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BBEJAEHHUE

CTpykTypa KypCOBOIO MpOEKTa IIO3BOJSET CTYJIEHTaM CaMOCTOSTEIbHO
IPONTH OCHOBHBIE 3Tallbl IPOEKTUPOBAHUS TAKMX OOBEKTOB 3JIEKTPOIHEPreTHYE-
CKHMX CHCTEM KaK AJIEKTPOCTAHLWHU U MOACTAHIUU C PSAOM YNPOLICHUM, JOIIYCTH-
MBIX B paMKaX y4e€OHOI0 IPOEKTUPOBAHUS.

OCHOBHO¥ LIENBIO KYPCOBOT'O IIPOEKTA SIBIISICTCS MOJyYEHUE CTYICHTaMH IPaK-
TUYECKUX HABBIKOB I10 BBIOOPY IVIABHOM CXEMBI JEKTPUUYECKUX COCIUHEHUN KOH-
KPETHOTO O0BEKTA DJIEKTPOIHEPreTHUecKo cucteMsbl. [Ipy 3TOM aBTOpBI 1aHHOTO
nocodus pyKOBOJCTBYIOTCSI JEHCTBYIOUIMMU PEKOMEHIAIUSIMHI, HOPMAaMH U CTaH-
JapTaMy MO0 MPOEKTUPOBAHUIO AJIEKTPOIHEPIETUYECKUX OOBEKTOB, YTO MO3BOJISAET
CTyJEHTaM I0JIy4aTh 3HAHHSI, COOTBETCTBYIOIINE aKTyaIbHBIM TPEOOBAHMSIM.

JIns fOCTHKEHUSI OCHOBHOM LIEJIM ITPEyCMAaTPUBAETCS PELIEHUE Psia 3a1ad.

Ha nepBoM 3Tamne paccMaTpuBaeTcsi BHIOOp MPUHLMIIAAIBHON CXEMbl 3aaH-
HOTO 00bekTa. IIpyu 3TOM YUYUTHIBAIOTCA OCHOBHbBIE (PYHKIMOHAJIbHBIE OCOOEHHO-
CTH 00BEKTa (TUIl 3JIEKTPOCTAHIUU WM MOJACTAHLIUU, BUJ TOIJIMBA, IOJIO0XKEHHUE B
HHEPrOCUCTEME, YPOBHU HANIPSHKEHUS U T.IL.).

Ha cnenyromeMm stane npou3BOAUTCS BBHIOOP THUIA U MOIIHOCTH TJIaBHBIX
TpaHC()OPMATOPOB € YUETOM MEPETOKOB MOIITHOCTHU B Pa3HBIX pexuMax padoThl.

BaxxHbIM 3Tanom sIBiIsieTCs BHIOOP CXEM pacHpelesIUTEIbHbIX YCTPONCTB MO-
BBIILIEHHOTO M HU3KOro HampshkeHus. J[aHHBIA BBHIOOp NMPOU3BOIUTCS UCXOAS W3
OCHOBHBIX PEIICHUI MPUBOJNMBIX B a1bOOME TUIOBBIX CXEM PaCHpelEIUTEIbHBIX
ycrpoiictB 35-750 kB. [lomyckaeTcsi Takxke pa3paOOTKa COOCTBEHHBIX CXEMHBIX
PELIEHUI C COOTBETCTBYIOUIUM 0O0OCHOBAHUEM.

[IpoekTupoBaHHEe CHUCTEMBI SJIEKTPOCHAOKEHHUSI COOCTBEHHBIX HYXK[I OCY-
mectBisieTcst i AByx cryneneit 6(10) kB u 0,4 kB. [Ipu sToM ocymiecTBisieTcs
BBIOOp KOJMYECTBA, TUNIA U MOUIHOCTH TPaHC(HPOPMATOPOB COOCTBEHHBIX HYXKI, a
TaKX€ TUIA PE3EPBUPOBAHUS.

OTtnenpHOE BHUMAaHUE YJIESETCS. BBIOOPY OCHOBHOI'O 3JIEKTPOOOOPYI0BAHMUS
M TOKOBEAYILIUX YacTel yKa3aHHOTO OOBEKTa C yUeTOM HOPMAaJIbHBIX, aBApUHHBIX
Y TIOCJICABAPUKUHBIX PEKUMOB.

B meronnueckue ykazaHus BKIKOYEHBI CIEAYIOIIME OCHOBHBIE Pa3EIIbl:

1. 3ananue.

2. cxoaHble TaHHBIE pacyeTa.

3. MeTtoauueckue yka3aHusl 110 BBIITOJIHEHUIO KYPCOBOI'O IIPOEKTA.

4. TpeGoBanus, IpeAbSIBISIEMbIE K MOSICHUTEILHOMN 3aMHUCKE.

5. TpeOoBaHus, NpeAbSBISIEMBbIE K JIUCTY TpadUUECKON YaCTH MPOEKTA.

6. TpeOoBaHuUs, MPEABSBISIEMbIEC K CTYJEHTY MPH 3aIUTE IPOEKTA.



1. 3AJIAHUE

JIns IPOEKTUPYEMOM DJIEKTPOYCTAaHOBKM HAa OCHOBAHUM HCXOJHBIX JTaHHBIX
HEO0OXOIUMO BBITIOJIHUTD CICAYIOIINE MyHKTHI 3aJJaHuUs:

1. BpiOpath NpUHIMIHAIBHYIO CXeMy 00BbeKTa (YHCIIO, TUII, MOITHOCTb TJIaB-
HBIX TpaHCPOPMATOPOB).

2. BpiOpath anekTpuueckue cxembl PY Bcex HampsbkeHuid. Onucatbh cXeMbl
PV ¢ ykazaHnueM ux JOCTOMHCTB U HEJOCTATKOB.

3. BeiOpath cxemy nuTaHusl COOCTBEHHBIX HY K, BKJIIOYasi BHIOOp YMCIIa, TH-
OB ¥ MOIIIHOCTH TPaHC(HOPMATOPOB COOCTBEHHBIX HYX]I.

4. TlpousBecTu pacuet TokoB K3, HEOOX0AUMBI /17151 BEIOOpA ANEKTPUUECKUX
anmnapaTtoB M MPOBOJHUKOB. BrIOpaTh TeXHHUYECKH HEOOXOIUMBIE CpPEICTBA Orpa-
HuyeHus TokoB K3.

5. Ilo 3amanuto npenoaaBaTensi BRIOpaTh 3JIEKTPUYECKHUE AIIAPAThI: BBIKIIO-
YyaTeln, pa3beIUHUTENN, U3MEPUTEIbHBIE TPAHC(HOPMATOPHI TOKA U HANPSKEHUS;
OIIpEeIENIUTh COCTaB U3MEPUTEIbHBIX MPUOOPOB. IIponsBectr BBIOOp THMA U ceue-
HUS IPOBOJJHUKOB, ITUTAIOIINX MECTHYIO HArpy3Ky.

6. Cnenatp yepTeX INIABHOM CXEMBbI 3JIEKTPUUECKUX COEAMHEHUN C yKa3aHH-
€M TUIIOB M MapaMeTpoB Bcero obopynoBaHuss. COCTaBUTh OMHMCAHUE IMPUHIIMIIA
paboThl pa3pabOTaHHONW CXEMBI C YKa3aHHEM HOPMAJIbHOIO MOJOXKEHHUS BCEX KOM-
MYTALIMOHHBIX aIllIApaToB, a TAKXKE PEaKIMU CXEMbl Ha BO3MOXXHBIE OTKa3bl B CHU-
JIOBOM M KOMMYTAllMOHHOM 00OpY1I0BaHUH.



2. ICXO/JHBIE JTAHHBIE

KypcoBoiil MpOEKT BBIMNOJIHSAETCS B COOTBETCTBUM C HOMEPOM BapUaHTa U TH-
IIOM TIPOEKTUPYEMOT0 OOBEKTA AJIEKTPOIHEPTreTUYECKON CUCTEMBI, KOTOPhIE yKa-
3bIBAIOTCSl HA CIEIMAIIbHOM OJIaHKE, BBIIaBAEMOM PYKOBOJUTENIEM MPOEKTa, U 3a
€ro MoAnuchi0. B paMkax TaHHOTO KypCOBOTO MPOEKTa B KAYECTBE OOBEKTA DIIEK-
TPOSHEPIrEeTHUECKOM CHUCTEMBI MOXKET OBITh 3aJlaHa TerioaIeKkTpoleHTpansb (TOI1),
koHJeHcarmonHas anekrpoctaniusa (KOC) unu nonmxkaromas noacranuus (I1C).
WcxonHble JaHHbIC TS MPOSKTUPOBAHUS ITPUBEJEHBI B IPUIIOKEHUH 1 B Tabiuiax
I11.1, IT1.2.

B ta6auue I11.1 Bapuantsl ¢ 1 mo 19 otnocstes k TOL, ¢ 20 mo 40 k KOC.
BapuanTsl ¢ 41 no 60 3agans! B Tadauie [11.2 u otHocstes k TIC.

Jusa BapuanToB TII n KIC B kauecTBe UCXOIHBIX TAHHBIX 3a/1aHbI:

" OCHOBHBIE MapaMETPbl HUCIOJIB3YEMbIX T'€HEPATOPOB: UX KOJIUYECTBO,
HOMUHaJIbHAasl MOIIHOCTh, HOMUHAJIBHOE HANPSKEHUE, HOMUHAIBHBIA KO3 dun-
€HT MOIIHOCTH U CBEPXIIEPEXOJHOE COITPOTHUBIICHHUE;

"  XapaKTEPUCTUKHU KOTJIOB: YUCIO KOTJIOB M UCIOJIb3YEMbI TUI TOILIMBA
(Ma3yT, yroJib, ra3, NbIJICYTOJIb UK Ta30Ma3yT);

" MaKCHMajibHasi MOIIHOCTb COOCTBEHHBIX HYXJ (B IpPOLEHTax OT yCTa-
HOBJIEHHO) U COOTBETCTBYIOIIUI KO3(PPHUIIMEHT MOILIHOCTH;

" [apaMeTpbl MECTHOW HAarpy3Kd: HOMHUHAJIbHOE HAMNPSKEHUE, MAKCUMAaJlb-
Hasi MOIIHOCTh, KOA((HUIIMEHT MOIIHOCTH, HOMep rpaduka Harpysku (puc. 111.2),
MIPOLIEHTHOE JIEJIEHNE NOTPEOUTENEH 10 KaTeropusM HaJeKHOCTH, THUII CETH;

"  OCHOBHBIE XapaKTEPUCTUKH CETH BBICIIETO WJIM CPEIHEr0 HANpPSKEHUS:
HOMUHAJIBHOE HANPSKEHUE, MAKCUMalIbHasi MOIIHOCTh, KOA()PHUIMEHT MOIIHOCTH
(T'H 3amaeTcst B COOTBETCTBHY C HOMHHAJIBHBIM HaIpsbKeHHeM Ha puc. [11.1);

" CyMMapHasi MOIIHOCTh M CONPOTUBIIEHUE (B OTHOCUTEJIbHBIX €IUHULIAX )
nutaronieit cucteMbl C-1 (C-2 npu HaIM4MM), a TakKe MOITHOCTh aBApUHHOIO pe-
3epBa CHCTEMbI U XapAaKTEPUCTUKU JTUHUN CBSA3U: UX HOMUHAJIBLHOE HANpPSIKEHUE,
KOJIMYECTBO U JJINHA;

" HOMHMHAJIBHOE HAIMpPSKEHHUE U KOJWYECTBO JIMHUW, OTXOJALIMX OT IIWUH
PY BH unmu PY CH;

" HOMEpa pacHpeleIUTENbHbIX ITYHKTOB MECTHON HArpy3KH C YKa3aHHEM
yepes «/» UX Harpy3Ku;

" MUHUMAaJbHOE CEUEHHUE KAOEIbHOM JTMHUM, OTXOJAIIECH OT IIMH pacipe-
NenUTeNbHOTO MyHKTa 10 TII;

" JJIMHA JIMHUU MECTHOM Harpy3ku (OT mMH ctanuuu 10 PIT).

B 3aBrcHMMOCTH OT 33JaHHOTO KOJMYECTBA FEHEPATOPOB UCIIOJIB3YIOTCS pa3-
JUYHbIE CYyTOUYHbIE TpadUKU HArpy3Kd T€HepaToOpoB, MpuBeAeHHbIe Ha puc. [11.1.
I'paduxu Harpy3ku 3afaHbl B IPOLEHTAX OT YCTAHOBJIEHHON MOIIHOCTH (AJid Te-
HEpPaTOpPOB) WJIM OT MAaKCUMAJIBbHOW MOIIHOCTH Harpysku juis cereir MH u CH.
CmtontHot nuaMeN mokazanbl ['H mms 3umbl, myHKTUpHOU — miis jgeta. ['padux
Harpy3ku COOCTBEHHBIX HYKJ] COCTaBJISIETCS Ha OCHOBE (hOPMYJIbI
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rae P - Harpy3ka reHeparopa 1o rpaduky.

HNcxoaHbIMU JAHHBIMM J1JIS1 IPOEKTHPOBAHMS MOJACTAHIUN SBIISIOTCS:

" JIaHHBIC O CETU HU3KOTO HAIIPSDKEHUS M CPETHETO (BBICIIETO) PU HATUYUU;

"  MaKcUMajbHas MOITHOCTh U KO(DPHUIIUEHT peaKTUBHON MOIIHOCTH COO-
CTBEHHBIX HYX];

" CyMMapHas MOIIHOCTb U CONMPOTUBICHUE KAXKIOW U3 MUTAIOUIUX CUCTEM,
a TAK)Ke XapaKTEePUCTUKU JIMHUM CBS3U C CUCTEMaMU;

" YKCJIO JIUHUMN, OTXOJAIIUX OT IIUH C HOMUHAIBHBIM HanpsbkeHuem Uy;

=  muHuManbHoOe ceuenue kaoeias ot PII mo TII u mimHa xabend OoT IIUH
I1C no PII.

/i BCceX BApHMAHTOB JJIMTEIBHOCTh 3UMHETO mepuonaa cocraisgeT 200
JHEH, 1eTHero — 165.

[Ipyn aHanmu3e WCXOMHBIX JAHHBIX CJIEAyeT BBIOpaTh 00JacTh, B KOTOPOM
IIPOCKTUPYETCS 0OBEKT, U yKa3aTh €€ OCHOBHBIC KIIMMAaTHYECKUE XapaKTEPUCTUKH.



3. METOANYECKHUE YKA3AHUA 11O BBIITIOJTHEHHUIO KYPCOBOI'O
INPOEKTA

3.1. BbiOop CTPYKTYPHOI#i (MPUHIMNIHAJIBLHOI) cXeMbl 00beKkTa. BbIOOp HOMU-
HAJIbHOM MOIIHOCTH TPAHC(HOPMATOPOB U ABTOTPAHCHOPMATOPOB

B KypcoBoM MpoekTe B MEPBYIO ouepeb HEOOXOAUMO BBIOPATh CTPYKTYPHYIO
cXeMy 3aJaHHOro 00bekTa. CyIIeCTBYeT HECKOJIBKO BHUJOB AJIEKTPHUUECKUX CXEM,
HarnpuMmep, CTPYKTypHbIC, (PYHKIMOHATBHBIC, MOHTAXKHbBIC, TPUHIUITHAILHBIE U JP.
COOTBETCTBEHHO 3TH CXEMbI MOTYT OBITh AJIEKTPUUECKUMHU, TEIUIOBBIMU U TIp. [Ipa-
BUJIA BBITMIOJTHEHUS BCEX THUIIOB 3JieKTpudyeckux cxeM ycraHosiensl ['OCT 2.701-2008
«ECK/I. Cxembl. Buapl u Turbl. O01ue TpeOoBaHUs K BBITIOTHECHHUIOY.

CoryacHo 3TOMYy JTOKYMEHTY, CTPYKTYpHasi CXeMa — JIOKYMEHT, ONpPEIEIIsto-
II1I1 OCHOBHBIE ()YHKIIMOHAIIbHBIE YACTH WU3JIEHS, UX HA3HAYEHUE U B3aUMOCBSI3U.

Ha Bb10MpaeMoii cxeme T0JKHBI ObITh OTPayKEHbI IJIaBHBIE CBSA3H OOBEKTA.

JI71sl TETUIOBBIX 3JIEKTPOCTAHIUN CTPYKTYPHBIE CXEMBI OTPaXKaroT CBSI3U OC-
HOBHOTO 3JIEKTPOOOOPYI0OBaHUsA, MTPEAHA3HAYEHHOTO Il BBIPaOOTKH, Mpeoldpazo-
BAaHMS W BBIJAYM MOIIHOCTH B 3JIEKTPOAHEPIreTUYECKYIO CHCTEMY, C paclpeaeiin-
TEJIBbHBIMA YCTPOMCTBAMHM Da3JIMYHbIX HanpspkeHnd. KommdecTBo pacmpeznenu-
TEIbHBIX YCTPOMCTB ONPEIEIAETCS HA OCHOBAHMM HMCXOJHBIX JAHHBIX 10 HOMHU-
HaAJIbHBIM HanpspKeHUsM rerepatopoB (cetu 6(10) kB), cetn 35-220 kB u cBsi3eii ¢
cucteMoil. 1Ipy HanMunMy IBYX HaIPSOHKEHUN JOJDKHBI PACCMATPUBATBCS CXEMBI C
IBYXOOMOTOYHBIMU TJIaBHBIMU TpaHchopMaTopaMu. EciM B MCXOIHBIX JTaHHBIX
UMEETCs TPU HAIPSLKEHMS, TO B 3aBUCHUMOCTU OT BHJIA 3a3€MJICHUSI HEUTpaJIH ce-
TEd CPEJHEr0 M BBICIIETO HANPSDKEHUS JOJDKHBI PAacCMaTpHUBATBCS CXEMBI C
TPEXOOMOTOYHBIMU TpaHC(OpMaTOpaMu WK aBTOoTpaHchopmaTopamu. BapuaHTsl
CBA3EH TpeX ceTell uepe3 ABe mapbl ABYXOOMOTOYHBIX TpaHC(HOPMATOPOB MOTYT
BO3HHUKATh NPHU PEeKOHCTpyKUMU wiM pacmmpennn JC nmm IIC u, kak npasuio,
OKa3bIBAIOTCS SKOHOMUYECKH HEBBITOJHBIMH, TO3TOMY B y4eOHOM MpPOEKTUPOBA-
HUU JaHHbIE BAPUAHTHI CXEM HE PACCMaTPHUBAIOTCS.

IIpu npoexktupoBanuu TILL cnenyer yunuThIBaTh ClieqyroUuMe 0COOEHHO-
CTH €€ paboThl, BAUSIOLIME HA BEIOOP MPUHLIUIHUAIBHON CXEMBbI:

"  HaJW4Me WIM OTCYTCTBHE ITONEPEYHBIX CBA3EU B TEIJIOBOU M 3JIEKTpUYE-
CKOM 4acTsXx;

" BEJIMYMHA MAaKCUMyMa MECTHOM Harpy3K MO OTHOILIEHHIO K yCTaHOB-
JIEHHOM MOIIHOCTH CTaHIINH;

"  HOMUHAaJbHAs MOIIHOCTh YCTAHOBJICHHBIX T€HEPATOPOB;

"  BO3MOXXHOCTh aBTOHOMHOM pa0OThl F€HEPATOPOB Ha MECTHYIO Harpy3Ky
MIPY HApPYIICHUU CBSI3U C CUCTEMOI (CUCTEMaMM);

"  Hajnuyue noTpeduTeNeld nepBoil KaTeropuu;

" BEJIMYMHA ABAPUMHOIO PE3EpBa B CUCTEME.



CTpyKTypHBIE CXEMbl TAKUX CTAHIIMI MOKHO pa3[eiIUTh HA CXEMbl C T€He-
paTOpHBIM pactpeaenuTenbHbiM yerpoiicTBoM (['PY), GiouHbIe CXEMBbI U CXEMBI
CMEIIaHHOTO THIIA.

[Ipyn cymmapHO#! BEIMYMHE MaKCUMyMa MECTHOW Harpy3Kd M COOCTBEHHBIX
Hy>X]1 BbIlIe 50 % OT yCTaHOBJIEHHON MOIIHOCTH TeHeparopoB TOL[ BeimonHseTcs
¢ I'PY no cxeme puc. 3.1, a) unu 0) B 3aBUCUMOCTU OT KOJIMYECTBA MOBBIIICHHBIX
HanpspkeHud [1]. Ha Takux 37eKTpOCTaHIMAX KOTJIBI paboTaroT Ha OOIIMA Mmapo-
MpoBOA, a TypOoreHepaTopsl — Ha OOIIME LIMHBI, OT KOTOPBIX OOECHEeUYUBACTCS
AIIEKTPOCHAOXKEHHE MEeCTHOW Harpy3ku Ha Hanpsbkerun 6(10) kB B paguyce no 3-
10 km. ITo ycinoBusM 3JIEKTPOAMHAMUYECKON CTOMKOCTH 3JIEKTPOOOOPYAOBaHUS Ha
KKy CEKIUIO MOJKII0YA0T FeHEepaTOphl CyMMapHON MOIIHOCTBIO He Ooiiee 60
MBT npu renepaTopromM Hanpsbkenn 6 kB u He 6oee 100 MBT npu 10 kB, uto
MO3BOJIIET UMETh Ha COOPHBIX LIMHAX MpHemiieMbl ypoBeHb Toka K3. B ciyuae
HEOOXOAMMOCTH JIONOJHUTENBHOTO orpaHndeHus ypoBHs Toka K3, na TOL] ycra-
HaBJIMBAIOTCSl CEKIIMOHHBIE PEaKTOphl. J[pyrue reHepaTopbl MPUCOEAUHSIIOTCS IO
cxeMe 0j10ka K PY MoBbIIICHHBIX HANpsHKeHUH (cMernanHas cxema) (puc. 3.3).

e P !

PY BH (35— 220 kB) PY BH (110 220 kB) | | PY CH (35kB) |
/é /% T2
|
rey (6 10 kB) rpy (6 10 kB) |
G1 MH+CoG H. é@ MH+C°6 H.
6)

PHcyHOK 3.1 — Bapuantsl cTpykTypHBIX cxeM TOIl ¢ 'PY

Jlist onpenienieHust KOJIMYeCTBa TPaHCPOPMATOPOB CBA3M HEOOXOIMMO pac-
CMOTPETh BO3MOKHOCTb aBTOHOMHOW pabotel TOLl Ha mecTHyro Harpysky. s
ATOr0 HEOOXOAUMO PACCMOTPETh (PYHKIIMOHHUPOBAHUE CTAHIIMH B JBYX PEKUMAaX:
3UMHEM H JIeTHEM. Eciii B 3UMHUI NEpUOJ TeHEPUpPYyEMasi MOIIIHOCTh MOKPBHIBAET
MaKCHMyM MECTHOW HAarpy3Kd U COOCTBEHHBIX HYKI (S; > Syuicosn), 8 B JCTHHI
MUHHUMYM MECTHOW Harpy3Kd U COOCTBEHHBIX HYK]l HE HI)KE MUHUMAIHHOM MOIII-
Hoctu I'H renepartopa, onpeaensieMoi TEII0BOM HAarpy3KoM, TO MOXKHO paccMOT-
peTb BapuaHT C OJHUM TpaHchopmaropom cBsizu. [Ipu 3TOM Takke TOIKHO BbI-
MOJIHATHCS YCJIOBHE, YTO BEJIMYMHA YCTAHOBJICHHON MOITHOCTH CTAHIIMU HE TIpe-
BBIIIIAET MONIIHOCTH ABAPUMHOTO pe3epBa CUCTEMBI. B MpOTHMBHOM ciydae pac-
CMaTpHUBAETCs CXeMa ¢ JIBYMsI TpaHCHOpMaTOpaMH CBSI3U.

s ompeneneHuss HOMUHAIBLHOM MOITHOCTH TpaHC(POPMATOpPOB B MEPBOM
MPUOJIMKEHUH COCTABIIAIOTCS Tpaduku HArpy3ku TpaHCHOPMATOPOB IJisi HOP-
MaJbHBIX YCJIOBHM paOOThl B 3UMHHU W JICTHUNA mepuoA. s 3Toro Heob6xoammo



st Kaxaoi crynenu ['H 13 MOIIHOCTH reHepaTopoB BBIYECTh MOIIHOCTb, MO-
TpeOJsieMyt0 COOCTBEHHBIMU HYKJIaMU U MECTHOM Harpy3KoOi:

PTp-p = Pr _PMH - PCO6.H;
QTp-p = Qr _QMH - QC06.H;

Stp-p = JPTp—pZ + QTp—pz'

Jl1st y4eOHOTro MPOEKTUPOBAHUSI MPUHUMAETCSI, YTO TMOJIHAs MOUIHOCTbH Je-
JUTCSl TIOPOBHY MEXAy TpaHchopmaropamu. [lorToMy HOMHHAIBHYIO MOIIHOCTb
TpaHCHOPMATOPOB B MIEPBOM MPUOIMKEHUH MPUHUMAIOT TaK, YTOOBI HOMUHAIbHAS
MOIIIHOCTb cOocTaBJIsuIa 0kojo 70% mosiHo# nepenaBaeMoi MOIIHOCTH:

SHOMZO,7STp-p-

Jlis TpexoOMOTOUHOTO TpaHc(opmaTopa MO MPEACTABICHHBIM (QopMysiaMm
HaxXOJUTCSl MOIIHOCTD, NepenaBaemas uepe3 oomorky HH. I'paduk Harpy3ku o0-
Motk CH npunumaercs paBHbiM I'H cetn 35-220 xB. I'paduk Harpy3ku oOMOTKH
BH nonyuaercs nyrem Beluntanus u3 ['H reneparopoB momHocteit oomorok HH
u CH s kaxnaou crynenu. [Ipu BpIOOpe HOMUHAIBHON MOIIIHOCTH paccMaTpuBa-
eTcsi camasi 3arpy’eHHas OoOMOTKa, MpUYEM ISl Pa3IMYHBIX PEKUMOB PaOOTHI
TOI] (paccmoTpeHo aanee) 3arpy3ka 0OMOTOK MOKET CYIIECTBEHHO U3MEHSIThHCHL.

Be16op THna tpaHchopMaTOpOB MPOU3BOIUTCS MO KaTaJIOKHBIM JAaHHBIM.
Ha nepBoil mo3uuuyu B MapKUPOBKE YKa3bIBaeTCs €ro BUI: A, €ClIM 3TO aBTO-
TpaHchopmarop, u 6e3 obo3HaueHus st TpanchopmaTopa. Creqom 0003HaYALTCS
gucyo ¢a3: T — tpexdaznpiii, O — ogHoda3Hbil. Ha TpeThei mo3uiiuu 0003HavaeT-
Csl HAJIMUWE PACIICTITIEHHOW 0OMOTKHM Hu3IIero Hanpsokenust — P. Jlanee ykasbiBa-
€TCsl YCJIOBHOE 0003HAUeHHME BHJIa OXJaXIeHUs. [ CHUIIOBBIX MacCisHBIX TpaHC-
(dbopMaTopoB OCHOBHBIE CHUCTEMBI oxyaxaeHusi cienytonme: M (ONAN) — ecre-
CTBEHHas UPKyJALus Bo3ayxa U Macna; /I (ONAF) — npunynurenbHas MUpPKyJIs-
1M BO3JyXa U ectecTBeHHas nupkyJsiuua macna; A1 (OFAF) — npunynurensHas
LHUPKYJIALMS BO3/lyXa U Macja ¢ HeHamnpaBlieHHbIM noTokoM macinia; I (OFWF) —
MPUHYIUTEIbHAS LIUPKYJISLUMS BOJBI U Macjla C HEHAIPABJIEHHBIM MIOTOKOM Macla.
Ha nsatoit mo3uniuu oTmMevaeTcs 4ucio OOMOTOK: 0e3 0003HaYeHUs — JIBYXOOMO-
To4HbIN, T — TpexoOMoTOuHbIN. [lanee yka3bIBaeTCs HAJTMYKUE CUCTEMBI PETYIIUPO-
BaHMs HanpsbkeHus — H. 3aTeM yka3bpiBaeTcsi HOMUHAJIbHAs MOIIHOCTb, KB*A, u
KJIACC HaIpshKeHusl, KB.

Hampumep TM 1000/10 — tpancdopmaTop TpexdasHbIii MaCISHBIN C ecTe-
CTBEHHOM LIMPKYJILMEN BO3ayxa M Macia ¢ peryiaupoBanueM [IbB momHocTEIO
1000 kBA ¢ Beiciium Hanpspkenuem Uy, =10 kB; 2. TATH 25000/110 — Tpanc-
dopmarop TpexdaszHbli MACISHBIN C MPUHYAUTEIHLHON IUPKYJIAIUEH BO3ayXa H
€CTECTBEHHOM LIMPKYJIALHUEN Maca.
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Buviopannvie mpancgopmamopvt HeobX00UMO NPOSEPUMb HA B03MONCHOCHIL
pabomvl npuU aABAPUUHOM OMKIIOYEHUU O0OHO20 U3 HUX 8 COOMBEMCMEUU C OONY-
CMUMbBIMU asaputinbimu nepezpyskamu, onpedensemvimu no I'OCT 14209-85 [2].

JIns1 3TOro pacCYMTHIBAIOTCS:

- K03 (HULIMEHT HauaIbHON HATPY3KU:

1 |SZ-At+S7-At+..+S%-At,
Sy At + AL+ + AL

rae Sy — Harpyska TpanchopMaTropa MEHbIIE HOMUHAIBHOH, Aty - IIUTEIBHOCTH
Harpy3Kd Sy,
- IPEIBAPUTEIIbHBIN KOAPPHUIIMECHT aBapUIHOM MEeperpy3Ku:

1 (Sl')2 -Ahl+(S'2)2 -Ah, +...+(S'p)2 -Ah
5. Ah, +Ah, + ...+ Ah ’

K',=

rae S’y — Harpyska TpaHcdopmaropa Oolbllie HOMUHAIBHOM, ANy - AITUTETBHOCTH
Harpysku S’p;

- K03 QHUIUEHT MaKCUMATBHON HArPY3KU Kmax=Smax/ Stox-

[IpenBapurtenbHoe 3HaueHUe K’; crenyeT conoctaBUTh ¢ 0,9 Kimax:

- ecmu K’2>0,9Kmax, TO mpuauMaetcs Ko= K’s,

- eca K’2<0,9Kmax, TO mpuanMaetcs K= K’, 1 KoppekTupyeTcs mpoaoKu-
TEJIBLHOCTD MEePErpy3Ku Mo Gpopmyie:

_ K2’2 n'
 (09Kmax)?

[Tocne sToro momyyeHHoe 3HaueHue K, cienyer CpaBHUTH C JIOMYCTHUMBIM
Kason, OTIpeaensemMbpiM 1mo tabmuiam 8-14 [2] aBapuilHBIX MEPETrpy30K C Y4ETOM
TEMIIepaTyphbl OXJIAXKIAIOIICH CpPe/bl, CUCTEMbI OXJIaXACHUs TpaHchopmaTopa, Be-
JUYHMHBI HAYaIbHOW HArpy3ku K) U aautenbHoCTH neperpysku h. [us mpancgop-
mamopos ¢ evicuium HanpsdiceHuem 220 kB HeobXxooumo yseauuums 3HAUEHUE
memnepamypul oxaaxcoaioweti cpeovt Ha 20 °C, nockonvky mabnuyer 8-14 [2] co-
cmasnenvl 051 mpancpopmamopos HanpsixceHuem He eviute 110 xB. Ecnu nomny-
YeHHbI KoapdunmeHtT K; He NpeBOCXOAUT JOMYCTUMBINA, TO BHIOPaHHBIA TpaHC-
(opMaTop MPOXOIUT MO YCIOBUIO aBapUilHOW meperpy3ku. B mpoTuBHOM ciyuae
HEO0XOJIUMO YBEJIMYUTH HOMUHAIBHYIO MOIIIHOCTh HA OJIHY CTYNEHb U MOBTOPUTH
pacuet, 1100 pacCMOTPETh BapUaHThl YMEHBIIICHUS! MEPETOKOB MOIITHOCTH uepes
TpaHCHOPMATOPHI.

[ToMmuMoO aBapuiHBIX MEPETPY30K CIEAYET y4eCTh BO3MOXKHOCTH PaOOTHI
TpaHCHOPMATOPOB C cCUCMEMAMUYECKUMU HA2py3Kamu, OOJbIIE HOMUHAIHHOU
MOITHOCTH. J[aHHBIE IEPETPY3KHU MOT'YT BO3HUKATh B CIEIYIOIMIUX PEKUMAX:

1) mpu OTKIIFOUEHUH OAHOTO (HanboJiee MOIIHOTO) TEHEPATOPa;

2) npu aBapuu B CUCTEME JIETOM.
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[TockonpKy B NaHHBIX pekMMax oba TpaHchopmaropa ocTaroTcsi B padore,
TO BEIMYHMHY TIEpeJaBaeMOi MOIIHOCTH uYepe3 Kaxablii TpaHchOopMaTop MPHHU-
MalOT PaBHOH 710.106uHe TIONHOTO TepeToka. [lo aHamoruu ¢ aBapuitHBIMHU TIepe-
rpy3kamMu omnpenenstoress kodpdunuentsl Ki, Ky, a nomyctumslii koddduiment
omnpenaensercs o tadbmunam 1-7 [2] cuctemaTHdeckux Harpy3ox.

Jna ecex paccmampugaemvix pexicuMos ciedyem Yuumvléams paziuiHble
memnepamypul 0xXaaxcoarouel cpeovl 0 3UmMbl U 05 1emd.

[Ipu paccMOTpeHUU BapUAHTOB C OJHUM TPAaHC(HOPMATOPOM CBS3H YUUTHI-
BaIOTCA TOJIBKO CUCTEMATUYECKUE HArPy3KH.

[Tomumo cxem c¢ ['PY, TOIl MoryT BBINOJHATBCS MO OJIOYHOW cXeMme
(puc.3.2), ecnmu MakCUMyM MECTHOW HArpy3Kd U COOCTBEHHBIX HYJI HE MPEBHIIIIA-
eT 30% OT yCTaHOBJICHHOW MOIIHOCTH TeHepaTopoB. IlogpoOHOe omucaHue aaH-
HOM CXEMbI IPeICTaBICHO B [1].

@ C

| PY BH (110 - 220 kB)

T1 T2 T3 T4
r— - I~
l o LERTRZ l 7 7
ety ) ey Py I
Cob. H. - IJu,,\’I N g (‘"’ﬂ Co6. H. 1T Co6.HI T Co6. H.
S N | |
- -
' ‘ : G3 : G4
\] '
G1 G2 K BogorpeiHbiM KoTnam
| Py@e-10k8) | aorp
MH

Pucynok 3.2 — CtpykrypHast cxema 6mounoi TOL]

MomHocTs Tpanchopmaropos cBsizu T1, T2 onpenensiercs mpu MUHUMYME
MECTHOM Harpy3KHu IO CIEIYOIIUM BBIPAKEHUSIM:

PTp-p = Pr - Pco6,H _PMH MMH/2;
QTp-p = Qr - QcoG.H _QMH MI/IH/21

— 2 2
STP_P - \/PTP‘P + QTP‘P )

Jlaaubie TpaHCHOPMATOPHI AOMYCKAIOT CHCTEMATHUYECKYIO MEePErpy3Ky MpH
aBapuu B CUCTEME JICTOM, YTO CJIEAYET YUNUTHIBATh MIPHU MPOSKTUPOBAHUH.

[Teperpy3ka 61ounbix TpancopmaropoB T3, T4 negomyctuma. HomuHab-
Hasi MOIITHOCTh TaKUX TPaHC(HOPMATOPOB BHIOUPAETCS U3 YCIIOBHSI:

SHOM TP—p = Sr - SC06.H.

B cnyuae, ecnu Ha TOLl umeercst 6oJiee JByX reHEpaTOPOB € Pa3IuYHBIMU
HOMUHAJIBHBIMM ~ MOIIIHOCTSIMH, BO3MOXEH BapHaHT IPUCOEAUHEHHS] BCEX
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reHeparopoB k ['PY (ecnu BBIMONHSIOTCA paHee MEPEYUCICHHBIE YCIOBHS IS
cxeMbl puc. 3.1) wiu co3manus cmerranHon cxemsl TOLL (puc. 3.3) [1]. B nannoi
cxeme MouHOCTh reHepatopoB (Gl), monkmouaembix k ['PY, ompenensiercs
BEJIMYMHOM MECTHOW Harpy3Kd U HEOOXOIUMOCTHIO MUHUMHU3AIINH ITIEPETOKA Yepe3
tpanchopmatopsr T1, T2. ITomumo 3toro, k ['PY He pexomeHayeTcs MOIKII0YaTh
OoJiee MOIIHBIE TEHEPATOPhl M3-3a CYIIECTBEHHOTO YBEIWYEHUS YPOBHS TOKOB
KOPOTKOTO 3aMbIKaHUs. Takue reHepaTophl, KaKk MPaBUIIO, TOJKIIOYAIOTCS B BHJIC

omoxos (GlI). @
C

PY BH (110 - 220 kB)

= 13
é; e é;

C06 H. Co6. H.
— _

Gl Gl

Pucynok 3.3 — Crpykrypa TOIl co cmemanHON cXxeMOl BKIIOUEHHUS TEeHEPAaTOPOB

MomnocTs TpanchopmaropoB T1, T2 BeiOupaercs, Kak U B BAPUAHTE CXEM C
['PY, a tpanchopmatopoB T3, T4 o ananoruu ¢ 6JI09HOM CXEMOM.

IIpu nmpoexktupoBannu KIC cienyer yuuToiBaTh, 4YTO TaKUE CTAHLIHUH pa-
00TalOT MpHU MOJHONW HE3aBUCUMOCTH TEIUIOBBIX U AJICKTPUUYECKUX HArpy30K. BbI-
Jadya MOIITHOCTH MPOMCXOAUT B OCHOBHOM B cetu 110 kB u Bblllle, B pe3yibTare
yero Ha KOC ucnonb3yrorca renepatopsl MOMHOCTEIO 0T 100 MBT. B cBsizn ¢
JTAHHBIMU OCOOEHHOCTAMU CTPYKTYypHBIE cXxeMbl KOC BBHITIONHSIOTCS 110 OJI0OYHOMY
npuHIUny. Bapuantel 6:10k0B npeicTaBieHs B [1].

B pamMkax 1aHHOTO KypCOBOTO MPOEKTa pacCMaTPUBAIOTCS BapUAHTHI BbIa-
yn MomHocTH KOC B ceTw IBYX MOBBIIIEHHBIX HANpsHKEHUW. B maHHOM ciydae
BO3MOKHO IPUMEHEHUE CXEMBI, TOKa3aHHOM Ha puc. 3.4.

B nmanHOM BapmaHTe BCE reHepaTopbl pacmpeneisitores Mexay PY. Asro-
TpaHcPOpMATOPBI UCIIOJIB3YIOTCS B OCHOBHOM JUIsl CBsi3u PY pasHbIX HampspKeHUn
(x oomotke HH AT MokeT moaKirovaThcsl HE3HAYUTENbHAS 10 BEJIMYMHE MECTHas
Harpy3Ka WM IMyCKOPE3epBHBINA TpaHCPopMaTOp COOCTBEHHBIX HYXKM). s manHOM
CXEeMbI HEOOXO/IUMO B TIEPBYIO OU€pe/lb OMPEAETUTHCS, KaKiuM 00pa3om OyyT pac-
npeneneHsl O01oku Mexay PY. Momnocts 6mokoB rpynmnel Gll He nomknHa oTm-
4aThCsl OT MAKCUMaJIbHOM MOIITHOCTH, MMOTpedsiemoii Harpy3koi cet CH, Ha Benm-
YuHY, OOJBIIIEH MOIIHOCTH OJTHOTO Oyioka. B 3TOM ciiydae oGecrieunBaeTcss MUHU-
MaJibHbINA TiepeTok uepe3 AT cBs3u, a Takke MUHUMAJIBHOE 3HAY€HUE MOTeph. BBU-
ny Toro, uro k ooMotke HH AT moaxirodeHa Harpyska CyIIECTBEHHO MEHbIIIas,
YeM MEePETOKH B MOCIIEI0BATEILHOM 1 001Iel 00MOTKaxX, /sl BLIOOpa HOMUHAIBHON
MOIIIHOCTH B YYEOHOM IMPOCKTUPOBAHUU MOXKHO MPUHSATH, uTO0 AT paboTaroT B aB-

13



TOTpaHC(OPMATOPHOM pexkuMe. B kauecTBe McciaenyeMbIX peXUMOB padOThI Clie-
IyEeT pacCMOTPETh BO3MOKHBIE aBapHUiHbIE MEPErpy3Ku MpU OTKIIFOUEHUU OHOTO
U3 aBTOTPaHC(HOPMATOPOB, CUCTEMATUUYECKUE TIEPETPY3KHU B JIETHEE BpeMs MpU pe-
MOHTE OJIHOTO U3 TeHeparopoB rpymmsl Gll, a Takke cuctemMaruueckue neperpy3ku
npu aBapuu B cucteme jeToM. COBMECTHOE OTKIIIOYEHHE aBTOTpaHcpopmaropa u
peMoHT oaHoro U3 reaepatopoB Gll ne paccmampusaemcs.

P T

PY BH (220-750kB) | | PY CH (110-500«kB)

AT
CBA3N

868 |t
"ol O OF

G I ; MH
(IIPTCH)

Gl

Pucynok 3.4 — CtpykrypHas cxema KOC ¢ AT cBs3u

Jns BeIOOpa OJ0YHBIX TpaHCHOPMATOPOB HEOOXOAMMO OINPEACTUTHCS CO
CXEMOM IIMUTaHUS MECTHOW HAarpy3Kd, KOTOpas MOKET HOJIKIIOYAThCS 4Yepe3
TpaHC(HOPMATOPBI OTIAKKOW OT OJOKOB WJIM, KaK Y€ ObLIO CKa3aHO, K OOMOTKE
HH aBtoTpancopMaTtopoB cBs3u depe3 JUHEHHBIE PEryIUpOBOYHBIE TpaHCQOp-
matopsl (JIPT).

Bb160p HOMUHATEHON MOIIHOCTH OJIOUHBIX TPaHC(HOPMATOPOB AHATIOTHYUEH
BBIOOPY Takux TpaHchopmaropoB Ha OnouHbix TOLI. Jlms 6mokoB, muTarommx
MH, yuuTsiBaeTcs Takxke BenmuruHa Momnoctd MH.

Bre16op TpancdopmaTopoB mecTHOUW Harpysku mnpousBogutcs no ['H coot-
BETCTBYIOIIIEH CETH C yUYETOM JIOMyCTUMOCTH aBapUUHBIX MEeperpy30K. Boibop HO-
MUHaJbHON MomHocTH JIPT ocymiecTBisieTcss Mo HauOOJbLIEH BO3ZMOXKHOM mepe-
JABAEMOM Yepe3 HEro MOIHOCTH.

Bb10op cTpykrypHoii cxembl IIC 3aBucHT OT Takux (pakToOpoB, Kak:

" BHUJ CETHU, K KOTOPOM OTHOCUTCS TMOJCTaHLMS; THUIBI 3a3eMJICHUS
HEUTpaIu pa3HbIX HAIPSKECHUI;

"  koJu4ecTBO PY M ux HOMHHAIBLHOE HANIPSIKECHHUE;

" [POLECHTHBIM COCTaB MOTpeOUTEeNIeH, HalMYnue MmoTpeduTeneid, Tpedyro-
[IMX TOBBINIEHHBIN YPOBEHb HAAEKHOCTH;

" 3HavyeHHe Kod(pduIMeHTa MOIIHOCTH, HEOOXOIUMOCTh KOMIICHCAIUH
PEaKTUBHON MOIIHOCTH;

"  HEOOXOIMMOCTH PEryJUpOBaHUs HampsbkeHus Ha muHax [1C;

* 3HaveHue TOKOB K3, He0OX0AMMOCTh YMEHBIIIEHUS UX YPOBHSI.
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Jins T1C, cBsA3bIBAIOIIMX CETH ABYX HAIPSDKEHUH, UCTIONIB3YIOTCS JIMOO ABYXO-
OMOTOUHBIE TpaHC(HOPMATOPBI, JIMOO MPU HEOOXOAUMOCTH OrpaHUUEHUs TOKOB K3 —
TpaHcopmaTopsl ¢ pacuierieHHo oomorkoit HH. KomnuectBo Tpancgopmaropos
OIpENENSIETC COCTaBOM MOTPEOUTENEN: NMPU HATWMYUK NOTpeOUTENeil EpBOM U BTO-
POl KaTeropuu HEOOXOAMMa YCTAaHOBKA JIByX TpaHC(OpMAaTOpOB, B3aUMHO PE3EpBU-
pytoumx apyr npyra. Takue TpancopMaTopbl HOMYyCKArOT aBapUiiHbIE TEpErpy3Ku
corsacHo [2]. CtpykrypHbie cxeMbl JaHHbIX 11C npeacrasnens! Ha puc. 3.5.

25 25
c1{~.) c2 c1{~.) c2
] |
PY BH PY BH
T-1 T-2
T-1 T-2
PY HH PY HH
L I A
/_\ /= /_\ /=
GC\~R) MH+C06.1.~ =\ GC\~"C, MH+C06.1..-" =\
N a) 6)

Pucynok 3.5 — Bapuantsl cTpykTypHbIX cxeM [IC ¢ qByMs HanpsuKeHUIMU

ITpu HecooTBeTCTBUM KO3 (DULIMEHTA peaKTUBHON MOIIHOCTH Ha muHax [1C
HOPMHUpPYEMBIM 3HayeHUsIM [3], HEOOXOAMMO HPEAYyCMOTPETh NPUMEHEHHUE
ycrporictB koMrieHcaunu (KVY): 6arapeii ctatnueckux konjaeHcatopos (bCK) wim
cuaxpouHbIXx kommeHcaTopoB (CK, GC). Ilocnegaue ycTpoiicTBa MPUMEHSIOTCS
KaK i NOTpeOJIeHHs], TaK U JJIs1 BbIpAOOTKH PEaKTUBHOM MOILIHOCTH, MO3TOMY,
KaK MPaBUJI0, YCTaHABIIMBAIOTCS B MArUCTPAIBHBIX CETSIX, JIJIs1 KOTOPBIX XapaKTep-
HbI 3HAYUTEJIbHBIE U3BMEHEHUS PEKUMOB 10 PEaKTUBHOIN MOILHOCTH.

PacueTHas MOITHOCTh KOMIIEHCUPYIOIIUX YCTPOMCTB ONpeaensieTcs, ICXOAs
U3 pa3Iuy4us IEUCTBUTENBHOTO tgQ 1 HOpMUPYEMOTO tg@Puopw KO (ULIMEHTA pEaK-
TUBHOM MOIIHOCTH, MOTPEOIIsIEMOI B 4achl HAUOOJBIINX CYTOUYHBIX HAIPy30K:

QKY paca — PMaKC (tg(P - tg(pHOpM)'

JleficTBUTENbHAS MOITHOCTh KOMIIEHCHUPYIOIIMX YCTPOWCTB MOI0MPAETCS
HamOoJee OJIM3KOM MO 3HAYCHUIO K PACUETHON M3 CTaHJAPTHOTO Psijla HOMUHAIb-
HbIX MorHocTel KY [4].

J{nst BBIOOpa HOMUHAILHON MOIIHOCTH TpaHcopmaTopa npu ycranoBke KY
HEOOXOJMMO YUMTHIBaTh YMEHBIIICHUE IepeaaBacMoil uepe3 TpaHchopmaTop pe-
AKTUBHOW MOIIHOCTH:

QTp—p = QTp—p - QKY'
Takum 06pazom, yctaHoBka KY mo3BojsieT HE TOJIBKO MOJIEPKUBATH HOP-

MUpyeMoe 3HaueHue Kod(puIMeHTa peaKTUBHOW MOIITHOCTH, HO M YMEHBIIUTH
nepeaBaeMyro uepes TpaHcopMaTopbl MOIIHOCTh, @ B HEKOTOPBIX CIydasX U UC-
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II0JIb30BaTh TPAHC(HOPMATOPHI MEHBIIICH MOIIHOCTH, YeM JJIsi BapuaHTa 0e3 KOM-
TICHCAIINH.

B cnyuae eciu npu nposepke mpancopmamopa na asapuiiivie nepezpysKu
pacuemuslii. K03 puyuenm nepezpysKu He3HAYUMENbHO npesvluiaen OO0N)Cmu-
Mblll, B03MONCHO CHUJICEHUe nepedasaeMoll uepe3 mpancoopmamop MOowHoCmu 8
noC1easapuiiHom pescume NYMéEém YMeHblleHUs: MOWHOCMU nompedbumernel, nu-
marowuxcs om I1C [1].

JIJIss BapUaHTOB C CETSMH TpeX HaNpsODKEHUH B KauecTBE TPaHCHOPMHUPYIO-
IIMX YCTPOMCTB MOTYT HMCIIOJIB30BAaThCsS TPEXOOMOTOUHBIC TpaHC(hOpMaToOpsl (pu
Pa3IMYHBIX CHCTEMax 3a3eMJICHUS HEHTpaliell ceTei CpeTHEero M BEICOKOTO Harpsi-
KCHUS) WM aBTOTPAaHCHOpPMATOPHl (MPU OJMHAKOBBIX CHCTEMaX 3a3eMJICHUS
HelTpanm) (puc. 3.6).

PY BH PY CH PY BH PY CH
T-1 T-2
AT-1 AT-2
JIP-1 /@’HP-Z
PY HH | _PYHH |
/\ =
2 v ot GC (A MH+Co6.1.

a) 6)

Pucynok 3.6 — Bapuants! ctpykTypHbIX cxeM [1C ¢ Tpemst HanpsHKeHHSIMA

Bp160p HOMMHATIBLHOM MOIITHOCTH TPEXOOMOTOYHOTO TpaHchopMaropa Mmpous3-
BOJIUTCSI 110 HanOoJiee 3arpykeHHoi oomMoTke. [Ipu 3ToM npuHUMAaETCs, YTO 3arpy3Ka
oomotkn HH onpenensiercst o Benuurbe U rpaguky MecTHON Harpy3ku cetd 6(10)
kKB ¢ yueToM momHOCTH cOOCTBEHHBIX HYXI, 3arpy3ka oomoTkn CH — mo ceru 35-
110 kB, a Harpy3ka oomoTku BH mosydaercst myTem cloKeHusI MOIITHOCTEH OOMOTOK
HH u CH (oTaensHO MO aKTUBHOM M PEAKTUBHON MOIIHOCTH ISl K&KJ0TO0 UHTEpBA-
na). Taxxe onpenensieTcs BO3MOXKHOCTh aBapUIHBIX MEPErpy30K COMIAcHO [2].

Bb160p HOMUHAIBHOM MOIIIHOCTH aBTOTpaHC()OpPMATOPOB ISl BaprUaHTa puUC.
3.6, 6) B pamMKax y4eOHOTO MPOEKTHUPOBAHUS JOMYCTUMO MPOU3BOAUTH TAKXKE IO
HauOoJIee 3arpyKeHHOW 00MOTKeE ¢ yueToM [2].

Ha puc. 3.6, 6) B uenu aBTOTpaHc(popMaTOpOB YCTAHOBIIEHBI JUHEHHBIE pe-
TYJISTOPBI, MO3BOJIAIONINE MPOU3BOAUTL HE3aBUCUMOE PETYJIMPOBAHHME HAaIpsKe-
Hus Ha mmHax HH T1C (yctpoiictBo PITH Ha AT u3meHsieT HanpsiKEeHUE HA IIUHAX
CH, B oTiimuue ot TpexoOMoTouHOTO TpaHchopmaTopa, y koroporo PITH «Benér»
HU3KYI0 CTOPOHY, a Ajid peryiaupoBanus Ha mmHax CH wucnons3yercs 116B). Ho-
MuHaNBbHAss MomHocTh JIP-1, JIP-2 BeiOupaercs Oombliei, yeM MaKCHMajbHas
MOIIIHOCTh MECTHOM Harpy3KH ¥ Harpy3Ku COOCTBEHHBIX HYXK]I.
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3.2. Bb100p cxem pacnpeneuTebHbIX YCTPOUCTB

Brei6op cxem pacrhpeneauTeNbHbIX YCTPOWCTB MPOEKTUPYEMOTO OOBEKTa
HEOOXOAMMO HPOU3BOAUTH C YUETOM TPEOOBAHUM, U3I0KEHHBIX B HOPMax TEXHO-
JOTMYECKOTO MPOCKTUPOBAHMS TETIIOBBIX AIEKTpOCTaHIMi [5] u moacTanmuii [6].

Crnengyer npuHMMAaTh BO BHUMAaHHE 3KOHOMHYECKYIO COCTABILIIOLIYIO IIPU
BbIOOpE CXEM U BCETJa pacCMaTpuBaTh BapHUaHThl, HAUWHAs C HauboJee MpPOCTOro
Y MEHEE 3aTpaTHOIO.

Bb160p cxembl pacnpeeTuTeNIbHOTO YCTPOUCTBA ONPEAEIIAETCS:

"  KOJMYECTBOM IIPUCOEAUHEHHUN K JaHHOMY PV

"  HOMMHAJBHBIM HalpssKeHueM PY;

* TpeOOBaHMSAMH HAJEKHOCTH NHUTAHHUS TMOTpEeOUTENe U COXpaHEHUs
YCTOWYMBOM pabOTHI IHEPTETUYECKON CUCTEMBI,

"  HaJIM4MEM TPaH3UTA MOIIHOCTH yepe3 PY.

B kauectBe mpucoenuHenur PY ciemyer paccMmarpuBaTh LENM TIIABHBIX
TpaHc()OpPMaTOPOB, JTUHUM (OTXOASAIIMX OT IIUH U CBA3HM C CHCTEMOI1), reHepaTo-
POB (1S CTaHILMIA), TpPaHC(HOPMATOPOB COOCTBEHHBIX HYXJI, YCTPOICTB KOMIIEHCA-
I[UU PEAKTUBHON MOIIHOCTH, pEaKTOPOB MeCTHOM Harpy3ku (s TOLI).

Jl1 HaXOKAEHUS KOJIMYECTBA MPUCOSAMHEHUI HEOOXO0IUMO TIPEIBAPUTEIb-
HO OIIPEACIIUTh KOJIMYECTBO JIMHUMN, MOAKIKOYAEMBbIX K paccMarpuBaeMoMy PVY.
Jns PY BeICIIETO M CpEQHEro HAIpsDKEHUS IaHHBIM ITapaMeTp 3aJaeTcs B Kade-
CTBE UCXOJHBIX JaHHBIX, KaK KOJMYECTBO JIMHUM CBA3U C CUCTEMOU U KOJIMYECTBO
JIMHHAM, OTXOJSIIMX OT IIIMH ONPEIEICHHOTO HAIIPSIKEHUS.

Jnst PY muskoro HanpsbkeHus [IC B HICXOIHBIX TAHHBIX 3a4a€TCS KOJIMYECTBO
pacnpenenuTeIbHbIX MyHKTOB, @ BBHIOOP KOJIMYECTBA JIMHUM, MUTAIOUIMX JIaHHbIE
IyHKTHI, IPOU3BOJNUTCS NPU NMPOEKTHpOBaHMU. Kak mpaBwuiio, Harpys3ka IepBOM U
BTOPOW KAaTETOPUH MUTAETCS NAapHBIMU JIUHUSAMH, a HArpy3Ka TPETbEW KaTETOpUU —
OJIMHOYHBIMU. B yuebHOM npoekmuposanuu npu HAIuduy nompeoumeneu 6cex mpex
Kame2oputi 803MOXCHO bloeneHue yacmu PII 6 coomeemcmeuu ¢ npoyenmuvim
3HaYeHuem nompeoumenell, NUMAOWUX HASPY3KY NEPeol U 8MOPOU Kame2opuu
(m.e. numaHnue nPouU3BOOUMCs NAPHLIMU TUHUAMU), a ocmanbHblx PII - Ona numa-
HUus mpemveu kamezopuu. Taxxe BO3MOXKEH BapuaHT nutaHus Bcex PII mapHbiMu
JUHUSMHU, TO €CTh KOJUYECTBO JMHUN MOTydaeTcsi BABOE OOJIBIINM, YEM 33JaHHOE
kosmmuecTBO PII. AnamornunsiM 00pa3om 3anaercst konuuectBo PII u onpenensercs
KOJIMYECTBO JIMHUH, NUTAIOIIUX MECTHYIO Harpy3Ky, miis TOL u KOC.

[Ipu pacuere uncna npucoeaunenuit k I'PY TOLl cnenyer yunteiBate, 4ToO,
KAaK IPaBUJIO, JUHUM MECTHOM HArpy3KH MOJKIIOYAIOTCA HE HanpsaMyro K PY, a yge-
pe3 OAMHApHBIE UM CABOEHHBIE JINHEWHBIE PEAKTOPHI. [ [puMeHeHne CIBOEHHBIX pe-
AKTOPOB MO3BOJISIET CHU3UTh YMCIIO STUEEK NOAKIIOYEHUS K PY, a Takke yMEHbIINTh
NOTEPU MOLIHOCTHU M HAIIPSKEHUS B CAMUX PEAKTOPAaX, 0 CPABHEHUIO C BAPUAHTOM
OJMHAPHOI0 peakTopa. Yucio JMHUN, TOAKII0YAaEMbIX K OJTHOM BETKE PEAKTOpa, HE
JOJKHO TIPEBBIIIATH YETHIPEX, B IPOTUBHOM Ciydae, MPU BbIXOJE U3 PabOThI peak-
TOpa TEPSIETCS. MOUIHOCTH OOJIbILIE, YEM JOIYCTHMAs JJIi TEXHUKO-IKOHOMHYECKUX
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ycinoBuid. B ciydae PII pa3znuuHoi MOIITHOCTH HEOOXOAMMO 00E€CTICUUTh MPUMEPHOE
PABEHCTBO Harpy30K BETBEW CABOEHHOTO PEAKTOPa, IPUYEM MOAKIOYEHUE MAPHBIX
JIMHUN JOJHKHO OCYIIECTBISATHCA K PAa3HBIM BETKAM PEAKTOPOB, MOJKIFOUYEHHBIX K
pasubiM cekimsiM PV, ans obecnieuenus Hagesxnoro nutanus PII naxe B cimyuae
OTKJIIOYEHUSI OJHOM U3 cekiui. Takum oOpazom, mis TOL] konuuecTBOM MpHUCO-
€IMHEHUN MECTHOW HAarpy3KM K IeHepatopHoMy PV sBiseTcs HE KOIMYECTBO JIM-
HUM, @ KOJIMYECTBO PEAKTOPOB, MUTAIOIINX JAHHBIC JTUHUU.

Hannume mnm OTCyTCTBHE TpaH3UTa MOIIHOCTH 4Y€pe3 pPaCIpeIeIUuTEIbHOE
YCTPOMCTBO TAKKE ONPEIEIAETCS B COOTBETCTBUU C UCXOAHBIMU JaHHBIMU. Ecim
PY opnoro HanpsikeHus MOAKIIOYEHA TOJIBKO OJHA MHUTAIOIIAs CUCTEMA, TO TPaH-
3UT MOIIHOCTH OTCYTCTBYET. B mpoTtuBHOM ciiyuae PV sBisieTcss mpOXOAHBIM, U
MPAKTUYECKHA BO BCEX BO3MOXHBIX PEXHMaXxX JOJDKEH 00€CIeurnBaThCsl CEKIIMOHU-
POBaHHBIN BBIKIIOYATEISIMA TPAH3UT MOIIHOCTU. OTKa3 OT TpaH3UTAa MOIIHOCTHU
MOJKET NMPUBECTU K HEONTHUMAJIbHBIM 3arpy3kaM OOOpYyJIOBaHHS 3JIEKTPUUECKUX
CTaHIUH U MOJACTAHIINM, CO3IaHUI0 HEONITUMAJIBHBIX PEKUMOB PAaOOTHI JIMHUI, UTO
B CBOIO OU€pe/ib BbIpaxkaeTcs B CUCTEMHOM yiiepoe. [loaromy npu Hamuyuu noj-
KJIFOUYEHHSI JIBYX CHUCTEM CIIEYET BBIOMpATh CXEMBbI, 00ECHEUYHBAIOIINE BO3MOK-
HOCTb JJAHHOT'O TPAH3UTa MOITHOCTH.

B kauectBe cxeM PY 00BEKTOB 3HEPreTUYECKON CUCTEMBI CIEAYET BHIOUPATh
CXEMBbI, U3 MepeyHsi TUMOBBIX [7]. [I[puMeHeHHe HETUIIOBBIX CXEM JOIYCKAaeTCsl B
KauecTBe PY TEmIOBbIX 2JEKTPOCTAHIINMI MPU JOTOTHUTEIFHOM 00OCHOBaHUH.

PV renepatopHoro HanpsbkeHus Ha TOLl BeIMOJHAETCS, Kak IPaBUIIO, C OJI-
HOW cucTeMoM 1uH, ¢ npuMeHeHueM KPVY u peaktopoB ais nutanus norpedure-
nei. CeKUMOHHBIN BBhIKIIIOYaTesb Ha ['PY HopManbHO 3aMKHYT. Takoe pernieHue
00BsICHSIETCSI 00ECIIEYeHNEM HaJIeKHOCTHU 3JIEKTPOCHA0KEHUSI COOCTBEHHBIX HYK/
KoTioarperaroB. IIpu AByX reHeparopax CuUCTEéMa IIUMH CEKIMOHUPYETCS Ha JBE
4acTH, IPUYEM YUCJIO MPUCOEANHEHUIN K OJJHOM CEKLIMH HE JIOJKHO MPEBBIIIATH 6-
8. IIpu OonbleM Yuciie TEHEPATOPOB BO3MOKHO MCIOJIb30BAHUE CXEMBI C TPEMs
CEKIUSIMH, & TAKKE CXEM KOJIBLIEBOT'O TUIIA UJIM C YPABHUTEIBHON CHCTEMOM IIMH.

Ecnu x I'PY umeer Gosbliioe 4uciio NPUCOESTUHEHUH, TO MOKET IPUMEHSTh-
cs cxeMa ¢ JIByMsl pabouuMu cuctemMaMu muH. boiiee moapoOHO 00 MaHHBIX CXe-
Max HM3JI0KEHO B [1].

B xauectBe PY HH moacranumii, a Takke PY nutanus MecTHOW Harpy3kKu
K3C u 6nounsix TOL| npumeHsieTcst cxema ¢ OJAHOW WM JBYMS CEKIIMOHUPOBAH-
HBIMH CHUCTeMaMH IIMH Ha Hanpspokenuu 6(10) kB. BapuanT ¢ ogHOM ceKiuei Mo-
XKeT ObITh TpUMEHeH B KauecTBe PY onnoTpancdopmaropnoii [1C, oT koTOpo#t mu-
TaeTCs Harpy3ka TpeTheil kateropuu. [lpum nByx TpanchopmaTopax W TUTAHUU
Harpy3ku, TpeOyroIiel MOBBIIIEHHBIH KJIacC HAIeKHOCTH, NMPUMEHSETCS cXema
JIBYX CEKITNH, COeMHEHHBIX MEXTy COO0N CEKIIMOHHBIM BBIKIIOUaTeneM. [lanHas
CXeMa MOKET MPUMEHATHCS KaK MPHU JIBYXOOMOTOYHOM, TaK M MPH TPEXOOMOTOU-
HOM TpaHcopmarope wiu aBToTpaHcpopmaTope. PacmpeneneHue Harpysku Mo
CEKLMSIM HEOOXOIUMO BBIMIOJIHUTHh MPAKTUYECKH PABHOMEPHO, MPUYEM, €CIIU OT
naHHoro PY murarorcst mapHble TMHUW, TO OJHA U3 HUX JOJDKHA MOAKIIOYATHCS K
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OJHOM CEeKLMH, a Bropas — K Apyrod. CeKUMOHHBIN BBIKIIOYATENb JISI JAHHOU
CXEMbI B HOPMAJIBHOM PEXUME HAXOOUTCA, KaK MPABWIO, B OTKIOYEHHOM I10JIO-
KEHUH, YTO MO3BOJISIET YMEHBIIUTh YPOBEHb TOKOB KOPOTKOTO 3aMbIKaHUS KaK Ha
camoM PV, tak u Ha oTxomsaummx npucoeauHeHusix. [Ipu ucnonszoBanuu Ha [1C
TpaHCPOPMATOPOB C PACIIEIIICHHBIMU OOMOTKaMU MPUMEHSIETCS] CXeMa C YEThIPh-
M ceKIMsAMU. Takke JaHHas cXeMa MOXXET NMpUMeHsATbca npu Bapuanrtax [IC c
6onpimmMu 3HaueHusMU TokoB K3 Ha PV, Torma mocne tpancopmaTopoB ycra-
HAaBJIMBAIOTCS CIIBOCHHBIE peakToOpbl. Kak M B MpeapIAyux cXeMax C CEKIMOHM-
pOBaHUEM, I10 YCIOBHIM HAJEKHOCTH MUTAHUS MMOTpeOUTENEN K OTHON CEKIUU HE
nojakiovaercss 6osnee 6-8 mpucoenuHenuid. [Ipu KCMonb30BaHUU CXEMBI C 4e-
THIPbMSI CEKIIUSIMU CIIETyET YUUTBIBATh, YTO THUIOBOE MOJIKIIOUEHHE TpaHChOopMa-
TOPOB COOCTBEHHBIX HYKJI B OJIMH HIKHUM ypOBeHb cekiuii PY mosker npuBecTH
K TOJTHOW moTepe COOCTBEHHBIX HYXJ IPU OTKa3e B CEKIIMOHHOM BBIKIHOYATEIIE
[9]. 1ns MCKIIFOUEHHsI 3TOr0 BapHaHTa CJIEIyET MCIOJIb30BaTh WM JBA CEKI[MOH-
HBIX BBIKJIIOUYATENS (YTO XapaKTEPHO IPH HCIIOIB30BAHNN yCTAPEBIINX MACIISTHBIX
BBIKJIIOUATesei) uiu (4ro Oyer 6osee SJKOHOMUYHBIM) BBIIOJHUTH MOJIKIIOUEHUE
TpaHC(HOPMATOPOB B pa3HbIE YPOBHH CEKIUH.

CornacHo ykazanwsiM [8] mis pacnpenenutensHbix ycrporictB PY BH ¢
YUCJIOM MNPUCOEAMHEHUN He Oojiee YeThIpeX PEKOMEHAYETCS NPUMEHEHHE CXEM
TPEYroJibHUKa (Ha MEPEXOHbIA NEPHUO/), YEThIPEXYTOJIbHIUKA, MOCTUKA WU ABYX
0JIOKOB C BBIKJIIOYATENIIMU U HEABTOMATUYECKOM MEPEMBIUYKOM, B 3aBUCUMOCTH OT
YCJIOBUU CXEMBI AIEKTPUYECKUX CETEM.

Cxembl IByX OJIOKOB MOTYT OBITh MCIOJIb30BaHbl IpU HanpsikeHuu PY ot
35 no 220 kB 17151 TyNMMKOBBIX WM OTBETBUTENBHBIX ABYXTpaHchopmaTopHbix [1C,
KOTOPBIE MOIKIKOYEHBI K MIAPHBIM JIMHUAM OT OAHOW IMUTAIOIIEN CUCTEMBI, T.€. IIPU
OTCYTCTBMU TpaH3UTa MOINHOCTH. JlaHHas cxema sBIAETCS JOCTaTOYHO JKOHO-
MUYHOM, TOCKOJIBKY JUIsl TIOJKIIIOYEHHs] YEThIPEX MPHUCOEAMHEHUN TpedyeTcs uc-
IIOJIb30BAHUE BCEr0 JIBYX SAYEEK BBIKIOUATENICH. TakKe NaHHas cXema SBIIACTCS
JOCTATOYHO HAJEKHOW JUIsl MUTAHMS J1a)Ke TIEPBOM KaTeropuu mnorpedurenei, mno-
CKOJIBKY ITPH OTKa3€ B OJIHOM M3 TPaHC(HOPMATOPOB (MM JTUHUM, WU BBIKIIOYATE-
Jie), BTOpasi MOJIOBUHA CXEMbl COXPAHUT cBOe NMuTaHue. Cxema OJOKOB TaKkKe MO-
KeT ncnoiib3oBatbes B kauecTtse PY BH TOL, ecnu nannoe PY cBa3aHo nmapHbIMu
JIMHUSIMU C OTHOU CHCTEMOM.

[Ipy HamumK TpaH3UTa MOIIHOCTH 4yepe3 PY u yeThIpex nmpucoeInHEeHUsAX
BO3MOKHO TPUMEHEHUE CXEM MOCTHKOB. JlaHHBIE CXEMBI MCIOJIB3YIOTCS Ha
HanpsbkeHnn 35-220 kB. Bo3MoXxHBI 1B€ BapualMyd TUIIOBBIX CXEM MOCTOB: 3TO
CXEMBI C BBIKIIFOYATEISIMHU B LIETSAX JIMHUMA U PEMOHTHOM MEPEMBIYKON CO CTOPOHBI
JMHUM U CXEMBI C BBIKJIIOYATENSIMU B IIEMsIX TPaHC(HOPMATOPOB U PEMOHTHOM TIie-
PEMBIUKOM CO CTOPOHBI TpaHchopmaTopoB. [lepBbIit BapuaHT cXeMbI IPUMEHSETCS
npu OoJiee BHICOKMX BEPOATHOCTSIX OTKA30B JMHHM, 4eM TpaHc(pOopMaTopos, Mo-
CKOJIbKY OT PV nuuHuu OynyT OTKIIIOYAThCS OJHUM BBIKIIIOUATENeM, a TpaHchop-
MaTopbl — IByMs. BTopoii BapuaHT cxeMbl MOXeT ObITh npuMmeHeH st [IC ¢ He-
PaBHOMEPHOM HArpy3koil mpu HEOOXOJAMMOCTH YaCThIX BKIFOUYEHUM/OTKIIOUECHUM
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TpaHchopmatopoB (AT), KOTOpblE KOMMYTHUPYIOTCSI COOTBETCTBEHHO OJHHUM BbI-
KkiouareneM. CXeMbl MOCTHKOB SIBJISIFOTCSI DKOHOMHUYHBIMUA M HAJEXKHBIMU TIPU
YCJIOBUHU HCIOJIb30BAHMSI B KA4E€CTBE BBIKIIFOUATENIEH COBPEMEHHBIX 3JIETA30BBIX
amnmapaToB C MOTOPHBIMH MPUBOJIAMHU U MOAKIIOUYEHUN TPAaHCHOPMATOPOB MOIITHO-
CThIO He BbIlIe 63 MBA.

[Ipn Oonpireld MOIIHOCTH TpaHCPOpPMATOPOB, KaK MpaBUiIO, TpeOyeTcs
OOJBIIMIA yPOBEHb HANIEKHOCTH, MMOATOMY B 3TOM CIydae W MPH MPOYUX PABHBIX
YCIIOBUSX TMPUMEHSECTCS CXE€Ma YEThIPEXYTOJbHUKA. E€ NMpUMEHEHHE TakxKe BO3-
MOXHO WA PY Hanpsbkenuem 1o 750 kB BximountensHO. [loMrMoO 3T0Or0, BEIBOJ B
PEMOHT JIIO0OTO BBIKIIIOUATENSI HE MPUBOAMUT K CUTYyallMd HECEKIIMOHHUPOBAHHOTO
TpaH3UTa MOIIHOCTH, B OTJIMYHE OT CXEM MOCTHKOB, IO3TOMY JAHHYIO CXEMY IpH-
MEHSIOT U MPU TPeOOBAHMSX K MOBBIIIEHHOMY YPOBHIO CUCTEMHOMN HA/IEKHOCTH.

Jlist pactipeieuTeNbHBIX YCTPOMCTB C OOJBIIMM YKCIOM MPUCOSAUHEHHM
MOTYT IPUMEHSATHCS PA3JIMYHBIE CXEMBI B 3aBUCUMOCTHU OT HANPSIKECHUM.

Lpu nanpsoicenusx om 35 0o 220 kB:

- ¢ OIHOM paboyelt CeKIIMOHUPOBAHHOM CUCTEMOMH IIHH;

- C OJTHOM CEKIIMOHUPOBAHHOW U 00XOIHON CUCTEeMaMU IIUH;

- CX€Ma IIECTUYTOJIbHUKA,;

- C AByMSI OCHOBHBIMHU M OOXOJHOM CHUCTEMaMH IIWH, C OJHUM BBIKIIIOUATE-
JIeM Ha 1enb (MpU HATUYUU KOMIUIEKCHBIX TEXHUKO-D)KOHOMUYECKUX 00OCHOBaHMIA).

Cxema c ogHOU paboyeil CEeKIIMOHMPOBAHHON CUCTEMOM IIHMH MPHU HampsiKe-
HuM 35 kB Moxer ucnosb3oBatbes B kauecTBe PY CH 11C wnmm TOL, ecnu cpenn
IOJKIIFOUEHUM OTCYTCTBYIOT HEIAPHBIE IPUCOCAUHEHUS WIIA TAKUX IIPUCOEAUHEHUN
Ha OJTHY CEKIIMIO He 0oJiee 0JTHOTO. B MpoTUBHOM cilyyae Mpu 0TKa3e B CEKIIMOHHOM
BBIKJTFOYATEJIE BO3MOXHO HApyIICHHE NMUTAHWE MOTpeOUTEseH, MUTaeMbIX OT JaH-
HBIX TipucoeanHeHnid. O0I11ee KOIMYeCTBO MPUCOSAUHEHUN I TAHHOU CXEMBbI HE
JIOJKHO TIPEBBINIATH IiecTH. Kak mpaBuiio, 3TO YeThIpe JIMHUU U JIBa TpaHcdopma-
Topa. IIpu BBINOJIHEHNN BBIIECKA3aHHBIX YCIOBUM JAaHHAS CXEMa MOYKET UCIOJIb30-
Batbca U B kKadecTse PY BH y3noBeix [1C na manpsbkennn 110, 220 kB. [Tockonbky
IIPU OTKAa3€ B CEKLUMOHHOM BBIKIIFOUATEJIE MPOUCXOAMT MOJHOE OTKIHoYeHue PV,
JAaHHAs CXeMa, KaK MpaBujio, He npumMensiercs B kauectse PY BH TOI, nns koro-
PBIX HEJIOMYCTUMa aBTOHOMHAsl paboTa TeHepaTOPOB Ha MECTHYIO Harpysky, a Tak-
xe PY IIC, He monyCKaromuxX MOJHYI0 IMOTEPI0 NUTaHUA. B 1aHHOM ciydae MOKET
MPUMEHATHCSI CXEMa C MOAKIIOYEHUEM TpaHC(POpPMATOPOB Hepe3 Pa3BWIKY U3 BbI-
kimouareniedt. C 5JKOHOMUYECKON TOYKHW 3peHUs JaHHasi cxema OyJieT MeHee BBITO/I-
HOM, 4YeM Mpeablaylas, 3a CUeT HEOOXOAMMOCTH YCTAHOBKU JOTOJHUTEIHLHOU
STYEVKH BBIKJIKOYATENIS, HO C TOUYKU 3PCHHS HAJAECKHOCTH, JIaHHAS CXeMa JIy4lle, Mo-
CKOJIBKY TPY OTKa3€ OJHOTO M3 CEKIIMOHHBIX BBIKITIOYATENICH B paboTe COXpaHseTcs
MOJIOBMHA CcXeMbl. [IoCKONBKY UIsl TaHHBIX CXEM MPH PEMOHTAX BBIKIIFOYATENECH
MIPUCOSTMHEHHUN TPeOyeTCsl OTKIIOYCHHE CaMOTO MPUCOCTUHEHUS, K HUM HE MOTYT
MOJKIIFOYAThCS MPUCOEIUHEHUS, HE JOMYCKAIOIIUE NIEPEPHIBA TUTAHMUS.

J171s1 BBIMOJTHEHUSI PEMOHTA BBIKJIIOYATENIe U 000pYyI0BAHUS B STUEHKAX TTPU-
COeMHEHUN (Hampumep, pasbeAUHUTENIEH) 0e3 OTKIIOYEHUS MPUCOCTUHEHUI
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IMPUMEHSIIOTCSI CXeMbl ¢ 00XOHBIMU cHucTeMaMu uH. CxeMa ¢ oHO# pabouelt u
00XO0HOM CUCTEMOM IIWH UCTOJIb3yeTcs s HanpspbkeHuit 110, 220 kB B kauecTBe
PY BH unu CH IIC u B Hekotopbix ciaydasx TOL u KOC. Ilpu ucnons3oBaHuu
JAHHOM cXeMbl Juisi PY cTraHiuii MOXXeT ObITh MCIOJIb30BaH HETUIIOBOM BapHUaHT C
COBMEIIIEHUEM O0XOJHOTO U CEKIIMOHHOTrO BBIKIOUaresns. [Ipu 3Tom B cxeme mo-
Jy4aeTcsl Ha OJWH BBIKIIIOYATENb MEHBIIE, YeM JJIsl TUTIOBOM cXembl. B HOpmaib-
HBIX YCJIOBHSIX COBMEIIEHHBIN BBIKIIOYATENb OyAET BBHITONHITH (QYHKIIAIO CEKITU-
OHHOTO BBIKJIFOUATEIS, a JJIs1 MCIIOJIb30BAHUS €r0 B KaueCcTBE 00XOAHOTO0 HEOOXO-
JIUMO TIPOU3BECTU OTKIIOYEHHE €r0 CaMOro M JOMOJHHUTENbHBIC MEPEKIIOYCHUS
pazbenuauTeneid B PY. I[1lo3ToMy CIOXKHOCTH BBITIOJHEHHUSI ONIEPATUBHBIX MEpe-
KJIFOYEHHWI B JJTAHHOM CXEM€ HECKOJIBKO BBIIIE, YeM Y TUIOBOW cxembl. Kak u 1y
BapHaHTAa C NMPOCTOM CEKIIMOHUPOBAHHOW CUCTEMOM IIHUH, ITPU OTKa3axX B CEKIIMOH-
HOM BBIKJIIOYATEJIEC MPOUCXOAUT MojiHoe oTkiatoueHue PY. Jlnsa TOILl ¢ kecTkoi
CBSI3bI0 MEXKJy TEIUIOBBIMH U 3JIEKTPUUYECKHMH MOIIHOCTSIMU TaKO€ OTKJIKOYEHUE
PY BH u noreps cBsi3U ¢ CUCTEMOMU SABIISIETCA HEAOIYCTUMBIM pexxumoM. [loatomy
B [5] pexoMeHIyeTcs UCTIOJIb30BaTh CXEMY C OJTHOM paboueil m 0OXOJHOM CHCTe-
MaMH IIUH U HAUTMYHUEM JBYX OOXOJHBIX (CEKIIMOHHBIX) BhIKIItOUarenel. B nannou
CXeMe MpHU OTKa3e Jak€ B OJTHOM U3 BBIKJIIOYATEIEH B pabOTe COXPAHUTCS MOJIO-
BHHA CXEMBI.

Hns PY, He nomyckaromux MOJHOE OTKIIOUEHHUE MPU OTKa3axX B JIIOOOM BBI-
KJIIOYaTese, a TakKe IJs MPUCOSANHEHUH (IpH MX OOIIeM KOJUYecTBE He Ooiiee
6), HE MOIYCKAIOIIUX OTKJIIOUEHHE MPU PEMOHTaX BBIKJIIOUATENIeH, B KauecTBe PY
BH nanpsxennem 110-330 kB MOYXKHO UCIIOIB30BaTh CXEMY IIECTUYTOJIbHUKA, JJIS
KOTOPOM XapaKTepHa BBICOKAsl SKOHOMHUYHOCTb M JIOCTATOYHAs HAAECKHOCTh. [Ipu
pacrpeneneHud MOJKIIOYEHU K IIECTUYTOJIbHUKY CIIEIYyeT YYHUThIBaTh, YTO B
CME)KHbBIE€ BEpIIMHBI HE MOJKIIOYAIOTCS NapHble NMpucoequHeHus. J[anHas cxema
MOJKET NMPUMEHATHCA 11 PY 35iekTpoCcTaHIvii, B TOM YHCIJIE MPU TPAH3UTE MOIII-
HOCTH uepe3 paccMmarpuBaemoe PY.

[Ipu yucne npucoenuHenuit 6onee 6 Ha HanpspkeHusx 110-220 kB moxet
MIPUMEHSATHCS CXeMa C ABYMs pabOYMMH cucTeMaMu cOOpHbIX MKH. B PY ¢ nByms
OCHOBHBIMU U OOXOAHOW CHCTEMAMHM IIHH, MPU YHCIE MPUCOCIUHEHUN (JIMHUM,
TpancopmaropoB) 11 u MeHee CUCTEMBI IIMH HE CEKIUMOHUPYIOTCS; TPU YUCIIC
NpUcoeInHEeHu 12 u GoJiee CEKIMOHUPYETCS BBIKIIIOUATENSIMU HA JIBE YaCTH Kax-
1ast U3 IByX OCHOBHBIX CUCTEM IIIHH.

Hcnonp30BaHne CXeM C CEKIMOHMPOBAHHOW CHUCTEMOM IIWMH WU C JBYMS
pabounmu cuctemamu muH Ha TOL[ momyckaercs, eciu MOBPEKIECHUE CEKIIMOH-
HOT'O WM IIMHOCOEAUHUTEILHOTO BBIKJIFOYATENSI HE TPUBOJUT K MOJHON OCTaHOB-
Ke cTaHuuu [5].

LIpu Hanpsicenusx om 330 0o 750 kB:

- C JBYMsI CHUCTEMaMH IIHWH, C YETHIPbMS BBIKIIIOYATEISIMA Ha TPU ILENU
(cxema «4/3»), mpy HATMYUK HE MEHEE TPEX CBSI3EH MEXKIy CUCTEMaMH IIIVH.

- CXeMa MHOTOYTOJIbHUKA;
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- C IByMs CHCTEMaMH IIIMH, C TPEeMs BBIKIIOYATEISIMHU Ha JBE LIeNH (cxema
«3/2»), Ipu HATMYUK HE MEHEe TPEX CBSA3EH MEXKIy CUCTEMaMHM IITHH.

JlomyckaeTcsi CEKIIMOHUPOBAHUE CUCTEM IIIMH T10 YCIOBUIO HAJIEKHOCTH.

CrnenyeTr yuyuThIBaTh cieUpUKY GYHKITMOHUPOBAHUS TOW WM WHOW CXEMBI
[IPU UCIIOJIB30BaHUM €€ B KauecTBe PY cranuumm wnm noacranuuu. Tak, Harmpumep,
[IPU UCIIOJIBb30BAHUU CXEMbI MOCTUKOB B PY mojcTaHIIMi IEHTpaabHbIN BBIKIIOYA-
T€Jlb B HOPMAJILHOM PEXHUME JOJKEH OBITh BKJIIOUEH JIJI1 00ECIeUeHUs TpaH3UTa
MOITHOCTH, @ TPHU UCIOJIH30BAaHUU 3TOW K€ CXEMbI Ha CTAaHIUU (B YACTHOCTH Ha
TOII) on MOkeT ObITh OTKJIFOYCH, TIPU 3TOM OPTaHU3YETCS CTAIMOHAPHOE JICTICHHUE
cetu [9]. [losmomy 6 Kypcoeom npoekme HOMUMO XAPAKMEPUCTIUK CXEMbL QOJIHC-
HO NpUCymcmaeosams Onucauue pabomsl cxemvl (COCMOSIHUE 8CeX annapamos 6
HOPMANbHOM pedcume pabomosl) NPUMEHUMENbHO K KOHKPEMHO 3A0AHHOM) 00b-
eKxmy.

3.3. Bb10op cxemMbl NMTAHUSA COOCTBEHHBIX HY:K/]I. BbI0Op HOMHHAIBHBIX Na-
pPaMeTpPOB HCTOYHMKOB NMMTAHUS COOCTBEHHBIX HYK/

Cxema nuTaHusi COOCTBEHHBIX HYXK]l 3aBUCHUT OT crenuduku paboThl CTaH-
MU U OACTAaHIUI U ONPEEsSeTCs IIIaBHbIM 00pa30M COCTABOM M XapaKTEpPUCTH-
KaMH 000pyAOBaHUS COOCTBEHHBIX HYX].

JUIsi TemJIOBBIX JJIEKTPOCTAHUMN TMHUTAHUE 3IIEKTPONPUEMHUKOB COO-
CTBEHHBIX HYXJ POU3BOJUTCS HA JABYX YPOBHAX (CTYIEHSX) HAIPSKCHHUS.

[lepBas cTyneHb BBITIOJIHSIETCS, KAk MPaBIIIO, Ha HanpsbkeHuu 6 kB (B HEeKo-
TOPBIX CIYy4YastX MOXKET IPUMEHATHCS HanpspkeHue u 10 kB, HO u3oanus qeurare-
Jeil Ha JaHHOM HaNpsKEHUM 3HAUMTENbHO JI0poxke, 4yeM Ha 6 kB). IIpu coBnane-
HUY T€HEPATOPHOTO HAINPSDKEHUS U HAINPSDKEHUS MEPBOW CTYIIEHH 3JIEKTPOIPUEM-
HUKHA TIOAKJIIOYAIOTCA K IIWHAM, MUTAEMBIM OT PEAKTOPOB COOCTBEHHBIX HYX]I
(PCH). B npotuBHOM clly4ae MPUMEHSIOTCS TpaHChHOpMATOphl COOCTBEHHBIX
nyx7 (TCH) nepBoii cTynexu.

Bropas crynenp BbinosiHseTcs Ha HanpsikeHuu 0,4 kB u nuraercs ot mmH
niepBou cryrnienn uepe3 TCH BTopolt ctynenn.

[lepeunciieHHbIE pEaKTOPBl U TPaHCHPOPMATOPHI COOCTBEHHBIX HYXKII SIBIISA-
I0TCSl pabOYMMU UCTOYHMKAMU NUTaHus. [1oCKoIbKy cpeau 31eKTpONnpUEMHUKOB
COOCTBEHHBIX HYXKJ MMEITCS 0CO00 OTBETCTBEHHBIE MOTPEOUTENH, HA DJIEKTPO-
CTaHIUSAX BCErJa BBIMOJHAETCA pe3epBUpOBaHUE. Takoe pe3epBUPOBAHUE MOMKET
OBITH SIBHBIM (KOT/Ia MCIOJB3YETCS JOMOJHUTEIbHBIN NCTOYHUK MUTAHUS, HE He-
CyIIMIl HAarpy3Ky B HOPMaJIbHOM PEXKUME) WM HESIBHBIM (IIPU HUCIOJIb30BAHUU
IBYX pabOuMX MCTOYHMKOB, B3aMMHO Pe3epBUPYEMBIX Apyr apyra). Ilpu ucnoss-
30BAHMM SIBHOTO PE3EPBUPOBAHUS JONOJIHUTEIBHBIA HMCTOYHHK HAa3bIBA€TCA pe-
3epBHBIM (PPCH unu PTCH). s KOC ¢ 6mokamu 6€3 reHepaTOpHBIX BBIKITIOYA-
TeJNel pe3epBHBIN TpaHC(HOPMATOp COOCTBEHHBIX HYKJ HE TOJBKO pPE3epBUPYET
paboTy paboynx MCTOUHHUKOB, HO U JIOJDKEH MUTATh IMyCKOBBIE MEXaHU3MbI OJIOKA.
Takoit Tpancopmatop HaszbiBaeTcs myckopezepBHbIM (IIPTCH).
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3.3.1. CxeMma nuTaHUS COOCTBEHHBIX HY K/ NIEPBOM CTYNEHH 3JIEKTPOCTAHIMH

CoOopnbie muHbl HanpsikeHueM 6 u 10 kB pazpensitorest Ha cekiuu. Komnu-
YECTBO CEKIIMI COOCTBEHHBIX HYXJ IEPBOM CTYNEHU MPU OTCYTCTBUU MapHBIX OT-
BETCTBEHHBIX MEXAHHU3MOB OIPEIEISACTCS YHMCIOM KOTJIOB Ha CTAHIMUAX C IOIE-
PEUYHBIMU CBSI3IMHM I10 TAPY U HA CTAHUUAX C OJIOYHOM TEIJIOBOW CXEMOUW MpPHUHHU-
MaeTCsl OJIHA CEKIMs Ha KoTed uiu 0ok (puc. 3.7); npy HaIMYMU TAPHBIX OTBET-
CTBEHHBIX MEXaHHW3MOB MPUHUMAIOTCS JBE CEKIIMM Ha KOTEN WA OJIOK COOCTBEH-
HBIX HYK]l HE3aBUCUMO OT MOIIIHOCTH KOTJIO- U TypOoarperaroB (puc. 3.8).

Kaxxnas 3 cekuuil Wiy CeKUUU MONapHO NPUCOETUHSIOTCS K OTIEIBbHOMY
HMCTOYHUKY pabo4ero MUTAHUs; Ha KaKJIO0H CEKUIUM MpeayCMaTpUBAETCS BBOJ| aB-
TOMAaTUYECKU BKJIFOYAEMOT0 PE3EPBHOIO NCTOYHUKA MTUTAHUS.

Tun noak/IIYeHUs1 ¥ KOJIUYECTBO UCTOYHUKOB MUTAHUS COOCTBEHHBIX
HY:KJ TEIUTOBBIX 3JICKTPOCTaHIMKA ompenensercs HopMmamu [5]. Tak Ha 3mekTpo-
CTaHIIMIX, HA KOTOPBIX BCE T'€HEPATOPHI BKIIOUEHBI HA MIMHBI PY renepaTtopHoro
HaAMPsDKCHUS, TUTaHUE COOCTBEHHBIX HYK/[[ JOJIKHO OCYIIECTBIISITHCS OT 3TUX IIUH
(puc. 3.9). KonumyectBO TpaHchopMaTopoB (PeakTOpPOB) COOCTBEHHBIX HYK]
JIOJKHO OBITH He Oosiee 2-X Ha ceKiuio. OHU JOHKHBI ObITh TPUCOETIUHEHBI K IIIH-
HaM PV reHepaTopHOro HampspKeHHsI TAKMM 00pa3oM, YTOObI HCTOYHUK padovero
MUTAHUSL U PE3EPBUPYIONMIUNA €r0 UCTOYHHUK OBUIM MPUCOCAUMHEHBI K PAa3HBIM CEK-
uusM PY reneparopHoro Hanpspkenus. B cxemax I'PY ¢ aByms cucreMamu vH
PE3EpBHBIN UCTOYHUK MUTAHUSA MOXKET MPUCOCIUHIATHCA KO BTOPOW CUCTEME IIWH
BMECTE C TPaHC(HOPMATOPOM CBSI3H.

W cTOYHUK pe3epBHOTO MUTAHUS MOKET TaK:Ke MPUCOCAUHATHCS K OTBETBIIC-
HUIO0 OT TpaHchopMaTopa cBs3H [1]. Takoi BapuaHT sBJIIeTCsS 0OoJiee HaICKHBIM,
TaK Kak COXpaHseTcsd NUTaHue cooCTBEHHBIX HYX 1 1pu K3 Ha I'PY.

(,\P c1 (%) c2
| Py BH | | PY CH

TCH1

/@/ MPTCHL
1A 2A 3A

MNPTCH2

[]
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Pucynok 3.7 — Cxema nmuTaHusi COOCTBEHHBIX HYX[ riepBoii cryneran KOC ¢ 6iokamu 6e3 reHe-
PaTOpPHBIX BBIKIIOYATENEH
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Ha smekTpocTaHiusax, Ha KOTOPBIX BCE IN€HEPATOPbI BKIIOUEHBI MO CXEME
0JIOKOB TeHepaTop-TpaHchOpMaTop, MUTAHUE COOCTBEHHBIX HYXJ JOJAKHO OCY-
HIECTBIISITHCSL ITyTEM YCTPOWCTBA OTBETBJICHUM OT OJIOKa C YCTAHOBKOM B IIEMSIX
ATUX OTBETBIICHUN TOKOOTPAaHUYHMBAIONIUX PEAKTOPOB WIIA TPAHCHOPMATOPOB.

Ha snekTpocTaHIMsaX CO CMENIaHHOM CXEMOM BKJIIOUYEHHsSI TEHEPATOPOB IH-
TaHWe COOCTBEHHBIX HYXJ JIOKHO OCYILIECTBIISTHCS YaCTUYHO OT muH PY rene-
PATOPHOTO HANIPSHKCHHS M YaCTUYHO OT OJIOKOB TeHEpaTop-Tpanchopmarop.

[Ipu mutannu cOOCTBEHHBIX HYXJ TOJIBKO OTBETBIICHUSMH OT OJIOKOB T'eHe-
paTop-TpanchopMaTop pe3epBHBIA TpPaHCHOPMATOP COOCTBEHHBIX HYXKI IMPHUCO-
eAUHSETCS K COOpHBIM IIMHAM PY TMOBBIIIEHHOTO HANPSIKEHUS ¢ HU3LIUM HOMHU-
HaJIbHBIM HANPSHKEHUEM W3 MOBBIIIEHHBIX MPU YCJIOBUH, YTO IIMHBI MOTYT IOJY-
YaTh AJIEKTPOIHEPTHUIO OT BHEUIHEH CETU IPU OCTAHOBKE M'€HEPATOPOB CTAHUUM, B
TOM YHUCJIE U 4Yepe3 TPEeXOOMOTOUHbIE TpaHCHOPMATOPHI (aBTOTpaHCHOPMATOPHI),
COCIMHEHHBIMU B OJIOK C TeHepaTopamu.

Pe3epBHble TpaHchopMaTopbl COOCTBEHHBIX HYXKA IJIEKTPOCTAHIUM
MPUCOCTUHSAIOTCS K Pa3IMYHbIM UCTOYHUKAM muTaHus (PY pasHbIX HampsikeHUw,
pa3HbI€ CEKIIMHU U pa3Hble CUCTEMbI COOpPHBIX MIUH PY 0ogHOTO HampssKkeHus, Tpe-
TUYHBIE OOMOTKH aBTOTpaHc(hopmaTopoB). JOmKHO obOecrieunBaThCs COXPaHEHHE
B paboTe OJHOTO U3 PE3EPBHBIX TPaHCHOPMATOPOB COOCTBEHHBIX HYK]l MPH IO-
BPEKICHUH JIFOOOTO U3 PJIEMEHTOB IJIABHOWM CXEMBbI AJIEKTPUUECKUX COCTUHEHUH.

<}> c1 <%> c2

| PY BH | PY CH

2

071|Bse

Pucynok 3.8 — Cxema nuTanus COOCTBEHHBIX HYX[ iepBoii ctynern KOC ¢ Giokamu, B KOTO-
pBI€ BXOJSAT T€HEPATOPHBIE BBIKJIIOUATENN

TCH1
PTCH
3A

(11

T

TCH2

Ecnu Het Bo3moxkHOcTH nuTanus PTCH oT AByX HE3aBUCHMBIX HCTOYHHUKOB
Ha PY NOBBIIIEHHOrO HaNpsHKEHUs, TO PEKOMEHIYETCS MPUCOECIUHEHNUE PE3EPB-
HBIX TpaHC(OpPMATOPOB COOCTBEHHBIX HYXKJ K OOMOTKE CPETHET0 HAMPSKCHUS aB-
TOTpaHC(POPMATOPOB C YCTAHOBKOW HA OTBETBJIICHHH K PE3€pBHOMY TpaHChOpMa-
TOpPY COOCTBEHHBIX HYXKJ] OTJEIHHOTO BBIKITFOYATEIIS.
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JlonyckaeTcsi pe3epBUPOBAHUE COOCTBEHHBIX HYXJ IPH IMOMOIIU OTBETBIIE-
HUS OT OJIOKA TeHepaTop-TpaHCPOopMaTOp ¢ YCTAHOBKOM BBIKIIIOYATENS MEKIY T'e-
HEPAaTOPOM U TpaHCHOPMATOPOM.

Yuci10 pe3epBHBIX TPAHCHOPMATOPOB COOCTBEHHBIX HYAK/ HAIIPSHKEHUEM
6 kB Ha cTanIusaX 6€3 MOMEePEUHbIX CBA3EH M0 Mapy MPUHUMACTCS:

IIpu omcymcmeuu 2enepamopHbix GulKIIoUamenell 6 Yenu 6cex 2eHepamopos:

- OZIMH pe3epBHBIN TpaHCHOPMATOP COOCTBEHHBIX HYXJ - MPU YHCIIE OIOKOB
OJIVH WJIM J1Ba;

- IBa pe3epBHBIX TpaHC(hOopMaTopa COOCTBEHHBIX HYX /I - IPU YKCie OJIOKOB
OT TPEX /10 IIECTH BKIIOYUTEIBHO;

- JIBa pe3€pBHBIX TpaHCPopMaTOpa COOCTBEHHBIX HYK], IPUCOECTUHEHHBIX K
UCTOYHUKY MHUTAHUSA, U OJAUH PE3E€PBHBIN TpaHCHOpPMATOp IE€HEPATOPHOTO HAIps-
KEHMsI, HE TIPUCOEIMHEHHBIA K UCTOYHUKY MUTAHUS, HO YCTAaHOBJICHHBIA Ha (QyH-
JaMEHTE U TOTOBBIN K IIEpeKaTKe - IPH Yuciie OJIOKOB CEMb U OoJIee.

Ipu nanuuuu eenepamopmwvix gvikIOUamenel 8 yenu kaxcoozo oroka TOC:

- OJIUH PE3epBHBIN TpaHCPOpPMATOpP, MPUCOEIUHEHHBIH K UCTOUYHUKY IHTa-
HuUA (mpu yrcie 0JOKOB OJIMH WJIU /1BA);

- OJIUH pEe3epBHBIA TpaHCHOpPMATOp, MPUCOEAUHEHHBIA K UCTOYHUKY MUTa-
HUSA U OJUH PE3EPBHBIN TpaHCHOpMATOpP FEHEPATOPHOTO HANPSIKEHUSI, HE MPUCO-
€AVMHEHHBI K UCTOYHUKY MUTAHUS, HO YCTAHOBJIEHHBIM Ha (yHIaMEHTE U rOTO-
BBIM K IlepeKaTKe (Mpu 4Kciie OJIOKOB TpHU U Ooliee).

Ha TOIL[ ¢ nonepedyHbIMU CBA3SMH IO APy YCTAHABIMBAECTCSA IO OJHOMY
pPE3epBHOMY UCTOYHMKY IEPBOM CTYNEHU Ha Ka)/Ibl€ YEThIpE padOYuX UCTOUHHUKA.

| PY BH |

T1 T2

G1 G2 ™ G3

T5 4

S

Pucynok 3.9 — Cxema coOcTBeHHBIX HyX /1 TOL ¢ monepeyHbIMH CBA3SIMU

4B
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MarucTpaiun pe3epBHOI0 NUTAHUSI COOCTBEHHBIX HYXKJ HaNpsHKEHHEM
6(10) kB cexkMOHMUPYIOTCS BBIKIIOYATEIIIMU TPH JBYX PE3EPBHBIX TpaHchopma-
TOpax (MPUCOECIUHEHHBIX K WUCTOYHUKY MHUTAHUS) U MPU HAIMYUU MOMEPEYHBIX
CBsI3€M B TEIUIOBOM 4acTH - Ha JBe 4acTu. Ha OIOYHBIX 3MEKTPOCTAHLMSIX, MPHU
IBYX PE3epBHBIX TpaHCc(oOpMaTopax MarucCTpaid pPe3epBHOTO MUTAHUS COOCTBEH-
HBIX HYXJ HarnpsbkenreMm 6(10) kB cekimonupyrotcst yepes 2-3 0noka, a mpu oj-
HOM pe3epBHOM TpaHcPopMaTope COOCTBEHHBIX HYK[ uepe3 3-4 Omoka.

Ha cropone HM3IIEro HampsiKEHHs pPE3epBHBIX TpaHCHOPMATOPOB COO-
CTBEHHBIX HY’KJ CTAHLMI BCEX TUIIOB YCTAaHABIIMBAIOTCS BBIKJIIOYATENN; IPH UC-
MOJIb30BAHUM B KA4E€CTBE MCTOYHMKA PE3ECPBHOTO MUTAHUS PEAKTUPOBAHHOMW JIU-
HUW aHAJIOTUYHBIEC BBIKIIOYATENIN HE YCTAHABINBAKOTCSL.

[Ipu BbIOOpE MOIIHOCTH PAGOYMX HMCTOYHMKOB NMHUTAHUS COOCTBEHHBIX
HY:K1 (TpaHc(hopMaToOpoB WIM PEAKTUPOBAHHBIX JMHUI) 3JEKTPOCTAHIMM BCEX TH-
OB HEOOXOJIMMO MCXOJUTh U3 YCIOBUM, UTO UX MEperpysKka Hejpomyctuma. Boioop
peakTopa COOCTBEHHBIX HYXK] B paMKaX KypCOBOTO MPOEKTa JOIyCKAeTCsl MPOU3BO-
JUTH TOJBKO IO YCIOBUSIM HOMUHAJIBHOIO HANIPSHKEHUS 1 HOMUHAIBHOTO TOKA.

TpancpopMaTropsl COOCTBEHHBIX HYXJ Ha 3JIEKTPUYECKUX CTAHIUAX HpH-
MEHSIOTCS C paCIIEIVIEHUEM OOMOTKM HU3KOTO HANPSKEHUS B CIy4asiX, €CJIH €1H-
HUYHAs MOIIHOCTb 3TUX TpaHchopmaTopa npessimaer 16 MBA.

BmecTo ogHOro pesepBHOro Tpancopmaropa ¢ pacilerieHHOW 0OMOTKOM
JIOIYCKAETCsl UCIIOJIb30BaHUE ABYX JABYXOOMOTOYHBIX TPaHC(HOPMATOPOB, KaKIbIN
13 KOTOPBIX IPUCOETUHSAETCS K OTACIBHON MarucTpajid pe3epBHOTO MUTAHUS.

OOmecTaHIIMOHHAs HATPY3Ka BBIJCISIETCS HA OTACIBHYIO cekuui. OnHa-
KO BO3MOXXEH BapUaHT PaBHOMEPHOTO pacIpe/ieseHHs] 00IEeCTaHIIMOHHOW Harpy3-
KA MEXIy CEKUUSMHU KOTJIOB 0 TEPPUTOPHUAIIBHOMY IMPU3HAKY .

[Tutanue OOIIECTAaHIIMOHHBIX CEKLUUN CJIEeIyeT BBIOJHATH OJHUM U3 Clie-
TYIOIINX CITOCOOOB:

- OT OTHEJbHBIX OOIIECTAHIIMOHHBIX TPaHC(HOPMATOPOB WU OT OJHOTO
TpaHchopMaTropa ¢ pacUICIUVIEeHHbIMU OOMOTKAMHM, MOJKIIOUYEHHbIX K PY moBbI-
LIEHHOTO HANPSKEHUS UM K OTBETBIICHUIO OT OJIOKA;

- oT pabouux cekiuii PY coOCTBEHHBIX HYX] HanpsbkeHuem ot 6 1o 10 kB
0J10KOB WM oTnaiikoi ot ooMoTku 6(10) kKB pabounx TpaHCHOpPMATOPOB OIIOKOB,;

- TpaHchopmaTop OOLIECTAHIMOHHOW HAarpy3KM MOKET ObITh COBMEIIEH C
PE3EpPBHBIM TPAHCPOPMATOPOM.

Bo3MoOkeH BapuaHT MOAKIIOYEHHUS] OOLIECTAHIIMOHHOW HAarpy3KH K MEpBbIM
nBym Osnokam KOC. B stom ciyuyae momuocte TCH 3Tux 6110KOB BBIOMpaeTCs
oonpieit uem TCH octaBmmxcst 6JI0KOB.

Jlns pe3epBUpOBaHMS NMUTAHHUS OOUIECTAHLMOHHBIX CEKUMH HaIpsHDKEHHEM
6 kB moipkeH mpeaycMaTpuBaThCs OTIETBHBIN pe3epBHBIN TpaHchopmaTop. Maru-
CTpajib PE3EpPBHOTO MHUTAHUS OOLIECTAHIIMOHHBIX CEKIUI JOJKHA COCIUHSTHCS
yepe3 BBIKIIOYATENh C MarucTpalbl0 PE3epPBHOTO MUTAHUS pPabOYMX CEeKLIUH
HanpsbkeHueMm 6 kB. Jlomyckaercss BBINOJHATH MUTAHUE OOLIECTAHIIMOHHBIX CEK-
Ui OT JBYX TPAHC(POPMATOPOB MO CXEME HEABHOTO pe3epBa C MOJAKIIOYEHHEM
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KaXXJ10r0 padoyero Tpancpopmaropa K cekuusim 6 kB uepes pa3BuiiKy U3 ABYX Bbl-
KJIFOYaTeJIeH.

MomHocTs pe3epBHbIX TpaHchopMaTopoB codcTBeHHBIX HY:K1 (PTCH)
ANEKTPOCTAHLUN NnpU HAAUYUU NONEPEYHbIX C653el 10 Napy JOJKHA BbIOMpATHCA,
HCXOJS U3 CIIEAYIOLIEro:

- npu Hamuuuu oaHoro padoyero TCH na cexumu ['PY mommuocts PTCH
J0JHKHA OBITh HE MEHEE MOIIIHOCTH 3TOTO TpaHcpopmaTopa,

- npu noakIroueHnn 1Byx padounx TCH k kaxmoii cekuun MourHocts PTCH
JOJKHA OBITh B TIONITOPA pasza 0oJbiiel yeM y Hanbosee MormHoro padodero TCH.

- ipu npucoeanHeHun pabounx TCH oTBeTBiIeHUEM OT OJIOKOB TeHEpaToOp-
TpaHchopmaTop 0€3 BBIKIIOYATENsS] TeHEPATOPHOTO HAIIPSIKEHUSI BHIOOP MOIIIHOCTH
PTCH npouszBoautcst ucxons u3 pexkuma, korna PTCH 3amensier Haunboliee Kpyri-
HeIil padounit TCH u ogHOBpeMeHHO oOecrieunBaceT MyCK WM aBapUMHBIA OCTa-
HOB JIPYTOT0 KOTJIa WX TypOUHBI.

[Ipn HanMuum BeIKITIOYATENsl reHepaTopHoro HampsbkeHuss PTCH BwiOupa-
IOTCSI, KaK IIPaBUJI0, TAKOM K€ MOIIHOCTH, Kak B padouuit TCH.

MormrHocTs kaxaoro PTCH Ha sieKTpoCTaHIIUSIX 6e3 nonepeunsix cesnzell 1o
napy, 0e3 reHepaTOpHBIX BBIKJIIOYATENEH B LEMsAX OJIOKOB, JOJDKHA OOECIEeYUTh
3amMeHy pabouero TpaHchopmaTopa 0JJHOro 0JIOKa U OJTHOBPEMEHHO ITyCK WJIM aBa-
PUIHBIN OCTaHOB BTOPOro OJI0Ka.

[Ipy HanM4MKM BBIKJIIOYATENS T€HEPATOPHOIO HAMPSIKEHUS HA BCEX OJIOKax
PTCH BbIOMparoTCs TaKOM k€ MOIIHOCTH, Kak 1 padounii TCH.

3.3.2. CxeMma nuTaHus COOCTBEHHBIX HYK/ BTOPOil CTYIICHHU 3JIEKTPOCTAHIUI

Cucrema cOOCTBEHHBIX HYXKJI BTOPOM CTYNEHU JICKTPOCTAHIIUN HEOOXO0I1-
Ma ISl 00eCTiedeHUs AIEKTPOIHEPTHEH IIEKTPONPUEMHUKOB Ha Hanpspbkenuu 0,4
kB. Ilpu sToM cienyeT UCXOaUTh U3 CASAYIOIMMX CPEIHUX 3HAYCHUU MOTpedIsie-
MBIX MOIIHOCTEM:

- st KOC MomHocTh BTOpOM CTyneHu nmpuHumaercs He 6ornee 8-12% ot
CyMMapHON MOITHOCTH COOCTBEHHBIX HYX]I;

- i TOL] MontHOCTBE BTOpOM cTyneHu npuHuMaercs 15% ot cymmapHoi;

- MouHocTh yaaneHHou Harpy3ku mis TOL u KOC mpunumaercs 10-20%
OT MOIIIHOCTH BTOPOM CTYIIEHHU.

Harpy3ska cobctBeHHBIX HYk 1 HanpsokeHuem 0,4 kB nurtaercs u pesepBupy-
ercst ot TCH 6(10)/0,4 xB. Ha snexTpocTaHIusax ¢ 0J0YHON 3JIEKTPUICSCKON CXe-
MOU pe3epBHBIC TpaHchopMaTopsl HanpsbkeHueM 6/0,4 kB 610ka 10KHBI MTUTATh-
Csl OT CEeKIMi HampspbkeHneM 6 kKB npyrux O6510KOoB.

[Ipn Hanmuuum Ha cTaHuMu PY pa3HBIX MOBBIIMIEHHBIX HANPSXKEHUN, PE3€pPB-
HBII TpaHchopMatop Hanpsokenuem 6/0,4 kB, mutatornuiics ot mwmH PY 6 kB co6-
CTBEHHBIX HYXJ 0JIOKa, TOJIKIIOUEHHOTO K PY 0THOTO M3 MOBBIIIEHHBIX HAMPSKE-
HUW, KaK MPaBWIIO, JOJKEH pe3epBUpOBaTh paboumne TpaHchHOpMaTOphl OJOKOB,
MOJKJIIOUYECHHBIX K PY Jpyroro mnoBbIIIEHHOTO HANPsKEHHS. ECIM 3TO BBI3BIBAET
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3aTpyJAHEHHs, PE3EPBHBIA M pe3epBUpPYEMble UM pabouue TpaHcPHOpMaTOpPbI
HanpspkeHueMm 6/0,4 kB MoryT ObITh mpucoearHeHsl K muHaM PY coOCTBEHHBIX
HYK]T OJIOKOB, MPUCOEIMHEHHBIX K Pa3HbIM CUCTEMaM IIMH oAHoro PY moBbiieH-
HOT'O HaIpsHKEHUS.

Yucao cexumnii HanpsixkeHueMm 0,4 kB Ha cTaHuuax ¢ OJIOYHOUN TEIIOBOM
CXEMOM B TJIaBHOM KOPITyCe JOHKHO OBITh HE MEHEE BYX VISl KaXK0To OJIOKa.

Ha craHimumsax c momepedHbIMU CBS3SMHM [0 Mapy KOJWYECTBO CEKIUN B
IJIaBHOM KOPITYyCE€ NPUHUMAETCS:

- KaK MpaBWIO, OJHA CEKIUs Ha KOTEJ WM TypOUHY MPU OTCYTCTBUU Map-
HBIX OTBETCTBEHHBIX MEXaHNU3MOB COOCTBEHHBIX HYX]I.

- JIB€ CEKIIUM Ha KOTEJ WM TYpOMHY MPU HAJIMYUK NMAPHBIX OTBETCTBEHHBIX Me-
XaHU3MOB COOCTBEHHBIX HY /I HE3aBUCUMO OT MOIIIHOCTHU KOTJIO-, TypOOarperaros.

PexomenmyeTcsi coopykeHre B TJIABHOM KOPITyCE OT/EJIbHBIX OOIIEeCTaHIIN-
OHHBIX cekiuii PY coOcTBeHHbIX HYXJ HampspkeHueM 0,4 kB, 4mciio KoTopbix
JIOJKHO OBITh, KaK MPaBUIIO, HE MEHEE JIBYX.

[Iuaer mutoB HanpsokeHueM 0,4 kB 1exoB, OecriepeboitHas pabora KOTO-
pBIX oOsi3aTenbHa AJisi paObOTHI CTAHIIMU (MAa3yTOHACOCHBIX, IJIe OCHOBHOE TOILIMBO
- Ma3yT | T.I1.), @ TAK)KE€ BCIIOMOTATEIbHBIX IIEXO0B, JUIUTEIbHBIN TPOCTOM KOTOPHIX
MOXET MPUBECTH K Pa3BUTHUIO aBapuM (XMMBOJOOYMCTKA, TOILIMBOIIO/a4a, PacTo-
MOYHasi Ma3yTOHACOCHAs W T.I.) JOJKHBI Pa3feNsAThCs, KaK MPaBUIO, HE MEHEe
YEM Ha JBE CEKIIUU.

Iuuer nuToB 0,4 kB BcmoMoraTeabHBIX IIEXOB, HE CBSI3aHHBIX C OCHOBHBIM
TEXHOJIOTUYECKUM IPOLIECCOM, MOTYT HE Pa3feisATbCA HA OTHAEJIbHBIE CEKLUUU 3a
UCKIItoUueHHeM uToB HampstkeHueM 0,4 kB HacocHbIX HedTecoaepKalmx CTo-
KOB, XO35MCTBEHHO-OBITOBBIX U JINBHEBBIX CTOKOB, KOTOPBIE TOJDKHBI Pa3IeisaThCs,
KaK MPaBUJIO, HE MEHEE YeM Ha JBe ceKuuu. [Ipu ycTaHOBKE B HACOCHBIX CTAHITUSAX
TOJIbKO BTOPUYHBIX COOPOK, MX YUCJIO JOJHKHO OBITh, KaK MPaBUiIo, HE MEHEee ABYX.

B wnensix snektponsurareneid HampsbkenueM 0,4 kB He3aBucMMO OT HX
MOITHOCTH, a TaKXK€ B LEMSIX JIMHUU MUTaHUsI COOPOK B KAUECTBE 3aI[UTHBIX aria-
paTOB YCTaHABIIMBAIOTCS ABTOMATHUYECKUE BBIKJIFOYATENIH, COTJIAaCOBAHHBIE MO Ce-
JIEKTUBHOCTH.

YcraHoBKa npeIoXpaHUTENEH B KAUECTBE 3alIMTHBIX AlIapaToB JOMYCKAaeT-
CA B LEMSAX CBAPKM U HEOTBETCTBEHHBIX JICKTPOJBUTATEIEH, HE CBA3aHHBIX C OC-
HOBHBIM T€XHOJIOTUYECKUM IMPOIIECCOM (MacTepCKue, JIabOpaTOpUH U T.I1.).

Kaxnaa n3 cekumii PY nHanpsbkenuem 0,4 kB 3a nckimouennem PY Bcnomora-
TEJTBHBIX 1[EXOB, HE BIMSIOIIMX HETOCPEICTBEHHO HA BBIPAOOTKY AJIEKTPOIHEPTHU
(MacTepcKue | T.I1.) JOJDKHBI UMETh JIBA UCTOYHMKA MUTAHUS — pab0Ourii U pe3epBHBI.

[Tepexmrouenne muTaHusi ¢ pabodero Ha Pe3epPBHBIN UCTOYHUK JJISI CEKIIUM,
HE JONYCKAIOWIMUX JIUTEIBHOIO MEPEPHIBA MUTAHUS, OCYIIECTBIIETCS C OMOIIBIO
ycrpoiictBa ABP.

B kauecTtBe pe3epBHOI0 UCTOUHMKA NMUTAHUS I CEKUMM PY HampsixkeHuem
0,4 kB, pacnojoXeHHBIX B IJIaBHOM KOPITYyCE, MPUMEHSIOTCS OTIEIbHBIE TPaHC-
(dbopmMaTopsl.

28



Hnsa cexkuuit PY nanpsbkenuem 0,4 kB BcioMoraTeiabHBIX IIEXOB MOXKET
NPUMEHSTHCA PE3EPBUPOBAHUE OT OTAEIBHBIX PE3EPBHBIX TPaHCHOPMATOPOB (SIB-
HBIM pe3epB) WM B3aMMHOE PE3epBHPOBAHUE JIBYX pabouyux TpaHCHOPMATOPOB
(CKpBITBIH pe3epB).

Ha pucynke 3.10 moka3aHsl BapuaHThI SBHOTO PE3epBUPOBAHUS (32 UCKIIIO-
yeHueM ciydas |) nuranus cexumii 0,4 kB ¢ mogkimtoueHneM ux Kk paboyuM u pe-
3epBHBIM HCTOYHUKaAM. [Iutanne snexrponpuémuukoB cexunii 1H He pesepsupy-
ercs. B Bapuanrax | u IV or cBoux TCH |l nuraercsa ronsko onna cexuus PY 0.4
kB. B BapuanTe |l — k TpancopmaTopy moakirodeHs! 18e cekiuu. B Bapuante 1
cekius 0,4 kB coctout u3 aByx nonycekuuit (4H1 u 4H2).

| i Il % PTCHI %
QF1 \ QF2 QF3 QF6 QF7 QF9
i

1H 2H 3H 4H1 \ B 4H2 5H
If I [N 1 l .1

T T

Pucynok 3.10 - Cxema nutanust cekuii coocTBeHHbIX HYX) 0,4 kB

MourHocTh pe3epBHOro Tpancdopmaropa Hanpstkennem 6(10)/0,4 kB
IO CXEME C SIBHBIM PE3€pBOM IPUHUMAETCS PAaBHOM MOIIHOCTH HauboJjiee KpymHO-
ro pabouero TpaHcgopMaTopa, UM PE3EpPBUPYEMOTIO; IO CXEME CO CKPBITHIM pe-
3epBOM MOULIHOCTb KaXJ0I'0 U3 B3aUMOPE3EPBUPYEMBIX TPaHC(HOPMATOPOB JT0JKHA
OBITh BhIOpaHa MO MOJHOM HArpy3Ke ABYX CEKLHUMU, PU ITOM He OON)CKAemcs aBa-
pUIiHAs EpErpy3Ka.

Hcrounuku peszepBHOro nuranus muH PY nHanpspkenuem 0,4 kB noimkHBI
o0OecrneynBaTh OJHOBPEMEHHBIA 3allyCK OTBETCTBEHHBIX JJIEKTPOABUTATENICH, a
TAaKX€ CPEACTB IMOXKAPOTYWIEHUS W OcBeumieHus. [nga 3Ttoro vacte cekuuii PY
HanpspkeHueM 0,4 kB kaxaoro 6ji0ka, KOTJIa WM TypOoarperata CEeKIIMOHUPYIOTCS
BBIKJIFOUATEsIMU Ha ABe nonycekiuu (puc. 3.10, Bapuant Ill), k ogHO#N U3 KOTO-
pPhIX M TPUCOEAUHSIOTCS YKA3aHHbBIC BBIIIE OTBETCTBEHHBIE 3JIEKTPOJIBUTATEIH.
[Ipu nnutenbHON MOTEpe HANPSIKEHUS HA ATUX CEKUHUAX CEKIIMOHHBIEC BBIKIIIOUATE-
JY OTKJIIOYAKOTCS 3alIUTON MUHUMAJIBHOTO HAIPSKEHUS U MOJYCEKIUU C OTBET-
CTBEHHBIMH 3JIEKTPOJIBUTATEIISIMU aBTOMAaTHUYECKN MOAKIIOYAIOTCS K HMCTOYHUKY
PE3EpBHOIO MMUTAHUS.

Ha ciaydait mogHOW U JUIMTEIIBHON MTOTEPU MEPEMEHHOTO TOKA Ha AJIEKTPO-
cranuu (6osee 30 MUH.) JOJDKHO OBITH OOECIIEUEHO HAACKHOE IUTAHHE OTBET-
CTBEHHBIX 3JIeKTpojBuraTenei Hanpspkenuem 0,4 kB, oT KOTOpbIX 3aBUCUT coxpa-
HEHHUE 00O0pyAOBaHUs OJIOKOB, KOTJIOB WM TypOoarperatoB B paboTOCIOCOOHOM
COCTOSIHUM, B TOM YHCJE: 3JIEKTPOABUTATENIe BAJIONNOBOPOTHBIX YCTPOMCTB U pe-
TeHEPATUBHBIX BO31YyXOIOAOTPEBATENEH, MACIOHACOCOB TypOOarperaTroB, Mmoj3a-
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PSAOHBIX —arperaTtoB aKKyMYJATOpPHBIX Oarapei, ammapaTypbl KOHTPOJIBHO-
U3MEpPUTEIBHBIX MPUOOPOB M aBTOMATUKU, BKJIOYAs aBTOMATHKY 3allycKa CUCTe-
MBI ¥ 3aII0OPHOM apMaTypbl MOKAPOTYLIECHUS, aBAPUINHOTO OCBEILICHHUS.

[Tutanue ocymiecTBisieTcs MO0 OT HEOJIOYHON YACTH SJCKTPOCTAHIINH (TIPH
HaJIMYUU TAKOBOM), TUOO OT OMMKaWIIMX TEIJIOBBIX AJIEKTPOCTAHIUA M TUIAPO-
ctaHuuil. [Ipu OTCYTCTBHMU yKa3aHHBIX PE3EPBHBIX MCTOYHUKOB MUTAHUS MPUHHU-
MaeTCsl pe3ePBHBIN JTU3ENIb-T€HEPATOP, BKIIOYAEMbIII HA OTBETCTBEHHBIC MOJTYCEK-
U1 AaBTOMATUYECKHU.

Jlst moTpeduTenei, He JOMYyCKaIOMUX MepephiBa MUTAHUS, JOJKHBI TIPHME-
HATBCS arperathbl 6ecnepedoitHoro nutanus (ABIT).

Yucsio pe3epBHbIX TpanchopmatopoB Hanpsukennem 6(10)/0,4 kB npu-
HUMAETCS:

- JUIA CTaHIMI ¢ OJI0YHOM TENIOBOM CXeMOM OAMH pe3epBHBIN TpaHCchopMa-
TOP B IJIABHOM KOPITyCe JJI KaXI0ro 0JI0Ka;

- IUIs1 CTAaHIIUN C MOTIEPEYHBIMU CBSI3SIMU TI0 Mapy, HO ¢ OJIOYHOM dIEKTpUye-
CKOM cXeMoil - Ba pe3epBHBIX TpaHchopmaropa HanpsbkeHuem 6/0,4 kB B rias-
HOM KOpITyCe MPU KOJUYECTBE pabounX TpaHCPOPMATOPOB OT JABYX S0 IIECTH;

- JUISI CTAHUUM C MONEPEYHBIMU CBS3SIMU IO Mapy OAWH PE3EPBHBIN TpaHC-
dopmarop Hampspkenuem 6/0,4 kB B TIJIaBHOM KOpmyce MpH 4HCIE padouux
TpaHC(OPMATOPOB YETHIPE U MEHEE; JIBa PE3EPBHBIX TpaHC(opmaTopa MpH YUcCIe
pabounx TpaHcHOPMATOPOB OT TMATU JO BOCBMU BKIHOUYUTEIBHO; MPU YHUCIIE
TpaHC(OPMATOPOB CBEPX BOCBMH IO OJHOMY pE€3€pBHOMY TpaHc(hopmaTopy Ha
KaXKJ[ple YeThIpe pabounx TpanchopmaTopa;

- JJIs. BCIIOMOTAaTEIbHBIX II€XOB CTaHIMI BCEX THUIOB - OAWH PE3EPBHBIN
TpaHchopMaTop Ipu yuciie paboyux TpaHcPopMaTOpOB IIECTh U MEHEE; JBa pe-
3epBHBIX TpaHCchoOpMaTopa NMpu duciie TpaHcHopMaTopoB OT ceMu 110 12 BKITIOUH-
TEIBHO; TIPU Yucie pabouux TpaHchopMaTopoB cBepx 12 1o 0AHOMY pe3epBHOMY
TpaHchOpMATOPY Ha KAKIbIE MIECTh pabounx TpaHChHOPMATOPOB.

B uenu pezepBHoro Tpanchopmaropa nepes cOOpkoi (IMHOMPOBOIOM) pe-
3€pBHOTO MUTAHUS YCTAaHABIUBACTCS PYOMIIBHUK JIJII PEMOHTHBIX IICJICH.

[lepembiukn mexnay cOopkamu HanpsbkeHnem 0,4 kB pasHbIX pe3epBHBIX
TpaHC(OPMATOPOB HE BHITTOTHSIIOTCH.

Jlonst HEIBHOTO pe3epBUPOBaHUs cocTaBiseT Kak npasuio 10-15% ot pac-
X0J1a Ha COOCTBEHHBIE HYK/IbI.

Pacxonpl Ha COOCTBEHHBIE HYKIbI BTOPOU CTYNEHU COCTABIISIOT MPUMEPHO
10% pacxosia Ha COOCTBEHHBIE HYK/IbI.

Tpanchopmatopsl ycTaHaBIMBaeMbIC B MIOMEIICHUSIX JIOJDKHBI OBITH B3PHIBO-
1 T0Kapo0e30IacHbIe ¢ CyXOi CHCTeMOU oxiaxkaeHus. Tpanchopmaropsl ycTaHaB-
JIMBAEMBbIE BHE IOMEIICHUN ITPUHUMAIOT C MACIISTHOM CUCTEMON OXJIAKICHUSL.

[Ipumepsl cxeM MUTaHUS COOCTBEHHBIX HYXJ TEIUIOBBIX AJIEKTPOCTAHIIUN
paccMaTpHUBaOTCS Ha JICKIUAX MO JJAHHOW JUCUUILIMHE, & TAKKE€ UMEIOTCA B KOH-
cnekrax [1,13].
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3.3.3. CxemMbl NUTAHUS COOCTBEHHBIX HYK/ MOACTAHIUMH

DNEeKTPONPUEMHHUKN COOCTBEHHBIX HYXJ MOACTAHLUUN MMEIOT 3HAUUTEIBHO
MEHBIIIYI0 MOITHOCTh 0 CPABHEHUIO C MPUEMHHUKAMH cTaHUMW. [loaTOMY nuTanue
ux npousBoautTcsa Ha HampspkeHuu 0,4 xB. Bce anekTponpuéMHUKN AenATcs Ha
IPYIIIBI IO OTBETCTBEHHOCTH (rpymibl A-1, A-2 u A-3) 1 0 IPOJOIIKUTENBHOCTH
BkiodeHus (b-1, b-2 u b-3). TpeboBanus kK cxeMaM MUTaHHUS COOCTBEHHBIX HYXIT
[1C uznoxens! B [6]. CormacHo nanHbiM TpeboBanusM, Ha [IC ycTanaBmmBaercs
HE MEHee JIByX TpaHC(hOpMaToOpoB COOCTBEHHBIX HYxA. Kak mpaBuiio, mpuMmeHs-
1otcs 1Ba pabounx TCH, Hecymux npuMepHO OJIMHAKOBYIO Harpys3Ky.

Cxema nuranuss TCH onpenensercs BUIOM ONEPaTUBHOIO TOKA, UCIOJIb-
3yemoro Ha IIC. BO3MOXHO HCIIOJIB30BaHUE IIEPEMEHHOIO, BBIIPSMIICHHOTO HIIU
MIOCTOSTHHOTO onepatuBHOro Toka. CoriacHo [6] Ha [1C Hanpspkenuem no 35 kB u
Ha [IC 110-220 xB (mpu orcyrctBum B PY 3THX HampspkeHU# BBIKIIIOUATEIICH)
IIPUMEHSETCS IIEPEMEHHBIA ONEPATUBHBINA TOK. llepeMeHHbI onepaTUBHBIA TOK
npuMensieTcs: Tak ke Ha [IC, B PY BH KoTOpbhIX MpUMEHSIIOTCS 3J€ra30BbIE BbI-
KJIFOUATEIN C MPYKUHHBIM ITPUBOJOM, NO3BOJISIIOIIUMM IIPU OTCYTCTBUM IUTAHUS
ONEpPATUBHBIX LIETIEH OCYIIECTBUTh TPH MOCIEI0BATENbHBIX ACHCTBUS HA BKIIOYE-
HHE-OTKJIFOYEHUE. BBIpsAMIICHHBIA OnepaTuBHbIA TOK npuMensercsa Ha 11C 110-
220 kB npu xonunuectse Boikitovareneid B PY BH oaun wimm nga. Ilpu 6onbmem
konnyecTBe BhIKIIouyarened Ha takux IIC, a taxke Ha moxacrtaniusax 330-750 kB
CIEAYET IPUMEHATh CUCTEMY IOCTOSIHHOTO OIIEPATUBHOIO TOKA.

[Hogxmouenne TCH npu nmepeMeHHOM OIEPATUBHOM TOKE MPOU3BOIAUTCS 10
COOpHBIX IIMH OTMAWKOW MEXTy BBOJHBIM BBIKIIOYATEIEM U TPaHC(HOPMATOPOM
cBs3u (pucyHok 3.11, 6). Ilpu moctossHHOM omepatuBHOoM Toke mutanue TCH
npousBoauTcs HenocpeacTeerno ot muH PY HH TIC (pucynok 3.11, a) [1].
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Pucynok 3.11 — Cxembl TUTaHUSI COOCTBEHHBIX HYK]I TIOJICTAHITHIHA
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Bri6op HomuHaabHOi MoumHocTH TCH npou3BOaUTCS B COOTBETCTBUM C
Harpy3kamMy B pa3HbIX PEKUMax padOThI MOJCTAHIIMU C y4E€TOM KOd(DPUIMEHTOB
OJIHOBPEMEHOCTH MX 3arpy3Ku, a TakKe Meperpy304Hoi criocoOHOCTH. B McxoIHbIX
JAHHBIX 3aJa€TCS OPUEHTUPOBOYHAS MAKCUMAaJbHAs MOIIHOCTh Harpys3ku. s
ONPEACIICHUS] PACUECTHOM MOIIHOCTH CHavyasla YYUTHIBAIOT MAKCUMAJIBHBIE HATPY3KH
T HOPMAJTbHBIX YCIIOBHH (IIPH 3TOM HE YYUTHIBACTCS HArpy3ka rpynimsl b-3).

OpuEHTUPOBOYHO HOMMHAJIBHBIE HArPY3KU AIEKTPONPUEMHUKOB OXJIAXK]IE-
HUS B 00ayBa TpaHCPOPMATOPOB M aBTOTPAHC(HOPMATOPOB MOJCTAHIIUNA MOMKHO
MIPUHSATH TI0 TaHHBIM TaOIuIIe 3.1,

Ta6muma 3.1 — YcTaHoBiIeHHAss MOIIHOCTh YCTPOMCTB OXJIaXKICHHS TpaHchopMa-
TOPOB Py yer

Tun Tpancdopmaropa

Poxayer, KBT

Tun Tpancdopmaropa

Poxayer, KBT

T/1-10000/35 1,5 TPJIH-32000/220 3
T/I-16000/35 2 TPJIH-40000/220 3
THC-10000/35 1,5 TPIH-63000/220 55
THC-16000/35 2 TP/ILIH-63000/220 29,6
TPIHC-25000/10; 35 25 TPILIH-100000/220 29,6
TPJIHC-32000/10; 35 3 TPIL{H-160000/220 44,4
TPJIHC-40000/10; 35 4 TPIHC-40000/330 5
TPJIHC-63000/20; 35 5 TPILIH-63/330 22,2
T/ TH-10000/35 1,5 TTH-25000/220 5
T/TH-16000/35 25 TTH-40000/220 45
T/IH-10000/110 1 ATJILITH-63000/220/110 22,2
T/TH-10000/110 1 ATJIL[TH-125000/220/110 29,6
T/IH-16000/110 1,5 ATJIL[TH-200000/220/110 44,4
T/TH-16000/110 2 ATJIL[TH-250000/220/110 51,8
T/IH-25000/110 25 AT/ILTH-125000/330/110 37
TPIH-25000/110 25 AT/IL[TH-200000/330/110 44,4
T/TH-25000/110 25 AT/ILTH-250000/330/150 51,8
T/IH-40000/110 3 ATJIL[H-400000/330/150 59,2
TPJIH-40000/110 3 AOJII[TH-133000/330/220 37
T/ITH-40000/110 35 ATJIL[TH-250000/500/220 44,4
T/IH-63000/110 4 AT/IIH-500000/500/220 124
TPIH-63000/110 4 AOJIL[TH-167000/500/220 29,6
TTH-63000/110 45 AOJII[TH-267000/500/220 44,4
T/IH-80000/110 5 AOJIL[TH-167000/500/330 29,6
TPIH-80000/110 5 AOJIL[TH-267000/750/220 92,4
T/ITH-80000/110 75 AOJIL[TH-333000/750/330 108
T/L[TH-80000/110 29,6 AOJIL[TH-417000/750/500 124
TPJIL[TH-80000/110 29,6
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MoIIHOCTh YyCTPOWCTB MOAOTPEBa BBIKIIIOUATENEH U UX MPUBOJIOB OIpEe-
JSeTCA i1 KOHKPETHOTO BBIKIIIOYATENsl IO JIaHHBIM 3aBOJa W3TOTOBUTEIS.
OcranbpHble Harpy3kd B paMKax KypCOBOTO NMPOEKTHPOBAHUS MOXKHO MPUHSATH 10

Tabnuite 3.2.

Tabnuma 3.2 — [ToTpebuTenu cOOCTBEHHBIX HY K MOACTAHIIUN

Bua norpedurtens

MorHocTh Ha

[Tonorpes mkapor KPYH u KPY-10 1,0
[Tonorpes npuUBOJOB pazbeAMHUTENCH, IKada 32KUMOB 0,6
[Tonorpes peneiinoro mkada 1,0
[Moxzapsano-3apsinnbiit arperat BA3II 2x35
BcnomMorarenbHOe 000py10BaHNE CHHXPOHHBIX KOMIIEHCATOPOB:

KCB-37500 140
KCB-50000 165
KCB-100000 205
Orormnenue, OCBEIICHUE U BEHTHIIALINA:

oy 60-110
3PV 6(10) kB 5-7
3PV, copmemennoe ¢ OITY 20-30
3naHue pa3be3IHOro IepcoHana 55
Ocgenienue OPY 110, 220 kB npu:

Ny <=3 2,0
Nsta >3 5-10
Kommpeccophas (Ha 0JfiH arperar):

DIEeKTPOABUTATENH 20-55
Orormnenue, ocBelIeHNE 15-30
Macnoxo3siicTBo 75-400

Jlns onmpeneneHus moJIHOW PacuyeTHOM MOIIHOCTH MOKHO MPUHSATH JJIs1 JBU-
rarenbHOM Harpy3ku cos@=0,85, ams ocTanbHBIX MOTpeOuTeNel MpUHATH cosp=1.

Torga cymmapHas Harpy3ka cOOCTBEHHBIX HYK/I:

— NV 2 2
Spacq max — Zi=1 kC,i(P yerl +0Q yCT,i)’

rae k¢ ; — xKo3QduimenT cnpoca, NpUHUMAaeMBbIi 110 Tadbauue 3.3.

Jst TIC ¢ mocTosiHHBIM JeXKYpPHBIM TiepcoHaioM BeiOOp momrHoctd TCH

IMPOU3BOAUTCA C YICTOM BO3MOKHBIX aBapHﬁHBIX IICPECrpy30K:

SHOM TCH1(2) = Spacq max/kaB.nep.

7€ Kyp ep, - KOOQDUIMEHT aBAPUAHBIX IEPErPY30K, MPUHUMAETCS PaBHBIM 1,3 jiis

cyxux u 1,4 nust MaciasHeIX TpaHC(HOPMATOPOB.
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Ta6nuna 3.3 — KoaddunmeHntsl cripoca IpuEMHUKOB COOCTBEHHBIX HY ]I

HaumenoBanue npuemMHuka Koaddunuents! cnpoca

Ocsemenne OPY:

npu ogaoM OPY 0,5

npu Heckobkux OPY 0,35
OcBelleHue OMeIeH 0,6-0,7
Oxnaxnaenue TpanchopmMaTopoB 0,8-0,85
Kommpeccopsl 04
3apsaHO-TI013apsIHbIE YCTPOUCTBA 0,12
DNEKTPOIIOA0IPEB BBIKIKOYATENEH U 31IEKTPOOTOIUIEHNE 1,0

JInst mojicTaHIniA, 0OCITyKUBAaeMbIX OIEPATHBHO-BBIE3THON OpUTranon, HO-
MuHabHass MoHOCT, TCH BbIOMpaeTcs 0oJibllle WM paBHOW pacueTHOM MaKCH-
MaJIBHOM.

OxoHyaTenbHOU MpoBepkoil BeIOpaHHBIX MomHocTe TCH sBnsieTcst yuer
Harpy3ku rpymmnbl b-3 (to ecth pabora IIC B HemratHOM pexume). [lpu sTom
JOJKHO BBITIOJHATHCS YCIIOBHE:

ZSHOM TCH1(2) = (Spacr{ max T Spacq B—B)'

B nosicHUTENbHOM 3amucKe K KypCOBOMY MPOEKTY CIEAYET MPUBECTH CXEMY
MUTAHUSI COOCTBEHHBIX HYJI, BIIMCAHHYIO B OOIIYI0 CXeMy OOBEKTa, yKa3aTh OC-
HOBHBIE CBOICTBA paccMaTPUBAEMOM CXEMbI, POU3BECTH BHIOOP BCEX UCTOUHUKOB
MUTAHUSI COOCTBEHHBIX HYXKJl U CBECTU UX HOMUHAJIbHBIC MTApaMETPhI B TAOJIUILY.

3.4. Bbi0op cnioco00B OrpaHn4YeHnsi TOKOB KOPOTKOIO 3aMbIKaHus. Pacuér
TOKOB KOPOTKOTI'0 3aAMBbIKAHUS

Bb16op croco0oB M CpelCcTB OrpaHUYEHUS! TOKOB KOPOTKOTO 3aMBIKAHUS
MOXXET OBITh TpOW3BEeACH J0 pacuera TokoB K3 (Hampumep, HCHOJIb30BaHHE
TpaHCHOPMATOPOB C PACIICTITIEHHOW OOMOTKOM, UCIIOJIb30BAaHUE CEKIIMOHHBIX pe-
aKTOPOB), TaK W TOCJIE, YYUTHIBAs MOJYyYEHHBIC JaHHBIC pacyeTa (IJs ompeene-
HUS1, HAIPUMEP, HEOOXOAMMOCTH YCTAHOBKY PEAKTOPA Ha MOJICTAHIIHSIX).

s BeinmosiHeHHsT pacuera TokoB K3 HeoOXoauMo MpeaBapUTesbHO COCTa-
BUTh CXEMY 3aMEIIEHUS pacCMaTpuBaeMoro o0wbekTa. [Ipu 3TOM MOKHO HE Yy4H-
TBIBaTh JIBUTATEIbHYIO HATPY3KYy. /(14 eapuanmos npoexkmuposanus TOL u KOC
pacuem moxos K3 npouzsooumcs moavko 0Jisi mex moyek, Komopbvie HeoOXxo0umbvl
07151 8b1O0PA 211eKMPO0OOPYO0BAHUSL 8 3A0AHHBIX Npenodasamenem yensx. /s ea-
puanmos IIC pacuem npouzsooumcs 01 6cex mouek, HeodXooumvlx 0l 8b100pa
060py008aHUs 80 BCeX Yensx.

[Tocne coctaBieHHs] CXEMbI 3aMEIICHUS PACCUUTHIBAIOTCS €€ MapaMeTphl B
MIPUHSTON CHCTEME €IMHMUI] U PACCUMUTHIBAIOTCS TOKU TpexdazHoro Toka K3 B BhI-
OpaHHBIX TOUuKax. PacueT ciemyer mpoBOIUTH Kak JJisl peKruMa HOpMaJIbHOHM pabo-
ThI O0OBEKTA, TAK M JIJIS OCICABAPUITHOTO WIIM PEMOHTHOTO PEKUMA, ISl KOTOPOTO
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MOTYT OBITh XapaKTepHbl OoJiblliie 3HadeHUs TOKOB K3. Takum pexumom st
TOLI, Hanpumep, MOXKET SIBISTHCS OTKIIOUYEHUE OJTHOTO U3 TPaHCHOPMATOPOB.

[Tocne npoBeieHHs pacyeTOB HEOOXOIUMO BCE Pe3yJIbTaThl CBECTH B Ta0OJIM-
Iy ¢ yKa3aHueM pexkuma paboTel u HoMepa Touku K3. JlanpHeimmii BEIOOP 000-
PYIOBaHUS 1T KOHKPETHOW IIEMHU MPOU3BOAUTCS MO HAUOOJBIIIEMY U3 TIOTyYCH-
HBIX TOKOB K3.

B cnyuae BBIABICHHS HEOOXOAMMOCTH NMPUMEHEHUS TOTOJHUTEIBHBIX MEP
[0 OrPAaHUYEHUIO TOKOB KOPOTKHUX 3aMBIKAHUM, MTOCJIE BHIOOpA CPEJICTB OrpaHUye-
Husl, pacu€t TokoB K3 cienyer moBTOPUTH ¢ YUETOM NPUHSATHIX MEPOIIPUSTHIA.

Hnsa TOL ¢ cexkunonupoBaHHbIMHU MHaMu ['PY HeoOxoauMo mpousBecTr
BBIOOpP CEKIIMOHHOTO peakTopa. J[aHHBIA pacuéT BBIMOJHSICTCS B CICAYIOIIEH IMO-
CJICJIOBATEIILHOCTH:

1) mogOupaeTcss peakTop COOTBETCTBYIOIIECTO KJlacca HAIPSIKCHUS

Up HOM 2 UL[@HI/I HOM ’

2) TpH omnpeJeICHHsS HOMHHAJIBHOTO TOKAa peakTopa B paMKax KypCOBOTO
MPOEKTUPOBAHUS JJOMYCTUMO MPUHUMATh MAKCUMAJIBHBIN TOK, KOTOPBIN MPOXOIUT
gyepe3 peakTop MPH OTKIIFOUEHUH OJHOTO M3 reHepaTopoB, paBHBIM (0,6+0,8) lyoy r
it He3aMKHYThIX cxeM ['PY u (0,4+0,5) lyom r A1 KONBIEBBIX cxeM. HoMuHab-
HBIN TOK peakTopa JOJKEH YJOBIETBOPSATH YCIOBHUIO:

> 1

Ip nom = I max

3) BbIOMpaeTCs MPENeiIbHO OOJIbIIEE COMPOTUBICHUE PEaKTOpa M3 HOMH-
HAJIBHOTO psAJia IpY BEIOPAaHHOM HOMHHAIIBHOM TOKE Xp now;
4) onpeAenstoTCs OTEPH HANPSKEHUS B PEaKTOPE MPU MaKCUMAJIbHOM TOKE:

V3 Xp wou'I SIN Qrmax
AU, [%] = — :

UHG]'[I/I HOM

KOTOPBIE HE IOJDKHBI MIPEBBIIIATE 5-6 POIIEHTOB OT HOMUHAIILHOTO Hanpsbkenus [ PY.
B ciy4ae npeBbllIeHUsT IOTEPU HANPSDKEHHs YKA3aHHBIX BEJIMYMH BO3BpALLa-
IOTCSl K TPEThEMY IYHKTY JTaHHOTO Pacy€ra, BHIOMPAIOT MEHbIIEE COMPOTHUBIICHUE U
MTOBTOPSIIOT JAJIBHEMIIINM pacyeT A0 TeX MOp, IOKA HE BBINOIHUTCA 4 yCIIOBHE.
[Tocne BbIOOpA CEKIIMOHHOTO peakTopa BhINMoJHsAETCS pacyeT TokoB K3. Pac-
YET MOKHO MPOU3BOJAUTH KaK B OTHOCHUTEJIBHBIX, TAK U B UMEHOBAHHBIX €IMHUIIAX.
BriOpannblil peakTop mocie pacuera TokoB K3 crienyeT mpoBepHUTh Takke
Ha AJIEKTPOJUHAMUYECKYIO U TEPMUYECKYIO CTOMKOCTH (CM. Janee).
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3.5. Bb10op 3/IeKTpUYeCKHUX aNMNapaToB U MPOBOJAHUKOB pacnpeaeJnTeIbHbIX
YCTPOICTB

3.5.1. Bb100p KOMMYTAIHOHHBIX ANNAPATOB

B nanHOM pa3jene MOsSICHUTEIBHOM 3alMHUCKU pacCMaTPHUBAETCS BBIOOp IO
BCEM IapaMeTpaM OJHOIO BBIKIIIOYATENS, BHIOOP OCTAIbHBIX BHIHOCUTCSI B MPUJIIO-
xeHue. To ke caMmoe KacaeTcsi BbIOOpa JpYrux ammapaToB (pa3beIUHUTENEH,
COOPHBIX IITNH) U U3MEPHUTEIBHBIX TPaHC(HOPMATOPOB TOKA U HATIPSKEHUSI.

[Tpu BBIOOpPE BBIKITIOUATENIEH HEOOXOIUMO PYKOBOACTBOBATHCSA CIIETYIOIIHM.

PV reneparopHOro HanpspKeHUS BBINOJIHSAIOTCSA, KaK IPAaBUJIO, C OJHOW CH-
cTteMoil muH, ¢ npuMeHenneM KPY u peakropoB miia nutanus norpedurenei. Ta-
ke KPY KOMIUIEKTYIOTCS KaK NPaBUiIO0 BAKYyYMHBIMH BBIKIIOUYATEIISIMH.

PacnipenenurensHbie ycTpoiicTBa HanpsikeHueM ot 35 10 500 kB MoryT BbI-
HOJIHATHCS 3aKPBITHIMU (B TOM uucie ¢ aerazoBbiMu KPY), mim oTkpbITHIME.

[Tpu HEOOXOAMMOCTH BBINOJIHEHMS 3aKpbIThIX PY cienyer ornaBaTh mpea-
noureHue snera3ossiM KPY.

B tabmuiie 3.4 ykazaHbl OCHOBHBIE (PAKTOPBI, KOTOPbIE HEOOXOIUMO YUUTHIBATh
IpU BBIOOPE BBIKIIIOYATENEH, Pa3beIUHUTENCH, PEaKTOPOB, M3MEPUTEIBHBIX TPaHC-
(opMaTOpOB TOKA M HANPSHKEHMS MPH BBIOJHEHUH Y4€OHOTO KYPCOBOT'O IIPOEKTA.

B rpade ycnoBus BeiOopa (Tabu. 3.4) ciieBa yKa3aHbl pacUeTHBIC BEIMYUHBI,
cinpaBa — TaOJUYHbIE (KATAJIOKHBIE) MApaMEeTPhl ANEKTpUUECKUX anmapatoB. [Ipu
BBINIOJIHEHUH KYpPCOBOT'O MPOEKTa MPOBEPKA BBIKIIOYATENEH MO BOCCTAHABIMBAIO-
IEMYCs HAIPSKEHUIO HE MPOU3BOIUTCA.

[Ipu BBIOOpE ammapaToB B LEMSAX 3JIEKTPOCTAHUUMN CIEAYET YUUThIBATh OT-
JMYKE HaYaabHOM cocTaBisiomei Toka K3 [ o ¥ COCTaBIAIOIIEH B IPOU3BOJILHBIN
MOMEHT BPEMEHH I, ;.

3nauenue [}, ; 3aBUCUT OT KOH(PUIYpalUK HUCXOJHOM cxeMbl. B ciyuae, ecan
MCXOJIHAsA CXE€Ma COJIEPKHUT HECKOJbKO N'€HEpaTOpOB C Pa3HOM y/aJE€HHOCTHIO OT
touku K3 u cucremy (WM CUCTEMBI), HO BCE UCTOYHUKH CBs3aHbl ¢ Toukod K3
HE3aBUCUMO OJMH OT APYroro, TO MpU ONPEIEICHUU NEPUOIUIECKON COCTaBIIAIO-
mei Toka K3 HaxoaaT 3HaueHHUS 3TOM COCTAaBIAIONICH OT OTACIbHBIX HCTOYHHKOB,
a 3aTeM CYMMHPYIOT IOJy4YeHHbIe pe3ysbrarsl. CocraBisitonryro Toka K3 ot cu-
CTEMBI MOKHO IIPUHATH HEM3MEHHOM, TO €CThb I, = I .

Jlnst HaxoKAeHuUs I ; OT T€eHEPATOPa MOXHO HCIOJb30BaTh METOJ TUIIOBBIX
kpuBbIX [10] B crienyrolieit mociea0BaTeIbHOCTH:

1) ompenensiercst yaaneHHOCTh Toukd K3 oT ucTOYHMKA ({n,o(mw)) KaK OT-

HOIIIEHUE NEPUOINYECKON cocTaBistomeil Toka K3 ot reHeparopa B HayaabHBIN
MOMEHT BPEMEHHU I;; g K HOMUHAIBLHOMY TOKY IeHeparopa lq,; €CIM IOIy4YE€HHOE
3HauYeHHEe OOJIbLIE WM PaBHO JBYM, TO K3 cunTaroT OJM3KUM M MPOAOHKAIOT J1a-
Jiee pacyeT, B MpOoTUBHOM ciiyyae K3 cuuraercs yaaneHHbIM, U MOKHO TPHUHSATD,
uro I, . = Iy o;
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Tabnuua 3.4 — YciioBus BbIOOpa 3IEKTPUUECKUX aNapaToB

®DaKkTOpbl, yUUTHIBAC- Tum snemenTa
No VYcnoBus BeIOOpa
MBI TIpU BBIOOpE QS |TA | TV | LR
HomunansHoe Hampsi-
1 P Ueern now < Unow I A
KEHUE
5 HoMuHATBHBIH liopm paca < l1rom + +
(MIUTENBHBIN) TOK lyare < Mion + +
IH,T S IOTKJ'I HOM
. . *
OTKJIIOanOH_Iaﬁ la,T S l’a HOM = \/EBHIOTKJ] HOM
3 | (xoMMyTanMOHHAs)
CIIOCOOHOCTH (V2I,: + ia;)
*
< V2oneron(1 +By)
IH,O < IAI/IH
4 3JI€E<TpOIII/IHaMI/ILIeCKa$I iy < + + +
CTOUKOCTB
iy < kya\/illﬂom +
2
BK S ITeptOTKJ'I (tOTKJ'I < tTep)’ +
. 2
5 | Tepmuyeckasi CTOUKOCTh By < Iigptiep (torcn = trep)
2
BK < (IlHOMkTep) tTep +
g | Harpyska BTopuambix T2 = Z3 < Zonou +
nenen SZ < SZHOM + +
[Torepst HanpsKEHUA B
7 pA Harip AU < AUyopy +
HOPMaJIbHOM PEKHUME
8 | TokoorpanuueHue XLrR +
OcTaTto4yHO€ HamnpsKe-
9 | mue npu K3 3a peakro- Uyer = (65 —=70)% +
poMm
BoccranosnuBatoieecs -
10 - ITo xpussiM IIBH
HapsDKEHUE
* MCIIOJIB30BATh 3HAUCHUE B JIOJISIX OT CAMHHMIIH;
** TpaHcopMaTOpBI TOKA MPOBEPAIOTCS TUOO IO BETMYUHE COMPOTUBIICHUS] BTOPUYHBIX 11e-
neH, 1100 MOIIHOCTH BTOPUYHON Harpy3Ku;
*#* mepuoaMuecKoe BOCCTaHABIHMBAIOIIEeCs HAMPsHKEHHUE.

2) JUIsS TIOJYYEHHOTO 3HAYCHUS {H,O(HOM) noaoupaercs tunosas kpusas ([11,

puc. 3.8]) u Mo KpUBOH [JIsI PACYETHOTO MOMEHTAa BPEMEHH T ONpeaesieTcs Kodg-

(GuuueHT v;
3) ompenenseTcs UCKOMOE 3HAUCHHE MEPUOAMYECKOI COCTABIISIONICH TOKa
K3 nns MoMeHTa BpeMeEHHU T :

In,t =7 IH,O'
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AnepHoInYecKy0 COCTaBIAONIYI0 Toka K3 175 cxeMbl, COCTOsIIEN U3 pa-
JMAJbHBIX B3aMMOHE3aBUCHUMBIX BETBEU, TAKXKE OINPEIECISAIOT KaK CYMMY COCTaB-
JSFOMINX OTJAEIbHBIX BETBEH.

Jlns BeiOOpa anmaparoB Ha [IC mpakTU4yeckn BO BCEX LEMSAX MCHOJIb3YETCS
CyMMapHoOe 3HaueHue Toka K3 oT BceX HCTOUHHMKOB.

[Tpu BbIOOpe anmaparoB Ha KOC nmm TOL, 0coOEHHO B T€HEPATOPHBIX WM
TpaHC(POPMATOPHBIX HEMIX, HEOOXOAUMO YUUTHIBATh TOJBKO HAMOOJBIIYIO M3 CO-
craBisironx Toka K3. Tak, Hanpumep, pu BbIOOpE TE€HEPATOPHOIO BBIKIIOYATEIIS
CPaBHHMBAIOTCS JIB€ COCTaBJSIONIME: OT camoro reHeparopa (K3 Ha mmHax «3a BbI-
KJTFOYaTeIeM») U OT OCTAJIbHBIX TeHepaTtopoB U cuctembl (K3 Ha BbIBO/IAX reHeparo-
pa). JanpHemmii pacyeT BeAeTCs M0 HauOOJIbIIEMy U3 JaHHBIX 3HaYCHUI. B ciydae
€CJIM 3HAYCHHSI TIEPUOJUIECKON U allepUOJUUECKON COCTABIISIIOIIUX Ui JAHHBIX TO-
YeK HE MPOMOPLIUOHAIBHBI (HAIpUMEp, MEPUOIMUECcKas COCTABIIIONIAs OOJbIIe OT
camMoro reHepaTopa, a anepuoJnyecKkas — OT JPYIMX T'€HEpaTopoB U CHCTEMBI), TO
POBEPKY 000PYI0BaHUS HEOOXOAUMO MTPOBOIUTH 110 MOTHOMY TOKy K3.

Taxoke rpu Be1oope annekTpoarntapaTos 1eneit KOC u TOL, Ay KoTopsix oT
HEKOTOPBIX UCTOYHUKOB pacueTHoe K3 sBisercs 06Ju3KkuM, 0co00€ BHUMaHUE CJie-
IyeT YACIUTh ONPENEICHUIO TEIJIOBOro uMmnyJibca Toka K3.

B 3aBUCMMOCTH OT CXe€Mbl IPUMEHHUTEIBHO K KYpPCOBOMY MPOEKTY MOXKHO
BBIJICTIUTH TPU CiIyuas onpesneneHus B, :

1) ecnu pacuetnoe K3 a1 BceX UCTOYHUKOB SIBJISAETCS YJAJICHHBIM, TO CO-
CTaBJIAETCSl KBUBAJICHTHAs CXEMa, OINPENEIAETCS SKBUBAJICHTHOE 3HAUEHUE TOKa
K3 (I;,0(»)) 1 mocrosinnast Bpemenu (T,(,)) , @ uHTerpai JHKoyss onpenensiercs: mo

dbopmyiie:
BK = Ir%,O(a) [tOTKJI + Ta(a)(l — e_ZtOTKJ'I/Ta(a))].

2) eciu cXeMa COJEPKUT OJWH WJIU HECKOJIbKO OJHOTHUITHBIX T'€HEPATOPOB,
KOTOPBIE HAXOJATCSI B OJIMHAKOBBIX YCJIOBUSX OTHOCUTENIBHO pacyeTHOM Touku K3,
a pacuetHoe K3 sBnsiercs OMU3KUM ISl ITUX T€HEPATOPOB, TO UCIOJB3YIOT Clie-

YOIy o GpopMyiy:

II

BK = Iz’o(r) BK(F) tOTKJI + Ta(r) . (1 — e_ZtOTKn/Ta(F)) ,

rae By - OTHOCUTENbHBIN UHTErpa JKOYJIsl, ONPEACIACTCS MO CHEHABHO pac-

*

CUMTAHHBIM KpuBbIM [12, puc.9-11];

3) ecnau cxema COAEPKUT OJHMH WM HECKOJIbKO MCTOYHHUKOB, JUJISI KOTOPOTO
pacuetHoe K3 sBisieTcsi yaaleHHbIM, U T€HEpaTop, CBsi3aHHBIM ¢ Toukoil K3 mo
panuanpHOU cxeme, st kotoporo K3 siBnsieTcst 6;1M3kuM, HEOOXOAMMO PacCUUTHI-
BaThb OTJEJIBHO NIEPUOANYECKYIO:

B, = | I3occeriy + 2lnocarinom Qury + Lo By | torn
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" aliCcpuoJUICCKYIO COCTABIIAIOIIYIO:

Bea = InocciriyTaey (1 — €7 20om/Ta) + I3 g 1y Toqry (1 — e~ oma/Ta)) 4
4l occeriyInom)
1/Tamy + 1/Tam

rae Iy o(c+riy - cocTabisiomas Toka K3 oT cucTeMbl ¥ reHepaTopoB, i KOTOPBIX

1 — e_tOTm(l/Ta(S)+1/Ta(r))),

K3 sBisiercss ynaneHHbiM; (yry - OTHOCHTENBHBIA MHTErpall OT NEPUOIUYECKON

*

COCTaBJISIOLIEH TOKA, 0OYCIOBIEHHOIO JEHCTBUEM T'€HEpAaTOpa, ONPENENIIeTCs 0
CTeMaTbHBIM KpUBBIM [12, puc. 12-14].

[Tonubii nMmyabsc Toka K3 HaxoauTcst Kak cyMMa MepuoAMYecKO U anepHu-
OJIMYECKOU COCTABJISAIOIIUX.

3.5.2. Bbi0op u3MepuTeIbLHBIX TPaHchopMaTOpPOB

Paccmotrpum Gosiee 1moapoOHO OCOOEHHOCTH BbIOOpa H3MEPHUTENBHBIX
TpaHC(HOPMATOPOB TOKA U HAIIPSKEHUS.

Br100op u3mepureabHbIX TpancpopmatopoB Toka (TT) npoucxoaut mo
CJIEIYIOLUM yCIIOBUSM:

UHOM Z UCSTI/I HOM;

> |

I Inom — lHOpM pacu,

kn IHOM > Inpez[ pacu = Ipa6 max;

2
2 .
ITeptTep = BKHHH (IlHOMkTep) tTep = BK’
ZZHOM = ZZpacql

1€ Ky ¥ Krep — KPATHOCTH TOKa COOTBETCTBEHHO AMHAMHYECKON M TEPMHUYECKOM
CTOUKOCTH; Zoyoy — HOMUHAIBHOE COMPOTUBIIEHUE BTOpUYHOM 1ienu TT, oTBeyaro-
1iee ero padoTe B 3alaHHOM KJIACC€ TOYHOCTH, OM; Zspacy — PACUETHOE COMPOTHB-
JIEHHE BTOpUYHOM 1enu, OMm.

HoMuHaibHBIN MEPBUYHBIN TOK |40y JOJPKEH COOTBETCTBOBATH MAaKCUMAJIb-
HOMYy pa0odyeMy TOKY paccMaTpuBaeMoOro ydactka. [Ipu 3ToM HE0O0XO0IuMO ydu-
ThIBaTh, 4TO corjacHo 1. 1.5.17 ITYD Tok Bo BTOpu4YHOI 00MOTKE TpaHCchopmaTo-
pa TOKa NOJKEH cocTaBisaTh HE mMeHee 40 % HOMUHAIBHOIO TOKA, a MPU MUHH-
MaJbHOM paboueii Harpy3Ke — He MeHee 5 %.

3HadyeHNEe HOMUHAJILHOTO BTOPUYHOTO TOKA YHU(DHUITMPOBAHO U paBHO 5 A.

Knacc Tounoctu umsmepurensbHoro TT BBIOMpalOT B COOTBETCTBUU C €TI0
HazHadueHueM. Jlmst toro, uto6er TT pabGoTan B BBIOpAaHHOM KJIAaCCE€ TOYHOCTH,
Harpy3ka ero BTOPUYHOM 1I€NU HE JOJKHA MPEBBIIIATH HOMUHAIBHOM.

PacuetHas Harpyska TpaHcopMaTopa TOKa Zopacy CKIIAIBIBAECTCS U3 HAIPYy3-
KH U3MEPUTEIIBHBIX TPUOOPOB U MOTEPh MOITHOCTH B MPOBOJAX U KOHTAKTaX.
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B 3aBucuMocTu oT XxapakTepa 00beKTa U CTPYKTYPBI €r0 yIpaBieHUs 00b-
€M KOHTPOJISI U MECTO YCTAHOBKU KOHTPOJbHO-U3MEPUTEIHHON anmnapaTrypbl MOTYT
OBITh pa3Iu4HbIMU. B mpunoxenun 2 (tabmuua I12.1) mpuBeneH MOJHBIA Mepe-
YeHb U3MEPUTEIIbHBIX MPUOOPOB, YCTAHABIMBAEMBIX Ha 3JIEKTPOCTAHIMIX U TMO-
cTaHnusx [6].

CornpoTuBiieHHE MPOBOJOB BTOPUYHOM 1IEMHU 3aBUCUT OT JIJIMHBI TPACC MPO-
KJIaKku TpoBosIoB |y, cedenust mpoBonoB F, u cxemsl TpancopmaTopoB Toka. B
HACTOSIICe BPEMS JIJIsl MOAKITIOUEHHUS TIPUOOPOB BTOPUYHBIX IIETICH MCTIOIB3YIOTCS
KaK MPaBUJIO MPOBOIA U KaOeIn ¢ MeIHBIMU Kuinamu. CedeHue KT BHIOUpaceTCs B
COOTBETCTBHUH C TPEOOBAHUSIMU TOUHOCTHU M3MepeHus. B cooTBeTcTBUM C TpeOoBa-
ausimu I1YD (. 3.4.4), B TOKOBBIX LEMAX CCUCHHE MEIAHBIX MPOBOJOB JOJLKHO
OBITH HE MeHee 2,5 MM?, allOMUHHEBBIX — He MeHee 4 Mm2. CeueHue BHIOMPAIOT B
COOTBETCTBUH C TPEOOBAHUSAMH TOYHOCTH MU3MEPEHUs, HO HE MEHEe MUHUMAJIbHO-
ro. B To e BpeMs ceueHue 6oblie 6 MM? He IPHMHUMAETCS.

N3 ycnoBust gomyctumoit Harpy3ku Ha TT s obecrieueHust ero paboThl B
BBIOPAHHOM KJIACCE TOYHOCTH CJIEIyEeT, YTO COMPOTHUBIIEHHE MPOBOJOB H3MEPH-
TEJBHBIX IeNeH JOJKHO YAOBIETBOPSTH CISAYIONIEMY YCIOBHIO:

ZHpOB = ZZHOM - Zanu6 - ZKOHT’

TA€ Zyonr — COMPOTUBJICHUE KOHTAKTOB.
ITpu npoBepke COOIONEHUS ITOTO HEPABEHCTBA MOYKHO IOJIOKUTH Zypos =
I'upos- 1OTJA TOIyCTUMOE CEYEHUE ITPOBO/IA, MM?, JIOJDKHO OBITh HE MCHBIIIC

F _ p lpacq
- ’
erOB

r7ie p — yIEJNbHOE CONMPOTHBICHUE MaTepHaia MpoBola; lpce — pacuerHas minHa
IPOBOJIA, 3aBUCAIIASI OT CXEMbI COSIMHEHHS TPAaHC(HOPMATOPOB TOKA.

Ecmu | — nnuHa coemMHUTENBHBIX MTPOBOJIOB B OJIMH KOHEII, TO MPH COCIIH-
HEHUU TPaHC(POPMATOPOB TOKA TT0 CXEMe TIOTHOM 3Be31bI |pacy = |, ipu coenmuennu
TpaHCHOPMATOPOB TOKA 1O CXEME HEMOMHOH 3Be31bI lpoex = V31, mpu BKIIOUCHMHM
npruOOPOB B LIETH OTHOTO TpaHchopmaTopa ToKa lpaeqd = 21.

JlivHa | coemMHUTENbHBIX TIPOBOIOB OT TpaHc(hopMaTopa ToKa 10 IPHOOpOB
B OJIMH KOHEI] OPUEHTUPOBOYHO cocTapisier [11]:

Bcex 1eneit ['PY 6(10) kB kpome nunwmii k motpedutensam — 40 — 60 w;

1ernel TeHepaTOPHOTO HAIIPSKEHUST OJIOYHBIX ieKTpocTaHImit — 20 — 40 Mm;

muanit 6(10) kB k moTpedutessivm — 4 — 6 M;

BCex Leneu PY:

35kB-60-75wMm;

110 kB — 75— 100 m;

220 xB — 100 — 150 wm;

330-500 kB — 150 — 175 m.

Jns moacTaHuMid yKa3aHHbIE 3HAYEHUS CIEAYET YMEHbIIUTh Ha 15-20 mpo-
IICHTOB.
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JUIMHY COEOUHUTENBHBIX NPOBOAOB i PY, BBINOIHEHHOrO Kamepamu
KPV, cnemyer ompenensaTs, UCXOAd U3 Pa3MEpOB KOHKPETHOW INPUHATON CEpUU
KPY. B pamkax y4yeOHOro HpOEKTUPOBaHUS B JAHHBIX LIEMSIX MOXHO NPUHATH
JUIMHY COEIMHHUTENIbHBIX MPOBOJIOB MOpsiIKa 2-4 M.

[lepexogHO€ CONPOTUBIIEHNE KOHTAKTOB NpHUHUMAaIOT paBHbIM 0,05 Om npu
2 — 3 npubopax u 0,1 Om npu OosbleM yncie NpuoOpPOB.

Br100op usmepurtenbHbix TpanchopmaTopoB Hanpsikenus (TH). B otnu-
yue oT uzMepurenbHbix 1T, namepurensasie TH 1Mo BTOpuyHOM Harpyske mpoBe-
PAIOT HE 4epe3 MOIHOE CONPOTUBIICHUE, 4 YEPE3 MOIIHOCTh BCEX U3MEPUTEIBHBIX
npuOOpOB, MOAKIIOYAEMBIX K TpaHc(hopmaropy.

SZZ < SHOM’

r€ Syow — HOMHHAJIbHASE MOIIHOCTH B BBIOPAHHOM KJIACCE€ TOYHOCTH; MPU ITOM
ClielyeT UMETh BBUAY, YTO JUJIsl OAHO(DA3HBIX TPaHCHOPMATOPOB, COETUHEHHBIX B
3BE3/ly CJIEAYET B3ATh CyMMapHYIO0 MOIIHOCTh BCEX TpeX (a3, a COEAUHEHHBIX IO
CXEME OTKPBITOrO TPEYTOJIbHUKA — yJABOCHHAS] MOUTHOCTh OJHOIO TpaHCchOpMaTo-
pa; Syz — Harpy3ka BCEX M3MEpPHUTENBHBIX MPUOOPOB U pelie, MPUCOSANHEHHBIX K
TpaHCHOPMATOPY HAIIPSKEHUS.

[Tpu BeIOOpe TH HEOOXOIMMO YUUTHIBATh BO3MOXHOCTh BOSHUKHOBEHUS (pep-
pPOpE30HAHCa, TO3TOMY PEKOMEHYETCs IPUMEHATh aHTUPE30HAHCHBIE THITBI TH.

MuHUMaIBHO TOIYCTUMOE 10 MEXAHUYECKOW IPOYHOCTU CEUECHHE JKUJI Ka-
Oeneil ycranasmiBaercs I1YD (11.3.4.4): He MeHee 1,5 MM? I METHBIX KU U HE
MeHee 2,5 MM? JUISl aTFOMUHHMEBBIX.

3.5.3. Boi0op ToOKOBeayNIUX YacTeil

TokoBenyue 4acTu B paclpeleauTeNbHbIX ycTpoicTBax 35 kB u BbllIe
ANEKTPOCTAHIIUNA U TIOJCTAHIIMKN OOBIYHO BBITMOJIHSIOTCS THOKUMH CTaJlCaTFOMUHE-
BbiMU TipoBojiaMu TUTIOB AC min ACO. ['mOkue mpoBojia MPUMEHSIOTCS TaKKe
Ul coeuHeHus 0104HbIX TpaHcdopmaTopoB ¢ OPY. Ilpu nanpsoxenun 500 kB
MOTYT OBITh MPUMEHEHBI TMOJIbIe aTlOMUHHMEBBIC MpoBoaa Mapku [IA. Ilpu sTtom
YHCJIO MPOBOJIOB B (haze MOTydaeTcs MUHUMAIbHBIM, YMEHBIIAETCS PACXo/] ajto-
MUHHS ¥ YUCJIO TUPJISIHA U30JISITOPOB, YIPOIIAETCS MOHTAX.

CoeauHeHue TeHEPAaTOpPOB U TPaHC(HOPMATOPOB C 3AKPBITBIM MM KOM-
wiektHeIM PY 6(10) kB ocymecTBisiercs TMOKMM TMOABECHBIM TOKOIPOBOIOM,
IIMHHBIM MOCTOM WJIM 3aKPBITBIM KOMIUIEKTHBIM TOKOMPOBOJAOM. [ 'MOKuEe TOKO-
MPOBOJIBI /I COCIMHEHUsS TeHepaTopoB U TpaHchopmaropoB ¢ PY 6(10) kB BbI-
MOJHSAIOTCS MYYKOM TMPOBOJIOB, 3aKPEIUICHHBIX [0 OKPYKHOCTH B KOJbIaX-
oborimax. J[Ba mpoBojia U3 mydka — crajeaqtoMuHeBbie. OHU HECYT B OCHOBHOM
MEXaHUYECKYI0 Harpy3Ky OT COOCTBEHHOTO Beca, rosiojiena u BeTpa. OcTaibHbBIE
npoBoAa — ajtoMUHUEBbIE. OHU SIBISIOTCS TOJIBKO TOKOBeAyIIMMH. CedeHus oT-
JIETBHBIX TIPOBOJIOB B TYYKE PEKOMEHAYETCS BBIOMpATh BO3MOXKHO OOJBIITMMHU
(500, 600 MM?), Tak KaK 5TO yMEHBIIAET UX YUCJIO U CTOUMOCTH TOKOIIPOBOJA.
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Bce coenunenus BHyTpH 3akpeitoro PY 6(10) kB, Bkirouast cOOpHBIC M-
HBI, BBITIOJHSIOTCS dKECTKUMU TOJIBIMU ATFOMUHUEBBIMH ITUHAMH TIPSIMOYTOJIEHOTO
Wi kopoouatoro ceuenus. [Ipu Tokax mo 3000 A B 3akpeiThix PY 6(10) kB mpu-
MEHSIOTCS OJTHOTIONIOCHBIE M IBYXITOJIOCHBIE allfOMUHKEBbIE MHUHBIL. [Ipu Gombimmx
TOKaX PEKOMEHJIYIOTCS IIMHBI KOPOOYATOr0 CEYeHHs], TaK KaK OHH 00ECTeuynBaIOT
JYYIINE YCIOBHS OXJAXJIEHUS M MEHbIIHE MmoTepu OoT 3ddexra 61M30CTH U TO-

BEpXHOCTHOTO 3 ekTa.

VYcnoBus BbeIOOpa U MPOBEPKU MPOBOJHUKOB PA3JIMYHBIX TUIIOB MPHUBEACHBI

B Tabmuie 3.5.

Tabnuua 3.5 — YcioBus BIOOpa U MPOBEPKHU MPOBOJHUKOB

1 2

3

1 COopHbIC MIUHBI
ruokue

1- IL[OH Z Ip max;

2. buon > b;
3. 0,9E0 > 1,07E;

1. TlpoBepka 1Mo AOMYCTUMOMY TOKY: lon > |p max (32 pabounit
MaKCUMAaJIbHBIN TOK s COOPHBIX IIUH MIPHHAMAETCS MaKCHUMaJIb-
HBIA TOK CaMOT'0 MOIIHOTO MPUCOEINHEHHUS).

2. llpoBepka rHOKMX IIMH Ha CXJICCTHIBAHHUE MTPOU3BOIUTCS,
ecm 1> 20 KA.

bz[on > ba
rae b — orkionenue npoBoaa daktuyeckoe, Dyon —MakcHManbHO
JIOITyCTUMOE OTKJIOHEHHE IIPOBO/IA.

3. IlpoBepka o yciaoBUsM KOPOHUPOBaHUS B ycTaHOBKax 110
KB u BbI11IE:

0,9E0 >1,07E,
rie Eo — MakcumanpHOE 3Hau€HUE HAYaJIbHOW KpPUTUYECKOU
HaNpsHKEHHOCTH BJIEKTpUYECKOro mojs; E — pacueTHas Hamps-
KEHHOCTD AJIEKTPUYECKOTO TOJIsI TPOBOIHUKA.

2 COopHBIC TIIUHBI
KECTKHE

1. lion > lp max;
2. Uk,non = U UIIH (g, = CIMI/IH1
3. f0>200 I'n; 0,01 = Tpacu-

1. TIpoBepka 1o 1OMyCTUMOMY TOKY: |xon> Ip max

2. TlpoBepka Ha TEPMUIECKYIO CTOHKOCTB:

Uk,non = U UIIH (g, = Qvnn
rJe Uy — TemIeparypa Harpesa muH Tokamu K3, vy ., — gomy-
CTMMas TeMIiepaTypa HarpeBa npoBoJHHKa TokamMu K3 (HopMupy-
ercs [1YD); gy~ MUHUMAIBHOE CEUCHHME 10 TEPMUUYECKON CTOM-
KOCTH; ( — BBIOpaHHOE CEYEHUE.

3. TlpoBepka Ha ANMEKTPOJUHAMUIECKYIO CTOHKOCTB:

a) UCKJIFOUEHUE MEXAHUYECKOIO PE30HAHCA

fo>200 Iy
rne fo — gacrora coOCTBEHHBIX KOJICOaHMI IINH;

0) pacueT Ha MEXaHUUYECKYIO TPOYHOCTh

GHOH 2 Gpva’
TJI€ Opacq - JAOMYCTUMOE MEXaHUYECKOE HAIMPSDKEHUE B Marepuaie
IIVH; Opyey - PACYETHOE MEX. HANIPSIKEHHUE.
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[Tponomxkenue Tadauibl 3.5

2

3

3 ['ubkxue npomoj-

HHUKHN

1- IuonZ Ip max 1

2. b;[on > b,
3.0,9E0 >1,07E;

4.9=(,.

1. IIpoBepka mo AOMYCTUMOMY TOKY: lon> Ip max (32 pabGoumii
MaKCUMAaJIbHBIN TOK AJIs1 COOPHBIX IIMH IPUHUMAETCS MaKCUMallb-
HBIA TOK CAMOT'O MOIIHOTO NMPHCOEINHEHHS).

2. IIpoBepka rMOKMX LIMH Ha CXJIECThIBAHUE_IPOU3BOAMTCA,
ecmu i® > 50 kA.

Dron > b
rae b — otkionenue mpoBoaa akTHuecKoe, Dyon — MaKCUMaTBLHO
JI0ITyCTUMOE OTKJIOHEHHE IPOBOJIA.

3. IlpoBepka 1o yCIIOBHSIM KOPOHHPOBaHMs B ycTaHOBKax 110
KB u BbI11IE:

0,9E0 > 1,07E,
rie Eo — MakcumaibHOE 3HAaYeHHWE HAYAJIbHOW KPUTUYECKOMH
HANPSHKEHHOCTH DIIEKTPUYECKOro Tojsi; £ — pacdeTHas Hamps-
KEHHOCTb JIEKTPUUYECKOI'0 MOJISI TPOBOIHUKA.

4. IIpoBepka 110 3KOHOMUYECKON MIIOTHOCTH TOKa:

q = q,,
rze ( — BeIOpaHHOE ceueHue, (, — ceueHue, BHIOpAaHHOE M0 KOHO-
MHUYECKOH MJIOTHOCTH TOKA.

4 Kabemu

1. Lion> 1p max;
2. Uk,ﬂon = U UIIH (g = CIMI/IH1

3.9 = q,,
4- UHOM Z UCCTI/I HOM

1. IIpoBepka 1o 10IMyCTUMOMY TOKY:

Iz[onz Ip max-

2. IIpoBepka Ha TEPMUUYECKYIO CTOMKOCTB:

Uk, non = Uy W Gyon = Gyun-

3. IIpoBepka o 3KOHOMHUUYECKOH IIJIOTHOCTH TOKA:
q = qs

4. Tlo HalpsHKCHUIO YCTaHOBKU:

UHOM Z UCeTI/I HOM-

3.5.4. Boibop ceuenus kadeseii nuranus PI1 u iuHeHHBIX peakToOpoB

[Ipu BbIOOpE ceueHust kaOened HYX HO PYKOBOJICTBOBATHCS CIEAYIOIIUMU

ITOJIOKCHUAMU

Ha TeppuTOpHSIX 3JIEKTPOCTaHIMI KaOeJIbHbIE JIMHUK JOJKHBI MPOKJIAIbI-
BaThCs B TYHHEJSAX, KOPoOax, KaHajax, OJI0Kax, 10 dCTakagaM M B raiepesx. [Ipo-
KJIaJ(Ka CHJIOBBIX KaOejel B TpaHIIEsAX JOMYCKAeTCsS TOJIBKO K yIaJeHHBIM BCIIO-
MorareJIbHbIM 00beKTaM (CKJIabl TOIUIMBA, MACTEPCKHE) TPH KOJIMYECTBE HE 0O-
nee mecrtu [10, 11.2.3.26].
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Cornacno [10, m.2.3.41], nyist kaOeNbHBIX JTUHUN DJIEKTPOCTAHIUHN, pacripe-
JIEIUTENIbHBIX YCTPONCTB U MOACTAHIINI PEKOMEHyeTCsl IPUMEHSATh Kabenu, Opo-
HUPOBAHHBIC CTAJLHOM JIEHTOM, 3allUIIEHHON HEroproyuM nokpeitTheMm. Ha amek-
TPOCTAHLMAX NMPUMEHEHHE KaOeyel ¢ roprovei MOJUITHICHOBOM M30JsALUUEH He
nonyckaercs. [lpeonoumenue ciedyem omoasams Kabeiim ¢ uzonayuel u3 cuiu-
moeo noausmunena (CI13).

[TpoBomHMKY JTFOO0TO HA3HAYCHHMSI IOJDKHBI yIOBIETBOPSTH TPEOOBAHUSIM B
OTHOIIIEHUU MPEICIbHO JOMYCTUMOTO HAarpeBa C Y4€TOM HE TOJIbKO HOPMAJIbHBIX,
HO U MOCJI€aBapUIHBIX PEKHUMOB, a TAK)KE PEKUMOB B MIEPHUOJT PEMOHTA U BO3MOXK-
HBIX HEPaBHOMEPHOCTEN pacmlpe/iesICHUs] TOKOB MEXIY JTUHUSMU, CEKIUSIMU IIHH
ut 1. [10, m.1.3.2.].

[IpeaBapuTenbHbIl BHIOOP CEYEHUN MPOBOJHUKOB MPOU3BOAUTCS MO JIU-
TEJIBbHO JOIMYCTUMOMY TOKY, UCXOAS U3 CIEYIOIIETO YCIOBHS:

I _ _05-Pprivaxe I

HOpM \/§'UH0M'COSCP — 4momy
1€ Pprvaxe — MaKCUManbHasl Harpyska, npuxopsmiasica Ha oaud PII, MBT; |0, —
JUTUTEIBHO-IOMYCTUMBIA TOK i KaOenen ¢ uzossiiued u3 CIID, koTophiit npu-
HUMaeTCs 0 JaHHBIM 3aBoja m3roroButeisd, Tadoiaumam B ITYD uam 'OCTa ms
COOTBETCTBYIOIIMX TUIOB KaOemeH.

PacueTHblif TOK TPUHUMAETCS JIJI1 HOPMAJIBHOTO peXUMa paboThI, T. €. yBE-
JIMYEHUE TOKA B NIOCJICAaBAPUNHBIX U PEMOHTHBIX PEKUMAX CETU HE YUUTHIBACTCS.

JIMUTeNnbHO-10MTyCTUMBIE TOKH B TA0JIMIIE PUHATHI U3 pacyeTa MPOKIIAIKU B
TpaHiiee Ha rryoune 0,7 — 1,0 m He Oosiee oHOTO Kabess MPU TEMIIEpaType 3eM-
mu + 15° C u ynensHOM conpotuBiernu 3emin 120 cm-K/BT.

[Ipu ycnoBusIX TPOKIAIKU, OTIUYAONIMXCS OT yKa3aHHBIX, HEOOXOIUMO K
TOKOBBIM HarpyskaMm, yKa3aHHbIM B Ta0JIMIle, MPUMEHATh MOMpaBOYHbIe KO Phu-
[IUCHTHI:

" Ha YHCJIO0 MPOJIOKEHHBIX PsIoM Kaleneit Ki;

" Ha TeMIIepaTypy OKpy Karomiei cpenbl K;

"  Ha TCIUIOBOE CONMPOTHUBIICHUE IPyHTA Kj,

Torna qIuTEIBLHO AOMYCTUMBIN TOK Onpeaensercs no Gpopmyie:

IZ'l = kl ’ k2 ) k3 ’ I,Z[HOM’

riae ki — monpaBouHbIi KO3(GGUIIMEHT Ha KOJUYECTBO paboTaronux KabeneH, Jie-
xamux psagoM B 3emie (o [10, tabm. 1.3.26]); k, — monpaBouHbIil K03 dHIHeHT
JUTsl Kabenei, HeM30JIMPOBAaHHBIX U U30JMPOBAHHBIX MPOBOJOB B 3aBUCUMOCTH OT
temmneparypbl cpeabl (o [10, tabm. 1.3.3]); ks — monpaBouHblii KOAPPHUIIMEHT HA
JIOTTYCTUMBIHN JTUTENIbHBIN TOK /I KaOeneu, MPOoJ0KeHHbBIX B 3eMJI€, B 3aBUCHMO-
CTH OT yJIeJIbHOTO conpoTuBienus 3emuu (1o [10, ta6n. 1.3.23]).

BriOpanHOE cedeHHe AOIKHO OBITH TPOBEPEHO IO YCIOBHIO TEPMHUUYSCKOU
CTOMKOCTH K TOKaM aBapUHHOTO PEKHUMa, KOTJIa BEIXOAWT U3 CTPOSI OAWH M3 JBYX
kaOenen, nuraromux PII.
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Ha mepuon nukBuaanuu mocieaBapuifHOTO pexuma I kabeneill ¢ moiu-
ATUJICHOBOW M30JISIIMEN qomyckaeTcs neperpyska 1o 10% Ha Bpemsi MakcuMmyma
Harpy3Kd TPOJIOJDKUTEIBHOCTRIO HE OoJiee 6 4 B CYyTKH B T€UEHHE 5 CYT., €CIH
Harpy3ka B OCTQJIbHBIE TIEPHOJIBI BPEMEHH 3TUX CYTOK HE MPEBHIIIACT HOMUHAIb-
Hoit [10, m.1.3.6.]. [IpoBepka IpOU3BOAUTCS IO CIEIYIONIEMY YCIOBHUIO:

Pprivaxc
I, =——————<11-[_,..
as \/§'UH0M'COS(p - son

Cornacno [10, 1.1.3.25] BeIOpaHHBIE CEUCHUS MPOBOIHUKOB JOJKHBI OBITh
IIPOBEPEHBI 110 SKOHOMHYECKOHN IUIOTHOCTH TOKA. DKOHOMHUYECKH I1eJIeCO00pa3zHoe
CCUYCHHE OIPEACIIICTCS U3 COOTHOIIICHHUS

5 = o
.]3

7€ luopw — PACUETHBIN TOK B Yachl MaKCUMyMa Harpy3kH, A; j, — HODMHPOBaHHOE
3HAYEHHE YKOHOMHYECKOH TUIOTHOCTH TOKa, A/MM?, ISl 3a1aHHBIX ycJoBui pado-
ThI, BEIOMpaemoe 1o [10, Ta6a. 1.3.36] B 3aBUCUMOCTH OT Ty — YMCTIA YACOB HC-
MOJIb30BaHUSI MAKCUMYMa Harpy3KHu:
TMaKC = WFOH’
P

Makc

rae P~ MakCUMasbHas MOIIHOCTh MECTHOHM Harpysku; W,,,— romoBoe Konnde-
CTBO MOTPEOJISIEMOI 3JIEKTPOIHEPTUH, OTIpeIieIisieMoe o popmyIie

[/Vrozl = ZOOZPB . ti + ].6SZPLH . ti,

rye P;,— MOIIHOCTh Ha WMHTEpBae ocpemHeHus i (4) 3uMHero rpaduka Harpyskw,
MBT; P;,— MOIIHOCTb Ha WHTEpBajie ocpeaHenus i (1) jperHero rpaduka HarpysKH,
MBT.

Ceuenue, MOy4eHHOE B pe3yjIbTaTe yKa3aHHOTO pacuera, OKpYyTJseTcs 10
OJI>KalIero CTaHAapTHOTO CEYEHUSI.

BriOpanHoe ceueHne Kabems Takke HEOOXOIWMO IMPOBEPUTH MO YCIOBUIO
TEPMUUYECKOI CTOMKOCTH K TokaM K3.

HelictBuTenpbHOE BpeMs IpoTekaHus TokoB K3:

tn = tp3 + tBLIKJ’I + tcem

rae t,; — BpeMsi cpabaTbIBaHUsI pENICHHON 3alUThI, CEK; taun — COOCTBEHHOE BpPEMS OT-
KJIFOUEHUS BBIKITIOUATENIS, CEK; ey — YCTABKA CEJIEKTUBHOCTH PEICHHOM 3allIUThI, CEK.

Kpome Toro, B kabensax ¢ uzomnsuuen uz CIID nns obecnieueHus: paBHOMEp-
HOCTH JJICKTPUYECKOT'O TMOJIs, BO3JCHCTBYIONIETO Ha TJIABHYIO M3OJSAIUI0 Kaless
(M30JISIUIO <«CKUIJIa—dKPaH») MPUCYTCTBYET MEJIHBIA dKpaH, KOTOPBIA HE0OXOIUMO
IPOBEPATHh HA TEPMUUECKYIO CTOMKOCTh K ToKaM AByxdaznoro K3.

Tox nByxdaznoro K3 na cexumsix mun PY-6kB I'TIII onpenensiercs no ciue-
yromien popmyie:

|1<3 min — 0,87' |1<3 maxs
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7€ lis max — TOK Tpex(azHOro KOPOTKOro 3ambikanus Ha mmHax PY 6(10) kB cran-
LUH.

JlonycTrMble TOKH OJXHOCEKYHJIHOTO KOPOTKOTO 3aMbIKAHUsS JUIsl BBIOpaH-
HBIX CEYEHUH XKW U KpaHa Kalessi ONpeessitoTCs COMNIACHO JaHHBIM MPOU3BOIU-
TEJIs.

Jns npopomkurensHocTd K3, oTnnyaromeicss oT OHOM CEeKyHAbl, 3Haye-
HUS JIOMyCTUMBIX TOKOB HEOOXOIUMO YMHOXHUTH Ha K03 dunuent K:

1

NG
rae t, - nelicTBUTEeNnbpHOE BpeMsl MpoTekaHus TokoB K3, cek.

Torpa nns Bpemenu t, nomyctumbiil Tok K3 kabenst 10KeH yIOBIETBOPATH
CIEAYIOUIEMY YCIIOBHIO:

K =

I _ Iy nor(tabn) S I
K3 gom \/t_ K3 max-
I

Honyctumeiii Tok K3 skpana miig BpeMeHH t,; JOJDKEH YIOBIETBOPATH Clie-
IOYIOLIEMY YCJIOBHIO:
11;3 jon — Lo et ls min.
vty

TepMudecku CTOMKOE CEUEHHE TAKKE MOXKET OBITh OMPEJEICHO MO CIIETy-
o1eit hopmyiie:
I N[~
F K3 max 11 ’

K3 — C
rae C =90 - nis kabeneili ¢ aTrOMUHAEBBIMU Kunamu [12, Ta6:. 8].

[Io pe3ynpTaTaM HpOBEPOK HEOOXOAMMO CHENATh BBIBOJ O MPUTOAHOCTU
BBIOPAHHOTO KaOeJIs.

IIpn mpoextupoBanun TOL| crnexyer mpousBonuth BeiOOp ceuenust KJI ¢
y4eTOM BbIOOpa JMHEHHOro peakTopa, K KOTOPOMY MOJAKIIOYEHbl paccMaTpHUBae-
Mbie KJI. [To HOMHHanbHOMY HaNpPsHDKEHHUIO JAHHBIE PEAKTOPbl BHIOMPAIOTCS MO
AHAJIOTUU C CEKLMOHHBIMHU PEAKTOPaMHU.

Kak orosapuBanock Bblie, noakaoueHne KJI k peaktopy npousBoaurTcs Ta-
KM 00pa3oM, YTOOBI Harpy3Kka BeTBeH peakTopa Oblia MpakTU4eCKu ouHaKoBa. [1pu
UCITOJIB30BAaHUU CABOEHHOIO PEAKTOPa HOMUHAJIBHBIA TOK BETBU PEKTOPA HE JOJLKEH
OBbITb MEHbBIIIE MAaKCUMAaJbHOTO TOKA, BO3HMKAIOLIETO B MOCIICABAPUITHOM pPEXKHME
IIPU OTKJIFOYEHHUH ITAPHOIO PEAKTOPA, MTOAKIOYEHHOTO K Apyrou cekuuu [ PY:

> Lnax-

IHOM
JUia onpeneneHus TpeOyeMOro CONPOTUBIEHHUS PEaKTOpa HEOOXOAUMO
HaWTH pe3yJpTupyolee conporusiieHne npu K3 na mmnax ['PY:

U
X — HOM
bes = Paiing

rae Igo — 3Hauenue Toka K3 na mmnax ['PY.
B cooTBeTcTBUM € ONPENEITIEHHBIM IO YCIOBUAM SKOHOMUYECKOU MIIOTHOCTH
Toka u HarpeBa ceueHussMu KJI ot mun cranuuu a0 PII (F;) u 3a1aHHBIM CEUEHHU-
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eM ot PII no TII (F,) paccuuthiBatoTCsl TpeOyemblie TOKU s gaHHbIX KJI, coot-
BETCTBYIOIIME UX TEPMHUUECKON CTOMKOCTH:

ITpe6 _ Fl'CTepM
M0y ™ JtorntAt+Tay
OTKJI a2

Tped __ FZ'CTepM

HOZ B vV tDTKJI+Tal’
TA€ Ly, — MONHOE BpeMs oTKItoueHust Toka K3 B 1ienu BhIKIIOYATENS, YCTAaHOB-
nennoro Ha KJI ot PII no TII ( MmoxHO mipunats nopsaka 0,5 ¢); At - cTyneHb ce-
nekTuBHOCTHU (npuHumMaetcs ot 0,3 go 0,5 ¢).
N3 nByX MOJYYEHHBIX 3HAUYECHHI BBIOMpPAETCS HAMMEHbBIIEE, MO JaHHOMY
3HAYEHHIO PaCCUYUTHIBAETCS TPeOyeMO€e COIPOTUBIIEHUE LETIH:

ZTpeG ~ Xl‘pe6 __ Usuom

~ e ——

pe3 pes \/§-1Tpe6 '

[Momun

B cnydae, ecnu onpenenstomum sBisieTcs ycinoBue ctoiikoctu KJI ot mmH
crtanuuu 10 PII, To TpeGyeMoe compoTHBICHHE peakTopa ONMpeesaeTcs Kak pas-
HUIIa TPeOyeMOT0 CONMPOTUBIICHHS IIETIH U PE3YJIbTUPYIOIIETO COMPOTUBJICHUS JI0
touku K3 nHa mmuax I'PV:

TpE6 _ pe6
Xp = XRs — Xpes.

Ecnu xe omnpenenstomuyM sSBUIIOCh BTOPOE YCIOBUE, TO TPEOyeTCs YUUTHI-
BAaTh HE TOJIBKO PE3YJbTUPYIOLIEE conpoTuBieHue A0 muH ['PY, HO u conpoTus-
nenue kadens ot muH [1C no mmn PII, To ecth pacuétHoe K3 paccmarpuBaercs Ha
mmHax PIT. TIpuuem mns xa6eneit 6(10) kB ciemyer yuyuThiBaTh HE TOJBKO peak-
TUBHOE, HO U aKTUBHOE COIMPOTUBJICHUE:

2
X;pe6 = \/(Z;£3e6) - R}2<JI _Xpe3 — Xk

HomuHaneHOE CONPOTHBIEHUE peakTopa BbIOMpaeTcsi OOJblLIE WM paBHOE
pacueTHOMY TpeOyeMoMy.

IIoMrMO IPOBEPOK Ha DJIEKTPOAMHAMHUYECKYIO U TEPMHUUYECKYH) CTOMKOCTH
CaMHUX PEaKTOPOB, UX CIEAYET TAKKE IIPOBEPUTH HA JOILYyCTUMBIE ITIOTEPU HAIIPsIKE-
HUS, KOTOPbIE MIPU MAaKCUMaJIbHOM TOKE B PEAKTOPE HE JOJKHBI MPEBBIIATH ABYX
nporeHToB. JIMHEHbIe peakTophl Takke HEOOXOIMMO MPOBEPUTh HA JOIYCTHUMBIN
YPOBEHB OCTaTOYHOTO HAINpPsKEHU NMpU K3 HEMOCPEICTBEHHO 32 PEAKTOPOM:

V3l

HOM

UOCT == Xp - 100%,

rae I —3Hauenue Toka K3 3a peakTopom (C y4eToM CONPOTUBIICHUS PEAKTOPA).
JlanHbIil ypoBEeHb NOJDKEH OBbITh He MeHee 65-70%. B ciywae ecnm ocratouHoe
HaNpsHKEHUE MEHBIIE TOMYCTUMOIO MOXKET MOTPeO0OBaThCs CHUKEHHE COMPOTHUBIIE-
HUA peakropa. s 3T0ro MoKHO pacCMOTPETh BOIIPOC COOTBETCTBYIOLIETO YBEIM-
yenus ceueHust KJI, cnocoOcTByolee yBETMYEHHIO €€ TEPMUUECKON CTOMKOCTH.
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4. TPAOUYECKOE O®OPMJIEHUE DJIEKTPHUYECKOM CXEMBI

CxeMa BbIYECPUMBACTCS B KapaHJallle WM cuctemax mnpoektupoBanus (Mi-
crosoft Visio, AutoCAD, Komriac u T.1.) Ha crangapTHOM Jnucte ¢popmata A-1. Bee
AIIEMEHTBI CXEMBI JOJDKHBI OBITh MOKAa3aHbI B COOTBETCTBHH C yCTAaHOBJICHHBIMU
CTaHAApTHBIMU 0003HaueHUsIMH. Ha JTucTe M0KHO OBITh TTOKA3aHO:

1. OcHoBHOE 37€KTpo0OOpYyAOBaHUE (F€HEPATOPHI, TIaBHbIE TpaHCHOPMATO-
pBI, TpaHchopMaTOPbl COOCTBEHHBIX HYXKJ, CHHXPOHHBIE KOMIICHCATOPHI) C yKa3a-
HUEM CXEMbI COCJAMHECHHS MX OOMOTOK, pa0OouMXx 3a3eMJICHMM W HOMHHAIHHBIX
JTAHHBIX.

2. IlpuHATbIE B MPOEKTE CXEMbl DJIEKTPUUYECKUX COCTUHEHUN Ha BBICIIEM,
CpPEeIHEM U HU3KOM HANpPsDKEHUSX CTAaHLIUU WUITU TIOJICTAHIIUH.

3. Cxembl UTaHUS MEPBOM U BTOPOU CTyNEHU COOCTBEHHBIX HYXKJ CTaHIIUU
U TIOJICTAHIIUU C YKa3aHUEM padouuX U pe3epBHBIX TPAHCPOPMATOPOB.

4. DNeKTpUYecKue amnmapathl (BBIKIIOYATENH, PAa3bEAUHHUTENN, PEaKTOPBI,
OTPaHUYMTENIM TEPEHAIPSIKEHUSI, W3MEPUTENbHbIE TpaHCHOPMATOPHl TOKA H
HaAMPsHKEHUS) C YKa3aHUEM UX TUIIOB U OCHOBHBIX HOMUHAJIBHBIX JIAHHBIX.

5. UsmeputenbHbie npubopsl. Eciam uncio n3obpakaeMbIX MPUCOETUHECHUMA
BEIIMKO, M3MEPUTEIbHBIE TPaHCHOPMATOPEI M U3MEPUTEIbHBIC TPHOOPHI MOYKHO
MMOKa3bIBaTh TOJIBKO [IJI1 OJHOTO TPHUCOCAMHECHHS KaKIOro THIMA: TeHepaTopa,
Tpanchopmaropa u T.I. Eciu oTHOTUITHBIC IPUCOSTUHEHUS UMEIOTCS B pacmpe/ie-
JUTENBHBIX YCTPONCTBAX Pa3HbIX HANPSDKCHWHA, TO MU3MEPHUTEIbHBIE TpaHChOpMa-
TOPBI ¥ MPUOOPHI TOJDKHBI OBITH TTOKA3aHBI ISl OJHOTO MPUCOSAMHEHUS KaXKI0TO
THUTIA HA Ka)KJIOM HaNpPsHKEHUU.

6. Tunm u cedyeHwe BHIOpAHHBIX KaOesel, MUTAIOUUX pPACTIPEICTUTEIIbHbIC
ITyHKTHI.

7. Marepuan u cedeHue BHIOPaAaHHBIX COOPHBIX IIUH PA3HOTO HANPSHKEHUS U
OIIIMHOBOK.
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5. TPEBOBAHUSA, IPEABSBJISEMBIE K HOACHUTEJBHOM
3AIIMCKE

[TosicHuTenpHas 3amMucKa COCTABIACTCS MApPaUICIbHO C BBIMOJHEHHEM COOT-
BETCTBYIOIIETO 3Tamna padoTel. B Hell B kpaTkoii u sicHO# (opMe AOHKHBI OBITh U3-
JIO’KEHBI TIPUHATHIE PEIICHUS C YKa3aHUEM COOTBETCTBYIOUIMX OCHOBaHMI (Tpebo-
BaHus [1YD 1 HOPMBI TEXHOJIOTMYECKOTO MPOSKTUPOBAHMS, COOIIO/IEHUE YCIOBUI
HaAEKHOCTH U Oe3omacHOCTH). [Ipu 3TOM NOsICHEHUS TOIKHBI OBITH MOIKPETIIICHbI
udpamMu, TabIMIIaMU, TIOTYYECHHBIMA B PE3yJIbTaTe Pacu€ToB, U HEOOXOAUMBIMU
CXEMaMHU.

Pacuéter TokoB K3, a Takyke TaGnHIIBI 11O BEIOOPY JIEKTPUYECKHUX aIapaToB
¥ MU3MEPUTENBHBIX TPaHC(HOPMATOPOB TOKA M HANIPSDKEHUS IIEJIECO00pa3HO MpUBe-
CTH B IPUJIOKCHHUH K MOSICHUTEILHOM 3aIHCKe.

Marepuan 3anKicKy JKeJIaTesIbHO CTPYIIUPOBATh CIEAYIOIINUM 00pa3oM:

a) UCXOJHBIC JAHHBIC 33/IaHUS C TIPUIIOKEHUEM TPaPUKOB, CXEM H T.1.;

0) aHaM3 peXUMOB, TpadUKU HATPY3KHU TPAHC(HOPMATOPOB U MPUHIIUTTHAID-
HBIE DJICKTPUUYECKUE CXEMBI;

B) 0O0OOCHOBaHHE AJIEKTPUUYECKUX CXEM, MPUHATHIX IS paclpeaeTuTeIbHbBIX
YCTPOMCTB pa3HbIX HAIPSDKEHUH, U CXeM MUTAaHUSI COOCTBEHHBIX HYXKI;

T') BBIOOp c1tocoO0B orpannyeHust Tokos K3;

1) BEIOOp BBIKJIFOYATENCH, pa3beUHUTEIICH, PEAaKTOPOB U Kabelei;

€) BEIOOP U3MEPUTEIbHBIX TPAaHCPOPMATOPOB TOKA U HATIPSKECHMUS;

) BBIOOP COOPHBIX IITUH U OIIMHOBOK;

3) MPUIIOKCHUS.
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6. TPEBOBAHUS, IIPEABABJIAEMBIE I1PU 3AIIUTE ITPOEKTA

BbInosTHEHHBIE MPOEKTHI 3aAIIMIAIOTCSA CTYACHTAMHU Iepea KOMHUCCHEH, CO-
CTOSAIIEH U3 pPyKOBOJIUTEINS MTPOCKTA U TPEToIaBaTelicii, Ha3HaueHHBIX Kadeapoil.

[Tpu 3amuTe KypCcOBOTO MPOEKTA CTYIEHT JIOJDKEH:

a) IMETh TIOJTHOE MIPE/ICTABIICHUE O Ha3HAYCHUHN TIPOEKTUPYEMOU YCTAaHOBKH,
e€ TIOJIO)KEHUH B CUCTEME, PEXKUME PAOOTHI U OCHOBHBIX JIEKTPOIIPUEMHHKAX COO-
CTBEHHBIX HYXI,

0) maBaTh NpaBUIbHBIC OOBSICHEHUS MO CYIIECTBY MPUHATHIX PEIICHUH, BbI-
O0Opy MOIIHOCTH W 4YHCia TpaHCHOPMATOPOB U aBTOTpaHC(HOPMATOPOB, BBHIOOPY
IEKTPUICCKOM CXEMBI, IIPUHATHIM CITOCO0aM OrpaHudeHHs TOKOB K3;

B) B JCTAIAX 3HATH NMPUHATYIO JIEKTPUICCKYIO CXEMY, B YaCTHOCTH, OPSI-
JOK OTKJIFOYCHHS W BKIIIOUCHHS IICTIeH, Ha3HaUYeHUE OOXOMHONH CHCTEMbI COOPHBIX
IIHH;

T') 3HaTh YCTPOMCTBA U MIPHHIIMIT JCHCTBYSI BRIOPAHHBIX allllapaToB M yCIIO-
BUS UX BbIOOpA.

50



JIUTEPATYPA

1. Mapkos B.C. I'naBHbIE 31EKTPUYECKUE CXEMBI U CXEMbl MUTaHUS COO-
CTBEHHBIX HY>KJ 3JEKTPOCTAHIIMM M TOJACTaHIMi: yueOHoe mocobue / B.C. Map-
KoB. — Mockga; Bonoraa: Uuda-Uuxenepus, 2020.

2. T'OCT 14209-85 TpanchopMatopsl CUIOBBIE MACISHbIE OOIIET0 Ha3Ha-
yenus. Jlomyctumsbie Harpy3ku. — M.: Cranpaptundopm, 2009.

3. O Ilopsanke pacyeTa 3HAYEHU COOTHOIIEHUS MOTPEOJICHUS aKTUBHOU U
PEAKTUBHOM MOIIHOCTHU ISl OTACJIbHBIX SHEPTONPUHUMAIOIINUX YCTPOUCTB (TpyIII
SHEPTONMPUHUMAIONIUX YCTPOUCTB) MOTPEOUTEICH SIEKTPUICCKON SHEPTHU. TIPH-
ka3 MunuctepctBa sHepretuku Poccuiickoit ®@eneparmu ot 23 utons 2015 roxa
Ne380 // CTIC KoncynbranTllmoc.

4. DnektpoTexHuYeckuil cipaBoyHUK B 4-x T. T3. IlpousBoncTBo, nepena-
Ya W pacrpeneneHue dnekrpudeckoil sHeprun. / [lom oOmi. pen. mpodeccopos
MockoBckoro sHepretuyeckoro nuaeturyta B. I'. I'epacumosa, A. ®. JIpskosa, H.
®. Unwsunckoro, B. A. Jlabynnosa, B. II. Moposkuna, 1. H. OproBa (riaBHbIf
penakrop), A. U. [lonora, B. A. CtpoeBa. — 9-e uzganue, crepeoturnHoe. — M.:
Nz nmareasctBo MOU, 2003.

5. Hopmbl TEXHOJOrMYECKOrO MPOEKTUPOBAHUS TEIUIOBBIX 3JIEKTPUUYECKUX
cranuuii. BHTII 81. Dnekrporexunyeckas yacts. — M.: Cranmaptundopm, 2011.
—59c.

6. PexomeHnanuu mo TEXHOJIOTMYECKOMY IMPOEKTHPOBAHUIO MOJCTaHIIUMI
IIEPEMEHHOI0 TOKA C BBICIIMM HamnpsbkeHueM 35-750 kB. MuHuCTEpPCTBO DHEpPTE-
tuku Poccuniickon @enepanuu. - M.: 3A0 "Uzparenscteo HL SHAC", 2004.

7. CTO 56947007-29.240.30.010-2008 Cxembl NPUHIUIHAIBHBIE SJICK-
TPUYECKHUE PACIPEAECIUTENBHBIX YCTPOUCTB moactaHuuil 35-750 xB. Tumossie
pemenns. Crtangapt oprannzaunu OAO «DCK EDCx. 2007.

8. PexkomeHmanuu 1Mo MPUMEHEHUIO THUIIOBBIX MPUHIUITHAIBHBIX JJICKTPHU-
YECKUX CXEM paclpeAeuTeNbHbIX YCTpoicTB noactaniuii 35-750 kB. Cranmapt
opranuzainuu. OAO «DCK E2Cy». 2010.

9. MapkoB B.C. TumoBbie 3JIEKTPUUECKHE CXEMbI pacCHpeaeuTeIbHbIX
YCTPOMCTB 3JIEKTPOCTAHIIMHN U NoACcTaHUMN. XapakrepucTuku. [Ipumenenune. Orne-
patuBHbIe niepeximoueHus/ B.C. Mapkos. — Cmonenck: YuauBepcym, 2015.

10. ITYD 7-e m3ganme. — M.: JIEAH, 2012. — 255 c.

11. Poxkosa JI.J[. DnekTpooOopy1oBaHuE IICKTPUUECKUX CTAHIIUN U MO/I-
cTaHuMi: YueOHuk 11s cpel. npod. oopazosanus / JI.J[. Poxxkona, JI.K. KapHeena,
T.B. YupkoBa. — M.: Akagemus, 2004. — 448.

12. TOCT P 52736-2007 KopoTkue 3aMbIKaHUs B JIEKTpOyCTaHOBKax. Me-
TOJIbI pacyeTa 3JIEKTPOJAUHAMHYECKOTO U TEPMHUUECKOTO IEUCTBUS TOKA KOPOTKOTO
3ambikanus. — M.: Crannaptundopm, 2007.

13. OkosoBuu M.H. IlpoekTupoBaHue 3IEKTPUUECKUX CTaHIUM: YUeOHUK
1U1s1 By30B. — M.: DHeprousaar, 1982. — 400 c.

o1



Ta6muna I[11.1 — Ucxoausie mannbie aiisa BapuanToB TOLl u KOC

IHPUJIOXEHHUE 1

s I'enepartopsl Kotibl CoOcTBEeHHBIC Mannbie o cet 6(10) kB Haunnbie o cetu 35-220 kB
c'% HY Kb
2 | K- | Py, U, | COsQu| Xd K- | Tom- | Pmax B %| cos@u| Uy, | Pmax, | cos@u | No | Kar. | Tum | Uy, | Pmax, | cos@u | Kart. B
~ | Bo | MBT | kB BO | UBO | OT Pycr kB | MBt I'H |[B% |cetu | kB | MBT %
1 ]2 3 4 5 6 7 8 9 10 | 11 | 12 13 14 | 15 16 17 18 19 20
1 |2 |63 10,5 0,8 0,136 |3 MasyT | 7 0,85 |10 |60 085 |1 1-30 | Kab. | — | — — —
2-40
3-30
2 |2 |63 10,5 10,8 0,153 |3 Ma3yT | 6 0,85 | 10 |50 085 |2 1-30 | Ka6. |35 |60 0,9 1-30
2-40 2-60
3-30 3-10
3 |2 |63 6,3 |08 0,203 |3 yroinb | 10 08 |6 50 0,8 3 1-40 | Kab. | — | — — —
2-40
3-20
4 |12 |63 6,3 08 0,203 |3 Ma3yT | 6 085 |6 40 085 |4 1-60 | Kab. | — | — — —
2-30
3-10
5 |2 |63 10,5 | 0,8 0,146 |3 TbI- 9 0,85 |10 |96 085 |5 1-50 | Kab. | — | — — —
ne- 2-40
yTOJIb 3-10
6 |3 |63 10,51 0,8 0,136 |4 MazyT | 7/ 0,8 |10 |100 |0,8 3 1-40 | Kab. | — | — — —
2-30
3-30
7 |2 |63 6,3 |08 0,203 |4 yrons | 10 085 |6 90 0,9 2 1-30 | Kab. | — | — — —
1 120 [105 0,192 2-60
3-10
8 |4 |63 10,5 10,8 0,153 |5 ra3 5 0,85 |10 | 100 |0,85 |2 1-40 | Kab. |35 |40 0,85 |1-30
2-40 2-40
3-20 3-30




npojaomkenue tadn. 111.1

10

11

12

13

15

16

17

18

19

20

63
110

10,5

0,136
0,189

MazyT

0,8

10

160

0,85

1-50
2-40
3-10

Kaob.

10

32

6,3

0,8

0,143

yTOJb

10

0,85

30

0,8

1-30
2-60
3-10

Kaob.

35

60

0,8

1-20
2-60
3-20

11

32

10,5

0,8

0,153

MazyT

0,85

10

76

0,85

1-40
2-40
3-20

Kab.

12

32

6,3

0,8

0,143

MazyT

0,85

46

0,8

1-60
2-40

Kab.

13

32

10,5

0,8

0,153

TbLIe-
YTOJIb

0,85

10

80

0,9

1-50
2-50

Kab.

14

25

10,5

0,8

0,13

yroib

0,8

10

50

0,9

1-30
2-40
3-30

Kab.

15

25

10,5

0,8

0,13

yToJb

10

0,85

10

30

0,85

1-40
2-30
3-30

Kaob.

16

25

10,5

0,8

0,13

raso-
MazyT

0,85

10

56

0,85

1-50
2-40
3-10

Kab.

35

50

0,8

1-40
2-30
3-30

17

20

6,3

0,8

0,135

MazyT

0,85

35

0,85

1-50
2-50

Kaob.

18

20

10,5

0,8

0,14

raso-
MazyT

0,85

10

50

0,9

1-40
2-60

Kaob.

19

12

10,5

0,8

0,131

yroib

10

0,8

10

32

0,8

1-50
2-40
3-10

Kab.




npojaomkenue tadn. 111.1

1 3 4 5 6 8 10 11 12 13 14 | 15 16 | 17 18 19 20
20 100 |10,5(0,8 |0,192 yroib 085 |6 6 0,85 1 1-50 | Ka6. | 110 | 110 | 0,85 |1-30
2-30 2-60
3-20 3-10
21 100 |10,5(0,8 |0,190 Mas3yT 085 |6 7 085 |3 1-30 | Ka6. | 110 | 200 | 0,8 1-40
2-40 2-40
3-30 3-20
22 100 |10,5(0,8 |0,191 nbLIe- 0,9 6 8 0,8 2 1-50 | Bo3x | 110 | 250 | 0,8 1-50
YTOJb 2-50 2-40
3-10
23 110 |10,5(0,8 |0,189 raso- 0,9 6 6 085 |4 1-20 | Ka6. | 110 | 150 | 0,85 |1-40
MazyT 2-40 2-30
3-40 3-30
24 160 |10,5(0,8 |0,213 yroJb 085 |6 7,5 0,8 5 1-40 | Ka6. | 110 | 160 | 0,85 | 1-60
110 0,195 2-40 2-30
3-20 3-10
25 110 |10,5(0,8 |0,200 ras 085 |6 8 0,85 1 1-60 | Bo3x | 110 | 300 | 0,8 1-50
160 0,213 2-30 2-50

3-10
26 160 |18 |[0,85|0,213 uaszyT 0,9 10,5 | 10 0,8 2 1-50 | Ka6. | 110 | 180 | 0,85 |1-30
2-40 2-40
3-10 3-30
27 160 |18 0,850,215 yTOJb 0,9 10,5 |9 0,85 1 1-30 | Ka6. | 110 | 400 | 0,85 |1-60
2-40 2-30
3-40 3-10
28 160 |18 |0,85 0,220 ra3 085 |6 8 085 |3 1-20 | Ka6. | 110 | 400 | 0,85 |1-60
2-40 2-30
3-40 3-10
29 200 |15,7 (0,85 0,18 nbLITe- 0,85 10, |7 0,8 2 1-30 | Ka6. | 110 | 270 | 0,85 | 1-50
5 yroJb 5 2-40 2-40
3-30 3-10




npojaomkenue tadn. 111.1

1 3 4 5 6 8 10 11 12 13 14 | 15 16 | 17 18 19 20
30 200 [5,75 | 0,85 0,19 Ma3yT 0,9 6 9 0,8 2 1-40 | Bo3x | 110 | 350 | 0,8 1-40
2-30 2-30
3-30 3-30
31 200 (18 0,850,185 ras 0,85 6 8 0,85 5 1-60 | Ka6. | 220 | 450 | 0,8 1-60
2-30 2-30
3-10 3-10
32 210 [5,75 | 0,85 | 0,225 raso- 0,8 10,5 | 7 0,85 1 1-50 | Ka6. | 110 | 240 | 0,85 |1-50
MasyT 2-50 2-50
33 210 5,75 | 0,85 | 0,225 yroJb 0,9 6 10 0,8 2 1-30 | Ka6. | 110 | 300 | 0,8 1-30
2-40 2-40
3-30 3-30
34 210 [5,75 | 0,85 | 0,225 Ma3yT 0,85 105 |10 085 |4 1-40 | Ka6. | 220 | 650 | 0,8 1-60
2-60 2-40
35 200 (18 0,850,185 raso- 0,85 (105 |8 0,8 5 1-40 | Ka6. | 110 | 300 | 0,85 |1-20
MazyT 2-40 2-40
3-20 3-40
36 200 (18 0,850,185 nbLIe- 0,9 6 8 0,85 3 1-50 | Bo3x | 110 | 260 | 0,85 | 1-40
yIoJb 2-40 2-40
3-10 3-20
37 300 ({20 0,850,203 ras 0,9 10,5 |9 0,8 4 1-40 | Ka6. | 110 | 300 | 0,8 1-60
2-30 2-30
3-30 3-10
38 320 (20 (0,850,175 raso- 0,9 6 10 0,85 2 1-60 | Kab6. | 220 | 500 |0,8 1-40
Ma3yT 2-30 2-60

3-10
39 500 (20 0,850,243 yTOJb 0,85 [105 |12 0,85 1 1-50 | Ka6. | 220 | 300 | 0,8 1-40
2-50 2-60
40 500 (20 0,850,268 Ma3yT 0,9 10,5 | 10 0,8 3 1-20 | Kab6. | 220 | 400 |0,85 |1-40
2-40 2-60

3-40




npojaomkenue tadn. 111.1

o Cucrema Cucrema | ABa- JInHuu cBsI3U ¢ JIuHuu cBs3U ¢ Yucao OTXOaAIIUX JIU- Ne MuH. ceue- Jnuna
£ C-1 C-2 puii- cucremoini C-1 cucremoii C-2 nuii ot PY BH (CH) PIl/narpy3 | Hue kabenst | kaOeins
§ Ps, Xc | Ps, Xc | meid | Uy, |n, L, | Uy |[n, L, [Ug |[n, Ug, |n, ka, MBT ot PII no 1o PII,
< |MBr | « | MBr | =« |pe3epB | kB mr | kM | kB mr | kM | kB [T kB LT TIT Smin, KM
P, MBT MM
1 21 22 23 24 25 26 27 | 28 29 30 | 31 32 33 34 35 36 37 38
1 2000 | 0,5 | 1500 | 0,6 | 200 110 |1 70 1110 1 5 1110 |4 - - 1-10/3 70 2
11-16/5
2 2500 | 0,7 | - - 180 220 |2 80 |- - - 35 4 - - 1-10/3,5 70 15
11-16/2,5
3 2700 (0,8 | - - 200 110 |2 50 |- - - - - - - 1-10/3 95 1,0
11-14/5
4 2800 |10 |- - 180 110 |2 55 | - - - - - - - 1-8/3 70 2,2
9-16/2
5 2500 (0,9 | - - 190 220 |2 70 |- - - - - - - 1-4/12 95 1,0
5-8/6
9-16/3
6 2600 | 0,6 | - - - 220 |2 60 |- - - - - - - 1-20/5 95 15
7 2900 (0,8 | - - 240 110 |2 50 |- - - - - - - 1-18/5 70 2,5
8 2800 | 0,9 | - - - 220 |2 70 | - - - 35 4 - - 1-20/5 95 2,0
9 2200 [ 0,8 | 1800 | 0,6 | 220 110 |2 45 1110 P 50 |- - - 1-10/10 120 15
11-22/5
10 | 1500 | 1,0 | - - 100 110 | 2 40 | - - - 35 4 - - 1-6/2 70 2,0
7-12/3
11 | 1600 | 0,9 | - - 120 110 | 2 40 | - - - 110 |2 - - 1-14/2 70 1,2
15-30/3
12 | 2000 | 0,9 | - - 170 110 | 2 40 | - - - - - - - 1-4/2 95 2,0
13 | 1900 | 0,8 |- - 150 110 |2 50 |- - - 110 |2 - - 1-8/5 95 15
9-24/2,5
14 | 1500 | 0,8 | - - 100 110 |2 45 | - - - - - - - 1-10/3,5 70 15
11-16/2,5




npojaomxenue tao. 1.1

1| 21 |22] 23 | 24| 25 26 | 27 | 28 | 29 [ 30| 31 | 32 | 33| 34 | 35 36 37 38
15 | 1700 | 1,0 110 110 |2 |45 |- - |- 110 |20 |- - 1-6/2 70 1,0
i i 7-12/3
16 | 1800 | 0,6 130 |220 |2 |60 |- - - 35 |4 |- - 1-8/3 95 2,0
i i 9-16/4
17 | 1600 | 0,6 110 |35 |2 |15 |- - - - - |- - 1-10/2 70 2,0
i i 11-16/2,5
18 | 2000 | 0,9 170 110 (2 |40 |- - - - - - - 1-10/3,5 70 1,5
i i 11-16/2,5
19 | 1500 | 0,8 | - - |90 110 |2 |50 |- - - - - - - 1-8/4 95 1,5
20 | 3000 | 1,2 |- - 150 [220 |2 |90 |- - |- 110 |4 |- - 1-3/2 75 1,5
21 | 2800 | 1,0 |3200(09 [120 [220 |1 [100 [220 |1 |120 |110 |6 |- - 1-2/3,5 95 2,0
22 | 2500 | 0,9 |- - 130 [220 |2 |120 |- - |- 220 |2 |110 |8 |1-4/2 70 2,5
23 | 3200 | 1,0 |- - 160 [220 |2 |160 |- - |- 220 |4 |110 |4 |1-2/3 95 2,2
24 | 2700 | 0,7 | 2500 (0,8 170 [220 |1 |150 [220 |2 130 |110 |8 |- - 1-3/2,5 70 2,0
25 | 2900 | 0,8 |- - 130 220 |2 |140 |- - |- 220 |6 |110 |8 |[1-2/4 120 2,5
26 | 3500 | 1,2 |- - 170 [220 |2 [130 |- - |- 220 |2 |110 |6 |1-2/5 150 1,8
27 | 2500 | 0,6 | 2000 (1,1 [210 [220 |1 |[100 [220 |2 |90 |110 |7 |- - 1-3/3 95 1,5
28 | 3000 | 1,0 |- - 230 |220 |2 |110 |- - |- 220 |2 |110 |8 |1-4/2 70 2,0
29 | 2500 | 0,7 |- - |220 |33 |2 |150 |- - - 110 |5 |- - 1-3/2,5 70 1,8
30 | 2700 | 0,8 |- - |240 |220 |2 |80 |- - |- 110 |6 |- - 1-3/3 95 1,8
31 | 2800 |09 |- - |260 |500 |2 |145 |- - |- 220 |4 |- - 1-4/2 70 2,5
32 |3200 | 1,0 |- - |30 (330 |2 |160 |- - |- 110 |4 |- - 1-3/2,5 70 2,0
33 | 2000 | 0,9 |1200{0,7 [200 [330 |2 |140 [110 |1 |70 110 |5 |- - 1-4/2,5 70 1,5
34 | 3500 | 1,2 | 3000 (1,0 [270 [500 |1 [170 |500 |1 |160 |500 |4 [220 |5 |1-2/5 150 2,7
35 | 2600 | 0,6 |- - 340 220 |2 |90 |- - |- 110 |6 |- - 1-2/4 120 2,5
36 | 2900 | 0,8 |- - |370 |220 |2 |8 |- - - 110 |5 [220 |2 |1-4/2 70 3,0
37 | 3100 | 1,1 |- - 320 330 |2 |160 |- - |- 330 (2 |110 |6 |1-3/3 95 2,2
38 | 3500 | 1,2 |- - |390 |500 |2 [130 |- - - 220 |6 |- - 1-5/2 70 1,5
39 | 2900 | 0,9 | 2500 (0,7 | 700 [500 |2 |160 |[500 |1 180 |220 |4 |- - 1-3/4 120 3,0
40 | 3000 | 1,0 [ 220008 |600 [500 |2 120 |500 |2 [150 [220 |6 |- - 1-2/5 150 2,5




Ta6mumna I11.2 — Ucxoansie nannabie 1151 Bapuantos [1C

&, Jlanusie o cetu 6(10) kB Jannbie o cetn BH (CH) CoOCTBEHHBIE HYK]IbI
2 Un, | Pmax, | cosou | Kat.B % | Ne PII/P, Tun cetn | NoeI'H | Uy, kB | Pmax, MBT | coson | Tun cetu | Pmax , MBT | cosou
2 | kB | MBr MBr
1 2 3 4 5 6 7 8 9 10 11 12 9 10
41 |10 |30 0,85 1-10 1-6/5 Kab. 1 - - - - 0,2 0,85
2-50
3-40
42 | 6 20 0,87 1-10 1-5/4 Kab. 2 - - - - 0,15 0,9
2-20
3-70
43 |10 |35 0,82 1-15 1-7/5 Kab. 3 - - - - 0,25 0,85
2-25
3-60
44 | 6 25 0,85 1-15 1-5/5 Kab. 4 35 25 0,85 Bosn. 0,3 0,85
2-25
3-60
45 (10 |17 0,9 1-10 1-3/3 Ka0. 5 - - - - 0,18 0,9
2-40 4-7/2
3-50
46 |10 |36 0,83 1-8 1-4/3 Kab. 5 - - - - 0,35 0,8
2-32 5-8/6
3-60
47 | 6 25 0,8 1-40 1-10/2,5 Ka0. 1 - - - - 0,3 0,85
2-60
48 (10 |32 0,85 1-20 1-4/3 Ka0. 2 110 100 0,85 Bozn. 0,45 0,8
2-30 5-8/5
3-50
49 |6 26 0,85 1-20 1-2/5 Ka0. 3 35 25 0,85 Bozn. 0,4 0,85
2-30 3-6/4
3-50




npoaomkenue tada. 111.2

1| 2 4 5 6 7 9 10 11 12 9 10

50 |10 |27 0,9 1-20 1-3/4 Kab. - - - - 0,25 0,9
2-30 4-8/3
3-50

51 |10 |30 0,83 |1-20 1-2/5 Kab. - - - - 0,22 0,9
2-30 3-714
3-50

52 |10 |22 0,85 |1-40 1-4/2,5 Kab. 35 30 0,85 Bozn. 0,3 0,85
2-60 5-8/3

53 | 6 18 0,8 1-10 1-6/3 Kab. - - - - 0,15 0,9
2-40
3-50

54 |10 |24 0,8 1-20 1-8/3 Kab. 110 120 0,9 Bosn. 0,3 0,8
2-30
3-50

55 |10 | 34 0,8 1-20 1-2/5 Kab. - - - - 0,2 0,85
2-30 3-10/3
3-50

56 | 6 24 0,85 |1-40 1-3/4 Kab. - - - - 0,35 0,8
2-60 4-713

57 |10 |50 0,88 |1-20 1-10/5 Kab. - - - - 0,45 0,82
2-30
3-50

58 | 10 |48 0,9 1-40 1-8/6 Kab. - - - - 0,4 0,85
2-60

59 | 6 15 0,85 |1-20 1-6/2,5 Kab. 35 35 0,85 Bo3sn. 0,3 0,8
2-30
3-50

60 | 10 | 36 0,83 |1-20 1-9/4 Kab. - - - - 0,35 0,85
2-30
3-50




npoaomkenue tada. 111.2

« Cucrema Jluauum cBsI3M ¢ Cucrema Jluauu cBs3u ¢ Yucnno oTxoagmux oT MununmaneHoe | JlnmHa Ka-
% C-1 cucremoit C-1 C-2 cuctemoit C-2 IIWH JTUHAN ceuycHue Kabenss | Oens oT
§ Ps, Xe, | Un, n, L, Ps, Xe, | Un, n, L, | Uy, n, U, n, or PII no ”I;H, [IUH TI/CT
;. MBT * kB | mT | xMm | MBT * kB | mr | xm | kB | mT. | kB | mT. Swax, MM no PIL, kM
1 18 19 20 21 22 23 24 25 26 27 | 28 29 30 31 32 33
41 800 | 0,5 | 110 1 50 600 | 0,4 | 110 1 40 - - - - 70 2,0
42 1000 | 0,8 35 2 30 - - - - - - - - - 50 2,5
43 1200 | 0,7 | 110 1 40 700 | 0,5 | 110 1 50 - - - - 95 3,0
44 1500 | 0,9 | 110 2 45 - - - - - 35 4 - - 70 2,0
45 1300 | 0,9 35 1 50 350 | 0,9 35 1 25 - - - - 35 15
46 700 | 0,7 | 110 2 40 - - - - - - - - - 50 3,0
47 1000 | 0,8 | 110 1 55 | 1200 | 0,8 | 110 2 85 | 110 3 - - 35 2,0
48 2000 | 0,7 | 220 2 70 - - - - - 110 4 - - 70 2,5
49 1000 | 0,5 | 110 1 50 800 | 0,6 | 110 1 30 | 35 3 - - 50 15
50 800 | 0,6 | 110 2 60 - - - - - - - - - 35 1,8
51 700 | 0,7 | 110 1 30 800 | 0,6 | 110 1 45 - - - - 50 2,0
52 900 | 0,6 | 110 2 45 - - - - - 35 4 - - 50 2,5
53 500 | 0,7 35 2 40 - - - - - - - - - 35 2,0
54 1600 | 0,6 | 220 1 80 | 1700 | 0,5 | 220 1 60 | 110 5 - - 50 2,8
55 700 | 0,4 | 110 2 35 - - - - - - - - - 70 1,8
56 800 | 0,5 35 1 25 600 | 0,4 35 1 40 - - - - 50 1,2
57 1200 | 0,7 | 220 1 70 | 1800 | 0,7 | 220 1 90 | 220 4 - - 70 15
58 1500 | 0,8 | 110 2 50 | 1200 | 0,6 | 110 1 60 | 110 3 - - 50 2,0
59 1000 | 0,6 110 2 45 - - - - - 35 4 - - 35 1,6
60 800 | 0,7 | 110 1 35 | 1000 | 0,7 | 110 1 50 - - - - 70 15
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INPUJIOKEHHUE 2

Tabnuua [12.1 — KoHTpoasHO-U3MepUTeNIbHbIE TPUOOPHI HA ANEKTPOCTAHIIUAX U

HOJACTAaHIIUIX
Mecro ycra-
Lenn HOBKH IpHU- [Tepeuyens npubopos
0opoB
Amnepmerp B KakJ0H ¢a3e, BOIbTMETP,
BapMeTp, BAaTTMETP, CYETUUK aKTUBHOM 3HEp-
WU, JaTYUKU aKTUBHOM U PEAKTUBHOW MOILI-
Crato HOcTU. Peructpupytomiye npudbopsl: BaTT-
p MeTp, amnepmerp, BonbTMmeTp. Ha IIIY
Typ6orenepaTtop
YCTaHABJIMBAIOTCS BATTMETP U BapMeETp, Ya-
CTOTOMEpP, CYMMHUPYIOIIIME BaTTMETP U Bap-
METp.
AmnepMmerp, BoJibT™METp. BoasT™meTp B 1ienu
Porop OCHOBHOTO M pe3epBHOr0 Bo30yaureneit. Pe-
TUCTPUPYIOLUIA aMIIepMETP.
[Tpubops! Takue xe, Kak u A TypOoreHepa-
I'eneparop pHbop ’ A TYP p
bnox Topa
TEeHEepaTop - TpaHC- . HH -
biounb1i
opmarop CH AmMrnepMeTp, BaTTMETP U BapMETP € ABYXCTO-
Tpanchopma- . .
Top POHHEN HIKaIon
BH Amniepmerp
BH )
AmMmiepMeTp B Kax101 ¢aze, BaTTMETp, Bap-
JIBYX0OMO- METp C JIBYXCTOPOHHEN IIKaJION. Y TpaHC-
TOYHBIN HH (dopmaTopoB, paboTaroLIuX B OJI0Ke TpaHC-
TparchopMaTop cBsi- (dhopmatop -IMHUSA, aMIIEpPMETPHI YCTaHABIIH-
3H ¢ CHCTEMOM HIIH BAaKOTCs BO Beex (pazax
PV pasubIx Hampsxke-
HHUlT TPEXOOMO-
PexoOMO- | | T e
TOYHBINA UITH
CH To xe
AT
BH Amniepmerp

ITorn3nTENHEHOTO
JBYXOOMOTOYHOTO
TpanchopmaTopa (s
I1C)

BH

HH

AmMniepMeTp, BaTTMETp, BApMETP, CUETUYUKU
AKTHUBHOM M PEaKTHUBHOUN SHEPTUHU




[Iponomxkenue Tadmuubl 112.1

Mecro ycra-
Lenn HOBKH IpHU- [Tepeuyens npubopos
6opoB
[ToHnzurenbHOrO BH AmrniepmeTp
TPEXOOMOTOYHOTO CH AmMriepMeTp, BaTTMETP, BAPMETP, CUETUUKHU
Tpancopmaropa wim AKTUBHOM M PEaKTUBHOMN
aBTOTpaHc(opmaropa AmMriepMeTp, BaTTMETP, BAPMETP, CUETUUKHU
(s 1IC) HH AKTUBHOW M PEaKTUBHOU dHEPrUU

JIvuus wnm TpaHc-
dhopmaTop coOCTBEH-
HBIX HYXK]T

Ha onny cekuuro

Co CTOpOHBI IUTaHUS: aMIIEPMETP, BATTMETP,
CYETYMK aKTUBHOH SHEPTUU

Ha nBe cexnun

Ha BBoze k cexmusm 6,3kB: amnepmerp, Bat-
TMETp, CUETYMK aKTUBHOMN YHEPTUH, TaATUYNK
AKTUBHOM MOIIHOCTHU

COopHbI€ IIUHBI Te-
HEPaTOPHOTO Harpsi-
KEHUS

Ha xaxxnon
CEeKIINU

BoabsT™meTp ans uzmepenus MexxaydasHoro
HaNPsDKEHUS U BOJIBTMETP C MEPEKII0YEHUEM
JUISL U3MEpPEHUs TpeX (a3HbIX HAMPsHKEHUH,
4acTOTOMEp, MPUOOPHI CUHXPOHU3ALMH: J1BA
4acTOTOMEpa, JIBa BOJIbTMETPA U CUHXPO-
CKOII.

[InHocoenMHUTEIB-
HOT'O WJIM CEKIIMOHHO-
IO BBIKITFOYATEIS

Ammepmerp.

Huue1 6 kB co6-
CTBCHHBIX HY)KI[

Bonbt™metp ans usmepenus MexypasHoro
HaIpsHKEHUS, BOJIBTMETP € EPEKIIIOUEHUEM
JUI U3MEpEHUs TpeX(a3HbIX HAMPSHKEHUH.

OO0XOIHOTrO BBIKIIIO-
qarens

AmMniepmeTp, BaTTMETP U BapMETP C ABYXCTO-
POHHEN IIKAJIOW, paCYEeTHBIEC CYETUUKHU U
¢bukcupyromuit mpuodop.

JIuruu 6(10) kB k

AmMriepMeTp, pacueTHbIE CUETYUKH aKTUBHON
Y PEAKTUBHOW DHEPIUHU JUIS JIUHUAN, IPUHA/I-

MOTPEOUTENAM

JeXKAIMUX TOTPEOUTEITIO.

AMIiepMeTp, pacueTHbIE CYETUNKH aKTUBHON
Jluauu 35 kB - Y PEAKTUBHOM YHEPIUU HA TYIUKOBBIX I10-

TpC6I/IT€JIBCKHX JIMHUAX.

Jluauu 110-220 kB

AmnepmeTp, BaTTMETp, BapMeTp, (pUKcUpy-
foLui Mpubop, UCTIONB3YEMBI [T orpeie-
nenust mecra K3, pacueTHble CHETUMKH aK-
TUBHOW U PEAKTUBHOW SHEPTUH HA TYIIUKO-
BBIX OTPEOUTENBCKUX JIMHUSIX.




[Iponomxkenue Tadmuubl 112.1

Jluauu 330-750 kB

AmMriepMeTp B KaxI0# (a3e, BATTMETP H
BapMeTp C JIBYXCTOPOHHEH MIKanoi, puxcu-
pyrouwmii mpubop, UCHOIB3yEMBIi IS OIIpe-
nenenust mecta K3, naryuky akTHBHOM U pe-
AKTUBHOM MOIIHOCTH, OCIIULIOrpad.

COopHbIC ITUHBI
BBICIIIETO HATIPSKEHUS
AJIEKTPOCTAHIIUU

Ha xaxxnoit
CEKIIUU NN
CHCTEME IIINH

BonbT™meTp ¢ nepekiitoueHreM /IS u3Mepe-
HUS TpeX MEeXIy(a3HbIX HANPSDKEHUH; peru-
CTPUPYIOIINE TPUOOPHI: YACTOTOMED, BOJIBT-
METp, CyMMUpPYIOIINNA BonbTMETp (11t DC
200 MBT u 601ee); mprubOpPbI CHHXPOHU3A-
LIUU: JIBA YACTOTOMEPA, /1B BOJIBTMETPA,
CHHXPOHOCKOIT; ocIruiorpad

Co6opubIx 6, 10, 35 kB
Ic

Ha xaxxnon
CEKIINU WU
cUCTEME IIINH

BoabsT™meTtp ans uzmepenus MexxaydasHoro
HaIPSKEHUS U C TIEPEKITIOYCHUEM JIJIS U3Me-
peHust Tpex (ha3HbIX HAMPsHKEHUN

Coopubix 110-220 kB
I1c

Ha xaxxnon
CEKIINU WU
cUCTEME IIINH

BonbT™meTp ¢ nepexiitoueHueM s u3mepe-
HUS TpeX MeXAy(}a3HbIX HANPSHKEHUN U pe-
THUCTPUPYIOLIUI BOIBTMETP; ocLuuiiorpag Ha
tpan3utHbIX [1C, pukcupyromuii mpudop

Tpancopmaropa
COOCTBEHHBIX HYXI
I1c

BH
HH

AmnepMeTp, paCueTHBIN CYETYMK aKTHUBHOMN
SHEPTUHU
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