OdunumansHbin cant 3A0 "OEHUKC-88"
fenix88.com

Hccaenoanue 3ppeKTHBHOCTH aHTHPE3OHAHCHBIX TPaHCcGOpPMAaTOPOB
HanpskeHnsa tuna HAMMU B ceTsix 6-35 kB ¢ u30/1MpOBaHHOM HENTPAJIBIO

JlanreB O.U.
(HI'TY, kagpeopa TuDBH, 2. Hosocubupck)

Ilocmanoexa uccneoosanuii

B ceTax cpeHUX KI1acCOB HAIPSHKEHHUS, SKCIUTYaTUPYEMBIX C W30 IMPOBAHHON HEUTPATIBIO,
HAOJI0JaeTCSI JOCTATOYHO OOJIBIIIast aBApUHHOCTD TpaHchopmaTopoB Hanpsikerus (TH) tTunos
HTMMU, 3HOM u 3HOJI BcrieacTBrE BOSHUKHOBEHHS OMTACHBIX (DEPPOPE30HAHCHBIX — KOJICOaHUH,
MIPUBOSIIITUX K ITOSIBIICHUIO HEJOIMYCTUMBIX TOKOB B 0OMOTKE BbIciiero Hanpspkenus TH. [1-3].
OcHOBHOW TpUUMHON (PeppOPE30HAHCHBIX MPOIECCOB B ATUX CETSIX SBISAIOTCS OJHO(DA3HBIC
nyroBeie 3ambikanus (OJ[3). Tlockompky TH - manmomomniabie TpaHchOpMaTOphl, TO H
COOJIIOZICHNE PE30HAHCHIX YCIOBUHM, KaK MPaBWIO, YIOBJIECTBOPSATCS NPU OTHOCHUTEIHHO
HEOOJNBIINX EMKOCTSX CETH. OTO YCJIOBHE 4Yalle BBIMONHICTCS B  BO3IYIIHBIX
pacrpenenTeNbHbIX CeTAX, TaK KaK €MKOCTH Ha 3emiit0 BJI cyliecTBEHHO MEHbIlE, YeM
€MKOCTH KaOEJIbHBIX JIMHUN TOTO e Kiiacca HanpsokeHus. KabenbHble ceT COOCTBEHHBIX HYXKIT
ANEKTPUYECKUX CTAHIIMMU, a TAK)KE HACOCHBIX M KOMITPECCOPHBIX CTAHIIMI MarkCTPAITBHBIX He(hTE
1 Ta30IIPOBOJOB UMEIOT CYLIECTBEHHO MEHBIIYIO MTPOTAKEHHOCTh, YEM paclpeaeIuTeIbHbIE
ceT Tex ke kiaccoB Hampspkenus (6 u 10 kB). B aTux cersix Takke BO3HHKAIOT ONACHBIC
deppopeszonancubie kosnebanus mpu O/[3. OnmacHOCTH MOBpEXIAEHUA TPaHCHOPMATOPOB
HaIpsDKEHHUS] CYIIECTBEHHO YBEJIIMYMBACTCA IPU CEKUMOHHUPOBAHHUM, T.€. BKIIOUYECHUHU
Heckonbkux TH mapannensHo. TpangunumoHHas Mepa HapyLIEHUs YCIOBUN CYIIECTBOBAHHUS
OMaCHBIX (ePPOPE30HAHCHBIX KOJICOAHUH B 3TUX CETIX — BKIIFOUYCHHE B pacceuky ooOMoTku TH,
COCIMHEHHOMW B OTKPBITHIN TPEYTOJIBHHUK, AKTHBHOTO COMTPOTHBIICHHS BemunHOM 25 OMm (puc. 1,
a), He BCETJa IMO3BOJIICT WCKIIFOYNTh BO3HUKHOBEHHE OIACHBIX TOKOB B oomoTrke BH TH.
CymecTBeHHO 0oJiee paauKalIbHBIMM MEpaMHU HApYIICHHUS YCIOBUH BO3HUKHOBEHUS
CTallMOHAPHBIX (PepPPOPE30HAHCHBIX KOJICOAHUN SIBIISICTCS M3MEHeHNe KoHCTpyKiuu TH, T.e.
CO3/IaHME aHTUPE30HAHCHBIX TpaHcopmaropoB Hanpsukerus Tuna HAMU. [IpuanunuansHas
cxema KOHCTpyKuuu TpaguiuuoHHbix TH u antupesonancueix TH tuma HAMMU nipuBeneHs! Ha
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Puc.1. MNpuHyunuansHas cxema coeduHeHusi obmomok TH munoe HTMU (a) u HAMU (6)
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Tpauncpopmarop HanpsokeHuid Tuma HAMMU umeeT 3aMKHYTYIO KOMITCHCAITMOHHYO
0OMOTKY M JOTIOTHUTENbHBIN TpaHchopmaTop B HeTpanu. [JJonomHuTenbHBIN TpaHchopmarop
CIIYKUT JJISl U3MEPEHUS HANIPSKEHUS HYJIEBOM Mocaea0oBaTeIbHOCTH. OH BBITIOJIHEH B KJlacce
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TO9HOCTH 3.0, ¢ OONBIINM KOJMYECTBOM BHUTKOB; 00J1a/1a€T MPAKTUIECKH JIMHEHHON BOJBT-
aMTIEPHON XapaKTEePUCTUKON U OOJIBIINM UHyKTUBHBIM COTIPOTUBICHUEM.

OnnuM u3 ocHoBHBIX Ha3HaueHU TH tunoB HTMMU saBnsieTcss u3aMepeHne HanpsKeHUst
HyJIEeBOU mocienoBaTenbHOCTH. g ston nenmn TH BeimomHseTcs ¢ Tpems pa3aeilbHBIMU
MarHMTONpPOBOJIaMM B OJHOM Kopnyce [4]. W3MmepeHwe HanpsokeHUs HyJIEBOU
MTOCJICTIOBATEIIBHOCTH IMPOU3BOAUTCS TIPH ITIOMOIIIN JIOTIOJIHUTEIFHOM 0OMOTKH, COSTUHEHHON B
pa3oMkHyThIM TpeyroyibHUK. TH Tuma HAMMU Takke umeeT Tpu OTAEIbHBIX MAarHUTOIIPOBO/1A
Ha Kaxaymwo (dasy.

Mamemamuueckas mooenw

IIpu wuccnenoBanuu GeppOPE30HAHCHBIX MPOIIECCOB, HamOoliee CyIIEeCTBEHHOM
XapaKTePUCTHKON TpaHchopMaTopa HAIMPSOHKEHUSI SBISIETCS KpUBas HaMarHUYWBaHHS
MarHutonpoBojaa. Ilpu wuccienoBaHWM HUCMOJB30BAINCH KPUBBIE HaMarHUYUBaHUS
TpaHCHOPMATOPOB HAMPSIKEHUS, OMPEACIEHHBIE AKCIEPUMEHTAIBLHO B [5]. DTH KpuBBIC
HaMarHU4MBaHUS IPUBEJCHBI HA PUC.2.
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Puc.2. SkcriepumeHmarbHble Kpueblie HamazsHu4yueaHus TH muna HTMW-10 (1) u HTMW-6 (2)

DIleKTpUUecKas cxeMa 3aMelleHus npuBeaeHa Ha puc.3. Cxema cocrasiena st TH tuna
HAMMU (y tpancdopmartopos Tuma HTMU, 3HOM komrieHcanimoHHasi 0OMOTKa pa30MKHYTa
WJIM 3aMKHYTa Ha COMPOTUBIEHHUE 25 OM).
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Puc.3. Onekmpuyeckas cxema 3ameujeHusi TH.



YpaBaenus (1)-(5) omuChIBAIOT IPOIIECCHI B MPUBEJICHHON Ha PHC.3 JICKTPUUIECKOH CXEeMe
3amemenust TH:

uy-ilyle-lec%-dzl/tg-uNZO,y=a,b,c, )
3R§E‘gt+3L2¢%t+é_ dzl/tg =0,y=a,b,c, 2
dzz/tg = Ry(irg - ing)> y=a,b,c, 3)
ing 8= 1Y 4), Yy=a,b,c )
uN=RNiN+LNCZ—.;V, l'NZéilg ,Y=a,b,c. (5)

B stux ypaBHeHusix: n,,n, - uncia BuTkoB oomMorok BH n HH coorerctBenno. ¥ TH

tuna HTMU wneiitpans oomotok BH 3azemnsercau u,, =0.

Cxema 3amenienus cetu 6-35 kB, ucnonb3yemas i ucciaegoBanus npoueccos B TH npu
oTHO(a3HBIX YTOBBIX 3aMBIKAHHUSIX Ha 3eMJII0, MpuBeaeHa Ha puc.4. [Ipu cocTaBieHnn cxembl
3aMEIIEeHUsI HE Y4YMTHIBAJdach Harpy3ka B CETH, a TakKe€ HWHIYKTUBHOE M AaKTHUBHOE
COTIPOTUBIICHUS KAOENBHBIX JINHUH.
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Puc.4. Cxema 3amelweHUs1 cemu ¢ U30Jlupo8aHHol Helmparibto 0rsi uccredosaHus npoyeccos 8
TH npu O43.

[Ipomeccrl B cxeme puc.4 (3a uckitoueHueM mnporeccoB B TH) onuceiBatoTcst B BUE:
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B ypaBuenusx (6)
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-MaTpuIla COOCTBEHHBIX M B3aMMHBIX CyMMapHbIX émkocted ¢a3 cetu (7); U,I, 1,

BEKTOPBI HANIPSDKEHUH Ha (Da3ax, TOKOB B (pa3ax MCTOUYHUKA U TOKOB B (pazax TpanchopmaTopa

-0

COOTBETCTBEHHO; R ,L ,R - aKTHBHOE COIPOTUBIICHUE, MOJAECIUPYIOIIEe IIOTEPU B MEIHU
MCTOYHUKA (CHIIOBOM TpaHchopMaTop), MHIYKTUBHOCTh HCTOUHUKA U aKTUBHOE COTIPOTHBIICHHE,
MOJEIUPYIOIeE IOTEPU B CTAIU HMCTOYHUKA, R - CONPOTHBIEHUE B MECTE JYyrOBOrO
3aMBIKAHUS; 7, - YUCIIO TPAHCHOPMATOPOB HANIPSIKCHHUS.

MopaenupoBaHue 3aKUTaHus U TOracaHusl IyTU POU3BOJUTCS B COOTBETCTBUU C TUIIOTE30M
[lerepcena, coriacHO KOTOPOM 3a)KMITAaHHME JIYyrd IPOUCXOJMT B MOMEHT MaKCHUMyMa
HaIpsHKEHUS Ha TTOBPEXKIEHHOH (ase, a moracanue — Mpu MEPBOM MEPEXO/JIE TOKA B IyTe Yepes3
Houtb [1]. TlepexoaHblid IpoOLECC MPU MOBTOPHOM 3aXKUT'aHUU JYT'HM XapaKTepU3YeTCs ABYMS
COCTAaBJISIFOIIMMH: BBICOKOYACTOTHOM COCTABISIOLIECH, CBSI3aHHOW C pPa3psgoM €EMKOCTH
3aMKHYTOW Ha 3eMJTIO (ha3bl, M COCTABIISIONICH CPEHEH YaCTOThI, 00YCIIOBJICHHOM ITepe3aps KoM
EMKOCTe! «30POBBIX» (a3 yepe3 COMPOTUBIICHHE UCTOYHHIKA (CHIIOBOTO TpaHCHOpMATOpa).
[Tocnenuss 9acToTa 1 MOMEHT TIOTACAHUS IYTH OMPEACIISIIOTCS IO BEIPAXKECHHM (8).
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Ha puc.5 mpuBeeHpI KOMITBIOTEPHBIEC OCIIIIIOTpaMMbI TOKOB B TH (puc.5,a) n HanpskeHust
Ha ¢azax ceTu (puc.5,0) IpH 0THOM 3KUTaHUHU ¥ TTOTacaHnu TyTH. Pacdér OB BBITTOJIHEH /IS
cetu 10 kB ¢ cymmapnoit émkocteio 2.0 Mk® npu 1ByX napamienbHo BKIHOUEHHbIX TH Tuna
HTMMU-10. U3 puc.5 BUAHO, 4TO B 3TOM PacCYETHOM CIydae BOZHUKAET YCTOMUMBBIN PEXKUM
dheppope3oHaHca ¢ OONBITMMHU KPAaTHOCTSIMU TOKOB B 0OMoTkax TH.
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Puc.5. KomnbtomepHsie ocyurnnoepammbl mokos 8 ¢hasax TH u HanpsixeHul Ha ¢hazax cemu rpu
00HOM 3axueaaHuu dyau.

TH tama HAMUM o6mnamaer aHTUPE30HAHCHBIMH CBOWCTBAMHU BCJICJACTBHE TOTO, YTO
3aMKHyTasi KOMIIGHCAllMOHHAs OOMOTKAa IIyHTHUPYET HEIMHEHHYI0 HWHIYKTHBHOCTD
HaMarHUWYMBaHUA HYJIEBOU MOCIIEI0BATEILHOCTH, 00pa3yIoNIyIocs n3-3a Toro, 4to ¢aszsl TH
MarHuTHO HE CBSI3aHBI MeXay coOoi. MMeHHO HenWHeWHas WHIYKTUBHOCTH HYJIEBOU
MOCIIEZI0BATEILHOCTH 00pa3yeT PE30HAHCHBIN KOHTYP C EMKOCTBIO CETH. DKBHBAJICHTHAS CXeMa
HYJIEBOU MocaeoBaTeabHOCTH ceTh U TH npuBenena Ha puc.6. Ty cXeMy JIETKO OJIyYHTh Ha
OCHOBaHUHU 0OBeMHEHUS ypaBHEeHHi (1) ¢ ypaBHeHUssMH (2) 1 (5) ¥ IPUBECHUEM aKTHBHOTO



COMPOTHUBJICHUS M MHIYKTUBHOCTH KOMITCHCAIIMOHHON OOMOTKH K YHCITy BUTKOB IICPBUYHOU
00MOTKH.
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Puc.6. 3keusaneHmHas cxema cemu ¢ usonuposaHHol Helmparnbsto u TH muna HAMW. dnsa
Hyrneeou rocrnedosamersibHocmu ¢has

N3 puc.6 BUAHO, 4TO HEIIMHEWHAs UHAYKTUBHOCTh IIYHTUPYETCA 3aMKHYTOM HAKOPOTKO
KOMITCHCAITMOHHOW OOMOTKOM, KOTOpasi 00JialaeT MajblM aKTUBHBIM COMPOTHUBIICHHEM H
MHAYKTUBHOCTBIO. [Ipy nosiBiieHMN HAa EMKOCTH HAIPSKEHUS HYJIEBOU MOCJIEA0BATEIbHOCTH
(mpu O/13) éMKOCTB pa3psiKaeTCs Yepe3 KOMIICHCAIIMOHHYI0 00MOTKY. [Ipr aTom B pazax TH
BO3HUKAET XapaKTCPHBIM 3aTyXamoIMi KOJIeOATCIbHBIA MPOIECC, KOMIIBIOTEPHBIE
OCIMJIJIOTPAMMBI HAPSKEHHUH ¥ TOKOB B 9TOM ITPOIIecce MpUBEAEHBI Ha puc.7,a u 7,0. Toku B
¢azax TH nmpakTrueckn oIMHAKOBBIC, TaK KaK HAa TOKW HaMarHnuuBanus TH HakimaasiBaeTcs
3HAYUTEIBHBIA TOK HYJIEBOM MOCIiieoBaTeIbHOCTU. YBenuuenue uucia TH tuna HAMU
IIPUBEAET K YBEIMYECHUIO MOIIHOCTH IIyHTAa HAMAarHWYMBaHUs HYJIEBOM IIOCJIEN0BATEIbHOCTH,
HO TaK)K€ YMEHBIIUTCS U SKBUBAJICHTHOE COMPOTUBIICHUE KOMITIEHCAIITMOHHON 00MOTKHU. Takum
oOpa3om, BosHHKHOBeHHE (heppope3oranca B TH tura HAMMU moaHOCTEIO CKITIOUASTCS TaXe
MpH NapajjieibHON padoTe Heckombkux TH.
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Puc.7. KomnbromepHbie ocyunnozpamMmbl HanpsxxeHul Ha ¢hasax u Ha Helimparnu cemu (a) u
mokos 8 ¢pazax TH muna HAMU (6) npu oOHOM 3axuzaHuu dyau.

te

JlononauTtensHblil Tpanchopmarop B Hewtpann TH tuma HAMMU npennaznauen s
M3MEpPEHUS HAIPSHKEHUS HYJIEBOU MOCJIEA0BATEIBHOCTH, UTO SIBIIIETCS OJHUM U3 OCHOBHBIX
HasHaueHudd TH marHOro trma. C MOMONIEI0 3TOTO TpaHChOpMaTopa OrpaHUuINBACTCS TOK,
MPOTEKAIOMNA B KOMIICHCAIMOHHOW OOMOTKE, 3a CYET ero OOJBIIOTO WHIyKTHBHOTO
COIIPOTHUBIICHMUS.

AHanornyHble aHTUPE30HAHCHBIE CBOWCTBA UMEET TpaHC(HOPMATOP C TPEXCTEPKHEBBIM
marauTonpoBojoM (Hanmpumep, TH tuma HAMU-18 nmun HTMK), y koToporo HenuHeiHast
MHIYKTUBHOCTh HAMATHUYMBAHMS HYJIEBOM ITOCIEA0BATEIIBHOCTH IPAKTUYECKH OTCYTCTBYET,
TaK KaK MarHUTHBIHN MMOTOK HYJIEBOH MMOCIIEIOBATEILHOCTH 3aMBIKaeTCs Yepe3 OaK v BCTPEeUaeT
00JIBIII0€ MATHUTHOE COTIPOTUBIICHHE U30JIALIIMOHHBIX IPOMEXKYTKOB MEXKITY MarHUTOIPOBOIOM
u 6axkom. OHaKo TpaHcHOPMATOPHI C TAKUM MAarHUTOIIPOBOAOM HE MOTYT MCIIOJIB30BAThCS IS
M3MEpPEHUS HaNPSHKEHUS HYJICBOM MociieioBaTeNbHOCTH, B oTiinune oT TH tunma HAMMU.



3akarouenue

[Tpumenenue TpanchopmaropoB Hanpspkerus Tunma HAMMU B ceTsix ¢ n3oampoBaHHOM
HeliTpasbio 6-35 kB MO3BOJNISIET MOJHOCTHIO HMCKIIOYUTH BO3MOXKHOCTh BO3HUKHOBEHMS

(beppope3oHaHca nmpu 0 JHO(a3HBIX TYTOBBIX 3aMbIKaHUSIX. TpaHcopMaTop HAMPSHKSHUS TaKKe
IIO3BOJISICT U3MEPATHh HANPSDKEHUE HYJIEBOW IOCIENOBATEIIBHOCTH, YTO SBIIACTCA OJHOU W3
ocHoBHBIX ¢yHKIui TH ganroTrO THHA.
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