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BBEJIEHUE: OcHogHble noHamus u ornpederieHusi Kypca
3/1eKMPUYECKUX MallUH.

Dnekmpuueckumy Ha3bpIBAlOT MAIIMHBI, COBEpIIAIONINE TPeoOpazoBaHue
MEXaHWYECKOM DJHEPTMH B DJIIEKTPUYECKYIO, Mepenady ee Ha pacCTOsSHUE |
oOpatHOe mpeoOpa3oBaHKE IICKTPUUECKON SJHEPTUN B MEXaHUUYECKYTO.

Onektpuueckas wmamwmHa (OM), mnpeaHa3HadYeHHAas MJs TMpeoOpa3oBaHMUS
MEXaHUYECKON SHEPTUH B AJICKTPUICCKYIO, HA3BIBACTCS 2EHEPAMOPOM.

OM, npenHa3HaueHHAs 11 00paTHOTO MpeoOpa3oBaHMs YHEPTUH, HA3BIBACTCS
osucamenem, T.e. JI00as DIIEKTPUYECKass MalllMHa OO0JaJaeT CBOICTBOM
00OpaTUMOCTH.

OM, npenHa3zHaueHHasl sl TpeoOpa3oBaHUsl MMAPAMETPOB DIICKTPUUYECKOU
DHEPTHUU C TEBIO TIepPeIau e Ha pacCTOSHUE, HA3BIBACTCS MPAHCHOPMAMOpoM.

OM npexacraBiaser COOOM DJIEKTPOMArHUTHYIO CHUCTEMY, COCTOAIIYIO W3
B3aMMOCBSI3aHHBIX MArHUTHBIX M DJIGKTPUUECKUX Ilieneid. MarHuTHas Ielb
BKJIIOYAET HEMOJBMKHBIA W TOABM)KHBI MAarHUTONPOBOJABI W HEMarHUTHBIN
BO3JYIIHBIA 3a30p, OTICISIOMMA WX Jpyr OT JApyra. DJIEKTPUUYECKHE IIEIH
o0pa3yroTcs OOMOTKaMH, KOTOpPbIE MOTYT TMepeMeniaThes APYr OTHOCHUTEILHO
JIpyra COBMECTHO C MAarHUTOIIPOBOJIAMH, HA KOTOPBIX OHU Pa3MEIICHBI.

DeKTpOMEXaHHIECKOe MpeoOpa3zoBaHue dYHEPTHH B DM OCHOBAHO Ha SIBJICHHSIX
MOJTYUYEHHUSI ANEKTPOABUKYIICH CUIIBI, JIEKTPUUECKOTO TOKA, MAarHUTHOTO MOJS U
MEXaHWYECKOM CHIIBI.

OM MoryT OBbITh paccuMTaHbl i pabOThl C CEThI0 TMEPEMEHHOrO0 U
MOCTOSTHHOTO TOKa. B COOTBETCTBUU C 3TUM OHU JeisTca Ha DM nepemennoco
moxa u DM nocmosnno2co moka.

Llene kypca OM — p§atb CTyJI€HTaM OCHOBBI TEOpPUH, KOHCTPYKIIHH,
XapaKTEPUCTUK U 0OCOOEHHOCTEN pabOThl AIEKTPUUECKUX MAIIUH.

B pe3ynbTaTe u3ydeHus TUCUUILIMHBI CTYJEHTHI JOJKHBI 3 Ha T b

- KOHCTPYKLHIO 3JIEKTPUYECKUX MAIIUH U UX TPUHIUI I€UCTBUS;

- pabouune XapaKTepUCTUKH IIEKTPUUECKUX MAIINH;

- BAPUAHTHI UCIIOJI30BAHUS JIEKTPUUECKUX MAILIMH IO HA3HAYEHHUIO.

CTyeHTBI JOJIKHBl Y M € T b :

- HCTIOJIb30BATh AJIEKTPUUECKUE MALIMHBI 10 UX MPSIMOMY Ha3HAYEHUIO;

- OLICHMBaTh (AMArHOCTUPOBAaTh) TEXHUYECKOE COCTOSIHUE DIIEKTPUYECKUX
MalliH;

- OpPraHU30BBIBaTh TEXHUUECKOE OOCITY)KMBaHUE 3IEKTPUUYECKUX MAILIU



1 TPAHC®OPMATOPHI

1.1 Yempodlcmeo u npuHyun delticmsusi 00HOgha3HOo20
mpaHcgopmamopa. KoagpgpuyueHm mpaHcghopmayuu
HarpsxeHuu

OpnnHodaszHerii TpaHcPopMaTOp COACPKUT KATYIMIKH C HAMOTAHHBIMA Ha HHX
0OMOTKaMH, KOTOPBIC MOCAKEHBI Ha 3aMKHYTHIA CEPACYHHUK (MAarHUTOIPOBOI) U3
DIEKTPOTEXHUYECKON cTann. KaTylkyu Has3pIBalOTCS INEPBUYHOM W BTOPUYHOMU
0OMOTKaMH, KOTOpPbI€ UMEIOT, COOTBETCTBEHHO, W1 U W, 4UCJIO BUTKOB (puc.l.l).
[lepBruyHasi 0OMOTKa OJIHa-€TUHCTBEHHAs, & BTOPUYHBIX OOMOTOK MOKET OBITh
Oonbiie oaHou. IlepBuuHas oOMOTKa MOJKIIOYAETCS K UCTOYHUKY MEPEMEHHOTO
HanpspkeHuss (B cetb) U;. C BTOpUYHONH OOMOTKM CHHUMAeTCs II€PEMEHHOE
Hanpspkenue U,. TpancdopmaTop MoxeT paboTaTh Kak B peKUME XOJIOCTOTO X0/1a
(X.X.), Korj1a BTOpUYHasi 0OMOTKa pa3oMkHyTa (puc.l.1,a), Tak ¥ 10 Harpy3KoH,
KOI'/Ia K BTOPUYHOI 0OMOTKE MOJKIIOYEHO CONPOTUBIIEHNE HATPY3KH (HArpy3Ka) z,
(puc.1.1,0).
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Pucynok 1.1 - YcTpoicTBO U IPUHIIAIT ISHCTBUS OTHO(A3HOTO
TpancdopmMaropa; XoocToi xox (a) u paboTa 1o Harpy3koi (6)

Pabota tpaucdopmaropa Ha xosoctoM xoay (puc.l.1.a).

[TepBuuHas 0OMOTKa W; MOJKIIIOUEHA K CETH C HampsbkeHueM U; U Tak Kak u3
ceTH M OOMOTKM o00pa3oBaHa 3aMKHYyTas I€llb, TO MO OOMOTKE IOTEYeT
nepemMeHHbii TOK 1. Ilepemennsiii Tok |; co3mact B Karylike NEPEeMEHHOE
MarHuTHoe nojie @;, KOTOPOe MPAKTUYECKU IMOJIHOCTbIO OYJET COCPEAOTOUEHO B
MarauronpoBoje. Ha marnurompoBoje mnomeleHa BTOpUYHAs OOMOTKa W, U
NEpEMEHHOE MAarHuTHOe TnoJjie @; TepeceKkaeT KOHTYpbl (BUTKH) BTOPUYHOU
OOMOTKH M, IO3TOMY B HEW HABEAETCS AJIEKTPOJABUXKYILAs cuna (3.4.c.) E,. KoHib
BTOPUYHON OOMOTKHM BBIBEAECHBI HapyXy TpaHchopmaTopa M Ha 3THX BBIBOJAX
OyZeT mpuCcyTCTBOBaTh HampsbkeHue U,, KOTOpoe B TOUHOCTH OYJET paBHO 3.1.C.
E, (tak xak BrTopuyHas oOOMOTKa pa3oMkHyTa). Takum oOpazom, B
TpaHchopMaTope MPOU30LLIO Mpeodpa3oBaHUE MEpPEeMEHHBIX HamnpsbkeHuit: U;
npeoOpazoBaock B Hanpsbkenue U,.

ORHOBpPEMEHHO MEPEMEHHOE MarHUTHOE IoJie @; MepeceKkaeT KOHTYPhI (BUTKH)
NEPBUYHON OOMOTKH U, TO3TOMY B HEl HaBeAETCA AJICKTPOABIKYILIAs cuia (3.1.C.)
E;. Tak xak o0muii (CyMMapHBIH) MAarHUTHBIN MOTOK @y OJAMHAKOB JJIi BUTKOB
o0oux OOMOTOK U, MO3TOMY, B KaXXJOM BHUTKE OOMOTOK WHIYKTHPYETCS
OJIMHAKOBAs MO BEJIMYMHE 3.]1.C., KOTOPYI 0003HA4YMM Kak E,,,. 3.1.c. 0OMOTOK
OyAyT NpsMO MPONOPIMOHATIBHBI YHCIIAM UX BUTKOB W1 U Wy!

E, =E,.W, E,=E,,W,. (1.1)
N3 (1.1) cnexyer, 4TO OTHOIIEHUE 3.]1.C. OOMOTOK PaBHO OTHOILIEHHUIO UX YUCIA

|eum



BUTKOB:

E, E_, W W
—to—am 11 (1.2)
E2 EeumWZ W2
Kordduiment tpancopmarum.
Koadpdunuentom tpanchopmanuu K,, Ha3bIBalOT CleLyIOIEe OTHOILCHHUE

Hanpspkenuit U; u U, Ha oOMoTKax:

Ky = L. (1.3)

BBuay peanbHON (ITOATBEPKIEHHON ONBITHBIM IIyT€M) MAaJOCTU TMaJCHUS
HaIpsHKEeHUST HA BHYTPEHHEM COMNPOTUBIIEHUU Z; MEPBUYHOM OOMOTKH, 3.1.C. Ej
OyneT mpakTuuecku paBHOUM HampspkeHuto U;: E; ~U,. JIJiss BTOpUYHONH OOMOTKH,
TOKa B KOTOPOU HET, HanpspkeHne U, OymeT TouHO paBHBIM 3.1.C. Ey: U,=FE).

®dopmyna ko dunmenta tpanchopmanuu ¢ yuerom (1.3) u (1.2) npumer Bua:

UL B W
Kip 0, E, “w, (1.4)

U3 mocnenneit dopmynsl ciemyer, 4ro Koddduunuent Tpanchopmarmn K,
MO>KHO PacCCUMTHIBATh KaK KOHCTPYKTHBHYIO XapaKTEpUCTUKY TpaHchopmaropa
(6e3 moakroueHus TpaHchopMaTopa K ceTr). ITO yA00HO.

Ecmu Up;>Ug, To TpancdopmaTop Ha3pIBarOT MOBbIMIaomuM U ero K,,<1. Eciu
U,<U;, To TpanchopMaTop Ha3bIBAIOT HOHMKAIOIIUM H €r0 K,,,>1.

Bonpochk! u 3adaHus

1. Tlosichume ycmpoiicmeo mpaucghopmamopa, HazHaverue 0OMOMoK u
MACHUMONPOBOOA.

2. Obvsachume npunyun oeucmesusi mpancghopmamopa.

3. Ilouemy 6 nepguunoti 0omMome, NOOKIIOYEHHOU K cemu, 803HuKaem 3.0.c £1?
B xaxom coomnowenuu naxooumcs 3.0.c Ey ¢ nanpsocenuem cemu U,?

4. Ymo maxoe koa¢ppuyuenm mpancgopmayuu K,,, u kaxue eapuanmol
pacuema ezo cyujecmsyrom?

1.2 Paboma o0Hoga3Ho20 mpaHcpopmamopa
rnod Haepyskou. TpaHcgopmayusi mokos
K BeIBOaM BTOpUYHOM OOMOTKM MOJAKIIOYaeTCs Harpys3ka z, (puc.1.1,0).
B nonkio4eHHOM K CeTH MEepPBUYHON OOMOTKE MPOTEKAeT MEpEeMEHHBbIA TOK |,
KOTOPBIM CO34aCT B MAarHUTONPOBOJE IEPEMEHHBI MAarHUTHBIM MOTOK ;.
[lepeMeHHBII MarHUTHBIN TOTOK @; OyJIEeT epeceKkaTb BUTKM BTOPUUHON OOMOTKHU
U, IO3TOMY, B HEl HaBeIeTCs nmepemMeHHas 3.4.c. E,. Tak kak BTopuyHas oOMOTKa
BMECTE C COTMPOTUBIICHUEM Z, 0Opa3ylOT 3aMKHYTBIM KOHTYpP, TO B KOHTypE U B
caMoOil BTOpUYHOI OOMOTKE ToTeueT mepeMeHHbI Tok lp. Ilepemennsr Tok |,
CO3/1aCT BB BTOPUYHOM KATYIIKE WU B MAarHUTOPIPOBOAE MEPEMEHHOE MATHUTHOE
none @,. Ecan nanpsbkenue U; cMHYCOUIanbHO, TO CUHYCOUAJIEH CO3IaHHBIN UM
TOK |1, cuHyconnanbHo nojie @1, CUHYCOUAQIbHBI 3.1.C. E, U TOK |, W, HaKoHell,
cuHycouaanbHo nojie @,. OnpenenenHoe no npasuily JleHua MarautHoe nosie @,
OyneT HaxoAuThCs B mpoTuBodase ¢ nojieM @;. 1ot (dakT Ha puc.l.1,0 orpaxen



TEM, YTO NOTOKU @D; U D, HAIIPaBJIEHbI B MArHUTOIIPOBOAE BCTPEUHO.

JIBa BCTpEUYHBIX MArHUTHBIX TOTOKA CO3/1aAyT OJTHO CYMMApHOE IOJIE:

D, =D, - D,. (1.5)

CyMmmapHoe nojie @y HaBOAUT B 000UX 00MOTKaX 3.4.C. £ 1 E).

[Ipn peanbHBIX MaJbIX BHYTPEHHUX CONPOTUBICHUSIX Z; U Z; OOMOTOK
TpaHchopmaropa pazauuusi MeXay d.a.c. Ky m E; W COOTBETCTBYIOIIUMH
HanpspkeHusimu U; m U, HesHauutenbHbl (2..3%) HE3aBUCHMO OT CTEIMCHU
3arpy3ku Tpanchopmaropa. [losTomy, pu MOCTOSHHOM JACHCTBYIOIIEM 3HAYCHUN
ceteBoro HamnpspkeHusi U; neiicTByroiiee 3HaueHue »H.a.Cc. E; Takke Oyner
MOCTOAHHBIM. Ecim 3.11.¢c. E7 cO37aeTCsl MEPEMEHHBIM MAarHUTHBIM mojieM @Dy, TO
IIPU TOCTOSTHCTBE JEUCTBYIONIETO 3HAYECHHS 3.1.C. Ej, Takke OymeT MOCTOsSHHA
aMIUTUTyJJa MarHuTHoro mnotoka @s. DJTo sBieHHe, Habmonaomeecss B
TpaHchopMaTope, HA3bIBACTCS HMPUHYUNOM HOCMOAHCMBA MASHUMHO20 NOJs B
ceplieyHuKe TpaHchopmaropa.

Tak kak @y cBszaH ¢ notokamu @; u @, coorHomenuem (1.5), To Tpu
BO3pacTaHuu Toka |, BTOpUYHONM 0OMOTKH M CO3/1aBA€MOT0 UM MarHMTHOTO IMOTOKA
@, NOJKEH YBEJIMYHUTHCS MATHUTHBIA MOTOK @;. DTO BO3MOXHO TOJBKO OJIHUM
yTEM — YBEJIIMYEHUEM MOTPedIsieMoro u3 cetu Toka ly. 3Haumr, |; oTciexuBaer
u3MeHeHus Toka l: ecnu |, u3MEHUTCs, BClE[ 3a HUM MPONOPIHMOHAIBHO
u3MeHutTcss Tok l;. OnucanHoe sBieHUE Ha3bIBaeTCs TpaHChopMallMeil TOKOB B
Tpancopmarope. UYUHCIOBOM XapaKTEPUCTUKOM B3aMMO3aBUCUMOCTH TOKOB
aBisieTcs K03 duireHT Tpanchopmaluu TOKOB:

kmp.l =:_2' (16)
1

YucnoBoe 3HaueHus1 koddduimenta tpanchopMaluu TOKOB JJisl HArpy>KEHHOTO
TpaHcopMaTopa MOPaKTUUECKH  COBHAZaeT C  0a30BBIM  OMpeeieHUEM
ko3 dunrenTa TpaHcopManuu uepe3 HamnpsbkeHHs OOMOTOK (1.3): ki =Ky,

[TpupasusB n8a (1.3) u (1.6) onpenenenus koddduimenta tpanchopmanuu (yepes
TOKH Y HANIPSIKEHUS 0OMOTOK), TIOJTYyYHM:

U |
Kipt =kpp = U—lg—z = U,l, =Ul;. (1.7)
2 h

N3 mocnennero paBeHcTBa uenu (1.7) ciemyeT BBIBOA: MOJHBIE MOIIHOCTH
NEPBUYHOM M BTOPUYHON OOMOTOK MPAKTHUYECKH OJMHAKOBBI. JTO 3HAYUT, YTO B
TpaHchopMaTope HE MPOUCXOAUT MpeoOpa30BaHUs MOIIHOCTH, a IpeoOpa3yroTcs
TOJILKO HaNPSDKEHUS ¥ TOKH.

Bonipochkl u 3ad0aHusi

1. Kax coz0aemcs cymmaphwiii macnumuulii nomox @y?

2. ObvsacHume npuHyUn NOCMOSAHCMBA CYMMAPHO20 MACHUMHO20 Nomoka Dy.
3. Umo makoe kos¢huyuenm mpancghopmayuu mokos?

4. ObvsacrHume npuHyun NOCMOSHCMEA NOJHOU MOWHOCMU MPAHCchopmamopa.

1.3 lHdykmueHoe corpomuerieHue paccesiHusl.
lNpueedeHHbIlU 00HOha3HbIlU mpaHcgopmMamop.
lNepecyem rnnapamempos eMmopu4yHol 06MomKuU



OnpenesieHne UHAYKTUBHOTO CONPOTUBIIEHUS PACCESTHUSL.

Ha pwuc.1.2 npuBeaeH uepTexk KapTUHbI MAarHUTHBIX MOJeH OOMOTKH
TpaHchopmaropa.

Tox | B o00OMOTKe TpaHcpopmaTopa CcO3aaeT
MarHuTHoe mnosie @, HampaBJIE€HUE KOTOPOTo
ompejensieTcss  npaBwioM  OypaBumka. [lone
MpeACTaBIsIeT COOOM 3aMKHYTHIE JIMHUM, KOTOPbIE
OKpPYXalOT MPOBOJHHMK BHTKAa C TOKOM U KOTOpbIE
BJIO’KEHBI IPYT B JIpyra.

Mexnay OOMOTKOHW W CEpJACYHHUKOM CYIIECTBYET TEXHOJOTHYECKUU 3a30p O,
0Opa30BaHHBIN TOJIIMHON CTEHOK KapKaca KaTYIIKH, MHOTOCIONHO HaMOTKOM
OOMOTKHM C TPUMEHEHHUEM H3OJSIIMOHHBIX MPOKIAA0K MEXIY ClosMU. Te JHUHU
MAarHUTHOTO MOJIsl, KOTOPbIE HE JOCTUIIIA T€Ja MAarHUTOIIPOBOJA, 00pa3yroT MO
paccesnuss @,. bornee ynancHHbIE JIMHUM MAarHUTHOIO IO IIPOHHMKAIOT B
MAarHuTOIpPOBOJ U CO3/IAI0T B HEM OCHOBHOE MarHutHoe noie @D,.. brnaromaps
noyito D, OCYIECTBIsIETCA TpaHChOopMaIUs HAPSHKEHUH MEXTy TOCAKEHHBIMU
Ha CEepJACYHUK OOMOTKAMH, YTO OMpENENseT MCIOIb30BaHue TpaHchopmaTopa 1o
HasHayeHuto. Iloms @, Haxojsdmuecs BHE CEpAEYHUKA, B TpaHC(HOpMaLUH
HaIpsHKEHU HE yY4acTBYIOT U, TOATOMY MX Ha3bIBAIOT MOJIIMHU PACCESHUS.

Ilona @,, kak co3gaHHble TOKOM | B KaTyIlIKe, IPSMO PONOPLIMOHATIBHBI TOKY:

D, ~ . (1.8)

B 10 e Bpems nonsg @, ABIAIOTCA NEPEMEHHBIMH, TaK Kak TOK | B Karymike
nepeMeHHbId. IlepeMenHoe MarHuTHOe nosie @, MHAYKTUPYET B KaTylIKe 3.1.C.
paccesHus £, KOTopas psiMO NPONOPIIMOHATIBHA EMY:

E,~ @, (1.9

W13 nponopuwii (1.8) u (1.9) cnenyer, uro mexay 3.4.c. £, n Tokom @, ~ | Taxxke
CYILLECTBYET NpsiMasi IPOIOPLIMS:

E,~1 (1.10)

N3BectHO, uro 3akoHOM (Oma YCTaHABIMBAETCS MPONOPLUS  MEKIY
HaMpsHKEHUEM IIEMU M TOKOM B HeW M KOA(D(PHUIIMEHTOM MPOMOPIMOHAIBHOCTH

aBisgercst conportupienue. [Ipumenum dopmanbHo K Bbipakenuto (1.10) 3akoH
Owma:

PucyHok 1.2 - KapTHa MarHuTHBIX
ToJiei BUTKa 0OMOTKH TpaHchopMmaTopa

E I (1.11)

IJI€ X, Ha3bIBAIOT MHIYKTUBHBIM CONPOTUBIICHHEM PACCETHUS.

Teneps ncnonesyem cneayromue GakTbl OTHOCHTENBHO NEpeMEHHbIX £, @, 1 |.

Tox | 1 MaruuTHBIN IOTOK @, cMH(DAa3HBI, a 3.1.C. £, oTCTaeT no ¢ase oT NoToKa
@, ua yron 90°. CrenoBarensHo, 3.0.c. E, orcraer or Toka | Ha yrom 90°. B
KOMIUICKCHBIX TEPEeMEHHBIX oTcTaroiieMy Ha yroa 90° CHrHamy COOTBETCTBYET
cuMBon -j. C yd4eToM yka3aHHOro (a3oBOro caBura Mexnay £, u | BbpaxeHue
(1.11) MokeT OBITh 3aMEHEHO Ha BEKTOPHOE:

E, =—iX,l (1.12)

IIpuBeeHHBIN 01IHO(A3HBIN TpaHC(HOPMATOP.

Ilpouenypa mnpuBeneHus TpaHcopmaTopa 3aKIIOYaeTCs €ro B  3aMeHe
DJIEKTPUYECKON CXEMBI, COZAEpKallel J1B€ MHIYKTUBHO CBA3aHHBIE KaTYIIKH, Ha

=X

p p




CXEMY C HEIMOCPEICTBEHHBIM COCIUHCHHEM MEPBUYHOM W BTOPUYHOU OOMOTOK.
Pacuer mocnenneit cxemsl OyaeT mpoiie, Tak KaKk B Hed He OyJAeT UHAYKTUBHOMU
cBs3u. [Iporeaypa npuBeaeHuUs MOSICHIETCS cepuei pucyHkoB (puc.1.3).
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Pucynok 1.3 - TIpouexyps! npusenerns oaaodasuoro Tpaachopmaropa (a, 0, B, 1)
M €r0 CXeMbI 3amelneHust (11, €, k)

Ha pwuc.1.3,a npuBeneHa ucxojaHas cxema ¢u3nyeckoro TpaHchopmaTopa.
3aTeM Kaxaas u3 oOMOTOK npesacrasisiercs (puc.1.3,0) B BUJIe UCTOYHUKA 3.7.C. £
U Ej HHIYKTUBHOTO CONpPOTHUBICHHS pACCESHUS X,; H X,, U aKTHBHBIX
conpotuBieHuit R; u R, nmpoBoaHnkoB 00MoToK. B mocnenneit cxeme £; u E, He
paBHEI IPYT APYTY, TaK Y OOMOTOK HEOIMHAKOBBIC YMCIIA BUTKOB W1 1 Wh.
H3meHsieM 4rciio BUTKOB W, BTOPUYHONW OOMOTKH TaK, 4TOOBI OHO CTAJIO PaBHBIM
YUCITYy BUTKOB Wi nepBUYHOM 00MOTKH (puc.1.3,B). B pesynbrare 3.4.c. E, craner
paBHONl ».4.c. FE;. V3MenuBmytocs ».a.c. E, oOo3naumm kak E;. Takke

0003HaYEHUS CONPOTUBIEHHH X,; U R, u3smenum Ha X, u R}. Tak Kak crano E; =E;,

TO MEXIy OOMOTKaMH Wi U w, MOXXHO YCTaHOBHUTH nepeMbluku (puc.l.3,r), B
KOTOpbIX HE OyJeT TOoKa, a NpOCTO OyIeT MexaHW4YecKoe OOBeIUHEHUE
bu3nueckoil TEPBUYHOW M TPHUBEACHHOW BTOpUYHOM oOMoOTOK. [Ipm Takom
COCIMHEHUH MOXXHO CUMUTATh yKa3aHHbIE OOMOTKM CYHTATh OJHOW OOMOTKOM,
HAMOTAHHOW 3aIlapaJUICJICHHBIM MPOBOJIOM, U CUMTATh €€ KaK OJHOM KAaTYIIKOU C
cepacuHukoM. Takas KaTylllka TpEACTaBISIETCS B BHUJAEC IMOCIEI0BATEIBHO
COCIMHEHHBIX COMPOTUBJICHUN Xo U Ry ¢ TeM HX (PU3UYECKUM CMBICIIOM, YTO
COMPOTUBJICHUEM Xy YUYUTHIBAECTCS HAJIMYME B KATYIIKE OCHOBHOTO MarHUTHOTO
nonsi @D,., a CONPOTUBJICHUEM Ry YYUTHIBAIOTCS MOTEPU MOIIHOCTU B CTald
MarHuToINpoBOJa Ha THUCTEPE3UC M BUXpEBble TOKU. (CxemMa MPUBEACHHOTO
TpaHcopmaropa npuMeT okoHYaTeNbHBIM Bui (puc.l1.3,1). Cxema Ha3bIBaeTCs
MOJIHOM CXeMOi 3aMmerienus Tpancpopmaropa. Mexay oOMOTKaMu TPUBEACHHOTO
TpaHchopmatopa 00JbIlIe HET MATHUTHOM CBSI3H.

[Tpu pabote Tpanchopmaropa moj Harpy3Kou OJU3KOW K HOMUHAIBHOU TOK g
HAMHOTO MEHBIIIE JBYX JPYruX TOKOB l; W 1, W, MOITOMYy, MOXHO IICTIHIO



HAMarHW4uBaHusi xo U Ry  MoxHO mnpeHeOpeub. B pesynpraTe mnomydaem
VOPOILICHHYIO CXeMy 3aMelneHusi Tpancopmaropa (puc.l.3,e). OO6benuHeHUEM
CONPOTUBIIEHUM X,; C Xp; W Ry ¢ R; NIONyduM IPOCTEHIIYIO CXEMY 3aMEILCHUS

(puc.1.3,%), B KOTOPOM X;=Xy+Xy,, M R;=R;+R; Ha3bIBAIOT, COOTBETCTBEHHO,

WHIYKTUBHBIM M  aKTUBHBIM  COINPOTUBJICHUSAMHU KOPOTKOTO  3aMbIKaHUs
TpaHchopmaropa.

[lepecuer nmapaMeTpoB BTOPUYHON OOMOTKH.

Y npuBeneHHOW BTOpPUYHOM OOMOTKHM JUIsl €€ MapaMeTpbl U CUTHAJIOB
IPUMEHEHBI 0003HA4EHUs Uj, 15,x),,Ry. CONPOTUBIIEHUS HArPY3KU TOXKE JOJKHBI

ObITh 0003HAYEHBI KakK MPUBEACHHBIC: z/,x/,R{. Y HCXOIHOro TpaHc(opmaropa
NIEPEUNCIICHHBIC BEIMYNHBI SBISIOTCS (PU3HMUESCKUMHU U UMEIOT o6o3HadeHus U,, |,
Xp2: Ro. Z,,, X, 1 R,,. J111 TOTO, 4TOOBI MOKHO OBLIO B pacyeTax dIEKTPUUECKUX CXEM
C TpaHchOPMAaTOPOM HCIIOIH30BATh €T0 CXEMY 3aMEIEeHUS, HEOOXOAUM TepecueT
busnueckux BenuuuH (0e3 mTpuxa) B MpuBeneHHbIE (co mTpuxoMm). dDopmyrsl
nepecuera UMEIOT BUJI:

Uézkmpuw |£:k|_2, X;a2:knzwpxp2’ Rézknzwaz’
mp (1.13)
Z; = kripzzﬂ X;: = knzwpxu’ R:z = krf\p RH’

[Ipu BBIBOJIE (pOPMYJT HCIIOJB30BAIUCH PABEHCTBO AKTUBHBIX, PEAKTUBHBIX U
MOJIHBIX MOITHOCTEH Ha BCEX OJHOMMEHHBIX JJIEMEHTAaX MCXOTHOM CXEMBI
TpaHcopMaTopa U €ro CXeMbl 3aMeIeHUSI.

Pacuets1, Hanpumep, Hanpsokenus U, u Toka |, B Harpy3ke ¢ MCMOIb30BaHHEM
MOJTHOM CXEMBbI 3aMelieHHs] TpaHc(hOopMaTopa BBIMOJHATCA 1O CISAYIOMIEMY
ATOPUTMY:

1. ITo dbopmynam ¢ 3-ii mo 7-10 cuctemsl (1.13) nepeBoasTcs Bce Gpu3UUYECKUE
CONPOTHBIIEHUs B puBeIeHHbIe. CONPOTUBIICHUS NEPBUYHON 0OMOTKH X,; U Ry 1
e HaMarHU4YUBaHus Xo U Ry 6epyTcs He mepecunTaHHbIMU.

2. Ilo cxeme 3amemienus (puc.1.3,1) MeTo1aMu TEOPUU LIETIEH PACCUNTHIBAIOTCS
BCE TOKU W HAIPSHKEHUS, B TOM YUCIE U U3, 15.

3. ITo ¢popmynam, oOpaTHbeIM K popmyrnam 1 u 2 cuctemsl (1.13), paccunThiBaroT
busznyeckue Hanpsokenue U, u Tok ;.

Bonipochkl u 3ad0aHusi

1. Iloscnume kapmuHy MazHUMHO20 NOJISL KAMYWKU MPpanchopmamopa u
CMbBIC]I HA36AHUIL NOMOKO8 OCHOBHO20 U paccesirnusl.

2. Kax 6vi600umcs uHOyKmueHoe COnpomueienue paccesnus?

3. Ilosicnume smanvl npusedenuss mpauncghopmamopa.

4. Kakxue cywecmagytom cxemvl 3ameweHus mparcgopmamopa?

5. Kaxotui aneopumm pacuema no cxeme 3ameuienus mparcgopmamopa?



1.4 Onbimbl Xo510cMo020 Xo0a U KOPoOmMKoz20
3amMblKaHUsi 0OHOa3Ho20 mpaHcghopmMamopa

ConpoTHBIEHUS CXEMBl 3aMellleHus TpaHchopMmaropa MNPUHATO OMPEACIATH
DKCIEPUMEHTAIIBHO U3 OIBITOB XOJIOCTOTO X0/1a U KOPOTKOT'O 3aMbIKAHMUS.

OnBIT X0JIOCTOrO X0J1a.

Cxema ombITa npuBeicHa Ha puc.1.4,a. Y ciaoBUs IPOBEICHUS OIBITA:

- BTOpU4YHAasi 0OMOTKa W, Pa30MKHYTa;

- Ha IEPBUYHYIO0 OOMOTKY W; MOJAaeTCsa HOMUHANbHOE HanpsikeHue U,
AU;=0 AU,=0

— —

/Rl Xpl\

I, ! =i, L = $
- R U

a) 0)
Pucynok 1.4 - [lpuniunuaibHas dIeKTpryYeckas cxema (a) onbita
XOJIOCTOrO XO/1a U cxema 3amettieHus (6) Tparncdopmaropa st OrbITa

[ToaxatoueHHBIMH TIpUOOpaMu U3MepstoTCs: Hanpsbkenuss U, u U, nepBuyHOi 1
BTOPUYHOM O0OOMOTOK, TOK xosioctoro xona l;=l, mnepBuuHOl OOMOTKM U
noTpebisiemMasi akTUBHasg MOIIHOCTh P;. Tak kKak TOK BO BTOPUYHOM OOMOTKE
HYJIEBOM, a TOK MEPBUYHON OOMOTKH |y Majl, TO MOTEPSIMU MOUTHOCTH B aKTUBHBIX
COMPOTHUBJICHUSIX 0OMOTOK MOXKHO MpeHeOpeub. MarHuTHBIA OTOK B CEP/ICUHUKE
HOMHUHAQJIBHBIA, TaK Kak K TpaHcPOpMaTopy MPUIIOKEHO HOMHUHAIBHOE
Hanpsokenue U, U3mMepeHHas akTUBHAsI MOIIHOCTh P; SIBJISIETCS HOMUHAIBHOU
MOIIIHOCTBIO TTOTEPb B CTANU P1=P,,, ;10

Cxema 3aMeliieHus JJ1sl OTbITa MpejcTaBieHa Ha puc.1.4,0.

Tak Kak B pa30OMKHYTOW BTOPHUYHON OOMOTKE TOK HYJIEBOM, TO HyJE€BbIM OyaeT
nafgeaue HanpsokeHus AU,=0 Ha BHYTpEHHEM CONPOTHUBICHUU OOMOTKH.
BcenenctBue 3TOro BHYTpPEHHEE COMPOTHMBIICEHWE BTOPUYHONM OOMOTKH MOKHO
CUMTATh HYJIEBBIM. Y pEalbHBIX TpaHC(HOPMATOPOB BHYTPEHHHE COMPOTHUBIICHUS
X,; 1 Ry mepBuYHON OOMOTKM HAMHOIO MEHBLIE CONPOTHBIEHUH Xy U Ry memnu
HaMmarHnuuBaHus: Ri<<Rgy 1 X;<<Xo. IIo3TOMy BHYTpEHHMMHU COIPOTHBIECHUSIMU
MEePBUYHOM OOMOTKM MOXKHO TMpeHeOpeub W cuuTaTth WX HyleBbIMH. Ha cxeme
3aMEIIeHUs ~ BHYTPEHHHE  COMPOTUBJICHUS  OOOMX  OOMOTOK  IOKa3aHbI
3aKOPOYCHHBIMH.

[To u3mMepeHHbIM 3HAUEHUSIM PACCUMUTHIBAIOT:

1) compoTtuBnenus Ry 1 Xo 11enyu HaMarHUYUBaHUsI Mo GpopmMysiam

R=d w=th 0=ER (1.14)
1
2) koa(purueHt Tpanchopmanuu
U
Knp = 2L
p U2

OnBIT KOPOTKOTO 3aMbIKAHMS.

Cxewma omnbITa IpuBeeHa Ha puc.l.5,a. YcinoBus npoBeAEHUs OIbITA!

- BTOpUYHAs OOMOTKa W, 3aMKHyTa Ha aMIIEpMETP C MPAKTHUYECKH HYJIEBBIM
BHYTPEHHUM CONPOTUBJICHUEM;




- Ha MEPBUYHYI0 OOMOTKY W; MOAAETCs MOHIKEHHOE Hampsbkenue U,, Takoi
BEJIMYMHBI, IPY KOTOPOM BO BTOPUYHOM OOMOTKE MPOTEKAET HOMHHAJIBHBIM TOK

IZHOM-

|2H0 M

Ry Xp1 X'pz R', Ry X
Tp -
T Ilz(s_ | 1nom
K3

@ U |1K3_z>|1/~l(l11
[0 »[oige™] -

6) B)
Pucynok 1 5 IMpuHIMIHATbHAS SIIEKTpUYecKas cxema (&) ombiTa
KOPOTKOT'O 3aMbIKaHHs U CXeMbl 3amelteHust (0, B) Tpancdopmaropa st onbita

Xo |'

2HoM

[ToaxatoYeHHBIMH MPUOOpPAMU  U3BMEPAIOTCS: HampsbkeHue U; MepBUYHOM
oOMoOTKH, TOKM |; u |, TepBUYHONW M BTOPUYHOM OOMOTOK M TMOTpedssemas
aKTUBHas MoUIHOCTh P;. Hampsikenue kopoTkoro 3ambikanus U,, Mamo u
cocraBisier Bcero 4..7/% oT HOMHUHaNBbHOrO. MAarHuTHBIM MOTOK B
MarHuToOINpPOBOJAE, KOTOphI mpomnopiuoHaieH U,, Takke o4eHb Mall UM MOTEpHU
MOIITHOCTH B cTaiu P, KOTOpble MNPONOPLUOHAIBHE O U COCTABISIOT
(004..007)*° =0006..001=06..1%, YTO SABISACTCS OUYCHb Majiol BenmuuHOW. [losTOMY
MOTEPSIMU MOIITHOCTH B CTAJIU MOKHO TIpeHEOpEYb.

[Ipu mpoBeneHnH OIbITa KOHTPOJIUPYETCS HA PABEHCTBO HOMUHAJILHOMY TOKa |
BTOPUYHOM 00MOTKH. B cuity cBolicTBa TpancpopmMaropa TpaHnc(hopMupoBaTh TOK,
HOMUHAJIBHBIM OY/IET TaKKe TOK U EPBUYHON OOMOTKH |}, 3HAUUT U3MEPEHHBIC
MOTEPU MOIIHOCTH SIBJISIOTCS HOMUHAJIBHBIMU MTOTEPSIMU B MeaH P, ,,,,, OOMOTOK.

B nonHO cxeMe 3amenieHus Al ONbITa, MPEACTAaBICHHOW Ha puc.l.5,B, LeNbI0
HaMarHU4YMBaHUs MOXKHO TMpeHeOpeub, Tak Kak TOK |y B HEel HAMHOTO MEHbIIIE
ToKOB |; u I';,. O0benunuB, 3ateM, akTuBHBIE Ry, R'; 1 peakTUBHBIE COMPOTUBIICHUS
paccestHus Xp1, X' p2 OOMOTOK B COIIPOTHBIICHUS, COOTBETCTBEHHO, R, M X, IOTy4nM
MpOCTENITYI0 cXxeMy 3aMmerieHus (puc.1.5,8) 1 onbITa KOPOTKOTO 3aMbIKAHUS.

[To u3mMepeHHbIM 3HAUEHUSIM PACCUMUTHIBAIOT:

1) conmpoTuBnenus R, u X, KOpOTKOro 3aMblKaHus 10 (popMynam

RK :%’ ZK :ﬁ’ XK = VZE _Rf (115)

2) axtuBHBIE R, R'; M peakTUBHBIC CONPOTHBIICHUS PACCEIHUS Xp1, X' p2 OOMOTOK,
IPUHUMAEMble paBHBIMU I[OJIOBMHE CONPOTHUBIECHHA R, U X, KOPOTKOro
3aMBbIKaHUS:

' RK ' X,
R, =R, = 5 Xy =Xy = (1.16)
U (pU3nUecKue COMPOTUBIICHUS BTOPUUHON 00MOTKH (cM. popmybl (1.13)):
R X)
R, =—%, X, =—2- (2.17)
ks "k

Bonpocs! u 3adaHusi
1. Hazoeume yciosus npoee()enuﬂ Onwvlma xXo0J10Cmo20 xo00d u onpedeﬂﬂesze no
pesyromanmam onbvlma napamempobl CXembpl 3aMeULEeHU mpaHC(])opmamopa.



2. Ilosicnume 8u0 cxemul 3ameweHusi mpaHchopmamopa u cmviCi USMEPEHHbIX
CUCHATI08 8 ONbIMeE XOJIOCHO20 X00d.

3. Hazosume ycnosus npogeoenusi onvima KOpoOmKo20 3aMblKaHus U
onpeoessiemble NO pe3yibmamam Onvlma napamempuvl CXxembl 3AMeUjeHUs]
mpancgopmamopa.

4. Iloacuume 6u0 cxemvl 3amewjenuss mpaHc@opmamopa u CMulCll USMEPEHHbIX
CUCHAI08 8 ONbIMeE KOPOMKO20 3AMbIKAHUAL.

1.5 YpasHeHus1 o00Hogha3Ho20 mpaHcghopmamopa.
BexkmopHas QuacpaMma HagpyXeHHO20 mpaHcghopmMmamopa

Cucrema ypaBHeHHI oaHO(a3HOro TpaHchopmaropa COCTOUT U3 YpPaBHEHUIA,
KOTOPBIMHU OMKCHIBAETCS MOJHAsI cxema 3amenieHus ero (puc.l.3,n), U ypaBHEeHUE
Harpy3KH:

U, -E :(R1+ jxpl)l'l,

E, =U} +(Ry + jxi, )i,

E, = (Ro + jxo)l.o’ (1.18)
lL=1+1,,

U; =(R; + jx, )i}

JInst Harpy>KeHHOro TpaHchopMaTopa 3aJaHHbIMHU BEJIMYMHAMU SIBJIFOTCS:
- HanpsbkeHue cetu Uy

- compotuBieHus Ry, R'y, X1, X'p2, Ro, Xo cXeMBI 3aMerienns TpancGopmMaTopa;
- conpoTuBiieHus R, X, Harpy3Kwu.

OTUX JaHHBIX JOCTATOYHO JJISi TOTO, YTOOBI paccuuTarh HampsbkeHue U, Ha
Harpy3ke 1o ypaBHeHUsM cuctembl (1.18). PacyeT MOXXHO BBINOJHUTH Kak
AHATUTUYECKH CUMBOJMYECKUM METOJOM, TaK u Tpado-aHATUTHUYECKH C
UCIOJIb30BAaHUE BEKTOPHOU JuarpaMmbl TpaHchopMaropa.

[Topsimok mocTpoeHUs BEKTOPHOM JrarpaMMbl Harpy>KeHHOTo TpaHchopmaTopa:

1). 3amaemcs NpPOU3BOJIBLHBIM YKCJIOBBIM 3HAYCHUEM HampsDKEHUs  Uj.
[IpoBOAMM TOPU3OHTAIILHO BEKTOp HAMNpspkeHWss Uj, JJIMHA  KOTOPOTO
OTIpEJIEIISIETCSl Yepe3 BEIIMYMHBI U, W MpEeABApPUTENIBHOrO Maciitaba My, (Mm/B)
BBIOPAHHOTO JUIsl BCEX BEKTOPOB HAIPSIKEHUHN AHArpaMMBI:

‘Ué =myU;
N3 5-ro ypaBHenus cuctemsl (1.18) paccuntsiBaem mo 3akoHy OMa TOK 15

!

U
4 :Z_'z’ rme 2, =R’Z+x*.

H

. X’ .
[ToBomuM BEKTOp [5; MO YIJIOM ¢ =arcth—€ K BEKTOpy Uj;. Brruncnsem
2
HanpsoKeHUs. Ri1; U x5, U TPOBOJAMM CYMMHPOBAHUE B COOTBETCTBUU C S5-M
ypaBHeHueM cuctemsbl (1.18) BekTopoB R/i; W jxI;. BekTOp HallIeHHON CyMMBI

JIOJKEH COBIIACTh C BEKTOPOM U} .



Pucynok 1.6 - BextopHast tnarpamma
TpancgopMaTopa I €ro MOTHOH CXeMBI 3aMeTIeHIS

2). BbluucnsieM BeKTOpa HaNpsHKEHUW Ry, WU jxpl5, W MOPOBOAUM UX
CYMMHPOBAHHE B COOTBETCTBUU C 2-M ypaBHeHueM cucteMbl (1.18). Bekrtop
HalJIEHHOW CyMMBI OyZE€T BEKTOPOM E; .

3). U3 3-ro ypaBHeHnus cuctemsl (1.18) Haxoaum napameTpsl Toka lg:

Iy _5 u @, :arctgﬁ, rae :\/m
Z0 RO

[IoBOaMM BEKTOD |, MO YIIIOM ¢, K BEKTOPY E;.

4). B cootBeTcTBUM C 4-M ypaBHeHUEM cucTeMbl (1.18) Haxoaum BEKTOp TOKa I,
KaK CyMMY BEKTOPOB [, H 1.

5). BeraucnsgeM BekTOpa HAIPSKEHUN Ryl M X, , © IPOBOJUM X CYMMHUPOBAHUE
C BEKTOPOM E, B COOTBETCTBUHU C |-M ypaBHeHuem cuctemnl (1.18). Bektop
HalJIEHHOW CyMMBbI OyZ€T BEKTOPOM U, HANPSKEHUS CETH.

6). IIpu onpeneneHHON MOCTPOCHUEM JIJIMHE BEKTOpa U; U 3aJaHHOM YHMCJIOBOM
3HAUYEHUU CETEeBOro HarpsbkeHuss U; BbIUKCIsEM OKOHYATEIbHBIM MacmTad s
HaINpsHKEHUN
|9 ]

Ul
Y UCTUHHOE (B .1 MPUHUMAJIOCH MPOU3BOJIbHOE 3HAUEHUE) HaNpspKeHus Uy
_[Y]

My

My,

U,

Bonipochkl u 3ad0aHusi
1. Cocmaevme ypagneHnusi, ONUCHIBAIOWUE HACPYHCEHHBLU MPAHCHOPMaAmop.
2. llosacnume eviuucienus u nocmpoenus, n0360AWUE HAUMU 6eKMOp E, .

3. [losicnume @viyucieHus u NOCMpPOEHUs, NO380IAI0UUe HAUIMU 86eKmop U .

1.6 BHewHss1 xapakmepucmuka 0OHogha3H020
mpaHcgopmamopa. Pacyem nomepb HanpsKeHust
BremHel xapakTepuCTHKON TpaHcpopMaTopa Ha3bIBACTCS 3aBHCHUMOCTD
HanpspkeHust U, Ha Harpys3ke OT NMpOTEKAoIIEero B HeW Toka |, mpu HEM3MEHHOM
HampspkeHuu cetd U; Win, €clM KCIOoNb30BaTh B PACUETaX CXEMY 3aMELIEHUS
TpaHchopmaTopa, - HalpsHKEHUst U) OT TOKa |5 Mpu Heu3MeHHOM Uj.
TpynoeMKOCTh BBIYMCICHUW W BHUJ BHEIIHEW XApPAaKTEPUCTUKU CYIIECTBEHHO



3aBHCHUT OT BHUJIa UCTOJIb3yEeMON B pacueTax CXembl 3aMelleHus TpaHchopmaropa.
PacueTsl O MOJIHON cXxeMe 3aMElIeHUs] MOXHO BBIMOJHUTH C MCHOJb30BaHUEM
BEKTOPHOU JuarpaMMsbl, NpuBeaeHHON Ha puc.l1.6. OnHako ¢Gopmysbl BHEUTHEH
XapaKTEepPUCTUKU OyAyT TPOMO3AKMMU U CIIOKHBIMH. [Ipu pacyetax BHeurHein
XapaKTEePUCTUKU [JIsl Harpy»XEHHOTO TpaHchopMaTopa MOXHO HCIIOJIb30BATh
MPOCTEUIYI0 CXEMYy 3aMelleHus, H300pakeHHyro Ha puc.l.3,x. Dopmynbl
BHEIIIHEH XapaKTEPUCTHKU OyAyT MPOCTEUIIMMU C JOMYCTUMOU B HMHKEHEPHBIX
pacuerax morpemHocTbio +5%. CremoBaTenbHO, JOMYCTUMO pPaccMaTpUBATh
TOJIBKO BapHAHT pacyeTa ¢ MPOCTEHIIeH CXeMOU 3aMelIeHusT TpaHcpopMaTopa.

[lepen BbIBOIOM (POPMYJIBI BHEITHEH XapaKTEPUCTHKU yUTEM JBE OCOOEHHOCTH:

1) B ynpoIeHHOM cxemMe OTCYTCTBYET 1IeTlh HAMarHMUMBaHUS U, TIOITOMY, TOK lg
paBeH HYNIO, a TOKU |; U 1, COBMaAarOT W, CJIEIOBATEIbHO, B pacyeTax MOXHO
UCIIOJI30BATh TOJIBKO TOK 1}

2) [Jig peabHbIX TPAHC(POPMATOPOB YTOd 0 MEXKAY BEKTOPAMH HAIPSKEHUN U,
u Uy (puc.1.6) man, u ero JomyCTUMO NPUHSATH PAaBHBIM HYJIIO.
C yueToM OTMEYEHHBIX OCOOEHHOCTEH BEKTOpHas auarpamma TpaHchopmaropa,
U3 KOTOpOM BBIBOAATCS (OpPMYJIbI BHEIIHEW XapakTEepUCTHKU, OyAeT BHA,
MIPUBEIEHHOTr0 Ha puc.l.7.

Tak xak Ha puc.l.7 BekTopa HanpspKeHU U; U U, mapajijiesibHbl, TO JOIMYCTUMO
Jlajiee BECTH pacyeThl B alnreOpanyeckoi popme, a He B CUMBOJIMYECKOM.

1 9 U, =const

- 3

o U é D

N\ |2 JXs I}
. Re 5 "
12 A0,
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PucyHnok 1.7 - BextopHas nuarpamMma Tpancgopmatopa
JUIS pacueTa BHEIIHEH XapaKTepUCTUKI

W3 BEKTOpHOW auarpaMMsbl CIEAYET
Uy =U; —aUy, . (1.19)

ITanenue wHanpspkenus AU'y, Ha BHYTpEHHEM CONpPOTHBICHHHM R, +jX,
TpaHcopmaTopa paBHO ATUHE OTpe3Ka 1-3, KOTOPBIN SBISETCS CYMMOMN OTPE3KOB
1-2 u 2-3. VI3 quarpaMMmsl, Kak 4epTexa, ciieyeT Gpopmyma MmoTepb HAmpsHKEHUS
B Harpy»€HHOM TpaHc(opmaTope

AU =R 1;cosp, +X.1;sing, (1.20)

[Tocne noacranoBku (1.20) B (1.19) monyyaem BHEUTHIOKO XapaKTEPUCTHUKY:
U; =U, —(R, cosp, +x,sing, )1 (1.21)

['padux BHEMIHENW XapaKTEPUCTUKH TIPENCTABIACT COOOM TPSIMYIO JIMHUIO
(puc.1.8). HakiioH BHemrHeH XapaKTEpUCTHKUA 3aBHCUT KaK OT BHYTPEHHETO
conpoTuBiieHUsT R, +]X, TpaHchopmaTtopa, Tak ¥ OT (Ga30BOro CABHUTA ¢, MEKIY
TOKOM U HalpsbKeHHeM Harpy3ku. JlJis yCTaHOBJIEHHSI TakOM 3aBUCUMOCTHU
npeoOpazyem Beipakenue (1.21):



Uj =U, —(R, cosop, +x,sing, )1} =
U

K
!

. z. |
,—(R,cosg, + szm(pH)—K-—I Zuon |1 =
7

K 2HoMm

U, —(RK cosQ, +)Z(—Ksincijz 1. - = (1.22)

K ' 2nom ]
zZ, I

K 2HoM

=U, —(cosg, cosp, +sing, sing, U, -B =
=U, —cos(g, 9, )U,, B,
rie ¢, - (a3oBbId CIABUT MEXIYy TOKOM M HANpsHKEHHEM Ha BHYTPEHHEM
COTIPOTUBIIEHUH TpaHchopMaTopa W OH A TpaHchopMaTopa SBISETCS
(ukcupoBaHHOI BeIMUUHOM, puueM 0<¢,<90°;
S — ko3P dULMEHT 3arpy3ku TpaHchopMaTopa 1o TOKY.
Kak cnemyer u3 (1.22), HakJIOH BHEUTHEH XapaKTEPUCTUKH 3aBUCHT OT HAINPSDKEHHUS
KOpOTKOTO 3aMbikanust U,, TpaHchopMaTopa u pasHOCTH (¢,~¢,) Ha30BbIX CABHUIOB:
- yem Ooubine U,,, TeM Kpyuye HaKJIOH;
- 78 aKTUBHO-UHIAYKTHBHOM Harpysku c¢ 0<¢,<90° HakioH Bceraa
OTPHMLATENLHBIN, TaK Kak |(¢,-¢,)|<90° u, mosromy cos(p,-¢,)>0;
- Il aKTHBHO-WHAYKTUBHON HArpy3KH OTPHIATCIBHBIA HAKIOH MaKCHMaJcH
npH (9,-9,)=0;
- U aKTMBHO-EMKOCTHOM Harpysku ¢ -90°<¢,<0 HakIoH OyJeT HYJIEBBIM IIPH
(¢0-9,)=90° 1 monoxkuTETLHBIM IPH (@,-¢,)>90°.
AUIZ i
npu ¢,<@:-90°
U,

npu ¢,=@-90°

npu ¢,>@-90°

npu Qu=Px

{

1
Pucynok 1.8 - BHeniHne xapaktepucTuky TpaHcgopmaropa

Bonipochkl u 3ad0aHusi

1. Ymo maxoe "enewnsin xapaxmepucmuxa mpancgpopmamopa’ u uem
onpeoensemcs 8blO0p Memooa ee pacuema?

2. Ilpuseoume 6618600 popmynvl Hew el XapaKmepucmuku mpancgopmamopa.

3. Om uezo 3a8ucum HaAKIOH HEWHEl Xapakmepucmuky mpancgpopmamopa?

1.7 QHepeemuyeckas Ouaespamma u Kl
00HOgha3Ho20 mpaHcghopmamopa

Haznauenuem Tpancopmaropa  sIBISETCA oOecricueHue Harpys3kKu,
MOAKIIOYCHHOM K BTOPUYHONH OOMOTKE, aKTUBHOM MOIIHOCTBIO P, TIpH 3aJlaHHOM
Hanpspkeann U, Ha Helt. [Ipu pabote TpaHchopmaTopa BO3HHUKAIOT B HEM MOTEPU
aKTHBHON MOIITHOCTH B Menu P,, HarpeBaromue 0OOMOTKH, M TIOTEpH B cTanu P,
pasorpeBaroniue MarHuronpoBoa. M3 cerm morpebasercs momHocTth P;. U3



MEPBUYHON OOMOTKH BO BTOPHYHYIO IMEPEIAETCS 4Yepe3 NMEPEeMEHHOE MarHUTHOE
10JIE€ 3JIEKTPOMArHUTHAsI MOIIHOCTG P,,,. DHepreTuyeckas quarpaMma oToopakaer
B rpaduueckoit hopme CBI3b MEXK1y Ha3BaHHBIMU MOIIHOCTAMH (puc.1.9).

[lotepu B cramu P., HE 3aBUCAT OT MPUBEIECHHOTO TOKA HArpPy3Kd |5 U OT
dbuszmaeckoro Toka |, wW, crmemoBaTenbHO, OT KOdhdUIMEHTa 3arpy3Ku
TpaHchopmartopa p.

[Totepu B Mequ P,, CKIaABIBAIOTCS U3 TIOTEPh B MeaH P,,; B IEPBUYHON OOMOTKE
U TIOTePh P,,; BO BTOPUYHONW OOMOTKE W OHHU MIPSMO TPOIMOPIIHOHATLHBI KBaipaTaM
TOKOB B 0OMOTKax. Eciu P,,, HOMUHAIbHBIE TTOTEPH B MEAH, TO TPH 3arpys3ke [
notepu P,, OyAyT CleayIOIUMH:

- R =Ry
Pl — Psu —> PZ
\,o \’0 /‘2’ 4
4 * 0,7.08 1
Pucynok 1.9 - DHepreTrdeckast Pucynok 1.10 - 3aBrucuMOCTb
JHarpamma tpanchopmaropa K.IL.J. Tpanchopmatopa ot

MouHoCTh P, B Harpy3ke NpsMO MPOMOPLUOHAIBbHA TOKY |5 U, CJIEI0BaTENbHO,
Koa(puIeHTY 3arpy3Ku f-

P, =pB-S

=U.l, =U,, 1, - TOJHAs HOMAHAIbHAS MOUIHOCTb HATPY3KH.

2Hom * 2HOoM

coSsQ,,

2Hom

rﬂe SZHOM
3 AuarpaMmsal CJIICOYCT, 4TO U3 CCTHU HOTp€6JI$ICTCH MOIIIHOCTb
2
Rl = P + PM.HOMB + B ’ S COS(pH’

cm.nom
K.n.n. TtpanchopmaTopa, paBHOE OTHOIICHHIO IIOJE3HOW MOIMHOCTH P, K
MOIITHOCTH TIOTpeOsieHHoU Py, onpenensercs: hopmyion

2Hom

P, -S,... COS
n=tte P S2.0, COSQ, (1.23)
1 cm.xom + PM.HOMB + B ’ SZHOM COS([)H

3aBUCUMOCTB K.II.J. OT KO3(puimenTa 3arpy3ku S mpejacraBieHa rpagukomM Ha
puc.1.10. Ha rpaduke ecTp TOUKa ¢ MaKCUMaNbHBIM K.M.JI. %4 SHAUEHHUE f, IPU
KOTOPOM JIOCTUTAae€TCd MAaKCUMYM K.ILJA. 7, W3 YCIOBHS PABEHCTBA HYIIO
MPOU3BOJIHOM K.M.J. 7', ONPEEIEHHOr0 Bhipaxkenuem (1.23):

!

! 'SHowCOS H
n ZK B-Saue ¢ J _

2
PCm.HOM + PM.HO.HB + B ' SZHo.vt COS(PH
2
_ SZHOM COS(PH (P(Im.HOM — PM.HOMB ) =0 = B — PCm.HoJri
2 2
(PCm.HOM + F)M.HOMB + B : SZHOM COS(PH) P"”"”‘””

TpanchopmMarop MPOEKTUPYIOT TaK, YTOObI MAaKCUMyM €rO K.I.J. JOCTHUTaJICS
npu Harpyske f=0,7...0,8. Jlsisg 3Toro J0CTaTO4HO, YTOOBI MPHU MPOSKTUPOBAHUU
TpaHcopMaropa MeXJTy HOMHHAIBHBIMU MOIMHOCTAMU TOTEPD Ppyow U Popyon
ObUTO BBLAEpXKAHO cooTHomenue P, ,,,=(0,5...0,65)P, ..., W Torma Oyxer

£=+05..065~07..08.



Bonipochk! u 3ad0aHusi

1. Ilosicnume cmvicn MOLL;HOCI’I’lelj, OMmpadsiCEHHbIX HA aHepeemuquKoﬁ duazpajwwe.
2. Kakue mownocmu 3asucam u ne 3asucsam om Kodgpuyuenma 3azpysxu f?

3. Ilpu kakoti 3aepy3ke f K.n.0. mparncgopmamopa MaxcumaibHo?

1.8 Yempoucmeo mpexga3Ho20 mpaHcgopmMmamopa
u epyrirbl coeOuHeHUs1 e20 06MOMmMOoK

B Tpexdasnbix ceTsSX CyIIecTBYeT HEO0OXOIUMOCTh  OJHOBPEMEHHOIO
npeobpazoBaHust Tpex (as3HpIXx HanpsbkeHuid. Jimg  »sToro mMoryt  OBITh
HCIIOJB30BaHbl TpU oJHO(Ma3HbIX TpaHchopmaropa (puc.l.11), mepBuuHbIe U
BTOPUYHBIE OOMOTKH KOTOPBIX COCIUHSIOTCS WM B 3BE31ly WIH B TPEYTrOJbHHUK.
OpHako B TakOHW KOHCTPYKIIMH CIIHMIIKOM BEJIHMK OOBEM CTaId MarHUTOIPOBOJA,
KOTOPBIM MPAMO MPOMOPIMOHATIEH UX JyMHaM. EcliM cunTaTh MarHUTONPOBOJ B
CBETY KBaJpaTHBIM CO CTOPOHOM JUIMHOK @, TO CyMMapHas JJWHA
MarHUTONPOBOAOB COCTABUT [2-a. Takke Takass KOHCTPYKUHS TaKXKE 3aHUMAET
OOJIBIIYIO IJIOIIAAh TOMEIIEHHUS, B KOTOPOM YCTaHOBJIEHBI TPaHC(HOPMATOPHI.

B cemy
A
‘T K Hazj;(ys'KeT
=] L] L1
W; Wy Wp Wy Wy Wp

——1_[ 1 =1

Pucynok 1.11 - Tpancdopmarus Tpemst oHO(Ma3HBIMU TPAHCHOPMATOPAMHE

HamHoro mensIeit cymmapHasi JJIiHa MarHUTOIIPOBOJIA MOXKET OBITh MOJIy4eHA
B KOHCTPYKIIUHU, KOT/1a (pa3HbIe 0OMOTKH TpaHC(HOpPMATOPOB pa3MEIICHbI Ha OJTHOM
CTEp>KHE U TpaHC(HOpPMATOPHI COMPHUKACAIOTCS MPOTHUBOMOJIOKHBIMUA CTEPKHIMHU
(puc.12,a). OOpazyercss oOmmM 18 TpeX TpaHCPOpMATOPOB  YHACTOK
MarHUTOMPOBO/IA, IO KOTOPOMY MTPOXOAT OJHOBPEMEHHO MarHUTHBIEC TOTOKU D,
Dp, D¢ Tpex (Pa3. Tak Kak 3TM MarHUTHbIE TMOTOKH CABUHYTHI BO BPEMEHH Ha
TPETh MEpHOa BCIAEACTBHE CYIIECTBOBAHUS aHAIOTUYHOTO CABHTa Y Tpex(a3HbIX
TOKOB, TO UX CyMMa OyJeT paBHOM HyI0: @, =D, +D, +d. =0. Jlanee cienyer
OYEBUIHOE: €CIM B O0OIIEeM CepAeYHHMKE HET MarHUTHOIO IIOJiA, TO TaKOu
CEpJICYHUK HE HY)KEH U €ro MOXXHO He ycraHaBiuBaTh (puc.12,0). CymmapHas
JUTMHA MarHUTOIPOBOJIOB COKpatutTcsa 10 9-a. OmHAaKO M3roTOBUTH Tpex(ha3HbIN
TparcGopMaTop ¢ TAKUM MAarHUTOIIPOBOJIOM JOBOJIBHO CII0KHO M IOPOTO.

BH BH BH

HH HH HH

Pucynox 1.12 - [IpeBparieHne KOHCTPYKIMU U3 TPEX HOJHBIX OJHO(PA3HBIX
TparchopMaTopoB () B KOHCTPYKIHUIO U3 TpeX TpaHcHOopMaTopoB 6e3 oduiero
cepreunrka (6) ¥ B OKOHUATEIbHYIO KOHCTPYKIIHIO Tpex(azHoro TpaHchopmaropa ()

YToOBl yIPOCTUTH U YJIEMIEBUTH MPEABIAYIIYI0 KOHCTPYKIMIO, MAarHUTOMPOBOJ



U3TOTABIIMBAIOT TPEXCTEPKHEBBIM C  PACIOJIOKEHHEM CTEpKHEH B OJHOMN
miockoct (puc.12,8). CymmapHasi AjiMHAa MarHUTONPOBOJIOB COCTABUT /°@, UTO
IOYTH BJBOE MEHbIIE CYMMapHOW JiauHbBl [2:@ y Tpex OIHO(A3HBIX
TpaHcopmaropoB. TpaHchopMaTopbl € TPEXCTEPKHEBBIM MAarHUTOIIPOBOIOM
Yale BCEro MPUMEHSAIOTCS Ha MpakTUKe, U HIKEe OyAyT paccMaTpuBaTh MMEHHO
OHHU.

Ha xaxzaoM crepkHe pa3MelleHbl OOMOTKHM BbICOKOTO HampsbkeHus (BH) u
Huskoro (HH). Hawana oomotok BH mapkupyrotcs "6onpmmmmu" OykBamu 4, B, C,
a KoHLBI — "0onpmumu" OykBamu X, Y, Z. Hauana xe ooMotok HH mapkupyrorcs
"MajgpiMu" OykBamH a, b, ¢, a KOHIBI — "ManeiMu" OykBamu X, Y, Z. CrocoOsbl
COEUHEHHSI OOMOTOK B Tpex(a3Hyl0 CXEMy HAa3bIBAIOT TPYMION COEIUHEHUS,
KOTOPBIM TIPUCBAaMBAECTCA IO OINpEAEIeHHbIM npaBuiaM HoMmep. Ha pwuc.13,a

oomoTkH coenuHenbl o cxeme Y/Y U Takoe coemuHeHue HymepyeTcs rpymmoii 0.

Ha puc.13,6 ooMoTku coenuHensl o cxeme Y/A u Takoe coeMHEHHE HyMepyeTCsl
rpynmoit 11.

I'pynnoii  coedunenusi Ha3pIBaeTC OUU(PPOBAHHBIA C  HUCIOJIB30BAHUEM
nugpepbmara CTPENOYHBIX YacoB CIBUI 1O (aze MEXIy JIMHEWHbIMU
Hanpspkenusimu oomotoxk BH u HH.

Coemunenne oomMorok BH u HH mo cxeme Y/Y (puc.1.13,a) oOpa3yer rpymmy
0. [lnst 1oKa3aTenbCTBa 3TOTO MOCTPOMM CHavajla BEKTOPHBIC JUAarpaMMbl (ha3HBIX
HanpspKeHut U,,Ug,Ue U U,,U,,U, oomotok BH (puc.1.13,0) u HH (puc.1.13,8).
[Tapsr BexkTopoB U, uU,, U, uU,, U, uU_, OyayT mapajulelibHbl Ipyr IPYyry, TaK

KaK B pacIlOJI0KEHHBIX Ha CTepkHAX napax karymek BH u HH marautHbid noTok
oOmuit U, cieIoBaTeIbHO, HAIPSDKCHUS B YKa3aHHBIX KaTyIIKax OyayT CHH(}a3HBI
C HYJIEBBIM JJICKTPUUECKUM CIBUTOM TI0 (ase.

4 9B 1C 12
A.
BH x: {3 é} Uas
0
HH glc 493 4023 ‘Uab
a b C
a) 6) 2)

Pucynok 1.13 - I'pymma O coequHenns 0OMOTOK TpaHc(opMaTopa: NIPHHIMITHAb-
Hast cxeMa (a), BEKTOpHBIE JruarpaMMbl HanpsokeHnit oomoTok BH (6) u HH (s),
BEKTOpHasl JarpamMmma Juist JJHHEHHbIX Hanpsokenuii oomoToxk BH u HH (2)

Ha 0a3e BekTOopoB (pa3HbIX HampsbkeHuid, Hampumep U, Ug U Uy,U, CTpouUM
BEKTOpa JIMHEWHBIX Hanpsokenmd U,, uU,. Bekropa U, uU, Oyayr
napajienbapie. CTpOUM 3aKIHOYMTEIBHYIO IMarpamMmy H3 BEKTOpoB U, uU,,
(puc.1.13,r). JlnuHHBIM BeKTOp U,; NPUHUMAEM 33 MHUHYTHYIO CTpPEIKY H
HampaBisieM Ha mudpy 12 mudepbrmata dacoB. Torma KOpOTKUM BEKTOp U,

MIPUHATBIN 32 YaCOBYIO CTPENKY, yKaxkeT Ha 0 yacoB. DTO Najio HAa3BaHUE TPYMIE
coequuenus 0.

Coemunenne oomMorok BH u HH mo cxeme Y/A (puc.1.14,a) oOpa3yet rpymnmy



11. Jlnsa nmoka3aTenbCTBAa HSTOTO IMOCTPOMM CHAdalla BEKTOPHBIC IUArpPaMMbI
da3HpIx HanpspkeHwid U,,Ug,Uc. # U,,U,,U, oomotok BH (puc.1.14,0) m HH

(puc.1.14,8). Iaps! Bektopos U, uU,, U, uU,, U, uU_ OyayT mapauieabHbl APyT
Apyry.

g
It

“
c

N

Pucynok 1.14 - I'pyrma 11 coenuHeHnst 00OMOTOK TpaHchopMaTopa: PHUIMITAATb-
Hast cxema (a), BEKTOpHBIE TrarpaMMbl Hanpsbkeruii oomotoxk BH (6) u HH (6),
BEKTOpHAs UarpamMma Juist JIMHeHHbIX Hanpsbkenuidt oomotok BH 1 HH ()

Ha 6a3e BekTopoB (ha3HBIX HampsDKeHHM, Hampumep U, Ug U Up,U, CTpouMm
BEKTOpa JMHEHHBIX Hampsbkenuit U,, nU, . Mexny Bekropamu U,, uU, Oyner
casur 1o (ase 30°. CTpoUM 3aKIIOYMTENLHYIO AHArpaMMy U3 BeKTopoB U,, uU,
(puc.1.14,r). JlnuHHBIM BeKTOp U,; NPUHUMAEM 32 MHUHYTHYIO CTpPEIKY H
HampaBiasieM Ha uudpy 12 mudepbnata dacoB. Torga KOpOTKHWA BEKTOp U,
IIPUHATBIA 33 YaCOBYIO CTPEJIKY, YKakeT Ha 11 gacoB. D10 mano Ha3BaHWe IpyIie
coeauHeHus 11.

B npunuune Bo3moxHbl eme 10 rpynn coeauHeHHs OOMOTOK TpexgazHoro
Tpanchopmaropa. OJHAKO B CHJIOBBIX I[EMAX MPUMEHAIOT TpaHCchHOPMATOPHI
TOJIBKO C JByMsI paccMOoTpeHHbiMH Tpymnnamu — 0 u 11. Tpanchopmaropsl ¢
JPYTUMU TPYIIAMH COSAMHEHUSI MOTYT UCIIOJIb30BATHCSA B CUCTEMaX aBTOMATHKH,
HampuMep, B CHUCTEMaX WMIYJIbCHO (a3oBoro ympaBieHus Tpex(azHbIMU
BBITIPSIMUTEIISIMHU.

Bonipochkl u 3ad0aHusi

1. Ilosicnume 803M0OdiCHbIE KOHCMPYKYUU CUCEM mMpaHcdopmayuu
mMpexgasHvlX HanpsHCeHU.

2. Kakue cxemwvl coedunenuss oomomox mpexghaznoz2o mpaucgopmamopa
cyujecmayrom u 20e NPUMEeHsIIOMes COOmeemcmayrowue mpancgopmamopol?

3. llosicnume cxemy mpexghaznoeo mpancgopmamopa c epynnoti 0.

4. llosacnume cxemy mpexgasznoeo mpancghopmamopa c epynnoii 11.

1.9 YpasHeHusi mpexghasHo20 mpaHcghopmamopa.
BexkmopHbie OuazpaMMbl Haz2pyXxeHH020 mpaHcghopmamopa
B tpexdaznom TpanchopMarope BCe TPU KATYIIKH TMEPBUIHOW W TPH KaTYIIKH
BTOPUYHOW OOMOTOK pacrojiokeHbl Ha Tpex crepkHsax ojanoro LW-o6pasHoro
MaraurtonpoBoza (puc.1.12,8). IToaTomMy cyliecTByeT MarHuTHas CBSI3b HE TOJBKO
Mexay mapamu ¢azabeix ooMotok BH w HH, HO m mexny Bcemu miecThio
oomotkamu. Jlyis omHodaszHoro Tpanchopmartopa, B KOTOPOM MarHUTHas CBSI3b



CYILIECTBOBaJIa TOJBKO MEXAY Mapoid 0OMOTOK — MEPBUYHOW U BTOPUYHOM, ObLa
COCTaBJICHa CXeMa 3aMeIlleHus U OHa omucaHa cuctemort ypaBHenuid (1.18). Ilo
3THM YpaBHEHHUSIM MOXKHO pacCuMTaTh JHOO AaHAIMTUYECKH, JMOO C
UCIIOJIb30BaHUEM BEKTOPHBIX JUAarpaMM HAIPsSHKCHHUS M TOKH Ha BCEX DJIEMEHTax
HarpykeHHoro Tpancdopmatopa. [TomoxxurenpbHbIM 3PHEKTOM OT MPEACTABICHUS
oxHO(a3zHOro TpaHc(hOpMaTOpa CXEMOW 3aMEIICHHS SBJSICTCS 3aMEHa CIIOMKHBIX
pacdeToB TpaHc(hopMaTopa Kak yCTPOMCTBA ¢ MarHUTHO-CBS3aHHBIMU IICTISIMU Ha
IPOCThIE pacueThl CXeMbl 0€3 MAarHUTHO-CBSI3aHHBIX Ilemeil. Tak Mo cxeme
3aMEIICHHUsS] MIPOCTO PACCUUTHIBAIOTCA €r0 paboune XapaKTEPUCTHKU - BHEIIHSS
XapaKTepUCTHKa U K.1.J. EcTecTBeHHO, 11erecoo0pa3eH Takou e Mepexo]] K cxeme
3amernneHust TpexdasHoro Tpanchopmaropa. OmgHAKO TaKOW IMepexo] B OOIIeM
cllyuae HEBO3MOXXEH C MPUMEHEHHUEM IMpeoOpa3oBaHui, MPUBEAECHHBIX Ha puc.l.3
st omHO(a3HOTO TpaHChopMaTopa W3-3a B3aUMHOTO BIIMSIHHS IECTH OOMOTOK
TpexdazHoro Tpanchopmaropa.

Bua cxeMbl 3aMelieHusi, ypaBHEHHS M BEKTOPHBIX TUArpaMMbl Tpex(a3zHOro
TpaHchopMaTopa 3aBUCAT OT TPYIIBI COSAWHEHHsS €ro OOMOTOK, HaIW4Hs WU

OTCYTCTBHSI HYJICBOTO TPOBOJIa B COeAMHEHHHIX B Y OOMOTKax M CBOMCTBa
CUMMETPUH WJIM ACUMMETPUU Harpy3KH.

Ilpu cummempuunoti Haepyske W JIOO0OH TpymnIe COEAUHEHUS OOMOTOK
Tpexda3Hblil TpaHcHOpMaTOpP MOKET OBITH MPEICTABJICH B BUJIE TPEX OJUHAKOBBIX
CXEM 3aMellleHus JUIs Kaxaou u3 da3. s kaxmaoll u3 Tpex CXeM 3aMEeIIeHUS
COCTaBIISIIOTCS YpaBHEHUS, aHaJIOrM4yHbie ypaBHeHusiM (1.18) omHOdazHOrO
TpaHcopmaropa, mpuyeM JJisi KaKJO0TO YpaBHEHHS HCIOJB3YeTCs CBOE (pazHOE
HaIpsHKeHUE:

U, =U;x Ju1st assl 4;

2z
U;=U;g =U;e 3 =Uja nas da3el B, HampshKeHHE KOTOpOM OTCTaeT oOT
27
Hanpsvkenus (asel 4 Ha 27/ , rie OykBod @ 0603HaYEH MHOXKUTEND e 3 ;

Ar
U;=Uyc =Ujpe 3 =Ujpa° s (a3l C, HampsiKE€HHE KOTOpOM OTCTaeT oOT
4
HanpsokeHus Gaswl 4 Ha 477 .

Janee st kaxaod w3 Tpex (a3 CTpOATCS BEKTOPHBIE UArpamMmbl BHIIOB,
IpeACTaBICHHbIX HAa puc.1.6 u 1.7, mpuyem BekTOpHas nuarpamma aist ¢assl B
noBepHyTa Ha -120° x quarpamme ¢assl A, a quarpamma ¢asel C - Ha -240°,

Ilpu necummempuunoti nazpysxe TpexdasHoro TpanchopmMaropa sl KKIOH ero
(da3bl COCTaBISIIOTCS TPU CXEMbl 3aMEILEHUs, MOABOIATCA TpPU PA3TUUYHBIX
CUCTEMbl HANpsOKEHUN MUTaHMUSI MEPBUYHBIX OOMOTOK M PAaCCUMTHIBAOTCS IS
KaXJI0i (aspl MO TpU TOKa — TOK mpsAMoH |, , obparnoii |,;, U Hynesoit Iy
nocnenoBareiabHocTell. OOOCHOBaHME TaKOro IMOAXOJAa K  COCTaBJICHUIO
COCTABJICHUIO  YpPAaBHEHUH W  BEKTOPHBIX  JUarpaMM  WJUIIOCTPUPYETCS
MOCTPOCHUSIMU, TIPUBEIECHHBIMU Ha puc.l.15. PeanpHble (aszHble TOKU Iy, 1, [c

00MOTOK TpaHchopmaTopa MPECTABISIOTCS B BUJIE TPEX CUCTEM TOKOB:
- MPSMOU TOCIEAOBATEABHOCTU (a3 Iy, Iy, I, B KOTOPOM TOK Iy, OTCTa€T Ha

o . . . o
120" ot TOKA I,;, @ TOK [,; OTCTaeT OT TOoKa I,; Ha 240" (puc.1.5,0);



- oOpaTHOM TOCIEeTOBATENBHOCTU a3 I,,,ly,, I, B KOTOPOH TOK [y, OIMEpeKacT
na 120° Tok I,,, a TOK I, onepexaer ToK I,, Ha 240° (puc.1.5,B);

- HYJICBOM TOCJIEIOBATEILHOCTH (a3 Iy, Iy, [, B KOTOPOH BCE TOKU COBITAJIAIOT
o ¢ase (puc.1.5,B).

N ﬁ
i
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lao = lbo =lco @
Pucynok 1.15 - Ilpencrapnenue Ga3HbIX TOKOB B BUIE CUCTEM TOKOB MPSIMOH,

00paTHOM U HyJICBOH MOCIIEAOBATEILHOCTEH (¢) ¥ BEKTOPHBIC IHATPAMMBI
TOKOB TIPSIMOIA (6), 00paTHOIA (6) M 00paTHOI (2) moce0BaTeNbHOCTEH

Jlnst pacdera KaKJI0Ml CHCTEMBI TOKOB CYIIECTBYET CXEMbI 3aMELICHUS BUJA,
npuBezeHHOro Ha puc.1.3. Kaxnas cxema paccuuTbiBaeTCs HE3aBUCHUMO OT JIPYroi
0e3 yueTra B3aMMOCBS3EeM MEXy IIECTbI0 0OMOTKaMH TpaHchopMaTopa, IpuyeM:

- JUIS pacyeTra TOKOB I, Iy, I, HMCIOJIB3YETCd CUCTEMA TPEX HANPSIKCHUH, B
KoTopoi Hampspkenust a3 B u C oTcraloT OT HampsokeHus (asel 4 Ha yro,
cooTBeTcTBeHHO, 120° u 240°;

- JUIsl pacdyeTa TOKOB I, ly,,l,, HCIOJB3YETCS CUCTEMa TPEX HAMNPSKECHWUH, B
KoTopoi HampspkeHus ¢a3 B u C omnepexatorT HampspkeHue ¢daspl 4 Ha yro,
cootBeTcTBeHHO, 120° 1 240°;

- JUISL pacyeTa TOKOB I, Iy, [y, OJIHO U TO K€ HANPSKEHUE.

CrocoObl onpeneneHus BXOJHBIX HaNpsHKEHUH TpaHcdopMaropa M CXEM
3aMEIIEHUN 11 TOKOB TMPSIMOM, OOpaTHOM W HYJIEBOM IMOCIEAOBaTEILHOCTEN
MPUBOMASTCS B YIYCOHHKAX TI0 AIEKTPUUICCKUM MaITHAM.

Bonpocekl u 3adaHusi

1. Ilouemy Ons mpexgazno2o mpancgopmamopa HeO3MONACHO COCMABUMb
cxembvl samewerus 06MOMOK no npouedypam, Komopbsle UCnoJjib3064jiuCob npu
COCMAasIeHUU cxembl 3ameujeHuss 00HopazHo2co mparncgopmamopa?

2. Kakue cxemui 3amMeuienusl UCnoib3yromcs ot mpexqbas‘ﬂoeo
mpancpopmamopa, pabomarouieco Ha CUMMEMPUUHYIO HA2PY3K)Y U KAK



8binonHsaemcs paciem?

3. Kakue cxembul 3amewjenus: UCnonb3yomcs 0 mpexgazHo2o
mpancgopmamopa, pabomaroue20 Ha HeCUMMEMPUUHYIO HASPY3K)Y U KAK
8bINOHAEMCA pacuem?

1.10 lNapannenbHas paboma mpexgasHbix mpaHcghopmMamopos

B cersax anekTpocHaOXeHUs Ha MOJCTAHIUSAX YCTAaHABIMBAETCS HE MEHEE JBYX
TpexdasHbIX TpaHCPOPMATOPOB, UTO JACT CJEAYIOIIME TMpeumMyliecTBa (B
CPaBHEHUU C HCIOJB30BAHUEM JJIsl  AJCKTPONMUTAHUS  TOJBKO  OJHOTO
TpaHcopmartopa):

1). TloBblIaeTcst HaJIEKHOCTH IEKTPOCHAOKEHUS 32 CUET PE3EPBUPOBAHUS MPU
UCII0JIb30BAaHUU 00JIee OJTHOTO TpaHcPopMaTopa.

2). O6ecnieunBaeTcsi SKOHOMHYHAsE paboTa TpaHCHOPMATOPHOU TOJCTAHIINH, B
KOTOpOW 3arpy3ka MapaUielbHO paboTalomux TpaHCHOPMATOPOB  MOKET
MOJIICPYKUBATHCS HA YPOBHE MaKCHUMalbHO MpHUOIMmkeHHoi k 3arpyske 0,7...0,8, Ha
KOTOpOHM K.M.J. TpaHchopmaTtopa MakcuMmanbHO (puc.l1.10). Tak, ecnu Harpyska
JBYX TapayuienbHo padoTaronux Tpanchopmaropos coctasisieT 0,35...0,4, To pu
BBIBOJIC W3 pabOThl OJHOrO TpaHcopmaTopa, oOCTaBIIUiCI B pabote
Tparcdopmarop 3arpysurcs 1o 0,7...0,8.

3). Uckmouaercs mneperpy3ka TtpaHchopmaropoB. Tak, eciaum paboraroiue
TpaHcOpMaTOpbl HArpyKeHbl TOKaMH, IHPEBHIIIAIOIIMMA HOMUHAJIBHBIE, TO
MOKHO BBECTU JOMOJHUTEIBHO B PaldOTy eule OJuH TpaHchopmaTtop, KOTOPHIH
BO3bMET Ha ce0s 4YacTh TOKAa HAarpy3kd, pasrpy3uB OT TOKOB Jpyrue
TpaHc(HOpMaTOPBI.

Jlnst  peanuzanuu  MapajiebHOM  palboThl  Tpex(dasHbX TpaHCHOPMATOPOB
JOJKHBI OBITh BBIMIOJIHEHBI CleAyomue ycioBus (puc.1.16):

1). Homxubl ObITh oguHakoBbIMU Bhicokoe (BH) u Huskoe nanpsbxenue (HH)
TpaHc(OPMATOPOB U, CIEIOBATEIbHO, KO3(P(UUUEHTH TpaHncpopmauuu. Ilpu
HEBBINIOJTHEHUHU 3TOTO YCJIOBHS K 3aMKHYTOM IIEMH, COCTOSIIEH W3 MAPAIIICITBHO
BKIIFOUEHHBIX, HAIPUMED, ABYX TPaHCHOPMATOPOB, C pa3HBIMU HampspKeHUSIMHU Uy
1 Uy
BTOPUYHBIX OOMOTOK, MpUKJIaJbIBaeTCs pasHocTHoe HampspkeHue AU,=U,-Uy,
(puc.1.16,a). Hanpsbxkennem AU, B 3aMKHYTOM II€MH CO3[A€TCSl YPABHUTEIbHBIN
TOK |y, KOTOpBI pasorpeBacT OOMOTKM O0OMX TpaHC(HOPMATOPOB JaKke Ha
xojoctoMm xoay ux. Tak, ecaun AU, cocrasisier Bcero nuiib (0,04...0,07)U,,,,, TO
YpaBHUTEIbHBIH TOK paBeH HOMHMHAIBHOMY TOKy. B 3TOoM ciywyae K
TpaHcpOpMaTOpy HeNb3s MOJKII0YaTh HUKAKOW Harpy3KH.
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PucyHok 1.16 - BexTopHbIe [HarpaMMbl BTOPHYHBIX HATIPSDKCHHI TapaslIeIbHO
paboTaroiux TpaHcHOpPMaTOPOB MPH HEPABEHCTBE BTOPUYHBIX HaNpshkeHHH (@),
HECOBIAJICHUN TPYII coeannenust (6) 1 cxeMa K pacuery Py HePaBeHCTBE
HaNpsHKEHUH KOPOTKOTO 3aMbIKaHus (8)

2). JlomkHbl ~ OBITH  OAMHAKOBBIE  TPYIIbl  COCAWHEHHUS  OOMOTOK
TpaHchopMaTopoB: MO0 Bce TpaHCcHopMaTOpbl NOLKHBI UMETh rpynmny 0, mudo
11. V TpanchopmaropoB ¢ rpynmamu 0 u 11 caBur Mexay JITUHEHHBIMH
HANPSOKEHUAMU BTOPMYHBIX 00MOTOK cocraBisier 30° (puc.1.13 u 1.14). IIpu
HEBBIIIOJHEHUH 3TOTO YCJIOBUSA K 3aMKHYTOM LEMU, COCTOSINIEH W3 MapajlIeIbHO
BKJIFOUEHHBIX, HAIPUMED, ABYX TPAHC(HOPMATOPOB, C paBHBIMU HanpspKeHUsIMU Uyy
nu U,, BTOpHYHBIX OOMOTOK, TMPHUKIAABIBACTCS PA3HOCTHOE HaNpPsHKEHUE
AU, =Uy, —U,,, KoTopoe cocrasisger 0,52:U,,,,, tae 0,52=2-sin15" (puc.1.16,0).
[Ipu Takom AU, mno oOMoTkam 000oux TpaHCHOPMATOPOB MPOTEKAET
YPaBHHUTENIBHBIN TOK |y, ONM3KHI K TOKY KOPOTKOTO 3aMBIKAHUSI.

3). Ilpu noaximtoueHWM K OOIIMM IIMHAM TMOJACTAHIIMM YepeaoBaHue ¢a3
TpaHC(HOPMATOPOB  JOJDKHO OBITh OJIMHAKOBBIM, HANpUMep, K IIUHE A,
MOJKJII0YaTh BCE BBIBOJBI 0OMOTOK, OTMEUEHHbIE OyKBOU A. Takke JOIKHO OBITH
OJIMHAKOBOE uepenoBaHue (a3 U BO BTOPUYHOU LIETIH MAPAUIETHLHO BKIIFOUEHHBIX
TpaHchopmatopoB. [Ipu HEBBIMOJHEHWH HTOTO YCIOBUA CO3JACTCS PEKUM
KOPOTKOTO 3aMbIKaHus TpaHchopmatopoB. TpaHchopmaTopsl OyIyT OTKIIOUEHBI
3aIUTOM.

4). HanpspkeHust KOpOTKOro 3ambikanus U,, JOJKHO ObITh OJIMHAKOBBIM Y BCEX

TpaHchopmatopoB. [Ipyu HEBBIMOIHEHUHU 3TOTO YCIOBUS KOI(DPUIIMEHTHI 3arpy3Ku
[ mapamwienbHo  pabGoTaromux — TpaHcopMmaTopoB  OyayT — pasHbIMH W,
CJIeI0BaTeIbHO, YaCTh TpaHC(HOPMATOPOB OYyAYT HEJOTPYKEHBI, & APyrUe — OyayT
neperpy>keHbl. [[ns MOsICHEHUsI ATOTO SIBJICHUS TPUBEIEM pacyeThl MO CXeMe,
npuBeIeHHOM Ha puc.1.16,B.
TpanchopMaTopsl, KOTOpbIE CUMTAEM 3arpyKEHHBIMH, U300pa)KEHbI MPOCTEUIIEH
CXEMOW 3aMelIeHUsI B BUJIC COMPOTUBIICHUS 7; =R+ jx, KOPOTKOTO 3aMBbIKAHUS
(puc.1.3,x). U3 cxemsl (puc.1.16,B) criemyer:

- naganue Hanpsokenus AU, 1uia Bcex TpaHChOpMaTOPOB OJJMHAKOBOE;

- U1 KasKA0ro Tpancpopmaropa Hanpsuxkenue AU, Beraucisercs no Gopmyie

AU mp — lel ;l = ZKlBll ;lHnM = lel élezBl :Umle
AUmp = szléz = szf’zlézmu = szlézno,wﬁz :Uszzf (1-24)
AU mp — ZK3|£3 = szleé&mM = Zw'éanmﬁa :UK33B3'
rae f — kodphuuueHT 3arpy3ku Tpancopmaropa, paBHbIM OTHOIIEHUIO TOKa |}
TpaHchopmaTopa K ero HOMUHAIBHOMY 3HAUYEHHUIO by |



z1,,, PaBHO HampsDKEHUIO KOpoTKoro 3ambikanus U,, Tpancdopmaropa

K" 2HOM
(puc.1.5,B).

Ecnu nanpspkeHust Kopotkoro 3ambikanusa U,,;, U,,, u U,,; Bcex mapanienbHo
paboTaroiux TpaHchopMaTOPOB OJAUHAKOBBIC, TO MPU OJHOM U TOM K€ 3HAUECHUU
4U,, w3 (1.24) cnenyer  coBmageHue — Kod()(UIMEHTOB  3arpy3Ku
TpaHCPOPMATOPOB:

Pr=p2=ps
Boripocs! u 3a0aHus
1. Kakue npeumywecmea y cxemvl 21eKmMpOnUmManus, COCmosiuieti u3
napanienvHo pabomarouux mpancghopmamopos?
2. Hazosume ycnosus napaiieibHoi pabomsl mpex@asHvix mpancghopmamopos
u npugeoume ux 06OCHOBAHUE.

1.14 AemompaHcghopmamop, ycmpoucmeo, rMpuHyUr
delicmeusi, OCHOBHbIE XapakmepucmuKu

ABTOTpanchoOpMaTOp CONEPKUT JBE OOMOTKH (puc.l.22), Mexay KOTOpbIMHU
CYILIECTBYET HE TOJIbKO MAarHuTHas CBsA3b, HO M TrajbBaHUYECKas CBI3b (C
AIEKTPUUYECKUM KOHTAKTOM).

Iy

Ui Wy W» lUZ Iy <:>

a)
Pucynok 1.22 - JIByxoOMOTOYHBIH TpaHC(HOPMATOP C AIMEKTPUIESCKON
CBSI3bI0 MeKTy 00MOTKamu (a) 1 aBToTpancdopmarop (6)

[IpenmymiecTBa aBTOTpanchopmarTopa nepen JIBYXOOMOTOYHBIM
TpaHCHOPMATOPOM C pa3lebHBIMH OOMOTKaMHU YCTaHOBMM Ha OCHOBaHUU
HUKETIPUBEACHHBIX PacUETOB.

CyMMapHOE YUCIIO BUTKOB W7p=(W;+W,)7p 0OMOTOK TpaHChopMaTopa, KOTOPOES
npsIMO MPONOPUHUOHANBHO cymMMe HampsbkeHud U;+U, obenx oOMOTOK, Oosbliie
CYMMapHOT0 4YHCJIa BUTKOB W, 7p=(W;+W,),7» 0OMOTOK aBTOTpaHchoOpMaTopa,
KOTOPO€ TMpPsIMO  MPOIMOPLIMOHAIBEHO TMPHIOKEHHOTO K o00enM 0OMOTKam
HanpspkeHuto U;.

Tak kak MeXIy OOMOTKaMH CYIIECTBYET MAarHUTHas CBsI3b, TO BHEIIHHUE IO
OTHONIIEHUIO K TpaHCcHOpMaTOpy M aBTOTpaHCHOpPMATOPY HAIMPSKEHUS U TOKH

CBSI3aHBI MKy CO0010 KOA(P(HUITMEHTOM TpaHCHOPMAIIUHU:

Yook, w 'I_ K, (1.36)
1

Jlst aBToTpanchopmaTopa CIipaBeIJIMBhI €IIe JIBa YPaBHEHUS
lL,=1,-1, « U,=U-U, (1.37)



N3 ypaBaenutii (1.36) u (1.37) cieaytoT COOTHOIICHUS:
I, = IH[l_ij . Up :Ul[l—iJ (1.38)
Kmp Kmp

s TpanchopMaTopoB CyIIecTBYeT MOHATHE — "rabapuTHas MOmHOCTE" (I'M).
Bennunna ['M ompenensieT pa3Mmepsl cepAeuHUKa, Bec TpaHcpopmaTopa, JIHHY
IPOBOJHUKOB OOMOTOK, KOJHMYECTBO OXJIAXAAKOUIEr0 Macja, T.€. CTOMMOCTh
TpaHchopMaTopa M pacxoIbl Ha ero J3kciuryaranuio. Yem wmeneme ['M, Tem
JielieBe TpaHc(hopMaTop U TEM MEHBIIIE 3aTPaThl HA KCIUTyaTalHIO.

I'M omnpenensercs Kak BEJIWYMHA, KOTOpas MHPSMO IPONOPLHMOHAIBHA CYMME
HOJIHBIX MOIITHOCTEH Beex 7 00MOTOK TpaHchopmaTopa: I M ~ s=>U,1,.

n

Jlnst TpanchopmaTtopa m aBTOTpaHCHOpMATOpPa CYMMBI TOJTHBIX MOITHOCTEH
O0OMOTOK OTIPEIEIISIFOTCST BEIPAKCHUSIMHU:
Stp=Usly +Usly, Sarp =Uply +Usl, (1-39)
3amenseM B Satp (1.39) 3mauenus U;, u |, Ha 3HaYeHHs, OmpeacIICHHBIC
dbopmynamu (1.38):

SATP =Ul|1(1—iJ+U2|H(1—ij=
Konp Ko
(1.40)

= (Ul +U, 1, -1 =S -1
kmp kmp

HOTCpI/I MOIIHOCTHU B M€ MCHBIIIC U COOTHOCATCA KaK

Pu.atp = F’l\/l.TP(l_i (1-41)

Kmp

[TpenmymiecTBa aBTOTpaHchopMaTopa B CPaBHEHUH € TPaHCHOPMATOPOM:

1. BO3MOXXHOCTB peryjaupoBaHusi BBIXOJHOTO HampsbkeHus: U,, eciiu KOHTakKT 2
BBITIOJIHEH CKOJIB3SIIIMM.

2. CyMMapHO€ 4KCII0 BUTKOB 0OMOTOK Yy aBTOTpaHCc(opMaTopa MEHBbIIIE.

3. Tok |, BbIXOgHON 00MOTKM MeHblle TOKa |y B Harpyske (1.37) wu,
CJIeIOBAaTEIbHO, 3Ta OOMOTKAa MOXET ObITh HAaMOTaHAa MPOBOJAOM MEHBIIETO
CEUCHMUS.

4. 'abapuTHasi MOITHOCTH aBTOTpaHCchopMaropa MeHbie - (1.40).

5. K.n.a. aBroTpancdopmMaTopa BbIllI€, TaK KaK Y HETO MEHbBIIINE MOTEPU B MEAU
(1.41).

HenocraTku aBToTpancpopmaTopa:

1. IloBbIIEHHAs ONACHOCTH ISl MEPCOHANIA, TaK KakK MEXAy IEpBHUYHON U
BTOPUYHON LIEMSAMU aBTOTpaHcHoOpMaTopa UMEETCS AIEKTPUUYECKUM KOHTAKT U
OJIHA U3 IByX OOMOTOK BbICOKOBOJIbTHASI.

2. TloBblIIEHHBIA TOK KOPOTKOTO 3aMBIKaHUSA, TaK KaK IO Mepe MOIHATHS
ABMXKKA 2 U, COOTBETCTBEHHO, IIPH paboTe C Knyp, OMM3KUM K €JUHHILE, IEPBUIHYIO
Y BTOPUYHYIO LIEMHU pa3lieNsieT KOPOTKUM y4acToK 1-2 ¢ MajbIM YKMCIIOM BUTKOB H,
COOTBETCTBEHHO, C MAJIbIM BHYTPEHHUM COIPOTUBIICHUEM.

Bonpocsi u 3adaHusi
1. Tlosicnume ycmpoticmeo u npuHyun 0eticmsus asmompancpopmamopa.
2. Kax omauuaromes y mpancghopmamopa u aemompaucghopmamopa wucia



8UMKOB, MOKU 8 OOHOUMEHHBIX 0OMOMKAX, 2abapummusle MOWHOCMU U K.1.0.?
3. Hazosume npeumywecmsa u HeOOCmamKu asmompancgopmamopad.

1.15 CeapoyHbie mpaHcghopmMmamopel, ycmpoulcmeo,
MpUHYyUn delicmeusi, OCHO8HbIE Xapakmepucmuku

Capounbie TpaHc(hOpMATOpPBl MpEIHA3HAYEHBI [JIsl UCIIOJIb30BAaHUS B JIYTrOBOU
cBapke. Jlns mnpoBeneHUss CBapKW HEOOXOIMMBI  CIEAYIOIIME IapaMeTpbl
BTOPUYHONH OOMOTKHM TpaHcpopMmaTopa: HampsHKEHHE Ha XOJIOCTOM XOAy B
npenenax 35...60 B, TOK Ipu MakcUMallbHOM 3arpy3ke - g0 500 A. Kpome Toro
JUINTETIBHBIA TOK KOPOTKOTO 3aMbIKaHUs lxz TpaHchopmaropa HOKEH OBITH
OrpaHWuYeH Oe30macHbIM JUIsi ero 3HadenweM (puc.l.23,a). Bxemmnss
XapaKTEPUCTHKA JOJDKHA ObITh I'-00pasnoin. Ilpn ropamei nyre nanpsoxenne U,,,
Ha HEW COCTaBJISET B CPEIHEM 3J B, a 3TO MPAKTUYECKU BEPTUKAIbHBIN y4acTok [ -
00pa3HOW BHEUIHEN XapaKTEPUCTHKE CO CTAOUIIBHBIM TOKOM CBAPKHU.

AU,
Usx |_$_|
2— AJlT
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Pucynok 1.23 - Bremimsist XapakTeprucTHKa CBapoYHOro TpaHchopmaropa (a),
KOHCTPYKIHS C PEryJIMPOBOYHBIM JpocceieM (6) 1 MarHUTHBIM IIYHTOM (6)

Jns npuganus ['-o0pa3Hoil (GopMbl BHEITHEH XapaKTEPUCTUKE BO BTOPUUHYIO
Henb  CBapOYHOro  TpaHcopmaropa  BBOAAT  OOJBIIOE  HMHAYKTUBHOE
COIPOTHUBJICHUE.

Ha pwuc.1.23,6 Bo BTOpHUHYIO LIeTIb BBEJEH APOCCENb /[p C PErylupyeMbIM
UHAYKTUBHBIM conpoTuBieHHeM ero. C yBeIMYeHHEM 3a30pa o YMEHbBIIAETCA
UHAYKTUBHOE COIPOTUBJICHHE JpPOCCENsd, a CBapOYHbI TOK (ero 3HaueHue
KOPOTKOTO 3aMbIKaHUS |x3) yBeTUUMBaeTCs U HA000POT.

Ha pwuc.1.23,B Mexay NepBUYHON M BTOPUYHOM OOMOTKAMHU pPaCHOJIONKEH
CEpJIEYHUK, Ha3bIBAEMbIA MATHUTHBIM IIYHTOM [I] ¢ perynupyeMbIM 3a30poM o. Ha
IIYHT 3aMbIKAa€TCA 4aCTh MarHUTHOI'O TIOTOKA, CO3/1aBa€MOro 00OMMH KaTyIlIKaMH,
B pe3yJIbTaTe Yero NOTOKH, 3aMKHYThIE€ HA IIYHT, HE JOCTUTAIOT IPYroid OOMOTKH.
A 3TO dBISIETCS ONpENEJIEHUEM IOTOKOB, 3aMKHYTBIX Ha UIYHT, KaK MOTOKOB
paccesaus @,,.. CBA3aHHOE C OTOKAMH PACCESIHUS MHIYKTUBHOE CONPOTHUBIICHUE
MPEACTaBIAET COO0M MHAYKTHUBHOE CONMPOTHUBIEHHE paccesHus. C yBeTuyeHUEM
3a30pa 0 MOTOK paccesHus @,,. YMEHBIIAETCAd M CBAPOYHBIM TOK (€ro 3Ha4eHUE
KOPOTKOTO 3aMbIKaHUS |x3) yBeTMUHBaeTCs U HA000POT.

Bonpocsl u 3adaHusi

1. Kaxumu 0ondxcHvl Obimb napamempuvl C8APOHHO20 MPAHCHoOpMamopa u
KAK0BA O0JIJHCHA OblmMb GHEUUHAS xapaKmepucmuka?

2. lloscuume ycmpoticmeo u npuHyun 0eucmeus C8apo4HO20
mpancgopmamopa ¢ pe2yaupos8ouHbiM Opocceie U MASHUMHBIM ULYHIOM.



1.16 NsmepumeribHble mpaHcghopmMamopsbl
Harps>keHUsl U moka

W3mepurtenbHble  TpaHC(POpPMATOPBl  HCHOJB3YHOTCS Bcerga B IEMAX C
HamnpsbkeHueM Bbiie /000 B ¢ 1enpro o0ecreueHus 3JIeKTPOOe30IacHOCTH IS
oOcykuBaromiero mnepcoHaia. Kpome 3toro, B ycTaHOBKax ¢ JItOOBIM YPOBHEM
HanpspKeHusi, HO ¢ OonpiiuMu  Tokamu  (Oonee 20...30 A) uUCHOIB3YHOTCA
TpaHC(hHOPMATOPHI TOKA, TaK KaK H3MEPUTEIIbHBIC TPUOOPHI M TATIYNKHA HA OOJIBIIINE
TOKA HE BBITyCKalOTCa. Kpome yKka3zaHHBIX OCOOCHHOCTEH MPUMEHEHUS
U3MEPUTETLHBIX TpaHCc(OpMaTOpOB OT HHUX TpedyeTcs TapaHTUpPOBaHHAS
TOYHOCTh, TaK KaK K HUM MOTYT TOJKJIIOYAThCS MPUOOPHI KOMMEPYECKOTO yUeTa:
CUYETUYMKH aKTUBHOW M PEaKTUBHOM YHEPTUHU, BATTMETPHI U JIP.

Tpancghopmamop mnanpsidicenusi. Ero BBIMOJHSIOT B BUJIE JBYXOOMOTOYHOTO
noHmwxkaromero Ttpanchopmaropa (puc.1.24,a) ¢ K,,=wilw,. CranmaptHoe
BTOpHYHOE HampsbkeHue paBHo [00 B. [Ina oOecneueHus O€30MacCHOCTH
OOCITy)KHBAIOIIETO TEpCOHAla BTOPUYHYIO OOMOTKY, M30JHMPOBAHHYIO OT
IIEPBUYHON, 3a3€MIISIIOT.

U, up
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Pricyrok 1.24 - BromodeHue TpaHcdopmaropa HampskeHest (@), YIiioBast OrperHocTb (6)

ComnpoTtusiieHuss 0OMOTOK BOJIbTMETPOB U JAPYTUX MPUOOPOB, MOJKIIOUYAEMBIX K
TpaHChOPMATOPYy HAMNPSHKEHUS, BEIUKH, MOATOMY OH MPAKTHYECKH pabOTaeT B
peXKUME XOJIOCTOTO Xoja. B 3TOM pexume MOXKHO C JIOCTAaTOYHOM CTENEHBIO
TOYHOCTH CYUTATh, YTO kU, =Uj=U, .

B neiictBuTenbHOCTH TOK XoJiocToro xona lp (a Takke HEOONBIIOW TOK
Harpy3ku) co3JaeT B TpaHc(opMmaTope MaJeHUE HANPSDKEHUS, TT0ITOMY, MEXIY
HanpspkeHussiMu U; U U) ecTh pasHHIla U UMEeTCS HEKOTOpbIH cIBUT 1o (asze o
(puc.1.24,0). B pesynbrare npu U3MEPEHUSIX 00Pa3ylOTCs TMOTPEIIHOCTH JBYX
BU/IOB:

a) OTHOCHUTEJIbHASI MOTPEIIHOCTh HanpsikeHus (%)

KnpUz —U;

U

0) yrioBasi IOTPEIIHOCTD Jy, paBHASI YIIIy MEXAY BeKTOopaMu U, u U} .

TparchopMaTopsl HaNpsHKEHUS TOAPA3ILISIIOT 1Mo norpemHoct AU% Ha Tpu
kiacca Tounoctu: 0,5; 1 u 3. Yrnoas norpemHocTs coctaBisiet 20...40 yen. mum.

Jlnst  ymenpiienus mnorpemHoctet AUy, W 0y CONPOTHUBICHHS OOMOTOK
Tpanchopmaropa R; u R, nmenaroT mo BO3MOXKHOCTH MaJIbIMH, & MarHUTOIIPOBO/
BBITIOJIHSIOT M3 BHICOKOKAYECTBEHHOM CTAJId JOCTATOYHO OOJIBIIIOTO MOTIEPEYHOTO
CedeHus, YTOObl B pabodeM pexxume OH He Obutl HacwimeH (B=0,6...0,8 Tn). B
pe3ynbpTate TOK XoJiocToro xoia lp HAcTompko May, 4YTO HE BIUSAET HA

AU% = 100,



MOTPENTHOCTH TpaHchopMaTopa HaMpspDKEHUsA. Takke HeNb3s MOJIKIIYaTh K
TpaHchopMaTopy NPUEMHHUKOB (BOJIBTMETPOB, KaTYIIEK HAPSHKEHUS! CYETYUKOB U
T.II.) CBEpX KOJIMYECTBA YKa3aHHOTO B MACIOPTE K HEMY.

Tpancpopmamop moka. FEro BBIOIHAIOT B BHIAE JBYXOOMOTOYHOTO
noBbllIatomero tpanchopmaropa (puc.1.25,a) ¢ K,,=Wolw; wumu B Buzge
npoxoaHoro TpaHnchopmartopa (puc.1.25,6), y KOTOpOro mepBUYHOU OOMOTKOM
CIIY’)KUT TIPOBOJ, MPOXOIANINN dYepe3 OKHO MarauTornpoBona. CTaHmapTHBINA
BTOPUYHBIN TOK paBeH J A.

ConpoTuBiieHUss OOMOTOK aMIIEPMETPOB U APYTUX MPUOOPOB, MOJKIIOYAEMbIX K
TpaHchopmaropy Toka, o0ObuHO Manbl. [losTomy TpaHchopmaTop TOKa
MPaKTUYECKU paboTaeT B peKUME KOPOTKOTO 3aMbIKaHUs, B KOTOpoM Toku li u |,
BO MHOTO pa3 Oosblie TOKa lp, 1 MOXKHO CUUTATB, UTO 15 =Kgl, =1;.

B HeﬁCTBHTeHBHOCTH Hn3-3a HaJIW4usgd HaMarHM4MBaromero TOKa |0 B
TpaHC(bopMaTope TOKa |, # |; 1 MCKIY DTUMH TOKAMH UMECTCSI HGKOTOpBIﬁ CABHUT 0

no ¢aze. B pesynbTaTe npu u3mMepeHusx 00pa3yroTcs MOTPEIIHOCTH ABYX BUJIOB:
a) OTHOCHUTEJIbHASI MOTPEIIHOCTh ToKa (%)

Pucynok 1.25 - Brmouehnwue tpancdopmaropa Toxa (a),
MPOXOIHOM TpaHchopMaTop Toka (6) ¥ yIiioBast IIOrPEIIHOCTH (6)

TpanchopMatopsl TOKa MOAPA3ACIAIOT MO MOrpemHocTy 4/% Ha nsATh KJIacCOB
tounoctu: 0,2; 0,5; 1; 3 m 10. YrmoBas morpemntHoctsh coctaBisieT 20...120 yen.
MUH.

/{1 yMeHbIIEHHS] TOKOBOM M YIJIOBOM IMOTPEIIHOCTEW CTPEMSITCS YMEHBIINUTH
TOK XOJIOCTOTO X0J1a TEMH e CITOCO0aMHU, 4TO U B TpaHC(HOpPMATOPE HATIPSHKCHHUS:
oOMOTKM TpaHc(opMaTtopa BBINOJHSAIOT U3 MPOBOJa OOJBIIOTO CEUCHHUS U
MarHUTONPOBO/I BHITIOJHSIOT OOJIBIIOTO MOTEPEYHOTO CEUEHUs, YTOOBI B pabouem
pexxume oH He Obln HaceiieH (B=0,6...0,8 Tn). Takxe Henmb3sl MOJAKIOYATH K
TpaHchopMaTopy MPUEMHUKOB (aMIIEPMETPOB, TOKOBBIX KAaTYIIEK CUETYUKOB U
T.I1.) CBEpX KOJIMYECTBA YKa3aHHOTO B MACMOPTE K HEMY.

Cnegyer OTMETHTh, UTO  pA3MbIKAHUE  Yyenu  6MOPUYHOU  OOMOMKU
mpancgopmamopa moxka Hedonycmumo. B 3TOM ciaydae TpaHchopmarop
MEPEXOAUT B PEKHUM XOJIOCTOTO XOJIa M €r0 Pe3yJbTUPYIONINH MarHUTHBIN MTOTOK,
KOTOPOMY HE TIPOTHUBOACHCTBYET MOTOK BTOPHUYHONW OOMOTKH, PE3KO BO3pacTaerT.
OTO MNPUBOAUT K CHJIBHOMY BO3pacCTaHHWIO MAarHUTHBIX IOTEPh B CTalu, M
TpaHchopMaTop MOXKET cropeThb. Elie 00JbIIyI0 OMacHOCTh MPEJICTABISET PE3KOE
MOBBINICHUE HANIPSDKCHHS Ha 3a)KUMax BTOPUYHOW OOMOTKH 70 HECKOJIBKHUX COT M
JTaxe ThICSY BOJBT. [l MpesoTBpalieHus peXuMa XOJOCTOrO0 Xoaa TpH
OTKJTFOYCHUH TIPHOOPOB CIIETYET 3aMbIKaTh BTOPUIHYIO OOMOTKY TpaHchopmaropa



TOKa HaKOPOTKO.

Bonpocski u 3adaHusi

1. B kakux ciyuas npumensom uzmepumebHvle mpaHc@hopmamopbi
HanpsdiceHuss u moxa?

2. [losicnume cxemy exaroueruss mpancpopmamopa nanpsaxcenus. Kaxue
NO2PEeUHOCIU CYUIeCm8yIom U KaK UxX MUHUMUSUPOBANb?

3. [losacnume cxemy sxnrouenus mparcgopmamopa moka. Kaxue noepewinocmu
CYWecCmsyrom u KaxK ux MUHUMUIUPOBAMb?

4. I[louemy Henvb3a ocmasiims mpanchopmamop moxa ¢ pa3zoMKHYmoll
B8MOPUYHOU 0OMOMKOU?



