CTAHIAPT IIpoexm CTIT
I'TO «BEJIDHEPI'O»

MeToanuyeckue yKa3aHus 110 PeA0TBPAaLeHUI0 eppope3oHaHca
B pacrnpeeuTeJbHbIX YCTpoiicTBax 6 kKB u Bbile

I'T1IO «bemHepro»
Munck

i

Fl



ITpoekt CTII

KittoueBble ciioBa: mojacTaHIus, TpaHCPOPMATOP HANIPSIKEHUS, HAJEKHOCTD, Ka-
YECTBO AJNEKTPUUYECKON SHEPTUH, NTEPEHANPSIKEHUS, PEAKTOP, 3a3EMJICHUE

1 PA3PABOTAH PVII «bensHeprocerbnpoeKT»

2  YTBEPXJEH npuka3zom rocynapcTBEHHOTO MPOU3BOJCTBEHHOTO 00bEIH-
HEHUS DJIEKTPOdHEpreTuku «bemsHepro» Ne u BBEJIEH B
JIENCTBUE Ne

3  BBEJIEH BIIEPBBIE

Hacrosimuii crangapT opraHusanuu HE MOXET ObITh TUPAKUPOBAH M paclpo-
ctpaneH 0e3 paspewenus ['TIO «bemsnepro»

N3naH HA pyCCKOM SA3BIKE



ITpoekt CTII

Conep:xanue
1 OOTACTD TIPHMEHEHHM ...vevverveeseeseesseessessessesssessesssessessesssessessesssessessssssessessssssessesssessenns 1
2 HOPMATHBHBIC CCBITKH ..vv.vveuvesseessessenseessesseessessessessssssesssessessessssssessssssessesssessensssssessens 1
3 TepmuHbI 1 onpeICCHHS], 0003HAUCHUS U COKPAIICHHUS v vvevveveeseeseesseesenssenseessenses 2
3.1 TEPMUHBI H OTIPEIICTICHIIS .vvuvverveveeseesessenssessesssessessesssessensssssessessssssensssssessenssessenns 2
~ 3.2 O003HAUCHUS F COKPAIIICHIIS . ....vvvseereeseeseeseesensessessessessessessessessessessessesssssessessesens 5
4 3amuTa OT (peppOPE30HAHCHBIX TIOBBIIICHUN HATIPSHKEHUS AJIEKTPOYCTAHOBOK
HAMPSKEHUEM 6-35 KB ... 6
4.1 OOIIIMEC TTOTIOMKEHHUS ..uvvveiurveesisreeeisseesissessiiseessassesssssesessssssssssssssssssssssessssssssssssesssnns 6
_4.2 ®eppopezonanc B cetax 6-35 kB ¢ anexktpoMarHUTHBIMUA TH......ccooovivivninnnne 8
_4.2.1 SIgneHune caMONPOU3BOIBLHOTO CMEIICHUS HEUTPATM . ...c.vvvvererrereeenseneeneenenns 8
_4.2.2 Cybrapmonnueckuii peppopesonanc TH ¢ oTHOCHTENBHO HEOOIBIITMMHU
E€MKOCTSMU KOPOTKHUX JTHHHUH 6-35 KB ....ooviiiiiiiiiiiec 9
_4.2.3 ®eppope3oHaHCHBIC KosieOaHus B ceTsax 6-35 kB ¢ anekTpoMarHUTHRIMU
TH nipu O33 uepe3 NePEMEKAIOULYIOC JIYTY .eouvverreerreesrreseeseesnessessesssesssesssesnes 10
_4.3 deppope3oHaHC B HECUMMETPHUHOMN CXEME CETH .vvvvvrveereevesseeuessensenssessesssesees 10
_4.4 Meponpustus 1o 3ammTe oT peppope3oHaHcHbIX moBpexaeHuit TH B ceTsax
6-35 kB, paboTarmmx ¢ H30JUPOBAHHOU HEHTPAITBIO. .. vvevvervesreevessesseeseessenssensens 12
5 3amuTa OT p€30HAHCHBIX TIOBBIIICHUN HATIPSHKEHUST AJIEKTPOYCTAaHOBOK
HAPSHKEHUEM 110-750 KB......cooiiiiiiiie s 13
BRSO 1030007 (S0 (011 (0 ()3 146 (OURT T 13

5.2 3amuTa oT Peppope30HAHCHBIX MEePEHANPSKEHUMN TPU HEMOIHO(DA3HBIX
pexxumax BJI 110 kB ¢ moakitoueHHbIMU 0€3 BBIKIIOYATENICH CUIIOBBIMU

TpaHc(hoOpMaTOpaMu C U30TUPOBAHHOM HEUTPAIIBIO. ......eevvererrerrerresressesresressessennens 14
_5.3 3ammra OT pe30HAHCHBIX TIOBBINICHHUI HAMPSHKEHUH Ha OTKITFOYEHHOHN B IIUKJIC
OATIB BJILC ILIP ..ottt ettt 16
_5.4 PexoMeHIallu M 110 3aIUTE OT PE30HAHCHBIX MOBBIIICHUN HaNpsHKCHUH B
HenosHodaszHeIX pexkumax BJI Hanpsokerrem 330-750 kB ..., 17
5.5 PexoMenaiu 1o 3amure oT Geppope30HAHCHBIX MOBBIIICHUI HAPSYKECHUS
BJI 330-750 kB ¢ IIIP mpu Hamaumu mapamieabHON Bl ... ... 18

_ 5.6 Pekomenpanuu o 3ammuTe oT (peppope30HAHCHBIX MOBBIICHUH
Hanpspkenus B PY nanpsokennem 330 kB ¢ anexTpoMarHuTHRIMU TpaHchopMaTo
PAMY HAITPSIKEHUS ....vvvesveseeseeseeseesessessesssssessessessessesnessssnesresnesnesnesne s s snennenenesennennas 19
_ 5.7 PekoMeHnanuu no 3aiiiTe OT PE30HAHCHBIX MMOBBIIIEHUN HamnpsbkeHui PY ¢
KOMIUIEKTHBIM 3JIETA30BbIM OOOPYIAOBAHUEM .....c.vvrverrerressessessessessessessessessensensensens 21
_ 5.8 3amuTa OT pe30HaHCHBIX MOBBIIIEHUI HAPSXKEHUI Ha BTOPO TapMOHMKE B
anekrponepenadax 330-750 KB € IIIP.........ccooiiiiiii e 22
5.9 PexoMenaruu 1o 3amure ot peppope3oHaHca B EMKOCTHBIX
TPAHCHOPMATOPAX HATIPSIKCHHSL. .vevvvereerverseeresseesesssessesssessessssssessesssessesssessesesssesses 23



ITpoekt CTII
[Tpunoxenne A (cipaBoyHOE) DKCIIEPUMEHTAIBHBIC UCCIICAOBAHMS, METOIBI
UCIBITAHUN U IPAKTUYECKUE n3MepeHus. KoMnbroTepHOE MOIETMPOBAHKE

(hePPOPE3OHAHCHBIX KOTIEOAHMI .....vvevveeeeseesiinsiesiesieessessesseessesseessessessssssessesssessessens 24
[Tpunoxenune b (cnpaBounoe) YcrpoiicTBa ist ogaBiieHus (3aTyXaHuUs)
(hePPOPE3OHAHCHBIX KOTCOAHMI . vv.vvervesvieiessessiesiesseessessesssssesseessessessssssessessssssenses 35
[Mpunoxxenne B (cnpaBoutoe) CxeMbl 1 OCHOBHBIC PUHIIUAIIBI KOHCTPYKTHBHBIX
pemeHnit aHTUPE30HAHCHBIX TH 6-35 KB....coovoiiiiic 37
[Mpunoxenwne I' (cnpaBounoe) MeTomuka NCCASTIOBAHMUS PE30HAHCHBIX MTOBBIIICHHIA
HarnpsbkeHn Ha OTKIIF0YeHHOM B uKiie OAIIB BJIC IHP ... 42
[Mpunoxenwue [] (cnpaBounoe) OCHOBHBIE apaMeTphl cxeMbl 3amerienust TH
TUIIOB HK®-220 1t HKD-500 .......coociiiiiiiiiiececc e 45
[Tpunoxenune E (cripaBounoe) EMKOCTH KOHIEHCATOPOB, IIIYHTUPYIOIIMX KOHTAKTHI
BBIKITEOUATEIICH ... veevveesveeteesteesteesteebe et e sbe e be e be e be e be e b e e sbe e be e st e e nbeesbeenbeenbeenneenreenneas 46
BUOTHOTPAMDYS ... n e



ITpoekt CTII
CTAHIAPT I'lTIO «BEJIDHEPI'O»

MeToan4yeckue yKa3aHus M0 NpeA0TBPalIeHUuI0 eppope3oHaHca
B pacrnpeeuTeJbHbIX yeTpoiicTBax 6 kKB u Bblie

Jlara BBeneHust

1 O6aacTh NnpuMeHeHU s

Hacrosimuii cranmapt opranm3arnuu ['TIO «bemsnepro» (mamee — cranmapt)
YCTaHABJIMBAET OCHOBHBIC TEXHUUYECKHUE U METOJMYECKHUE TMOJIOKEHUS IO MPeaoT-
BpaleHuo heppope3oHaHca B pacnpeeTuTeIbHbIX YCTpoicTBax 6 kB u BhllIe.

TpebGoBaHus cTaHgapTa pacpoOCTPaHSIOTCS HA BHOBb COOPYXKAeMble U PEKOH-
CTpyupyemble 00BEKTHI MOACTAHIINKN HanpskeHueM 6 KB u Bhiie.

Cranmapt npeaHa3HAuyeH Uisl NMPUMEHEHUS CTPYKTYPHBIMH OpraHU3ALUSAMU
I'TIO «bensHepro» npu MPOEKTUPOBAHHMH, CTPOUTENIBCTBE M IKCILTyaTallMH MOA-
craHiui 6 kB u BoIIIE.

Hpyrumu BegoMcTBaMH W opranuzanusamu PecrnyOnuku bemapycs cranmapt
MO>KET OBITh HCNOJIB30BaH 110 coriacoBanuto ¢ I'TIO «bemsuepro».

2 HopMaTuBHBIE CCHLIIKH

B nacrosmem CTII uncnosib30BaHbl CCHUIKM HA CHEAYIONIUE TEXHUYECKUE
HOPMAaTHBHBIC TIPABOBBIC aKTHI B 00JIACTH TEXHUYECKOTO HOPMUPOBAHUS M CTaH-
naprusanuu (manee — THITA):

TKIT 181-2009 (02230) IIpaBuia TEeXHHUYECKOW SKCILIyaTalldd 3JICKTPO-
YCTaHOBOK MOTpeduTenen

TKIT 339-2022 (33240) DnexkrpoycTtaHOBKHM Ha Hanpspbkenue g0 750 kB.
JIuHum snexTpornepesaur BO3IYIIHbIE U TOKOIMPOBOJbI, YCTPOMUCTBA paclpeein-
TeIbHBIE U TPAHCHOPMATOPHBIEC MOACTAHIINK, YCTAHOBKU AJIEKTPOCUIIOBBIE U aK-
KyMYJISITOPHBIE, DJIEKTPOYCTAHOBKHU JKWJIBIX M OOIIECTBEHHBIX 3maHui. [IpaBuna
YCTPOMCTBA M 3alIUTHBIE MEPhl 3JIEKTPOOE30MACHOCTH. YUET 3JIEKTPOIHEPIHH.
HopwMmsbl mpremMo-ca1aToYHbIX UCIIBITAHUN

TKIT 427-2022 (33240) OnexrpoycraHoBkH. [IpaBuia 1mo o00eCHEeYCHHIO
0€301acHOCTH MPH IKCILTyaTaluu

CTb 2574-2020 Dnextposnepreruka. OCHOBHBIE TEPMUHBI U ONIPEACTICHUS

I'OCT 687-78 BepikimouaTeny NEPEeMEHHOr0 TOKAa HAa HANpPSDKEHHE CBBIIIE
1000 B. O6miue TexHu4YeCKrue yCIOBUS

I'OCT 721-77 Cuctemsbl 21eKTpPOCHAOXKEHUS, CETH, UICTOUHHUKHU, TTpeodpaso-
BaTeIM M MPUEMHHKHU DJICKTPHUECKOW dHeprur. HoMUHAIbHBIC HAMPSOKCHUS CBBI-
e 1000 B

I'OCT 1516.3-96 DnexTpoobopy10BaHKE MEPEMEHHOIO TOKA Ha HaIpsiKe-
Hus oT 1 1o 750 kB. TpeboBaHus K JIEKTPUUECKON MPOYHOCTH U3OJISAIUN

I'OCT 1983-2015 Tpanchopmaropsr HampsikeHus. OOmue TEXHUYECKHE
yCIIOBUS
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I'OCT 2213-79 IlpenoxpanuTenu NEPEeMEHHOTO TOKAa Ha HampspkeHue 3 kB
u Boie. OOIIMe TEXHHUECKHUE yCIOBUS

I'OCT 16110-82 Tpanchopmatopsl cuioBbie. TepMHUHBI U ONpeIEIeHUS

I'OCT 18624-73 PeakTopsl anekTpuyeckue. TepMUHBI U ONPEIEIeHUS

'OCT 30830-2002 (MDK 60076-1-93) TpanchopmaTopbl CHIIOBBIC.
Yacte 1. OO01111e 1M0I0KeHNU

I'OCT 32144-2013 Dnexrpuyeckas 3Heprusi. COBMECTUMOCTh TEXHUYECKUX
CpencTB AneKTpoMarHuTHas. HopMbl kauecTBa 3JIEKTPUUECKOW HEPTrUU B CHUCTE-
Max 3JIEKTPOCHA0KEeHHsI 00IIero Ha3HaYeHUs

CTII 09110.20.187-09 Metoandeckue yKazaHHsl 1O 3a3eMJICHUIO HEHTpan
cereli 6-35 kB benopycckoii SHEprocucTeMbI 4Yepe3 PEe3UCTOp

CTIT 33240.20.501-19 TlpaBumiia TEXHUYECKOH JKCIUIyaTallMd dDJIEKTpUYE-

CKMX cTaHIui u cereit Pecnybnuku benapyceio. Bropoe uznanue

[Ipumeuanue — Ilpu monb30BaHUM HACTOSALIUM CTAaHAAPTOM IEIECOO00Pa3HO MPOBEPHUTH
JeficTBUE BKJIIOYEHHBIX B nepeueHb THITA.

Ecmu cceutounsie THITA 3amenenbl (M3MEHEHBI), TO TMPH TOJB30BAHUM HACTOSIIIAM
CTaHIAPTOM CJIEIyeT PYKOBOJACTBOBAaThCs 3ameHeHHBbIMU (m3MeHeHHbiMU) THITA. Ecnu ccbi-
nounbie THITA oTMeHeHBI O€3 3aMEeHBI, TO MOJ0KEHHUE, B KOTOPOM JlaHa CChIJIKa Ha HUX, TIPUMeE-
HSIETCS B YACTH, HE 3aTParuBarollield 3Ty CChUIKY.

3 TepMuUHBI U onipeae/ieHUs], 0003HAYEHNSI U COKPAIIleHH I
3.1 TepmuHbI U onIpeieTeHUs

B Hacrosmem craHmapTe TNPUMEHSIOT TEPMHHBI, YCTAHOBJICHHBIC
B TKII 181, TKII 339, TKII 427, CTb 2574, TOCT 16110, TOCT 18624,
['OCT 30830, 'OCT 32144, a Takxe CIeIyIONINe TEPMHUHBI C COOTBETCTBYIOIITUMHU
OTIpEICIICHHUSIMU.

3.1.1 3a3zemuenne: lIpemHaMepeHHOE AIIEKTPUUIECKOE COCTUHEHHE KaKOW-
1100 YaCTH SIEKTPOYCTAHOBKH C 3a3EMIISIOIINM YCTPOUCTBOM.

3.1.2 wm3onupoBaHHas HelTpaab. Heirpans TpanchopmaTopa Wiau reHe-
paTopa, He MPUCOESAUMHEHHAS K 3a3eMIISIOIIEMY YCTPONUCTBY WIIM MPUCOETIMHEHHAS
K HEMY 4epe3 MPUOOPhl CUTHAIM3AIUMHN, U3MEPEHHS, 3aIIUTHI, 3a3eMJISIONINE IyTO-
racsiye peakToOpbl U MOJOOHBIE UM YCTPOWMCTBA, UMEIOIINE OOJIBIIIOE COMPOTHB-
JICHHE.

3.1.3 uMnyabc: YHUNONSpHAS BOJHA HANPSOKEHUS WU TOKA, BO3pPaCTalio-
mast 6e3 3aMeTHBIX KoJIeOaHui ¢ OOJIBIION CKOPOCTHIO 10 MAKCUMAJIBLHOTO 3HAYe-
HUS U YMEHBIAIOMIASACS, 0OBIYHO ¢ MEHBIIICH CKOPOCTBIO, IO HYJIS ¢ HEOOJIBIITUMHU,

€CJIk 3TO 6YI[€T HMCTb MCCTO, IICPEXO0aaMH1 B IIPOTHUBOIIOJIIOKHYIO ITOJIAPHOCTD.

IIpumeuanue — IlapameTpamu, OnpenensOIIMMU UMITYJIbChl HANIPSKECHUS UIIU TOKA, SB-
JISIFOTCS TIOJIIPHOCTh, MAKCUMAITbHOE 3HAYCHHUE (aMIUTUTY1a), YCIOBHAsSI [UTUTEILHOCTh (PPOHTA U
YCJIOBHAs! JJIUTEIbHOCTh UMITYJIbCA

3.1.4 kBasucranuoHapHbie (BpeMeHHbIe) mNepeHanpsikenus: IlepeHa-
PsHKEHUS TIPOMBIIIIEHHON WM OJM3KOW K HEeM 4acTOThI, a TaKXKe TMepeHanpsKe-
HUS Ha BBICIIUX U HUBIIMX FAPMOHUKAX, HE 3aTyXarolue Win ciado 3aTyxaroliue,
BO3HUKAIOIIME KaK CJIEACTBUE N3MEHEHUS CXEMBI CETH.

3.1.5 kommyTanuoHHble mNepeHanpsikenusi: [lepeHanpsokeHus, cCyie-
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CTBYIOLIME BO BPEMsI MIEPEXOJHBIX MPOLECCOB P KOMMYTALUAX 3JIEMEHTOB CETH,
CONPOBOXK/IAIOIIMX BHE3AITHOE U3MEHEHUE CXEMBI UJTU PEKUMA.

3.1.6 ko3¢p¢unueHT 3aMbIKAHUS HA 3eMJII0 B Tpex{a3Hoii jieKkTpuye-
ckoil ceTu: OTHOIIIEHUE PA3HOCTU MOTEHIIUAIOB MEXy HEMOBPEKICHHOU (a3zoi
Y 3eMJIeH B TOUKE 3aMbIKAHMS Ha 3eMJIIO APYTOW WU ABYX JIpYyrux (a3 K pa3HOCTU
NOTEHIIMAJIOB MEXy (pa3oil v 3emiieil B 3TOM TOUKE /10 3aMbIKAHMUS.

3.1.7 MonmepHu3amusi AelCTBYIOIIEH JJIEKTPOYCTAHOBKH (MOJIepHU3A-
nusi): V3MeHeHHe KOHCTPYKIMHM 3JIEKTPOYCTAHOBKH, JIMHHH SJICKTPOIEpEIayuH,
oOecreunBaroliee yJaydllleHHe UX MoKa3arejell Ha3HaueHMs], OBBIIICHUE HAJIEeXK-
HOCTH, CHW)KEHHME DHEPreTUUYECKUX, MAaTEPUAIBHBIX U TPYAOBBIX 3aTpar U TPYyHAO-
BBIX PECypCOB IpPH IKCIUIyaTallud, TEXHUYECKOM OOCIY>KMBAaHWU M PEMOHTE, a
TaKXe C LEeIbI0 BO3MOXKHOCTU NMPUMEHEHHUs IPU SKCIUTyaTaluu OoJiee JEIeBbIX
BUJIOB TOILIMBA, ChIPbsI, MATEPUAJIOB.

3.1.8 nHaubosblee AIUTEIbHO AONMYCTHMOE padouyee HampsiKeHHe
OIIH; Uy, Hanbonbiiee neicTBYyIOLIEE 3HAUEHUE HAIPSKEHUS MPOMBIILIEHHON
Y4acTOTbI, KOTOPOE MOXKET ObITh MpuiioxkeHo HenpepbiBHO K OITH B Teuenue Bcero
CpOKa ero ciy>kObl, 1 KOTOPO€ HE MPHUBOAMUT K MOBPEKACHUIO WM TEPMUYECKOU
HeycrounBoctu OITH.

3.1.9 HoMuHAJBLHBbIE JaHHBbIe TpaHchopMmaTopa: YKazaHHbIC U3TOTOBHU-
TeJIeM TapameTpsl TpanchopmaTopa (Hampumep, 4acToTa, MOIIHOCTh, HaIpsDKe-
HHE, TOK) 00CECIeUMBAIOIINE ero paboTy B YCIOBHUAX, YCTAHOBJICHHBIX HOPMATHB-
HBIM JJOKyMEHTOM U SIBJISIFOLIMECS OCHOBOM ISl ONPEAENICHUs YCIIOBUW M3rOTOB-
aenus, ucusltanni, osxcnyaranun (TOCT 16110).

3.1.10 orpannumTesib nepeHanpskennii Heauneiinplii; OIH: Annapar,
IpeIHa3HaYeHHBIN JJIs 3alUThl U30JSIUHN 3JIEKTPOOOOPYAOBaHUS OT T'PO30BHIX U
KOMMYTAllMOHHBIX MEpPEHANPSKEHUH, MPEACTABISIIONINI cOO0H MOCIea0BaTEeIbHO
U (WIM) mapamielbHO COCTUHEHHBIC METaUIOOKCHUIHBIE BapHCTOPHI 0€3 KaKHX-
Ar00 MOCIE0BATEIbHBIX WM MapajUIeNbHBIX HCKPOBBIX MPOMEKYTKOB, 3aKIIO-
YEHHbIE B U30JIALIMOHHBIN KOPITYC.

3.1.11 nepenanpsi:kenme: [lpeBbilieHHe HanpsbKEHUS HAJ HAWOONBIIMM
paboyuM HanpsHKEHUEM, YCTaHOBJIEHHBIM ISl JAHHOTO 3JIEKTPOOOOPYA0BAHMSL.

3.1.12 nepenanpsi:keHusi nepexoaHoro (eppopesonanca: Ilepenanpsxe-
HUS, BOHHUKAIOIIKME MPU KOMMYTAIIMK HEBO30YKJIEHHOTrO TpaHchopmaTopa U Jiu-

HHMU Ha 4aCTOTE OJIM3KOH K COOCTBEHHOM YaCTOTE CXEMBI CETH.
[Ipumeuanue — Bpemst cyliecTBOBaHHS 3TOTO peXuMa OIpEAeseTcs] BpEMEHEM ycCTa-
HOBJICHMS pEeKMMa B MarHUTHOM LIeNU TpaHchopmaropa.

3.1.13 npeaBKIIOYEHHOE PEAKTHBHOE CONMPOTHBJIeHUE cucTeMbl. Compo-
TUBJIEHWE CUCTEMBI B CXEME€ 3aMEIICHUSI UCTOYHHUKA MMUTAHUS, ONPEACIIIeMOe Ia-

paMeTpaMy MUTAOLIEH CETH.
HpI/IMC‘-IaHI/Ie — PCAKTHUBHOC CONPOTUBJIICHHUC CHCTCMBbI, ONPCACIACTCA MO TOKaM OIHO-
¢azHoro u Tpexgaznoro K3 npu oTKII0u€HHONH KOMMYTHPYEMOW JTMHUH.

3.1.14 npenoxpanutenb:. KomMMyTallMOHHBIA JJIEKTPUUECKHI ammapar,
npeAHA3HAYCHHBIN [T OTKJIIOUEHHMS 3al[UMIIAeMON MU MOCPEACTBOM pa3pyliie-
HUS CHEUUATIBHO MPENyCMOTPEHHBIX ISl 3TOr0 TOKOBEAYIIMX 4YacTed MOJ Jei-
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CTBHEM TOKA, MPEBBIIIAIOIIETO OMpPEIeICHHOE 3HAUCHUE, C MOCIEAYIOIUM ralie-
HUEM BO3HHKaromIeH nekrpuueckoit myru (I'OCT 2213).

3.1.15 pacnpenesuTe/ibHOe YCTPOMCTBO: DJEKTPOYCTAaHOBKA, CIIyXkKaIas
JUTSI TIpYEMa U pacIipeIeIICHHsI AJICKTPOIHEPTHH OJTHOTO Kjlacca HaIPsKEHUS U CO-
Jepikamias KOMMYTAIMOHHBIC aIllapaThl, COOPHBIE M COCAUHUTEIBHBIC IITHUHBI,
BCIIOMOTaTENIbHBIC YCTPOHCTBA (KOMIIPECCOPHBIC, aKKYMYJISITOPHBIC M Jp.), & TaK-
e YCTPOMCTBA 3aIIUTHI, ABTOMATHKH, TEIIEMEXaHUKH, CBS3U M U3MEPEHUH.

3.1.16 pacnpeneauTebHOe YCTPOMCTBO OTKpBITOe. PacnpenenurenbHoe
YCTPOMCTBO, TJ€ BCE HJIM OCHOBHOE OOOPYIOBAHHE PACIOJIOKEHO Ha OTKPHITOM
BO3JTyX€.

3.1.17 pacnpenenuTre/ibHOEe YCTPOICTBO 3akpbIToe. PacnpenenutenbHOe
YCTPONCTBO, 000PYAOBaHHE KOTOPOTO PACIIONOKEHO B 3/JTaHUU.

3.1.18 pacnpenenuresbHas JjiekTpuueckasa cerb, PC: CoBOKymHOCTBH
ANEKTPOYCTAHOBOK [IJISl TEpeIaydl W PACTIPEACIICHHUS] AJICKTPUYECKOW DHEPTUr
MEXIY TOJIH30BATEIAMHU IIEKTPUUICCKON CETH, COCTOSIIAsl M3 MOACTAHINM, pac-
MPEACITUTEIBHBIX YCTPONCTB, TOKOMPOBOIOB, BO3AYIIHBIX W KaOCIbHBIX JIMHUN
3JIeKTpoIiepeIauu, padoraronmx Ha onpeaeacHHon Tepputopun (TOCT 32144).

3.1.19 pekoHCTPYKIHSI JAeHCTBYIOIEH IJEKTPOYCTAHOBKH (PeKOH-
crpykuusi): KoMIJIeKC TEXHUYECKHUX OINEpaluii U OpraHU3allMOHHBIX JeHCTBHIA
IUTS YIy4IIeHUus (YHKIIMOHUPOBAHUS 3JIEKTPOYCTAHOBKH, JIMHUU JJIEKTpoIepe/a-
9 WK JTsI UCTIONB30BAHUS UX TI0 HOBOMY Ha3HAYCHHIO ITyTEeM 3HAUYUTEIHHBIX W3-
MEHEHHUH, 3aTParvuBalONIUX NPHHIMIHAIBHYIO CYIIHOCTh KOHCTPYKIIHMH, KOMIIO-
HOBKH U TEXHOJIOTUYECKON CXEMBI.

3.1.20 pe3onanc: SIBieHuE B AICKTPUUSCKOM IICTIH, COJAEpIKaICH YyYacTKH,
UMEIOIINE UHAYKTUBHBIN U EMKOCTHOM XapakTep, Mpu KOTOPOM pa3HOCTh (a3 cu-
HYCOUJIAJTFHOTO JJICKTPHUECKOTO HATPSHKCHUSI M CHHYCOMATBHOTO DJIEKTPUUYECKO-
r'0 TOKa Ha BXOJIC IIETIA PaBHA HYIIIO.

3.1.21 pe3oHaHcHble ((peppope3OHAHCHBIE) TMOBBINMIEHUS] HANPSKEHHS
[ToBbINICHNs] HANPSDKEHWS, BBI3BAaHHBIC PE30HAHCHBIMHM KOJICOAHWUSMH B IICMH C
JMHEHHBIMH (HEJITMHEHHBIMH) 3JICMEHTAMHU.

3.1.22 cucrema 3amUThHI OT NepeHanpsizkeHus1: COBOKYITHOCTh MEPOIPHSI-
THH M TEXHUYCCKHX CPEICTB (yCTPOWCTBA 3a3eMJICHHS, 3alllUTHBIC amraparhl),
CHIDKAOIIIMX HETAaTHBHOE BO3/ICHCTBHE MEPEHANPSHKEHUI Ha AIEKTPOYCTaHOBKH.

3.1.23 ok mponyckHoii cnocodonoctu OIIH; |.,: Hopmupyemoe uzroro-
BUTEJIEM MaKCUMAaJIbHOE 3HAYEHUE MPSAMOYTOJIHLHOTO MMIYJbCa TOKAa JITUTEIHHO-

cthio 2000 MKc (TOK MPOIMYCKHOW CIIOCOOHOCTH).
[Mpumeuanne — OITH momxken BbiiepkaTh 18 Takux BO3MEHCTBHIA C MPUHATOW MOCIEO-
BaTEJIbHOCTBIO X MPUIIOKEHUS 0e3 moTepu pabounx KauecTs.

3.1.24 TpancdopmaTop HanpsiKeHUusi aHTHPe3OHAHCHBI: Tpanchopma-
TOp, YCTOWYUBO pabOTAIONTUI TIPU HATMYUH B CETH (PEPPOPE30OHAHCHBIX SIBICHUH.

3.1.25 Tpancdopmaropuas noactanums: [loacranius, nmpenHa3HauyeHHAs
JUIsl TIpeoOpa30BaHUsl ANEKTPUYECKOM SHEPrUU OJIHOTO HAMNPSIKEHHSI B IHEPTHUIO
JPYTOro HaIpsHKEHUS C IOMOIIBI0 TPaHCPOPMATOPOB.

3.1.26 Tpancopmatop cua0Boii: CTaTHUYECKOE YCTPOMCTBO, HMEIOIIEe
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JnBe Wik Oojiee OOMOTKH, MpEeJHA3HAYEHHOE JJIsi MPeoOpa3OBaHUs MOCPEICTBOM
ANIEKTPOMArHUTHOM HMHIYKUIWU OJHOM WM HECKOJIBKHX CHCTEM IEePEMEHHOIO
HaNPsOKEHUS! ¥ TOKA B OJHY HIJIM HECKOJBKO JIPYTUX CHUCTEM MEPEMEHHOTO Harmpsi-
KEHHSI ¥ TOKA, UMEIONINX OOBIYHO JAPyTHE 3HAUYEHUS IIPH TOH JK€ YacTOTe, C IEIbI0
nepenaun Momaoctr (I"OCT 30830).

3.1.27 ycTaHOBMBIIHIACSI PeKUM IeKTPHUUeCKOH nenu:. Pexxum siexTpu-
YEeCKOW IIeTH, TIPU KOTOPOM SJICKTPOABMKYIIHE CHIIBI, DJIEKTPUUYCCKUE HaIpsDKe-
HUS ¥ DJICKTPUUECKHAE TOKH B DJIEKTPUUECKON IETH SIBJISIOTCS TIOCTOSTHHBIMH FITH
NePUOTNYECKAMU.

3.1.28 ycTpoiicTBO 3j1ekTpoTexHn4Yeckoe: COBOKYIMHOCTh B3aMMOCBSI3aH-
HBIX JJIEKTPOTCXHHYCCKHX W3JCIH, HAXOIIIINXCS B KOHCTPYKTHBHOM M (WJIN)
(GYHKIIMOHAJIBLHOM €AMHCTBE, IpeJHa3Hayaemasi JUIsl BBIIIOJHEHUS OIpe/elIeHHON
GYHKIIMM O MPOU3BOJCTBY WM MPEOOpa30BaHMIO, IMEpeaaye, pacipereieHHIO
Wi notpedienuto snextpudeckoit suepruu (TKIT 181).

3.1.29 anekTpuueckoe oGopynoBaHue (dj1eKTpoodopynoBanme): JlroGoe
o0opyoBaHue, MpeAHa3HAYeHHOE JIJIsl POM3BOICTBA, IPe0Opa3oBaHus, epeaady,
pacmpesesieHnss U MOTPEOICHHs SIEKTPUUECKON dHEPruu, Hampumep: Tpancdop-
MaTOpPBI, TEHEPATOPHI, aNlapaThl, K3MEPUTEIbHBIE MPUOOPHI, YCTPOICTBA 3aIUTHI,

KabenbHas npoaykius, saekrponpuemanku (TKIT 181).
[Tpumeuanue — DneKTpooOOPyI0OBaHKE INEKTPOYCTAHOBKH — 3TO 3JIEKTPOOOOPYAOBAHHE,
OTHOCAIIECCCA K JICKTPOYCTAaHOBKCE.

3.1.30 annexTpuyeckasi cerb ¢ 3(¢deKTUBHO 3a3eMJIEHHON HEHWTPAJIbIO:
Tpexda3znas anekTpudeckas ceTb HanpspkeHueM Beime 1 kB, B koTopoit koaddu-
IIUCHT 3aMbIKaHUS Ha 3eMJIIO He mpeBbimaeT 1,4.

3.1.31 anexkTpoycranoBka: COBOKYMHOCTh MAIIIMH, allllapaToB, JIMHUA H
BCIIOMOTATEILHOTO O00OpPYJOBaHUSI BMECTE C COOPYKCHHUSIMU M TOMEIICHUSMHU, B
KOTOPBIX OHU YCTAaHOBJICHBI, IPEIHA3HAYCHHBIX JIJISi TIPOM3BOJICTBA, ITpeoOpa3oBa-
HUS, TpaHCPOPMAIINH, IEPeauH, PACIIPEACTICHHS dICKTPUUECKON SHEPTUU U TIpe-
oOpasoBanus ee B apyrue Buasl daeprun (CTh 2574).

3.1.32 mynTupyomuii peaktrop: PeakTop mapawieIpsHOTO BKIOYCHUS,

npeaHa3HaYCHHBIN 111 KomneHcanuu eMkoctHoro Toka (TOCT 18624).
[IpuMeuanue — TEpMUH LIYHTUPYIOMIMI PEAKTOpP BKIIOYAET YMNPABISAEMbIA HIYHTHPYIO-
LU PEAKTOP.

3.2 O003HaYeHHA M COKPALIEHUsI

B nacrosmem crangapTe NpUMEHSIOT CIEIYIOIIME COKPAICHUS:
AIIB — aBTOMaTUY€CKOE MOBTOPHOE BKIIOUECHUE;

AT — aBToTpanchopmarop;

BJI — Bo3y1iHast JIMHUS 3JIEKTPOIIepeIauH,

BH — BbICOKOE HaNpsKEHUE;

AI'P — nyroracsmui peakTop;

J3HI — nuddepennnanbHas 3amuTa MvH,

3PY — 3aKkpbITO€ pacrpeaeanuTeIbHOE YCTPONUCTBO;

K3 — kopoTkoe 3aMbIKaHuE;

KP — KOMIIEHCAIMOHHBIN PEAKTOP;
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KPY — KOMIIEKTHOE PacpeIeIUTENBHOE YCTPOMCTBO;

KPYJ — KOMIJIEKTHOE PacHpeeIUTENbHOE YCTPOMUCTBO JIETA30BOE;
HH — Hu3Kkoe HanpsiKeHue;

OAIIB - ogHoda3zHoe aBTOMaTHYECKOE MOBTOPHOE BKIIOYEHUE,
033 — onHoda3HOE 3aMbIKAaHUE B JIEKTPUUECKON LEMU HA 3EMITIO;
OIIH — orpaHn4uTENb NMEPEHANPSHKEHUS] HETUHEHBIN;

OPY — OTKpBITOE pacnpeaeauTeIbHOE YCTPOMCTBO;

IIC — noxacrannus,

P3 — peneiinas 3ammura,;

PY — pacnpenenurenbHOE YCTPOUCTBO;

TH — tpanchopmaTop HanpsHKEHUS,

TT — Tpancdhopmarop Toka;

YPOB — ycTpoiCTBO pe3epBUPOBaHUs 0TKAa3a BBIKJIKOYATEIEH;
®PII — peppope3oHaHCHBIE TEPEHATIPSHKECHHUS;

P — myHTHpYOWHNI pEAKTOD;

IAC — 251eKTPOABMKYIIIAS CUJIA.

4  3amura 0T (Qeppope30HAHCHBLIX TMOBbIIIEHUI  HaNpPSIKEHUSA
3J1eKTPOYCTAHOBOK HampsizkeHueM 6-35 kB

4.1 O01HMe MoJI0KeHus

4.1.1 Cetn HOMHHAJIBHOTO HamnpspbkeHus 6-35 kB paboTaroT ¢ n3oaupoBaH-
HOW HEUTpPaJIbio, C KOMIICHCAIIMEH eMKOCTHOTO TOKa 3aMbIKaHUs Ha 3eMitto (pe3o-
HaHCHOE 3a3eMJIeHHe HelTpanu) [1] wim ¢ HeHTpanbio 3a3eMIICHHON depe3 pesu-
ctop, B cootBercTBuM ¢ TpedoBanusimu CTII 09110.20.187.

JIJ1s1 KOMITEHCAITUU €MKOCTHBIX TOKOB 3aMBIKaHHS Ha 3€MJTEO B CETSAX IpUMe-
HSIOTCS 3a3€MJISIIOIINE JYTOTACSAIINE PEAKTOPHI C PYYHBIM WM aBTOMATHYECKUM
pPETYIMPOBAHUEM HHIYKTUBHOTO COMMPOTHBIICHHS.

KoMmeHncanusi eMKOCTHOTO TOKa 3aMbBIKaHHUSI HA 3€MJII0 JTyTOTacsIuMu pe-
aKTOpaMH JIOJDKHA TIPUMEHSTHCS B ceTH 6-35 kB 0e3 pe3sucTuBHOTO 3a3eMIICHUS
HEUTpaJI, TP EMKOCTHBIX TOKaX B HOPMAJIbHBIX PEKHUMAaXx, MPEBBIIIAIONINX 3HA-
YeHHMsl, TpUBeAeHHbIC B Tadmue 4.1 [1].

Taoauma 4.1

HomuHajibHOe HanpsizkeHue ceTH, KB 3-6 | 10 | 15-20 | 35
EMKocTHBINM TOK 3aMbIKaHusa Ha 3emiro, A, B cetu ¢ | 10 | 10 | 10 10
BJI Ha /0 1 (n1v) METaILTHYECKUX OMOpax

EMKocTHBIN TOK 3aMbIkaHus Ha 3eMutro, A, B cetu ¢ | 30 | 20 | 15 10
BJI 6e3 /0 u (nau) METaJLTHIECKUX OTIOP

Mo1HOCTh Ayroracsiux peakTopoB BHIOMPAETCS 10 eMKOCTHOMY TOKY ce-
TH U JOJKHA UMETh PE30HAHCHYIO HACTpoiKy. PaGoTa cereii ¢ HemoKoMIeHcauen
€MKOCTHOT'O TOKa, HE JIOIyCKaeTcs.

BeiOop pekuMa paboOThl HEWTpanu ompeaensercs pexoMmeHaanusmu [1],
CTII 09110.20.187 u nactosium CTII. J{ns cHUXKeHUS ypOBHS MepeHanpsKeHUH
B ceTsx 6-35 kB ¢ Bo3mymHbIMU, KaOEIbHBIMU JIMHUSMY WIH CMEIIAaHHBIME (BO3-
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IOYUIHBIMH U KaOCTbHBIMU) PEKOMEH/TYETCS:

1) npu eMKOCTHOM TOKE 3aMBIKaHUS Ha 3€MIIIO MPEBBIIIAIONIEM TOKH yKa-
3aHHbIE B Tabnuie 4.1 — pe3oHaHCHOE, PE3UCTUBHOE MM PE30HAHCHO-PE3UCTUBHOE
(AP co BCTPOCHHBIM PE3UCTOPOM) 3a3eMJICHUE HEUTPAIIH;

2) IpU €eMKOCTHOM TOKE 3aMbIKaHHS Ha 3€MITIO HE MPEBBIIIAIOIIEM TOKU yKa-
3aHHbIe B Ta0Omuie 4.1 — pe3ucTUBHOE WM PE30HAHCHO-PE3UCTHUBHOE 3a3€MIICHUE
HEUTpaJHu.

4.1.2 YcioBus BO3HUKHOBeHUs eppope3oHanca [2, 3].

4.1.2.1 TlepBoe ycloBHe.

deppope3oHaHCHBIE MPOIECCH B ceTH 6-35 kB MOryT mpoucxoauTb, eciu
eMKocTHoe conpotusienue cetu (X, = Uy/I;) HaxomuTcs B npejienax, onpeens-
eMBIX TpeJeIaMu H3MEHEHHS WHAYKTHBHOTO CONPOTHBICHHUS TpaHchopMaTopa
HATPSHKCHUS

Xox 2 X 2 X, (1)
e, X,x=0lxx, Lxx— HHAYKTUBHOCTh XOJIOCTOI'O X0J1a XX, [ H;
Xs=olLs - Ls — uHAYKTUBHOCTh HachIlleHUs, ['H; ® — yrjoBas 4acToTa

HanpspkeHus cetd, 1/¢; Uy — dasznoe Hanpsbkenue cetH, B; |c — eMKOCTHBII TOK ce-
T™H, A.

Mertoauka pacuera HUHIYKTUBHOCTH XOJIOCTOrO X04a Xy, U NMHIYKTUBHOCTH
HachlleHus Xs TpaHc(popMmaTropa HalpsLDKEHUs TPUBEICHA B IPUIIOKEHUU A.

4.1.2.2 Btopoe ycroBue.

Jnst Bo3Oyxknenust OPII B koHType (€eMKOCTh ceTH MapajlieIbHO WHIYKTUB-
Hoctu TH) ¢ mapamerpamu, oTBevarommmMu yciioButo 4.1.2.1 HeoOXoaumMo coObI-
TH€, MPUBOJAIICE K U3MEHEHUI0O UHAYKTUBHOCTH TH. TakuM cOOBITHEM B CETH C
W30JIMPOBAHHOW HEUTPANbIO SIBJIAECTCS, HAPUMED, OTKIIOUYEHUE TyTOBOTO METAJI-
JMYECKOr0 3aMBIKAHUS HA 3€MIIIO, IPU KOTOPOM HampsbkeHnne Ha TH ckaukom us3-
mensieTcst oT Uy 10 U, @PII Bo30yauTcs B KOHTYpE C PE30HAHCHBIMU MapaMeTpa-
MU MOCJIE CKauKa HaNpsSHKEHUSI B TOM CIIy4ae, €Clii CyMMapHbIil MIOTOK B MarHUTO-
npoBojie TH okaxkercst 60mbIIIe MOTOKA HAYAIBHOTO HACKIIIEHHUS MAarHUTOIIPOBOIA
(Whawnac), WoertWyer2W naunac. [Ipy cKauKko0Opa3HOM M3MEHEHUH HAIPSKCHHS Ha
TH B ero MarHuTonpoBOJE COXPAHSETCA OCTATOYHBIM MOTOK, COOTBETCTBYIOLIUN
BenmunHe HanpsokeHus 10 ckadka (Wocr), HA KOTOPBIA HAKIIAJBIBACTCS TIEPEMEH-
HBII TIOTOK OT HANPSDKEHHMSI, yCTaHOBUBIETOCs mociie ckadka (Wyer).

4.1.2.3 Tpetbe yCloOBHE.

Benuuuna sHepruu, nocrynarouieid B ¢eppope30HaHCHbIA KOHTYpP MPHU Kax-
JIOM M3MeHeHnH mapamerpa (MHaykTuBHOCTH TH), MomkHA OBITH OOJIbINE BEIHYU-
HBI IOTEPH B HEM.

OPII oTHOCHTCA K TapaMETPUUYECKUM IIPOLIECCAM, TaK KaK BO3HUKAET, KOrJa
CO3IIAOTCS yCJIOBUS (IIEpBOE M BTOPOE) JJISi M3MEHEHHUSI OJJHOTO M3 IapameTpoB
KOHTYpa — MHAYKTUBHOCTH TH, KOTOpasi u3MeHsieTCs CKauyKoOOpa3HO OT MHIYK-
TUBHOCTH XOJIOCTOT'O X0/1a Lxx 10 MHAYKTUBHOCTH HAChIILEHUS Ls.

Korna aktuBHOe conpoTtuBiieHue norepb B KoHType RLC nocturaer 3Haue-

Husa R = 2,/L/C , cobcTBeHHass yacToTa oOpaiaercsi B HyJb, KOJeOaHUs TIpeKpa-
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IIAIOTCS, U CBOOOJHBIN TOK yOBIBA€T MO allepUOIUYECKOMY 3aKOHY, U B 3TOM CIIy-
yae BO3HUKHOBEHHE PE30HAHCHBIX KOJ€OaHUIl HEBO3MOKHO. BHeceHue B KOHTYp
3aTyXxaHUsl AaKTUBHOTO COINPOTHBIICHMS], SKBUBAJIEHTHOTO 3aTyXaHUIO, BHOCUMOMY
KPUTHUYECKUM CONPOTUBIIEHUEM, ITpenoTBpaniaeT Bo30yxaenue OPII.

4.1.3 ®eppopesonanc TH ¢ eMKOCTBIO CETH BO3MOXKEH B cCXeMax, paboTaro-
IIMX C U30JIMPOBAHHON HEUTPAIIBIO B CIEIYIOUIUX CIydasX:

— IpU CaMOMPOU3BOJILHOM CMEUIEHUU HEUTpalu B CXEMaX C MaJbIMU €M-
KOCTHBIMH TOKaMH,

— Mpu cyOrapMoHuueckoM ¢Geppope30HaHCe B CXE€Max ¢ OTHOCHUTEIbHO He-
OOJBITMMH €MKOCTSIMH KOPOTKUX JTMHUHN 6-35 KB;

— Tipu 0AHO(A3HBIX 3aMBIKAHUSAX HA 3EMJTI0 Yepe3 TEPEMEKAIOIIYIOCS IYTY.

[Tpu Haymuuu JII'P m (wim) pe3sucTUBHOIrO 3a3eMiicHUs HerTpaiu deppope-
30HAaHC HEBO3MOXKEH.

B 3aBucuMocTH OT mapaMeTpoB CXEMbI MOKHO BBIICIUTH 4 Pa3IMUHbBIX pe-
*KuMa Qeppope3oHaHca:

1. HecranumoHapHbIe 3aTyXxawIue Geppope30HaHCHbIE KOJIeOaHus;

2. yCTaHOBHBILIHECS (EeppOpPE30HAHCHBIE KOJIEOAHUS HA YaCTOTE CETH;

3. yCTaHOBHBIIMECS CyOrapMoHUYecKue (peppope3oHaHCHbIE KOIeOaHus;

4. cranuoHapHbIe XaoTUYECKHe Peppope30HAHCHBIC KOJICOAHMS.

Bce pesxumbl crarmonapHoro geppopesonanca (2, 3, 4) npuBoaaT K 00JIb-
[IOMY TOKY B MEPBUYHOM OOMOTKE MHIYKTUBHOI'O TpaHC(hOpMaTopa HaMpsiKEeHUs
U, clefoBaTelbHO, K meperpeBy. JlioOas omepainus NMEpeKIOueHuss HEeU30€KHO
IPUBOJMT K IIPOLIECCY KOMIIEHCALMU U3-3a COCTOSIHUSI CETH ITOCIJIE NEPEKITIOYEHUS
BbIKITIOUaTens. B cimydae yctaHoBHBIIMXCS (DeppOpe30HAHCHBIX KoJieOaHUM TO-
Teph B IIEMK HEJIOCTATOYHO JIJIs raneHus: konebanuii. B atom deppope3onancHoM
peXuMe KoJieOaHUsT MOTYT MPUBECTH K BBHICOKMM TEPEHAMNPSIKCHHUSIM HAa 9acTOTe
CETH, B 3aBUCUMOCTH OT 3HAYEHUN €MKOCTEH LeNu. JTU MEepEeHANPSIKEHUS MOTYT
MPUBECTHU K BBIXOJy U3 CTPOS pacHpeIeIUTeIbHOTO YCTpoiicTBa. B kauecTBe alib-
TEpHATUBBI OOJIBIION TOK B MEPBUYHON OOMOTKE MHAYKTUBHOI'O TpaHCc(popmaTopa
HaANPsHKCHUS TIPUBOJIUT K MEpPErpeBy. B peaknx ciiydasx Takke MOTYT BO3HHKATh
xaoTu4eckue Gopmbl KojebaHuil 6e3 ornpeereHHoN YacToThl. B aTOM cityuae pe-
3yJBTUPYIOIINE HANPSDKEHHS CHOBA MOTYT OKAa3aThCsl HAMHOIO BBINIE, YeM s
cyOrapmonuueckoil (hopmbl BOJHBI, a OOJBIION TOK Yepe3 MEePBUUYHYI0 OOMOTKY
MOJKET MPUBECTHU K MEPErPEBY.

4.1.4 deppope3oHaHC EMKOCTH CETH C TOTPEOUTENHCKUM TPaHCHOPMATOPOM
BO3MOXEH B ceTsX 6-35 kB mpu HemoaHo(a3HbIX cxeMax.

4.2 ®eppope3onanc B ceTsix 6-35 kB ¢ aiekrpomarautHbiMu TH
4.2.1 sIByieHne caMONPOU3BOJILHOI0 CMellleHusI HelTpaan

4.2.1.1 deppopesonanc TH ¢ eMKOCThIO HEHArpy>KEHHBIX IIMH Ha 4acTOTE
50 ', HOCHUT HA3BAHHE KCAMONPOU3BONILHO20 CMeweHus Heumpaauy». Takol pe3o-
HAHC BO3HHUKAET B pe3yJibTaTe Pa3HOBPEMEHHOCTH BKIIIOUEHUS (a3 BBHIKIIOYATEIsS
IPU KOMMYTALIMSIX 3JIEMEHTOB CETH.

[Tomumo manoit €émkoctu (ha3pl Ha 3€MIIIO, IS BOSHUKHOBEHHSI SIBIICHHUS
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«CaMOIIPOM3BOJIBHOIO CMEIIECHHSI HEUTpaIn» HEOOXOAMMO enl€ OJHO 00s13aTelb-
HOE€ YCJIOBME — HECUMMETpUS HaNpsDKEHUU Ha (a3zax. B cummeTpuuHO# cucreme
JIaXKe TIPU TIOJTHOW KOMIIEHCAIlMA TOKAa HamarHuyuBaHus TH €MKOCTHBIM TOKOM
(da3bl HEe TPOU3BOUIET UCKAXKEHUS (pa3HbIX HanpsbkeHuidl. HecummeTpus Hampsike-
HUN MOXET ObITh BbI3BaHA, HAIPUMEP, OTJIUYMEM BEJIMUYMH EMKOCTEN (a3 Ha 3eM-
JI10, WIIM Pa3JInyueM KPUBBIX HAMarHMYUBaHUSI MAarHUTONPOBOAOB pa3HbiX (a3 TH,
4YTO MOKET OBITh MPU MPUMEHEHUH Tpynibl ogHoda3zubix TH.

[Ipu pa3HOBPEMEHHOCTH BKJIIOYEHUS (a3 BBIKIIOYATENE HA €MKOCTIX CETH
MOSIBJIAFOTCSA TAK HA3bIBAEMBIE «HECKOMNEHCUPOBAHHbIE» 3apsllbl, KOTOPbIE CO3/1a-
10T OJMHAKOBYIO JUIsl BCeX TpexX (a3 MOCTOSHHYIO COCTABIISIONIYIO HAIMPSKEHUS
Uc. ITocTosiHHas cocTaBisAmonas HAIPSKEHUS HA €MKOCTSIX CETH M MHIYKTHUBHO-
ctsax TH mpuBOAKMT K pOCTY MarHUTHOTO MOTOKA B MaruutorpoBoax ¢a3 TH. Ye-
pe3 HEKOTOpbI BPEMEHHOW MHTEpBAJI, 3aBUCAIIMNA OT BeanurHbl Uc 1 MTHOBEH-
HbIX 3HAYEHUII MarHUTHBIX MOTOKOB B (azax TH, nmpou3oiiieT HaChIIEeHUE MarHu-
TonpoBoaa ogHou u3 ¢az TH, depe3 koTtopyro OyayT mnepe3apsiKaThbCs €MKOCTU
Tpex ¢a3 ceTu, 4To MPUBEJIET K HECUMMETPUU HaNpsKEeHUH Ha (a3aX U BOSHUKHO-
BEHUIO HANPSsDKEHMS HYJIEBOM IMOCIEI0BATEIbHOCTH, BEJIMUYMHA KOTOPOTO OOBIYHO
cocraisieT 20-60 % oT HOMUHATIBHOTO HAIPSIKEHHUS.

Bo3MoXkHBI Tpu BapraHTa pa3BUTHs MIPOLECCA:

— 3aTyXaHHe HEJIMHEWHBbIX KOJIeOaHUN M BO3BpAIEHUE CETH B HOPMAJIbHBIN
peXKUM pabOThl C CUHYCOUIATIbHBIMHU TOKAMH U HATIPSKEHUSAMH;

— OecKkoHEeYHOE (TEOPETUYECKH) IMPOJIOJDKEHUE HEJIMHEHHBIX KojeOaHWi B
BU/JIE IEPUOUYECKUX TIporieccoB Ha yactore 50 I';

— OECKOHEYHOE MPOJ0JDKCHUE HEJTUHEHHBIX KOJICOAHWM B XaOTHYCCKOU He-
nepuoudecKoit hopme.

4.2.1.2 Yxa3zanHblii eppope30HaHC HE COMPOBOXKIACTCS OOJBIIMMHU TIepe-
HaNpsOKEHUSIMU Ha ¢a3zax ceTu U He mpuBoIuT K noBpexaeHusM TH. Ha mpaxTuke
JAHHOE SIBJICHUE HA3BIBAIOT 'JI0JCHOU 3eMiell , TOCKOJIbKY OHO MOXET MPHU KaX-
JIOM OTKJIFOUCHUHU-BKJIFOYEHUN CEKLIUM IIIMH MEPEXOUTh C OAHOU (ha3bl HA APYTYIO
WX BOOOIIE HE MOSABIATHCS.

4.2.1.3 ®eppope3oHaHC '10dcHas 3emia’’ HE BO3HUKAET MPU NMPUMEHEHUH,
Hanpumep, antupezonancHoro TH tuna HAMU.

4.2.1.4 ]Ins mpeaoTBpaIIeHUs CAMOIIPOU3BOJIBHBIX CMEIICHUN HEUTpan U
noBpexenuid TH B anexkTpoycTraHoBKax HarpsbkeHueM 6-35 kB Bo3moxkHa ycra-
HOBKa pe3uctopoB MomHOCThI0 400 BT conpotuBnennem 25 OM B pa3oMKHYTHIN
TPEYTOJIbHUK JOTIOJHUTEIBHBIX 00MOTOK Kaxkaoro TH 6-35 kB ¢ 3a3emseHHOMN
HehTpanpio oOMoTkrn BH. B OonbimmHCTBE CcitydaeB, 3TOW MOITHOCTH OBIBAET J0-
CTaTOYHO JIJIsl CphIBA (peppope3oHaHca STOTO THUIIA.

4.2.2 Cyobrapmonuueckuii ¢eppopesonanc TH ¢ oTHOcUTeIBLHO
He0O0JIbIINMHU eMKOCTSIMH KOPOTKUX JIUHUI 6-35 kB

4.2.2.1 B cersax 6-35 kB ¢ u30nmpoBaHHON HEUTpaIbIo BO3MOXEH (heppope-
30HaHC Ha cyOorapmonukax 1/2; 1/3; 1/5 u 1.1. B atux cnyuasx TH pezonupyror ¢
OTHOCHTEJIEHO HEOOIBIIUMHI EMKOCTSIMH KOPOTKUX JIMHUH.
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[Torokocuemnenne otnenbHbix ¢az TH BeipacTaeT mpu 3ToM Oonee 4yem
B 2 pasa, cTajlb MATHUTOTIPOBO/IA TITyOOKO HACKHIIACTCS, 1 HAMAarHUYUBAIOIITUI TOK
IPEBBIMIACT MPEETHHO JOMYCTUMOE 3HAYCHHE, YTO TIPUBOJIUT K MEperpeBy oOMo-
TOK U pazpyuenuto TH.

4.2.2.2 CyOrapMOHUYECKOE HAMPSKEHUE TMOSBISETCA B HYJIEBOM IMOCIENO-
BaTEJILHOCTH M UCKaXaeT ToJIbKO (a3Hble HanmpspkeHus. Hanpspkenue Ha ¢azax ce-
TH HE MPEBBIIIAIOT HAaUOOJbIIEro pabodyero HampsHKEHUS U TOTOMY HE Tpe/icTaB-
JISIFOT OMACHOCTH IS 3JIeKTpoobopynoBanus kpome TH.

4.2.2.3 YcraHoBKka aHTUpe30HaHCHBIX TH mo3BosiseT n3bexarh MOBpPEkK/Ie-
uHus TH, ecnu onn 100 camu HE BBI3BIBAIOT CyOrapMOHHUYECKOTO (peppope3oHaH-
ca, Ju0O0 CIIOCOOHBI JJIMTEIIPHO BBIJACPKHBATH CyOrapMOHHUYECKUH Qeppope3o-
HAHC, BbI3BaHHbIN JIpyrumu TH.

4.2.3 dDeppope3oHaHCHBbIe KoJie0aHua B ceTsasx 6-35 kB ¢
yjiekTpoMarHuTHBIMUA TH npu O33 4yepe3 nepeMexanmyrocs ayry

4.2.3.1 Cetu ¢ M30IMPOBAHHON HEUTPAIBIO TOMYCKAIOT B COOTBETCTBUU C

TKIT 181 u CTII 33240.20.501 mymutensHyto padoty ¢ O33. EMkocTHast tyra npu
033 MOXET UMETh NMEPEMEKAIOIIUNCS XapaKTep, TO €CTh, CONPOBOXKIAETCS MHO-
TOYHMCIICHHBIMU TAICHUSIMU U 3QKUTAaHUSMHU.

[lepemexatomasicss 1yra co3/laeT MOCTOSIHHYIO COCTaBIISIONIYIO B Hampsike-
HUAX Ha ¢azax cety U TH, yTo NpUBOIUT K HACKIIIEHUIO MaruuTorposoaa TH.

[Ipotiecc 3apsaa eMKOCTEH CeTH ¢ MX MOCIEAYIONIMM pa3psoM yepe3 00-
MOTKH HachleHHoro TH moBTopsieTcss B KaXKJI0OM LUKJIE 3aKUTaHUS-TAllIeHUs Ty-
ru. YeM yaille 3aKuUraercs U npepbiBaeTcs ayra, TeM OoJiblie JEeHCTBYIOIIEe 3Ha-
yeHue Toka uyepe3 TH, Tem ObicTpee Mpon30iIeT ero TemIoBOE pa3pylieHHE.

4.2.3.2 Haubonee 3heKTUBHBIM MEPOIIPUATHUEM T10 TMOBBIIIICHUIO HAJIEKHO-
cti pabotel TH u auKBHOANMM MX MOBPEXKACHUN SBISAETCS MPUMEHEHHE aHTUPE-
30HaHCHBIX TH.

Bxumouenne pesucropa MmomuocTteio 400 Bt compoTuBienuneM mopsaka
25 OM B pa3oMKkHYThIN TpeyroibHUK TH cinabo Bauser Ha X0 mpoiiecca AyroBoro
3aMBIKaHUS B CETH.

4.2.3.3 HanpsxeHue Ha 310pOBbIX (pa3zax He MpeBbIIIAeT JUHEHHOr0 HaIps-
xeHust, koropoe B coorBercTBUU ¢ ['OCT 721 nnsa cerert 6-35 kB saBnsercs
HauOOJBIIUM pabOUYUM HAIPSKEHUEM M MTOTOMY HE MPEICTaBISET OMACHOCTH IS
U30JISIIUU DJIEKTPOOOOPYI0BAHUS.

Cnenyer yuuthiBaTh, yTo npu O33 y TH nHapymaercs HOpMUPOBaHHBIN
KJIaCcC TOYHOCTH, KOTOPBIM ONpe/enseTcs B HOpMaIbHOM CUMMETPUYHOM PEKUME
paboTHI.

4.3 deppope3oHaAHC B HECUMMETPUYHOM cXeMe CeTH

4.3.1 deppope3oHaHCHBIE IMEPCHANPSHKCHUS BO3MOXKHBI B ceTsix 6-35 kB

IpyU HENMoJHO(A3HBIX KOMMYTAIMAX BBIKIIOUATENIEeH, IEPEropaHy MIaBKUX BCTa-
BOK IIpeoXpaHuTeNei uiu oopbiBax nposoos BJI.

Deppope30HAHCHBIA KOHTYp 0Opa3yeT WHIYKTUBHOCTh HaMarHUYMBaHUS

c1aboHaArpyKeHHOro MOTPEOUTEIBCKOIO TpaHc(hopMaTopa C €MKOCTHBIM COIpPO-
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TUBJICHHEM DJIEMEHTOB CETH, MPU STOM HAIWYHE WM OTCYTCTBHE KOMIICHCAIINU
HE BJIMSAET HA BEPOSTHOCTh BO3HUKHOBEHHUS U yPOBEHB MEpPEHANPSIKEHUN.

4.3.2 ®eppope30HAHCHBIE MEPEHANPSKEHNS MOTYT BOZHUKHYTh KaK BO BCE
CEeTH, TaK U Ha OTIIEIBHBIX €€ dJIeMeHTaX. BennunHa nepeHanpspkeHuid 3aBUCUT OT
apaMeTpoB MOTPEOUTENBCKOr0 TpaHchopMaTopa (MOIIHOCTH, TOKAa XOJOCTOTO
X071a ¥ MHIYKTUBHOCTA HaMarHWYMBaHUs), EMKOCTH CETH U MOXKET JJOCTUTATh BbI-
COKHUX BEJIMYMH, MPEBBIIIAIONINX YPOBEHb U30JISLIUU 3IEKTPOOOOPY0BAHMUS.

4.3.3 IlepenanpskeHus B HEMOJIHO(DA3HBIX CXEMaX OMACHBI HE TOJIBKO BEJIH-
yrHOU. HenonHodaszHpli peskuM NpUBOJIUT K Peppope30HaHCHOMY IpeoOpa3oBa-
HUIO 0JHO(A3HOrO HaNpsKEHUs B Tpex(da3Hoe, YTO MOXKET MPUBECTH K TaK Ha3bl-
Ba€MOMY ONPOKUIBIBaHUIO (a3, TO €CTh, U3MEHEHHIO MOpsAKa yepeaoBaHus ¢a3 y
notpeduTenbckoro Ttpanchopmartopa. Ecnu morpeburtenbckuit  TpanchopmaTop
UMEET HEOOMBIIYIO0 JBUTATEIbHYIO Harpy3Ky, TO MOXKET HAOIIOAaThCsl U3MEHEHUE
HaNpaBJICHUS BPAILLICHUS IBUTaTENICH.

4.3.4 bonpmmHCTBO mOoTpeduTenbekux Tpanchopmaropos 10/0,4 kB umeror
TPEXCTEP)KHEBOW MArHUTOIIPOBOA U MoakiIrodarores K BJI yepes npenoxpanurenu
C TUTaBKUMU BCcTaBKaMu. [Ipu 3aMbIKaHUM Ha 3€MITIO OJJHOTO M3 TPEX BBICOKOBOIIb-
THBIX BBOJOB TpaHC(opMaropa IUaBKas BCTaBKAa MPEIOXPAHUTENS] ITOH (pas3bl
o0bryHO neperopaet. Cozmaercs HenonHo(da3Has cxeMa. [InaBkue BCTaBKH Mpeio-
XpaHuTenel IByX Apyrux (a3 ocTaroTcs LENbIMHU, COXpaHss CBS3b TOUKH 3a3eMIie-
HUS C OCTAJIbHOM CEThIO Yepe3 ciaboHarpyKeHHbIi TpaHchopmaTop.

Takas cxema mozaBepkeHa (HeppOpe30HAHCY EMKOCTH CEeTU ¢ (pa3sHBIMU HH-
JTYKTUBHOCTSIMU TIEPBUYHOM OOMOTKH MOTpedurensckoro tpanchopmaropa. bia-
romaps peppopezoHaHcy oOpa3yeTcsi HoBas TpexdazHas cucTeMa MeXTyha3HbIX
HaIPsDKCHHH, ciocoOHast IMETh JIM00 MmpsMoe, 0o oOpaTHOe YepeaoBaHue das.

[Ipu oOpatHOM uepenoBanuu (a3 HampspDKeHHE Ha 00OpBaHHOW (aze ceTu
noBeimaercs 1o 3,8-4,2U¢, manpsokenne 3Up Ha gomomHUTENbHOM oOMoTke TH
npeseimaet 200 B, a Bpamenue npurarencit Ha cropone 0,4 kB atoro Tpancdop-
MaTopa MEHsIETCSl Ha 00paTHOE. YKa3aHHBIM MPOLECC MOXKET CYIEeCTBOBATH JJIU-
TEJBHO.

[Ipu npsimoMm uepenoBaHuu (a3, BO BHOBb 00pa30BaHHOW Tpex(a3HOW cu-
creme, ¢a3Hble HAMPSKEHUSI B CETU Ha HEOOOPBAHHBIX (hazax MOBBIMIAIOTCS A0 2,2-
2,3Uy 1 MoxeT BbI3BaTh neperopanue npenoxpanuteneit TH, koTopsie, kak mpa-
BUJIO, MOTYT BBIJIEP>KUBATh JaHHBIM PEKUM B TE€UEHHUE HECKOJIBKUX yacoB. Harpsi-
KeHre 00OpBaHHOM (Da3bl CETH OTHOCHUTEIBHO 3€MJIM MOHMXKAETCS MPUMEPHO 0
0,3Uy, a nanpspxerne 3Uo nonoauTensHOM oOMoTke TH mosbimaercs qo 120 B.

4.3.5 Tlpu HenmonHO(DA3HBIX peKUMaAX BO3ZMOXKHBI MOBPEXKICHUS TpaHcop-
matopoB Hanpspkerus u OITH. TloBpexaenune TH npuBoauT K BeIXOAY U3 pabOTHI
YCTPOMCTB PENEHHON 3aILUTHI.

Jnsa cHmwxkenus nospexnaemoctd TH cienyer nmpuMeHSATh aHTUPE30HAHC-
Hble KOHCTPYKIMH TpaHCHOpPMATOPOB HAMpSIKEHUS, KOTOphIe IpU JII0OOM BHIE
dbeppopezoHaHca BBIACPKUBAIOT JITUTEIbHbBIC MOBBIMICHUST HANPSHKEHUS HA OJHON
u3 a3 10 3,0U; pas.

4.3.6 [Ins uckiIro4eHUs BOSHUKHOBEHHSI HEMONMHO(A3HON CXEMBbI MPU KOM-
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myTanusax BJI 3anpemarorcss noda3Hble BKIIOYEHUS U OTKIIOYEHUS BO3AYIIHBIX U
KaOeIbHBIX JIMHHMM, KOTOpPbIE MOILYT MPHUBOAMTH K HAIPSIKEHUIO CMELICHUS
HedTpanu. CrenyeT TakKe MO BO3MOXKHOCTH M30eraTh MOJKIIOUEHHs MOTpeOu-
TEIBCKUX TPAHCPOPMATOPOB YEPE3 IIIABKHUE MPEIOXPAHUTEIH.

4.4 MeponpusiTusi 1o 3amuTe oT (peppope3oHaHCHBIX nMoBpexaeHuiit TH
B ceTsAX 6-35 kB, padoTaomux ¢ U30JIMPOBAHHON HEHTPAJIbIO

4.4.1 JIna uckmrouenus nopexaenniit TH 6-35 kB, paboraromniux B ceTsax ¢
W30JIMPOBAHHONW HEHTPAIbI0 PEKOMEHIYETCS TPUMEHCHHE aHTHPE30HAHCHBIX
AJICKTPOMArHUTHBIX WM onthdeckux TH.

4.4.2 K antupe3onadcHbiM TH nipeapsiBAsIOTCS CAeAyOMMe TPEOOBAHUS:

— HE BBI3BIBAaTh CAMUM yCTOWYMBOTO (peppope3oHaHca

— HE€ MOBPEXAAThCS MPHU JJIUTEIBHBIX OJHO(A3HBIX 3aMBIKAHMSIX CETH Ha
3eMJTIO Yepe3 MepeMeKaroILy oCs IyTy;

— HE JIONYCKaTh CMELICHUS HEUTpaau NMpH KOMMYTAllMU HEHArpy>KeHHBIX
IIMH, YTO MOATBEPXKAAETCS TEM, YTO MPU KOMMYTAIUSIX YCTaHOBMBILEECS 3Haue-
HUE HaIpsDKEHMsS Ha BBIBOJAX PA30MKHYTOIO TPEYroJIbHHUKA JOTOJHUTEIbHON
BTOPUYHON OOMOTKH HE NpeBbIaeT / B;

— HE TOBPEXAATHCA MPH CKAauYKOOOpa3HOM HM3MEHEHHMH TOKa, COMPOBOXKIA-
IOIIeMcsl I3MEHEeHHEM (Das3bl TOKa M0 OTHOIIEHUIO K HampspkeHuro Ha 180° (ompo-
KupIBaHKHE (Hasbl).

— HE TIOBPEXAATHCA MPH yCTOWYMBOM (heppOpPE30HAHCE EMKOCTH CETH C He-
JIMHEHHOW WHAYKTUBHOCTBIO JPYTHX TpaHCHOPMATOpOB (CHIOBBIX WM H3MEpH-
TEJBHBIX).

4.4.3 Antupesonancusie cBoiictBa y TH 6-35 kB oGecneunBatorcs cieny-
IOUIMMHU CIIOCO0aMU:

— 100aBJICHHEM B CXEMY aKTHBHBIX TaCUTEIbHBIX (IeMIIPHUPYIONIUX) COMPO-
TuBjIcHH (npuioxenue b);

— TOBBIIIEHHEM MOTOKOCHEIUICHUS HACBIEHUs MYTeM CHIKCHHUS HOMHU-
HaJIbHOM UHTyKIIUH;

— U3MEHEHHEM CXEMBbI CoeIMHEeHUst 00MOTOK Tpexdaszubix TH u T.1.

4.4.4 CxeMbl 1 OCHOBHBIE TPUHIIUIBI KOHCTPYKTUBHBIX PEIICHUI aHTUPE30-
HaHcHbIX TH 6-35 kB npuBenens! B mpuioxenuu B.

4.4.5 Kaxaplii mpous3BoauTens aHTupezoHancHoro TH nomxken onpenenutsb
st cBoero turna TH cTeneHb ero yCTOMYMBOCTH K KaXKJAOMY BHY BO3MOYKHOTO
dbeppope3oHaHca U MPeACTaBUTh TOTPEOUTENIO TPOTOKOIIBI UCTIHITAHUN B COOTBET-
cTBUEe ¢ TpeboBanusmu 1.4.4.2. AHTUpPE30HAHCHBIE CBOMCTBA TpaHCHOPMATOPOB
HANpPsHKCHUS PEKOMEHIYETCs MOATBEPXKAaTh UcHbITaHusMu [4]. Pesynbratsl uc-
IBITAaHWH MOTYT OBITh MpuBeneHbl B macnopre TH (PykoBojcTBe mo skcryaTa-
1UN).

4.4.6 ®eppope3onanc TH He Bo3MOXeH Mpu 3a3eMJICHUM HEUTpalIu CeTU
yepe3 JII'P. JIukBupanuu ¢peppope3oHaHca MOXKHO JTOCTUYDb 3a3€MJICHUEM HEUTpa-
au cetu uepes pesuctop mo CTIT 09110.20.187 n1.5.1.5. ¢ yueTom BeipakeHus (2).

12



ITpoekt CTII

R<2X., Owm, (2)
rje, R — BeIu4rHa CONMPOTHURIICHHS PE3UCTOPA, BKIIOUSHHOTO B HEHTpaJIb
cetu 6-35 kB, OM; X — eMKOCTHOE conpoTuBieHue ceTu, OM.

4.4.7 ITapameTpbl MOCTOSIHHO BKJIOYEHHOI'O BBICOKOOMHOI'O pPE3UCTOpPa B
HEWUTpaIu CETH JOJKHBI COOTBETCTBOBATH MapaMeTpaM CETH MPHU JJTUTEIHLHOM pe-
)KMMe BKJIIOYeHUd. [Ipyn HETOCTaTOYHOM TEIIOBOM MOIIHOCTH PE3UCTOpa MAKCH-
MaJIbHO JIOMyCTUMOE BpeMsl paboThl ceTU ¢ 0JHO(A3HBIM 3aMbIKAHHEM Ha 3EMJIIO
CJIEQYET OTPAHUYUBATD.

4.4.8 Heob6xoauMo y4HuThIBaTh, 9TO aHTUpe3oHaHcHbie TH B cetsax 6-35 kB
npy mapauienbHoi skcrutyaranuu ¢ TH tpamuimonnoro ucnonnenus (HTMU,
3HOM, 3HOJI) He obecrnieynBarOT UM aHTUPE30HAHCHBIX CBOMCTB.

5 3amura oT PE30HAHCHBIX MOBbIIEH Ui HATIPSKEHU ST
3JIEKTPOYCTAaHOBOK Hanpsi:keHueM 110-750 kB

5.1 O6uime mosoKeHUus

5.1.1 DnekrpoycranoBku 110-750 kB pabortaroT ¢ 3azemieHHON U 3 dek-
TUBHO 3a3€MJIEHHOM HEWTpasblo. Pe30HaHCHBIE TMOBBILMICHUS HAINPSKEHUS BO3-
MOKHBI B 3TUX JIEKTPOYCTAHOBKAX B CIEAYIOUIUX CIIydasx:

— npu HenoHOo(a3HbIX BKItoueHusx uinu otkimouenusx BJI 110 kB unm 06-
peiBe TIpoBoJI0oB BJI, kK KOTOpO# MOAKIIOUEHBI O€3 BBIKJIIOYATENIeH OJWH WA He-
CKOJIBKO CJIa00 HArpy>KEHHBIX TpaHC(HOPMATOPOB C pa33eMIICHHON HEUTpasbio U
UMEIOIIUX OOMOTKY 3aMKHYTYIO B TpeyroyibHUK. HemnomnHodasHbie KOMMyTaluu
BO3HHKAIOT [TPU HEMPABWIBHOW pabOTE IMHENHBIX BBIKIOYATENECH;

— npu HenostHoGa3HbIX BKIoUeHUAX BJI 330-750 kB ¢ IIIP u xommnencaru-
el peakTUBHOM MoOIITHOCTH Osu3koi k 100%);

— Ha otkiroueHHOU (haze B mukiie OAIIB BJI ¢ IIP mocne moracanust Toka
TOATUTKY M KOMITCHCAITUEH peakKTUBHOM MolTHOCTH Onm3kor k 100%;

— TIpU OTKJIIOYEHUHU CUCTeMbl IuH, omunHOBOK BJI, AT OPY u KPVYD
220-330 kB ¢ anexTpomMarHuTHBIMU TpaHChOpMaTOpaMu HAINPSKEHUS BBIKITIOYA-
TEJISIMH, 1yTOTaCUTENIbHBIE KAMEPBI KOTOPBIX UMEIOT HECKOJIBKO Pa3pbIBOB IIYHTH-
POBaHHBIX €MKOCTHBIMH JICIUTEIIIMU (TPaynpPOBOYHBIMUA KOHICHCATOPAMHU);

— Ha oTkimodeHHON Tpems (asamu BJI ¢ IIIP mocne moracanust Toka moj-
NUTKU [0 MPUYUHE HAJUYUS B3aUMOMHAYKUMH ¢ apyrumu BJI Haxoasmmmucs B
pabore;

— npu BrroueHnu BJI 330-750 kB ¢ IIIP B cxemax, rae rnepBasi COOCTBEHHAs
4acToTa CXeMbI OJIM3Ka K 2, BO3MOXKHBI PE30HAHCHBIE TIOBBINICHNUE HAIPSIKEHUS
Ha BTOPOIl TApMOHHKE HAIIPSKEHUSL.

— IIPU JIEKTPOMArHUTHOM BJIMSHUY HA OTKJIIOYEHHYIO LeNb AByXLenHou BJI
BTOpoi 1ienu BJI Gosiee BbICOKOro HampsikeHus. B 3ToM ciyyae oTaenbHble (a3bl
no/iBep>keHHoM BiausHUIO0 BJI OynyT konebaTbcst HE3aBUCUMO APYT OT Apyra.

@eppOope30HAHCHBIE MOBBIIEHUS HAMPSKEHUS MOTYT JOCTUIaTh BEJIUYUH,
MPEBBIIAIONIUX YPOBEHb M30JIAIMH AJIEKTPOOOOPYIOBAHUSA, YTO MPUBOJIUT K TIO-
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BPCKIACHUIO ITOCJICIHCTO. HOSTOMY HCO6XOI[I/IMI>I MCPOIIPUATHUA, WCKIHOYAIOIHNC
PE30HAHCHBIC ITOBBIICHUA HAIIPSIKCHUA WM CHUKCHUS UX 10 JOITYCTUMBIX BCJIN-
YHUH.

5.1.2 AnTHpe3oHaHCHBIE CBOMCTBAa TpaHC(HOPMATOPOB HAMPSIKEHHS HOMU-
HaJIbHBIM HamnpspkenreM 110 kB u Bwilie pekoMeHayeTcsi MoATBEPKIaTh UCIIbITA-
Husmu [4]:

— TpU OTKIIOYEHHUH BBIKIIIOUATENCH, COAEPIKAIIUX EMKOCTHBIC ACTUTENN
(rpagyupoBOYHBIE KOHACHCATOPHI), INYHTUPYIOIIME JIyrOracUTEIbHBIE YCTPOU-
CTBa;

— [P HETIOTHO(A3HbBIX peXUMax padoThl CETH;

— Ipu paboTe HAa HEHATPYKEHHBIX IITMHAX.

5.2 3amura 0T (Qeppope30HAHCHBLIX TMepeHANPSKEHUd  NpH
HenoaHo(gasubix pexkumax BJI 110 kB ¢ mnoakiawdeHHbiMM  Oe3
BbIKJIKOYATE/Ied CHJIOBBIMHU TPaHchoOpMATOPpaMH ¢ M30JMPOBAHHOM HEHTpa-
JIBbIO

5.2.1 B cersx 110 kB cunoBsie TpanchopmaTopbl MOTYT paboTaTh, KaK ¢ 3a-
3€MJICHHOH, TaK U C pa33eMJIEHHON HEUTPaJbi0 0OMOTOK BBICILIETO HAIIPSKEHUS.

[Tpu Henonuodazubix pexumax padoTsl cetu 110 kB Bo3M0kHO BhIJEICHNE
Y4acTKOB, B KOTOPBIX HET HU OJHOTIO CHJIOBOTO TpaHchopmaropa ¢ 3a3eMJICHHOU
HeWTpaspio (MOTepsi HEUTPAIM HA Yy4acTKe CETH). B 3TUX cilydasx, mpu HEMOJHO-
daznpix BrroueHusx BJI 110 kB ¢ ogHuM miM HECKOJIBKHMHU Ci1ab0 Harpy»eH-
HBIMH WJIM XOJIOCTBIMH TpaHc(opmaropamu (TpaHchopmMaTopaMud Ha XOJOCTOM
XO/y) C pa33eMIICHHOW HEHUTpasbio, a TaKXke Mpu o0pbiBe npoBoaa BJI moryT Bo3-
HUKATh (eppOpe30HAHCHBIC MEPEHANPSIKEHNS B MEPEXOJHOM U yCTAHOBHUBIIIEMCS
pexumax. [lepeHanpsikeHuss B 3TUX pEKUMaX MOTYT MPEBHINIATh YPOBEHb MU30JIs-
IUU 3JEKTPOOOOPYAOBaHUSA U MPUBOAHUTH K €r0 MOBPEKACHHUIO, OCOOCHHO, €Cln
HaNpsOKEHUE B CETH COOTBETCTBOBAJIO HauOONbIIEMYy pabodyeMy HampsHKEHUIO
o 'OCT 721.

B cnydae Boinenenus yuactka cetu 110 kB, rioe umeercs XoTs Obl OJMH CHU-
JIOBOW TpaHCchOpMATOp € 3a3eMJICHHOW HEHTpaliblo, (peppope30HaHCHBIE MEepeHa-
NpPSDKEHUS. HE BO3HUKAIOT.

5.2.2 deppope3oHaHCHBIE MOBBIIICHHUS HAMPSKEHUS! BO3MOKHBI HA OTKJIO-
yeHHbIX (azax BJI B cxemax ¢ ogHocTOopoHHMM nutanueMm BJI, k koTopoil moa-
KITFOYEHBI OJMH WJIM HECKOJIBKO CIIa00 HArpyXEHHBIX TPAaHC(HOPMATOPOB C pa33eM-
JIEHHOW HeWTpaibio, uMeromue ooMoTky HH coeqmHeHHy0 B TpeyrojibHUK.

5.2.3 CxeMbl, B KOTOPBIX BO3MOKHBI (DeppOpE30HAHCHBIC TIEPEHATPSIKEHNUS,
pyu HeTmoJaHO(a3HOH paboTe BHIKIIOYATENEH MPUBEICHBI HA pUCYHKax 5.1 u 5.2.
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Pucynok 5.1 — OgnosnHeiinas cxema BkJoyenusi BJI ¢ moaki04eHHbIM K Hell TpaHcdop-
MAaTOPOM HA KOHIIe, HMEIOIUM CXeMY coeJUHEeHHs] 00MOTOK 3Be3/1a-TPeyroJibHUK.
Heiitpans o0MoTkn BH n3osmpoBana:
Ec- 9J1C cucrembl; X, - MpPeIBKIYEHHOE PEAKTHBHOE CONPOTHBJIEHUE CHCTEMBI; B - BbIK/II0YA-
Tejlb

Ec Xc B BJI
/\’ TN )\

' RO
&)

&) @&

Pucynok 5.2 — OnnosimHelinas cxema BkJo4YeHusi BJI ¢ moak/1l04YeHHBIMH K Heil
TpanchopMaTOpaMH, HMEIOIIUMH CXeMy coeNHEeHNsI 00MOTOK 3Be31a-TpeyroasHuk. Heiitpans
o0moToxk BH u3zonupoBana:

E. - 9J1C cuctembl; X, - NIPeIBKIKYEHHOE PEAKTUBHOE CONPOTUBJIEHHE CUCTeMbI; B — BbIK/II0UYA-
TeJb

5.2.4 ®eppope30oHaHCHBIE MTEPEHANPSKEHHS IPU OOpPBIBE MPOBOJIA BO3MOXK-
HBI TOJIBKO B ClTydae, KOrJia HU OJIMH U3 KOHIIOB 0OOpBaBIIErocs MpoBoia HE Kaca-
eTCsI 3EMIIH.

[Tpu 3a3eMieHun 06OpBABIIETrOCs MPOBOAA XOTA Obl C OAHOW CTOPOHBI (ep-
POPE30HAHCHBIE MIEPEHATPSIKEHUST HE BOSHUKAIOT.

5.2.5 HacebllieHrne MarHUTHOM CHCTEMBI TpaHCPOpMaTopa OrpaHUYUBAET
yCTaHOBUBIIHECS (PeppOpPEe30HAHCHBIE MOBBIMIEHUsT HAPsHKEHUS 10 2,5-3Uy pas ya-
crorbl 90 ['1, KOTOpBIE MaJl0 3aBUCAT, KaK OT HOMUHAJIHHOM MOUIHOCTH TpAHC-
dbopmaropa, Tak ¥ OT JJIMHBI HEMOJHO(GA3HO OTKIIOYEHHOTO YYaCTKA JTUHUU.

5.2.6 B nepexoanom nporecce peppope30HAHCHBIE MEPEHAIIPSKEHUS MOTYT
KpaTKOBpEMEHHO TpeBbImaTh BeMUYUHY 3,0Uupa U TIPEICTABIAIOT COOOM HENn-
HElHbIE XaoTHYeCKue KoueOaHusl, BEIMUMHA U JUIUTEIbHOCTh KOTOPBIX 3aBUCHUT OT
HavyallbHBIX YCIOBUI (B 4aCTHOCTH, OT MOMEHTa KOMMYTAIIHH).

5.2.7 B cootBerctBum ¢ 'OCT 1516.3 noBblllieHHE HANPSHKEHUST YaCTOTHI
50 I'n BenmuumHOM 2,0 Uy pas JOMMyCKaETCS HA 3JIEKTPOOOOPYIOBAHUH B TEUCHUE HE
oonee 1 c. Takum oOpa3zoM, ycTaHOBHBILIEECS (HEeppOPE30HAHCHOE MOBBIIICHUE
HanpspkeHus 10 2,5-3Uy pag IPEICTABIISIET OMACHOCT IS 2JIEKTPOOOOPYI0BAHUS U
MO>KET MPUBOINUTH K €TO MOBPEKICHUIO.

5.2.8 Jlna mpenmoTBpamieHusl MOBPESXKIACHUS 000pYyI0BaHUS OT (eppope3o-
HAHCHBIX MepeHanpsbKeHud npu HenoidHogaszHubix peskumax BJI 110 kB ¢ tpanc-
dopmaropom (TpaHchopmaropamMu) ¢ pa33eMIICHHOW HeWTpaibio oomMoTku BH un
o6prIiBe poBojia BJI HeoOxoaumo:

a) ITpu skcrutyaTaruu annekrponepenad 110 kB ¢ tpanchopmaTopamu, moj-
kitoueHHbIMU K BJI 6e3 BeIkITtouaTesei:
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1) mepea TPOU3BOJACTBOM OIEPATUBHBIX MEPEKIIOYCHUN  3a3eMIIAATh
HeuTpasb 00MoTkn BH cunoBoro tpancdopmaropa. Ecnu x BJI noakntodeHo He-
CKOJIBKO TpaHC(POpMaToOpoB 0€3 BBIKIIOYATENEH, TO CIEIYET 3a3€MJIMTh HEUTpasb
XOTs ObI OJTHOTO M3 HUX [1];

2) UCTIOB30BATh 3AIIUTY OT HEeMepeKtoueHusl (a3 Ha TUHEWHOM BBIKITIOYA-
tene I1C, kommyTtupytomem BJI, co cieayromei sorukon aeictBud. [Ipu Bo3HUK-
HOBEHUU HEMOJHO(DA3HOTO peXMMa MPHU BKIFOUCHUH 3JeKTporiepenadn (pydyHoM
WIM aBTOMAaTHYECKOM) 3allliTa JIOJDKHA JICHCTBOBATh HA OTKIIOYCHUE JTMHEHHOTO
BbIKITIOUaTens. Eciau HenmomHoga3HbI peKuM BO3HUKAET MPU PYYHOM OTKIFOUE-
auu BJI, TO 3amuTa q0/KHA I€HCTBOBATH HA BKIIFOUEHHE BBIKIIOYATENs (IIPH Jeii-
ctBuM P3 Ha OTKJIIOYEHHE BBIKITIOYATENS BKJIIOUCHHE JOJDKHO OJOKHPOBATHCS).
YKa3aHHbIC IEVCTBUS HANPABJICHBI HA BOCCTAHOBJIECHUE CUMMETPUYHOIO PEXKUMA U
MO3BOJISIIOT M30€XKaTh MOBPEXICHUSI 000pyA0BaHUs OT (DeppOPE30HAHCHBIX TEpe-
HaIpsKEHU M.

0) [Ipu nmpoekTupoBaHUH, PEKOHCTPYKIIUN ¥ CO3JJaHIH HOBBIX JIEKTpOTIEepe-
nau 110 kB HeoOxoauMO MpeaycMaTpuBaTh:

1) moaKII0YCHHE CHIIOBBIX TPAaHC(HOPMATOPOB € pa33eMIICHHONW HEHTPAJIbIO K
BJI Tonpko depe3 BBIKIIIOUATEIN, YTO MO3BOJIUT B Cay4yae peppope30HaHCHBIX MO-
BBIIICHUI HAMPSKEHU OTKIIOUUTH TpaHC(HOPMATOPhI ¢ pa33eMJICHHbIMU HEUTpa-
JSIMU ¥ TIpepBaTh Peppope30HaHC;

2) MpUMEHEHHE BBIKIIIOYATENICH, NMEIONINX MaIyl0 BEPOSTHOCTh HEIOJIHO-
(da3HBIX KOMMYTaIUi. ITO B MIEPBYIO OYEPEIb OTHOCUTCS K JIMHEHHBIM BBIKITIOUA-
tensm Ha [1C, nuraroumx MarucTpaibHbIE 3JIEKTPONEPEIAYH;

3) mpu PEKOHCTPYKIIMH IMOJCTAHIINN 3aMEHY BO3IYILIHBIX BBIKJIFOYATEICH
110 kB, xotopsie kommyTupytoT BJI ¢ moakItOYeHHBIME K HEH TpaHchopmaTopa-
MU C Pa33€MJICHHOW HEUTPAJIbIO, HA BBIKJIFOYATENH, UMEIOIINE MAITYIO BEPOATHOCTD
HETMOJIHO(a3HBIX KOMMYTAITH,

4) mpuMeHeHre Ha MarucTpaibHbX BJI BeIKIIIOUaTENel ¢ HOMHUHAIBHBIM TO-
KOM OTKJIIOYEHHS BBIKJIIOYATENEH, UCKIIOYAIOIINX HEOOXOAUMOCTh pa33eMJICHUs
HeUTpasield TpaHc(OpMaTOPOB B LEISAX CHUKEHUS YPOBHEH TOKOB KOPOTKOIO 3a-
MbIkaHus B ceTsax 110 xB;

5) ocnamenue I1C ¢ cunoBbeiME TpaHc(hopMaTOpaMu, pabOTAIOIIUMHU C pas-
3eMJICHHON HEWUTpasblo, TpeX(a3zHbIM KOMILJIEKTOM TpaHC(HOPMATOPOB HaMpsHKe-
HUS U BBIIIOJIHEHUEM PEJICWHON 3alUThI, AEHCTBYIOIIEH HA OTKIFOYEHUE BBIKIIO-
qaTess Py BOZHUKHOBEHUU (Geppope3oHaHca.

5.3 3ammTa OT Pe30HAHCHBIX NMOBBINIEHNH HANPSI)KEHUH HA OTKJIKOYEH-
noi B nukJiae OAIIB BJI ¢ LHIP

5.3.1 Ilocne oTkimtoueHus aBapuitHoit ¢as3sl BJI ¢ 1ByX KOHIIOB OHA MOABEP-
raeTcs BIUSHHUIO Ye€PEe3 €MKOCTHBIC ¥ WHAYKTUBHBIE CBSI3U CO CTOPOHBI OCTABIITUX-
cs B pabote (a3. ITo BIUSHUE MPUBOAUT K MPOTCKAHUIO B MECTE 3aMbIKaHUS Ha
3eMJTIO TOKA TIOJIIMTATKY JYTH, a TIOCIIe TTOTaCaHusI TyTH — K TIOSIBJICHUIO HABEJICHHO-
ro (BOCCTaHABJIMBAIOIIETOCS) HAMPSDKEHUST HA OTKIIOUeHHOW (ase. [locie moraca-
HUS YT - MOANMUTKH (BTOPUYHOW Iyru) Ha oTkioueHHOU B mukiie OAIIB dase
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BJI ¢ IIIP u 100 % xommeHcanuu peakTUBHONW MOITHOCTH MMEET MECTO PE30HAHC
HaIpsDKEHUI Ha OTKIIIOYEHHOM (ha3e, B pe3yJibTaTe Yero yCTaHOBUBILEECS HAIps-
YKEHUE TIPEBBINIAET 3HaUCHHE HanOOJbIIero pabouero pasHOro U OrpaHUYUBACTCS
norepssMu Ha KopoHy BJI (B 3aBHCHMOCTH OT HOMHHAJIBHOTO HANPSDKEHUS U KOH-
crpykimu BJI) 1o 1,4U, pas. B cootBeTctBum ¢ TOCT 1516.3 mmuTenbHOCTH TaKo-
'O MOBBIIICHUS HAMPSKEHUSI He NOJDKHO TpeBbimath 20 ¢. [ToaTomy BoccTaHaBiu-
Balollleecsl HaNpsHKeHUE Ha OTKIIFOUEHHOM (pa3e TOKHO OBITh OTpaHU4eHO, YTOObI
n30exaTh, BO-TIEPBBIX, TOBPEXKICHUS 000pyA0BaHuMsl, MoKIoueHHoro k BJI, a Bo-
BTOPBIX, UTOOBI HANPSHKEHUE Ha OTKIIOUYEHHOM (ha3e He BBI3BIBAJIO pabOTy 3alUThI
OT MOBBILICHUS HANIPSKEHUS U, KaK CIeACTBHE, K Tpex(pasHoMy oTkiroueHuto BJI.

5.3.2 B cooTBeTcTBHM ¢ peKOMeHIAIMSIMHU [5] orpaHUueHHe BOCCTAHABIIH-
BAaIOIIIETOCS HampsiKeHus: Ha oTkiIoueHHou B 1ukie OAIIB ¢asze BJI ¢ IIP moxer
OCYLIECTBISATHCA:

— YCTaHOBKO# KoMmmeHcannoHHbIX peaktopoB (KP) B melitpamsx IIIP, uto
KOMIICHCUPYET Mexay(da3Hble €MKOCTH M YMEHbBIIAET BOCCTaHABJIMBAIOIIEECs
HaANpsDKEHUE;

— otkiroueHueM rpynnsl TP wnu oxnoit ¢assl 1P, noakinroyeHHo# k mo-
BpexaeHHou (aze BJI, Ha Bpems OectokoBoii nay3sl OAIIB, uro usmeHnser napa-
METpPbI pE€30HAHCHOI'O KOHTYpA.

5.3.3 ®Ou3sukKa sBJICHUNA U OCHOBHBIE COOTHOLICHUS MPUBEJCHBI B MPUIIOXKE-
Huu [

5.3.4 B Tabmuue 5.1 npuenen auanazon jmuH BJI 750 kB npu koTophix
BOoccTaHaBiuBaronieecss HanpsbkeHus npu OAIIB HOCUT pe30HaHCHBIN XapakTep U
npeBbIIIaeT (ha3HOE HANPSIKEHUE.

Taoauma 5.1
Yuciao kommiaexTos P ua BJI Jlomna BJI 750 kB, km
1 125-150
2 250-300
3 380-440
4 500-580

5.3.5 [loBbmenus s¢gdexkruBHocTrn OAIIB MOXHO AOCTUYL C TOMOIIBIO
YCTPONCTBA KOHTPOJISA MOTACAHMS IYTH MOIMUTKUA, KOTOPOE MOJYyYUIIO Ha3BaHUE
ycTpoiicTBa agantuBHoro OAIIB.

VY CTpoHCTBO KOHTPOJIS 32 COCTOSIHUEM JTyTH TOAMUTKH, OOHAPYKHUB Toraca-
HUE JIyTH, pa3pelraeT HeMEeICHHOe TTOBTOpHOE BKItoueHue ¢asbl. Ecim ke mora-
CaHHe JIyTH He O0OHApyKEHO B TCUCHHE HEKOTOPOTO MPEACILHOT0 BpeMeHH (0ObIU-
HO 2,5-3,0 ¢), yCTpOMCTBO MoJaeT KOMaHIy Ha OTKIIOYCHHE OCTaIbHBIX JIBYX (a3
BJL.

54 PexoMeHAanuu 1O 3alUTe OT PE30HAHCHBLIX TMOBbIIEHUI
HanpsizkeHui B HenoJiHO(pa3HbIX pe:xkumax BJI nanpsixennem 330-750 kB

5.4.1 Ha BJI 330-750 kB ¢ noakmtodenubiMu 1P u paGoTaromux ¢ KoMIeH-
canueit peaktuBHOM MoiHocTU Ou3koi k 100 % mpu oTHOCTOPOHHEM HEIOIHO-
¢daznom BriroueHuu BJI Ha HEBKITIOYEHHBIX (Da3ax BO3MOXKHBI pPEe30HAHCHBIC ITO-
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BBIIIICHUS HATPSHKEHUS.

5.4.2 BenuuwHa TOBBIMICHUN HAMPSHKEHUS MOXKET COCTABISATH C YUETOM
orpannuuBaroiiero aerucTBust KopoHsl 1,2-1,4U, 46. Takas BeIMUMHA MOBBIIICHUS
HaIPSHDKEHUS JOMYCTUMA TSl U30JISIHUY JIEKTPOOOOPYI0BaHUS, TTOJAKIIOUEHHOTO K
BJI, 1 mun - 20 ¢ coorBercTBeHHO. OITH B 3aBHCMMOCTH OT HauOOJBIIErO paboue-
IO JIOMyCTUMOTO HAIPsKEHUsI MOXKET BBIIEPKUBaTh Takoe Hampsikenue 10-20 c.
Takum 00pa3oM, pe30HAHCHBIEC MOBBIIIEHUS HANPSDKEHUS HA OTKIIOYEHHOU (asze
Ipy HEMOJIHO(A3HOM PEKHUME MOKET MPEJCTaBIATh OMACHOCTH UISl JIEKTPO0OO-
pPyAOBaHUA.

5.4.3 B cnyuae nosiBnenus HenosHodaszHoro Bkimtouenus BJI ¢ HIIP u 100 %
KOMIIEHCAIlUEe PEaKTUBHON MOIIHOCTH CIIEAYET MPUHATH MEPHI M0 MpPea0TBpallle-
HUIO PE30HAHCHBIX MOBBIIICHUI HAMIPSKEHUS], 3 UMEHHO:

— BOCCTAHOBHUTH CUMMETPUYHBIN PEKHUM, OTKIIOYUB BBHIKIIOYATENb TPEMSI
dazamu;

— oTKJIIOUUTH oAHy rpynny LIIP na BJI, cHukas TemM caMbIM CTENEHb KOM-
MEHCAIINY PEAKTUBHON MOIITHOCTH M U3MEHSISI TapaMeTPbl PE30HAHCHOTO KOHTYpa.

5.4.4 B0o3MOXHBIE TIOBBIILICHNS HAMPSHKEHUH TPU HECUMMETPUYHOM BKJTIO-
yennu BJI ¢ paznuunbim ynciiom P wa BJI, TO €cTh, pa3in4HON CTENEHBIO KOM-
MEHCAllUN PEAKTUBHOW MOIIIHOCTH, CIEAYET ONMPEACIUTh PACYETOM C HMCHOJIb30Ba-
HHEM MPOrpaMMbl pacdera mepexoaHbix npoieccoB (Kommepueckue nporpaMmmbi
JUISL pacueTa IEPEXOAHBIX IIpoleccoB B anekrpuueckux cersax: NI Multisim,
Simulink, EMTP-RV, ATP-EMTP, MicroTran, RTDS Simulator, PSCAD-
EMTDC u ap.) u BeisscHuTh nipu kakoM uncie [P na BJI pe3onaHcHbIC TOBBIIIIE-
HUS HAMPSKEHUSI HE MPEBBIMIAIOT (PAa3HOTO HAMPSKEHUS U TOTOMY 0€30TacHbI JJIst
AIEKTPOOOOPYI0BAHUS.

PacueTHas cxema noJKHA MPEACTABISITE ONHOCTOPOHHE BKIHOUEHHYIO BJI ¢
pacnpeAeeHHbIMU apaMeTpamu, NOAKIIOYEHHbIMU K Hed LIIP, nmpeaskirouenHoe
PEaKTUBHOE COMPOTHUBIICHHE CUCTEMbl U BBIKJIIOUATEIb, MO3BOJISIONIUM CO3/1aBATh
HenoJIHO(ha3HbI pexuM. [ Gosee MpaBWILHOTO OMpEACICHUS HANpPSOKCHHS Ha
OTKJTIOYCHHOU (ha3e creayeT npuMeHaTh Ha BJI Momens KOpOHBI Ha MEPEMEHHOM
HaIpPsHKEHUH.

5.5 PexoMeHaanuu mno 3amure OT (eppope30HAHCHBIX MOBBINIEHUH
Hanpsixenuss BJI 330-750 kB ¢ P npu Haanuuu napauiebHoii BJI

5.5.1 Tlpu aByxcroponnem otkmoueHnn BJI 330-750 kB ¢ moakIr0YeHHBI-
mu P, kotopsie paboTaOT ¢ KOMIEHCAIIMEH PEaKTUBHON MOITHOCTH OJIM3KOM K
100%, npu Hanmuuuu napauienbHo BJI, Haxomsmieics moa HampsoKeHUEM, TOTO
K€ KJlacca HaIpsDKEHUS WK BBINIE BO3MOYKHBI PE30HAHCHBIC TIOBBIIICHUS HAMpsI-
YKEHUSL.

5.5.2 B 3aBUCHMOCTH OT CTEIIEHHU KOMIICHCAIIUH PEaKTUBHON MOITHOCTH OT-
xiroueHHou BJI paccrosHus mexny nmapauienbHeiMu BJI u qimmHON napauieibHbIX
ydacTkoB BJI pe3oHaHCHbIE TIOBBIMICHUS HAMPSHKEHUST MOTYT COCTaBIISATH
1,2-1,4 U, pas, 9TO coryiacHO 5.4.2 MOKET MPECTABIATh OMACHOCTD TSI H3OJISIIHH
anekTpoobopynoBanus, noakaouenHoro k BJI u OITH.
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5.5.3 Bo3MOXHBIC TIOBBIICHUS  HAMNPSHKEHUS TPU  OTKIIIOUYCHHH
BJI 330-750 kB c IIIP, nmeronux mapamienbabie BJI Toro e kiacca HampsKeHUs
WM BBIIIIE, CICAYET ONMPEACIIUTh PAacUyeTOM I10 MPOrpaMMaM MEePEXO0IHBIX TpoIlec-
coB U BbIACHUTH yucio IIIP Ha orkmrouenHou BJI, mpu KOTOpOM IMOBBILICHUS
HAIPSHKEHUS HE TIPEJICTABIISIOT OMMACHOCTH JIJIS N30 1K 06opynoBanus BJI.

5.5.4 Tlpu nnaHoBBIX WM aBTOMaTH4eckux oTkimoueHusx BJI 330-750 kB,
UMEIOIIUX CTENEeHb KOMIIEHCAIIMM €MKOCTHOTO Toka Omu3kyro Kk 100 % u ygacTok
napasuiesnibHo BJI Toro ke kiiacca HanpspKeHHS WK BBINIE CIIETYyET OJJHOBPEMEH-
HO C OTKJIFOUCHHEM JIMHEHHBIX BBIKJIFOYATEICH OTKIIOYUTh HE MEHEee OJHOM I'PyII-
i1 HIP.

5.6 PexomeHgauuu mo 3amure OT (eppope30HAHCHBIX MOBBINIEHUI
Hanpstkenuss B PY  Hanpsikennem 330 kB ¢ 3J1eKTpOMarHMTHBIMHU
TpaHcopMaTopaMu HANPSIKEHUsI

5.6.1 deppope3oHAHCHBIC TMOBBIICHUS HAMPSHKEHUS BO3MOXHBI TIPH OT-
kmoueHun cucteMsl muH OPY 330 kB ¢ snekTpoMarHUTHRIMEH TpaHChOpMaTOpa-
MU HaIPSKEHUS BBIKITIOYATEIISIMHA, TyTOTaCUTEIIbHBIE KaMephl KOTOPhIX HMEIOT He-
CKOJIBKO Pa3phIBOB, ITYHTHPOBAHHBIX EeMKOCTHBIMU JICITUTEIISIMH.

5.6.2 ®eppope3oHaHC HEBO3MOXKEH NPH OTKItoUueHUH muH OPY:

— 110 kB, mockonbKy ayroracuteNnbHble KaMephbl BBIKIIOYATENICd HMEIOT
OJIMH Pa3pbiB U HE UMEIOT EMKOCTH, IIIYHTUPYIOIIHE KOHTAKT;

— 220 kB, Ha KOTOPBIX MPUMEHEHBI TOJIBKO AJIETAa30BbI€ BBIKIIOUATEH, T10-
CKOJIbKY COBpPEMEHHBIE 3Jera3oBbie Bkimodarenu 220 kB mmeroT onuH pa3pbiB U
IIYHTHUPYIOIINE KOHJICHCATOPHI Y HUX OTCYTCTBYIOT;

— 750 B, mockonbky B OPY 750 kB mpumeHstOTCS TOJBKO €MKOCTHBIE
tpanchopmatopsl Hanpsbkenus (HIE).

5.6.3 OgHonuHeiHas cxeMa 3aMeneHus] (eppope30HaHCHOTO KOHTYpa MPHU
OTKJTIOYCHUU CUCTEMBI IIMH C 3JIEKTPOMArHUTHBIMH TpaHC()OpMaTOpaMu HAIps-
YKEHHUW NPUBEJCHA B IIPUIIOKEHUN A.

5.6.4 Jlna ompenesneHUsT BO3MOXKHOCTH BO3HUKHOBEHHs (heppope3oHaHca
HEO0OXOJMMO OTIPEICTUTh MapaMeTPhbl BCEX IEMEHTOB CXEMBI 3aMEIICHUS PUCYH-
ka B.5 npunoxenust B: cyMMmapHble eMKOCTH BBIKJIFOYATENCH, CUCTEMBI IIIUH U Xa-
PaKTEpUCTUKY HAMarHMYMBaHus TpaHchopMaTopa HapsHKEHHUS.

XapakTepuctuku HamarauduBanus, Hanpumep, TH HK®-220 u HK®-500
pUBECHBI B pUiIoKeHuu /1.

5.6.5 EMKOCTH, IIYHTHUPYIOIINE KOHTAKTHI OTEYECTBEHHBIX U HEKOTOPHIX 3a-
pyOexxHbIX Bo3ayIHbIX BhikTtouaTeneit 220-330 kB npusenens! B npunoxenuu E.

CoBpemenHnbie anerazoBble Boikitouarenu 330 kB, ycraHaBimBaeMble B
OPY, BeIMOMHAIOTCS ¢ ABYMs pa3pbiBamu Ha ¢a3zy. EMKOCTh, HIyHTHUpYIOIIAs 3TH

pa3psiBel, cocTaBisaeT nopsaka 1000-1500 nd.
[Ipumeuanue — [Ipu ycranoske B PV snerazopsix Beikimrouateneit 330 kB cienyer yrou-
HUTb y IIPOU3BOJUTEIEH BEIUYMHY EMKOCTH, IIYHTUPYIOLIEH KOHTAKThI BBIKJIFOUATEIIS.

CymMapHass eMKOCTh IIMH ONPENEISAETCS MapamMeTpaMH, NPUBEICHHBIMHA B
Tabmuue 5.2, BKIIO4Yaromue eMKOCTh CaMOM OIIMHOBKH U €MKOCTb Ha 3€MIIIO MOI-
KJIIOYCHHOTO K Hel oOopymoBaHus (BbIKIouaTened, pazbeaunurenei, TH, TT,
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OITH).

Ta6auna 5.2 — YcpeaHeHHbIe 3HAYeHHA eMKOCTell ¢ha3a-3eMJisl JIEMEHTOB
OPY 220-330 B [6]

Kaacc nanpsixenusi, kB 220 330
OwmmrHoBKa, /M 8,2-8,5 9,7-10,0
Pazbenunurens, n® Ha a3y 100-120 150-180
Brixiarouarens, nd 100-150 150-200
TH (HK®), n® na da3sy 300-350 350-400
TT, n® Ha dazy 400-450 800-850
OIIH, n® na da3zy 50 100

5.6.6 Ins OPY 220-330 kB ¢ tpancpopmaropamu Hamnpsixenus tuna HKO,
BO3MO>KHOCTb BO3HUKHOBEHUSI (peppOpe30HaHca NPHU OTKIIOUEHUU CUCTEMBI IIHUH
CJIEyET MPEIBAPUTENIBHO OIPENEIUTh 110 PUCYHKY 5.3 U YTOUHUTH PACUETOM C
UCII0JIb30BAaHUEM IIPOrPAMMBI IIEPEXOIHBIX MPOLECCOB C YYETOM KOHKPETHOHN Xa-
PaKTEepUCTUKY HAMATHUYMBAHMS 3JIEKTPOMAarHUTHOIO TpaHcopmaTopa Hampsxke-
HUSL.

JlaHHbBIE pacyeThl cleayeT MPOU3BOAMTH MpPHU BBHIOOpPE 0OOPYIOBAHMS MPO-
€KTHOM OpraHus3anueil B Ipolecce pa3padOTKH TEXHUYECKUX TPeOOBaHMI Ha 3a-

KYIIKY.

Pucynok 5.3 — O6sacTu cynecTBoBaHus eppoOpPe30HAHCHBIX MePeHATPSIKeHHit
samrpuxoBansl [5,6]: K, = C;,/(Cy, + C); C, = C; + Cy HOD,
rae: Cy,- cyMMapHasi eMKOCTh MeKIy Pa30MKHYTHIMM KOHTAKTAMHU BcexX BBIK/IOUYaTeeil, HD;

Cu - cyMMapHasi eMKOCThH Ha 3eMJII0 BCeX 2JIEMEHTOB OTK/JII0UeHHOH yacTn PY, HO.

5.6.7 lna npenotBpaieHus (Geppope30HaHCHBIX MOBBIMICHUN HANPSKEHHUS,
npu OTKIHYCHHUHN CUCTCMBI IIHUH C 3JICKTPOMAIrHUTHBIMU TH BBIKJIIFOYATCIISIMU, Y
KOTOPLIX AYIOTaCHTCIIBHBIC pPa3pbIBbl IIYHTUPOBAHBI KOHIACHCATOPAMU, HEO00X0-
AUMO IIpCAyCMaTprUBATb OAHO U3 CIICAYIOIIUX MGpOHprITHﬁ:

— MPUMEHEHHE AaHTUPE30HAHCHBIX TPaHCHOPMATOPOB HANPSHKCHHS, HAIPH-
mep, HAMU,

— YBCIIMYCHHUC CMKOCTHU CHUCTCMBI IIHNH ITYyTCM IIOAKIIFOUYCHHUA K HEH KOH/JICH-
caTopoB (HampuMep, KOHJEHCATOPOB CBsi3u). [Ipu 3TOM cymmapHas €MKOCTh MX
JOJI?KHAa OBITH I[OCT&TO‘-IHOﬁ JJI1 BBIBOJ1a CXEMBI U3 30HBbI, OMNACHOM C TOYKH 3pCHUA
dheppopeszonanca. HeoOxoaumas TOMOJHUTEIbHAS €MKOCTh OMPEACIsIeTCs pacueT-
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HBIM myTeM. [loIKIIF09aThCsi KOHACHCATOPHI K IMWHAM JOJKHBI 0€3 BBIKIIOUATE-
neit. Ecnu BBIKITIOUATE T UMEIOTCS, TO OHU HE JODKHBI OTKIIFOYATHCS TTPU OTKITIO-
YCHUSAX CHCTEM IIUH,;

— BBeJieHue 3anpeTa (py MPOM3BOJICTBE ONMEPATUBHBIX MEPEKIIOUCHUH, TIPH
pabote JI3LI/YPOB) Ha otkimtouenue ognou u3 BJI, orxonsmieit ot muu PY u ot-
KJIFOUEHHOM ¢ MPOTUBOMOJI0KHONW CTOPOHBI, TUOO Ha OTKJIIOYEHUE TpaHCchopMaTo-
pa unu aBToTpaHchopmaTopa, y KOTOpOro npeBapuTeIbHO OTKIOYEHO HaIpshke-
HUE CO CTOPOHBI OOMOTOK CMEXHOIr0 HampsbkeHus. TpaHcdopmarop, Mpucoenu-
HEHHBIN K OTKJIIOYAEMbIM IIMHAM, JIOJKEH UMETh 3a3€MJICHHYIO HEUTpaib 0OMOT-
k1 BH.

5.6.8 TlapannenbHast paboTa 3JIEKTPOMArHUTHBIX TpaHCHOPMATOPOB Hampsi-
xenust Tuna HK® ¢ tpancpopmaropamu Hanpsprkenus tuna HIAE nnmn HAMU we
npenoTBpamaeT Geppope30HaHC, MOCKOIbKY YCIOBHS BO3HUKHOBEHUS TapMOHHU-
4ecKux (PeppOope30HAHCHBIX MOBBHIICHUN HAMPSKEHUS B OTOM CIydae OMpesessi-
1otcs Tpancopmatopom HKO.

5.7 PexkoMeHgauuM 1O 3alUTe OT PE30HAHCHBIX TMOBBIIIEHUIT
Hanpsi:keHU PY ¢ KOMILIEKTHBIM 3J1era3oBbIM 000py10BaHHEM

KPYD 110-750 kB BBIMOTHAIOTCS € 3JIEKTPOMArHUTHBIMH TpaHCHOPMATO-
pamu HanpspkeHus. Beikmouarenn KPYD 110-220 kB umeror oauH pas3pbiB U 110-
Tomy (peppopezonanc B KPYD sroro kiacca HanpspKeHUs] HEBO3MOXKEH.

Brixmtouarenu KPYD 330 kB moryT umeTh Ba pa3pbiBa ¢ ITyHTUPYIOITUMU
emkocTsiMu 1000-1500 nd wa paspeiB. B 3TOM JH0MIKHBI MPUMEHSTHCS aHTUPE30-
HaHcHbIe TH.

[ToctaBmk KPYD nomxkeH moaTBepAWTh OTCYTCTBUE (eppope3oHaHca B
KOHKpeTHO# cxeme KPYD pacueroM u mpenocTaBuTh 3KCILTyaTUPYIOLIEH OpraHu-
3anmu [7]:

— tun BeIkTIouaTeneit KPYD u komndaecTBO pa3priBoB Ha (hazy;

— 3HAQYEHUSI EMKOCTEH, ITYHTUPYIOIINX Pa3pbIBbl BHIKIIOYATEIICH;

— YACJIbHYIO TOTOHHYI0 €MKOCTh IIIHH,;

— TMapaMeTpbl BBICOKOBOJIBTHON OOMOTKU TpaHCHOPMATOPOB HAIPSIKEHHUS,
npumensiembix B KPYD 330 kB (xapakrepucTrika HaMarHMuMBaHUs, 3HAUCHUS MH-
JTYKTUBHOCTHU PACCESIHUS U AKTUBHOTO COITPOTHBIICHUS OOMOTKH);

— TexHu4eckue peuenus urorosurenss TH, ucnonszyemoro B KPY3, no
peIOoTBpaIIeHUI0 (DepPOPE30HAHCHBIX MOBBIIICHUN HANPsHKEHUH MpHU OTKIIOYE-
HUU CHCTeMbl IMH W 3PPEKTUBHOCTH WX TMPUMEHEHUS B KOHKPETHON cXeme
KPVYD.

Ecnn antupe3zonancHeli xapakrep TH He moarBepxkpaercs, TO CIELyET
MPUMEHSTh MEPHI M0 MPEJOTBPAIEHUIO (HepPOPE30HAHCHBIX TMOBBIICHUN HAMpS-
KECHU:

— KaXJ10€ MPUCOEAMHEHNUE OTKII0YATh BBIKJIIOYATEIEM U COOTBETCTBYIOIINM
€My Pa3bEeAUHUTEIIEM;

— BBeCTH 3anpeT (Ipu MPOM3BOJICTBE ONEPATUBHBIX MEPEKIIOUCHUH, PU pa-
oore JI3II/YPOB) na orkmroueHue oxHoi u3 BJI, orxopsei ot mmd KPYD u

21



ITpoekt CTII
OTKJIFOUEHHOW C IMPOTUBOIIOJI0KHOU CTOPOHBI.

5.8 3ammTa OT pe30HAHCHBIX NMOBBINIEHUH HANPSKEHUH Ha BTOPOH
rapMoHuke B djiekTponepenadax 330-750 kB ¢ LIIP

5.8.1 Ilpu Brmouennn BJI 330-750 kB ¢ I1IP BO3MOKHBI nepeHanpsKeHus
Ha BTOPOM rapMOHHUKE, €CJId TepBasi COOCTBEHHAs YAaCTOTa CXEMbI OJu3Ka K 20.
Benuuuna nepeHanpspkeHuit Mmoxker cocTaBisaTh 1,2-1,45Uy pa, AIUTETBHOCTH CY-
IIECTBOBAHUS NEPEHAIPSIKEHUI 3aBUCUT OT MAPAMETPOB CETH M COCTABIATH HE-
CKOJIBKO CeKyHI [6].

5.8.2 OcHoBHBIE (PaKTOPBI, CYIIECTBEHHO BIMSIONIME HA BOSHUKHOBEHUE T1€-
pEHAIpPSIKECHUH BTOPOM TApMOHUKH, CICAYIOIIUE:

— BEJIMYMHA MUTAIOIIETO HANpsKeHHs. YeM BbIllle BEIUYMHA SKBUBAIICHTHOM
O/IC cuctemsl, TEM BBIIIE BEPOSITHOCTh BOSHUKHOBEHMS M YPOBEHb IIEPEHAIIPSIKE-
HU Ha BTOPOM FapMOHUYECKON HAIIPSKEHUS,

— MOILHOCTH NUTAOLIEN CUCTEMBI. llepenamnpsokeHnss Ha BTOPOM TrapMOHUKE
BO3HHUKAIOT TOJBKO IIPY BKIIIOYEHUH OT MAJOMOIIHON CUCTEMBI, KOTOpask XapakTe-
pHU3YyEeTCs BEIUYMHOMN MPEIBKIIOUYEHHOTO PEAKTUBHOTO COIPOTUBJIEHUS CETH, IIPU-
BEJICHHOTO K HanpspkeHuro kommytupyemoin BJI (X1). [Ipu Bennuune X1 MeHbIe
100 OM pe3oHaHC Ha BTOPYIO TAPMOHUKY MPAKTUUECKU HE Pa3BUBACTCH,

— BO3HUMKHOBEHME W BEJMYMHA TOBBINICHUS HanpsokeHuss BJI Ha BTOpOM
rapMOHHUKE CYIIECTBEHHO 3aBUCUT OT (pa3bl BKJIIOYEHUS BBIKIHOYATENS] OTHOCH-
tenbHO D/[C ceru. IIpu BkItoyeHUr B MakcuMyMm HamnpsibkeHus DJ1C noBwIeHUs
HaIpSOKEHHUs] MPU BO3HUKHOBEHHHM BTOPOM TapMOHMYECKOM MHUHUMAJIbHBI, MpHU
BKJIFOYCHUHU BOJIM3M HYJIsl HanpspkeHust (MAaKCMMyM TOKa) TOBBIIMICHHS HaIpsKe-
HUsT MakcuMaibHbl. [loCckonbKy (ha3a BKIIOUEHHUS BBIKIIOYATENS OTHOCHTEIHHO
O/JC cnydaitHa, TO IpU MPOYUX PABHBIX YCIOBUSAX CIydailHa W BEIUYMHA IMOBbI-
IICHUS HANPSHKEHUSI Ha BTOPOU TapMOHHUKE.

5.8.3 3ammTa OT MOBHIMICHHUS HANPsDKCHUS HACTPOCHA Ha JEHCTBYIOIIEE
3HAYEHUE HANpPSLKEHHS] U TIOTOMY HE pearupyeT Ha MOBBILICHUE HANPSIKEHUS Ha
BTOPOM FapMOHMYECKOW HalpsbKeHus. s perucrpanuy BOZHUKHOBEHHMs II€peHa-
NpsDKEHU Ha BTOPOM rapMOHHMKE HEOOXOJIMMa HAaCTPOMKa 3alllUThl Ha aMILIUTYI-
HO€ 3HAYEHUE MOBBILICHUS HAMIPSKEHUS.

5.8.4 Jlna cHUXKEHUSI BEJIMYMHBI MOBBIIICHUSI HANPSIKEHUS HA BTOPOM rap-
MOHUKe npu tiaHoBoM BkirodeHuu BJI ¢ I1IP Heo6xoaumo:

— MOHU3UTH HAIPSHKEHHUE Ha IIMHAX, K KOTOPbIM noakirovaercs BJI,

— BiuroueHre BJI mpoBoauTh OT muH 60Jee MOIIHOW U3 CHUCTEM, KOTOPHIE
OHA COCIMHSIET.

5.8.5 B naubosnee HEOMAronpusTHBIX PEKUMAaX BEIMYMHA U JIITUTEIHHOCTD
CYILIECTBOBAHMS NEPEHANPSIKEHUH HAa BTOPOM TapMOHHMKE MOXKET CYIIECTBEHHO
npeBbimate Hopmupyembie 'OCT 1516.3 BenmuuuHBI 17151 3JIEKTPOOOOPYIOBAHUSI.
B »TOM ciyyae pydHas CHHXpOHHU3AlMsl HEBO3MOKHA U HEOOXOJUMO MPUMEHSTH
MoJyaBTOMaTu4YeCcKkoe 3aMmbikanue BJI B Tpan3wur.

[TonHbBIN TUKIT ATUX ONEpalfil BKIIOYAET B ceOs:
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— OINEpPATUBHOE BKJIOUECHHUE JIMHUM C MEPBOIr0 3apaHee BHIOPAHHOTO KOHIIA
BJI;

— KOHTPOJIb TIOSIBJICHUSI pa00Yero HanpsHKeHUs;

— (hukcanusi OTCYTCTBUS TOBPEKICHNUS;

— yJaBJIMBAaHUE CUHXPOHU3MA;

— aBTOMATUYECKOE BKJIFOYEHHE BBIKIIOYATENSI BTOPOTO KOHIIA.

Takum 00pa3oM, UCKITIOUAETCS IITUTEIbHBIA PEXUM OJHOCTOPOHHETO BKIIIO-
yeHHOU BJI u, COOTBETCTBEHHO, HE Pa3BUBAIOTCA OIMACHBIE JJI JIEKTPOOOOPYHO-
BAaHUS NOBBIIIECHUS HAMPSHKEHUS OT BTOPOU TAPMOHUKH.

[TomyaBTOMaTHYECKOE 3aMBbIKAaHUE B TPAH3UT MOKET OBITH BBIMIOJIHEHO C TIO-
MOIIbIO IITATHBIX ycTpouicTB AIIB.

5.9 Pexomengauuu mno 3amure OT (eppope3oHaHCa B €MKOCTHBIX
TpaHcopMaTopax HANIPSIAKEHHUS.

OObIuHBIE €MKOCTHBIC TPAHCPOPMATOPHI HANPSKEHUSI UMEIOT UHIYKTUBHbBIN
MPOMEKYTOUHBIN TpaHC(HOpPMATOp U KOMIIEHCAIIMOHHYIO KaTylmKy. Bmecte ¢ nep-
BUYHBIM M BTOPUYHBIM KOHJEHCATOpPaMU OHM COJEP’KAT BCE KOMIIOHEHThI, HEOO-
xonaumbie st popmupoBanus (peppope3oHaHcHOU 1enu. [lo3ToMy €MKOCTHBIE
TpaHc(opMaToOpbl HANPSIKEHUS MOTYT T€HEpUPOBAThH (PeppOpPE30HAHCHBIE KOJIeOa-
HUs 0€3 JOMOJHUTENIbHOM MOCIeI0BaTEeIbHON MOIHOCTH. X KOHCTPYKIUS TOJIK-
HA HMCKJII0YaTh BO3MOXHOCTh YCTAHOBUBIIMXCSA (PEePpOPE30HAHCHBIX KOJICOaHUI BO
BCEX BO3MOXKHBIX YCIIOBHSIX 3KCILTyaTaI[i B COOTBETCTBUHU ¢ [8].

HaubGonee pacnpocTpaHeHHBIMU METOJaMM TalmieHusi (Heppope3OHaHCHBIX
KoieOaHuii B E€MKOCTHBIX  TpaHchopmaropax  HANpPsDKEHHS  SBISIOTCS
LC-pe3oHaHCHBIE IIENHU C MAJIBIMU TTOTEPSIMH.

[Ipu pa3paboTke TeXHHMUECKUX TpeOOBaHWUN Ha 3aKynKy eMKOocTHhiXx TH
CIEAYyET YKa3bIBaTh aHTUPE30HAHCHBIE cBoMcTBa TH.
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Ipuioxenue A
(cripaBouHOE)

JKCNEPUMEHTANbHbIC HCCIAEAOBAHUA, METOAbI HCIIBITAHUI U NPAKTHYECKHE
usMmepenus. Komnbrorepnoe moaenupoBanue peppope3oHaHCHBIX KOJIeOaHMH

A.l [lpu NpoeKTHPOBAHUU W DKCIUTyaTallMd MOJACTAHIIMA PEKOMEHIYETCS
MPOBOJAUTh MAaT€MAaTUYECKHE W HATYpPHbIE SKCIEPUMEHTHI MO OMNPEICICHHUIO BO3-
MOKHOCTH BO3HUMKHOBeHHSI DPII. Mertonnyeckne moaxoapl K MOJACIUPOBAHUIO U
U3MEPEHUIO 3JIEKTPOPU3NICCKHUX MPoLieccoB cBsi3anHbIx ¢ OPIT npusenens B [8].

A.2 U3mepenne peppope30HAHCHBIX KOJIeOaHUit

N3mepennsi 0OBIYHO TPOBOSTCS BO BPEMSI UCIIBITAHWUN HA TIEPEKITIOYCHUE,
9TOOBI BBISICHUTH, BOZHHUKAIOT JIU (DeppOpe30HaHCHBIE KOIeOaHMs B OTIPEICTICHHBIX
KoH(purypauusx. Hambosiee 4yBCTBUTEIBHOM TEpPEMEHHOM i OOHapyXeHUs
dbeppope3oHaHca SBISETCS TOK Yyepe3 MePBUYHYI0 OOMOTKY MHIYKTUBHOT'O TpaHC-
dopmaropa HamnpskeHus. 11 u3MepeHus 3TOro Toka, KOTOPbIA MpU HOPMaJIbHON
paboTe cOoCTaBIsieT HECKOJIBbKO MA, MOXKHO HCIIOJIb30BaTh JIBa aJIbTEPHATHUBHBIX
MeToza!

1. TokoBbIe KIJICIIM YCTAHABIMBAIOTCS BOKPYT 3a3eMJICHHS OOMOTKH BBICO-
KOr0 HampsbKeHus. B 3TOM cilyyae XapakTEpUCTUKHU MEPEeadyd TOKOBBIX KieHen
JOJKHBI OBITH pOoBepeHbI B nuarna3one yactot oT 0 I'q mo 10 kI,

2. U3meputenbupiii myHT 00b19HO 10 OM BBOAUTCS MEXTY KIEMMOUW 3a3€M-
nenus oomotku BH X u 3emneit. smeputenbHble KaOeau TOKHBI OBITh CKpyYe-
HbI U DKPAaHUPOBAHBI.

Pucynok A.1 — Cxema n3mepennsi (peppope3oOHAHCHBIX KOJIeOaHUI
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[Ipumeuanue — 3a3emieHHUE TIEPBUIHOM OOMOTKH HU B KOEM CIIydae HENb3s Pa3MbIKaTh
BO BpeMsi paboThl 1Mo TpeboBaHusM TexHuku Oe3omacHoctH (TKIT 427), Tak Kak B MPOTUBHOM
ciydae Ha kieMMe N BOSHHKHET BbICOKOE HampsbkeHue. [1o 3Toif ske mpruunHe pe3sucTop A0KEH
OBITh PACCUUTAH HA MAKCUMAIILHO BO3MOXKHBIN TOK Yepe3 MePBUYHYIO OOMOTKY. DIEMEHT 3alllH-
Thl OT MEPEHANPSHKEHUSI MEXKIY KIEMMOM 3a3eMJICHUSI U KIEMMOM 3a3eMJICHHs TIepBUYHON 00-
Motk N moimkeH ObITh YCTaHOBIJICH B KauecTBE Mephl Oe3omacHoCTH. B ciydae heppope3oHanca
MMMKOBBIC 3HAYCHUS TOKA MEPBUYHON OOMOTKHM OyIyT HaxoauThcs B mpenenax oT 20 MA 1o He-
CKOJIBKUX cOTeH MA. ToJbKO B KpaifHUX CiIy4asx oHH OynyT nopsiika 1 A.

JI71st mopoOHOro AKCIEPUMEHTAIILHOTO aHan3a MOBeIeHUsT Peppope3oHaH-
ca, Hampumep, NpoBepKa KOMIBIOTEPHOTO MOJIETUPOBaHUsI, TPEOYIOTCS MHOTOKA-
HaJIbHBIC U3MepeHus (BKJIIOUYasi HANPsHKEHUE HCTOYHUKA, HAMIPSDKEHUE HA HArpy3Ke
WHIYKTUBHOTO TpaHcopmaTopa HampspKeHUs, TOK dYepe3 JeMidupyromme
YCTPOMCTBA, €CIIM TAaKOBbIC MUMEIOTCS, U JOMOJHUTEIbHBIC CUTHANBI). Eciiu u3me-
PSIOTCST TOJIBKO HampspkeHus (pucyHok A.2, BEpXHSS KpUBas OCIUIIIOPAMMBbI),
0OBIYHO HEBO3MOYKHO YETKO Pa3IMUUTh KOJIeOaHUs 0€3 HACHIIICHHS CepACUYHUKA U
¢ HachbllieHneM ((eppope3oHaHC) U ¢ ONACHBIMH BBICOKUMH TOKAaMH B MEPBHYHON
obmoTke. O CTeneHU HACHIIEHUS MOKHO CYJUTh [0 aMIUIUTY/IE Y3KUX ITUKOB TOKA
(cM. pucyHok A.2, HWXKHSS KpUBas OCIHWUIOIPaMMbI). B TpuBeIeHHOM BBIIIE
MpUMEPEe aBTOMATHYECKUN BBHIKIIOUYATENh CpadaThiBall B MUK HAMPSDKCHHS. DTO
CUMTAETCS HAUXYIIIUM cOocTOosiHuEeM. KpuBas HanpspKeHHs JaeT CUTHAI 4acTOTOU
16 2/3 T'u. Tok vepe3 MepBUYHYIO OOMOTKY, KOTOPBI OOBIYHO COCTABJISIET ITOPSII-
ka 1 MA, nocturaer B Hauase 6osiee 100 MA u octaercs Ha nuke 50 MA B ycTtaHo-
BUBIIUXCS ycloBUsAX. O0e KpUBbIE TTOKA3bIBAIOT, YTO MHIYKTUBHBIN TpaHcopma-
TOp HAINpPSDKEHUS COBEpIIACT YCTaHOBUBIIMECS (eppOope30HAHCHBIE KOJIeOaHUS.
[lepBuyHasi 0OMOTKa MOKET OBIThH MEpErpeTa TOKOM uepe3 0OMOTKY pu (peppope-
30HAaHCHBIX KoJjieOaHusX. [T0CKOIbKY TOKM YTEUKH Ha W30JHPYIOLIUX TOBEPXHO-
CTSIX TOJCTAHIIMKA BBICOKOTO HAMPSHKEHUS MOTYT 3HAYUTEIBHO OCHAOWTh WU
PeIoTBPaTUTh (heppope3OHAHCHBIE KOJIeOaHUs, SKCIIEPUMEHTAIILHBIE MUCCIIEI0Ba-
HUSI B PACHPENCIIUTENBHBIX YCTPOUCTBAX C BO3AYIIHOW M3O0JISILUAEU CIIEyeT Ipo-
BOJUTH TOJBKO B CyXHMX MOTOJHBIX YCIOBUSX. MI3MepeHus: TOMKHBI BBIIOJHSITHCS
Ha BCEX Tpex (pazax OJHOBPEMEHHO Kak JIsi 0JHO(A3HBIX, TaK U I TpeX(Pa3HbIX
dbeppope30HaHCHBIX KOJICOAHUH.

Pucynok A.2 — U3mepenue oxHO(pa3HOro (peppope30HAHCHOTO0 KOJIeOaAHMS
HpnMep onpeacjacHus YCTaHOBJICHHOI'O 0)11-[0(1)331—[01"0 c[)eppope30HaHCHOr0 KoJIe0aHU C
yacroroii 162/3 I'y B sueiike 220 kB

A.3 MoaeaupoBanue (peppope30HAHCHBIX MPOLIECCOB
Kak u nnsa nmroGoit npyroit pusnyeckoi 3a1aun, UMEIOIIEH J1eJI0 C HeJTMHEH-
HBIMH DJIEMEHTaMHM, HE CYIIECTBYET OOIIEro caMOCOTJIaCOBAHHOTO aHAJTUTHYECKO-
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ro peuieHus JJisi MaTeMaTHYeCKOro MpecTaBieHus: (eppope30HaHCHBIX Koyeba-
Hui. [ToaToMy HEoOXOoaUMBbI YMCIeHHbIE MEeTOIbl. [loMrUMO MOJEenupoBaHuUs, KO-
TOPOE OMpeJesieT pelieHre, 3aBUCSIIee OT BPEMEHH, I TUCKPETHON KOH(UTY-
pauuM TakXe JAOCTYMHBI JPYTH€ METOJIbI, KOTOphIE MOKa3bIBAIOT O0JACTU CyIIle-
CTBOBaHHUS PA3IMUYHBIX PEKUMOB (eppope3oHaHca 0e3 He0OX0IUMOCTH OIpeieie-
HUS PEIICHUH, 3aBUCAIIMX OT BpeMeHU. HemocTaTkoMm MOcCHeqHuXx SBISETCS TO,
YTO ¢ HUMH TPYAHO padOTaTh HA MPAKTUKE, 1 OHU HE MOTYT MPETOCTABUTh HUKA-
Kol nHpopManuu 06 0KHUIaeMbIX opMax CUTHAIOB TOKA M HAIMPSHKEHUS U X CO-
OTBETCTBYIOIIUX aMIUIUTyAaX. MojenupoBaHue, ¢ APYrol CTOPOHBI, MPEIOCTaB-
aset oty uHbopMmanu. OgHAKO 3TO OTHOCHTCS TOJIBKO K KOHKPETHOM HCCIenye-
MOH KOH(UTYpallMK M HE TaeT HUKAKOTO O0IIEero pe3yiabTaTa.

A.4 XapakTepucTHKAa HAMATHUYMBAHMSI

Ha pucucynke A.3 mokazaHa TUHYHAS KPUBasi TUCTEPE3UCAa HHIYKTHBHOTO
TpaHchopmaTopa HampsoKeHHs. Pe3yibTaTel MOIETUPOBAHUS TIOKA3aJd, YTO JaXKe
HEOOJIbIIINE U3MEHEHUSI TapaMETPOB CXEMbI, a TaKXKE XapaKTePUCTUKU HAMarHu-
YUBAHUS MOTYT MPUBECTH K COBEPIIEHHO pa3HbIM pe3yibTaram. [1o 3Toit npuunHe
Ba)XHO, UTOOBI aHAJIU3 MaKCUMaJIbHO COOTBETCTBOBAJ peajibHOW KPUBOM HaMarHu-
YUBaHUS, B 00JIACTH HACKIIICHUS. PacueTHble KpUBbIE HAMAarHUYMBaHUS, UCXOS U3
CBOMCTB MaTepuaja, 9acTO MOTYT 3HAYUTEIbHO OTJIMYAThCS OT U3MEPEHHBIX KpH-
BbIX. TakuMm o0Opa3oM, UMEHHO H3MEpPEHHE 4Yallle BCEro MpeACTaBiseT Hambosiee
TOYHBIM BapUaHT OMPEACIICHUS XapaKTePUCTUKU HaMarHuuupauus. s msmepe-
HUS KPUBOM HaMarHWYHUBAHWS HEOOXOMMO MCIIOJIB30BaTh MPOBEPECHHBIC METOIHI.

Pucynok A.3 — IIpumep KpuBoii rucTpesnca TpanchopmaTopa HANPSIKEHUsI
Ha yacToTte 50 Hz]

Tem He MeHee, Haxke P MPOBEACHUU U3MEPEHUN HEOOXOIUMO TIATEIHHO
YYMTBIBATh Napa3uTHbIE BIHAHMS. [I0CKOIBKY HAC MHTEPECYET TOJBKO MAarHUTHOE
MOBE/IEHNE OCHOBHOW MHIYKTUBHOCTH, EMKOCTHbBIE 3(hPEeKThl OyAyT HUCKaXaTh pe-
3yJNbTaThl U3MEPEHUH. DTU Mapa3uTHbIE €MKOCTHbIE BIUSHUS OyJIyT BO3HUKATH
IIpU NPOBEJECHUU U3MEPEHHUI Ha COOpaHHOM TpaHcpopmarope HampspkeHus. Uto-
Obl M30€)atTh 3TOro 3(pQexra, peKOMEHIYETCS U3MEPATh XapaKTEPUCTUKY Hamar-
HUYMBAHUS TOJIBKO HA KEJIE3HOM CEPIICUHHUKE.
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Kpome Toro, Heo0X0IMMO rapaHTUPOBATh, YTO MOBEJEHUE HACHIILIEHUS Oy-
JeT JOCTYITHO JIO JOCTaTOYHO BbICOKOro Bo30yxaeHus H (). dopma kpuBoii
HaMarHUYUBaHUS, TOAXOAAIIAs i1 MOJEIUPOBAHUS, MIPEJCTABISIET COO0M mpe-
CTaBJICHHE IJIOTHOCTH MarHUTHOro motoka B(t) B 3aBUCHMMOCTH OT BO30YXICHUS
H(t).

JIpyroi BaxXHOW NEPEMEHHOM, BIMSIOIIEH HA TOYHOCTh PE3yJIbTAaTOB aHAJIMU-
3a U MOJEIMPOBAHUS, SBIISIOTCS MOTEPU B PEeppOPE30HAHCHOM KOHTYpE. DTH TO-
TEpH BJIMSIOT HA TO, CTAHET JIM KoJieOaHWEe yCTaHOBUBLIMMCS Uiu HeT. CxeMa Ha
pPUCYHKE 6 COACPKUT pazinyHble KOMIOHEHTHI 3KBUBAJIEHTHBIX noTeph. [loTepu,
BO3ZHUKAIOIME B CaMOM HMHAYKTHBHOM TpaHC(opmaTope HampsHKEHUS, 3aKIItoya-
IOTCS C OJIHOM CTOPOHBI B MMIEAaHce Zxc BHICOKOBOJIBTHOW 00OMOTKH. C Apyrou
CTOpPOHBI, HEJIMHEWMHOE CONPOTHUBIICHHE RFe MpeacTaBisieT co00M MoTepu U3-3a ru-
crepesuca B cepeunuke. [lorepu, BOZHUKAIOMME U3-3a MTOAKIFOYEHHBIX HArPY30K,
MpEACTaBICHbl UMIIEJAaHCOM Harpy3ku Zg. J[pyrue UCTOYHUKHU MOTEPh B pacrpe-
JIETUTEILHOM YCTPOICTBE, TaKU€ KaK TOK YTEUKU HM30JISITOPOB, TOK YEPE3 METal-
JIOOKCUJHBIE PA3PSIHUKUA UM KOPOHHBIC pa3psa/ibl CYMMHUPYIOTCS B CONPOTHUBIIE-
HUU Re, mapayensHoM eMkocTH 3eMiid Ce. B To Bpemsi kak motepu Tpancdopma-
TOpa HANPSHKEHUST B OCHOBHOM JIOCTATOYHO M3BECTHHI M3 CHeNU(UKAIMil mpous-
BOJUTENS, APYTUE MOTEPU PA3IMYAIOTCA OT MOACTAHLMU K MoacTaHIuu. OHU 3aBH-
CAT OT BPEMEHHBIX MEPEMEHHBIX, TAKMX KaK MOTr0Ja U CTENEHb 3arpsi3HEHUs, U B
OCHOBHOM HEHW3BECTHBI. B 3aBHCHUMOCTH OT THIA M KOHCTPYKIUU OOOpPYIOBaHUS
3HaYCHHE CONPOTHUBICHUS Re, 0€3yCIOBHO, MOXKET U3MEHSTHCS Ha HECKOJIBKO IO-
psankoB. TUMIMYHBIE 3HAYCHUS JUIS TOJCTAHIIMU ¢ BO3MyIIHON u3ojsnueit 420 kB
COCTaBJISIOT OT HecKOIbKHX MOM 10 Heckosbkux GOM. binaromaps 6a3o0Boi KOH-
CTPYKLIMU IIOTEPU B PACHPENECIUTEIBHBIX YCTPOMCTBAX C AJIEra30BOM M30JIILUEH
3HAUYUTEJIbHO HUKE, YEM B PacCHpeAe/IUTENbHBIX YCTPOUCTBAX C BO3AYIIHON H30-
JISIITACH.

A.5 Tpexdasnbie peppope3oHAHCHBIE KOJTeOaAHUS

B otnnuune ot ogHodazHbIX Geppope30HAHCHBIX KOHPUTYpaluil, uisl MoJe-
JUpOBaHUs TPeOYyIOTCS BCE MapaMeTphl, ONMMUCHIBAIOIINUE OTAEIbHbIE (da3bl, U J0-
MOJIHUTEIBHO BCE MapaMeTphl, OMUCHIBAIOIINE UHAYKTUBHYIO U €MKOCTHYIO CBSI3b
Tpex (a3, HaAmpUMeEp, CBI3b Uepe3 CUIIOBOM TpaHcPOpMaTOp U pasleluTeIbHbIC
e€MKOCTHU. JIOTIOTHUTENIbHO HEOOXOAUMBI JJAHHBIE O TUIIE U MapaMeTpax CUIOBOTO
TpaHnchopmaropa.
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uim | FAA | resistor Weco) .open”
¥, [ | [
) f . M I : L1 s ! o~
e / cb Lgpvit L'ssvit cb
Phase i Ry Leary | sk S y
L1 Cou Legui Rwp i B MM (- :
| ) ) ] Ring T Riwsvi H I
A s — - 1 L'n ]
Cei Rrept J’ ,'-’t—r'.' iH’g ;' [ ' j’ RS :
[ [ - - f -
Casty :’/—- Reavt Lyis R's :
r I
Ryats I
M 4 I
U [—n— : { |
5, -t ~ L ~ L2 : =
& L I — >—L
= Phase cb I v ey (e
L2 15 ; e e L«_~—L !
b, / 1
[ 2 J& '+ (] . il
o - | i
I | ' | f h jcentral
non lgarthed
aarthad | : point
/T starpaint H - f
] L* -
Uit [—!I—- ! = :
) AL - et —i—
Phase b J e ver I b
I ]
L3 iy ! L—"‘ Y .
. — I . I
T & 4 Bl v .
# [ ] 1
I | | f r [li [
| L i
i I I I
- l . - :

PucyHok A.4 — Cxema 13 Tpex oaHoda3HbiX TpaHCPOPMaATOPOB HanpAXeHUA
ANnA uccnepoBaHusA TpexdasHbiX peppope3oHaHCHbIX Kone6aHumn

A.6 OnHodasnbie peppope3oHaAHCHBIE KOJIEOAHUS
Ha pucunke A.5 mokaszanbl OOIUEe MPUHIUIUAIBHBIE CXEMBI JIJIS aHaln3a

oaHoda3HbIX (heppope3oHaHCHBIX Konebanuil. Ha pucynkax A.5a u A.50 mokasa-
HBI JIBa PA3IMIHBIX CIIOCO0a BO30Y K ICHUS.
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Pucynok A.5 — DilekTpudecKkne Lenu AJisl TEOPEeTHYECKOTr0 aHAIN3a
0IHO(pA3HBIX (PepPOPE30HAHCHBIX KOJIeOaHU
a) Bo3oy:xxnenue eppope3oHaHCHBIX K0JIeOaHUI Yepe3 rpaTyupoBOIHbII
KOHIEHCATOP BBIKJIIOYATEIH
0) Bo3oy:xnenue geppope3oHaAHCHBIX KOJIEOAHUI Yepe3 eMKOCTh
napajjieJibHON CHCTeMBbI

rae, Cc — EMKOCTB CBSI3M ¢ mapajljieJIbHOW CHCTEMOIi 00J1ee BHICOKOT0 YPOBHA HanpsikeHusi; Cg —
EMKocTh BEIpAaBHMBAIOILET0 KOHIEHCATOPa BhIKII04YaTensi; Ce — Buemnee conporuBienue ¢asza-
3eMJIsl ,HANIPMMeP CKBO3HbIE TOKH B I'PSI3HBIX MIOBEPXHOCTSX, KOPOHA TOKH M TOKH METAI00KCH/I-
HBIX pa3psaHUKOB; Rre — HeimHeliHOe conpoTHBIeHHE, IPEACTABIAIOLIEE TOTEPH B CTATU HHIYK-
TuBHOTO TH; L\, — HestuHeiiHas 0CHOBHASI HHIYKTHBHOCTH BBICOKOBOJIbTHOW 00MOTKY WHIYKTHB-

Horo TH; u(t) — Hanpsiokenue ¢a3a-3emMJisi mepe aBTOMATHYECKUM BBIKJIIOYATEIEM B CHCTEME;
Uo(t) HanpsizkeHue coceHeli cucTeMbl 00J1ee BLICOKOT0 YPOBHS HANPSIZKEHHSI, ¢ KOTOPOii eMKOCT-
Hasl cBsi3b; Tpanchopmartop Hanpsixenuss TH — Zg; — [lo1HOe conpoTUBJIeHHE HATPY3KU BTOPUY-

HOIi 00MOoTKH 1 (COMpoTHBJIeHNE HATPY3KH H HHAYKTHBHOCTB); Zg>— [los1HOE conpoTnBieHune

HATPY3KH BTOPHYHOH 00MOTKH 2 (COMPOTHRJIEHHE HATPY3KH H HHAYKTUBHOCTB); Zc — ITostHoe co-
nporuBJieHne 06MoTkn BH (compoTuB/ieHNe U apa3suTHasi HHAYKTUBHOCTD); Zn — IloJsiHoe compo-
THBJIeHHe ceTH; Zns: [loJiHOe conmpoTHB/IeHNe BTOPHYHOI 00MOTKH 1 (COMPOTHBIIEHHE U TIAPA3UT-

Hasl HHAYKTUBHOCTB) Zns? — [lo/THOE conpoTHBIIeHe BTOPUYHOH 00MOTKH 2 (COMPOTHBIIEHHE U

napa3suTHasi MHIYKTHBHOCTD)
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A.7 MeToanka pacyera ¥ peKOMEHIAIUN M0 MOCTPOEHUI0 MaTeMaTHye-
CKOH MoOJeIH

A.7.1 Onucanue MaTeMaTH4YecKoi Moaenu [4]

MareMatnyeckoi MoJenbl0 (PeppOpe30HAHCHBIX SBICHHM B CETSIX HOMH-
HaJgbHbIM HanpspkeHueM 110 kB u Bbllie npu KOMMyTaIuy BBIKJIIOYATENIEH, UMe-
IOIIUX KOHJIEHCATOPHI, IIYHTUPYIOUIME AYTOTaCUTEIbHBIE YCTPOMCTBA, SBIISIETCS
CUCTEMa HEJIMHEWHBIX Tud(epeHInanbHbIX ypaBHEHUH, OMUCHIBAIOIIUX CXEMY
3aMellleHus], IPEACTABICHHYIO Ha pucyHke A.6.

1 Cs 2
T i—l T ;
| | L—. i ] L I
: Ly Ro : = | (R ke :
i —— i og o i1 Lo
I — I 1 i I
i fo R i i 1 Iy i
H () ’9 q : i —t R: |11. ilLT Lou(d
¢ | c3 : Ig \
: c I 1 1
) I 1 1
' | | ! I
: I 1 | O
| ! | = |
! 1 ! - 1

Pucynok A.6 — DilekTpuyeckasi cxeMa Mo/ieJIH 1JIsl Hcc/iel0BaHus (heppPOPe30HAHCHBIX
NpoLeccoB B3anMoeiicTBUs TpaHcGopMaTOpa HANPSKEHUS C eMKOCTSIMH CeTH

1 — WUCTOYHWK NWUTaHMUS; 2 — WUCMbLITYEMbI TpaHcdopmaTop; UM) — UCTOYHUK CUHYCOMAANBHOTO HanpsikeHus; uzx(f) — HanpsbkeHne Ha
BTOPWYHbIX BbIBOAAX UCTBITYEMOro TpaHCcopMaTopa; /o — TOK UCTOYHMKA NUTAHUS; /c — COBCTBEHHbIM TOK UCTOYHUKA MUTAHUS; e _ TOK YEpes em-
KOCTb, LUYHTUPYIOLLYIO KOHTaKTbl BbIKIIOYATENS; /cs — TOK Yepe3 SKBUBANEHTHYIO eMKOCTb 3MeKTPooGOpYA0BaHUS Ha 3EMI0; — TOK, Yepe3 NepBUYHYHO
06MOTKy TpaHcopmaTopa HanpskeHWs; ir, i — TOK Yepe3 BETBb LENN HaMarHW4vMBaHWs B CXemMe 3aMeLLeHWst UCTbITyeMoro TpaHcdopmaTopa; Lo,
Ro, R, C— napameTpbl UICTOYHUKA NUTaHWst; B — Bbikntoyatenb; Cs — eMKOCTb MeXAy KOHTakTaMu Bbikntoyatens; Cz — cymMmapHasi 9KBUBaneHTHast
€MKOCTb Ha 3eMIto; R1 — aKTUBHOE COMpPOTUBIEHME NepPBUYHON OGMOTKU MUCMbITYeMOoro TpaHccopmaTtopa; L — MHAYKTMBHOCTb paccesiHus oBMoTKY
BH ucnbiTyemoro TpaHcdopmaTopa; Rt — COnMpoTvBIeHNe, SKBMBaNEHTHOE MOTEepsIM B CTanu UCMbITYeMOro TpaHcdopmaTtopa; Lt — HenuHeHas
VHOYKTUBHOCTb UCTIBITYEMOTO TpaHcgopmMaTopa

[Ipu BoCcipOM3BENECHUHN YCIIOBUM PEAbHOW CETH WCTOYHMUK ITUTAHUS IPEJ-
CTaBJICH WHIYKTUBHOCTHIO KOPOTKOTO 3aMbIKaHUs Lo M mapamiensHO MOAKIIOYEH-
HOM K MCTOYHUKY CXEMOW, BOCIIPOM3BOIAIIEH NEPEXOIHBIE XapAKTEPUCTUKHU CETU
cornacHo ['OCT 687, npunoxenue 6. Tam xe mpuBeaeHbl GOPMYIIBI U PUMEPHI
pacdeTa 3TUX mapameTpoB. B mpuBeneHHON Ha pucyHke A.6 cxeMme MpUMEHEHa
YIPOIIEHHAs! CXeMa BOCIIPOM3BEACHHUS MapaMeTPOB CETH, COCTOSIIAs U3 HEMOYKU
R—C, cornacuo I'OCT 687.

[Ipu Bocmpom3BeIeHNN HUCIIBITAHUN TpaHchOpMaTopa HaNpsHKEHUs B 1abo-
paTopHBIX ycloBUsAX Lo — 3TO MHAYKTHBHOCTH paccessuus oOMoTku BH wucmbiTa-
TeapbHOro Tpancdopmaropa, Ro — conporusienne oomorku BH noctostHHOMY TO-
Ky, C — cobctBeHHass emkocTh 00MOoTkH BH, a 3HaueHne R MokeT ObITh MPUHSTO
paBHBIM HYJ0. WHIYKTUBHOCTBIO paccesHHusl U aKTHUBHBIM COIPOTHUBICHHEM 00-
motok HH tpanchopmaTopoB, kak UCHIBITYEMOTO, TaK U HCHIBITATEILHOTO, MPEHe-
Operator. KpuByto HaMarHU4MBaHUs UCTIBITATEILHOTO TpaHCPOpMaTOpa HET HEOO-
XOJIMMOCTH BOCIIPOU3BOJINTH, TaK KaK OH MO OMpPEACIICHUIO JTOHKEH BOCIPOU3BO-
JUTh CUHYCOWIAJIbHOE HAaNpsDKEeHUE 0e3 MCKaKeHHs ero (OpMbl BO BCEM JHaria-
30HE HCIBITATEIIBHBIX HAMPSIKCHUA, HEOOXOAMMBIX JUIsl TAHHOTO HCIBITYEMOTO
TpaHchopmaropa.
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Takum oOpaszoM, s MoAenupoBaHus (HEeppOpPe30HAHCHBIX MPOIIECCOB MO-
XKET OBITh IPUMEHEHA OJHA W Ta K€ KOHPUTYpAIls CXEMbI 3aMEIICHUS U, COOT-
BETCTBEHHO, O/IHA U Ta € CHUCTeMa YpaBHEHHH, ee OToOpakaromias, Kak IS pe-
IBHOW CETH, TaK W JJIs1 TJAOOPATOPHBIX UCIIBITAHHUM, C Pa3HUIIEH JIUITh B 3HAYCHU-
X TIapaMeTPOB UCTOYHHKA.

PaccmaTpuBaercs HeHarpyXKeHHbBIH TpaHCPOPMATOP HANIPSDKEHUS, TaK Kak B
ITOM CJIy4ae MarHUTOIPOBOI HAMAarHMYMNBAETCSl B HAOOJIBIIIEH CTETICHH.

Cucremy nuddepeHIaTbHBIX YpaBHEHUH TIEPBOTO MOPSIKA JJIsi TPUMEHE-
HUSI MAIIMHHBIX METOJIOB YMCICHHOTO MHTETpHpOBaHus, Harpumep Pynre — Kyrt-
Ta, MPEJICTABISIOT B hopMe:

ay;
E = f(Yl’ YZ . YTU t), (Al)
riae, | — MOpSIKOBBIA HOMEpP MCKOMOW mepeMeHHOH oT 1 10 N u cootBer-

CTBYIOLIUI €eMy HOMEpP YpaBHEHHUS;

N — YUCII0 ypaBHEHUH;

t — Bpems Kak He3aBUCHUMAasl IEPEMEHHas!.

Jlist cxeMbl, MpeACTaBIeHHON Ha pucyHke A.6, cucreMa ypaBHEHUI BBITIIS-
JUT CIEAYIOUUM 00pa3oM:

d_io — ul(t)—ioRO—uO—ioR (A 2)
dt Lo '
du. . l_C

at ¢ (A-3)
ducg  icp

o C (A.4)
ducs g

? c. (A5)
d_il — Ucz—i1R1—(i1—1y)Ry (A 6)
dat Ly '
d_iH _ (il_iH)RT

dt L, (A7)

B 3THX ypaBHEHUSX Ic, Ics U lcs BRIYUCISIFOT CIICIYIOIIUM 00pa3oM:

. di
Uy () =igRo—Lo—g o —Uc

eciu R # 0.T0 i, = - (A.8)
iCB = iO - ic (A9)
leg = leg — Uq (A.10)
o i1
ecii R = 0,TO iy, = ﬁ (A.11)

C'Cg Cg
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HenuHeliHy0 MHIYKTHBHOCTH MCIIBITYEMOTO TpaHC(hOpMaTopa ONMpeaesioT
10 KpMBOH HaMarHu4uBaHus (CM. pucyHok A.5):

L, =Zm (A.12)

dim

MrHoBeHHbIE 3HAYEHUS! TMOTOKOCIEIUICHHS W €ro MepBOW IMPOU3BOIHOM
OMPENENSAIOT METOJaMU HWHTEPHOSLUUUA WM alMPOKCUMALUA AHATUTUYECKON
byHKIHEH MO SKCIEPUMEHTAIBHO OMPENENIEHHON XapaKTepUCTUKE HaMarHUYMBa-
Hust (cM. pucyHOk A.5).

A.7.2 OnpeaejieHue MapaMeTpoB cXeMbl 3aMellieHusi TpaHcdopmaTopa
HANIPSKEHU S

Omnpenenenre NOJTHOTO CONPOTUBICHNUS KOPOTKOTO 3aMbIKaHUSI, OMUYECKOTO
COIIPOTUBIICHUSI OOMOTKH BBICOKOTO HAMPSXKEHUS M IOTEPh XOJIOCTOTO X0/1a UCTIBI-
TyEeMOI'0 U UCTIBITATENIbHOTO TPaHC(HOPMATOPOB

ConpoTHBIIeHHE KOPOTKOTO 3aMbIKaHUS, IPUBEIEHHOTO K CTOPOHE BBICOKO-
ro HanpsoxeHus: ZKgh:

7K, = 7K., (5)2 (A.13)

HH

rne, UsH — M3MepeHHOE HanpspKeHHE Ha OOMOTKE BBICOKOTO HAIPSDKCHUS
(BH);

Unn — U3MEpEeHHOE HanpspKeHUEe Ha 00MOTKe Hu3Koro Hanpsbkenus (HH).

ComnpoTuBieHUE KOPOTKOTO 3aMbikanus ZKHH

ZKypy = 2

Iy

(A.14)

rae, Uk — U3MepeHHoe HalpspDKEHHE M0JaBaeMOro Ha OCHOBHYIO OOMOTKY
HU3KOr0 HaNpsHKEHUS! PU 3aKOPOYEHHOM 0OMOTKE BBICOKOTO HANPSKEHHUS;

|« — I3MEpPEeHHBIN TOK MM0/IaBA€MOT0 Ha OCHOBHYIO OOMOTKY HHU3KOTO Hamps-
YKEHUS IPU 3aKOPOUYEHHON OOMOTKE BBICOKOTO HAIPSIKEHUSL.

3HaYeHUE NHIYKTUBHOCTU PACCESIHUS C yUETOM AKTUBHOTO CONPOTHUBIICHUS

NEePBUYHON OOMOTKH HampsKeHUs L.

/zxgﬂ—Rf
L,="— (A.15)

p 27T fuom
rae, Rl — U3MCPCHHOC aKTHMBHOC COIIPOTUBJICHUC HepBHqHOﬁ 00OMOTKH I10-

CTOAHHOMY TOKY.

3HauCHUE COMPOTUBIICHUS, SKBUBAJICHTHOIO MOTEPSIM B cTamu Rt ompene-
JIAKOT 110 JaHHBIM I/ISMepeHI/Iﬁ MOHIIHOCTHU aKTHBHBIX ITIOTCPb PcT B OIIBITC XOJIOCTOT'O
Xoaa:

2
R, = L& (A.16)

Per
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A.7.3 DxkcnepuMeHTa/IbHOE OMNpe/ieleHHe XapaKTEePUCTHKH HaMarHu-
yuBaHu [4]

XapakTepUCTUKY HAMarHUYMBaHUS TpaHchopMaTopa HampsHKEHUs Ompejie-
JISIIOT B OMBITE X0JIOCTOrO xoja. [Ipu Kaka0oM U3MEpEeHUH YCTaHABJIMBAIOT MO aM-
NepMeTPy HY>KHOE 3HAYEHHE TOKa M OCHUIOrpadupyroT TOK M HampshKeHue. 3a
3HaueHue |, MpUHUMAIOT aMIUTUTYAHOE 3HaYeHue Toka. COOTBETCTBYIOIIEE 3HAYE-
Hue W onpeaensitor UHTErpUPOBAHUEM:

w(t) = [ (u—i-R)dt, (A.17)

rjie U ¥ | — MrTHOBEHHBIC 3HAYCHHUS TOKA M HAIPSHKCHUS,

R — conpoTtuBieHHEe 0OMOTKH ITOCTOSHHOMY TOKY. 32 Ha4aJlo HHTEIPHUPOBa-
HUS IPUHUMAIOT MOMEHT HYJIs ToKa. 3HaueHue W  onpeaesnstor, Kak aMILTUTYTHOS
snauyeHue P(t).

W, B6 [ mnmnemnne- S A S S F— i

R LLILTIE I

............................................................

..........................

0

Pl/lcyHOK A7 - 3KC1’[epI/IMeHTaJIbHO MMOJIYYCHHasi KpUuBasi HAMarHu4uMmBaHUA

A.8 PacueT HHAYKTHBHOCTH TPpaHc(opMaTopa HANPSIKEHU s
C yuérom yBenMYeHMS WHIYKTUBHOCTH, 3@ CUET HEIOJIHOTO HACHIIICHHS B
1,3 paza, momyueHa ¢opmyna s pacuéra MHAYKTHUBHOCTH HachkimeHus TH [2]:
NunyxtuBHOCTh HackieHus Ls TH onpenensiem no BeIpaXxeHUIO

2
Ly = 13702 (Ky — K)to, T (4.18)

e, ® - YHCIIO BUTKOB IIEPBUYHON OOMOTKH;

d - cpennumii JuaMeTp OOMOTKH, M;

a - BeIcOTa OOMOTKH, M;

K., K - koaddunmentsr popmbl 00MoTKH, pruHUMaeMble 10 [9] (Talmiuibl
6.2 u 6.6);

Wo - MarHuTHasdA IIPOHHUIACMOCTb BO3AYyXaA.
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BripaxkeHnue niis pacuera MHIYKTUBHOCTH X0JIOCTOTO x0/1a Lyx

100 /(st)2+R§H
L,, = , ['H (4.19)

xx — wE},
rae, Ex — HanpspkeHre KopoTkoro 3ambikanus, %. Beaununubl Eq u Ray (co-
IPOTHUBJICHHE MEPBUYHON OOMOTKH IMOCTOSHHOMY TOKY) — II0 JAaHHBIM H3TOTOBHU-
tenen TH.
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Hpuaoxenue b
(cripaBouHOE)

YerpoiicTBa 1Jist moaaBJieHus (3aTyxaHus) peppope3oHAHCHBIX KOJIeOAH Ui

JlonoaHUTENbHBIE JEMIT(UPYIOLIME YCTPONUCTBA YCIENTHO MPUMEHSIIUCh Ha
HIOJICTaHIUSIX BBICOKOTO HampspkeHus [8]. deppope3oHaHCHBIE KOJIEOAHUS MOTYT
MPOUCXOJUTh B JIBYX pa3HbIX pexumMax. Oanodasubiii u Tpexdaszubiii heppopeso-
HAaHC HEOOXOAMMO pa3iInyaTh U 00padaTbiBaTh MO-pazHoMy. s rameHus oaHo-
ba3HbIX (GeppOpe30HAHCHBIX KOJIeOaHUW K BTOPUYHOM OOMOTKE KaKIOW (asbl
TpaHchopMaropa HaNpPsKEHUS MOAKIIOYAIOT — JeMI(UPYIOUIEE YCTPOMCTRBO.
Hemndupyroniee ycTpoiiCTBO MOXKET ObITh BBITIOJHEHO B BUJIE!

— Pesuctopsl (MMHEHHBIC WM HEUHEHHBIC) Pe3ucTop MOIKEH MMETh TaKue
pa3Mepsbl, YTOObI BBIICPKUBATh YCJIOBHUSI MOCTOSSHHON pabOThl M JOMOJHUTEIHHO
KpaTKOBPEMEHHYIO0 paboTy MO rameHuio ¢peppope3oHaHca ¢ aanadaTuyecKuM Io-
BBILIEHUEM TEMIIEPaTypbl

— Hacelmmaembie KaTymky: Tpu HOPMaJbHOM paboTe 3Ta KaTyllka UMEET
HU3KHE TOTEpH, BO BpeMs (eppOpe30HAHCHBIX KOJeOaHWN KaTyllKa JOCTUTaeT
HACBIILIEHUS U MPEACTABISIET cO00M OONbIINE MOTEPH, MOAXOASIINE ISl TalleHUs
KosieOanuil. Pacuer pabodero HampspKeHUs KaTYLIKH JOJDKEH OCHOBBIBATHCS Ha
yKa3aHHOM KO3 PHUIEHTE HAPSKEHUS.

— KombOunanus pe3ucTtopoB U KaTylleK MpU HOpMajbHOW paboTe 3Ta Ka-
TyIIKa U PE3UCTOP UMEIOT Majble MOTEPH, BO BpeMs (heppOpe30HAaHCHBIX Kojeba-
HUM KaTylIka JOCTUIaeT HACBIIIEHHUS M BMECTE C PE3UCTOPOM MPEICTaBISET
OO0JIbIIME NOTEPH, TOAXOAAIIME JUISl TallleHus KojiebaHui. Pe3ucTop orpaHu4nBaeT
TOK uepe3 KaTyuiky. Pacuer pabodero HanpspKeHUs KaTyIIKd U pe3UcTopa, Coeau-
HEHHBIX IOCJIEI0BATEIBHO, TIOJKEH OCHOBBIBATHCS HA YKAa3aHHOM Kod(duimeHrte
HaIPSHKCHHUS.

— Katymika B coueTaHuM ¢ KOHIEHCATOpOM (HACTPOCHHBIM Ha 4acToTy ¢ep-
pOpe30HaHCa) KaTyllka W KOHICHCATOP HACTPOCHBI HAa PE30HAHCHYKO YaCTOTY
deppope3oHaHcHbIX Kosebanuii (Hampumep, 16 2/3 I'u, 10 ', 7 1/7 T'). B cyuae
Konebanuii cxema 3(p(HEeKTUBHO WX racut. J[Jis KakaoW 4acTOThl JOJKHA ObITh
NOJIKJIFOYEHA OTAENIbHAS LIEMb.

[Tpu monkmoueHUN AeMI(pUPYIOMIErO YCTPOHCTBA U YKa3aHHOW HArpy3Kd K
BTOPUYHON O0OMOTKE TpeOOBaHMUS K TOYHOCTU JIOJKHBI COOTBETCTBOBATH YKa3aH-
HeiM 3HayeHusM (COCT 1983). Yacto ymaeTcss MOAKIIOUNTH TpaHCHOpMATOp

HaIPsSHKEHUs C €r0 HOMUHAJIbHOM HATPY3KOHU.

HpI/IMC‘{aHI/IC - HpaKTI/ILIHbIM PCHICHUCM TaKKEC ABJIACTCA IMOAKIFOUCHUC I[eMl'ICI)I/Ipy}OH_Ie-
T'O YCTPOICTBa B OTKPBITOM TpeyronbHuKe. ClieyeT OTMETUTh, YTO ITO pElIeHHe He OyneT pa-
00TaTh, ecnu Bce TpH (a3bl OyAyT MOKa3bIBATh OJIMHAKOBEIE (PepPOPE30OHAHCHBIE KOICOAHMS.

lamenne 3-da3Hpix Gheppope30HaHCHBIX KOJEOAHUI MOXKET OBITh peaan3o-
BaHO B COCIWHEHUU TPaHC(POPMATOPOB HATPSHKCHHUS PA3OMKHYTHIM TPEYTOJbHU-
KOM B (UJIepHOM siueliKe WK B HEUTpaIu CUIOBOr0 TpaHchopmaropa.
B o06oux ciyuasx HE0OXOMMMO yYHTHIBATh, YTO JeMII(pHUpYIOIIee yCTPOii-
CTBO CTCIHATBHBIX Pa3MEPOB JIOJDKHO BBIICPKUBATH 3aMbIKaHUS (Da3bl HA 36MITIO B
cetu (1,9 Un; 8 4).
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DOxoHoMu4eckast 3(PPEKTUBHOCTD, KaKy0 aTbTEPHATUBY MOKHO HCITOJIB30-
BaTh, PEIIACTCS B KAXKJAOM HHAUBUAYATHLHOM CiIydae. YacTo MCIOIb3yEeMBbI METOT
neMigupoBanus TpexdasHoro Geppope3oHaHCa 3aKII0UYAeTCs] B MOJKIIOYEHUU
IeMI(PUPYIOLIETO YCTPOUCTBA CIIEIMATBHOTO pa3Mepa K COCTUHEHHIO OTKPBITOTO
TPEYroJibHUKa TpaHchopMaTopa HAMPSOKCHHs, HAPUMEDP, MOXKHO TOJIKIIOYUTH
ycTpoiicTBa 3amuThl oT peppopesonanca C3Tu nau C3TH-2 [10].

B kadecTBe mpuMepa mpUMeHEHHUs TeMI(UPYIONUX YCTPOUCTB MMPUBOINATCS
cxema (pucynok B.1') s orcrpoliku ot heppope3oHaHCHBIX KOJIeOaHuiA.

Pucynok b1 — CxeMa ycTaHOBKH AeMII(UPYIOLIET0 YCTPOiicTBA

MOXXHO HCMOJB30BaTh AJIBTEPHATUBHYIO MeEpYy JAeMI(pUPOBAHUS, €CIH
TpaHc(opMaTOphl HAMIPSKEHUS B siueiike (UIepoB HE UMEIOT OOMOTKH JJIsl COe/IH-
HEHHUSI TI0 CXEME€ «OTKPBIThI TPEyTroJbHUK». JlOTMOTHUTENbHBIA TpaHchopMaTop
HaIpsOKEHUS YCTAHOBIIEH B TOYKE 3BE3/bl HA BTOPUYHOW CTOPOHE CHUIIOBOTO
TpaHchopmaropa. C MOMOUIBIO IEMIIPUPYIOIIETO0 YCTPOMCTBA CIIEUUATBHBIX pa3-
MEpPOB MOXHO MOJIaBUTh (PepPpOpPE30HAHCHBIE KOJICOAHUSI.

Jns mopaBneHus (Gpeppope30HAHCHBIX KOJIEOAHUI B ILEMSAX T'€HEPATOPHOIO
HaIpSHKEHUST TOXKE MOXKET NPUMEHSATHCS PE3UCTUBHOE 3a3€MIJIEHUE HEWUTpalu ¢
yueToM pekomenmaruii [11]. TIpumep cxembl 3a3eMJICHUS HEWTpalid MPUBEICH HA
pucynke b5.22,

Pucynok b.2 — Cxema ycTaHOBKH TpaHc(opMaTopoB
PEe3UCTHBHOIO 3a3¢MJICHUS HeHTpaIu

!, 2 TIo npemnosxenuto PYII «Benopycckas aToMHas 31€KTPOCTAHIIIA»
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Hpuaoxenue B
(cripaBouHOE)

CxeMbl 1 OCHOBHBbI€ TPUHIHUIIBI KOHCTPYKTHUBHBIX PelIeHui
anTupe3onancubix TH 6-35 kB

B.1 HAMM 10-35

TH npencrasiser coboii aBa Tpanchopmaropa (TpexdasHblii U oxHOdA3-
HBI), pacroyioKeHHbIE B OTHOM Kopmyce. Tpexdasubriit TpaHcopmarop nepeaaer
HaNpsOKEHUE IPSIMON U 00paTHOM MOCIIeI0BaTeIbHOCTEH, a 0THO(GA3HBIN — TOJIBKO
HYJIEBOM.

Opnnoda3zubiii TpaHchopmaTop 3a CYET OOJIBIIOTO KOJMYECTBA BUTKOB 00JIa-
JlaeT BBICOKOM XapaKTEpUCTUKON HaMarHMYMBaHUS U OOJBIIMM MHAYKTUBHBIM CO-
OpoTUBJIEHUEM. AHTHpe30HaHCHble cBoiicTBa HAMMU obecnieunBaroTcsi mnepeHo-
coM HenuHenHocTH TH B HylleByro mocienoBaTelIbHOCTb, e oTcyTcTByeT D/C
UCTOYHHMKA. DJEKTPUUECKasi CXeMa COEIUMHEHHMs OOMOTOK MpEJCTaBJII€HAa Ha pU-
cynke B.1.

*EEI

ca
oD

*EER

! 0
an
/EA 3o
x4
KomMneHcaunornHan
obmoTKa

Pucynok B.1 - Dnexrpuueckas cxema TH HAMM 10-35

TH HAMMU xapakrepusyercs:

- OTCYTCTBHEM rapMoHu4eckoro ¢eppopesonanca Ha yactote 50 I'ty (“rzoorc-
Hou 3emau'’) ipu paboTe Ha HEHATrPYKCHHBIX IIWHAX;

- OTCYTCTBHEM CyOrapMOHHYECKOTO (peppope3oHaHca ¢ eMKOCTSIMH KOPOT-
KX JTUHAN Ha yactoTe 25; 16,6 1 10 ['m;

- OTCYTCTBHEM MOBpEXACHUM Mpu padote B cetu ¢ 033 yepe3 nepemMexaro-
HIyIOCs AYTY;

- OTCYTCTBHEM TOBPEXKACHUN MPH HETIOTHO(DA3HBIX peKUMaxX paboThl CETH C
MOBBIIIICHUEM HanpshkeHus ogHo# u3 pa3 10 3Uu pas..

B.2 HAJIM-CIII-6(10)

Tpexdaszubiii antupezonancubii TH tuna HAJIM-CBII-6(10)-1(2,3) co-
CTOWT U3 YETHIPEX TPAHC(HOPMATOPOB, 3aKPEIJICHHBIX HA YCTAHOBOYHOU pame: Tpu
omHodaszubix TpexoomoTounbix TH HOJI-CDIII-6(10)-2(4) u tpanchopmarop Hy-

37



ITpoekt CTII

JIeBO# MOCIE0BATEILHOCTH. biiarogaps Hannunio TpaHcdopmaTropa HyJIEBO MO-
cienoBarenbHoctn TH HAJIM-COII-6(10) ycroiiume k padote npu O33 yepes
HIePEMEKAFOIIYIOCS JIyTY.

W3mepenne BenMUYMHBI (Pa3HBIX HAMPSHKCHHH OTHOCHTEIBHO 3€MIIM DTHM
TpaHc(hopMaTOpPOM HE MPOU3BOAMTCS. BBIMTOIHACTCS JHINL KOHTPOJIb BEIUYHHBI
HAINPSDKEHKST CMEIICHUST HEHTPaIIH.

Tpexdaszusie rpymnnsl TH UMEIOT TpU BapraHTa MCIOIHEHUS, OTIHYAIOIINe-
CsI YKMCIIOM BTOPHUYHBIX OOMOTOK.

Ha pucynke B.2 npejictaBiieHa NpUHIMIHATBHAS dJIeKTpUdeckas cxema TH
HAJIN - CB111-6(10).

Pucynoxk B.2 - [IpuHnunuaibHas djieKTpudeckasi cxema coeqnneHusi oomoroxk TH
Tpex(a3HOH AHTHUPE30HAHCHOM I'PYNIIbI

B.3 HAMMHAT-10-2

Tpancpopmarop npencrabiser co00il coeAMHEHHBIE KOHCTPYKTUBHO B €/1U-
HOE 11eJI0€ JIBa TpaHc(opMaTopa HAMPSKEHUS:

1. THKH - tpanchopmaTop HanpsiyKEHUs] KOHTPOJIS U30JIAINH, TPEXOOMOTOY-
HBII, TIEPBUYHBIC OOMOTKH KOTOPOTO BKJIIOUEHHI 0 cxeMe '3Be3na’. IlpennasHa-
YeH JUIsl TUTaHUs [eTlel U3MEePUTENbHBIX MPUOOPOB yuéTa SJIEKTPUUECKON IHEP-
TUH, JJIS LEeTer 3alUThl U KOHTPOJIS U30JISILUU.

2. THII — tpancdopmaTop HyJIEBOI MOCIEA0BATEIBHOCTH, IByXOOMOTOYHBIH,

38



ITpoekt CTII

nepBuYHas 0OMOTKa KOToporo BkitoueHa B HedTpasib THKU u 3azemnena, BTo-
puuHas oOMoTKa 3aMkHyTa. [Ipu nosiBnenun ¢eppope3oHaHca 0OMOTKA, 3aMKHY-
Tas B TPEYTOJIbHUK, PA3MbIKA€TCsI aBTOMAaTUYECKHU.

Ha pucynke B.3 mnpeacraBieHa »sieKkTpuyeckass cxemMa COCIMHEHUMU
TH HAMUT-10-2. AHTHpe30HaHCHbIE CBOMCTBA JOCTUTAlOTCSl BBEJIEHUEM B MeEp-
BUYHYIO ILI€Ib, CBSI3aHHYIO C 3€MJIEl, WHAYKTUBHOTO CONPOTHUBIICHUS B BHUJIE
tpanchopmaropa Hysesoit nocienoBarenbaocT (THII) (pucynok B.3). Beeaenue
ATOTO COMPOTUBIICHUSI BBIMOIHIETCS MyTEM JNEUIYHTHUPOBAHHUS €r0 BTOPUUYHON 00-
MOTKH ¢ mioMoIibio cxembl P3 (pucynok B.4). Hemocrarok atoit cxemsr TH sBiis-
€TCsl HeHaJIeXHOCTh paboTel P3. Bropoit HemocTaTok - 3T0 "ObICTpOe” HaChIIEHNE
CTaJIbHBIX CTEPKHEHN OTICNBbHBIX (Pa3, UTO MPUBOIUT K MOSBICHUIO "10XCHOU 3eM-

Ju .
C B A
HAMMT-10-2
s T T T ya
THEM
™N BH
\./\.)\J__lx
Y Y\
HH
- “Tou
SA
M 1 1%L 1| w
xn an C B a ~§
[K_v%srz\ SFI \—
J
o
M
| .

Pucynok B.3 - Cxema coenunennii oomorox TH

1WC 2lC

KL
KC KVo KV
_ql ~ o
KL
~

» W3N
B cxemy curHanuzaumu

Pucynok B.4 - Cxema onepaTHBHBIX LelNeil 3alMThI OT (peppoOpPe30HAHCHBIX MPOLECCOB!
KVo-PH-53/60/1, Ucp=20-30 B; KV¢-PH-53/200, Up=135-140 B;
KL — npomexyTtouHoe peiae PII-25 niau PII-23; KC — kHOnKa chbeMa CUTHAJIA,
HIC — mmabl curnaausannu; 311 — mmHa npexynpeanTe1bHOM CHTHAJIU3AIMN;
SA — nepekJrouareiib pexxuma padorst THIT
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B.4. HAJIN-HT3-6(10,35)

B.4.1 Tpanchopmatopsl COCTOAT U3 TPEX(PA3HOTO TPEXCTEPKHEBOTO TPaHC-
dbopmaropa npsSIMON TOCIEIOBATENBHOCTH MU OJHO(PAZHOIO JIBYXCTEP>KHEBOTO
TpaHchopMaTropa HyJEBOM MOCIEIOBATEILHOCTH, BBINOIHEHBI B BUAE OMNOPHOU
KoHCTpyKIuu. Kopnyc TpanchopmMaTOpoB BBIITOJIHEH U3 SMIOKCHIHOTO KOMIAYH/Ia,
KOTOPBIN OJHOBPEMEHHO SIBJISIETCS TJIABHOM M3OJSIMENH M 00ecreurBaeT 3alluTy
0OMOTOK OT MEXaHWYECKUX U KIMMATUYECKUX BO3JCHCTBUH.

B.4.2 AHTHpe30HAHCHBIE CBOCTBA

[Ipumenenue tpancopmaropoB tuna HAJIM-HT3 mo3BosseT mMoTHOCTHIO
UCKJIIOYUTh BO3HUKHOBEHHE (heppOpe30HaHca MPHU OJHOKPATHBIX JTYTOBBIX 3aMbl-
KaHusX («Kzeskax 3emau») W OTKIIOYCHHHM METAUTMYCCKUX 3aMbIKAHMHA Ha 3€M-
J0 - T.€. NIPU OCHOBHBIX BUJAX BO3JAEHCTBHUN, MPUBOIAIIMX K BO3HUKHOBEHUIO
dbeppope3oHaHca B CETIX ¢ U30JIUPOBAHHON HEUTPAJIBIO.

['openne nepemMesxaronieiics Ayru B OOJBIIMHCTBE CIy4aeB TakKe HE MpHU-
BEJET K MOBPEKICHUIO TPaHC(HOPMATOPOB, MPUUYEM YEM MHTEHCHUBHEE FOPUT Ayra
(yeM MEHBIIE MHTEPBAT MEXKIY 3a)KUTAaHUSAMU/TIOTACAHUSMHU) - TeM Oe3omacHee
ATOT PEXKUM JJIs1 TPAaHCHOPMATOPOB.

Asnenue "nooxcHoti 3emau’ He IPUBOJUT K TOBPEKACHUIO TpaHCHOPMATOPOB
Y BBI3BIBACT JIMILIb HApYIIEHUE PabOThI PEICHHBIX CXEM U U3MEPUTENbHBIX MPUOO-
POB, TOAKJIIOYEHHBIX KO BTOPUYHOM OOMOTKE, NMpEeIHA3HAYECHHOM JUIsi U3MEpPEHUs
HaIPsKEHHS HYJIEBOM MOCIIEI0BATEIBHOCTH. JTOT PEKUM BO3MOKEH TOJIBKO B CE-
TSX C OYEHb MaJICHBKOW EMKOCTHIO (ha3bl Ha 3eMII0 (eOMHMIEI HaHodapan), H,
CJIEI0BATEIIBHO, SIBISETCS MAJIOBEPOSTHRIM. B 11€J10M TaHHBIN PEXXUM MOXHO CUH-
TaTh PEKUMOM (QeppOpe30HAHCa JOCTATOYHO YCIOBHO, 3TO CKOpee CBOUCTBO (0co-
OCHHOCTB) ceTeil ¢ Maoil EMKOCTBIO (a3bl Ha 3eMITIO, 3a3eMIIsIeMbIMU TpaHchop-
MaTopaMH, M C Kakoh-nnbo Hecummerpueil. Haunbosiee BbIpakeHHOE SIBJIEHUE
"n0o1cHotl 3emau” BO3HHUKAET NMPU HECUMMETPUU COMPOTHBICHUS H3OJSAIUHN (as3.
JIOKHBIM CUTHAJI O 3aMBIKAHWUM HA 3€MJIKO0 B TAKUX CETAX BO3HHMKACT NPAKTUYECKH
BO BCEX CYUIECTBYIOIIMX B HACTOSIIEE BPEMSI KOHCTPYKLHUAX JIEKTPOMArHUTHBIX
TpaHchopmaropoB. [Ipu 3TOM CyliecTByeT TEXHHUYECKash BO3MOXKHOCTh MPENOT-
BpPAaTUTh WM CYIIECTBEHHBIM 00pa3oM JAeMII(UPOBATH SIBICHUE 'J10JXHCHOU 3eMau’" B
CEeTAX ¢ MaJloll €MKOCThIO Ha 3eMiTio U ¢ TpaHchopmaropamu tuna HAJIM-HT3 3a
CYET NOMOIHUTEIBHOIO AKTUBHOI'O COINPOTHUBIIEHHUS, KOTOPOE CIIEAYET MOIKIIO-
4aTh K OOMOTKE /ISl U3MEPEHUs HAIIPSKEHUS HYJIEBOU MOCIIEI0BATEILHOCTH.

BosnukHoBeHHEe HemomHO(A3HOTO pekruMa paboThl CHIIOBOTO TpaHchopma-
TOpa MOXET MPHUBOJUTh K BO3HUKHOBEHHIO HAa MOBPEXKAEHHON (a3e mepeHamnps-
xeHul 10 3,8Umax. 1 TpaaAUIIMOHHBIX TpaHC()OPMATOPOB TAKOU PEKHUM SIBISETCS
OYEHb OIACHBIM, T.K. 32 CUET HACBHIIICHUS TOK B UX MEPBUYHBIX OOMOTKAX B TAKOM
peXKUME MOXKET TOCTUTaTh enuHull amiep. Tpancpopmarops! Tuna HAJIM-HT3 e
NO/IBEPKEHBI TOBPEKACHUSAM B 3TOM pPEXHME OJ1aroiapsi 3HAYNTEIbHO CHHXKEHHOU
paboueit mHAYKIMK TpaHchopmaTopa HyJEBOW TocienoBaTebHOCTH. KOHCTPYK-
s TpaHcopmaTopa HyJIEBOM MOCIE0BATENBHOCTH MO3BOJIAET BhIIEPKATh TPEX-
KpaTHOE MOBBIIIEHUE HAIPSHDKEHMS Ha IEPBUYHON OOMOTKE MOBPEXAEHHON (Da3bl.
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Pucynok B.5.1 - Cxema 3jieKTpuUyecKkasi NPUHUMIHAIbHASA 11 TPpaHcGOpMaTopoB
HAJIM-HT3-6(10,35) 6e3 npenoXpaHuTeIbHBIX YCTPOICTB
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Pucynok B.5.2 - Cxema 3jieKTpuUyecKkasi NPUHIUMIHAIbHASA 11 TPaHcGOpMaTOpoB
HAJIN-HT3-6(10,35) ¢ npexoxpaHuTeJbHBIMH YCTPOHCTBAMU
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Hpuaoxenue I'
(cripaBouHOE)
MeToauka ucciaeg0BaHus Pe30HAHCHBIX MOBBINIEHUI HANIPSIZKEHNH HA OT-
kJa0oueHHor B mukJjae OAIIB BJI ¢ IIIP

['.'1 ®u3uky npouecca U OCHOBHBIE COOTHOILIEHHUS MOKHO PaccCMOTPETh Ha
YIPOILEHHONW CXEME 3aMEILECHUSA ¢ COCPEAOTOYCHHBIMU ITapaMeTpaMmu. Takas cxe-
Ma JUIsl DJIEKTpOIIepeaun ¢ OTKIIIOUEHHON (a30il U ee mpeoOpa3oBaHueE MMOKa3aHbl
Ha pucynke I'.1 [5].

Ucr\ a

a)

O

' — Xy
6) CP
e

O—
E3n3=' _L;:Q‘
2C,¢
lf— Xp Xp
X~ +3)

[

Xpo= Xp + 3Xy

B)

0 =
Pucynok I'.1 - Cxema 3aMenieHHs 3JIEKTpONepeIadyu ¢ OTKJIIOYECHHOH (a3oi
U ee npeodpa3oBaHue

a) - NCXOAHAA CXeMa; #) - DKBHBAJIEHTHAsI CXeMa; ¢) - CXeMa 3aMelleHHs.
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[Ipu vanuuuun B HeuTpanm 1P kOMneHCaMOHHOrO peakTopa napajieabHO
MexaydazHoit emxoctu 2T, 7 oka3piBaeTCsl BKIIOYCHHBIM WHIYKTHBHOE COIPO-
tuBiaeane £, /2 (pucynok E.1 6)), KOTOpoe KOMIIEHCHPYET MEKIy(pasHyIO €M-
KOCTh. BoccTaHaBiuBaromieecss HaNpsHKEHHE MOXKHO TPHOJMKEHHO OIPEICITUTh
o ¢opmyiJe:

1-X, S An
o Cou X, +3Xy
Co+C, 1 p Co+3C, Ky +2Xy |
PCy+2C, X, +3Xy

Uy =-U
(1)

rae €y, Cp, C,- MOrOHHBIE EMKOCTH JIMHUU COOTBETCTBEHHO IO MPSAMOM H
HYJICBOM IMOCJICIOBATEIILHOCTH U MeX Ty (azamu, ndlm;
- JUIMHA JIUHHUU, M,
u - uHayKTUBHBIE conpotuBiienus P u KP, Owm;
- CTeNEHb KOMIIEHCALUH IIYHTUPYIOIIUMHU PEaKTOpPaMHu M-
KOCTH JIMHHUH T10 TPSIMOM TOcieI0BaTeIbHOCTH (padoueii emkoctn) Cp =Cpy +3C, .
[Tonnas koMneHcalus HacTynaeT Mpu:
X, 2=1Q20C, ) 1.e mpu AN =%p &y 5—1‘33'. (r2)

Jd
I''2 B cnydae mepekoMIeHCaii €MKOCTH Ha 3EMITI0 COTIPOTHBIICHUE OT-
KJIFOUEHHOU (ha3bl OTHOCUTENHHO 3€MJIM MOKET UMETh MHAYKTHUBHBIN XapakTep U
OKa3aThCs BKIIOUEHHBIM (pUCyHOK I'.1) mociemoBaTeIbHO ¢ MEXKIy(pa3HbIM M-
KOCTHBIM CONPOTHUBJIIEHUEM, YTO MPUBOAUT K PE30OHAHCHOMY IOBBIIICHUIO HaIps-
YKEHUS Ha OTKIIIOUeHHOH (a3e. Pe3oHaHCy COOTBETCTBYET PaBEHCTBO HYJIIO 3HAMeE-
Hartens Beipaxkenus (I'.1). Orcroga onpeaensiercs pe3oHaHCHAS JJIMHA JTUHWH:

; i X, +2Xy
P K, 0 (Cy+2C,) X, +3Xy - (7'3)

I'.3 Tounoe ompenencHue HampsoKeHHWs] Ha OTKItoueHHON B 1ukiae OAIIB
¢a3ze ciemyer onpeaensTh pacueToOM C HCIIOJIB30BAHUEM IMPOrPaMMBbI pacyeTa Ie-
pPEXOaHBIX MpoleccoB ¢ yuetoM napamerpoB BJI, yucna P, nanuuus KP u ero
apameTpoB.

I'.4 Cxema nogximtouenus KP B nelitpans 1P npuBenena na pucynke I'.2.
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¥ Cl pasa A _xCW pase B x Cl @aseC
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Pucynok I'.2 - Cxema noakiawdenus KP
HIP - mynTupywommii peakrop; P - pa3beanuureib;
TH - Tpancpopmartop Hanpsixenus; 3H - 3azemusironuii HOXK;
KP - komneHcaunoHHbIi peakTop; B —BbIKiII0OYaTE b

IIpu BbIOOpE peakTuBHOrO compotuBieHus KP HeoOxoaumo omnpenenuTb
Hanpspkenue 50 I'n va weittpanu [P B pexumax ropenus u moracaHusi IyTH, KO-
TOpPO€ HE JOJDKHO IMPEBBINIATH AONMYCTUMOro 3HaueHus. [nga oreuectBeHHbIX LIIP
750 xB knacc nzonsauuu Heittpanu LIP cocraBasier 35 kB, nns koroporo I'OCT
1516.3_ HopMupyet HaubOosbiiee padouee HanpspkeHue 40,5 kB u ogHOMUHYTHOE
UCIIBITaTeNIbHOE HaNpsbKeHue Hetpanu 85 kB.

44



Hpunoxenue J{
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ITpoekt CTII

OcHoBHbIe napaMeTpsbl cxembl 3amemieHuss TH Tunos HK®-220 u HK®-500

OcHoBabie mapameTpsl HK®-220 u HK®-500 st pacuera dheppope3oHaHc-
HBIX NepeHanpspkeHuid no pucynky .1 [R, ¥() ] momyueHs! mo HemocpencTBeH-
HBIM CETEBBIM U3MEPECHHUSM.

Ta6auna /1.1 - [lapaMeTpbl pacueTHO# cXeMbl 10 PUCYHKY 5.7

Tun TH Conporusienne nepsuaHoii oomorkn TH, Ry, Homunasenbiii norok, Bo
Om
HK®-220 9400 580
HK®-500 6675 1295
Y / ¥Yaom
18
16 '—-’___—-——"‘———___————'-—-
o, / —
1,2 /
1
0.8
0,6
04
0,2
. i, A
0 05 10 15 20 30
a)
¥/ YHom
3
25
-
.
2 / m—
1.5
1
05
0 i, A
0 1 2 3
0)

Pucynok /1.1 - XapakTepuCTHKH HAMATHUYHBAHMS .

a) HK®-220, 6) HK®-500
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Ipuiaoxenue E
(cripaBouHOE)

EMKoOCTH KOH/IEeHCATOPOB, IIYHTUPYIOIIMX KOHTAKTHI BhIKJIIOYATE el

Ta6auna E.1 - EMKOCTH KOHIEHCATOPOB, IIYHTHPYIOIIMX KOHTAKTHI BBIK/II0OYaTe el

Tun BBIKIIOYATEIHA

EmMkocTh KOHACHCATOPA, IIYHTHPYHOIIAAA KOHTAKTHI II0JII0CA, n®

BBH-150 330
BBIII-150 330
BBH-220-10 250
BBH-220-15 250
BBIII-220 250
BBB-220-12 825
BBB-2205-40/2000 825
BBJ1-220 825
BHB-220 700
BDK-220 250
BMT-2205 550
BBH-330-15 167
BBH-330 303
BBJIM-330 4130
BB-3305 167
BBB-500 288
BBB-500-30 275
BB-5005 550
BHB-500 350
BITB-500 335
GL 317 GL 317X 600

GL 318 GL 318X 300 (750 xB)

46




ITpoekt CTII

bubianorpagus

[1] IIpaBuna ycrpoiictBa sekTpoycranoBok (I1YD), 6-e uzn., nmepepad. u A0
— M. : DHeproatomusnar, 1986

[2] [Tonsikor B.C. YcnoBust BOSHUKHOBEHUS M CYIIECTBOBAHUS (eppope3oHaHca
B IEMAX C ODJIGKTPOMArHUTHBIMH HM3MEPUTEIBHBIMU TpaHchopMaTopamu
HanpspkeHus. JHeproskcnept Nel-2014

[3] Bunec JI.JI. [Tapamerpsl u obsacTu cyiiectBoBanus deppope3onanca 50 I'u
Tpancopmaropos Hanpspkenns 110—500 kB. «DnextpuuectBo» Ne 6-2014

[4] [IpenBapuTeNbHbI HAMOHANBHBIN cTaHmapt Poccuiickoit deneparuu
I[THCT 319-2018 Tpanchopmaropsl uameputenbHbie. Yacts 3. TexHuueckue
YCIIOBUS Ha HHYKTUBHBIC TPaHC(HOPMATOPHI HAIPSHKESHUS

[5] P/ 153-34.3-35.125-99 PykoBOJCTBO IO 3alIUTE JJICKTPUYCCKUX CETCH
6-1150 kB ot rpo3oBbIX u BHyTpeHHUX nepeHanpspkenuit (Hactu 1-3. [pu-
noxenus kK yactaMm 1, 2, 3) (Mcrounuk: UCC "KOJIEKC")

[6] MeTomnyeckue yka3aHus 10 OTPaHHUYEHUIO BBICOKOYACTOTHBIX KOMMYTAIIH-
OHHBIX TIEPEHAMPSDKEHUN U 3alllUTe OT HUX JIEKTPOTEXHHUUECKOro 000pyio-
BaHUsl B pacrpeleinuTenbHbix ycrpoiicTBax 110 kB m Bbime. Paspaborano
AOOT «CuoHUND» - 14.04.1995

[7] PykoBozacTBO 10JIE30BaTEIS 110 User guide for the application of

IMPUMEHEHHUIO KOMIUIEKTHOTO
pacnpeeTuTeIbHOTO YCTPOUCTBA
¢ anera3oBoit usosnueit (KPYD)
Ha HOMHHAJIPHOE HAIPSKCHUE
72,5 kB u BbI1IE

gas-insulated switchgear (GIS)
for rated voltages of 72.5 kV and
above. CE/SC 23 GT/WG 10.03,
1998, 83 pp. Ref. No. 125 CI-
GRE WG 23-10

[8] CTh PD IEC TR 61869-102-2014 STB PD IEC/TR 61869-
N3meputensHble  TpaHcopMaro- 102:2014 Instrument Transform-
pel. deppope3oHaHCHBIE KoJieha- ers - Ferroresonance oscillations
HUS Ha TMOJCTaHIUAX C HWHAYK- In substations associated with
TUBHBIMH Tpanchopmaropamu inductive voltage transformers
HaANPSDKEHUS

[9] Kanmantapos H.JI., Iewtnua JI.A. Pacuér maayktuBHOCTeH. CripaBo4Hast
KHHTA, 3-€ U31., Iepepad. u mon. JI.; Dueproaromnsnar.1966, c. 288

[10] Urmarenko E.M. CnocoObl 3amuThl TpaHC(HOPMATOPOB HAIPSKEHUS
oT eppope3oHanca. ['azera "DHepreTmka W TPOMBIINUICHHOCTh Poccuu™ \
Ne 9-10 (413-414) maii 2021 rona
[11] PykoBoacTBO 1O MHHUMH3A-
iy yuiepba oT 3azemiieHust 00-
MOTKH cTaTopa TypOOreHepaToOpoB.
/ Ockap MaprtuHec, opraHuszaTop
(ES), Tpeop Croyke (Bemukobpu-
tanus), Opiu Dureiipeno (BR),
®dpen Kmaaccene (3A). PI' Al.09,
CUT'PD, 2009 r.

Guide for minimizing the dam-
age from stator winding grounds
on turbogenerators / Oscar Mar-
tinez, Convener (ES), Trevor
Stokes (GB), Erli Figueiredo
(BR), Fred Claassens (ZA). WG
Al1.09, CIGRE, 2009

47



