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Tpancdpopmaropsl Hanpsiskenus 110 kB



Tpancdopmaropsl Hanipsizkenus 10 kB



Kak u Tpanchopmarops! Toka, TpaHC(HOPMATOPhI HAMPSHKEHUS BBITIOIHSIOT 1BE PYHKIIMU: CITYXKaT IJIsI
pazzaeneHus (M30JISIMN) IEPBUYHBIX U BTOPUYHBIX LIEIEH, a TaK ke, ISl IPUBEACHUS BETUYMHbBI HANPSHKEHUS K
YPOBHIO yIOOHOMY JIJIs1 K3MEpPEHHMS (CTaHIapTHOE HOMUHAJIBHOE HaNpshKeHHE BTopuuHOoi oomMoTku: 100/57 B).
TH pabotaroT B pexxume 0JIM3KOM K XojocTomy xoay. Tpanchopmartop Hanpspkerus (TH) mo npuniumy

I[CﬁCTBI/IH N KOHCTPYKTUBHOMY BBITTOJIHCHHUIO AHAJIOTHMYCH CHUJIOBOMY

Tpanchopmaropy. Kak nmokazano na puc., Tpancpopmarop

HanpspKeHUs 17 COCTOUT U3 CTAIIBHOTO CEPACYHUKA

(marautonpoBoja) C, coOpaHHOTO U3 TOHKUX TIJIACTUH TpPaHC-

(dbopmaTOpHO# CTaIH, U IByX OOMOTOK - IEPBUYHON U BTOPUYHOM,

M30JIMPOBAHHBIX APYT OT IPyra U OT CEPACYHUKA.

[lepBuuHast 0OMOTKa W UMeEIOIIasi 00JIBIITOE YUCIO BUTKOB (HECKOIBKO
TBICSY) TOHKOTO MPOBO/IA, BKIIOYAETCSI HEOCPEICTBEHHO B CETh
BBICOKOT'O HaIPSKEHUS, @ K BTOPUYHONW 0OMOTKE W, UMEIOIIEH

MCHBIICEC KOJITNYECTBO BUTKOB (HCCKOHBKO COTCH), INOAKJIIFOYAKTCA

napasuieIbHO pejie U u3MepuTeNbHbie puodopsl. [1oa Bo3aeiicTBEM

HaIIPps?KCHUA CCTH 110 HCpBH‘IHOfI 00OMOTKE IMpOXOAHUT TOK, CO3I[3IOHIHﬁ

B CEPACYHUKE NMEPEMEHHBIA MArHUTHBIN NTOTOK M, KOTOPBIN,




nepecekasi BUTKH BTOPUYHOM 0OMOTKU, MHAYKTUpYeET B Hel DJIC E, koTopas mpu pa30MKHYTON BTOPUYHON
obmoTtke (xonoctoi xon TH) paBHa HanpspkeHUIO Ha ee 3axumax U,

Ecnu xo Bropuunoit ooMoTke TH moakitoueHa Harpy3ka B BUj€ pelie U IpruOOpOB, TO HANPsHKEHUE Ha ee
3akumax U2 6yaet mensbie 3/[C Ha BeTUUMHY MaJCHUS HAMIPSHKEHUS B COMPOTHUBICHUH BTOPUYHON OOMOTKH.
OIHaKO MOCKOJIBKY 3TO MAJACHUE HANPSHKEHNS HEBEIIMKO, OHO HE YUUTBIBAETCS U MIEPECUET NEPBUYHOTO

HaIPsHKEHUSI Ha BTOPUYHOE MTPOU3BOIUTCS 1O (hopMyiam:
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J1J1st IpaBUILHOTO COEAMHEHUS MEXKy cOO0M BTOpUYHBIX 00MOTOK TH 1
MPABUJILHOTO MOAKIIFOUEHUS K HUM PEJI€ HaIPaBJIEHUS MOIIHOCTH, BATTMETPOB
U CYETUYHMKOB 3aBOJBI-U3TOTOBUTENIN 0003HAYAIOT (MAPKUPYIOT) BHIBOHBIC

3KMUMBI OOMOTOK OTIPEICICHHBIM 00pa30M: Hayajlo MEPBUYHON OOMOTKH - 4,

KOHeIl - X; Ha4aJI0 OCHOBHOM BTOPUYHOM OOMOTKH - @, KOHEII - X, Ha4aJlo

JOTIOJHUTEILHOM BTOPUYHOM OOMOTKH - @y, KOHEII - X,




OcHoBHBIE cXeMBbI coeuHeHns1 00MOTOK oaHOGa3ubIx TH.
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Ha puc. a nana cxema Bxitouenus ogqaoro TH Ha mexnydazHoe HampsikeHre. JDTa cxeMma MpUMEHsIeTCs, Koraa
TUTSI 3ALTUTHI MUK U3MEPEHUM TOCTATOYHO OJHOTO MEXIy(Pa3HOro HAIPSKEHUS.

Ha puc. 6 npuBenena cxema coenuHeHust AByX TH B OTKPBITBIN TPEYTOJIBHUK, WJIM B HEMOJIHYIO 3BE€3/y. DTa
CXEMa, OJYYHMBIIAS IUPOKOE PACIIPOCTPAHEHUE, ITPUMEHSIETCS, KOTJa [T 3aIIUThI UM U3MEPEHUN HYKHO
MMETh JIBA WJIK TPU MEXKTy(ha3HbIX HAMPKESHHUS.

Ha puc. 6 mpuBenena cxema coequaenus tpex TH B 3Be31y. DTa cxema Takxke MoJyyriia MUPOKOe
pacrnpoCTpaHeHUE U MIPUMEHSETCS, KOTJa JUIsl 3alUThl WM U3MEPEHUN HYKHbI (Da3HbIe HATIPSIKCHUS, UITH KE
dazubie U Mex1y(pa3Hbie HATPSKEHUST OTHOBPEMEHHO.

Ha puc. e npuBeneHna cxema coenudeHus Tpex TH TpeyroiabHUK - 3Be3/1a. ITa cxeMa 00eCreYuBaeT MOBBIIIICHHOE
HaNpsKEHUE Ha BTOPUYHOUN CTOpOHE, paBHOE ~ 173 B. Takasa cxema, B YaCTHOCTH, UCIOJIb3YETCA ISl TUTAHUS
AJIEKTPOMATHUTHBIX KOPPEKTOPOB HAMPSIKEHUS YCTPOUCTB aBTOMATUUYECKOTO PETYJIMPOBAHUS BO3OYKICHUS

re€HEpPaTOPOB.



CxeMma coennHeHus1 00MOTOK TpaHc(opMaTOpa HANIPSIKEHUS ¢ ABYMSI BTOPUYHBIMHA 00MOTKAMH




[lepBuuHbIC U BTOPUYHBIE OCHOBHBIE OOMOTKH COSIUHEHHI B 3Be311y. JlOMOTHUTEIBHBIE BTOPUYHBIE OOMOTKHU CO-
€IMHEHBI B CXEMY Pa30MKHYTOTO TpEyrojbHUKa (Ha cyMMy (pa3HbIX HampsikeHuid). Takoe coequHeHue
MPUMEHSIETCS JJISl TOJTYYEHHS HANPSHXKEHUS HYJIEBOUM MOCJIEA0BATEIbHOCTH, HEOOXOIUMOTO ISl BKIIFOUEHHUS PEle
HaIPSDKEHUSI ¥ peJie HaIllpaBJICHUsI MOIIIHOCTH 3aIlUThI OT oiHO(a3HbIX K3 B ceTu ¢ 3a3eMJIEHHBIMU HYJIEBBIMU
TOYKaMH TPaHCPOPMATOPOB, U JJI CUTHATIM3AIMHY TTPU OJHO(A3HBIX 3aMBIKAaHUSX Ha 3€MIJIIO B CETH C
M30JIMPOBAHHBIMU HYJIEBBIMU TOUYKaMU TpaHchopmaTtopoB. Kak n3BecTHO, cyMMa TpexX (ha3HbIX HAMpsHKEHUHN B
HOPMaJIbHOM pEXKHUME, a Takxke Npu AByx-Tpexdasubix K3 paBHa Hymto. [103TOMy, B yKa3aHHBIX YCIOBUSIX
HarnpspkeHue Mexay Toukamu O;—QO, Ha pUC. paBHO HYJIO (MPAKTUYECKUA MEXITY STUMHU TOYKAMU UMEETCS
HeOoubioe Hanpsbkenue: 0,5-2 B, koTopoe Ha3bIBaeTcs HanpsbkeHreM Hebananca). [Ipu ognodasnom K3 B cetu
C 3a3eMJICHHBIMU HYJIEBBIMHU ToUukaMu TpaHcopmaTopoB (cetu 110 kB u BhIe) dha3zHoe HanpshkeHne
MOBPEXKJICHHOM (ha3bl CTAHOBUTCS PABHBIM HYJIIO, 2 FeOMETpUUECKasi CyMmMa (pa3HbIX HANPSIAKEHUMN TBYX
HETMOBPEXKICHHBIX (a3 OKa3bIBAE€TCs paBHOUW (pa3HOMY HAIPSKEHHUIO.

B cetu ¢ u30MpoBaHHBIME HYJIEBBIMH TOUKaMU TpaHchopmaTopoB (cetu 35 kB u Hike) npu ogHOpa3HBIX
3aMBIKAHUAX Ha 36MJTIO HAMPSHKEHUST HEMOBPEXKACHHBIX (Da3 OTHOCUTENHHO 3€MJIM CTAHOBATCS PaBHBIMU
MeX 1y hasHOMY HAMPSHKEHHUIO, a UX T€OMETpUUYecKas CyMMa OKa3bIBA€TCS paBHOW yTpOeHHOMY (pa3zHOMY
HaIpspKEeHUIo. J{J11 Toro yToObI B MOCIEAHEM CIydae HAMPsHKEHUE Ha pelie He MPEBOCXOAMI0 HOMUHAIIBHOTO

3HadyeHus, papHoro 100 B, y TH, npenHa3zHaueHHBIX 7151 C€TEH, pabOTAIOMIUX C U30JIMPOBAHHBIMU HYJIEBBIMU



TOYKaMH TPaHCPOPMATOPOB, BTOPUUHBIC JOTIOJIHUTEIIbHBIE 0OMOTKHU, COEAUHSAEMbIC B CXEMY PA30MKHYTOTO

TpEeyrojabHUKa, UMEIOT YBEJIMUeHHbIE B 3 pa3a kodpduuueHt tpancpopmaruu, Hapumep 6000/100/3 B.

Hamnpsbkenne HyeBON MOCIEA0BATEILHOCTH MOXKET ObITh
TaK)Xe MOJy4eHO OT CIelUaIbHBIX 00OMOTOK Tpexda3ubix TH.
B xoHCTpyKIMHU, TOKa3aHHOMN Ha PHC., CTIeIIHaTbHbIE OOMOTKH
PACMOJIOKEHBI HA KPAWUHUX CTEPKHSAX MATUCTEPKHEBOTO
CepJeYHUKa U COCMHEHBI MEX Ay cOO0M mocienoBaTeibHo. B
HOPMaJIbHOM PEKHUME, a TaKXKe NP ABYX- U TpeX ¢azHbix K3,
Korja cyMma (a3HbIX HaMpsOKEHUN paBHA HYJIFO, MATHUTHBIN
MOTOK B KPAWHUX CTEPKHSAX OTCYTCTBYET, U MIO3TOMY Hampsi-
KEHUM Ha crieliaibHbIX oOMoTKax Het. [Ipu onHodazneix K3

WJIM 3aMBIKaHUSAX Ha 36€MJII0 CymMMa (Da3HbIX HAMPSHKEHUN He
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paBHa HYJI10. [I03TOMY MarHUTHBIN MOTOK 3aMBIKAETCS 110 KPAWHUM CTEPKHIM U HHAYKTUPYET HANPSKEHUE HA

CIIEIMAJIbHBIX OOMOTKAX.

3a3eMJieHHUEe MMEPBUYHBIX OOMOTOK HEOOXOAUMO JIJIsl TOTO, 4TOOKI Mpu oHO0Ga3HbIX K3 nin 3amMbIkaHUsIX HA

3eMITIO B CeTH, T/ie ycTaHoBieH TH, pene u mpubopsl, BKIIFOUEHHBIE Ha €70 BTOPUYHYIO OOMOTKY, TPaBUIILHO

U3MEPSII HanpsiKeHue a3 OTHOCUTEIbHO 3eMiu, Bropuunsie 0OMoTku TH mojmexar o0s3aTebHOMY
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3a3€MJICHUIO HE3aBUCHUMO OT CXEMbI UX COCAMHEHUN. DTO 3a3eMJICHHUE SBJISETCA 3alIUTHBIM, 00ECIIeUYnBAIOIIUM
0€30macHOCTh TIepCOoHaIa MPHU MOTaJaHUH BRICOKOTO HAIPSHKEHUsI BO BTOpUUHBIE TIenu. OObIYHO 3a3eMIISIETCS
HYJIEBasl TOYKA 3BE3/1bl WM OJIUH U3 (ha3HBIX MPOBOJOB - KaK MpaBumiio, ¢as3sl «By» - 11t ynobcTBa mpoBepKu
MPAaBWIHLHOCTY BKJIFOUEHUS AJIEKTPOCUETUMKOB. B MpoBoax, COEAMHAOMINX TOUKY 3a3€MJIEHUS C OOMOTKaMH
TH, He 10mKHO OBITh KOMMYTAITMOHHBIX W 3AIIUTHBIX alapaToB (pyOUILHUKOB) MEPEKITIOUaTeNeH,
aBTOMAaTUYECKUX BBIKJIIOUATENIEH, TpeoXpaHuTeseH u T. 11.). CeueHne 3a3eMIISIIOIIEro MPOBOJA AOJKHO ObITh HE
menee 4 MM” (110 Mean).

Huxe npuBeieHbl MPUHITMITHATBHBIE CXEMbI BKIIOUCHUS LIETIEH HaMPsHKEHUSI K TpaHCcPopMaTopaM HampsiKEHUsI
tumna 3x3HOJI - 6(10) u HAMUT - 6(10) - 2. Jlyist 3amuThl TpanchopMaTOpoOB HampsiKeHUs co ctopoHsl BH
0OBIYHO UCIOJIb3YIOTCS BBICOKOBOJIbTHBIE TIpeoxpanutenu.(Hanpumep, [IKT-10, [TIKT-35). [ns 3anumThl
BTOPUYHBIX OOMOTOK TpaHC(HOPMATOPOB HANIPSHKEHUS OT Teperpy3ok U K3 npuMeHsI0TCS aBTOMaTHYECKUE

BBLIKJIIOUATENN C OTCEUYKOM 3,5/H.
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Tpancpopmarop Hanpsikennsi 3*3HOJI-10 u cxema ero moakjirYeHust
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Tpancpopmarop nHanpsizkenuss HAMMUT-6.
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Tpanchopmarop nanpsizkenuss HAMMUT-6. Cxema ero nmoakJjao4eHus
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B cxemax ykazaHbl ME€pbI, KOTOPbIE TPEAIPUHUMAIOTCS JJIS1 3AIIUTHI CETU OT CAMOIIPOU3BOJIBHOTO CMEILICHUS
HeUTpaIu npu Geppope3oHance Tpancpopmaropa HanpspkeHus. Deppope3oHaHC BOZHUKAET B Cllydae, KOT/ia
€MKOCTb, KaKOW JTU00 (a3bl B CE€TU KOMIIEHCUPYETCS MHIYKTUBHOCTBIO TpaHC(PopMaTopa HAMPSIKEHUs, B 3TOU

¢daze HanpsHKEHUE MEHSET 3HAK U o SHLIY

. ] » n 1
KVo
KVd

HaIpsHKEHUE HEUTpainu npuoopeTaeT

BesmunHy 3U@. Takoe siBiIeHHE MOXKET

PackopaunsaHue BTOPUYHON
oBmoTku THI

MIPOU30UTHU MPHU MAJION €MKOCTH CETH - Keq KVg KV4 KL " \
—J— e 1
M0/1a4€ HANPSHKEHUST HA XOJIOCThIC KL L KL
~J
IIMHBI, WJIK B Cly4dae, €CIu 001Ias R
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JUTMHA TIOJIKJIFOYEHHBIX KaOeseil MeHbIe 3 KM, a BO3AYIIHBIX JTUHUM MEeHbIIE 60 KM.

Pesuctopst R1-R8 200 Om, 75 BT, BKITItouaemMbie Ha pa30MKHYTHIN TpeyroabHUK Tpanchopmaropa 3*3HOJI,
MpeIHa3HAYCHbI JJIs1 3aIIUThI OT CaMOIIPOU3BOJIBHBIX CMelleHn HelTpanu ripu peppopesonance TH. B cetn,
r7ie Takasi OMaCHOCTh OTCYTCTBYET, PE3UCTOPHI YCTAaHABIMBATh HE TpeOyeTcs.

[Tpu nosiBnenun gpeppopesonanca (rpanchopmarop HAMUT) ero nonosiHUTEIbHASE BTOPUYHAS 0OMOTKA JOJKHA
OBITh PACKOPOUYEHA, U €€ MHIYKTUBHOCTh BBIBOJIUT CETh U3 COCTOSTHUS heppope3oHanca. Onepaius
pacKkopadurBa- HUsI TPOU3BOJAUTCS JTUOO C TOMOIIIBIO KJIF0Ua, TUOO0 CleMaIbHOW CXEMOW aBTOMATUKH, CM. PUC.

Bpewmst paboThl B TAKOM peXUME HE OTPAHUYECHO.
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[orpemHocTy TpaHcHOPMATOPOB HANIPAKEHUS.
TouHocTh paboOTH TpaHCHOPMATOPOB HAMPSHKEHUS OIEHUBAECTCS TTOTPEITHOCTIMM:
- IOTPEIIHOCTh B HANpsHKeHUU (WK B Koadpuiimente TpanchopMaiinn), o KOTOpor MOHUMAETCSI OTKIIOHCHHE
nercTBUTENBHOTO Kod(duimenTa Tpanchopmannv OT HOMUHAJIBHOTO;
- IOTPEIIHOCTH MO YTy, ITOJ KOTOPOU MOHUMAETCS YIOJI CABUTA BTOPUYHOTO HAMPSKEHUS OTHOCUTEIIBHO
MIEPBUYHOTO.
B 3aBucuMocTH OT TipeiesIbHO AONMYCTUMBIX TorpemHocted, TH noapaznenstoTca Ha Ki1acchl TOYHOCTH. OTUH 1
TOT k¢ TH B 3aBUCUMOCTH OT Harpy3KkH, MOJKIIOUCHHON K €r0 BTOPUYHON 0OMOTKE, MOXKET padoTaTh C
Pa3IMYHBIM KJIaCCOM TOYHOCTH. [1o3TOMYy, B KaTanorax u nmacnoprax Ha TH yka3bIBarOTCs 1Ba 3HAYCHUS
MOIITHOCTU: HOMUHAJIbHAsI MOIIHOCTh B BOJIbT-aMIepax, mpu kotopoit TH MokeT paboTaTh B rapaHTUPOBAHHOM
KJIaCCE TOYHOCTH, U TIpeiebHasi MOITHOCTh, ¢ KoTopoi TH MoxeT paboTath ¢ JOMYCTUMBIM HATPEBOM OOMOTOK.
IIpenensHas momHOCTh TH B HECKOJIBKO pa3 npesbliacT HOMUHANBHYH. Tak, y TH turmra HOM-6 ¢
ko3¢ duruentom Tparnchopmamnmu 6000/100 s knacca Tounoctu 1% HOMUHAIBHAS MOITHOCTH cOCTaBiseT SO
BA, a npeaenpHas - 300 BA. Kpome paccMOTpPEHHBIX BBIIIIE OCHOBHBIX ITOTPEIIHOCTEN, BOZHUKAOIIUX ITPU
TpaHchopMaluK MEPBUYHOTO HATIPSKEHNS Ha BTOPUUHYIO CTOPOHY, Ha pabOTy pPeICHOM 3alUThl 1 TOYHOCTh
M3MEPEHUH BIUSIOT TaK e JOMOJHUTEIbHBIC TOTPEIIHOCTH OT MajeHus HanpspKkeHus B kadensax ot TH mo mecra

YCTaHOBKH MaHesel 3amuthl ik u3Mepennil. [loaromy, cornacHo tpedboBanusm [1YD, ceuenue xun kadenei
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JOJKHO BBIOMPATHCS TaK, YTOOBI MaJICHUE HAMPSKEHUS B YKa3aHHBIX IENAX HEe MpeBbIaio: 3 % - aiis pejaeiHoin

3amuThl; 2 % -1 QUKCUPYIOMINX U3MEPUTEIBHBIX MPUOOPOB; 1,5 % -1l MUTOBBIX U3MEPUTEIBHBIX TPUOOPOB;

0,25-0,5 % - nis caeTunkoB. CieayeT 3aMeTUTh, YTO 3a3eMJICHHBIC TOUYKH 00MOTOK TH, coemMHEHHBIX B 3BE31Y

Y Pa30MKHYTBIA TPEYTOJIbHUK, JOJKHBI BBIBOJAUTHCS PA3HBIMHU XKUJIaMU. [loTepy HANpsKEHNS ONPENEIISIFOTCS 110

W3BECTHBIM COTIPOTUBJICHUSIM KUJI KOHTPOJIbHBIX KaOeel U 3HAUCHUSM MTPOXOIAIIUX IO HUM TOKOB Harpy3Ku:
AU=k,I.R + kI, R, +... + k,I,R,

rae

Kys K25 K - KOODGUIIMEHTHI )11 IepecueTa (pa3Horo najieHus: HanpsbKeHus Ha MexX Ty dha3zHoe

(Mpu MUTAaHUM HArpy3KHU Mo TpeM (dazam K = V3 , a Iy TUTaHMH 110 JIBYM WJIaM Harpy3KH, BKIIOUCHHOW Ha

Mex 1y (pazHoe HanpsDKEHUE, K = 2).
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