyKTUBHAA CXeMa aCMHXPOHHOI'O ABUTATeNA

TpexdasHast ctaTopHast 0OMOTKa COCTOMT M3 TPEX OMMHAKOBBIX
(ba3 (0OMOTOK), CMEILIEHHBIX OTHOCUTEILHO APYT Apyra B MPOCTpaH-
CTBE I10 OKPYXHOCTH cTaTtopa Ha 120 3JeKTpHYSCKUX WIH 0, TeO-

METPHUYCCKUX I'padyCOB:
o, 1200

(xreuM = N ’ 21
»  p 2.1

roe p =1, 2, 3 — yKc0 Nap MoJCOB MAarHUTHOTO TTOTOKA CTa-
TOpa WM CTATOPHOI OOMOTKM.

PoTop cocTONT M3 IIMXTOBAHHOTO CepACYHNKA 4 ¢ paBHOMEPHO
PaCTIONIOKEHHBIMU IO OKPYKHOCTH T1a3aMHM, B KOTOPEIE TTOJT IaB-
JICHUEM 3aJTMBAIOT ATIOMIHKMEBEIN CITIaB, TaK UTO B [Ta3ax oopasy-
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IOTCSI CTEPKHU 5, 3aMKHYTBIE C IBYX CTOPOH KOJIbIIAMM 6 13 TOTO
ke criaBa. PoTop Ha3bIBaeTCsI KOPOTKO3aMKHYTBIM, TaK KaK CTep-
SKHU ¥ KOJIbIIa 00pa3yoT JIMTYIO KOPOTKO3aMKHYTYIO OOMOTKY THIIA
«Oenmnubst KieTka». [IpoBOTHUKHM CTaTOPHOM OOMOTKH 3JIEKTPH-
YEeCKM U30JIMPYIOTCS OT CepACYHUKA MA30BOM U30JISILME 7 U3 d/IeK-
TPOKapTOHA WY JIaBCAaHOBOM TieHKH. CTaTopHast 00MOTKa yiep-
>KMBAETCsI OT BhIIAAAHMSI ITA30BBIM KJIIMHOM & U3 (PMOPHI MK T1j1a-
CTMACCHL

®aznbIii potop (prc. 2.2) COCTOUT U3 IMXTOBAHHOTO ceprey-
HUKa 9 ¢ nazaMu. B masbl ykianpiBaeTcs TpexdaszHasi poBOJIOY-
Hasl WIM LLIMHHAsI 0OMOTKa ¢ JJ000BOi1 yacThbio /0.

12 13
11 10 ? 11

\ :Z:Z%f/:::::: /

Puc. 2.2. KoncTpyKTnBHas cxeMa pa3Horo poropa

Ha Bany potopa nmeroTcst HOAIUMITHUKM /], KOHTAKTHbIE KOJIb-
1a /23 TBepaOil MeIM WU CTaJIM, METHO-TpaUTOBbIC WIK APY-
rue 1etku 13.

TpexdazHast poTopHasi 0OMOTKa coeMHEeHa B 3Be31y (puc. 2.3).
Hauana ¢a3 3Be3abl COeNMHSIOTCS ¢ KOHTAKTHBIMM KOJbLIAMU U
yepes IIETKU ¢ Tpexda3HbIM peocTtaToM /4. Peoctat Ha3biBaeTcs
MYyCKOBBIM, €CJIM CITY>KUT TOJIbKO JUIS ITyCKa ABUTaTelisl M paboTaeT
KOPOTKOE BPEMSI, WM PEryIMPOBOYHBIM, €CJIM paboTaeT IIUTEb-
HOE BpeMs1 U CITY>KMT ISl pETYJIMPOBaHUS YACTOThI BpallleHHUsI 1BY -
rareJs.

ITyckoBoii peocTat BbIMOJIHSIETCSI TPOBOAOM MEHBLIETO ceye-
HUS U AOTMYCKaeT OGIbIIYIO IIOTHOCTb TOKA, YeM PETryJIMpPOBOY-
HBIA peocTar.
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12
Puc. 2.3. InexkTpuyeckasn cxema pasHoro poropa

ACHHXPOHHBII TBUTaTelb C KOPOTKO3aMKHYTHIM POTOPOM ITPOCT
I10 YCTPOMCTBY M B 3KCILIyaTalllH, a ¢ (Da3HBIM POTOPOM — CJIOXK-
Hee I10 YCTPOMCTBY U B 9KCIUIyaTallM, HO TIO3BOJISIET YMEHBIIIUTh
ITyCKOBOM TOK JBUTATEJIsI, YBEJIMIMTD ITyCKOBOM MOMEHT U pery-
JIMPOBATh YaCTOTY BpallieHUst poropa. OOBIMHO OH ITPUMEHSIETCS B
ITOTbEMHO-TPAHCIIOPTHOM 3JICKTPOOOOPYIOBAHIN.

2.3. Cxembl Tpexa3HbIX 06MOTOK

TpexdasHast ctaTopHast 0OMOTKa COCTOMT M3 TPEX OMMHAKOBBIX
(ba3HBIX 0OMOTOK, CABUHYTHIX IT0 OKPYKHOCTH CTaTOPa OTHOCH -
TEJIBHO JpyT apyra Ha 120 sgeKkTpuyecKux rpamycoB. Yucio map
TTOJIIOCOB p TpeX(a3Hoii CTaTOPHOI 0OMOTKM TaKOe e, KaK 1 OJi-
HOI1 (ha3hbl.

®a3za Tpexda3Holi 0OMOTKHM COCTOMT M3 KaryiiekK. Karyiika
HMMeET JIBC aKTUBHBIC CTOPOHBI, PACIIOIOKECHHBIC B I1a3ax, M JBE
HeaKTHBHBIC — B JIOOOBBIX YaCTSIX, HAXOMSIINXCS BHE IIA30B CTa-
TOpa. AKTMBHBIE CTOPOHBI HAXOMSITCS Ha PACCTOSIHMM II1ara Ka-
TYIIKA y, U3MEPSICMOT0O B ITa30BbBIX JEJICHMSIX; 11a30BOC JIe/ICHIE
(1.1.) — paccTostHUEe MEXKIY IBYMSI COCETHIUMMU Ia3aMHu.

Katyika i cekimst 0OOMOTKY BBITTOJHSIETCS] METHBIM U30JIM-
POBaHHBIM IIPOBOIOM Ha I1a0JIOHE OTAEIBHO, a 3aTeM KaTyLIK1
VKJIQIBIBAIOTCS B ITa3bl 110 OIPEIEICHHOI CXeMe.

[MomocHoe nenexue:

<
(1)= Za n.Aa., (22)

o€ 7 — YMCJIO ITa30B; 2p — YMCJIO ITOJIIOCOB.
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Eciu y= 1, To mar karyumku HasbiBaeTcs MojaHbIM. Eciu
y< T, TO €ro Ha3bIBalOT YKOPOUCHHBIM, €CIIU ) > T, TO — YAJIU-
HEHHBIM.

OOMOTKM ObIBAIOT OJHOCIONHbBIE 1 ABYXCIIOHbBIE. B oqHOCTOM-
HOI1 0OMOTKe aKTMBHAsl CTOPOHA KaTyLIKW 3aHMMAaeT Bech I1as.
B nByxcioiiHol 00MOTKE CTOpOHA KaTYIIKU 3aHUMAET MOJOBUHY
nasa.

KoHubl kaxnoit ¢a3sl MapKUpyroTcs, U $ha3bl MOTYT COENU-
HSTBCS B 3BE311y WU TpeyroibHUK. Eciu, Hanpumep, JuHeiHoe
HanpstkeHue cetu 380 B, To ¢asbl cTaTopa COeIUHSIIOTCS B 3BE3-
Iy, a eclii InHelHoe HanpsikeHue 220 B, To B TpeyrojibHUK.

J71s1 TOCTpOEHUS CXeMbl OTHOCIOMHOM WU IBYXCJIOMHOI 00-
MOTKM OOBIYHO MCIIOJIB3YIOT CIIEAYIOIIME JaHHbIE:

— yucio ¢a3 m;

— YKCJIO Ma30B Z;

— YKCJI0 Tap MOJIIOCOB p;

— 1Iar KaTyLIKu WK CeKLUH Y,

— YKCJIO MA30B Ha MOoJoC U (asy:

<
2-p-m’
MOKa3bIBaloIlIee, CKOJIbKO Ma30B HEOOXOAMMO 3aHSTh MPH MOCTPO-
€HUM CXEMbI, YTOObI 00pa30BaTh OAMH MOJIOC ONHOM (a3bl;

— coenuHeHMe (a3 (3Be31a WU TPEYrolbHUK).

Cxema Tpexda3Hoii OTHOCJIONHOM JBYXIOJIOCHOH CTATOPHOI
00MOTKH. [TycTh MCXOMHBIMU TAHHBIMU JIJI51 TOCTPOEHMS JAaHHOM
0OMOTKM OyIyT CIIEAYIOLIE:

— uucio pas m, = 3;

— YMCJIO Ta30B Z, = 12;

— YUCJIO Map MoJocoB p = 1.

Hasnee, onpeneanM BeJTUYUHY MOJTIOCHOTO NEJIeHMSI:

T, =2 /2p=12/2-1=6n. 1.

Ha ocHOBaHMM 3TUX JaHHBIX BEIOEPEM YKOPOUECHHBII 111ar Ka-
TYLLIKU:

y,=5t/6=56/6=5m 1.

q= 2.3)
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Onpene MM Y1CITO 11a30B Ha TIOJII0C OMHOM (hasbl;
q,=2z,/2p -m = 12/2-1-3= 2 nasa Ha nomoc.
CoenuHeHue a3 — 3Be3na.

Tenepb HapucyeMm pa3BepTKy HWJIMHAPUIESCKON BHYTpEHHEM
ITOBEPXHOCTH CTaTOpa ¢ yKa3aHWeM I1a30B cTatopa (puc. 2.4).
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Puc. 2.4.Cxema Tpexha3Hon OLHOCIONHON
OBYXIIOJIOCHOW CTATOPHOW 0OMOTKU

Iy co3naHust OAHOTO MoJtoca OMHOM (a3bl HYXKHO 3aHSITh 1Ba
naza. [Ipu ogHOCIONHOI 0OMOTKE OfHA aKTMBHAsI CTOPOHA Ka-
TYLIKY 3aiiMeT OJMH Ma3, BTopass — BTOpoil. CTOPOHBI KaTYLIKU
JOJKHBI OTCTOATH OPYT OT Apyra Ha war, y = 5 1.1, T.€., €ClIU
MOJIOKUTh OIHY CTOPOHY KATyLIKHU B Ma3 1, To BTOPYIO CTOPOHY
3TOM KaTyIIKK HY>KHO ITOJIOKUTH B T1a3 6.

Ecnu npomnycTuTh 1o KaTylke NOCTOSIHHbINA TOK /, TO 10 Tpa-
BUWJTY MPaBOro 0ypaBuMKa MOXHO OMPEAEIUTb HallpaBIeHUe Mar-
HUTHOTO MOTOKa. B JaHHOM ciyyae, MarHUTHBIA MOTOK JIeBOM
KaTyIIK/A BXOAUT B IJIOCKOCTh Pa3BepTKU. Takum oOpa3om, 3Ta
KaTylllKa o0pa3yeT 10xKHbIi nojtoc S. J1s1 Toro utodbl 00pa3oBaTh
CEBEPHBIN Mooc N, HY>)KHO YJIOXHUTD elle OAHY KaTYUIKy U CO-
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€IVMHUTh €€ TakK, 4ToObl OHa oOpazoBana mnojtoc N. g 3Toro
OJTHa CTOPOHA BTOPOH (MpaBoit) KaTylUIKM YKJIaablBaeTcs B mas3 7,
a BTOopasi — B 1a3 12 u coenuHsieTcs, Kak MmoKa3zaHo Ha puc. 2.4.
Teneps nenaem MapkupoBKy (asbl: C; — Havyano dasbl, C, — Ko-
Hell hasbl.

Cxema BTOpoIt (ha3bl Takas ke, TOJIbKO Hayasio dha3bl TOJKHO
OBbITb CABUHYTO OTHOCUTEIBHO MepBoit Ha 120 s/eKTpUYecKUX rpa-
JTyCOB:

o, =0, /p=120°/1=120°.

Takum obpaszoM, Uil TOCTPOSHUsT BTOPOii (ha3bl HAO CMe-
CTUTb HayaJIo BTOPO#i (pa3bl Ha 4 1Ma30BbIX NEJIEHUS Y TIOMECTUTD
CTOPOHY IEPBOIA (JIEBOI) KaTylIKK BTOpoil a3kl B Ma3 5, a BTO-
pyI0 CTOpOHY Katyliku — B a3 10. Bropyto (mpaByto) KaTyilky
BTOpOI (ha3bl yKIaabiBaeM B Masbl 11 1 4 cooTBeTCTBEeHHO. BTO-
pyio dasy C,C, Oynem 0603HaYaTh IyHKTUPOM.

Tpetbio pasy C,C, 0003HaYUM LITPUX-ITYHKTUPOM ¥ CMECTUM
OTHOCUTEJIHHO BTOPOIi (hasbl TakxkKe Ha 120 aeKTpUUeCcKuX rpaay-
COB, T.€. TOMECTUM Havyaylo TPeThei KaTyllKY B na3 9, a nanee —
1o aHajoruu. Kpurepuem npaBuIbHOCTU MOCTPOEHUST CXEMBbI SIB-
JISIETCS 3aHSATOCTD BCEX MA30B MJIM, APYITUMM CIIOBAMU, PACIIoJIo-
JKEHUE B KaXKIIOM T1a3y OJHOI CTOPOHBI KaTyLLIKU.

Cxema JByxcioiiHoi Tpexda3Hoii JBYXNOJIIOCHOH CTATOPHOI
00MOTKH. VcxonHble JaHHbIE AJIST TOCTPOSHMSI:

— uucio pas m, = 3;

— YKMCJIO Ma3oB cTaTopa z, = 12;

— YKCJI0 Map MnoJocoB p = 1.

Hasnee, onpeneanM BeJIUYUHY MOJTIOCHOTO NeJIeHMSI:

T, =2,/2p=12/2-1 =6 n. .

BrIGepeM MoITHBII 1I1ar KaTyIIKuy:

y=1=6mn;

q,=z,/2p m =12/2-1-3 =2 nasa Ha noioc asbl.
CoenmuHeHue — 3Be3a.

Tenepb HapucyeM pa3BepTKy LWJIMHAPUIESCKON BHYTpEHHEM
ITOBEPXHOCTH CTaTOpa ¢ yKa3aHWeM I1a30B cTatopa (puc. 2.5).
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Puc. 2.5. Cxema da3ssl TpexhasHon BYXCILONHON
OBYXIIOJIOCHOW CTATOPHOW 0OMOTKU

151 06pa3oBaHusI OAHOTO IMOJI0Ca ONHOM (ha3bl HEOOXOAUMO
pPa3MeCTUTh JIBE MOCJIEeA0BATEIbHO COeAMHEHHbIE KATYIIKU, CMe-
LIEHHbIE B POCTPAHCTBE HA OJHO [1a30BOE JeJIeHUEe, TOTOMY UTO
Kaxkaasi CTOpOHa KaTyIlIKY J0/KHA 3aHUMATh MOJIOBUMHY Ma3a, Tak
KaK 0OMOTKa IBYXCJIOMHas.

IBe npyrue dasbl OyayT TOYHO TAKUMU XK€, HO CABUHYTHI OT-
HocuTenbHO TiepBoii Ha 120 1 Ha 240 31eKTpUYECKUX TPaLyCOB.
[IpaBUIBHOCTB MOCTPOEHUST CXEMbI CTATOPHOI OOMOTKHU XapaKTe-
pU3yeTcs 3aMoTHEHHEM BCEX Ma30B U B KaXKIOM Ma3y JOJKHbI ObITh
JIBE CTOPOHBI IBYX Pa3HbIX KaTyIlIeK.

Cxema TpexdasHoii JBYXCIIOHOI 4eTHIPEXIOIIOCHOI POTOPHOI
00MOTKH. VcxXonHble TaHHbIE I TOCTPOCHUSI:

— uucio pas m, = 3;

— YKCJIO Na30B (pa3Horo poropa z, = 36;

— YUCJIO TMap MoJIoCoB p = 2;

— COeIMHEHMEe — 3Be3/a.

OrnpenenyM YUCIo Na3oB Ha MOI0C OJHOM (a3bl:

q,= 2,/2p -m,=36/2-2-3 = 3 masa Ha IOJIOC.

31ech g, — HEYETHOE YKCIIO, TO3TOMY HE MOXET OBITh peasiu-
30BaHO B BUJIE LIEJIOr0 KOJMYECTBA KaTylIeK B cJlyyae OJHOCIOM -
HOI1 0OMOTKM, MOTOMY YTO OJJHA KaTyllIKa 3aHMMaeT JBa nasa.

Janee, HaliieM YMCIIO ITa30B Ha OIHY Tapy IOII0COB U (azy:
q',=2z,/p m,=36/2-3=6.
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CnenoBateibHO, OJIHA Mapa MOJOCOB OAHOM (ha3bl 1OJKHA ObITh
oOpa3oBaHa TpeMs KaTylukamu. st Toro, 4To0bl JOOOBBIE YaCTH
9TUX KaTylLeK He MepeceKaarch, BbIOepeM Liar Hapy>KHOM KaTyIIK1
¥, = 1 L1, 1ar cpeHei KaTyluku — Y, =T, = 2,/2p =9 n.x,,
BHYTpeHHEeH — y = 7 m.1. Takum 00pa3oM, Karylka ¢ MeHb-
LIMM LLIaroM OyImeT pacrojaraTbCsl BHYTPY KaTyIIKW ¢ OOIbLINM
waroM. Eliie Tpu Takue KaTyliKu J0KHBI 00pa3oBaTh APYTYIO Mapy
MOJIIOCOB 3TOM Xe (ha3bl, MPU 3TOM BCe KaTYIIKU COSAMHEHBI MO-
CJIETOBATENIHO 1 cXeMa OTHOM a3kl oKa3zaHa Ha puc. 2.6. Cxe-
MbI OCTaJIbHBIX (Da3 Takue XKe, TOJNbKO CABUHYTbI OTHOCUTEIBHO
JPYT Ipyra Ha TeOMeTPUYECKUiA yron paBHbIi 120°/ p = 120°/2 = 60°
i Ha 6 m.a. (1 ma = 360°/36 =10°).

2.4. 06MOTOYHDbIN KO3 (PMLUMEHT CTaTOPHON OOMOTKMU

Marnurtonsrxkyiast cuna (MJIC) Bcex 0OMOTOK TiepeMeHHOTO
TOKa, PacoyIOXKEeHHbIX Ha CTaTOpe WM POTOPE AJIEKTPUUECKOM
MalI1HBI, TOJIKHA CO31aBaTh B €€ BO3AYILIHOM 3a30p€e Bpallaroliie-
€Csl MaTHUTHOE 11o1e. /{7151 3T0ro Kaxaast u3 OOMOTOK, NMUTAKOLIA-
SICS1 OT CUHYCOMIAIbHO U3MEHSIIOILEroCsl HaMpPsLKEHUS, JOKHA
umetb M/IC, cuHycouaanbHO pacnpeaeeHHYI0 B MPOCTPaHCTBE,
T.e. MO pacTouyke craTopa. HecoOinromeHue 3TUX YCJIOBUIA, T.e.
MUTaHUE OT HECUHYCOMAATLHOIO HANPSKEHUS I HECUHYCOMIAb-
Hoe pacnpeneneHre M/IC, NpuBOAUT K MOSIBJICHUIO BBICILIMX Tap-
MOHMK B KPUBO#1 pacrpeneaeHusi MarHUTHOIO MOTOKa, YTO BeaeT
K YXyILICHUIO SHepreTuueckrx rnokasaresaeil MaiuuHel. [Tomyye-
Hue abCOJIIOTHO CMHYcouAanbHoro pacnpeaencHus MJIC, Beaen-
CTBUE AUCKPETHOCTH OOMOTOK, MPAaKTUYECKHU HEBO3MOXHO, OfI-
HaKo IJIs1 MPUOJVKEHMST K OTOM 1eJIM MPUMEHSIIOT pa3uyHbIe
Mepbl KOHCTPYKTMBHOTIO XapakTepa.

Koa(duuuent ykopouenuns craropHoii 0oMoTKH. Koapduim-
€HT YKOPOYEHUSI CTATOPHOI OOMOTKM YUUThIBaeT yMeHblleHue DJ1C
u M/IC KaTylku u3-3a yKOpOUeHUsI 1ara.

ITycTtb cTaTtop co3naeT CMHYCOMAIBHO PaCIIPeNeIEHHYIO 10 OK-
PYKHOCTHU BOJIHY MAarHUTHOM MHAYKLIMU B, epeMelaroniyocs ¢
JIMHERHOM CKOPOCTBIO V, U MMyCTh y, < T, (puUc. 2.7).
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Puc. 2.7. BonHa MariuTHOM UHLYKI U B pa3BEPTKE CTATOPA

BHauaje paccMOTpUM KaTyliKy ¢ JUaMeTpPaJbHBIM IIIaroM
¥, = 1,. O0e CTOPOHbI KaTyLUKK HAXOATCS MO aMILTUTYAHBIM 3Ha-
YeHUEM MarHUTHOI nHayKumu B. [1pu repeMeliieHuu BOJIHbI Mar-
HUTHOM MHAYKIIMKA B HUX MHAYKTUPYETCS HAanuOOJIblee 3HAYCHUE
BC. B Butke DJIC cknagpiBarorcst. CymmapHast DJIC Oynet paBHa

YE=E +E, 2.4)

a mo BenuuuHe LE = 2F, ecniu E, = E, = E.

Ecnu mar ykopouyeHHbIi, To MakcuManbHble 3HaueHus1 DJ1C B
CTOpPOHAX KaTYLIKK OYIyT JOCTUraThCsl HE OMHOBPEMEHHO 1 OHU
OymyT CABMHYTHI 1O (Da3e OTHOCUTENIbHO ApYr Apyra (puc. 2.8).
YMeHblieHue cymmapHoit 3J1C B 9TOM ciiydyae MOXHO y4eCThb KO-
3(hOULIMEHTOM YKOPOUEHMSI:

SE 2-E -sin| 21 g
T (y m
K, = = ! =gin| ZL. = |,
YT 2.E 2-E T, 2 (2.5)
2E
(yi/t) /2 E
Y Puc. 2.8. BekTopHas suarpamma 37IC
E B KaTYIIKaX C YKOPOUEHHHIM IarOM
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OT0 KO3 PULMEHT YKOPOUEHUSI AJ1s1 IEPBOi rapMOHUKU Mar-
HUTHOW MHAYKIMU. Bblllle 0TMEYaIOCh, YTO HECUHYCOUAAIBHOE
pacnpenenenre MIC npuBOIUT K MOSIBJICHUIO BBICIIMX FapMO-
HUK B KPMBOI pacIpeaeeHrss MarHUTHOM MHAYKIUHA. [T v-Toi
MPOCTPAHCTBEHHOW TAPMOHUKU MarHUTHON MHAYKIIMU B TIEPUOJIE
TePBOI TApMOHUKH OYIET COAEPXKATLCS V-TIEPUOIOB BBICIIEH rap-
MOHUKH. [ToaTOMY Yyroa Mexay CTopoHaMu KaTyIlIKu OyJIeT yBe-
J4yuBathcsl B v pas. Otcrona Koab@UUUEHT YKOPOUSHMS ISt
N-TOW MTPOCTPAHCTBEHHON rapMOHMKM MarHUTHON MHIYyKIIUA

i r
s 2 (2.6)

Leab ykopoueHus 111ara KaTylKU COCTOUT He TOJIbKO B YMEHb-
LIEHUH pacxojia 0OMOTOYHOIO MPOBOJIA, HO U B YJIyYILIEHUU CIIeK-
tpanbHoro coctaBa BJIC u MJIC cratopHOi1 0OMOTKH.

MoxHo caenath yKopouyeHue 1iara Takoe, yto 31C ot nepoit
TFAPMOHUKU MarHUTHOM MHAYKLUMW YMEHBIIUTCSI HE3HAYUTETbHO,
a OJ1C oT BbICILIEl TAPMOHUKM — 3HAYUTENIbHO UM Aaxke OyaeT
PaBHOW HYJIIO.

K, =sin

MPUMEP. YKopoTuM 1uar KaTywku Ha 1/5t,, rorna y, = (4/5)t,.
OnpenenM K03 GUIMEHT YKOPOUSHMSI ISt TIEPBOI U TISITOM Tap-
MOHUK:

K, =sin N T in da.x =sing-n=sin72°z0,9;
T, 2 51 2 5
s A
K, =sin i -5=sm2n=0

®usnyecku 310 03HavaeT, 4to DA C B CTOpOHAX KATYIIKKA OT
IIEPBOif TADMOHMKM B BUTKE JIEHCTBYIOT COITIACHO, a OT IISITOM rap-
MOHMKM — BCTpeyHo (puc. 2.9).

Koaddunuent pacnpeneneHus cTaTopHoii 00MoTKu. [TycTh 110-

JIIOCHadA rpyIiia o6pa3013aHa TpeMA KaTylIKaMH ¢ A1MaMETpaJIbHbIM
mraromM, CABMHYTBIMM OTHOCUTCJILbHO APYT Apyra Ha 3JICKTpHUYC-
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E,
-0,2
-0,4
-0,6-
-0,84

1

w=@t)5 |
I<—>| T/ 514—
| T |

™

Puc. 2.9. [IpocTpancTBeHHbIE TADMOHUKW MATHUTHOW UHAYKLUN
W HaIlpaBJleHUA 3]C OT IIEPBON U MATOW FAPMOHUK B KaTYLIKe
C YKOPOYEHHbIM LIarOM

cKuit yroi o.. BoiHa MarHuTHON MHAYKLMKU Ha puc. 2.10 He yka-
3aHa.

Katymiku 1, 2, 3 B KaTylle4HO rpyImne coeAMHEHbI MOCIe10-
BatesibHO U DJIC aTUX KaTyllIeK CyMMMPYIOTCS C YUETOM CIABUTA
dbaz; BJIC nepsoit karywku £, Bropoit — E,, TpeTheit — E..
Ecaun Obl KaTyllKu He ObUIM COABUHYTHI O (pase, TO cymMMmapHasi
OACZE=3E, rne £ — D1C Kaxaoi KaTylIKu.

3

—>OC‘OC}¢ —>0€‘0€}¢
T

-t »
- -

Puc. 2.10. Pa3zBepTKa cTaTOpa C IO110CHON IPYIIIION
W3 Tpex KaTylIek C AUaMeTPabHbIM LIaroM

69



D MNEKTPUYECKUE MALLWHbDI

B ciyyae cnBura Katyliiek Ha 3JIEKTPUUYSCKUI YTOJ:

_m-b
T 2.7)
I1e b — paccTosTHUE MEXIIY OCSIMU COCETHUX I1a30B, BEKTOPHAsI
IvarpaMMa MMeeT BUI, T0Ka3aHHBIN Ha puc. 2.11.
KoadduumeHT pacnpeneneHust
CTaTOPHOI OOMOTKM MOXXHO 3aIl-
catb B BUIIE:

_XE
T 3E”
W3 tpeyronsauka OAC crenyer,
YTO

2.8)

AC = OA -sin(g, - 0./2).
W3 tpeyronbHrka OAB MoxXHO
3aMucaTh BbIPAXEHUE:

A AB = OA -sin(a/2),
Puc. 2.11. BexkTopHas
mvarpamma 3/IC montocHoi

Torga KoahUuiMeHT pachpeaee-
HMSI JUIS TIEPBOM TAPMOHMKHU Mar-

TPyIibl HUTHON MHAYKLUK OYIeT:
g o . g o
_SE_ 2.4AC _OA-sm 5 _sm 5
1 = N~ - - )
P 3E 3-2-AB 3‘0A'Sing ql -sin% (2.9)

TIOCKOJIbKY /ISl PACCMATPUBAEMOTO ciyyas ¢, = 3.
J1J1s1 v-TOi TapMOHMKY OH MMEET BHII;

sin 4%

K,=—2

pr . H-0O (2.10)
ql.smi

2
Paccmotpum npumep. BrisicHMM, Ha KaKoli YToJ1 Hy>KHO CIIBU-
HYTb KaTYIIKW, YTOOBI KO3 (GUIIMEHT pacipeneIeHus OT IATOi
rapMOHKKM ObL paseH Hyio (K = 0), T.e.
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V.ql.(x V.ql.a

sin—1L = -0 > =n-)v=5,q1=3—>(x=24°.

KoadduimenT pacnpeneneHus 1is IepBOii rTapMOHUKY ITPU
TaKOM CIIBUTE OYIeT:

sin &% sin3'24O
Ky=—2 - 2 _ i3 44,
i 247 3-sinl2°

sin® 3.5
@ sy 2

Pacrnipenenenue KaTyiek crrocoocTyer ymenbineHno DAC or
BBICIIEN TIPOCTPAHCTBEHHOM TApMOHUKHA MATHUTHOM MHIYKLINN.
Bricimie IPOCTPAaHCTBECHHbLIC TADMOHUKHN MArHUTHOU MHOYKIIUU B
BO3AYLIHOM 3a30p€ O6YCHOBHCHBI JUCKPETHBIM paCIIpCaCICHUEM
CTaTOpHOfI OOMOTKM B Ma3ax.

Koadpunuent ckoca cratopHoii 00MoTKH. CKOC 1a30B BbI-
ITOJIHSICTCST Ha POTOPE MJIM Ha CTaTope Ha OIHO Ia30Boe (3y0110-
Boe) aeneHue. [1ycTh CKOC I1a30B BBIIIOJIHEH Ha CTAaTOpE Ha Yrojl
cKoca y, panuad (puc. 2.12). Pasnennm BbICOTY pa3BEPTKM CTa-
TOpa Ha HEKOTOPOE KOJIMYECTBO PaBHBIX YaCTei, TeIepb CKOIICH-
HYIO YacCTh I1a3a MOXHO B TIpeliesiax OMHOM YacT! 3aMCHUTD BEPTH-
KaJIbHOI YacThIO T1a3a.

B kaxxmoii BepTUKAILHOIM YaCTH HAXOMSATCS IIPOBOIHUKH YCIIOB-
HBIX KaTyIlIeK, CIBMHYTbIE OTHOCUTEIBHO IPYT JIpyra Ha YToJl O.
3HAYMT, CKOC SKBUBAJICHTEH PaCIpeIeICHUIO KaTyIlIeK 1 KO3 hu-
LIMEHT CKOCa IO aHaJOIMU ¢ KO3DMUIIMEHTOM pacIpeaeIeHUst

Puc. 2.12. Cxoc ma3oB CTATOPHOW 06MOTKM
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MOXHO 3amucaThb 1o dhopmye (2.9) B Bune:

sin qlz-oc sin YE“
BT .11)
@Sty

ITOCKOJIBKY YTOJI O MaJI, ¥ MOXEM MCIIOJIb30BaTh (POPMYIY:

o_40_ Y

g, -sin > ===~ (2.12)
st v-Toi TapMOHUKHY KO3((PULIMEHT CKOCA PaBeH:
Sin v '2”ch
chv =
A (2.13)

2
Taxkum 06pa3oM, CKOCOM Ma30B TAKKE MOXKHO BIIMSTh HA YMEHb-
meHue B1C oT BBICIIMX TAPMOHUK MAarHUTHON MHIYKIIUU.
OoMoTouHBI KOI((PHIHEHT CTATOPHOI 00MOTKH. OOGMOTOU-
HbII KOA(DOULKMEHT CTATOPHON OOMOTKU PaBEH:

Ky=K, K, (2.14)

ITockoabKy Kaxablit U3 KOa(GhUIIMEHTOB MEHbIIE eAMHUILBI,
TO ¥ 0OMOTOYHBIH KO3 uuunent K, < 1. Yaiue Bcero on Ha-
xomurca B quanasone K o = 0,707+0,96, npuyem ans aByxdas-
HOH cTaTOpHON OOMOTKHM XapakKTepHa HaMMEHbIlasl BeIMYMHA
K .. O6MOTOUHBIA KOO(DMUUMEHT LI BBHICLIMX FAPMOHUK
K =K, - K, <<1. Bemmunny K B KauecTBe COMHOXUTEJIS B
K , He BBOIAT, TaK KaK KOIJa MarHMUTHOE II0JI€ OPUEHTUPOBAHO
BIOJIb CKOLLIEHHBIX 11a30B, cKoc Ha BeanuuHy DJ1C He BausieT [5].

2.5. MAAC cTaTopHoi 06MOTKM

MaruuToaBIKYImas ciiia (ha3bl CTATOPHOI 00MoTKH. [TycTh (haza
CTaTOPHOI OOMOTKM 00pa3oBaHa OJHOM KaTYILKOM C AMaMeTpalib-
HbIM 11aroM. CTaTop ¥ poTop paszaesieHbl BO3AYLIHBIM 3a30POM &'
ITyctp 1o KaTylIKe NPOTEKAET EPEMEHHbIN TOK ¢ aMILTUTYIOM /|
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X

Hauasio ¢asst Komen dasst

6V

Puc. 2.13. MarantonBwxyan cuna KaTyuku
C IMaMeTpPabHLIM LIaTOM

B yKa3aHHOM HampasjieHuu (puc. 2.13), 4Mcio BUTKOB KaTyIIKU
W _paBHO 4uCITy BUTKOB (hasbl W¢.

Boxkpyr npoBonHMKA ¢ TOKOM BO3HMKAET MarHUTHBII MOTOK,
KOTOPbIIf MOXKHO MOKa3aTh JUHUSIMU MarHUTHOW MHAYKLIMU WIN
HanpsbkeHHOCTH. HanpaieHue TMHUi onpenesieTcs Mo npaBu-
JIy mpaBoro oypaBuyuka. 151 Kaxnoit JMHUKA MOXHO 3amucaTh 3a-
KOH TTOJIHOTO TOKa:

I,W,=H -L+H,-L+H 238 (215

rie L, — juiMHa MarHUTHOM JIMHUY B cTatope, L — B poTope.
HanpskeHHOCTh MATHUTHOTO TI0JISI B CTATOPE paBHA HYJIIO,
TOCKOJIbKY MAarHUTHYIO IIPOHULIAEMOCTD CTaJIM CTATOPa MOXKHO CUM-
TaTh PAaBHOM U = oo
B
_ ¢ _
H, =—=0. (2.16)

M,
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AHAJIOTUYHO U JUIS portopa:

H,=—+=0. (2.17)

Torma 3aK0H MOJHOTO TOKA MOXHO 3aIMcaTh B BUE:

: . 1,W,
I, Wy=2-H -8 > H -3 === L, (2.18)

910 MJIC hasbl, npuxoasiuasicss Ha oguH notoc. s o6-
MOTKH CTaTopa ¢ p MapaMu IOII0COB AaHHast (popMyJia pruoopeTa-
eT BUIL;

H§ =——. (2.19)

W3 dpopmynsl cienyet, uto MJIC Bo3ayliHOro 3a3opa Ha Io-
JIIOCHOM JIeJIeHUU pacripeaesieHa paBHOMEpHO. Bbiienum 13 mpsi-
MoyrosibHoro pacnpeaeneHus M C ee nepByto rapMoHMKy. Tor-
Jla MTHOBeHHOE 3HaYeHue nepBoit rapMmoHuk MIC dasbl A MOX-
HO 3amnucaTh B BUJIE:

fy=F,-cosa-sin(w-1), (2.20)
rae F — aMiumtyaHoe 3HayeHue repBoii rapmonnku MIC dasbr,
COSOL YYUTBIBAET KOCUHYycounanbHoe pacnpeaenenre M/C mo ok-
PYXKHOCTH CTaTOpa; Sinwf — CUMHYCOMIaTbHOE U3MEHEHHE TOKa B
(dasze.

Yuuteisas (2.19) u 1o, uTo amriuTyaa F, epBoi rapMOHUKM
B 4/ pa3 0oJibllie BBICOTHI MPSIMOYToJibHOTO pacripeneneHust MIIC,
MOJIyYrM aMIUIMTYAHOE 3HaueHue nepBoii rapmoHuku MJIC B 00-
1IEM BUIE:

" 2-p n P
=0,9. LW, Ky (2.2)
s p s

rae K, yIUTBIBAaET yKOPOYEHHE LIara KaTylIK1, PacTpee/ieHHIe
KaTyLIKH1; CKOC 11a30B He BiuseT Ha F , Tak kak MJIC, cosnasa-
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eMasi 0OMOTKO#, OpMEeHTUPOBaHAa BJOJIb [1a30B KakK IO HaIrpaBJsi-
owmum [4].

MarHuToABHXKYINAST CHJIA JIBYX-
(asznoii oomMoTKH. B nByx(azHoOM
ACMHXPOHHOM JBMTraTese OOMOTKHU
MPOCTPAHCTBEHHO CABUHYThHI OTHOCH-
TeJbHO ApYT aApyra Ha 90 anekTpuye-
ckux rpaaycoB (puc. 2.14). Toku B
(bazax Takke CABUHYTHI OTHOCUTE b~
HO ApyT Apyra Ha 90 371eKTpUYeCcKux
rpaaycoB. MarHUTOABMIKYIIIAsl CUIa

dazpr A: Puc. 2.14.
f,=F, -sin(w-7)-coso. (2.22) Pacronosxenune 06MoTOK
g dassl B MIAC MOXHO 3aru- B ABYX(hasHom All

catb B BUIIC

f5 =F, -sin(w-7-90°)-cos (o —90°). (2.23)
Torga MJIC nByx ¢a3 Oyzmet paBHa:
fzq; =fat [y =
= F,, sinof - cos o + (sin w7 - cos 90° — cos w7 - sin 90°) x
x(cos o - cos90° + sin ot - sin 90°) = (2.24)

= F, (sinoz - cos o — coswt - sina) = F, - sin (o7 — o).

DTO BbIpaXkeHUE TOBOPUT O TOM, YTO aMILIUTYIHOE 3HAYEHUE
MJIC nByxda3zHoit ooMoTkM paBHO amruntyae MJIC onHoii ¢asbl.
MarHuToaBKyILAsl CUJla pacrpenesieHa B MPOCTPaHCTBE CUHYCO-
HUIALHO Y BPAIIAeTCs C YIJIOBOM CKOPOCTBIO (.

To, uro MJIC Bpalaercsi, MOKHO TTOSICHUTD CIICAYIOLIUM 00-
pasoM. [Ipocneaum mecto HaxoxaeHus: aMmdTyasl MJIC nByx-
(bazHolT 0OMOTKM B pa3iMyHble MOMEHThI BpeMeHHU. ISl 3TOro
noTpedyeM, YToObI 3HAUeHUE wf — oo = /2, Toraa sin(m/2) = 1 u
Sy = F,

C yBeJIMYEHHEM BPEMEHU # IOJKEH YBEJTMUMBATLCS U ITPOCTPaH-
CTBEHHBIH YTOJI ¢, YTOOBI BLIMOJIHSUTMCH MTPUHSITbIE HAMU YCIOBUSI.
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BumHO, 4TO Yroj o MU3BMEHSIETCST IIPOIOPIIMOHAILHO 3JIEKTPUYIEC-
KoMy yriry wt. Torma MOXHO cKa3aTh, YTO 3a TIepUOJ M3MEHEHMUSI
Toka amrriutyna M/IC riepeMecTutcst Ha 27t paamaH.

MarHuTonBIKYIIast CHJIa, Y KOTOPOI CKOPOCTD IEpEeMEILeHUST
U aMIUIUTyIa He M3MEHSIETCs, Ha3bIBaeTCsl KPYroBOM. 3HAYMT,
BEJIMYMHY 0 (BPEMEHHYIO YIJIOBYIO YaCTOTY) MOXHO pacCMaTpH-
BaTh KaK T€OMETPUYECKYIO YIJIOBYIO CKOPOCTb (), TIEPEMELLIEHNMS] IBYX-
aznoit MJIC:

w-t=2n-f -1, f1=%—>m-T=2n%(nl=2n-fl. (2.25)

3a nepuon u3MeHeHus Toka M/IC npoxoauT myThb, paBHbIN JUTH-
He OKPY>KHOCTH, Ha KOTOPOIi pacrosiararoTcsi CraTopHble 0OMOTKH,
obpasyroliue omHy Iapy noaocoB. Eciau cratopHas oOMoTKa OyaeT
HWMETD p-TIap MOJIIOCOB, TO CTATOPHbIE OOMOTKH, 00Pa3yIOLIUe OIHY
rapy noJjrocoB, OyayT 3aHuMath 1/p aAmuHbl okpykHocTH. Torna 3a
nepuon u3MeHeHust Toka MJIC nosepHeTcs Ha 1/p 4yacTb OKpY:KHO-
cTU U yraoBas ckopoctb MIIC Gyaet B p pa3 MeHblie. CrenoBa-
TEJIbHO, BbIpaXKeHME LISl YIJIOBOI CKOPOCTU MTPUOOPETET BUL:

2m- 2,
o = 0 e (2.26)
4 c
1 MJIC aByxdazHoii 0OMOTKU OyIeT:
. [0t
F, =F, .smKT—aj. (2.27)
Yacrora BpaieHuss M/IC HaxoauTest U3 paBeHCTBa
2n- f;  2m-n
p 60
60 - 06
n = —fls R (2.28)
D MUH

MarHuToaBrKymas cuiaa tpexcga3Hoii 0OMOTKH cTaTopa.
B 3TOM ciydae ¢a3bl B IpOCTPaHCTBE M TOKHU B (ha3ax CIBUHYTHI
Ha 120 snekTpuyeckux rpamycoB. [ToatoMmy MoxxHo 3amucats MJIC
KaxJoi (ha3bl B BUIE:
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f,=F, -sinwt-cosa;
fz = F, -sin(wf —120°)- cos (o — 120°);
fe = F, -sin (w7 — 240°) - cos (o — 240°).
Torma M/IC tpexdazHoii 0OMOTKM OyAeT paBHa:
fo=FatTet /e (2.30)

Jayee mponebIBaeM Te e camble orepaini, Kak mis MJC
IByX(Ma3HO 0OMOTKH, 1 TIOJTy4aeM:

(2.29)

3 .
ﬂ¢=5-Fm-sm(wt—a),mgp=l; (2.31)
3 . [ ot
f3¢=§'Fm'5m 7—0( , 1astp > 1. (2.32)
HekoTopbie BHIBO/IBI.

1. [lynbcupytoliyie BO BpeMEHU U CABUHYThIE B TPOCTPAHCTBE
MJC o6pasytot Bpaiuatoinytocst MIC.
2. Ytoosl MJIC ObL1a KpPYroBOi, HY>KHO BBIIIOJHUTb TPU
YCJIOBUSIL:
1) MarHUTOABMKYIIME CUJIbI (a3 TOKHBI ObITh ONMHAKOBBIMU;
2) B npoctpaHcTBe MJIC HOKHBI OBITh CABUHYTHI: IJISI TPEX-
(baznoit ooMoTKM Ha 120, a aist AByx(ha3HOM OOMOTKHU Ha
90 seKTpUYeCKUX rpamycos;

3) Toku B hazax JOJKHBI ObITh CIBUHYTHI COOTBETCTBEHHO Ha
120 1 90 s1eKTpUYeCcKUX IpasyCcoB.

3. Ecnu xoTs1 661 OTHO U3 9TUX YCIOBUI HE BBIMOJHSIETCS, TO
ppauatorasics MJIC OyneT aIMnTUIECKON ¢ UBMEHSIOIIEHCs aM-
TUTUTYI0M Y UBMEHSIOIIENCS YIJIOBOM CKOPOCTBIO.

Ecnu MJIC 1300pa3uTh B BUJe BEKTOpa, TO KOHELl BEKTOpa B
ciydae kpyrosoit MIIC OyaeT onuchiBaTh OKPY>KHOCTb, a B ClTydae
BJUTUNTUYECKON — BJUTUIIC.

Onmuntuueckyto MIIC B TpexdasHbix Al UMeTh HexXeaTeIbHO,
TaK Kak ee YCJIOBHO MOXHO Pa3oXUTh Ha nBe KpyroBbie MIC —
npsamyto 1 obpartHyto. O6paTHoBpauiaoiasicsas MJIC cosnaer (Top-
MO3SIIIIME) TTapa3uTHbIE MOMEHTHI B 3JIEKTPOJBUTATEIE.
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4. Yacrora BpauieHust MJIC ot Harpy3ku He 3aBUCHUT, IIOTOMY
YTO MOMEHTbI HArPy3KU WJIM APYTMe MapaMeTpbl HArpy3Ku B ¢hop-
MYJIy CKOPOCTU HE BXOJISIT:

nl=%,npﬂp=l—>nl=60f50=3000 00 )

MUH

60 -50 00
p=3->mn-= =1000 .
3 MUH
YBenmueHue Ynciia map MojroCcoB MPUBOIUT K YMEHBIICHHIO
ckopoctH BpameHnss MJIC, a yBelInueHre YaCTOThI ITUTAIOIIETO

HaIIpsa2>KEHUA — K YBEJIMYCHUIO CKOPOCTU BpallICHMA.

2.6. MpuHUMN AENCTBUA AaCUHXPOHHOrO ABUraTena

IpuHuumn aeitctBust ALl OCHOBaH Ha ABYX 3aKOHAX AJIEKTPOTEX-
HMKU: 3aKOHE 3JIEKTPOMAarHUTHOM MHIYKIIMY U 3aKOHE 3JIEKTPO-
MaTrHUTHBIX CHJL.

3aKO0H 3JIEKTPOMAarHUTHOM MHIYKIIVH; €CJIA TIPOBOITHMUK ITepe-
MEIIAeTCsT B HAIIPABJICHUH, TTEPIICHINKY/IIPHOM MarHUTHOMY T10-
TOKY, M OCh IIPOBOITHMKA TIEPITCHANKY/ISIPHA HAIIPaBJICHUIO TIepe-
MEIIIEHNST WX ITOTOK IePeMeIaeTCs OTHOCUTENILHO TIPOBOITHUKA,
TO MarHUTHBIC JTUHUHU ITOTOKA IIePeCceKaloT MIPOBOIHMK U B HEM
uHayktupyercs DJ1C:

e,=B-1-v, B, (2.33)

rae B — MarHWTHas MHIYKIMS B MECTE HAXOXKICHUST TIPOBOTHI -
Ka, T, / — akTUBHAsI IJIMHA MPOBOIHMUKA, T.€. [UIMHA ITPOBOJI-
HMKa ITepeCeKaeMOro MarHUTHBIM ITOTOKOM (JUTMHA IPOBOIHUKA,
JIeKAIIero B Ia3y cTaTopa WM pOTOpa), M; v — JIMHEIHast CKO-
POCTB IepeMelleHNS IIPOBOTHMKA OTHOCUTEILHO ITOTOKA MJIH T10-
TOKAa OTHOCHUTEJIHPHO IPOBOITHMKA, M/C.

Harmpasienue nanykrupyemoii 3J1C onpenessieTcs: 1o mpaBu-
JIy TIPaBOi PYKM: MAarHUTHBII MIOTOK B JIAIOHB, OOJIBIION OTOTHY-
TBII TaJIell [TOKAa3bIBaeT HAaIpaBJICHKE ITepeMEIcHHUS IIPOBOIHMKA
OTHOCHTEJIbHO MATHUTHOT'O IIOTOKA, OCTAIbHBIC YeThIPe TajIblia 10-
KkasbiBatoT HamnpasieHue DJ1C (puc. 2.15).
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@ ye—— 1| O @ Q| v

€np @ -V €np @ v @ €np @ €mp

Puc. 2.15. Hanpasnenue uaaykrupyemoii I[C B mpoBopHUKe ITpn
33JlaHHBIX HAIIPaBleHWUAX MarHUTHOTO IIOTOKA X CKOPOCTU

3aKOH 3JICKTPOMATHUTHBIX CHJI; Ha TIPOBOIHUK C TOKOM, HAaX0-
ISIIUICST TIePICHAUKYISIPHO MAarHUTHOMY ITOTOKY, IEHCTBYeT
AJIEKTPOMArHUTHAST CUJIa B HATIPABJICHUH TIEPIICHIUKYJITPHOM Mar-
HHUTHOMY ITOTOKY M OCU IIPOBOTHUKA:

F,=8-1-i, H, (2.34)
rae B — MarauTtHag uHAyKuus, T, / — akTMBHAsK IJIMHA TIPOBOJI-
HMKa, M; { — CHJIa TOKa, A.

HampasieHne cuiibl onpenessieTcs: 1o IpaBily JeBOM PYKH:
MarHUTHBIA ITOTOK B JIaOHb, YEeTHIPE TaJIblia 10 HAIIPaBICHUIO
TOKa, OOJIBIION OTOTHYTHIN Iajiell yKa3bIBaeT HallpaBJieHUe Jeii-
CTBUS CUIBI (puc. 2.16).

Tcp lcp
Fp @i i® Fup

Puc. 2.16. Hanpasnenue cunsl, eNCTBYOWEN HA IIPOBOLAHUK C TOKOM,
IIPY YKa3aHHLIX HAITPaB€HUAX TOKA U MATHUTHOT'O ITOTOKA

HapucyeM KOHCTPYKTHBHYIO CXeMy TpeX(ha3HOr0 aCHHXPOHHO-
ro ABUTATEJIsI ¢ KOPOTKO3aMKHYTBhIM poTopoM (puc. 2.17).

ITo 3akoHy OMa 17151 MAarHUTHOM LIEMY MarHATHBIA TTOTOK MOX-
HO TIPEJICTaBUTD B BUIEe (POPMYJIBL:

F
D, =—,
R (2.35)
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Puc. 2.17.KoHcTpyKTUBHAA cxeMa TpexdasHoro AJl

oTclofa cienyeT, yro eci M C Bpaluatoasicsi, To ¥ MoToK Bpa-
LIAOLLIAACS.

PaccMoTpuM MOMEHT BpeMeHH, KOraa HampaBieHUs] TOKOB
COOTBETCTBYIOT YKa3aHHBIM Ha pUcyHKe (B haze C, — C, — HeT
toka). Hanpapnenue noroka @, Haiinem 10 mpaBujly IpaBoro
OypaBuuKa.

[Tycte potop BHavane HemoOABUXEH, T.e. n, = (. Bpamaro-
IIMHACSA MATHUTHBIMA MOTOK C YaCTOTOM 77, IEPECEKAET TIPOBOIHUKH
CTaTOPHON M POTOPHON OOMOTOK M MHAYKTUpPYeT B HuUx DC.
B cratopHoit o6MoTKe uHaykTupyercs DAC, KoTopas neiicTByeT
MPOTUB U3MEHEHUSI TOKA U TTO3TOMY YMEHbILIAET MOTPeOIsIeMblii
ToK. B potopHoii o6MoTKe uHaykTUpyeTcs DI C, HampaBieHue
KOTOPOIi1 ompenessieTcs o MpaBuy MpaBoii pyKu.
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Mon neiictrem cunyconnanbHoii DJIC e, B poTOpHOI 0OMOT-
K€ HauMHAET IPOTEKATh EPEMEHHBII TOK ,, OTCTAIOLINIA 10 (hase
ot B/IC e, (Tak KaK XapaKTep CONPOTUBJIEHMUS POTOPHOI OOMOTKM
AKTMBHO-MHAYKTUBHbIN). AKTHBHAsI COCTaBJISIIONIAsI 9TOrO TOKa
i, Oyznet coBnaznath 1o (ase ¢ J/IC e,, a peakTUBHAasI COCTABIIAIO-
was orcraeT ot DJIC e, Ha 90°.

ITo 3aKOHY 2/1EKTPOMATHUTHBIX CUJT HA TIPOBOIHUK C TOKOM I, ,
HaXONAIIMIACA B MATHUTHOM TOTOKe @, IeHCTBYET B/IEKTpOMAr-
HuTHast cuna F . Harpae/ieHye 3T0ii CHITbI OMPEesseTcst Mo Mpa-
BUWJTY JIEBO PYKU. DIEKTPOMAarHUTHbIE CUJIbI, IEHCTBYIOIIME HA
MPOBOIHUKM POTOPHOI OOMOTKM, 00YCIOBIMBAIOT dJIEKTpOMAr-
HUTHBII Bpalllalol1Mii MOMEHT B HallpaBJIeHUU BpallleHUsI MATHUT-
HOTO ITOTOKA, B Pe3yJIbTaTe Yero poTop pacKpyunBaeTCsl B CTOPOHY
BPALIEHNs MATHUTHOTO MOTOKA [0 CKOPOCTH 71, < n,. OTCI01a Ha-
3BaHME IBUraTessi — aCUHXPOHHBIM, T.e. HECUHXPOHHBIM.

bes npunoxeHust BHEILIHUX MOMEHTOB CKOPOCTb BpallleHUsI pO-
TOpa HE MOXKET TOCTUYb CKOPOCTH BpallleHWsI MarHUTHOTO MOTO-
Ka. Eciu mpeamnosioxuTh, YTto n, = n,, TO 3TO O3HAYAET, YTO
POTOP M MATHUTHBIA MOTOK BPaLIAIOTCs C ONMHAKOBOK CKOPO-
CTblIO — CUHXpOHHO. ClieqoBaTeIbHO, MATHUTHBII MOTOK He Te-
pemMelaeTcsl OTHOCUTEIbHO MPOBOIHUKOB POTOPHON OOMOTKM, He
uHaykTupyeT B HUX DJIC, T.e. B HUX HET TOKa. A pa3 HeT ToKa,
TO HET U 3JIeKTPOMArHUTHBIX CHJI U Bpallaroliero MomeHta. Yro-
OBbI BCE BTO MOSIBUIIOCH, HY>KHO UTOOBI 7, # 7.

s obecrieuenus Beicokoro KITJI yactoTta BpaleHus1 poTopa
B HOMUHAJIBHOM PeXMMe JIUILb HA HEMHOTO OTJIMYaeTCsl B CTOPO-
HY YMEHBLIEHUS OT /1,. DTO YMEHbIIEHUE OLIEHUBAETCA CKOJIbXKE-
HUEeM S

n-n
S=-12
n (2.36)
CxoJbXeHne — 0e3pa3MepHast BeIMUMHA, paBHast CKOPOCTH
BpaILIEHN MATHUTHOTO ITOTOKA OTHOCUTENILHO POTOPA B JIOJISAX 71,.
HomunanbHoe ckonbxenue S, = 0,02+0,08. ITpuuem msa A

6ounbiroit MmonrHocTn — 0,02, a mrg manoit — 0,08.
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Myers S, = 0,05, orctona n,, = n (1 =S, ) = n 0,95

Ecmu n, = 3000, T0 n, = 2850 06/muH; n, = 1000 — n, =
= 950 06/MuH.

3amaHre HOMUHAJILHOTO CKOJIBXEHUST 00YCIIOBJICHO TEM, YTO C
YBEJIMYECHUEM CKOJIbXKEHMSI, T.€. C YMEHBIICHUEM YacTOTHI Bpa-
LIEHUST POTOpa, YBEJIMUMBACTCSI YaCTOTa BPAIICHUSI MATHUTHOTO
ITOTOKA OTHOCUTEJIEHO POTOPA, YBEIMUMBAIOTCSI YACTOTa MHIYKTH-
pyemoit BJIC B potope u cama DJIC, poTOpHBII1 U TOTPeOsIeMBbli
TOK, MOILIHOCTb ITOTepb B 00MOTKax 1 cHxkaeTcs: KITJ HomMuHamb-
HOTO peXrMa.

ACHMHXPOHHBII IBUTaTe b IIPU HETIOABIKHOM POTOPE TIOTPEO-
JISIET TOK, IpeBhIapIinuii B 5S—10 pa3 TOK HOMUHAJILHOTO pe-
KUMa.

2.7. PotopHble yactoTa, I[IC, conpoTUBNEHUA, TOK

Yactora nnayktupoBaHHoit DIC B 0OMOTKe BpalllalolIerocst
poTOpa paBHa:

fos = 1S, (2.37)

T f, — 4acToTa MUTAKoLIeH CeTH.
HeiictBurensHo, ecimm n, = 0, T0

S =(m —n, )/n1 =1, fos = fi- (2.38)
Ecmu n,=n ,10 §=0, f,,=0.
WMuayxtuposannyto 3J1C Bo BpalliarolLeiicss pOTOpHO 0OMOT-
Ke 1o aHajioruu ¢ TpaHcopmaropHoit DJIC MOXHO 3amucaTh ciie-
JYIOLIMM 00pa3oM:
Ey = 4344'W¢ @Ky - fos =
=444 .- W, - ®-K,,-f,-S=E,-S,

rame @ — MarHUTHBIN TTOTOK Trofioca, a DJ1C HemoIBUKHOTO
poTtopa

(2.39)

E,=4,44. W, © K, - f,. (2.40)

®a3za poTOpHOIT OOMOTKHM 001a1aeT AKTUBHBIM COITPOTHUBIICHMU -
€M 7,, IPUYEM 3TO CONPOTUBIIEHNE, ECIIU TPEHEOPEYb MOBEPXHO-
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CTHBIM 3(peKToM — 3(h(PeKTOM BHITECHEHUSI TOKA K TTIOBEPXHOCTU
MPOBOIHMKA, HE 3aBUCUT OT TOrO, BpallaeTcsl pOTOp MW HET,
T.€. HE 3aBMCHUT OT yacToThl poTopHoil BJIC, ciaemoBaTesbHO,
r, = const.

MHayKTHBHOE COMPOTUBRICHME PaccestHUS (pa3bl BpalLAOLLETrocst
poTopa:

Xpps =g - L, = 21 fos L, = 2n- f, S L,=X,-§, 24])

rie X, — WHIYKTUBHOE CONPOTUBICHHE (hasbl HETOABUXKHOTO
poTopa.
Toraa potopHbIii TOK (ha3bl BpalllaroIerocst poTopa o 3aKOHY
Owma:
Ezs Ez ) Ez
Iys = = ; = : (2.42)
Bt iXps B XS By
s °
B dopmyny Bxoast D/1C ¢das3bl HENMOABUKHOIO pOTOpa U Mapa-
METPHI POTOPHOIA LIETTH, 3aBUCSIIIE OT CKOPOCTH BpallleHUs PO-
TOpa. AKTUBHOE CONPOTUBIIEHUE POTOPA CTAIO PABHO 7,/.S, a MH-
IYKTUBHOE COITPOTHBIICHUE PACCESIHIE HE 3aBUCHUT OT CKOJIbXKCHMSI
S, T.e. OT YaCTOTHI BpallleHUs poropa. OTcioma MOXHO CHe/aTh
BBIBOJ, 4TO

£,

noo.
EZ X, (2.43)
W Bpararoluiicss pOTop MOXHO 3aMEHUTh 9KBUBAJICHTHBIM He-
ITOIBYKHBIM, HO C IPYTMMM ITapaMeTpaMu poTopHoit eru. Cire-
noBaTeIbHO, A/l ¢ 5KBIMBaJICHTHBIM HETIOABIKHBIM POTOPOM MOXK-
HO paccMaTpuBaTh KakK HeKUi TpexdasHblii TpaHcdopmarop,
B KOTOPOM YacTW MarHUTHOM IIeTIM OTAEJICHBI APYT OT APyTa BO3-
IOyIIHBIM 3a30poM U BJ1C MHAYKTUPYETCS HE ITyIbCHPYIOIIIM,
a BpaIaloIIMCsI MATHUTHBIM TIOTOKOM.

To, 4To B MArHUTHOM IIEITM UMEETCST BO3MYIIHBIN 3a30D, TIpH-
BeIeT K YBEJIMUCHMIO HAMarHUUMBAIOIIEH COCTABISIIONIEH U caMo-
o Toka xojocToro xona. C Touku 3peHust nHIyKTupoBaHus D1C
HeT NMPUHINITHATBHON pa3HMIIBI, KAKIM ITOTOKOM OHA MHIYKTH-
pyercsi.

£2
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Takum obpazom, AJl ¢ BpalarolMMCcsl pPOTOPOM MOXHO 3ame-
HUTb HEKUM TpexdaszHbIM TpaHC(HOPMATOPOM U MO aHAJIOIMU C
TpaHc(hOPMATOPOM BTOPUUHYIO 0OMOTKY AJl (POTOPHYI0) MOXHO
MPUBECTH K MEPBUYHON U MPUBENECHHbIE MapaMeTpbl 0003HAYUTh
co wTpuxaMu. [1pruBeaeHHBII POTOPHBII TOK (ha3bl S9KBUBAJICHT-
HOro HenoABuxHoro AJl:

,

’ Ez

= :
§2+ng2

(2.44)

2.8. T-o6pa3Hasa cxemMa 3aMeLieHUA aCMHXPOHHOM
MaWMHbI, AUAarpaMma MOLLHOCTEN

[IpuBeneHe POTOPHOI OOMOTKM K CTATOPHOM OCYIIECTBIISIETCS
110 YKciTy 3(PGhEKTUBHBIX BUTKOB, YMCITY (ha3 1 110 CXeMaM COeIY-
HEHMsI 0OMOTOK, KOTOPBIE YIUTHIBAIOTCSI 0OMOTOUHBIM KO3 hu-
nueHToM. [1pu mpuBeIeHUM MarHUTHBIN ITOTOK MAIIIHBI 1 ITOJI-
Has potopHast M/IC ocrarorcst 6e3 M3MEHEHUIA.

KoadpduumeHt npuseaeHus no 3(p@eKTUBHBIM YUCIaM BUT-
KOB Ha3oBeM Koa(duimentoM npusenenus DIC K

W, K
IKT — 1 061 .
E —W2 K, (2.45)
IMonHas poropHast M C npu nmpuBeneHUU He U3MEHSIETCSI:
my Wy K, - I, =m; - W) - K, - I. (2.46)

Ecm potop KOPOTKO3aMKHYTBII, TO m,= Z,, TA€E Z, — YUCIIO
Ma3oB poTopa.

3a yuca0 BUTKOB (ha3bl KOPOTKO3aMKHYTOI'O poTopa 6epyT Io-
JoBUHY BUTKAa U K, = K_,, €ClI CKOC I1a30B BBIIIOJIHEH Ha PO-
TODpE.

Yurem, 4To NMpuBeNeHHBIE MApaMeTPbl POTOPHOI OOMOTKH paB-
HBbI [TApaMeTpaM CTaTOPHOW OOMOTKM, T.€. m, = m, W', = W,,
K K _, Torna

061
my Wy Ky - Ly =my - W, - K, - 1, (2.47)

' p—y
0062
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OTKyda CJIeayeT, 4YTo

L= D b m WK g g
ml'”/l'KoM K[ ,’12'”/2'1(062
my - WK,

rae K, — Koa(pduUMeHT MpUBeeHNs TOKa.
Hanee 3anuiuem ypaBHeHUst BJIC (a3bl poTOpHOIT 0OMOTKU

Ey=1,-%+ 1 X, (2:49)

YMHOX)aeM 00e YaCTH 3TOro ypaBHEHUS Ha KO3GhOUIIMEHT TPy~
BeaeHust BJIC co 3HaKOM MUHYC

1 r I
-F, - K,=-=2-K, K, 2-=2.K,-K, - jX,. 250
2 Ry K, R K, ARy p2 (2.50)
Ypauenue DI C das3bl poTOpHOIT OOMOTKH B IIPUBEACHHBIX Ma-
pameTpax OyaeT UMETb BUL:

’

’ ’ ¥, ’ R
_E2=_E1=_£2‘§2_£2'JXP2, (2.51)

B KOTOPOM YUTeHO, 4T0 K; K, = K, — K02(h(OUUMEHT TIPUBEIEHNS
conporusieHust u ry, = Kr,, X', = KX ,. 3 (2.51) MoxHo mo-
JIYYUTb MIPUBEICHHBIN POTOPHBII TOK, T.€. hopMyay (2.44).

ITo aHanoruu ¢ TpaHchopMaTopoM s (asbl CTAaTOPHOM 00-
MOTKM YpaBHEHUE PaBHOBECHSI HAIIPSIKEHUSI OyeT UMETh BUJI Bbl-
paxenus (1.13):

U =-E +1, Kt 1 'jXpl- (2.52)

3nech U, — HanpskeHue (asbl CTaTOPHO 00MOTKM; —F, —
npotuBoDJIC; 1, — aKTMBHOE COMPOTHBICHNUE, a X | — MHIYK-
THBHOE COMPOTUBJICHUE paccesiHUS (ha3bl CTATOPHOI OOMOTKMU.

ConpoTuBIEHKE paccestHUsT 00YCIOBICHO MOTOKAMU PACCesTHUST:
(me — ITOTOK paccesiHusI JIOOOBOI YacTH CTaTopa; CI)lDlH — TMOTOK
paccestHUS Ta3a ctaropa; @ — IMOTOK paccestHUs 110 KOPOHAM
3youoB (puc. 2.18).

YpaBHeHMe paBHOBECUST TOKOB TaKOe K€, Kak B TpaHchopmMa-

tope (1.29).

plx3
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q)pln

(bplm

Puc. 2.18. [loToku pacceanuns cratopa

Toraa T-obpa3Hast cxeMa 3amellieHus ¢asbl Al OyaeT BbITIsI-
JeTh, KaK MoKa3aHo Ha puc. 2.19.

B cxeme 3amenienust X ;2 00YCJIOBJIEHO aHAJIOTUYHBIMU Mar-
HUTHBIMU MTOTOKaMH PacCestHusl pOTOPa, KaK M y CTaTopa; 7\ —
COMPOTUBJIEHUE peocTaTa 1S pazHoro poropa. OHO He sIBJISIETCS
Harpyskoil anast acuHxpoHHoro asuratens. Harpyskoit ans Al
SIBJISICTCSI MOMEHT COIIPOTMBIICHUSI, TPUJIOKEHHBIA K BaJly IBUTA-
Tesl.

<
~—_
9%
———n
L —

Puc. 2.19. T-o6pasHasn cxeMa 3amelenus hasst AJ]
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SHeprI/IH — OTO €CTb MHTETPAJI 10 BDpEMEHN OT MOLIIHOCTMU:
t
w = | pdt, (2.53)
0

II03TOMY, TOBOPsI 00 SHEPreTUYECKOM TuarpaMme, Jydiie TOBO-
PUTB O TUarpaMMe MOIITHOCTEH, TaK KaK MOIIIHOCTh XapaKTepr3yeT
npeo0pa3oBaHUe SHEPIMH B SIMHUILY BPEMEHH.

Ha puc. 2.20 npuBeneHa sHepreTyeckast AuarpaMMa MOIIHO-
cTeid, rae P, — aKkTUBHAs 3JIEKTPUYECKAs MOLIHOCTD, TIONBOIM-

Mast K AJI;

P=m-U -1 -cosg,. (2.549)
P, — MOLIHOCTb NOTEPH B 0OMOTKAX CTaTOPA:
P,=m 1. (2.55)

Pc1 — MOIIIHOCTDb MMOTEPL B CTAJIM CTATOPA.

P,
/ . 5 Pos2 AP,
A
A —
A
Pl P3M PMx P2
A \ 4 \ 4 A

Puc. 2.20. [lnarpamMma MmownocTrent Al

MarnuTtHast MHIyKIMs B 3y0liax cTaTopa U B LIWJIMHAPUYECKON
4acTu (sIpMe CTaTopa) HEOAMHAKOBa, TI0O3TOMY MOIIIHOCTh IIOTEPh
B CTaJIM /ISl KAXKIOM YaCTH BBIMUCIISTIOTCS OTICIIBHO 110 (hopmyJie
(1.53), XKaKk Ip¥ BBIYMCICHUN MOILIIHOCTD ITOTEPh B CTAJIM TPAHC-
dopmaTopa, 1 CyMMUPYIOTCSI:

P, =P

c3l

+ P

cal*

(2.56)
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OcrTaBlLascss MOUTHOCTb — 3TO QJICKTpOMAardHuTHasdA, akTUBHasA
MOIIHOCTb, KOTOpad nepeaacTcsa B pOToOp

Py=R-Fa-F

» 2.57)
1 BbIICJIACTCA Ha aKTUBHOM COIIPOTHUBJIICHUMN pOTOpHOfI YaCTU CXe-

MbI 3aMCIICHMA, ITIOTOMY MOXKHO 3alIiCaTh:

oM

P, . =m-E;-I,-cosy,, (2.58)

rae y, — yron Mexay £ u I, . Torna
P, =m-E; I, (2.59)
DTO aKTHMBHAs COCTABJISIIOILAS IPUBEAECHHOTO POTOPHOTO TOKA.

Otkyna
P . =m-E' I, (2.60)

T.€C. QJICKTPOMAarHuTHasA MOIIHOCTDL OIIPEACIACTCA HE BCEM POTOP-
HBIM TOKOM, a TOJIbKO €0 aKTUBHOM COCTaBJISIIOLLICH.
SJIGKTpOMaFHI/ITHYIO MOIIHOCTb MO2KHO €11I€ 3alIMCaTh B BUIC:

P o=m I % (2.61)

AKTUBHOE COMPOTUBIICHUE POTOPHOI YaCTU CXEMbI 3aMELLICHUS
MOXHO pa3feJUTh Ha IBa COMPOTUBIEHMS, OMHO U3 KOTOPBIX HE
OyJeT 3aBMCETb OT CKOPOCTU BpallleHUsl, TPEICTaBUB €TI0 B BUIIE:

r/ p—
B % . (2.62)

MollHOCTb, Bblie/IsieMasi Ha AKTUBHOM COMPOTUBIIEHUH OOMOT-
KM poTopa, Oymet

P,=m -1 F, (2.63)
TOIJIa MOJIHAS MEXaHMYECKAs MOLLIHOCTE Oy/IeT paBHa:
P =P, P, (2.64)

IMoncraBnss B (2.64) Beipakenus (2.1) u (2.63), moaydnm:

, I', /7 ’ /! 4 l_S
PMX=ml'122'§2_m1'122'r2=m1'I22"‘2'(T)' (265)
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Takum 0O6pa3oM, BTOpoe ciaraeMoe B ypaBHeHNM (2.62) Tipen-
CTaBJIsSIET COOO aKTUBHOE COIPOTUBIIEHME, XapaKTepu3ylolliee
MEXaHMYECKYI0 MOIIHOCTb AJl, T.e. Harpy3Ky Ha Baiy.

MolHoCTh Ha Bajy:

P =P, ~AP

MX )

(2.66)

rae AP — MOLIHOCTb MEXaHUYECKKX MOTEPh (HA TPEHUE B TIO/-
LIMITHUKAX, Ha TPeHUE Bpalllalollerocsi poropa O BO3IYX).
Bce nmotepu HarpeBaroT 3J1eKTPUYECKYIO MAIlIMHY M MOIITHOCTh Ha
Bajly P, OrpaHM4YMBaeTCs AOMYCTUMOM TEMIIEPATYPOil CTATOPHOIA
OOMOTKHU.

OIIeKTPOMArHUTHBIN BPALIAIOLII MOMEHT PaBeH:

M =P3M= P')M =P'3M‘p
M w 2n-f 2m-f
1
p

Taxkum o6pa3oM, yBeJuUEHME YMCIIa fap MoJa0COoB p MPUBOAUT
K YBEJIMUYEHUIO BpallalOILIEr0 MOMEHTA NP TOM K& MOLLIHOCTH.
MowmeHT Ha Bany AJl, T.e. TOJE3HBII MOMEHT, OyAET paBeH:

M,=M, - M, (2.68)

rae M, — xapakTepusyeT MOMEHT CONpoTUBIeHMsT AJl.
C npyroii CTOpoHbl, MOMEHT Ha Bajy AJl MOXHO 3amucarb B
BUIIE:

(2.67)

P
_ 2 _
M, ==, w,=m (1-S5). (2.69)
g
MOU.[HOCTB IIOTEPb B CTAJIM pOTOPa 00BIYHO HE PacCUnUTLIBACT-
cs1, MOTOMY 4TO YacToTa poTopHoii DJIC B HOMMHAIBHOM PeKMe

Majia:
-fé = fi : Sucp' (270)

[TosTOoMYy B CXeMe 3aMELLEHNUA 7, YIUTBIBAET MOLIHOCTD IIOTEPh
TOJIBKO B CTAJIM CTaTOpAa.

KoadduiireHT 1mosie3Horo NeiiCTBUs aCHHXPOHHOTO IBUTAaTe-
JIST paBeH:
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n=p 2.71)

rae P, — MexaHuuecKast MOLIHOCTb Ha Banty A, a P, — anekrpu-
YyecKast MOLIIHOCTb, ITOTpebJisieMast ABurateieM. Belpa3uM Tenephb
ANIEKTPOMATHUTHYIO 1 MEXaHUYECKYIO MOLITHOCTHU Yepe3 3JIEKTPO-
MarHuTHbIA Bpawatomuii MomeHT M. . CormacHo dopmynam
(2.65), (2.69) momyunm

})'JM =M3M.H‘I1’ P =M3M.Hl2’ (272)

MX

TI€e o, ¥ 0, — YIJIOBbIE CKOPOCTH BPALLEHNSA MATHUTHOTO TI0JIS U
potopa. Torma MOIIHOCTb MOTEPh B POTOPHOI OGMOTKE B COOTBET-
ctBuu ¢ (2.64) n (2.72) Oyner:

])062 :])'BM_PMX :Mjm'(I‘ul_H'[Z):

M. m [w M. w5,
B
W3 31001 hopMyibl, yuuThiBas (2.72), MOJYyYUM BbIpaxkKeHME
IUIST CKOJTBKEHUST:

2.73)

P, P,
S owmT P (2.74)

oM

Tenepsb B hopmyne aist KITI (2.71) yMHOXUM YUCIUTENb U
3HaMeHaTeJlb Ha 3JIEKTPOMarHUTHYIO MOLIHOCTD P, :

A BB (R A )
n= 1)1 - ])IRM - P P _nl nZ’ (275)

1 oM
rae n, — KIII craropa; n, — KII poropa. Paccmorpum KII1
potopa. I3 nnarpaMMbl MOLITHOCTEN MOXKHO 3aIMCaTh:

_ b _ P, -Fy-AR

R e (2.76)

oM oM
Ecnmu nmpeHeOpeub MeXaHUIECKUMU TTOTEpSIMU AP, 1 y4eCTh
MX
(2.74), 10

RM_PZ_ Poz_
n2=P—m°"’—1—P—i—1—S- (2.77)
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Cnenoarenbio, oommit KIIA n < n, < (1 — 5), Te. ma
6otee Beicokoro KIT/I HeoOxommmo, yToObl AJl MMes KaK MOKHO
MEHbIIIee CKONbKEHUE.

2.9. MexaHuyecKasa xapaKTepuUCTUKA
U pexumbl paéotbl AJl

MexaHnJecKast XapaKTepUCTHKa — 3TO 3aBUCIMOCTb MOMEHTA
Ha Bay M, OT CKOJIbXeHUs S TIPH 3KCIIEPMMEHTAIEHOM MCCIIEN0-
BaHUU WM 3aBUCHMOCTD 3JIEKTPOMAarHUTHOI'O MOMEHTA OT CKOJIb-
xenus M (.S) Ipu TEOPETUYECKOM aHAJIU3E.

[TombITaeMcst IOTYIUTh XapaKTEPUCTUKY 3JICKTPOMAarHUTHOTO
MOMEHTA OT CKOJIbXeHuss M, (S). DTy 3aBUCMMOCTD TOJIyYUM B
MPEIIIOI0KEHUH, UTO TIOIePEYHasT BETBh CXeMBbI 3aMEILCHHUS OT-
cyrcTByeT. Torna u3 cxeMbl 3aMeICHUST CIICIYeT:

U,

N2 '
\/(r1 +r§) +(X, +X1;2)2

IMoncrasnss B hopmyny (2.67) mist 31eKTPOMarHUTHOTO MO-
MeHTa BeIpaxkeHus (2.61) u (2.78), moIyduM UCKOMYIO 3aBUCH-
moctb M (.S):

l=1= (2.78)

m Uzrl/
_ s How o (2.79)
M 2pfi }"2/ 2 , R )
) (rl +S) +(Xp1+Xp2)

ITpu § — 0 3HavyeHue r’/.S BENIUKO, TOrAA APYTUMU YIEHAMU
YpaBHEHUSI B KBaIPaTHBIX CKOOKaX MOXHO IIpeHeOpeYb 1 (hopMyIia
VITPOILACTCST:

) 1
y :p'ml'Ul'§:p~m]~U12'S
M r, 2 2n.f.r' ’ (280)
2n'ﬂ'(§j 1 2
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DT0 ypaBHEHME MPSMOI JTUHUU, TIPOXOISIIC yepe3 Haqyaio
KOOpAMHAT.

Ecmu §'— 1, T0 3HaueHue ),/ Maio 1 UM MOXHO B 3HAMeHa-
Telie TIpeHeOpeyb, Toraa GopMysia IpuodpeTaeT CIIeMYIOIIMIA BUI:

7/

ml-U12~r§2
M = =
Mo2m- f 2 ,\2
A6y (e x|

) 2n.f1.[(rl)z+()(pl+)(;2)2]s'

A 310 ypaBHeHUe TuIep6obl. [Ipsmyro 1 rumepoory MOXHO
paccMaTpUBaTh KaK aCUMIITOTHI, K KOTOPBIM CTPEMMTCST MEXaHH -
yeckasl XxapakTtepuctuka (puc. 2.21).

Pexum
I'eneparopHbiii JBuraTenbHblii 5JIEKTPOMArHUTHOTO
e :
pexKUM M., A pexuM TOpMO3a
!+ ’ ’ ’
r’2+r'p1 2T, rp2>rp1
M Y, m\/\ X A
c P A =
}'/ \\ AMHZ
/, Ai{>—4
M, 4CL~ _ AT | ¥
2 o
1 § ny Mr(l 4
-1 0fs, s s, 1 s
D

Puc. 2.21. MexaHnyeckan xapakrepuctuka AJ]
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ITpu §= 1 n,= 0, Torna >71€KTPOMarHUTHBI MOMEHT M, Tipu
HEMOIBMKHOM POTOPE MOXHO Ha3BaTh ITyCKOBBIM MOMEHTOM M.
MaxkcuManbHbIiA 3J€KTPOMArHUTHBIA MOMEHT M| Ha3bIBaeTCs
KPUTHYECKMM MOMEHTOM M, 8 COOTBETCTBYIOLLEE EMY CKOJIbXKE-
HHE — KPUTHYECKUM CKOJIbXEHUEM S .

ITycts K BaTy NPUIOXKEH MOMEHT CONPOTUBIEHMs M = const.
Torma AM, — 5TO M30BITOYHBIA ITyCKOBO MOMEHT, IO H€M-
CTBUEM KOTOPOTO MPOMCXOIUT PACKPYTKa pOTOpa U3 TOUKHU A ye-
pe3 Touky B B Touky C. B Touke C aBurareib OyaeT AIUTEIbHO
paboTath, pasBuBas HOMUHaNbHbIA MOMeHT M = M . Homu-
HAJILHOMY MOMEHTY COOTBETCTBYET HOMUHAIBHOE CKOJILKEHUE ., .
Kak BMIHO U3 MEXaHMYECKOM XapaKTEPUCTUKM S, > S, OOBIYHO
S =0,08+0,25.

YacTh MEXaHUUECKOMN XapakTepuCcTUKu DB Ha3bIBaeTCs yCTOM-
YUBOM YaCThIO MEXaHMYECKOU XapaKTepUCTUKU. J1J1s1 Hee BBIOJI-
HSIeTCS1 YCJIOBUE:

M
2.
o (2.82)

ITokaxem a3to. I1ycTh MoOA neiiCTBEEM BO3POCIIIEIO0 MOMEHTa
COMPOTHUBJIEHMSI CKOPOCTh BpallleHUsT pOTOpa yMeHbluaack. Cre-
JOBaTEeJIbHO, CKOJIBKEHME YBEIMUUTCS, M paboyasi TOUKa OKaXKeT-
cs1 TIpaBee UCXOMHOM (Touka C’ Ha MeXaHMYeCKOI XapaKTePUCTHU -
ke). Eciu BHelltHee BO3AEMCTBYE MCUE3HET, TO MO JCHCTBUEM
YBEJIMYECHHOTO BPAIIAIOIIIEro MOMEHTA POTOP YBEIMUYMT YacTOTY Bpa-
IICHKS, CKOJIbXXEHUE YMEHBIIIMTCS ¥ IIPOU30MICT ITePeXoll CHOBA
B Touky C.

Yuactok AB sABIsIETCS HEYCTOMUMBBIM YYaCTKOM MeXaHHWUe-
CKOI XapaKTEePMCTUKM, JIJIsI HETO BBITIOJTHSIETCS YCJIOBHE:

-y, (2.83)
ds
Ecimm 101, Z[efICTBI/IeM BHCUIHECTO BO3I[6171CTBI/IH pa6oqa${ TOYKa
oKa3aj1aCb MpaBeC TOUYKM B, TO Bpa]l[aIOH_[I/Iﬁ MOMCHT YMCHbIINUTCA
n HpOPI?:OﬁI[CT HaBHHOO6pa3HBIfI cI1aa CKOpoCTUu 10 TMOJHOU OCTa-
HOBKU ABUTATEJIA.
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[IpuBeneHHbIE BBIIIIE TOSICHEHMSI YCTOMYMBOCTU M HEYCTOMUM -
BOCTH paboThl A/l CIpaBeUTMBHI 1T HATPy3KK, UMEIOIIei HyIe-
BOI MJI OTPUIIATEIBHBII HAKJIIOH MEXaHUIECKOI XapaKTepPUCTH -
k1. B ob1iem ciryyae ctaTudeckast yCTOMUMBOCTD OIPeaesIsieTCst
HE TOJIbKO MEeXaHMUYECKOI XapakTeprucThKoi AJl, HO 1 MeXaHU4JeC-

o . dM,, dM,
KOIT XapaKTepUCTUKOMN Harpy3Ku U UMEET BUJI; s > s [5].

BennumHa KpUTHMYECKOTO CKOJIbXEHUS .S yBETMYMBAETCH C PO-
CTOM aKTMBHOI'O CONPOTUBJIEHMs POTOPHOM uenu . Ee MoXHO
nonyyuts u3 dM_ /dS = 0:

’

S, = b
J+ (X, + X))
_ B (2.84)
Jit+ (X + XL,)

Ecmu mist pasHoro portopa mojy4eHHOE BbIpakeHHE M S
MOJICTABUTh B (DOPMYIY IS QIEKTPOMAarHUTHOTO MOMeHTa M,
TO CONPOTUBJIEHHE 7y COKPATUTCS Y MONYYEHHBIA KPUTUYECKUIA
MOMEHT He OYIET 3aBUCETh OT 7, IO3TOMY C BBEJIECHUEM PEOCTaTa
r' B Lenb (asHOro poTopa 3HauyeHue M, He U3MEHAETC
(puc. 2.21).

M3 nyHKTUPHOI MeXaHUYECKOUN XapaKTepUCTUKU BUIHO, YTO
BBEJICHME PeocTaTa CMEILAeT MEXaHMUYECKYIO XapaKTepUCTUKY B CTO-
POHY OYJIBIIUX CKOJIbXXEHUI U MPU 3TOM YBEIUYMBAET MTYCKOBOM
MomeHT M (M > M ). BBeneHue TOMONTHUTENLHOIO COPOTUB-
JIEHUS B LIeMb POTOpa, €CTECTBEHHO, YMEHbIIIAeT POTOPHBIN TOK
U, CJIeOBaTeIbHO, BeCh IMOTPEOIsIeMblil TOK IBUTATENs, TaK Kak

,
1; =,+,E—2 - 1, =1, _Iz-
nth X, (2.83)

p

r+r —

duznyeckn YBCJIMYCHUE ITYCKOBOI'O MOMEHTa MOXKHO 00BsIC-
HUTDH CICAYIOIINM o6pa30M. C BBelIeHUEM p€ocTaTta TOK poTOopa
YMEHbIIACTCA, HO €0 aKTUBHAasA COCTaBJIAIOIIAA N3-3a YMCHDBIIIC-
Hust yria \, yBEJIMIMBaACTCs, a Bpamalomnﬁ MOMCECHT OIPEACIIACT-
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Cs1 aKTUBHOM COCTaBJISIIOLIC pOTOPHOrO TOKA. DTO BUAHO U3 3a-
BUCUMOCTHU:
X’
gy, = — 2= Il y, 5T 1, = 1] -cosy,. (2.86)
2 n p

Ecau conpoTuBieHue peocrata CIMLIIKOM 00JIbIIOE, TO MPO-
M30MJeT yMEHbIIEHUE aKTUBHOMN COCTaBJISIIONICH POTOPHOrO TOKA
U TIYCKOBOI MOMEHT YMEHBILUTCS, P 9TOM 3HaYEHUE KPUTH-
YECKOTO CKOJIbXEHUs S OyaeT Oonblie eanHuibl (S > 1).

JJ1s1 acMHXPOHHBIX IBUTaTesieil, HallpuMep cepuu SA, KpaT-
HOCTb MYCKOBOTO MOMEHTa K HOMHWHAJIbHOMY COCTaBJs-
erK, =M /M, =2-2,5, aoTHolIeHue MAKCUMATLHOTO MOMEH-
Ta K HOMUHAJIbHOMY, T.e. Meperpy3ouyHasl CliocOOHOCTb —
K,=M/ /M, =2,5-3.

I1Ipu HopManbHOI paboTe AJl 1 U3MEHSIIOIIEICS Harpy3Ke pado-
yas Touka C OyneT nepeMeliaThesl o ycroiturmBomy yyactky OB, Bo
BpeMsI Uero OyneT U3MEHSIThCS TOK, MoTpedsieMblit AL mpy yMeHb-
LIEHUU YACTOThI BpalLIEHUsI OH BO3PACTaeT, U TEIUIOBOM peXXUM IBU-
ratesist yXyalaeTcsl, a C pOCTOM YacTOThl BpallleHUs — Ha00OpOT.

Pexxum pabotel AJl B nuanasoHe ckoybxeHuit 0 < §< 1 —
aBuratenbHbiid. [Tpu § > 1 — pexxum 3J1eKTPOMarHUTHOIO TOP-
Mo3a, ipu S < 0 — reHepaTopHbI pexkuM.

Ha puc. 2.22 ycn1oBHO U300paXkeHbl BCe PEKUMBI.

JIBUraTensHbIi Pexum I'enepatopHsbIit
pexUM 3JIEKTPOMAarHUTHOTO PeXHM
TOpMO3a

D)
)

0<S<1 S>1 §<0

Puc. 2.22. HanpaBnexnua BpaeHnaA MarHUTHOT'O IIOTOKA CTATOPa,
BpalLeHUA POTOPA U 3N1€KTPOMArinTHOr0 MoMeHTa AJ]
IIPU PA3NUYHBIX PEXUMaX PAbOTH
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B pexxuMe 351eKTpOMarHuTHOTO TOPMO3a 3JIEKTPOMArHUTHBIH
MOMEHT M NeiCTByeT IPOTUB BPALIEHUs POTOpA /,, TOTOMY
MOJTyJaeTcst TopMoxKeHue. JJaHHbBIN peskuM MOXET MMETh MECTO,
KOTJa BpallleH!e poTopa o IeHCTBUEM BHEIITHETO Harpy30YHOTO
MOMEHTA ITPOVCXOANT B CTOPOHY, OOPAaTHYIO BPAIlIEHUIO MAaTHHT-
HOTO MOTOKA. PesXM TopMO3a BOZHMKAET TaK3Ke TTPY M3MEHEHUN
HanpaBJIeHUsl BpallleH1sI MarHUTHOTO ToJIst (peBepce).

I'eHepaTOPHEI pesKM MOXET BOSHUKHYTh, €CJTN TTOJI ACCTBH-
€M BHELITHET0 MOMEHTA CKOPOCTh BpallleH!ST POTOpa ITPEBBICUT CKO-
POCTB BpallleH!s] MarHUTHOTO TOTOKA. Toraa 1mo mpaBUITy ITpaBoii
pyku n3meHsietcst Harpasienrie D C 1, COOTBETCTBEHHO, TOKA B
poTope, N3MeHSIETCS HallpaBJIeHHe JIEKTPOMAarHUTHOTO MOMEHTA
M 3TOT MOMEHT CTaHOBUTCSI TOPMO3HBIM. [1py 3TOM ABUTATETh
OTIaeT B CETh aKTUBHYIO SHEPTHIO, Oeps N3 CETM HAMarHMYMBaio-
IIYI0 COCTABIISIONIYIO TOKA JUTS CO3JTaHUST MAarHUTHOTO ITOTOKA.
Taxkoi1 pexkriM Ha3bIBaeTCs PEXXMMOM TeHePaTOPHOTO TOPMOXKEHUST
C BO3BpAaTOM 3HEPTUU B ceThb. [ eHepaTOPHBIN peskMM BO3ZHUKAET
TaKKe B CITydae CHIKEHMH YaCTOTHI TTUTAOLIETO HATIPSTKEHMS TIPU
YaCTOTHOM YIIpaBIIeHNH. [IBUTaTeIbHBIN PeXXUM ¢ 00eX CTOPOH
OTpaHNYEH TOPMO3HBIMH PEKMMaMU, YTO IITUPOKO MCITONTE3yeTCS
B TTOIbeMHO-TPAHCIIOPTHOM O0OPYIOBAHUH.

PexxriM HEOIBIKHOTO POTOpA YaCTO HA3KIBAIOT PEXKMMOM «KO-
POTKOTO 3aMBIKaHHsI». TepMIH «KOPOTKOE 3aMBbIKaHME» TTPONCXO-
JIUT M3 aHAJIOTMIH PESKMMY KOPOTKOTO 3aMBIKaHUsI TpaHC(HOpPMATO-
pa, IIOCKOJIBKY B 3TOM peXXMMe CONPOTUBIICHNE Harpy3K1 Ha BaJIy

1-S ,(n_ ., 1-5 ,

5 hls~ n+ 5 I, | B cxeme 3ameltieHus AJl obpaiiaer-
s B HYJTb ¥ CXeMBI 3aMellieHns Tpancopmaropa 1 AJl ctaHOBSTCS
OIMHAKOBBIMMU.

2.10. Myck, peBepc, paboune xapakrepuctuku Al

IMpu mycke Al motpebisieT Gonbiioi Tok (5+10)7 . B MoMeHT
ITyCKa pOTOP HEeMOABIZKeH. MarHUTHBII IIOTOK BPalllaeTCsl OTHO-
CUTEJILHO POTOPA CO CKOPOCTHIO 7,, T.€. ObICTPO. COorIacHO ypas-
HeHu1o (2.39) B porope uHaykTupyetcs oonbias SC, cienosa-
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TEJIbHO, ITPOTEKAaeT OOJIBIIION POTOPHBIIM TOK, U IBUTATe b TIOTPEO-
JigeT 00JIbIIO0I TOK U3 ceTH (2.85). B HEKOTOPHIX clyyasix CeTh He
BBIIEPKMBACT OOJIbIIME ITYCKOBBIE TOKU. JIJIsT orpaHUIeHMSI ITyC-
KOBOI'O TOKa IIPUMEHSTIOT CJICIYIOIIIE CITOCOOBI ITyCKa C TIOMOIIIBIO;
a) aBToTpaHchopmaTopa (puc. 2.23);
0) peakTopoB, BKIIOUEHHBIX TocIenoBareibHO ¢ AJl (mpocce-
) (puc. 2.24);
B) IEPEKIIIOUEHUS C TPEYTOJbHIKA Ha 3BE31Y;
I') IIyCKOBOI'O peocTaTa, BKJI0YaeMOTO B IIeTb (ha3HOIO po-
TOpAa;
1) C IIOMOIIIBIO YCTPOICTB IIABHOTO PEryIMPOBAHMSI YaCTOTHI
IMUATAIOIIETO HATIPSDKCHMS.

A B C A B C
K AL
KA
Puc. 2.23. Cxema nycka AJ] Puc.2.24. Cxema mmycka AJ]
C TIOMO11bIO C IIOMO1bI0 ipoccenen
aBTOTpaHchopMaTopa

Crioco0bl a), 0), B) COOTBETCTBYIOT YMEHBILICHUIO HAMPSIKe-
HMS TUTaHUS, TOJABAeMOT0 Ha ABUraTes b Mpu mycke. OCHOBHOI
HEJ0CTAaTOK 9THUX CIMOCOO0B — 3TO YMEHbIIIEHUE TYCKOBOTO MO-
MEHTa, KOTOPbII MPONOpLIMOHANIEH KBaApaTy HampskeHus. Tax,
€CIIM YMCHBIINTh HanpsbkeHue nuTanus Ha 30%, TO MycKOBOIM
MOMEHT YMeHbBIINTCS Ha 51%.

Haunyuimii cnoco6 mycka — 3To ¢rnoco0 m).
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4 B c PeBepc — 210 U3MeHeHUe HallpaB-
JieHus BpalieHus1 potopa. st peBep-
ca HY>KHO U3MEHMTh HarpaBJIeHHe Bpa-
LIEHMsI MAarHUTHOTO MOTOKA cTaTtopa, a
JUIst 5TOT0 B Tpexda3Hbix AJl HeoOXo-
JIMMO U3MEHUTDb YepeoBaHue a3 ceTu
Ha KJiemmax asurateist (puc. 2.25).

PaGoune xapakTepUCTUKM — 3TO
3aBUCUMOCTH [, n,, M2, m, Cos @, OT
P, (puc. 2.26).

Puc.2.24. Cxema mycka
AJl c momowmbio gpoccenen

COSQuy My Moy 12y Dy

ny
M,
cosQ,;

1

L

\

0
Puc. 2.26. Paboune xapakrepuctuku AJl

KommenTapwmii.

3aBUCUMOCTb 71,(P,) XeCTKas, CKOPOCTb YMEHbBIIAETCA OYEHb
MaJjio. DTo 00yCIOBIEHO TEM, YTO PAbOUYMIl YyIaCTOK MeXaHUYe-
ckoit xapaktepuctuku OB oueHb KpyToii (puc. 2.27), MO3TOMY C
YBEIMYEHUEM MOMeHTa M,, a CliefoBaTeIbHO, U MOIHOCTH Ha
Bajly P, CKOJNbXEHHE M3MEHSETCA O4YeHb Mano: oT S 10 S,
(puc. 2.27).

B pexume xonocroro xona, koraa P, = 0, morpedsieMblii TOK
1, = I, — 3710 TOK X0J10cTOr0 X01a. OH UIET Ha MOKPBITHE 1O~
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Tepb B OOMOTKAX, B CTAJIM M HA CO-  , p,,
3JaHMe Bpalalouero MOMEHTa,
MPEeOoI0JIeBAIOIIEr0O MOMEHT TPEHMS B
B MOALIMITHAKAX U TPEHUS O BO3AYX.
3aBUCUMOCTb COS @, UIET HE C
HYJIs1, TIOTOMY 4TO T-00pa3Has cxe-
Ma 3aMEIICHNS CONEPXKHT aKTUBHBIE ‘ %
U UHAYKTUBHBIE CONTPOTUBJICHUS, a T >
P S Si 1 S
cos @, = ==, (2.86) Puc. 2.27. lIpenenst
e WU3MEHeHUA CKoNbKeHus Al
Zoa =V + X (2.87)
rae r, ., X, 2, — 9KBUBAJIECHTHBIE CONPOTUBJIEHUSI CXEMBI 3a-

MELLICHUS.

3aBUCUMOCTb MOMEHTA M, OT P, OYTH JIMHEHHAS, TOTOMY YTO
n,, KaK yxe TOBOPUIOCH BBILLIE, OT P, U3MEHSETCs OYEHb MAJIo,
CJIEIOBATENBHO /1), @ 3HAUUT U 0, B opmyJie (2.69) MOXHO cun-
TaTh IOYTU const.

Ha xonocrom xomy P, # 0, Tak KaK ABUraresib oTpedIsieT SHep-
ruio, a P, = 0, 1.e. KII/l Takxe paBeH HyJIIO B COOTBETCTBUM C
(2.71). Takum obpasom, 3aBucumoctb KII/I ot P, HaunHaeTcs ¢
HyJII U C POCTOM MOIIHOCTA Ha Bajly JHOCTUIaeT MakKCUMyMa,
a nipu panbHeimem pocre P, KI1 ymeHbluaeTcs npu 6ojiee CIib-
HOM BO3pacTaHUM TOKA M MOLHOCTH IOTePh B 0OMOTKaX P , 410
BUIHO M3 BhIpaxeHuit (2.76) u (2.77).

2.11. PerynupoBaHue 4actoTbl BpaleHuUA
TpexdasHoro Al

Ecmu mocMoTpeTh Ha (hopMyJTy YaCTOTHI BpallleHHsI MATHUTHO-
Io MOTOKa (2.28), TO BUIHO, YTO YACTOTY /2, MOXHO PETYJIMPOBATH
M3MEHEHUEM p — TIap IMOJIIOCOB U f, — YaCTOThI MUTAIOLIETO HA-
TIPSDKEHUSI.

Ecnmu mocMotpeTs Ha hopMyTy 3J1IeKTPOMarHUTHOIO MOMEH-
Ta M (2.79), T0, OY4EBMIHO, YTO BPALIAIOIIANA MOMEHT M,
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CIIeIOBaTeIbHO, YaCTOTY BPaIlleHHsI POTOPa MOXHO PeryIMpOBaTh
NpY M3MEHEHUH HaNpsDKeHUs utanus U, 1 BKIIIOYEHNH peocTara
B IIeTIb (ha3HOTO POTOpA.

1) PerynmipoBaHue 4acTOTHI BpallleHMsT pOTOpa IIPY M3MEHEHU
Iap IoJII0CoB. Mi3MeHeHMe yuciia map ILTIOCOB p CTaTOPHOM 00-
MOTKH MOXHO OCYILIECTBIISITh TIPY U3MEHEHHMH CXEMbI COSTUHCHMSI
TTOJTIOCHBIX TPYITI KaTyIlleK. PaccMOTpyM 1St IprMepa TOJIBKO OTHY
(azy, cocrosiyto U3 IByX Karyiiek (puc. 2.28).

Puc. 2.28. YBenuuenve uncna montocos AJl myrem
W3MeHEHUA CXeMbl COEJUHEHUA KaTyLIeK

IIpu napayielbHOM COeIMHEHUU KaTylluek (asza qaeT onHy rnapy
nosocoB (p = 1), a Npu MOCIeA0BAaTEIbHOM COSAMHEHUU Y KaXK-
J01 (ha3bl MoJIyvaeTcsl ABe Mmaphbl MOJOCOB (p = 2).

ITpOMBIIIEHHOCTBIO BBIITYCKAIOTCS IBYX-, TPEX- U YeThIPEX-
cKopocTHble Al ¢ COOTBETCTBYIOLLIEH KOMMYTalel (pa3HbIX KaTy-
1IeK, HaITpuMep, YeTbIpeXcKopocTHhIe AJ/l: SAM250M12/8/6/4,
5A200M12/8/6/4. B mudtoBbix AJl B ma3bl cTaTopa YKJIagbiBa-
10TCS IBE OTAEIbHbIE TPpeX(hazHble OOMOTKH C Pa3HbIM YKCJIOM I1ap
rosrocoB p. Hanpumep, ogHa ¢ p = 6, apyras ¢ p = 24. O6MoTt-
Ka ¢ p = 6 Ha3pIBaeTCS OOMOTKOI OOJBIION CKOPOCTH, C p = 24 —
0OMOTKOI MaJIOif CKOPOCTH.

PaGoraet nudToBoil aBurarens ciaeayroiuM obdpazom. [Ipu
HaXaTUM B KaOMHE KHOIIKHU MpHKa3a BKIOYAETCsl 0OMOTKA 60J1b-
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LLIO CKOPOCTH, U ¢ TIOMOLLBIO JIEOeIKM KaO1HA MepeMelaeTcs Ha
TpeOyeMblii 3Tax ¢ 00JIbIION cKopocThio. [Tpu moaxoae K HyKHO-
My 3TaXy 3TaXHbI MepeKII0UaTeb BHIKIIIOYACT 0OMOTKY OOJIBIION
CKOPOCTHU 1 BKJIIOYAET OOMOTKY MaJioii CKOPOCTH. JIBUTaTe/Ib BXO-
JUT B peKUM reHepaTOpHOro TopMokeHusl. [IporcxoauT MHTeH-
CHUBHOE TOPMOKEHUE IBUTATeIsl, IBUTATEIb HA MaJIOll CKOPOCTU
MOAXOJIUT K 3TaXy, U 0OMOTKa MaJIOii CKOPOCTH BBIKJIHOUAETCS.

2) PeryaupoBaHue 4aCcTOThI BpallleHUsI poTopa IMpU U3MEHEHUU
YaCTOThI MUTAIOLLIETO HAMPSIKEHMSL.

M3BecTHO, 4TO

U ~E =44W, K, f o (2.89)

J1J1s1 TOTO, YTOOBI ITPY M3MEHEHUH YaCTOThl MATHUTHBIM TTOTOK
IBUTATEJIsI OCTaBaJICsl HEM3MEHHBIM, HY>KHO OJTHOBPEMEHHO C Ya-
CTOTOII U3MEHSITh HAaNPsDKEeHMe MMUTaHKs Tak, 4To0bl U, / f; = const.
YBenmueHre MarHUTHOTO TIOTOKA IPUBOIUT K YBEIMICHUIO HACHI-
IICHUST MATHUTHOM 16T ¥ HAMarHMYMBAIOIIETO TOKA, a yMEHb-
IIICHKE ITOTOKA — K YMEHBILICHUIO TIePErpy30YHOI CITOCOOHOCTH 1
YBEJIMUEHUU TOKA POTOpA.

0O0603HaYMM KPAaTHOCTb PETYJIMPOBaHMS YacCTOTHl 4e-
pe3o, = fi/f,, a KpaTHOCTb PeryJupoBaHUs HAMPSIKCHUS Ye-
pesa, =U,/U,,, Torna hpopmyna a1eKTpOMarHUTHOTO MOMEHTA
(2.79) npeobpaszyeTcs K BULY:

m; Uy, - o, %
M = )
oM 27]:'}(;“ '(Xf r/ 2 ) (290)
Y |"Ts (X 0y)

e X, =X, +X ;)2 — WHAYKTUBHOE CONPOTUBIIEHNE PaCCesTHUSI
KOPOTKOTO 3aMbIKaHHsI TP HOMUHAIBHOM YacToTe f,, .

Ecmu U,/ f; = const, 10 0, = o, u Beipaxenue (2.90) mpeo6-
pasyeTcs K BULY: ,
p-m U, "0 %2
M, = ; L)

2
2p- £, ("1 +r§) +( Xy ty)
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Toraa dhopmyna st KpUTHIECKOTO CKOJIBXKEHUST OYIIeT:

’

h
rlz + (pr ‘a, )2 (2.91)

W3 dopmynbl (2.91) ciaenyer, 4TO NpU YMEHbIIEHUU YacTo-
Thl, T.€. O, , OPAMHATBI MEXaHUYECKOM XapaKTePUCTUKH, BKIIIO-
yasg KpUTUYECKUI U MYyCKOBOH MOMEHTBI, YMEHbIIAIOTCS (IIpU
a, =0, M =0), a KpUTUYECKOE CKOILKEHNE BO3PACTAET, IO3TO-
MY MEXaHMYECKH1e XapaKTepUCTUKU OYTyT COOTBETCTBOBATD pHUC. 2.29.

ITpy yacToTE MUTAKOILETO HATIPSKEHUS f; CKOPOCTh BPAILIEHMST
poTtopa cornacHo Gopmyite (2.36) Oyzer:

no=n-1-85), (2.93)

S:

K

a IIpM yactoTe f, < f, :
no=n-(1-5,)<n,. (2.94)
MBM y

>
S
-
np ni 0 no

Puc. 2.29. Mexanunueckne xapakTepuctuku AJl ipu usmMmeHeHun
YaCTOTHI ITUTANOLETO HATIPSAIKEHUA

st peryaMpoBaHMs YaCTOThI TPUMEHSIIOT 3JIeKTPOMAIIMHHbIE
U BJIEKTPOHHBIE TTpeoOpa3oBaTev YacToThl. K aneKkTpoMallinH-
HBIM TTpeo0pa3oBaTe/IsIM MOXXHO OTHECTH, HallpuMep, peodpa-
soBaresn Tiuia TAI-TTIT-AIT-CI' wmu TAO-TTIT-AITT-AITY,
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rae TAJI — mpuBoaHO# Tpexda3HbIii aCUHXPOHHBIN IBUTaTeb C
KOPOTK03aMKHYTbIM poTopoM; ['TIT — reHepaTop MOCTOSIHHOTO
toka; II1T — pBuratenb nmoctrossHHOro Toka; CI' — CUHXpOHHBI
reHeparop; AITY — acuHXpoHHBII ITpeoOpa3oBaTe/ib YACTOTHI HA
0ase Tpex(a3HOro aCMHXPOHHOTO ABUTATENS C (Pa3HBIM POTOPOM.
B 0boux ciyyasix yactora HanpsKeHUsl peryaupyercs U3MEHEHU -
eM ckopocTu BpaueHus JAI1T, a BeanunHa HanpsKeHUs! B Tep-
BOM Mpeodpa3oBaresie peryaupyeTcss i3BMEHEHUEM TOKa BO30YyK/ie-
Hus CI, a Bo BTOpOM — U3MEHEHUEM HAaMpsDKeHUsI cTaTopa C
MOMOLIbIO Tpexda3zHoro aBToTpaHchopMaTopa.

DneKTpoMalllMHHbIE TTpeodpa3oBaTev MO3BOJISIIOT OCYILECTB-
JISITh TJIAaBHOE PEryIMpOBaHUE CKOPOCTHU BpallleHUsI ACUHXPOHHOTO
JBUTraTesIs B JOCTATOYHO IIMPOKUX MpeesiaxX, OIHAKO BCIIOMOra-
TeJIbHbIE MAlLLMHBI TTOBHILIAIOT CTOMMOCTD ITpeobpazoBaters. I1o-
3TOMY MX 1LieJIecO00pa3HO MPUMEHSITh TOJIBKO ISl TPUBOIA MOIII-
HBIX ITPOU3BOJACTBEHHBIX MEXaHU3MOB.

B Hacrosiiiee Bpemst IIMPOKOE MPUMEHEHME HAXOISIT DJICKT-
POHHBIE TIpeoOpa3oBaTesid YacTOThl HA OCHOBE MHBEPTOPOB CO
CTPYKTYPHOI cxeMoii, moka3zaHHOI Ha puc. 2.30.

Ui U =var
~eo— VB » U
Jiw Y 1
BYB |= » bBYU

Bb3C

Puc. 2.30. CTpyKTypHas cxeMa 371eKTPOHHOTO
npeobpa3oBaTess YacTOThI:
VB- ynpaBnsemuint BuinpaMutens; 1 — nuseptop; BYBuBYU —
67101 YIIPaBJIEHUA BHIIIPAMUTETIEM U uHBEpPTOPOM; B3C — 610K
3aZlaHus CKOPOCTU
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IIpeobpazoBatesib COCTOUT 13 IBYX CUJIOBBIX 3JieMeHTOB YB 1 U.
Ha Bxom YB momaetcs TpexdaszHoe HamNpsiXKeHUE CETHU
(U,, n f,, — HOMUHaJbHBIE HAIIPsDKEHUE U yacToTa). C BbIXOzIa
YB nocrosiHHOE peryaupyeMoe HarpsbkeHue MoaaeTcsl Ha MHBEP-
Top U, KoTOphIii peodpasyeT ero B TpexdazHoe HaIpsiKeHue pe-
TyJIMPYEMOii aMITIMTYbI M yacToThl. CHcTeMa YIpaBJIeHUs] COCTOUT
n3 o6noxkoB BYB, bBYU, B3C.

BrixonHas yacToTa peryampyercs B IIMPOKUX Mpeaeax u ornpe-
JieNisieTcsl YaCTOTOM KOMMYTallMKM CUJIOBBIX DJIEMEHTOB MHBEPTO-
pa W, koTopas 3agaeTcs 0;10KoM yrpasiaeHus nHBeptopoM bYN.
B cxeme — pazaenbHOE peryjJMpoBaHUe aMILTUTYIbl U 4aCTOThI
BBIXOIHOTO Tpex(ha3HOro HampsiKeHusl, YTO MO3BOJISIET 3aAaTh C
nomottbio BY U tpedyemoe cootHotenune U, / f, Ha kiiemmax TAJL.

Takolt mpeoOpazoBatesib MO3BOJISIET PErYIMPOBATH YACTOTY BBEPX
W BHU3 OT le , mmeeT Beicokuii KIT/I (oxkomo 0,96), BeIcOKOE
ObICTpOACICTBUE, HaleXKeH U OeclIyMeH B paboTe (OTCYTCTBYIOT
CKOJIb3SI11I1€ KOHTAKThI).

CoBpeMeHHbIE CTAHAAPTHBIE PETYISITOPbI YACTOTHI TS MAILIMH
MOILHOCTbBIO OT AecsiTkoB BT no 1200 kBt (Hanmpumep Simovert)
CTPOSITCS Ha OCHOBE MHBEPTOPOB C TpaH3ucTopHbIMU IGBT kitto-
yamu. TUprCTOpHbBIE MPeodpazoBaTeii B COBPEMEHHBIX IPUBOAAX
HCIIOMB3YIOT TOJBKO ISl IPMBOJOB HU3KOI'O 1 CPEIHEro KauecTna
OYeHb OOJIBIIONH MOLIHOCTH.

3) PeryaupoBaHue 4acTOThI BpallleHUsI pOTOpa MPpU U3MEHe-
HUU HAMPSDKEHUsT TATaHUSI.

ITpn smMeHeHMN HANpPsDKeHUs U, U3MEHSETCs BpallaKOIIUii
MOMEHT. Jlnana3oH peryJiupoBaHus OUeHb Y3KMii, TaK Kak padbo-
YUt yYaCTOK MEXaHUYECKOI XapaKTepUCTUKU KECTKMIA, a CUJIbHO
YMEHbIIATh HAMPSIKeHUE MMUTAHMST HENb3s1, TOCKOJIbKY ITPU 9TOM
3HAYUTEJIBbHO YMEHbIIAeTCsl TyCKOBOI MOMeHT (puc. 2.31). Ya-
CTOTa BpaILlEHWsST poTOpa corsiacHo dopmyite (2.36) Iyt cirydaes,
MpeACTaBIeHHbIX Ha puc. 2.31 Oyner:

n=n(l1-S)>n =n(1-5). (2.95)

4) PerynmupoBaHue 4aCTOTHI BpallleHUST pOTOpa BBEIEHUEM pe-
ocTara B Lienb (azHoro poropa (puc. 2.32).
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M,, A
Ui
0,9 U,
Puc. 2.31. MexaHnueckue
M XapaKTepucTuku AJl
¢ g IIPU U3MEHEHUU HaTIPSKEHUA
" » [INTAHUA
S Sk S
MaM A
' '+
Puc. 2.32. Mexanuueckue
xapakrepuctuku AJl mpu M.
BBEJIEHWUM PEOCTATa B llellb S’y _
dasmoro poropa R S S VS
H K

Cnoco0 A0CTaTOYHO MPOCTOM, IMPOKO MPUMEHSIETCS, HO 10-
cryneH Tonbko 11t Al ¢ ¢asHbiM potopoMm (), < n,)). HaubGoree
MePCHeKTUBHBII CIIOCOO PeryIMpoBaHMs YaCTOThI BpalLLEHUsT PO-
TOpa — 3TO CMOCO0 2) — U3MEHEHMEM YacTOThI MUTAIOLLETO Ha-
npstkeHus. Ero npeumyiiecTBa — IIMPOKUI AUMATIA30H PEryiu-
poBaHus, Beicokuii KIT/I, Tak Kak HET MOTepb B PEryJIMPYIOLLIUX
peocTarax.

2.12. OpHotasHble Al

ITyckoBoii MomenT. [1ycTh Ha cTaTope pacnosnoxeHa onHodas-
Hast 0OMOTKa B BUJE OMHOM KaTylku. [1py MoaKItoueHnu ee K ceTu
MepeMEeHHOro ToKa OHa OyaeT co3aaBarh myabcupyolnyio MIAC,
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KOTOPYIO YCJIOBHO MOXKHO Pa3JIOXKUTh Ha JIBE BpalllaloIyecs B pa3-
HBIC CTOPOHBI C OTMHAKOBOM YIJIOBOM CKOPOCTBIO ¥ OMMHAKOBOI
amruntygoir MJAC (puc. 2.33).

IlycTth B (hasze mporekaeT MaKCUMAIBHBIN TOK (aMILTUTYIHOE
sHayenue /) (puc. 2.33, a). Hampasnenune MIIC onpenenum
10 MpaBuIly MpaBoro oypaBuuka. 3ty MJIC MOXHO, KaK yXe ro-
BOPMJIOCH BHIIIIE, TIPeICTaBUTh U3 AByX M/IC:

fu= 14 S
£1=0,51,,
11:1,,, 11=0:51m
) ®
a £i=0 6
) D =0

B

Puc. 2.33. Pasnoxenne nynscupytomein MJIC Ha aBe cocTaBnsiommne

IMycte Tenepb TOK Oyzmer pasen 0,5/ (puc. 2.33, 6). Torna
MJIC Gyzer B 1Ba pasa MeHblle, T.€. /= 0,5/, . Ee Takxe MOXHO
MpeacTaBuTh B Buae 1ByX MIC, ckiianbiBaeMBbIX 110 ITpaBUITY Ta-
pajuiesorpamMmma.
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Ecmu Tok paBeH Hymo, to f= 0, 1.e. f, =f '+ /"=0— MIC
HarpaBJieHbl B IPOTUBOIONIOXHbBIE CTOPOHHI (puc. 2.33, 8).

Takum obpazom, f " — 310 MJIC npsimoro 1mosisi, oOHa Bpalia-
eTcsl B IpsiMOM HampaBiieHuu, a f "— MJIC obpaTHoro noJsi, oHa
BpalaeTcs B IPOTUBOIIOIOXHYIO CTOPOHY.

Kaxnas n3 atrx MJ1C co3maet Bpalllalolniicss MAarHUTHBIH T10-
ToK. OHM MHAYKTUPYIOT B POTOPHOI 0OMOTKe TOKU. B3anmoneii-
CTBME MarHUTHOTO ITOTOKA CO CBOMM POTOPHBIM TOKOM CO3/1aeT
MEXaHMUYECKYIO XapaKTePUCTHKY.

W3 puc. 2.34 BUOHO, UYTO pe3yNbTUPYIOLIAsS MeXaHUYecKasl
XapaKTepUCTHKa ITPOXOIUT Yyepe3 TOUKY S = 1 U, cllenoBaTesIbHO,
ITyCKOBOI MOMeHT onHoda3Horo A/l paBeH Hymo. Ho eciu pac-
KPYTHUTB POTOP B KaKyl0-T100 CTOPOHY, TO Cpa3y MOSIBIISIETCS MO-
MeHT M, # 0, u nBuratesib OyIeT paCKpy4MBATLCS B 3Ty CTOPOHY
JI0 CKOPOCTH, Koraa M, 1 MOMEHT CONpPOTUBIeHUs M_ cpaBHs-
1orcst. B 9T0i1 Touke HOMMHAIBLHOTO pexkuMa ogHO(a3HbIN 1B -
raTeJIb MOXET JJIUTENIbHO paboTaTh.

Moy g
M,y
Moy,
T SR
2|/ S 1 0 Sup
M5y

Puc. 2.34. MexaHunueckne xapakTepucTuky, cospasaemsie MJIC
MIPSIMOTO U 06PATHOTO IOJA, Y UX Pe3YbTUPYIolas
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Buano, yto pabouuit yuactok ogHodazHoro AJl He TpoXoauT
yepe3 Touky S = 0 1 YTO OH pacrojioxKeH MpaBee dToi TOUKU. DTO
O3HAyaeT, YTO B HOMUHATbHOM pexume onHodaszHblil Al nmeer
OGJIBLIYIO BEJIMYMHY CKOJIbKEHUsI, yeM TpexdasHbiit Al u, cie-
JOBaTeIbHO, OOMBIIMI POTOPHBIN TOK, OOJBLINIA TOK MOTpebdIe-
HUsI, OOJIBIITYIO MOIITHOCT OTeph B 00MOTKaxX ¥ MeHbLMiA KIT/I.
[Ipu oarMHaKOBBIX rabaprTax HOMUHAIbHASI MOLTHOCTb OMHO(MA3-
HOTO ABUTATENIsl cCOCTaBisieT He 6omee 50—60% oT HOMMHAILHOI
MOIIIHOCTH Tpex(azHoro nBUrates.

Cxema BKmouenus oaunodasznoro AJl. PackpyuyumBaTh poTop
BPYYHYIO HEyTOOHO, MOATOMY Ha CTaTope pacroJjaralor aBe 00-
MOTKHU: padouyto 00MoTKy (PO) 1 myckoByto oomotKy (I10).

PaGouast 0OMOTKa 3aHMMaeT 2/ 5 T1a30B CTATOPA, MyCKOBAst —
1/ 5 Ma3oB. [1yckoBast 0OMOTKa BBIMOJIHSIETCsI Gosiee TOHKUM I1pO-
BOJOM, CIBMHYTA [0 OKPYKHOCTU CTaTOpa OTHOCUTEIbHO pado-
yeit 00MOTKM Ha 90 31eKTPUUYECKMX IPAAyCOB U MOAKII0YAETCs K
CETU MEepEeMEeHHOro TokKa yepe3 (a3ocABUTAIOLIMIA 2JIEMEHT: pe-
3UCTOP, MHAYKTUBHOCTb, KOHAeHCAaTOP. COOTBETCTBEHHO U Of1-
Hoda3Hblii A/l Ha3bIBaeTCsl ¢ MYyCKOBBIM COMPOTUBICHUEM
MHAYKTUBHOCTBIO U ITyCKOBBIM KOHJAEHCATOPOM. DJIeKTpUUecKast
cxeMa MMeeT BU, TMpeacTaBleHHbIM Ha puc. 2.35, roe B —
LIEHTPOOEXKHBIIN BBIKIIOUATEb (WJIM APYTOi BBIKIIOYATE b, TUMA
pene). [TyckoByto 0OMOTKY MOXKHO Takzke BKJIIOYaTh (OTKIIIOYATh)

~U '

PO

LB

]

110

Puc. 2.35. Inekrpuveckas cxema ogHodastoro AJf
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BPYYHYIO KHOIIKOI. Takoii cItoco0 Imycka XapaKTepeH, HalpumMep,
IUTST 3JIEKTPOMHCTPYMEHTA.

B GonbIIMHCTBE CiTydaeB st IyCKa IPUMEHSIeTCSl KOHIEHCa-
top. [1yckoBast 0OMOTKa TP JOCTYKEHUHU OITPEIEIEHHOM CKOPO-
CTH, WJIM OTIPEeeICHHOTO TOKA, MJIU IIPY UCTCUSHUU HEKOTOPOTO
BpeMeHU OTKIItouaeTcs. [lajee nBUratelib paboTaeT KaK YMCTO OJi-
HodaszHblit. OgHoda3Hbie Al HaXOASAT LIMPOKOE MPUMEHEHNE B
OBITOBOI TEXHUKE: XOJIOAUIbHUKAX, CTUPATbHBIX MALIMHAX U T.1.

Ha puc. 2.36 mpencraBieHa MeXxaHUYECKasl XapaKTepUCTUKA
onHodazHoro A/l ¢ IMyCKOBBIM KOHIEHCATOPOM.

B
M3M A
2
A
1
D C
MH \
0 S, 1 S

Puc. 2.36. MexaHunveckas xapakTepucruka ogHodastoro AJl ¢
IIYCKOBbIM KOHZLEHCATOPOM

ITyckoBast 06MOTKa pabOTaeT TOJNIBKO BO BpeMsI ITycKa, T.e. KO-
POTKOE BpeMsl, TOATOMY B Hell JOMYCKaIOT OOJIbIINE MIOTHOCTU
TOKa.

Bo Bpems mmycka nBe 0OMOTKM CO3IAI0T ITyJIbCUPYIOIINE Mar-
HUTHBIE TTIOTOKH, CABMHYTbIC B MPOCTPAHCTBE U BO BPEMEHU 3a
cueT (a30CABUTAIOIINX DJIEMEHTOB, a 3TO SBISIETCS YCJIOBUEM 00-
pa3oBaHMSI Bpalllalolllerocss MAarHUTHOTO rmotoka. [ToatoMy myc-
KOBOII MOMEHT CTAHOBUTCSI HE paBHBIM HYJIIO U POTOP HaYMHAET
Pa3roHATHCS MO MEXaHMYEeCKON XapaKTepUCTUKe 2 OT TOUKU A 10
Toukd B. B Touke B 1IeHTPOOEXKHBIN BHIKJIIOYATEIb BBIKIIOUAET
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CBOI1 KOHTAKT IMOJ AeHCTBUEM LIEHTPOOEXKHOTO YCUIUS OT CKOPO-
CTU BpallleHUsI ¥ POMCXOAUT MEPEX0l HA MEXaHUYECKYIO XapaKTe-
puctuky /. B touke C A/l paboTaeT kak uucTo ogHodasHbIil A,
pa3sBUBas HOMUHAJILHbIN 3JIEKTPOMATHUTHBIA MOMEHT M, HOMU-
HAJIbHOE CKOJILXKEHUE S, .

Konnencaropupiii AIl. DT0 ABUTaTE/b, y KOTOPOrO MMEIOTCS
JBe 0OMOTKM, 3aHMMalOLLKe 10 MOJOBUHE Ma30B cTaTopa, B ya-
CTHOM CJIyyae COBEpPILEHHO OAMHaKOBbIe. OMHA U3 HUX MOAKIIO-
YyaeTcsl K CeTH 4Yepe3 MOCTOSTHHO BKJIIOYEHHbBI KOHAEHCATop
(puc. 2.37). KonneHcaTop pacCUMTHIBAIOT TAKUM 00pa3oM, 4To-
OBl B HOMUHAJIBHOM PEXXMMe B TOUKe [ BpalllaroIIniicss MarHUT-
HBII TTOTOK OBLT KpyroBbIM (puc. 2.36). BugHo, uro B Touke D
HOMMHAJIbHOE CKOJIbKEHUE MEHbIIIE, MTOTPEOISIeMbIil TOK TaKXe
MEHblIIe, CJIe0BATeIbHO, MEHbIIIE MOIIHOCTb MOTEPh U BHILIE
KIIA, yem y urcto onHobazHOro nBuratesisi, KoaphuuueHT MolI-
HOCTM BBMIY HAJIMYMS KOHAEHcCATOpa JdaXe BhIlle, YeM y TpeX-
(basHbIX nBUraTeNeit paBHOM MOLIHOCTU. Y KOHIeHCAaTOpHOro Al
B HOMUHaIbHOM pexxuMe MJIC o6o1nx 0OMOTOK OIMHAKOBbIE, HO
CIBMHYTHI BO BpeMeHU Ha 90 3/1IeKTpUUeCKUX rpaaycoB.

ITycth omHa 13 0OMOTOK OymeT 0OMOTKOM B, Apyrasi, BKItoJa-
eMas yepe3 KoHaeHcaTop, — oOMoTKoi A. Toraa BekTopHasi -

Puc. 2.37. dneKkTpuueckas cxeMa 1 BeKTOpHas AnarpamMmma
KoHpeHcaTopHOTro AJl
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arpaMma TOKOB U HalpsDKeHMI KoHIeHcaTopHoro AJl mMeeT BuI,
MpeAcTaBiIeHHbI Ha puc. 2.37.

YcioBue 06pa3oBaHMs KpyroBOro IOTOKaA (IIPOCTPAHCTBEHHO
0OMOTKM CABUMHYTHI Ha 90 2JIeKTPUUECKUX I'PATYCOB):

J1y 'WB 'Ku63 =1, 'WA 'KosA- (2-96)

BekropHas nmarpamma moctpoeHa mig cnydas W, = W,
I,=1, K = K, 7.e. ciy4yast COBEPIICHHO OMHAKOBBIX OOMO-
TOK, 1 @, t ¢, = 90°.

W3 BeKTOpHOI AuarpaMMbl BUITHO, UTO JUISI YKa3aHHBIX yCII0-
BUI moTpebsieMblit TOK / coBnamaeT no (ase ¢ HampsLkeHUeM
00MOTKHM U, NI HANPSKEHUEM CETU. DTO O3HAYAET, YTO KOH-
JeHcaTOpHbIN AJl 1151 CeTH MpeacTaBisieT COO0M YUCTO aKTUBHYIO
Harpy3ky. Takum o6pazom, KO3 (GUIIMEHT MOLIHOCTU cosp = 1,
u aHepretruueckuit KIT/, paBHbI 1'COSQ, SABISIETCS 1OCTATOYHO
BBICOKUM.

KonneHcatopHblit ALl HAXOAUT LLIMPOKOE MPUMEHEHHE KaK UC-
MOJIHUTEIbHBII ABUTATEb 111 OAHO(hA3HOM LIeMH.

J1s1 yaydieHus yCKOBBIX CBOMCTB ogHO(Ma3HOro AJl ¢ KOH-
JEHCATOPOM NapauiesIbHO paboyeit eMKOCTH Ha BPeMsl IMyCcKa MOX-
HO MOAKJII0YATH ITyCKOBYIO eMKOCTh. O0a KOHAeHcaTopa Mo3BOJIsI -
10T CO3/1aBaTh KPYrOBOil MAarHUTHBIA MOTOK MPH MyCKe ABUTATENsl.
ITockonbKy Toku B (hazax ogHodazHoro A/l Mu KOHAEHCATOPHOTO
AJl 3aBUCAT OT CKOJBXEHMS, T.€. OT CKOPOCTH BpallleHUsI pOTO-
pa, To ycI0BHe 00pa30BaHUsI KPYTOBOTO MarHUTHOTO MOTOKA BbI-
MOJIHSIETCS TOJIBKO ISl OMHOM CKOPOCTH BpallleHUsl poTopa WiIn
CKoJbkeHUs1. Yallie Bcero uMeeTcsl B BULY HOMUHATbHBINA PEXUM.
[Ipu Apyrux CKOpOCTSIX poTOpa MArHUTHBIN MOTOK OyIeT BpallaThb-
Cs C TIEPeMEHHbIMU aMIUIUTYAONW M CKOPOCTbIO, T.e. OyAeT 27-
JIUNITUYECKUM.

Cxembl onHoda3Horo Brimovenus tpexdgasnoro AJl. Tpexdas-
Hblit A/l MOXXHO BKJTIIOYATh B KauecTBe oaHodazHoro. Hekoropnbie
U3 3TUX CXEM BKJIIOUCHMS IPUBOISATCS HUKe (puc. 2.38).
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Puc. 2.38. CxeMmbl BKtoueHus Tpexdastoro AJl B kauecTse
opHO(a3HOT0o

2.13. iByx(asHbie Al

HByxdazubie Al nau ucnogHuTeNbHbIe (yrpasisiembie) All
(UAL).

Tpeoosanus Kk UAJI. McnomnuTenbrbie A/l HaXoosT IIMPOKoOe
MpYMEHEHMEe B aBTOMaTUKe, TaK KaK MO3BOJISIIOT TUIABHO U B 1M~
POKOM NHMamna3oHe PeryjiupoBaTh YacTOTy BpallleHWsI poTopa.
B ocHOBHOM 3TO MMKPOMAIIMHBI, T.€. MALIMHBI C MOLLHOCTBIO
Ha Bany g0 500 Bt. Tpe6oBanus k MAJ caenyrouiue:

1. UcnionHutenbHble A/l OMKHBI UMETh TMHEHHbIE MEXaHU-
YECKME U PEryJMpoBOUYHbIC XapaKTepUCTUKU. MexaHuuecKasl xa-
PaKTEepUCTUKA B OTHOCUTEJbHBIX EAMHUIIAX — 3TO 3aBUCUMOCTb
v(m) ipy oo = const (ot — CUTHaJ YIpaBJieHUs], BeJWYMHA B
o0l1eM ciiyyae BapbupyeMas), e v — OTHOCUTEbHAasi CKOPOCTh
BpallleHUsI pOTOPA, T.€. CKOPOCTb BpalllEHUsI pOTOpPa, OTHECEHHAsI
K CKOPOCTH MIeaIbHOIO XOJI0CTOro Xoa Mpu o = 1; m — OTHOCH-
TeJbHBIA MOMEHT, T.€. MOMEHT, OTHECEHHBI K MyCKOBOMY MO-
MeHTy npu oo = 1. OTHOCUTENbHbIC EAUHULIBI PABHBI:

n M U,

v=r’2—, m=V, 0€=U—, (2.97)

I B
rae n, — CKOPOCTb MACATIbHOI'O XOJIOCTOI'O X014, A/WH — HYCKOBOfI
MOMCHT, Uy — CUTHAaJI HAa OOMOTKE YHpaBJICHUA, UB — HaIlpsKe-

HHUE Ha 0OMOTKE B036Y}KI[CHI/I${.
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PerynupoBouyHasi xapakTepuCcTUKa — 3TO 3aBUCUMOCTbD V(L) TIpU
m = const (B 00LLeM Cllyyae BeJIMIMHA M — Bapbupyemast).

2. Heooxonumo, uytoosl MAJL 06121211 BBICOKUM OBICTpOCT -
CTBUEM, T.€. UMEJIM MaJlyl0 BeJIMUMHY 3JIeKTPOMEXaHUUYECKOI 10~
CTOSIHHOI BPEMEHU:

_ J, - Q
M

n

T, ; (2.98)
r1e J, — MOMEHT MHEpLIMH POTOPa; L2, — CKOPOCTb XOJIOCTOTO XO/1a;
M_ — nyckoBoit MomeHT. O6b1yHO 7, = 0,02+0,05 ¢ n14 peanb-
HbIX JBUTaTENICH.

3. OrcyTcTBHE camMoOXx0/a poTopa, T.e. HEOOXOAMMOCTb CaMo-
TOPMOXEHUS M OCTAHOBKM JABUTATENsl MMPU OTKIIOUEHUN WIIN CHSI-
THUU CUTHAJIA C OOMOTKM YIIpaBJIEHMUS.

4. DboJbliias BeIMYMHA MTYCKOBOTO MOMEHTA.

BrinosiHeHUe BTOPOTo U TPEThEro YCAOBUIA JOCTUTACTCS TEM,
yto A/l nenarotcst yIIMHEHHOM KOHCTPYKLMU, T.€. JUIMHA PO-
Topa B 3+5 pa3 MpeBbIlIAeT IMaMeTp poTopa. DTO MO3BOJISIET YMEHb-
LINTH MOMEHT MHEPLIMHU POTOpa J, M COOTBETCTBEHHO 7). JInHeii-
HOCTb XapaKTepUCTUK, OTCYTCTBUE CAMOXO/1a U 0OJIbllIast BEIMYM-
Ha ITyCKOBOT'O MOMEHTA 00eCIeurBaeTCsl yBeIMUEHEM KpUTHYe-
CKOIO CKOJBXEHUs S 10 2+3. YBEINYEeHHOE KPUTHYECKOE CKOJIb-
JKeHUe peanusyercs B TpeX KoHCTpyKuusix MAIL (puc. 2.39).

YkazaHHble crieduyeckue TpeOGoBaHMSI SIBISIOTCS ONpPeeIsito-
LIMMU U 3aCTaBJISIIOT B PsIIE CYYaeB OTKA3bIBATLCS OT TPAAMLIMOH-
HbIX KOHCTPYKIIMIA MallIMH OOI1Iero MPUMEHEHMsI, UYTO BeleT K yBe-
JIMYEHUIO TabapUTHBIX pa3MePOB 1 Macchl, yMeHbleHrto KITJI v T.1.

Konctpykuus a: [ — NMXTOBaHHbBIN cepaeUHUK ¢ ABYX(a3HOI
00OMOTKOI 2 cTaTopa: 00MoTKa Bo30yxaeHust (OB) 1 ooMoTKa ym-
pasienus (OY) caBUHYTHI B MpocTpaHCTBe Ha 90 a1eKTpUYeCKUX
IpaaycoB; 3 — IIMXTOBaHHBIA CEpAEYHUK PpOTOpa C Ma3aMM.
B na3sbl yk1aabIBaloOT JIATYHHbBIE CTEPKHU 4 C KOPOTKO3aMKHYThI-
MU KoJibamu 5. [ToBbILIEHHOE YAeIbHOE NEKTPUUYECKOE COMpPOo-
TUBJIEHUE JIATYHU, MaJIoe CeYeHUEe CTePXKHEH yBeJIMUMBAIOT MPH-
BEJIEHHbIE POTOPHOE CONPOTUBJIEHUE 7 ), U KDUTUYECKOE CKOJIbXKE-
Hue S 1o 2+3 (2.83).
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Puc. 2.39. Koncrpykunn UA[]

C TOYKM 3pEHMST SHEPreTUYECKMX XapaKTePUCTUK KOHCTPYK-
LM @ JTydiias, Tak Kak Mo3BoJIsIeT 00ecrneuynBaTh Majlblii Hemar-
HUTHBII 3230p MEXIy CTAaTOPOM M POTOPOM, MEHBIIIMI HAMarHu-
YUBAIOLIKI TOK, 001t cose 1 6onbiuunit KITA. Ho mo cpas-
HEHUIO ¢ OObIYHBIM TpexdazHbiM Al Win KoHAeHCATOPHbIM A/l
SHEPreTUYeCK1e XapaKTepUCTUKY 3HAUUTEIbHO Hike. M 9TuM B aH-
HOM cJlyyae MpeHeOperaroT, Tak KakK JOCTUTaeTCsl OCHOBHAS LIeb —
YBEIMYEHNE KPUTUYECKOTO CKOJIBXKEHUS S U BCIEACTBUE STOTO
JIMHEIHOCTh XapaKTepUCTHK 1 OTCYTCTBUE CAMOXOJA.
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KoncTpykuus 6: / — cepaeyHuK, aByxdasHas craTopHasi 00-
MOTKa 2, BHYTPEHHUI cepAeuHMK 3, MexXIy cepacuHukamu / u 3
HaxXOIMUTCSl pOTOp 4 B BUIE MOJIOTO HEMArHUTHOTO CTaKaHa 13 aJlio-
MMHUMEBOTO CITIaBa Wi OpoH3bl. MaTepua yBeJIMYMBaeT YaeIb-
HOE 2JIEKTPUYECKOe COMPOTUBIIEHHE, 8 TOHKOCTEHHOCTh CTaKaHa
(MpUOTUBUTENHHO JECATHIE JOJIM MM) TAKXKE YBEIUYMBAET 1, U S .

KoHcTpyKiiys 6 naet 66/1b1yI0 JMHEHHOCTh PErYIMPOBOYHBIX U
MEXaHUYECKUX XapaKTepUCTUK 1 MEHBIIIYIO 2JIEKTPOMEXaHUUYECKYIO
MOCTOSIHHYIO BpeMeHU 7', M3-3a yMEHbIIEHKS] MOMEHTA UHEPLIUK
poTOpa J BCICACTBHE Maloi Macchl poTopa.

DHepreTMYecKue XapakTepUCTUKM XyXe, YeM y KOHCTPYK-
LIMU @, TIOTOMY YTO HEMarHUTHBIN 3a30p COCTOUT U3 ABYX BO3-
JYIIHBIX 3230POB M TOJILIMHbBI CTeHKU cTakaHa. [1pu aToM yBeau-
YUBAETCSI MATHUTHOE COMPOTUBJICHUE HEMAarHUTHOTO 3a30pa, YBe-
JIMYMBasl TEM CaMbIM HAMarHMYMBAIOLMI TOK M YMEHbLIIast TPOU3-
BeJCHUE 1'COSQ.

Koncrpykumst 6: / — cepaeyHuk, 2 — aAByxdasHas craTopHast
00MOTKa, 3 — MOJIbIA pOTOP U3 MAarHUTOMSTKON cTanu. Tomim-
Ha CTeHKU poTopa 2+3 MM. POTOp 0MHOBPEMEHHO SIBJISICTCS Mar-
HUTOINPOBOJOM IS MPOXOXKACHUSI MATHUTHOTO MOTOKA.

Potop mexanuuyecku u Tepmuyecku 6osee ycroituus. [1o cBo-
UM XapaKTepUCTUKAM TaKO ABUTaTe/lb 3aHMMAET IPOMEKYTOUHOE
MOJIOKEHHUE MEXIy KOHCTPYKLUMSIMU a U 6. IlpuMeHsieTcs: npu
BBICOKMX TeMIIepaTypax 1 OOJIbLIMX BUOpALIUSIX.

OTCyTCTBME caMOX0a MPY OTKJIIOUYEHUHU CUTHAIa ¢ OOMOTKU
YIPaBAEHUSI MOXHO MPOCAEIUTh IO MEXaHUYECKUM XapaKTepu-
ctukaM MAJI, npeacraBiaeHHBIM Ha puc. 2.40.

ITyctb pabotatot 06e 0oMoTku: OB 1 OY — umeem st 3T0ro
cllyJas XapakTepucTuky /. [lBurarenb paboTtaeT, pa3BuBasi HOMU-
HAJIbHBI MOMEHT M ¥ HOMUHaIbHOE CKOJIbXeHUe S . CHaM
curHan ¢ OY, ciaenoBaTenbHo, padbotaet Toibko OB, u nBura-
TeJIb MOXKHO paccMaTpyBaTh Kak oqHO(a3HbIi, B KOTOPOM CO3/1a-
eTcsl MyIbCUPYIOLIMI MAaTHUTHBII MOTOK 1 IBE MEXaHUYECKHUE Xa-
PaKTEePUCTUKU: 2 — AJIs NpsIMOBpalatouieiicss u 3 — mist oopar-
Hospawarwoleiics MIC, 4 — pe3yabTupylolas MexaHuJeckast xa-
pakTepucTrKa 11 myjabcupyroieit MIAC.
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Puc. 2.40. Mexannueckne xapakrepuctuku ALl

[Ipu cHAITUM cUTHANIA YIIpaBAeHUs POTOP MTHOBEHHO YacTOTY
BpallIeHUs] UBMEHUTb HE MOXKET, U IPOUCXOIUT MEPEXO.l C XapaK-
TEPUCTUKHU [ HA XapaKTePUCTUKY 4. A XapaKTEepUCTUKA 4 [PU CKOJIb-
KEHUU S MMEET OTPULIATENbHBIA 5I€EKTPOMArHUTHBIA MOMEHT,
U ABUTaTeIb HAUMHAeT 9 (OEeKTUBHO TOPMO3UThCS 10 S = 1, T.e.
JI0 HEMOJBUKHOTO COCTOSTHUSI.

JIuHelHOCTh MEXaHUYECKOM XapaKTepUCTUKU [ M OTCYTCTBUE
camMoxozia 00yCIOBJIEHO OOJIBIIIMM KPUTUIECKUM CKOJIbXKEHUEM.

B onnodasHoM aBuraresie oOILEro NMPUMEHEHMS S HEOOIb-
110€, MO3TOMY PEe3YJbTUPYIOUIUI 3J1eKTPOMAarHUTHBIA MOMEHT
0oJIbLIE HYJISI B IOBOJIBHO LIMPOKOM JUANa30He YaCTOT BpaLLICHUS
(5 < 1). CnenoBareabHO, MPU CHATUM CUTHAJA YIIPaBACHUSI OH
OyZeT MpoaosKaTh padoTaTh C HEKOTOPOI YCTAHOBUBILIEHCS YacTO-
TOH BpallleHUs1, TOATOMY MCIOJIb30BaTh TAKOM JBUTAaTelb B Kaye-
CTBE UCITOJIHUTEJIbHOTO HEBO3MOXHO, TaK Kak Mpu o0 = 0 OH He
OCTaHaBJIMBAETCS, T.C. TEPSIET YIIpaBICHUE.

Crnocoon! ynpasienus MAJL. TTpumenstioTcst TpU criocoba: aM-
IIMTYyaHOE, (ha30BOE 1 aMIUIMTYAHO-(}a30BOE yIpaBieHUE.

Ilpu aMIIUTYIHOM yIpaBlIeHUM BPEMEHHON COBUT MEXIY
MJIC o6moTku Bo3Oyxaenust £, 1 MIC 0OMOTKY yIIpaBIeHUs
F, obecrieunBaetcst paBHOM 90 2IeKTPHUUECKHX IPaaycoB pasoc-
BUTAIOLIEH cXeMo, u3MeHsieTcsl ToJbKo BennurHa M C ynpas-
neHus (puc. 2.41).
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Puc. 2.41. BekropHas auarpamMmma MJIC u aneKkrpuueckas cxema
aAMIUIMTYAHOTO YIIPaBleHNs

PeanbHble MexaHWYeCKUE XapaKTePUCTUKU MPU aMIUTUTYIHOM
yIpaBlIeHUU HeIMHEHHBI (puc. 2.45), 4To 00YyCIOBAECHO BAUSHU-
€M MHIYKTUBHOTO COMPOTUBICHMST X ). Y PeryMpoOBOYHbIX Xapak-
TEPUCTHK JIMHEHHOCTh COXPAHSIETCST TOJIbKO HA HAYaJTbHOM yJacTKe
(puc. 2.48). bonee moapoOHBII aHATU3 aMILIUTYIHOTO YIIpaBiIe-
HUS MPOBEACH HIKE B ITyHKTE 2.14.

ITpu dpazoBom yrpasieHun MJIC Bo30ykaeHUS 1 yIIpaBIeHUSsI
10 BeJIMUMHE HEe MEHSIIOTCS, @ U3MEHSIETCS] MX BpEMEHHOM CABUT
W, IPU U3MEHEHUU cABUTra a3 MeXIy BeKTOpaMU Hampsike-
HUIi BO30YXXIEHUS U YIIpaBJeHUsl C MOMOIIbIO (ha3operyasiTopa

(puc. 2.42).
~U ®

]

OB | ®dazoperynarop

E,

oy

Puc. 2.42. BextopHas guarpamMma MJIC n anexTpuyeckas cxema
(bazoBoro ynpasnenus UA]]
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Ipy aMmMTYIHO-(ha30BOM YIIPABIEHUY U3MEHSTIOTCS BEJTMYM-
Hel U dazsl MAC ynpaBieHuss u Bo30yxaeHust (puc. 2.43),
T.€. B CJTy4ae N3MeHEHMS ITOJTIOKEHMS TBIKKA MTOTEHIIMOMETpa 13-
MeHsieTcs HanpskeHue Ha OY, MJIC OY Ey , CTeTICHb DJIJIUNTUY-
HOCTH BpAIlIalOIIEerocss MAarHUTHOTO TIOTOKA U, CIeI0BATENIbHO, 13-
MeHsIeTCS BeIMYMHA 00paTHOBPAIIIAIOIIETOCS MATHUTHOTO MOTOKA
¥ TOPMO3HOM MOMEHT, BBI3BAHHBII 3THM TTOTOKOM.

.

F, oy
Puc. 2.43. Bexktropras guarpamma MJIC n anekTpuyeckas cxema
aMIUTYAHO-(ba30BOT0 YIIpaBLeHUA

Yacrora BpalligHUsT poTOpa U3MEHSIETCS NP COXPAHEHUU MO-
MEHTa COINPOTUBIICHUS, TPUJIOXKEHHOTO K Bajly, U3MEHSETCS
CKOJIbXXEHUE, TOK B OOMOTKAX, MaJCHNE HAIIPSKEHUS HA KOHIEH-
caTtope, BeM4yKMHa U (asa HanpsokeHus Ha OB, £, u B3auMHbLI
(basoBbiil caBur Mexny F, u Ey .

ITpyHLMIT pETyIMpOBaHUS YaCTOTHI BPALLIEHUS BO BCEX TPEX CIIO-
cobax 3aKkjIIoyaeTcs B TOM, UTO NMPU U3MEHEHUM curHana OY uz-
MEHSIETCS CTEINEHb SJUTMIITUYHOCTH BpalllalolIerocsi MarHUTHOTO
MOTOKA, YTO MMPYA HEU3MEHHOM MOMEHTE COMPOTUBJIEHUS TTPUBO-
JIUT K UBMEHEHHUIO YacTOThI BPALLIEHUST POTOPA.

C TOYKM 3peHUsI MPOCTOTHI peaiu3alliM TPETHiA CI1ocod Hau-
JIYYLLIMA, TTOTOMY YTO HE HY>KHO CITelIMabHbIX (Da30CABUTAIOLINX
1 ha3operyaupyonmx yCTpoicTB, HO MO CTeNeHU JUHEHHOCTH Xa-
pPaKTEPUCTUK — BTO HAaMXyAIMi crioco0 yrpasieHus. 1o creneHn
JIMHEMHOCTU XapaKTEePUCTUK HAMITYUIIMI CrTOcOO — (Da30BBbIii.
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AMHJ'[I/ITYZ[HOC PEryIMpoBaHUC 11O BOSMOXHOCTU p€ain3alilin
CXEMBI U CTEIICHU JIMHEMHOCTU XapaKTCPpUCTUK ABJIACTCA IIPOME-
2KYTOYHbLIM M HAXOOUT IIMPOKOEC IPUMCHECHUE.

2.14, Metop CUMMETPUYHbIX COCTABAAIOLLUX
npu aHanuse asyxdasHbix All
C AaMMINTYAHBIM yNpaBJieHueMm

OdheKkTUBHBIEC YKcia BUTKOB 00MOTOK Bo30yxaeHus1 (OB) u
ynpasieHus (OY):

W, =WKg.:
W, =W,K,,, (2.99)
e W, Wy nk, 6 K. , — UMCTIa BUTKOB U 00MOTOYHBIE KO3(]-
(bULMEHTHI.
KoadduimeHT TpaHchopmanmu:
W,
W, (2.100)

IIpu npuBeaeHM 0OMOTKH BO30YKIEHUSI K OOMOTKE yIIpaBJIe-
Hust MJIC 0OMOTKM BO30YKACHUST HE UBMEHSITCSL:
IW,=1W, =W, (2.101)
oTCrofa:
I =1K. (2.102)
ITpu npuBeaeHUM NOJHAS MOLTHOCTE OOMOTKM BO30YXXIEHUS
TaKXe He UBMEHSIeTCSI:

ul =U1I =UIK, (2.103)
OTCIOIa HAaNPsDKEHYE TTPUBEICHHOM 0OMOTKY BO30YKICHUS
.U
v =Y. (2.104)
KoadduimeHT curHana ynpabieHus:
U U U
= Y = y = Yy
U, ﬂ[( UK (2.105)
K

e U, — HanpspkeHne OOMOTKH YIIPaBICHHUS.
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O0o03HauuB yepe3 oK = o, — 3hPeKTHBHBIA KO3DPULMEHT
CUTHAJIA YIIPaBJICHMSI U YIUTHIBAs, YTO TIPY aMILIMTYIHOM YIIPaB-
nenvm U, u U] cmeliensl o dase Ha 90 21eKTPUYECKUX Ipajy-
COB, MOXHO 3aITHCaTh

jU, =6.U., (2.106)
OTKYJIa CJIE[yeT, YTO NPH ¢, = | BpallarolImniicss MarHUTHBIA 10-

TOK OyZIET KPYroBoii, Ipu o, # 1 — smumunrudeckuii (puc. 2.44).
HecumMerpuuHyto cucreMy Ha-

+J A HpH}KeHI/Iﬁ MOXHO IpPEACTaBUTL B
BUIC CUMMETPUYHbBIX COCTAaBIAIOILIMX:
U ' ’_ ’ ’ .
- QB - QB np + QB obp ? (2 107)
Qy = Qy p + Qy o6p?

rae npu U, = jU, , MarHuTHbIIK

. MOTOK KPYroBOW MNpsMOM, a mpu
\90 Uy o = =JU, o5, — KpPYroBoit oGpar-

0 > > HBIIA; 00a MOTOKA BPAILIAIOTCS C CUH-
U +1 .
Zy XPOHHO# CKOPOCThIO 71, (2.28).
W3 BbILIENPUBENEHHBIX YPaBHE-
Puc. 2.44. BexropHas HUii MOXHO TIOJTYYHTb IPSIMYIO 1 06-
[MarpaMma HarmpsuKeHWit PATHYIO COCTABJISIOLIME HATIPSIXKEHUS

VIIPaBJICHUSI:

U,,=05(U,-ju);

i 2.108
QyoGp:O’s(Qy+JQ)' ( )
CKOJIBXEeHUS JJIA IIPAMOIo U O6paTHOFO ITIOTOKOB:
n-n .
S, ="—2=1-n
n,
STy, (2.109)

ronev =n, / 1, — OTHOCHUTECJIbHASI CKOPOCTb pOTOpPA.

[IpuBeneM cxeMbl 3aMeLLCHNS IS IIPSIMOTO ¥ 00PaTHOTO TIOJCI,
HO He OyaeM yKasbiBaTh, 4To oHU m1si OB uim OV (puc. 2.45).
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X1 X' X1 X'

n n

75 /Sup '3 /Sosp

Puc. 2.45. T-o6pa3stbie CXeMbI 3aMeneHus

it ynpaBiasieMbix AJl MOXKHO cliesiaTh psi JOTYIIEHMIA, YIIPO-
LIAIOLIMX CXeMbl 3aMelleHUs. YTpaBisemble A/l BBICOKOYACTOT-
HbIE T10 HaNpPsDKEHWIO MUTaHMS, MO2TOMY uKciia BUTKOB OB u
OV Hebonbline, M aKTUBHOE CONPOTUBIEHUE 7, U MHIYKTUBHOE
COTPOTUB/ICHHE PACCESTHUST X| PUOMMKEHHO MOXKHO CYMTATh paB-
HBIMU HyI0. Kputiyeckoe cKobxeHue S, > 1, o3ToMy IpuBe-
JIEHHOE aKTUBHOE COMPOTUBJIEHUE POTOPHOI 0OMOTKH 7, >> X' ;2,
¥ MOXHO cuntath X ) =~ 0, rie X ) — MpUBEACHHOE MHAYKTUBHOE
COMPOTUBJICHNE PacCesIHUSI POTOPHON OOMOTKM. MarHuTHast MH-
Oykuust B B Bo3myliHOM 3a30pe M Macca CTajlv Majibl, IO3TOMY
MOIIIHOCTb MOTEPb B CTAIM MAarHUTOIPOBOIA HEOOIbLIAS U AKTHB-
Hoe conpotuBieHue 7, = 0. BoaayluHbIi 3a30p MEXIY CTATOPOM 1
POTOPOM OTHOCUTEJILHO MaJl, MarHUTHAasI MPOBOAUMOCTb €TI0 00JIb-
1asi, MO3TOMY MHAYKTUBHOE COMPOTUBIICHUE MOMEPEYHON BETBU
X =co. Torma ynpouieHHbIE CXEMbI 3aMELIEHUST OyIYT UMETh BULL
(puc. 2.46).

MHuoxuTenb K2 BO3HUKAET IIPY MPUBEAECHUI OOMOTKH BO30YK-
JeHUsI K OOMOTKe yrnpaBieHusl. [IefAcTBUTENbHO, TIPU MIpUBEIe-
HUU MOLIHOCTb NTOTEPh B OOMOTKE BO30YKACHUST HE M3MEHSIETCS,
M03TOMY:

I'r, = 17r = K* 11

B'B B B B

r -
(et K - (2.110)
B cxemax 3aMCIICHUA:
7 7 7 7
|Qy np = QB mp | ° |£y np = La mp | 2 |Qy o6p = QB obp | ? |!y 0o6p = L; obp | *
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L Lﬁp
l Uymp r'# l(_/,;np ﬁz Iy
1-u 1-1 1-H
lyoﬁp !ﬂloﬁp
l Qyoﬁp rzly lg;oﬁp rZIBK72 = rzly
1+v 1+v 1+v

Puc. 2.46. YnipouweHHbe CXeMbl 3aMelleHus

IIpssmo BpalmamIIMiAcss KPYroBO MarHUTHBIA ITOTOK OO0Y-
CJIOBJIMBAET BOBHMKHOBEHME BPAIIAIOIIETO 3JIEKTPOMArHUTHOTO MO-
MEHTa, a 00paTHO BpalllAlOLIMICS KPYTOBOI MarHUTHBIN ITOTOK —
TOPMO3HOTO 3JIEKTPOMAarHUTHOTO MOMEHTA, TTIO3TOMY PE3yJIbTH-
PYIOLIMI 3JIEKTPOMATHUTHBIA MOMEHT PaBEH PA3HOCTH 3TUX MO-
MEHTOB:

/7 /7
M =2 2 r2y 2 7'2

M’)M = M oM 00p E y mp I_H_IyOGp 1+yH s (2111)

9M 1p

rIe 0, — YIJIOBas 4acToTa BPaLEHMs MATHUTHBIX TIOTOKOB (2.26).
C yuetom (2.106) u (2.108) mipsimast 1 oOpaTHasT COCTABISIONINE
KOMIUTIEKCHOTO HaIIPSDKEHUS YITPaBIeHUST OYIyT:

U, =-05U,(1+a,);
=0,5;U;(1-a,).

Qy o6p
Torna npsaMasi 1 06paTHa$I COCTaBJIAIOLINE [[efICTBYIOH_Iel‘O 3Ha-
YEHU TOKA YIIpaBJICHUSI:

;- Uy _0.50, (I+a,)(1-v)
A Kréy ’

y op

2.112)

2.113)
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I} U, _O,SUB(I—ocg)(1+v)
e Zy o6p B Kéy .
A pe3yJIbTUPYIOIIMIT MOMEHT OyIeT:
O,SUB2 2 2
M, :m[(l+a’) (1-v)-(1-a,) (1+V)] 2.114)

Ecm v =0, o, = 1, TO MycKOBOJ 371EKTPOMarHUTHbII MOMEHT
TP KPYTOBOM BpaIlaloIeMCst MATHUTHOM TIOTOKE

20!
M, = WK (2.115)
y
Bgenst oTHocuTebHBIA MOMEHT (2.94):
M, 1+o?
m = —M = (X3 - D v, (2116)

OM IT
MOJIyYUM ypaBHEHUE B OTHOCUTEIbHBIX €AMHULIAX JUTST aMIUTUTYI -
HOTO YIIpaBJIEHUS:

o, —m
v=2 W (2.117)
3aBUCUMOCTD V(/m) IIPU 0, = CONSt — MeXaHWYECKas XapaKTe-

puctuka ymnpapiasieMoro AJl B OTHOCHUTEJbHBIX €IMHUILIAX.
Ha puc. 2.47 nokazaHbl MeXaHUYECKHUE XapaKTePUCTUKU TPHU
o, = lua =0,5 Ilpu o, < I TOYKa XOJIOCTOro X01a OYIAET BHILLIE.
DTO CBS3aHO C T€M, YTO B peaJIbHOM JBUTaTesie HaJ0 YIYUThIBATh
sz # 0. Hannuwue ero BegeT K TOMY, YTO TOKM OOpaTHO MOCIEA0-
BaTEJIbHOCTU YMEHbBIIAIOTCS B OOJbILEH Mepe, YeM TOKU MPsIMOit
MOCJIENOBATEIbHOCTY M MEXaHUYECKasl XapaKTepUCTUKa OyaeT He-
JIMHENHON (ITYHKTUPHbIC KPUBHIC).

Ha puc. 2.48 nokazaHbl peryIMpoBOYHbIC XapaKTePUCTUKHU
ynpasisieMoro AJl B OTHOCUTENbHBIX eMUHULAX TIpU m = 1 u
m=0,5. CyliecTBeHHast HEJIMHEHHOCTb PEryJIMPOBOYHBIX XapaK-
TEPUCTUK YCIOXHSIET pealn3alllio CUCTeMbl yrpaBieHus. [1pu
MaJIbIX 71 OTHO 3HAUYEHUE v MOXKHO MOTYYUTh IIPU ABYX pPa3HbIX 3HA-
yeHusX o, . [lns peanbHoro yrpasisemoro AJl MexaHn4yeckue xa-
PAKTEPUCTUKU, TOKa3aHHbIE MTYHKTUPOM, TAKXKe HeJIMHEHHBIE.
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H A Puc. 2.47. Mexanuueckue
1,0 XapaKTePUCTUKU ITPU aMITIUTYAHOM
yIIpaBleHU
0,8
0,6
0,4
0,2
0 -
1,0 m
H A m=0
1,0 + e
08 7
7/
/
/
0,6 /
/
Puc. 2.48. /
04 7
Perynuposoutsie /
/,
XapaKTepuUCTUKU 02 L/
IIPU aMIUIUTYLHOM /
yIIpaBeHU 0 : : : : : : ' —

02 04 06 08 10 12 14 16 o,

[Ipu dazoBoM yrpaBieHIM YpaBHEHUE B OTHOCUTEIbHBIX €1~
HHUIIAX OyIeT MIMETh BUII;

v =siny — m, (2.118)

a XapaKTepUCTUKU MpeacTaBieHbl Ha puc. 2.49. u 2.50.

WneanbHble MeXaHMIECKKE U PETYIMPOBOYHBIC XapaKTePUCTHU-
KU TIp¥ (a30BOM YIPaBICHUH JIMHEWHBI, a TIPY aMIUIATYIHOM
VIIPaBJICHUH ITOCIeTHUEC — He JIMHeHbI. OCHOBHBIM TpeOOBaHM-
€M, KOTOPOE IIPEIbSBIISIETCS K PETYIMPOBOYHBIM XapaKTePUCTH -
KaM, sIBJIIeTCsT TpeOOBaHME JIMHEIHOCTH, T.€. TIPSIMOI TIPOITOp-
LIMOHAJIBHOCTH CKOPOCTH BpallleHUs KO3(POULNEHTY CUTHaIA
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Puc. 2.49. Mexanuueckue Puc. 2.50. PerynnpoBoutsie
XapaKTepucTuku mpu hazosom XapaKTepuUCTUKU
yIIpaBleHUM pn Ga30BOM YIIpaBieHU

yIIpaBJICHMs], IIO3TOMY (a30BbIi CIIOCO0 YIIPaBICHUS IIPEIIIOY-
TUTEIbHEe. PeabHbIe peryIMpOBOYHbIC XapaKTePUCTUKK (ITyHK-
TUPHbBIE 3aBUCUMOCTHU Ha puc. 2.49 u 2.50) aCUHXPOHHBIX UC-
ITOJIHUTEJIBHBIX IBUTaTeIell He JIMHEeMHBI IIPX BCEeX CIIoco0ax yII-
paBICHUSI.
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CUHXPOHHbIE MALLUUHbI .

p=2
HesBHomomocHbIH

CHMHXpOHHBIE MallIMHBI — 3TO 3JIEKTPUYECKIE MAIIIMHBI TIepe-
MEHHOTO TOKa, Y KOTOPBIX YaCTOTa BPALLEHMsl POTOPa /1, B HEKOTO- e
POM JIMana3oHe HAarpy30K OCTA€TCs HEM3MEHHOW M PaBHOM 7, @ | @
rnen, = 60f/p — 4yactora BpallleHUsI MArHUTHOTO MOTOKA CTaTo- N t
pa, p — YMCIIO Tap TOJTIOCOB MAIlIMHEIL.

S| @
1

p
HesBHomomocHbIH
o

3.1. Knaccugurauma CMHXPOHHBIX MalIUH ® @

1

ITo Ha3HaueHUI0 CUHXPOHHBIe MalIMHbI (CM) MOXHO pase-
JIMTh Ha TeHepaTophbl, ABUTaTe U U cnielaibHbie CM.

ITo cnocoby Bo30yxkaeHuss CM MoxkHO pasaenuth Ha CM ¢
2JIEKTPOMAarHUTHBIM BO30YXIEHUEM U C BO30YKIEHHEM OT IOCTO-
SIHHBIX MAarHUTOB. ) (S

ITo xoHcTpyKiMu poropa CM paznuuaror CM ¢ IBHOMOJIOC-
HBIM poTopoM U CM ¢ HEsIBHOMOMIOCHBIM poTOpoM. KoHCTpyK-
LIMM Pa3IMYHbIX POTOPOB MpeaCTaBIeHbI Ha puc. 3.1.

PaccMoTpuM SIBHOMOMIOCHOM pOTOP C 2JIEKTPOMAarHUTHBIM BO3- N
oyxagenuem (puc. 3.1, a). OH cocToUT U3 cepAeuyHUKa I, mo-
JIIOCHBIX HAKOHEYHUKOB 2, 0OOMOTKM BO30YXKIEHUS 3, KOHTAKT-
HBIX KOJIell 4, MeIHO-TrpaUTOBLIX 1LIETOK J, Baia 6.

CepaeyHuK [/ ¥ MOJIOCHbIE HAKOHEYHUKM 2 BBIMOJHSIOTCS
CIJIOLTHBIMA M3 MAarHUTOMSITKOM CTaJl, XOPOIIO IPOBOMISIIIEH 000500
MarHuTHbIA 1MoTok. [TorocHble HAKOHEYHUKHU 2 MPODUINPYIOT
TaK, YTOObI pacrpeaeseHre MarHUTHOM MHAYKILIMU 110 OKPY>KHO- = /
CTM cTaTopa (SIKopsi) ObLI0 OJIM3KO0 K CUHYCOUAaTbHOMY. SIKopem /
HAa3bIBAETCS YACTh DJEKTPUUYECKON MALIMHbI, B KOTOPOH UHAYK- DOO0000
tupyetcst DJ1C.

DTa KOHCTPYKLMS MTpUMeHsieTcsl B MOIIHBIX CM ¢ OTHOCUTEIBHO
HeOOJIbIIIOI YaCTOTOM BpallleH!sI M OHa, KaK MPaBUI0, MHOTOIIO-
JIFOCHas. N o

p=2
SIBHOITOJIFOCHBIA

_|_

Puc. 3.1. Koxrcrpykuun poropos CM

1

SIBHOITOJIFOCHBIA

A

1

p

S

A
p
SIBHOITOJIFOCHBIA
a

N
S
8
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HesIBHOIIOTIOCHOI POTOP C 3JIEKTPOMAarHUTHBIM BO30YKIEHM! -
eM (puc. 3.1, 6) cocTouT U3 cepaeyHnKa / ¢ mazamu, Kyjaa ykia-
IbIBaeTCsl 00MOTKA BO30YXIeHuUsT 2. IMeIoTcsT Takske KOHTAKTHBIE
KoJiblia 3, eTKU — 4, Baxr — 5. [1oJI10ChI TAKOTO POTOpPa MOXKHO
OIIPENeIUTh, HAIIPUMED, C IIOMOIILIO BHEIITHETO MarHUTa C M3Be-
CTHOI1 TIOJISIPHOCTBIO TIOJIOCOB TI0 MPU3HAKAM: OTHOMMEHHBIE T10-
JIIOCHI OTTAJIKMBAIOTCS, pA3HOMMEHHBIC — IIPUTSTHBAIOTCS.

Dra KOHCTPYKILMsT puMeHsieTcs B CM 0O0JIBbIIIOi MOLITHOCTH 1
OOJIBILICI YaCTOTHI BpAILICHUSI.

Ha puc. 3.1, 6, e, 0 — npuBeIeHBI POTOPHI-MArHUTHI, ITPH-
MeHsteMble B CM OTHOCUTEIPHO MaJIOil MOIITHOCTH, Yallle BCETO B
MmuKpoMairHax (1o 500 Br).

[TocTosTHHBIE MAaTHUTHI BHITTIOJTHSIIOTCSI M3 CIUIABOB, MMEIOIINX
IIMPOKYIO TIET/II0 THCTepe3rca 1 3aIacarolmx B ceOe OOJIBIITyIO Mar-
HHTHYIO HEPTHI0. DTa 3HEPIHsI XapaKTeprU3yeTcst OOIBIIMMHK OC-
TaTOYHOM MHAYKLMEH B 1 KOOpUMTUBHOM cuitoit H . (puc. 3.2).

PoTopsl HaMarHMYMBArOTCS

3 4 BT Ha CIIeIMaTbHBIX YCTaHOBKAX,
g a HEKOTOPbIE HAMAaTHUYMUBAIOTCS
TP BBICOKOW TEMITEPAType — 3TO
H, HaMarHM4MBaHWE Ha3bIBAECTCH
> TEPMOMArHUTHOI 00pabOTKOM
H, Alm

potopa. B pesynbrare 3T0it 00-
pabOTKM 2JIeMEHTapHbIE JOMEHbI
OKa3bIBAIOTCS PACIIOIOKEHHBIMU
BIOJIb MAarHUTHBIX JUHUA. DTO
Puc. 3.2. [letna rucrepesuca TOBBILACT MATHUTHYIO SHEPIUIO

MOCTOAHHBIX MarHUTOB poTopa.

3.2. YCTPOMCTBO CMHXPOHHbIX MALWWUH

CuHXpOHHasl MallliHAa COCTOMT B OCHOBHOM M3 JIByX 4acTeil:
cratopa (sskopsi) 1 potopa. Cratopsl CM He OTJIMYAIOTCS OT CTa-
TOpoB AM ¥ MOTYT OBITh TPEX- , IBYyX- ¥ OMHO(ba3HBIMU. POTOPHI
MOTYT OBITh SIBHOIIOIIOCHOM WJTY HESIBHOITOJIIOCHOM KOHCTPYKIIUI
C 3JIEKTPOMAarHUTHBIM BO30YKICHMEM WJIM BO30YXKICHHUEM OT I10-
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CTOSTHHBIX MAarHUTOB (KOHCTPYKIIMM POTOPOB IIPUBEICHBI PaHee).
Moryt npumeHsIThes Takke CM oOpaliieHHON KOHCTPYKIIMHI, KOTIa
cTaTOpHas (SIKOpHasi) 00MOTKA HAXOMUTCS Ha POTOPE, a ITOJIIOCHI,
BO30YXIaeMble ITOCTOSTHHBIM TOKOM, — Ha cTatope. SIKopHast
00MOTKAa COETMHSICTCSI C HAarpy3KOl yepe3 KOHTAaKTHBIE KOJIbIIA 1
IIETKH.

3.3.CMHXpPOHHbIE reHepaTopbl. MpuHUMN pencTBUA

CunxponHblii reHepaTop (CI'), kKak u 110001 Ipyroii reHepa-
TOp, MpeodpasyeT MEXaHUYECKYIO SHEPTUIO B AIeKTpuuecKyto. st
atoro potop CI' 1o/KeH MpUBOAUTLCS BO BpallleHUe BCIIOMOra-
TeabHbIM ABurateneM (BJI). Ha ruaposnekrpocTaHLiMM 3TO BO-
nsHast TypouHa, Ha TOLl — aTo mapoBast TypouHa. B aBToHOM-
HBIX YCTAaHOBKAaX — 3TO ABUTaTes b BHYTPEHHEro cropaHusi. B cre-
LIMAJIBHBIX YCTAHOBKAX — BTO MOXKET ObITh 3JI€KTPOABUIATENb,
a CI' B aTOM cilyyae reHepupyeT HalpsKeHUe ¢ YaCTOTOM, OTJIMY-
HOIi OT YacTOThI CETHU.

IIpuHLmMI aeiicTBUS paccMOTpUM Ha npuMepe TpexdazHoro CII
C SIBHOITOJIIOCHBIM POTOPOM-MarHuTom (puc. 3.3).

Marnuthbiii notok @ MarHuTa UAET MO MyTH HAUMEHBLIETO
MAarHMTHOTO CONPOTUBIIEHMUS, 3aMbIKaeTCsl 1Mo cTanu. [TpuHuumn
neiictBust CI' ocHOBaH Ha ABYX 3aKOHAX 2JIEKTPOTEXHUKU: 3aKOHE
9JIEKTPOMAarHUTHON MHAYKLIMM Y 3aKOHE 2JIeKTPOMAarHUTHbBIX CHII.

[lpu BpaiieHnK pOTOpa BHEITHMM JIBUTaTENIeM ¢ MOMEHTOM M,
Y CKOPOCTBIO 71,, BMECTE C HUM BPALIAETCA U OCHOBHOM MarHmT-
Hblii ToToK @ . OH nepeceKaeT MPOBOAHNUKH CTATOPHOM 0OMOTKM
u unaykrupyet B Hux DJIC. Hanpapnenue BJ1C onpeaensieTcst
o mpaBujly npaBoit pyku. It BJ1C OyayT o0pa3oBbIBATH CUM-
METPUYHYIO Tpex(da3HyIo CUCTEMY:

€y = Em : Sm(H_[ t)s
ey = E, -sin(m- 7 —120°); (3.1
e, = E, -sin(- 7 —240°).

IIpucoenuHuM K TpexdaszHOI CTaTOPHOI 0OMOTKE CUMMETPUY-

Hy1o TpexdaszHyto Harpysky. 1o ¢aszaM reHepaTopa u Harpysku
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4,64

icec

Puc. 3.3. KoHcTpyKTUBHaA cxeMa TpexdasHoro
CUHXPOHHOTI'O l'eHepaTopa

moTeyeT nepeMeHHbI Tok. Capur Toka oTHocuTeapHo D/C om-
penensieTcsl XapakTepoM LIer cTaTopa U Harpy3ku. I1pu akTus-
HOM XapakTepe Lienu ToK B (ase coBnagaet ¢ BJC, npu akTUB-
HO-UHAYKTUBHOM — OTcTaeT oT DJIC, npu aKTUBHO-eMKOCTHOM
— onepexaet DJIC.

ITycTh xapakTep Lienmy YMCTO aKTUBHBIN. Torna Toku B azax,
T.e. 0OMOTKax, COBIajaloT Mo HampasieHuio ¢ DJIC. B atom
cllyyae MMeeM CUMMETPUUHYIO Tpex(asHyo CUCTEMY TOKOB:

=1, -sin(u-7);
iy =1, -sin(u-7-120°);
i =1, -sin(u- 7 — 240°).

(3.2)
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ITo 3aKOHY 271€KTPOMarHUTHBIX CHJI HA MPOBOAHMK C aKTUB-
HbIM TOKOM, HaXOSIIIMIACS B MATHUTHOM MOTOKE, JeHCTBYET AJeK-
TPOMarHuTHas cuia F, . HampasiieHue 3Toii CUJIbI OTIPeeNseTCs
10 MpaBUJIy JI€BOH PYKU.

Co CTOpOHBI cTaTopa Ha pOTOp OyIEeT AeiCTBOBATh TaKas e
cuja, HO OOpaTHOIoO HarpaBjJeHUs], B 9TOM cllyyae paBHOBeCHe
CIJI OyIeT COOIIOMaThCs.

OnekTpoMarHuTHas cuia F, IeACTBYIOLIas Ha poTop, CO3/ia-
€T 2JIeKTPOMarHUTHbIA MOMEHT, HallpaBJIeHHbII MPOTUB Bpallle-
HUS poTopa. 3HAUUT, IeKTPOMarHUTHbI MoMeHT B CI sBser-
cs1 TOpMO3HBIM. OH TeM 0oJIblie, YeM 0OJIblie OTOMpaeTCsl aKTUB-
HbII TOK WM aKTUBHAsl 3IEKTPUUECKasl MOLITHOCTh OT reHeparopa.

IMon neiicTBHEM SNIEKTPOMArHUTHOIO TOPMO3HOIO MOMeHTa M.
POTOP CTPEMUTCS 3aTOPMO3UTHLCS, HO YaCTOTa MHAYKTUPYEMOTO
HampsKeHUs TOJIKHA COXPaHSTLCS HeM3MEHHOM JUTSi HOPMaTbHOM
paboThl moTpedutes. [ToaToMy ¢ yBeaIMueHUEM Harpy3ku HeoOo-
XOJIMMO YBETMIMBATH MOMEHT BHEILHETO ABUTATENST M, , HATIPH-
Mep, MyTeM Mnojayu OOJbllIero KoJuyecTBa TOrMBa, eciau BJI
SIBJISIETCS] IBUTATEJIEM BHYTPEHHETO CrOpaHuUsI.

Mmerotcd crienmaibHble peryasiTopbl YaCTOThI BpallleHWsI, O -
JepXKUBAIOLIME YaCTOTY BpallEHUsT pOTOpa MOCTOSTHHOMA.

B cratope TpexdazHoit 0OMOTKM npoTekaeT Tpexha3Hblii TOK.
OH co3zpaer BpallaloLInica MarHUTHLIA MOTOK @ . DTOT MOTOK
Has3bIBaeTCs MOTOKOM peakluu ctatopa (skopsi). HampasneHue
MOTOKA peaKkiMu SKOPs ONpeaesieTcs Mo MpaBuily MpaBoro 0y-
paBunka. OueBMIHO, YTO MOTOK peakuuu axopsa @ Oyner Bpa-
1IAThCSI B CTOPOHY BpaLLEHMsT POTOPA CO CKOPOCTBIO, PaBHO CKO-
POCTH BpallleHMs poTopa: yacTtota MHAyKTUpyemoit D C B sikope:

e
=" (3.3)

a CKOPOCTh BPALLEHKS [TOTOKA SIKOPSI:
" 60-f 60-p-n,

1 — 5.

p p-60
JlelicTBUTENLHO, 1, = 1,, T.€. CKOPOCTh BPalIEHUs POTOpa PaB-
Ha CKOPOCTH BpallleHNsT MATHUTHOTO ITOTOKA CTaTopa, OTCIoNa U

Ha3BaHUC — CI/IHXpOHHBIﬁ reHEpaTop.

(3.4)
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[1pu Harpyske reHepaTopa CKOPOCTH POTOpa 1 ITOTOKA peaKIiy
SIKOPSI OCTAOTCST HEM3MEHHBIMHU. Y BEJIMYMBACTCSI TOJIBKO IIPOCTPaH-
CTBEHHBII YTOJI HATPY3KH 6 MEXIy TOJTI0OCOM POTOPA 1 ITOJIIOCOM
S5 PE3YILTUPYIOLIEr0 MarHUTHOro noroka®d (puc. 3.4).

Puc. 3.4. B3auMopencrene MarHuTHbIX IT0eN
B HesiBHOmotocHoM CT'

Benymm 3BeHOM IIpH 3JI€KTPOMAarHUTHOM ITpeoOpa3oBaHUN
SHEPTUU SIBISIETCSI POTOP, T.€. TOJIOC poTopa N WMOET BIIepean
nosioca Sy pesyabTipyiouiero MmarautHoro noroka CI'. Ipu xo-
JIOCTOM Xofe 6e3 Harpy3ku 6 = 0, mpu yBeJIMYEHUN HATPy3KH pa-
CTET 3JIEKTPOMArHUTHasA cuna F,, CIIeN0BaTeNIbHO, PACTET U YTOJI
MIPOCTPAHCTBEHHOIO CMelleHUsT 6, HO 10 HEKOTOPOTo Ipeena,

132

CUHXPOHHBIE MALLWHbDI D

ITOCJIe KOTOPOTO POTOP BHIXOIMT M3 CHHXPOHM3MA, T.€. OH He 00ec-
reurBaeT nHAyKTHpoBaHue D/1C 3amaHHOI YaCTOTHI, ITOCKOJIBKY
He XBaTaeT MOIIHOCTU (MoMeHTa) BJI.

3.4. MlpoponbHO-NONEepeyHas peakuus AKopsa

IIpy yMCTO aKTUBHOM XapakTepe LENU CTaTopa U HArpy3Ku pe-
AKIIMSI SIKOPSI TIOTIepeYHast, ITIOTOMY YTO MaTHUTHBIC IMHUU ITOTO-
ka @ B poTope NeprHeHAMKYIAPHBI (MAYT IONEPEK) MArHUTHLIM
JMHUAM 10TOKa potopa @ OueBMIHO, YTO MPONOJILHO-TIONE-
pedHasi peaKiysI SKOpsT BO3HMKAET ITPpY aKTMBHO-MHIYKTUBHOM WJTH
AKTMBHO-€MKOCTHOM XapakTepe LI, a IIPU YUCTO UHAYKTUBHOM
WJIM YMCTO eMKOCTHOM XapakKTepe — PeaKIys SIKOPsI ITPOIOJIbHASL.

Paccmotpum BpeMeHHyIo 1rarpamMmy TokoB, MJIC, MoTOKOB
u BJIC 7151 aKTUBHO-MHAYKTUBHOTO XapakTepa uenu (puc. 3.5).

)

Puc. 3.5. BexTopHas guarpamma Cl'
IIPU AaKTUBHO-UHAYKTUBHOW HArpy3Ke

N3 paznena «TpaHcgopmaropsl» n3BectHo, uto DJC oTCcTaeT
oT notoka Ha 90°. [1py aKTMBHO-MHAYKTMBHOM XapakTepe Lenu
ToK oTcTtaeT oT BJIC Ha HEeKOTOPHBIi yroa . DTOT TOK CO3AaeT
MJIC ¢aspl F,, a mac — notok sgxopst @ . 3ameTum, 4T0O MOTOK
@ nanpasieH no MIC, noromy 4To NOTEPSAMHU B CTaIU AKOPS
npenebperaem. Ecim nx yyects, To ok [ 1 MIC F, Ha HEKOTO-
bl MaJIbIii yron onepexanu Ol NOoToK D .
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IToTok sIKOpST MOKHO Pa3IOXXUTh Ha IBE COCTABJISIIOLIE: TTPO-
nonbHyio @ v nonepeunyo @, . AHATOTMYHO MOXHO Pas/oXHUTh
U TOK:

1, =1, cosy; 35
1, =1, -siny. (3-5)

W3 BekTOpHOI1 1MarpaMMbl BUTHO, YTO MPOAOJIbHASI COCTABIIS-
olllasl MOTOKA peakiivMu SIKOpsi HampaBjieHa MPOTUB OCHOBHOTO
notoka poropa ®; 1 oHa sABIAETCS pa3MarHuuuBarouieil. B 1ie-
JIOM 3Ke peakiusl SIKOpsl SIBJIsIeTCsl MPOI0JbHO-MONEePEYHOM, pas3-
MarHU4YMABAIOLIEN.

Eo BexropHas nuarpamma npu
AKTUBHO-EMKOCTHOM XapakTepe
ey umeeT BUI (puc. 3.6). U3
JarpaMMbl BUITHO, UTO MPU aK-
TUBHO-€MKOCTHOM XapakTepe
peakius SIKopsl IPpOa0IbHO-TI0-
nepeyHasi, MoAMarHMYKMBalo-
1ad, Tak Kak @, coBnagaer 1o
HanpapJIeHUIO C OCHOBHBIM MO-

D, L  Du TOKOM poTopa D,
T1pu YMCTO MHIYKTHBHOM Xa-
Puc. 3.6. BexropHas aivarpamma  PAKTEPE LIEMU TOK [, OTCTAET OT
CT' mpn aKTUBHO-eMKOCTHOMN OJ1C na 90° u peakuus sKOPsI
Harpyske OyzIeT TPOIOIBHOM, pa3MarHu-

YUBAIOLLICH. HpI/I YHUCTO €MKOC-
THOM XapaKTepe pCaKLUA AKOPA IPOAOJIbHasA, MOAMarHuyruBaroiiasn.

3.5. YpaBHeHue paBHoBecus IC

B CMHXPOHHOM reHepaTtope UMEIOTCST TPU NMEPEMEHHBIX Mar-
HMTHBIX TIOTOKA TSl IPOBOJHMKA CTATOPHOI OOMOTKHM. DTO OC-
HOBHOI1 MoToK @, NOTOK peakuuu ssKopsa P 1 moTok paccesaHus
@ay. MBa notoka @ 1 @ — 3T0 BpalLAIOLIMECT MATHUTHBIE 10~
TOKH, a Qay — CO3IaeTCsl TOKOM CTaTopa, SBISIETCS MYJIbCUPYIO-
LM Y €r0 MAarHUTHBIE JIMHUN 3aMBIKAIOTCSI BOKPYT IIPOBOIHUKOB
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CTaTOpHOI7I O6MOTKI/I, HE CHCILIAACDH C

potopoM (puc. 3.7). C TOUKU 3peHUsI D
uHaykTupoBaHust BJ1C 6e3pa3nuyHo, =
BpalllaeTcsl WU IYJbCUPYET IOTOK. @
BaxHo, 4TO M3MEHSIeTCS MAaTHUTHO®

ITOTOKOCIIEIJICHE MPOBOIHUKA BO

BPEMEHU.

YuteMm, yto Potop
Q, =2, + 2, (3.6) Puc. 3.7. Ilotok
OTU MarHUTHBIEC TTOTOKU UHIYKTH - pacces s craTopa
pytoT nnepemeHHbIe DJIC:
(20 - EO’ (20(/ - an’ (Ead - Ead’ Qay - an’ (37)

rae £, — O1C xomnocToro xona.

Kpome 3T0ro ¢aza cratopa obaanaeT akTUBHbIM COMTPOTUBIIC-
HUEM 7,, IMEETCA Harpyska, 00J1aiaroliasi akTMBHBIM COITPOTHMB-
JIEHUEM 7, WJIM KOMILIEKCHBIM CONPOTUBJIEHNEM .. [Tpu nporexa-
HUU TOKa UMEET MECTO MaleHMe HaINpsKeHUsI Ha aKTUBHOM CO-
MIPOTUBJIEeHUH (a3bl cTaTopHOi ooMoTku [, - 7,31, -z, = U — Ha-
MpsDKeHUE Harpy3Ku.

Jlnst mpocToTel Oyaem cuutathb, uto r, = 0. Torna ypaBHeHMe
paBHoBecus DI C dasbl craTopa, 3armMcaHHOe IO BTOPOMY 3aKOHY
Kupxroda, Oyaer UMeTh BUIL:

EO + Ead + an + an = (_/ (38)
HzBectHO, yTo D/]C caMOMHIYKIINY YPaBHOBELIMBAETCS CO-

OTBETCTBYIOLUMMMU MAACHUAMUA HAIIPAXKECHUA HA MHOAYKTUBHBIX CO-
IIPOTHUBJICHUAX, T.C.

Ead = _lad : / : Xad’ (39)

rae X , — MpoioJIbHOE MHIYKTUBHOE CONPOTUBIIEHHE SIKOPsI, 00y~
CJIOBJIEHHOE MOTOKOM @ 11 TOKOM /. 3HaK MUHYC O3HAYAET, YTO
Bektop £ uBektop /,, - j - X,, YDaBHOBEILIMBAIOT IPYT JPYTa;

an = _Laq './"Xaqﬂ (3'10)
rie X, — MomepevHoe NHIYKTUBHOE COMPOTUBIICHHE SKOPSI;
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E,=-1,jX

ay ay?

(3.11)
rae X, — MHIYKTUBHOE CONMPOTUBIIEHUE paccessHus (pasbl AKOPSI.

C yuetom a1uX hopMyn ypaBHeHUe paBHOBecus DJIC reHepa-
TOpa OyneT:

EO = Lad './'Xad +£aq './'Xaq +£a './"Xay +Q' (312)

3.6. BektopHasa avarpamma CUHXPOHHOrO
ABHONOJIIOCHOIO reHeparopa

[Mpenmonoxum, yro r, = 0 ¥ Harpy3ka aKTUBHO-MHIYKTHB-
Hasl. [1pu aTUX yclnoBuUsIX BeKTOpHAas AMarpamma OyaeT UMeTh BUI,
MpeacTaBieHHbI Ha puc. 3.8, Irae @ — YroJ Harpy3kud Mexmy
HanpsokeHrueM U ¥ TOKOM [ ; O — 3JIEKTPUYECKUIA yIoNl Harpy3Ku
(yron mexny £, u U); 6 — yron mexuy £ u E , a TOCKOJIbKY 9TH

=

Iq
LiajXaa LijXaoc0SY =
E M ey |
LjX. LjX.osinyi—
_aq.] aq ol d]X
: =a ac
gy /
\ .
% AN LijXao
. =
L,jX, U
L _ N L
A N
0 | |
? I
Ly, = Lcosy | |
v | :
| I
- =| o d

LjX,  La=Lsiny

Puc. 3.8. BexTopHas guarpamma CMHXpPOHHOTO
ABHOIIONIOCHOT'O reHepaTopa
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BJ1C oTCTalOT OT COOTBETCTBYIOILIMX MATHUTHBIX TTOTOKOB Ha 90°,
T0 0, = 0', r11e 0" — MPOCTPAHCTBEHHBIN YTOJI CMELIEHHSI TIOTOKOB
MpU aKTUBHOM Harpy3ke. Takum oOpa3om, ¢ yBeJTUUYEHUEM aK-
TUBHOI Harpysku ysenuuusaiores @, @ , 6', 6 , 1 yron Mexay
EO u —Ia'

3.7. INEeKTPOMarHMTHaA U CMHXPOHU3UpYlOLWAA
MOLHOCTU (MOMEHTbI) CMHXPOHHOrO reHepaTopa
Ecnu npeHe6Gpeyb moTepsiMUA MOIITHOCTA BHYTPY TeHepaTopa,

TO MO2XKHO CYMUTATDb, YTO SJICKTPOMarinuTHasd MOIIHOCTbL paBHa BbI-
XOJHOU MOIIIHOCTH:

P, =P=m -U-1,-coso=m,-U-1I,- cos(y—-mn). (3.13)
BBCZ[CM CJICOYIOLIIME OMMPECACIICHUA:
laq ] 'Xaq + £aq : ] 'Xay = £aq ) ] ) (Xaq + Xay)’ (314)

rae Xq =X, . T X ) — momnepeyHoe CUHXPOHHOE MHIYKTUBHOE
COIPOTHUBIICHHUE SIKODSI;

lad './"Xad +£ad './"Xay = lad /(Xad + ng)’ (315)

rae X, = (X, + X ) — IpononbHoe CMHXPOHHOE MHIYKTUBHOE
comnpotusieHue siKkopsl. C yyeToM 3TOro 27eKTPOMarHUTHAsT MOLLI-

HOCTb
By=m-U-1I, (COS\V~cose+sin\y-sine)=
=m1'U'(Iaq'0059+[ad~sin6), (3.16)

e [, =1,-cosy, I,=1,-siny.
Tenepb U3 BeKTOpHOI auarpaMmbl (puc. 3.8) HaxXoauM:
U-cos0=E,-1,-X,, U-sin6=1,-X,. (3.17)
Hanee HaXoAMM 3HaYEeHMS J1s1 TIPOIOJILHOM U MOMEPeYHOM Co-
CTaBJISTIOLIMX TOKA:
E,-U-cos6 _U-sin®
Xd ’ ag X : (318)

q

[ad =
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[oxcrapnsia HaiiieHHBIE cocTaBisTIolMe ToKa B (3.16), mmoiry-
YUM BBIpaKCHUE [UIS 3JIEKTPOMAarHUTHOM MOIITHOCTH:

U -sin0 U -cos0

M
q d d

=Msme+ml U? Xisine-cose—Lsine-cosﬁ =

d q d

. . . 2
MU G MU L L Ghe-p,

X, 2 | X, X,

q

+ I)Z)M2'
(3.19)

Takum o6pa3oM, 3J1eKTPOMarHUTHasE MOUIHOCTb 3aBUCUT OT
5JIEKTPUYECKOTO YIIa HAarpy3ku 0; P, (0) — 3To yrioBas xapakTe-
pUCTHKA CUHXPOHHOTO TeHepaTtopa. B 3ToM BbIpaXeHUM MepBoe
cjaraeMoe o0yCJI0BI€HO MATHUTHBIM MTOTOKOM CI)O poropa — Ha-
JmyueM E, SBISIETCSI OCHOBHOM COCTABJISIIOLIEHA, POMOPLIMOHATb-
HOM sin®.

Bropoe cnaraemoe 00ycIIOBI€HO pa3HbIMU BEJIMYMHAMM T1OTIE-
PEYHOTr0 U MPOAOJBHOIO CUHXPOHHBIX COITPOTUBJIEHUI TeHEpaTo-
pa Xq 1 X, a 310, B CBOIO OYepe/ib, BHI3BAHO Pa3HBIMU BEINYM-
HaMM MATHUTHBIX TTPOBOAMMOCTEN 10 OCsIM ¢ U d — A, > Aaq.
[TpomosbHast MPOBOAUMOCTD A, GOJIBILIE MTOMEPEYHOM Aaq B CUH-
XPOHHBIX MAIIMHAX C 3JIEKTPOMAarHUTHBIM BO30YKIEHUEM, TaK KaK
BO3AYLIHBIN 3230p HAJ MOJIIOCAMU MEHbIIE, YEM B TIPOMEXKYTKE
MEXIY HUMU:

11
Xy =meW? Ty < Xy =m- W21, Cx X, 620

Y poTOPOB ¢ MArHUTO3JIEKTPUUESCKIM BO30YKIEHUEM COOTHO-
wenue (3.20) obpaTHOe.

Bropoe ciaraeMoe B BRIpaskeHUH IS 3JIEKTPOMATHUTHOM MOIII-
HOCTHY Ha3bIBAeTCSI PEaKTUBHOM MOITHOCTHIO CHHXPOHHOTO TeHe-
paTopa, OHO MPOMOPLMOHATILHO Sin26 1 MO BeJIMYMHE MOXKET CO-
CTaBJIATH 0K0J10 20% OT IEePBOTO ClIaragMoro.

CHHXPOHU3UPYIOIIAST MOIITHOCTh — 3TO ITPOM3BOIHAST OT 3JICK-
TPOMAarHUTHOM MOIIIHOCTH 110 3JICKTPUIECKOMY YIJTy HaTrpy3KHU.
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OHa paBHa:
2
P.. _dby _m Uk, coso+ MY 11 -2-¢0s20 =
do X, 2 X, X,
=P +P (3.21)

amex1 aMcx2*

CHHXpOHM3UPYIOILAs MOIITHOCTh XapaKTepy3yeT CUHXPOHU3ALIIO
portopa (YCTaHOBJICHIE CHHXPOHHOM CKOPOCTH) ITPY BHE3AITHBIX
M3MEHEHMSIX Harpy3KH Ha TeHepaTope.

OneKTpoMarHuTHbIM MoMeHT CT: E

P
M, =—>*, (3.22)

CuHxpoHusupytouii MomeHT CI™:

P
M, =, 3.23
i (3.23)

J1J1s1 HESIBHOIIOJIIOCHOT'O TeHepaTo-
pa Xaq=Xad=Xc, rae X, — CMHXPOH-
HO€ MHIYKTUBHOE COMPOTUBICHUE,
MO3TOMY B BBIDAXEHUAX 1t P, M| HET BTOPOro CjaraeMoro,

ypaBHEHME HAMPsDKEHMS U BEKTOpHast AuarpaMma (puc. 3.9) cuH-
XPOHHOT'O TeHepaTopa yIpOoILAOTC:

U=E,~1,jX.. (3.24)

Puc. 3.9. BekTopHas
ovarpamma
HesasHomonocHoro CT

3.8. YrnoBas xapaKTepucTuka CUHXpPOHHOro
reHeparopa

DTO 3aBUCUMOCTD 3JIEKTPOMArHUTHOI MOILITHOCTH OT 3JIEKTPH-
YyecKoro yria Harpysku 0 (puc. 3.10).

W3 pucyHkKa BUAHO, UTO MpeneabHbli yroa Harpy3ku 6 < 90
BJICKTPUUECKUX IpaaycoB uin m/2. [Ipu ganbHelilneM yBeanue-
HUU 6 5IEKTPOMAarHuTHas MOHOCTL P ymenbiuaerca u CI' BbI-
XOIUT 13 CUHXpOHU3Ma. JIJ1s1 Toro yToObl UMETH 3amac 1o 0, 00bIyu-
HO MaKCUMaJIbHBII YToJ1 Harpy3ku He mpeBbiiaeT 45°. [1pu aToM
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P, P (M)

\ M aMex1 ( 3MCX1)

\\ P3M1 ///
/

Puc. 3.10. YrnoBas xapaKTepucTuKa CUHXpOHHOI'0 reHepaTopa

B trarnasoHe 6 or 0 10 45° P, | MMeeT JOCTaTOYHO BBICOKOE 3Ha-
yeHue (KUpHBINA MyHKTUpP Ha puc. 3.10).

VYr10Bast 3aBUCMMOCTD JIEKTPOMATHUTHOI MOLIIHOCTH CUHXPOH-
HOTO TeHepaTopa ¢ HESBHOIOJIOCHBIM POTOPOM IOKa3aHa Ha
puc. 3.11. MouHOCTh BCIIOMOTATeIbHOTO JABUraresst P He 3a-

P BUCHUT OT 0, ITO3TOMY I/£306pa—

>)K€Ha TOPU3OHTAJbHON Mpsi-
MOJ, IEepeceKarlleil YIJIOBYIO
XapaKTepUCTUKY B TOUKax /1 2.

Ecnu nipu pabote B Touke /
13-3a CIIyYaitHOTO MPeXOosIie-
IO BO3MYILIEHWsI YIOJ O, YBEIM-
AP UYMTCS Ha AD, TO P TIpEBBICUT
2V PM Ha AP. Bo3HUKHeT U30bI-
TOYHbBI TOPMO3HOI 3JIEKTPO-
MarHUTHbIA MOMEHT:

P, max [——————=

Puc. 3.11. Vrnosas AP,
xapaxtepuctuka CT AM,, = > (3.25)
C HEAABHOTIONIOCHBIM POTOPOM
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pOTOp TeHeparopa OyIeT MPUTOPMAaKUBAThCS, U PEKUM PabOTHI
BEpHETCS B TOUKY 1.

Ecnn 6, ymenbntes, To P, yMEHBUIUTCA 1O CPABHEHHUIO C
P_, potop, mociie TpeKpalleHus CIy4ailHOro BO3MYLIEHUS,
YCKOPUTCS M PEKUM pabOTHI BEpHETCsI B TOUKY 1, T.e. pabota CI'
B TOUKe [ SIBJIIETCS yCTOMUMBOM. TakiM 00pa3oM, pexuM pabo-
ThI CI' (CMHHXpOHHOM MaIlIMHBI) CTATUIECKH YCTOMIMB, €CIIH

dP,

—M 5 ().
du

Ecmu ipu pabore CI' B Touke 2 yroun 6, yBeIUYUTCS Ha AB, TO
MOLIHOCTb reHepartopa P Oynet Ha AP meHblie P, poTop Oyner
YCKOPAThCS, yroa 6 BospacteT eine Oonbiie u CI' BelizeT us
cuHxponusma. Ecin xe ripu pabore CI' B Touke 2yroi 6, yMeHb-
IMTCsA, TO P TIpeBbICUT P, pOTOp OyAeT MPUTOPMAaXMUBATHCA,
yroJi 6, OyleT yMEHbLIAThCS U faJiee, MoKa OalaHC MOLIHOCTEH He
BOCCTaHOBMTCS B TOuke /, moatomy padota CI' B Touke 2 siBIsIeT-
cs HeycToitumBoii. Takum obpazoM, pexkuM padboTbl CI (cuHX-
POHHOI MalllMHBI) CTATUYECKU HEYCTOMUMB, €CIU

dP

—2M < (0.
du

3.9. BHewHAA xapaKTepucTuka
CMHXPOHHOTO reHeparopa

Brenrnsist xapaktepuctuka CI' — 3T0 3aBUCHMOCTD HaIlpspKe-
HM Ha Harpy3Ke oT Toka Harpy3ku U(/)). 3 ypaBHeHns paBHO-
Becust D/1C (a3bl CHHXpOHHOIO TeHepaTopa MOXHO 3aIIiCaTh:

Q=EO_£ad'./"ng_laq../‘.ng_la.-/‘.Xay =
=E-1,-]X

ay?
rae £, — BJ1C ot pesyIbTUPYIOLIEr0 MArHUTHOTO MOTOKA.

st HesiBHoTomtocHoro CI' ypaBHeHMe paBHOBECHSI HaIIpsiKe-
Hust umeeT Buj (3.24). C yueToM 5TOro ypaBHEHUSI ISl TpeX BUAOB
Harpy3kyd Ha puc. 3.12 mpeacTaBieHbl BEKTOPHbIC AMArpaMMbl.

(3.26)
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¢ = 0 — axTuBHas
Harpy3ka

\
¢ < 0— aKTHBHO- /. ¢ > 0 — akxTuBHO-
€MKOCTHAsl Harpy3ka ~~___.~ WHIyKTUBHas Harpyska
Puc. 3.12. BexTopHble AMarpaMMbl HesIBHOIIONOCHOTO CT
L715 TPeX BUL0B HaI'py3ku

[Mpu ux mocrpoeHuu npuHsTO, uro £, I, I jX — MOCTOSHHBIE
BEJIMUYMHBI, HE 3aBUCSIIME OT XapaKTepa Harpy3Ku.

W3 BeKTOpHBIX AMArpaMM BUAHO, YTO MPU aKTUBHOMN U aKTHB-
HO-MHIYKTHMBHOI HArpy3ke HampsbKeHUeE Ha 3aXKMMax reHepaTopa
ymenbluaercs (U < E), mpudyem Ipy akTHBHO-MHIYKTUBHOM Ha-
Ipy3Ke HalpspKeHUe MEHbIIE, YeM IMTPU aKTUBHOM. A TTPU aKTUB-
HO-€MKOCTHOM Harpyske HanpspkeHue nosbiaercs (U> E). [pu
xonoctom xone U= E, a ipu KOPOTKOM 3aMbikaHuu U= 0, no-
3TOMY BHEILIHUE XapaKTePUCTUKU UMEIOT Bua (puc. 3.13).

B neiicTBUTEILHOCTU MPU aKTUBHO-WHIYKTUBHON Harpyske
peakiusl SKopsl MpoAoJbHO-MOoNepeyHas pa3MarHuuMBaroasl,
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AKTHBHO-EMKOCTHAasI
U Harpyska

AKTHBHas
Harpyska

AKTHBHO-MHIYKTHBHAS
Harpyska

0 1a1<3 Ia

Puc. 3.13. Breurxss xapakrepucruka Cl

TI03TOMY PE3YIbTUPYIOLINIA MATHUTHBIA MOTOK P 1 HAaCIILEHNE
MAarHUTHOM LIETM YMEHBIIATCS, YBEINYATC MarHUTHAS IIPOBO/IM-
MOCTb A, WHIYKTUBHbIE CONMPOTHUBJIEHUS sKopsa X, (3.20),
X=X, + X, 1,JX., ymMenblunrca UM BHEIIHAA XapaKTepUCTU-
Ka MEXIy TOYKaMHU XOJIOCTOIO X0a ¥ KOPOTKOI'O 3aMbIKaHuUs Oy-
JeT PacroyaraTtbCs HECKOIbKO HUXKE.

ITpy aKTMBHO-EMKOCTHOI Harpys3Ke peaklus aKops MPOLOJIb-
HO-TIONEPeYHast MOAMAarHUYMBAIOLIAS, IOITOMY Pe3YJIbTUPYIOLINI
MarHMTHbIA MOToK P 1 HACBIILIEHWE MATHUTHOM LIETIM YBETMYaT-
Csl, YMEHBLIATCS MarHUTHAs TMPOBOAMMOCTH A , MHIYKTHUBHBIE
conpoTuBieHust skopst X, X, = X, + X, 1, jX., yBemnuurcs U

1 BHCIHIHAA XapaKTCPUCTUKA MCXKTY TOUKaMM XOJIOCTOIo Xo4a U KO-
POTKOI0O 3aMbIKaHUA 6Y,Z[CT WOTU BBILIC.

3.10. YcnoBua BKNOYEHUA CUHXPOHHOrO reHeparopa
Ha mapannenbHyl paboTty C ceTbio
Bonbiueit yactbto CI' paboTatoT He aBTOHOMHO KasKIbIii HA CBOIO
Harpysky, a padboTaroT MnapaiesbHO Ha oOlIylo Harpysky. [1pu

BTOM BO3HMKAeT HeoOXxoaumocTh BKiaoueHus: CI' Ha CCThb, B pe-
3yJbTaTe CI moxet ObITh Harpy>k€H aKTUBHbIM, PCAKTUBHbIM WJIN
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AKTUBHO-PEAKTUBHBIM TOKOM. DJIEKTPUUECKAsT CXeMa CUHXPOHU -
3aimu CI ¢ ceThio B YCIOBHSIX YU4eOHOM J1Ja00paTOpry IpecTaBye-
Ha Ha puc. 3.14.

4 Z
B Zs
c Ze
jac (O
+
* ]
ey
- U
]
OB
b

Puc. 3.14. dnekrpuyeckas cxema cunxpornsanuu CI' ¢ ceTsio

CxeMa CUHXPOHU3AlK COCTOUT U3 TpexdasHoii cetu A, B, C
C Harpyskoi z,, z,, Z., MapajieJbHO KOTOPOM HYXHO TOIKIIIO-
yuth CI.

CUHXPOHHBII reHepaTop UMeeT 0OMOTKY BO30OY:KIEHHsI Ha PO-
Tope OB, HanpskeHUe Ha KOTOPOIl MOXKHO peryupoBaTh MOTEH-
mroMerpoM I1. CraropHast oOMoTKa ¢ kKiiemmamu 4, B, C mon-
KJII0YEHA Ha TPEXTIOJIOCHBIN BhIKIIouaTe b B. Boibrmerp V, KOH-
Tponupyer mHeiiHyio DJIC reneparopa E. [Ipyrue KieMMbI Bbl-
kmoyarens B moxcoenunensl K kiemmam A, B, C ceru. Ha
KJIEMMBbI CETU M TeHepaTopa BKJIIOYEHbI JJaMITbl cuHxpoHockomna JIC.

ITyctb potop CI' mpuBOIXTCS BO BpallleHUE BCIIOMOTaTeIbHbIM
neurareieM BIl — nBuratesieM MOCTOSIHHOIO TOKA ¢ Mapaijiesib-
HBIM BO30y:xaeHueM. Peocrar lel CITy>XUT 111 mycka B/ u pery-
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JIMPOBAHMS YACTOThI BPALLEHUS B CTOPOHY YMEHBIIEHMUSI, & PeO-
cTat R — JUlsl peryJMpOBaHust B CTOPOHY YBeIMUYeHUs1. Jlamrbl
CHHXPOHOCKOIIA BKJIIOYEHBI Ha Pa3HOCTh (Da30BBIX BENUYUH £
nl.

Ipexnae yem 3aMKHYTb BeIKItodates b B 1 Bkitounts CI' Ha ceTb,
HY>KHO BBITTOJIHUTD CJICAYIOLIUE YCIOBUSI:

1) uto6bI nopsinok yepenoBanust az CI' u cetn ObUT OIMHA-
KOB — B 9TOM CJly4yae JaMIlbl CHHXPOHOCKOMA OyayT 3aro-
paThbCs U TaCHYTh OMHOBPEMEHHO;

2) uto6sl DJ1C BKIIOYAEMOro TeHepaTopa paBHsIJIaCh HAMpsI-
xenuto cetn E,= U ; DJ1C E perynmipyercs Ipyu U3MeHe-
HMM TOKa BO30YXXIEeHUsI reHepaTopa rnoteHuromerpom I1 u,
cJle10BaTeIbHO, COOTBETCTBYIOIIETO PEryJIMPOBAHUS Mar-
HMTHOTO MOTOKA POTOPA;

3) utoOsI yactora BJIC reHeparopa 1 yacToTa CeTH ObLIU paB-
Hbl, T.€. /. = f; yactora DJIC reHepaTopa peryaupyercs
M3MEHEHUEM 4acToThl BpalueHust B/;

4) uro6sl hazosbie DJAC CI' £ u HanpsikeHue cetd U, Obun
B MPOTUBOGAa3e MO OTHOLLIEHUIO K APYT APYTY U B aze 1o
OTHOILIEHUIO K OOI1Ieli Harpy3Ke.

IIpu BBIMOTHEHMH BCEX 3TUX WM OJTM3KMX K HUM YCJIOBUIA JIaMIThI
CUHXPOHOCKOIA HAaUMHAIOT MEIJICHHO 3aropaThCsl U OMHOBPEMEH-
HO M@IJICHHO TaCHYTb M B 3TOT MOMEHT BbIKJIIouaTes b B coenunsi-
eT CI ¢ cetbto. [1pu aToM HUKakoro Toka yepe3 CI' Her.

Ecnu cuntath KOHTYpP CUHXPOHHBII TeHepaTop—CceTh YMCTO UH-
JOYKTUBHBIM, TO Ul Hero ypaBHeHue paBHoBecust DC u Ha-
MIPSDKEHM 1o BTopoMy 3akoHy Kupxroda E, = -U_ + [, jX, 1o-
CKOJIbKY HanpskeHus cetu 1 BJIC reHeparopa OyayT B TPOTUBO-
(baze 1Mo oTHOLIEHUIO APYT K APYTY, TOIAA TOK 7151 HESIBHOIOJIOC-
HOTO reHepaTopa MOXHO 3arucaTh B BUJE:

I — EO + l_]c
=a . *
J- X
JleiicTBUTENIbHO, TIPU BKIIIOYEHUU Mbl MeeM £ = U 1o Mo-

JIYJII0, HO BEKTOPBI B MPOTUBO(Ma3e, 1 Mpyu ux cinoxenun I, = 0
(puc. 3.15, a@). DToMy COOTBETCTBYET HEKUiIl TOK BO30YXKICHUS

(3.27)

145



D MNEKTPUYECKUE MALLWHbDI

(HoMMHaNbHBIA) [, KOTOpbIA obecmeunBaer £ I10CKOIbKY
U = const, To TOK /, MOXHO MU3MEHATD ABYMsI CIIOCOOAMM: U3Me-
HAd E) o BeJmuvHe Wi 1o dase.

Ecmu GyneM mepeBo30yXnaTh TeHepaTop, T.€. YBEIMIMBATh TOK
BO30yXaeHus U E, To reHepaTtop OyleT HarpyXaTbCsl MHAYKTHB-
HBIM TOKOM (puc. 3.15, 6), a ecin HeIOBO30YXIaTh, TO OH OyIeT
HarpyxaTbCsl eMKOCTHBbIM TOKOM (puc. 3.15, 6). Takum obpa-
30M, M3MEHSISI TOK BO30YKIEHUsI, MOXHO HarpyaTh TeHEpaTop
PEaKTUBHBIM TOKOM.

U. U

Ey> U, AE I
AE>0 Ey< U
1,> 1, AE<O0

E
I,- orcraeror Ey- =0 L<I
HHJTYKTUBHBIN TOK 1, - onepexaer E -
€MKOCTHOW TOK

a 6 B

Puc. 3.15. BekToptbie guarpamMmst CI' mpu HarpyxeHun ero
PEaKTUBHLIM TOKOM

S
>

\ st Toro yToObl HArpy3uTh CI” aKTUBHBIM

\ TOKOM, HYXXHO yBeaInuuTh MoMeHT BJI. I1pn

\ atoM potop CI' moBepHeTcss Ha HEKOTOPbIi

\ yroj 6 B CTOPOHY BpaIAIOLIEro MOMEHTA, HO

AE\ CPEHSIS YacTOTa BPALLEHNS POTOPa COXPAHUT-

cs1. BMecTte ¢ poTopoM Ha 3TOT yroJ 6 nosep-

Hercsa u DJIC E. Bextopnaa auarpamma CT,

I, HarpyXeHHOro aKTMBHO-WHIYKTUBHBIM TO-
0 | KOM, OymeT umeTh BUL (3.16).

. Puc. 3.16. BexTopHas guarpamma Cl'
uvy o = ITPU PETYIMPOBAHUY AKTUBHOW MOIHOCTN
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Takum 06pazoM, It Toro yToOb! Harpy3uth CI” akTHBHO-pe-
AKTUBHBIM TOKOM, HYXHO M3MEHUTH TOK BO3OYXXIECHHMS U YBe-
JMIUTh MOMEHT B/I, HampumMep, yBeIMUeHUEM MOIaYy TOILIMBA,
eciau BJI siBisieTcst nBUTaTeieM BHYTPEHHETO CTOPAHMS.

Ha aekTpocTaHIusIX orepaiiii CHHXPOHM3ALUI 1 ITOIKITIOUe-
HUS Harpy3KY BBITIOTHSIOTCS aBTOMAaTUIECKI COOTBETCTBYIOIIMMU
cucTeMaMu (KpoMe aBapUIfHBIX CUTYalIUiA).

3.11. CuHXpOHHbIE ABUraTenu.
NMycK CMHXPOHHHBbIX ABUraTenew

Ecmu tpexdaszHsiii craTop cuHxpoHHoro asuraress (C/1) mom-
KJIIOUUTH K Tpex(asHoil ceTH, TO B cTaTOpe 00pa3yeTcss MarHUT-
HBII MOTOK, BpallaloIIUIACS CO CKOPOCThIO (cM. (2.4)):

_ 60/,
-

Ha Bo30y:kneHHbIi HeMOABMKHBII POTOP OyIeT NelCTBOBATh
MyJbCUPYIOLIMIA BpalllaloIMii MOMEHT, U OH CMOXET MPUIATU B
JBUKEHUE U CUHXPOHU3MPOBATKLCS, €CJIM UMITYJIbC 9TOIO MOMEH -
Ta OyIEeT JOCTATOYHBIM ISl pa3rOHa pOTOPa 10 CUHXPOHHOM CKO-
poctu. 7181 ynydiieHus: CHHXPOHU3ALMU HYXKHO PaCKPYTUTh PO-
TOP B CTOPOHY BpalLEHUS] MArHUTHOTO MOTOKA CTaTopa 10 CKOPOC-
TH YYTh MEHbIIe CKOPOCTHY MOoTOKa. Toraa MarHUTHBIN MOTOK CTa-
TOpa OTHOCUTEILHO BpallAIOIIEerocsl poTopa OyneT nepeMellaThest
MEJIEHHO, POTOP OYIeT ycrneBaTh MPUTITMBATHCS K MTPOTUBOIIO-
JIOXKHBIM MOJII0CaM Bpallarolierocss MarHUTHOTO MOTOKA U TocJIe
HEKOTOPBIX KaYaHUI pOTOP HAYHET BPALLATHCSI CO CKOPOCTHIO MO-
TokKa. OTciona U Ha3BaHKE ABUTaTess] — CUHXPOHHBI.

Packpytky nHepumonHoro potopa CJI MOKHO OCYILIECTBUTD JIMOO
BJI, uto nmpumeHsietcst nst KpyrnHbeix CJI, 1100 3JeKTpOMarHuT-
HBIM MOMEHTOM KOMOMHHUPOBAHHOIO POTOPA, YTO MPUMEHSIETCS
1utst MUKpo-CJI, 1100 MIaBHBIM YBEJIMYEHUEM YaCTOThI MUTAIO-
LLIET0 HaIpPsKEHMSI.

OnHa 13 KOHCTpYKLMIF KoMOrHKUpoBaHHOro potopa CJI ykaza-
Tesst Taxomerpa THD-45 umeer Bun (puc. 3.17, a).

n
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Puc. 3.17. Koncrpykuus CI] c aCMHXPOHHbIM 371eMEHTOM 3aITycKa
W ero MexaHWyecKan XapaKTepucTuka:
1 — craTop; 2 — KOPOTKO3aMKHYThI pOTOP; 3 — CTATOPHAaA
06MOTKA; 4 — CTEPXXHU KOPOTKO3aMKHYTON 0OMOTKY;
5 — KOpOTKO3aMbIKalomue Konbla; 6 — ITOCTOAHHbIA MarHuT

[pu BMoueHnu TpexdasHoro cratopa I B Tpexha3HyIo CeTh
o0pasyeTcs BpalllalolIUiiCsl MATHUTHBIN MOTOK U IO ICHCTBUEM
3JIEKTPOMATHUTHOTO MOMEHTA aCHHXPOHHOTI'O 3JIEMEHTa 3aIrycKa 2
KOMOMHUPOBAHHBIN POTOP HAYMHAET Pa3rOHITHCS 110 MeXaHUJe-
cKoii xapaktepuctuke A/l oT Touku A no Touku B (puc. 3.17, 6).
Touka B— 3T0 TOYKa BXOIa B CMHXPOHHM3AIINIO, B KOTOPOi CKOJIb-
xenue cocrapnger S~ 0,05, najee mMoOCH POTOPa HAYMHAIOT
MIPUTSTUBATHCS K IIPOTUBOIIOIOXHBIM ITOTI0CAM BPAIIAkOIIETOCs
MATHUTHOTO MOTOKA U MOCJe HEKOTOPbIX KauaHuii (puc. 3.17, 6)
poTop TepexoauT B TOUKy C, uMest cKosibkeHue S= 0, T.e. CUH-
XPOHHYIO CKOPOCTb BpaIlleHUSI.

B cMHXpOHHOM pexXrMe 3JIEMEHT 3aIycKa 2 sIBJIsieTcsT Oaac-
toM. OH He cOo3IaeT BpalllaloIIerocsl MOMEHTa, HO TP KaYaHUSIX
pPOTOpa OH MUTpaeT MOJIE3HYIO POJIb AeMITdepa.
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CHUHXPOHHBII TBUTATE]Ib C 3JICKTPOMAarHUTHBIM BO30YKICHM -
€M HeJIb3s 3aITyCKaTh ¢ pa30MKHYTOM OOMOTKOI BO3OYXICHMUS,
MOCKOJIbKY BO BpeMsI pa3roHa potopa npu S > 0 B Helt MHIYKTUpY-
eTcs Bpalnaolumcsd MarHuTHbIM rosieM D C (em. (2.39):

E =444 f, W, &, =444-f.S-W, - O,

e f,= f,- § — JacTtora M3MEHEH!sI TOKa B OOMOTKE BO30YKIEHUS;
W — uncino BUTKOB 0OMOTKM Bo30yxkneHus; @ — amrintyna
MAarHMTHOTIO MOTOKA BPaIAlOLLIErocs MoJis.

B HavaabHBII MOMEHT mycka npu S'= 1 13-3a OOJIbIIOro Yncia
BUTKOB 00MOTKHM BO30yxaeHus DIC E MOXET 10CTUTATh OYEHb
0OJIbLION BEIMUMHBI U BbI3BATh Mpo0oit uzossiuuu. Iloatomy npu
3amycke 0OMOTKY Bo30y:xxaeHus1 C/I 3aMbIKarOT Ha Tacsiyii pe3u-
cTop R, CONPOTUBJIEHNE KOTOPOTO MPUMEPHO B 10 pa3 MeHblIIe
COMPOTUBIIEHUS OOMOTKM BO30yxneHus R . [locne pasroHa nsu-
ratens no S = 0,05, racsiee COMPOTUBICHUE OTKIIOYAIOT, 00-
MOTKY BO30Y>KIEHMSI OAKIIOYAIOT K MICTOYHMKY MTOCTOSTHHOTO TOKA
1 POTOP BTSATMBACTCS B CUHXPOHM3M.

3.12. Paborta C/l ¢ Harpy3Ko#m

IMocne 3anmycka CJI MOXHO HarpyxkaTb MOMEHTOM M., IpuIO-
>KEHHBIM K Bajy. IIpy 2ToM moJtochl poTOpa MOBOPAYMBAIOTCS
OTHOCHUTEJILHO TMOJIOCOB Pe3yJbTUPYIOIIEr0 MAarHUTHOTIO MIOTOKA,
COXPaHSISl CPEIHIO YaCTOTY BpalleHus1 poTopa (puc. 3.18).

B nBuratene BeayuiMM 3BEHOM SIBJISIETCS MarHUTHBIA MTOTOK
® , poTOp BENOMBIM, B CUHXPOHHOM I€HEPATOPE — HA0OOPOT.

ITpu neperpyske MOMEHTOM CONPOTUBIEHMUsT M, pOTOP BBIXOIUT
13 CUHXPOHU3MA U MIePEXOIUT B ACUHXPOHHBIN PEKUM PAOOThI.

3.13. Paboumne xapaKTepuCTUKU, JOCTOMHCTBA
n HepgocTatku C1
PaGoune xapakrepuctuku — 9710 3aBucumoctu [, M, n,,
cos@, n or P,. OHM MMEIOT BUI, MMOKa3aHHbIA Ha puc. 3.19.

CrnenmyeT OTMETHTD, YTO COS® MOXET JTOCTUTaTh eIMHUIIBI 3a
CYET PETyIMPOBaHKsA BO30YXIeHUs poTopa, M, TMHEHHO 3aBUCUT
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I
COSP ) My Moy M2y oy
np=n =
=60/7p
et -p4-————= ",
cosp
I m

IaXX

0 P,

Puc. 3.19. Paboune XxapaKTePUCTUKU CUHXPOHHOTO IBUTATENA
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OT MOLIHOCTH Ha Bany P, IIOCKOJIBKY 71, = CONSst, T.€. HE 3aBUCUT
oT P,. Koo GUUMEHT T0I€3HOTO AEHCTBUA OTHOCUTEBHO BBICO-
kuii B CII ¢ poTOpOM MarHuToM, MOTOMY YTO HET MOTEPb Ha BO3-
OyXXIeHue poTopa.

[MoTpebnsieMblil TOK € yBeTMYEHUEM P, UBMEHAETCA HE OYEHD
CUJIbHO, Oy1arofapsi TOMy, YTO 0671bllIast YacTb Pe3yJbTUPYIOLLETO
MarHMTHOTIO MOTOKA CO3[aeTCs POTOPOM.

CHMHXpOHHBIE IBUTATe/IM UMEIOT CIIAYIOIIME TOCTOMHCTBA:

1) BO3MOXKHOCTb PabOThI MTPU COSQ = 1, YTO MPUBOIUT K YIIy4-

LIEHUIO COSQ CETH, a TAKXKE K YMEHbILIEHUIO pPa3MEPOB ca-
MOT0 JABUTaTesIsl, TAK KaK ero TOK MEHbIE TOKa ACMHXPOH -
HOTO JIBUTAaTeIs TOM K€ MOIIHOCTU; TIpU paboTe ¢ orepexka-
IOLIMM TOKOM CMHXPOHHBbIE JABUraTeM CIy>KaT TeHepaTopa-
MU pEaKTUBHOM MOIITHOCTH, IMOCTYMAIOLLEN B ACMHXPOHHbIC
JIBUTATEJIM, YTO CHIKAET NMOTpebIeHUe 3TO MOIIIHOCTH OT
TeHePaToPOB JIEKTPOCTAHLIMIA;

2) MEHBbIIYIO YYBCTBUTEIbHOCTD K KOJIEOAHUSIM HAMPSKEHNSI,
TaK KaK MX Bpallalolldii MOMEHT MPOIMOPLIMOHAIEH HAMpsI-
JKEHMIO B MEPBOI CTENEHU, a He KBaApaTy HalpsKeHus,
KaK y aCHHXPOHHbIX JBUTATeeH;

3) cTporoe MoCTOSIHCTBO YaCTOThI BpallEHUSI HE3aBUCUMO OT
MEXaHWYECKOM Harpy3Ku Ha Bajy.

Henocratku C/:

1) MX KOHCTPYKILIMSI CJIOKHEe, YeM KOHCTPYKIIMST KOPOTKO3aMK-
HYTBIX aCMHXPOHHBIX ABUTaTeNeil, U, KpOMe TOro, CUH-
XPOHHBbIE ABUraTeIU JOKHBI UMETh BO3OYAMTEb U MHOE
YCTPOMCTBO /IS MUTAaHKsI OOMOTKM BO30YKIEHMST ITOCTOSTH-
HBIM TOKOM; BCJIEICTBUE 3TOI0 CUHXPOHHbIE IBUTATE B
OOJIBLIIMHCTBE clydaeB gopoxe A;

2) cpaBHUTEIbHAsS CJIOXKHOCTh IyCKa B XOJI;

3) TPYAHOCTM C PEryJMpOBaHMEM YAaCTOThI BpallleHUs, KOTO-
POE BO3MOXHO TOJIBKO MPY UBMEHEHUM YaCTOThI MUTAlOIIIe-
IO HaTPSKEHMUS.

Ot HepoctaTku CJI nenaroT X MeHee BHITOAHBIMU IO CpaBHe-

Huto ¢ A/l mpu moutHocTsax 1o 100 kBt. OnHako mpu GoJjiee BbI-
COKHMX MOIIHOCTSIX, KOTa OCOOEHHO BaXKHO UMEThb BHICOKHUIA COSQ
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U YMEHbILIEHHbIE TabapuTHbIC pa3mMepbl MaluHbl, CJI mpeamnoy-
TuTeabHee AJl.

Crnemyet 3aMeTUTh, uTo «IIpaBuia ycTpoiicTBa 31eKTpOyCTaHO-
BOK» TpeOytoT npuMmeHeHus1 CII Bo Bcex MpuBoaax, He TpeOYIOLLIMX
PEryJupoBaHus CKOPOCTHU BPALLICHUST HE3aBUCUMO OT MOIIIHOCTH.
CUHXpOHHBIC ABUTATE]I MPUMEHSIIOT ITPEUMYILIECTBEHHO B TEX CITy-
yasx, e Hy>kHO UMETb MTOCTOSTHHYIO YaCTOTY BpallleHUsI pOTopa.
Ocob6eHHo yacTo npumMeHsitorcst CJI 1uist mpuBoAa AMarpaMMHBIX
MpUOOPOB, PETUCTPUPYIOLLMX CYyTOYHOE U3MEHEHMe TTpoliecca, AJ1sl
JIEHTOMPOTSKHBIX MEXaHM3MOB, B KQUeCTBE JBUTATEIeH OOJIbIION
MOILIHOCTHU Ha HedTenepepabdarbiBatoimx 3aBogax. CJI Takke Ha-
XOAUT MPUMEHEHNE KaK CHHXPOHHBII KOMIIEHCATOp.

3.14. YpaBHeHUe paBHOBECUA HaNpAXeHUA,
BEKTOPHAaA AMAarpamma, 3/1eKTPOMarHUTHbIN
Bpawaiowmm momeHT CJl ¢ HEABHONOJIIOCHBIM
poTopom

ITo ananorum ¢ TpaHcopMaTopoM
ypaBHEHNE PAaBHOBECHUST HAIIPSDKEHMSI
st CJ1 ¢ HeSIBHOIIOIOCHBIM POTOPOM
MMeeT BUII

U=-E,+1,-j-X,, (3.28)

rae U — Hanpsbkenue dasel, —E) —
npotuBodJIC xomocroro xona, £ jX —
MajieHre HaIPSKEHMsT HA CMHXPOHHOM
WHIYKTUBHOM COIPOTUBIEHUU (Pasbl

CTaTOpHOfI O6MOTKI/I, AKTMBHOEC COITPO-

Puc. 3.20. BekTopHas

mvarpamma C[J 0
C HESIBHOTIOJLIOCHBIM THBgeHHe r=9.
DPOTOPOM JIEKTPOMAarHUTHAs MOIIHOCTb U

3HCKTpOM3I‘HI/ITHbeI Bpau_[a}oumﬁ MO-
MCHT CUHXPOHHOI'O ABUTAaTE/IA C HEABHOIIOJIIOCHBIM POTOPOM:

m-U-E, . P n-f
P, ="V sing, M, =2, m="L
aM Xc sm aM H—Il IJ'Il p (3 . 29)
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Bexropnas nuarpamma st CJ1 ¢ HeSIBHOIIOIOCHBIM POTOPOM
npeacTasieHa Ha puc. 3.20.

3.15. CMHXpOHHbIN KOMNEeHcaTop

CuHxpoHHble KoMiieHcaTophl (CK) npeaHa3HayaloTcst 1S 1Mo-
BbILICHUST KO hUILIMEHTa MOILIHOCTH U MOAAEPXKAHUSI HOPMaJTb-
HOTO YPOBHSI HaIpsKEHHUsI CETU B palioHaX COCPENOTOYECHUS MO~
TPeOUTEbCKUX HArpy30K. CUHXPOHHBIN KOMIEHCATOp — 3TO CUH-
XPOHHBI ABUTATENb, paOOTAIOIIMI BXOJIOCTYIO O€3 Harpy3KH Ha
BaJly ¢ nepeBo30yxaeHreM potopa. [Tpu atom CI motpedsier us
CeTH olepekalolnii TOK U 9KBUBAJIEHTEH KOoHAeHcaTopy. OmHaKo
B IIEpUOJIbI CMafia MOTPEOUTEILCKIX HATPY30K HEPEIKO BO3HUKAET
HeobxoauMocTb padoTel CK B HEOBO30YXIEHHOM pesKUMe, KOT-
Jla OH MOTpPeOIsIeT U3 CeTU MHAYKTUBHBIN TOK M PEaKTUBHYIO MOILI-
HOCTb.

ITocTpouM TpU BEKTOPHBIE AUArPAMMBbI JUTSI CHHXPOHHOTO JABU-
rarejig B Tpeanonoxenuu, yro U = const, [ - cosp = const
(puc. 3.21), Torga notpedsieMast MOLLIHOCTb IBUTATEJIsI COIJIACHO
(2.54) Oyner:

P =m -U-1,-cose = const.
W3 puc. 3.21 crenyeT, 4TO MUHUMAJIBHBINA TOK CUHXPOHHBIN
IBUTraTelb MOTPEOIISIET MPU HOMUHAJIBHOM TOKE BO30YXIEHWSI.

S
&
S

L=, (P=O [s<lp, (0] >0 B> Lo, @ < 0

Puc. 3.21. BexTopHbie guarpammst Cll mpu pasnuuHbIX TOKax
BO30YKOeHUA
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3aBUCUMOCTD IIOTPEDIIIEMOTO TOKA /, OT TOKa BO30YXIeHusl [, Ha-
3piBaeTcsl U-00pa3Hoil u3-3a cBoeit hopMbl (puc. 3.22).

I, A

IB<IBH IBH IB>IBH IB
Puc. 3.22. U-o6pasHan xapakrepucruxa CJ]
Ilyctb y Hac umeeTcst ogHoda3HbIi AJl, MOAKIIOYEHHBII K CeTH

C MOMOLUbBIO JIMHUM, UMEIOILEN COMPOTUBIEHUE 7, (puc. 3.23).
Toraa MOIIIHOCTB ITOTEPH B IMHUM COCTABMT:

AP, = Iia T

roe [ N 9TO TOK, HOTpG6.T[$ICMLII>1 ACMHXPOHHBbIM IBUTATCIICM.

H
H
H
H
1
I

&

@

Puc. 3.23. Cxema Bknouenus CK

ITotpe6nsiemast akTMBHAsT MOLLIHOCTb A/l
P=U-1,-coso=U-1,,,. (3.30)

BekTopHas muarpamMma IUisl 9TOro ciyyasl ImpeicTaBieHa Ha
puc. 3.24, rae 1,;, — WHAYKTUBHAsL, a /,; — aKTHBHAasl COCTaB-
Jsonye Toka AJl.
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BximowyaeM teneps mapanieabHo AL on- U
HOoMa3HbII CUHXPOHHBI KOMIIEHCATOP o
(puc. 3.23). B ugeane Oymem cUuTaTh,
4TO TOK KOMIIeHcaTopa /., onepexaeT Ha- [, ;. &
npstxkeHure Ha 90°. Torma BeKTOpHasl TU-
arpamMma OyzeT BbIIJISIIETb CIEAYIOLIUM 00-
pazom (puc. 3.25).

W3 nuarpamMmsbl ciiefiyet, 4To 3a cyeT
TOKa CHHXPOHHOTO KoMIleHcaropa /., 00- Puc. 3.24.
LM TOK B JIMHUU [ yMEHbIIaeTcs, cie- BekTopHas
JIOBAaTEIbHO, YMEHBLIAETCSA ¥ MOIIHOCTh  nuarpaMMma TokKoB AJ]
notepb B auHuu (3.31):

A

Y

Inu

U, ¢

2 Y

AP =1°-r, (3.31) A |

noatomy KIIJI nuHUM mepegayu Bo3pa- | I I

CTaerT. NP VR B
CHUHXPOHHBIN KOMIIEHCATOP CKOMITEH- "y

CUPOBAJT OOJIBIIYIO YACTh UHAYKTUBHOM CO-  <a— »l

CTaBJISTIOLIEH TOKa [, ,, COOTBETCTBEHHO [y I I

YMEHBIIWJICS YTOJl HATPY3KU 10 @' ¥ BbI-
poc KO3(GULMEHT MOIHOCTH JuHun — EWC. 3.25. Bexropras

cosg' > cose. Iuarpamma Toxkos AJl
BMecTO CHHXPOHHOTO KOMITEHCATOpa C [TapaienbHo
MapaJuIeIbHO AKTUBHO-MHIYKTUBHOM Ha- BIouerHbM CK

IPY3Ke MOXXHO BKIIIOYaTh 0aTapero KOHICH-

caropoB. OIHAKO IPY BEICOKOM HarpsDKeHUU GaTapest KOHICHCa-
TOpOB OymeT UMeTh 06JbIe rabaputhl, YeM CK, Tak Kak ¢ yBe-
JIMYEHUEM HAIPSDKeHUS MATAHUS [UT IPENOTBPAIEHNS 3JIeKTPU-
YeCKOT0 IPo00sT HY>KHO YBETMUMBATh PACCTOSTHUE d MEXIy OOKJIajI-
KaM¥ KOHJIEHCaTopa, a ISk COXpaHeHusl eMKocTh C — IUIOIIaIh
00KJIAMIOK .S, T.€. rabapuThl 3HAYUTEIILHO YBEIMUMBAIOTCS:

C= % = const, (3.32)

rac é — JHUOJICKTPHUYCCKasA IOCTOAHHAaA.
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3.16. CneumnanbHble CUHXPOHHbIE ABUraTenu

Cunxppypbiii REAKTHBHBII IBAraTCiD> fﬁ:d?@)as@mmmm Qﬁ}yx:
crams (asHbIit cTaToOp, co3malolIMit
§ ) BpallaolUiicd MarHUTHBII
Amovmmessi  TOTOK. POTOD SIBHOTIOMIOCHBIN
CILaB ¢ TycKoBoii ooMoTkoii. Cep-
> JIEYHUK POTOpa C/IeIaH U3 Mar-
1 HUTOMSTKOM CTajli, XOPOILIO
MPOBOMIIEI MATHUTHBIN T10-
> TOK C HEOIMHAKOBOW MarHUT-
HOM MPOBOAMMOCTBIO TIO OCIM
dn g. Ha puc. 3.26 npencras-
JIeHa OJTHa U3 KOHCTPYKIIMA po-
topa Mukpo-CP/I.
Posib myckoBOi# OOMOTKM BBITIOJHSIET aTFOMUHUEBBIA CIUIAB.
J1s1 TaHHOTO POTOPAa MBI UMEEM:

Ay >N, > X, <X,

N

\ﬁ/

Puc. 3.26. Koncrpykuua
poropa Mukpo-CPIl

T.C. JICKTpOMariuTHasA MOIHOCTb U MOMCHT CP ﬂ, MMCIOT I10JIO0-
2KUTECJIbHBIC BHAYCHUA 1 PABHDI:

772
P, m U1 1 sin20 —
2 X, X,
. 3.33
_>M9M_3M7 I‘Hi=2nfi' ( )
)/

ITyck ocyiecTBisieTcst 3a C4eT aCHHXPOHHOTO MOMEHTa, 00y-
CJIOBJICHHOT'O BUXPEBBIMI TOKaMU B aTIOMUHUEBOM CIDIABE, a CUH-
XPOHU3UPYIOIIMA 3JIEKTPOMATHUTHBI MOMEHT BO3HMKAET ITPH
HCKPUBIICHUSIX MATHUTHBIX JIMHUI IToTOKA P cTatopa, CTpeMsIIInX-
Cs1 IIPOMTH 1O ITYTH HAMMEHBIIIETO MATHUTHOTO COPOTUBIICHUSI.

[1py MpOTUBOMOIOXHON HAMATHMYCHHOCTH POTOPA IIOTOKOM
cTaTopa MeXJIy HIMU BO3HHMKAET 3JICKTPOMAarHUTHAs CIJIa. 3a CYeT
CUHXPOHU3MPYIOLLETO MOMEHTA M, TIOJIIOC POTOpA IOTOHSIET ITPO-
TUBOMOJIOXHBIN MOJ0C MATHUTHOTO MOTOKA cTaTtopa (puc. 3.27).
Jayiee poTop BpalllaeTcsi CHHXPOHHO € ITOTOKOM, a IOJ 1eHCTBU -
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€M Harpy3ku, IPHJIOXKEHHOM K @

BaJly, IIPOMCXOIUT TIOBOPOT IOJIIO-

ca poTopa OTHOCHUTEIBHO TIOJII0Ca _‘\
MarHUTHOTO ITOTOoKa cTaropa. [1o- N Moy

JIIOC POTOpa CO3MAETCS 32 CUET Mar-
HUTHOTO MoToKa cratopa. OH oT-
HOCHUTEJIbHO HEOObILION, U dHEP-
rerTuueckue xapakrepuctuku CP]]

CYIIIECTBEHHO HUXE XapaKTepuc- -
TUK o0biyHOro CJI ¢ poTopoM-
MarHUTOM.

Puc. 3.27.

HoctounctBo CP/] — 310 1Ipo-
CTOTa KOHCTPYKLIMU poTopa. Heno-
CTaTOK: U3-3a TOro, 4to P~ sin 26,
JIBUTaTe]lb MOXKHO HarpyaTb TOJIb-
KO JI0 YIJ1a OTCTaBaHusI 45 2/1eKTpUIECKUX IPaTycoB.

PeakTuBHbIii peAyKTOpPHBIIi IBUraTesb. PeakTUBHbIE peayKTOp-
Hble aBurareau (puc. 3.28) MO3BOJSIOT MOJIYYUTh MaIyl CUH-
XPOHHYIO CKOPOCTh BpallIeHUsI TP IMTUTAHUU OT CETU CTAaHIAPTHOMI
4acTOThbl 6€3 MEXaHMUYECKOTO
penykTopa. CtaTop U poTOp
HaOMpPaIoTCs U3 JIMUCTOB JeK-
TpoTeXHU4YecKoi ctanu. Cra-
Top C BBIMOJHSETCS B BUE
KOJIbLIA Y IMEET TMOTYKPYIJIble
Ma3bl Ha BHYTPEHHE! MmoBep-
XHOCTU. PoTOp P BBHITTOIHS-
eTcs B BUIE JUCKA U MMEEeT
TaKue e Ma3bl Ha BHEILIHEeH
noBep-xHocTu. Yucia 3y0-
LIOB CTaTopa g, ¥ poTopa z,
PasINYHbI, PUIEM Z, > Z,.
Ha cratope yxnaabiBaeTcst
Puc. 3.28. CxeMa KOHCTPYKL UK 0GMOTKA, TpeHA3HAYCHHAST

CUHXPOHHOTO PEAKTUBHOTO JUIS TUTaHYSE OT TpexdasHoit
PELYKTOPHOTO ABUTATENA

IneKTPOMarHUTHLI MOMEHT
mMukpo-CPII
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WM oJHO(MA3HOI CeTU 1 CO3Aal0llIasl Bpallaloleecsi MarHUTHOE
mmoJie.

PaccMoTpyM IpUHITUIT AEHCTBUS TAKOTO PEIYKTOPHOIO JIBUTA-
tend. Ecnm B 1aHHbI MOMEHT Bpemenn BekTop @ Bpaiaomie-
TOCSI MATHUTHOTO T10JIsI 3aHMMAeT ITOJIOKeHUe A, TO peaKTUBHBII
BpalllalolIMii MOMEHT 3aCTaBUT IMOBEPHYTHLCS POTOP B MOJIOXKEHUE
HanOOJIbIIICii MATHUTHOM IIPOBOIMMOCTH, T.€. IIPOTUB CTATOPHBIX
3yOLIOB / 1 4 OymyT HAXOAUTCSI pOTOpHBIe 3yoLbl /'u 5'. [Tpu nepe-
MELIEHNH BEKTOpA MoJs B Tojloxenue b, T.e. Ha yron 360°/z,
POTOP ITOJ AeICTBUEM PeaKTUBHOI'O MOMEHTA IIOBEPHETCS Ha Ta-
KO yroJ1, YToObI MAaTHUTHASI ITPOBOIMMOCTh CHOBA CTajla Haubo b~
1eil. DTo HACTYIIUT TOrAa, KOraa IpoTHB 3yOIIOB cTaTtopa 21 5
BCTaHYT 3yOLIbl poTopa 2'u 6", T.€. pOTOP MOBEPHETCS HA yTOJI

360°  360°

Z, z,
C.TIG,Z[OBEITC.TILHO, ymjioBasi CKOpOCTb BpallICHUsI pOTOpa w, MEHb-

e erIOBOfI CKOPOCTH BEKTOPa IOJIsI CTaTopa m,; B

360°
Zc ZP
= pas.
360°  360° z, -z,
Z, z,
DTO 3HAYUT, YTO
mo %3
10 Z,
Otkyna
Z,- 2,
o, = —— . (3.34)
ZP
Hnst Hawero cayvast (puc. 3.27):
8-6 1
H—[z = TI—H] = ZI—H] .

Ecim BeiOpath 7, = 100 u z, = 98, T0 ®, = 0,02 w,.
W3 ypaBHenus (3.34) BUAHO, YTO YeM MEHbILIE Pa3HOCTh YM-
celt 3yOLOB 2, — 2, TeM MEHBILE NPU JAHHOM Z, CKOPOCTb Bpallle-
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Hus potopa. Haubojibliee peaylpoBaHie CKOPOCTH IPOVCXOIUT
npu z, — z, = 1, HO IIpX 3TOM TOYHO JpPYT TPOTUB Apyra MOTyT
HaXOIUTCS TOJILKO 110 OTHOMY 3yOIly CTaTOpa ¥ pOTOpa, 4To IpH-
BOIUT K YMEHBIIIEHUIO MATHUTHOM TIPOBOIMMOCTH 3a30pa U YXYII-
IICHUIO MCIIOJIb30BaHUs ABuUraresist. [loatomy mist moaydeHUst
BO3MOHO MEHBIIIETO MAarHUTHOIO CONPOTHBIICHHMSI Pa3HOCTh
Z, — Z, BBIOMPAIOT 00513aTeIbHO YETHOI 1 paBHOI 2p k, tie k = 1,
2, 3,..., a p_ — YKCJIO TIap TOJIIOCOB OOMOTKM cTaTopa. Penykrop-
HbIE JBUrATE]TM MOXKHO BBITTOJIHUTh C PEAYLIMPOBAHUEM B HECKOJIBKO
CTYIICHEH, yCTaHaBJIMBasI HECKOJIBLKO POTOPOB, TIOMEILICHHBIX OIMH
B JIPYTO#, C OIpeAeIeHHBIM KOJUYECTBOM 11a30B Ha BHEIIIHEH 1
BHYTPEHHEI TIOBEPXHOCTSIX.

CHHXPOHHBIIi THCTEPe3UCHBI ABUraTeb. CUHXPOHHBIN THC-
tepesucHbIit apuraresb (CII) umeer oObIUHBIN TpeXda3HbIi WK
nByx(a3HbBII CTaTOP, a POTOP MPEACTABIISIET COOOI BTYIIKY, COCTO-
SIIIYIO M3 KOJICII CIIeIIMaIbHOM CTaIM C TIeTJIei TUCTepe3unca, 3aH1-
MaroIIel IPOMEKYTOYHOE ITOJIOKEHUE MEXKIY ITET/ICi MAarHUTOTBEP-
JIOTO MaTepuana M MeTieill MarHUToMsrkon ctaau (puc. 3.29).
Taxue cIIaBbl Ha3bIBAIOTCS TUCTEPE3UCHBIMU. K HUM OTHOCSITCS
CTaJIM TUITa BUKAJJION ¥ aJIbHU.

Bpaiaronmiicss MarHUTHBII TIOTOK CTaTOpa HaMarHUIMBaeT
THCTePE3UCHBII CIIOI POTOPA, KOTOPHI MOXXHO ITPEACTABUTh KaK
CJIOM, COCTOSIIIIMIA 3 MaJICHBKMX MATHUTUKOB, TIOBOPAYMBAIOIIIMX-
CsT BOKPYT CBOMX HEITOIBMIKHBIX OCEH BCJIE 3a TepeMellleHIeM

A B, Tn

MaruuToMsrkas T'ucrepesucnbic
cTab K0T

TcrepesHcHbiit
crnas

i |

-

! >

H T - [ |

} | H, Am

i |___— Marnwntorsep/siit Ilnacrm

} J MarepHan BTYJIKa

Puc. 3.29. [letnu rucrepesnca MarHUTHLIX MaTepuanos u
KOHCTpyKLuua poTopa CT'
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MarHMTHOTO MOTOKA CTaTopa
C HEKOTOPbIM OTCTaBaHUEM
Ha TUCTEPE3UCHBbIN YToJl y.
Mexmy moJitocoM OoTOKa U
MOJII0CaMU MAarHUTUKOB BO3-
HUKAeT 2JIeKTPOMAarHuTHast
cuia TSDKEHUSI, TaHTEHLIM-
abHast cocTapisowas £,
KOTOpPOi1 00yCIOBIMBACTCS
2JIEKTPOMArHUTHbBIA Bpallia-
o1t MoMeHT (puc. 3.30).

IToka MarHUTHbBIN MOTOK
cTaTtopa rnepemMeniaeTcs oT-
HOCUTEJLHO pOTOpa, TUCTe-
Puc. 3.30. [Tpuxuun pencreus CI'Z PE3VCHBII MaTepua mepe-

MarHM4uBaeTcsl — 2JeMeH-
TapHble MAarHUTUKU BpalalOTCsl BOKPYT cBoux oceil. [1pu cuH-
XPOHHOW CKOPOCTU I'MCTEPE3UCHbIN €10 He epeMarHuymuBaeT-
Cs1, DJIEMEHTapHbIe MATHUTUKU BOKPYT CBOMX OCEii He BpalLlalOTCsI
U POTOP YNOA0OISIETCSI TOCTOSTHHOMY MarHUTy, HAMarHu4eHHOMY
TOJIEM CTaTOpa U BPALLAIOILIEMYCSI CHHXPOHHO C TIOTOKOM CTaTopa.

ITo cBouM sHepreTryeckuM xapakteprctukaMm CI'Jl 3aHumaet
MpOMeXyTouHoe TosioxkeHue Mexny CII ¢ poTopoM-MarHuTOM 1
CPI.

IIpeumyniecto CI'JI B TOM, YTO pOTOP OYEHb MPOCTOI KOHCT-
pykuuu. Bpaluatoiiuit 271eKTpoOMarHUTHbIA MOMEHT BO3HMKAET Kak
B ACMHXPOHHOM, TaK U B CHHXPOHHOM PEXHMax U He TpeOyeTcs
2JIEMEHTOB 3aITycKa.

YToObI MOTYYUTh MEXAHUUECKYIO XapaKTEePUCTUKY, TPOBEAEM
CJIeyIoIIMe PAcCyKAeHMsI. DIeKTpOMarHuTHasl MOIIIHOCTb Ha T1e-
peMarHUYMBaHKE TMCTEPE3MCHOTO CJI0SI MTPU HEMTOIBUXKHOM POTO-
pe MOXHO 3amucaTh B BUIE:

Pr(S:l) = Py V.- hs (3.35)

re V. — o0beM TMCTEPe3UCHOIO MaTepuaa; p, — yAeIbHast MOLLL-
HocTb (Br/M*T).
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Mo1HoCTh HNOTEPb HA NIEPEMArHMYrMBaHME MPU BpalllalOLIEMCA
POTOPE MOZKHO 3aITiCaTh KaKk

Ps=pu V.- foss hs=5-S—>FPs=p,-V.-fi-5. (336)
TToaHas mexaHnyecKast MOLLIHOCTb TOTAA 3alMILIETCsT Kak
PMx:R'S:I_R'S:pya'l/l"-fi'(l_s)' (337)

I'ucTepe3ncHbIii MOMEHT TP 3TOM OyIeT paBeH:

MMX :Mr :ﬁ’ g, :H'Ii(l_S)’ 1 :271: fi’
1, 4
y PV S-(0=8) b Vioep
MX o - fl I .
= 7L (1 -8 )
4
TaxuM 06pa3oM, BUIHO, UTO TUCTEPE3NUCHBIN 3JIeKTPOMarHUT-
HbIIA MOMEHT M _He 3aBUCUT OT CKONbXeHus S. B rucrepesucuom
CIToe MHAYKTUPYIOTCS BUXPEBBIE TOKM, KOTOPhIE MAKCHMATEHBI TIPU
HETIOABVKHOM POTOPE W PaBHEI HYJTIO TP CUHXPOHHOM Bpallle-
Hun. OHM CO3IAI0T ACMHXPOHHBIN 3JIeKTPOMArHUTHBIA MOMEHT
M, XOTOpBIi 3aBUCUT OT .S JIMHENHO, MOCKOJIBbKY POTOP MMEET
OOJIbIIOE AKTUBHOE CONPOTUBJIEHHUE 7, U, CIIENIOBATENbHO, .§ > 1.
B cMHXpOHHOM M B aCMHXPOHHOM peskKrMMax paboydast TOYKa 3a-
BHCHUT OT HAarpy3Ku, IIPWIOKEHHOM K Bajy. [IBuraresb OymeT pa-
0o0TaTh B TOUKEe A B CMUHXpPOHHOM pexxume ¢ S = 0, eclii MOMEHT

(3.38)

ME)M‘
: c M+M,
Moo
< B
~ M,
A M,
M, 0\
0 S 1S

Puc. 3.31. Mexatnyeckue xapakrepuctnku CI'[J
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CONPOTUBJIEHNST M, UI3MEHSAETCA OT .S TMHENHO, KaK IMOKa3aHO Ha
puc. 3.31. Ecii MOMEHT CONpPOTUBIEHNS U3MEHsETCs Kak M ',
to CI'/Jl 6yner paGorath B TOYKe B CO CKOJIbXEHUEM S, — 3TO
ACUHXPOHHBII PEXUM.

B cuHxpoHHOM pexkuMe maTepuaj 'MCTepe3UCHOTO CJI0sl He
rnepeMarHMYMBaeTcs, a B aCMHXPOHHOM pexkuMe — MepeMarHu-
YHBAETCs, CJeN0BaTEebHO, BbIIEISIETCS TEII0, TOITOMY B ACUH-
xpoHHOM pexkuMe CI'J] HarpeBaeTcst 6oJiblIe.

CI'I ucnonb3ytoTcsl Takke Kak TOPMO3HbIE TMCTePE3UCHBIE
MYQTHI.

ITIarosbie apuraTemn. Illarosbie asuratenu (111[1) GbiBatoT
AKTUBHBIM poTOpoM-MarHuTom tuna A u ¢ peakTUBHBIM pO-
topom Tuna LI/IP. PeakTMBHBIMM 1IaTrOBBIMU IBUTATEJISIMU HA3bI-
BalOT CUHXPOHHbIE PEAKTUBHBIE ABUTATEIM, MPEOOPa3yollme KO-
MaHJy, 3alaHHYIO B BUJE UMITYJIbCOB HAMPSIKEHUI CTAaTOPHOM 00-
MOTKH, B (PMKCUPOBAHHBIE YIJIbI IOBOPOTA Bajla WA (DMKCUPOBAH-
Hbl€ JIMHEIHbBIE MTepeMelleHUs Bajla 0e3 TaTYMKOB OOPaTHOM CBSI3U.

PaccMoTpyM NpyHLIMIT AEACTBUS 111arOBOTO ABUTrATeIsl Ha MTPU-
Mepe peakTuBHOro TpexdaszHoro ]I, ctaTop KOTOporo umeet
LIECTb SIBHO BBIPAXKEHHBIX MOJIIOCOB, & POTOP — J1Ba MOJI0CA; CTa-
TOP U POTOP BHIMOJHEHbI U3 MArHUTOMSITKOM 2JIEKTPOTEXHUYE-
CKOI cTanu, 1mxToBaHHbIe [1, 4, 7].

Ha pucynke 3.33 npuBeaeHbl BpeMeHHbBIE AUarpaMMbl (paszo-
BbIX HAIPSKEHUI, COOTBETCTBYIOLIME MOJOXEHUSIM pOTOpa Ha
puc. 3.32.

B npomexyrtok BpeMmenu 0 — 7, TOK NPOTEKAET TOJIBKO B (ha-
3¢ 1, ¥ pOoTOp pacnosoxXeH Mo ocu NmoocoB 1 — 1 BAOJIb MarHUT-
Horo notoka ®.

B MoMeHT BpeMeHM 7 MOSABUTCS MMIIYJIbC HAINPSDKEHUS B
(aze 2. Ha potop OyayT AeiicTBOBaTb CUJIbl OAHOBPEMEHHO IBYX
nostocoB 1 u 2. B pesynbraTe poTOp MOBEpHETCS MO 4YacOBOM
CTpeJIKe U 3aiiMeT MPOMEXKYTOYHOE MOJI0XKEHUE MEXKIY MOII0caMu
1 1 2 monepeK MarHUTHOTO 1ToToKa d.

B MomeHT BpeMeHH 7, TOK B (pase 1 IpeKpaTuTCs, U poTOp T10-
BEPHETCSI ellle Ha OIMH 11ar M0 YaCcOBOii CTpeJIKe, 3aHsIB MOJOKEHUE
10 OCH TTOJTIOCOB 2 — 2.
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Puc. 3.32. YcTpoiCcTBO W ITPUHNIUIT LeACTBUA PEAKTUBHOI'O
L1aroBOT'0 IBUTATENA

Ui
U2 | |
[ [

Us

Puc. 3.33. BpemeHHbIe ;uarpaMmbl (a30BLIX HATPAKEHUN
L1aroBOT'0 IBUTATENA
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B MoMeHT BpeMeHH £, IOABUTCS TOK B (pase 3, poTop MOBEp-
HETCs ellle Ha 1Iar v 3aiiMeT MoJoxkeHue MexXIy noarocamu 2—3.

B MoMeHT #, ipeKkpaTuTCs TOK B (hase 2, poTop 3aiiMeT Mmoso-
>KEHHeE 0 OCH TOTI0COoB 3—3.

B MomeHT £, mogBuTCs TOK B (hase 1, poTop 3ailMeT IOI0XKe-
HMe MexXay noaocamu 1—3.

B MoMeHT 7, mpexpatutcs TOK B dase 3, poTop clesaeT 1e-
CTOH 1LIAr U 3aiiMeT IMOJIOKEHNE 10 OCH MoocoB 1—1, ¢ KoToporo
MbI HaYaJli pacCMOTpPEHrE paboThI ABUTATES.

B nocaenytomme kel mpoueccs B /I OymyT mOBTOPSTh-
cd, T.e. 1] paboTaeT Mo IMIECTUTAKTHOM CXeMe KOMMYTAalLluU C
pasnesibHO-COBMECTHBIM BKITIOUEHHEM (ha3HbIX OOMOTOK YIIpaBJie-
Hus: 1—1, 2—2-2, 3—3-3, 1—1. UMnyabchl HanpspkeHUs
OJTHOMOJISIPHBIE.

J11d M3MeHeHHs1 HarpaBJeHUsT BpallleHsI poTopa HE0OXOAMMO
M3MEHUTb CXeMy KOMMyTaluu ooMOToK: 1—1, 3—3—3, 2—2-2,
1-1.

Illar noBopota potopa:

_360°

&, = 2om -k (3.39)
[ 2p — YMCIIO MOJIOCOB POTOPA; /M, — YKCIIO0 (ha3HbIX OOMOTOK
yrpasieHust; kK — Ko3PULMEHT, onpeaeisieMblil CTocoO0M BKITIO-
YeHMsT 0OMOTOK (ITpU pasfesibHOM BKIIIOYEHUM k = 1, mpu pas-
IeNbHO-COBMECTHOM k = 2). B Haiuem ciyvae 2p = 2, m = 3,

k = 2, Torna:
o - 360°  360°

Y2320 12

Ecau B aTOM ABuUrartesne NpuMEeHUThb pa3iebHOEe BKIIOUEHUE

0OMOTOK, T.€. MPUHSITh CXeMy KoMMyTauuu 1—2—3—1, To 1mar
poTopa Oyner:

= 30°.

_360°  360°

231 6
VYMeHbllIeHe 111ara Otm CHOCO6CTByeT TTOBBILLIEHUIO YCTOfI‘{I/IBO-
CTU U TOYHOCTU pa60TI>I ABUTaTEIIA. ﬂf[ﬂ YMCHBIICHMA 1Iara yBe-

=60°.
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JIMYUBAIOT YMCJIO MOTI0COB poTopa 2p. Eciu B paccmaTtpuBaeMoM
JBUTaTesIe MPUMEHUTh POTOP KPecTooOpa3Horo ceueHust (2p=4),
TO TIPU Pa3IEebHO-COBMECTHOM KOMMYTALMM o, = 15°.

IllaroBbie nBUraTeN M ¢ aKTUBHBIM POTOPOM (C 0OMOTKOI BO3-
Oy>KIEHUST WM TOCTOSTHHBIMM MarHUTaMU Ha pOTOpeE) MO3BOJISTIOT
MOJIYYUTh OGJIbIIME 3HAUEHHST BpAILIAIOLIErocs MOMEHTA, a TaKXKe
obecrneynBaroT hUKcaluio poTopa IMpyu OTCYTCTBUU YIIPaBIISIOLIE-
IO CUTHaJa.

IllaroBblit ABUTaTE b pabOTACT B KOMILJIEKTE C KOMMYTATO-
POM — YCTPOMCTBOM, NMPeoOpas3yolIMM 3aJaHHYIO Mocaea0Ba-
TEJIbHOCTD YIPABJISIIOLIMX UMITYJILCOB B 71-(ha3HyI0 CUCTEMY MPSIMO-
YTOJIbHBIX UMITYJILCOB HampsikeHusl. YacTtoTa BpallieHusI 11aroBoro
JBUTATENIsT PEeryJaupyercsl U3MEHEHUEM YacTOThl MOJAayu yrpaB-
JISTIOLMX UMITYJIbCOB HAMpsKeHUsT Ha a3kl 0OMOTKM CTaTopa.

Pexxnmbl padOTHI M XapaKTepHCTHKH MIATOBBIX JABUraTeieii. Pa-
ooty LI/ cuMTaloT yCTOMYMBOM, €CiM OH paboTaeT 6e3 MoTephb
mara, T.e. poTOp 3aHMMAaeT yCTOMYMBOE MOJIOXKEHUE, COOTBET-
CTBYIOLLIEE MOJIOKEHUIO BeKTopa pesynbTupytoiieit MJIC cratopa,
mpu Kaxaom 1iare Bektopa M/IC.

. Pexxvimbr pabotsr 1T
| pasauMyaroT B OCHOBHOM B
' 3aBHCHMOCTH OT YacTOThI
VITPABRJISIFOLLIX UMITYJIBCOB /-

CTaTu4yecKUil pexxum
(= 0) cooTBeTCTBYET IPO-
TEeKaHUIO MOCTOSSHHOTO
TOKa Mo OOMOTKaM YIpaB-
JIEHUSI, CO3Mal0lIUM He-
MOABUXHOE MarHUTHOE
nose. [Ipu nmosopote po-
TOpa OTHOCUTEJIBHO Mar-
HMUTHOTO MOTOKA BO3HMKA-
€T CUHXPOHU3UPYIOLIMI
' MomeHT M (puc. 3.34).

Puc. 3.34. Bo3nuxtosenue OCHOBHO# XapakTe-
CUHXPOHU3NPYIOLETO MOMEHTA PUCTUKOM 3TOTO peXMMa
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SIBJISIETCSI 3aBUCHMOCTD CTATUYECKOTO CHXPOHU3MPYIOIIIETO MOMEH-
Ta M OT 3JIEKTPUYECKOrO yIjia MOBOpoTa potopa o.. M3 puc. 3.34
BHUIHO, YTO IIPH IOJOXUTEILHOM YIJIe TIOBOPOTA POTOPA CTaTH-
YECKMI CUHXPOHM3UPYIOIINI MOMEHT OTPUIIATEIeH 1, COOTBET-
CTBEHHO, MPU OTPULIATESILHOM YIJie — IOJOXUTEIeH. 3aBUCU-
Mocth M_ (o) mokasaHa Ha puc. 3.35. Kak M3BeCTHO U3 TEOPUU
CHUHXPOHHBIX MAIlIMH ¢ aKTUBHBIM POTOPOM, 3Ta 3aBUCIMOCTb ITe-
pHOIMYECcKast CHHYCOMIAIbHAs U MIMEET BUI, ITPEACTABICHHBIN Ha
puc. 3.35 (cronrHasi TUHUS).
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Puc. 3.35. Vrnosuie xapakrepuctuku L]
C CUMMETPUYHLIMU 3y611aMn

30HOI CTAaTUYECKON YCTONYMBOCTH 0t SIBISACTCST OKPECTHOCTD
TOYKH YCTOMYMBOIO PABHOBECHSI Ha YIJIOBOIM XapaKTEepUCTHUKE, U3
JIF000 TOYKM KOTOPOIA TTOCTIe CHITUSI BO3MYILIAFOIIETO BO3ICHICTBHSI
POTOP BO3BPAIIIACTCSI B UCXOTHYIO TOUKY YCTOMYMBOTO PaBHOBE-
cus. ITpu cratmyeckom MomeHTe conpotuBienus M, = 0, Touka
yCTOMUYMBOTO paBHOBecHsI — (), TOUKM HEYCTOMUMBOIO paBHOBE-
cust — Au B, T.e. 30Ha cTaTU4ecKoit ycroitunBoctu AOB cuMmer-
pUYHa:

0y = (=) = (+7).
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B ciyyae Hanuuus MomeHTa Harpysku M, # 0 30Ha cTatuye-
CKO YCTOMYMBOCTU CTAHOBUTCSI HECUMMETPUYHOM, HAIIpUMeED
A OB tpu M, > 0.

[TpenenbHbIA MOMEHT CONPOTUBIEHNA M, IPY KOTOPOM BO3-
MoxeH myck L/, T.e. orpaboTKa Iirara B 3alaHHOM HarlpaBJie-
HMH, OTIPEEISICTCS TOUKOM nepeceueHrss C MCXOMHOM YIIIOBOit
XapaKTePUCTUKK C XapaKTEPUCTUKOM, CIBUHYTOM Ha wiar o, (ITyH-
KTUpHasl TuHUST Ha puc. 3.35).

Ecu M = M_,> M_, to porop (touka O,) mpu 1uare mojs
CTaTopa OKaXeTcsi BHE HOBOI 30HBI CTATMUECKON YCTOMUMBOCTH
A’ OB, v IycKa He NMPOM30MIET. YCI0BHUE OTPAOOTKM LIara u3
COCTOSTHHUSI TTIOKOSI UMEeT BHII;

M, <M,.

Cratuyeckas ommoka 1111, T.e. pa3HOCTB YIJIOB IIOBOPOTA PO-
topa 1 MJIC cTatopa B CTaTUYECKOM pexkrMe (KOOpIruHaTa TOYKHI
O, Ha puc. 3.35), 3aBUCUT OT BEJIMYMHbI U 3HAKA CTATUYECKOTO
MOMEHTA COIIPOTUBIICHUS 1 KPYTH3HBI HAYaIbHOTO YUacTKa YIJIO-
BOI XapaKTepUCTHKHU, T.€. YICTbHOIO MOMEHTA.

Pexxrm 0TpabOTKM €MMHUYHBIX IIaTOB COOTBETCTBYET YaCTOTE
VIIPABIISIONINX UMITYJIbCOB, TIPH KOTOPOM IEPEXOIHBII IpolIecc,
yalie BCero KojiebaTeIbHbIM, Ha KaXKIOM Iare 3aKaH4YMBaeTCs K
Hayajly CJIeAYIOLIEro Liara, T.€. YIJIOBas CKOPOCTb POTOpa o, B
Havajie KaXkIoro Iara paBHa Hyio (puc. 3.36).

B MOMEHT BpeMeHHM £, POTOP NEPEMECTUTCS Ha BEIMUMHY 11ara,
OIIHAKO OH MMEET MaKCUMAJIbHBIE CKOPOCTb O, 1 KMHETUYECKYIO
SHEPIUIO U ITPOIOJDKACT IePeMeIaThCst IIPOTUB CHJI IToJist. Hauu-
HaeTcs npolecc CBOOOIHBIX KoebaHuit (KauaHWil) poTopa OTHO-
CUTEJIEHO TI0JIOXKEHHUST YCTOMYMBOTO PABHOBECHSI, KaK Y BCEX CHUH-
XPOHHBIX nBUTaTeNeii. KojaebaHus 3aTyxaloT, KOTna BCsl KUHETH -
yeckast 9Heprusi OyIeT M3pacxoloBaHa Ha 3JIeKTpUUYECKUe, Mar-
HMTHBIC ¥ MEXaHUYECKKE TTOTePH, BEI3BAHHBIC STUM IIPOIIECCOM.
AMIUIMTYIa ¥ BpeMs 3aTyXaHUsI KoJIeOaH i TeM MEHBIIIe, YeM 00JTb-
1IIe 3TU TIOTEPH.
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Puc. 3.36. [Ipouecc orpabotku urara II]]

OCHOBHBIMM TTOKa3aTeISIMU PeKUMa OTPaOOTKY eIUHUIHBIX
111arOB SIBJISTFOTCST:
a) BEJIMYMHA TEPEPETYIMPOBAHUS AC, , T.€. MAKCMMAIbHOE
OTKJIOHEHUE OT HOBOT'O ITOJIOXKEHMUST YCTOMYMBOTO pAaBHOBE-
CHSI pOTOpa IPY IIEPEXOTHOM IPOLIECCE;
0) MakCHMMaJIbHOe 3HaYeHNEe MTHOBEHHOM CKOPOCTU pOTOpa
oL, BIIPOLIECCE MEXaHMYECKOTO 111ara;
B) BpeMs 3aTyXaHHsI CBOOOIHBIX KOJicOaHUI pOTOpa Ha OTHOM
wiare 7.
Y LIaroBbIX ABUTATENIEN XKeNaTeIbHO YMEHbIIATL Ao, U £ TIpU
COXpaHEHUH HEOOXONMMOI MTHOBEHHOI CKOPOCTH OL,.

CpenHiow cKOpocTh BpalieHus poropa LI onpenensiioT mo

opmyre: i
o, = mfocw, ¢’ (3.40)
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YcraHOBUBIIMIACS PEXXM PaOOTHI 111arOBBIX IBUTATENEN COOT-
BETCTBYET IMOCTOSTHHOM YaCTOTE YIPABJIAIOLINX UMITYJIbCOB, ITPH-
4eM £ OoJibllie BDEMEHHU OJHOTO TaKTa KOMMYTALIUK.

B ycraHOBuBILIEMCSI pe€XXMME BpaILlIEHUE POTOPA C HEKOTOPOM
CPEIHEN CKOPOCTBIO 1, COMPOBOXKAACTCS BBIHYKICHHBIMU KOJIE-
0aHMSIMU OTHOCUTEJILHO MTHOBEHHOM TOUKHM YCTOMYMBOIO PaBHO-
Becusl. AMIUIMTYIA KOJIEOAHUI TOCTUTAET HAMOObIIEH BETUYM -
HbI TTPY YACTOTE YIPABJISIONIMX UMITYJICOB, COBITAAIONIEN C pe-
30HAHCHOI — COOCTBEHHOM YaCTOTOM pOTOpA f:

‘}((') - i Mcx maxp ,
2n J
TIIe p — YMUCJIO Tap IMOJCcoB, J — MOMEHT MHEPLIMU Bpallaro-
LIIMXCS YacTei, MPUBEACHHBINA K Bajy.
BHyTpeHHee 3J1eKTpOMarHUTHOE AeMIbrpoBaHKue KoneOaHui
poTopa obecreurBaeTcs 3a cueT HaBeaeHus: DJ1C BpaileHus B 00-
MOTKaX yIIpaBJIeHUS.

(3.41)

BaxxHoii xapaKTepUCTUKOM yC-

/A TaHOBUMBIIIETOCS PeXXUMa SIBJISICT-
s TIpenesibHast MEXaHUYECKas Xa-
paKTepUCTUKA — 3aBUCUMOCTD Ya-
CTOTBI YITPABJISIOIIX UMITYJIbCOB

OT BEJIMYMHBI CTATUYECKOTO MO-
MEHTa COINPOTUBJIEHUS, TIPU KO-
TOPOM POTOP BBIXOAUT U3 CUHXPO-
HU3Ma (crmjolliHas JUHUS Ha
puc. 3.37). UHBIMU cJIOBaMu,

OHa ONpenesseT TOT Mpenes, 10

5. KOTOpPOTO Mpu IaHHOW YacToTe

0 M,  ynpadJsgiolux UMITYJIbCOB MOXHO

Iu1aBHO Harpyxath Baja LI, oc-

Puc. 3.37. [IpegensHasn TaBJSII CUHXPOHHBIN PEXUM.

MeXaHUu4YecKas xapakTepucTuka HpeﬂeﬂbHy}O MEXaHNYECKYIO Xa-

N XapaKTepucTuKa PaKTEPUCTUKY paccMaTpUBaAIOT
mpuemucrocty IIJ OOBbIYHO TIpH f > f;.
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C yBeJIMYEHMEM YacTOThl MPOMCXOAUT YMEHbIIIEHUE Bpalllalo-
mero MomeHTa LI, 4yTo 0OBbsICHSIETCS, B OCHOBHOM, ABYMSI (haK-
Topamu. Bo-mepBbIX, B pe3ybTare AeHCTBUS OeMIT(PUPYIOLIETO
momeHTa oT DJIC BpaieHus. Bo-propeix, DC camonHAyKUUU
B 0OMOTKAX yMpaBjeHUsI CTAHOBUTCS COM3MEPUMOIA ¢ HampsKe-
HMEM MCTOYHMKA MUTAHUS, U TOK B OOMOTKaX YIpaBIeHUs 3a Bpe-
MsI TaKTa He yCcreBaeT HapacTaTh 10 YCTAHOBUBLIETOCS 3HAYSHUSI,
YTO CHWKAET BeJIMUMHY pe3yJIbTUPYIoLIero noroka craropa. CHu-
JKEHME CUHXPOHU3UPYIOLIEr0o MOMEHTa TeM pe3de, yeM OoJibliie
2JIEKTPOMArHUTHAsI TOCTOSTHHASI BpeMEHU OOMOTOK YITpaBIeHMUSI.

HuHamudeckas ommoxka I/, T.e. MTHOBEHHOE 3HAY€HHE YIyia
paccoriacoBaHusI ABWXKYIIMXCS OCeil poTopa U MIC cTaTopa, MO-
KET MPEeBbIIIATh CTATUYECKYIO OLIMOKY BBUIY AMCKPETHOIO Tepe-
meueHust MJIC ctaTopa 1 KosiebaTeIbHOro XapakTepa IBUKEHUST
poTopa.

IlepexonHble pexXuMbl — MyCK, TOPMOXEHME, peBepc, mepe-
XO[l C OIHOM YaCTOThI HA IPYTYI0 — COMPOBOXKIAAIOTCS MEPEXOIHbBI-
MU miponieccamu B LIJI, BbI3BAHHBIMM M3MEHEHMEM YaCTOThI
YIPaBJISIONIMX UMITYJIbCOB M CKOPOCTU BpallleHUs poTopa.

BaxkHbIM mokazartesieM IMyCKOBOTO pexXuMa siBJIsSIeTCs yacToTa
MPUEMHUCTOCTH — MaKCUMaJIbHAsl 4YacTOTa YIPaBJISIOLIX UMITYIb-
COB, IIPU KOTOPOIi POTOP €11l BXOAUT B CHHXPOHU3M C MecTa 0e3
notepu 1aroB. CkaykooOpa3Hoe yBeJMYeHUE YACTOThI YIIPaBIsi-
IOLMX UMITYJILCOB TPH ITYCKE OT HyJIsl 10 paboyeil MpUBOAUT K TOMY,
yTO BHayaje potop orcraetr o MJIC craropa noa aeiictsueM mMo-
MEHTa MHepUUM Bpaulatrouiuxcs yacteit. [1o Mmepe yckopeHust oH
nocturaet ckopoctd M/IC ctatopa u B pe3ysibTaTe 3araceHHOM
KUHEeTUYecKoi aHepruu MoxeT onepeauts MJIC. ITocteneHHo Ko-
JebaHMs poTopa 3aTyXaloT, U JIBUTaTe/b MEPEXOAUT B yCTAHOBUB-
muiics pexxuM. TakuM o6pa3oM, B IIpolLiecce Mmycka poTop MOXET
otctaBath 0T MJIC cTtaTopa Ha 1Iar ¥ 6ojee U MoTepsiTh 5T 1Iaru
(BBIITH M3 CMHXpOHU3Ma). YacToTa MpUEeMHUCTOCTU PACTET C yBe-
JIMYEHUEM CUHXPOHU3UPYIOIIEr0 MOMEHTA, a TAKXKE C YMEHbIIIe-
HMEM BEeJIMYMHBI 111ara, MOMEHTa MHePLMY BpalIalOILMXCs YacTei
U CTaTUYECKOT0 MOMEHTA COMPOTUBIECHMS (IUTPUX-TTYHKTUPHAsI
JuHusg Ha puc. 3.37).
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[Ipu TopmoxkeHnu u pesepce 11/1 Takske MMEIOTCS ITpee/IbHbIe
3HAYCHMS TIeperana YacToT, IIPU KOTOPHIX 00eCIIeunBaeTCs Iepe-
XOIIHBII TIpoliece 6e3 cbosl 1ara. I1peneapHast 4acToTa TOPMOKE-
HUSI TIPY YCTAHOBMBIIIEMCSI PEXXMME BpaIlleHUsT paBHA YacTOTE IIPH-
emucrocTu. [IpenenpHas 4acToTa TOPMOXKEHHSI ITPU ITEPEXOTHOM
pexkuMe U IpeeibHas yactoTa peBepca Ha 30—40% Hioke yacTo-
THI TIPUEMUCTOCTH.

PenykTopHblii marosblii apurareab. Ha puc. 3.38 mokazaH pe-
AKTUBHBII PeyKTOPHBII IIIaTOBbIH ABUTaTeNIb ¢ TPEMSI OOMOTKA-
MU YIIpaBIICHUS.

LllaroBelit mBUTaTENIb MMeET 3yOUaThiii potop. [ToBepXHOCTH
ITOJIFOCHBIX BBICTYIIOB CTaTOpa Takxke 3youarast. 3yOlLIOBBIE JIeJie-
HMSI pOTOpA U CTaTopa paBHBI. 3yOIbl POTOPA COOCHBI C 3yOLIaMU
OITHOI TMaMeTPaJbHO PaCIIOIOKEHHO Iaphl ITOJIIOCHBIX BBICTY-
ITOB CTATOPa U CMelleHbI Ha 1/ 5 3YOLIOBOTO JeJICHVSI COOTBETCTBEHHO
IT0 ¥ TIPOTUB YaCOBOI CTPEJIKM TI0 OTHOIICHHUIO K 3y0lIaM IBYX JPY-
TMX I1ap TOJIOCHBIX BBICTYIIOB. [1p1 mooyepeHOM IepeKItoueHUI
00MOTOK yIpaBiieHus mpoucxonut moBopor M/IC cratopa Ha 60°
U PEaKTUBHBIA MOMEHT IMOBOpaYMBaeT poTop Ha 1/ 3 3y0LI0BOTO

1H 3H 2K TH K H
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7
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Puc. 3.38. CxeMa KOHCTPYKLUU PEAKTUBHOTO peayKTopHoro LI
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JieJIEHUS B MOJIOKEeHWEe HauOoJIbllieii MarHUTHON MPOBOAMMOCTH
OTHOCHUTEJIbHO BO30YXXIEHHOM Maphbl MOJIOCOB, T.€. Ha yroJ, 3Ha-
YuTeIbHO MEeHbILUI yriia moBopota MJIC. C npumeHeHueM Iec-
TUTAKTHOM CXeMbI YITpaBIeHMs BEeIMUMHA 111ara poTopa CHUXKAeTCst
BJBOE.

PesynbTupytoiuii yron nosopora poropa LIJI ctporo coot-
BETCTBYET YMCITY TIepeKIIOYeHN T 0OMOTOK yMpaBIeHusl, HarpaB-
JIEeHVe MTOBOPOTA — TMOPSIIKY MEPEKIIOUEHHsI, a CKOPOCTh Bpallie-
HUSI — YacTOTe MePeKII0YCHUSI.

B o0mem ciryyae ]I cOBMECTHO C yrpaBsIIOIMM 3JIEKTPOH-
HbIM KOMMYTaTOPOM MOXHO paccMaTpyBaTh Kak CUCTeMY YacTOT-
HOT'O peryJaMpoBaHus CKOPOCTH BpallleHUsI pOTOpa.

[IlaroBbie nBUTaTEIM HAXOIAT IIIMPOKOE MPUMEHEHUE B CTAH-
KaxX C YMCJIOBBIM MPOrpaMMHBIM yIIpaBIE€HUEM, TJ1e KaxkIOMy UM-
MyJIbCy HAMPSDKEHNsI, ToJaBaeMOMY B 0OMOTKY CTaTopa, COOTBET-
CTBYET MOBOPOT POTOpa Ha OMpeAeeHHbIN yro, a TAKXe B MeXa-
HU3Max Yacos.

KOJUIEKTOPHbIE MALIUHbI
MNOCTOAHHOIO TOKA

KonnekropHbie MalnHbl noctossHHOro Toka (KMIIT) — ato
2JIEKTPUYECKHE MAILIMHbI TOCTOSIHHOTO TOKAa, UMEIOLIUE KOJUIEK-
TOPHO-11IETOYHOE YCTPOMCTBO.

4.1. Knaccudpukauma KMNT

ITo naznauennio KMIIT nensarcst Ha: reHepaToOphl, IBUTATE-
Jm, cieunanbHbie KMIIT.

ITo xoHcTpyk1mn sskopst KMITT MoxHO pa3neMTh Ha Malliu-
HbI C hepPOMATHUTHBIM U He(DEPPOMArHUTHBIM SIKOPEM.

ITo cnoco6y Bo3oyxaeHuss KMIIT MoxXHO pa3neanTh Ha Ma-
LIMHBI C 9JIEKTPOMATHUTHBIM BO30YXKICHUEM U C BO30YKIEHUEM
OT MOCTOSTHHBIX MarHUTOB (puc. 4.1).

+ + ot M
a

OB, N

OB,

%)

2 0

Puc. 4.1. Cxemb Bo36ynennsa KMIIT:
a — He3aBUCUMOE; 6 — MapasleNbHoe; 8 — IOCJ1e[l0BaTENbHOE;
2 — CMelaHHoe (KOMITAYHAHOE);
0 — He3aBUCUMOe (OT ITOCTOSHHOT'O MariuTa)
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ITo cnocolOy coenrHEeHUS SIKOPSI ¢ OOMOTKOM BO30YXKICHMUS
KMIIT MoxHO pa3aeanTh Ha MallIMHBI C HE3aBUCUMBIM, Mapa-
JIEIbHBIM, TIOC/IEN0BATeIbHBIM M CMEIIaHHbIM BO30YXKIEHUEM
(puc. 4.1).

4.2. Yctpoucteo KMNT

JItobas snekTpuyeckasl MalllMHa 00paTUMa, T.e. MallliHa MO-
JKeT paboTaTh reHepaTOpoM WM aBurareiaeM. [loatomy ycTpoii-
CTBO TeHepaTopa U JBUTaTesisi OgHO U To ke. KoHCTpyKTUBHas
cxema KMIIT ¢ mosicHSIOIMMEY BUAAMU W pa3pe3aMy MoKa3aHa

Ha puc. 4.2.
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Puc. 4.2. KoxcrpykTusHas cxema KMIIT
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MaiivHbl MOCTOSIHHOTO TOKAa B OCHOBHOM COCTOSIT U3 JIBYX Ya-
CTEI: HEMOIBUXXHOM YaCTU — MHIYKTOPA W MOJBUXKHOM YacTh —
sgKopsi. MHIyKTOp CIy>KUT JUTSE CO3JaHUSI TOCTOSTHHOTO MarHUT-
HOTO TMOTOKA MPH MPOTeKaHU! ToKa B 00MoTKe Bo30yxaeHus (OB).
MHAyKTOp COCTOUT M3 UMAMHAPUYECKOTO sipMa [, TOJMIOCOB 2,
0OMOTKM BO30YKIEHUST 3 U KPEIeKHbIX BUHTOB 4.

ITosoca aenarT MMXTOBAHHBIMU, HAIIPUMED, U3 AHU3OTPOII-
HOI X0omHOKaTaHHOM cTanu Mapku 3411. IlluxroBaHHast KOHCT-
PYKILIMS OCJIA0JII€T BUXPEBBIE TOKU 3a CUET MYJIbCALIMIA MAarHUTHO-
ro TMOTOKa, OOYCJIOBJIEHHBIX 3y0UaTOCTBIO CEPAECYHMKA SKOPS,
a aHU30TPOMHOCTD CTAJIM YMEHBIIIAET MArHUTHYIO MPOHUIIAEMOCTb
rorepex rmpokarta (Iojrca), YTo CocoOCTBYET OCIa0IeHUIO pe-
aKIMU SIKOPS M MOTOKA pacesiHusl MOoaocoB. SIpMo 7, moJochl 2,
CEPIIEYHUK SKOPS S AEJIal0T U3 MAarHUTOMSTKOW CTaJIM, XOPOIIIO
MPOBOLSAIIEC MATHUTHBIN TTOTOK.

AKOpb COCTOUT U3 IIMXTOBAHHOTO CEPIEYHMUKA J C Ma3aMu U
SIKOPHON OOMOTKM 6, YIIOXKEHHOI B a3kl IO OIPEeIeICHHOMN cXeMe.
Ha xonnekrop 7 HaknmaablBaloTcss MeIHO-TpadUTOBbIE 1IETKU &,
KOTOpbIE UMEIOT TOKOOTBOBI. LLIeTKM HaxonsTcd B HaIIpaBJIso-
X 9 (TpaBepchl) ¥ MPUXKUMAIOTCS TIPY>KMHAMU K KOJUIEKTODY.

B gxope npoucxoauT npeodpa3zoBaHUE MEXAHUYECKOU SHEP-
TUU B 3JIEKTPUYECKYIO — B T€HEpPATOPE, U DJIEKTPUIECKON B MEXa-
HMYECKYI0 — B nBUraresne. OOMOTKa KOs yACPKUBAETCS OT Bbl-
MajgaHus B BO3AYIIHBIA 3a30p Ma30BbIM KJIMHOM /(. OHa U301~
pyeTcs OT cepieyHuKa Ma3oBoit uzonsuueit //. Ecau Hanpsixe-
HMe MaIllMHBI CBhIIIe 36 B, TO NMPUMEHSIOT ellle MEXCIOCBYIO
MU30JISILMIO [2.

Konnekrtop cocTouT 13 KOMIEKTOPHBIX MJIACTUH 13, BBIIOJ-
HEHHBIX U3 TBepAoi Meau. [lnacTrHbl pacnonararoTcs o OKpyXK-
HOCTH, U BJIEKTPUYECKU U30JIMPYIOTCS IPYT OT Ipyra MUKaHUTOM
14 (cmoasiHas ocCHOBA), a OT BaJla OHU U30JIMPYIOTCS U3OJISILIMOH-
HOM BTYJKOM /5. 111 MpOYHOTo apMMPOBaHMS KOJIJIEKTOPHBIX
TJIACTHH B TUIACTMACCOBYIO BTYJIKY KOJUIEKTOPHAS IUTACTUHA UMEET
a3 TUIa «<IaCTOYKMHOTrO XBocTa» /6. BricTynaroiast yacTh KoJji-
JIEKTOPHBIX TIJIACTUH HA3bIBACTCS METYIIIKOM, K HEW MPUIIanBatoT-
Cs1 KOHIIbI CEKIIMI SIKOPHOI OOMOTKM.
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4.3. IkopHble 06MOTKM

AxopHasg ooMotka (J10O) mpeacrapiaseT co00it 3aMKHYTYIO Ha
ce0sT cCTeMy TIPOBOIHMKOB. DJIEKTpUUeCKasi CBSI3b SKOPHOI 00-
MOTKU C BHEIITHEH CEThIO OCYIIECTBIIIETCS Yepe3 KOJUIEKTOPHBIE
IJIACTUHBI U IIETKU.

Iia SO npuMeHsIoTcs MeIHbBIe M30JIMPOBAaHHBIC ITPOBOMA.
SIkopHast 0OMOTKa COCTOMT M3 CeKIINIA, 3apaHee HAMOTAaHHBIX Ha
ma6oHax. CeKIIMY YKIJIAIbIBAIOTCS B TIa3bl SIKOPSI 10 OIIpeeIeH-
HOI cXeMe, MJI OOMOTKU SIKOPST MaIlIMH MaJIOi MOIITHOCTH Hama-
TBHIBAIOT Ha CTAaHKE TIPSIMO B MMa3bl. KOHIIBI CEKIIMIA TIPUITanBaIOT-
csI K KOJUIEKTOPHBIM IiacTuHaM. CTOpoHa CeKIIMH, Jiexalas B
a3y sIKopsl ¥ IIPOHM3bIBaeMasi OCHOBHBIM MArHMTHBIM TIOJIEM,
Ha3bIBAETCI AKTUBHOM CTOPOHOM.

SIKopHbIe 0OMOTKM OBIBAIOT IPOCTHIE U CJIOXKHBIC, ITETICBBIC 1
BOJIHOBBIE. CXeMBI SKOPHBIX 0OMOTOK ITPOIIE CTPOUTH B 3JIEMEH-
TapHBIX MMa3ax. DIeMeHTapHBbI I1a3 — 3TO Ma3, ComepKaIlnii 1Be

aKTUBHBIE CTOPOHBI (puc. 4.3, a).

—g —% PeasibHBI a3 MOXET COAEpPKATh
OJIMH MJIA HECKOJIBKO 3JIEMEHTApPHBIX

a 6 na3oB (puc. 4.3, 6). Ecau o603Ha-
YUTh YePe3 # YUCIIO BJIEMEHTapHBIX

Puc. 4.3. 311&M13HTaprIf/'l 14308 B PeaibHOM a3y, TO MpH
(a) npeanvubit (6) Maskt  yenopyy, yto MMeeTcst z, (4mcro pe-

AKOp# AJIBHBIX 11A30B), YHUCJIO 3JIEMEHTAp-
HBIX T1a30B OyIET:
2,=n-2,. 4.1)

CxeMa IpOCTOil TeTIeBOM OOMOTKM XapaKTePU3YeTCsT TPEMsI
waraMu. [1epBbIil YaCTMYHBIIA WIAT y, — 9TO PacCTOSHUE B T1a30-
BBIX JI€JICHUSX (I1.11.) MKy aKTUBHBIMHM CTOPOHAMU OJTHOM CeK-
uuun (puc. 4.4):

rd

n=5§i& 4.2)

rac E_, — YMCJIO, IONOJHAIOWEE Y, 10 HEIO0ro, 7, — YMCJIO 3JIEMEH-
TapHBIX ITa30B AKOPA.

176

KOJUIEKTOPHbIE MALLWHbI NOCTOAHHOI0 TOKA D

JloGoBast yacTh
CEKIIUU

/ AKTHBHBIC
CTOPOHBI CEKIIUH

PasBeprka sKopst

> M />/ PasBepTka KoJUIeKTOpa

Puc. 4.4. lllarv mpocToi MeTieBoi 06MOTKU

A
\ 4

Bropoii yacTHYHbIiA 1IAr Y, — 9TO PACCTOSIHUE B MA30BBIX [EJIE-
HUSIX MEXITY 3aJHEN aKTUBHOM CTOPOHON MEPBO CEKIIMU 1 TIEPET-
HE aKTUBHOM CTOPOHOM MOCIEAYIONIEN CEKIIUH.

PesynbTupytomuii mar no sikopto y — 3TO pacCTOSHUE B Ta-
30BbIX JEJICHUSIX MEXIY MEPEIHUMU aKTUBHBIMU CTOPOHAMU
JIBYX MOCJIENYIOIINX CEKIMA. 1St MpoCcTO# meTieBoi 0O0MOTKMU
y =1 n.4., war no Kojuiektopyy = 1 K.A. (K.I. — KOJUIEKTOPHOE
JIEJIEHUE — PACCTOSTHUE MEXIY CEPENMHAMU JABYX COCETHUX KOJI-
JICKTOPHBIX IIJIACTHH).

J1J1s1 IPOCTBIX BOJTHOBBIX OOMOTOK y, BBIYMCIISICTCS IO TOM Xe
(opmyite, a mar no KosaeKkTopy ornpeaensercs no gpopmyiie:

K £l

V=) ) 4.3
; (43)

rae K — gucino KOJUIEKTOPHBLIX IJIACTUH, p — YMCJIO I1ap ITOJIIOCOB.
ﬂ,f[ﬂ BOJIHOBBIX 0OMOTOK BTOpOfI YaCTUYHBIN 1L1ar:

W =y-y. (4.4)

ﬂ,)'[ﬂ TPOCTLIX IMETICBLIX M BOJTHOBBIX OOMOTOK YHUCJIO CGKL[I/IfI S

paBHO YMCJIY KOJUICKTOPHBLIX INIACTUH M 3JICMCHTApPHbLIX I1a30B
S=K=z,
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Ecnn y, = 1, roe T — nosocHoe AeeHue, TO Lar CeKLMHU Ha-
3bIBAETCS MOJTHBIM, €CIU Y, < T — YKOPOYEHHBIM, €CIT J; > T —
yaauHeHHbIM. [TomocHoe nenenue t = nD/2p, tne D — nuamerp
SIKOPSI.

4.4. JneKTpMyecKasa cxemMa NpocTom
neTneBon AKOPHON 0OMOTKM

SIxopHBIe 0OMOTKHU OBYXCJIOMHBIC. BepxHuil ¢j10i1 IpoBOI-
HMKOB Ha cXeMe OyaIeM M300paxkaTh CILIOLIHOM JUHUEH, a HIDK-
HUI — MyHKTUPHOU (puc. 4.5).

Jist ipoctotel myeth 2, =2 =6, p=1, Torna §= K=z, = 6.
IIaru 06MOTKM:

Z. 6
=2+f=—=31mn;
T
y=1mn.,;
y.=1lxnu;

»n=y,—y=3—1=2nn

y1=3mn.na. T=3m.1.

Puc. 4.5. CxeMa IpoCTO ET/IEBOI AKOPHON 0OMOTKU
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ITomocHoe neneHue:

Janee HapricyeM pa3BePTKH LIMJIMHAPUICCKIX ITOBEPXHOCTEI
SIKOPSI ¥ KOJUIEKTOPA, JIJISI IPOCTOTHI IIPEATIoarast, YTo IuaMeTp
SIKOPSI paBeH AMaMeTpy KOJJICKTOpa, M CXeMy IIPOCTOM MeTIeBOit
oomotku (puc. 4.5).

Kputeprem npaBUIbHOCTI ITOCTPOSHUS CXeMbI OOMOTKH SIBJISI-
€TCSI TO, YTO B KAXKJIOM T1a3y PacIIOIararoTcsl IBe aKTUBHBIE CTOPO-
HBI — CIUIOIIIHAS M IIyHKTUPHAS IUHUKM — W 3aHSITHI BCE I1a3bl U
KOJIIGKTOPHBIE ITACTUHEI.

[MomocHas xyra paBHa:

b=o-1, 4.5)

rae oo — K03 GHUIMEHT MOII0CHOro epekphitust. Ecimu o= 0,606,
t=3mn., 10 b=0,663=2 .1

[Ipenrionaraem, 4To MOJIOCH PACIIOIATAIOTCS Hall IIOBEPXHO-
CTBIO pa3BepTKH siKopsl. LlleTku ycTaHaBIMBaeM 110 OCHU 3TUX I10-
mocoB. Ha puc. 4.5 mmprHy IIETKM IPUMEM paBHOM IIMPUHE
KOJUIEKTOPHOM TUIACTMHBI, B ACMCTBUTEIbHOCTA OHA paBHA 2+3
IUTACTUHAM.

[TycTb KOJIIEKTOP BMECTE C SIKOPHOM OOMOTKOI ITepeMelliaeTCst
BIIPaBO CO CKOPOCTHIO V.. B IpoBoAHMKAX AKOPHOI OOMOTKM MH-
nyktupyetcst DJ1C e. HanpabneHnue stoit DJ1C onpeaensercs mo
npaBuiy npasoii pyku. O6o3Haunm depes £, D1C Ha LieTKax.

OT MMHYCOBOI LLIETKU K TTIOCOBOM MOXKHO MPUITU ABYMSI ITy-
TSIMHU: TICPEMEILAsICh BIIPABO U BJIEBO OT MUHYCOBOM IIETKU. DTH
IyTH Ha3bIBAIOTCS IapaUleIbHBIMU BEeTBIMU. B HallleM ciydae
YUCIIO MapajUIe/IbHBIX BETBel 2a = 2p, OTCIOA YUCIIO T1ap Mapaj-
JICJIHBIX BeTBe @ = p = 1.

Cexkuust, B koTopoii DJ1C paBHa HY/I10, 3aMKHYTa HAKOPOTKO
IIIETKOI, OHA HA3hIBAeTCSI KOMMYTHPYEMOM CeKInell (ImoKa3aHa
KUpHOI JTuHUeR Ha puc. 4.5). KoMMyTupyeMast CeKIusl Haxo-
JIUTCS B TJIOCKOCTH, IPOXOJISIIIEH Yyepe3 LIEHTP SIKOps TepreHI -
KYJIIPHO OCSIM TIOJTFOCOB. DTa IUIOCKOCTh HA3hIBACTCSI TEOMETPH -
yeckoit Heltpanbio (I'H).
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I1pu BpaleHUM SIKOPsI Kaxnask CEKIMS MePEeXOaUT U3 OTHOM
napajuleJIbHOI BETBU B IPYTYIO Yepe3 MOJIOKEHNEe KOMMYTHPYE-
MOH CEeKILIMH.

4.5. IneKTpMyecKaa cxema NpocrTom
BOJIHOBOM AKOPHOW 0OMOTKM

st IPOCTOTHI MOCTPOEHMS CXEMbI TTOJIOXKUM:
Zp:zgﬂ=6’p= 1’S= K=Z3H=6'
[ITaru oOMOTKU:

»=2,/2p=6/2-1=3nn, y =1

y=y,=(K-1)/p=(6-1)/1=5nn (xn);

»=y—y,=5—3=2mn

Hapucyem cxemy pocToii BOJTHOBOM 0OMOTKH, TIOCTPOESHHYIO
10 TIPUBEIEHHBIM BEIIIe TaHHBIM (puc. 4.6).

y1=3mm T =3mn

Puc. 4.6. Cxema mrpocToi BOJHOBOW 06MOTKU
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IIpocTast BoTHOBass OOMOTKA XapaKTepuU3yeTcsl TeM, UTO ISt
JII000TO YKCJIa TTOJTIOCOB MMEIOTCS TOJTEKO JIBE Mapajlie/IbHbIEe BET-
BH, T.e. 2a = 2.

IIpocTas meTneBass 0OMOTKA MTPUMEHSIETCS B HU3KOBOJIBTHBIX
CUJTEHOTOYHBIX MAIlIHAX, a BOJTHOBAs! — TIPA OTHOCUTEIBHO 00JTh-
IIVX HATIPSDKEHUSIX.

CoxkHbIe 0OOMOTKH OBIBAIOT OMHO- 1 MHOTOKPATHO 3aMKHYTHIE
Ha ce0s8. MHOTOKPaTHOCTb 3aMbIKAHHS YBEJTMYMBACT YKMCIIO TTa-
paJIeJTbHBIX BETBEH KaK B BOJTHOBOIA, TaK U B TIETIIEBOII OOMOTKE.

4.6. fTeHepaTopbl NOCTOAHHOIO TOKa.
MpuHuMN peicTBUA, OCHOBHbIE YpaBHEHUA

ITpuHuun aeiictBus reHepaTopa noctossHHoro Toka (I'TIT) oc-
HOBaH Ha IBYX 3aKOHAX 2JIEKTPOTEXHUKM: 3aKOHE 3JIEKTPOMAarHUT-
HOI MHAYKLIMU U 3aKOHE 3JeKTPOMAarHUTHbBIX cui. PaccMoTpum
€ro Mo KOHCTPYKTUBHOM cXeme, MpeacTaBleHHOl Ha puc. 4.7,
KOTOpas MoJyiydyeHa ¢ yyeTtoMm puc. 4.5, HO coeIMHEHUEe CEeKIUi
SIKOPHOM OOMOTKHM C KOJUIEKTOPHBIMU TJIACTUHAMM TOKa3aHO
YCJIOBHO.

(D e, 1q/2a
@ N 3
N

+5 N
VAP vuyi; -_
ey Iy
SERPIR RPN
E,
"' n “. > +
/ /3
) Ia
GLO
r), A
/
Mg, n(w)
p=1

Puc. 4.7. KoHCTpyKTUBHAA CXeMa reHepaTopa IIOCTOAHHOTO TOKa
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[pu BpaiieHuM sIKOps1 BHELIHKUM ABuratesneM BJI mpoBogHUKY
510 mepecekaloT MarHUTHBIN TOTOK P BO30OYXIEHUS M B HUX MH-
nykrupyercst DJIC e . Hanpasienue DJIC onpenenseTcs 1o mpa-
BUWJTY TIpaBoil pykKu. B cOOTBETCTBMM ¢ onpeae/eHHbIM HalpaB-
nenneM D/ C Ha puc. 4.6 Ha mpoBogHUKax 1O cTaBMM 3HAK «+»
NN «o»,

Ecnu MarHuTHas MTHAYKLMS 110 YTITY 0L OKPY>KHOCTH (CTaTopa)
SIKOpsI pacrpeesieHa CMHycouaanbHo B(a) ~ sin o, To u DJ1C Oy-
neT cuHycounanbHoi. [loa cepenmHaMu MOIIOCOB MarHUTHAST MH-
JYKILIMSI MaKCUMaJlbHa, oTcrona MakcumaibHa U 3J1C, Ha reomeT-
puueckoii HeiiTpanu D1 C paBHa HYJIIO, TOTOMY YTO IMTPOBOIHUKHU
HaxonsTcsl B MecTax rae B(o) = 0.

DIEKTPOABIXKYIIAsA CHJla IPOBOIHUKOB € HAIpaBjIeHa «e» K
HWXHEH 11eTKe, 3HAYUT OHa MPHUOOpeTaeT MOJSIPHOCTb «+»,
U HarpapJieHa OT BEpXHEH 1IETKU, KOTOpasi, COOTBETCTBEHHO, NPH-
00OpeTaeT MOJIAPHOCTh «—». Mexny ietkamu BosHukaet D/1C £,
[Ipu moBopoTE IKOPsI MOJSIPHOCTD 1LIETOK HE MEHSIeTCS, a HarpaB-
nenue DJ1C B npoBogHUKax uaMeHsercs. CiaenoBaTeabHO, KOJI-
JIEKTOPHO-11IETOYHBIN Y3€J1 SIBISIETCS MEXaHUYECKUM BBITPSIMUTE-
JieM. CyTb BBIIPSIMJIEHUST COCTOUT B TOM, UTO KOJUIEKTOPHBIE Tj1a-
CTUHBI K BEpXHEH 1IETKE MOABOASAT MPOBOIHUKM, PACTIONOKEH-
Hble mon mositocoM N ¢ yxoasiuuM HampasiaeHueMm DC, a K
HWXXHE! — MOoABOAST MPOBOAHMKU, PACIIONOKEHHBIE MO/ MOJII0-
coM S ¢ moaxoasiuM HampasieHuem BJIC.

B uenom Ha nietkax 3J1C nonyyaetcs nyabcupyoieid. Eciu
Ha sIKope pacrosiarajics Obl OIMH BUTOK C TBYMST aKTUBHBIMU CTO-
POHAMM 1 IBYMSI KOJJIEKTOPHBIMU MJIACTUHAMM, TO TTOJYYUIU Obl
JIBE TTOJIYBOJIHBI BBIMPSIMICHHON CHHYcouabl. HO MOCKOIbKY B
SIKOPE MHOTO BUTKOB 1 KOJIJIEKTOPHBIX MIACTUH, To DJIC Ha 1eT-
Kax OyieT myJbCUpOBaTh He3HAUUTeabHO (puc. 4.8). B I'TIT mynb-
carmst DJIC cocrapisier MeHee 1%. OOBIYHO MMEIOT JIEJI0 CO CPell-
HuM 3HadeHreM DIIC sxops £,

[MonximounM K 1ieTkam Harpysky R . B SKopHOit 0OMOTKe TOK i,
npoTekaeT B HampaieHun D/C, a yepe3 Harpy3Kky TOK MoTeyeT
OT «+» K «—». TOK Takke OyIeT MyJIbCUPYIOLIUM CO CPEAHUM 3Ha-
yeHuem /.
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»
-

0 1 27 o

Puc. 4.8. [lynscauus I[C Ha meTtkax ['TIT

ITo 3aKOHY 2JIeKTPOMAarHUTHBIX CUJI Ha TTPOBOAHUK C TOKOM,
HaXOMSIIMICSI B MATHUTHOM ITOTOKE, AEMCTBYET 2J1eKTPOMAarHuT-
Has cuna F,, HarpaBieHre KOTOPOi ONpPEENseTCs 10 IPaBUILy
JIEBOI pyKHU. DJIEKTPOMArHUTHAas CUja CO3aeT 2JIeKTPOMArHUT-
Hblid MOMeHT M . B T'TIT a1eKTpOMarHuTHbIA MOMEHT IE€HCTBY-
€T MPOTUB BpalleHUsI SIKOps, T.€. SIBJISETCS TOPMO3HbIM. s
TOro, 4YTOObI COXPAHUTh BeJMYMHY HampsikeHus1 U Ha Harpyske,
HY>KHO CKOMITEHCUPOBATh TOPMO3HOI MOMEHT 3a CUET YBEJIMUEHUSI
MOMeHTa BHellHero apuratess. Eciu B/l — nBuratenb BHyTpeH-
HEero CropaHusi, TO HY>XKHO MOoAaTh 0oJibliiee KOJIMYECTBO TOILIMBA.

IIpu pacuetax MMEIOT AEJIO CO CPETHUMM 3HAYSHUSIMU TOKA SIKO-
pa I, u DJAC E_. Ionyuum dopmyny misa DC reneparopa.
B neiicTBUTEIBHOCTY MarHUTHASI MHAYKIIWST B BO3AYILIHOM 3a30D€
10 OKPY>KHOCTH SIKOPSI pacrpeesieHa 1o 3aKoHy, OJIM3KOMY K Tpa-
neueunanibHoMmy (puc. 4.9).

Torna DJ1C omHOro MpoBOAHMKA OyIET paBHa:

e, =B -1-v, (4.6)
rae BB — MardmTHasd MHOYKIMWA B MECTC HAXOXICHUA MMIPOBOIHN -
Ka, | — akTuBHAaY JJIMHA IIpOBOJHUKA, V — JVHelHag CKOpPOCTb

nepemMellieHus: MpOBOAHUKOB sikopsi. [To 3Toit hopMysie BbIUM-
ciath DC HeynoOHO, TaK KaK BEeIMYMHA By HEOCTOSHHA.
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.————\ Bs(ar)
/ -

B Scp

Puc. 4.9. Pactipepenenne MaroiuTHOM UHAYKIUN
B BO3ayurHoM 3a3ope ['TIT

JleiicTBUTEIbHOE pacripeeieHie MarHUTHOM MHIYKIMU B, B
BO3IYIIHOM 3a30p€ 3aMEHSIIOT MPSIMOYTOJIbHBIM pacrpeneieHueM
CO CPeHMM 3HAYCHMEM MarHUTHOW MHAYKuMu B . Bennunha
B, onipenessiercst U3 yCIoBHsL, YTO TUIOLIAb MPSIMOYTOIbHUKA 1
Tpaneuuu oguHakona. Toraa:

e =8B

np.cp dcp : I V. (47)

Yucio npoBOAHUKOB siKopst N, N/2a — 4uciio poBOIHUKOB,
TIPUXOOAIINXCA Ha OJHY IapalJIC/IbHYIO BETBb, 3aK/IIOYCHHYIO MEXK-
Aoy leTKaMu, rae 2a — 4UCIIO napayICJIbHbIX BeTBeil. Torma cpen-

Hee 3HaueHue DJIC Ha 111eTKax paBHO:
N N

Ea =enp.cpE=BSCp lvn (48)
JInneitnas CKOPOCTDb NNEPEMELLICHMA ITPOBOJHMKA paBHA:
n-D-n
= ) 4.
) (4.9)

rae D — muameTp sIKopsi; #, 00/MUH — CKOPOCTb BpaIlleHHS SIKO-
psl. YMHOXMM YMCIUTENb M 3HAMEHATeNNb BhipakeHus (4.8) Ha 2p
U TIOJCTaBUM B Hero ¢hopMyJy AJsl TMHeiHo# ckopocTu (4.9):
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Ea=Bg,cp'1'V'L=B&p'Z'W—M'L'z—p=
2-a 60 2-a 2p (4.10)
n-D p-N

y‘{TeM, YTO IOJXOCHOEC ACJICHUE, TIJI0Oaab ITOJIIOCHOIO OCJIC-
HUS U MATHUTHBIA TTOTOK PaBHbI, COOTBETCTBCHHO:

n-D
T=

1, S=Il-t, =8, -S. (4.11)
Toraa BeipaxkeHue (4.10) mproOpeTeT CAeayOLINi BUI:
Ea=g6Z~n~¢ =C, n-®, (4.12)
rie rocrostHHast DJ1C:
- é’o]f, . 4.13)

Takum obpazom, BJIC reHepaTopa TeM O0JbIIE, YeM OOJbIIIe
MarHUTHBIA ITOTOK BO30YKICHMSI X CKOPOCTb BPALLICHUSI SIKOPSI.

J1J1s1 KOHTYpa ¢ BBIOpaHHBIM HaIlpaBJIeHUEM 00X0j1a 10 BTOPO-
My 3akoHy Kupxroda (puc. 4.7) moxHso 3anucats £, =U + [ R,
WJIM HalpsDKeHME TeHepaTopa paBHO:

U=E,-1, R, 4.14)
rae R, — CONpOTUBIIEHKUE AKOPHOM LEMK, BKIIOYAIOLIEE B CeOsl
R, — comnporuBieHre Meau SIKOPHOI 0OMOTKM, R — compo-

TUBJICHUEC KOJUICKTOPHLIX IJIACTUH, Rm — COITPOTUBJICHUE LICTOK,
qum — COIIPOTUBJICHUEC KOJUIEKTOPHO-1IIETOYHOTI'O NEPEX0aa:

Ra =RMa+RKn+RLL|+RKmn' (415)
SHCK'I’pOMaI‘I—II/ITHaH MOIITHOCTbD AKOPsA — 3TO HanOOJIbLIAST BJIEK-
TpUYCCKasd MOILIHOCTDb AKOPA. OHa paBHa:

P,=E,-1, (4.16)
Ortcrona 371€eKTPOMarHUTHBI MOMEHT SIKOPSI PaBEH:
P
M, ==
=T (4.17)
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YuuteIBas, 4yTO yrjioBasi YacTOTa BPaLCHUS SIKOPSI
. 2n-n
60 ’

3JIEKTPOMArHUTHBIIT MOMEHT
-N
P n-®-,

M — 60 -a
M 21 - n
60

(4.18)

-C, @1, (4.19)

e TOCTOSTHHASI MOMEHTA
c -2N (4.20)
2n-a
B I'TIT snexTpoMarHUTHBIA MOMEHT SIBJISIETCSI TOPMO3HBIM,
a u3 opmyJnel (4.19) cieayer, 4To OH TeM OOJIbIIE, YeM OOJIbIIIE
SIKOPHBI TOK M1 MArHUTHBIN TOTOK BO30YKIEHMUSI.
YpaBHeHue paBHoBecust MoMeHTOB I'TIT mipu o # 0:

d
My =M, +M,+J- d—‘;’, (4.21)

1€ MOMEHT XOJIOCTOI'O Xo4a
MO = M'm + MTB + M‘ruu( + MCBT (422)

COCTOMT M3 MOMEHTA TPEHUsI MOJUINITHUKOB M, MOMEHTa Tpe-
HUS IKOps O BO3AYX M, MOMEHTA TPEHMS LIETOK O KOJIIEKTOP
dw

M , MOMCHTA COIIPOTHUBJICHUA BUXPEBLIX TOKOB M 5 J — —
TIIK CBT dt

JTMHAMUYECKUI MOMEHT UJIM MOMEHT CUJI UHEPLIMU JBVKYIIIUXCS
macc.

[pu BpaeHuu sikopst UHAyKTUpyetcst 31C He TONbKO B Mpo-
BOIHMKAX, HO U B CTAJIM CepACYHMKA KOs e,. OHa CO31aeT BHX-
peBO TOK i , KOTOPBIH, B3auMoaeicTBys ¢ moTokoM P, obpasy-
€T 3JIEKTPOMArHUTHYIO CHJTY BUXPEBBIX TOKOB — F ¥ TOPMO3HOIA
MoOMeHT M.

Ecnu ckopocThb BpallleHUs SIKOPS IOCTOSIHHA, T.€. o = const,
TO:

My, =M, +M,. (4.23)
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VpaBuenus (4.12), (4.14), (4.19), (4.21), (4.23) sapasioTcs
OCHOBHbIMU ypaBHeHUsIMH T'TIT.

4.7. Peakuua akopa IMT

Ha ocHoBe puc. 4.7 HapucyeM MarHUTHBIC ITOTOKM, BOBHHMKa-
folle B TeHepatope MmocTtossHHOro Toka (puc. 4.10), rme @ —
(bparMeHThI 3aMKHYTHIX MATHUTHBIX JIMHMIA TIOTOKA BO30YXICHUS,
TaKMX JMHUI MHOTO (ITyHKTUPHBIE IMHUM Ha PUCYHKE).

Boxpyr IpoBOIHUKOB SIKOPSI ¢ TOKOM CO3AeTCs MATHUTHBII
NOTOK peakuuu skopsa @ , HanpapieHus JMHUI KOTOPOTo onpe-
IEJISTIOTCS TI0 TpaBUITy IpaBoro OypaBumka. M3 puc. 4.10 Bua-
HO, 4TO ITOJI JIEBBIM KpaeM BepXHETO Imosttoca N pe3yIbTUPYIOIi
MarHMTHBIIA TIOTOK OyJIET YMEHBLIATLCS, TIOTOMY UYTO MOTOK D maer
BcTpeuHo P, Takast ke KapTUHA HaOIIOIASTCs IO/ ITPaBbIM KpaeM
HIDKHETO T0JTI0ca S, 3HaYUT, B 3TUX YACTSIX ITOJIOCOB PE3YIbTH-
PYIOILMIA MATHUTHBIM MOTOK OYIET 0Caa0MSITHCS.

[Tox paBBIM KpaeM BepxHero mnojiroca N 1 JIeBBIM KpaeM I10-
moca S moTok @ uaer coracHo ¢ notokom @ u, cenoBaTesbHo,

Puc. 4.10. Maruuthsie motoku u 3IC I'TIT
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Pe3yIbTUPYIOUIUIT TOTOK YCUaMBaeTcs. Takum o0pa3oM, pe3yib-
TUPYIOLLMiA MATHUTHBIA MOTOK P POAIET U3 TIPABOIo Kpast Mo~
moca N B JIeBblii Kpaii mojtoca S (moka3aHa yacTb 3aMKHYTON Mar-
HUTHOI TMHUN).

[No BenmunHe pe3yIbTUPYIOLMiA MATHUTHBIH 1TOTOK @ < O
M3-3a TOrO, YTO BCJIEACTBUE HACHILLEHNUS] MATHUTHOM 1IeMU YBe-
JIMYEHUe MOTOKA MO KpaeM IoJioca OyaeT MporuCXOAUTh MEHbLIIE,
a ocyabyieHre — OOoJbIIIE.

IlnockocTh, mpoxoasiias yepe3 UEHTP SIKOPS U MePIeHANKY-
JISIPHAs! PE3YJIBTUPYIOLLEMY MarHUTHOMY MOTOKY @, Ha3bIBaeT-
cs1 husmueckoit HeiTpanbio (DH). dusnueckast HeUTpab IEIAT
PE3YIbTUPYIOIIMI MATHUTHBIN MTOTOK Ha Ba noJjtoca. Takum 00-
pa3oM, peakiius SIKopsl IpU Harpy3Ke: McKaxkaeT MarHUTHBIH Mo-
TOK, YMEHbIIAEeT MarHUTHBII MOTOK U CABUTAeT (hM3MUYECKYIO Heli-
TpaJlb C TEOMETPUYECKOI HEHTpaIu (MPU XOJIOCTOM XOJIe TeOMET-
puyeckas 1 huznyeckass HeHTpaiy COBIAAAloT).

4.8. Buabl KommyTauum

KoMMyTalyss — 3T0 CIIOXKHBIN 3JIeKTPOGU3NISCKIIA TIpoIIece,
TIPOMCXOISIINI TP TIEPEKIIIOUCHUH CEKIIUU 13 OTHOM ITapasuieiIb-
HOI BETBH B IPYIyIO IIPU BPAIICHUH SIKOPSI.

Bun koMMyTalmm CBSI3BIBAIOT ¢ XapaKTepOM M3MEHEHMsI TOKa
B KOMMYTHPYEMOI1 CEKIIMH, T.€. B CEKIIMK 3aMKHYTOI HAKOPOTKO

Al

3ameIICHHBIT

JIvnennbIi

i./2a

YckopeHHBbII

t

i,/2a

Puc. 4.11. XapakTep
- > WU3MeHEeHUA ToKa
T, B KOMMYTUPYEMON CEKLUN
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meTkor. Ecny cexims BXoauia B BEPXHIO MapasuiebHYIO BETBb,
TO TOK B Heil 10 KOMMYTallM{ MMeJ HarnpapieHne P, a ToK B
HIDKHEli napaJuie/ibHOj BeTBU MMeeT Harpapienye (). 3HauuT B
KOMMYTHPYEMOM CEKIIMY TOK U3MEHSET CBOIO BEJIMUMHY U HalpaB-
JieHue. DTO U3MEHEHHE TOKa MOXKET ObITh IMHEHHBIM, 3aMeICH -
HBIM WM YCKOPeHHBbIM (puc. 4.11). OTcrona 1 KOMMYTalL1IO Ha-
3bIBAIOT JTUHEWHOM, 3aMeJIeCHHOI 1 yCKOpeHHOoIi. Bpewmsi, B Te-
YEHWE KOTOPOTO CEKIIMS OKA3bIBAETCI 3aAMKHYTOI HAKOPOTKO ILET-
KOi4, Ha3bIBAIOT NIEPUOIOM KOMMYyTaLuu 7.

4.9. KommyTauMoHHaA peaKuus AKOpA

Tok, npoTtekasi B KOMMYTUPYEMbIX CEKILMSIX (KOMMYTaIIMOHHBIX
CEKLUI MOXET ObITh HECKOJIbKO), CO31AaeT MArHUTHBIN MTOTOK KOM-
MYTALIMOHHOM peakliuu sikopsl. KommyTalmoHHast peakiiysi siBjsi-
€TCsl MPOIOJIbHONM — pa3MarHMYMBalolIe, MoaAMarHuImBaloiei
WIN HYJIEBOY.

Bbigenmim hparmMeHTbl KOMMYTUPYEMBIX CEKLIMiA sikopst (puc. 4.12).
B npaBoit KOMMyTUpPyeMOii CEKLIMM TOK MEHSIETCS ¢ HAaNpaBIeHUS
@ Ha (o). IIpy MHEHO KOMMYTALIMK HU OIHO W3 HaTpaBJe-
HUI TOKOB (MAarHUTHBIX JIMHUIA) He MpeobaagacT U KoMMyTall-
OHHasl peakuus sKops HyJeBas (puc. 4.12, a) (mokazaHbl YacTU
3aMKHYTBIX MATHUTHBIX JIMHUI, HaMpaBIeHUEe KOTOPBIX OIpeaese-
HO IO MpaBUJTy PaBoro OypaBuyuKka.).

ITpu 3amenneHHoi KommyTtauuu (puc. 4.12, 6) ToK OGJbLIYIO
4acTh Meproia KoMMyTauuu 7, COXpaHsET MPEeXHee 3HauYEHUE.
[ToaToMy pe3ynbTUpPYIOLIMIA TOTOK KOMMYTAalMOHHOM peakiuu
SIKOPS1 HaIlpaBJieH BBePX MPOTUB OCHOBHOI'O MarHMTHOTO MOTOKa
BO30YXIEHUS — peakls pa3MarHMYMBaoLIasl.

Sger [o¥rder lowHke

a 6 8
Puc. 4.12. KommyTaunoHHaa peakuua AKopsa
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ITpu yckopeHHoit KommyTtauuu (puc. 4.12, 8) HA0OOPOT —
KOMMYTaIMOHHAsI peaKIIys IIoIMarHIrBaolast.

4.10. Peakuuu AKopsa npu CABUre LETOK

Ha puc. 4.13 nokazaHbl ¢parMeHThI SIKOPSI MPU MOJOKEHUU
KoMMmyTHpyeMbIx cekuuii Ha I'H u cnpure nx ¢ I'H.

ITyctb KOMMyTHpYyeMast CeKLMs HAXOAUTCS B IJIOCKOCTH Ieo-
METPUYECKON HeUTpaau, JUHUS 1EeToK neprneHaukyasipHa ['H.
IMotok peakuun sikops P, eciiv €ro U300pasuTh B BUIE BEKTOPA,
HaxoauTcs B riiockoctu 'H, oH nepneHauKyIsspeH MoToky Bo3-
oyxnenus @, 1.e. maet momnepek moroka @ u peakims IKOpPSI,
B BTOM CJllyyae, Ha3biBaeTcsl morepeuHoii (puc. 4.13, a).

~
~ ®H

KommyTtupyen
CeKIHs

Puc. 4.13. Peakuuu AKopsa IIpu CABUTE WETOK
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[Ipu cnBure 1eTOK MO HAMPABIEHUIO BPALLEHUSI SIKOPSI TOTOK
peakuuu gkopsa @ mo-npexuHeMy OyIeT HaNpaBJIeH 110 OCH KOM-
MYTUPYEMbIX CEKIIMI MepIeHAMKYISIPHO TUHUY 1LETOK, HO B 9TOM
clydae, KpoMe IoNepevHoit CocTaBlsiioliei peakuuu sikopst @,
TOABJIAETCA TPOAOJIbHAS COCTABNAOIIAA peakuuu akopsa O, Ko-
TOpasi HallpaBJIeHa IIPOTUB ITOTOKa Bo30y:xkneHust ®, moatomy pe-
aKIIUsI SIKOPST Ha3bIBAETCs MPOJOIbHO-TIONEPEYHON pa3MarHuim-
Batouueii (puc. 4.13, 0).

Ecau 1ieTku cABUMHYTH NMPOTUB HampaBieHUs BpalleHus,
TO peakiusl IKopsl OyaeT MPOAOJIbLHO-TTONEPEYHON MOAMATHUYM -
BalOLLEH.

4.11. 3AC, nHAYKTUpPYEMble B KOMMYTMpPYEeMOM
CeKUUM Mpu ee MOJIOKEHMN Ha FreoMeTpuyecKom
HenTpanu

Paccmotpum puc. 4.10: KoMMyTUpyeMble CEKIIUU BbIACIECHbI
>KUPHO; TIPY TTONIEPEYHOM peakiiy SIKOPSI IIpaBasi KOMMYTHUpyeMast
CEKILIMSI 0Ka3ajiach B 30He Tojtoca N pe3yJIbTUPYIOLIEr0 MarHUTHO-
ro MoToKa (Bce, yTo HaxomuTcs Beiie @H, oTHocHTCS K ceBep-
HoMYy Toitocy N, a Huxe — K nomtocy \S). Torma B KOMMyTUpYe-
MO ceKUMM OyaeT uHAyKTupoBaThest D/C BpallieHUs e,, CO 3Ha-
KOM (3), KaK ¥ BO BCEX IPYrUX IIPOBOIHUKAX, HAXOIALIMXCA MO
noJirocom N.

B xomMmyTHpyeMoii ceKIMKM MPOMCXOAUT CMEeHA HaIpaBJIeHUsI
TOKA C HanpasjieHus () Ha (o). [Ipy u3MeHeHN TOKa UHIYKTH-
pyercs OJIC caMOMHIYKLWH e, TIOANEPXKUBAOLIAA TO HaNpaBJie-
HHUE TOKa, KOTOpoe ObLIO A0 KOMMYTAlMM, T.€. 1O 3aMbIKAHUSI
CEKIIMH LLIETKOM, CIIENI0BATENILHO, €, TOXKE OyIeT MMETh HalrlpaBJie-
HUE (.

OOBIYHO 11IETKA 3aMbIKaeT HAKOPOTKO HE OIHY CEKIIUIO, a 2—3,
MO3TOMY M3MEHEHHUE TOKA B COCEAHEN KOMMYTUPYEMOI CeKLIMU
Oyzet nHayKTpoBaTh HJIC B3aMMOMHIYKIIMK €,, B PACCMATPHUBAE-
MO CeKLMU. DNEKTPOABMXKYIIASI CUJIa B3AUMOMHIYKLIMU OyaeT
MMETD TO K€ HanpasjeHue, 4yto 1 BJ1C camonHaykuuu, T.e. @ .
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Takum 06pa3oM, B MOMEHT 3aMbIKaHMSI CEKIIMH IIETKOM CyMMap-
Hast 9/1C He paBHa HYJIIO:

el +el +el %0, (4.24)

3HaAYUT, B 3aMKHYTOM HAKOPOTKO CEKIIMH IPOTEKAeT TOK, OHa
3amacaeT MarHUTHYIO SHEPTUIO M B MOMEHT CXOJIa IETKU C KOJI-
JICKTOPHOM TUIACTHHBI TIPOMCXOIUT 3JIEKTPUIECKMIA TTPOOOIT BO3-
IYLITHOTO TIPOMEXKYTKA MEXIY IIeTKOM 1 TIAaCTUHOM — MCKPEeHUE
IIETOK. MIcKpeHre IpOrCXOauT 10 TUITY pa3MbIKaHUS 3JICKTPH-
YEeCKOM IIeTH, colepKalleil MHIyKTUBHOCTb.

4.12. Cnocobbl yMeHbIIEHUA UCKPEHUA LWETOK

IlepBbIit cmocob® COCTOUT B CABUIE 1LIETOK M, COOTBETCTBEHHO,
KOMMYTUPYEMOIi CEKIIMU Y TeHEepaTOPOB MO HAMpaBJIECHUIO Bpallie-
HMS, a y JBUTaTe]eil — MPOTUB HampaBieHUs BpalleHus Tak,
YTOOBI KOMMYTHUpPYeMasl CEeKIIs oKasanach 3a (GDU3NYECKO HeMT-
pajiblo.

Ecm xommytrpyemast cekumst okaxetcss Ha @H, To D/1C Bpa-
ueHus e, = 0, TOTOMY YTO KOMMYTHPYeMast CEKLIHST B 9TOM CITy-
yae OyeT CKOJIb3UTb BAOJb MATHUTHBIX JIMHUI Pe3yIbTUPYIOLLIETO
noTtoka, He rnepecekast ux. OueBuaHo, 4to cymmapHas B/1C B
KOMMYTUPYEMOIi CEKILIMU B 3TOM CJIyyae YMEHbIIUTCS, HO He Oy-
JIET PAaBHOM HYJIIO, TIOCKOJIbKY HE PABHBI HYJIIO €, U e, .

Ecm kommytupyemyto cekimio capuaeM 3a @H, o D/1C Bpa-
LIeHWs OyIeT MMETh HarpaBjieHue (o) (MMEETCs B BULY ITpaBasi CeK-
111s1), IOTOMY YTO KOMMYTHpYeMasl CeKLIMsI Terepb MonaaaeT B 30Hy
noJjtoca S pe3yabTUPYIOLIEro MarHUTHOTO MOTOKA. YTOJ CIBMra
LIETOK MOXHO OTPEryJaupoBaTh Tak, 4Toobl cymmapHas 31C:

¢ +el +el =0. (4.25)

Takoii crocod mpuMeHsieTcst B MallliHaX MaJIoli MOIITHOCTH.

BTopoii crtoco6 cocTOUT B IIOCTAHOBKE TOTIOTHUTEIBHBIX 110~
mocoB ([IT) mexmay ocHOBHbIMM. OOMOTKA IOIIOJHUTEIBHBIX
TTOJIIOCOB COEMUHSIETCS ITOC/IEI0BATEIbHO C IKOPEM M HaMOTaHa
TaK, YTO OHA CO3/IAET MOTOK JOMOIHUTENBHBIX MOMIOCOB P, Ha-
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NPaBJIEHHBIA BCTPEYHO MOTOKY TONEPEYHOM peakumu sakops O, u
0O0JIbLIIE HEero.

BosHukaeT pa3HOCTHbII A
rmoTok D® 1o 1uHuM reo- \(D
METPUUYECKOW HEUTpau, M
KOTOPBI MHIYKTUPYET B
KOMMYTUPYEMOI CEeKLUU VAV
OJ1C Bpaiuenus e | co 3Ha-

KOM (), HampasJIeHUE KO-

Topoii Ha puc. 4.14 omnpe- ﬁ_/f'

JiesisieTcsl o MpaBuTy Mpa-

BOW pyKH. Puc. 4.14. Cxema pacrosnoxeHus
O6MOTKI/I JOITOJTHUTECJIb- OOITOJIHUTENbHLIX ITOJIT0COB N

HBIX ITOJXOCOB BKIIIOYAKOTCA HaItpaBjleHUA MalrHUTHLIX IIOTOKOB
MOCJIENOBATENILHO C SIKOpEM

JUTSI TOTO, YTOOBI C UBMEHEHUEM SIKOPHOTO TOKA aBTOMAaTUYECKU
M3MEHAIACh Obl M BeM4MHa 10ToKa @ 1 B HEKOTOPOM JIMaraso-
He SIKOPHOT'O TOKa OCYILECTBISLIACh Obl aBTOMAaTUUECKas MEPEKOM-
MeHcanusl.

DTOT crocod MPUMEHSIETCST B MallIMHAX CpelHei MOLTHOCTH.

B maiimHax 60516110 MOIITHOCTHM Ha TTOJIFOCHBIX JyTaX IJIaBHbIX
TOJTIOCOB YCTAaHABIMBAIOT KOMITEHCALIMOHHYIO OOMOTKY U €€ COe/IU-
HSIIOT TMOC/IEOBATEILHO C SIKOPHOM (HampaBIeHUs TOKOB KOMITEH-
CallMOHHOM [ W SIKOPHOM i, 0OOMOTOK IOKa3aHbl Ha puc. 4.15).

Kommencanuonnast
oOMOTKa

Puc. 4.15.
Kommexcaunoxxas
obmMoTKa
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CoOTBETCTBEHHO MAarHUTHBIC TTOTOKU UMEIOT IIPOTUBOITOJIOXK -
HbIC HaIlpaBJICHUA, IO3TOMY OCHOBHbBIM Ha3HAY€CHUEM KOMIICH -
CaIlMOHHOUN OOMOTKM SIBJISIETCS YCTPpaHCHUEC NCKaXKCHUA KpPIBOfI
pacnpeacjiCcHuA MTHAYKIIMYU MarHUTHOTO I10JIA B 30HE I'JTABHBIX I10-
mocoB. KoMneHcanimoHHas 0OMOTKa BIMSIET Ha KOMMYTall1IO B
OCHOBHOM IIpU NEPEXOIHDBIX PCXKMMaAX U IMPU IMMUTaHWU MalllMHbI OT
CECTU MEPEMEHHOTI'0 TOKA YE€PE3 BLIITPAMUTEIID.

4.13. Xapakrepuctuku T
C He3aBUCUMbIM BO3OYKAEHMEM

DKCIepUMEHTATBHO XapaKTePUCTUKI MOXKHO CHSITh HA YCTAHOB-
Ke, CXeMa KOTOPOi MMeeT BUII, TIpeACcTaBIeHHbIN Ha puc.4.16:

1

+ i (A)

OB

MB}L n

Puc. 4.16. IneKkTpuueckasn cxema yCTaHOBKU A1l CHATUA
xapakrepuctux ['TIT

I'eHepaTop MOCTOSTHHOTO TOKA C He3aBUCUMbIM BO30Y:KICHIEM
HMEeT IISITh XapaKTePUCTHK:
1) xapakTepHCTUKY XOJIOCTOrO Xoza (3aBucuMocthb E (/) npu
n = const ¥ OTKJIIOYEHHOM Harpyske, T.e. pu / = 0);
2) Harpy3o4Hyio Xapakrepuctuky — U(/) npu [, = const,

n = const;

3) BHEUIHIOK XapakTepuctuky — U(/) mpu I = const,
n = const;

4) perynmMpoBOYHYIO XapakTepucThky — / (/) mpu U = const,
n = const;
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5) XapakTepMCTHKY KOPOTKOTo 3aMblKaHus — [ (1) npu

U= 10, n = const.

PaccMoTpuM 3TH XapaKTepUCTUKU MTOapoOHee.
1. XapakrepucTuka xouocroro xoaa (puc. 4.17).
HeGonpiiag ocratouHas
Hucxozsimas OIC E, _ (HECKOIBKO BOJIBT)
BETBb 00ycJIoBJIeHa TEM, UTO HEIo-
JBMKHbBIE YacTU TeHepaTopa
Bocxomas (IpMO, TIOJTIOCHI) HAMArHUY M-
BETBB BalOTCS, U BCJIEACTBUE 2TOTO
B MarHUTHOM LieNU MMeeTCs
HEOOJIbIION OCTATOUYHbINA Mar-
HUTHBIA moTok @ . Eciu
o SKOpb Bpaliaercs, To Oyaer
0 VIB unaykruposatbes DAC E
JaXe MPU TOKE BO30YKIEHUS
Puc. 4.17. Xapaxkrepucruxa I, =0, TaKk KaK HeTIOBIXHBIE
xonocroro xopa ['TIT 4acTH reHepaTopa (Mo 1 1o-
JIIOChI) MMEIOT OCTAaTOYHYIO
HaMarHM4eHHOCTb U, CJIe0BaTeIbHO, B MArHUTHOM LIENY UMEeT-
Cs1 HEOOJIBIIOK MarHUTHBIA MOTOK @ .

C yBenyeHueM ToKa BO30OYXIeHUs [ OyleT yBeaIMYnBaTHCS
MarHuTHBIN MOTOK U, cienoBateabHo, D C xonocToro xoaa, no-
ckonbKy E, = C n® — Bocxopsas BETBb XapaKTEPUMCTUKH XOJIO-
CTOTrO X0/a.

Bnauane ysennuenue 3J1C uget
MOYTU JUHEHHO, 3aTeM IO Mepe Ha-
CHILIEHUSI MAarHUTHOM 1LIeMu POCT
DJ1C 3amemigercs, Tak Kak 3aMe/IIsI-
eTcsl mpupaileHre moroka AD mpu
TOM Xe MpupanieHun A/, Toka Bo3- _
oyxneHus (puc. 4.18). Hucxoasias i Al Al VI
BETBb IIPY YMEHBIIIEHNH TOKa BO30YXK- ? ? ?
JEHUS MIET BbILLIE BOCXOMASIICH Mpu Puc. 4.18. 3aBUCUMOCTD
0OJIbIIIEM MATHUTHOM ITOTOKE, O0YC-  MarHWTHOTO OTOKA OT TOKa

JIOBJICHHOM IIPEAbIAYIINM COCTOAHHUEM Bo36y)+( NeHus

Eo

E ocT
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U, MarHWTHOM LIETIM, COOTBETCTBY-
FOIIIM OOJIBIIEMY TOKY BO30YXK-
nenust (puc. 4.17).

2. Harpy3ounas xapakTepu-
ctika (puc. 4.19).

OHa NpOXOAUT HMXE XapaK-
TEPUCTUKHM XOJIOCTOrO Xoa £,
MpeACcTaBIeHHON Ha puc. 4.17,
YTO cJIeAyeT U3 YpaBHEHUSI paB-

0 Iy VIB HOBeCHsI HallPsSKEH U :
Puc. 4.19. Harpy3ounasn U=E,-1,-R,
xapakrepuctuka I'TIT rae I R = const, TaKk Kak [ =
= const.

Kpome Toro, HeobXonuMo yuuThIBaTh, 4to £ < E npu pas-
MarHMYMBaIOIIeM IEHCTBIU ITONIEPEYHOM peakiyu skopst. [1pu

STOM XapaKTepHCTUKA MOXKET HAUMHATBCS HE C HYJIS:
U=0=E,-I,-R, —-E, =1,-R, #0.
Ecmm E, >E_ _, TO n0JKeH ObITh M TOK BO3OYxneHust [, = 1 .

3. Buemmnss xapakrepucruka (puc. 4.20).

ypaBHeHI/IC PpaBHOBECHUA HAIIPAKCHUA:

U=E,-1,-R,.
U ITpu Bo3pacTaHnK IKOPHO-
4 ro ToKa /, BO3pacTaeT najaeHue
Eqg HanpspkeHust [, R, B caMoM re-

HepaTope, YTO MPUBOAUT K
YMEHbLIEHHUIO HAMPSDKEHNMS Ha
BbIXoje TeHepaTopa U (Tla,
T IR, L.

C pocToM gKOpHOro ToKa /,
pacTeT MOTOK peakLUU SIKOPsI

» @, 5T0 NPUBOIUT K YMEHbIIIE-

0 I Lo yyio PE3YJIBTUPYIOLLIETO ITIOTOKA
Puc. 4.20. Bueurnan CDpex, CJIEIOBATEILHO, K YMEHb-
xapakrepucruka [TIT wenuio DJIC reneparopa £, u
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Hanpsokenus U Ha Boixonte reneparopa (17, T®, L@, LE, LU).

TaxuM 00pazoM, yMEHbILIEHNE HAIIPSDKEHUS UAET TeM MHTEH-
CUBHee, YeM OOJIbIIIe TIOTOK PeaKIMK SKOPsI U OOJIbIIIEe HACKIIIE-
HMe MarHUTHOI LIeTTH.

4. PeryaupoBouHasi xapakTepucTuka (puc. 4.21).

OHa 1oKa3bIBaeT, KaK HYKHO YBe-

6 )i A OGycoBIEHO

JIMYMBATH TOK BO30YXeHus [, uto- A
Obl IIPU YBEJIMYEHUY TOKA HArpy3Ku /. MarHUTHOJ Lieru
HanpsCKeHMe Ha 3aKnMax sIKopst (Ha-
IPY3KH) OCTaBaJIOCh IIOCTOSTHHBIM.

W3 ypaBHeHMsI paBHOBECHSI Ha-

I

MPSDKEHUST 1,

U=Ea_la'Ra 0 711,
CJIeIyeT, YTo MPH YBEIMYCHUH TOKa Puc. 4.21
Harpy3ku /, Bo3pacraer Halz[elgme Ha- PerynMpoBouHan
NPSDKEHUS B reHepaTope [, K, 1 1715 xapakrepuctuka [TIT

TOro, YTOOBI HanpsckeHue U ocTaBa-
JIOCh TIOCTOSTHHBIM, HEOOXOIMMO yBe-
mmuuBath B/1C reHeparopa £, 3Ha4nT, yBeJIMUYMBATh MArHUTHBIA
moTok P, a UId 3TOro HAIO YBEJIMYMBATH TOK BO30YXKICHUS
I (M1, T LR, U=const, TE, TD, T1I).

5. XapaKkTepuCTHKA KOPOTKOro 3ambiKanus (puc. 4.22).

3aBUCUMOCTbD JIMHEIHAs,

CTPOMTCS 110 IBYM TouKam. M3 I, A
ypaBHEHUSI paBHOBeCHsl Ha-
TIPSDKEHUST

U=0=E,-1,-R,
CJICOyeT, 4ToO

a:u&ag=%ﬂm

Ha nuHeitHoM ydyacTke B >
OTCYTCTBMM HACHIIIEHUS Mar- 0 Lo A
HUTHBINA T0TOK U DJIC mipsi-

MO TIPONOPLMOHAIBHBI TOKY

Puc. 4.22. XapaKkTepucruka
KopoTKoro 3ambikaiua I'TIT
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BO30YXIEHMUSI, T.€. Ig (/) — nuneiinas 3aBucumMocth. Ha rpadu-
Ke 3HaYeHue ToKa /" paBHo:

I, =E,/R,. 4.27)

I'eHepaTop MOCTOSTHHOIO TOKA C HE3aBUCHMbIM BO30YKIEHUEM
OOUTCS KOPOTKOTO 3aMbIKaHMSI TPY HOMUHAJIBLHOM TOKE BO3-
OyxKIeHus1, TOTOMY 4TO TtoydaeTcs oonbluast BJIC 1 60/b11I0I TOK
KOPOTKOTI'O 3aMbIKaHUSI

[ai('s = Eau /Ra : (428)

rae R — BecbMa Maiio, a DJIC HoMUHAIBHOTO pexuMa £ nocTa-
TOYHO BeJIMKO. PexXM KOpOTKOTo 3aMbIKaHUSI — 3TO aBapUIHBII
pexxum paboTsl I'TIT ¢ He3aBUCHMBIM BO30YKICHUEM.

4.14. I'NT ¢ napannenbHbiM BO36YXKAEHMEM

Cxema BKJIIOYEHHS ¥ BO30yxaeHusa (puc. 4.23).

IIpouiecc caMoOBO30YXIAeHUs BeOyT Ha XOJOCTOM XO#y, T..
kmoun K, —K  pazoMkHyTbL. [IpOBOTHMKM SIKODSI MEPECEKAIOT OC-
TATOYHBI MArHUTHBINA OTOK @, ¥ B IKOpEe MHIYKTUPYETCS He-
oonbiiast DAC BpaileHus e. B 3aMKHyTOI 11eNU IKOPb—0OMOTKA
BO30OYXIeHUsS] HAauuMHaeT MpoTeKaThb TOK i B HampaBJIeHUU
BJC. TIporekast mo 0OMOTKe BO30yxaeHuUsI, ToK cozgaeT MJIC
BO30OYKIIEHMSI, a OHA, B CBOIO OYepellb, — CO3MAaeT MATHUTHbIN

1

Puc. 4.23. InekTpuyeckas cxeMa CaMoBO30OYXAeHUs U BKIIOUEHNA
['TIT c mapannenbHLIM BO30YKAEHUEM

198

KOJUIEKTOPHbIE MALLWHbI NOCTOAHHOI0 TOKA D

notox Bo30yxaenus @ . Ecim notokn @ u @ HanpasieHbl B
OITHY CTOPOHY, TO YBEJIMUMBACTCS Pe3YIbTHPYIOIINIA TIOTOK, DAC
e, TOK [ ¥ T.I. — MIET JJaBuHOOOpa3Hoe HapacTanue D/1C.

YToOBI BBISICHUTD, 10 KaKHMX ITOP OYIeT UATH IIPOIECC CaMOo-
BO30YXKIECHMsI, 3aITMIIIEM YPaBHEHME 110 BTOpoMy 3akoHy Kupxro-
a 11 3aMKHYTOI 1IeTIH;

di
dr’
rae R — aKTUBHOE CONPOTHUBICHUE, L. — MHIYKTUBHOCTD BCEil
1IN IKOPh—00OMOTKA BO30YKIIEHNSI, IIPUYEM OOJIbIIIast YacTh e¢
cosnmaetcst OB. [1epBoe ciaracMoe 3TOro ypaBHeHUsT — ITaJeHKe
HaIPSDKeHMS Ha aKTUBHOM COIIPOTUBIICHUH, BTOPOE CllaraeMoe —
9TO HAMpPSIKEHUE CAMOUHAYKIIMU, 00YCIOBIEHHOE U3MEHEHUEM
TOKa.

KoMIoHeHTBl TaHHOTO ypaBHEHMs ITOKaxXeM rpaduiecKku
(puc. 4.24). Hanpumep, B Touke A 3HaueHue BJIC reHeparopa
COCTaBJISIET €, MIEPBOE claraeMoe paBHO i, R, Bropoe L(di /dr).
JIBe 3aBUCUMOCTH TiepecekaroTcst B Touke B. OTKyna clemyer, 4To
BTOPOE CJIaraeMoe YpaBHEHMSI

di .
L—=0— L#0, i=const,

dt
T.€. IIPOLIECC CAMOBO30YKICHUS
3aKOHYMJICSL. €A

C nomoupio peoctata R MOX- IR
HO U3MEHSITh BeJIMYMHY R, 3Ha- A B e
YUT, MOXXHO M3MEHSTh yIOJI Ha- €l Az ..
KJIoHa npsamoii (iR), cnenosa- /3 L(diy/dt)
TEJIbHO MOXXHO M3MEHUTD T10J10- 5
XKeHUe TOYKM B M BEIMYUHY !
BJC, no KoTopoii BO30yxKaaeT- !
cst reHepaTop. [locite Toro, Kak v
otperynupoBaiy BenmmurHy DAC, () I i
TeHepaToOp MOXXKHO HArpyXaTh.

Ecmu yBemynTh ConpoTHBIIe- Puc. 4.24. KomnoxeHTH
HHE R, TO HAKJIOH NPSIMO¥ K OCH ypaBHeHus (4.29)

e=i-R+L- (4.29)

IR
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TOKa BO3pacTaeT, BMECTO MpsiMoii / mosydyuM npsimyto 2. Benu-
yyHa DJ1C, 10 KOTOpoit Bo30y:KIaeTcsl reHepaTop, YMEHbIIAETCSI
C e, 110 e,. [Ipu nanbHedIIEM YBETUYEHUN R TTONYYHM MPAMYIO 3,
KacartebHy10 K KpuBoii e. [1pu atom I'TIT Gyner HaxoauTcss Ha
rpaHy CaMOBO30YXIeHUs. 3HaYeHKe R , COOTBETCTBYIOILEE MPS-
MOii 3, HasbiBaeTca KputudeckuM R . Tlpu R > Rm (TIpsimMast
4) camoBo3oyxaeHue I'TIT HeBo3aMoxkHO (puc. 4.25, a).

e n> Ny
n= Ry

n <y

\/
\/

a 6

Puc. 4.25. CaMmoB036yXeHNeE TeHepaTopa MapajeibHoro
BO30OYKAEHWA ITPYU PA3NIMYHLIX COITPOTUBJIEHUAX LIeNV BO3OYKAEHNA
(a) v pasnnyuHLIX YacTOTax BpaueHus (6)

DIEeKTPONBIIKYILAS CUJla TeHepaTopa MponopLyoHaibHa ya-
ctote BpaweHus. Ha puc. 4.25, 6 npuBeneHsl XapaKTepUCTUKU
XOJIOCTOTO X0 ISl pa3IMYHbIX YacTOT BpallieHus. M3 Hero Bum-
HO, YTO MpPY HEKOTOPOM 3HAYCHUH R B ciydae n > n, MMeeM
YCTOIYMBOE CaMOBO30YXXACHNUE, MIPU /1 = 71, TCHEPATOP HAXOMUT-
Csl Ha TPaHU CaMOBO3OY>KICHNUSL, a TIPH 7 < 1, CAMOBO30YXICHHE
HEBO3MOXKHO, TZie /1, — KPUTHYECKasl YaCTOTa BPALLECHNsI eHepa-
Topa. [TosTomy U1l KaXI0ro JaHHOTO 3Ha4YeHUs R CyLIEeCTBYeT
omnpeze/ieHHast KPUTHIEeCKas YaCTOTa BPALLCHUS 71, , HIXKE KOTO-
poii caMOBO30YKIEHUE FeHepaTopa HEBO3ZMOXKHO.

I'eneparop He Bo3Oyaurcs, korna @ = 0. [l Toro, yTo0bt
NPUOOPECTH OCTATOUHbIA MarHUTHBI MOTOK @, 0OMOTKY BO3-
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Oy>KIeHHUsI OTKJIIOYAIOT OT SIKOPST M MOIKITIOYAIOT K UCTOYHUKY TO-
CTOSIHHOTO TOKa Ha KOPOTKOE BpeMsl (CEKYHIbl, MUHYTHI). [Toc-
Jie 9TOro 0OMOTKY BO30Y>KIEHMSI CHOBA BKJIIOYAIOT MapasliebHO
SIKOPIO.

I'eneparop He Bo3Oynurcs, korna @ u @ BCTpeyHbI 110 Ha-
npapieHuto. [Ijist Toro, YToObl 3TU MOTOKM ObUIM HAINpaBieHbl B
OJTHY CTOPOHY, HY>KHO ITOMEHSITb KOHLIbI OOMOTKM BO30OY>KACHMS,
NpY 5TOM U3MEHMM HaIpaBJIeHHe MarHUTHOTO 1moToka @ .

I'enepaTop He BO3OyIUTCS, KOTAa MMeeTCsl OOPhIB LIETU BO3-
Oyxnenusi. B stom ciyyae R = oo 1 psiMast IMHUS Ha rpaduke
OyaeT coBnanaTh C BEPTUKAIbHON OChIO HAMPSKEHUI (ITyHKTUP-
Hasl TMHuA Ha puc. 4.25, a).

Xapakrepuctuku I'TIT ¢ mapaiielibHbIM BO30YKIeHHEM. Xa-
paKTepUCTUKHM Takue ke, Kak 1y ['TI'T ¢ HezaBUCHUMBIM BO30YK-
JICHUEM, TOJIbKO XapaKTepUCTUKA KOPOTKOTO 3aMbIKaHUs 1 XOJI0-
CTOTO XO/la CHUMAIOTCsI IO CXeME I'eHepaTopa ¢ He3aBUCUMbIM BO3-
Oy>XKICHUEM.

XapaxkTepucTrKa KOPOTKOTO 3aMbIKaHUSI HE MOXET ObITh CHSTA
0 cXeMe MapajieJbHOro BO30YXKIEHUSI, TOTOMY UTO MPHU 3aMbl-
KaHUU SIKOPs1 HAKOPOTKO Tok o OB He noiiaeT 1 caMoBO30Y:K/ie-
HUS He Oymer.

XapakTepHuCcTHKa X0JI0CTOro X0aa CHUMaeTCsl 10 CXeMe C Hesa-
BUCHUMBIM BO30YXXICHUEM MTOTOMY, YTO B MIPOLIECCE CAMOBO30YX-
JIeHYsI TPYAHO yCTaHABIMBATh HEOOXOAMMOE 3HaYeHUE TOKA BO3-
OyXIeHUsI.

Creunguueckoil xapak-
U ITIT TEPUCTUKOM SBIISIETCS BHE-
A ¢ HE3aBUCHUMbIM LIHAA xapaktepuctika U([)

E, BO30YK/IeHHEM (puc. 4.26).

T'IT
C mapauIeIbHBIM
BO30YXKICHHEM

Lacpurri
Puc. 4.26. Breurxasn
xapaxrepuctuxa ['TIT
C ITapajiebHbIM

0 Lo Le 1, BO30YHKIEHUEM
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M I'TIT ¢ mapaieabHbIM BO30YXKIEHUEM:
1,=1+1,1,>1,1 ~(0,02-0,03)/, >1,=1,.
Bo-niepBbIX, U3 ypaBHEHVE paBHOBECHS HATIPSKEH WS
U=E -1, R,

CJIEYET, YTO C POCTOM TOKa reHeparopa [/, pacTeT maaeHKue Ha-
NPSDKEHUS B CaMOM reHepatope /R 1 yMEHBIIAETCs BBIXOIHOE
Hanpspkenue U(—1, —1:R, L U).

Bo-BTOpBIX, ¢ pOCTOM SIKOPHOTO TOKA /, PACTET IIOTOK PeaK-
uuu akops @ , 5T0 MPUBOAMT K YMEHBLIEHUIO PE3YILTUPYIOLLETO
noroka @, cienosaresbHO, K yMeHblueHuo DC reneparo-
pa E, n Hanpsixenus U na eixone renepatopa (17, T, L@ |
LE, LU,

B-TpeTbux, yto cBoiicTBeHHO ToJIbKO Wi I'TIT ¢ mapasniens-
HBIM BO30YXAEHUEM, YMEHbLICHUE HanpskeHus: U MpuBOIUT K
YMEHBLIEHNUIO TOKa Bo30yxaeHus [, =U/R,, yMEHBILIEHHIO T0TO-
Ka Bo3OyxaeHuss O 1 pesynbrupyioiiero noroka @, yMeHb-
wennio DJIC E v nanee K ewie OonbLIeMy MaJeHUIO HATIPsDKe-
s U (LU, VI=U/R 1@, 1@ , LE, D).

IIpy TaKOM MHTEHCHBHOM YMEHBIIEHUU HAIPSIKEHUSI U MEHb-
meM yMeHbleHun DJIC, TOK sSIKopsI U1l COXpaHEeHUs1 bajlaHca Ha-
MPSDKEHMS TOJIKEH He YBEIMYMBATBCS, @ YMEHbIIATbCS, TOCTUT -
HYB HEKOTOPOTO KPUTHYECKOro 3Hauenws 7, (puc. 4.26).

IIpy KOPOTKOM 3aMBIKAHUU

U = 0’ IB = 0’ (I) = q)ocr’ [;IG = Eocr/Ra 5
T.€. TOK KOPOTKOI'O 3aMbIKaHUsI TOCTaTOYHO MaJl.

Y I'TIT ¢ He3aBUCUMBIM BO30YKIEHUEM TOK KOPOTKOTO 3aMbl -
KaHMs OOJIbLIOM, TOTOMY UTO OOJIbIION MAarHUTHBIN MOTOK CO-
3/1aeTCsl He3aBUCUMOM 1ienblo Bo30yxxaeHus. ['TIT ¢ mapamiensb-
HbIM BO30YKIEHHEM MMEET J1Ba MOJIOKUTEIbHBIX CBOMCTBA: HE Tpe-
OyeTcst UCTOYHUMK MUTAHMS /15 OOMOTKM BO30YKIEHMSI; He OOUTCS
KOPOTKOTO 3aMbIKaHHUSI, TaK KaK MPU KOPOTKOM 3aMbIKaHUU MTPO-
HUCXOMUT YMEHBIICHUE HAMPSDKEHUST M yMEHbIIIEHUEe MAarHUTHOTO
MOTOKA 10 OCTATOYHOTO.
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4.15. leHepaTop CMelaHHOro BO30OYXKaeHUA

I'eHepaTop cMelllaHHOTO BO30YXKIEHUSI UMEET ABE OOMOTKMU:
ocHOBHYI0 OB, — mapajuiesibHyio 1 JonoaHuTenbHyo OB, — moc-
nepoBaTelibHYIO (puc. 4.27). B MarHUTHOM OTHOILIEHUU 3THU 00-
MOTKHM MOYXHO BKJIIOYaTh COTJIACHO MJIM BCTPEYHO.

Ecnu 06MOTKM BO30Y:XA€HMSI BKJIIOUEHBI coryiacHo, To ux MJIC
CKJIaIbIBAIOTCS U KX IMOAMarHUYMBarolIee AeHCTBUE OyneT KOMITEH-
CUPOBaTh MajJieHUe HAMPSKeHMSI B IKOPHOM LMW U pa3MarHuyu-
Balolliee AeCTBUE peaklU SIKOPsI B HEKOTOPOM JUara3oHe TOKa
Harpy3ku. B aToMm ciiyyae BHeLIHSISI XapaKTepUCTUKa XKeCcTKash U
umMeeT BuI KpuBoii / (puc. 4.28). B nnanasone Toka ot 0 g0 /|
HabJo1aeTcs Aaxe HeKOTOPOe MOBBILICHUE HATTPSDKEHUSI.

Ecau oO6MOTKHM BKJIIOUYEHBI BCTPEYHO, TO MOcaeaoBaTeIbHast
00MOTKa CIOCOOCTBYET €ellie 0O0JIbIEMY YMEHbLIEHUIO MAaTHUTHOTO
MOTOKA Y BHEILIHSISI XapaKTepHUCTUKA KpyTonaaaiolas ¥ IpuHUMa-
eT BuaI Kpusoii 2 (puc. 4.28).

Kpyronanaroiiias BHELIHSII XapaKTepUCTUKa 2 UCTIOb3YeTCs B
OITHOITOCTOBBIX CBAPOUHBIX TeHepaTopax U APYruxX CreluagibHbIX
MalIrHax, e TpeOyeTcsl OrpaHUYMTh TOK KOPOTKOTO 3aMbIKaHUSI,
a >KECTKasl XapaKTeprucTuKa / — B MHOTOIOCTOBBIX, KOIIa TpeOy-
€TCsl TTOCTOSTHCTBO HAIPSKEHUSI B IMHUM.

o3 ||

Puc. 4.27. IneKkTpuieckas cxema Puc. 4.28. Buemtne
reHepaTopa CMeLIaHHOI'o xapaxkrepuctuxu ['lIT
BO30YKOeHUA CMEeIIaHHOT0 BO30YKOeHUs
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4.16. lBuratenb noCTOAHHOIO TOKa.
MpuHUMN pencTBMA, OCHOBHbIE YPaBHEHUA

ITpuHLMn geficTBUs aBUratesst moctostHHoro Toka (AI1T) oc-
HOBaH Ha IBYX 3aKOHAaX 2JIEKTPOTEXHUKU: 3aKOHE 3JIEKTPOMAarHUT-
HBIX CUJI M 3aKOHE 3JIEKTPOMAarHUTHON MHIYKIIMU. KOHCTPYKTHB-
Hag cxema AIIT npuBeneHa Ha puc. 4.29, koTopasi aHaJorMyHa
koHcTpykTuBHOI cxeMe I'TIT, Tak Kak ofHa U Ta e 3J1eKTpuye-
CKasl MalllMHa MOXKeT paboTaTh U FeHepaTOPOM, U JIBUTATEIIEM.

ITo 3akOHY 2JIEKTPOMarHUTHBIX CUJI Ha MTPOBOAHUK C TOKOM
i,/2, HaXoAsILIMICS B MAarHUTHOM noToke P, NeiicTByeT 2/1eKT-
poMarHuTHas cuna F, , HarpapJieHUe KOTOPOM OMpeIeNIsIeTCs 110
MpaBuiTy JIeBOil pyku. OHa co3[aeT 271eKTPOMAarHUTHBIM Bpalliaro-
Ui MOMEHT M, IO IEACTBUEM KOTOPOTO POTOP (SIKOPb) pac-
KPy4YMBaeTCs 10 CKOPOCTH 7.

KomnexropHo-1etounsiit y3e JAI1T urpaet poias mHBepTOpA,
T.e. MpeoOpa3oBartesisi TOKa U3 MOCTOSIHHOTO B MepeMeHHbIi. [Toka

@ i,/2a
F | N
- ¢/
e.a®'-‘. ,"’+éa Ii
T E, / . \\‘\ +‘
\
. ' -
+ : +
N0 . oty F
i,2a | S|e
p=1
Puc. 4.29. KoxnctpykTusHasa cxema JIIT
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MPOBOTHUKM SIKOPSI HAXOASATCS MOJ IOa0coM N, OHU 3JIEKTpU-
YeCKM COEAMHEHBI CO LIETKOM, MMEIOIIei MOJISIPHOCTD «+». Kak
TOJIbKO OHU MEPEeiayT B 30HY MoJjitoca .S, MPOBOAHUKU OOMOTKU
BJICKTPUYECKI COSIUHSITCS CO IIETKOM, MMEIOIIEH ITOISIPHOCTD «—»
Y HamnpapJIeHUe TOKA B HUX, & 3HAYUT U HampasjieHue F, , aBro-
MaTUYECKM U3MEHUTCS Ha 00paTHOE, HAIIPaBJICHUE Xe IJIEKTPO-
MarHMTHOTO BPAILAIOIIET0 MOMEHTA IIPU 3TOM COXPAHIETCS HEU3-
MEHHBIM.

Bo Bpanaronmxcst IpoBOIHMKAX SIKOPSI 110 3aKOHY 3JIEKTpoMar-
HUTHOM MHAYKUMU UHAYKTUpYeTcs DJIC, HampaBieHe KOTOpOi
oIpenessieTcs Mo MpaBuily MpaBoil pyku. HampapieHue aeiicTBUS

BJ1C nokazaHo Ha puc. 4.29 psimoM ¢ TPOBOIHUKAMU B BUIE éa u

Ea. W3 puc. 4.29 uano, yro DJIC sxops E , HanpaBieHHas OT

HIDKHEN IIETKM K BEPXHEM, IEHCTBYET NPOTUB TOKA / , yMEHbLLIAsI
ero, mosToMy £ HasbiBatoT npotuBo3/IC.

Camblii TsKebii pexxum padotsl AT — 310 pexkxum KopoT-
KOro 3aMbIKaHMsI, T.€. PEXUM HEIOIBIKHOIO siKopst. PakrTu-
YECKM KOPOTKOIO 3aMbIKaHUSI HET, HO TaK KaK SIKOpb HEeMOABU -
>keH, To mpoTuBoIIC paBHa HyITIO U ABUraTEb MOTPEOIsIET OOb-
oi Tok. [ToaTOMy MO aHAJIOTUU C BJEKTPUUYECKON LEMbIO BTO
COCTOSTHME Ha3bIBAIOT PEXKMMOM KOPOTKOTO 3aMbIKAHUSI.

Ocnosubie ypaHennsi JITIT. YpaBHeHus pist npotuBod/1C u
2JIEKTPOMAarHMTHOTO BpalllalolIero MOMEHTa OCTAlOTCsI TAKUMMU XKe
kak u st I'TIT, moToMy 4To OCHOBaHbI HA OMHUX M TeX ke (Pu3u-
YEeCKUX 3aKOHaX:

E =C, -n-o, (4.30)
M, =C,-®-1,. (4.31)
ITo Bropomy 3akoHy Kupxroda mist KOHTypa ¢ yKa3aHHBIM Ha-

npaBjieHMeM 00x0l1a MOXHO 3anucarb, uto K- E, =1,-R,, u3
KOTOPOTO TI0JIyJaeM YpaBHEHWE PAaBHOBECHS! HATIPSDKEHMSL:

U=E +1,-R,. (4.32)
Ecmu ckopocts Bpamienus skops n=0, 10 £, =0u
I,=U/R,. (4.33)
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Ecmu xe n# 0, TO TOK SIKOPsI yMEHBIIAETCS M3-32 BO3HUKHOBE-
Hust npoTuBoDIIC E

; _U-E,
TR (4.34)

ypaBHCHI/IC PaBHOBECHUA MOMEHTOB IIPpU W # const UM€EET BUI:
M, =M, +M,+J .%, (4.35)

rae J(do/df) — nnHaMu4ecKuii MOMEHT; M — 4acThb 3JIEKTPO-
MarHUTHOTO MOMEHTA, MAYIIasi Ha IIOKPHITHE MOMEHTA XOJIOCTOIO
X0[a, T.€. BCEX BUIOB MOMEHTOB TpeHUsl; M, — 4acTb 3J1eKTPO-
MarHMTHOTO MOMEHTa, KOTOpast UIeT Ha IMPEOI0IEHHEe MOMEHTA,
MPWIOXKEHHOIO K BaJly, T.€. TIOJIC3HBIII MOMEHT MJIM MOMEHT Ha
Bay.
Ecnu o = const, 1o (dw/df) = 0 u ypaBHEHHE MOMEHTOB TTPU-
HMMaeT BUII;
M, =M,+M,. (4.36)

4.17. MexaHuyeckue xapakrepuctuku ANT

Paccmotpum cHavana JIIIT ¢ mapamieabHbIM BO30YKACHUEM
(puc. 4.30). MexaHnueckue XapakKTepUCTUKU — 3TO 3aBUCUMOCTb
ckopoctu BpauteHust JIIT or momenTa Ha Bany n(M,) — nipu 9K-

I, I

°
1, +
OB % U

Puc. 4. 30. nexkrpnyeckas cxema JIIT
C TapanjenbHEM BO30YKLEHUEM
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CIICPUMCHTAJIbHOM MCCJICAOBAHUMMN HJIM 3aBUCUMOCTDb l’l(MBM) —
IpH TCOPETUYCCKOM MCCIICA0OBAHNN.
ypaBHeHI/Ie PaBHOBECUA HAIIPAKCHUA:
U=E,+1I,-R,.

IMoncrasnas B Hero sHavyeHuss £ u [ u3 Bbipaxenuii (4.30)
u (4.31), monyumnm:

U=Ce-n-d)+M
C, @
ne v MSM'R"2=n0—b~M3M, (4.37)
.o C,-C-@
ny = v b——R"
OTKyIa "“ce VT oo (4.38)

3mech 1, — CKOPOCTh UIEATBLHOIO XOJIIOCTOTO X0/1a ABUIaTe -
Jig, He obJlajalolllero MOMEHTaMU TpeHUs. PeanbHbIi XoJ10-
CTOI XOI — 3TO CKOPOCTb BpalleHHUs ABUIaTesl 6e3 BHELIHErO
MOMEHTA COMPOTUBJICHUSI, TPUIOKEHHOTO K Bay.
C pOCTOM 3JIeKTPOMAarHUTHOIO MOMEHTA YacTOTa BpallleHUs
YMEHBIIAETCSI OYeHb MaJIO, T.e. MEXaHWYecKas XapaKTepucTuKa —
JKECTKasl, U 9TO SIBJISIETCS T0-
A" JIOXKUTEJIbHBIM CBOWCTBOM
aroro asuratens (puc. 4.31).
nwr—ooboop XapakTepucTUKa MoaydaeTcs
JKECTKOM, TTOTOMY 4TO KO3(-
uuueHT b npu saeKTpomar-
HUTHOM MOMEHTE OYeHb MaJj
BCJEACTBME TOro, 4TO MaJlo
conpoTuBieHue R . Peakius
»  SKOpPS yMeHbLIaeT @ U yBeIu-
0 M., 4YUBAET XECTKOCTb MeXaHUYe-
CKOH XapaKTepUCTUKH.
PaccMotpum Tenepb aBura-
TeJIb € TOC/IeA0BATETbHBIM BO3-
oyxneHueMm (puc. 4.32).

Puc. 4.31. Mexanunueckas
xapaxrepuctuxa AIIT
C TapanjenbHEM BO30YKLEHUEM
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OB

v

Puc. 4.32. dnekrpuueckasn cxema [JIIT c mocnepnoBaTenbHEIM
BO30YXKIeHMEM

st Hero:
I,=1, R, +R =R, (4.39)
npudyeM R v R — manbl. Torna ypaBHeHUe paBHOBECHsT HAIPsI-
KEHUST:

U=E,+1,-R,. (4.40)
YuureiBag (4.30), moayyum:
’ U B Ia : Ra,
U=C-n-®+1,-R — FW (4.41)

3aBUCHMOCTE MAaTHUTHOTO MoToka ®d oT Toka BO36Y)K,I[6HI/I${
113 = Ia Ha JIMHEMHOM Y4aCTKEC MO2KHO 3aliMcaTb B BUIEC:

o=k, (4.42)
rae k — Koah@uumreHT nponopLroHanibHoCcTU. C yueToM 3TOro

L. U LR U R
C, k-1, C k-1, C,-k-1, C, -k
DJIeKTPOMarHUTHBII BpaIAloLIMii MOMEHT OyIeT:
M, =C,-®-1,=C, k-1, (4.44)

T.¢. ecau B JAIIT ¢ mapaiieabHbIM BO30YKIEHUEM 2JIEKTpOMar-
HUTHBIA MOMEHT MPSIMO MPOIOPLIMOHANIEH TOKY sikopsi, To B JATTT
C MocJeaoBaTeIbHbIM BO30YKIEHUEM OH MIPOMOPLIMOHATIEH KBaI-

(4.43)
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paTty ToKa SIKOpsl. DTO SIBJISIETCS] TIOJIOXKUTEeTbHBIM cBoiicTBoM ITTT
C ocea0BaTeIbHbIM BO30Y:KaeHUeM. CUIIOBBIC 3JIEKTPOMEXaHU3-
MbI UMeIOT B cBoeM cocTtaBe I IIT ¢ mocaenoBaTeIbHBIM BO30YXK-
JICHUEM.

Tenepb MOXKHO BBIPAa3UTh TOK SIKOPSI Uepe3 3JIeKTPOMArHUTHBIM
MOMEHT:

(4.45)

W nozacraButh 310 3HaYeHKE B (DOPMYITY AJIs1 CKOPOCTH BpAILEHUS
JBUTATENIs, TOTAA MOJYYMM BbIpaXXKEHUE IS MEXaHUYECKOM xa-
paktepuctuku JAI1T ¢ mocnemoBaTeIbHBIM BO30YKICHUEM:

n

ko (4.46)

W3 puc. 4.33 BUAHO, UTO C yBEJIMUEHUEM MOMEHTA CKOPOCTh
BpateHust JT1T naMeHsieTcst o4eHb CUIIBHO, T.€. XapaKTepUCTUKA
MSITKasl, XOPOILIO MCIIOJIb3yeTcsl B aieKTpornpuBoae. M3 xapakre-
PUCTUKU TaKXKe CIEAYET, YTO €CJU 3JeKTPOMArHUTHBII MOMEHT

M yMeHbILATh, TO CKOPOCTH Bpa-
LLIeHUsT ABUTaTeNsl OyaeT Bo3pa-
cratb. CnepoBatesibHo, JITT 1mo-
CJIeI0BATEILHOTO BO30YXKIEHUS
MyCKaTb BXOJIOCTYIO HEJIb3sl, MO-
TOMY UTO SIKOPb IIPUOOPETET M0~
BBILICHHYIO CKOPOCTb BpalleHUsI,
OIACHYIO [1JIs LIEJIOCTHOCTHU KO-
ps, T.e. ABUTaTellb UAET «Bpas-
> HOC».
0 My Opmnaxko JAITT MOLIHOCTEIO 10
HECKOJIbKHUX COT BATT MOXHO
BKJIIOUATh BXOJOCTYIO, TaK Kak

AN

Puc. 4.33. Mexanuueckasn

xapakrepucruka JiIIT MOMEHT TPEHHUS XOJIOCTOrO X01a
CTIOCNEN0BATE/IbHEIM JUTS HETO SABJIETCH CYLIECTBEHHOM

BO36YAEHMEM BHYTPEHHEN Harpy3KOii.
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4.18. lnarpamma mowHocten ANT
C napamsiefibHbiM BO36yXAeHueM
Huarpamma moirHoctel 1T ¢ mapamieabHbIM BO30YXKIeHM-

€M MMeeT BMM, MoKazaHHbI Ha puc. 4.34, rae moTpedisemast
BNIEKTPHIECKasi MOITHOCTh

P=U-(I,+1), Br; (4.47)
MOIIIHOCTb BO36Y)KI[€HI/IFI
P =U-I,Br; (4.48)
MOIIIHOCTbD ITOTEPL B HKOpHOﬁ OOMOTKE
P =1>-R B (4.49)

3JIEKTPOMAarHUTHas MOLLHOCTL sikops P, = P — P — P, B;
MOLIHOCTb XOJIOCTOTO X01a, 00YCIOBJIEHHAsd BCeMU BUIAMU Tpe-
HUS M MOIIHOCTBIO ITOTEPh B CTaIu sikopst £, B,
MeXaHMYecKasd BBIXOJAHAd MOIIHOCTb WIM MOLIHOCTb Ha Bay
P =P,-P, Br.

KIIJI nBuraTens:

=g (4.50)

DNEKTPOMATHUTHBIN BpaILAIOILNiA MOMEHT M. , MOMEHT XO-
Jocroro xona M, MomeHT Ha Bairy M, B Hwm:

___Jéj% A P,
27

Puc. 4.34. Inarpamma momuocTen JIIT ¢ mapannenbHbM
BO30YXKIEHMEM
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P P
M =22 My =2 My =2, (4.51)

2n-n
e o= w0 YIJIOBasi CKOPOCTh BpalLEHUSI SIKOPSI.

MexaHn4YecKue 1 3IeKTPHIeCKIe TTOTePH SHEPIMK HarpeBaroT
OTIEJIbHBIC YaCTH IBUTATENSI U, B 1IEJIOM, BeCh ABUTaTe b, Ha-
MIpUMep, CPeIHee MOBBIIICHNE TeMIIEPaTyphl 0OMOTKH BO30YKIe-
HUST HaJTl OKPYKAIOILE CPeIOi TIPY YCTAHOBHMBIIIEMCST PEXKME MOXK-
HO OIIPEIEIUTh 10 (hopMyJIe:

P

B

0,=—"—,
2po,S,

e o, — KO3 QOULMEHT TeIUI00TAAYM; S, — ITOBEPXHOCTb OXJIAX-
JEHUST OMHOM KaTyIIK 0OMOTKY BO30YXXKIEeHNS. AHAJTOTMYHO MOXK-
HO OIIPEIEJIUTh ITePerPeBhI IKOPSI M KOJUIEKTOPA.

(4.52)

4.19. PerynupoBaHue 4acToTbl BpalieHUs

Paccmotpum cHavana JAITT ¢ napaniaeabHbIM BO30YKICHUEM.
Ero MexaHnueckast XapakTepucTrka onpeaessiercst hopmyoii (4.37):

U M, -R
& C,-C -0

B ycranosusliemca pexume M = M = const. Torma us
(opmynbl (4.37) BUAHO, YTO YACTOTY BpAILCHUS SIKOPSI MOXHO
peryaupoBaTh TpeMsl CrocodbaMu Mpy UBMEHEHUU:

1) conporuBieHNs AKOPHOM 1iemu R ;

2) MarHuUTHOro noroka &;

3) HanpspkeHust nutaHus U.

Bce a1 cnocoObl MOXKHO peann3oBaTh Ha YCTAaHOBKE, cXema
KOTOpOIi MoKa3aHa Ha puc. 4.35.

Ecnu yBenruuM CONpoTUBIICHUE SIKOPHOIA LIeTH MyTeM BKITIO-
YyeHUs peoctarta / B LIETIb SIKOPs1, TO CONTPOTUBJIEHUE SIKOPHOM 1IeTTH
CTaHeT paBHbIM (R + R ), Cie10BaTeIbHO, CKOPOCTD BPAICHUSI
SKOpST YMEHBIIUTCS (pUC. 4.36), MexaHMUYecKash XapaKTepruCTHUKa
B OTOM CJIy4yae Ha3bIBa€TCsl UCKYCCTBEHHOM.

n =ny—b-M,,.
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Puc. 4.35. AnexTpnueckas cxemMa peryinpoBaHus
yactoTs Bpamenus JIIT ¢ napannenbHbIM BO30YKAEHNEM

ny

EcrectBenHast
MEXaHHYEeCcKast
XapaKTepHCTHKa

1 >

0 M.=M,y Mo

Puc. 4.36. Mexannueckue xapakrepuctuku [JIIT c mapannenbHeim
BO30OYKLEHUEM IIPU PETYINPOBAHUN YACTOTHL BPALleHUA

Ecau Bk110YMM peocTar 2 B Liellb OOMOTKM BO30YKIECHUS, e¢
CONPOTHBIIEHUE YBEJIMYMUTCS, CTAHET PaBHBIM (R + R ) M yMeHb-
LIUTCs TOK Bo30yxaeHus /. CreoBarebHO, YMEHBIIUTCS Mar-
HUTHBIN MOTOK @, YBEIMYATCSI CKOPOCTh UIEATbHOTO X0JI0CTOrO
xona n,, KO3 OUIMEHT b, HAKIIOH IPSIMOK K ocu M 11 CKOPOCTh
BpallleH!sI, KaK IToKa3aHo Ha puc. 4.36.
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IToHM3UB HaNpsKEHWE MUTAHUS ¢ TTOMOIIbIO TOTEHIIMOMET-
pa 3, Mbl TakKxXe YMEHBILIMM CKOPOCTb MAEaJTbHOTO X0JIOCTOTO
XOJia 71, XapaKTePUCTUKA OYIET MATH MaPaJLIENbHO €CTECTBEHHOI
MEXaHUUYECKOM XapaKTepUCTUKe, €CJIM MarHUTHAS LIeTTb MallIMHbI Ha-
ChILLIEHA U MATHUTHBIN MOTOK @ OCTAeTCS HEU3MEHHBIM.

Tenepp paccmotpum IIIT ¢ mociaemoBaTeIbHBIM BO30YKIEHM -
eM. PaznuyHble criocoObl pery1MpoBaHust MOXKHO OCYLIECTBUTD 110
caenyrouieit cxeme (puc. 4.37). Ilpu paccMOoTpeHUU Mojiaraem,
uro M, = M_= const.

Puc. 4.37. AnexTpnyeckas cxema peryinpoBaHus
yacToTs Bpauenua [QIIT c mocnefoBaTeNbHbIM BO30YKAEHUEM

PaccMoTpuM nepBbIii crtocod peryaMpoBaHMs YaCTOThI Bpalle-
Husl. [Moaxmounm peoctat / mapauiesbHO SIKOPI0. DTO YMEHb-
IIUT TOK SIKOPHOM Lienu / , HO BCJIENCTBIE YMEHBILEHNS OOILETrO
COINPOTHBJIEHUS LUEMKU YBEJTMYUT TOK OOMOTKU BO3OYXIeHUs /.
Ecau marHuTHas uenb HacklllleHa, TO MAarHUTHBIN MOTOK HE 13-
MEHUTCS, HO YMEHBIIMUTCS 3JICKTPOMAarHUTHbII MOMEHT. DTO Mpu-
BEIET K YMEHBLIEHUIO YaCTOThI BPALLIEHUSI, POCTY SIKOPHOTO TOKA
JI0 TIPEXKHEeH BeTMUMHBI BCJASACTBHAE YMEHbBLICHUS BEJIMUMHBI ITPO-
TBOD/IC, YTO BHOBb BOCCTAHOBUT PABEHCTBO MOMEHTOB M, =
=M_= const. Takum o06pa3om, OyseM UMETb YMEHBILCHHYIO Ya-
CTOTY BpalLlEHUs ABUTATEIS TIPY YBEIMYEHHOM MOTPEeOJIEHUH TOKA.

AHAJIOrMYHO MOXXHO pacCMOTPEThb U APYrHe CIIOCOObI peryun-
pPOBaHMSI.
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Hu oauH U3 cnoco6oB, MPpUBEACHHBIX BbIllIe, HE 9KOHOMU-
YeH, TaK KaK UMEIOTCS MOoTepU SHEPTUM B peocTatax. bosee sKo-
HOMMYHOM U 11eJ1IeCO00pa3Hoil, 0COOEHHO sl ABUraTeseil 60J1b-
LI0# MOIIHOCTH, siBjisteTcst cuctema BI — I' — ]I , roe Bl —
BCITOMOTaTe/IbHBIN ABUTATENb (OOBIMHO MCITONb3YeTCs TpexdazHbIii
ACUHXPOHHBII ABUTaTeNb), ' — reHepaTop MOCTOSIHHOIO TOKA He-
3aBUCHMOTO BO30YXIeHUs, [ — MCIONHUTENbHBIA IBUIaTe b,
CxeMa peryaupoBaHUsI IIpUMBeaeHa Ha puc. 4.38.

M

OB’ OBJ] [—
@ Rr R}J °
E 1

OBB

Puc. 4.38. InekTpnyeckas cxema peryanpoBaHus 4YacTOTH BpalleHUs
[T o cucreme B —I'— I

J1J1sl MUTaHKs MOCTOSTHHBIM TOKOM LieTeit BO30YKIeHUS TeHe-
paropa I' u mBuratens [l ucrosb3yercst Bo3oyauresnb B — maso-
MOIIHBII reHepaTop MOCTOSIHHOTO TOKA, HAIPSIKEHUE Ha BbIXOE
KOTOPOTO MOAIEPKMBAETCS HEU3MEHHBIM.

M3MeHeHre HaIpsDKEHMS B LIETIU SIKOPSI TTO3BOJISIET PETYJIUPO-
BaTh YaCTOTY BpallleHUsl ABUraTesIsi BHU3 OT HOMMHAIbHOM, MO-
CKOJIbKY HanpsKeHUe CBbIllIe HOMUHAILHOTO Hepomyctumo. [1pu
HeOoOXOAMMOCTH PEryupoBaTh YaCTOTY BpallleHUsI BBEPX OT HOMU-
HaJIbHOM MOKHO BOCITOJIb30BaThCsl UBMEHEHUEM TOKa BO30YK/ie-
HUst iBUTaTess (peocrar R ).

W3menenue HanpasieHus BpalleHus (pesepc) I, ocyliecTs-
JISIeTCsl UBMEHEHMEM HarpaBIeHUs TOKa B LIETTU BO30YKIEHNsI Ie-
Hepatopa I' nepexmtouateneM I, T.e. UBMEHEHUEM TTOISIPHOCTU
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HAIpPsDKEHMS Ha ero 3akuMmax. Eciiu aBurareiib ocTosiHHOIO TOKa
paboTaeT B YCJIOBUSIX PE3KO MEePeMEHHON HArpy3Ku, TO ISl CMSIT-
YeHUsI KoJlebaHU MOIITHOCTHU, IoTpednssemoii BJI u3 tpexcdaszHoii
nenu, Ha Baa BJl momMemaloT MaxoBUK M, KOTOpbIA 3amacaeT
SHEPIUIO B NIEPUO/ YMEHbILEHWS HArPY3KK Ha JBuratesib JI u oT-
JaeT ee B epyo] MTHTeHCUBHOM HArpy3Ku ABUTaTeIsl.

PerynupoBaHue 4acTOThI BpallleHUsI U3MEHEHUEM HaIPSDKEHUS
B LIETIN SIKOPS 00€CTIEYMBAET MJIAaBHOE 5KOHOMUYHOE PETyJIMpOBa-
HME B LIMPOKOM AuanasoHe n_ /n . >?25. Hanbosbinas yacrtora
BpaLLEHUS 3[eCh OTPAaHUYMBAETCS YCJIOBUSIMUA KOMMYTALIMK, & Hau-
MEHbIIAs1 — YCJIOBUSIMU OXJaxaeHus npuraresis. Eie onHum no-
CTOMHCTBOM PacCMaTpHUBAaEMOTO CIOco0a PeryIupoBaHUsI SIBJISIET-
Cs1 TO, UYTO OH JAOIyCKaeT 0e3peocCTaTHbIN MyCcK ABUIATENs MPU
TMOHVKEHHOM HaMpsKEHUU.

Bosiee 5KOHOMUYHBIM SIBJISIETCS YIIpaBIeHUE YaCcTOTOM Bpalle-
Hust AT1T no cucreme «JIATP — BhinpsiMutesib — aBuraresib». Cxe-
Ma YIpaBJIeHMs TPOCTa 1 MoKa3aHa Ha puc. 4.39, HO MpUMeHUMa

JIATP

VD1 VD2

B\
VD3 VD4

N AN AN
N

VD5 VD6

OB

Puc. 4.39. dnexTpuueckas cxema yIpasjaeHusA YaCTOTON BpalleHUs
IOIIT o cucreme «JIATP — BrIpAMUTENDL — IBUTATENbY
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A B C B OCHOBHOM JIJIsI TAOOPaTOPHBIX
1 * YCTaHOBOK. JIJisg MpPOMBIILI-
JIEHHOTO MCIIOIb30BaHUS HAW-

0oJiee MOAXOASILECH SIBASIETCS
CXeMa «yIpaBJiseMbIil BBITIPSI-
mutenp — HIIT» (YB-AIIT)
(puc. 4.40). B naHHOi1 cxeme
Bmecto JIATP u nnonoB uc-

VD1
>N
N

VD3

N
/§z§/§z§ /zzé

VD5 MOJIb3YIOTCSI TUPUCTOPHI WU
I TPaH3UCTOPHI.

l/\ (\?‘3\ PabGoty TupucTopHOro yr-

pPaBJISIEMOT0 BBIIPSIMUTEIS

[@] MOXHO TMOSICHUTh Ha ITpUMepe

OIHOMOJYTIEPUOJHON CXEMBbI

(puc. 4.41). bnok ymnpasne-

L Biok - HUST TUPUCTOPOM (OpPMUpPYET

YHpaBJIeHHA Ha ero BbIXOIE UMITYJILC HaTpsI-

KeHUsI, CIBMHYTHII OTHOCH-
TeJbHO MOMeHTa i = () Ha He-
KOTOPHII yroyl o, Ha3bIBae-
MBI YIJIOM BKIIIOYEHUS. DTOT
VMITYJIbC TIPY YCIIOBUM U, > 0
BKIItovaetT Tupuctop. [pu ak-
TUBHOI1 Harpyske R tupucrop VD aBTOMaTUYECKN BBIKIIIOYAETCS]
B TOT MOMEHT BPEMEHM, KOTJIa €TI0 HaIIpsDKEHUE TTPHOIIKAeTCs K
Hy110. TakuM 06pa3oM, IPY HAJIMYUKU CUTHAJIA YIIPABICHUST UM -
TEJIBHOCTh BKJIFOUCHHOTO COCTOSTHMSI TMPMCTOPA OIPEAesIsIeTCs
BBIpaXCHUEM:

Puc. 4.40. dneKkTpuueckas cxema
yIpaB/leHUA YaCTOTOW BpaleHus
[OIIT o cucreMe «yTmipaBnseMsiit
BBLIIIPAMUTENb — IBUTATEbY

t, = (T/2)(1-o/n), (4.53)

rne 1 — nepuoa NEPpEMEHHOro BXOAHOIO HAIIPSIKCHMST U .
C Y4Y€TOM CKa3aHHOTO, AJidd CPECAHETO 3HAYCHUA HAIIPAKCHU A
Ha Harpy3ke MO2KHO 3aIircaTb

| U
Usey = 5 todoot =52 (1+ cosar). (4.54)
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Biox yrpasieHusT THPUCTOPOM NOJKeH (POPMHUPOBATH YIIpaB-
JISTIOILIVIE UMITYJIbCHI B 3aJaHHBIC MOMEHTBI BDEMEHU, COOTBETCTBY-
olMe TpeOYyeMbIM 3HAYCHMSIM yria o. [1pu 3ToM [Tt HameKHO
PabOTHI TUPUCTOPA HEOOXOTUMBI KOPOTKUE UMITYJIbCHI C OOJIBIIION
KpyTU3HOI ppoHTa. J171s1 3TOI 11e/I OOBIYHO ITPUMEHSIFOTCST TTHK-
reHepaTophl, HO TAKXKe MOXHO MCIIOJIb30BaTh M IMMK-TPaHCHOP-
MaTopbl. [TomaBast ynpap/IsiOIIMi UMITYJIEC C OTIpeIeIeHHOM 3a-
JEeP>KKOI OTHOCHUTEIPHO MOMEHTA Havajla IS CTBUS ITOJIOKMUTE b~
HOM ITOJIYBOJIHBI HAIIPSDKCHUS, T.€. PETYIMPYS YTOJI BKIIOUCHMUSI
o, MOXKHO YIIPaBJIATh CPEAHUM 3HayeHueM U, . BBIXOJHOTIO Ha-
MPSDKeHUST BHIPSIMUTEIIS, CJISNOBATEIbHO, M YaCTOTOM Bpalile-
HMSI IBUTATEIIS.

Tupucrop B ynpaBIsieMOM BBIIIPSIMUTEIC MOXKHO 3aMEHUTh
TPaH3MCTOPOM, HO 3TO He BCeT/ia I1eJIeco00pa3Ho B CIydyae aHaJIo-
TOBOT'O YIIPABJICHUSI, TIOCKOJIBKY 11 OTKPBIBAHMS TUPHCTOPA TPe-
OyeTcst KOPOTKMIA YIPABJISIIOLIMI UMITYJIbC, @ BHIKIIOUACTCSI TUPH-
CTOD CcaM, KOTIa HallpsDKEHYe Ha ero aHOJe CTAHOBUTCS OJTM3KMM
K Hy/110. TpaH3UCTOp Xe HYKHO JepKaTb OTKPBITBIM B TCUCHUE
MIPOXOKIECHHS TTOJIOKUTETHPHOTO HAIIPSDKEHMsI (HAaIIpuMep OT 1t/4
10 1, puc. 4.41), T.e. mogaBaTh Ha 0a3y yMpaBIsIoOLLIee HAMpsKe-
HME B TeUCHHUE BCETO BPEeMEHHU BKJIIOUEHUS TPAaH3UCTOPA.

MMty TbCHBIE MCTOYHMKY TTOCTOSTHHOTO TOKA SIBJISIFOTCSI CaMbl-
MU 9KOHOMWYHBIMH, ITO3TOMY MX MCITOJIb30BaHUE TSI ITUTaHUSI

~Upx Brox
YIIpaBJICHHS

!

a 6
Puc. 4.41. Cxema ymipaBnsemMoro ofHo(pasHoro ofHOIOAYIIEPUOLAHOTO

BLIMPAMUTENA Ha TUPUCTOPE (@) U BpeMeHHas Anarpamma,
MIOAICHAIOWAs €T0 PaboTy PU yIJie BKIOYEHUA O = Tt/4 (6)
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3JIEKTPOIBUTATENICH SIBIIIeTCSl HanboJiee MepCIeKTUBHBIM. Ya-
CTOTa CJICIOBAaHMS UMITYJIbCOB TAKMX MCTOYHUKOB TP HOMUHAJIb-
HOM pexume o0biuHOo coctasisieT 200+400 I'i, T.e. mepuon um-
ITYJIbCOB 7 TIPUOIM3UTEIHHO Ha J1Ba TIOPSIIKA MEHBIIIE IIOCTOSTHHOM
BpeMeHHU 1enu sikopsi. CiiemoBaTeIbHO, 32 BPeMST ITUTEIbHOCTH
HMITYJIbCA T TOK B IBUTaTelIe He YCIIeBaeT 3HAUYMTEIbHO BO3PACTH, a
3a BpeMmsi nay3bl ( 7'— T) — 3HAYUTENbHO YMEHBIIUTHCS (pUc. 4.42).

A

.
>

Puc. 4.42. ImnynbcHoe mutanue AIIT

Perynuposanue yactotsl Bpawenuss AIIT, nuraronmxes ot
UMIYJIbCHBIX UICTOYHUKOB, MOXHO MTPOBOJAUTh C MOMOLIBIO pa3-
JIUYHBIX cCI0CO00B MOmyIsiuuy. OJHUM U3 TAKUX CITOCOOOB SIBJISI -
€TCsl LUIMPOTHO-UMITYJIbCHASI MOMYJISILIMST HANTPSIKEHU ST TTUTaHUS
snekTpoasuraresns — «lLIUM-IIIT». B atom ciayyae nepuon
CJIeIOBaHMsI UMITYJIbCOB HAMpsKeHUsT 7 0CTaeTcsl MOCTOSIHHBIM,
a IJITEIbHOCTb CAMOTO UMITYJIbca T U3MeHsieTcs (puc. 4.43).

Bropoii Haubo1ee YacTo UCMOIb3yeMblii CIIOCOO0 — 3TO YacTOT-
HO-uMITyIbcHas Monynsiust — «HUM-AT1T». B nanHoM cirydae
JUTUTEIbHOCTb UMITYJIbCA HAMPSIKEHMSI T OCTaeTCsl BCeraa MoCTOsTH-
HOI, HO M3MEHSIeTCSl ePUOJ ClieNoBaHUSI UMITYJIbCoB T (puc. 4.44).
MoxHO TakKe MPUMEHSITh U aMIUTUTYAHYI0 MoAyJssuuio (AM),
TPU KOTOPOI1 COXPAHSIIOTCS HEU3MEHHBIMU JTUTEIbHOCTb UMITYJIbCa
T U IEpUON UX ciaeqoBaHus 7, HO MEHSIETCSl aMILIMTyaa UMITYJIbca
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Puc. 4.44. PerynnpoBatne HapsKeHUA TUTaHUA ¢ Tomowbio UM

HanpsokeHus nutanus U . OnHako cieayeT MMETh B BUIY, YTO
ITOBBIIIATH AMIUIMTYIY UMITYJIbCA BBIIIIE HOMUHAILHOM HE PEKO-
MEHIYETCS.

Kak cnenyet u3 puc. 4.43 u 4.44 ripu 10060M criocode MOIysi-
LMK TIPOMCXOIUT U3MEHEHHNE CPEeIHETO 3HAYCHUST HAIIPSDKEHUSI
MMUTaHWUSI IBUTaTe s B 0011eM ciyyae cpemHee 3HaUeHUE HATIPSI-

xenus U, , onpenensiercst Kak
T
Uu.cp = TUm = u‘.Um3 (455)
II€ OTHOCUTECIbHAA IMPOAOKUTCIbHOCTD NMMITYJIbCA HAITPAPKCHUWA:
T
o=_. 4.56
7 (4.56)

Taxum obpazoM, rmpuMeHeHUe cxeM yrpapiaeHust YB-IIIT,
HHWM-AIT, YAM-IIIT, AM-IIIT cBomguTcs K peryIupoBaHUIO
CKOPOCTH BpallleHUsI ABUATATEJISI ¢ TOMOIIBIO M3MEHEHMST HaIIpsI-
JKEHMST TIMTAHMSI, TIOSTOMY BCE MEXaHUYECKUE XapaKTEePUCTUKU
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OyIyT CMeIIaThCsI, IPY MPUHSITHIX TOMYIICHMSIX, TTapaluIeIbHO eC-
TECTBEHHOI MEXaHMYECKOW XapaKTepPMCTUKE, KaK ITOKa3aHoO Ha
puc. 4.36, 3 mins AT T ¢ mapajuteTbHBIM BO30YKIEHUEM.

4.20. Myck n pesepc ANT

ITpu nycke AIIT motpebsier O0IbILION TOK M3-3a TOrO, YTO
MpY HeNmoABMXHOM sikope NMpoTuBoDIC paBHa Hymo. Tem He
MeHee, IBUraTe i MaJloi MOLITHOCTH 3aMyCKAalOTCsl HEMOCPEACTBEH-
HbIM BKJIIOYEHUEM B CE€Th 0€3 ITYCKOBBIX YCTPONCTB.

JIBurarteu 60JbLLIOI MOLTHOCTH 3aITyCKAIOTCSI C TIOMOILIBIO ITyC-
KOBOTIO peocrara, COCTOSIIEero u3 cekimid R, R, R ., BKIIO-
YEHHOTO MOCJIeA0BaTeIbHO C siKopeM. [IpuyeM BHauasie B 1eMb
BBOJUTCSI BCE COMPOTUBIICHUE peocTaTa, a 3aTeM 1o Mepe Hapa-
CTaHUsI CKOPOCTH BpalleHUsI U, ClIefoBaTeIbHO, BO3pACTaHUsI ITPO-
TBOD/IC, yMEeHbIIeHUSs SIKOPHOTO TOKA, CEKIIMU peocTaTa IIyH-
TUPYIOTCS, HanpuMep KoHTaktamu K, — K, KOHTaKTOpOB CXeMbI
yhpapieHus. B KOHIle pa3roHa peocTaT MOJHOCTbIO BHIBOAMTCS
u3 uenu (R = 0) 1 ABUTATENb BHIXOAUT Ha €CTECTBEHHYIO MeXa-
HUYECKYIO0 XapaKTepuCcTUKYy (puc. 4.45).

+ EcrtectBennas

XapaKTEepUCTUKaA
no

l Rarl3
v RanZ + RanS

. 6

Puc. 4.45. CxeMma BKN10UeHMUA (@) U MEXAHUNYECKUE XaPaKTEPUCTUKN
(6), mosicuaomme nyck [IIT ¢ mapanienbHbIM BO3OYKAEHUEM

220

KOJUIEKTOPHbIE MALLWHbI NOCTOAHHOI0 TOKA D

Paznmunuator cnenyroiye cnocoObl mycka: 1) mo BpeMeHu; 2) Mo
CKOpOCTH; 3) MO SIKOPHOMY TOKY; 4) 110 npoTuBo3/IC.

Peepc — aT0 n3meHeHnue HarpasieHus BpameHus AT, s
pesepca AI1T ¢ anekTpoMarHUTHBIM BO30YKAEHUEM JOCTATOUHO
M3MEHUTD HaIpaBJIeHKe TOKa B SIKOPHOW OOMOTKE MpY COXpaHe-
HUM HaIlpaBJeHUs1 ToKa B 0OMOTKe BO30YKIEHUS WK HA000POT
(puc. 4.46).

+ ¥
I 1
:>ﬁ 0B§ U OB U
6

a
Puc. 4.46. Cxema BuimonHeHus pesepca ans OIIT
C TapajenbHEIM BO30YKLEHUEM:
@ — W3MeHeHWeM HallpaBleHUs TOKa B AKOPHOW 0OMOTKE;
6 — B 06MOTKE BO36YOEeHUA

Ecnau u3aMeHUTh MoJIsIpHOCTh HAMPSKEHUST MUTAHKS], TO HarpaB-
JIEHHME BpalleHUsI OCTAHETCS MPEKHUM, TTIOTOMY YTO B 9TOM CJTy-
yae 0OJJHOBPEMEHHO MEHSIIOTCSl HarpaBJieHHe TOKa B SIKOpe 1 B 00-
MoTke Bo30yxaeHus. B II1T ¢ Bo30ykIeHueM OT MOCTOSIHHOTO
MarHuTa A0CTaTOYHO U3MEHMTD MOJSIPHOCTD MUTAIOIIETO HAIpPsI-
JKEHUSI, IPU OTOM M3MEHUTCS HaNpaBJieHUEe SIKOPHOTO TOKA.

IMosicHuM npoliecchl, MPOUCXOASIIME MPU PeBEPCe C MOMOIbIO
MEeXaHUYECKUX XapaKTepUCTUK ABurarens (puc. 4.47).

Jo peBepca ABUratesib paboTaeT B TOUKe / MeXaHUMYeCKOM Xa-
PaKTEPUCTUKU C HOMUHAIBHBIMU 7, M 1 AKOPHBIM TOKOM

1, = (U -F, ) / R,. Ilpu pesepce, HaIIpUMED NIPU U3MEHEHWHU Ha-
MpaBJeHUs TOKa B 0OMOTKE BO30YKIE€HHUS, MPOUCXOAUT U3ME-
HEHME HaMpaBJeHUsI MarHUTHOTO MOTOKA, 3JIEKTPOMAarHUTHOTO
MOMEHTa U To4yKa [ MepexoauT B PeKUM dJEKTPOMArHUTHOTO
TOpMOXeHUsT (ydyacToK 2—J3) ¢ OOJbIIMM SIKOPHBIM TOKOM
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——=1-ny

-Ny

Puc. 4.47. Mexanunueckne xapaKTepUCTUKY,
MosICHAOLLME ITPOoLlece peBepca

1,=(U+E,) / R,. B Touke 3 mpolecc TOpPMOXEHHUS 3aKaHYMBa-
erca (n=0, E, =0, I, =U/R, ) ¥ HauMHaeTCs pa3roH sIKops B
00paTHYIO CTOPOHY (y4acToK 3—4). B Touke 4 nBuratesb paboraeT
c -n, -M, I,=U-E,/R,. Takum obpasom, npu pesepce
JBUTATENIb MOTPEOIsIeT HAMOOMbILIMIA TOK B PEXHUME 3JIeKTpoMar-
HUTHOTO TOPMOXXEHMSI.

ITockonbKy npy OMHOBPEMEHHOM U3MEHEHUH HalpaBIeHuUs TOKa
B SIKOPHOI1 0OMOTKE ¥ 0OMOTKE BO30Y:KIEHUS HAMIpaBJIeHUE Bpa-
LLIEHUST IBUTATENIs1 He M3MeHsieTcs, To 3To cBoicTBo AT T ncnosnb-
3yeTcsl MPU MOCTPOSHUU YHUBEPCATBbHBIX KOJJIEKTOPHBIX IBUTaTe-
Jiei, KOTOpbIe MOTYT padoTaTh KaK OT CETU MOCTOSIHHOTO, TaK U
MepEeMEHHOT0 TOKa.

4.21. UcnonHutenbhble (ynpasnsembie) ANT

B kxauecTBe MCIOTHUTETEHBIX MI/IKpOZ[BI/IFaTeJICfI IIOCTOAHHOTI'O
TOKa MCITOJIb3YIOT, KaK YK€ OTMEYa/10Ch, IBUTATCJIN CO CKOJIb3-
MM KOHTAaKTOM KOJUICKTOP—LICTKHU 1 OCCKOHTaKTHBIE C TpaH3UC-
TOPHBIMH KOMMYTaTOpaMMU.
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HcnonHuTteabHble MUKPOABUTATENIN ¢ OapabaHHbIM SIKOpeM
HMMEIOT LIMXTOBAHHbBIE SIKOPb, CTAHWHY U MOJI0Ca, YTO HEOOXOIM -
MO JUTSl paOOThI MCITOTHUTEIbHbIX IBUTaTeNIel B IEPEXOIHbBIX pe-
>XKMMax. MarHuTHas1 LieTb UCTIOJTHUTENIbHBIX IBATATENEN HE HACHI-
1IeHa, TTO3TOMY PeakLMsl IKOpsl MPAKTUYECKU He BIMSIET Ha UX
pabouure XapaKTepUCTUKHU.

HcnonHuTenbHble ABUTATENM MMOCTOSITHHOIO TOKA OOBbIYHOM KOH-
CTPYKLMU UMEIOT CYLIECTBEHHbII HEAOCTATOK — 3aMeNJIEeHHOCTb
MepeXOHbIX MPOLIECCOB, T.€. OTCYTCTBUE MAJTOUHEPLIMOHHOCTH.
OOBsICHSIETCST TO B OCHOBHOM JIBYMST TPUUMHAMU:

1) HajMYMeM MacCUBHOTO SIKOPSI CO CTaIbHBIM CEPACUHUKOM,

00J1aaoIMM OOJIBIIIMM MOMEHTOM MHEPLIUK J,; 3Ta TpK-
YHHA BbI3bIBACT YBEJUUEHNUE DJIEKTPOMEXaHUYECKOM MOCTO-
stHHoit Bpemenn T, = 0,1057,n, /M, ;

2) 3HAYMTEILHOM MHIYKTMBHOCTHIO OOMOTKY AKOPs L , aKTUB-
HbIE CTOPOHBI KOTOPOiA YI0KEHBI B Ma3bl CEPACUYHUKA SIKO-
ps1; 9Ta MPUYMHA CIIOCOOCTBYET YBEJMYCHUIO AJIeKTpoMar-
HUTHOI MOCTOSIHHOM Bpemenu 7, = L, / 2 r.

YKa3zaHHbIE HEOCTATKU OTCYTCTBYIOT B IBUTATENSIX C TIAIKUM

(ToIBIM)  SIKOPEM.

Ha puc. 4.48 uzobpaxxeH MUKpOIBUTraTeb MOCTOSTHHOTO TOKa

BJIEKTPOMArHUTHOIO BO30YXIEHHUSI C TMOJBIM HEeMarHUTHbBIM

Puc. 4.48. VicionHUTeNbHbI MUKPOABUTATEND
C TTOJILIM HEMATHUTHLIM AKOpPeM
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sikopeM. OcoOeHHOCTbIO KOHCTPYKLMU SIBSIETCS TO, YTO IS
YMEHBUICHUS] MOMEHTa MHEPLIMU SIKOPb pa3aejeH Ha IBe YacTH:
0OMOTKY C KOJUIEKTOPOM U CepACYHUK.

Haubonee maccuBHas yacTb — ceplaeUyHUK, HemoABM»KHa. OH
Ha3bIBaeTCSl BHYTPEHHUM CTATOPOM 3 U CIIY>KUT MarHUTOMPOBO-
JoM. SIKopb 2 BBIMOJHSIOT B BUIE MOJOTO IJIACTMAaCCOBOTO LIM-
JIMHApA, B KOTOPBIi 3alpeccoBaHa 0OMOTKA M3 MEAHOTO MpoBOaa
WM Ha TMOBEPXHOCTM KOTOPOIO HaHeceHa reyaTHas oOMOoTKa.
Ha BHeutHewm ctatope / pacroioxkeHa cocpeoToYeHHasi 0OMOTKa
B030y>kneHus. [Toblii IKOpb BpalaeTcsi MeXXIy BHELTHUM U BHYT-
peHHUM cTtaTopaMu. HanpspkeHue Ha SIKopb MofaeTces yepes 1eT-
K1 5 U KoJulekTop 4. B pesysibTare y Takoro aBuratesiss MOMEHT
MHEPLUU SIKOPSI 3HAUUTEIBHO MEHBIIIE MOMEHTA MHEPLIUU SIKOPSI
OGapabaHHOIO THIIA.

ITonoOHbIE MUKPOABUTATENN MOTYT ObITh M ¢ MATHUTORJIEKT-
PUYECKUM BO30OYXKIEHUEM, CTATOP 3 KOTOPOTO MPEeACTaBIsIeT CO-
00 LIMUIMHAPWYECKUI MOCTOSTHHBIIA MAarHUT C paavaIbHOM Hamar-
HUYEHHOCThIO, Co3MalolIeil MOTOK BO30y:KaeHus. BHelHuii cTa-
TOp /, BHIMOJHEHHbIN U3 MATHUTOMSITKOTO MaTepuara, siBasieTcs
MAarHUTOIPOBOIOM.

JIBUTaTEIM MOCTOSIHHOTO TOKA C TMCKOBBIM SIKOPEM BBITTOIHSI-
10T HE C UMJIMHAPUYECKUM BO3IYLIHBIM 3a30POM, a C MJIOCKUM.
Sxops (puc. 4.49) npencrapisgeT COO0H TOHKUIT HEMAarHUTHBIN
nuck [ 6e3 ma3oB (M3 KepaMUKHW, TEKCTOJUTA, aTIOMMHMUS) C
rneyaTtHoit oOMoTKO#. [TpoBoMHUKY 2 TeyaTHOI OOMOTKM pac-
MoJjiaraloT paavajbHO MO0 00eUM CTOPOHAM IMCKA U COEAUHSIOT
yepe3 CKBO3HbIE OTBepcTUs 3 B Aucke. Bo30OyxneHue aBuraresst
(puc. 4.50) obecneunBaeTcsl MOCTOSHHBIMU MarHuTaMu / ¢ mo-
JIOCHBIMM HAKOHEYHUKAMU 4 U3 MAaTHUTOMSITKOM CTalu, UMEIo-
UMM (HOPMY KOJIbLEBBIX CETMEHTOB. MarHuTHbIN MOTOK, CO-
3MaBaeMblii TOCTOSIHHBIMU MarHUTaMu, MPOXOAUT aKCUATbHO Ye-
pe3 Ba BO3AYLIHBIX 3a30pa, HEMAarHUTHBIA AUCK 5 ¢ MeYaTHOM
0OMOTKOI U 3aMbIKaeTCsI MO KoJabLaM 2, 3 U3 MarHUTOMSITKOM cTa-
. Posb KonnekTopa MOTYT UTpaTh HEM30JMPOBAHHbIE YUACTKU
MPOBOIHUKOB, HAXOMSIIMXCSl HA TTOBEPXHOCTU AUCKA, MO KOTO-
PBIM CKOJB3SAT LIETKU 0.

Puc. 4.50. CxeMa KOHCTPYKLUU MUKPOABUTATENA
MIOCTOSHHOT'O TOKA C JUCKOBLIM IKOPEM
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MOMEHT UHEPLIMK JUCKOBOTO SIKOPSI 3HAUUTEIbHO MEHbILIE, YeM
y 6apabaHHOrO, YTO SIBJISIETCS] OMHUM M3 OCHOBHBIX MPEUMYILIECTB
paccMaTprBaeMbIx ABurateseit. st obecrieyeHus cCaMOTOpMOXKe-
HUS SIKOPsI ABUTATEIs ITOC/Ie OTKJIIOUEHHUSI €T0 OT CETH NeYaTHYIo
0OMOTKY MOXHO BBITIOJIHATH Ha aTlOMUHKUEBOM aucKe. Bo3Huka-
IollIMe B AMCKE BUXPEBbIE TOKU OYAYT CO3AaBaTh TOPMO3HOM MO-
MEHT (BHYTpeHHee AeMIT(pUpOBaHUE), HO, COOTBETCTBEHHO, MEHb-
e u KIT, Bcienctere notepb Ha BUXPEBBIE TOKMU.

Kpome ManonHepurOHHOCTH, IBUTATEIU C MOJbIM U AUCKO-
BBIM SIKOPSIMU 110 CPAaBHEHUIO C JBUTATEJISIMU, Y KOTOPBIX Oapa-
OaHHbIE SIKOPY, UMEIOT elle PsII TPEUMYILIECTB.

1. Tak KaK B IKOpe OTCYTCTBYIOT (heppOMarHUTHbIE YYaCTKU U
MOTOK SIKOPsI B OCHOBHOM 3aMbIKA€TCsI 110 BO3AYXY, BAMSHUE pe-
aKIMU SIKOPsI HE3HAUMTEIbHO.

Co0OcTBeHHas MHAYKTUBHOCTh OOMOTKH SIKOPST Majia, U Bce Te-
PEXOMHbIE DIEKTPUUECKUE MPOLIECCHI B IKOPHOM LIEMU MPOTEKAIOT
OBICTPO, YJIy4ylIaeTCsl KOMMYTalMsI IBUTATENs 32 CUET YMEHbIIE-
Hus peakTuBHO DJIC. B sikope mpakTUyecku OTCYTCTBYIOT I0-
TE€PU MOLIHOCTH Ha TUCTEPE3UC U BUXPEBbIE TOKMU.

2. SIkopb ABUTATENIST HE MMEET 3yO1I0B, UYTO CIIOCOOCTBYET paB-
HOMEpPHOMY pacnpefe]eHUI0 MarHUTHOW MHIOYKLIWM B 3a30pe,
YHUYTOXEHMIO MYJIbCAIITMOHHBIX MOTEPh U 3HAUYNUTETbHOMY YMEHb-
LIEHUIO 1IyMa.

3. BeeacTBue ymMeHblLIEHUSI Beca SIKOPsI M OTCYTCTBMS Pajiu-
QJIbHBIX CUJ TIPUTSKEHUS IKOPST K CTaTOPY CHUXKAETCSI MOMEHT
TPEeHUs B MOAIIMITHUKAX U, COOTBETCTBEHHO, MEXaHUUYECKUE MO~
TepU ABUTATEsIsl U HAIIPSDKEHUE TPOTaHUSI.

IIpu BbIMOJHEHUM TaKUX ABUIaTeNeil ¢ eyaTHO 0OMOTKOM
SIKOPsI TPOBOJHUKM TIeYaTHON OOMOTKM HAXOASTCSI B 3HAYMTEILHO
JIYYLIMX YCTOBUSIX OXJIQKAECHMS, YEM MPOBOJHUKH, YIOXKEHHbBIE B
nas3bl 6apabaHHOTO SKOPST; 9TO MO3BOJISIET MOBBICUTD TIOTHOCTh
TOKa B IMMPOBOIHMKAX 0OMOTKHU sikopst (mo 30—40 A/MM?) 1, Kak
CJIEJICTBUE, YMEHDBILIUTb ra0apUThl U BEC ABUTaTEs.

OnHako yBeJIMYeHHE MJIOTHOCTH TOKA B MPOBOJHUKAX OOMOTKU
SIKOPsI MOKET OTPULIATEIbHO CKA3aThCsl HA 9HEPreTUYECKOi Xapak-
tepuctuke apuraressi — KIT. DTo oObsIcHsIETCST yBeTuueHUEeM
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BJIEKTPUYECKHUX TTOTEePh B IKOPE, TaK Kak 0J1aroaapsi MOBbILLIEHUIO
JOMYCTUMON TUIOTHOCTY TOKA CEUEHKE TTPOBOAHUKOB YMEHBIIACT-
cs U, CJIeIOBaTebHO, YBEIMUMBACTCSI COMTPOTUBACHUM OOMOTKHU
sgkopst. [TpakTnueckn y MUKpOABUTATEIe MAarHUTORJIEKTpUUE-
CKOTO BO30YKACHUS C MOJIBIM HEMArHUTHBIM U JJUCKOBBIM SIKOPSI-
mu KI1JI, BecoBble 1 rabapyUTHBIC MOKA3aTEIM IPUMEPHO OIHA-
KOBBI, @ MHOTJA U JIy4llle, UeM y IBUrartesieil ¢ bapabaHHbBIM SIKO-
peM, Tak KaK yBeJIMUeHUE MeKTPUISCKUX ITOTEPh B SIKOpE Tepe-
KPBIBAaeTCsI YMEHbIICHUEM MEXaHWYECKUX TMOTepb W IMOTEph B
MAarHUTOIPOBO/IE.

[Tpu snexTpoMarHUTHOM BO30YKAEHUU ABUTATENEH C TTOJIBIM
U JUCKOBBIM SIKOPSIMU BO3PACTAIOT MOTEPU B LIETTM BO30YKACHUSI.
IMocnenHee BhI3BAHO yBEJMUYEHUEM HEMAarHUTHOTO 3a30pa Malllv-
HBI, COCTOSIIEr0 U3 IBYX BO3AYIIHBIX 3a30pOB M HEMAarHUTHOM
MPOCTONKU KOpIyca SIKOpsl, M, KaK CJeICTBUE, YBeIMUCHUEM
M/C Bo30yXaeHMSI, HEOOXOAUMOM [JIs1 CO30aHUS MAarHUTHOTO
MOTOKa.

JBuraTenu ¢ JUCKOBBIM SIKOPEM MeHee JOJTOBEYHbBI, UTO 00Y-
CJIOBJIMBAETCS INIABHBIM 00Pa30M OBICTPBHIM M3HOCOM MeIU TieuaT-
HBIX IPOBOJHUKOB B MECTE YCTAHOBKMU 11IETOK.

JBurareau C IMOJbIM HEMAarHUTHBIM U JUCKOBBIM SIKOPSIMU
MeHee HaJeXXHbI TTPY BbICOKUX TeMIlepaTypax, BUOpaluu U yaa-
pax, Tak KaK BEpOSTHOCTh Ae(opMallUM y TAKUX SIKOPEil B JaHHBIX
YCIIOBUSIX OOJIbllIe, YeM Y OapabaHHBIX.

B kauecTBe MUCITOTHATEILHBIX IBUTATENICi TTOCTOSHHOTO TOKA B
HacTosilee BpeMsI IPUMEHSIIOT Yallle BCETO ABUTATEIN C MOCTOSIH-
HBIMU MarHUTaMu, pexe — JBUTATEIU C HE3aBUCUMBIM BO30YK-
JeHueM. Y aBuratesieil ¢ He3aBUCHMbIM BO30YXKICHMEM B Kaue-
CTBE OOMOTKU YIIpaBJEHUSI UCMOJB3YIOT IMOO OOMOTKY SIKOPSI —
JBUTaTeIM C IKOPHBIM YIIpaBJIeHUEM, MO0 0OMOTKY MOJIOCOB —
JBUTATENIU C MOJIOCHBIM YIIPaBJICHUEM.

WcnonHuTtenbHbIA ABUTATE/b TOCTOSIHHOTO TOKA Yallle peryJiu-
pyeTcsl 1o HAIPSKEHUIO SIKOpsl. SIKOpHOe yIpaBieHUe 0OYeHb pac-
MPOCTPaHEHO U3-3a IMHEHHOCTU MEXaHUUECKOM U PEryJIUpOBOY-
HOW XapaKTEePUCTHUK.
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IlycTb 0. — curHai ynpanjieHus U MyCTb OH U3MEHSIETCsI B Ipe-
nenax 0+1. [Tpeanoaoxum Takxke, 4To

a=U/U, (4.57)
rae U — HanpskeHue Ha sikope, U, — HanpsbxeHue Ha 0OMOTKe

B030y:xIeHus1, mpuyeM U, = U, = const. YpaBHeHUEe MexaHUYe-
CKOI1 XapakTepuctuku (4.37):

C.® U C,C o (4.58)

M3M ) Ra n()
= no . —
C, o-U,
Paznenim nonyyeHHOE BhIpaXKEHUE Ha 7,
n MSM M3M M3M
_—= - =0 — = — 5
1y c.o.Us C, @1, M, ~— (459
M Ra
I1Ie ITyCKOBOM TOK IBUTATEJIs:
1,=U,/R; (4.60)
MyCKOBOI MOMEHT:
CM @ : 1011 = MBMI'[ (4‘61)
IIpumeMm Tenepsp, yTO
v=n/n, m=M_/M,,., (4.62)

Toraa BelpaxkeHue (4.59) npumeT BUI:

vV =0— m, (463)
IJe V U m — OTHOCUTEJIbHbIE CKOPOCTb U 3JIeKTPOMAarHUTHBIIA MO-
MEHT.

228

KOJUIEKTOPHbIE MALLWHbI NOCTOAHHOI0 TOKA D

3aBUCUMOCTD V() MPU oL = const — MeXaHUUeCcKasl XapaKkTe-
PUCTHKA, a3aBUCUMOCTH V() TIPU 71 = COnst— peryJIMpoBOYHasl.
W3 naHHOTO YypaBHEHUS CJIEAYET, YTO MEXaHMUECKHE XapaKTepH-
CTMKH ABUTATEJISI TIPU PA3IUIHBIX 3HAYCHUSIX O TUHEWHBI U T1a-
pajuIeIbHBL. PerympoBoYHbIe XapaKTePUCTUKU TP Pa3IMYHbIX
3HAYCHUSIX M TaKKe JIMHEHBI U mapaijiebHbl (puc. 4.51).

AV AV
1

0,5

Puc. 4.51. Mexanuueckue n peryanpoBOYHLIE XapaKTEPUCTUKN
ncrionantensHsix AT ¢ AKOpHLIM yIlpaBneHneM

JIIT nmeroT MexaHUYEeCKU KOHTAKT — LLETKH CKOJIB3AT I10
KOJUIEKTOPY, HO U3-32 OTHOCUTEILHO HEOOJIBILIOIO MOMEHTA Tpe-
HUS LIETOK U JIMHEHHOCTU MEXaHUYECKOM U PEryJIMPOBOYHOM Xa-
pakTepuCTUK ucronHuTenbHble AT HaxonaT mmpokoe npume-
HEHUe.

[pu nomocHoM ynpasneHuu, korga oo =U, /U, n U, =U =

= const , MEXaHNYECKUE XapAKTEPUCTUKU JIMHEHHBI:
_a-m

v et (4.64)

a PeryJIMpOBOYHBIC XapaKTePUCTUKU HEJTMHEIHBI, IPUYEM HEKO-
TOpbIE U3 HUX U HEOAHO3HAUYHBI (puc. 4.52).

[Ipu mToIOCHOM yIIpaBIeHNU BO3MOXKHO SIBJIECHHE CaMOXO0J1a,
korma U = 0, a AKOpb NPOOJIKAET BPaLIaThCsA. DTO MPOM30Hi-
ner, ecmu M, =C, -1, - @ . > M.
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0,5

0 m 0

Puc. 4.52. Mexannueckue n peryaupoBOUHbIE XapaKTEPUCTUKUN
ncronauTenbabix JIIT ¢ MON0CHLIM yIipaBieHneM

4.22. BeHTUNbHbIE ABUraTeNn NMOCTOAHHOIO TOKaA

HenocTaTkyl KOJUTEKTOPHBIX ABUTATEIei MOCTOSTHHOIO TOKa,
00yCIIOBJICHHBIC HATMYMEM LLIETOUHO-KOJIJIEKTOPHOTO arapara,
a uMeHHo MeHbImii KIIJI, HegocTaTouHast HageKHOCTh, HEI0-
MYCTUMOCTD 9KCIUTyaTalliK B ITOKapo- ¥ B3PHIBOOIIACHBIX CPEIax,
panroIroMexu — MpUBEU K HEOOXOIUMOCTHU CO3AaHUsI ABUTATEIsI
MOCTOSTHHOTO TOKa 0€3 KOJIJIEKTOPa U 1IETOK ¢ MPUMEHEHHUEM 3JIeK-
TPOHHOT'O KOMMYTaTOpa.

BeHTunbHbINM ABUTaTE b MOCTOSIHHOTO TOKA MPEACTABISIET CO-
0oii coeanHeHue cuHXpoHHOro apuratess (CJ) ¢ a1eKTpoH-
HBbIM KOMMYTaTOPOM, B KaueCTBe KOTOPOTO UCITOJb3yeTCs UH-
BepTop () — mpeobpazoBaTesib MOCTOSIHHOTO TOKA CETU B Tepe-
MEHHBbI TOK 00MOTOK cTatopa. Eciu ynpaBieHre HHBEPTOPOM
HEe3aBUCUMOE, TO BEHTUJIbHBIN JBUTATE/Ib [0 CBOMM XapaKTepu-
CTUKaM He OTJIMYAeTCsl OT CUHXPOHHOTO ABurares. [1pu 3aBucu-
MOM (ITO3ULIMOHHOM) YIIPaBIeHUU pabOTOi MHBEPTOpa (KOMMY-
TaTopa) MepeKIoUeHNE 3JICKTPOHHBIX 3JIEMEHTOB MHBEPTOpa IMPo-
HUCXOIUT B COOTBETCTBUU C MPOCTPAHCTBEHHBIM TTOJIOXKEHUEM Mar-
HUTHBIX MOJIFOCOB BPALLAIOLIETOCs POTOpPa OTHOCUTEIbHO 0OMOTOK
cratopa [3].

3aBUCHMOE yIpaBieHUe PAOOTOM 3JIEKTPOHHOTO KOMMYTATOpa
OKa3bIBaeTCSl BOBMOXKHbBIM JIMILb MTPYU HAIMUKUM B IBUTATEsIe JaT-

230

KOJUIEKTOPHbIE MALLWHbI NOCTOAHHOI0 TOKA D

yuka nojoxeHust poropa (JAI1P). Takum o6pazom, mpoiiecc Te-
PEKJIIOYeHHSI TOKa B 0OMOTKAaX cTaTopa BEHTUILHOIO IBUraTessl
MPOUCXOAMUT AHATIOTUYHO MPOLIECCY KOMMYTALIMU B KOJUIEKTOPHOM
JBUTaTEsIe MOCTOSTHHOIO TOKA.

Ha puc. 4.53 npeacrapieHa (pyHKLIMOHAIbHAS CXeMa BEHTUJTb-
Horo asuratesns. Mueeprop M BbimojiHEH Ha TUpUCTOpax, yIpaB-
JIeHVE KOTOPbIMU OCYILIECTBIISIETCSI CUTHAJIAMU JaTYMKa MOJI0XKe-
Hust potopa JATTP yepes cucteMy uMnyabcHO-(Ha30BoOro yrnpanie-
Husg CUDY. HanpsokeHre MUTaHMS TTOCTOSHHBIM ToKoM U Tiozia-
eTcs Ha BXoJ MHBepTopa M, cocTosiero u3 1ecTu TUPHUCTOPOB
VS1—VS6, coemMHEHHBIX 1O TpeX(a3HO MOCTOBOI CXeMe.

B nporiecce Bpatenust poropa C/I co3naHHOe MM Bpalliarouie-
€csl MarHUTHOE ToJIe MHAYLIMPYET B (ha3HbIX OOMOTKAxX cTaTopa

OJIC, MrHOBEHHbIE 3HA4Y€HMsI KOTODBIX e,, e,, e. Ilo cBoeii

VSI-VS6 4+ U =

Puc. 4.53. dyHKimoHanbHas cxeMa BEHTUIbHOT'O ABUTATENA
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MpUpoJe OHU SIBISIIOTCS MPoTBODAC 1 HampaBaeHbl BCTPEYHO
HanpsKeHuo ceTu. 1sh mpoxoXaeHUs ToKa B 0OMOTKE cTaTopa
Heo0XOAMMO, YTOOBI HAMPSKEHKE, TTOCTYIalollee Ha COOTBETCTBY-
I01IY10 OOMOTKY cTaTopa OT MHBEPTOpPA, MPEO0JIeBAIO MPOTUBO-
BAC. DTOT NpUHLMM MOJOXEH B OCHOBY pabOThI TaHHOTO BEH-
TUJBHOTO ABUratens. Tak Kak B OTAeJIbHbIE MOMEHTBI BpEMEHU
MIHOBEHHbIE JTUHeHbIe 3HaueHUsI MpoTuB0DIC 0OMOTKHM CTaTO-
pa (sikops1) Mpeoa0seBaloT HAMPSKEHUe CETH, TO 9TO BelET K Ipe-
KpallleHUIO TOKa B aHOAHOM 11eMU TUPUCTOPOB U UX 3aKPBITUIO B
OMpeeIeHHOM Moce0BaTeIbHOCTH.

Curnanst ot ATTP yripaBasitoT TMpUCTOPHBIMU KiTtouamu VS1—
VS6 nHBepTOpa TAKMM 00pa30M, UTO TOKM B 00MoTKax A, Bu C
cTaTopa Co3[aloT Bpallaroleecs: MarHuTHoe mnoJie. CrenoBaTesib-
HO, BEHTUJIbHBII ABUraTe b padoTaeT KaK CUHXPOHHbIN JABUIa-
TeJb, MOCKOJbKY YacTOTa BpallleHUsI €ro poTopa paBHa 4acTOTe
BpalleHu 1014 cTatopa #,. Ho B otmume ot knaccuyeckoro CJI
4yacToTa BpallEHUsI MOJIsI CTaTopa B BEHTUJILHOM JIBUTaTe e Ompe-
JeJIsIeTCs] YacTOTOM BpallleHHsI pOTopa, MOCKOJbKY OHA 3aBUCUT OT
CKOPOCTH CJIeOBaHMSI MO3ULIMOHHBIX CUTHATIOB JaTYMKA MOJIOXKE-
Hug poropa HIIP.

DeKTPOMArHUTHBIA MOMEHT BEHTUJIbHOTO ABUTATEISI ONpe/e-
JISIeTCSI BbIpaXKeHUEM:

2
M = el ={[cosO+(x,/r)sin® ]| -¢,}, H-m,
R+ /n) |
IJIe /m, — YUCII0 OOMOTOK cTatopa; €, = £ /U, — cTeneHb BO30yX-
nenus apuratenis; U, — HanpspkeHne OOMOTKM CTaTopa; w, — yr-
JI0OBas CKOPOCTb BPALIEHUsI POTOPA,; 7,, X, — aKTUBHOE M MHIYK-
TUBHOE COITPOTUBICHUSI OOMOTKU CTaTOPa; 6 — Yroj KOMMYTalH,
KOTOPBII MPU U3MEHEHHUSIX HAarPY3KU COXPaHSIeTCsl HEM3MEHHbBIM,
Tak Kak 3agaercst IITP.

Cnoco0bl peryJIMpoBaHMsl YaCTOThI BpALLIEHUs] 1 MEXaHUUYECKUE
XapaKTepUCTUKM BEHTUIbHBIX IBUTATEN el TaKue e, Kak U B KOJI-
JIEKTOPHBIX ABUTaTENISIX HE3aBUCUMOTO (MapajlieIbHOr0) BO30YX-
neHus. JIMHEHHOCTb ATUX XapaKTePUCTUK 3aBUCUT OT UHAYKTUB-
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HOCTM OOMOTKM CTaTopa, U C €¢ yBeJMUYECHUEM XapaKTepUCTUKU
CTaHOBSTCS 00Jiee KPUBOJMHEHHBIMMU.

OnbIT MPOEKTUPOBAHMS BEHTUJIbHBIX IBUraTe/Ieil Majoi MOIlI-
HOCTH M0Ka3aJ, YTo HauboJiee 11e71ecoo0pa3Ho 1crosb3oBath B JITTP
ngatuuku DJ1C Xosna. DTOT 1aTYMK NPeACTaBIsIeT COO0 TOHKYIO
TMOJTYITPOBOAHUKOBYIO TUIACTUHY C HAHECEHHBIMU Ha HEell KOHTAKT-
HBIMM TLI0IAAKaMU (puc. 4.54), K KOTOPBIM NpUMasiHbl BbIBOIbI
[—2, moAKITIOYEHHbIE K MCTOYHUKY HanpsokeHus U, 1 BHIBOIbI
3—4, ¢ XOTOpBIX CHUMAIOT BbIXOAHOM curHan U,. Eciu B nenu
I—=2 ¢ HanpsikenyeM U, IPOXOIMT TOK /, a JaTYMK HAXOAUTCH B
MAarHUTHOM T10JI€, BEKTOP MHAYKLIUU B KOTOPOTo MepreHAMKYIIsI-
PEH TJIOCKOCTH MJIACTUHBI 1aTYMKa, TO B MOCAEIHEM HAaBOAUTCS
OJIC u Ha BbIBomaxX J—4 nosBidgeTca HanpsbkeHue U,. 3HaueHue
OAC naturka XoJaa 3aBUCUT OT TOKa / M1 MAarHUTHON MHIYKIWU B,
a MOJIIPHOCTb — OT HaIpaBieHusI ToKa / B enu /—2 1 HarnpasJie-
HUSI BEKTOpa MATHUTHOM MHAYKUUU B.

Puc. 4.54. Jatuuk 3]IC Xonna
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PaccMoTpuM paboTy 6eCKOHTaKTHOTO ABUTaTes sl IOCTOSIHHOTO
TOKa, JJ1s1 yrpasieHus KotopbiM B JITTP npumenens natunku S C
XoJu1a 1 KOMMYTAaTOp, BITOJIHEHHBII Ha TpaH3ucTtopax VI1-VT4
(puc. 4.55). YeTtbipe OOMOTKM ABUTATENS W,—W, PACIIOJIOKEHDI
Ha SIBHO BBIPaXKEHHBIX MOJIIOCAX LIMXTOBAHHOIO CepleYHUKA KO-
pa. Hatunku D C Xosmra X1 u JIX2 ycTaHOBJIEHBI B 1a3ax I0-
JIIOCHBIX HAKOHEYHUKOB ABYX CMEXHbIX MOJII0COB. CUIIOBbIE TPaH-
suctopbl VI1—VT4 paboTtaoT B KioueBoM pexxume. CUTHAT Ha

S
b —C vr2
+U =
P
HI1
wi
K1 [ v

— Y Y4
K2 04 K4
X2

K3 -

w3

H3

Puc. 4.55. [IpyHunnunanbHan cxema BEHTUIbHOTO JBUrATENA
MIOCTOSHHOT'O TOKA He60bIIO MOIHOCTY C YeThpexhasHomn
06MOTKOM cTaTopa
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OTKPBITHE TPAH3KCTOPA MOCTYMAET OT COOTBETCTBYIOLLETO TaTIYMKa
Xoua (JaT4MKa MoJ0KEHUST poTopa).

Ecau o kakoii-11u60 u3 00MOTOK cTaTopa MPOXOAUT TOK OT
Hauana H1—H4 k xonuy K1—K4, To nojtoca cepneuHuka ctaropa
MpUOOpPETaIOT MOJSIPHOCTL COOTBETCTBEHHO S 1 N. [1pu nmonoxe-
HUU POTOpA, MMOKA3aHHOM Ha puc. 4.55, B 30HE MAarHUTHOTO I0-
moca N Haxoautcs natuuk JIX1. [Tpu aToM Ha BbIXOIE AaTYNKA
MOSIBJISIETCSI CUTHAJ, TIPY KOTOPOM TpaH3ucTop VT2 nepexoauT B
OTKPBITOE COCTOSIHUE. B 06MOTKE cTaTopa w, MOSIBJISETCS TOK i),
npoxoasiuii ot H2 xk K2. ITpu a3ToM mostockl ctatopa ¢ 0OMOT-
KamMu 2 u 4 npuobpeTaloT noyisspHocTs S u N. B pedynbrate B3a-
MMOJEHCTBUSI MATHUTHBIX MOJIei cTaTopa U poTopa (MOCTOSIHHOTO
MarHuTa) MosIBJsIeTCS 371eKTPOMAarHUTHBIM MOMEHT M, Bpallalo-
it potop. ITociae moBopota Ha yrosa o = 45° NpOTUB YacOBO
CTpesKM naTuuk JIX2 okaxeTcst B 30He MarHUTHOTO TOJTI0ca POTO-
pa S, mpu 3TOM Mo curHany ¢ garyuka JIX2 BKiroyaeTcsl TpaH3u-
crop VT3. B oOMoTKe w, BO3HMKAET TOK i,. [Ipy 3TOM MarHmr-
HBI ToTOK cTaropa @ co3maercst coBMecTHBIM neiictBueM MJIC
OOMOTOK W, ¥ W;,.

Portop, mpononxkas BpalleHHe, 3aHUMAeT TOPU3OHTATIbHOE
nojoxenue. [1pu atom gatuuk X1 nonamgaet B MEXITOTIOCHOE
MPOCTPAHCTBO POTOpPA, a AaTuuK JIX2 ocTaHeTcs B 30HE Mostoca S
poropa. B pesynbrate TpaHsuctop VT2 3aKkpbiBaeTcs, TpaH3UC-
Top VT3 ocTaHeTCsl OTKPHITHIM U MarHUTHBIN oToK P, co3masa-
embiii MJIC o6MoTKM W,, TIoBOpauuBaeTc eile Ha 45°. ITocne Toro
Kak BpalllalolIUICs poTOp NepeiiaeT ropu3oHTaTIbHOE MOJIOKEHUE,
gatuvku JIX1 u JIX2 okaxyTcsl B 30He TOJca poTopa S, 4yTo
MpUBEAET K BKIIOUeHUIO TpaH3ucTopoB VI3 u VT4, u 1.1.

M3MeHeHre HanpaBieH s BpallleHus (peBepc) ABUraTessi ocy-
LECTBISAETCA U3MEHEHUEM TONIAPHOCTH HANpPsiKeHUs U, B TOKO-
Boii uenu natyukoB BJC Xosna. MisMeHeHMe MOJISIPHOCTH Ha-
npsbkeHust U Ha BXone ABUraTesisl HeIOMyCTUMO, TaK KakK MpHU 3TOM
npekpaiaercs padborta 6J10Ka MHBEPTOpA.

Henoctatok BeHTUJIbHBIX ABUraTejeil MOCTOSIHHOTO TOKa —
MOBBILLIEHHAsI CTOMMOCTb, O0YCIOBJAEHHAsI HATMYUEM MOJYIIPO-
BOJHUKOBOTO 0JIOKa MHBEPTOPA, YYBCTBUTEJIbHBIX 2JIEMEHTOB
(matyukoB DJIC XoJ1a) ¥ MOCTOSSHHOTO MarHUTAa.
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ITpoMBIIIEHHOCTh U3TOTABIMBAET HECKOJIBLKO CEPUil BEHTUTb-
HbIX ABUTaTeNei Maoil MOIIHOCTU. Cepusl BBICOKOCKOPOCTHBIX
BEHTUJIbHBIX ABUTaTeNeil Majoil MmouHocTu ABY70 (HapyKHBIi
muametp kopryca D = 70 MM) ¢ TOCTOSIHHBIM MarHUTOM LU~
POKO MPUMEHSIIOTCS B OBICTPOXOIHBIX cenapaTopax v LeHTpUdy-
rax, BEHTWJISITOpaxX U Hacocax, B MEIULIMHCKUX TPUOOpax, SeK-
TPOMHCTPYMEHTE U T.J.

JBurateau obecreyrnBaloT peBepCUpOBaHUE U TOPMOXKEHUE;
BO3MOXKHO PEryJrMpoBaHKE YaCcTOThl BPALLEHUSI KPAaTHOCTbIO 10
1:10. Cepust BeHTUIBHBIX ABuUrateneit JIbY70 BkiaovaeT TUIO-
pa3Mepsl, pazanyarouiuecs: MoitHoctbio oT 90 1o 370 Bt u ya-
crotoii BpauieHust ot 3000 mo 12000 06/muH. HanpsikeHue nu-
TaHUsI BO3MOXHO OT CETU MepeMeHHOro Toka yactotoit 50 I'u oo
OT CETU MOCTOSIHHOTO ToKa 12 nu 27 B.

4.23. YHMBepcanbHble KONNEKTOPHble ABUraTesnu

YHuBepcalbHbIMU KOJUIEKTOPHBIMU
nBurarensamMu (puc. 4.56) Ha3bIBalOT
JBUTATEJIM, KOTOPbIE MOTYT PaboTaTh OT
CEeTU MTOCTOSTHHOTO TOKa 1 0fHO(Ma3HOM
CETH IMepPEeMEHHOro Toka. MarHuTHast
cucTeMa ABUTraTesisl BbIMOIHSIETCS HINX-
TOBAHHOM JI/1s1 YMEHbBILLIEHMSI MATHUTHBIX
notepb. CeKIIMOHUPOBAHUE OOMOTKH
BO30YXIEHUSI BBI3BAHO HEOOXOIMMO-
CTbIO UIBMEHEHMSI YMCIIa BUTKOB TaHHOM
OOMOTKH C LIEJIbIO COMVDKEHUS padodmx
XapaKTepUCTUK MPU PabOTe ABUraTeIs OT
ceTeil MOCTOSTHHOTO W MEPeMEHHOTO
ToKa. B HacTosIiee BpeMs1 yHUBepCalb-
Hbl€ KOJUIGKTOPHbIE TBUTATEIM BHITOJ-
HSIIOT ¢ MOCJIenoBaTeIbHBIM BO30YXKIe-
HUEM.

O ~

—C) &

Puc. 4.56. Cxema

YHWBEPCAJIbHOTO
Ilpy nmuTaHuM nBUraTesst OT CETU
KOJU1eKTOPHOT'0
MEPEMEHHOTO HATIPSIKEHUS TOK SIKOPS
nBurarens
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Y TIOTOK BO30YXXIEHUSI U3MEHSIOTCS 110 CHHYCOUIATbHOMY 3a-
KOHY:
i=1,sin(w7+p);
0=, sinwt,
rze f — cABUT 10 (haze MeXIy MOTOKOM BO30YKIEHMS U TOKOM B

sIKOpe.
MrHOBEHHOE 3HaUYeHNUE BPAIIIAOIIero MOMEHTA /1.

m=C,i =C, (D’”—zl’”[cos B —cos (2w + B)}, (4.65)

rae C, — NOCTOSHHAsA MOMEHTA.

M3MeHeHue ToKa /, MarHUTHOTO TIOTOKA ( 1 BPAILIAIOIIEro Mo-
MEHTa 7 BO BpeMEHM IT0Ka3aHo Ha puc. 4.57. Y3 aToro pucyHka
BUIHO, YTO OGJIBIIIYIO YaCTh IIEPHO/IA HAIIPaBJICHUE BPAIIAIOIIETO
MOMeHTa m He u3MeHsieTcs. OMHaKO B HEKOTOPBIE TTPOMEXKYTKH
BpeMEHU, O0YCIIOBIIEHHBIE CIIBUTOM TI0 (ha3e MEXKITy TOKOM SIKOPSI
1 MaTHUTHBIM ITOTOKOM BO30YKIEHUST, MOMEHT OTpPUIIATE/ICH.

1,0, m

Puc. 4.57. ['padukn TOKa, MariuTHOTO IOTOKA
W Bpalllalollero MoMeHTa YHUBEPCAlbHOTO IBUTATENs
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Cpez[Hee 3HA4YCHUEC Bpalllaroliero MOMEHTa
T/2 /2

M, = '[ mdt = S 1 '[ [ cosp — cos (w7 +cosP) pr =

o ! T m* m !
=C, @/ cosf, (4.66)

rae /u @ — nelicTByronMe 3HaYeHNsI TOKA U MArHUTHOT'O TTOTOKA;
T — mepuon Toka.

CrnenoBateibHO, BpallalOILMii MOMEHT, pa3BUBAEMbIil YHUBEP-
CaJIbHBIM KOJIJIEKTOPHBIM JABUraTesieM MPU MUTAHUM OT CETH Tepe-
MEHHOTO TOKa, OMPeNesieTCs He TOJIbKO BeIMYMHOM IMOTOKA BO3-
Oy>XIEeHUs M TOKA, KaK B CJIyyae MUTaHUS OT CETU MTOCTOSTHHOTO
TOKa, HO U CABUIOM IO (dase Mex1y HUMU.

XapakTepUCTUKY YHUBEPCATbHOTO KOJIJIEKTOPHOIO ABUTATE s
MpY MUTAHUHU OT CETH NEPEMEHHOTO TOKa HECKOJIBKO MsTye, 4yeM
MpY MUTAaHUU OT CETU MOCTOSIHHOTro ToKa (puc. 4.58). Ipuunna
PacXoXXAeHUsI COCTOUT B TOM, UTO MPU MepeMEHHOM TOKEe Ha Be-
JIMYMHY TOKa U ero a3y CyliecTBEHHOE BIMSIHUE OKa3bIBAIOT UH-
JIYKTUBHbBIEC COMPOTUBIIEHUSI OOMOTOK SIKOPSI I BO30OYKAECHMSI.

C 1enblo COMIKeHUS XapaKTe-
PUCTUK OOMOTKa BO30YXXACHUS
BBIMOJHSETCS CEKLIMOHUPOBAH -
Hoii. [Tpudyem npu paboTe OT ceTn
MEePEMEHHOr0 TOKa BKJIIOYAETCS
MEHbIIIE BATKOB OOMOTKU BO30YX-
neHus (KineMMbl 1—2, puc. 4.56),
YeM IPU MUTAHUU OT CETH MOCTO-
SSHHOT'O ToKa (KJeMMbl 3—4,
puc. 4.57). YMeHblIeHHE Yyucaa
BUTKOB OOMOTKH BO30YXIEHUS
BbI3bIBAET YMEHbIIIEHUE MATHUT-
HOT'O TIOTOKA Y MOBBILIEHUE CKO-
pocTu BpalleHUs sKops. Mexa-
Puc. 4.58. Mexannueckue HMYECKaA XapaKTeprUCTHKa Ipu-

XapaKTepPUCTUKM MOAHMMAETCSI, HE MEHsISI CBOeit
VHUBEPCATLHOTO JKECTKOCTHU (MYHKTUPHAsT JIUHUS

KOJUIEKTOPHOTO iBUrATENA Ha puc. 4.58).

8
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[Ipu omHOI 1 TOH 3Ke MOIIIHOCTY Ha Bajly TOK YHUBEPCAILHOTO
KOJUIEKTOPHOTO IBUTATENISI C YMEHBIIIEHHBIM YMCJIOM BUTKOB 00-
MOTKH BO30YKIEHMSI TIPY pabOTe OT CETH IIEPEeMEHHOTO TOKa 00JIh-
111, YeM IIPY MMTaHUU OT CETH IIOCTOSTHHOTO TOKA, Ha BEJIUYMHY
PeaKTHBHOI COCTaBIIsIIONIEH ToKa. [1oTepr MOIITHOCTH TakxKe 00JTh-
111, TaK KaK JTOOABJISIOTCS IIOTEPH B CTAJIA CTATOPA M YBEIMIMBA-
I0TCSI IOTEPHU B MEIU OT POCTa TOTPEOIIEMOro TOKa.

[Ipu paboTe OT ceT IepeMEeHHOTrO TOKA CYIIECTBEHHO YXYIIIIa-
€TCsI KOMMYTalMsI ¥ YCHJIMBAeTCsl UCKPEHUE TIOM IEeTKaMU. DTO
OOBSICHSIETCST TEM, YTO KOMMYTHUPYIOIIIAsT CEKIIMSI B JAHHOM CITydae
IIPOHM3BIBACTCS ITYILCUPYIOIIIMM MAarHUTHBIM ITOTOKOM BO30YX-
IeHUsT U B Hell HaBoamTcsl TpaHchopmaropHas DJC. Hammuue
3TOI HecKoMIteHcHpoBaHHOM DJ1C B KOMMYTUPYIOILIEH CEKIIUH
MIPUBOIUT K HEYIOBJICTBOPUTEIIEHOM KOMMYTAIIUU U, KaK CJIe]I-
CTBHE, K 3HAUUTEJILHBIM pamuorioMexaM. C ILeIblo YCTpaHeHUS
paarorioMeX YHUBEPCaIbHbIC KOJUICKTOPHBIC IBUTATEIN BBITYCKa-
IOTCSI CO BCTPOCHHBIMU B HUX (DMJIBTPAaMU, HO TIOJTHOCTBIO YCTpa-
HMTb PATOIIOMEXH HE YIaeTCs.

OnHaKko YHUBEpCaAIbHBIE KOJJICKTOPHBIC TBUTATEIN IITMPOKO
pacnpocTpaHeHbI O1arofapst CJACIyIOIIEMY:

1) paGoTalT OT UCTOYHMKOB KaK ITOCTOSTHHOTO, TaK 1 Tiepe-

MEHHOT'O TOKa;

2) 1pu paboTe OT TH0OOTr0 U3 NCTOUHMKOR JIOITYCKAOT BO3MOXK-
HOCTB IIPOCTOT0, INIABHOTO 1 IIIMPOKOIO PETYIMPOBAHUSI CKO-
POCTH BpallleHUST SIKOPsT UBMEHEHMEM ITOIBOIMMOTO K JIBU-
raTeIIo HaIIPSDKeHMS M IITyHTUPOBAaHUEM SIKOPST MJTH OOMOT-
KU BO30YXXICHMsI aKTUBHBIM COTIPOTUBIICHUEM;

3) TO3BOJISTIOT MOJTyYaTh IIPY IPOMBIIICHHOM YacTOTE BeChMa
BBICOKYIO CKOPOCTh BpaleHust sikopst (1o 2000 pan/c), He-
JTOCTYDKMMYIO ITPY IPUMEHSHUM CUHXPOHHBIX M ACUHXPOH-
HBIX IBUTaTeJICH IPOMBIIIIJICHHOM YaCTOTHI 0€3 IOBHIIIIAI0-

IIIETO PEIYKTOpA.
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K unciay nHGOpPMaLIMOHHBIX MaIlIMH MOXKHO OTHECTH: ITOBO-
POTHBIE TPaHC(HOPMATOPHI, CEIbCUHBI, MATHECUHBI U TaXOT'€HE-
paTopsl.

5.1. MoBopoTHble TpaHchopmaTopsl,
obwume csepeHnsa U Knaccugukayms

IToBOpOTHBIMU TpaHCHOPMATOPaMU HA3bIBAIOT SJACKTPUUECKIE
MMKPOMAIIMHbBI IEPEMEHHOT0 TOKa, MPeAHA3HAYEHHBbIE TS Tpe-
00pa3oBaHu4 yIyia MOBOPOTA O B HANPSXKEHUE, TTPOTIOPLIMOHATb-
HOE HEKOTOPBIM (DYHKIIMSIM yIJia (HampuMep, sinb win cosd) uiu
caMoMy yri1y 6 moBopoTta potopa. B cucremMax aBToMaTnueckoro
PeryJMpoBaHUsI TOBOPOTHbBIE TPAHC(HOPMATOPHI MCITONb3YIOTCS B
KayecTBe U3MepuUTesIeit paccoriacoBaHus, (PUKCUPYIOILMX OTKIIO-
HEHUE CUCTEMBI OT HEKOTOPOTO OMPENEJIEHHOTO MOJIoOXeHus [1,
2, 12, 13].

IToBopOTHBII TPaHCGHOPMATOP COCTOUT U3 ABYX OCHOBHBIX Ya-
CTeli: HEIMOABMXXHOM — cTaTopa, M MOABMKHOM — poTopa. Kak
CTaToOp, TaK U POTOP COOUPAIOT U3 JIMCTOB 3IEKTPOTEXHUUECKOM
CTaJIM WY MIEPMAILJIOS — MaTepyaia ¢ MJIbIM MAarHUTHBIM COMPO-
TUBJICHUEM.

B mazax cratopa u poropa pa3MelleHo 1o 1B pacipeneeH-
HbIX 0OMOTKH, CIBUHYTBIX MeXIy co00il Ha 90° (2/1eKTpUUYECKIX).
ITpocTpaHcTBEeHHOE pa3MelleHre 0OMOTOK MOKa3aHo Ha puc. S.1:
¢,c, — IaBHast OOMOTKa CTaTopa; ¢,¢, — BCIOMOrare/ibHast (KBa/-
parypHast) 0OMOTKa CTaTopa; p,p, U p,p, — CUHYCHAas U KOCHHYC-
Hast 00MOTKHM poTopa. OOMOTKHM CTaTOpa BBITOJHSIIOTCS OOBIYHO
ONIMHAKOBBIMHU, T.€. C OAMHAKOBBIM YMCJIIOM BUTKOB, OMTHUM CE-
YeHHeM OOMOTOYHOIO MPOBOJA U OMHOM cXeMoii 00MOTKU. Onu-
HAKOBBIMU BBITOJTHSIIOTCS M POTOpHbIe 0OMOTKM. OTCUeT yria
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MOBOPOTA pOTOpa 6 MIPOM3BOIUTCS OT OCU
CUHYCHOI1 0OMOTKH POTOpa 10 OCH BCIIO-
MoraTejJbHON OOMOTKM cTaTopa.

KoH11bI cTaTOpHBIX 0OMOTOK MOBO-
JSATCS K COCIMHUTEIbHBIM KOJIOAKAM
HeMoCpeICTBEHHO, & KOHIIbI POTOPHbBIX
00MOTOK — 4yepe3 TOKOCheMHOE YCTPOii-
cTBO. KOHCTpPYKIIMSI TOBOPOTHBIX TPaHC-
(hbopmaTopoB 1 TEXHOIOTYS X U3TOTOB-
JIEHUSI JOJIXKHBI 00ecreurBaTh Mpu Mo-
BOPOTE POTOpPA M3MEHEHME B3aUMOUH-
JTYKTUBHOCTH MEXIy OOMOTKAMU CTaTopa
U poTopa Mo 3aKOHY, Haubosee OJaU3-
KOMY K UI€aJIbHOM CUHYCOUIIE. Puc. 5.1. Pasmemenne

IToBopoTHbIE TpaHCHOPMATOpPHI B 3a- 06MOTOK [TOBOPOTHOTO
BUCHMOCTHU OT peXXUMa paOdOThl ObIBAIOT TpaxchopmaTopa
CJIEYIOLLME.

1. CunycHo-KocuHycHvle nOBOpOmHbIE MPAHCPHOPMAMOPSL, Y KO-
TOPBIX BHIXOMHOE HAMPSIKEHVE OTHOI U3 0OMOTOK POTOpa MPOIop-
LIMOHAJILHO HAMPSIKEHUIO BO30YKAESHMS M CUHYCY YIJIa TOBOPOTa
pOTOpa, a BBIXOAHOE HaMpPsIKEHUE IPYroil 0OMOTKY MPOMOPLMO-
HaJIbHO HAMPSKEHUIO BO30YXKIEHMSI 1 KOCMHYCY yIJIa TOBOPOTa
poTopa.

2. Jlunetinvie nogopommole mpancghopmamopsl, Yy KOTOPbIX Bbl-
XOIHOE HamnpsKeHUEe poTopa MPONOpLIMOHATBHO HAMPSKEHUIO BO3-
Oy>XIeHUsI U YLy TTOBOpOTa poTopa. B KayecTBe Takux MallluH
HCIIONb3YIOTCS CMUHYCHO-KOCHHYCHBIE TOBOPOTHBIE TpaHCchopMa-
TOpBI ¢ KoahduimeHToM TpaHcdopmanmu 0,565 1 orpaHIUeHHBIM
YIJIOM ITIOBOPOTA POTOPA.

3. MacwmabHvle nosopommsie mparc@opmamopst, y KOTOPHIX
BBIXOJTHOE HAMpPsIKEHWE pOTOpa MPOIOPIMOHATBHO BXOJHOMY U
KO3 (PULIMEHT MPONOPLUUOHAIBHOCTHU (MacIITa0) ONpeAesieTcs]
YIJIOM TTOBOPOTa poTtopa. 151 BceX pexkMMOB pabOThl MOXKHO UC-
MOJIb30BaTh OJHU U T€ e MOBOPOTHBIE TPaHCHOPMATOPhI ITyTEM
Pa3IMYHBIX CITIOCOOOB BKIIOUEHMST UX OOMOTOK.

P1 P4
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4. [losopommuvie mpancgopmamopsi-nocmpoument, y KOTOPHIX,
HaImpuMmep, TIpH Iojavye Ha 00e cTaTOpHbIE OOMOTKM HaIlpsike-
HUIA, TIPOIIOPIIMOHAIBHBIX COCTABIISTIOIIMM BEKTOpPA B IIPSIMOYTOJTh-
HOI CHCTeMe KOOpIMHAT (KaTreTaM MPsIMOYTOJIbHOTIO TPEYTOJIBHI-
Ka), BEIXOIHOE HAIIPSDKEHKME POTOPa IMPOTIOPIIMOHATIBLHO MO0
BeKTOpa (TUIIOTeHY3€), a YToJI ITOBOPOTa pOTOpa — €TI0 apryMEHTY
(yriy MexXmy KaTeTOM U TUITOTEeHY301); TpaHC(HOPMAaTOPBI-TIOCT-
POUTEITN UCTIONB3YIOT He TOJIBKO VIS IPe00pa3oBaHMs IeKapTOBBIX
KOODPAMHAT, HO 1 JUIS B3aUMHBIX ITPe00pa30oBaHMii 1eKapTOBBIX 1
ITOJISIPHBIX CHCTEM KOOPIUHAT.

5. Ilosopomuwie mpaucghopmamopui-ghazoepawament, y KOTo-
PBIX BBIXOIHOE HAIIPSDKEHME POTOPa IIPOIOPIIMOHAIEHO BXOTHOMY
1 ero ¢aza IMHEMHO M3MEHSICTCSI OT YIIa IIOBOPOTa POTOpA.

IToBopoTHBIE TpaHC(HOPMATOPHI BCEX TUIIOB M3TOTOBIISIOT B
HacTosIIIee BpeMsI C HOMUHAJIbHOM YacToToii He Huke 400 I'm.

5.2. CUHYCHO-KOCUHYCHble NOBOPOTHbIE
TpaHcopmaTopbl

IIpuHMI paboThl TOBOPOTHBIX TPAHC(HOPMATOPOB PACCMOTPUM
Ha IprMepe MoTyYeHUs CUHYCHOM (bYHKIIMU yIj1a TOBOPOTa POTO-
pa (CMHYCHBII TTOBOPOTHBIN TpaHchopmaTop). B aToM pexume
[JIaBHAsl CTaTOPHAas OOMOTKA ¢, ¢, IPUCOEANHEHA K UICTOYHMKY Iepe-
MEHHOTO HaIpsikeHus U, NMOCTOAHHOM BearunHbl (puc. 5.2, a).
PoropHas oOMoOTKa p p, MOAKIIOYEHA K BHELIHEH HArpy3Ke, Xa-
pakTepusyeMoil conpotusienuem Z,, =R+ X .

JloImyCcTUM, YTO KOHCTPYKLIMST M TEXHOJIOTMYECKOE UCTIOTHEHME
0becreyrnBaioT CTPOryl0 CUHYCOMAAIBLHOCTh UBMEHEHMS B3aMO-
MHIYKTUBHOCTU M MeX1y 0OMOTKAMH ¢,c, U p,p, OT yIila IOBOPOTa
potopa 6. Torna:

M = AW W, sinb, 5.1
rie A — MarHUTHas MPOBOAMMOCTb, BEJIMYMHA KOTOPOI HE 3aBU-
CUT OT YIJIa IOBOPOTA POTOPA BCIIEACTBUE PABHOMEPHOCTHU BO3-

JYLIHOTO 3a30pa; W, — 5(hbeKTHBHOE YMCII0 BUTKOB OOMOTKH CTa-
Topa ¢,¢,; W, — 3 PEKTUBHOE YUCIIO BUTKOB OOMOTKM POTOPA P, p,.
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P2 -l /

W,sin | P2
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Wpcoseg *@q
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D1 ZHarpl ZHarpl

D  —

a 6

Ly

Puc. 5.2. CxeMbl CUHYCHOT'0 IIOBOPOTHOTO TpaHchopmaTopa:
0 — TMPUHLUTIINANbHAS; 6 — SKBUBAJIEHTHAs

Ha ocHoBaHuu ypaBHeHUs1 (5.1) MOXHO yTBEpXKIaTh, UTO Xa-
pakTep M3MEHEHUSI B3aMMOMHIYKTUBHOCTU M ocTaHeTCs IIpe-
XKHKM, €CJIU TIPUHATD, YTO OCH OOMOTOK ¢,¢, U p p, COBNAMAIOT,
a YMCII0 BUTKOB B OOMOTKE p,p, U3MEHSIETCS 110 3aKOHY W sin®.
B 5TOM Cllyyae NoaHOE YMCIO BUTKOB OOMOTKH p,p, MOXHO pac-
cMaTpuBath (puc. 5.3) KaKk reOMETPUUECKYIO CYMMY «ITPOJOJbHbBIX
BUTKOB» W sinG, 0Cb KOTOPBIX COBIAAACT C OChIO OOMOTKH C,C,,
¥ <TIOTIEPEYHBIX BUTKOB» W/ c0SO, OCh KOTOPBIX IIEPIICHAMKYJISIPHA
ocu 0OOMOTKHM ¢,C,. DTO MO3BOJIAET 3aMEHUTh CXEMY puc. 5.2, a
BKBUBAJICHTHOU cxeMoii (cM. puc. 5.2, 6) [1].

PaccmoTpum aBa ciyyast paboThl TAKOTO MOBOPOTHOTO TPpaHC-
dopmMaTopa: TIpH X0JIOCTOM XOJIe U IIPU Harpy3Ke.

1. Pabota moBopoTHOTO TpaHCc(hopMaTopa IIPH XOJOCTOM XO/Ie
(Zup =°°; 1, =0). DrekrponsrKyas cuia oOMOTKH p p, po-
TOpa E,| ONPEEISETCs TOIBKO OTOKOM B3AMMOMHIYKIIK MEXKITY
OOMOTKO¥i ¢,¢, M TIPOAOJIBHBIMU BUTKaMu W sind, T.e. TOJIBKO
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W,sin@ MIPONOJIbHBIM NToTOKOM P, . Torna 3a-
BUCHMOCTb E | OT yIJIa TOBOPOTa POTO-
pa 6 oyner:
Epl = Epl max Sin e (52)
MakcumanbHoe AeiCTBYIolIee 3Ha-
Wycos uenne BJIC poropa E,, .., cooTser-
0 w, cTBytolee 6 = 90°, MOXeT ObITh BbIpa-
KeHo uepe3 3HaueHue BJIC rnaBHOI
CTaTOpHOI 00MOTKM E; 1 KoahduLm-
eHT TpaHchopmatn K =W, /W,
Epl max EclK' (53)
Puc. 5.3. Paznoxenune
06MOTKM POTOpA CrnenoBaTesbHO:
Ha IPOA0JIbHLIE Ep1 = [(]_5cl sin 0. (5.4)

U IoIepeyHbie BUTKU
Hrax, DIC 06MOTKM p p, pOoTOpa

MpU XOJOCTOM XOle MOBOPOTHOTO
TpaHchopMaTopa B pacCMaTpUBAEMON CXeMe SIBJISIETCSI CUHYCOM-
JanbHO DyHKIIMEH yriia moBopoTa poTopa 0.

2. Pabora moBopoTHOro TpaHcopmaTopa NMpu Harpyske
(Zup1 25 L, #0). [IpononbHblil TOTOK P, CO3MAETCS COBME-
ctHbIM aeiictBueM MJIC cratopHoii oomotku ¢,c, 1 MIIC nipo-
IOJIBHBIX POTOPHBIX BUTKOB W sin®. MHIyKTHpYeMast UM B 1PO-
JOJIbHBIX POTOPHBIX BUTKaX DJIC B3aMMOMHIYKIIMK ONpPeaesieTCs

KaK 1 B CJ1y4dac XOJIOCTOro xoaa:

E,y = KE, sinb. (5.5)

Tox /,;, mpoTekasi 110 NonepeyHbIM BUTKam W cosh, cosaet

nonepevHbli Motok P, , KoTophiil MHAYKTUPYeT B HUX DIIC ca-
MOMHIYKIWM:

E, =-jolLl

=pl>

(5.6)

rae o, — yriaoBasd 49acToTa HaIllPsSKCHMSI MUTAIOLIEN CETH; L —
MHAYKTUBHOCTD, ITPONOPIMOHAJIbHAA KBaApaTy YMucja IIornecpey-
HBIX BUTKOB Y MATHUTHOM TMPOBOIMMOCTH A:
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L= (W, cos6) A (5.7)
[Momnas B/1C, unnykrupyemast B OOMOTKE p p,, IPEACTABISAET
coboit cymmy DJ1C B3aMMOMHAYKLINUA U CAMOUHIYKIIUU:

E, = E,y +E,, =KE,sin0- jol, (W,cos8) A (58

pl

Toxk potopa

1, = —Epl
=pl Zum_pl + Zpl 4 (59)
rie Z, =R, +jX,, — conpoTusieHre 0OMOTKM pOTOpaA pp,.
Torma
E, = KE, sin®-bE cos® 6, (5.10)
I1e KOMIUIEKCHBIM MHOXHUTETb
o WA , o WA

pl B

b= = .

He 3aBMCHT OT YIJIa IIOBOPOTA 0.
N3 (5.10) naxooum

_ KE sin6

Ly = m- (5.12)

W3 ypaBHenus (5.12) caenyer, 4To Mpy HArpy3Ke CUHYCHOTO
ITOBOPOTHOT'O TpaHC(hOpMAaTOpa ITPOMCXOAUT UCKAKEHIE CUHYCOU-
IabHOTO XapakTepa 3aBucuMoctu £, oT yria 6, Tak Kak B 3Ha-
MeHarteJie CONepKUTCs b cos® 0. PU3MUECKN ITO UCKaXEeHUE 00y-
CJIOBJIEHO TOSIBIEHUEM IIPU Harpy3Ke MonepeyHoro noroka @, ,
T.€. TIONIEPEYHOI peakimeil poTopa. [1jig yMEeHbIIEHUsI MCKaXKe-
HUS HEOOXOIMMO YMEHBIIUTh 3HAYeHUE MHOXUTENS b , YTO MO-
KeT OBITh IOCTUTHYTO ITPY OOJIBIIMX COITPOTHBIICHMSIX HATPY3KHU.

OTHOCHTEIbHAST TTOIPEIHOCTD ONPEIeISIeTCs] KaK Pa3HOCTb MEX-
Ny ypaBHEHUEM U/IeaIbHOW CUHYCOUIBI ¢ aMIuuTynoil KE | v pa-
BeHCTBOM (5.12), OTHeCeHHasT K aMIITUTYJIE MICATbHOI CHYCOUIBL:
KE, sino— AEaSin6 o

1+bcos’® _ beos” 6 sinb (5.13)

KE 1+bcos’0

cl

AE =
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Ep JleiicTBUTEIbHAS YaCTh
KOMIUIEKca AE TpMHUMAETCs
1,0 - 3a aMIUIMTYIHYIO TIOTpel-
HOCTh, MHUMast — 3a (Da30BYIO
0.8} ITOIPEITHOCTh TTOBOPOTHOTO
TpaHcdopMaropa.
06 2 XapakTep UCKaXKEeHMS aM-
IUTUTYIObI BRIXOIHOTO HAIIpsi-
0,4+ 3 >KEHUST TIOBOPOTHOTO TPaHC-
dbopmatopa mon meiicTBHeM
0,21 ITOTIEPEYHOI peakiMK poTopa
20 40 60 80 rmokaszaH Ha puc. 5.4, rme
r oo KpuBas 1 — vneanbHast CUHY-
;
ﬁﬁ couja, KpuBble 21 3 — Bbl
|
}
0

4 XOJIHbIE XapaKTePUCTUKHU TO-

5 BOPOTHOI'O TpaHcgopMaTopa

1o (5.12) rpu 3HaYeHUsIX b,

PaBHbBIX COOTBETCTBeHHO 0,25

Puc. 5.4. AMmnuryznHas u 1. Kpusblie 4 u 5 npencras-

IIOT'PEUTHOCTb CUHYCHOTO JISI0T cOOOM aMIUIUTYAHBIE

TOBOPOTHOTO TPAHCHOPMATOPA  MOrPELIHOCTH AE OT yIuIa Mo~

IPU HarpysKe BOPOTA POTOPA MPU YKa3aHHBIX

3HAYEHUSIX b M COOTBETCTBY-

1ot BeipaxkeHuo (5.13). Kpuas 4 nojydaercst Kak pa3HOCTb KpH-
BbIX /U 2, a KpUBasi 5 — COOTBETCTBEHHO [ U 3.

ITox a3oBoit MOrpelIHOCTbIO MOBOPOTHOIO TpaHc(hopmaTopa
MOHUMAIOT U3MEeHeHUe (a3bl BBIXOAHOTO HAMPSIKEHUsI OTHOCH -
TeJIbHO (ha3bl HAMTPSKEHMsT BO3OYKAECHUS TP U3MEHEHUU HAarpy3KU
WM yrjia moBopoTa potopa. BosHuKHOBeHMe Ha30Boii morpel-
HOCTM 00OYCJIOBJIEHO aKTUBHO-UHAYKTUBHBIM XapaKTePOM COIpPO-
TUBJIEHUIT 0OMOTOK ITOBOPOTHOIO TpaHc(hopMaTopa U MorepeyHoi
peakuueit poropa. HauMeHblnas azoBast morpelHocTb COOTBET-
CTBYET UHAYKTMBHOM WJIM €MKOCTHOI Harpyske, HO MpU ITOM
aAMIUTMTYAHAS MOTPELHOCTh TOCTUTaeT HAMOObIIIEH BETUYMHBI.

AHaJOTrMYHBIM 00pa30M MOXHO paccyaaTh U B TOM clyyae,
Koraa paboyeil 0OMOTKO# pOTOpa ABJISETCS OOMOTKA p,p,, a 00-
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MOTKa p, p, PA30OMKHYTa. [Tpy 5TOM B3aMMOMHIYKTUBHOCTb MEXIY
OOMOTKaMH ¢,C, ¥ p,p, TIOMYUHSAETCS] KOCHHYCOMTATLHOMY 3aKOHY,
1 MalllMHAa IPeBpaliaeTcsl B KOCMHYCHBII ITOBOPOTHBII TpaHCHOp-
MaTop, it Kotoporo DJ1C poTopa IpH X0JIOCTOM XOJIe:

E, = KE, cos0 (5.14)
W npu Harpyske:
KE., cos®
= 5 (5.15)

= I+bsin’0°

3[[60]3 NCKaXEHUNE KOCI/IHYCOI/II[EUH)HOfI 3aBUCUMOCTH O6YC)'IOB—
JIEHO HAJIMYMEM B 3HAMEHaTesIe YieHa bsin?0.

ITockobKy BBIXOAHOE HAIPsKEHKME TTOBOPOTHBIX TpaHC(hopMa-
TOPOB JOJ2KHO CTPOIro MOAYMHATLCA 3aKOHY CMHYCa WM KOCUHYCa
yria rmoBopoTa poTopa, TO IIPUXOaAUTCA HpI/IGGFaTI) K TaK Ha3bIBac-
MOMY CUMMCETPUPOBAHUIO, T.C. YCTPAHCHUIO ITOIpCIIHOCTU OT
MOMNEPEYHOM peaklMy pOTOPA IyTeM KOMIIEHCALIMY 3TOM peaKiivu.
CuMMeTpUpOBaHUE MMOBOPOTHBIX TPaHCHOPMATOPOB SIBJISICTCS TaK-
K€ paguKaJbHbIM CPEACTBOM CHMKCHMA (1)330BOI71 HOTrpCIIHOCTH.

5.3. CummeTpUpOBaHME NOBOPOTHBIX
TpaHccopmaTopos

CUMMeTpUpOBaHKE MOBOPOTHBIX TPAHC(HOPMATOPOB OCYLIECTB-
JISIeTCs1 IMOO CO CTOPOHBI CTaTOpa — MEPBUYHOE CUMMETPUPOBA-
HUe, TMOO0 CO CTOPOHBI POTOPAa — BTOPUYHOE CUMMETPUPOBAHUE.

[Ipy nepBUYHOM CUMMETPUPOBAHUM MTOBOPOTHOI'O TpaHcdop-
MaTopa UCIIOJIb3YETCs BCIIOMOraTe/IbHasl CTaTOPHas OOMOTKA ¢,C,,
KOTOpasi 3aMbIKAeTCsl Ha BHELIHEE CONPOTUBJIEHNE Z, (PUC. 5.5, a).
Tak KaK 0cb 0OMOTKH ¢,¢, IEPIEHAMUKYJISIPHA OCU OOMOTKH ¢, C,,
TO BUTKM 3TOi 00MOTKM W, (pucC. 5.5, 6) U TONEPEYHbIE BUTKU
POTOPHOM OOMOTKH p p, IPEACTABIAIOT COO0M TpaHCchopMaTop,
MepBUYHasi 0OMOTKA KOTOPOTO pacnoyiokeHa Ha poTope, a BTO-
puyHas — Ha cratope. Tok [, , IpoTeKasi 10 MonepeyHbIM BUT-
Kam W cos® 06MOTKH pp,, CO3MaeT MarHUTHBII MOTOK, CLeM-
JIEHHBIA ¢ BUTKaMu W_oOMOTKM c,c,. B Hell mHAyKTHpYyeTCS
tpaHchopmartopHas 3J1C u Teyer TOK 7, .
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U U,
[ —
c L
W,

” Z, L~ 16
C1 2 — D,

\AAS
c Wsing |P2

5 Lo ¢
D2 D1
Z; [] W, % W,cos6 /

Y 4pl
Dy -’

P ZHarpl ca P ZHarpl

a 6

Puc. 5.5. CxeMbl CUHYCHOT'0 ITIOBOPOTHOTO TpaHcopmaTopa
C TEPBUYHLIM CUMMETPUPOBAHUEM:
0 — TMpUHLUTIIWANbHAS; 6 — SKBUBAJEHTHAs

BenmuuHa pesynsTupyroniero nomnepeyHoro noroka @, ompe-
JeJIAeTCA TEOMETPUYECKOi cymMoii motokoB @, u @, 0benx 00-
MoToK. IIpu Manom 3HaYeHUn Z, pexXuM TpaHchopmaropa oiu-
30K K KOPOTKOMY 3aMbIKAaHMIO 1 B3aUMHOE pa3MarHu4uBallee
JelicTBUE 00eMX 0OMOTOK HACTOJIBKO BEJIMKO, YTO BeJIMYMHA pe-
3YJILTUPYIOLLETO MONEPEYHOrO MOToKa P, CTPEMUTCS K HYJIIO IIPU
J000M 3HAYEHUH CONPOTUBJIEHUSI HATPY3KU Z, apl- MoxxHO noKa-
3aTh, YTO BIMSIHUE MOMEPEUHON peakiMyi poTopa ucue3aeT MmoJj-
HOCTBIO, €CJIU BKIIOUUTh B OOMOTKY C,¢, CONPOTUBIIEHNE Z, = Z ,
e Z, — BHEIIHEE COMPOTUB/ICHKUE LIETTH OOMOTKH BO30YXIEHUS
¢,C,, T.€. BHIXOMHOE CONPOTUBIIEHKE UCTOYHMKA TUTaHust. Eciu
MOBOPOTHBIN TpaHC(HOPMATOP MOAKIIOUEH K 3aXKMMaM MOLIHOTO
WCTOYHUKA MUTAHUSI, BBIXOAHOE COMTPOTUBIIEHUE KOTOPOTO OJIN3-

KO K HYJI1O, TO YCJIOBUEM IEPBUYHOI'O CUMMETPUPOBAHUA ABJIACT-
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csa Z, =0. Kak BUIHO, yclIoBME CHMMETPUPOBAHKS OT COIPO-
TUBJICHUSI HArPy3KU HE 3aBUCHUT.

CneayeT OTMETUTD, UTO MPU MEPBUYHOM CUMMETPUPOBAHUU
BEJMYMHbBI BXOIHOTO COMPOTUBIICHUSI X BXOAHOTO TOKA IMTOBOPOT-
HOro TpaHchopMaTopa 3aBUCSIT OT yIJIa IOBOPOTa pOTOpa. DTO
3aTpyAHSIET IPUMEHEHME MTOBOPOTHBIX TpaHC(HOPMATOPOB C Tep-
BUYHBIM CUMMETPUPOBAHUEM B MHOTOCTYTIEHYATBIX CXeMaX BbIUM-
CIUTEIbHBIX U ABTOMATUUYECKUX YCTPOMCTB.

ITpu BTOpUYHOM CUMMETPUPOBAHUU TOBOPOTHOI'O TPaHC-
bopmaTopa 0OMOTKa ¢,c, PA3BOMKHYTa, 0OMOTKA p, p, MOIKIIIO-
YeHa K 3aX1MMaM MPUEMHUKA C BXOIHBIM CONIPOTUBIEHUEM Z, !
(puc. 5.6, a), 0OMOTKa p,p, BKIIOYAETCS HA MIEPEMEHHOE COIPO-
TUBJICHUE Z

Harp2®

U, U,
—_— _
C3
AL
cl e e o &)
C1 C2 O

3l wocoso Wsin@ |P2

D1
Lo W,sin® o
o Wycos0 | I

| pq;1
—il—l—l:l— ¢  I—
ZHarp 2 ZHarp 1 Zf; ZHarp 1
a 6
Puc. 5.6. CxeMbl CUHYCHOT'0 ITIOBOPOTHOTO TpaHcopmaTopa
CO BTOPUYHBIM CUMMETPUPOBaHUEM:
@ — TMpUHUNUIWANbHAA; 6 — SKBUBAJIEHTHAs
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W3 5KBUBaJICHTHOII cXeMBbI (pHC. 5.6, 6) BUIHO, 4TO TOKH 1
u [, , mpoTeKast 1o TIOMePeYHbIM BUTKAM Wpcose u Wpsine, co-
3M1aI0T TMOTMEPEYHbIE TTOTOKM, HAMPABJIEHHbBIE B TTPOTUBOIOIOX-
HbIE€ CTOPOHBI, T.€. B3AUMHO ocjabJsolme aApyr apyra. s no-
HOI1 KOMITeHcaluy morepeyHoro rnortoka (®, = 0) Heobxonnmo
PaBEHCTBO MONEPEYHbIX NOTOKOB P, u @, 0OMOTOK poTOpa.
DTO 3HAUMT, UYTO AOJKHO cobmoaaThes papeHcTBo M C nomne-
PEYHBIX BUTKOB:

LW, cos®=1[,W sin6. (5.16)
ITocKOMbKY TPY MOJTHOM KOMITEHCALIMY UCKAXEHHE BBIXOTHBIX

XapaKTePUCTHK OTCYTCTBYET, IIpeHeOperast pa3MarHMYMBaIOIIIM
JeCTBUEM TIPOIOJIbHBIX BUTKOB, MOXHO 3aITHCaTh:

, _kyEsino

“pl T Zum_pl +Zp1 4 (5.17)
k _E. cos®

A Lk

o ZuarpZ + Zp2 (518)

IMoncrasmsgem (5.17) m (5.18) B BeIpaxkenue (5.16) u moy-
yaem:

k E. sin® k. E. cos® i
———— W, cos0=—————W sin6. (5.19)
Zuarpl + Zpl Harp2 + Zp2
PasenctBo (5.19) cnipaBeuIMBO TOJIBKO NpU
Zuarpl + Zpl = ZuarpZ + Zp2' (520)

Bripaxenue (5.20) siBasieTcst yCIOBUEM ITOJHOM KOMIIEHCALIUKU
TTONEPEYHO peakIuy poTopa Py BTOPUIHOM CUMMETPUPOBAHUI
ITOBOPOTHOTO TpaHc(opMaTopa.

MOXXHO I0Ka3aTh, YTO IPU BBHITOJHEHUHN YCJIOBHSI BTOPUYHO-
IO CHMMETPHUPOBAHMSI BXOIHOE CONPOTHUBICHUE ITOBOPOTHOIO
TpaHcopMaTopa He 3aBUCHT OT yIjia [IOBOPOTa pOTOpa, T.¢. IIPH
MoCTOsIHHOM BeanunHe U, Tok [, , MpOoTeKaloluil 1o 0OMOTKe
¢,c,, He 3aBUCHUT OT yIJIa OBOPOTa poTopa. JleficTBUTeNIbHO, eciu
NpeHeOpeyb HAMarHMYMBAOILEH COCTABIISIIONICH TOKA CTaTopa,
KOTOpasi B IOBOPOTHOM TpaHC(HOPMAaTOpe OT yIJia ¥ 3aBEIOMO He
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3aBUCUT BBUIY CUMMETPUU MarHUTHOM CUCTEMbI, YCIIOBUEM paB-
HoBecus1 ipononbHbiX MIIC Oyner:

LW, sin0+ [,W cosO=-1,W,. (5.21)

[loxcrasisieM B 3TO BhIpaXeHKMe 3HAYeHMS TOKOB M3 (5.17)
u (5.18) u nonayyaem:
kXE, sin*0® k> E, cos’0
-1, =— +— : (5.22)
Zwi v 2y Lt 2y

E b

Tak Kak yc1oBMeM BTOPUYHOTO CUMMETPUPOBAHUS SIBISIETCS
paBeHcTBO (5.20), TO
2
kTpEcl

L=
=l Z + Zpl (523)

narpl

T.e. [, He 3aBHMCHUT OT yria 6. DTO MOXHO CUYMTATh IPU3HAKOM
JOCTHKEHMSI BTOPMYHOTO CHMMETPUPOBAHMSI TIOBOPOTHOTO TPaHC-
(opmaropa.

[Ipu BbINoMHEHUY yeaoBuii cuMMeTprpoBaHust D C poTOpHBIX
O0OMOTOK M MPU HarpysKe OyayT U3MEHSTbCS CTPOTrO MO 3aKOHY
CHHYyca M KOCHHYca OT yIjia moBopoTta poropa 6. O4eBUIHO, YTO
10 OTOMY K€ 3aKOHY OY/IyT M3MEHSITHCST U BBIXOMHbIE HATIPSDKEHUS
noBOpoTHOro TpaHcdopmaropa U, u U, CHUMAaeMbIe C 3aKMMOB
0OMOTOK p,p, U p.p,. BeTMUMHBI HANPSKEHWIA Qp 1 Qp , TIpH aK-
TUBHOM U MHAYKTUBHOM XapakTepe Harpy3Ku OymyT MEHbIIE COOT-
BeTcTBytomMX B/1C Ep Y Ep , BCIICNICTBME pa3MarHW4MBaroIero
JECTBUST MPOMOJBHBIX BATKOB OOMOTOK POTOpa M KOHEYHBIX 3HA-
YEHUI CONPOTUBCHUST OOMOTOK:

E
U,=E,-12,=—>—. (5.24)

Harp

5.4. JInHeilHbIW NOBOPOTHLIN TpaHcopmaTop

[MonyyeHue y moBOpOTHOTrO TpaHchopMaTopa JTMHEHHO BbI-
XOIHOM XapaKTepUCTUKU B AMaIia3oHax yrioB oT —60° mo +60°
CBOIUTCS K IOJTYYCHHIO 3aBUCUMOCTH BhixoaHoM BJ1C oT yriia
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ITOBOPOTA pOTOpa B BUIe (PYHKIINU:

¥ (H) sin 0

" 1+c'coso’ (5.25)

rae ¢ — Koa(pdULUMEeHT, He 3aBUCAIIUI OT 0.

J1J1s1 TIoJTy4YeHMsI OTIMCAaHHOM 3aBUCHMOCTH PACCMOTPUM CXEMY
JIMHETHOTO IMoBOpOTHOTO TpaHchopMmaTopa (JITIT) ¢ mepBUIHBIM
cuMMeTpupoBaHueM. B nmaHHoil cxeme (puc. 5.7, a) coenuHsI-
I0TCS TTOCJIEIOBATEIILHO IT1aBHAsA CTAaTOPHAsA 0OMOTKaA C,C,, KOCH-
HyCHasl pOTOpHast 00MOTKa p.,p, U conpoTusieHue Z,,., . Bero-
MoraTeJibHasg 0OMOTKaA CTaTopa ¢,¢, 3aMbIKAaeTCsl Ha CONPOTHBIIE-
HUe Z,. BEIXOIHBIM HanpsKeHWEM ABJISETCS HalpsKeHUe Ha 3a-
KUMaxX CUHYCHOI OOMOTKHM POTOpa p,p,. DKBUBAJIEHTHAs CXeMa
TaKOTO JIMHEMHOTO IIOBOPOTHOTO TpaHC(hopMaTopa IpecTaBIeHa
Ha puc. 5.7, 6.

U U
X 1A
4] —— — — e (%]

/ \\

]Zz x Qd I

\ !

e

P3W,cos@| | W,sin0 P

C3

vh!
14! C4
VZA4!
Zuarp 2 Zuarp 1 Zuarp 2 Zuarp 1
a 6

Puc. 5.7. CxeMbl 1MHENHOT0 ITOBOPOTHOTO TpaHchopMaTopa
C TEPBUYHLIM CUMMETPUPOBAHUEM:
@ — TMpUHUNUIWANbHAA; 6 — SKBUBAJIEHTHAs
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IIpu BBIMOJHEHUHU YCIOBHUSI MMEPBUYHOIO CUMMETPUPOBAHUS
(00buHO Z, = () pe3y/IbTUPYIOILMIA OTIEPEYHbBIA MarHUTHBIH MO~
TOK, CO3[aBa€MbIii TIONEPEYHBIMU BUTKAMKU OOMOTOK p p, U p.p,
poTopa 1 0OMOTKOIA ¢,c, cTaTopa, paBeH Hymo. Clie1oBartelbHo,
OIC caMOMHIYKLMU B IIOTEPEYHBIX BATKAX OOMOTKH p,p, OTCYT-
crByeT. [IpononbHEIil (OCHOBHOIT) MarHUTHBIN OTOK P, co3na-
€TCs TOKOM [, , IPOTEKAIOILMM T10 BUTKaM W cTaTopHOM 0OMOT-
KM ¢,¢, ¥ IPOZIOIBHBIM BUTKaM W c0s® 0OMOTKH p,p, pOTOPA, T.€.
pesyJIbTUPYIOIas OOMOTKa BO30YXneHUs: uMeeT (W, + Wpcose)
BuTKOB. Torna BJIC E,, , unnykrupyemast morokom &, B 1po-
JOJIbHBIX BUTKAX OOMOTKHU p,p,, ONPENETISAETCS BhIPAXKEHUEM:

Wpsine

E =E —— 5.26
A A W coso (5-26)

rae £, — B/1C pe3ynbTrpytoleil 0OMOTKY BO30YKIEHMSI.
[peo6pasyem (5.26) ¢ yuetom Toro, uto W, /W, = K _; nony-

YUM 3aBUCHMOCTb IIOXOXYIO Ha TPEOYeMYIO:
sinf
E =K F——.

TR 4 K cosO (5.27)

[TockosibKy CONPOTUBIICHUE HATPY3KU Z, arp1 B BPIXOIIHOIA 00-
MOTKE HE BJIMSET Ha YCJIOBME NMEePBUYHOTO CUMMETPUPOBAHMSI,
10 JIIIT ¢ mepBUYHBIM CUMMETPUPOBAHUEM MOXET padOTaTh MPHU
MepeMeHHOM Harpy3ke 0e3 MCKaxKeHUs JMHEHHOCTU BbIXOJHOM
XapaKTEePUCTUKU. DTO CYILIECTBEHHOE TOCTOMHCTBO OMUCAHHOMI
CXEMBI.

JIuHeliHble TOBOPOTHBIE TPAHC(HOPMATOPHI BBIMOIHSIOT CO 3HA-
yeHneM KoadduienTa tpaHchopmatmu K, = 0,565, Tak Kak
MPY 5TOM JOCTUTAETCSl ONTUMATbHOE 3HAYCHUE KO DUIIMEHTa ¢,

JIuHeitHbIl MOBOPOTHBIN TpaHCGhHOPMATOP CO BTOPUYHBIM CUM-
MmeTpupoBaHueM (puc. 5.8). HanpskeHue Bo30yKISHMSI B TaH-
HOIA CXEMe MOIAETCs Ha 3aKUMBbI [JIABHOM CTATOPHOI OOMOTKH ¢,C,.
BcrniomorarenibHast cratopHas 0OMOTKA ¢,c,, CUHYCHasi 0OMOTKa
poTopa p p, U CONPOTUBIEHHE HATPY3KU Z,,,; COETMHEHBI TOCIe-
noBatenbHO. HamnpstkeHue, CHUMaeMoe ¢ 9TOro COMPOTUBRIICHUS,
SIBJISIETCSI BBIXOAHBIM HAMpPsSDKEHUEM JIMHEHHOTO MOBOPOTHOTO
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Ui
Ao
Ccy YN WC YN )
> D,
— Y Y\ — Y Y
P3| w,cos0 Wysin |P2

5~ &

—_—
W,cos
T RAAF T,
]
g S
o

Ly} W,sin® §

ol
i P:Ph 1o
ZHarp 2 ZHarp 1 ZHarp 2 ZHarp 1
a 6

Puc. 5.8. CxeMbl 1MHENHOT0 ITOBOPOTHOTO TpaHchopMaTopa
CO BTOPUYHLIM CUMMETPUPOBAHUEM:
@ — TMpUHUNUIWANbHAA; 6 — SKBUBAJIEHTHAs

TpaHcdopmMaropa. Harpy3ouHoe conpoTusieHne BTOpOi poTop-
HOW 0OOMOTKHM p,p, TOJDKHO OBITH MOA00PAHO TaK, YTOOBI MaIIMHA
ObUIa IIOJTHOCTHIO CUMMETPUPOBAHA 110 BTOPUYHOM CTOPOHE, MPH-
3HAKOM Y€T0 OYIET MOCTOSHCTBO €€ BXOIHOTO CONPOTUBIEHHUS.
DKBUBAIEHTHAS CXeMA JIMHEHHOTO MOBOPOTHOTO TPaHC(HOpMaTo-
pa co BTOPMYHBIM CUMMETPUPOBAHUEM IIPUBEIEHA Ha pUC. 5.8, 0.
[Tpu BTOpMYHOM CUMMETPMPOBAHUY TIONEPEYHBIA TIOTOK P, po-
TOPHBIX 0OMOTOK PaBEH HYJIIO.
Pesynbrupyromag SJ1C oOMOTKY p p,:

E,=E,y+E,, (5.28)

p

rne E,,, — OJC, uHIyKTMpOBaHHAsI B MPOMOJbHBIX BUTKAX
OOMOTKM p p, TIPONOJILHBIM ITOTOKOM @, ; €€ 3HaYeHUE OTNpeess-
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ercst BipaxenueM (5.5); £, — BJ1C, MHAYKTUPOBaHHAs B TIO-
NEPEYHbIX BUTKAX OOMOTKH p,p, TOTOKOM @, KOTOPBIii CO31a€eT-
Cs1 KBaJIpaTypHO#i 0OMOTKOM cTaTopa ¢,c, TIpy NPOTEKAHUU 10 Hei
Toka /.

Bemmunna OJIC E,;, onpernensiercst BBaMMOMHIYKTUBHOCTBIO M,
OOMOTKH ¢,¢, ¥ TONIEPEYHBIX BATKOB OOMOTKU P p,:

Ep]K = _jw1MK1p1a (5.29)
rae
M, =WW Acos6. (5.30)
Torna
E, =K,E, sin0- joW W Acosbl,. (5.31)

BennuunHa Toka B 1ieTI 0OMOTKHA PP, ONPEALTIACTCA BhIPAXE-
HUEM:

bé

1, = =i ,
- Zlarpl + Zpl + ZL:Z (532)
rae Z,, — CONpPOTUBJIEHNE OOMOTKM CTATOPA C,C,.
IMoncraBnsgem (5.32) B (5.31) 1 nonyyaeM:

E =K E sin O

pl el ms (5.33)

A€ KOMILJIEKCHBIN MHOXMUTEJIb, HE 3aBUCLINANA OT yrjia 9,
o W WA
: (5.34)
Zlarpl + Zpl + ZCZ

bé

a=J

HerpyHo 3aMeTnth, 4TO MOJTy4eHHast 3aBucuMocTb £, oT yria
MOBOPOTA poTOpa 1 OyAeT TMHEHHO! (hyHKLMEN YIla U B yKa3aH-
HBIX paHee mpeaesax. DTOMY Xe 3aKOHY MOAYMHSIETCS] U BHIXO/I -
HOE HAMPSDKCHUE Ha 3aKNMax COMPOTUBICHUS Z .

3HauYeHHe COMPOTUBICHNUS Z ., OOECIeUnBAIOLIee YCIOBHe
BTOPUYHOTO CUMMETPHPOBAHUSI, OTIPEAEISIETCS] BhIPAXKEHUEM:

Zoy+ 2y = 22+ Zl + Z15),
i€ BCe COMPOTUBIICHNUS MTPUBEACHDBI K YMCTY BUTKOB IJIaBHOM cTa-
TOPHOI OOMOTKHM.
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E, BrixomHast xapakTepu-
KE / CTHKA JIMHEHHOIO ITOBO-
L2p ™ /

POTHOTO TpaHcopMaropa
TIPY BBITTOJTHEHUU YCIIOBHSI
CUMMETPUPOBAHUSI TIPE]I-
CTaBjJicHa Ha puc. 5.9.
HenocraTok ormcaHHOIM
0 60 120 180 @°  CXEMBI JMHEITHOrO MOBO-
POTHOTO TpaHchopMaropa
COCTOUT B TOM, UTO OHa He

0,8

04

'
—

00

=]

'

—

(b

=]

'
—_————— ]
(=]

08 MOXET ObITh UCIIOJIb30BaHA
B YCTPOICTBAX, IJie Harpy3-
-12F
/ ’ Ka Z_ _ mepemMeHHas. [1pu

/ Harpl
U3MEHECHUSIX Z oymet
Harpl

HapylmaTbCAd yCJI0BUEC CUM-
METpUPOBaHUA U, KaK CJICI-
CTBUE, JUHEHHOCTb 3aBU-

cumoctu £, ot yrna 6.

Puc. 5.9. BrixopHas xapakTepucTuka
JIMHEWHOT'0 IIOBOPOTHOT'O
Tparchopmaropa

5.5. MacwTabHblit NOBOPOTHbIN TpaHchopMaTop

MaciurabHbie ToBOpoTHBIe TpaHchopmatopsl (MITT) mpume-
HSIIOT U151 COTJIAaCOBaHMSI MacITa0OB OTAEIbHBIX Y3J710B CXeM. DTO
3HAYUT, YTO OHU JOJKHBI MPUBOJUTH B COOTBETCTBUE BLIXOAHOE
HaIpspKeHUe TPenbIayIeit CTYIIeHH CXeMbl C TPeOyeMbIM BXOTHBIM
HanpspKeHWe MocieayIoleit CTyreH 6e3 HapylleHMs 3aKOHa 13-
MEHEeHUsI HampsikeHus1. B ob1eM ciyyae Bce crocoObl coriaco-
BaHMS MAcIITAOOB MOXHO pa3ae/MTh Ha IBa OCHOBHBIX BUIA: 00-
pa3oBaHue CUTHATbHBIX HANIPSKEHUM 1 00pa30BaHKe CMEIAloNINX
HampsKEHUM.

B nepBoMm ciyyae MaciITaOHbIN MOBOPOTHBIN TpaHChOpMaTOp
BKJTIOYAIOT 110 OOBIYHOI CXeMe CMHYCHOT'O ITOBOPOTHOI'O TpaHcdop-
Maropa ¢ MepBUYHBIM CUMMETpUpoBaHueM (puc. 5.5, a). Ha 3a-
JKUMBI [JITABHOM CTATOPHOI OOMOTKM ¢, ¢, TOAAETCS BBIXOAHOE Ha-
npsokeHue U, Tpeablaylieii CTyneHn cxeMbl. BeIxoqHoe Hanpsi-
XKEHHe MOBOPOTHOro TpaHchopmaropa U, cCHUIMaeMoe ¢ 3aXu-
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MOB OOMOTKH p,p,, SABJISIETCS BXOXHBIM CUTHAJIOM [UISl ITOCIIEY -
foleit cTtyrneHu cxembl. [1py hUKCMPOBAaHHOM YIjie M CUTHA
U | M3MeHsITCs IPOIOPLIMOHATIBHO CUTHay U, ¢ MaCIUTaGHBIM KO-
spdunumentom K, sin6. Kosapduuuenr tpanchopmannu
Ky =U, /U , = K., , HO ero (bakTMyecKoe 3HaUEHUE 3aBUCUT
OT BeJIMUMHBI U XapakTepa Harpy3ku. Tpebyemblii MaciiTab nepe-
Jla4u CUTHaJIa BBIOMPAIOT ITyTeM IJIaBHOTO MOBOPOTA pOTOpPa, MOCe
yero porop duxkcupyercs ctornopoMm. B omucwiBaemoli cxeme
BKJIIOYEHUST MACILTAOHbIN KO3GhMUIIMEHT MOXKET TJIaBHO MEHSITh-
cs1 B inanasone ot 0 jo K .

O6pa3oBaHue cMelIalIIMUX HanpsbkeHuit (puc. 5.10, a) uc-
MOJIb3YIOT B OCHOBHOM JJIsI PaCLIMPEHMSI MPeaeoB paboThl Ju-
HetHOro MOBOPOTHOTO TpaHchopMaTopa Mpy OTHO3HAYHOM M3-
MEHEHMU BXOAHOMI BeJIMUMHBI (yria 0). PeaynbTupyroliiee BbIXO/I-
Hoe Hanpsbkenue U o0pasyeTcs 3a C4eT CyMMMPOBAHMSL BBHIXO/-
HOTO HanmeeHmz;m JIMHEIHOTO MMOBOPOTHOIO TpaHc(opmaTopa
C HEM3MEHHBIM HalpsKeHHeM cMellenus U, paBHBIM MaKCH-
MaJbHOMY 3HAYEHUIO BHIXOJHOTO HAMPSKEHHUSI TMHEIHOTO MOBO-
POTHOTO TpaHChOpMaTOpa B IMHEHHOM auanasone U . T.e.
rpu +60°. biarogapst aToMy HyJIeBoe IOJIOXKEHHE POTOpa CMella-
eTcs Ha 60° BieBo 1o ocu abcnce u3 Touku 0 B 0° I1pu moBopoTe
poTopa Ha 60° OT HOBOTO HYJICBOT'O TIOJIOXKEHUST BBIXOIHOE HATIPSI-
>KEHWE JTMHEHHOro MOBOPOTHOTrO TpaHchopMaTopa OTCYTCTBYET U
Pe3yJIbTUPYIOLEe HAMTPsKeHWE PaBHbBI TOJIbKO HAMPSIKEHUIO CMe-
weHus. [1pu noBopoTe poropa Ha 120° 06a HaNpsKEHUSI UMEIOT
OIIHY U Ty Xe (ba3y; OHM PaBHO IO BEJIUUYMHE, BCACACTBUE YErO
Pe3yJIbTUPYIOLLIEE HAMIPSDKEHUE PAaBHO CyMMe HaMpsIKeHUIA:

v, =20,

—pe3 —BBIX Max *

Ha puc. 5.10, 6 uzobpaxeHa cxeMa JMHEHHOTO MOBOPOTHOTO
TpaHcdopmaropa co cMelnenneM. Hanpsokenune ememenus U,
CHMMAaETCs ¢ MaCIITAOHOro TOBOPOTHOTO TpaHchopMaTopa MIIT;
potop atoro MIIT moBopauuBaeTcs B TaKoe MOJOXEHUE, MPU
KOTOPOM BBIXOIHOE HAMpsDKeHWe paBHO TpedyemoMy. Oba nmoBo-
POTHBIX TpaHcopMaTOpa CUMMETPUPYIOTCS 110 MEPBUYHON CTO-

pOHe.
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Puc. 5.10. 06pa3oBaHne CMENAONEr0 HAPAKEH WA
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5.6. MoBOpPOTHbIN TpaHcGOpPMATOP-NOCTPOUTEND

CxeMy ITOBOPOTHOIO TpaHCc(hOopMaTopa-rnocTpoUTeis, MoKa3aH-
Hy1o Ha puc. 5.11, NpUMEHSIOT Wi ONpeaeaeHUs] TUITOTEHY3bI
(KaK Mo BeJMYMHE, TaK U IO YIJy) MPSIMOYTOJbHOTO TPEYTrOJIbHU-
Ka 10 IByM 3aJlaHHbIM KaTeTaM. OOMOTKM CTaTopa ¢,c, ¥ ¢,C, PK-
COEIMHSIOT K OHO(a3HOI CeTH uepe3 AeUTeNb HaMPsDKeHUs R,
MO3BOJISIIOLIMI YCTaHABIMBATh Ha BXOAEe 0OMOTOK TpeOyeMble Be-
JanHbl Hanpsokenuii U, u U,. Ha 3aXuMbl OTHO# 13 POTOPHBIX
0OMOTOK MOAKJIIOYAIOT BOJLTMETp. BTopas poTopHas o6MoTKa
MUTaeT OOMOTKY YIpaBieHUs Y MCITOJTHUTEIbHOTO aCUHXPOHHOTO

—

[&]
3 Uey

e o'a W NNV o's W
Ci (&)

Puc. 5.11. Cxema IT0OBOPOTHOI'O TPAHCHOPMATOPA-IIOCTPOUTENSA
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nsurarenst M. O6MoTKy Bo30y:kaeHus1 B 3TOro nBuraTess moji-
KJIIOYaloT Yyepe3 KOHAEHCATOP K TOM e CeTH, UYTO U CTaTOPHbIe
0OMOTKM MOBOPOTHOTO TpaHchopmMaTopa. POTopbl MCTIOTHUTEb-
HOTO JABUTaTesIsl U MIOBOPOTHOTO TpaHc(hopMaTopa CBsI3aHbl MeXa-
HUYECKH Yepe3 peayKTop.

Cxema pabotaeT cieayoinuM odopasom. TpebyeTcs onpeaeanTb
TUIIOTEHY3Y @ MPSIMOYTOJILHOTO TpeyroabHuKa (puc. 5.12, a) no
U3BECTHBIM KaTeTaM ¢, U ¢,. DTU KaTEThl 3a1a€M B CXEMY B BUIIE
HanpsokeHuit U m U,,, IPUITOXEHHBIX K 0OMOTKaM IOBOPOTHOTO
TpaHcdopmMaTopa:

Ucl - cl; Uc2 - c2'

MarHuToABIXYILIKE CUIIBI OOMOTOK ¢,C, ¥ €,C, CO3IAIOT HETO-
JBWOKHBIE B TPOCTPAHCTBE, MYJIbCUPYIOLIUE MO OCSIM OOMOTOK Mar-
HUTHBIE TOTOKU @, 1 P, (puc. 5.12, 6), MOLYIM KOTOPBIX ITPH
OTCYTCTBUM HACBILLIEHUSI MArHUTONPOBOAA OYIyT MPOMOPLIMOHAb-
HbI BbI3BaBLIMM MX HanpspkeHusam U u U,. B pesynbrare reo-
METPUYECKOI0 CI0XKEHMSI 3TUX IMTOTOKOB BOZHUKAET PE3YIbTUPYIO-
LM MarHUTHBIA MOTOK P, , pacrioNoKeHHBIN B IIPOCTPAHCTBE
OTHOCHTENILHO OOMOTOK ¢,C, U €,C, TTOJl TEMU XK€ YIJIAMHU, 4TO U
TUIIOTEeHY3a @ UCXOMHOIO TpeyroibHuka. OUeBUIHO, YTO BEJIM-
YUHBI TOTOKOB @, @, , ®, MPONOPIMOHAIBHBI CTOPOHAM (|,
¢, ¥ a TPEYTOJIbHUKA. MarHuTHbIA MOTOK P, HABOAUT B OOMOTKAX
potopa DAC £, u E,,.

OnekTponBIKyllas cina £, 0OMOTKH p,p, CO3AeT Ha 3aKMMax
OOMOTKM YIpaBJIeHUsI MCIOJTHUTENBHOIO ABUraTessl HarpsiKe-
Hue U,. Potop aBuratesisi HA4MHACT BPALLATECS U YEPE3 PEIYKTOP
MOBOPAYMBATL POTOP MOBOPOTHOTO TpaHchopMmaTopa. Koraa 06-
MOTKa p,p, 3aiiMET MOJIOKEHKE, IPY KOTOPOM €€ OCh OyaeT mep-
MEHIUKYJISIPHA OCU MarHUTHOTO notoka @, , 91C 310l 0OMOTKHM
CTaHeT PaBHOI HYJIIO U POTOP MCITOJHUTEILHOTO IBUraTENsl OCTa-
HoBHTCs. [Ipy 5TOM 0Ch OOMOTKM p,p, COBIAMIET C OChIO MTOTOKA
®, ¥ BOIBTMETP MOKaXeT HanpsikeHne U, MakCMMalbHO BO3-
MOXHOH BeJIMYMHBI, KOTOPOE U OyaeT MPONOpLUUOHAIBLHO THUIIO-
TEHY3€ @ UICXOHOTO TPEeYroJbHMKa. YT0J MOBOPOTa poTopa Oy-
JIeT ONpeAeIsITh YIJIOBOE MOJOXEHNE TMIOTEHY3bl OTHOCUTEILHO
KaTeTOoB.
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1 D

Puc.5.12.
[IpocTpancTBeHHAA
Iuarpamma
TIOTOKOB B TIOBOPOTHOM
Tparchopmarope-
IIOCTpOUTENE

L_]pZ

Puc. 5.13. [ToBopoTHzbIi TparchopmaTop
Kak Iipeobpa3oBaTesb KOOPAUHAT

BrImmosTHeHHAsT TIOBOPOTHBIM TPaHC(HOPMATOPOM OIepaIIts CO-
OTBETCTBYET OIPEACICHUIO BEIMIMHBI BEKTOPA U €r0 apryMeHTa
I10 3aJJaHHBIM COCTABIISIOIIUM B IIPSIMOYTOJIbHOM (IleKapTOBOIl)
CUCTeMe KOOPIMHAT. DTO 03HAYaeT, YTO TIOBOPOTHBIM TpaHChOpP-
MAaTopP-TIOCTPOUTEIIb MOXKET BHIITOHSTH IIPe0Opa30BaHue OT AeKap-
TOBBIX K IOJISIPHBIM KOOPAMHATAM.

C OMOI11IbI0 TOBOPOTHOTO TpaHCchopMaTopa MOXKHO JIETKO pe-
1IaTh 3aady IpeoOpa30oBaHuUsI OT OIHOI IEKApTOBOM CUCTEMBbI KO-
OpAMHAT K APYroi mpu mnoopoTe ux oceit (puc. 5.13). CoBme-
CTUM ocu KoopnuHaT OXu OY MCXOMHOM CUCTEMBI C 0OMOTKAMM
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cTaropa, a MOBEPHYTYIO Ha yroJ 0 cuctemy KoopauHat OX'u OY'—
¢ ocssMu 0OMOTOK portopa. ITpu mogaye Ha OOMOTKM cTatopa ¢,c,
u ¢,c, Hanpsokenuid U, v U, 3HaYeHUsI HaNPsDKEHWI Ha 0OMOTKaxX
poTopa OyayT OnpenesaThCs B3aMMOMHAYKIMEN ¢ 00eMU CTaTop-
HbIMU oOMoTKaMu. B coorBercTBuu ¢ (5.4) u (5.24) MOXHO 3a-
nucaThb:

U, =K, (U,sin6+U, cosb); (5.35)

U, =K, (U, cos6-U,sinb). (5.36)

ITonyyeHHBIE COOTHOILIEHUSI JAIOT C TOYHOCThIO 0 MACIITA0-
Horo ko3¢ uireHTa u3BecTHhIe (hOPMYJIbl TPeoOpa3oBaHMsI KO-
opauHat. CiaenyeT OTMETUTh, UTO CUMMETPUPOBAHUE MMOBO-
POTHOTO TpaHC(OopMaTOpa B cXeMe TTOCTPOUTEIISI OCYILECTBISI -
€TCsI 32 CYET TOTO, YTO Kaxkaasi CTaTOpHasi 0OMOTKa SIBJSIETCS
HE TOJIbKO MHAYKTUPYIOILIEH M0 OTHOILLIEHUIO K 0OMOTKAaM POTO-
pa, HO ¥ KOMIIEHCHUPYIOIIIEH MO OTHOLIEHUIO K IPYroi cTaTop-
HOI OOMOTKE.

5.7. MNorpewHoOCTM NOBOPOTHbIX TpaHChOpMaTOpPoOB

IToBopoTHbIe TpaHCHOPMATOPBI OOBIYHO PAbOTAIOT B YCTPOIi-
CTBaX M MpUOOpax BHICOKOI TOUHOCTH, TIe BOMPOC MOrPelIHOCTeMH
SIBJISIETCSI OMHUM M3 OCHOBHBIX. [lorpelHocTy mpeoopa3zoBaHust
VIJIOBOTO MepeMelLeHHsT B HAMPsKeHKE Y TTOBOPOTHBIX TpaHChOop-
MaTOPOB B 3aBUCMMOCTH OT UX (DU3UYECKOI MPUPOILI MOXKHO pa3-
JEJIATh Ha YeThIpe Ipymiisl [1].

1. [lorpeurHoctu, onpeaessieMble MPUHLIMIIOM PaOOThI B 1aH-
HOM peXHMe. Y CUHYCHO-KOCUHYCHBIX TOBOPOTHBIX TpaHCcdop-
MaTOPOB 3TO OTKJIOHEHNE BHIXOIHOM XapaKTePUCTUKU OT CUHYCO-
WIAJTbHOM BCAEICTBUME HETOUHOCTY CUMMETPYPOBAHUS, Y JIMHEH -
HBIX — OTKJIOHEHME BBIXOAHOMN XapaKTEPUCTHKM OT JMHEHHOM
BCJICACTBME HETOYHOCTHU arlpoOKCUMALWH.

2. TMorpeuHocTy, onpeaeaseMble KOHCTpyKLMeil. OHU BbI-
3bIBAIOTCS B OCHOBHOM HECHHYCOMIATBHOCTBIO pacnpeneiaenuss MAC
00MOTOK BIIOJIb OKPYXKHOCTH MalllMHbI, U3MEHEHUEM MarHUTHOTO
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COMPOTUBJIEHUS BO3AYLIHOIO 3a30pa BCICACTBUE HATMUMS MTA30B
Ha MOBEPXHOCTSX CTaTOpa W POTOpa, HEJMHEMHOCTbIO KPUBOM
HaMarHW4YMBaHMS U SIBJIEHUEM TUCTepe3uca.

YMeHbllieHUe 9TUX MOrPEIIHOCTe! TOCTUTaeTCs IMyTeM ITpUMe-
HEHUSI CIIeLIMaTbHBIX «CUHYCHBIX» CXeM OOMOTOK 3a CUeT cKoca
Ma30B cTaTopa Win poTtopa Ha 1—1,5 3yOLIOBBIX ACI€HNUSI, BHIIOJI-
HEHMsI MarHUTOIPOBOJIA MTOBOPOTHOrO TpaHC(hopMaTopa HEHACHI-
LIEHHbBIM.

3. IlorpeiHocTH, onpenensieMble TEXHOJOTUEH U3TOTORIEHMS.
OCHOBHBIMM UCTOUHUKAMU 3TUX MOTPELIHOCTEM SIBISIIOTCS 9KC-
LIEHTPUCUTET PacTOUYEK CTaTOpa U pOTOpa, aCUMMETPUST MArHUTO-
MPOBOJA, HETOYHOCTh PACITOJNIOXKEHHUSI U CKOca Ia30B, HAIMYUE
KOPOTKO3aMKHYTBIX BUTKOB B OOMOTKaX M B MarHUTOIPOBOJE,
OILIMOKU MPU BBITOJIHEHUU 0OMOTKU. 151 yMEHbIIEHUST STUX 0~
IPEIIHOCTEH TpedyeTcs ycTaHABIMBATh KECTKUE TOMYCKU Ha 9KC-
LIEHTPUCUTET U DJTUIITUMHOCTh cTaTopa U potopa. COOPKY make-
TOB CTaTOpa U POTOpa CJIEAYET MPOU3BOAUTH BEEPHBIM CIIOCOOOM C
Y4eTOM MarHMTHOM aHM30TpONUU JUCTOB. He nomyckarh BOZHUMK-
HOBEHUST KOPOTKO3AMKHYThIX BUTKOB WJIM HECOBIAACHUS YUCE
BUTKOB B OOMOTKaX.

BrusiHye TeXHOMOrMYEeCKUX MOrPeLIHOCTE MOKHO MPEICTaBUTh
Kak MosiBIicHNe HeKoTopoii nobaBouHoi BJIC AE, ; B BBIXOIHBIX
oomotkax. 9ta BJIC AE, ; uMeeT B 06LIEM CiTydae B COCTaBIIsI-
forre: DJIC (HanpsikeHue) OomMOKN AE, , COBIANAIOILYIO 110
(a3ze c BeixonHoi B/IC, u octarounyto 3J1C AE  , CIBUHYTYIO
no ¢aze Ha 90°. [1pu 3TOM B pacyeTHbIX TOUKAX C HYJIECBbIM BbI-
XOJHBIM HampspkeHueM (HyneBbIX Toukax) BJ1C cTaHOBUTCS OT-
JIMYHOM OT HYJI.

OJIC ommbku AE,, MOXET ObITh CKOMITEHCHPOBAHA OCHOBHOM
BbIxoqHOI DJIC myTeM AOMOJHUTETBLHOIO MOBOPOTA POTOPA Ha yroJ,
npu kotopom £, =-AE  , T.e. 00YCIOBINBAET ACUMMETPUIO
HYJIEBBIX TOUEK. ACUMMETPUSI XapaKTepu3yeT B OCHOBHOM Herep-
MEeHIUKYISIPHOCTL OOMOTOK CTaTopa U poTopa.

OcrarouyHast BJIC AL, He KOMIIEHCUPYETCS JOITOIHUTEINb-
HBIM TOBOPOTOM poTopa. [10aTOMy B MOBOPOTHBIX TpaHCchOP-
MaTopax BbIXOJHOE HaIlpsKeHUE HUKOTIA He o0pallaeTcs B Hy/lb
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B IIpeesiax 000poTa, a JIMIIh IPpUoOpeTaeT HEKOTOPOe MUHUMAJThb-
HOE 3HaUYCHME.

TexHomormIecKre MOrpelrHOCTH ITPUBOISIT TAKKE K TOMY, UTO
0OMOTKHM cTaTopa (POTOpa) OKa3bIBaIOTCsI HEITe PIICHINKYISIPHBI-
mu. I1pu 3ToM ToTOK Bo30YXneHust HaponuT D/1C Bo BcromMora-
TeJbHOM (KBaapaTypHOI1) 0OMOTKE.

4. [lorperHocTH, oIpeesieMble YCIOBUSIMU 9KCILTyaTalliu.
[Ipu 3MeHeHUM TeMIepaTypbl OKPY:KaIlOLLE Cpeibl MEHSIETCS aK-
TUBHOE CONPOTHUBIICHNE 0OMOTOK. Ko1ebaHusT 4acTOThl HaITpsLKe-
HMSI CETH BbI3bIBAIOT U3MEHEHUSI MHIYKTHUBHBIX COIIPOTUBIICHUIA.
M3aMeHeHne aMIUIMTYIbI HAITPSDKEHMSI CeTH aBTOMATUYECKU CKa-
3BIBACTCS Ha BEJIMYMHE BHIXOMTHOTO HAIIPSDKCHUSI.

5.8. CMHYCHO-KOCMHYCHble
TpaHcopmaTopbi-(hasoBpawiatenu

B xavecTBe 1aTYMKOB YIJIOBOTO MOJOXKEHUS B LIM(POBBIX Mpe-
obpazosatensx yria (LITTY) ¢aszoBoro Tvna mmnpokoe mpumMeHe-
Hue HaxomsT hazoBpaiarev (PB) Ha 0CHOBE CMHYCHO-KOCUHYC-
HbIx TpaHcdopmaTopoB (CKT). OcHOBHOI TEXHUUECKOI XapaKTe-
puctukoii ®B sBsgeTCS TMHEHHOCTD U3MEHEHUST (ha3bl BBIXO/I-
HOT'O HampsikKeHus1 Kak yHKIMK yria nopopota potopa u CKT.

Hau6onee yacro B LIITY ncnonb3ytoTcst omHOMa3HbIe U ABYX-
(dasupie @B Ha ocHoBe CKT. B ogHodasnbix @B nutanne 06-
moTok Bo30yxaeHust (OB) CKT ocyiuectsiasieTcst oT oqHOda3HO-
ro uctoyHuka HanpspkeHust, a CKT pabGotaeT B pexkume MmyJbCu-
PYIOILIEr0 MarHUTHOTO 1OJIs, B AByX(a3Hbx ®B — ot aByxdas-
Horo uctouyHuka HanpspkeHust nutanust (MI1), a CKT pabortaeT B
peXrMe Bpalllalolerocss MarHUTHOro Imoiist. PazoBpaliaressiM
YKa3aHHbBIX TUITOB MPUCYIIM MOTPELIHOCTH, KOTOPbIE MOXXHO pa3-
JeUTh Ha nBa Buaa. K mepBoMy BUIY clieyeT OTHECTH MOrpel-
HOCTH, 00YCJIOBJICHHbIE HECTAOUIBLHOCTBIO U Pa3dpOCOM MapaMeT-
POB ITACCUBHBIX 3JIEMEHTOB — 151 omHo(a3HbIx DB; acummerpu-
el HalIpsDKeHUST TUTaHus — Ut 1ByXdasHbX D B; acummerpueit
CKT, Bo3HMKaOILEH 32 CYET KOHCTPYKTUBHBIX U TEXHUYECKUX
orpaHnyeHuii. Ko BropoMy BUIY OTHOCSITCS ITOIPELTHOCTH, OIl-
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penessieMble U3MEHEHUEM CABUTA (ha3bl BBIXOJHOIO HAIMPSIKEHUS
OTHOCHUTEJIbHO BXOAHOTO (BCIEACTBUE KOMILJIEKCHOTO XapaKkTepa
BxomHoro conpotuBiieHnss CKT u narpy3ku Ha ®B), 3amepxka-
MU B IMHUSIX cBs13U (CKT MoxeT HaXoauThCs Ha 3HAYUTEIbHOM
yaaJeHuu oT syekTpoHHoi yactu LITY). DT nmorpeiHocTu cy-
LIECTBEHHO MEHSIIOTCS MO, BAMSIHUEM KJIMMaTUYECKUX (DaKTOpOB
(B OCHOBHOM TeMIIepaTypbl) OKpYKalollei cpebl.

[Mpumenenune OB ¢ nepecTpanBaeMoil CTPYKTYPOii ITO3BOJISIET
3HAYMTENILHO YMEHBIIMTb YKa3aHHbIe OrpeltHOCTH. [1oBbIIeHH IO
tounoctu LIITY criocobcTByeT Mcmonb3oBaHue B cxeMax @B MHO-
ronoocHbIx JaTyukoB yria (CKT, peayKCMHOB, MHAYKTOCUHOB),
paboTaroIMX B peXUMe C MyJbCUPYIOLIMM WIM BpallaroliuMcs
MarHUTHBIM T10jieM. [Ipu aTOM cymmapHas morpeirHocts LIITY
MPaKTUYECKU YMEHTILIAETCS B p pa3 (YMCJI0 Nap MOJIIOCOB TaTyMKa
yIJ1a) ¥ ONpeaessieTcsi, B OCHOBHOM, TOJbKO TOYHOCTbIO MHOTO-
notocHbiXx CKT (CKTM).

Has1 @B HeT HeoOXOAUMOCTH ObOecIeuyeHnsT MaKCUMAJIbHOMI
KPYTU3HBI BHIXOMHOIO CUTHaja, MOCKOJbKY BXOIHbBIE 2JIEMEHThI
LIITY obecneunBaioT HafEXKHYIO pabOTY MPU CPAaBHUTEIbHO HU3-
KHUX YPOBHSIX BbIxogHoOro HanpskeHus (0,5—5 B). I'maBHBIM Kpu-
tepreM CKTM mng cxem @B sBnsieTcst obecriedeHre CTPOro Jiv-
HEeMHOM 3aBUCUMOCTH (ha3bl BIXOJHOTO HANPSDKEHUS B OYHKLIU
yIJ1a IOBOpOTa poTopa.

Ecnu cuurtath, yto BhixogHble 00MoTKM CKTM He Harpyxe-
HbI, MOA1YJIb COMPOTUBJICHUST B3aUMHOM MHAYKLIMU (a3 OB 3Ha-
YUTEJbHO MEHbIIe MOAYJeH COMPOTUBICHHUS ITUX a3, T.e.
Z, << Z,, Z, << Z,, 10 0e3 y4eTa MoTepb B CTAJIM M HACBILLE-
HUS IUIs1 CXeMbl Ha puc. 5.14 MOXHO 3amucaTh BbIpaXeHUE IS
BoixonHoi DI C [2]:

[sin (o =y, +7/2)/Z, —sin (o -y, -y, +1/2)0M,,/Z,Z, |x
e =CU i _
L xoM,; £, (o) + Sm-(wt v )/Zz i oM, f,(p0) |
+sin (of —y, —y,)oM, /Z,Z,
(5.37)
rae C, — KOHCTPYKTMBHAsl IOCTOSHHAs, , = arctg (x,/n);
v, =arctg(x, /) Z = n4 x, Zy=n Xy, Zy =1t —
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KOMIIJIEKCHBIE COTIPOTUBIEHUSI 0OMOTOK; Z,, = joM,,,
Zyy = joMfi (p0), Zy=joM,f,(pd) — comporuBieHUs
B3auMHoOM nHaykumu; M,,, M f, (p9), M, f, (pb) — xood-
(bUIMEHTHI B3AMMOWHIYKTMBHOCTU COOTBETCTBYIOIIMX OOMOTOK;
p — uucio map nomocoB ®B; 6 — yronm moBopota poTopa;
 — KPYroBast YaCTOTa HAMPSKEHUST IIUTAHKS, MHACKCHI «1», «2» 1Mo~
KasbIBAIOT MPMHAIICKHOCTB Mapamerpa K dazam OB, a uHmekc «3» —
K BBIXOIHOW 0OMoTKe; u, =U, sinot, u, =U, sin(of-n/2) —
MTHOBEHHbIE 3HAYeHMs HANpspKeHuid a3 A u B ncrounnka nura-
HUSI; e, — MTHOBEHHOE 3HayeHue BeixoaHoit B/1C.

4 Zy3
U4 (Up) 7
v

Puc. 5.14. [Ipuxnun nopxknoyeHna MHOTOIIOJII0CHOT'0 CUHYCHO-
KOCUHYCHOT0 TpaHchopmaropa

Il paBeHCTBa HyJI0 (a3oBoii morpentHoctd @B (A0 =0)
JOJDKEH OBITh BBIIEPXKAH PSIT COOTHOIICHMIA:
TTOJIHBIE cornpotuBieHus ¢ha3 OB paBHBI Opyr Apyry, T.c.:

Z =7Z,=2, (5.38)

V=W, = (5.39)

Koa(pduLMeHT B3auMOMHAYKTUBHOCTHU (a3 OB paBeH Hy:10:
M, =0 (5.40)

266

WHOOPMALUOHHBIE MALLINHbI D

K03 duIMeHTh B3auMOUHIYKTUBHOCTY (pa3 OB u BbIxomHOI
0OMOTKM CHHYCOMIAIbHBI B (DYHKIIMH YIJIa TTIOBOPOTA POTOpA, PaB-
HbI 110 amIuuTyae u f; (p0) = f, (p6+m/2), 1.e.:

M, = M, = M; (5.41)
/i (p0) = cos(p6 + m/4); (5.42)
£ (0) = cos(po —m/4). (5.43)

B uneanbHOM ciydae, T.e. TIpM BBITIOJTHEHUM COOTHOIICHUI
(5.38) — (5.43), BoipaxkeHue (5.37) npuMeT BUA:

ey, = T'sin(of —y — pb + 1/4), (5.44)

rne T=0CU,M/Z .
U3 (5.44) BunHo, uto dasza BeixogHoit BC 6., u3MeHseTcs
JINHENHO:

0y = -y — po + /4. (5.45)

HOI’pCH.[HOCTB MHorormomocHoro MB MoxkeT OBITH 3aITcaHa B
BUIEC:

AQy = Ag; + A, +Ag,, (5.46)

rie A, — (azoBast MOrpelIHOCTb Ha MHTepBasie 360°/p , onpene-
nsieMast HecoommoneHueM ycosuii (5.38)—(5.43); Ag, — dazoas
ITOTPEIIHOCTD, onpeesisieMast ApeiioM (a3bl BBHIXOIHOTO HATIPSI-
SKEHUST OT BO3ICIMCTBIUS BHEITHUX (PaKTOPOB.

Cocrasstionast ¢ha30Boii MOrPeLIHOCTU A@, OIpenessieTcs,
B OCHOBHOM, nedekTamMu 3jieKTpoMarHuTHoi cucteMbl CKTM,
BBI3BIBAIOIIMMM TIOIPEITHOCTh, MMEIOIIYI0 B (DYHKIIMU YIjIa 10-
BOPOTa POTOpa BUI FApMOHUK, 1I€JI0€ YHCIIO TIEPUOIOB KOTOPHIX
yKiansiBaercs B untepsaie (0—360°)/p.

CocrapJstroruast (pa3oBoii MOrpelrHoCTH A@, — MOTPELIHOCTh
1Iar0B — TIPOSIBIIIETCS B OCHOBHOM, TIPM HAJIMIMU 9KCIICHTPH -
CUTETa, 3JUIMIICHOCTH 1 HellapaJlIeJIbHOCTU TOPIIOB MAaTrHUTOITPO-
Bona cratopa 1 poropa CKTM, a Takke Ipy HATUIMK TEXHOJIO-
TMYECKUX Ae(eKTOB B MarHUTHOM CHCTEMe pOTopa M cTaTopa
CKTM.
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Cocrapnstoniasi pazoBoii MOrPelIHOCTY AQ, ompenensercs
npeiicdoM (asbl BBIXOTHOTO HAMPSIKEHUS OT BO3ASHCTBYS pa3iny-
HbIX BHELLIHUX (DaKTOPOB: TEMIIEPaTypbl OKPYXKaIOLIEH Cpebl, U3-
MEHEHUS HalPSDKEHUS U YacTOThl MUTaHUST, U3MEHEHMS HArpy3-
KU Ha BbIXxogHO# ooMoTke CKTM.

Taxke npumeHstiorcss @B ¢ mepecTparBaeMoii CTPYKTYpOii.
Hampumep, 1mmpoxo pacripoctpaneHsl onHodasHbie @B ¢ BKITo-
yeHueM dazocasuraoliieir RC-11enu nocaeaoBaTeabHO ¢ BbIXO/I -
Hoit oomoTKoit CKT. ITpu onpeneneHHbIX 3HaueHUsIX R, C 1 mna-
pametpoB CKT HamnpspkeHue Ha Beixone @B nMeeT OCTOSHHYIO
aAMIUTATYY Y IMHEIHYI0 3aBUCMMOCTb (Da3bl OT yriia MoBOpoTa po-
topa CKT.

5.9. MMKpOMalWMHbI UHAYKLMOHHBIX YCTPOMCTB
CUHXPOHHOMN CBA3U — CEJIbCUHbI.
06wue ceepeHna u Knaccugukauma

MHayKIMOHHbBIE yCTPONCTBA CUHXPOHHOM CBA3M CITy>KaT IS
Tepeaayn Ha pacCTOsTHUE YIIOBOro nepemeltieHus. [1py atom mex-
NIy YCTPOMCTBOM, 3aJalOLUM YIoJl (JaTYMKOM), U YCTPOMCTBOM,
MPUHUMAIOLIMM TepeaaBaeMylo BeTUYUHY (TPUEMHUKOM), CYILIe-
CTBYET TOJIbKO 3JIEKTPUUECKAsl CBS3b. DTY DJIEKTPUUYECKYIO CBSI3b
MEXY JaTYUKOM Y PUEMHUKOM Ha3bIBAIOT JIMHWEH CBSI3H.

Ilepenaya yriioBoii BETMYMHBI B TAKOM CUCTEME TTPOUCXOIUT
CUHXPOHHO, CMH(}Aa3HO U MJaBHO. B KauecTBe JaTYMKOB U TIPU-
€MHMKOB B CUCTEMaxX CUHXPOHHOM CB$I3M Yallle BCEr0 MPUMEHSIOT
2JEKTpUYECKHE MUKPOMAILIMHBI — CEJIbCHUHbI (CIOBO «CEbCUH»
MPOUCXOIUT OT ABYX aHIJIMHACKUX CIIOB «Self synchronizing», 4To
03HAyaeT «CaMOCUHXPOHU3UPYIOLIUIACS»).

Hcnonb3yemble B MHIYKIIMOHHBIX CUCTEMAaX CHHXPOHHOW CBSI3U
CEJICUHBI U CAMU CUCTEMbI MOXHO Pa3/e/IUTh HA IBE TPYIIIIbI:

1) TpexdasHble CUIOBEIE;

2) omHodas3HkbIE.

TpexdaszHble cebCUHbI KOHCTPYKTUBHO BBIITOJTHEHBI TaK 3Ke,
KaK ¥ aCUHXPOHHBIE JBUTATENIM C KOHTAKTHBIMU KOJibllaMu. VX
TIPUMEHSIIOT B CXEMAaX JIEKTPUYECKOTO BaJIa, TJIe HEOOXOIMMO CTPO-
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rO CUHXPOHHOE U cMH(]a3HOe BpallleHWe IBYX IBUTATeNel, yaa-
JIEHHBIX APYT OT Apyra.

OnHodazHble CeTbCUHBI 10 KOHCTPYKIMU U HATMYUIO CKOJb-
3S1IET0 KOHTaKTa MOXKHO pa3aeuThb Ha:

1) KOHTaKTHBIE;

2) OeCKOHTAKTHBIE.

KoHTakTHbIE CeTbCMHBI COCTOSIT U3 ABYX YacTeli: cTatopa 1 po-
Topa. Ha cratope (uau Ha potope) pacrnosiaraetcst oqHodazHast
00MOTKa BO30YXICHUSI; HA poTope (WJIM Ha cTaTope) — 0OMOTKa
CUHXPOHM3ALMU, BbIMOJHEHHAS MO TUITY Tpex(ha3HOiA.

Ha puc. 5.15, a npeacrasieH nonepevyHblii pa3pe3 MarHUuTo-
MPOBOJA KOHTAKTHOTO CEIbCHHA, UMEIOLIEr0 COCPEIOTOUCHHYIO
00MOTKY BO30Yy>kKIeHUs 2 Ha cTatope [ 1 pacipeneieHHYI0 0OMOT-
KY CUHXpOHU3alMK Ha potope 3. [ITyHKTUpHOI TMHuel 0603Ha-
YeH MyTh MarHUTHOTO MOTOKA i1 JaHHOTO MOMEHTAa BPEMEHM.
Ha puc. 5.15, 6 moka3zaHa ajeKTpyuueckas cxema ceJbCUHa, Tae
OB — onHodaszHasi ooMoTka Bo30yxkaeHus, OC — tpexdasHas
00MOTKA CMHXPOHM3AIMU, COCTOSIIIAS U3 TpeX OOMOTOK 1, 2, 3,
COEIMHEHHBIX B 3BE31Y.

B 6ecKOHTaKTHOM cebCMHE KOHTAKTHBIM MOJBO/ TOKA 3aMe-
HeH 0eCKOHTaKTHBIM ITOIBOIOM MarHUTHOTO IoToka. Ha puc. 5.16
MpeacTapieHa cxeMa KOHCTPYKIIMU OECKOHTAKTHOIO CebCUHA,
npemnoxeHHast J1.B.CBeuapHuKoMm.

a 6

Puc. 5.15. CxeMa KOHTAKTHOTO CeNbCUHA
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Puc. 5.16. CxeMa KOHCTPYKLUN OECKOHTAKTHOTO CEJIbCUHA

Ha crartope pacrosioxeH makeT OCHOBHOI'O MAarHUTOITPOBOA 1,
B I1a3aX KOTOPOTO HaXOMUTCs Tpexa3Hast 0OMOTKA CUHXPOHM3a-
mm 2. O6MOTKa BO30YX/IeHYs 3, BBHIIIOJTHEHHAs! B BUIE IBYX Ka-
TYIIIEK, TaKKe pa3MellieHa Ha ctatope. I1o KpasiM craTopa pacro-
JIOXKEHBI JIBa TOPOUIATIBHBIX MATHUTOIPOBOA 4. OHM MarHUTHO 3a-
MBIKAIOTCS MEXKITY COOOI ITaKeTaMU BHEIITHETO MAaTHUTOIIPOBOA J,
KOTOpBIE 3aIPeCCOBaHbI B IMIMHIPHICCKII KOPITYC CeJIbCHHA 6.

OCHOBHOI ¥ TOpOMIAIbHBIE MarHUTOIIPOBOILI HaOpaHbI 13
M30JIMPOBAHHBIX JIUCTOB 3JICKTPOTEXHMUESCKOM CTaJIi, IMMXTOBAH-
HBIX I10 TIOTIEPEYHOM OCH CeIbCHHA. YTOOBI KaXIBIi JTUCT TOPOU-
JaJJbHOTO MarHUTOIIPOBO/IA 4 HEe ObLT KOPOTKO3aMKHYTHIM BUTKOM
Ha IYTU OCHOBHOTO TIOTOKA BO30YXXIE€HMSI, BBOAMMOIO IO IIPO-
IOJIbHOM OCHM, OH MMEET B OJHOM MECTe pamualbHBI pa3pes.
[TakeThl BHEIITHETO MAarHUTOIIPOBOA S IMMXTOBAHBKI 10 TTPOIOJIb-
HOI OCH CeJIbCHHA.

Potop cenbcuHa 7 cocTOUT U3 ABYX MAKETOB, pa3AeIeHHbIX He-
MarHUTHBIM IIPOMEXYTKOM &. Kaknplil makeT coOpaH U3 U30JIH-
POBaHHBIX JINCTOB 3JIEKTPOTEXHUIECKOM CTaIU, IIPUIEM TIOCKO-
CTH JINCTOB POTOPA NapalIeIbHbI IPOIOJIEHOM OCH CEIbCHHA.

IpuHLMT AeHCTBUSI GECKOHTAKTHOTO CEIbCHMHA JIETKO MOHSITD,
MIPOCJIEIB ITyTh MAaTHUTHOTO TTOTOKA, ITPY YKa3aHHOM HallpaBJie-
HUU TOKa B OOMOTKE BO30OYKIACHUS J.
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ITpu nmoBopoTE poTOpa BMECTE C HUM IMOBOpAYMBaeTCsI U Mar-
HUTHBIN MMOTOK, T.€. MOTOKOCLICIIJICHE OOMOTKI CUHXPOHU3ALUN
C TIOTOKOM BO30YKICHUSI UBMEHSIETCS 110 TAKOMY e 3aKOHY, KaK
U Yy KOHTaKTHOTO CeIbCUHA. Y 0ECKOHTAKTHOTO CeJIbCMHA MAarHUT-
HBII TTOTOK MPEOJ0JIeBaeT B IBa pa3a 0oJIblle BO3AYIIHBIX 3230-
POB, a TaK Kak ISl TPeoA0ICHUS BO3AYILIHOTO 3a30pa 3aTpaurBa-
eTcs1 3HauuTeNbHast yactb MJIC 0oOMOTKM BO30YKIeHUsI, TO Oec-
KOHTAKTHBIC CEJIbCUHBI 32 CUET OOMOTKM BO30YKICHUSI 110 Tabapu-
TaM U BECy HECKOJIbKO 0OJIblIIe, YeM KOHTAKTHBIE, BBITIOJTHEHHBIC
Ha TOT e TOJIe3HbIII MOMEHT.

B 3aBUCHMMOCTH OT cXeMbl BKIIOUEHUS OCYIIECTBIISIIOTCS pa3-
JIMYHbIC PEXUMBI Pa0OTHI OMHOMA3ZHBIX CENLCUHOB. M3 HUX oc-
HOBHBIMU SIBJISTFOTCSI:

1) MTHAMKATOPHBIN PEKUM;

2) TpaHC(hOPMATOPHBIN PEXUM.

5.10. TpexdasHble cunoBblie CeNbCUHDI
B CMCTEME CMHXPOHHOMN CBA3M

TpexdaszHast cucteMa CUHXPOHHOM CBSI3U C CUJIOBBIMM CEJIbCH-
HaMU TOJy4YWJIa PacClpOCTPAHEHUE MPU OTHOCUTEBHO OOJIBIINAX
MOIIHOCTSIX B CUCTeMaXx 3JIeKTpUUYecKoro Bajia. OHa MCIOb3YyeTcs
B TeX cy4asx, Koraa TpedyeTcst CTpOro CHHXpOHHOE M CMH(pa3Hoe
BpallleHUE IBYX IBUTATENEH, YIAIEHHBIX IPYT OT Apyra.

Ha puc. 5.17 npeacrapneHa Tpexdas3Hasi CucTeMa CUHXpPOHHO
CBSI3U C MCTOJb30BaHUEM JIBYX CUJIOBBIX CEIbCMHOB. CTaTOpHbBIE
00MOTKH cenbeuHa-natyrka CI u cenbcuHa-npueMHuka CIT moa-
KJIIOUEHBI K TpexdaszHoli ceTu nepeMeHHOro Toka. PoTopHbie 00-
MOTKH, SBJISIOIIMECS OOMOTKAMU CUHXPOHU3AIIMU, COENMHEHBI
MeXIy coOOi TMHUEH CBI3U.

ITyctb poTop cenbcrHa-maTIMKA TIOBEPHYT Ha YroJ 0 , a poTop
CeJIbCMHA-TIPMEMHUKA COOTBETCTBEHHO Ha yroi 0, . PasHOCTL Mexy
yriamu 6, 1 0, T.e. YTOJ paccoraacoBaHus:

0=0,-6,. (5.47)
Tak xak mo oOMoTKaM BO36Y)KI[CHI/I$I CCJIbCUHOB ITPOTCKAIOT
TpeX(ba?:HI)IC TOKHU, TO B MarHUTHOU CUCTEME CCJIbCMHA-JaT4YuKa 1N
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Puc. 5.17. TpexdasHas cucrema CMHXPOHHON CBA3N

CeJIbCHMHA-TIPUEMHUKA TaK Xe, KaK B aCMHXPOHHOM JIBUTATelle,
BO3HUKAET KPYroBOe MarHUTHOE I10JIe, KOTOPOE BPaIIlaeTCsT ¢ CUH-
XPOHHOI CKopocThIo (2.26). Ecni poTophl JaTyrKa 1 MpueMHNUKa
ITOBEPHYTh Ha OMMHAKOBHII YTOJI, T.€.

6,=6, u 6=0,

TO B COOTBETCTBYIOIIMX (hazax 0OMOTOK POTOPOB HaBEIyTCsI ONMHA-
koBble DJIC E, u E,. Otn DJIC HampaBleHbl HABCTPEUy IPYT

JpyTy 1
E +E =0 (5.48)

BekTopHas muarpamMma IUisl 9TOro ciyyasl MpeicTaBieHa Ha
puc. 5.18, a.

IToBepHeM poTOpbI TaTYMKA ¥ PUEMHUKA IO HAMPABIECHUIO OIS
COOTBETCTBEHHO Ha YIJIbl 6 1 6, ipy 3TOM 6, > 6 ; Torna BC E,
OyzeT OTCTaBaTh OT HAYAJTBbHOTO MOJIOXKEHU Ha yroi po , a OJ1C
E, — cootBeTcTBEHHO Ha yroj po . BekropHas auarpamma st
3TOTO Cllyyas npenacrapieHa Ha puc. 5.18, 0. Tak kak 6 > 0,
10 BJ1C B poTOpax AaTYMKa ¥ MPUEMHMKA HEe OYIyT TOYHO B ITPOTHU-
Bodase u B utore nosieutcst 1C paccornmacoBanust AE .
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Ton nefictBreM AE TOJMHUM [
CBSI3M MOTEYET YPABHUTEIbHbIA A | P9,
TOK:

AE

l= Zﬂ +Z;+Zﬂ, (549)

rae Z, M Z — mojHble (asHble
COMPOTHUBJIEHMSI 0OMOTOK pOoTOpa
JaTYMKa U IPUEMHHUKA; Z — CO-
MPOTUBJIEHUE JTUHUU.

Eciu npeHeOpeyb COMPOTUB- Wy
JICHVEM JIMHUU CBSI3U U CUUTATD,
YTO COMPOTUBJIEHUE OOMOTOK PO-
TOPOB JaTYMKAa U MIPUEMHUKA HO- -
CHUT MHAYKTHBHBI Xapakrep (T.e. E PO,
MpeHeOpeYb AKTUBHBIM COMPOTHB-

JIEHUEM), TO TOK / Oyner oTcra-
BaTb 0T OJIC AF Ha 90°. Cneno-
BaTeJIbHO, TOK / OyZIeT IOYTH B
dbaze ¢ BJAC E, (v, < 90°) u mouru B mporuBoase ¢ DC
E, (v, >90°). BzaumozeiicTBue 3TOro ToKa ¢ MOTOKaMM JaT4nKa
U IpUEMHMKa CO3AaCT BpalllalolMe MOMEHThbI, KOTOpbIe (B HallleM
citydae) OyayT CTPEMUTHLCS TOBEPHYTh POTOP TaTYMKa MPOTUB Bpa-
LIEHUST TOJIST Ha DJICKTPUYECKUIA YTOT:
p(6,-6,)

2 b
a poTOp MpPHMEMHMKA IO TMOJI0 Ha 3TOT XKe Yroj. DTU MOMEHThI
HAa3bIBAIOT CUHXPOHU3UPYIOLIUMMU.

Ecnu npuBecty poTop AaTyrKa B HEMPEepbIBHOE BpallleHUE, TO
pPOTOp MPUEMHUKA IO NeHCTBMEM BO3HUKAIOIIETO CUHXPOHU3M -
PYIOLLEr0 MOMEHTA TaKXKe OyIeT BpallaThCsl.

Ha puc 5.19 npencrasieHa cxeMa CUCTEMbI 2JIEKTPUYECKOTO
Baja. B aT0it cucteMe HEOOXOAMMO CUMHXPOHHOE U CUH(a3HOe
BpalIEHNE IBYX aCUHXPOHHBIX aurateneid ALl u AIl,, mpuBoss-
LIMX BO BpallleHre MexaHu3Mbl M, 1 M,

Puc. 5.18. BexTopHnie
ovarpamms 3JIC

e:
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Puc. 5.19. CxeMa CUCTEMLI 31€KTPUYECKOTO Basla

C poTopamu ABUTaTeIeli MEXaHUYECKU COSIMHEHBI POTOPHI CeJlb-
cuHa-gatuuka CJI u cenbcuHa-npuemMHuka CII. OOMoTKM BO3-
Oy>XIeHMs CeJIbCUHOB TIOJICOSAMHEHBI K TOM e Tpex(a3HOoM ceTH,
470 1 aBurateau. OOMOTKY CMHXPOHU3AIMHI COSTUHEHBI MEXKITY
co0oii mHMel cBsi3u. [1pr CHHXpOHHOM U cMH(Aa3HOM Bpallle-
HMHM TJIaBHBIX nBurartesneiit DJ1C, HaBomuMble B OOMOTKaX CHXPO-
HM3aIlUU CeJILCHHOB JaTYMKa M IPUEMHUKA, OMMHAKOBHI B KaX-
IIBIii MOMEHT BpEMEHM 1 HAXOISATCS B TIPOTHBO(A3e, ITO3TOMY ypaB-
HMTEJIbHBIC TOKM OTCYTCTBYIOT M CUHXPOHM3UPYIOIINE MOMEHTHI
JIaTyvKa 1 MpueMHUKa paBHbBI Hymo. Eciu, HanprMep, MOMEHT
COINPOTUBJIEHNA MEXaHn3Ma M| HECKOJILKO BO3PACTET, TO POTOP
aCMHXpOHHOTO ABMrarend AJl , a cienoBaTebHO, U POTOP Cellb-
cuHa-natyrka CJI oTcTaHyT OT poTopa cenbcuHa-pueManKa CI1
Ha YroJl paccorjacoBaHusl. BOSHUKHYT ypaBHUTEJIbHBIC TOKU 1
CEJIbCUHBI CO3MaIyT MOMeHThI. CeIbCHH-IAaTIYNK CO3IaCT ABUTA-
TEJILHBI MOMEHT, CTPEMSIIIIUICS YBEIMIUTh MOMEHT OTCTABIIIETO
nsuratens AJl, a ceJbCUH-IPUEMHUK — TOPMO3HOH MOMEHT,
YMEHbLIAKOIINIA MOMEHT aBurarens All, u oTo feidicTBre OyIeT 10
TeX IT0p, TTOKa CUCTeMa BHOBb He IIPUIET B YCTOMYMBOE COIIACO-
BaHHOE ITOJIOXEHUE.

5.11. UHAUKATOPHDbIN peXXuMm paboTbl CeNbCMHOB

HpI/I MHIUKATOPHOM PEKMME pa6OTbI CCJIbCUMHOB OCYLICCTBJIA-
€TCA nepe€aayda yrjioBoro nepeMEIICHA Ha paCCTOAHUE. HpI/I 9TOM
C pPOTOPOM CE€JIbCHMHA-IIPUEMHUMKA CBA3aHa CTPEJIKa, YyKa3bIBaroLIasd
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BEJIMYMHY TIepenaBaeMoro yria. OObIYHO B MHIMKATOPHOM PEXU-
Me paboTaloT IBa CeIbCMHA OMHOTO ThIA: MatdnK CJI 1 IpreMHUK
CII. Ha puc. 5.20 npeactapieHa cxema oaHO(ha3HbIX CETbCUHOB
B MHIMKATOPHOM PEXUME.

OOMOTKM BO30YKIEHUSI CeIbCHHA-IATIMKA U CeJTbCHA-TIPUEM-
HMKa CO3IAI0T B MArHUTHBIX CUCTEMAX CEJIbCMHOB MYJIbCUPYIOLIME
MarHuTHble NOTOkK @, . O6a MOTOKa B CUITY MAEHTUYHOCTH Cellb-
CHHOB I10 BEJIMYMHE OMMHAKOBHI. [1o/ geiicTBEM IyIbCUPYIOIIIX
MarHUTHBIX TIOTOKOB B (hazaX 0OMOTOK CMHXPOHM3AIlU1 BO3ZHUK-
HyT DJ1C, 3aBuUCsIIME OT KOCHHYCA YIJIa IIOBOPOTa poTopa. DT
OJ1C s cenpcHA-IaTINKA:

Ezl = Emax Cos en’
E, = E,, cos(6, -120°);
E, =E,, cos(6, —240°), (5.50)

rae eﬂ — YTI'OJI ITIOBOPOTA pOTOpa CCIbCUHA-IaT4MKa OT COIjlaco-
BAaHHOTO ITOJIOXKCHUA (33. corraCoBaHHOC ITOJOXKCHUE TIPUMEM

~ u=U,sinot
@JE q)l
GH 0,
E}11 Enl
JIunus cBsA3U
CI CIT
E}ﬁ Eﬂz En3 EnZ

Puc. 5.20. CxeMa UHAUKATOPHOI'O PeXuUMa
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Takoe, Koraa (aza 0OMOTKM CUHXPOHM3ALMHU CeJIbCMHA-IaTYnKa,
B KoTopoM Haonutest DJIC £, , cootseTcTByeT (hase 0OMOTKH
B030yXneHus1); £ — HanOosbluee neictByrolee 3HaueHne 31C
B (haze 0OMOTKM CHHXPOHM3ALIMU, COOTBETCTBYIOLLIEE COBMAACHUIO
da3 0OMOTKM CHMHXPOHU3ALMU U OOMOTKHM BO30yxXmeHus; £,
E,, E; — BJC cooTBeTcTBYOIINX (ha3 0OMOTKM CHHXPOHM3A-
LIMM CeNIbCUHA-IaTyrKa. Js cenbCcuHa-nprueMHMKa:

E, =E, cos6,;

=l

EnZ = Emax Cos (en - 1200)9 (5 51)

E, =E,, cos(6, —240°),

=n3
rie 6, — yroJ oBOpOTa pOTOpa CelbCMHA-IIPUEMHHKA OT COTJIa-
COBaHHOTO TIOJIOXEHUST (COTIACOBAHHOE IOJIOKEHHUE TO e, UTO U
IJIsI ceNlbCUHA-1atynka); £ ., E,, £, — OIC cooTBeTCTBYIO-
X a3 0OMOTKM CHHXPOHM3ALMHY CeTbCHHA-TIPUEMHIKA.

Tak kak Bce DJIC B ypaBHeHMsX (5.50) u (5.51) umeroT oquHa-
KOBYIO BpeMeHHY10 ¢hasy (ogHoda3Hasi cucteMa), To Aajice BMECTO
BEKTOPOB Oy/IeM OIIepUPOBATh CKAISIPHBIMU BEIMIMHAMM.

PazHOCTh MEXIy yIiIaMu ITOBOPOTa pOTOpa AaTYMKa U IIpUeM-

HMKa, KaK yXe 0TMeJanoch (5.47), Ha3bIBalOT YIJIOM PacCoIIaco-

Banus 0. Ecim 0 = 0, 1.e. 6, = 0, TO
Eﬂl =E,;
Enz =E,;
En} =E,;.

CrnenoBatenbHo, DJ1C coOTBeTCTBYOLIEH (pa3bl JaTUMKA paBHA
B/ C da3e nprueMHUKA U TOK B TUHUU CBSI3U:
E -E
I =——==0, (5.52)

27

rae Z — MOJYJIb IIOJTHOTO COIPOTUBIICHHUs (pa3bl OMHOTO CEIbCH-
Ha.

B 3TOM CiTydae OTCyTCTBYeT MOMEHT B3aUMOJIEHCTBUS pOTOpA C
ITIOTOKOM CTaTopa M CEJIbCHHBI HAXOISATCS B TIOKOE, T.€. CUHXPO-
HM3UPYIOIINI MOMEHT paBeH HYJIIO.
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IIpu 6 # 0 Mex Iy COOTBETCTBYIOIIMMM (Da3aMu JaTIMKa U ITPU-
eMHMKa BO3HUKHYT DJ1C, paBHble pasHocTn DJIC gaTumka u mpu-
emuuKa. O6o3Haunm 3t1 DJIC coorBercTBeHHO E), E,, E,. Tor-
na i 0, # 0, yaursiBas (5.50) u (5.51), MOXHO 3anucaTh:

E =E,-E,=E,, (cos0, —cos0, )=
0 +6 0,-06
=2F  sin—*—"sin *——;
max 2 2
Ez = Enz - En2 =
= E,,,, | cos (6, —120°) - cos (6, —120°) | =

0,+0,-240° 0 -0,

=2FE . sin sin ;
2 2
Es=E;-E,=
=FE . [cos (6, —240°)—cos (6, - 2400)] =
0 _ (5.53)
_2F._sin 0, +6, +240 sin 0, -6, .
2 2
ITpeobpazoBaB 5T ypaBHEHUsI, HOTYYHUM:
. 0). 06
E =2F sm(eﬂ - E)smi; (5.54)
E, =2E,, sin[ 0, ~120°- 2 |sin 2
2~ max ST en - _5 Slni’ (555)
E, = 2E,,, sin[ 0, +120°— 2 |sin 2
y=2E ,sin| 6 + ~ 5 Jsino (5.56)

HpeHe6peraﬂ COITPOTUBJIICHUEM JIMHUM CBA3HU, HaiiIeM TOKU B
00MOTKax CUHXPOHM3alIHN U JIMHUU CBA3U:

E . 0). 6
1, = _22 =1, sm(eﬂ — E}Smi; (5.57)
E . 0). 6
I, = ﬁ =1 . sm(eﬂ —120° - E)smz; (5.58)
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E . 0). O
[, =—"2=7 sinl 06 +120°—_ |sin—.
3 2Z max ( pis 2 ) 2 (559)
rne [ — HanGosbllee JEACTBYIOLIEE 3HAYEHIE TOKA.

max

YpaBHenus (5.57)—(5.59) noarsep:KaaloT CBOMCTBO CAMOCHH-
XPOHU3AIMU, TaK KaK TOKM B 0OMOTKaX CUHXPOHU3ALMH, a, Clle-
JI0BaTeJbHO, U MOMEHTbI, UMW TOpOXIaeMble, oOpalaloTcs B
HyJIb ToJIbKO Mpu 6 = 0. Ecau poTtop cenbcrHa-nprueMHUKa WK
ceJIbCMHa-IaTYMKa 3aKpenuTh U BpalllaTb BTOPOIl poTOp, TO YCIIO-
Bue 6 = 0 BBIMOJIHIETCS TOJBKO OIMH Pa3 B Mpejesax o0opoTa;
KOHEYHO, 3TO CMPaBEUIMBO TOJbKO AJIs1 ceJibcuHOB ¢ p =1. Ilo-
STOMY CEJILCUHBI, TSI TOTO YTOOBI UMETh CUHXPOHM3ALUIO B Mpe-
Jies1ax OJJHOro 000pOTa, BBIMTOJHSIOT C OMHOM Mapoii MOJII0COB.

CUHXPOHU3UPYIOLIUI MOMEHT MPOIMOPLIMOHATIEH MaKCUMab-
HoMy 3HaueHuto MJIC 1 cuHyCy yIia paccoriacoBaHus:

Mc max = %CZq)dFmax COSWSin e’ (560)
II€ ¢, — NOCTOAHHbINA KO3(DOULUMEHT, Y — BPEMEHHOM yro caBura
Mexny Bekropamu notoka ®, u MJIC F, . . C npyroit cTopoHbI
CUHXPOHU3UPYIOIIMI MOMEHT MPOMOPLIMOHATIEH MAKCUMATTbHOMY
3HAYCHUIO:

M. =M, sin6. (5.61)

¢ max

3aBucumoctb M, = f(0), Kak 3To cieayeT U3 ypasHeHus (5.61),
npencTapisieT codboit cuHycouay. I'paduk 3aBUCUMOCTH CUHXPO-
HU3MPYIOLLIEr0 MOMEHTA OT YIJla PacCcOorlacOBaHMS MOKA3bIBAET,
YTO CEJIbCUH MMeEET IBE TOYKM COIJaCOBAHHOIO MOJOXEHUS
(6 =0, 6 =180°). B aTix Toukax MOMEHT paBeH HYJIIO U, Ka3a-
JIOCh Obl, 5TO MPOTUBOPEYUT OCHOBHOMY CBOMCTBY CEJIbCHOB —
CaMOCHHXPOHU3ALIMM B IIpeesax oqHoro oobopora. Ho atu moso-
JKEHUST HE paBHO3HAYHbI: OMHO U3 HUX COOTBETCTBYET YCTONUMBO-
My paBHOBecuto 0 = 0, apyroe — HeycroitunBomy 0 = 180°.

YaenabHbIi CHHXPOHU3UPYIOLIMI MOMEHT XapaKTepu3yeT Kpy-
THU3HY HAYaJIbHOTO YyYacTKa MOMEHTHOM XapakTepuCTUKU. Takum
obpaszom,
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M,
M, = |
. ( 70 l_o (5.62)

[Ipu pabote ceTbCHHOB B MHIMKATOPHOM pexkiMe 0e3 Harpy3-
KU Ha BaJly CeJIbCMHA-IIPUEeMHIKA TTepeaada yriia uaeT co CTaTh-
YeCKOI YIIIOBOM TOIPEITHOCTHIO. DTa IMOTPEIIHOCTh BhI3BaHA Ha-
JIMYMEM TPeHMS B ITOMIIMITHUKAX CeJTbCMHA-TIPUEMHUKA, TPEHMSI
IIIETOK O KOHTAKTHBIEC KOJIbIIA (B CITy4ae KOHTAKTHBIX CEJIbCHOB),
BJIMSIHUEM BBICIIMX TAPMOHMK I10JIsI, HETOUHOCTBIO TEXHOJIOTMYe-
CKOT'O M3TOTOBJICHUS U T.I.

[TorpenrHocTh, BRI3BaHHASI COOCTBEHHBIM MOMEHTOM TPEHUS
M_cenbcyHa IPUEMHUKA, ABJISAETCA OCHOBHOM M XapaKTepHU3yeT
BEJIMYMHY 30HBI HEUYBCTBUTEIBHOCTH TIPUEMHMKA, B TIpeaesiax
KOTOPOIi pOTOP IIPUEMHKMKA MOXKET 3aHSTb JTF000E TOJTOXEHIE ITPH
OITHOM M TOM K€ ITOJIOKCHMHM JaTuynKa. BemunHa 3Toii 30HBI OI-
peeIsIeTCsT OTHOILIEHMEeM COOCTBEHHOTO MOMEHTA TPEHUST CelTbCH -
Ha-IIpUEeMHUKA K YICTPHOMY CUHXPOHM3MPYIOIIIEMY MOMEHTY:

B= M%{yﬂ (rpaxycos).

HHorma K 0OTHOMY JaTYMKY TOIKITIOUAIOT HECKOJIBKO CeJIbCH-
HOB-TIPUEMHMKOB, TOT/Ia TAKOM PeXXMM Ha3bIBalOT MHOTOKPAaTHBIM
IIPHEMOM.

Ha puc. 5.21 mpezicTaBieHa cxeMa IMOIKITFOUCHMS TPEX CEIbCHU-
HOB-IIPUEMHMKOB K OMTHOMY HaT4MKYy. [1ycTh K TaTIMKY TIOIKITIO-
yeHO # TpueMHUKOB. CormacHo (5.60) CHHXpOHM3UPYIOIINI MO-
MeHT nponopumonaned MJIC F | mocieaHss, B CBOIO 04epeb,
nponopuroHanbHa Toky /. Tak Kak IpUeMHUKM MOAKIIOYEHbI
K IaTYMKY MapauIesIbHO, TO CMHXPOHU3UPYIOIINI MOMEHT Ha KaX-
JIOM IIPUEMHUKE OYIET B # pa3 MEHbIIE CHHXPOHU3UPYIOLIETO MO-
MeHTa AaTyuKa. JIj1st TOro 4To0bl COXpaHUTh CHHXPOHU3UPYIOLIUI
MOMEHT IIPUEMHUKA, BRIOMPAIOT CEJIbCUH-IaTINK B 72 pa3 MOIIIHEE
CeJIbCUHA-TIPUEMHUKA, T.€. COIPOTUBICHUE €ro0 OOMOTKM CHH-
XPOHU3AIMHK OYIET B 72 pa3 MEHBIIIE COITPOTUBIICHISI OOMOTKM CHH-
XPOHM3ALMHK KaxKIOTO CEIbCUHA-TTPUEMHHMKA.

B psine ciydyaeB celTbCHMHBI B MHAMKATOPHOM PEXHUMe padoTaroT
MpY HeMpepbIBHOM BpallleHUU. CUHXPOHU3ZUPYIOLIUI MOMEHT,
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~ u= U, sin 0t

1

0 0

JIunns cBA3u
CA CIT, CII, CII,

Puc. 5.21. CxeMa MHOT'OKPATHOT'O ITpUeMa

D

3

Ha3bIBaeMBbIii TIPY 3TOM TUHAMUIECKUM, SBJIsSIeTCS (DYHKIIMEH CKO-
POCTH BpallieHus1. 3HaueHNe TMTHAMUUYECKOTO CHHXPOHU3UPYIOIIETO
MoMeHTa M, pa3BUBAEMOTO CEJIbCMHOM-TIPUEMHHUKOM, MOXHO
HaWTH, ITOJIb3YSICh METOIOM CUMMETPUYHBIX COCTaBIstoIMX. Of-
HaKoO Ha IPaKTUKE YacTO MOJIb3YIOTCSI SMIUPUIECKO (hOpMYITOit
B.U. Dnnepa:

M =M sinecosw—p,

JIHH ¢ max 4f
II€ W — CKOPOCTb BpalliCHYA pOoTOpa MpUEMHUKA,; p — YUCJIO ITap
IIOJIIOCOB CCJIbCHUHA, f — YacToTa MUTAIOLIEH CETH; ]Mc max — MaKCH-

MAaJIbHBII CTAaTUYECKUIA CUHXPOHU3UPYIOILIMIA MOMEHT.

JvHamMu4ecKnuii CHHXpOHU3UPYIOLIAI MOMEHT TIPU MaJIbIX Y-
nax paccoriacoBaHust (0 < 5%) ¢ u3BMeHeHUEM CKOPOCTH OT HYJIST
10 0,2 CHHXpOHHOM, COOTBETCTBYIOLIEH TaHHON YacToTe, Mpak-
TUYECKHU PaBEH cTaTUYeCcKOMY. [anbHeiiliee yBeanyeHe cKopo-
CTH MPUBOAUT K YMEHBIIIEHUIO TMHAMUYECKOTO CUHXPOHU3UPYIO-
1LIETO MOMEHTA.
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5.12. TpaHchopMaTOPHbIA peXkum paboTbl CeNbCMHOB

J11 Tiepeiaum yriia Wi BpallleHUsT Ha pacCTOSTHUE C TIPEOIO-
JICHUEM 3HAYMTEIBHOIO MOMEHTA CONPOTUBIICHUS MUCIIOJIb3YIOT
TpaHCGHOPMATOPHBINM PEKUM PaOOTHI CEILCUHOB, IIPX KOTOPOM
CUTHAJI C BBIXOIHOIM 00MOTKM cebcuHa-npueMHuKka CIT ycumu-
BaeTCsl, MPUBOIUT BO BpalllCHUE MCITOJHUTEIBHBIN JIBUTATENb,
KOTODHIiA, TIepeMeliast 00beKT yrpapiaeHust 1 potop CII, omHo-
BPEMEHHO YMEHBIIIaeT YTOJI PACCOINIACOBAHUS MEXTY CEJTbCUHOM-
JTaTIMKOM M CEIbCMHOM-TIPUEMHUKOM.

Ha puc. 5.22 uzobpaxeHa cxema CeJIbCUHOB B TpaHCc(hoOpMa-
TOPHOM PEXUME.

~(u=Uysinat) P | B

I m
Fu /'/
Jlunust cBs3H 2 | OB

L

I d

Puc. 5.22. Cxema TpaHchOpMaTOPHOTO peXxuma

OOMOTKa BO30YKIEHHUsI CeIbCHHA-IaTIMKa, KaK U B CIIydae
MHIMKATOPHOTO PeXMMa, IMOAKII0YeHA K ITUTAIOIICH CeTH 1 CITy-
SKUT JIJIST CO3MAHUSI B MATHUTHOM CHCTeMe MalllMHBI ITYJIbCUPYIO-
IIIETO MAarHUTHOT'O ITOTOKa. OOGMOTKM CUHXPOHU3ALUN TaTINKa 1
MIPUEMHUKA COSTMHEHbBI MEXITy COOOM JIMHUEH CBSI3U.

O0OMOTKa BO30YXIEHUST CeIbCHHA-TIPMEMHIKA TIpeTHa3HAYCHa
IUT BBIPAOOTKM CHTHaja (HAIpSDKEHWST), 3aBHUCSIIErO OT yIjia
paccoriacoBaHus 0. YToj paccorjacoBaHus 0, KakK M3BECTHO,
PaBeH Pa3HOCTH YIJIOB NOBOPOTA JIaTykKa 0, ¥ ipueMHUKa 6, (5.47):

0=0,-0,.
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B tpaHcdopmaTopHOM pexkrMe CornacoBaHHBIM Ha3bIBAIOT Ta-
KO€ TMOJIOXKEHHUE, KOTna 0OMOTKA BO30YKIEHHS CeIbCUHA-TIPUEM-
HMKa 3apaHee MOBEPHYTa OTHOCUTEIbHO OOMOTKHU BO30YXACHUS
cesibcHa-naTyrka Ha 90° (Ha puc. 5.22 ceJbCMHbI HAPUCOBAHBI B
COIIACOBAaHHOM MoJIoXeHUM ). [TynbcupyIolmnii MAarHUTHBIN MO-
TOK OOMOTKM BO30YKIeHMs faTynKa P WHIYKTUPYET B JIydax 00-
Motku cuHxponusatmu DAC E |, E, v E .. Bemnunna 9]1C 3a-
BUCUT OT TOTO, B KAKOM IOJIOKEHUU JaHHBII Jy4 HAXOAUTCS 1O
OTHOLLEHMIO K OCU OOMOTKHU BO30OYXKIEHMUS, T.€. 3aBUCUT OT yIJia

I0BOPOTA JaTIMKa POTOPa 0 :
E,=E, cos6; (5.63)
E, = E,, cos(6, —120°); (5.64)
E, =E,, cos(0,-240°) = E, cos(0, +120°).  (5.65)

Ecnu npeHeOpeub COMPOTUBICHUEM JUHUU CBSI3U U CUUTATD,
4TO COMPOTUBJIEHUS OOOMX CEJbCHHOB OIMHAKOBBI, T.€. Z =
= Z = Z, 10 nox aevictBueM DJIC B uenu 0OMOTKM ¥ JIMHUU
CBSI3M BOBHMKHYT TOKM /|, [, I

I, = Ezmz cos,; (5.66)

I, = ﬁcos(e -120°); (5.67)
Y4 g ’ '

I, = hcos(e +120°). (5.68)
3 2Z ps .

Toku, mpoxoas 1Mo JiydyaM OOMOTKW CUHXPOHMU3AIUUA TTPUEM-
HMKa, co3naioT B otux aydax MAC: F , F ,, F .. Pesynbrupyio-
mast MJIC 06MOTKM CUHXPOHM3AMK IIPUEMHIKA MPEACTABIISIET CO-
001 MPOCTPAaHCTBEHHBII BEKTOP, MOBOPAYMBAIOLLIMIACS B TPOTUBO-
TOJIOXKHYIO CTOPOHY T10 OTHOLIEHUIO K TIOBOPOTY POTOpa IaT4MKa.

Tak, HarpuMep, eciiv TOBEPHYTh POTOP CEIbCUHA-AaTYMKa Ha
yron 0, (puc. 5.23, a), To pesyabTupytoumii Bekrop MAC F,
TOBOPAYMBAETCS Ha TAKOM XK€ YroJl MPOTUB YaCOBOM CTPENIKH.

BekTop pesyastupytoieit MJIC co3naeT myabCUpYIOLIUii Mar-
HUTHBIM MMOTOK, KOTOPBIA B3aMMOAECUCTBYET C OOMOTKOM BO3-
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OyXIEeHUS CebCUHA-TTPUEMHUKA M HABOAUT B HEWl BBHIXOIHYIO
DJIC:

E_=E._ _ sin6, (5.69)

BBIX BBIX Max

roe £ COOTBETCTBYET COBMAACHUIO HAMpPaBJIEHUsI BEKTOpa pe-
BBIX max o
synbTupytoeit MIAC ¢ ocbio 0OMOTKM BO30YKIEHUS CeTbCUHA-

IIPpUEMHHUKA.

u="U,sinwt Epx
Epn 4
0=0
! 0 90 180 270 360
N\ (;0
a 6

Puc. 5.23. Cxema nonoxexuus sexropa MJIC mpuemumnka B
TpaHcHOpPMATOPHOM pPeXUMe U KpuBas BuixopHo IC

Ha puc. 5.23, 6 mokaszana 3aBucuMocThb BbixonHoit DJIC £
ceJIbCUHA-TIPUeMHMKa OT yTIiia 0.

BaxxHoi1 XapaKTepUCTHKOI CeTbCMHOB TIPY paboTe B TpaHCHOp-
MaTOpPHOM pexknMe SBJIsieTcs yaelbHas BerxonHas D/1C. Ona xa-
paKkTepu3yeT KPYTU3HY XapaKTepUCTUKI B HaYajie KOOPIWHAT:

dE

E — BBIX . ( 5 7 0)
ya .
do ),
Jlist mosydeHus CHHYCOMIaNbHOM 3aBucuMocT £ = f(0)
Heo0X0IMO:
a) 4YTOObI MHAYKLIMS B BO3MYLIHOM 3a30p€e CeJIbCMHA ObLia pac-
npejesaeHa CTporo Mo CUHYCOMAATLHOMY 3aKOHY. DTO JOCTUTIAeTCs
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COOTBETCTBYIOLIUM BBIOOPOM OOMOTOK CTaTOpa U POTOpa, BETU-
YUHBI BO3AYIIIHOTO 3a30pa, YKCEJI MTa30B POTOPa U CTaTopa U T.1I.
Kpome Toro, cenbcrH TOIKEH ObITh THIATEIHO U3TOTOBJIEH, T.€.
TOYHO OTIUTAMITOBAaH MarHUTHBII MaTepua, MpaBUIbHO cOOpaH
MaKeT " T.1.;

0) BBIOMPATh HESIBHOITOTIOCHYIO KOHCTPYKIIMIO CETbCUHOB, UTO-
OBl Jierye U30aBUThCS OT OOMOTOUYHBIX TAPMOHHUK.

YBenuueHne akTUBHOTO ¥ MHIYKTUBHOTO COMPOTUBIIEHUS JTU-
HHMU CBSI3U MPUBOANT K YMEHBLIEHUIO CUHXPOHU3UPYIOILIETO MO-
MEHTa B UHAMKATOPHOM PeXMMe BCJIEICTBUE YMEHBILIEHUS TOKOB
B OOMOTKaxX CHHXpOHM3aLMu. B TpaHcopMaTopHOM pexxume Tak-
K€ BCJIEICTBUE CHUXKEHUSI TOKOB YMEHBIIIAETCSl BBIXOAHOE HaIpsi-
JKeHUEe CeJTbCUHa-MTPUEMHHUKA.

YyBCTBUTETBHOCTD U TOYHOCTh PAOOTHI CETLCMHOB B TpaHChOop-
MaTOPHOM peXMMe TeM Bbille, YeM 6onbliue U — yaeabHOe BbI-
XOIHOE HampspkeHue. TexXHomornyeckre MmorpelrHocT! U pa3opoc
MapameTpoB NaTYMKa U MMPUEMHUKA MTPUBOJAT K TOMY, UTO B CO-
[JTACOBAaHHOM IOJIOXEHUU crcTeMBI (0 = () ) Ha BbIXOJe TIPUEM-
HUKa MosiBisieTcs jobaBoyHoe Hanpspkenne AU, . HanpsokeHue
AU, ; nMeeT B 06I1IeM CiTydae IBe COCTaBISIIOIINE: HATIPSDKCHME
oumbku AU, , coBranaliee mo $hase ¢ BBIXOAHBIM HaTpsiKe-
HueM U, , v ocrarouHoe HanpspkeHue AU, caBrHyToe 1o (dase
Ha 90°. HanpsikeHne OIMOKY MOXET ObITh CKOMIIEHCUPOBAHO
BBIXOAHBIM HampsikeHueM U C MTOMOIIBIO JOMOJHUTEIBHOTO

——BBIX

MOBOPOTa POTOpA NPUEMHMKA Ha yroJ, npu kotopom U, =-U, .
DTO0 3HAYUT, YTO UCTIOTHUTEIBHBIN IBUTaTeNb CIEISIIEH CUCTe-
MBI TIOBEPHET OOBEKT YIIPABJICHUS U POTOP IIPUEMHUKA Ha YTOJI

0, #0,, T.e. mogBUTCA yryIoBas OLINOKa:

A9=A_Uw_'
U

ya

5.13. AuddepeHunanbHbIn CeNbCUH

[pu penieHnu psina 3amay ObIBAET HEOOXOAMMO CKJIAIBIBATE U
BBIUMTATH YIJIOBBIC BEJIMYMHEL. [1JIs1 3TOr0o MCIonb3yeTcs audde-
PEHITMANIBHBIN CEJIbCUH.
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ITo xKoHCTpyKIIMU auddepeHIanbHbIi CeTbCUH aHATOTUYEeH
Tpexha3zHOMY aCUHXPOHHOMY JABUIATE IO C KOHTAKTHBIMU KOJIbLIA-
MU. OOMOTKU cTaTopa U potopa AuddepeHIIMaTbHOTO CeJIbCHA
HMMEIOT OJMHAKOBOE YyKciao BUTKOB. Ha puc. 5.24 npenacrtasieHa
cxeMa MHAMKATOPHOM Mepenayu ¢ UCroib3oBaHueM AuddepeH-
uuanbHoro cenbcuHa JC (3akiouyeH B MYHKTUPHYIO PaMKY).
Ha a10i1 cxeme 0OMOTKYM BO30Y:KIEHMST MHAUKATOPHBIX CEJIbCUHOB
CI, u CJI, moaxiro4eHbl K HaNpspKEHUIo oqHodasHoii cetu. 00-
MoTKa cuHXponusatmy CJI; coevHeHa TMHKUER CBA3KU CO CTaTop-
Hoii oomotkoit JIC. O6motka cunxponusauuu CJI, coennHeHa ¢
potopHoit ooMoTKoI JIC Takske TUHUEH CBA3U.

u=U,sinmwt

Crarop

S

Puc. 5.24. Cxema c andhepetiinanbHLIM CEILCUHOM

PaccMoTpyM mpuHLMI AEHCTBUS CXEMBI, TPEACTaBIEHHON Ha
puc. 5.24. Tlycrs C/1, n C/1, umerot yruisl moBopora 6 =0, = 0,
T.€. HAXOMITCSl B COIJIACOBAHHOM IOJIOXXEHMU (Yroj MoBOpoTa
POTOPOB CEIbCUHOB-IAaTYMKOB, KaK U paHee, OyIeM OTCUMThIBATh
OT OCH OOMOTKU BO30OYKACHUSI).

Torna nox neficTBUEM IyJIbCUPYIOLLETO MATHUTHOIO TIOTOKA,
coszgaBaeMoro ooMoTkoi Bo30yxnenus CJI|, B 0OMOTKe CUHXPO-

HU3ALMK 3TOTO CcebcrHa BO3HUKHYT DIAC £, E ,, E .. Tak
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Xe KaK B TPaHC(POPMAaTOPHOM peXUME, BOSHUKHYT TOKU 1, [ ,,
1 ,;, KOTOpBIE, MPOTEKast MO JiydaM OOMOTKHM ctaTopa nudde-
PEHLMANTBHOTO CeJIbCUHA, co3aanyT pe3yabTupyoliyto MJC cra-
Topa F,, HalpaBJIeHHYIO (B JAHHOM CJIydae) 1o OCH OOMOTKH BO3-
Oyxnenust CII,.

AnajiornyHas KapTiHa OyaeT 1 co cropons aaturka CJI,. 3nech
TakXe IMoj ACHCTBUEM IMYyJIbCUPYIOLIEro MOTOKAa, CO30aBaeMOro
0OMOTKO# BO30YXIEHUS, B TIydax 0OMOTKM CUHXPOHU3ALMU BO3-
HUKHYT DIC E ., E ), E ;. 91 OJIC cosnanyr toku 1, I ,),
1 ,;, KOTOpbIE, POTEKas 110 JiyyaM 0OMOTKH poTopa auddepeH-
LIMAJILHOTO CeJIbCUMHA, cOo3AanyT pe3yabTupytonyio MJIC porto-
pa £, . Hanpasnenue stoit MJIC Gynet Takxe COBITaaTh C OChIO
o6moTky Bo30yxaeHus CJI,. A tak Kak ObLJIO MPUHATO, YTO
ocu o6MoTok Bo3Oyxaenusa CII, u CJI, coBnanaior, To Harpas-
nenune MAC F, u F, Taxke conanaer.

Ion neiicteuem MJIC F, u F, B Bo3nymHOM 3a30pe audde-
PEHLMATLHOIO CEJIbCMHA BOSHUKHYT MArHUTHbIE TIOTOKU @ 1 P,
HampaBJeHUsT KOTOPBIX COBMAnyT ¢ HampasiaeHueM F, n £, .
Ha puc. 5.25, a npencrapieHa npocTpaHCTBEHHAs AMarpaMmma rno-
ToKOB @ 1 @, mpu 6, =6, = 0.

Py a2

B

a

Puc. 5.25. IIpocTpancTBeHHbIE MATPAMMbL MATHUTHLIX IIOTOKOB
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Tak Kax BpallarouMii MOMEHT MPONOPLUMOHATIEH BEKTOPHOMY
MPOU3BEACHUIO TUX MOTOKOB U IMOCKOJIbKY YTOJl MEXIy HUMU pa-
BEH HYJI10, MOMEHT, BO3HUKAIOIIUHI B AMb{epeHInaTbHOM CeJlb-
CUHe, OyIeT TakKe paBeH HYJIO U ero poTop OyaeT HaXOAUTCS B
MoKoe.

Ecnu reneps moBepHyTh poTop cenbcrHa-naryrka CJI| mo ya-
COBOJ CTpesiKe Ha yron 0, a cenberHa-narynka CJI, mpotus ya-
COBOIA CTpesIKK Ha yron 0 ,, pesyaptupytoume MJAC F, u £, kak
U B TPaHC(HOPMATOPHOM PEXMME, MTOBEPHYTCS Ha DT XKe YIJIbI.
CrnenoBate/ibHO, M CO3/1aBaéMble MU MOTOKM MOBEPHYTCS: TOTOK
cratopa ®, Ha yron 0 , u motok poropa P, Ha yrox 6 ,. [Ipo-
CTPaHCTBEHHOE PACMOJIOXEHHME NAaHHBIX MOTOKOB MOKAa3aHO Ha
puc. 5.25, 6.

B pesynbrare BzaumozeiicTBus norokos ® . u P, B nudde-
PEHLIMATbHOM CEeJIbCHE BOZHUKAET CUHXPOHU3UPYIOLINI MOMEHT,
KoTtopblii ioBepHeT potop JIC Ha yron 6, = 0, t+ 6, Ilpuuem
noToku @, 1 P, onATh COBNANYT M0 HANPABJIEHUIO X CUHXPOHM-
3UPYIOLIMI MOMEHT Mcye3HeT. TakuM obpa3om, poTop audde-
PEHIIMATIBHOIO CeJIbCHA OTPA0OTAET CYMMY YIJIOB CEIbCUHOB-IAT-
uynkoB CJI, u C[I,. Paccyxnas aHalOrMYHbIM 00pa3oM, MOXHO
0Ka3aTh, YTO €CIM 00a ceIbCMHA-IaTYMKa MOBEPHYTh B OMHY CTO-
POHY, HaIIpuMep IO YaCOBOI CTpesKe, TO Yrojl MoBOpPOoTa poTopa
b depeHIMaTBPHOTO CeTbCMHA OyAeT paBeH Pa3HOCTH YIJIOB AaT-
4yukKoB. [IpocTpaHCTBEeHHas AMarpaMma BEKTOPOB MAarHUTHBIX MO-
TOKOB cTatopa ®_ 1 potopa @, mis 3TOrO Ciyyas NpeacTaBIeHa Ha
puc. 5.25, e.

5.14. MarHecuHbl

MarHecuHBI SIBISIFOTCSI MUHMATIOPHBIMUA OECKOHTAKTHBIMM CEJTb-
CUHAMU 1 IIPUMEHSIIOTCS] B CHUCTeMax Tiepeladyd yIjia IIpu BechMa
MaJIbIX MOMEHTAX COITPOTHBIICHUS Ha BaJly IIPUEMHUKA (MHIIKA-
TOPHBII PEXHUM) 1 MaJIOM PACCTOSTHUM MEXKITY TaTYMKOM U IIPH-
eMHukoMm [12, 14].

MarHecuHbI (IaTYMK ¥ IPUEMHUK) UMEIOT OMHAKOBYIO KOH-
cTpykiuio. CtaTop mpeacTaBiseT coboii COOpaHHBIN M3 JIMCTOB
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nepMasios: Topous / (3aMKHYTOE€ KOJIbLIO), HA KOTOPOM PaBHO-
MepHO HaMmoTaHa oOMmoTka 2 (puc. 5.26). OGMOTKM JaT4MKa U
MpUEMHMKA B TOUKAX @ MPUCOEIMHEHBI K 0011el onHOGba3HO ceTh
MepeMeHHOro Toka mnobileHHoi yacToThl (400—500 T'ix). O6-
MOTKU MMEIOT OTHANKU 6 U 8, pacrojioxXeHHbIe mof yrioMm 120°
OTHOCUTEJILHO APYT Ipyra ¥ OTHOCUTEIbHO TOUEK @ MPUCOETUHE-
HUS K ceTU. Touku 6 1 ¢ 000MX MarHeCMHOB COEMHEHbI APYT C
JPYrOM COOTBETCTBYIOLLMMU JIMHUSIMU CBsI3U. TOUKM @ 000MX Mar-
HECHMHOB COEIMHEHbI Yepe3 MUTAIOLIYIO ceTh. B pe3ynbTare ypas-
HUTEJbHbIE TOKA MEXIY MarHeCUHaMM MOTYT MPOXOJIUTh Yepes
TOYKHU a, O U 6.

Potop 3 npencrapnisier cob0il MOCTOSIHHBI MarHUT, UMEIOIIMIA
opmy LMIMHApPA, KOTOPHI HAMArHWYEH MO AUaMeTpy.

B obmoTtkax marHecuHOB MHAYKTUPYIOTCS DJIC caMOMHIAYKLIMH,
HUMelolIMe YacToTy nuTarolleit cetu. [pu 11o60M MojaoKeHUU po-
TopoB 3TH DI C He BbI3bIBAIOT YPAaBHUTEIbHbBIX TOKOB, UMEIOLIMX
YacTOTY CETH.

IToTok, coznaBaemblii 0OMOTKaMu cTaTopa, MyJIbCUPYET C Ya-
crotoii cetu. [1pu U3MeHEeHMM MOTOKA MarHUTHAs POHULIAEMOCTb
TOpouIa U3MEHSIETCS, pearupysl Ha Kaxmylo MoJyBoJHY. Takum
00pa3oM, 3a ONMH MEepUOoa U3MEHEHUST MOTOKAa MAarHUTHAS Mpo-
HMIIAEMOCTb JBAXIbl JOCTUTAaeT MAKCUMAaJIbHOTO U MUHUMATbHO-
ro 3HAYEHUIA.

6 S 6 6 6
NI vl
131 131
A
1 ) ; A5
~ 2
a a

Puc. 5.26. CxeMa MarHeCUHHOW CUCTEMbI CUHXPOHHOMN CBA3U:
1 — Topoup; 2 — 06MoTKa; 3 — poTop
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[ToTOK MOCTOSTHHOTO MarHKWTa POTOPA 3aMBIKACTCSI Yepe3 TOPO-
W, TIO3TOMY, pearupyst Ha Kaxaoe M3MeHeHe MarHUTHOM TTpO-
HMIIAEMOCTH, OH TIYJIbCUPYET ¢ IBOMHOII YacToToll cetu. B pe-
3yJIbTaTe B y9acTKaX 0OMOTKH cTaTopa MHIyKTUpytotcst DJ1C mBoii-
HOI YaCTOTbI, 3HAYECHUST KOTOPBIX 3aBUCST OT ITOJIOKCHHMSI POTOPA.

Ecnmu potopbl 060MX MarHeCMHOB 3aHUMAIOT OIMHAKOBOE 10~
JIOXXEHHUE OTHOCUTEJbHO TOUYeK 0OMOTKMU a, 6 u ¢ (0 = (), To B
OTHOMMEHHBIX YUaCTKaX 0OMOTOK MHIYKTUPYIOTCSI OMMHAKOBEIC
BCTpeyHo HarpasieHHbIe DJ1C TBOMHOI YaCTOTHI, BCJCACTBUE YETO
YPaBHUTEJIBHBIN TOK 110 HUM He mpoxonuT. Eciu xe yrox pacco-
rnacoBaHuii 0 = 0, To DJ1C He paBHbBI, U TT0 OOMOTKAM MPOXOAUT
ypaBHUTEJIbHBIE TOKU. B pe3ynabTaTe B3aMMOICHCTBUS YpaBHM-
TEJIbHBIX TOKOB TBOMHOI YaCTOTHI C IOTOKOM ITOCTOSTHHBIX MarHu-
TOB POTOpPA BO3HUKAET 3JIEKTPOMATHUTHBII CUHXPOHU3UPYIOITII
MOMEHT, KOTOPBII CTPEMUTCSI ITOBEPHYTh POTOP TAKUM 00pa3oM,
YTOOBI YTOJI PACCOIIACOBAHUS U CTaJl OBl PaBHBIM HYJI10. TaKum
00pa3oM, MarHeCUHbI 00J1a1al0T CBOMCTBOM CAMOCUHXPOHU3ALUU
B IIpe/iesIax OMHOro 000poTa.

JIOCTOMHCTBAMM MarHeCHHOB SIBJISIFOTCSI OTCYTCTBUE CKOJIb3SI-
IIIETO KOHTAKTa, MaJible BeC U rabapuThl. YICAbHbI CHHXPOHU-
3UPYIOLINI MOMEHT Y HUX HEOOJIBIIOM, HO M3-3a MaJIoro Beca 1
HeOOJIBIIION MHEPLIMK POTOPA MarHECHHBI TTO3BOJISTIOT Ha HEOOIb-
IIIMX PACCTOSTHUSIX TIepeaBaTh YTOJI CO CPABHUTEILHO HEOOIIBIIION
norpeirHocTeio (1—2,5%).

MHorma MarHeCHH MPUMEHSIFOT COBMECTHO C CEJIbCMHOM (Mar-
HECHHHO-CeJIbCHHASI CIIeAsIIas cucteMa). B aToM ciryyae mar-
HECHH COEIUHSIOT C 3aJal0l1UM BajJiOM, a CeJIbCMH — C TIPUEM-
HbIM. [TorpeirHocTh MarHecHa Kak 3JIeMeHTa CIIesIeii mepena-
YU MOXET COCTaBJIsATh 0Kou1o 0,25°. MarHeCUHBI IOIyYWIN IIPH-
MEHEHHUE B aBUALIMM, HAIIPUMeED IUISI AUCTAHIIMOHHBIX KOMIIACOB.

5.15. TaxoreHepartopbl. 06wmne cBepeHus

TaxoreHepaTopaMul Ha3bIBAIOT CKTPUIESCKIE MUKPOMAIIIMHEI,
paboTarolre B TeHepaTOPHOM PEXMME ¥ CIIyKalllue UTsT IIpeoopa-
30BaHUS CKOPOCTH BpAIlIEHNS B IIPOITOPIIMOHAIBHBINA 3JIeKTpUYe-
ckuii curHaj. [1pu 3ToM 3aKOH MpeoOpa3oBaHMsI OIPEACIISICTCS
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BBIXOIHOM XapaKTepHCTHKOfI TaxoreHeparopa, T.€. 3aBUCUMOCTLIO
MCXIY BXOIHOM BEJIMYMHON — CKOPOCTbIO BpalllCHUA BaJla W 1
BbIXOJHOM — HaIpAXCHUEM UBMX B BBIXOJHOIT OOMOTKE.

YpaBHeHME BHIXOMTHOM XapaKTepUCTUKK UIICaTHFHOIO TaXOTeHe-
paropa B 00ILIEM ClTydae

de
U, =K, 0=K, a’
rIe 6 — yros MoBOpoTa poTopa TaxoreHeparopa; K, — crariye-
CKMi1 KOa(hbULIMEHT yCuieHUs (KpYTU3HA BBIXOTHOM XapaKTepuc-
TUKU).

YpaBHeHnue (5.71) mokasbiBaeT, YTO TaXOT€HEPAaTOP MOXKHO
HCITOJIb30BAaTh ISl AIEKTpOMEeXaHUYecKoro AuddepeHIIMpoBaHusl,
ecnu QYHKIIMIO 3a1aBaTh B BUIE yIjia MOBOPOTAa pOTOpA.

KoHcTpyKiys TaxoreHepaTopoB MPAKTUYECKU HE OTJIMYAETCS OT
KOHCTPYKIIMU COOTBETCTBYIOLLIMX TUTIOB 3JIEKTPUYECKUX MUKPOIBU-
rareseil. [1o Hel W MPUHLIMITY NEWCTBUS TAXOT€HEPATOPBl MOXXKHO
TIOPA3EIUTh HA TPY OCHOBHBIE TPYIIbL: TOCTOSTHHOTO TOKA, aCHH-
XPOHHBIE Y CHHXPOHHBIE TTIEPEMEHHOTO TOKA.

OcHoBHbIE TpeOOBaHUs1, MPeACTaBIsIEMbIe K TaXOTeHepaTopam,
COCTOSIT B CJIEMYIOLLIEM:

B MUHMMAaJIbHAS aMIUIMTYIHAS MOTPEIIHOCTbD, MO KOTOPOW
TIOHUMAIOT OTKJIOHEHUE BBIXOJHON XapaKTEPUCTUKHU OT JIN-
HEMHOM 3aBUCUMOCTH;

B MMHUMaJIbHas (ha30Basi MOrPELIHOCTb, MO KOTOPOIi TOHM-
MaloT U3MeHeHUe (a3bl BHIXOMHOTO HAMPSIKEHUS TIPU U3-
MEHEHUU pexXuma paboThl;

B MaKCUMAaJIbHBIN KOADMULIUEHT YCUICHUS;

B MaJIblii MOMEHT MHEPLIMUA POTOPA;

B MaJias 2JIEKTPOMArHUTHAs MOCTOSIHHAS BPEMEHMU.

(5.71)

5.16. TaxoreHepaTopbl NOCTOAHHOrO TOKa

TaxoreHepaTOpbl IIOCTOSTHHOTO TOKA ITO TIPUHIIMITY ACHCTBUS U
KOHCTPYKTUBHOMY O(OPMJICHUIO IIPEACTABIISIIOT COO0M 3JIEKTPH-
YeCKHUe KOJUIEKTOPHBIe MAIIMHBI IIOCTOSTHHOTO TOKA C He3aBUCH -
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AU,
Ruanp =

/
RHal'pl 4 i R
s Harp2

Puc. 5.27. CxeMa 1 BLIXOZLHbIE XapaKTePUCTUKU
TaxoreHepaTopa IOCTOAHHOTO TOKa

MbIM 3JIEKTPOMarHUTHLIM (puc. 5.27, @) Wi MarHUTORJIEKTPH -
YECKUM BO30YXICHUEM.

W3 Teopun 351€KTpUUECKUX MALIMH U3BECTHO, YTO BEIMYMHA
OIC axopst E, MpsMO NPONOPLMOHATEHA MATHUTHOMY MOTOKY
BO30YXICHMSI U CKOPOCTHU BpalleHUsI IKopst (4.12). 3HauuT, rnpu
MOCTOSIHHOM MarHMTHOM MOTOKE MOXHO 3aI1CaTh:

Ea=KE(u=KE@, (5.72)
dt
rae 6 — yroj noBopoTa SIKOPsI TaxoreHepartopa; K, — MOCTO-
SHHas MallluHbBI, paBHasg kP ; k — KOHCTPYKTUBHBINA KO3 Du-
LIUEHT.

Bripaxenue (5.72) — 3T0 ypaBHEHME BBIXOAHON XapaKTepu-
CTUKM TaxoreHepaTopa MOCTOSIHHOIO TOKA MPU XOJIOCTOM XOfIe, T.€.
MpY pPa30OMKHYTOH 1ienu sikopsl. JlaHHast TMHelHast 3aBUCUMOCTb
nmokasaHa Ha puc. 5.27, 6 (o1 CONPOTUBICHMUS HATrpy3Ku
R, = oo). 3HaUEHNUsI CKOPOCTH (0" B3SITHI B OTHOCUTEJIBHBIX €11~
HULAX.

I1pu moaxITIoYeHN 0OMOTKM SIKOPS K 3aXKMMaM Ipruoopa Uin
YCTPOKCTBA ¢ KOHEYHOM BeJIMUMHOM BXOAHOIO COMPOTUBICHUS U
MPpY MOCTOSIHCTBE MATHUTHOI'O MOTOKA BO30YKAEHUST BBIXOAHOE
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HanpspkeHue OyneT MeHblne D/ C sKops Ha BeIMYMHY TageHUS
HanpsckeHus B uenu sikopst U = E, — [, - R, (4.14).
ITockobKy BeTMIMHY TOKA OIPEIEIISTIOT IT0 3aKoHy OMa ¢ 1o-

MOILbIO COOTHOILLIECHU
1,=U/R,,, (5.73)
TO
U = E, _ K, '
14 Ry R (5.74)
Ruarp Ruarp

YpaBHeHue (5.74) CBUIETEIBCTBYET O IMHEITHOCTH BHIXOIHOM
XapaKTepUCTUKK TaXoreHepaTopa IOCTOSTHHOTO TOKa B CIIyJae Io-
CTOSTHCTBA MAarHUTHOTO TIOTOKA BO3OYXKIACHUS ¥ COIIPOTUBIICHUS
Lenu SIKopsl R, , BKITIOYAIOIIETO COMPOTUBIECHUE TIEPEXOTHOTO
IIIETOYHOTO KoHTaKTa. Ha puc. 5.27, 6 ipeacTaBIeHbI BBIXOIHBIC
XapaKTepPUCTUKH, COOTBETCTBYIOLIME YPaBHEHUIO (5.74) 115 NBYX
KOHEYHBIX 3HAYCHWIi COMPOTUBICHUS HAarpy3kn R, u R, ,;
HqueM Rll'd.l'pl > RuarpZ N

OmHako BRIXOTHASI XapaKTePUCTHKA PeabHOTO TaxoreHepaTropa
MOXET OTKJIOHSITBCS OT JIMHEITHOM 3aBucuMoctu (5.74), T.e. 1o-
SIBJISIETCST aMIDIMTYIHAs] CKOPOCTHASI ITOTPEIHOCTD. DTO OOBSICHSI-
eTcs ABYMsI (DaKTOpaMH.

Bo-miepBbIX, IpM Harpy3Ke TaxoreHepaTopa BOZHUKAET peak-
LM SIKOPSI, OCIa0JIsIIoNIast TOTOK BO30YXIeHUs. Pe3ynbTupyo-
1A TTOTOK TIPY HATPy3Ke MOXKHO IMPEACTABUTH KaK

D, =0-AD, (5.75)

Harp

rie A®  — n3MeHeHue MOTOKA, BbI3BAHHOE Pa3sMarHUYMBAIOIIMM
NeCTBUEM peaKIMK SKOPsI U IPOIOPINOHAIBHOE TOKY SIKODSI,
@ — MOTOK MPU XOJIOCTOM XO[IE.

CremoBatesbHo, DI C gxops mpy Harpyske £, 3aBUCHUT OT

a warp
BCJIMYMHDBI HArpy3KHM U OIIPEACTIACTCA BhIPA’)KCHUEM
Ea Harp = ko‘)q)uarp' (576)

Bo-BTOpBIX, IpY paboTe TaxoreHepaTopa Ha Harpy3Ky IOCTO-
SIHHBIM CJISIyeT CUMTAaTh He COITPOTUBIICHUE IIEPEXOIHOTO KOHTAK-
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Ta, a nagenue HanpsokeHusa U B HeM. Torma HampsokeHue Ha
3aKMMaXx SIKOpsI TaXoreHepaTtopa Ipy Harpy3ke OyIeT OIpenesisiTh-
sl ypaBHEHUEM:

U=E, ., -U,-1R, (5.77)
IIpeoGpasyeM 310 BEIpaxkeHMe ¢ yaeToM (5.73), (5.75) u (5.76):
U - K,0-U,
7 kko+R,’ (5.78)
1+—=2—°
Ruarp

e k, = A® /1, — xoadhdULIEHT MPONOPLUOHATBHOCTH MEXIY
TOKOM AKOpP# U IOTOKOM AD .

AHanu3 BeipaxxeHus (5.78) mokasbIBaeT, 4To:

1) BbIXOAHAS XapaKTEepPUCTUKA SIBJISIETCS] HEJIMHEHOM (B 3Ha-
MeHaTeJsie CTOUT ®);

2) BBIXOJHAS XapaKTepUCTUKA HAUMHAETCS HE C HYJISI, 3HAYUT,
TaxOreHepaTop UMEET 30HY HEUYBCTBUTENIBHOCTH A, , , T.€.
JMana3oH CKOPOCTeii, B Ipeaesiax KOTOPOro BhIXOMHOE Ha-
MPsDKEHKME PaBHO HYJIIO.

BrixoaHast XxapakTepucTrKa, MOCTPOeHHAs 1Mo ypaBHeHMIO (5.78)
JUISL CONIPOTUBJIEHNUS HAarpy3ku R, ., , MokasaHa Ha puc. 5.27, 6
(IITPUXTYHKTUPHOM JTUHUEI).

BbipaxkeHre OTHOCUTEIbHON aMIUIMTYIHON MOTPEIIHOCTH,
BBI3BAHHOM peakiueil SKops, MOXKHO MPEeACTaBUTh KaK Pa3HOCTh
(5.74) m (5.78) mpu U, =0, otHeceHHyIo K (5.74):
uv-u, 1

U o RAR, (5.79)
kk o

IMorpeniHocte, onpeaeneHHas 1o (5.79), Ha3bIBaeTCsl pac-
YETHOM.

J11s1 MOBBILIEHMST TMHEIHOCTU BBIXOIHOM XapaKTePUCTUKMU Lie-
JIeCOO0pa3HO HarpyxkaThb TaXOreHepaTop Ha BO3MOXKHO O4Jbliee
BHEILIHEe COMPOTUBAEHUE Ruarp Y UCIIOJIB30BaTh HEOOJIBILION T1a-
MTA30H cKopocTel BpalleHus (w* < 0,5), TaK KaK B 3TOM CJIy4ae
peakius Kopsl HeaHauuTeabHa. BecbMa BbicoKast TMHEHHOCTb

AU =
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XapaKTepUCTUK Y TaXOTeHePaTOPOB, BHIITOJHEHHBIX Ha 0a3e Ma-
IIIMH TIOCTOSTHHOTO TOKA C TIOJIBIM MJIM AMCKOBBIM SIKOPEM, TIOTO-
MY UTO Y TaKMX MallliH, KaK yKa3bIBaJIOCh, CHIDKACTCS BIMSHUEC
peakuuy sKopst (MeHslie K, ).

3HauMTEIbHOE YMEHBIIIEHHE 30Hbl HEUYBCTBUTEILHOCTH B Ta-
XOTeHepaTopax IMOCTOSTHHOTO TOKA MOJyJaloT, IIPUMEHSIST MeTaJI-
JIMYECKHE IIETKH C CepeOPSTHBIMU HalaiikaMy B MeCTaX IIPUKOCHO-
BEHUSI K KOJUIEKTOPY, Y KOTOPBIX BOJIbT-aMIIepHas XapaKTePUCTH-
Ka JIMHEelHas. 30Ha HEUYYBCTBUTEIEHOCTH CYXKAeTCsI C YBEIMICHH -
eM KoahGUIMeHTa YCUICHMS:

Ao, =U, /K, (5.80)

Cratnyeckuii KO3 MUIMEHT YCUIICHUST TaXOreHepaTopa MOX-
HO ONpeaeanTh U3 BoipaxkeHus (5.78):

kk
1+ Bk, —u M
dUa Ruarp Ruarp
ye = d(D = 2 : (581)
1+ kk,o+ R,
Ruarp

W3 dopmyasr (5.81) BinHO, 4To B 001IeM cirydae K, sBiser-
sl HEIMHEMHOM (DYHKIIME CKOPOCTH BpaleHus sikopst. Ecim pas-
MarHUYMBAIOIIM AEUCTBUEM PEaKIIUU SIKOPST B KOHKPETHOM CITy-
yae MOXHO TpeHeOpeub, T.e. MpUHATh K, = 0, To BBIpaxeHue
(5.81) npeobpasyeTcs cieayouM 00pa3oMm:

Ky =—p— (5.82)
Ruarp

ITpu 31OM fomyieHnu koapduieHT K, He 3aBUCHUT OT CKO-
poctu BpaiieHust skopsi. OH omnpeaessieTcss KOHCTPYKTUBHBIMU
rapamMeTpaMu, IIPOIOPLIMOHAICH HATIPSTKEHIIO BO30YKIEHNST Ma-
WKWHBL (4epe3 KoaphuumeHT K, ) M yBEJIMYMBAETCS C POCTOM
CONPOTUBJIEHNUS HAarpy3Ku R, . Y TaxoreHepaTopoB MOCTOSIHHO-
ro ToKa npu R,

>> R, koabduiment K, =3-10 mMB/o6/mun .

1arp
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Y TaxoreHepaTopoB IOCTOSHHOTO TOKA C 3JIEKTPOMArHUTHBIM
BO30YXIEHMEM BO3MOXKHA TeMIlepaTypHasl IIOrPeLTHOCTD BCIIE/I-
CTBME HarpeBa 0OMOTKU IIOJIIOCOB, ITOBBILIEHUS €€ COIIPOTHBIIE-
HMSI M1 YMEHBIIICHUST TOKA BO30YKIEHMUsI, YTO B KOHEYHOM CUeTe
MPUBOIUT K YMECHBIIICHHUIO ITOTOKA BO30YXICHMUSI U BHIXOIHOIO
HarpsokeHusT. Takast ke TTOrpellIHOCTb BO3MOXKHA ITPY KOJIeOaH -
SIX HANIPSDKEHMSI B CETH, ITUTAOLIEl OOMOTKY BO30yxaeHus. s
TOTO YTOOBI ITOTOK BO30YKICHMSI M3-3a YKa3aHHBIX IPUYMH HE 13-
MEHSIJICSI, MATHUTHYIO CHCTEMY TaXOT€HepaTopa BHIITOJTHSIIOT C OOJTh-
IIIM HACHIIIEHHEM.

OnHaKo HaChILLIEHWE MATHUTHON CUCTEMbl MOXKET OKa3aThCsl U
HEeIOCTaTKOM TaxoreHeparopa, eClIi CTaTUIeCKUil KO3 hUIIneHT
ycuneHus K, HeoOOX0IMMO U3MEHUTD IyTeM PeryJIupOBaHuUsI Be-
JUYMHBI MarHUTHOTO IIOTOKAa 3a CYET TOKa BO30YXICHUS.
B aToM citydae MarHMTOIIPOBOJI TaXOT€HEePaTopa BHITIOTHSIOT He-
HACBIIIEHHBIM, a I MPeJIoTBpalleHUsT TeMIIepaTypHOii I10-
IPELIHOCTH IPUMEHSIOT TeIUIOYYBCTBUTEIbHBIE MATHUTHBIC IITyH-
o1 MII (puc. 5.28), MarHUTHOE COMPOTUBIEHUE KOTOPBIX

T'eomerpuueckast
HeHTpanb

Puc. 5.28. CxeMa MarouTHomn Puc. 5.29. fIBnenue acummetpun

CUCTEMbI TaX0TeHepaTopa BbLIXOAHOT'0 HAITPAXEHUA
C TENMNOYYBCTBUTEJIbHLIMN TaxoreHeparopa
MarHUTHLIMU LIVHTAMU TMMOCTOAHHOI'O TOKa
295
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YBEJIMUMBAETCS MPU pocTe TemnepaTypsl. [Ipy HarpeBaHuu co-
MIPOTUBJIEHE OOMOTKY BO30YKICHMsI YBEIMIMBACTCS M TTOTOK D
YMEHBIIAETCS, HO MPY 3TOM PACTET U MATHUTHOE COITPOTUBIIEHUE
TOTOKY paccessHusI CI)y yepes IyHTHI. [10ToK paccesiHus HaUMHaeT
Bce Oosiee 3aMbIKaThesl uepes sikopb U DI C sikopst BoccTaHaBIMBA-
€TCS 0 UCXOTHOUW BEJTMYMHBI.

TaxoreHeparop ¢ BO30yXJIeHUEM OT MOCTOSTHHBIX MATHUTOB HE
HMMEET MOrPENTHOCTEN, KOTOPbIE BOBHUKAIOT B PE3YJIbTaTe KoJieha-
HUI MarHUTHOTO MOTOKA OT YKa3aHHbIX MpUYMH. OJHAKO OH He
JOMYCKAeT 1 PEryJMpoBaHUs CTATUYECKOro Ko dUIIMeHTa ycu-
neHust. CyllleCTBEHHOE MPEMMYILIECTBO TaKOTo TaxoreHepaTopa
COCTOMT B TOM, YTO OH HE HYX/IA€TCSl B UCTOYHUKE NUTaHus. [1pu
MPaBWIBHOM BbIOOPE MaTepraiia ISl OCTOSTHHBIX MAaTHUTOB MOX-
HO CBECTU 0 MUHMMYMa MOTPELIHOCTU M3-32 UBMEHEHUS Mar-
HUTHBIX CBOMCTB C TECUEHUEM BPEMEHM.

TaxoreHeparopaM MOCTOSTHHOTO TOKa MPHUCYIIL €11E OJUH BU
MOTPEIIHOCTY — AaCUMMETPHSI BBIXOAHOTO HamnpsikeHus. OHa 3a-
KJII0YAeTCS B TOM, YTO TPU BPAILICHUM SIKOPSI TaxoreHepaTopa,
3aMKHYTOTO Ha Harpy3Ky, ¢ OIMHAKOBOW CKOPOCTBIO B TPOTUBO-
TIOJIOXKHBIX HAITPABJICHMSIX BEJIMUMHA BBIXOJHOTO HAMPSDKEHUS OKa-
3pIBaeTCs pa3Hoi. Hanuuue acuMMeTpuu SIBJISIETCS. B OCHOBHOM
PE3yJIbTaTOM TEXHOJOTMYECKON HETOYHOCTH YCTAHOBKHU LIETOK HA
reOMETPUYECKON HEHATpAIIU.

PaccMmoTpuMm 310 sBJIEHME HA TPUMEPE CXEMBI, N300paKEHHOM
Ha puc. 5.29. [1pu BpaleHUU SIKOPsI 110 YaCOBOM CTPEJIKE CO CKO-
POCTBIO M, TIO SIKOPIO TEYET TOK [, ¥ BO3HUKAET ITOTOK PEAKLIVII
gaKkops @, , IPOI0JIbHASA COCTABIIAIOLIAA KOTOPOTO BBIYUTAETCS U3
1moToKa Bo30y:xxneHust ®, ymMmeHbI1as1 pe3yIbTUpYIoLIil moToK. [1pu
BpPALLEHNN AKOPS TIPOTUB YaCOBO¥ CTPEJIKM CO CKOPOCTBIO M, = M,
HanpasieHue DI C 1 ToKa B IKOpe MEHSIETCST Ha MPOTHUBOITOJIOX -
Hoe. Bo3HMKAeT MOTOK peakuuu AKopst @, , MPofoJIbHAd COCTaB-
JISTIOIIast KOTOPOT'O HaIlpaBjieHa 1o TOTOKY Bo30yxneHus P, yse-
JINYMBas pe3yabTUPYIOLIUIA TOTOK. BeencTere HepaBeHCTBA pe-
3YJIETUPYIOIIMX MAarHUTHBIX TIOTOKOB MPY ITPOTUBOITOJIOXKHBIX Ha-
MPAaBJICHUAX BPALLIECHUS SIKOPS U TOSBISIETCS aCUMMETPHUS BbI-
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XOOHOI'0 HAIIpsA>KCHMUA. Benuunna ACMMMCTPUU A OIIPECACIACTCA

M3 BbIPAXKCHUA:

— U"l B Uﬂ
0,5(U,+U,)

OnpenesneHHYIO MOrpelHOCTb B paboTy TaxoreHepaTopa nocTo-
SIHHOTO TOKa BHOCSIT MyJIbCAllMM BbIXOMIHOTO HAMPSDKEHMSI, KOTO-
pbI€ HE SIBJISIIOTCS MOCTOSTHHBIMU BO BpeMeHU. MOXXHO BbIACIUTh
TPY OCHOBHBIX BUJA MyJbCALIMiA: IKOPHbIE, 3yOLIOBbIE U KOJIIEK-
TOPHBIE.

3yO110BbIe U KOJIJIEKTOPHBIE MyJIbCALlMU BbIXOIHOIO HaIpsiKe-
HMS SIBJISTIOTCST BBICOKOYACTOTHBIMU M BEChMa JIETKO CIJIaXKUBAKOT-
cs1 LC-dunbrpamu. SIKopHble MyJbcallii UMEIOT 60jiee HU3KYIO
yacTtoTy. OHM 0COOEHHO OTPUIIATEILHO CKA3bIBAIOTCS ITPU paboTe
TaxoreHepaTropa B CICTEMe aBTOMAaTUYECKOTO PEryJIMpOBaHusl B 30He
MaJibIX CKOPOCTEiA.

K npeumyiiiecTBaM TaxoreHepaTOpoOB MOCTOSIHHOI'O TOKA OTHO-
CSITCSl BOBMOXKHOCTD MOJTyYeHUST BHICOKOM JTMHEMHOCTU BIXOIHOMN
XapaKTEePUCTUKHU U OTCYTCTBHE (ha30BOi MOrPEIIHOCTH, YTO Mpe-
JoMpenessieT uX UCMOIb30BAHUE B PSIIE CUCTEM aBTOMATUKU.

OnHako uMeeTcs psii HeOCTATKOB, OrPAaHUYMBAIOLIUX ITPUME-
HEHME TaxOreHEpaTOPOB MOCTOSIHHOTO TOKA, HANIPUMeEp, HaJTMuKe
CKOJIb3SI11IeT0 KOHTaKTa KOJUIEKTOP—ILUETKH, 3HAUUTEIbHO CHIKA-
OLLIEr0 HAIeXKHOCTh MallIMHBI.

TaxoreHepaTop MOCTOSIHHOTO TOKa I—ﬁ—
MOXHO MCIOJIb30BaTh JJIsI U3MEPEHUsI —

VIJIOBBIX YCKOPEHUI, T.€. B KQUeCTBE aK- ¢ R
cenepometpa. [ljig aTOro K 3akMMam
SIKOPSI TAXOreHepaTopa ciieayeT MOaKIIIo-
YUTb MOCeI0BaTENIbHO AU dGepeHLMpY-

A 100%. (5.83)

fouryto uernouky RC (puc. 5.30) u BbI- L.
XOIHOE HaIpsDKEHWE CHUMATh C 3aKH- Y L 2
MOB COTIPOTUBJICHUS R.
O4eBUIHO, YTO MPU PAaBHOMEPHOI Puc. 5.30.
CKOPOCTH BpallleHUsI SKOpsI KOHIeHCa- Taxorexeparop
IOCTOAHHOTO TOKA B

Top C 3apseKeH: = TOK yepe3 R
p P Ue=U,, p PeXuMe aKcenepomerpa
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paBE€H HYJIIO 1, COOTBETCTBCHHO, BLIXOJAHOC HAIIPAKCHUC U R = 0.
HpI/I NOABJICHWHU YITIOBOI'O YCKOPCHUA HAYMHACTCA UBMCHCHME Ha-
NPAKCHUA U ., Ha 3aKUMax sKOops, NpOIOPLHUOHAIbHOC NU3MCHE-
HUIO CKOPOCTHU:

du, do

dt “dr
IIpowvicxomuT 3apsin Wiy pa3psia KoHaeHcatopa C U IO COIpo-
TUBJIEHUTIO R T€4eT TOK [R , HpOHOpHI/IOHaJ'IbHHﬁ CKOPOCTH U3-

MCHCHUA HaANPAXECHUA HAa 3a2KMMaX KOHACHCATOpa, 1 COOTBET-
CTBCHHO!

(5.84)

_ kgdU,
dt
rae kp, — Ko3bGULIMEHT NPONOPLUOHATIBHOCTH.

IMoncrapnsst (5.84) B (5.85), moayyaeM ¢opmyiay Hampsike-
HMSI Ha CONPOTUBJICHUN R:

I, (5.85)

do
Up=1;R= EKyckRR. (5.86)
Kak BunHo 13 (5.86), BenMunHa BbIXOAHOTO HanpsxeHus U,

MIPOIOPIIMOHAIEHA YITIOBOMY YCKOPEHUIO SIKOPSI TAXOTeHEPaTopa.

5.17. ACMHXpOHHbIE TaxoreHepaTopbl
nepemMeHHOro Toka

B cuctemax aBTOMaTMKM NPUMEHSIIOT ACUHXPOHHbBIE TaXOTeHE-
patopbl. KOHCTPYyKIIMS TaKOTO TaXOT€HEepaTopa aHaJoTUYHA UC-
TOJTHUTEJTLHOMY ACUHXPOHHOMY JIBUTATEJIIO C TIOJIBIM HEMAarHWT-
HBIM POTOPOM.

CxeMa acMHXpOHHOTI0 TaxoreHepaTopa rnokasaHa Ha puc. 5.31, a.
K obmotke B craTopa MOIBOAUTCS HEU3MEHHOE T10 aMITIUTYE U
YacToTe HamnpsoKeHue Bo30yxaeHus U, . Bropas oomorka /'cTa-
TOpa SABJISIETCS TEHEPATOPHOM U C €€ 3aKUMOB CHUMAETCS BBIXOJI-
Hoii curHan U . B obuiem ciiydae oHa OKasbIBA€TCsl 3aMKHYTOM
Ha BHELIHee CONpPOTUBIEHUE HArpy3ku Z,, . .
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Puc. 5.31. InekTpuueckas (a) v 3kBUBAJIeHTHas (6) CXEMbL
aCUHXPOHHOTO TaxoreHepaTopa

PaccMoTpyM mpUHLIMIT pabOThl ACUHXPOHHOTO TaxOreHepaTo-
pa. [lns 3Toro Bocnosb3yeMcsl SKBUBAJIEHTHOM CXeMOM, Mpef-
cTaBjieHHOI Ha puc. 5.31, 6. Ha 3Toil cxeme 1151 YIpPOLIEHMS
KaueCTBEHHOTO aHajau3a MOJIblii pOTOp 3aMEHEH KOHEYHbIM YM-
CJIOM BUTKOB, 3aMKHYTBIX HAKOPOTKO Ha TOpLAX, ¥ BHEILHSIS LIeTTb
00MOTKM /' pazoMkHyTa. [1py HEMOABMXXHOM pOTOpE TaXoreHepa-
TOP MOXKHO paccMaTpMBaTh Kak TpaHchopMaTop, MepBUYHOM 00-
MOTKOI KOTOPOTO CIYy>KUT 0OMOTKa cTatopa B, a BTOPUYHON —
o0MoTKa poTopa. MarHUTHBbIM MOTOK, co3aaHHbIi MJIC oOMOT-
KU B, NpOHM3BIBAET POTOP U MHAYKTUPYET B €0 BUTKAX TpaHC-
dopmatophyto B/IC £, (ycIoBHO NMoKa3aHa Ha BHYTPEHHEM KOJTb-
11 BUTKOB). [10CKOJIbKY pOTOp KOPOTKO3aMKHYTBIH, 10 3TUM BUT-
KaM TeueT ToK /,, M CO3aeT MarHUTHBI TOTOK, HAMIPaBICHHbIN
COIVIaCHO MpaBWITy OypaBuMKa HaBCTPeUy MarHUTHOMY MOTOKY 00-
MOTKM B. CrenoBatenbHO, MO OCUM B TaxoreHepatopa yCTaHaB-
JIMBAETCS Pe3YJIbTUPYIOIINI MATHUTHBIA MOTOK P, , MyIbCUPYIO-
i ¢ yacToToi f HanpskeHus Bo3oyxneHus. [1pu stom B/IC E,
B reHepaTOpHOI1 0OMOTKe paBHA HYJIIO, TaK KaK BEKTOP MarHUT-
Horo notoka @, MeprneHauKYIIpeH OCH 3TOI OOMOTKH.

299



D MNEKTPUYECKUE MALLWHbDI

[IpuBeneM poTop TaxoreHepaTopa BO BpallleHHe C YIJTIOBOM Ya-
CTOTOIi ,. BBUIY CMMETpUM POTOPA NPOLIECC HABEAEHNS B HEM
tpaHchopMaTopHoit DJIC E. He usmenurcs. [1lo ocu B, kak u B
MPEeAbIAYILEM ClTyyae, MyJIbCUPYeT MATHUTHBIN MOTOK P, , KOTO-
PBIii B TIEPBOM IPUOIIKCHUN MOKHO CUMTATh HE3ABUCSIIIM OT
CKOPOCTH BpallleHUsI poTopa. BUTKM poTopa BpallaloTcs B I0JIe
3TOr0 MOTOKA 1 B HUX MHAyKTHpyetcst DJ1C Bpamenust £,, (ycios-
HO II0Ka3aHa Ha BHEIIHEM KOJIbLIE BUTKOB). B cooTBeTCTBUM C
TeopHeil MaIlIMH ITOCTOSIHHOTO ToKa pe3yibrupytoias 3J1C Bpa-
IIICHMsI POTOpA;

E, = ko, (5.87)

rae kK — KoaGULIMEHT, 3aBUCSILMI OT KOHCTPYKTUMBHBIX Mapa-
METPOB MaIllMHEI.

W3 (5.87) BunHo, uto npu @, = const BJAC E,, ssmsiercs -
HEeWHOM (hYHKIIMEH CKOPOCTH BPaIllCHUST pOTOPA U ITYJIbCUPYET C
yacToToM fHamnpstkeHus Bo3oyxaeHus. [Ton aeiicrBueM BJ1C Bpa-
IIEHNs] B OOMOTKE poTopa TeueT TOK /,, M CO3[aeT MarHUTHBII
MoToK P, , HAMPaBJIECHHBII COTMIACHO MPaBUITy OypaBUMKa MO OCH
reHepaTopHoii 06MoTKu /. TTocKosbKy BeMurHa Toka /,, TpsiMo
npornopunonansbia OJIC £, , To cO3IaHHBII 3TUM TOKOM Mar-
HUTHBII MOTOK P, TIO BEJIMYMHE MPSIMO MPOTOPIIMOHATIEH CKOPO-
CTM BpallleHus poTopa ,. Yacrora nmysnbcaumii @ coBnamaer ¢
vacrotoit BJAC E,, n HanpspkeHUs: Bo30YXneHMsl. MarHUTHBIIT
MoToK @, MHAYLMPYET B TeHEPaTOPHOI 0OMOTKE CTaTopa TPaHC-
dopmaropnyto BDJIC £, neiicTByolliee 3HaYeHNE KOTOPOI

E =444k W [, (5.88)

rae W — 4nciio BUTKOB OOMOTKH [ k ; — 0OMOTOUYHBIA K03 dhu-
LIMEHT OOMOTKM 1.

Yacrota BeixogHoit OIC £ coBNamaeT ¢ 4acToToi fTOToKa
@ ¥ HanpsDKEeHUS BO3OYXIEHUS M HE 3aBUCUT OT CKOPOCTH Bpa-
IIEHUA POTOPA M,. DTO MO3BOJIAET IIPUMEHSTH ACUHXPOHHBIE Ta-
XOTeHepaTophbl B CUCTeMaX, padoTaIOILIMX MPHU MOCTOSIHHOM Ya-
CTOTe.
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[Mockonpky BenmurHa @, NpsiMO MPONOPLIMOHATBHA CKOPOCTH
BpaleHus: potopa ® = ko, , BeIpaxeHue (5.88) npeobdpasyer-
s

de

vt
rne k. — 4,44 k W fk,; k. — Ko3pduumenT, 3aBUCALLMIA OT KOH-
CTPYKTUBHBIX [TaPAMETPOB M HANPSKEHMS BO30YXKIEHHS TaXxore-
HepaTopa.

B neiicTBUTEILHOCTH BETMYMHA MATHUTHOTO 1OTOKa @, He-
CKOJILKO YMEHBILAETCS ITPY YBEJMYEHNM CKOPOCTH BPALLEHUS PO-
TOpa ,, TAK KaK Nof AeiicTeueM @, BO BPAlLAIOLINXCA BUTKAX

E =ko, =k (5.89)

poTopa HaBoauTcs gononuuteabHas DJC Bpaiienus £, ., Ha-

~Bp.a o
npasJieHHe KOTopoii coBnanaeT ¢ HanpasieHueM DC E, . Tak
KaK BeJIMYMHA ©, MPONOPLUOHATIbHA CKOPOCTU BPALLEHHUsI POTO-
pa, To BeMunHa £, , mponopuuoHaibHa yxe Ksaapary o,. Cre-
JOBaTEJIbHO, CO3MaHHBIN €10 TOK ¥ MATHUTHBII TIOTOK OYIyT He-
JIMHEHO YMEHbLIATh MArHUTHBI MOTOK P, TPU YBETMYEHUH CKO-
pocTh. BbIXomHast XapaKTepuCTHKa aCHHXPOHHOT'O TaXOTeHepaTo-
pa mpu xonoctoM xone E = flw,) OTKIOHAETCA OT JIMHEHHOM
3aBUCUMOCTH, T.€. IOSIBJISIETCS aMIUIUTYIHAsT CKOPOCTHAsI I10-
IPEIITHOCTb.

Ecnu 3aMKHYTh 0OMOTKY cTaTOpa [ Ha BHEIIIHEE Harpy304HOe
conpotusieHue Z,,, , To 1o Heil noteveT ToK /, . [ToTok @, Oy-
IIeT co3maBaThesl reoMeTprdeckoit cymmoit MJ1C potopa 1 06MOT-
Ku craTopa [, 4To, HECOMHEHHO, cKaxeTcsl Ha BeauunHe DJIC
E . Kpome Toro, camo BbIxogHoe HampspkeHue U, Oynet omnpe-
IeJISIThCS TeoMeTpudecKoii pasHocTbio DAC £ M naneHust Hanpsi-

>KEHWST Ha BHYTPEHHEM COIIPOTHBIEHUM OOMOTKH Z, !
Qr = Er - LZr.c' (590)

BeixonHoe HanpspkeHue U, TaxoreHepaTopa MOXHO 3amucath B
BHIE:
7 T
- JU k)

= A—((D;)ZB’ (5.91)
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rie A U B — KOMIUIEKCHbIE KO3(DPULIMEHTHI, 3aBUCSLINE OT Ia-
paMETPOB CXEMbI 3aMEIICHUS U Harpy3Ku TaxoreHepaTopa.

Beipaxxenue (5.91) sBnsieTcsl ypaBHEHHMEM BBIXOAHOM Xapak-
TEPUCTUKU ACUHXPOHHOTO TaxoreHeparopa. Hanuuue B 3Hame-
HaTeJie 3TOrO BhIPAXEHMUs KBajpaTa OTHOCUTEJILHOU CKOPOCTH
(w§ ) CBMJIETEJILCTBYET O HEJIMHEWHOCTHU BBIXOHOM XapaKTepu-
CTUKH U (Da30BOI1 MOrpelIHOCTH TaxoreHeparopa (CKOPOCTHBIE M0-
IPELIHOCTH).

J71s1 ueanbHOTro TaXoreHeparopa, He UMEIOILIETO CKOPOCTHOM
AMIUIUTYIHOM U (pa30BOIi MOTPELIHOCTEH, ypaBHEHUE BBIXOAHOM
XapaKTepUCTHKU MOJIYYaloT U3 BbIPaXECHUS (5.91) ¢ yuyetom
(03) B=0:

jUk,o
=ru A *

(5.92)

PacuyerHas AMIIIUTYOHAaA IIOTrPEUIHOCTD TaXOreHepaTopa OIpe-
IeJIIeTCsI Pa3HOCThIO MOIYJIel HampstkeHui cormacHo (5.91)
u (5.92):

Uu -U B 2
AU = Zrn "2 z—u(wg) ;
U El

r u

(5.93)

(ha3oBast MOrpeIIHOCTh — Pa3HOCTBIO API'YMEHTOB TUX K€ Harpsi-
KEHUN.

AMIUTATYIHAS TIOTPELIHOCTh YMEHBIIAETCS TIPU YBETUYEHUH
AKTUBHOTO COIMPOTHUBIIEHHSI POTOPA, TAK KAK CHIKAETCS BEJTMYM-
Ha |B| 1 Bospactaer |A| . [105TOMY POTOPbI TAXOr€HEPATOPOB OOBIY-
HO U3TOTOBISIOT 13 (hOCcHOPUCTON OPOH3BI, UMEIOLLIEH YIETbHOE
CONPOTHUBIIEHKE B [IBa pasa OoJblile, 4eM aTioMuHUiL. OmHAKO
HYXHO UMETD B BULY, YTO C YBEJIMYEHUEM aKTUBHOTO COIPOTHB-
JIEHUS] POTOPA YMEHBIIAETCS KOA(MMHULIMEHT YCUIECHH S TI0 HATIpsi-
JKEHUIO TaxoreHepaTopa (Bo3pacTtaeT A ).

Kpome Toro, TaxoreHepaTophl CIEAYeT BHIOMPATh C TAKOM CUH-
XPOHHOM CKOPOCTBIO, TIPY KOTOPOi OTHOCHUTEILHOE 3HAUYEHUE 13-
MepsieMOoii cKopocTu He Oyaer mpesbiiath 0,2—0,3. B naHHOM

2
ciyvae YjieH (wg ) MaJl M BbIXOIHAsI XapaKTepUCTHKa Ha paboyeM
yyactke o) =0 - 0,3 mpakTuyecku auHeiiHa. ITosTomy yacTo Ta-
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XOTeHepaTophbl BBIMOIHSIOT 151 pabOThI OT CETH NIEPeMEHHOTO TOKa
C MOBBILLIEHHON YaCTOTOM.

BbixoaHble XxapaKTepUCTUKU, MOCTPOCHHbIE MO YPaBHEHUIO
(5.91) B OTHOCUTENLHBIX €AMHULIAX, MPEACTABIEHbI Ha pUC. 5.32,
a (U=UU0,).

AU AK,.
05t ,
/
4
04+ o
//
03l Zm== L
V4 //
02F et
O1r Zyarp = CONSt
0 1 1 1 1 | - 0 1 1 1 1 | -
02 04 06 08 1 02 04 06 08 1
a 6

Puc. 5.32. BrixopHbE XapaKTePUCTUKY (a) U CTAaTUUeCKUA
Ko3dbduument yeunenus (6) aCMHXPOHHOTO TAXOTeHepaTopa
(IyHKTWUPOM ITOKa3aHbl UAEaIbHbIE IMHENHLIE XapaKTEPUCTUKN)

BimstHue BHeIIIHel HArpy3Ku Ha BeIMYMHY aMILIUTYIHOM 1
(ba30B0OI1 OTPEITHOCTEl TaXOreHepaTopa 3aBUCUT OT XapaKTepa Ha-
rpy3ku. HaumeHbI1ast aMIumuTyiHast ITOTPELTHOCTD A {/ MUMEET Me-
CTO TIPU YMCTO €MKOCTHOM Harpyske, HaMeHbIIast (ha3oBast 1o-
IPEIIHOCTh AP — MpW YMCTO MHAYKTUBHOM Harpyske (puc. 5.33).

Craruyeckuii Ko3hOUIIMEHT YCUIICHUS] aCHHXPOHHOTO Taxore-
HepaTopa MOXeT ObITb onpezaesieH mo (5.91):

AW@Y@‘

_dU, Uk,

;= 5.94
¥ do, , (599)

Ak

4-(o3) B

Y coBpeMeHHBIX aCHHXPOHHBIX TAXOT€HEPATOPOB BEJIMYMHA KO-
s duLmenTa yeunenus npu £, >> Z, . HAXOIWUTCS B IUATa30He
(1-10) mB/06/MuH.

1arp
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22U Zpy = A0P Xuarp €
0,5F
AXuarp L Z =oo
0,4+ o
Ruarp
0,3+
L ‘XuarpL
0.2 Ry
0,11
/ AXuarpC
0 L L L L - 0 L L L L L -
02 04 06 08 1 o 02 04 0,6 08 1 o

AXuarp L= AXuarp c= Ruarp = const

a 6

Puc. 5.33. 3aBucuMOCTb aMIINUTYAHOM (a) n bha3oBoit (6)
TIOTPELIHOCTEN OT CKOPOCTU BPAleHUA ITPU PA3NIUIHOM
XapaKTepe Harpy3oK

Bemmunna K|, mpakTHYECKH MOCTOSAHHA TpU ) = 0 — 0,3 1 He-
JIMHEHHO yMeHbIIAeTCa Tipu o, > 0,3 (puc. 5.32, 0).

M3MeHeHre BBIXOAHOIO HAMPSIKEHUsI U CTAaTMYECKOro Koad-
(buLmenTa ycuneHus o BIMsSHUEM BEIMYMHBI U XapaKTepa BHEll -
Helt Harpy3Ku oIpenesisieTcsi i3MeHEHHEM KOMIUIEKCHBIX KO3 du-
LMEeHTOB 4 U B B BhipaxeHudx (5.91) u (5.94) u rpaduyecku
npeacTaBieHo Ha puc. 5.34.

ITpu paccmotpenuu puc. 5.33, a u 5.34 MOXXHO clenaTh Bbl-
BOJI, UTO [IJIs1 YMEHbILIEHUST aMIUIUTYAHON CKOPOCTHOM Morpel-
HOCTH ¥ 3aBUCUMOCTU K, OT BeJIMYMHBI HATPY3KU CJIEIYeT K aK-
THBHOM BHELIHEN Harpy3Ke 100aBIsITh EeMKOCTHYIO.

OnHaKo aKTUBHO-EMKOCTHOE KOMIAayHIUPOBAHUE HArpy3KU
MPUBOJUT K YBeJUYEHUIO (Da30BOi MOrpeLIHOCTH TaXoreHepaTopa
(puc 5.33, 6). OTHOBPEMEHHO YCUJIMBAETCS BIUSIHUE BEIUUUHbI
Harpy3ku Ha (a3oByI0 MOrpelHOCTb. 3aBUCUMOCTb (Da3bl BBIXO/I -
HOTO HamnpspkeHus (yria B Mexay Bektopamu U, u U, ) ot Benu-
YMHBI U XapaKTepa Harpy3ku npeacTaBieHa Ha puc. 5.35.

AHaM3 3aBUCMMOCTEM, TIPeACTaBIeHHbIX Ha puc. 5.33, 6 u
5.35, nmokasbIBaeT, uYTo AJIs1 YMeHbIlIeHUsT (Pa3oBOil CKOPOCTHOM
MOTPELIHOCTY W BIAMSIHUS BEIMYMHBI HArpy3KU Ha a3y BHIXOAHO-
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UL K, p

AXuarp C

AXuarp C

e Z =
Hare Ruarp
Ruarp _____________________ 7 )
AXuarpL '
AXuarpL
0 > 0 >
Znarp ZHal‘D
Puc. 5.34. 3aBucumocts Puc. 5.35. 3aBucuMocTb assi
BbIXOAHOI'0 HaMPAXEHUA BBIXOAHOI'0 HaIlPSXKEeHUA
W cTaTuieckoro ko3 duumnenra OT BeZINYMHbL U XapaKTepa
YCUIEHUA OT BEJIUYNHBL Harpysku

W XapaKTepa Harpysku

IO HaIpPsSDKEHMSI 11e1eC000pa3HO BBOIUTH B aKTMBHYIO BHEIITHIOIO
Harpy3Ky MHIYKTUBHOCTh. TaKuM 00pa3oM, yCIOBUSI KOMITayH-
IMPOBaHUST HAIPY3KH 10 aMILTUTYIEe U (a3e MPOTUBOPEYAT OTHO
npyromy. [ToaTomy 1ies1ecoo6pa3Ho IPOM3BOIUTH KOMIIAYHINPO-
BaHME I10 TOM BEJIMYMHE, ITOCTOSTHCTBO KOTOPOI SIBJISIETCS IUISI
TaHHOI cXeMbl HarboJIee BaxKHBIM.

YBenyeHne akTHBHOTO COIIPOTHUBJICHUSI pOTOpa ITPY HarpeBe
CHIDKAET KPYTH3HY BBIXOIHOM XapaKTePUCTUKU 1 TIPUBOIUT K T10-
SIBJICHUIO TeMIIepaTypHOI aMIUIMTYIHOM 1 (ha30BOI TIOIPEIITHOC-
Teit. UTOOBI He TOMYCTUTh TaHHBIC SIBJICHUS, POTOP IPEIM3UOH-
HBIX aCHHXPOHHBIX TAXOTCHEPATOPOB BBITOJIHSIIOT U3 MaTepUAIOB
C HU3KVM 3HaYECHHEM TeMIIepaTypHOro K03 UIMeHTa COIpOTHB-
JICHVSI ¥ TIPUMEHSIOT TeMIIepaTypPHYIO KOMIICHCAIIUIO.

K morpeniHocTsiM aCHHXpOHHOT'O TaXOTeHepaTopa CJSIyeT OT-
HECTH HaJmuKe HyjIeBoro curtana. OH SIBISETCS Pe3yIbTaToM
BO3HMKHOBeHMs octatoyHoit D/IC E, B reHepaTopHOit 0OMOTKe
IIPY HETIOIBIKHOM poTope. BosHukHOBeHUE octaTouHoit D1C
CBSI3aHO C TEXHOJIOTMYECKMMU TTOTPEIITHOCTSIMU M3TOTORJICHMS Ta-
xoreHepaTopa. Ota 3JIC umeeT aBe COCTaBISIONINE: TTOCTOSH-
Hylo E , He 3aBUCSLIYI0O OT YIJIOBOTO IMOJIOKEHMS pOTOpa,

305



D MNEKTPUYECKUE MALLWHbDI

U IIepEMEHHYI0 £ |, BEIMYMHA KOTOPOI U3MEHSIETCS C IBOMHOM
MEePUOANYHOCTBIO (B 2JIEKTPUUYECKUX Ipaaycax) B 3aBUCUMOCTH OT
yIJ1a IOBOpOTa poTopa.

B pesynbTate HETOYHOCTH CABMIa CTATOPHBIX OOMOTOK Ha YroJj
90° (a11.) MEXITy HUMM MOSIBIISIETCS TpaHchopMaTopHasi cBsi3b. Heon-
HOPOAHOCTb MAarHUTHBIX CBOMCTB MarHUTOIIPOBOIA CTaTOPa, BO3-
HUKAIoIIash BCJIEACTBUE HATUYMSI KOPOTKO3aMKHYTBIX BUTKOB U
JIUCTOB, HEOAMHAKOBOI MAarHUTHOM MPOBOAUMOCTU JIMCTOB B pa3-
JIMYHBIX HaIlpaBJIeHUSIX, KOTOpasl, HECMOTPsI Ha BEEPHYIO COOPKY
MaKeTOB, YACTUYHO OCTAETCS, IPUBOIUT K 00pPa30BaHUIO Bpallia-
IOLLIErOCsl MATHUTHOTO TOJIsI BO30Y:XaAeHUus1. B oboux ciyyasx B
reHepaTopHoii 0OMOTKe /" MHAYLIMPYETCsT TOCTOSIHHASI COCTABJISIIO-
was ocratouHoit JIC £, ciBuHyTas 1o $a3e Ha HEKOTOPBIN
YTOJI TI0 OTHOLIEHHUIO K HANPSKEHUIO BO30yxaeHus U, .

DaekTpuyeckasi aCMMMETPUsI poTopa, 3aKIrovalroliasics B Heo-
JMHAKOBOH TOJIIMHE €r0 CTEHOK WX B HETOYHOCTU €ro LMIMHI-
puyeckoil opMbl, BbI3bIBAET 00pa3oBaHKe NEPEMEHHOM COCTaB-
nswouieit octatouHoit BJ1C. ACMMMETpUYHBIN POTOP MOXHO pac-
cMaTpuBaTh Kak COBOKYITHOCTb CAMMETPUYHOIO POTOpPa U KOPOT-
KO3aMKHYTOI'O BUTKA, BBIMABILETO U3 CUMMETPUUYHON CUCTEMBI
(puc. 5.36, a). MarHuTHbIi MOTOK ®, MHAYLMPYET B KOPOTKO-
3aMKHYTOM BUTKe TpaHchopmaropHyto 3J1C u Tok. Bo3HukaeT
NyJbCUPYIOLINIA MATHUTHBIHA MOTOK BUTKA P, KOTOPBIi CLen-
JIeH ¢ oomoTtkoii /" 1 HaBoaut B Hell DJIC. Dra BJ1C nmeer Mak-
CUMaJIbHOE 3HaYeHME, €CJIU IJIOCKOCTh BUTKA COCTaBJsIeT yroua 45°
C OCSIMM CTaTOPHBIX 0OMOTOK TaxoreHeparopa.

Iloxa BausiHueM octatouHoit D1 C MpoucxXoauT CMEIIEHUE Bbl-
XOITHOM XapaKTepyUCTUKM U3 Hayaia KOOPAMHAT U MOSIBJISIIOTCS 10-
MOJTHUTEJIbHbIE MIepEMEHHbIE: aMIUTMTYAHAs 1 (ha3zoBasi Morpel-
HOCTH, 0COOEHHO ITPU MaJIbIX CKOPOCTSIX BpalleHus potopa. I1o-
CJIeIHee HAIIIIHO BUIHO M3 BEKTOPHOW MUarpaMMbl puc. 5.36,
0, TAe pe3yabTUPYIOLINIA BeKTOp BhixogHoi DJ1C Er'p paBEH reo-
METPMUYECKOI CyMMe, He 3aBUCSILLIEH OT CKOPOCTU BpallleHUs po-
Topa £, u OIC E , mponopUMOHaIbHON CKOPOCTH BPAILLEHNUS

=r.0?
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| Ui a
|
U, B
|
I
I
r
® E,
D, ¥ —
ey E;.pl
a 6

Puc. 5.36. IxBUBaneHTHas CXEMA ACUMMETPUYHOTO POTOpa (a)
n BeKkTOpHaA suarpamm IJC (6) acMHXPOHHOTO TaxoreHepaTopa

OcTaTtoyHoe HaNpsKeHUE BbI3bIBAET TAKKE ACUMMETPHIO BbI-
XOIHOTO HanpspkeHusl. TeopeThyecku Mpy U3MEHEHUM HarpaBJie-
HMs BpallleHUs poTopa BeJIMYMHa BbixogHoit DI C 1omkHa ocTaThest
HEU3MEHHOM, a ¢a3a uamensiercs Ha 180°. Hammuue E | Hapylua-
eT 00a 3TU YCJIOBUSI (BEKTOPBI E;p1 u £, Hapuc. 5.36, 0).

ITocrostHHast cocTapsitolast octatouHoit DJIC MoxKeT ObITh Cy-
LIECTBEHHO YMEHbIIEHA MPU pa3MellleHu oOMOoToK B u [ pas-
JIeIbHO Ha BHYTPEHHEM M BHEILIHEM cTaTtopax. B aTom ciyyae
OCJIe U3TOTOBJICHUS TaXOreHepaTopa Mpu HEMOABUXKHOM pOTOPe
MOABOJISIT B OOMOTKE B HalpsiKeHHUe M TOBOPAYMBAIOT BHYTPEH-
HUI CTaTOP OTHOCUTEJbHO BHELIHETO 0 TeX Mop, MoKa HyJ1eBOi
CUTHaJI B OOMOTKE /'He JOCTUTHET HAaMEHbIlIeH BETUYUHBI.

OcnabaeHue nepeMeHHol cocTaBsioleit ocratouHoit DJIC B
cilyyae He0OOXOIUMOCTH MPOU3BOAUTCS JAEKTPUUECKUM CUMMET-
PUPOBaHKEM POTOPA. DIIEKTPUUECKOE CUMMETPUPOBAHUE CBOIUTCS
K MEXaHMUYECKOMY yIaJICHUIO B ONpeaeIeHHbIX MECTaX HEKOTOPOI
yacTu MaTepuasia potopa. CieayeT TakKe YYUThIBaTh, YTO B MHO-
TOMOJIIOCHBIX MallIMHAX ACUMMETPHSI CTaTOpa 1 poTopa CKa3bIBaeTCsl
3HAUUTEJIbHO MEHbIIIE.
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CyI1eCTBEHHBIM ITPEUMYILECTBOM aCHXPOHHBIX TAXOT€HEePaTO-
POB I10 CPAaBHEHUIO C TaXOI€HepaTOpaMM TIOCTOSIHHOTO TOKA SIBJISI-
eTcs1 6oJIee BRICOKAST HAIEXKHOCTh OJ1aromapst OTCYTCTBUIO CKOJIb3SI-
IIIMX KOHTAKTOB, OTCYTCTBHME PaJIMOIIOMEX IIpU paboTe, IIPOCTOTa
KoHCTpyKuMK. K HemocTaTkaM acCMHXPOHHBIX TAXOT€HEPAaTOPOB
CIIelyeT OTHECTU HECKOJIBKO XY/IIIIYIO IMHETHOCTh BEIXOMHOM Xa-
PaKTEPUCTUKM, MEHBIIMN KO3(MOUIIMECHT YCUJICHUSI, HAIUINe
(ba30Boi1 ITOTPEITHOCTH ¥ 3aBUCUMOCTD BEIXOITHOTO HATIPSDKEHUS
OT XapaKkTepa Harpy3KHu.

ACHHXPOHHBII TaXOTeHEPATOP MOXKET paboTaTh 1 KaK JaTYMK
VIJIOBBIX YCKOpPEHUI — akcenepomeTp. st 3Toro ero ooOMoTKa
Bo30ykneHus1 B (puc. 5.31) moskHa ObITh MOIKIIOYEHA K CETH
MOCTOSTHHOTO TOKa. [10TOK BO30YyX1eH!sI MalluHbl P, OyaeT He
ITyJIbCUPYIOIINM, a ITOCTOSIHHBIM. [Ipy paBHOMEpPHOI CKOPOCTH
BpALLEHUs pOoTOpa OYAET MOCTOSIHHBIM U MOTOK @, . DIEKTPOIBU-
KyIIast Cujla B TeHepaTOpHOI 0OMOTKe /' paBHa Hy:mo. [1pu mosiB-
JICHUH YIJIOBOTO YCKOPEHUST pOTOpa HAUHET M3MEHSIThCS BETMIMHA
BJC E,, B poTope, BenmMurHa ToKa /,, 1 COOTBETCTBEHHO BEJIU-
yiHa notoka @, . Mi3ameHeHue @, BO BpeMeHU OyIeT TeM pe3ue,
YyeM 00JIblle BeJIMYMHA YIJIIOBOTO YCKOPEHHUsI poTopa. M3aMeHsro-
1uiicst Bo BpeMeHu notok @, (1) Haseznet DJIC B oOMoTKe I'Kak
BO BTOpPMYHOI 00MOTKe TpaHchopmaropa. Bexumurna DJ1C, kak
M3BECTHO, ONPENCIISICTCSI CKOPOCTHIO M3MEHEHMSI MATHUTHOT'O T10-
TOKa:

do (1)
“T
ITocKoIbKY CKOpOCTh M3MEHEHMST MATHUTHOT'O TIOTOKA ITPOIIOP-
LIMOHAJIbHA BEJIMYMHE YIJIOBOTO YCKOPEHUS pOTOpa
M —c &, (5.96)
dt dt
rae ¢ — Koo ULMEHT nporopuuoHaabHocTU. Beanuuna DJC B
reHepaTOpPHOI 0OMOTKE TakKe MPONOPLUOHATbHA YTJIOBOMY YCKO-
PEHHIO poTOpa:

Wk,

06.r *

(5.95)

dw,
=—=cWk,..
el' dt c r -oo.r (5'97)
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5.18. CMHXpOHHbIE TaxoreHepaTopbl
nepemMeHHOro ToKa

CHUHXpOHHBIE TAXOT€HEPaTOPHI IIEpeMEHHOT0 TOKa, paboTaro-
M€ TI0 TIPUHIIAIY CUHXPOHHBIX TeHEPaTOPOB, He HAIILIU TTPU-
MEHEHUS B cCXeMaX aBTOMATHKH ITePEeMEHHOTO TOKa ITOCTOSTHHOM
YacTOThl, TaK KaK Y HUX yacToTa BeixogHoi DJC siBisieTcst pyH-
KLIMel CKOPOCTH BpalleHust poropa. CUHXpOHHbIE TaXOreHepa-
TOPBI VCITOJTB3YIOT B OCHOBHOM JIJTST HEITOCPEICTBEHHOTO 3Mepe-
HUS CKOPOCTH BpallleHWs MeXaHM3MOB. B sToM ciydyae K ero
BBIXOJTHON 0OMOTKE MOIKITIOYAIOT BOJETMETP, IIIKajia KOTOPOTO
IpagyupyeTcst HeMOCPEACTBEHHO B €AMHUIAX YTIIOBOI CKOPOCTHU
BpalleHUs.

B HacTosiee BpeMst HAaUMHAIOT TPUMEHSATHh CUHXPOHHBIE WH-
IYKTOPHEIE TAXOTEHEPATOPHI C TTOYITPOBOTHUKOBBIMU BBHITTPSIMU -
TestMU Ha BbIxogie [12]. CxeMa KOHCTPYKIIMU MHAYKTOPHOTO Ta-
XOreHepaTopa Takas ke, Kak y CHHXPOHHOTO PeIyKTOPHOTO MHK-
poIBUTATEIT MTHAYKTOPHOTO THITa, KOHCTPYKTUBHAS CXeMa KOTO-
poro TiprBeaeHa Ha puc. 5.37. Ha craTope pacItoioskeH KOJBLIEBOMA
ITOCTOSTHHBIM MarHUT C 0CEBOM HAMarHMUeHHOCThIO. [1OCTOSTHHBII
MAarHUTHBII IOTOK MOAMarHW4MBaHusi @ 10 POTOPY 3aMbIKAETCSI
B OCEBOM HAITpaBJIeHNUH, a B BO3AYIITHOM 3a30pe MEXKIY CTaTOPOM
U pOTOPOM — B paauaJbHOM. DTOT MOTOK YHUIOJSPHbIN,

n

D,
‘I

Puc. 5.37. CxeMa KOHCTPYKLUU CUHXPOHHOTO PELYKTOPHOI'O
MWUKDPOABUTaTENA UHAYKTOPHOTO TUITA
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T.€. UMEET OHO HampaBJeHUe Mo BCeil OKPYXKHOCTU pOTOpa, HO
BEJIMYMHA MHIYKUMK B, B pasiIMYHBIX TOUYKAX 3a30pa pa3Hasi 1 3a-
BUCUT OT MAarHUTHOT'O CONTPOTUBIICHMSI.

Ha puc. 5.38 mokazaHo, KaK BIMSIET Ha BEJIMYMHY UMHIYK-
LIMM 3y0YaTOCTh XOTS Obl OHOI 13 MOBEPXHOCTEN (CTaTopa Win
poTopa).

L | *

T |

Puc. 5.38. Bnusnue 3y64aToCTV TOBEPXHOCTU CTaTOPa
WV POTOPA Ha BEAUYUHY UHAYKUUN

OrTHolleHue yKcna 3y0LoB cTaTopa Z, K YMCITy 3yOLIOB poTopa
Z, 06bIYHO PaBHO uKcITy (ha3 OOMOTKHU CTATOPa, KOTOPYIO UCTIONb-
3YIOT B Ka4eCTBE BBIXOJIHOI OOMOTKHU IlepeMeHHOro Toka. I1pu
BpallleHMHX POTOPa CO CKOPOCTHIO » YHUIIOJSIPHBIM MarHUTHBII
MOTOK MOAMarHnynBaHusl @, MOIyIMpyeTcsl BeeACcTBIE 3ydyaro-
ctu ctatopa u poropa. [lepemennas cocrapnsrowmaa @, , Benu-
YrHA KOTOPOIi 3aBUCHUT OT KOHCTPYKIIMM, HABOIUT B KaXXIOii (hase
obMoTku cratopa DJ1C xonoctoro xoaa (cm. 2.39):

E, =44f0 Wk, (5.98)

BBIX

rne Wk, — abdekTiBHOe uncio BUTKOB B hase; f = Z,w/2n —
yactota D C.
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Ortciona BumHO, 4To DJIC X0JI0CTOr0 X0/1a IPSIMO TTPOIOPIIMO-
HaJIbHa CKOPOCTH BpaILleHUsI POTOPA, UTO SIBJISICTCS] HEOOXOIUMBIM
YCJIOBHEM ISl pabOThI MallIMHBI B pexkrMe TaxoreHeparopa. Ox-
HaKo IIpX Harpy3Ke TaKoro TaxoreHepaTropa Ha KOHEUHOE COITPO-
TUBJICHHUE €T0 BBIXOIHAs XapaKTePUCTUKA CTAHOBUTCS HEJIMHEM -
Hoit. [lepBast mpruMHa 3aKJIIOYACTCSI B TOM, UTO

7 F
QBMx = me - Im Lo = i,
1+ me (5.99)

= marp
1€ pCAKTUBHbBLIC COCTABJIAIOIIME COITPOTUBICHUA obmoTku Z

— BBIX

W HaTpy3Ku Z,,, SBISIOTCS GYHKIMSMU YaCTOTHI f; a CIIef0Ba-
TEJBbHO, U CKOPOCTU . BTOpOil mMpuunHOIi SBIAsIETCS] BIUSHUE
MOTOKA peakLny KOsl (BBIXOAHOI 0OMOTKM) Ha BEJIMUUHY Ca-
Mot OIC F, .

J1711 TOro 4YT0Obl CUHXPOHHBIN MHAYKTOPHBII TaXoreHepaTop
MOXHO OBLIO UCITOIB30BATh B CIEASAIINX CUCTEMAX TOCTOSTHHOTO
TOKa, BBIXOJHOE HANPSKEHUE BBITPSIMIISIIOT MOIYPOBOIHUKOBBI-
MM BBITPMUTETAMU. [TOCKONBKY YKMCIIO 3yOLOB POTOPa MOXKHO
BBITIOJTHUTB JOCTATOYHO OOJIBLINM, YACTOTA My/IbCALIMIA BBITPSIM-
JIEHHOTO HarpskeHUs1 OyeT BBICOKON. BEICOKOYAaCTOTHBIE MyJIb-
CalMK MOTYT OBITh JOBOJIBHO JIETKO yCTpaHeHbl L C-(pUIbTpamMu.
B 3TOM 0CHOBHOE IIPENMYILIECTBO MHAYKTOPHBIX TAXOT€HEPATOPOB
nepesi KOJIEKTOPHBIMU TaXOT€HEPaTOpaMU MOCTOSIHHOTO TOKA.
Kpowme Toro, oHu 061a1atoT 60s1ee BLICOKON HaeKHOCTBIO, TaK
KaK OTCYTCTBYET MEXaHUUYECKUI BBITPSIMUTEITb-KOJUIEKTOP CO LLIET-

KaMu.

5.19. llpumeHeHUe TaxoreHepaTopos

I1o HazHayeHUIO TaXor¢HEpaTopbl MOXKHO MOAPA3ACIUTL Ha TPU
OCHOBHbIC I'DYIIIIbI:
B TaXOr¢HepaTophbl KaK yKas3aTC/IM CKOPOCTU. MOFYT MCITI0JIb-
30BaTbCAd HAUMCHEC TOYHbBIC TAXOTCHEPATOPLI ITIOCTOAHHOTI'O
1 IIEPEMECHHOI'0O TOKA,
B TaxXOIrCHEPATOPhbI KaK IATYMKH YCKOPAIOLIMX U 3aMEIJIATOIINX
CUTHAJIOB 06paTHOI71 CBA3U B CUCTEMaxX aBTOMaTU4€CKOIo
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PETyJIMpPOBaHMS M KaK 3JIeMEHTHI CUCTeMBI CTaOMIN3alINK
CKOPOCTH BpaIIICHUST;

B TaxOreHepaToOphI KaK 3JIEMEHTHI aBTOMATUUECKIX BHIYMCITN -
TEJBHBIX YCTPOMCTB VIS pellieHus 3anad auddepeHIpona-
HMSI ¥ MTHTETPUPOBaHMSI (DYHKIIWIA.

TECTbI N0 AUCLUUTNMIUHE
«INEKTPUYECKUE MALLUUHbBI»

[IpemraraeMbie TeCTHI IO TUCHUIUIMHE «DIEKTPUISCKIE Ma-
IIMHBI TPeTHA3HAYEHBI [UTST IIPOBENCHMS TIPAKTMYSCKMX 3aHATUI
1 BBITIOJTHEHUST CAMOCTOSITENIbHOM paboThL. TeCThI COCTaBIICHBI ITO
pasnenaM «TpaHchopMaTopbl», «ACUHXPOHHbBIE MALIMHB>, «CHH-
XPOHHBIE MAIlMHBI», «KOJIeKTOpHBIE MAIMHBI ITOCTOSIHHOTO
ToKa» 1 «MHbopMalMoOHHbIe MallIMHBI». OHU MOTYT OBITh TAKXKE
HCIOJIb30BaHBI [UIST IIPOMEKYTOUHOTO M UTOTOBOTO KOHTPOJIS 3HA-
HMi1 TIpK OaJIbHO-PEUTUHIOBOM cucTeMe o0yueHusl. OTBETHI B
dopme TabIUIIBI JTaHBI B KOHIIE ITOCOOUSI.

6.1. TpaHcdopmatopsbl

1. ITouyeMy Bo3myIIHBIC 3a30pbl B TpaHCGHOPMATOPE AeIaroT
MUHUMAaTbHBIMU?
1) st yBenmmueHUs] MeXaHMIECKOM IIPOYHOCTH CEPACYHMKA;
2) 11 yMEHBIIIEHUS] HAMarHMIMBAKOLIEH COCTABISIFOLICH TOKa
XOJIOCTOTO XO/1a;
3) A1 yMEHbLIEHUS MarHUTHOTO IIyMa TpaHcgopMaropa;
4) 1S yBeTMYEHUSI MacChl CepIeYHUKa.

2. [Touemy cepredHrK TpaHchOpMaTOopa BHITOTHSIOT M3 3JIEK-
TPOTEXHUIECKOI CTajIm?
1) 11t yMeHBIIICHMSI TOKA XOJIOCTOTO XO/Ia;
2) ISl YMEHBIIIEHUST MAaCChl CePICUHMKA;
3) IUIA yBeIMYEHUST aKTUBHOM COCTABIISTIONIEI TOKA XOJIOCTOTO
X071a;
4) [ns1 ynydieHus KOppO3UMHOI CTOMKOCTH.
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3. [ToueMy MmIacTUHBI cepleYHMKa TpaHC(HOPMAaTOpa CTSTHBA-
0T LUMWJIbKaMu?

1) Ut yMEHBIICHUSI MACChI CePICUHNKA;

2) n71s1 KperyieHus TpaHcgopMaTopa K 00ObeKTy;

3) m1st yMEHBIIIeHMS BJIar BHYTPH CepIeYHMKaA;

4) 111 yMEeHbLIEHHUSI MATHUTHOTO 1IyMa.

4. TTouemy cepmedHUK TpaHChOopMaTopa BEIITOJIHSIIOT U3 3JIeK-
TPUYECKU U30IMPOBAHHBIX APYT OT APYTa IUIACTUH 3JIEKTPOTEXHU-
Yyeckoii ctanu?

1) Ut yMEHBIICHUS] MACChI CePICUHNKA;

2) 1S yBeTMUYCHMSI 3JIEKTPUUECKOI TIPOYHOCTH CEPICUHUKA;

3) 1St yMEHBIIICHNS] BUXPEBBIX TOKOB;

4) [ yrpolleHus: KOHCTPYKUMK TpaHchopMmaTopa.

5. Kak o603HavaroTcs Havasa a3 mepBUUHOM OOMOTKH TpeX-
(bazHoro TpaHcgopmaropa?

1) a, b, ¢ 2) x, ¥, %

3) 4, B, G 4) X, Y, Z

6. Kak coenmuHeHBI TlepBUYHAsT M BTOPUYHAsT OOMOTKH TpeX-
(bazHoro TpaHcdopmaropa, eciu TpaHchopmarop umeet 11 rpyn-
ny (Y — 3Be3na, A — TpeyroibHUK)?

1) Y/A; 2) AN, 3 Y)Y, 4) A/A.

7. Kak oTmyaroTest 1o Macce MarHMTOIIPOBO, I OOMOTKA OOBIY-
Horo TpaHcdopmaropa oT aBToTpaHchopMaTopa, ecjiu OAMHAKO-
Bbl KO duuueHTsl TpaHchopmayuu (K = 1,95), MOUIHOCTb U
HOMUHAJIbHbIE HAMPSIKEHUS?

1) He omMyaroTCH;

2) Macchl MAarHUTOIIPOBOAA M OOMOTKM aBTOTpaHchopMaTopa
MEHbIIIE MacC MAarHUTOIPOBOAA U OOMOTOK OOBIYHOTIO TPaHC-
(bopmatopa COOTBETCTBEHHO;

3) Macca MarHMToIpoBoaa aBTOTpaHcdopMaTopa MeHbILE Mac-
Cbl MAaTHUTOINPOBOIA OOBIYHOTO TpaHC(hOPMAaTOpa, a MACChI
0OMOTOK PaBHBbI;
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4) Macchl MarHUTOIIPOBOIA M 0OMOTOK OOBIYHOTO TpaHC(hOP-
Maropa MEHbIIIE, COOTBETCTBYIOIIMX BEJIMUMH aBTOTPaHCHOP-
Maropa;

5) Macca 0OMOTKHM aBTOTpaHC(hOpMaTopa MEeHbIIE MacChl 00-
MOTOK OOBIYHOTO TpaHC(hOopMaTopa, a MacChl MATHUTOITPO-
BOJIIOB PaBHBI.

8. Ha xakoM 3aKoHe 3J1eKTpOTeXHUKHM OCHOBAH IPUHIIUII Ieii-
cTBUSI TpaHcdopmaropa?

1) Ha 3aKOHE 3JIEKTPOMAarHUTHBIX CHIT,

2) Ha 3akoHe OMa;

3) Ha 3aKOHE 3JIeKTPOMAarHUTHOM MHIYKIINW;

4) Ha nepBoM 3akoHe Kupxroda;

5) Ha BTOpoM 3akoHe Kupxroga.

9. Yo npouzoiiaeT ¢ TpaHCHOPMATOPOM, ECIIN €T0 BKITIOUNTh
B CETh ITOCTOSTHHOTO HAIIPSDKEHUST TOM K€ BETMIMHBI?
1) HMYEro He IPOM30MIET;
2) MOXET CrOpeTh;
3) YMEHBIIMTCS OCHOBHOI MarHUTHBIN ITOTOK;
4) yMEHBIIUTCSI MATHUTHBIM TIOTOK PacCesTHUS TIEPBUYHOM 00-
MOTKH.

10. Yto nmpeobpasyet TpaHchopmaTop?
1) BeMuMHY TOKa;

2) BeJIMUMHY HaIPSKeHUS;

3) yacroTy;

4) BeIMUMHBI TOKA U HAIPSDKEHUS.

11. Kak nepenaercst a/ieKTpruuecKasi SHEPTUsl U3 IIEPBUYHON
0OMOTKH aBTOTpaHC(hOpMaTOpa BO BTOPUYHYIO?

1) 3/IeKTpUUYESCKUM TIyTEM;

2) BJCKTPOMATrHUTHBIM ITyTEM;

3) BJIeKTPUYECKUM U 3JICKTPOMAarHUTHBIM ITyTEeM;

4) KaK B 00ObIYHOM TpaHcdopMaTope.
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12. Kakoif MarHUTHBIA TIOTOK B TpaHC(HOPMATOPE SIBIISIETCS
MIEPEHOCYMKOM BJIEKTPUIECKOM SHeprum?

1) MarHUTHBII ITOTOK PACCesTHUS TIEPBUYIHON OOMOTKM;

2) MarHUTHBI TTIOTOK pacCesTHUsI BTOPUYHON 0OMOTKM;

3) MarHUTHBIIA ITOTOK BTOPMYHOI OOMOTKM;

4) MAarHUTHBIN MOTOK CepACUHUKA.

13. Ha uto Bnusietr D/1C caMOMHAYKLIMY TIEPBUYHON OOMOTKHU
TpaHcgopmaropa?

1) yBenuuumBaeT aKTMBHOE COIIPOTUBJICHKE IIEPBUYHOM 00-
MOTKH;

2) yMEHbIIaeT aKTMBHOE COIPOTUBJICHHUE IIEPBUYHON 00-
MOTKH;

3) yMeHbIlIaeT TOK MepBUYHON 0OMOTKM TpaHC(hOpMaTopa;

4) yBenuuMBaeT TOK BTOPUUYHOI 0OMOTKM TpaHCc(hOpMaTopa;

5) yBeaMUMBAeT TOK IePBUYHOM OOMOTKM TpaHCHOopMaTopa.

14. Ha uro Bnusiet 3/1C caMOMHAYKUIMM BTOPUYHOI OOMOTKHU
TpaHcgopmaropa?

1) yBeIMuMBaeT aKTMBHOE COIPOTMBJICHHE BTOPUYHOM 00-
MOTKWU;

2) yMEHbIIIaeT aKTMBHOE COIIPOTUBJICHUE BTOPMYHOU 00-
MOTKWU;

3) yMeHbIlIaeT TOK BTOPUYHOI 0OMOTKM TpaHC(hOpMaTopa;

4) yBenuuMBaeT TOK MEPBUUHON 0OMOTKHU TpaHc(opMaTopa;

5) yMeHbIIaeT MHIYKTUBHOE COIPOTUBJICHE BTOPUYHOM 00-
MOTKH TpaHchopMaTopa.

15. Kaxkosa ponb DJ1C B3auMMOMHAYKLIMY BTOPUUHOI OOMOTKHU
TpaHcgopmaropa?

1) aBasiercst uctounukom DI C 1151 BTOpUUHOI LIETH;

2) yMeHbIIIaeT TOK IMePBUYHON OOMOTKMU;

3) yMeHbLIAeT TOK BTOPUYHON OOMOTKM;

4) yBeIMUMBAeT MAarHUTHBII MTOTOK TpaHCc(opMaTopa.
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16. Bribepute (popmyiy 3aKoHA 371€KTPOMArHUTHOM MHAYKIIUU.

do do

=W—; =—W-—;

1) e 7 2) e 7
1 do /dCI) 1 do
- - . =—W 7; =
D=y P i’ D TTw a

17. BriGepute MpaBWIbHOE HAITMCAHUE ACHCTBYIOIIETO 3HAUC-
Hust D C BTOpUYHOI 0OMOTKM TpaHC(hOpMaTopa.

) E,=L11-W, f-®,; 2) E,=222-f-®,/W,;

3) E,=333-W,-f-®,; 4 E,=444-W, -f -®,;

5) E,=444-W, f|®,.

18. Kak cooTHOCATCS MO BeTMYMHE HaMnpsA>KEHUE KOPOTKOTO

3amblkanusa U, 1 HoMuHanbHOe U, B TpaHCc(opMaTopax cpeaHeit
MOIIIHOCTH?

1)U, =005U,; 20U,
4 U ~075U,; 5 U,

it

0,5U,; 3)U,=06U,;
U

In’

0

19. Kakue mapamerpbl T-00pa3Hoii cXeMbI 3aMEIICHMSI TPaHC-
dopMaTopa onpenessitoTCsT M3 OIbITa XOJI0CTOro Xoma?

Dr,r; 2) X, r; )r,, X',
4 r, X; 5) r, X,

1°

20. Korna tpaHcdopmaTrop uMeeT MaKCUMaJIbHOE 3HAYCHME

KI14?
) B =0, B #0; 2) B, #0, By =0;
3) })cr = 0’ B)GM = 0’ 4) })c'r = R)GM :

21. BribepuTe pexxyM X0JOCTOro Xoaa TpaHchopMaTopa.
nu=0, I,#0, U,#0, I,=0;
) U,=U,, 1,20, U,#0, I,=#0;

>

Iu>
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3) U, =U,, I,#0, U,=0, I, #0;
4 U, =U,, I,=0, U, =0, I,=0;
5 U, =U,, 1,=0, U,=0, I,=0.

22. Kakue 13 epeurcIeHHbIX BEJIMUMH OIPEICIISIFOTCS 13 OIThI-
Ta KOPOTKOTO 3aMbIKaHUsI TpaHchopmaTopa?

I, I; ) I, P

K’ Ix cr ?

U, P 4 1,, P,

Ik obm? cT

23. BriOepuTe pexxuM Harpysku TpaHchopmaTopa.

) U =U,, I,#0, U, #0, I,=0;
2) U =U,, I,#0, U, #0, I, #0;
3) U, =U,, I,#0, U,=0, I, #0;
4 U, =U,, I,=0, U, =0, I,=0;
5 U, =U,, 1,=0, U,=0, I,=0.

24. Kakue mapameTpbl T-00pa3HOii CXeMbl 3aMEeILEHUS TPAHC-
dopMaTopa onpenessiroTcsl U3 OIbITa KOPOTKOTO 3aMbIKAHMS?

Dr,r; 2) X, r

3)ry, Xy 4 r,, X,

25. Yrto npou3oiaeT ¢ TOKOM MepBUYHOI 0OMOTKY TpaHCchop-
Matopa, ecjIii Harpyska TpaHcgopmaropa yBeauuuTcs?

1) He u3MeHuUTCS;

2) yBeJIUYUTCS;

3) YMEHbIIUTCS,

4) cTaHEeT paBHBIM HYJIIO.

26. Yto npoun3oiiaeT ¢ TOKOM MepBUYHON 0OMOTKU TpaHChOop-
MaTopa, eCJIM OTKJIFOUUTh Harpy3Ky?

1) He u3MeHuUTCs;

2) YMEHBIIIMTCS IO TOKA XOJIOCTOTO XO/Ia;

3) yBeIMUuUTCH;

4) craHeT paBHBIM HYJIIO.

318

TECTbI MO AUCLIUNAUHE «IEKTPUYECKWUE MALLWUHbI» D

27. Kakue u3 NEPCUMNCICHHBIX BEJIMYMH OIIPEACIAIOTCA U3 OITbI-
Ta XOJIOCTOI'O on[a?
OiI,L; 2I1.,P; 3)U_,P

Ik ?> “er Ik ° obm?

4H 1, P

28. Kax cooTHOCATCS MO BETMYMHE TOKM XOJIOCTOrO Xona I, u
HOMMHAJIbHBIN /| B TpaHcdopmaropax cpesHeii MOIHOCTH?

1) 1,=0,051, ; 2) I, =0,51,;

1u> 1u>

3) I, =0,61; 4) 1,=0,71,,; 5 1,=0,81,.

29. Kakoii pexxuM paboTbl COOTBETCTBYET OITLITY XOJIOCTOIO X0oIa
TpaHcgopmaropa?

nu=U, I,=0 U,#0, I,=0;
) U =U,, I,#0, U,=#0, I, #0;
U, =0, =1, U,=0, I,=1,;
4 U, =U,, I,=0, U,#20, I,=0;
5©\ v,=0U,, I,=0, U,=0, I,=0.

30. Ha pucyHKe noka3aHbl BHEITHHE XapaKTePUCTUKU OIHO-
azHoro TpaHchopMaTopa UL Pa3IMYHbBIX BUITOB HArpy3Ku. Brl-
OeprTe KOMOMHALIMIO XapaKTePUCTUK, KOTOPask COOTBETCTBYET CJIe-
IyIOIIEH ITOCTIeIOBATEIbHOCTH: aKTUBHOM, aKTMBHO-MHIYKTHBHOI
1 aKTUBHO-EMKOCTHOI Harpy3Kam.

U.
ye 1,2, 3
1 2) 1, 3. 2:
< 32, 1, 3;
4) 3. 1. 2
3 5) 2,3, 1
0 A
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31. Kakoii pexxuM pabOThl COOTBETCTBYET OITBITY KOPOTKOTO
3aMbIKaHUsI TpaHCchopMarTopa,

nu =0, I,=0 U,#0, I,=0;

) U =U,, I,#0, U, =0, I, #0;
U, =0, =1, U,=0, I,=1,;
4 U, =U,, I,=0, U,=0, I,=0;

5 u,=U,, I,=1,, U,=0, [,=0.

32. BribepuTe IpaBUIIbHOE HAITMCaHKWe YpaBHEHMsI OalaHCa Ha-
MPSDKEHMYS TSI IIEPBUYHOI 0OMOTKM TpaHChOopMaTopa.

D U-=-E-L-n+l-j-X;
) U=E-1-rn-1-jX;
U =-E+1L-rn+l-j X;
4 U =-E+L-n-1-j X;
5 U=E+1-r-1-j-X,.

33. BribepuTe MpaBUIbHOE HaIIMCAHUE YpaBHEHMS BHEIIHEM
XapaKTepUCTUKK TpaHchopMaTopa.

1) U;=U,-1,-r-cosg,+ 1, - X_-sing,;
2) Uy=U, +1;-r -cosq,— I, -X_-sing,;
3y Uy =U,, +1,-r.-cosq, + ;- X_-sing,;
4 Uy=-U,, +1, -r-coso,+ 1, X -sing,;
5) Uz, = Ulu —12' -T. - COS @, _]2’ .XK 'Sil’l(pz.

34. BribepuTe MpaBWIbHOE HAIICAHUE YPaBHEHUE OalaHCa 31C
UL BTOPUYHOM 0OMOTKM TpaHc(hopMaTopa.

) E,=-L,-n+1-j X,+U,;
) Es=Ln-L-j-X,-1,-2,;
3) Es=-1, n-L-j-X,-1,-2
4 E,=L-n+1,-j X,+Uy;
5 E,=U,-L-n-1,-j X,

H
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35. BeiOepute paBUIIbHOE HalTMcaHKe KO3 GUIIMeHTa TpaHC-
opmanmu TpaHchopmaropa.

1 Kzﬁzﬂz Ul' 2 K:Zz£= Ul.
) I/I/Z E2 UZxx’ ) I/I/Z E2 UZxx’
W, E U W, E U
3) K:#:E—lz [;xx; 4) K=leE_lz [;xx’
2 2 1 2 2 1
5) szzﬂz Ul
I/I/Z E2 U2xx

36. BribepuTe mpaBUIIbHOE HallMCaHUE YpaBHEHMs OajaHca
MC tpaHchopmaropa.
D LW, =1 -W, -1, W,

2) Ly W, =L -W+1, W
3 LWy =Ly Wt LW
O LW =Ly W - LW
5 L-Wy=1,- W, +1,-W.

37. B xakoM pexkxume paboTaeT M3MEePHUTENIbHBIM TpaHCchopMa-
TOP HaIpPSDKEHUSI?

1) B peXXnMe XOJIO0CTOTO X0/a;

2) B peXuMe, OJIM3KOM K PEXHUMY XOJIOCTOTO XO/1a;

3) B HOMUHAJIbHOM PEXUME;

4) B pexxrMe KOPOTKOTO 3aMbIKaHMUSI;

5) B pexxuMe, OIM3KOM K PeKUMY KOPOTKOTO 3aMbIKaHMSI.

38. UTo mpom301uI0 ¢ Harpy3Koii TpaHchopMaTopa, eClid TOK
IIEPBUYHOI OOMOTKM YMEHBIIIMIICS?

1) ocTanach HEM3MEHHOIA;

2) YBEeJIMUMIIACH;

3) YMEHBILNIIAC;

4) conpoTUBJICHUE HaIPY3KHU CTAJIO PaBHBIM HYJIIO.
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39. B kakoM pexkumMe paboTaeT U3MEPHUTEIbHBIN TpaHCchopMa-
TOp TOKa?

1) B peXXnMe XOJIOCTOrO X0/a;

2) B peXuMe, OJIM3KOM K PEXHUMY XOJIOCTOTO XO/1a;

3) B HOMUHAJbHOM PEXUME;

4) B pexxrMe KOPOTKOTO 3aMbIKaHMUSI;

5) B pexxuMe, OJIM3KOM K PeXKMMY KOPOTKOTO 3aMbIKaHMSI.

40. B TpaHcgopmarope, rmoHmxKarlleM Hamnpstokenue ¢ 220 B
110 6,3 B, MOXHO MCIIOIB30BaTh IIPOBOAHMKY CEYEHUAMM S, = 1 MM?
u §,= 9 mm?. Kak npaBuIbHO UCIIONIb30BATH MPOBOJL C CEYEHUEM
S, =1 mm?

1) TonbKo B 00MOTKe Bhiciero HanpspkeHus (220 B);

2) TOJIBKO B OOMOTKE HU3IIIEro HanpskeHus (6,3 B);

3) 06e 0OMOTKM HaMOTaTh MPOBOIOM CEYEHUEM S, = 9 MM%;

4) 06e 0OMOTKM HaAMOTATh IIPOBOIOM CeYeHUEM S, = 1 MM>.

41. JIa TpaHcgopmMaropa oguHakoBoit MoiHocty Tpl u Tp2,
MOJK/TIOYEHHbIE K OMHOM MUTAIOLIEH CeTH NMepeMEHHOTO TOKa, BKITIO-
YeHbl MapajuiesIbHO 1 paboTatoT Ha o01iLyto Harpy3ky. Koadduim-
€HThl TpaHc(opMalMu 000MX TpaHC(HOPMATOPOB OMNMHAKOBBHI,
a HampsbKeHMe KOPOTKOro 3aMbIKaHus TpaHchopmaropa Tpl 60sb-
111e, YeM HarpsbkeHre KOPOTKOro 3aMbIKaHUsl TpaHcdopmartopa Tp2
(U,,> U,,). Yro Gyner nporcxomuthb ¢ TpaHchopmaTopamu?

1) OymyT neperpeBaThbcst 00a TpaHChOPMAaTOpa;

2) Oynmet neperpeBathbest Tp2;

3) oba TpaHcpopmaTopa OyayT HOpMaJIbHO paboTaTh;

4) Oypet neperpeBatbest Tpl;

5) B Harpyske He OyaeT HUKaKoro Toka, T.e. 06a TpaHcdop-

Maropa He OyIyT paboTarth.

42. TlepBuuHass oOMOTKa aBTOTpaHchoOpMaTropa UMeeT
W, = 600 ButkoB, K0o3(pPuumeHT Tpanchopmauun K = 20. On-
PENEJINTb YMCJIO BUTKOB BTOPMYHOI 0OMOTKM W,

1) W,= 12000, 2) W,= 30; 3)W,= 580;

4) W,= 620; 5) W, = 36000.
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43. V3MeHUTCS JIM MarHUTHBIM TIOTOK B CEPICYHMKE TPAHC-
dopmatopa, eci BO BTOpUYHOI 00MOTKE TOK BO3pOC B 3 paza?

1) yBeIMYUTCS B TPU pasa;

2) YMEHBLIUTCS B TPU pa3a;

3) MOYTU HE U3MEHUTCH,

4) yMEeHbLIUTCS B ACBATH pas;

5) yBeIMUuUTCS B AEBSIThH pa3?

44. 1711 ipeoOpa30BaHUs HAIIPSDKEHUST B HavYajIe M KOHIIE JIM-
HMH 3JICKTPOIIepeIadr IPUMEHIIN TpaHC(hOPMaTOphI ¢ K03 hu-
uueHToM TpaHchopmaumu K = 1/25 n K, = 25. Kak namensrcs
ITOTePH B JIMHUM 3JICKTPOIIepeiadn, €ClIy IepeaaBaeMasi MOIITHOCTh
U CeUEHHUE TIPOBOIOB OCTATUCH TAKMMM K€, KaK M 0 YCTAHOBKH
TpaHchopMaTopoB?

1) ymenbluatcs B 25 pas,;

2) yBenuuatcs B 25 pas;

3) ymensbiuarces B 100 pas;

4) yBenuuarcs B 125 pa3;

5) ymeHbIIaTcs B 625 pas.

45. NmeeTcs aBa oAMHAKOBBIX TpaHchopmaTopa Tpl u Tp2.
Y nepBoro tpaHchopmaTopa Tpl cepredHMK M3TOTOBJICH U3 JINC-
TOB 3JIEKTPOTEXHUIECKOM cTany TomHoi 0,35 MM, Yy BTOPOTro
Tp2 — 0,5 mM. B kakom cooTHoleHnu Haxoaarcs ux KIT n?

Dn=n; 2)m>n;  3)n <ny

4Hhn, =0; 5)n,= 0.

46. Tpu TpaHchopMaTopa ¢ cepaedyHMKaMU U3 OAMHAKOBBIX
matepuanoB Tpl, Tp2 u Tp3 umeror HomuHanbHbie KITJ]
n,= 0,82,m,= 0,98 un,= 0,45 coorBeTCTBEHHO. B Kakom 0THO-
IIEHUY HaXOIATCS MX rabapuTHbIe pasmepsl L, L, v L,?

)L>L>L; 2)L>L>L;

3)L,>L>L; 4 L>L>L,

5) KITJI ot pasmepoB TpaHchopMaTopa He 3aBUCHUT, T.C.
L=L~=L..
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47. OgHoda3HbIi IByXOOMOTOUYHBII TpaHC(HOPMATOP UCITbITA-
JI1 B pEXMME XOJIOCTOTO XOa 1 TOJYYMIIH CIICIYIOIINe JaHHBIE:
HOMMHaIbHOe Hampspkenue U, = 220 B, TOK XoJ0cToro xoma
1,= 0,25 A, norepu xonocroro xona P_= 6 Br. Onpenenuts Ko-
3(hOUIIMEHT MOIITHOCTH COSP TpaHCHOopMaTOpa TP XOJIOCTOM XOJIE.

1) cosp = 0,05; 2) cosp = 0,11; 3) cosp = 0,21;

4) cosp =~ 0,01; 5) coso = 0,35.

48. OnpenenuTh YUCIO BUTKOB W, BTOPUYHOI OOMOTKM TpaHC-
opmMaTopa HanpsLKeHWsI, €CIIU IIepBUYHAs 0OMOTKA paccuMTaHa
Ha Hanpskenue U, = 6000 B u mmeer W, = 12000 ButkoB,
a BropuyHas — Ha U,= 100 B.

1) W,= 2000 BuTKOB; 2) W,= 2 ButKa,
3) W,= 200 BUTKOB; 4) W,= 60 BUTKOB;
5) W, = 120 ButkoB.

49. OnpeaeanTb YUCI0 BUTKOB BTOPUUYHOI 0OMOTKM TpaHChOp-
MaTopa Toka W), ecim nepBM4YHas 0OMOTKA pacCunTaHa Ha TOK
1,= 1000 A u umeer W, = 1 BUTOK, a BTopryHasd Ha — [,= 5 A:

1) W,= 5000 BuTKOB, 2) W,= 5 BUTKOB,;
3) W,= 1000 BuTKOB; 4) W,= 995 BUTKOB,;
5) W,= 200 ButkoB.

50. Tpu tpanchopmatopa Tpl, Tp2 u Tp3 u3 ogMHAKOBBIX
MaTepuanoB uMmeroT HomuHanbHble KITA n = 0,87, n,= 0,48 u
N, = 0,95 cooTBeTCTBEHHO. B KAKOM COOTHOLIEHUM HAXOAATCS MX
MOIIHOCTU?

1) P> P> P; 2) P,> P> P; 3) P> P> P,
4) P,> P,> P; 5) P> P> P2
51. Ha pucyHKax npeacTaBieHbl BEKTOPHbIE JUArPAMMBI YII-

POIIICHHOM CXeMBI 3aMeleHIs TpaHchopMaTopa st pa3TuIHbIX
BHIIOB Harpy3okK.
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! _I‘u ' -]X K
| —L-n, Tea-Lr
I, X, U
l_jla _l_]‘zu _l_]Zu
-1, ‘
- -1
6 6

Bribepute KOMOMHALIMIO PUCYHKOB, KOTOPasi COOTBETCTBYET
CJIEYIOLIEN TIOCIIENOBATEIbHOCTU: aKTUBHOM, aKTUBHO-UHTYKTUB-
HOM 1 aKTUBHO-EMKOCTHOM Harpy3KaMm.

1) a, 6,6, 2)a,s 0 3) 0, a, 6
4) ¢, a, 0 5) o, s, a.

6.2. ACUHXpOHHbIE MALKUHbI

52. B COOTBETCTBUM C 3aKOHOM 3JIEKTPOMArHUTHBIX CHJI M
TIPaBUJIOM JICBOI PYKH BBIOEPHTE TIPABIIbHOE HAIPABJICHUE AJIEK-
TPOMArHUTHOM cuibl F,, NeiCTBYIOIIEN HAa MPOBOAHMK C aKTHB-
HBIM TOKOM i, POTOPHOIi OOMOTKM aCUHXPOHHOTO JBMIaTels,
HaxOISIIIEICsl B MATHUTHOM ITOTOKe D.
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53. Kakoii puCyHOK COOTBETCTBYET paboTe aCUHXPOHHOI Ma-
IIIMHBI B PEKMME 3JICKTPOMAarHUTHOTO TOpMO3a?

n n

n
n<n; ny> ny n

M3M

)
)
)

M,y M. M

54. Kakoil yuacTOK MeXaHUUYECKOI XapaKTepUCTUKU aCUHXPOH-
HOTO JABUTATENs YCTOMUMBBII?

M, A Ho— 1
T 21— 2
) 3)0 — 2
42— 3
5y 1— 3
3
i
0 10 s

55. Kaxoii 13 aCHHXPOHHBIX IBUTATEJICH OMMHAKOBOM MOIITHO-
CTU MMeeT OOJIBIIYIO CKOPOCTb XOJI0CTOrO Xoia?

1) ogHoda3zHbIiI; 2) nByx(a3HbIii;
3) Tpexda3Hblii; 4) KOHJCHCATOPHBIN.

56. B cooTBeTCTBMM C 3aKOHOM @ T .
2JeKTPOMAarHMTHON MHAYKLIMU U Mpa- n
BWJIOM TIpaBOii PyKW BbIOEpUTE mpa- 3

BWJIBHOE HAMNPAaBJICHUE UHIYKTUPOBAH-

Hoit B/1C B MpoBOAHMKE POTOPHOI 00-

MOTKHW aCUHXPOHHOTO JIBUTATEJIS.
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57. Buibepute TIpaBWIbHYIO (DOPMYITY JJIST YIJIIOBOM 4aCTOTHI
BpallleH!s] MAaTHUTHOTO TIOTOKA CTaTopa.

2n-p. _
D(%=—7ﬂ 2)%—2mp

o 3) o =2n-fp;

. o
4) w1=%; 5) o = f

o -+
QJICKTPOMAaroHMTHOU MHOYKIIMM 1 ITpaBH- n

JIOM TIPaBOil PYKH BBIOCPUTE MPaBUIb- 3
HOE HaIllpaBJieHUe MHIYKTHPOBAHHOM
BJ1C B NpoBOAHUKE POTOPHOIT OOMOT-

KU aCHHXPOHHOTO JIBUTATeJIsI.

58. B cooTBETCTBUM C 3aKOHOM TCD

1 2

59. BribepuTe paBUIIBHYIO YIIPOLICHHYIO (POPMYITy KpUTHYE-
CKOT'O CKOJIbXXEHUST aCHHXPOHHOM MaIlIHBI.

’

) S =t £ :
I+ (X, + X))
2) S, = > ;
i+ (X, + X5)?
3) S, = X, ;
i+ (X, + X3)?
4) S, =% :

G ) (X XD
X;

5) S, =% .
) Ja + 5+ (X, + X))
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60. Kaxast pabovast xapakKTepHCTHKa aCHHXPOHHOTO TBUTATEIST
COOTBETCTBYET 3aBUCUMOCTH KO3(DGUIIMEHTa MOIITHOCTH COSQ OT
MoLIHOCTY P, ya Bay?

cos @ x
4
3
2
1
0 P
D | —»
61. B cooTBeTcTBMM C 3aKOHOM n
9J€KTPOMAarHMTHON MHAYKLIVMU U pa- 3
BWJIOM TpaBOil pyKu BbIOEpUTE Mpa- 4
BUJIbHOE HampasJieHUe MHAYKTUPOBaH-
Hoit B/1C B MpoBOAHMKE POTOPHOI 00-
MOTKHM aCUHXPOHHOTO IBUTATEJISI.
1 2

62. Bo cKOJIbKO pa3 YMEHBIIIMTCS ITyCKOBOM TOK Tpexda3zHoro
ACMHXPOHHOTO IBUTATEJISI TIPY COEMMHEHUHU (Da3 B 3BE3Iy BMECTO
TpeyroJbHUKa?

D V2; 2) 2 3) V3, 4) 3.

63. Kakast pabouast xapaKTeprCTKA aCHHXPOHHOTO TBUTATEIIST
COOTBETCTBYET 3aBUCMMOCTH MOMEHTa M, Ha Bajly OT MOLUHOCTH P,
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M, & 1

Ha BaJy 1pH 7, 2 const? Py

64. B cooTBeTcCTBMU C 3aKOHOM n
9JIEKTPOMATrHUTHOM MHAYKLMK ¥ TIpa- 3 4
BWJIOM IIpaBOMl PyKM BHIOEpHTE ITIpa-

BUJIPHOE HAaIlpaBJIeHNE MHIYKTUPOBAH-
Hoii DJIC B mpOBOIHUKE POTOPHOI 00-
MOTKM aCHHXPOHHOTO TBUTATEJISI.

65. BriGepuTe IIpaBUILHYIO YITPOIICHHYIO (DOPMYITY 3JIEKTPO-
MarHUTHOTO MOMEHTa aCMHXPOHHOM MalllHBI.

p.}'nl.ljl.’;2
M, = ——3 ;
2n-f-|:(rl+g{J +(X1+X2’)2}
) M, - ren ;

L2
2n-f-\/(rl+r§j + (X, + X))

329



D MNEKTPUYECKUE MALLWHbDI

’

p.}'nl.ljlz.’;2
3 M, = e ;
2n-f-|:(rl+g{J +(X1+X2’)2}
- p'ml'U12 .
4) M?M_ r/ > ’
2n-f-\/(i;+§} +(X1+X2’)2
p.ml.Ulz.ﬁ
5) M, = S

2n-f-|:(rl +g) +(X1+X2’)2}

66. Kakas pabouast xapakTepucTMKa aCHHXPOHHOTO JABUTATEIsT
coorsetcTByeT 3aBucumoct KIT/I n or momnoct P, Ha Bany?

A
n———~————___;L\\\
4
3
2
1
0 TP

67. B COOTBETCTBUM C 3aKOHOM 3JICKTPOMArHUTHBIX CHJI M
TIPaBUJIOM JICBOI PYKH BBIOCPHTE TIPABIILHOE HAITPABJICHUE JJIEK-
TPOMArHMUTHOI CUIbl F, , IeiCTBYIOLIEH Ha TPOBOIHMK C aKTHB-
HBIM TOKOM {,, POTOPHOIi OOMOTKM aCUHXPOHHOTIO JBMIaTels,
HaXOISIIMICS B MATHUTHOM 1TOTOKe D.
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68. BribepuTe mpaBUIIbHYIO (POPMYITY TSI CKOJIBKEHUS .S.
Ds=m"R g 5=
nl nl

3 5= g g-h

2 n2

69. Kaxast pabovast xapaKTepHCTHKa aCHHXPOHHOTO TBUTATEIST

COOTBETCTBYET 3aBUCUMOCTH YACTOThI BPALLIEHMS 71, POTOPA OT MOLLL-
HocTtH P, Ha Bajy?

n, A 5
— 5
3
2
1
0 g P,
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70. Kaxoii prCyHOK COOTBETCTBYET IIPaBHJILHOMY ITPEICTaBIIC-
HMIO TIPUHIIMTIA AEACTBUS aCHHXPOHHOTO IBUTATEIIs?

— —
) n ) n
F3M np ; : np F3M
€2, irg e, Iy
a 7]
— —
0} n D n
; : ny F3M n ; 2 F3M
e, Iy e g
8 2

71. Kakast Touka MeXaHWYECKOM XapaKTepUCTUKN aCHHXPOH-
HOTO IBUTATEJIST COOTBETCTBYET PEKMUMY MAEATHbHOTO XOJIOCTOTO
xomna?

MBM

Y
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72. KakoMy criocoOy yripaBieHMs AByX(a3HbIM aCUHXPOHHBIM
JBUTaTeJeM COOTBETCTBYET dJIeKTpruyecKasi cxema?
~U ®
I ) 1) aMIIMTYIHOMY;
2) dazoBomy;
3) aMImIuTyaHoO-(ha3oBoOMYy.

73. B COOTBETCTBMHU C 3aKOHOM DJICKT-
POMarHUTHBIX CWJI M IPABUJIOM JIEBOM PYKH
BBIOEpUTE MPABWIHLHOE HAIIPaBICHUE 2JICK-
TPOMArHUTHOM CUIIBI F, , ICHCTBYIOLIEH Ha
MPOBO/IHVK C aKTUBHBIM TOKOM 1, , POTOP-
HOIf OOMOTKM aCMHXPOHHOIO ABMTIATENS,

HaXOISIIMICS B MATHUTHOM 1TOTOKe D.

74. BribepuTe ITpaBUIbHYIO (DOPMYITY IUISI YaCTOTHI BpallleHUST
MarHMTHOTO ITOTOKAa CTaTopa.

60 - 60 -
I S R s Ao

]
Gm=60-fp 5 n=LL

75. Kakas Touka Mexanuue- M,
CKOM XapaKTePUCTUKU aCHH- 3
XPOHHOTO JBUTATENIsl COOTBET-
CTBYET HOMUHAIBHOMY MOMEHTY?

A
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76. B cooTBETCTBMHM C 3aKOHOM DJIEKT-
POMAarHUTHBIX CWJI M IIPABUJIOM JIEBOM PYKH
BBIOEpUTE MPABWIHLHOE HAIIPaBICHUE 3JICK-
TPOMArHUTHOM CUIIBI F, , ICACTBYIOLIEH Ha
MPOBOIHMK C TOKOM i2a POTOPHOI 0OMOT-
KJ aCMHXPOHHOTO JBUTaTeJIsl, HaXOMAILEH-

cs1 B MaTHUTHOM 1oToKe D.

77. Kakoii ydacTOK MeXaHU- M, A
YeCKOM XapaKTepUCTUKU aCUH-
XPOHHOT'O ABUTraTelisl Hepabouuii? 5
1) 0— I
2) 1 — 2
30— 2 3
4) 2 — 3 1
51— 3. - >
0 1,0 S

78. Kaxkast pabovast XxapaKTepHCTHKa aCHHXPOHHOTO TBUTATEIST
COOTBETCTBYET 3aBUCMMOCTH TIOTPEOJIsIEMOTO TOKa /, OT MOLIHOCTH
P, na Bamny?

I A

A\
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79. Kakasg Touka MexaHu4e- M,,
CKOI XapaKTepUCTUKN aCUHX-
POHHOTO JBUTATENsl COOTBET-
CTBYET KPUTUYECKOMY MOMEHTY?

80. Kaxkoii puCyHOK COOTBETCTBYET paboTe aCUHXPOHHOI Ma-
IIIMHBI B ABUTATSILHOM peXrMe?

81. KakoMy criocoOy yrpapiaeHUs AByX(ha3HbIM aCUHXPOHHbBIM
JBUTaTeJIeM COOTBETCTBYET AJICKTpUUecKasi cxema?

1) aMIuTUTYTHOMY;
2) dazoBomy;

—| 3) aMIIuTyaHO-(ha30BOMY.

~U ®

OB dP

335



D MNEKTPUYECKUE MALLWHbDI

82. Kakoii puCyHOK COOTBETCTBYET paboTe aCUHXPOHHOI Ma-
IIIMHBI B TEHEPATOPHOM peXuMe?

n

m n
ny> ny ny /\
mMm
6

n
n2< np

M,y M. M

)
)

83. Kakas Touka mMexanmue- M.A
CKOI1 XapaKTepUCTUKI aCUHXPOH-
HOTO JBUTATEJIST COOTBETCTBYET

2
ITyCKOBOMY MOMEHTY?
3
1
1,0

84. B pesyibraTe M3MeHEHUs KaKOTO IMapaMeTpa IMPOM30IIII0
M3MeHEeHe MEXaHNUEeCKOM XapaKTepUCTUKN aCMHXPOHHOTO B -
raTeis?

MBM “

'S

1) HampsKEeHMSI ITUTAHMUS;

2) aKTHBHOTO POTOPHOTI'O COITPOTUBIICHUSI;
3) 4acTOThI CETH;

4) yrcna map moJrCOB.

\
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85. B pesynbrare uzme- Moy
HEHMsI KaKoro IapameTpa
IIPOU3O0IIJI0 U3MECHEHUE
MEXaHMYECKOM XapaKTeprc-
TUKY ACHHXPOHHOTO TBUTA-
tesst (mpu U,/ f = const)?

1) HampsDKeHMs TIUTa-

HUST;
2) aKTUBHOTO POTOPHO- | ! >
'O CONPOTHUBIIEHMNS; ™ n 0 i
3) 4acTOTHI TOKA;
4) yucna nap IoJICOB.

86. KakoMy criocoOy yripaBieHus AByX(a3HbIM aCUHXPOHHBIM
JBUTraTeJIeM COOTBETCTBYET AJICKTpUUecKasi cxema?

1) aMIuTUTYTHOMY;

U1 2) dazoBomy;
—| 3) aMIIuTyaHO-(ha30BOMY.
OB ®C
4
11
YN\
oy

87. IToyeMy MyCKOBOII MOMEHT aCUHXPOHHOTO IBUTATEJIS TIPH
BBEIEHUU peOCcTaTa B (pa3HbIN pOTOP YBEIMUMBACTCS?

1) n3-3a yBemYeHUsI MTHIYKTUBHOTO COIIPOTHUBJICHUS POTOPA;

2) U3-3a YBeJIMYCHUST aKTUBHOTO COITPOTUBIICHUS POTOPA;

3) 13-3a yBeIMYCHMST aKTMBHOI COCTABJISIONIEH POTOPHOTO TOKA,;

4) n3-3a yMEHBIIIEHHUsI POTOPHOTO TOKA.
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88. [ToueMy MOMEHT aCUHXPOHHOTO JIBUTATEJIs IIPU BBEIIE- 91. Yto HYXHO caesaTh, YTOOBI U3BMEHUTD HAaIlpaBJICHHUE Bpa-
HMM peocTarta B (ha3HbBII POTOP YMEHBIIACTCS IIPU TOM XK€ CKOJIb- IeHs Tpexha3HOro aCUHXPOHHOTO IBHUTATEIIsI C (ha3HBIM PO-
KeHuun? TOpom?

1) m3-3a yBeJIMYEHMsI YaCTOTHI POTOPHOTO TOKA; 1) M3MEHUTDH CXeMy COCTUHEHMS CTATOPHOM OOMOTK;

2) M3-3a YMEHBIICHMS YaCTOThI POTOPHOI'O TOKA; 2) M3MEHUTH CXeMY COSTMHEHMSI POTOPHOI OOMOTKU;

3) u3-3a YMCHBIIICHMS aKTUBHOI COCTABIISIIOLIEH POTOPHOTO 3) MOMEHSITbh MECTaMU JBa JMHEHHBIX MTPOBOJA ABUTATEs HA

TOKa; KJIeMMaXx Tpexca3HOM CeTH;

4) u3-3a YMEHBIIICHUSI MHIYKTUBHOTO COIIPOTUBIICHHSI POTOPA; 4) M3MEHUTDH CXeMbI COETMHEHMSI CTATOPHOM 1 POTOPHOI1 00-

5) m3-3a yBeJIUYEHUST MHIYKTUBHOTO COIIPOTUBJICHMSI POTOPA. MOTOK;

5) CAOBUHYTH IO KPYTY Bce Tpu (ha3HbIX poBoaa A, Bu C tpex-

89. Kaxas Touka MexaHuuec- M, (azHOIT ceTr Ha KileMMaX aCUHXPOHHOTO JIBUTATEIs.

KO XapaKTepUCTUKN AaCHHXPOH- 3

HOTI'O IBUraTessl COOTBETCTBYET 92. B pesyibpraTe U3BMEHEHMS KaKOTO ITapaMeTpa IIPOM30IILIO

pealbHOMY XOJIOCTOMY XOmy? M3MEHEHNEe MEXaHNYECKOM XapaKTepUCTUKN aCHHXPOHHOTO JIBU-

4 raressi?
: Mo s 1) HampsDKeHUsT TUTaHUST;
2) aKTHMBHOTO POTOPHOTO COIPO-
07 s TUBJICHUS;
3) 4acTOTHI CETH;
90. B pesyspraTe M3MEHEHMS KAKOTO ITapaMeTpa IIPOM30IILIO 4) yucna map ImoJoCcoB.

M3MEHEHHEe MEXaHNYECKOM XapaKTepUCTUKI aCMHXPOHHOTO JIBU-
raress (nmpu P, = const)?
1) HanpsKEeHMSI TUTAaHMUS;
2) aKTUBHOTO POTOPHOTI'O COITPOTUBIICHUSI;
3) 4acTOTHI U HATIPSKEHUS CEeTH;
Moy 4) yucna mnap IoJICOB.

A\

93. Kakomy acMHXpPOHHOMY ~U .
JBUTATEIII0 COOTBETCTBYET 3JICKT-
puyecKas cxema, IloKazaHHasI Ha
puUCyHKe?

ro

1) omHoazHOMY;

2) oaHo(a3HOMY C ITyCKOBBIM
KOHJICHCATOPOM;

3) KOH[EHCATOPHOMY;

4) nByxcaszHOMY.

\

n; ni 0 ny
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94. Bribepute MpaBUIbHYIO (DOPMYJTY 3IEKTPOMArHUTHOM MOLLI-
HOCTH AaCHXPOHHOI MaIlIHBI:

n X, o
D By=melPT2 ) Po=m IR

, XV (rY
3) Pm:ml'lzz' (?2) +(§2];

4) P, =m-E;-I]-siny,; 5) P =

7
m, - E;
—Z

12

95. 3a cyer U3MEHEHNUA Ka- M., A
KOT0 napameTpa Mpou301LLIO0 U3-
MEHEHUE MEXaHUYECKOI XapakK-
TEPUCTUKU aCUHXPOHHOTO BU-
raress nmpu M, = const ?

1) HanpspKeHUsT MUTaHUST;

2) aKTMBHOTO POTOPHOTO

COTPOTUBJICHNSI;
3) 4acTOThl HaMpPsXKEHUs
CeTH; 0
4) yucia nmap IoJOCOB.

»
>
n

n, n

96. I[Touemy ayeKTpUUecKast MalllMHA Ha3bIBAeTCS aCHHXPOH-
HOI?
1) n =n,; 2) n, > n,; 3) n, # n,; 4) n, > n,.

97. PotopHast 0OMOTKa KOPOTKO3aMKHYTOTO POTOpa OOLLEIPO-
MBIIJIEHHOTO aCMHXPOHHOTI'O JBUTATE/sI MOXET ObITh U3rOTOBJIE-
Ha u3:

1) cranu;

2) OpOH3HI;

3) alfOMHUHUEBOTIO CIJIaBa;

4) HUXpoMma;

5) KOHCTaHTaHa.
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98. Bribepute mpaBUIbHYIO (DOPMYJTY 3IEKTPOMArHUTHOM MOLLI-
HOCTH aCUHXPOHHOI MalllMHBbI.
’
72 . X 2

l) P)M=m1'[2 ?’

, XV (rY
2) Pm:ml'lzz' (?2) +(§2];

3) P, =m-Ej-I)-siny,;
4) P, =m - E;- I cosy,;
5) P,=m-E;-I,.

99. Yto neMOHCTpHpPYET BEKTOpHAs! AMarpaMMa aCHHXPOHHOTO
IBUTATENIst ¢ Ha3HBIM POTOPOM IIPU CKOJIbXKEeHHM S = 1 1 yMeHb-
IIEHUY YIJIa OT \, 10 ', ?

1) yMeHBIIIEHE MOMEHTA;

2) yBeIMYEHUE MOMEHTA,

3) yMeHbllIeHUe KPUTUYECKOTO MO-

MECHTa;
4) yBennueHHe MyCKOBOIO MOMEHTA;
5) yMeHbIIICHHE ITyCKOBOI'O MOMEHTA.

/
4L 2a

/
12{1

100. BribepuTe mpaBuiibHYIO (hOpMYJTY MOJTHON MEXaHUUECKOM
MOIITHOCTH aCMHXPOHHOI MaIlIHBI.

’
h.
§5

_ oo
2) PMx_ml'IQ "'2,

1-5
P =m -I?.r. ;
3) MX ml 2 r2 S

4) Py=P, +P,.;
1+8
5 P.=m -1*-r - .

l) PMx =m1'[2/2'

MX
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101. Yrto meMOHCTpUpPYET BEKTOpHAsI AMarpaMma JUIsl aCUH-
XPOHHOTO IBUTATEJISI ¢ Pa3HBIM POTOPOM IIPH CKOJIbXeHU S = 1
Y N3MEHEHWH YIIa B POTOPE OT W, 10 ',?
1) BBeaeHMe B (pa3HbI POTOP KOH-
JieHcaTopa;

2) BBeleHME B (pa3HbIl POTOP aK-
TUBHOTO COTIPOTUBIICHUST;

3) BBedeHUE B (pa3HBI pOTOpP MH-
TYKTHUBHOTO COIIPOTUBIICHUST;

4) BBeleHME B (pa3HBIM POTOP AKTUBHO-EMKOCTHOT'O COIIPOTHB-
JICHUSI,

5) BBeneHue B (ha3HBINA POTOP AKTUBHO-MHIYKTUBHOTO COIPO-
TUBJICHHUSI.

/
12{1

/
12{1

102. ®aswbr poropa Tpexda3HOTO aCUHXPOHHOTO ITBHTATENIST
BKJTIOYAIOT;

1) mapasienbHo;

2) TOCeI0BaTeNIbHO;

3) mapaJurelIbHO M TIOCJIeIOBaTeIbHO;

4) «3Be310ii».

103. da3b1 Tpexda3HOi CTATOPHOI OOMOTKHM ITOJIKHBI OBITh
CIBUHYTHI B IIPOCTPAHCTBE OTHOCUTEIBHO APYT ApYyra Ha o reo-
METPUYECKUX I'PAIyCOB;

30 60 90
1)0(=7, 2)0(=—, 3)0(=—,
p p p
120 180
4) o=—, 5)(X=—.
p p

104. Bribepute mpaBribHYO (hOpMYJTy MOLITHOCTH Ha Basly aCUH-
XPOHHOTO JIBUTATEJISI.

M
) P=M, n; 2) h=T5
P _Mz.
» h= 4 P =M, o,
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105. Yo meMOHCTpUpPYeT BEeKTOpHAsI auar-
paMMa 1T aCHHXPOHHOTO IBUTATelIsI ¢ (Da3HBIM
POTOPOM ITPY HOMUHAIEHOM CKOJIbKCHUM 1 13-
MEHEHMU yIJIa OT \, 10 ,?

1) yBeIMueHMEe HOMMHAJILHOIO MOMEHTA;

2) yBeIMYeHHE KPUTUIECKOTO MOMEHTA;

3) yMeHblIeHe HOMUHAJIBHOTO MOMEHTA;

4) yMeHBIIIeHHE ITyCKOBOTO MOMEHTA;

5) yBeauUeHMe ITyCKOBOIO MOMEHTA.

106. Yto 1eMOHCTpUpYET BEKTOpHAs JUarpaM-
Ma JUISI aCHHXPOHHOT'O JABMTATelIs C (pa3HBIM po-
TOPOM TPV HOMUHAJIEHOM CKOJIBXEHUU ¥ U3Me-
' 9
HEHUM yria ¢y, o v,
1) BBemeHue B (Da3HBIl POTOp KOHIEHCA-

!,2{1
TOPOB;
2) BBeleHUE B (ha3HbIif pOTOP AKTUBHOTO CO- e e
MIPOTUBJICHUS; =2 < 2a
3) BBemeHMe B (ha3HBI POTOP UHAYKTHBHOTO \
CONPOTHUBIICHMSI; o ES

4) BBeneHue B (ha3HbI POTOP aKTUBHO-EM-
KOCTHOTO COIIPOTHBJICHHS;

5) BBeneHue B (ha3HBINA POTOP AKTUBHO-MHIYKTUBHOTO COIPO-
TUBJICHHUSI.

107. ®dasbr gByx(a3HOI CTATOPHOI OOMOTKHN ITOJKHEBI OBITh
CIBUHYTHI B IIPOCTPAHCTBE OTHOCUTEIBHO OPYT Ipyra Ha o reo-
METPUYECKHUX I'PAITyCOB;

15 30 60
l)(X:_’ 2)0(=—, 3)0(=—,
p p p
90 120
4) o=—, 5) o=—"-.
p p
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108. Bribepute npaBUibHYIO (hopMyITy ISl TOTpedasieMoit aKk-
TUBHOI MOIIIHOCTU TpeX(ha3HOro aCHHXPOHHOT'O ABUTATEIs.

D) R =mE;-I)-cosy,;
2) B=m-E I cosy,;
3) A=m-U, -1 -cosq,;
4 P =m-U, -1, -cosq;
5) B=m-U, -1, cosg,.

109. Kakue ycioBrst HEOOXOMUMBI 151 00pa30BaHKsI Bpalllaro-
IIIETOCS] KPYTOBOI'O MAarHMTHOTI'O ITOTOKA B IBYX()a3HOM CTaToOpe
ACMHXPOHHOTO TBUTATEJIS:

1) paBeHctBo MJIC (a3, mpocTpaHCTBEHHBIN CABUT (a3 Ha

120 s1eKTpUYECKMX IPaayCcoB, BpeMEHHOM CABUT TOKOB (a3
Hal/ 5 lIeprozia;

2) paBeHcTtBOo M/IC a3, npocTpaHCTBeHHbI caBUT (a3 Ha
90 3;eKTpHYECKUX IPagycoB, BpeMEHHOI CIIBUT TOKOB (ha3
Hal/ 5 lIeprozia;

3) paBeHctBo MJIC (hba3, MpoCTpaHCTBEHHBIN CABUT (ha3 Ha
90 3;eKTpHYECKUX IPaaycoB, BpeMEHHOI CIIBUT TOKOB (a3
Hal/ 4 TIeproza;

4) paBeHcTBo MJIC (a3, mpocTpaHCTBEHHBIN CIBUT (a3 Ha
120 s1eKTpUYECKUX IPpaayCcoB, BpeMEHHON CABUT TOKOB (a3
Hal/ 4 eproza?

110. Kakast BeJmurHa Ha3bIBACTCSI IEPErpy30YHOI CIIOCOOHOC-
TBIO ACHHXPOHHOTO JIBHUIaTeIsI?

LA AN
M, . M,
K M’ ) M,

111. BeiGepute pabounii yuyacTOK MEXaHUUECKOM XapaKTepuC-
TUKHM aCUHXPOHHOI MAaIllHEI.
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1) AB; 2) OB. 3)0C, 4)BC. 5)CD.

M, A

112. CymMa MOLIHOCTHU MOTEPh ACUHXPOHHOTO ABUTateast SP
cocrapnsieT 50% OT ero mojesHoit MowHocTH P, Onpenenunte
KII acMHXpOHHOTO ABUTATEIIS 1).

1) n=67%; 2)n=50%; 3)n=33%;
4 n=75%; 5) n=25%.

113. HoMuHabHast yacToTa BpallleHUsI aCUHXPOHHOTO JBHUTA-
TeJIST ¢ KOPOTKO3aMKHYTHIM POTOPOM, TTUTAIOIIETOCS OT ITPOMBIIII-
JIEHHOI CETH TIEPEMEHHOr0 TOKa, 7, = 950 06/MuH. OnpenennTe
YUCJIO TIap TIOJIFOCOB p CTATOPHOI OOMOTKM JaHHOTO JIBUTATeNIsT U
BEJIMYMHY HOMUHAJIBHOTO CKOJILKEHUA S .

Dp=1, 5= 0,68
) p=1,5 =005
3)p=2,8 =037,
4) p =28 =005
5)p =3, 8 =005

114. Tpexdas3Hblii aCUHXPOHHBIN ABUTaTeb ¢ YUCIOM Map

TIOJIIOCOB p = 1 paboTaeT OT MPOMBIIIICHHOM CETH ITEPEeMEHHOTO
TOKa co ckojbxeHrueM S = 0,1. OrnpenenuTe 4acTOTy BpallleHHsI
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poTOpa 1,, €CIIM Harpy3Ka Ha Baly yMEHbIIMJIACh B 1Ba pasa (1BU-
raTesib CINTATh MICATbHBIM).

1) n,= 2700 06/muH;
2) n,= 5400 06/muH;
3) n,= 2850 06/muH;
4) n,= 3000 06/muH;
5) n,= 2400 06/MuH.

115. B acMHXpOHHOM ABHUTaTEIe C KOPOTKO3aMKHYTHIM POTO-
POM CKOPOCTb BPaLIAIOILEr0OCs MarHUTHOTO MOTOKA CTaTopa 71,
3/IEKTPOMArHUTHBIA MOMEHT M, 11 CKOPOCTb BpalleHus pOTOpa 71,
HMMEIOT HalpaBJICHMsI, ITOKa3aHHbIe Ha pucyHKe. OmpenenTe pe-
KM, B KOTOPOM paboTaeT aCMHXPOHHBII IBUTATEIb.

1) nBUTATEIILHOM;

2) reHepaTOPHOM,;

3) peKynepaTBHOIO TOPMOXKEHNST,

4) 51eKTPOMarHMuTHOIO TOPMO3a; n

5) “meaNsbHOrO XOJIOCTOrO XO/Ia.

n

)

MBM

116. ACUHXPOHHBII IBUTATE]Ib UMEET IIPUBEICHHYIO Ha pU-
CYHKE MEXaHMYECKYIO XapaKTepucTuKy. K Bajy ABUTaTess IIpu-
JI0OKEH MOMEHT CONpOTUBIeHUs: M . [IBUTaTeNb OAKIIOYAIOT K
MIPOMBIIIUIEHHOM CeTH IepeMeHHOro ToKa. Kakoii Touke Mexa-
HMYECKOI XapaKTepUCTUKHU OYIeT COOTBETCTBOBATh PEXKUM pado-
ThI IBUTATEISI?

1) Touke A;
M, 2) Touke B,
3) touke C;
4) Touke D;
5) touke 0.

\/

346

TECTbI MO AUCLIUNAUHE «IEKTPUYECKWUE MALLWUHbI» D

117. B acHHXpOHHOM JBHUTaTe]Ie C KOPOTKO3aMKHYTHIM POTO-
POM CKOPOCTb BPaLIAIOILEr0Cs MArHUTHOTO MOTOKA CTaTopa 7,,
3JIEKTPOMArHUTHbBI MOMEHT M, 11 CKOPOCTb BpallleH!sl POTOpa
HMMEIOT HalpaBJICHMsI, ITOKa3aHHbIe Ha pucyHKe. OmpenenTe pe-
KM, B KOTOPOM paboTaeT aCMHXPOHHBII TBUTATEIb.

1) nBUTATEIILHOM;

2) reHepaTOPHOM;

3) 31eKTpPOMarHUTHOIO TOPMO3a;

4) uneagbHOro X0J0CTOrO XO/a.

n

np

)

MBM

118. Onpeaenuts KIT/ 1 Tpexha3zHOro aCMHXpOHHOTO ABUTA-
TeJisl B HOMUHAJIBHOM pexXume, eciiu obiue norepu AP= 50 Br,
a mortpedsieMas U3 ceTi MOIIHOCTh P, = 250 Br.

Hn=092; 2)n=108 3)n=120;
4) n=0,80; 5)n=0,20.

119. B acMHXpOHHOM ABHUTaTEIe C KOPOTKO3aMKHYTHIM POTO-
POM CKOPOCTb BPaLIAIOILEr0oCs MArHUTHOTO MOTOKA CTaTopa 7,,
3JIEKTPOMArHUTHBI MOMEHT M 1 CKOPOCTb BpallleH!sl POTOpa
HMMEIOT HalpaBJICHYsI, ITOKa3aHHbIe Ha pUCyHKe. ONpeneuTh pe-
>KUM, B KOTOPOM paboTaeT aCMHXPOHHBIN TBUTATEIb.

1) B mBUTATEIBHOM;

2) B reHepaTOpPHOM;

3) peKynepaTiBHOIO TOPMOXKEHNST,;

4) 57eKTPOMarHuTHOIO TOPMO3a;

5) UmeaNsbHOIO XOJOCTOrO XO/Ia.

n

np

)

MBM

120. Tpu ogMHAKOBBIX aCUHXPOHHBIX ABUTATEJIs] UMEIOT pas-
myHoe ckosbxkenue: S = 0,08, S ,= 0,04 u S, = 0,06. Onpe-
JIeIUTh, B KAKOM COOTHOILIEHUM HAXOASITCS MOTpedIsseMble UMU
Toku 1, 1, I,

D I,>1,>1; ) I, >1,>1,;
3) I;>1,>1; 4 I,>1,>1;
5) I,>1,>1,.
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121. VcnoHWTEIBHBIN aCHHXPOHHBII TBUTATE/Th, TTUTAFOLIII-
CsI OT MPOMBIIIJICHHOM CeTH ITePeMEHHOIO TOKa, C YMCIOM Iap
noJitocoB p = 1 pabotaet co ckoabxkeHuem S= 0,8. Onpeaenutb
YacTOTy BpalleHWs IBUTaTesIs /,, ECJIM NPU MOCTOSHHOM CUTHaJIe
VIIpaBJICHMS MOMEHT Ha BaJly YMEHBIIIWICS B IBa pa3a.

1) n, = 300; 2) n, = 600; 3) n, = 1200;
4) n, = 1800; 5) n, = 2400.

122. Tpexda3Hblit aCMHXPOHHBII ABUTaTe/Ib C KPATHOCTBIO ITyC-
KOBOro MoMeHTa K = 1,2 1 HOMUHAILHBIM CKOJIbXKEHUEM S TIPe/I-
Ha3zHayeH JJIs1 MOAHATUS Ipy3a. B MOMEHT 3amycka K ero Bany
NPUIOKEH MOMEHT conpotusienus M, = 1,32M , rne M, — Ho-
MMHaJIbHBII MOMEHT nBuratess. OnpeaeanuTb BEIUYMHY CKOJIb-
SKEHMS S ABUTATENs1 TPU BKIIOYEHUH €r0 B CETb.

) S=1,18S; ) S=5; 3) §=0,95;
4 S=1; 5) 8§ =1,328.

123. Tpexdas3Hblii aCUHXPOHHBIN ABUTaTeb ¢ YMCIOM Map
TIOJIIOCOB p = 3 paboTaeT OT IPOMBIIIUIEHHON CETH ITEPEeMEHHOTO
ToKa co ckonbxeHueM S= 0,1. OnpeaeauTs 4acTOTy BpallleHUs
poTOpa 1,, €CIIM Harpy3Ka Ha Baly yMEHbIIMJIACh B 1Ba pasa (1BU-
raTesib CINTATh MICATbHBIM).

1) n,= 950 06/muH; 2) n,= 1000 06/muH;
3) n,= 800 06/muH; 4) n,= 1600 06/muH;
5) n,= 2400 06/MuH.

124. TpexdasHblit aCHHXPOHHBII ABUraTe/lb MOAKIIOUEH K CETU
NEPEMEHHOrO ToKa ¢ (asHbiM Hanpsukenuem U, = 220 B. Ilpu
HOMUWHAJIbHOM HAarpy3Ke akKTHBHAsI MOIIHOCTb, MOTpedisieMast 1BU -
raresieM u3 cetu P, = 250 Br, a (asHblii TOK IIpU 3TOM paBeH
1,= 0,5 A. Onpenenurb COSQ ABUTATENS TIPY HOMUHAILHOM Ha-

Ipy3Ke.
1) cosp = 0,44; 2) cosg = 0,76; 3) cosp = 0,87;
4) cosjp = 1,34; 5) cosop = 0,57.
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6.3. CUHXpPOHHbI@ MALINHbBI

125. Bribepurte IpaBWIBHYIO YIJTIOBYIO XapaKTePUCTHUKY IS
CHHXPOHM3UPYIOLIEH 21eKTPOMarHUTHON MOLIHOCTH P CHH-
XPOHHOTO TeHEPaTOpa ¢ HeSTBHOIIOIFOCHBIM POTOPOM.

3 2

P')M cX A}

0 P>
0
126. Kaxkas pabouast xa- A ;
PaKTEepUCTUKA CBOMCTBEHHA 2 2
CUHXPOHHOMY BUTaTEI0?
4
3
0 P,
ny A
1 127. Kakast mexaHuue-
2 CKasl XapaKTepuCTHKa CBOM-
3 CTBEHHa CUHXPOHHOMY JIBU-
4 ratemo?
0 M,
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128. BribepuTe nMpaBUIbHYIO 3aIMCh YIIPOILIEHHOTO YPaBHEHUS
OajaHca HaMPSDKCHUS] CHHXPOHHOTO ABUTATEIIS C HESTBHOITOIOC-
HBIM POTOPOM.

) U=E+1,-jX; 2
3) U=E, -1 - jX; 4
129. Kakoe B3aMOIIOIIOXEHNE ITOIIOCOB POTOPA U PE3YIIbTH -

PYIOLIEro MarHuTHOI'O IOTOKa COOTBETCTBYET YCTAHOBUBLICMYCA
Harpy>K€HH1I0 CMHXPpOHHOI'O reHEpaTopa p€aKTUBHbIM TOKOM?

TECTbI MO AUCLIUNAUHE «IEKTPUYECKWUE MALLWUHbI» D

131. Kaxkast peakiust sskopsi CFHXpPOHHOTO TeHepaTopa Ipu aK-
TUBHO-UHIYKTHBHOI Harpyske?

1) mponoIpHO-TIONepeYHas pa3MarHMYMBAKOILAST;

2) MPOIOILHO-TIONIEpeYHasT TIOAMAarHIIMBAOIIAS;

3) momnepeuHasi;

4) iponoJIbHast pa3MarHMYMBAIOIIasT;

5) nponobHAs MOIMarHMYMBaloOILAsl.

132. Kakoe B3aMOITOJIOXEHUE ITOJIIOCOB POTOPA U PE3YIIbTH-
PYIOILIEr0 MAaTHUTHOTO ITIOTOKA COOTBETCTBYET YCTAHOBUBLIEMYCSI
PEXUMY HArpy>kKeHHOTO CMHXPOHHOI'O IBUTATE/IsT HOPMAJIBHOTO

ny, = ny
S

a

130. Bribepute peryaupo-
BOYHYIO XapaKTePHUCTUKY CHH-

XPOHHOTO TeHepaTopa.

350

ny, = ny
—

IBﬂ )i

E—

n [ np np
N —» N —» N

EN

>~

HUCTIOJIHeHUs?
np ) np ~" ) ny
S —» N —» S —»
ny = ny ny = ny ny = ny
N —» S —» N —»
__— —
a 7] 8

n

ny; = ny

F o]
v i
2 5 133. BbibepuTe BHELIHIOW Xa-
; 4 DaKTepUCTUKY CHHXPOHHOIO TeHe-
paTopa.
0 I
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134. Bribepurte IpaBWIBHYIO YITIOBYIO XapaKTePUCTHUKY IS
3JIEKTPOMAarHUTHOM MOIIHOCTU P, CMHXPOHHOTIO TeHepaTopa ¢
HESIBHOITOJIIOCHBIM POTOPOM.

Pa“‘rl 2 3 4

135. Bribepute npaBUIbHYIO YOPOILIEHHYIO (DOPMYJTY paBHOBE-
cust DJ1C IBHOIIOIIOCHOTO CHHXPOHHOI'O TeHeparopa.

1) E,=E, +E,+E,+U;
2) Ey+E,+E,+E =U;
3) Ey=E,-E,-E,+U;
4) Ey=E,+E,-U;

5) E,+E,+E,=E -U.

136. BriGepute xapakrtepu- Eod 1
CTHKY XOJIOCTOTO XO/Ia CUHXPOH-
HOTO reHeparopa. 2
5
4
0 1,
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137. BriGepure npaBuiibHYIO (hOpMYJTY 2JIEKTPOMATHUTHOM MOILLI-
HOCTHU HESIBHOITOJIIOCHOTO CUHXPOHHOTO TeHepaTopa.
m,-U m -U-E,

1) ])3M= EO szme, 2) ])3M= Xc Sme’
m, - E . _U-E, .
3) PBM=%.XC.sme; 4) PBM_ml-XOC'Sme’
5) ])BMz’nl'—E‘O.Sme.
U-X,

138. Bribepute npaBUIbHYIO YIIPOILEHHYIO (hOpMYJTy PaBHOBE-
CUSI HaIIPSDKCHUST CMHXPOHHOTO TeHEpaTopa C SIBHOIOJIIOCHBIM
POTOPOM:

D U=Ey+1Ly-J-KXg+ Loy J-Xey=1Li-J- Xy
D U=E+LyJ-Xgt+ly j-Xy+L-j-Xy;
3) Q=Eo_lad'.f'Xad_laq'-/"Xaq_LJ'j.Xp;
4 U=E ~Ly-J - Xy—LoyJ Xy +L,-J- X,

139. Kaxkast paboyast xapaKTep1UCTHKa HECBOMCTBEHHA CUHXPOH-
HOMY JIBUTaTeIIO?

cos ¢ ,

1,0
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140. BriGepuTe MpaBUIbHYIO YIIPOLLIEHHYIO IMarpaMmy sSIBHO-
ITOJIFOCHOTO CMHXPOHHOT'O T'eHepaTopa.

Eu Eu

141. Bribepute mpaBUIbHYIO 3aCh (POPMYJIbI SIEKTPOMATrHUT-
HOI MOIITHOCTH SIBHOIIOJIFOCHOTO CUHXPOHHOTO TeHepaTopa.

2
o ="V oy sine-mo U L L e
E, 2 X, x,
2
2) P3M=m1 E"-)(d-sine—m1 L P -sin 26;
U 2 X, X,
2
3) €M=M.5m9+ml v . L_i sze’
d Xq Xd
2
4) €M=M.5m9+ml v . L_i sze’
X, 2 X, X,
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2
5) P3M=m1 L Ginp MY LI -sin 26.
U-X, 2| X,

142. Kakoii TOK KOMIEHCUPYET CUHXPOHHBII KOMIIeHcaTop?
1) aKTUBHBIIA;

2) aKTUBHO-UHAYKTUBHBIIA;

3) MHOYKTUBHBII;

4) aKTMBHO-EMKOCTHOIA.

143. Kax Ha3bIBaeTCs ITepeBO30YKICHHBIN CHHXPOHHBII JIBH-
rarelib, paboTaOIIUIA B peXXMME XOJIOCTOTO X01a U ITOIKIIIovae-
MBIif TTapajUIeIbHO aKTUBHO-MHIYKTUBHOI Harpy3ke?

1) komrieHcaTOp;

2) UHOYKTUBHbBIM KOMIIEHCATOD;

3) eMKOCTHOI KOMITEHCATOop;

4) CHHXpOHHBIII KOMIIEHCATOP.

144. Kaxkoii TOK MoTpe0iseT U3 ceTU NepeBO30YKAEHHbIIA CUH-
XPOHHBII IBUTATEb, PAOOTAIOIINII B pEXXIME XOJIOCTOIO XO/Ia:

1) aKTUBHBIIA;

2) UHAYKTUBHBIIA;

3) aKTMBHO-UHIYKTUBHBIIA;

4) eMKOCTHOIA;

5) aKTUBHO-€MKOCTHOIA.

145. BbiGepuTe MpaBUIbHYIO YITPOIICHHYIO BEKTOPHYIO AUAr-
paMMy SIBHOIOJIIOCHOT'O CHHXPOHHOTI'O F'eHepaTopa.

£y LuajXaa . X
LogjXay
LijXeo

LiajXaa
LigjXaq

355



D JIEKTPUMECKUE MALLUHDI TECTbI NO AUCLIUTJIUHE «3NNEKTPUYECKUE MALLWUHbDI» D
oy LajXu gl L 148. BribepuTe MpaBUIbHYIO 3aMMCh YPaBHEHMST PAaBHOBECUSI
= LuiXeq = LuajXaa B1C HesIBHOMOIIOCHOIO CUHXPOHHOTI'O FeHepaTopa.

LijXeo LijXeo 1) E,=E+E +U-1'r
_______ —— Lz Lo e — —_ Lz = — B 2
Ld o bL) o I ) Ly =L~ Ly U Lors
(s ! (0 : 4) E,=E +E -U-1I'r
] ]
v L | S) E,+E,=E-U-1Ir
»l »l
6 Lu 2 Lu 149. Kaxkoii Bua umeet U-oOpa3Hasi XapaKTepUCTUKA CUHXPOH-
(')
146. Kakas peakiiys IKopsi CHHXPOHHOTO TeHepaTopa Mpu eM- HOTO reHeparopa:

KOCTHO Harpy3ke?

1) npononbHO-MONEpeYHasl pa3MarHMYMBaloLLas; L I,
2) NpoaoJbHO-TIONepeyHast MoAMarH1uyMBaroast;

3) momnepeyHasi;

4) nmponosbHas pa3MarHMYMBarolLas;

5) ponobHas MOIMarHMYMBaIOLLAsI.

147. Kakoe B3auMOITI0JI0KEeHUE MOJTIOCOB POTOPA U PEe3YJIbTH -

PYIOLIEro MarHUTHOTO MTOTOKA COOTBETCTBYET YCTAHOBUBLIEMYCS 0 > 0 >

Harpy>keHuto CHHXpOHHOI'O T'eHepaTopa HOPMaJIbHOTO MCTIOTHEHMST a L L

AKTUBHBIM TOKOM?

n ) n ] m
S —» N —» S —» L L; &
np=m Ny =M ny =m
N |[—» S N +—»
— ~
a 6 8
s Y > >
0 I, ° L
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150. Kakoii puCyHOK IpaBWIbHO OTpakaeT MPUHIIUII ICHCTBISI
CHMHXPOHHOTO I'eHeparopa?

el iiq

151. Ha pucyHke nokasza- [ 4
HbI BHELITHUE XapaKTePUCTUKU £ ]
JUISL Pa3JIMYHBIX BUJOB Harpy-
30K.

Bribepute KoMOMHAIINIO
XapaKTEPUCTHK, KOTOpasi COOT-
BETCTBYET CJIEAYIOLIEN TTOCIIe-
JIOBATEJIBHOCTA HArpy30K: aK-
TUBHO-EMKOCTHOW, aKTMBHO-
WHIYKTUBHOM 1 aKTUBHOM.

1) 1, 2, 3 2) 2, 3, I,

3) 2 1, 3 4) 3, 1, 2 5 1, 3 2

\/

152. Kakast cuHXpoHHas MalllMHa MMeeT HOPMAJIbHYIO KOHCT-
pyKiwio?
1) axopHast oOMOTKa Ha cTaTope, 0OMOTKa BO30YXACHUS Ha
pOTOpE;
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2) sikopHasi oOMOTKa Ha poTope, 0OMOTKA BO30YXACHUSI HA
cTaTope;

3) sikopHast 0OMOTKa 1 0OMOTKa BO30YKIEHHUS Ha CTAaTOPE;

4) axopHasi 0OMOTKa U1 0OMOTKA BO30YXIEHMsI Ha POTOPE.

153. Yrto HyxHO caenaTh, YTOObI HArPY3UTh CUHXPOHHBI Te-
HepaTop peakKTUBHBIM €eMKOCTHBIM TOKOM:

1) yBeIMUUTDH TOK BO3OYKICHUS;

2) YMEHBILNTh TOK BO30YXKICHUS;

3) yBeAMYUTb MOMEHT MPUBOIHOIO JIBUTATENS;

4) yMEHBbUIUTb MOMEHT ITPUBOIHOTO ABUTaTENs?

154. Yto HYXHO caenaTh, YTOObI HArPY3UTh CUHXPOHHBI Te-
HepaTop aKTUBHBIM TOKOM?

1) yBeIMUUTD TOK BO3OYKICHUS;

2) YMEHBILUTh TOK BO30YXKICHUS;

3) yBeIMYUTb MOMEHT MTPUBOIHOIO JBUTATENS;

4) yMEHbILMUTb MOMEHT IPUBOIHOIO IBUraTeIs.

155. Kakas peakiusi IKOpsi CHFHXPOHHOTI'O TeHepaTopa Mpy UH-
JTYKTUBHOM Harpyske?

1) npononbHO-MONepeYHasl pa3MarHMYMBaloLLas;

2) NpoIoJbHO-TIONepeyHast MoaMarH1uyMBaroast;

3) momnepeyHasi;

4) nmponosbHas pa3MarHMYMBarolas;

5) nponoJibHasl MoAMarHMuYMBaro1asi.

156. Kakast cuHXpoHHas1 MalllHa UMeeT O0pallleHHYI0 KOHCT-
pyKiwio?

1) axopHast oOMOTKa Ha cTaTope, 0OMOTKa BO30YXKACHUS Ha
pOTOpE;

2) sikopHasi oOMOTKa Ha poTope, 0OMOTKA BO30YXIACHUSI HA
cTaTope;

3) sikopHast 0OMOTKa 1 0OMOTKa BO30YKIEHUS Ha CTAaTOPE;

4) axopHasi 0OMOTKa U 0OMOTKA BO30YXKIEHMsI Ha POTOpE.
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157. Kaxkast peakiust ssIkopsi CHHXPOHHOTO TeHepaTopa Ipy aK-
TUBHO-EMKOCTHOI Harpyske?

1) mponoIpHO-TIONepeYHas pa3MarHMYMBAKOILAST;

2) MPOIOJILHO-TIONIEpeYHasT TIOAMAarHIIMBAOIIAS;

3) momnepeyHasi;

4) iponoJibHast pa3MarHUYMBaIOIIasT;

5) ponoIbHAs MOIMarHMYMBaIoOLLAsl.

158. Kakast peakiiusi sKops CHHXpPOHHOTO TeHepaTopa Ipu aK-
TUBHOI Harpyske?

1) mponoIpHO-TIONepeYHas pa3MarHMYMBAKOILAST;

2) MPOIOJILHO-TIONIEpeYHasT TIOAMAarHIIMBAOIIAS;

3) momnepeyHasi;

4) iponoJibHast pa3MarHUYMBAIOIIasT;

5) ponobHAs MOIMarHMYMBaIOLLAsI.

159. [epen BKIIOYEHHEM CUHXPOHHOTO FeHepaTopa Ha rmapaji-
JICJIBHYIO pa0bOTy C CEThIO MOJIKHBI BHIITOIHSITHCS YETHIPE YCII0-
Bus. Kakoe ycioBue BBIIIOTHSIETCSI C TIOMOIIBIO IIPUBOIHOIO
JnBUTaTess?

1) E=U;

2) f=1

3) uepemoBaHue (pa3 reHepaTOpa, CETU M BOJHOBBIC AMarpam-

MBI € W U, JOJDKHBI ObITh OMHAKOBE;

4) e ¥ u_ MOJKHBI OBITH B IPOTUBO(A3E.

160. Yto HyXHO caeaaTh, YTOObI HATPY3UTh CUHXPOHHBIN Te-
HepaTop peakKTUBHBIM UHAYKTUBHBIM TOKOM?

1) yBeIMUUTDH TOK BO3OYKICHUS;

2) YMEHBILNTh TOK BO30YXKICHUS;

3) yBeAMYUTb MOMEHT MPUBOIHOIO JBUTATENS;

4) yMEHbILMUTb MOMEHT MIPUBOIHOTO IBUraTEIs.

161. [1epen BKIIOYEHHEM CUHXPOHHOIO FeHepaTopa Ha rmapaji-
JIeJIbHYI0 pabOTy C CEThIO TOJDKHBI BBITOIHSITHCST YSTHIPE YCIOBUSI.
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Kaxkoe yc10B1e BHIIOTHSIETCS ¢ TIOMOIIBIO PETYIMPOBAHUS TOKA
OOMOTKHM BO30OYXIeHMS?
1) E=U;
2) f=1
3) uepemoBaHue (pa3 reHepaToOpa, CETU M BOJHOBBIC IMarpam-
MBI € W U, JOJDKHBI ObITh OIMHAKOBEI;
4) e ¥ u_ MOJKHBI OBITH B IPOTUBOdA3E.

162. CUHXPOHHBIN ABUTATeNIb C YMCJIOM Iap MoJcoB p = 1
paboTaeT B CHHXPOHHOM PEXHMe OT IIPOMBIIIIICHHOM CeTH Iepe-
MEeHHOro Toka. OnpeaeauTh YaCTOTY BpallleHUs pOTOpa TaHHOTO
JIBUTATENIS 1, €CIIV HATPy3Ka Ha BaJly yMEHbLINIACh B 2 pasa.

1) n,= 2900 06/muH;
2) n,= 6000 06/muH;
3) n,= 1500 06/muH;
4) n,= 3000 06/muH;
5) n,= 1000 06/MuH.

163. Umeetcs Tpexda3Hblii CMHXPOHHBII ABUraTellb C SIBHO-
TTOJIIOCHBIM POTOPOM C 3JIEKTPOMAarHUTHBIM BO30YyxKIeHUEM 0e3
3JIEMEHTOB 3aIycKa. Kakum o0pa3oM MOXKHO 3aITyCTUTh IBUTA-
TeNb B XoA?
1) c momouibio aBTOTpaHCc(hopMaTopa;
2) IyTeM ILIABHOT'O ITOBBIIIEHUST OT HYJISI YaCTOTBI ITUTAIOIIIE-
IO HaIIPSDKEHUST;

3) ¢ MOMOIIBIO PEaKTOPOB (Ipocceeil), BKIYaeMbIX Mocie-
JOBATEJILHO C CUHXPOHHBIM JIBUTATEJICM;

4) ¢ MOMOLIBIO IyCKOBOTO peocTara.

164. CUHXPOHHBIN ABUTaTeNIb C YMCIOM Iap TMOJIOCOB p = §
paboTaeT B CHHXPOHHOM PEXMME OT CETH TIEPEMEHHOT0 TOKaA C Ya-
crotoii f= 400 I'u. OnpeaeauTsb YaCTOTY BpallleHUsT poTopa JaH-
HOTO JIBUTaTeNs 7,

1) n,= 500 06/muH;

2) n,= 750 06/mMuH;
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3) n,= 1500 06/muH;
4) n,= 3000 06/MuH;
5) n,= 6000 06/mMuH.

165. CuHXpOHHBII ABUTaTEIb PA0OTAET B CHHXPOHHOM PEXU-
M€ OT IPOMBIILIUICHHOM CETH TIepeMEHHOTO ToKa. ONpeae/uTh YiciIo
T1ap TOJIFOCOB JIaHHOTO IBUTATEIISA, €CJIM YaCTOTa BPAILEHUST POTO-
pa JaHHOro aBuraresis n, = 750 06/MuH.

Dp=3 2)p=1 3Hp=6; 4Hp=2; 3Sp=4

6.4. KonnekTopHble MaWMWHbI NOCTOAHHOIO TOKa

166. BribepuTe npaBuibHY0O (hopMyTy OataHca HampsIKeHUs
KOJIIEKTOPHOTO JIBUTATEISI TOCTOSTHHOTO TOKA apajlIeIbHOIO BO3-

Oy XKIEHMSI:
1) U=E,+1,-R;

2) U=E,-1,-R;
3 U=E,+1, R, +(,+1,)-R;
4y U=E,+1,-R,+1,-R;

S ) U=E,-1,-R -(I,-1,)-R.
167. Boibepute mpaBuibHYIO (hopMy OajgaHca MOMEHTOB yCTa-

HOBHUBLICTOCA PEXMMa KOJUICKTOPHOI'O reHepaTopa IoCTOAHHOIO
TOKa.

H M, =M+M, +M;

) M, =M+ M,;

3) M, =M +M;

49y M, =M;

S) My =M, + M.

3,[[6Cb an‘m — MOMCHT IIPpUBOJHOI'O ABUTATECJIA, MO — MO-

MCHT XOJIOCTOI'O X014, MBM — SJICKTpOMaFHI/ITHBIﬁ MOMCHT, Mc —
MOMCHT COITPOTUBJICHUA.
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168. Ykaxute uckyc- ,,
CTBEHHYIO MEXaHUYECKYIO
XapaKTePUCTUKY KOJIIEK-
TOPHOTO JBUIaTeNs I10-
CTOSIHHOTO TOKA C Tapaji-
JIeJIbHBIM BO30YKIEHHUEM.

169. BribepuTe 31eKTPUIECKYIO CXeMY KOJUIEKTOPHOM Malliy-
HBI IIOCTOSTHHOT'O TOKA C IapaUIeIbHBIM BO30YKIEHUEM.

+ + +

—_—
OB OB ° l
— |
a 7]
OB + OB, +
OB,

8 2

170. BeiGepute mpaBuiIbHYIO GOPMYITY 3JIEKTPOMAarHUTHOTO
MOMEHTA KOJIJIEKTOPHOI MaIlIMHBI IIOCTOSIHHOTO TOKa.

C, @

) M, =C, ®-1,; ﬁ%ﬁ% ;
) Cy -1

3) M, = ; 4) M, =——=;
C, -1, )
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5y 2L
SM CM

171. YxaxuTe ecTecTBEH-
HYyIO MEXaHUYECKYIO XapaK-
TEPUCTUKY KOJUIEKTOPHOTO
JIBUTATEJIS TTOCTOSTHHOT'O TOKA
C TMapaJyIeIbHBIM BO30YKIe-
HUEM.

172. Kakast mo3uuusi pucyHka Haubosiee OJIM3KO OTpakaeT
MPUHLIMIT IEHACTBUSI FeHepaTopa MOCTOSIHHOTO ToKa?

o o
F3M E ; an.zm. F3M ; ; an.zm.
Tox S1C Tox S1C

a 6
o o
F3M ; ; an.zm. F3M ; ; an.zm.
Tox S1C Tox S1C
8 2
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173. Ykaxute Xapakrtepu- j ,

CTUKY KOPOTKOIO 3aMbIKaHUS !
reHepaTopa oCTOSSHHOIO TOKa C
HE3aBUCHUMBIM BO30YKICHUEM. 2
5
4
0 I

174. Kakoii 1oKeH ObITh Pe3yJIbTUPYIOLIHIA 111ar TI0 KOJIIEKTO-
pY y, y IPOCTOi BOIHOBOW OOMOTKHM?

1) y =+l 2) y.=xtm, m=2,3,.;

K=x1 Ktm
3) Vo= — 4) yo=—", m=23,.
p p

175. BoibepuTe 5JAEKTPUUYECKYIO CXeMY KOJUIEKTOPHOM Malliv-
HbI TOCTOSIHHOTO TOKA C HE3aBUCUMBIM BO30YKICHUEM.

+ + ha +
a 7]
OB + OB, +
OB,
8 2
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176. Kaxoii fo/keH ObITh pe3yIbTUPYIOLIMIA 1IAT 10 KOJUIeK-
TOPY Y, Y CJIOXKHOIA METIEBOIA OOMOTKM?

) y =41 2) yo=tm, m=2,3,.,;
K+1 K+m
3) V= ; 4) Y. = , m=2,3,..
p p

177. Kakass mMexaHude- 5
CKasT XapaKTepUCTHKa KOJI-

JICKTOPHOTO ABUTATEJISI 10- 1
CTOSIHHOTO TOKa C mapan- P
JIeJIbHBIM BO30YXIeHUEeM 3
COOTBETCTBYET YMEHBIIICHUIO

TOKa BO30YKIEHUSI 110 CpaB- 4
HEHUIO C «ECTCCTBEHHOI» -
XapaKTePUCTUKOM? 0 Moy

178. Kakoe onpeaeneHue IKOpHOI 0OMOTKY HanboJiee OJIM3KO
K peaJlbHOMY IpeACTABICHUIO?

1) pa3oMKHyTasi cucTeMa MPOBOJHUKOB, YJIOKEHHAsI 0 OIpe-
JIeJIEHHOI CXeMe 1 COeIMHEHHasl ¢ KOJJIEKTOPHBIMU T11ac-
TUHaMU U LIETKaAMU;

2) COBOKYITHOCTb CEKIIUI, KOJUIEKTOPHBIX MIACTUH U LIETOK;

3) 3aMKHyTas Ha cebsl cucTeMa MPOBOAHMKOB, YJIOKEHHBIX 1O
OMpeNesICHHOM cXeMe B Ia3bl SIKOPs1, COeNMHEHHasH C BHEI-
Heli CeThIO € MOMOILBIO KOJUIEKTOpA U 11IETOK;

4) COBOKYIHOCTb MPOBOJHUKOB, MPUIASHHBIX K KOJJIEKTOP-
HBIM TUIACTUHAM, UMEIOLINX JIEKTPUYECKOE COCTMHEHNE CO
LIETKaAMMU.

179. Bribepute npaBubHYO (hopMyTy OataHca HampsIKeHUs
KOJUIEKTOPHOTO TeHepaTopa IOCTOSTHHOTO TOKAa He3aBUCHMOTO BO3-
OyXKIeHUSI.

1) U=E,+1,-R;

) U=E,-1I,-R;

3) U=E,+1, - R, +U,+1,))-R;
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4) U=E,-1,-R,-1,-R;

Sy U=E,-1,-R,—-(I,-1,)-R.

180. Kakast MexaHruecKast XapaKTepUCTUKA KOJUIEKTOPHOTO
IBUTATE]IST TIOCTOSTHHOTO TOKA C IMapauIeIbHBIM BO30YXKICHUEM

COOTBETCTBYET YMCHBIIICHUIO HAITPSIKEHUS! TTUTaHMSI TI0 CPABHEHUIO
C «eCTECTBEHHOI» XapaKTePUCTUKOM?

n A
My \

1
2
3
4

»
P

0 M,y

181. MismMeHeHMeM BeMYMHBI U HampaBiaeHus: Kakoil DJ1C B
KOMMYTHUPYIOILEH CEKIIMK MAIIMHBI ITOCTOSTHHOTO TOKA OCYIIIECTB-
JISIIOT YMEHBIICHNE UCKPEHWS IETOK?

1) B1C caMOMHAYKLINK;

2) B C B3aMMOMHIYKIINH;

3) BJ1C BpallieHus;

4) B]1C caMOMHAYKLIMY 1 BPaLLEHUSI;

5) B1C B3auMOMHAYKIIMU 1 BpalleHUSI.

182. BribepuTe npaBuiibHYO (hopMyTy OataHca HampsiKeHUst
KOJUIEKTOPHOT'O TeHepaTopa IOCTOSIHHOTO TOKa MapajlleIbBHOTO

BO30YKIEHUSI.

1) U=E,+1,-R;
2) U=E,-1,-R;
3) U=E,+1,-R,+1,-R;
4 U=E,-1,-R -1, -R;

5\ U=E,-1,-R,—(I,-1,)-R..
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183. Ykaxure pabouyto xa- n a

1
pakTepUCTUKY "M (P,) KOJIeK- —
TOPHOTO IBUTrATEs MOCTOSIH- 5
HOTO TOKa C MapajieJbHbIM
BO30YXKICHUEM.

3

4

0 P,

184. Kak yMeHbIIUTh UCKPEHUE LIETOK B KOJJICKTOPHBIX Ma-
IIIMHAX ITOCTOSTHHOTO TOKA MaJIOi MOIITHOCTH?

1) cIABHUIOM IIETOK C TeOMETPUIECKOI HEeHTpau;

2) ITOCTaHOBKOI NOIOTHUTEIBHBIX TTOJIIOCOB;

3) TOCTaHOBKOI KOMIICHCAIIMOHHOI 0OMOTKM;

4) CIBUTOM IIETOK 1 ITOCTAHOBKOIA TOIIOTHUTEILHBIX TIOJIIOCOB;

5) TOCTaHOBKOI1 JOMOJHUTEIBHOM 1 KOMIICHCAIIMOHHOM 00-

MOTOK.

185. Bribepure npaBuibHyto opmyy 1t D C KouieKTop-
HOI MaIllMHBI IIOCTOSTHHOTO TOKA.

C,-n D-n C -
— e . E =— — e .
1) E, o 2) L, C, 3) E, ;
(o}
E, = ; =C -n-
4) £, C.on 5) E,=C,-n-9.
186. Ykaxute peryiupo- I, o ;
BOYHYIO XapaKTepPUCTUKY TeHe-
paropa MOCTOSTHHOTO TOKa C He-
3aBUCHUMBIM BO30YXICHUEM. 2 5
4
0 T
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187. Beibepute 3JIeKTPHIECKYIO CXeMY KOJIEKTOPHOI MallIHBI
ITOCTOSTHHOTO TOKa C ITOCJICIOBATEIbHBIM BO30YKICHHUEM.

+ + hd +
a 7]
OB + OB, +
OB,
8 2

188. BriGepuTe mpaBUIbHYIO 3a1Ch (hOPMYJIbl OanaHca Hampsi-
SKeHMSI 17151 KOJIJIEKTOPHOT'O ABUTATEIsI TOCTOSTHHOTO TOKA CMEIlIaH-
HOTO BO30YXIECHUSI.

1) U=E,+1,-R;

2) U=E, -1, R;

3y U=E,+1,-R +U,+1,)-R;

4y U=E,+1,-R,+1,-R;

) U=E,~1, R ~(,~1)-R.

189. Ykaxure pabouyio Xxa- j 4 ]

PaKTePUCTUKY 7(P,) KOJUIEKTOP- T
HOTO IBUTATEJISI ITOCTOSIHHOTO 5
TOKa ¢ TIapaJIeIbHBIM BO30YXK-
JIeHUEM.

3

4

0 P,
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190. Bribepute 351eKTPHIECKYIO CXeMY KOJIEKTOPHOI MALlIHBI
ITOCTOSTHHOTO TOKAa CO CMEIIIAHHBIM BO30YKICHUEM.

+ + +
[ 1
a o
OB + OB, +
OB,
6 2

191. BribepuTe npaBubHY0O (hopMyTy OataHca HampsIKeHUsT
KOJUIEKTOPHOT'O JIBUTATeIs1 TOCTOSTHHOTO TOKA MOCJ/IeN0BaTeIbHO-
T0 BO30YXXIIEHUS.

1) U=E,+1,-R;

) U=E,-1,-R;

3) U=E,+1,- R +U,+1,)) R;

4y U=E,+1,-R,+1,-R;

S U=E,~1, R ~(,-1)-R.

192. VYxaxwnure BHENTHIOIO

U i

XapaKTePUCTUKY KOJIEKTOPHO- /
IO reHeparopa MOCTOSIHHOTO

TOKa ¢ MapasuleIbHbIM BO30YXK- 2
JEeHUEM. 3

5
4
0 I
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193. Kakoii 10/KeH OBITh PE3YJIbTUPYIOLINIA I1ar y, 110 KOJUIEK-
TOPY Y NPOCTOM TIETJIEBOIl OOMOTKU?

1) y ==L 2) y.=xtm, m=2,3,.;

K+l K+m
3) Y= ; 4 yo=—", m=23,.
P P

194. Kak yMeHbILIAIOT UICKPEHHE 11I€TOK B KOJJIEKTOPHBIX Ma-
IIMHAX MTOCTOSTHHOTO TOKA CpelHei MOIIIHOCTU?

1) cOBUIOM ILIETOK C TeOMETPUYECKON HEHTpaiu 3a pusndec-

KYIO HEUTpAJIb;

2) TIOCTAHOBKO TOMOJHUTENbHBIX MOJI0COB (JII1);

3) mocTaHOBKOI KoMIleHcauoHHO 0oMoTKU (KO);

4) caBuUroM 11eTOK U rocTaHoBKoi JIIT;

5) caBurom 1ieTok u nocraHoskoi KO.

195. Ykaxurte BHEIIHIOWO ; 4

A

XapaKTepUCTUKY KOJJIEKTOPHO- ]
ro reHepaTopa MOCTOSIHHOTO

TOKa C MOCJIeI0BaTeIbHBIM BO3- 2
Oy>XIEHHUEM. 3

5
4
0 I

a

196. Kakoii 10KeH ObITh PE3YIBTUPYIOLIMIA LIar y, IO KOJI-
JIEKTOPY Y CJI0XKHOI BOJTHOBOI OOMOTKM?

1) y =+l 2) y.=xtm, m=2,3,.;

K=x1 Ktm
3) W= ; 4) yo=—", m=23,.
p p

197. Kak yMeHBIIAIOT MCKaxkeHYe KPUBOI pacIpeie/IeHNsT MHIYK-
LIMY MarHUTHOTO TIOJISI B 30HE IJIABHBIX ITOJTIOCOB B KOJUIEKTOPHBIX
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MallllHaX MOCTOSIHHOTO TOKa OO0JIbIION MOIITHOCTU C TSIKEIbIMU
YCJIOBUSIMU IKCILTyaTaluu?

1) COBMIOM ILETOK C TeOMEeTPUUYECKOI HeUTpaiu 3a husnye-

CKYIO HEUTpab;

2) TIOCTAHOBKOW TOMOJHUTENbHBIX MOJI0COB (JII1);

3) mocTaHOBKOI KoMIleHcauoHHO 00MoTKU (KO);

4) caBuUroM 111eTOK U rocTaHoBKoi JITT;

5) caBurom 1ieTok u nocraHoskoi KO.

198. Vkaxwute BHewHIol0 U
XapaKTePUCTHUKY KOJIEKTOPHO- 1
ro TeHepaTtopa IOCTOSHHOTO
TOKa ¢ He3aBUCUMBIM BO30Y:K-
JEHUEM. 3

0 'Ia

199. Yemy paBHO UMCIIO NMapajuleIbHBIX BeTBEl 2a y MPOCTOM
IIeTIeBOM OOMOTKM?

1) 2a=2p;, 2) 2a=2p-n, n=2,3..;
3) 2a=2; 4) 2a=2n n=2,3..

200. /15 yero CIy>KUT KOJUIEKTOPHO-1LETOUHBIN y3e/1 B reHe-
parope MOCTOSTHHOTO Toka?

1) s 2J1IeKTpUYECKOrO COeAMHEHHUS SKOPHOI OOMOTKHU C
CEThIO;

2) JUISI MEXaHUYECKOIo BBIMPSIMIICHUST TTIEPEMEHHOIO TOKa B
MOCTOSIHHBIA;

3) a1 mpeoOpa3oBaHusl MOCTOSTHHOTO TOKA B TIEPeMEHHbIH TOK;

4) s MeXaHWYECKOTO BBINPSIMIICHUS MEPEMEHHOro ToKa B
MOCTOSIHHBIN U 2JIEKTPUUYECKOTO COSAMHEHUST SIKOPHO 00-
MOTKMU C CEThIO.

YKaxuTe HeNpaBUIbHbIA OTBET.
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201. YkaxxuTe BHEIHIOIO Xa- [ ,
PAaKTEPUCTUKY KOJJIEKTOPHOTO 1
reHepaTopa MOCTOSIHHOTO TOKa
CMELIAHHOTI0 BO30YXAEHMUS,
y KOTOPOTO Mapauie/ibHasi 0OMOT- 3
Ka U MocJefoBaTeIbHas B Mar-
HUTHOM OTHOLLUEHUU BKJTIOYEHBI 5
BCTPEYHO. 4

202. Kakoii BapuaHT pUCYHKa HauboJjee OJIM3KO OTpaxkaeT
TIPUHITAII ACHMCTBUS TBUTATEISI ITOCTOSTHHOTO TOKA.

F3M FC F3M FC
Tox S1C Tok SAC
a 6
o o
F M F, c F. M F c
D]1C Tox Tox S]1C
8 2

203. Bribepute mpaBuiibHYIO (DOpMYJTy OajlaHCca HAMTPSIKEHUS
KOJIJIGKTOPHOTO TeHepaTopa IOCTOSTHHOTO TOKA CMEIIAHHOTO BO3-
OyXKIeHUSI.

) U=E,+1,-R; ) U

3) U=E,+I,-R +1,-R; 4 U

S) U=E,-1,-R -(I,-1,)-R.

E,~1,-R;
E,~1,-R~1,-R;

a

373



D MNEKTPUYECKUE MALLWHbDI

204. YKaxuTe Harpy304Hylo 7

XapaKTepPHUCTUKY TeHepaTopa I1o- !
CTOSIHHOTO TOKa C HE3aBUCH-
MBIM BO30YXKICHUEM. 2
5
4
0 I,

205. M3 kaKrx OCHOBHBIX YacTeil COCTOUT KOJJIEKTOPHAS Ma-
LLIMHA MTOCTOSIHHOTO TOKa?
1) momtockl, spMO, OONTHI, KOJUIEKTOPHbBIE TUIACTUHBI, LLETKU;
2) ctaHuHA, SIPMO, OOMOTKA BO30YKIEHMSI, OONTHI, KOJJIEK-
TOp, LIETKU;
3) oOMOTKa BO30YXIeHUs, IKOpHast 0OMOTKa, 11IeTKH;
4) MHOYKTOP, SIKOPb C KOJIJIEKTOPOM U LLETOUYHBIN y3el.

206. Yemy paBHO 4KMCJI0 MapajieJbHbIX BETBEl 2a y CIOXKHOM
MeTeBoi 0OOMOTKH?

1) 2a=2p; 2) 2a=2p-n, n=2,3..;

3) 2a=2; 4) 2a=2n,n=2,3..

207. Yxaxurte Mmexa-
HUYECKYIO XapaKTePUCTH-
KY KOJIJIEKTOPHOTO JBUTA-
TeJIsl TOCTOSIHHOI'O TOKa C
MOCJIeA0BaTEIbHBIM BO3-
OyXIeHUEM.
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208. Ykaxute pabouylo gz, /

xapakTepuctuky M,(P,) kon- \
JIEKTOPHOTO IBUTATeIsl TOCTO- p
SIHHOTO TOKA C NapauleIbHbIM
BO30YXKICHUEM.

3

4

0 Py

209. Kakoe cyxmeHre HelTpaBWJIbHOE JIJIs1 Harpy>KeHHOTO I'e-
HepaTopa ITOCTOSTHHOTO TOKa?

1) ungyktupyetcst D1C;

2) MexaHUJecKasi SHEepTus Mpeodpa3yeTcst B 3JICKTPUICCKYIO
nyteM UHAYKTHpoBaHUs BJ1C 1 Toka B IKOPHOIT OOMOTKE;

3) sieKkTpuyecKasi 3HepPTus MpeoOdpa3yeTcss B MEXaHUIECKYIO
ITyTeM BO3IEICTBUS 3IEKTPOMAarHUTHBIX CHJT Ha TIPOBOTHU -
KU C TOKOM, HaXOSIINECS B MATHUTHOM ITOTOKE;

4) BO3HUKAET 3JIEKTPOMArHUTHASI CHJIa;

5) MHIYKTUPYETCS TOK.

210. YxaxuTe BHEIIIHIOI XapaKTepUCTUKY TeHepaTopa IoCTo-
SIHHOTO TOKa CMEIIaHHOTO BO30OYKICHMSI, Y KOTOPOTO Iapajiie/ib-
Hast 0OMOTKa M IOC/Ie0OBaTe/IbHAsI B MArHUTHOM OTHOIIICHWH BKJTFO-
YEHBI COTJIACHO.

U A
1
2
3
5
4
0 ',a
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211. BriGepute mpaBuibHY0 (GOpMYITy MEXaHUYECKOI XapakK-
TEPUCTUKHU KOJJICKTOPHOTO IBUTATEJISI IIOCTOSTHHOTO TOKA C I10-
CIIeOBATEIbHBIM BO30YKICHHUEM.

1) n= v _ R
M C, K’
C K- [ ¢
¢ C,-K
2) n=
C, K-
U M R
3)n= oM a ;
C,-K \C,-K C,-K
M
U - M
C,-K R
4) n= +—4—
C,-K C,-K

212. Kak U3MeHSIOT HallpaBJieHUe BpallleHUS IBUTATEIs T10-
CTOSTHHOTO TOKa ¢ TTapaJUIeIbHBIM WM ITOCJIeIOBATEIbHBIM BO3-
OyxxmeHueM?

1) M3MeHeHUEeM TOISIPHOCTH ITUTAIOIIETO HAITPSDKEHUST;

2) M3MEHEHMEM HaIlpaBJCHUSI TOKa B OOMOTKE BO30YXKICHUS

WM B OOMOTKE SIKODSI;
3) u3MeHEHUeM HaIlpaBJICHMsI TOKOB B 0OMOTKAX BO30YKICHUS
U SIKODSI.

213. YeMy paBHO YMCJIO MapaljieIbHbIX BETBEH 2a y IPOCTOi
BOJIHOBOI1 0OMOTKU?

1) 2a=2p;
2) 2a=2p-n, n=2,3...;
3) 2a=2;

4) 2a=2n, n=2,3...
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214. YKaxuTe BHELUIHIOW 7 f

XapaKTepUCTUKY TeHepaTopa ; !
ITOCTOSTHHOTO TOKa C He3aBH-
CUMBIM BO30YKIIEHHEM. 2
5
4
0 I,

215. Kakoe cyxneHue HelpaBUILHOE ISl IBUTATEIISI TIOCTOSTH-
Horo Toka?

1) unapyktupyetcs 3J1C;

2) MexaHWJecKast SHePIHsI IPeoOpasyeTcsl B AJICKTPUUECKYIO ITy-
TeMm nHaykTupoBaHust DJIC 1 ToKa B IKOPHOIT OOMOTKE;

3) aekTpuYecKast 3HepIrus Mpeodpa3yeTcs B MEXaHUIECKYIO
ITyTeM BO3IEICTBUS 3IEKTPOMAarHUTHBIX CHJT Ha TIPOBOTHU -
KU C TOKOM, HaXOSIIECS B MATHUTHOM ITOTOKE;

4) BO3HHMKaeT 3JICKTPOMAarHUTHAsI CHJIa;

5) BO3HHUKAET 3JICKTPOMArHUTHBI MOMEHT.

216. Kakass MexaHU4ecKasl XapaKTepHUCTHUKA KOJJICKTOPHOTO
IBUTATEJISI TIOCTOSTHHOTO TOKA C IMapauIeIbHBIM BO30YXKICHUEM
COOTBETCTBYET YBEIMUEHUIO COIPOTUBIICHUS SIKOPHOM ILIEIIH 110
CPaBHEHMIO C «€CTCCTBEHHOM» XapaKTePUCTUKOM?

n A

ng

N W N~

\
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217. Kakoii KoJIeKTOPHBIN TeHepaTop MOCTOSIHHOTO TOKa Cro-
PUT B MEPBYIO OYepeib MPU KOPOTKOM 3aMbIKaHUN?

1) ¢ He3aBUCUMBIM BO30OYKICHUEM;

2) ¢ mocaea0BaTebHbIM BO30YKICHUEM;

3) ¢ mapaiebHbIM BO30YXIECHUEM;

4) co cMelIaHHBIM BO30YKICHUEM.

218. Bribepute mpaBuibHY0 (GOpMYITy MEXaHUYECKOI XapakK-
TePUCTUKY KOJUIEKTOPHOTO IBUTaTeIsI IOCTOSITHHOTO TOKa C Tapaji-
JICJIEHBIM BO30YXKICHUEM.

1) n=U-Ce-CD—A43M—'R"2;
C.-C, @
C.® M, R
2 — e _ M a ;
T G
U R
3 = - 4 ;
V"= o M. CC
4) n=U-C,-®- R, >
M. C-C, -
S 4o U MR

c,® C-C, -

219. YkaxuTe XapaKTepHCTUKY XOJIOCTOTO XOlla TeHepaTopa
ITOCTOSTHHOT'O TOKA C HE3aBUCUMBIM BO30YXKICHUEM.

EO A 1
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220. YKaxuTe MEXaHU-
YECKYI0 XapaKTePUCTUKY
KOJIJIEKTOPHOTO JABUIATENst
MOCTOSTHHOTO TOKa CMellIaH-
HOTO BO30YXIECHUS.

3

0 M,

221. Bribepute npaBuibHY0 (DOPMYIY IJIs CONPOTUBICHUS
SIKOPHOM IIeTTM F'eHepaTopa IOCTOSTHHOTO TOKAa HE3aBMCHMOIO BO3-
OyXIeHMUsI.

1) R =R;
2) R =R +R,+R,+R +R,;
3) R =R +R,;

4) Ra = Ro.;x + Rx.rm + Rm + Rx.m'

3nmech R — cONMpoTHUBIEHNE OOMOTKHU AKOpsI; R — COMpO-
THUBJIEHUE KOJUIEKTOPHBIX ITACTUH; R — COMPOTUBJICHHUE IIIETOK;
R — conpoTUBIEHHE KOJUIEKTOPHO-ILETOYHOTO Tepexona; R —

K.1II

COITPOTUBJICHUE LCIIN B036y}K,Z[€HI/I$I.

222. BribepuTe NpaBuibHY0 (DOPMYITY AJISI MOMEHTA XOJI0CTO-
'O X0lla TeHepaTopa IOCTOSTHHOT'O TOKa.

l) MO = MTp.n + Mc + MTp.B + M‘rp.m + MC.B.T;
2) MO =MTp.ﬂ +MTp.B+MTp.Lu+M‘ ;

c.B.T?

3) MO = MTp.n + MTp.B + M‘rp.m - M

C.B.T?

4 My=M_ -M_ -M_ +M,;

TP.B TP. 11 c.B.T?

Sy My=M,_ ~M.+M_ +M_ -M,

c.B.T®

31ech M., — MOMeHTSBI TpeHuUsT; M, — MOMEHT COMpPOTHBIIC-

C.B.T

HUA OT BUXPEBLIX TOKOB; /Mc — OIPYITM€ MOMCHTbBI COITPOTUBJICHMA.
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223. Ykaxute pabouyro Xa- 7 , /

pakTepucTuky I(P,) KojIeK- \
TOPHOTO IBUraTesIsl MOCTOSIH- 5
HOro TOKa ¢ MNapajjieJbHbIM
BO30YKICHUEM.

3

4

0 P,

224. Yemy paBHO YMCJIO MapasieJbHbIX BETBEl 2a y CIOXKHOM
BOJIHOBOi1 0OMOTKM?

1) 2a=2p; 2) 2a=2p-n, n=2,3..;

3) 2a=2; 4) 2a=2n, n=2,3...

225. Ha pucyHke nokasa- ]
Hbl 3aBucumoct M, (1) nis M, & 2
IBUTATENIell TTOCTOSHHOTO 3

TOKa T10C/Ie0BATEIHOTO BO3-
OyXI€HMs, apajieIbHOro 1
cMenianHoro. Kakas 3aBucu-
MOCTb 3JIEKTPOMAarHUTHOIO
MOMeHTa M OT TOKa IKOps
1, cripaBeiMBa Ui IBUTATE-
Jisl IOCTOSTHHOTO TOKA T0CIe- o

J0BaTeJIbHOTO BO30YKIEHUA? 0 - I,

226. Kojiektop nBurareisi ¢ mapajieibHbIM BO30YKIeHUEM
HMMEET YUCJIO KOJIEKTOPHBIX MIacTUH K = 40 U BUTKOB B CEKLIMU
w = 10. OnpeaeauTb YUCIO aKTUBHBIX MPOBOIHUKOB OOMOTKH
sIKOpsT V.

1) N=40; 2) N=400; 3) N=4;

4) N=280; 5) N=800.
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227. VIcrIOSTHUTENBHBII ABUTATe b TOCTOSTHHOTIO TOKA C SIKOP-
HBIM yIIpaBJIeHUEM paboTaeT ¢ MOMeHTOM Ha Bany m = 0,8. ITpu
9TOM CUTHAJ yrpasieHus o = 1. Onpenennts, 4eMy OyIeT paB-
Ha OTHOCHTEJIbHASI CKOPOCTh BPALLEHMS IBUTATENS V, €CIIU MO-
MEHT COIPOTUBJIEHMsI Ha BTy YMEHBILMJICS B BA pa3a P HEU3-
MEHHOM CHUTHaJIe YIIPABJIEHHUS].

Hv=02 2)v=0,4;, 3)v=0,6;

4H)v=0,8;, 5 v=1,,6.

228. JIBe MalllMHbI TOCTOSIHHOTO TOKa cepuu I1 uMmeroT pas-
JIMYHBIE HOMUHAIbHBIE Hanpsukenus. [lepsasa U = 110 B, Bro-
pas U = 115 B. Kakas 13 MalllmH — reHeparop, Kakast — JIBUTa-
Teb?

1) 06e MalMHbI — JBUTATEb;

2) 00e MallHbI — TeHepaTop;

3) nepBasi MalIMHa — ABUIaTe/lb, BTOpPas — reHepaTop;

4) nepBas MalllMHa — TeHEpaTop, BTopasi — ABUTraTeb.

229. VcrionHUTeIbHBIN ABUTATEb IIOCTOSTHHOTO TOKA C SIKOP-
HBIM yIIpaBJIcHUEM paboTaeT ¢ MOMeHTOM Ha Bany m = 0,8. ITpu
9TOM CUTHAJ yrpasieHus o = 1. Onpenennrs, 4eMy OyIeT paB-
Ha OTHOCHUTEJIbHASI CKOPOCThb BpallleHWs ABUTaTesis v, eClu MpU
HEM3MEHHOM MOMEHTE CONPOTUBIIEHMsI Ha By CUTHAJ yITpaBJie-
HMSI o YMEHBLIWJICS B JBa pasa.

1) v=0; 2)v=20,2; 3)v=0,4;

4) v =0,5; 5) v =20,6.

230. MoXHO 11 ONpeAeauTb, KaKOi U3 IBYX ABUTaTeNel C
TMapajUIeIbHBIM BO30YKICHIEM, a KAKOI — C TIOC/IeIOBAaTeIbHBIM,
€CJI U3BECTHO, UTO IIPY OAMHAKOBBIX HOMUHAIBHBIX XapaKTepHC-
TUKAax ¥ Harpy3Ke BbIllle HOMUHAJIBHOM, YaCTOTa BpaIlleHHS IIep-
BOTO JIBUTATEJIsI 0Ka3aJIach MEHbIIIE, a TIpY Harpy3Ke HIKe HOMU-
HaJIbHOI1 — OOJIbIIIE YeM y BTOPOro?

1) onpenenuTh HEJIb3s;

2) oba aBHTaTesIsl ¢ MapauleIbHBIM BO30YXICHUEM;

3) o0a aBuratess C mocjienoBaTeJIbHbIM BO30YKICHUEM;
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4) mepBBIif ABUTATENb C IIOC/ICAOBATEeIbHBIM BO30YXICHNEM,
BTOPOI — C MapajUIeIbHBIM;

5) TmepBBIi ABUTATEb C MapaJUIeIbHBIM BO30YKICHUEM, BTO-
POIi — ¢ MOCIIeNOBaTeIbHBIM.

6.5. UH(popmaumoOHHbIE MaLIUHBI

231. Y cuHyCHOro MoBOPOTHOTrO TpaHc(opMaTopa Mpu mep-
BMYHOM CMMMETPMPOBAHMH IJIaBHAs CTaTOpPHAasA 0OMOTKa ¢,¢, MO/ -
KJIIOYAeTCsI K CeTH TIePeMEHHOTO HAMPSDKeHMS, CHHYCHAsI pOTOP-
Hasi 0OMOTKa p p, — K Harpyske Z,,.; . Kax npaBuibHO Moakio-
YUTb OCTATbHbIC OOMOTKU:
@) BCIIOMOTATeNIbHAA CTaTOPHAsA OOMOTKA C,¢, PA30MKHYTA;
0) BCrIOMOTaTesIbHAsA CTaTOPHAs OOMOTKA ¢,C, 3AMKHYTa Ha CO-
MpoTuBJIeHUe £, = Z,, Tae Z, — BHElIHee COMPOTUBIIE-
HME LIENH IJIaBHO# CTAaTOPHOI OOMOTKH ¢ Cy;

6) KOCHHYCHas pOTOpHas 0OMOTKa p.p, PA3OMKHYTa,;

2) KOCHMHyCHas pPOTOpHas 0OMOTKa p.p, 3aMKHYTa Ha CONPOTHB-
neHue Z,,,,?

BriGepuTe MpaBMIIBHOE COUETaHME BKIIOUEHUI OCTABIIMXCS
OOMOTOK.

1)a, 6 2 a e 3) 0,6 4) o0, e.

232. YV cMHYCHOro MOBOPOTHOIO TpaHc(opMaTopa mpu BTO-
PUYHOM CUMMETPMPOBAHMH IJIaBHAs CTATOPHAsA 0OMOTKA ¢, MO/ -
KJIIOYAEeTCsI K CETH IIEPEMEHHOTO HAIPSTKEHMsI, CHHYCHAsT POTOP-
Hast 0OMOTKa p p, — K Harpyske Z,,., . Kak npaBuibHO moaxiio-
YUTb OCTATbHbIC OOMOTKU:
@) BCIIOMOTATeNIbHAA CTATOPHAsA OOMOTKA C,¢, PA30MKHYTA,;
0) BCrIOMOTaTesIbHAsA CTaTOPHAs OOMOTKA ¢,C, 3AMKHYTa Ha CO-
MIPOTHBJICHUE;

6) KOCHHYCHas pOTOpHas 0OMOTKa p,p, PA3OMKHYTa,;

2) KOCHMHYCHas POTOpHas 0OMOTKa p.p, 3aMKHYTa Ha CONPOTHB-
nenve Z,,.,"?
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BbI6CpI/ITC IIpaBUJIbHOC COUYCTAaHUC BKJIIOUCHMIA OCTaBILMXCS

OOMOTOK.
1) a, 6, 2)a, e 3)0, s 4) o0, e.

233. BribepuTe IIpaBUIBHOE YCIOBHE TIEPBUYHOTO CMMETPH -
POBaHsI TOBOPOTHOTO TpaHcdopmaropa, rae Z,, Z,,, — KOMII-
JICKCHBIC COTIPOTHUBICHUS POTOPHBIX OOMOTOK M WX Harpy3ok;
Z, — KOMIUIEKCHOE COMPOTUBIIEHHE, MOAKITIOUEHHOE K 0OMOTKE
¢,¢,; Z, — KOMILIEKCHOE BBIXOJHOE CONPOTUBIEHNE NCTOYHMKA
MMUTaHMS.

1) Z 1+Zp2=Z 2+Zp1;

= narp = marp

2) Zuarpl + Zpl = ZuarpZ + ZpZ;

3) Zp] + ZpZ = = narpl + ZuarpZ;
4 Z,=2.

234. BriOepuTe MpaBUIbHOE YCIOBUE BTOPHYHOTO CUMMETPH -
POBaHUs TTIOBOPOTHOT'O TpaHC(hOpMaTOpa.

1) Zuarpl + sz = Zuarpz + Zp];
2) Zuarpl + Zpl = ZuarpZ + sz;
3) Zpl + sz = Zuarpl + ZuarpZ;
4) Z,=2,

235. Bribepute npaBuibHyo dhopmyny ais DC poTopHoii
0OMOTKHM CHMHYCHOTO TIOBOPOTHOTO TpaHC(hOpMaTopa B peXknMe
XOJIOCTOT'O XO7Ia.

2) E, = KE, sin6;
3) E,, = KE, cos6;
_ KEsin®

E, = .
4) o 1+bcos’ 0
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236. BrioepuTe npaBuiibHYI0 hopmydty aist BJ1C poTopHoii 00-
MOTKM CHHYCHOT'O ITOBOPOTHOTO TpaHC(hOopMaTopa B pexKuMe Ha-
IPY3KHU.

E. - KE  cos6
D =2 1+bsin’0’
2) Epl = KEC] Sm e’
3) E,, = KE, cos0,
2) _ KE sin®

= 14+bcos’0’

237. [1on aMIUIMTYIHOM TTOTPEITHOCTHIO0 CHHYCHOTO TIOBOPOT-
HOTO TpaHc(hOpPMaTOpa IIOHNMAIOT;

1) m3MeHeHMe aMIUTUTYIbI BBIXOTHOTO HATIPSIKEHUST OTHOCH -
TEJIbHO aMIUTUTYIbI HATIPSDKEHUST, M3MEHSIIOLIEICS CHHYCO-
WIAJIBHO OT yIJIa IIOBOPOTA POTOPA;

2) pa3HOCTb KOMILIEKCHBIX aMIUTUTYJT HAITPSDKEHUI MIeaTbHO-
T'0 1 peaJIbHOrO TpaHC(hOpPMAaTopa;

3) pa3HOCTb KOMIUICKCHBIX IEMCTBYIOIIMX 3HAYEHUI HATIPsSDKe-
HMIA UIeaJTbHOTO ¥ PeabHOTO TpaHC(HOPMATOPOB.

238. Ilox ¢a30Boii MOrpelIHOCTHIO TOBOPOTHOTO TpaHChop-
MaTopa IIOHUMAOT:

1) m3meHeHMe (a3bl BEIXOIHOTO HAMIPSLKEHMSI TIPY M3MEHEHUH
YaCTOTHI HAIIPSDKEHUST BO3OYKICHMS;

2) m3MeHeHue (a3bl BBIXOIHOTO HAIIPSDKEHMST IIPU U3MEHEHUT
TeMITepaTyphl OKPYKAOIIel CPeJIbl;

3) u3MeHeHue (ha3bl BEIXOIHOTO HAIIPSKEHUSI OTHOCUTEIHHO
(ba3pl HaIIpsDKEeHMST BO30YKIECHYS TTPU M3MEHEHUH Harpy3-
KU WIK YIJIa TIOBOPOTa pOTOPA.

239. AMIUIUTYAHYIO MOTPELIHOCTh TOBOPOTHOTO TpaHc(opMa-
TOpa yMEHBIIIAIOT:

1) yBemMueHeM aKTUBHOI HArpy3Ku;

2) yBeIMYCHUEM MHIYKTUBHON HArpy3Ku;
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3) yBeJIMYeHUEeM eMKOCTHOM Harpy3Ku;
4) yMeHblIIEHUEM Harpy3Ku J1o00ro BUIA.
BriGepuTe HenpaBWIBHBIN OTBET.

240. ®a3oByI0 MOrPEIIHOCTh TOBOPOTHOTO TpaHcdopMaTopa

YMCHbIIAIOT:

1) yBeIMueHeM aKTMBHOM Harpy3Ku;

2) yBeJIMYCHUEM MHIYKTUBHOMN HArPy3KH;
3) yBeIMUEHUEM eMKOCTHOI Harpy3Ku?
BriGepuTe HenpaBWIBHBIN OTBET.

241. AMILIUTYIHYIO U (ha30BYIO MTOTPEILIHOCTY YMEHBIIAKOT:
1) yBemMueHeM aKTUBHOM HArpy3Ku;

2) yBeIMYCHUEM MHIYKTUBHOW HArpy3Ku;

3) yBemueHreM eMKOCTHOM HAarpy3KH;

4) CUMMETPUPOBAHUEM;

5) yMeHbIIIeHEM Harpy3Ku JI000To BUIA.

242. HavMmeHbIast CTeNeHb UCKAXXEHMS BRIXOIHBIX XapaKTepy-
CTMK CMHYCHO-KOCHHYCHOTI'O ITOBOPOTHOTO TpaHc(opmarTopa ao-
CTUTACTCS TIPU:

1) nepBUYHOM CUMMETPUPOBAHUN;

2) BTOpUYHOM CUMMETPUPOBAHUY;

3) IepBUYHOM U BTOPUYHOM CUMMETPUPOBAHUM.

243. [Tpu KaKOM CUMMETPUPOBaHNM CUHYCHO-KOCHHYCHOTO
ITOBOPOTHOTI'O TpaHc(opMaTopa BeJIMIMHA TOKA IJIaBHOM 0OMOT-
KH CTaTopa ¢,c, He U3MEHAETCA NPY U3MEHEHUU YIJIa TOBOPOTa
potopa?

1) IepBUYHOM CUMMETPUPOBAHUN;

2) BTOPUYHOM CUMMETPUPOBAHUMU.

244. HactynieHue nojaHO KOMITEHCAlMK MONepeyHOro noTo-
Ka Mpy BTOPUYHOM CUMMETPHUPOBAHUU MOXKET ObITh 3aperuCTpH -
POBAHO C MOMOLIbIO BOJIBTMETPA, BKIIIOYSHHOT'O B LIETTb:

1) r1aBHO¥ CTaTOPHON OOMOTKH C,C);
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2) BCIIOMOTATeIbHOM CTATOPHOI OOMOTKH C,C,;
3) cuHyCHOI p?TOpHOfI O?MOTKI/I DDy
4) KOCMHYCHOM POTOPHOI OOMOTKU p.p,.

245. Y nauHeitHoro nopopoTHoro TpaHcgopmaropa (JITIT) ¢
IIEPBUYHBIM CUMMETPUPOBAHNEM OOMOTKH BKITIOUAFOTCSI:
@) TJIaBHasg CTaTOpHas OOMOTKA ¢,¢, — K CETH MEPEMEHHOTO
HaIPsCKeHMS
0) BCrIOMoOraTesibHask CTaTOpHas OOMOTKA ¢,C, — Ha COMPOTHB-
neHue Z,;
6) CUHYCHas POTOpHasi OOMOTKa p p, — Ha CONPOTUBJIEHUE

=mnarpl »

2) KOCI/pIHYCHaH poTopHast 0OMOTKa p.p, — Ha COMPOTUBIICHHE

= narp2 ;

0) TiaBHas CTaTOpHas 0OMOTKA ¢,¢,, COEAMHEHHAs OCTIEN0-
BaTeJIbHO C KOCHMHYCHOI POTOPHOi OOMOTKOM p.p, ¥ COPO-

TUBNEHUEM Z,,.,, — K CETH NIEPEMEHHOTO HATIPSLKEHMS;

e) BCIIOMOraTe/IbHasi CTaTOpHasi 0OMOTKa ¢,c, COeIMHEHA 0~
CJIeNOBaTEeIbHO C CMHYCHO# POTOPHOM OOMOTKOM p,p, ¥ CO-
HPOTUBICHUEM Z,,., .

Bri6epuTe mpaBuiIbHOE COYETAHNE BKITIOYEHWIT OOMOTOK:

1) a, 0, 6, 2)a, s, e 3) o, 6, 0, 4) a, e, e

246. Y JIIIT co BTOpMYHBIM CUMMETPUPOBAHUEM OOMOTKU
BKJTIOYAIOTCSI:
@) TJIaBHasg CTaTOpHas OOMOTKA ¢,¢, — K CETH MEPEMEHHOTO
HaIPsCKeHMS
0) BCrIOMoOraTesibHask CTaTOpHasg 0OMOTKA ¢,C, — Ha COMPOTHB-
neHue Z,;
6) CUHYCHas POTOpHas OOMOTKa p p, — Ha CONPOTUBJIEHUE

narpl »
2) KOCI/pIHyCHaH poTopHast 0OMOTKa p.p, — Ha COMPOTUBJICHHE
= narp2 ’
0) TiaBHas CTaTOpHas OOMOTKA ¢,¢,, COENMHEHHAs OCTIEN0-
BaTeJIbHO C KOCMHYCHOI POTOPHOi OOMOTKOM p.p, ¥ COPO-
TUBJIEHUEM Z, — K CETU MEPEMEHHOTO HATPSKEHUS,;

“mnarp2 »
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e) BCIOMoraTe/ibHasi CTaTOpHasi 0OMOTKa ¢,¢, COeIMHEHA 10~
CJIeNOBaTeIbHO C CUHYCHO# POTOPHOM OOMOTKOM p,p, ¥ CO-
HPOTUBICHUEM Z,,., .

BriGepuTe TIpaBUIIbHOE COUETAHNE BKITIOUSHU OOMOTOK:
1)a, 0,6 2)a 6 ¢ 3)0,6 0, 4)a,e, e

247. Boibepute npaBuibHyo dhopmyny ais D1C poTopHoii
oomotku JITIT ¢ nepBuYHBIM cuMMeTpupoBaHueM (tae K — Ko-
a¢duLIMeHT TpaHchopMaLUn).

) E, =KEI%;
3) E, =KEI%;
4) E, =KEI%,

248. Bribepute npaBuibHyo dhopmyny ais DC poTopHoii
oomotku JITIT co BTopryHbIM cUMMeTpupoBaHueM (rae K — Ko-
adumeHT TpaHchOpMaLMK; @ — KOMIUIEKCHBI MHOXUTEb,
He 3aBUCSILIMIA OT yIj1a MOBOpoTa poTopa 0 )

sin © cos 0
EF =KE ——; E, =KE ———;
DI “'1-acosH 2) S “"1+asin®d
cos 0 sin 6
EF, =KE ——; E, =KE ———.
3) Zw “'1-asin® 4) L “'1+acos0

249. BribepuTe MpaBUIbHOE YCIOBUE BTOPHYHOTO CUMMETPH -
poBanus JIIIT (rme conmpoTUBIEHUsI CO IITPUXOM IIPUBENEHBI K
YUCITy BUTKOB IJTaBHOI CTATOPHOI OOMOTKH).

V) Zy+ 2y =225+ Ziy + 2o )

Harp?2

2) Z, .+

7’
narpl Harp?2

=2(Z,+Z,,+ Z,,);
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3) Z;:2+ 1:arp2 z2(21:1+zl:arpl+zc2);
4) Zc2+ 1:arp2 zz(Z;:I+Z;:2+Zl:arpl)’

250. Haumennbluee otkioHeHue D/1C poropHoit oomotku JITIT
OT JIMHENHOM 3aBUCUMOCTHU MU KoadduLmeHTe TpaHchopMauu
¢'=0,54 mocturaeTcs B AMana3zoHe YIJIOB OBOPOTa poTopa:

1) or —60° mo +60°;

2) ot —90° no +90°;

3) or —120° mo +120°.

BriGepuTe npaBUIbHBIA OTBET.

251. OGpa3zoBaHue CMEUIAIONIET0 HAMPSIKEHUsI C MOMOLIbIO
MaclTabHOro MOBOPOTHOIO TpaHC(hOPMAaTOpa UCTIOB3YIOT B OC-
HOBHOM:
1) nns paciuupenus npeaeaoB padots! JIIT;
2) s paciuupenus npeaeaos padotsl JIIIT npu ogHo3HAY-
HOM U3MEHEHHWH YIJIa TOBOPOTa pOTopa 0 ;

3) mis paciuupeHnus rpeaenoB padotsl JIIT npu HeogHO3HAY-
HOM M3MEHEHMH YIJia ToBopoTa potopa 0 .

BriGepuTe npaBUIbHBIA OTBET.

252. YTO He B COCTOSTHUY BBITIOJHUTH TOBOPOTHBIN TpaHchOp-
MaTOp-TOCTPOUTENb?
1) nmpeoGpazoBaHue OT 1EKAPTOBBIX KOOPAMHAT K MOJISIPHBIM;
2) npeobpa3oBaHue OT MOJISIPHBIX KOOPAMHAT K 1€KAPTOBBIM;
3) mpeoGpa3oBaHue OT OAHOM AEKaPTOBOI CUCTEMbI KOOPIH -
HAaT K IPYroil Ipy MOBOPOTE UX OCEN;
4) pacumpeHue npeaeaon padotst JITIT.

253. B azoBpaiatesie Ha OCHOBE CHUHYCHO-KOCHMHYCHOTO
TpaHcdopMaTopa JMHeHOM (YHKIIMEH yria TOBOpOTa poTopa s1B-
JISIeTCS:

1) ammutyaa BeixogHoi BJ1C;

2) yactoTta BeixogHol DJIC;

3) ¢aza BeixogHoit DJC.

BriOepuTe mpaBUIbHBINA OTBET.
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254. ]Ins yero mpeaHa3HaYeH CeJIbCUH?

1) st mepemavy Ha PacCTOSTHUE YIJIOBOTO IMEPEMEILICHUST;

2) mi1st IpeoOpa3oBaHKsI AMILUTATYIBI BEIXOMHOTO HATIPSDKEHUST
B (DYHKIIMIO yIJIa ITOBOPOTa POTOPA;

3) mist mpeoOpa3oBaHMs YaCTOTHI BBIXOMHOIO HAMPSDKEHUS B
(yHKIIMIO yIJIa TOBOPOTA POTOPA;

4) nnst npeobpa3oBaHuUst (pa3bl BBIXOAHOIO HAITPSKEHMSI B (DyH-
KIIMIO yIJIa [IOBOPOTa POTODA.

255. Kakoe 13 CIeayIonmX YTBEPXKICHUI SIBJISIETCS HEBEP-

HbIM? BeCKOHTAaKTHBIN CETbCUH B CpaBHCHUUM C KOHTAKTHbIM OT-
JIMYacTCA:

1) OTCYyTCTBHEM CKOJB3SIIIMX KOHTAKTOB;

2) yBeIMUEHUEM YKCJIa BO3MYLIHBIX 3230POB;

3) yBenuueHrueM MJIC 0OMOTKY BO30YKICHMUSI;

4) yMeHbIIICHHEM TabapyTOB 1 Beca 110 CPAaBHEHMIO ¢ KOHTAKT-
HBIM CEJILCMHOM, BBITIOJTHEHHBIM Ha TOT K€ TI0JIe3HBII MO-
MECHT.

256. TpanchopMaTopHbIil pexkuM pabOThl MO CPaBHEHUIO C

MHIUKATOPHBIM PEXKMMOM pa6OTI>I CCJIbCHHA:

1) cioxHee B peal3aly;

2) Tpollie B pealn3aluM;

3) Mo3BoJSIET MPeonoieBaTh 3HAUYMTEIbHBIE MOMEHTBI COITPO-
TUBJICHUSI Ha BaJly CeJIbCMHA-TIPUEMHUKA.

BriGepuTe HenpaBWIBHBIN OTBET.

257. B MHOUKATOPHOM pexkuMe paboThl POTOPHI CEIbCUHOB

JaTyvKa v IpUeMHUKA IMOBEPHYTHI B OAHY CTOPOHY COOTBETCTBEH -
HO Ha yriel O, u 6, (mpuuem 6, >0 ) B Kakylo cTopoHy npu
9TOM JCHCTBYIOT CUHXPOHU3UPYIOLLIYE MOMEHTBHI:

@) Ha pOTOP JaTYMKA B CTOPOHY YMEHbIIIeHus yria 0, ;

0) Ha POTOP JIaTYMKA B CTOPOHY YBelIW4eHus yria 0, ;

6) Ha pOTOp MPUEMHHUKA B CTOPOHY YMEHbLIEHUS yIiia 6, ;
2) Ha pOTOp MPUEMHMKA B CTOPOHY YBEIMYeHMs yria 6, ?
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BbI6epI/ITC IIpaBUJIbHOC COYCTAHUEC MOMECHTOB!
1) a, 6 2) a, 6 3) a, ¢ 4) o, 6
5) 6, ¢ 6) 6, e

258. I1pu noaKI0YeHUN TPeX CeTbCUMHOB-MPUEMHUKOB K OJI-
HOMY JaTYMKY JJIs COXPaHEHUSI CUHXPOHU3UPYIOLIET0O MOMEHTA
MprYEeMHUKA BIOMPAIOT CEIbCUH-AATYMK C COMPOTUBICHUEM 00-
MOTKHW CUHXPOHM3AIIUU:

1) paBHBIM COMPOTUBICHUIO OOMOTKM CUHXPOHU3ALIMU TIPUEM-

HMUKa;

2) MEHBLIVM COMPOTUBICHUSI OOMOTKM CUHXPOHU3ALWU TIPH-

€MHUKa B TpY pa3a;

3) OBJbBUIMM COMPOTUBICHUSI OOMOTKU CUHXPOHM3ALIMU MPH-

€MHUKa B TpY pa3a;

4) conpoTUBIEHHE OOMOTKM CUHXPOHU3ALIMU CETbCUHA-IaTYMKa

He UMeeT 3HaYeHMUSI.

BriOepuTe mpaBUIbHBINA OTBET.

259. /1ns1 TOro, 4ToObl UMETh CUHXPOHU3ALIMIO B TIpeaeaax o/l -

HOI'0 000pOTa, CEJIbCUHBI BHIMOIHSIIOT C YMCIIOM Map MOJIOCOB p:
Hp=1;2) p=2;3) p=3;4) p=4;5) mo0bIM.
BriGepuTe npaBUIbHBIA OTBET.

260. Bribepute mpaBUibHYI0 (hOPMYITY CUHXPOHU3UPYIOLLIETO
MOMEHTA CeJIbCHHA.

1) M, =M, cosb,
) M, =M, sinb;
3) M. =M_,, cosb;
4 M =M, sinb;
5) M, =M, cosb,;
6) M, =M,,,sin6,,

(6, m 6, — ymIBl MOBOPOTa POTOpa AATYMKA U MPHUEMHUKA;
0 =0, -0, — yron paccornacoBaHusl.)
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261. Bribepute mpaBUIbHYIO (pOpMYIy ISl YACIBHOTO CUH-
XPOHU3UPYIOIIET0 MOMEHTA.

C AMC .
D M, == 2) M, ==2¢
M, . M,-M,
» { do l_o’ H M=

262. BribepuTe npaBUbHYIO (DOPMYJY 17151 30HBI HEUYBCTBU -
TEJIBHOCTH CeJIbCUHA-TIPMEMHIKA, Pa00TAIOIIETO B MHAMKATOPHOM
pexXuMme.

. T
MT , Myﬂ
3 B=M,M,; 4 B=MM,
(M | — MOMEHT TpeHHMsl CelTbCHHA-TIPUEMHIIKA. )

1) B= 2) B=

263. Ecnu poTtop celbcHHa-AaTYMKa, paboTalollero B TpaHc-
(opMaTtopHOM pexrMe, MOBEPHYTb MO YAaCOBOM CTpesiKe Ha
yroix 0, , To pesynpTupytomuii Bektop MJIC npueMHuka:

1) moBopauMBaeTcs Ha TaKOM e YroJ 1o YaCOBOM CTpesKe;

2) MoOBOpayMBaeTCSI Ha TaKOW e yroj NMpOTUB YacOBOM

CTPEJIKU;
3) ocraeTcst HeMOABUXKHBIM.
BriOepuTe mpaBUIbHBINA OTBET.

264. Bribepute npaBuibHY0 (hopmyity BeixogHoit DJIC cenb-
CUHa-NpYEeMHUKA, paboTaloLIEro B TpaHC(OPMATOPHOM pPeKUME.
1) E,. =F sin @ ;

BBIX BBIX Max

2) E  =F cos 0, ;

BBIX BBIX Max

3) £ =F cos 0;

BBIX BBIX Max

4 E_=E___ sin6;

BBIX BBIX Max

5\ E. =E, . sino

BBIX BBIX Max

6) £, =F cos6,,

BBIX BBIX Max

(6, m 6, — ymIBI NTOBOPOTAa POTOpA IaTYMKAa M MPUEMHUKA;
0=0, -0, — yrozn paccoriacoBaHusl.)
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265. BreiGepuTe TIpaBUIbHYIO (DOPMYITY [UISI YACTBHOI BBIXOM -
Hoit BJ1C cenbcrHa-IIpUEeMHUKA, pabOTaIOIIeTo B TpaHChOopMa-
TOPHOM PEXHME.

dE E
E — BbIX ’ — BbIX
1) yi ( de )9—0 2) E)’n e 2
AFE E -FE
E = BbIX ; E = BBIX 1 BBIX II .
3 ) ya Ae 4) ya e

266. YBenyeHUe aKTUBHOTO M MHAYKTUBHOTO CONPOTHUBIIE-
HUIi IMHUN CBSI3U BI3bIBACT:

1) yMeHblIEHNE CUHXPOHU3UPYIOLLETO MOMEHTA CEJIbCUHA B
VHINKATOPHOM PEXIME;

2) ymensuieHue BoixonHou OJIC E,
TpaHC(OPMATOPHOM PEXUME;

3) OTKJIOHEHUE OT CUHYCOMIAIbHOl 3aBUCUMOCTH BBIXOIHOM
OAC E, . .

BriGepuTe HenmpaBWIBHBIN OTBET.

CCJIbCMHAa-IIpMEMHHKA B

267. BoibepuTe mpaBUIbHYIO (DOPMYITY AJIsI YTJIOBOM OLLIMOKKU
CeJIbCHHA, pabOoTaIOIIero B TpaHC(HOPMATOPHOM PEXMME.

1) A0=AULU,: 2) A6=ATU°‘V—;

ya

U U dUu.
= . = A . AO = ° 5
Y e TR R T/

(U,, — Benu4vHa HarpsDKeHNst OLMOKHM, COBANAOLLEH 110 ase ¢
BBIXOTHBIM HalPSDKEHUEM B COINIACOBAHHOM TIOJIOKEHUN CUCTEMBI
(6=0);U yx — YAEJIbHOE BBIXOIHOE HAPSKEHUE TIPUEMHHMKA. )

268. Kakoe 13 cieayrolnX yTBEpKACHUMN SIBIsSIETCSI HEBEP-
HbIM? JInddepeHIInaNbHbII CETbCUH OTIMYAETCS OT Tpexdas-
HOT'O aCUHXPOHHOTI'O IBUTATENISI C (Da3HBIM POTOPOM:

1) HaIMYMEM ITyJIBCUPYIOIIETO MATHUTHOTO ITOTOKA;

2) OMMHAKOBBIM YHCJIOM BUTKOB CTATOPHOI M POTOPHOI 00-

MOTOK;
3) otcyrcTBUEM Tpex(a3HOro MyCKOBOIO PeocTara;
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4) momaueil HaNpPsCKeHMsI HA 0OMOTKHM CTaTopa U poTopa;
5) pa3HBIM YKCJIOM TIOJIIOCOB CTATOPHOI 1 POTOPHOI OOMOTOK.

269. IuddepeHUHATbHBINA CETBCUH MOXET MIPUMEHSIThCS:
1) A5 cnoXeHus YIJOBbIX BETUYMH;

2) nj1s1 BBIYUTAHMS YIJIOBBIX BEJIMUMH;

3) nJ1s1 yMHOXEHUS U AeJIEHUS] YIJIOBBIX BEIUYMH?
BriGepuTe HenmpaBWIBHBIN OTBET.

270. MarHecuHbI MOTYT pabOTaTh B peXXUMaXx:
1) ”HAMKATOPHOM,;

2) TpaHC(hOPMATOPHOM;

3) nuddepeHnANTbHOM;

4) dazoBpalaTesIbHOM.

BriGepuTe npaBUIbHBIA OTBET.

271. [1;1a KaKoi 1eJIM Hellb3sT MCII0JIb30BaTh ACUHXPOHHBIE Ta-
XOTeHEPaTOPhI M TAXOTCHEPATOPHI ITOCTOSTHHOTO TOKa?
1) anekTpoMexaHUYeCKOro nuddepeHIIMPOBaHNS yIJla IIOBO-
pOTa poTopa;
2) M3MepeHUsI CKOPOCTH BPAIllEHUST pOTOPA;
3) m3MepeHus YIIIOBOI0 YCKOPEHMSI POTOpa;
4) u3MepeHUs! yria moBopoTa poTopa.

272. BoibepuTe paBUIIbHYIO (POPMYITY JTMHEHHOMN BHIXOAHOM
XapaKTepUCTUKK TaXoreHepaTopa IOCTOSTHHOTO TOKa B CIIyJae ITo-
CTOSTHCTBAa MarHUTHOTO ITOTOKA BO30YkneHHusI @ 1 COIpOTHBIIE-
HMSI IIEPEXOTHOTO KOHTAaKTa.

K
I+°« I+
R, R,

K
3) U, =5 4 v, = K2
1--= 1_ﬁ
R, R,

(K; = K® — nocrossHHast MallMHbI; K — KOHCTPYKTUBHBIN KO-
adunmeHT; ® — yrioBas yacToTa BpallleHUs gKopsi; R, — co-
MPOTUBJICHUE LIETH SIKOPSI.)
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273. BribepuTte npaBUIIbHYIO (DOPMYJY HETMHEITHON BBIXO/I-
HOI1 XapaKTepHCTUKY TaXOreHepaTopa MOCTOSTHHOTO TOKa B CITyJae
HEITOCTOSTHCTBA MArHUTHOTO TT0TOKA BO30YXneH!sT O 1 TTOCTOSTH-
CcTBa ManeHust HanpspkeHust U, iepexomHoro KOHTaKTa.

- K,o-U
y oy, = K=l ) U, = T
L, R R
KK, o+ R, KK 0+ R,
_ KE(JL)—Ulu . KE(D—Um
Y Ve KR+ R, H Ve KRR,
R“ Ru

(K, =A®, /I, — K03bOUIMEHT IIPONOPLIOHATBHOCTH MEXILY
TOKOM $IKOpsI /, Ml UBMEHEHUEM MOTOKAa A®D , BHI3BAHHBIM pa3-
MarHMYMBaIOILMM AEWCTBUEM pEaKLIMU SIKODSI.)

274. Kaxkoe u3 ciaeayouuX YTBepXIeHUI SIBISIETCSI HEBEP-
HbIM? AMIUIMTYAHYIO MOTPELIHOCTh, O0YCIOBIEHHYIO OTKJIOHE-
HYIEM HEJIMHEHHON BIXOAHOM XapaKTepUCTUKIM TaXOreHepaTopa OT
JIMHEMHOM, MOXXHO YMEHbIIUTD:

1) yBeMueHUEM COMPOTUBIICHUST HATPY3KU;

2) yBeJIMUEHMEM HACBILLEHUSI MATHUTHOM LIETH;

3) yBenMueHMeM Auara3oHa CKOpPOCTel BpallleHUsI.

275. BeiOGepuTe MpaBUIIbHYIO (POPMYITY CTATUUECKOTO KO3 hu-
LIMEHTa YCWJICHUS TaXoreHepaTopa 6e3 yyera peakIuy SIKOps, Xa-
PaKTEPU3YIOIIETO COOTHOIIIEHNE MEXTY BRIXOIHBIM HaIIPSEKEHIEM
U CKOPOCTBIO BpallleHUsI SKOPSI.

K K
) K, =—5%; 2) K. =—5%

Y 1_& 4 I_Ru

R, R,

K K
3) Ke=—p b Ke=—p
I+ I+
R, R,
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276. YeM orpenensieTcsl aCMMMETPYST BRIXOTHOTO HAIIPSDKCHMS,
T.€. HEOJMHAKOBOCTh BEJIMYMHBI HAIIPSDKEHUs TaxoreHeparopa
ITOCTOSTHHOTO TOKa ITPY BpallleHUH ¢ OIMHAKOBOI CKOPOCThIO B
TIPOTHUBOIIOJIOKHBIX HAIIPABJICHUSIX?

1) HECOOCHOCTBIO SIKOPSI;

2) BITUIITUYHOCTBIO SIKOPSI;

3) HETOYHOCTPBIO YCTAHOBKM IIIETOK HA TEOMETPUUCCKON HET-

pamu?

277. BeibepuTe MpaBUIbHYIO (POpMYITy BBIXOAHOM XapaKTepyc-
THUKU UIEATbHOTO aCUHXPOHHOI'O TaXoreHepaTopa.

iU, Kw)
n Y., =—J‘“A L] 2) U,, =jU,KAw;
3) Ui = LM, u, =18
w, Ao

(K — xoa(pduumeHT Tpanchopmal; A — KOMILIEKCHBII KO-
3 GUIMEHT, 3aBUCAILINI OT MTapaMeTPOB CXEMbI 3aMEILCHMS 1
HarpysKu; o, — OTHOCHUTEJIbHAd YIJIOBasd 4acTOTa BPaleHHs PO-
TOpAa.)

278. Bribepute IpaBUIIbHYIO (DOPMYITY BEIXOTHOM XapaKTeprc-
TUKU aCMHXPOHHOI'O TaXOI'€HepaTropa, MMEIIIEro CKOPOCTHBIE
AMIUTATYIHYIO U (ha30BYIO ITOTPEITHOCTH.

iU KB, JjU K,
) U =220 2) U =——"—3—;
SR D@ e
. X . A\
3 U - JQBKOJZZ : H U _JUKB(w3)
A+ (03] B T A wB

(A u B — xoMILIeKCHbIe KOO HUIIMEHTBI, 3aBUCSIIUE OT Mapa-
METPOB CXEMbI 3aMellIeHMS. )

279. BeibepuTe MpaBUIbHYIO (POpMYITY AJIsT PACYETHOM aMILIU -

TYIHOI TOTPEIHOCTH, OIPee/IsieMO Pa3HOCTBIO MOYJICH HAIIPsI-
>KeHUI MIeaIbHOTO M PEAIbHOTO aCMHXPOHHOTO TaXOreHepaTopa.
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) |111| 0 ) AU |A| ((”2)

280. C yBemueHMeM aKTUBHOTO COMPOTUBIIEHUS POTOpa acHH-
XPOHHOT'O TaXOreHepaTopa:

@) YMEHBIIIACTCST aMIUIUTYIHASI ITOTPEIITHOCTB;

0) yMeHblIaeTCsl KOA(POUIIMEHT YCUISHUS 110 HATIPSIKEHUIO;

6) YBEJIMYMBACTCSI aMILIUTYIHASI TIOTPEITHOCTD;

2) yBeIMYMBaeTCsT KO3 MUITMCHT YCHICHUS TI0 HAIPSDKEHUIO.

Kaxoe coueTanue nprBeIeHHBIX YTBEPKICHMI SIBJISICTCST TIpa-
BUJIbHBIM?

1) a, 6 2) a, ¢ 3) 6, 6 4) s, e

281. C yBenuueHMEM UHAYKTUBHOM HArpy3Kyu aCUHXPOHHOTO
TaxoreHeparopa:

a) YBEIMUYUBACTCS aMIUIMTYIHAsE CKOPOCTHAST IIOTPEIITHOCTh;

6) YMEHBIIIAeTCsl aMILIUTYIHAsI CKOPOCTHASI ITOTPEIITHOCTB;

6) yBenmmuMBaeTCs (pa3oBasi CKOPOCTHASI IOTPELITHOCTD, OIIpe-
nessieMast YIJIOM caBura (a3 MexXIy HalpsKeHUSIMU BO3-
OY>KICHMS U BBIXOTHBIM;

2) yMeHbIIaeTcs (pa3oBasi CKOPOCTHAS TIOIPELTHOCTb.

Kaxkoe coueTanue nprBeIeHHBIX YTBEPKICHMI SIBJISICTCST TIpa-

BUJIbHBIM?
1) a, s 2) a, ¢ 3) o, 6 4) o0, e

282. C yBeauueHUeM eMKOCTHOI Harpy3Kyu aCUHXpPOHHOTIO Ta-
XOreHeparopa:

@) YBEIMIMBACTCST aMIDIMTYIHAS! CKOPOCTHASI TIOTPELTHOCTb;

0) YMEHBIIIASTCST aMIUTATYIHAsE CKOPOCTHASI TIOTPEIITHOCT;

6) yBeImuuBaeTcs Ga3oBasi CKOPOCTHASI ITOTPEITHOCTD;

2) yMeHblIIaeTcs (pa3oBast CKOPOCTHAST TIOTPEIITHOCTb.

Kaxkoe coueTanue nprBeIeHHBIX YTBEPKICHMIA SIBJISICTCST TIpa-
BUJIbHBIM?

1)a, 6 2)a, e 3) 0,6 4) o0, e.
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283. C yMeHblLIEHUEeM OTHOCUTEIbHOTO 3HAYEHUST U3MEPSIEMOit
CKOPOCTHU (0; ACMHXPOHHOTO TaXOreHepaTopa:

@) YBEIMYMBACTCST aMILIUTYIHASI CKOPOCTHASI TIOTPEITHOCTb;

0) YMEHBIIIaeTCsT aMIDIMTYIHAs] CKOPOCTHAsI TTOTPEIITHOCTb;

6) yBeIMUMBaeTCs (ha3o0Basi CKOPOCTHASI ITOTPEIITHOCTD;

2) yMeHbI1aeTcst (pazoBast CKOPOCTHAsS ITOTPEIITHOCTb.

Kaxoe coueTanue npuBeNeHHBIX YTBEPKICHMIA SIBJISICTCST TIpa-
BUJIbHBIM?

1) a, 6, 2)a, e 3) 0, s 4) o0, e.

284. BriOGepuTe MpaBUIIbHYIO (POPMYITY CTATUUECKOTO KO3 hu-
LIMEHTa YCUJICHHsI aCHHXPOHHOI'O TaXOTeHeparTopa.

UK| A+(03) B
, [4+(0)§)2 ET

1) KyC =

(0, — CHHXPOHHasI yIJIOBasi CKOPOCTb.)

285. Kakoe yTBep:XIeHNe M3 IPUBEICHHBIX HE COOTBETCTBY-
€T HDCHCTBUTENBHOCTU IUISI aCUHXPOHHOIO TaxoreHepaTopa?
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YBenuueHre yacToThl HAMPSIKeHMs MUTaHKs OOMOTKY BO30YXK/1e-
HUS TT03BOJISIET:
1) MOBBICHTBH CUHXPOHHYIO CKOPOCTb (), ;
2) MOHM3UTL OTHOCUTEIbHOE 3HAYCHUE U3MEPSIEMOI CKOPOCTH
BpallCHUS ) ;
3) MOBBICUTb OTHOCUTEJILHOE 3HAYCHUE U3MEPSIEMOI CKOPOCTU
BpallCHUS ) ;
4) npUOIU3UTH BBIXOTHYIO XapaKTepUCTUKY aCUHXPOHHOT'O Ta-
XoreHeparopa K JMHERHOM;
5) TOBBICUTB CTAaTUYECKUI KOA(hMOUIIMEHT YCUIEHUS TaXOTeHe-
paropa.

286. Kaxoe yTBepKneHMe 13 IPUBEICHHBIX HE COOTBETCTBYET
JeVCTBUTEILHOCTH TSI aCHHXPOHHOTO TaxoreHepaTtopa? [losieire-
Hue octatoyHoii BJ1C B reHepaTOpHOIT OOMOTKE TP HETTOIBIIK-
HOM POTOpPE BBI3BIBACT:
1) cMmeleHUe BBIXOAHOM XapaKTepUCTUKU M3 Havyajia Koop-
JITHAT;

2) aCMMMETPHUIO BHIXOTHOTO HAMIPSDKEHUS IIPY M3MEHEHUH Ha-
TIpaBJICHMSI BpaIllEHUST pOTOPA;

3) momoJHUTEIbHBIE EPEMEHHbIC aMILIUTYIHYIO U (Da30BYIO
ITOTPELITHOCTH;

4) yMeHbILIAeT IMara3oH padoThI;

5) yBeIM4YMBaeT AUarna3oH paboThl.

287. Kakoe yTBepxKIeHHe 13 TIPUBEICHHBIX HE COOTBETCTBYET
nevictBuTelbHOCTH? OLEHKY TOUHOCTH aCMHXPOHHBIX TaXOreHepa-
TOPOB IIPOM3BOJIST TI0 ITApAMETPaM:

1) BeMYMHE aMILTUTYIHOM TIOTPEIIHOCTH;

2) BenunHe (hpa3oBOii MOTPEIIHOCTH;

3) BemuuHe octaTouHoit DJIC;

4) HETMHEITHOCTH BBIXOTHOM XapaKTePUCTUKU.

288. Kakoe yTBepxKIeHMe 13 IPUBEICHHBIX HE COOTBETCTBYET
neiicTBuTeIbHOCTU? CyIIeCTBEHHBIM MPEUMYIIIECTBOM aCHHXPOH-
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HbIX TaXOI'€HEPATOPOB I10 CPABHCHUIO C TAXOICHEPATOPAMMU ITOCTO-
SAHHOI'O TOKaA ABJIACTCA:

1) bonee BbICOKAsK HAEXKHOCTD;

2) OTCYTCTBUE PaaUOIIOMEX;

3) NpocTOTa KOHCTPYKIWH;

4) ObJIBLINI cTaTUYECKUIT KOA(MOULIUEHT YCUICHUS.

289. Kakoe yTBepKIeHMe U3 MPUBEICHHBIX HE COOTBETCTBYET

neiictBuTeabHOCTH? K HegocTatkaM ACMHXPOHHBbIX TCHEPATOPOB I10
CPaBHCHUIO C TaXOICHEPATOPaAMHM ITOCTOAHHOI'O TOKA OTHOCATCA:

1) Gosee BbICOKast HETMHEWHOCTh BBIXOMHOM XapaKTePUCTUKM;
2) Hanuuue (Ha3oBoii MOrPeIIHOCTH;
3) 3aBHCHMOCTh BBIXOIHOTO HAIPSDKCHUST OT XapakTepa Ha-

TPY3KH;
4) OoJjee HU3Kasi MAKCUMaJIbHASl YACTOTA BpALLICHMSI.

290. Kakoe yTBepxKIeHHe 13 TIPUBEICHHBIX HE COOTBETCTBYET

neicTBuTeIbHOCTH? CyIIeCTBEHHBIM ITPEMMYIIIECTBOM CHHXPOHHBIX
HMHIYKTOPHBIX TAXOTEHEPATOPOB C TOTYITPOBOIHUKOBBIMU BBITIPSI-
MUTEJISIMM Ha BBIXOJIE TI0 CPABHEHUIO C TAXOTCHEPaTOpaMu ITOCTO-
STHHOTO TOKa SIBJISIFOTCSI:

1) bonee BbICOKAsK HAEXKHOCTD;

2) OTCYTCTBUE PaaUOIIOMEX;

3) OTCyTCTBUE 30HBI HEUYBCTBUTEILHOCTH;

4) GONbLINIA CTATUYECKUI KOA(POULIMEHT YCUICHUS.



TECTbI MO AUCLIUNAUHE «IEKTPUYECKWUE MALLWUHbI» D

D MNEKTPUYECKUE MALLUHBI
OTBETbI
Homep Bapuanr Homep Bapuanr Homep Bapuanrt
BOIlpoca 0TBETa BOIIpPOCa 0TBETA BOIIpOCa 0TBETa
1. 2 30. 5 59. 1
2. 1 31. 3 60. 4
3. 4 32. 3 61. 2
4. 3 33. 5 62. 4
5. 3 34. 4 63. 2
6. 1 35. 1 64. 1
7. 2 36. 2 65. 3
8. 3 37. 2 66. 3
9. 2 38. 3 67. 3
10. 4 39. 5 68. 1
11. 3 40. 1 69. 5
12. 4 41. 2 70. 8
13. 3 42. 2 71. 1
14. 3 43. 3 72. 3
15. 1 44. 5 73. 3
16. 2 45. 2 74. 2
17. 4 46. 3 75. 2
18. 1 47. 2 76. 1
19. 4 48. 3 77. 4
20. 4 49. 5 78. 2
21. 1 50. 5 79. 3
22. 3 51. 4 80. a
23. 2 52. 1 81. 2
24. 3 53. 8 82. 6
25. 2 54. 3 83. 3
26. 2 55. 3 84. 1
27. 4 56. 1 85. 3
28. 1 57. 5 86. 1
29. 1 58. 2 87. 3

Homep Bapuanrt Homep Bapuanrt Homep Bapuanrt
BOIpoca OTBeTa BOIpoca 0TBeTa BOIpoca OTBeTa

88. 3 118. 4 148.

89. 1 119. 1 149. a
90. 4 120. 2 150. 4
91. 3 121. 3 151. 5
92. 2 122. 4 152. 1
93. 2 123. 1 153. 2
94. 2 124. 2 154. 3
95. 4 125. 2 155. 4
96. 3 126. 2 156. 2
97. 3 127. 2 157. 2
98. 4 128. 4 158. 3
99. 4 129. 4 159. 2
100. 3 130. 4 160. 1
101. 2 131. 1 161. 1
102. 4 132. 2 162. 4
103. 4 133. 1 163. 2
104. 4 134. 2 164. 4
105. 3 135. 2 165. 5
106. 2 136. 2 166. 1
107. 4 137. 2 167. 2
108. 3 138. 3 168. 4
109. 3 139. 1 169. 4
110. 3 140. a 170. 1
111. 4 141. 3 171. 1
112. 1 142. 3 172. 4
113. 5 143. 4 173. 5
114. 3 144. 5 174. 3
115. 4 145. 6 175. a
116. 1 146. 5 176. 2
117. 2 147. 2 177. 2
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Homep Bapuanrt Homep Bapuanrt Homep Bapuanrt

BOIpoCa oTBeTa BOMpoca oTBeTa BOIpoca oTBeTa
268. 5 276. 3 284. 4
269. 3 277. 1 285. 3
270. 1 278. 2 286. 5
271. 4 279. 4 287. 4
272. 1 280. 1 288. 4
273. 3 281. 2 289. 4
274. 3 282. 3 290. 4
275. 3 283. 4

D SNIEKTPUYECKUE MALUWUHbI
Homep Bapuanrt Homep Bapuanrt Homep Bapuanrt
BOIpoca OTBeTa BOIpoca OTBeTa BOIpoca OTBeTa
178. 3 208. 4 238. 3
179. 2 209. 3 239. 4
180. 3 210. 1 240. 1
181. 3 211. 1 241. 4
182. 2 212. 2 242. 3
183. 2 213. 3 243. 2
184. 1 214. 1 244. 2
185. 5 215. 2 245. 3
186. 4 216. 4 246. 4
187. 6 217. 1 247. 2
188. 3 218. 5 248. 4
189. 1 219. 2 249. 3
190. 2 220. 2 250. 1
191. 4 221. 4 251. 2
192. 3 222. 2 252. 4
193. 1 223. 3 253. 3
194. 2 224. 4 254. 1
195. 5 225. 1 255. 4
196. 4 226. 5 256. 2
197. 3 227. 3 257. 3
198. 2 228. 3 258. 2
199. 1 229. 1 259. 1
200. 3 230. 4 260. 2
201. 4 231. 3 261. 3
202. 6 232. 2 262. 2
203. 5 233. 4 263. 2
204. 3 234, 2 264. 4
205. 4 235. 2 265. 1
206. 2 236. 4 266. 3
207. 3 237. 1 267. 2
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) H3()ame/1bcmeo 344082, r. PoctoB-Ha-[oHy,
e H u Kc nep. XantypuHckui, 80

KoHTakTHble TenedoHbI:
Ten.: (863) 261-89-53,
261-89-54, 261-89-55
261-89-56, 261-89-57,
dakc. 261-89-58

HavanbHuk Toprosoro otaena
®dapmywHasi Onecst HukonaeeHa
Ten.: (863) 261-89-52 nevenchenkool@mail.ru

OTAEN ONTOBbLIX MPOOAX

MeHemkepbl NO npogaxam

Bepewaza MapuHna HukonaeeHa (006.154) torg103@aaanet.ru
Cepoea Examepuna UzopesHa (006.110) torg@aaanet.ru
Kynaypueea Mapus CepzeegHa (006.123) torg188@aaanet.ru
Kasakoea Hadexda BayecnasoeHa (006.156) sibir@aaanet.ru
Yypkuna lOnus CepaeesHa (n06.111) torg152@aaanet.ru
Anukura Enena Hukonaeena (006.153) torg153@aaanet.ru
Yepmanmeeesa Tambsina CmenaHosHa (006.155) torg155@aaanet.ru
MeHepxep no pabore ¢ 610AXKETHLIMM OpraHN3aLUAMN

Hazopras Okcana BnadumupoeHa (006.180) ural@aaanet.ru

Bbl MoXeTe nonyunTb KHUMA n3gatenscTea
«®eHnke» MO MOYTE, caenas 3akas:
344082, r. PoctoB-Ha-fioHy, nep. XantypuHckun 80,
u3sgarenbcTBo «PeHunke», «kKHura—nouton»,
Jloze Uzopro Bukmoposuuy, Ten. 8-909-4406421,
e-mail:tvoyakniga@mail.ru;
www.shop50.ru
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Welg:E! Msayun Bumanui Bacunbesuy

EkaTepuHbyp

Camapa (HwxHee MoBomkbe

CaHkT-lNeTepbyp

N

H30amenvcmeo 344082, r. Poctos-Ha-[loy,
) nep. XantypuHckui, 80

e H u K C Ten.: (863) 261-89-50;

www.phoenixrostov.ru

PErMOHAIIbHbLIE NPEOCTABUTENBCTBA
HavanbHuK otaena no pa6orte ¢ npeAcTaBuTenbCTBaMuU
CmupHosa MapuHa N eHHadbeeHa (006.159) shkg@aaanet.ru

MeHepxep no pa6ote c npeacTaBUTENLCTBAMU
LlykepmaH Mapk Banepbesuy (0o6.186) mark_fenix@mail.ru

r. Mockea, LWocce ®pensep A.17 (M. ABnamoTopHas)
(495) 517-32-95, (495) 789-83-17
mosfen@rambler.ru

MouceeHko Cepzeli Hukonaeeuy

r. Mocksa, 17-1 npoesn, MapbuHon pouuu, A.1
(M. TuMupsseBckas)

(495) 618-03-34, 8-916-523-43-76
fenix-m@yandex.ru; fenix-mos@mail.ru

KymsiHuHa Onecsi CepzeegHa

r. EkatepuHbypr, yn.Cyxonoxckas, 4.98
(343) 297-25-75, (343) 297-83-51
fenixkniga@mail.ru

Ljeemkoe PycnaH Bacunbesu4
r. EkatepuHbypr
8-912-242-25-44
fenix_ural@bk.ru

MumpoxuH AHOpel Muxatinoeuy

r.Camapa, yn. ToBapHasi, 7 «E» (Tepputopusi 6a3bl « YUEGHUK» )
(846) 951-24-76, 8-917-112-96-85

fenixma@mail.ru

Jlelin6aym Cepeeli Bukmopoeuy

r. CaHkT-INeTepbypr, yn. Cepaobonbekas, A.65A, n.411
8-911-933-40-33, 8-965-065-45-15
zakaz.fenixspb@mail.ru

H3zoamenvcmeo 344082, r. Poctos-Ha-[loHy,
) nep. XanTtypuHckun, 80

CHUKC Ten.: (863) 261-89-50;

www.phoenixrostov.ru

*

Okono 100 HOBbIX KHUT KaXXabl MECAL.

* Bonee 6000 HanmeHOBaHWUI KHYDKHOWM NPOAYKUUA
cobCcTBEHHOMO NPON3BOACTBA.

* Bonee 2500 HaumeHOBaHUIN OOMEHHOW KHUKHOMN
npoAaykuuy oT nyywmnx nsgatenscts Poccuu.

OCVYLLUECTBNAEM:

L 4 OnTOBYIO Y PO3HUYHYIO TOPFOBAO KHUXHOW Npo-
aykuuen.

FAPAHTUPYEM:

L 4 CBOEBpEMEHHYI0 JOCTaBKY KHUT B NOOYI0 TOUKY
ctpaHbl, 3A CHET UBOATEJNIbCTBA, aBToTpaHCc-
NOPTOM U /0 KOHTENHEpamM.

MHOIOYPOBHEBYHO cuctemy cknaok.
PEAJIbHbIE LIEHbI.

L 4 HagexHew JOXOL oT peanusaumm KHUr Hawero
nsgatenbcTea.

¢ o

TOProBbi OTAEN
344082, r. PoctoB-Ha-[loHy, nep. XanTtypuHckun, 80
KoHTakTHbIe TenedoHbI:
Ten.: (863) 261-89-53, 261-89-54, 261-89-55
261-89-56, 261-89-57, dhakc. 261-89-58

HavyanbHuk ToproBoro otaena
@®apmywHas Onecss HukonaesHa
Ten.: (863) 261-89-52 nevenchenkool@mail.ru
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