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MeToaudeckue yKa3aHus pa3padoTaHbl
B cooTBeTCcTBHHM ¢ TpeboBanusMu PI'OC BO 1o HanpaBieHUIO OATOTOBKH
13.03.02 «DaexkTpOIHEPTETHUKA U DIIEKTPOTEXHUKA

ABTop MuxeeB ['eopruii MuxailsioBU4, JIOKTOP TEXHUYECKHUX HAYK,
npodeccop kadeapsl TPaHCIIOPTHO-DHEPTETHYECKUX CUCTEM

@HO, YUeHas cmenensb, yueHoe 36anue uiu 6o,mcnocmb, HaumeHosaHue Ka(f)e&pbl

MeTonudeckrne yka3aHUs OJOOpEHbI Ha 3aceqaHuM Kadenpsl TpaHCTIOPTHO-
sHepreTHUeckux cucteM (poTokoi Ne 8 ot 12.04.2025).

B MeTroanuecknx yka3zaHHSX W3JI05KEHBI METONOJOTHS U METOJAMKA MOATOTOBKHU
KYPCOBBIX IPOEKTOB, a TAKXe TpeOOBaHUS K UX O(OPMIICHHIO; JaHbl PEKOMEHALUU
CTyZIEHTaM I10 UX 3alluTe.

Meronuueckue yka3aHus NpPEIHA3HAYEHBI [JI1 PYKOBOIAUTEIEH KYpPCOBBIX
IPOEKTOB, a TakkKe g CTYJIEHTOB BceX (opM 00ydeHHs, OOydaroluxcs 10
HanpasyieHuto 1oArotoBku 13.03.02 «DnekTposHepreTka U 3JIEKTPOTEXHUKA» B
YeOokcapckoM HHCTUTYTE ((punnane) MOCKOBCKOTO MOJIMTEXHUYECKOTO YHUBEPCUTETA.
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BBEJAEHHUE

Meroanueckue ykazaHus MpeAHa3HauYeHbI ISl CTYJEHTOB, 00yUYalOIIMUXCs MO0
JTUCHUTUIMHE «DJEKTPUUYECKUE CTAHIIMU U TIOJICTAHIIUKY BBIMOIHSIONIUX KYPCOBOM
poeKT B pazzene “IIpoekTupoBaHue dMEKTPUIYECKON YaCTU MOACTAHIINM .

[IpoexTupoBaHue 3IEKTPUUYECKON YaCTU MOACTAHIIMM MPEACTABISIET COOOM
CJIOXHBIM, KOMIUIEKCHBIN IMpoIiecC BHIPAOOTKUA U MPUHATUSA PEUICHUN MO cCXeMaM
AIEKTPUUECKUX COEIMHEHU, COCTAaBY 3JEKTPOOOOPYAOBAHUS U €r0 Pa3MEIICHHMIO,
CBSI3aHHBIN C BBIIIOJIHEHUEM Pacy€TOB, TOMCKOM MPOCTPAHCTBEHHBIX KOMIIOHOBOK,
ontuMu3anuend (QparmMeHToB Hu oOBeKTa B I1eioM. M3ydeHuwe mpoiecca
POEKTUPOBAHUA TPeOyeT 3HAaHUS OCHOB U METOI0B IIPOEKTUPOBAHUS C IPUMEPAMHU
Y CCBUIKaMU Ha CIIEUaIbHBIE U CITPABOYHBIE W3/IaHMS ITO BCEM OCHOBHBIM pa3ieiaM
IIPOEKTA.

I{enp KypcOBOIro MPOEKTUPOBAHMUS:

"  CHCTEMaTU3HpPOBATh, 3aKPENHUTh W PACIIMPUTHh TEOPETUYECKHE U
NPAaKTUYECKUE 3HAHUS U IPUBUTH YMEHUS IPUMEHSATh 3TU 3HAHUS IPH
pPELICHUH KOHKPETHBIX HAYYHBIX TEXHUYECKHMX U HSKOHOMHYECKUX
3a/1ad;

" Ppa3BUTh HaBBIKU CAMOCTOSITEIBHON paOOThI CTYIEHTOB.

3amauell NMPOEKTUPOBAHUS DJIEKTPUYECKOM YacTU IOJACTAHUUMN SIBISIETCS
CO3JaHUE HSKOHOMHUYECKM IIeJIeCOOOpPa3HbIX BAPUAHTOB CXEM MOJCTaHIUH,
o0ecreynBaroIIe He0OX0AMMOE KaueCTBO U HAJEKHOCTD AJIEKTPOCHAOKEHUS BCEX
NOTpeOUTENEH.

KypcoBoii mpoekt ‘“OnekTpuyeckas 4YacTh MNOJACTAHUMMN — ABJISETCS
CaMOCTOATENbHOM  paboOTOl  CTyJEHTa, BBINOJHIEMON O PYKOBOACTBOM
npenojasaresnsi. B npoiecce npoeKTUpOBaHUSL CTYIEHT MPOSIBISIET UHUIIUATUBY B
pEIIeHNU TEXHUYECKUX 3a/lay, MMOJYYEHHBIX U3 Pa3iNyYHbIX y4eOHBIX TUCIUIUIMH.
Kpome Toro, npu BBIIIOJIHEHHH KypPCOBOT'O MPOEKTA CTYJAEHT YCBAMBAET METOJAUKY
MIPOCKTUPOBAHMUS, YIUTCS pabOTaTh C TEXHUYECKON U CIIPABOYHOM JIUTEPATypOH.

st obnerdyenuss pabOThl CTYJASHTOB MPH MPOCKTUPOBAHUM B TMOCOOUU
IpUBEIeHbl HEOOXOIMMBbIE CIIPaBOYHbIE MaTepuaibl. B npuioxeHun naH obpaser
3aJlaHNs Ha KypCOBOE ITPOEKTUPOBAHHUE.

Metoauueckoe mocobue Npu3BaHO MPEAOCTABUTh CTYACHTaM BO3MOXXHOCTh
CaMOCTOATENBHOTO BBINIOJHEHUS KYPCOBOTO MIPOEKTA, COACPKUT PEKOMEHIALIMH 110
BBINIOJIHEHUIO ~ pa3esioB W OQOpMIIEHUIO padOThl, 3aJaHusi U  CIHCOK
oubmorpadUuecKuXx UCTOYHUKOB.



1 OBIIUE YKA3ZAHUA

1.1 O0beM KypCOBOIO MPOEKTA

KypcoBoli mpoekT BKIIto4aer:

— BBIOOpP BapUAHTOB CTPYKTYPHOI CXEMBI IIOJICTaHLIN;

— BBIOOp YMCla, TUOA W  MOIIHOCTH  TpaHC(HOpMATOpPOB  WIIHU
aBTOTpaHcopMaTOpoB MO TpaduKkaM HArpy3Kd U3 YCIOBUU Harpy304HOU
CIIOCOOHOCTH TpaHC(HOPMATOPOB;

— TEXHUKO-?)KOHOMHUYECKUI pacuer BAPUAHTOB, CpaBHEHUE
paccMaTpUBAEMbIX BAPUAHTOB MO TEXHUKO-3KOHOMUYECKUM MMOKA3aTENSIM;

— BBIOOp YMCIIa OTXOASIIMX JIMHHWM, BBIOOP CEUYEHHUS W MapKd MIPOBOOB,
KaOeIbHBIX JTMHUM, TPOBEPKY CEUEHUS MPOBOJIOB B aBAPUIHOM PEKHUME;

— pacuet TokoB K3;

— 000CHOBaHHE HEOOXOJMMOCTH YCTAaHOBKHM JIMHEWHBIX PEaKTOpPOB, BBIOOD
CEKLIMOHHBIX U TPYNIOBBIX PEAKTOPOB, pacyeT TOKOB K3 ¢ y4eToM CEeKIMOHHOIrOo
peakTopa, MpoBEpKa BEIOPAHHBIX PEAKTOPOB;

— pacyeT KaOeJIbHOM CETHM HHU3KOro HANpsKeHHsT W MPOBEPKY pPabOThI
KaOEJIbHOM CETH B YCIIOBUSX aBAPUHHOIO PEKUMA COTJIACHO 3aJJaHUIO;

— BBIOOp CXEMBI DJJIEKTPOCHAOKEHMsI M MOUIHOCTH TpaHchopmaropa
COOCTBEHHBIX HYX/I;

— Be1OOp cxembl PY BH, PY CH u PY HH;

— BBIOOp MTPOBOJTHMKOB U alllIapaToOB: BBIKIIIOUATENEH; pa3beIUHUTEIECH; IIIHMH
PY BH, PY CH u PY HH; tpanchopmaTopoB TOKa 1 HANPS>KEHUS.

1.2. Tlopsinok odopmiieHHsI KypCOBOI0 MPOEKTA

KypcoBoii mpoeKT BBITOIHAETCS Ha KOMIIBIOTEPE HA CTAHAAPTHBIX JIUCTaxX A4.
TekcT nmeyaraeTcs Ha OAHOM CTOpOHE JincTa. Ha cTpanuiie TOIKHO pacnosiaraTtbes
28-30 cTpoK, Kaxaasi 3 KOTOPHIX coePKUT 60-65 3HaKOB, BKJIIOYAS NPOOeJIbI.
Mexaycrpounsbiii uHTepBata — 1,5, mpudr texcra — 14 (Times New Roman), B
Tabaunax - 12, B nmoacTtpoynbix cHockax -10. Texct mewyaTtaercs CTPOYHBIMU
OykBaMu (KpoMe€ 3arjlaBHbIX), BBIPAaBHUBAETCS IO LIMPUHE C MCMOJIb30BAHHEM
IIEPEHOCOB CJI0B. Ha TUTYIbHOM JIMCTE HANMKUCH: KypCOBOM MPOEKT NevyaTaroTcs 18
mpudTom. [loguepkuBanue ClioB U BbII€JIEHHE UX KypPCUBOM BHYTPU caMoOil pabOThI
He nonyckaercs. OIHAKO 3aroJIOBKM W MOJ3aroJIOBKM MPHU TE€YaTaHWU TEKCTa
MUCBMEHHON Pa0OThl BBIACISIOTCS TMOTYKUPHBIM MIpUPTOM. AO3alHBIA OTCTYM
JIOJDKEH COOTBETCTBOBATH 1,25 ¢M 1 OBITH OJMHAKOBBIM 110 BCEH padoTe.

OpueHTUPOBOYHBIN 00BEM KyPCOBOTO MPOEKTA COCTABISIET 25-35 cTpaHull.
B nansblit 00beM HE BXOAAT MPHUIIOKEHHUS U CIIUCOK UCTIOJIb30BaHHBIX HCTOUHHKOB.
[To cornmacoBanuio ¢ nmpenojaBaTesieM 00BEM pabOThl MOXKET OBITh YBEJIUYEH.

CrpaHuiibl, Ha KOTOPBIX M3JIaraeTcsi TEKCT, JOHKHBI UMETh MoJist: JieBoe -30
MM, nmpaBoe - 10 MM, BepxHee - 20 MM, HHKHee - 20 MM.

B Tekcre pabotel «BBenenue», Ha3BaHUE TJaB, «3akiaoueHue» U «Crnucok



VCITOJIb30BAHHOM JIMTEPATYPhD» NeYaTaroTCsl (HAUMHAKOTCS) C HOBOW CTPAHUIIBL.
Paccrostnme wmexnay 3aroJloBKOM M IIOA3aroJIOBKOM, 3arojIOBKOM U
MOCJEAYIOIIUM TEKCTOM, ITOA3arOJIOBKOM M HPEABIAYIIUM TEKCTOM OTHENSIOT
JBYMsI TIOJIyTOPHBIMH MEKCTPOYHBIMU HHTEPBANIAMH, a MEXAY MOA3ar0JIOBKOM H
MOCJIEAYIOIIUM TEKCTOM - OJTHUM IOJYyTOPHBIM MEKCTPOYHBIM HHTEPBAJIOM.

['maBbl MUCBMEHHBIX PaOOT HYMEpPYIOTCS apaOCKUMU IUbpamMu U JOIHKHBI
HAYMHATHCS C HOBOM cTpanuilsl (Jiucta). HoMep riaBel cocTouT U3 uncna: 1, 2 u T.1.

3arosioBku (MOJ3aroJIOBKM) pacnoiaraloTcs EHTPUPOBAHHBIM (TMIOCEPEANHE
TEKCTa) CIIOCOOOM.

CTpaHuubl MUCbMEHHBIX Pa00T JOJKHBI HMETh CKBO3HYI0 HYMepalHIo
apadcknmu uudpamm no Bcemy Ttekcry. Homep crpaHuubl NpOCTABJSIIOT B
BHHM3Yy IOJI CTPAaHUIBbI IO LHEeHTPY 0e3 TOYKM B KoHUe. llepBoii cTpanuuen
MUCbMEHHON PabOThl ABISIETCS TUTYJIbHBIM nucT. OH He HyMmepyercs. B pabote
BTOPOW CTPAHMIIEH SIBIISIETCS COJIEPIKAHUE.

TutynbHBIN JTHUCT JOHKEH COAEpKaTh HAMMEHOBaHUE Y4eOHOTO 3aBEJCHUS,
dbopmbl 00yueHus, O0O3HAUEHHE XapakTepa paldoThl (KypcoBasi), €€ Temy,
(damMuIno, UMsI, OTYECTBO BBIIIOJHUBIIETO €€ CTYACHTa, HOMEpP Kypca U TpYIIIbI,
YYEHYIO CTEII€Hb, JOJDKHOCTh WJIM YYEHOE 3BAHHME HAYYHOTO PYKOBOJIMTEIS, €r0
damunuio U uHALMAIKL, rpadel «Jlata cmaum», «lomycTuTs K 3ammre», «/lara
3aIuUTh, «OLEHKa», MECTO U T'OJl HAaTUCAaHUs PadOTHI.

OrnaBnieHne pabOThI, KOTOPOE CIEAYET MOCIE TUTYJIBHOIO JIUCTA, JAOJKHO
coJiep>KaTh Ha3BaHMS AJIEMEHTOB CTPYKTYpPbl paOOThI U HOMEPA JINCTOB, C KOTOPBIX
OHHM HaYMHAIOTCS.

[Ipn KCNONAB30BaHUU JIUTEPATYPbl U LUTHUPOBAHHM OTAEIIBHBIX HAYYHBIX
MOJIO)KEHUN CTYJEHT 0053aH OCYUIECTBIIATh B CHOCKAaX CCBHUIKM Ha aBTOPOB U
UCTOYHHUKHU, OTKy/Ja OH 3auMCTByeT MmaTepuan (damMuwius U MHHUIHMAIBL aBTOpA,
Ha3BaHWe pabOTBhl, MECTO W TOJA W3/aHHA, KOHKpPETHas CTpaHHla, OTKYJa
3aMMCTBOBaHa mnurara). [Ipm 3TOM LUTHUPOBAaHHWE JOIMYCKAETCS TOJIBKO B
OTpaHMYEHHOM O0BbEeMe, ONMpaBIaHHOM IIENIbI0 IUTHUPOBAaHUS (IIsI 0OOCHOBAHUS
aKTyaJIbHOCTH PacCMaTpUBaEMOr0 BONPOCA; JEMOHCTPALMHU PA3JIMYHbIX B3IJIAIOB,
CYLIECTBYIOLMX B HAyKe MO MpoOIeMaM TEMbI, TOATBEPIKICHUS WU OTIPOBEPKEHHUS
BBIJIBUTAEMBIX CTYJIEHTOM TE3UCOB U T.II.).

[IpssiMoe uuTUpOBaHHE B TEKCTE 005A3aT€IbHO OPOPMISETCS C IMOMOILBIO
KaBbIUEK. B ciyyae OyKBaJIbHOIO BOCIPOU3BEACHUS MOJOKEHUI HAYUYHBIX TPYIOB
0e3 yKa3zaHHs Ha MX Ha3BaHUS M aBTOPOB KYpCOBOIO NPOEKTa K 3alllUTe He
JOMyCKaeTcsl.

B cnrcke MCnosib30BaHHBIX MCTOYHUKOB JTOJKHBI OBITh YKa3aHbl TOJBKO TE
MaTepuaibl, Ha KOTOpble UMEETCs CChIIKa (CHOCKa) B pabore.

Ecim B kypcoBoit paboTe WMEIOTCS TMPUIOKEHUS, WX HE0OX0IAUMO
IpOHyMepoBaTh. Bce TMCTBI KypcOBOTo MpPOeKTa TOJIKHBI ObITh TIPOHYMEPOBAHBI.

Hywmeparus ctpanuil B KypcoBoi paboTe T0JKHA OBITh CIUIONTHOW. CTyIeHT
OTBEYAET 3@ IPAMOTHOCTb U aKKYPaTHOCTh O(OPMIIEHHUS] KYpPCOBOTO MPOEKTA.

Hanuune rpammaruyeckux, opporpapuiyeckux U NyHKTYAIIMOHHBIX OLIMOOK
aubo HeOpexHoe odopmieHHe pabOThl  MOXKET TOCIYXUTh IPUYHMHOM



HEYIOBJIETBOPUTEILHOMN OIIEHKU PaOOTHI.

Iopsaok mpeacTaBjJeHUs1 KypPCOBOI0 POEKTA HA 3alUTY

KypcoBoii mpoekT, moAroToBIeHHas: CTYACHTOM B OKOHYAaTENbHOH (opme,
JOJKHA OBITh TMpeACTaBiIeHa JCNOMPOU3BOAUTENI0 KadeApsl B CIEAYIOIIEM
KOMILJIEKTE:

B MMHCbMEHHOU (popMe B MPOLIMTOM, COPOIIIOPOBAHHOM HWJIN CKPEIJIEHHOM
Buje — 1 sxk3emiuisp;

B JJICKTPOHHOH (popMe MOCPEACTBOM HANPABJECHUSA HA 3JICKTPOHHbIN
MOYTOBBI  aapec  Kadeapbl  TPAHCHOPTHO-IHEPreTHYECKHX  CHCTEM
ttm@chebpolytech.ru— 1 3x3emmisp.

Jlenonpoun3BoauTtens Kadeapsl Mociie perucrpauuu (pakta U AaThl caadu
KypCOBOTO MPOEKTAa MEPEAAET €€ ISl IPOBEPKU HAYYHBIM PYKOBOJIUTEIIEM.

Ilepenaua KypcoBOTO TIPOEKTAa B AJIEKTPOHHOU (OpME MOXKET OBITh
OCYUIECTBJIEHA IyTEM HAIpaBJi€HUS €€ CTYACHTOM HENOCPEICTBEHHO HAayYHOMY
PYKOBOJIUTEIIO IO 3JIEKTPOHHOM MOYTE.

[locne moctymieHuss KypcoBOro TpOeKTa Ha Kaeapy Hay4dHbIA
PYKOBOIMTENb NPOBEPSIET €€ B TEeUeHHE 14 KaleHJapHbIX JHEH C MOMEHTa
NOCTYIUIEHUsI Ha Kadeapy, MMOCie Yero BO3BpalllaeT €€ JIEJIONPOU3BOIUTENIO CO
CBOMM OT3BIBOM. B OT3bIBE yKa3bIBaIOTCA CIAEAYIOIINE ITOJIOKEHNUS:

— HaMMEHOBaHUE y4eOHOTo0 3aBe/ieHus, kKadenpsl, Hopmbl 00yUEeHHUS;

— 0003HaueHUE XapakTepa paboThl (KypcoBasi), €€ TEMY;

— (aMuIIMIO, UMS1, OTYECTBO BBIIOJHUBILETO €€ CTYI€HTa, HOMEP Kypca U
IpyMNIIbL;

— YUYEHYIO CTENEHb, JOKHOCTh WM YYEHOE 3BaHUE HAYYHOTO PYKOBOJIUTENS,
ero (haMUIIMIO U UHULIUATIBI,

— COOTBETCTBUE MPEICTABICHHON KYpCOBOI'O IPOEKTA OOIIUM TPEOOBAHUSIM,
yYKa3aHHBIM B HACTOAIIMX METOIUYECKUX YKa3aHuUs;

- yKa3zaHHe Ha UMEIoLIMecS B KypcOBOM paboTe HeJoCTaTKu (Kak 1o gopme,
TaK U IO COJIEP>KaHUIO pabOThI), HE MPEMATCTBYIOLIUE TOMYCKY pabOThI K 3aIUTE;

— BBIBOJ] O BO3MOKHOCTH JIOITYCKa KypCOBOT'O IPOEKTA K 3allUTE.

B cnyuae eciii mocTaBieHHbIE HAYYHBIM PYKOBOAMTEIIEM BOIIPOCHI HE SICHBI
CTYJEHTY, OH BIIPaBE€ YTOUHUTH UX Yy HAYYHOT'O PyKOBOIUTEIS JIMYHO BO BPEMSI €TO
€KEHEJIENbHBIX KOHCYJbTAIMH (IeKypCcTB Ha Kadeape) Win AUCTAaHIIMOHHO Yepe3
AIIEKTPOHHYIO MOYTY.

B cnydae ¢QopmynupoBaHus HaydHbIM = PYKOBOJMUTENEM BBIBOAA O
HEBO3MOXKHOCTH JIONyCKa KypCOBOIO MPOEKTa K 3allUTe, KypCOBOW MPOEKT
MOJICKUT TOATOTOBKE 3aHOBO C YYETOM 3aME4aHWil, YKa3aHHBIX Hay4YHbIM
PYKOBOAMTENIEM, W TOBTOPHOMY MPEACTaBICHUIO Ha 3allUTy B TOPSJIKE,
IPETyCMOTPEHHOM paszjienamu 3-5, TOMy ke HAyYHOMY PYKOBOJIUTEIIIO.

IHopsinok 3a1MTHI KYPCOBOI'O NPOEKTA
3ammra KypCOBOTO MPOEKTa MOXKET MPOBOAUTHCS TOJBKO HAYYHOMY



PYKOBOJMTEIIO.

3amura KypcoBOro nmpoekTa npoBoauTcs B GopMe, yCTAHOBIIEHHON HAYYHBIM
pykoBoauteneM. [Ipu ycTHoM popme 3aiuThl KypCcOBOTO MPOEKTA CTYACHT JOJIKEH
MOATOTOBUTH OTBETHI HA BOIIPOCHI, TOCTABJICHHBIE €MY HaYYHBIM PYKOBOJUTEJIEM B
PELEH3UN.

HayuHb1il pykOoBOIHTEIb BIPABE IO CBOEMY YCMOTPEHUIO 3a1aBaTh CTYACHTY
JIOTIOJIHUTENIBHBIE BOIIPOCHI JIJIsI TPOBEPKU YPOBHS M KAYECTBA OCBOCHHUS UM 3HAHUM
II0 TEME KypCOBOTO MPOEKTa, a TaKXKe Ui JOINOJHUTEIBHOM IPOBEPKU
CaMOCTOSITEJIbHOCTH BBITIOJHEHUS KYPCOBOT'O IIPOEKTA.

[lo uroram 3amUTHl HAYYHBIA PYKOBOJUTEIb OIPENEIAET, MOXKET JIU OBITh
3alllMTa 3a4TeHa, WIK TpeOyeTcs MOBTOPHAS 3alUTa.

1o utoram nepBoHaYaIBLHOM WM (B ClIydae €€ Hey/1auu) IOBTOPHOM 3aIUThI
KYpPCOBOI'O MPOEKTa HAYYHBIN PYKOBOJAUTENb CTABUT OTMETKY O 3aIlIUTE KYpCOBOIO
IIPOEKTa B 3aYETHOM KHHMJKKE CTYJEHTA, B BEIOMOCTH M HAa THUTYJIBHOM JIUCTE
paboThI.

ITocue 3alUTHI peleH3Uusi U KYPCOBOM NMPOEKT MOMJIEKUT CKAHUPOBAHUIO
CaMHMM CTYAGHTOM H 3aJJMBKe B JJIEKTPOHHYI HHG(POPMAIMOHHO-
oOpasoBareqbHyl0 cpeay (DuekTponHoe moptdoano) UYebdokcapckoro
HHCTUTYTA (puauana) MOCKOBCKOI0 MNOJMTEXHUYECKOI0 YHUBEPCHTETA IO
aapecy http://students.polytech2l.ru/login.php, mocme wyero pabota B
NUCbMEHHOH (hopMe MepeatoTcs CTyIEHTOM JEIOMPOU3BOAUTENIO VISl XPAHEHUS B
apxuse Ounmana.

1.3 TpeooBanus k opopmiaennio PII3 u rpaduveckoii yactu

Kypcogoit mpoexT nomxen umetsh PII3 u rpaduueckyro gacts. PII3 nomkna
MMEThH CIEAYIONIYIO CTPYKTYpPY:

— TUTYJIbHBIN JIUCT;

— WHIWBHAYaJbHOE 33/IaHUE HA MIPOEKT;

— BBEJICHMUE;

— 8-10 riaB ¢ U3JI0KEHUEM OCHOBHBIX PE3yJIbTAaTOB PaOOTHI;

— 3aKJIIOYECHUE;

— CIIHMCOK COKpalICHH;

— CIIMCOK JIUTE€PaTypHhI;

— OrJaBJICHHE.

TuryiabHbli JucT. YKa3piBaeTcs kadeapa, Ha3BaHHE MPOEKTa, HaMIIusg U
WHUIIMAJIBI CTYICHTA, TPyMIa, (pamMiis 1 HHUIMAIBI PYKOBOJIUTEISI POCKTA, /1aTa.

BBenenue. Bo BBeieHNN JOMKHBI OBITH OTPAXKEHBI COBPEMEHHOE COCTOSIHHE
Y aKTyaJbHOCTb BEIOPAHHOM TEMbI; HEOOXOIMMO KPaTKO JIaTh TOCTAHOBKY 3a/1a4M U
METO/Ibl UX PElIeHUs, CHOPMYITUPOBATH 1ETb TPOCKTUpPOBaHUsI. OO0BbeM BBEICHUS —
He Oosiee 1-2 cTpanwmil.

OcHOBHBIE _pe3yJbTaThl _padoTbl. Bo Bcex riaBax [OJDKHBI OBITh
MpECTaBICHBI PE3YJIbTaThl padOThI COTJIAaCHO MCXOJHOTO 3ananus. Kaxmas riasa
JIOJDKHA 3aKaHYMBATHCS BBIBOJIAMHM, B KOTOPBIX B KpaTKoW ¢opme IaroTcs
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pe3yNbTaThl JAHHOTO dTana paboThl U KOHKPETHU3UPYIOTCS 33Ja4d U METOJbI MX
pELIEHHUs B TOCIEAYIOIINX I1aBaX.

3akaouenue. B 3axiroueHuMM QOpPMYNHUPYIOTCS TJIABHBIE BBIBOJBI IO
pe3yabTraraMm MpoeKTHpOoBaHUA. [IOpANOK KaKIOro NPEMSIOKEHUS 3aKIHOUYCHUS
CJIEIYIOUIMI: OCHOBHBIE pe3yJIbTaThl — OTJaya JJisi 00y4arolerocs - mojb3a s
DHEPIreTUKH,

Cnucok cokpameHuid. B JaHHBIM CHOUCOK BXOJAT T€ COKpAaLCHUS U
a00peBUaTypbl, KOTOPHIE BCTPEUAIOTCS B TOSICHUTEIILHOW 3aITUCKE.

Cuucok__jaureparypbl. B cmomcok, ¢ yka3zaHmem OubOimorpaduaeckux
JIAHHBIX, BKJIIOYAETCA JIMTEPATYypa, HCIOJb3yeMasi MPU PEIICHUH KOHKPETHBIX
3amad. Pekomenayemasi nutepaTypa IpeAcTaBieHa B WHIUWBHAYyaJbHOM OJaHKe-
3a/IaHUHU.

[TosicauTenpHas 3amucka O(OPMIIIETCSI B COOTBETCTBHH HOPMATHBHBIM
nokymeHTam u TpedoBanusam ['OCT.

I'paduueckas yactp BbImosiHAETCS B cOOTBETCTBUU ¢ TpeboBanusimu ['OCT,
ECKJl na ognom mucte ¢dopmara Al u JODKHA cOAEpX aTh OJIHOJMHEHHYIO
ANEKTPUUYECKYIO CXEMY MOJICTAHIUU.




2 BAPUAHTHI CTPYKTYPHOM CXEMbBI TOACTAHIIUA

2.1 OOmmue TpeOGOBaHMS K CXeMaM JJEKTPHUYECKHUX COeJHUHEHMH
NOoJACTAHIUI

CxeMbl 3JEKTPUUYECKUX COCAUHEHUN MOJCTAHUUN JOJHKHBI YJIOBIETBOPSTH
CJICYIOIIMM OCHOBHBIM TPEOOBaHUSIM:

- obecrnieunTh HEOOXOIUMYIO MOIIHOCTH 3JIEKTPOCHA0KEHUs MOTpeOuTeNneld B
COOTBETCTBHUH CO CXEMaMU UX CETEN;

- o0ecneurMBaTh MPOCTOTY M HAACKHOCTh TMPOU3BOACTBA  ONEPATHBHBIX
NEPEKITIOYEHUH U BO3MOXKHOCThH TMPOBEACHUS PEMOHTa 3JEKTPOOOOPYAOBaHUS B
Oe3omacHbIX IS MEepcoHaia YCJIOBHUSIX, C TMEpephiBOM MM 0e3 mepephiBa
ANIEKTPOCHAOKEHUSI TOTpeOUTeNiel, B 3aBUCUMOCTU OT CXEMbl HUX CeTed u
TpeboBaHMil K Oecriepe0oHOCTH INEKTPOCHAOKEHUS;

- YIOBJIETBOPSATH TPEOOBAHUSM SKOHOMHYHOCTH;

- HE00XO0IUMO MPEeAYCMATPUBATh BOZMOKHOCTh PACIIMPEHUS] YCTAaHOBKHU.

Pa3paboTka cxembl ANEKTPUYECKUX COSAMHEHNUN MOICTaHIII MPOU3BOAUTCS
HAa OCHOBAaHUHM YTBEPKICHHOW CXEMbl DPAa3BUTHS HHEPrOCUCTEMBI M y4acTKa
NOCJIETHEN, K KOTOPOMY IPHUCOEIUHAETCS JaHHAs MOJCTAaHIHUA, a TAKXKE C y4ETOM
oOmell U eIMHUYHON MOIIHOCTH YCTaHaBIIMBaeMbIX arperaToB. BriOop Toil wnm
MHOM CXEMbl YCTAHOBKM MPOU3BOJUTCA MYTEM TEXHUKO-3KOHOMUYECKOIO
CpPAaBHEHUS BAPUAHTOB C YYETOM BBIIIECKA3aHHBIX U CIAEAYIOMUX TPeOOBaHUM.

a) HaNpsDKEHUs, HA KOTOPBIX BBLAAECTCS JEKTPOIHEPTUsl CTAaHIUH, rpaduKu
Harpy3ku B pabouyue W BBIXOJHBIC JHM HAa KaXJOM W3 HANpPsDKEHHUM (JIETHUH,
3UMHUNA, YUCJIO YaCOB MCIOJIb30BAHMSI MAaKCUMyMa, MaBOJKOBBIN NEPUOI); CXEMBbI
CeTel M YUCJIO JIMHUM, OTXOASIINX OT MOACTAHLIUH HAa Ka)XXIOM HaIllpsSKEHUH;

0) TOKM KOPOTKUX 3aMBIKaHUM TSl KaXkA0T0 PY MOBBIIIEHHBIX HANIPSDKEHHUI;
CHelMalbHble TPEOOBaHUSA K CXEME COCIMHEHHM B OTHOLIEHUHM YCTONYMBOCTH
napajuieIbHOU paboThl; HEOOXOIUMOCTh CEKIIMOHUPOBAHUS CXEMbl M YCTaHOBKHU
HIYHTUPYIOIIUX PEAKTOPOB, IPYTUX KOMIEHCUPYIOIIUX YCTPOMCTB; TPEOOBAHMS K
peryavpoBaHuu HampsikeHuid Ha PY, TpeOoBaHus, BBITEKAIOIIUE W3 CUCTEMBbI
IIPOTUBOABAPUIHON ABTOMATHUKH;

B) 3HaUYE€HHE HAHOOJbIIEH MOUIHOCTH, KOTOPasi MOXET ObITh MOTEPsIHA MPHU
OTKa3e B OTKJIIOYEHUHU WJIM MOBPEKIECHUU JIIOOOTrO BBIKJIIOYATENS (B TOM YHCIE
HIMHOCOEAUHUTENBHOTO UM CEKIIMOHHOTO), AOMYCTUMOM M0 HAIUYUIO PE3EPBHOMN
MOIIIHOCTH B SHEPTOCUCTEME U IO MPOIMTyCKaeMON CIOCOOHOCTH KaK JIMHUW BHYTPH
CUCTEMbI, TaK M MEXKCHUCTEMHBIX CBS3€H, a TakXKe IO YCIOBUSAM OOeCredeHHs
Oecriepe0oHOCTH TeTIIOCHA0KEHUS TOTpeOUuTeNeH;

r) cxema coenunenus nonacrannuu (IIC) momxkna paspabaThiBaThCs IS
Ka)XJIOTO M3 3TAroOB Pa3BUTHUS U1 HOPMAJbHBIX PEXKUMOB SKCIUTyaTalluu W s
PEXHUMOB IPU BbIBOJIE OCHOBHOTO 000pyaoBanus [1C B peMOHT uiu pe3eps.

Bce BhlilenepevncieHHbIe HCXOHBIE TaHHBIE TAl0TCA pa3padOTUMKAMU CXEM
ANEKTPO- M TEIUIOCHAOXKeHMsI s Kaxzaoro wu3 dtanoB passutus [IC u
DHEPIOCUCTEMBI.
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[Tonusutenpubie [IC B 3aBUCUMOCTH OT UX HA3HAYCHHUS PA3EIsAIOTCS Ha JIBE
OCHOBHBIE TPYNIIbL: PAlOHHBIE 1 MECTHOTO 3HAYEHUSI.

PaitonnbiMu IIC cuutarorcss momqaeie [IC HanpsbkenneM 35 kB u Boiie,
NpeHa3HAYCHHBIE JUIsl HECKOJIBKUX MOTpeOuTeNnel pa3Horo xapakrepa, Ha OJJHOM
WM HECKOJIbKUX HamnpskeHUsX. [IC mMecTHOro 3HaueHHs] MpeaHa3HAYarTCA IS
AJIEKTPOCHAOKEHUSI B OCHOBHOM OJHOM WJIM HECKOJbKHX OJHOPOIHBIX
oTpeOUTENCH.

B 3aBucumocTH OT noJsiokeHus B anekTpuueckoit cucteme IIC obeux rpynn
MOTYT OBITh BBIIIOJHEHBl KaK y3J0Bble, MpoxoaHble, TynukoBbie [IC Ha
OTBETBJIECHUSX. [IpU HanTMYMKU HECKOIBKUX BAPUAHTOB CXEM, YJIOBJIECTBOPSIOIINX
TpeOOBaHMSIM  HANEKHOCTH, B TOM  YHCJIE  TEPEUYHCICHHBIM  BBIIIE,
IIPEANOYTUTENBHEN OTAACTCS:

- 0oJiee MPOCTOMY Y SKOHOMUYHOMY BapUaHTY Kak M0 KOHEUYHOM CXeMe, Tak
Y [0 3TaraM €€ pa3BUTus;

- BapUaHTy, [0 KOTOPOMY TpeOyeTCsi HauMEeHbIee KOJIMYECTBO OINepaIui ¢
BBIKJIIOUATESAIMU M PAa3bCIUHUTEIAIMU PY MOBBIIIEHHOIO HANPSOKEHUS IpPU
ONIEPATUBHBIX NEPEKITIOUCHUSX.

2.2. CTpyKTYypHBI€ CXeMbI MOJACTAHIMH

I'nmaBuble cxembl [IC BbIOMparOTCS HAa OCHOBaHUM CXEMbl Pa3BUTHS
HYHEPrOCUCTEMBI UJTU CXEMBI AIEKTPOCHAOKEHUSI.

CrpyktypHbie cxembl 1IC u3obpaxensl Ha puc.3.1. Ha IIC 35 - 750 kB
OOBIYHO YCTAHABJIMBAIOTCA OJMH WK JABa TpaHCcPopMaTopa.

[Ipy mnocCTemeHHOM pOCTE€ HArpy3KH JOMYCKAeTCsl YCTAaHOBKA OJHOIO
TpaHchopMaTopa Ha HAYaJIbHBIA MEPUOJI SKCILTyaTal[uu, €CIM O00ecrneyruBaeTcs
pe3epBUPOBAHUE MUTAHUS MOTPEOUTENEd MO CEeTSIM CPEeIHEro M HU3IIEro
HampspkeHuil. YcTaHoBka ofHoro Tpancopmaropa Ha IIC momyckaercs, ecnu
oOecrieunBaeTcs  TpeOyemass  CTyNeHb  HAJEKHOCTH  DJIEKTPOCHAOKECHUS
NOTpeOUTENEH.

Amnmaparsl 1 NpOBOJHUKU B 1emsx TpanchopmaropoB IIC nomkHbI ObITH
paccuMTaHbl 10 HOMUHAJIBHOMY TOKY, TOKY IEperpy3ku U Toky K3 Ha ycTaHOBKY
Oonee MOUIHBIX TpaHC(OPMATOPOB CJEAYIONIEM MO CTaHAapTHOM IKaje
HOMHUHaJIBHOW MOLIHOCTH. BpiOOp anmaparoB u npoBoaHukoB [1C mpousBoautcs ¢
Y4€TOM Harpy304HOM CIIOCOOHOCTH OCHOBHOTO 000PY10BaHUS.

VYcranaBnuBaroTcss  TpaHc@opMaTtopbl M aBTOTpaHc(opMaTopbl €O
BCTPOCHHBIM PETYIMPOBAHUEM HAIPSIKEHUS TMOJA Harpy3kou. JlomonHurtenbHas
YCTaHOBKA JIMHEHHBIX PETyJIMPOBOYHBIX TpaHCHOpPMATOPOB AJii HE3aBUCHMOIO
pEeryaupoBaHus HAPSHKEHUS B PA3JIMUHBIX CETAX TpeOyeT 000CHOBAHMIA.
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1) C YETHIPbMSI IBYyXOOMOTOYHBIMHU TpaHCPOPMATOPAMHU

Puc.2.1 CtpykTypHbIE CXEMBbI NOCTAHIINI
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OTkiOYeHHe JMHUM JOJDKHO TMPOU3BOJUTCA HE Oonee YeM JAByMs
BBIKJIIOUaTeasiMu, TpancpopmaropoB g0 500 kB He Oornee ueM 4YeThIppMA, a
TpanchopmaropoB 750 kB He Gonee yem Tpems BhIKIOYaTeNsMu B PY onHOro
HaIpsKECHUS.

[1C pensiTcst Ha TYNUKOBBIE, OTBETBUTEIIbHBIC, IPOXOHBIE U Y3JIOBBIE:

- tynukoBag [IC »sro IIC mnomywaromass 3JIEKTPOIHEPTUIO OT OJHOM
ANEKTPOYCTAHOBKH MO OJHOM MJIM HECKOJBKUM IapajuIeIbHbIM JIMHUSM.

- npoxogHas [IC Bkimrodaercss B pacceuyky OJHOM WM JBYX JHMHUH C
JBYCTOPOHHHUM MJIM OTHOCTOPOHHUM ITUTAHUEM.

- otBerBUTENbHAs [IC mpucoenuHsieTcss TiyXodM OTHANKONM K OJHOW WM
JIBYMsI IPOXOISIIUM JIMHUSIM.

- y3noBas [1C sto [1C, x koTOopo#t mpucoeanHsieTcs 00aee ABYX JIMHUM
MUTAIOIINE CETH, MPUXOIAIINX OT ABYX WU O0JIee ANEeKTPOYCTaHOBOK.
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3 BLIBOP TPAHC®OPMATOPOB
3.1 IlepeBoa CyTOYHBIX rpauKOB MOTPEOJIEHUST MOITHOCTH

[Ipu U3BECTHOI aKTUBHOM MaKCUMaJIbHOW MOIIIHOCTH HArpy3ku ( P, ) MOKHO

MepeBeCTH TUIIOBOH Ipaduk B rpaduk Harpy3Kku JaHHOTO MOTPEOUTENS, UCIIONIB3YS
COOTHOIIECHUS JJIs1 KaXK 10U CTYIICHU l“pa(l)HKa:
. n%
100%™
rne N% — opAMHATA COOTBETCTBYIOIIEH CTYIIEHH THIOBOTO Tpaduka, P

cm

(3.1)

aKTHBHASI MOIITHOCTh COOTBETCTBYIONIEH cTynieHu, MBm; P — akTuBHas

max
MaKCHUMAJIbHAsi MOIIIHOCTb HArpy3ku MBm.
Hanee npeoOpazyeM rpaduku MoTpeOIeHUsT aKTUBHOW MOIIHOCTH IO CETH
HH u CH B rpaduku nojgHOM MOITHOCTH.

P
Scm = = ! (32)
CoS
rae S, — TMOoJIHAs MOIIHOCTh COOTBETCTBYIHommieW cryneHu, MB-A; COS¢p —
K03 pUIeHT MOIHOCTH. t,4
Hanpumep 3agansl rpaduku:
v, %
140 100

20 20
T

T

&0 B o et - -
40 40
neTo

s bP— P A= TP 20

4 3 12 16 20 24 tm 48 12 16 20 M 4

a) cetb HH 6) cerb CH
Puc. 3.1 Cyrounsie rpaduku noTpediieHust aKTUBHON MOIIIHOCTH (B % OT
Proc)
ax

JlonmycTuM 3a1aHbI:

P ey =100MBm, cose =0,85
P o =45MBm, cose =0,87
Cornacuao dopmyasi (3.1):
mutst 3uMHero rpaguka Puc. 3.1 a): qutst 3uMHero rpaduka Puc. 3.1 6):
6 = S0% -45=225 MBm; 6 = 0% -100=70 MBm;
100% 100%
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0 0
618 0% -45= 3115 MBm; 612 — 0% -100=90 MBm;
— 100% - 100%
0 0
Pe.o = w -45=45 MBm; P,..= % -100=100 MBm;
100% 100%
0 0
P20+24 = M : 45 = 31’5 MBma F)l4+16 = M ° 100 = 90 MBm,
100% 100%
0
618 = 100% -100=100 MBm;
— 100%
0
18+24 = 7OA) 100 = 70 MBm,
~ 100%
1u1s ieTHero rpaduka Puc. 3.1 a): Ut JieTHero rpaduka Puc. 3.1 6):
0 0
eza = 0% -45=135 MBm; P.,= 00% -100=60 MBm;
100% 100%
0
P, = S0% -100=90 MBm;
100%
60%

18224 — m . 100 = 60 MBm.

Ha ocHoBanuu pacueToB mnOCTpoUM TrpaduKu MOTPeOJCHUs aKTUBHOU

MOIIHOCTH:
F | mer 45 “ 100
3.5 20 =g i
25 - Gl fm ot —— e -
B Y- B0
40
13,5
Il il b Sy il m— 20
4 E] 12 16 20 24tm 4 & 12 16 20 24tmM
a) cetb HH 0) cerb CH

Puc. 3.2 Cyrounsie rpaduky nmoTpedIeHUs] aKTUBHONH MOIITHOCTH

Hanee mnepeBoauMm rpadUKud aKTUBHOM B TpadUKH IMOJHONW MOIIHOCTH.
Cornacuo ¢opmysi (3.2):

mutst 3uMHero rpaguka Puc. 3.1 a): qutst 3uMHero rpaduka Puc. 3.1 6):
So.6 = 220 _ 25,86 MB - 4; S = 0 _ 82,35 MB- A;
0,87 0,85
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315 90

Ses =——=36,2 MB- 4, S, =——=105,88 MB- A,
0,87 0,85
S = o =5172 MB- A =% 11765 MB- A
=0, - 0,85
Sppeas = 315 _ 36,2 MB- A; S 90 _ 105,88 MB - A;
0,87 0,85
1o = 100 =117,65 MB - A,
0,85
70
Sipps = 085 =82,35 MB - A,
mutst ietHero rpaduka Puc. 3.1 a): st netHero rpaduka Puc. 3.1 6):
So.4 = 135 =152 MB- A, Spiy = 0 _ 70,6 MB- A;
087 - 085
Spus = % =10588 MB- A,
ST 06—0 =70,6 MB-A.
Ha ocHOBaHMM pacuyeToB NOCTpOMM TrpaduKu MOTpeOJeHUsT aKTUBHOU
MOTITHOCTH:
S | MB-A 51,7 S| ME-A 117 55
4 sas | | ]
36,2 el FPT i
25 - B ot — e
BT " 70,6
40
15,51
Il ol b i il 20
4 8 1216 20 24tm 4 8 1216 20 24ty
a) cetb HH 0) cerb CH

Puc. 3.3 Cyrtounsie rpaduku NOoTpeOICHUS TOTHOM MOIITHOCTH

3.2 Bb10op cWI0BBIX TPAHC(POPMATOPOB NMOACTAHIUI

Br16op uncia tpanchopmaTopos
Bricokas HameXHOCTh TpaHC(HOPMATOPOB MO3BOJSET OOXOIAUTCS WX
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MUHUMAJIGHBIM PE3EPBUPOBAHUEM M TIOITOMY ISl 3aJaHHBIX YCJIOBHM

BBIOMPAIOT TpaHC(hOPMATOPhI MPeAeIbHON MOIIHOCTH. B mepByto ouepenb

paccMaTpuBalOT BO3MOKHOCTh YCTaHOBKH Tpex(ha3HbIX TpaHCHOPMATOPOB U

TOJIBKO TIPU TPAHCIOPTHBIX OrPaHUYCHHUSIX WJIM TPU  OTCYTCTBHUH

HEOOXOJMMBIX TIO MapaMeTpaM TpeX(a3zHbIX TUIIOPA3MEPOB JOIMYCKAETCS

YCTaHOBKa TPYMNIOBBIX TpaHC(HOPMATOPOB WM JIPOOJIECHUE MOUIHOCTH Ha

HECKOJIbKO TPaHC(HOPMATOPOB.

3HaYuTENIbHbIC YKOHOMUYECKUE TPEUMYIIIECTBA 1al0T aBTOTPaHCHOPMATOPHI,
HO TpPHU UX UCIHOIB30BAaHUU CIEAYyeT IMOMHHUTb, YTO aBTOTPaHC(HOPMATOPHEIC
OOMOTKM HE JOJKHBI TIPUMEHSTBCA B CETAX C H30JUPOBAHHOM WIIH
KOMIIEHCUPOBAaHHOW HEUTPAJIBIO.

JlJis HEe3aBUCHMOIO PETYIUPOBAHUS HANpsHKEHUS HA BHICOKOH CTOPOHE Kak
TpaHChHOPMATOPBI CBSI3W CTAHIMN TaKk M TpaHC(HOPMATOPHI MOJACTAHIIUN JTOHKHBI
umeThb PITH.

Br160p MONIHOCTH U THIIA TPaHCHOPMATOPOB.

Ota npoueaypa COCTOUT U3 TPEX ONepaluil:

- ompeleneHue HauOoJsiee 3arpyKEHHOTO MPOJOJDKUTEIBHOTO pexuma
paboThI TpaHCPOPMATOPOB;

- BIOOp HOMUHAIBHOM MOITHOCTH TPaHC(HOPMATOPOB;

- IPOBEPKA MX HOMUHAIBHON MOIIIHOCTH Ha CUCTEMATUYECKYIO U aBaApUHHYIO
neperpy3ky o I'OCT 14209-85.

Omnpenenenue Hanbosiee 3arpy>KEHHOTO MPOJIODKUTENBHOTO — PEeKUMa
paboTHI.

3HaueHUE MOITHOCTH MEPeTOKa yepe3 TpaHCHOpMAaTOPhl U €€ HaIlpaBlICHUE
OmpeNeNsieTCs B KaXJAOM KOHKPETHOM CIly4ae II0 CTPYKTYpPHOH CXeMme
AJIEKTPOYCTAaHOBKHU.

J1J1st 5TOTO CTPOSITCSI CYTOUYHBIC TPAPUKH JIJISI 3MMHETO U JIETHETO CE30HOB TI0
oTpacisM npoMebluieHHOCTH. [locne dero crpoutcst rpaduk mepeToka MOIIHOCTH
yepe3 TpaHc(hopMaTOphl (CaMblil TSKEITBIA PEKUM).

N nns rpaduka mepeToka pacCUMTHIBAETCS 3HAYCHHE CPETHEKBAAPATUYHOM
MOIITHOCTH:

Sit, +Sit, +...+S%t,

P t,+t, +..+t ’ (33)
LT
rae:  Si, Sy, ..., Sn—3HaUYeHMS HArPY3KHU HA PA3JIMYHBIX CTYIEHSX 33JaHHOTO
rpaduka;
t1, to, ..., th — ATATEABHOCTU DTUX HATPY30K.

['paduiky HArpy30K MpeACTaBICHBI B MHIUBUIyAIBHOM OJTaHKE-3a/IaHUN.

Br160p HOMUHATBHOM MOITHOCTH TPaHCHOPMATOPOB.

HomunanpHast MOIIHOCTH TpaHC(POPMATOPOB  Syovr. BBIOMpAETCS  TIO
CIIPABOYHOM JINTEpAType U3 YCIOBHS:

SCp.KB
SHOM.T. 2 N ) (34)

17



rae: N — 9rciio ycTaHaBIMBaeMbIX TPAHC(HOPMATOPOB;

Ecnu npu oTKIII04EHUN 0JHOTO TpaHchOpMaTopa, OCTABIIMECS HArPYKAIOTCS
CBBIIIIE 2Sy0p 1., MOIIIHOCThH BEIOPAHHBIX TPAaHC(HOPMATOPOB CIIEYET YBEIUUHTh.

[IpoBepka HOMUHAIBHOU MoITHOCTU TpaHchopmaTopos o 'OCT 14209-85.

Meroanueckoe mocoOue U3JI0KEHO B YKAa3aHHOM CTaHAApPTE W UCIOJIb3YET
CIEAYIOIINE TTOHATHS.

Jlonycmumas nepeepysku. PexXyM BBI3BIBAIOIIMKA YCKOPEHHOE CTAPEHUE U
M3HOC M30JISIMH, HA3bIBAETCA Neperpy3kon. Ecim mpu meperpyske temieparypa
HanOoJiee HarpeTod TOYKM B TpaHCHOpMATOpPE HE MPEBOCXOIUT OMACHOTO
3HAQUYEHUS, TO IMEperpy3ka CUMUTAETCs AOMYCTUMOW. JlomycTuMble meperpy3ku
MOJPA3ACIISIFOTCS HA CUCTEMAaTUYECKAE U aBAPUIHBIE.

Cucmemamuyeckue nepezpysku. CO3HATENBHO 3aKJIAJIBIBAIOTCSA B PEXKHUM
SKCIUTyaTaly TpaHchopmaTtopa, HO JENaeTcsl 3TO TaK, YTO B COYECTAHHH C
OCTaJIbHOM HAarpy3Koi M3HOC M3OJISIMU 32 YCTAHOBIIEHHOE BpeMs (CYTKH, MECSII,
rojJl) OCTaeTcss HOMHHAJIBbHBIM. [Ipu TpaBUIBHO BBHIOPAHHBIX CHCTEMATHUYECKHX
neperpy3kax TIOBBIIEHHBIA  HW3HOC HW30JSIUM B NEPUON  MEPETPY3KHU
KOMIIEHCUPYETCSl €€ HEAOWCIOJIb30BAHHEM B NEpUOA HeAorpy3ku. Ilpum stom
MaKcUMasibHas Harpy3ka TpancdopmaTtopa He JT0KHA MPEBhIATh 1,5 Syoy.

Asaputinvie nepecpysku. BBI3pIBAIOT yCKOPEHHBIM HW3HOC W3OJALUU U
JIOITyCKAIOTCA Ha KOPOTKOE BpEMsI B UCKIIOUUTENBHBIX Clydasx. MakcuMmasbHas
Harpy3ka TpaHcpopMaTropa HE MIODKHA TpeBbmath 2,0 Sy, Jlomyctumas
MPOAOJKUTENBHOCTh ABAPUUHON TEPETPYy3KH OMPEAEIACTCS MO NPEACTbHOU
JIOMyCKaeMoW TeMIeparype HauboJjiee HarpeTol TOYKH B TpaHcpopmaTope
(meperpy3Ky CHHUMAlOT, Korja o5Ta Temmeparypa pocturaer 160°C  ms
TpaHc(opMaTOpOB ¢ HOMUHAJIBHBIM HampsikeHueM 10 110 kB BkItOUMTENbHO U
140°C nns manpsoxenus Boime 110 kB).

DKeusanieHmuas memnepamypa okpyxcaroujell cpedsl. TemrepaTrypa Bo3ayxa
HEIPEPHIBHO M3MEHSAETCS, COOTBETCTBEHHO M3MEHSIETCS M TeMIiepaTtypa oOMOTOK
TpaHchopmaTtopa Jaxe MPH IOCTOSTHHOW Harpy3ke. UToObl 3TO BIMSHUE Ha
M30JIALUI0 YYECTh, BBOJAT B pPACUET MOHSATHUE HKBUBAJICHTHOW TEMIIEPATYPHI.
OKBHUBAJIEHTHas TEMIIepaTypa — 3TO HEKOTOpas IOCTOSHHAs TeMIleparypa Ipu
KOTOPOM U3HOC M30JIILMHU MOJIYYaAETCS TAKOW KE KaK B JEUCTBUTEIILHBIX YCIOBHAX
MIPU U3MEHSIOLLICUCS TEMIIEPATYpE.

Ecnu tpancdopmaTop nporyckaeT MNoCTOSHHO HOMUHATIBHYIO MOIITHOCTh MPU
HOMUHAJIBHBIX YCJIOBUSX (HOMHHAJIBHOE HaNpshKEHUE, YacToTa, TeMIeparypa
OKpY’)Karolel cpeabl) TO CPOK €ro CIy>KObl COOTBETCTBYET 3IKOHOMUYECKHU
nenecoobpasnomy. Ho B melicTBUTENnbHOCTH TpaHcpopmaTtopel paboOTarOT B
YCJIOBUSX OTJIMYHBIX OT HOMUHAJIBHBIX, UX HAarpy3Ka U3MEHSETCS] B TCUCHUH CYTOK
U ToJa, TakKK€ HE TOCTOSHHA W TEMIepaTypa OKpYXKaloUled Cpeabl, BCE 3TO
MPUBOJUT K HEPAaBHOMEPHOW BBIpabOTKE pecypca TpaHchopmaropa. Ecnu mpu
BBIOOpE TpaHCchOopMaTopa PyKOBOJICTBOBATHCS TOJIBKO HOMHUHAIBHOW MOITHOCTHIO,
TO OHU OKa3blBAIOTCA HEJOWCIOJIb30BaHbl M MO3TOMY HOPMATHBHBIMU
JIOKYMEHTaMU pa3pelieHbl CUCTEMATUYECKUE MEPETPY3KHU.

Meronuka mipoBepku TpaHchopmaropoB 1o ['OCT 14209 - 85
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pactpoCTpaHseTCs Ha CHJIOBBIE MACJSHBIE TPAaHCPOPMATOPHl C CHUCTEMaMU
oxnaxaenus M, JI, JAIl, II Mommuocthto g0 100 MBA BKIIOUMTEIBHO U
UCIIOJIB3YeTCSl KAk TMpU  TMPOSKTUPOBAHWUU, TaK U TMPU  OSKCILUIyaTalluu
AIEKTPOYCTAHOBOK.

B kypcoBOM MpOEKTUPOBAHMM 3Ta METOAMKA MPUMEHSETCS Uil MPOBEPKU
BBIOPAHHBIX TPAHC(HOPMATOPOB U JUIsI HEE HCIOJIB3YIOTCS CIIEIYIOUIUE UCXOIHbIC
JTAHHBIE:

- HOMHUHAJIbHAS MOIIHOCTh TPAHC(HOPMATOPOB M THUII CHUCTEMBI HUX
OXJIQKICHUS;

- rpaduK Harpy3Ku (MepeToKa MOITHOCTH);

- AKBUBAJICHTHAS TEMIIEPATypa OXJIKIAIOMIEH CPEJIbI.

[IpoBepka HOMHHAJIBHOW MOIIHOCTA TpaHCHOPMATOPOB OCHOBaHA Ha
nmpeo0pa3oBaHUN PeaTbHOTO Tpaduka HArpy3KH B DKBUBAJICHTHBIA IO TEIJIOBOMY
JIEUCTBUIO JIBYXCTyINeHuYaThIil rpaduk (puc 3.4). B mpeoOpazoBaHuM UCIIONB3YIOTCS
cneayrome KodpPUInueHTsl:

K1 = Sss1/Suon— K03 GUITMEHT HaYaIbHOM HATPY3KH;

K2 = S,xe2/Ston — KOIPPHUIIHMEHT TIEPETPY3KH;

Kmax = Smax/ Stion — KO3 QHUIIMEHT MaKCUMAaIBHON HArpy3KH,

DOKBUBAJICHTHBIE MOITHOCTH Syl U Ssy ONpesensitoress mo popmyne (3.3)
COOTBETCTBEHHO JIsi YYaCTKOB HayaJdbHOW HArpy3kd U meperpysku. Ecmu mis
BBIOPAHHOTO TpaHC(opMaTopa 3alaHHbIA rpauK CO3/1a€T HECKOJIbKO YYacCTKOB
MepPeTrpy3KH, TO TPHU OMPEACICHHH YJacTKa CHCTEMAaTHUYECKOW meperpysku t; Ha
3TOM Tpaduke BBHIOMpPAETCS YYaCTOK HAaWOOJNbIIEH MEpPEerpy3Kd, a €Cilu Ha 3TOM
y4acTKe BCTPEYAIOTCS WHTEPBAIBI HArPY3KH MEHBINE Sy, OHU BCE PaBHO HIYT B
pacuer kod3pduumenta K. Ilo Bceil ocranbHON uYacTu rpaduka ompenensercs
kod(punrenT HavanbHoU Harpy3ku Kj. Ilocne pacuera kosaddunmentoB Ki, K
MPOU3BOIUTCS TIPOBEpPKA MPEOOpa3oBaHUSI U TMPU HEOOXOIUMOCTH KOPPEKIIHS
nByxcrynenyatoro rpaduka. Cuurtaercsa, uyto npu Ky>0,9Kn obecrneuena
yIOBIIETBOPUTENbHASI TOYHOCTD IIpeoOpazoBanus, a npu Ky<0,9Kyax mpousBoauTes
KOPPEKTUPOBKA, TO €CTh BMECTO pacueTHOro 3HaueHus K, mnpuHuMaercs
K2=0,9Kax IepecuuThIBacTCS BpeMs Ieperpy3KH.

3arem, 1o mnapameTpaMm TpaHchopMaropa W 3HAYCHHUIO HKBHBAJICHTHOU
rOJIOBOM TeMIiepaTypbl U3 TAOIUI] CHCTEMATHUECKUX MIEPETPY30K OMyOJIMKOBAHHBIX
B [9] BbIOMpaeTcs HeoOXxoaumas Tabnuiia W3 KoTopod mo 3HaueHusM Ki, t;
HaXOJUTCS MPEICTBHO JOMYCTUMBINA KOA(PGUIIUEHT CUCTEMATUICCKOMN Meperpy3Ku
Kanp. Ha ocHOBaHMM 3THX JaHHBIX AETAIOT CIIEIYIOIINE BHIBOIBI.

IIpu  Kyo<K,,, TpaHchopMaToppl MNPUHUMAIOTCS K  YCTaHOBKE B
MIPOCKTUPYEMYIO CTAHIIMIO, @ TIPH HECOOJIFOJCHHHM 3TOTO YCJIOBHS BBIOMPAIOTCS
OOJBIIEH MOILITHOCTH.

Ecnu okazanocs 1,5 < Kyyp < 2,0 1 ipu aTom Ko<Kyyp, Tpanchopmatop Oyner
py 3aJJaHHOM Tpaduke paboTaTh B PSKUME CUCTEMATHUECKOU MePErpy3Ku, HO JIJIs
€ro OKCIUTyatanuu TpeOyeTcss  pas3pellieHue 3aBoja  W3roroButens. B
MPOCKTUPOBAHUH ITOT PEKUM UCKITFOUACTCH.
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Puc.3.4. IIpeoOpa3zoBanue 3a1aHHOTO Tpaduka HArpy3Kku (a) B SKBUBAICHTHBIN
JIBYyXCTyneH4aTsii (0).

t’ k22 .tn

"7 (09-K,,)’ (3:9)

Ecnu npu oTKIIIOUeHHH OAHOTO TpaHchopMaTopa CBsI3U (aBapUIHBIN PEXKIM)
okazanochk Ky>2,0 skcruryaranus TpancopmaTopa He A0MYyCKAETCs.

[Ipu BBIOOpE THIIA CUIIOBOTO TpaHCcPopMaTopa HEOOXOIUMO YUUTHIBATH, YTO
ecn Tpaduk Harpy3ku TpaHcopMaropa HEpPaBHOMEPHBIA, HEOOXOIUMO
NPELyCMOTPETh YCTAaHOBKY pEryJMpoBaHUsl HanpsbkeHus noj Harpyskou (PITH).
[Ipu paBHOMEpHOM TpaduKe HArpy3KH 3TO YCIOBUE HE 0053aTENbHO.

Takxxe npeoOpazoBaHuE 33JaHHOrO rpauka HArpy3Kd B SKBUBAJICHTHBIN
JBYXCTYIIEHYAThId MOXKHO BBIIIOJIHSTH B CJIIEIYIOLIEH NIOCIEA0BATEIBHOCTH:

1. mpoBecTH Ha 3aJaHHOM rpauKe TOPU30HTAIBHYIO JUHHUIO C OpIMHATON
k=1 (Ssom ), T.€. THHHUIO HOMHUHAJIBLHON HATPY3KH;

2. mepeceyeHueM 3TOM JIMHUM C UCXOAHBIM IpaUKOM BBIIEIUTH Y4aCTOK
HauOOJIBIICH TIEPErpy3KH MPOIOKUTEIBHOCTHIO N,

3. OCTaBIIyIOCS YacCTh UCXOJHOTO Tpaduka pa3OuTh HA M HHTEPBAIOB Alj,
UCXO/Is U3 BO3MOXKHOCTH MPOBECTHU JIMHUIO CPEAHEN HATPY3KHU B KAKJIOM UHTEpBaJIe
¥ ONpeJIeNnTh 3Hauenue S/, S, u S/ .

4. ompenenuTh HayaldbHYI0 Harpy3Ky Ki DKBHUBAJICHTHOIO TIpaduka u3
BBIPAKEHUS:

1 |S?At, +S2At
"S At + At

HOM
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Puc. 3.5. JIByxcTyneH4aTbIit CyTOYHBIA TpaduK HArpy3KH.
5. yyactok neperpy3ku h’ Ha ucxoaHOM rpaduke pa3OuTh Ha P HHTEPBAJIOB
Ahj, ucxons W3 BO3MOXXHOCTH TPOBECTU JIMHHUIO CPEJHEH HATrpy3KH B KaKIOM
MHTEpBale, ¥ ONPEeenuTh 3Hadenue S/, S/ u S| .

6. OIpeNeNnTh MPEIBAPUTEILHOEC 3HAYCHUE HArpy3Kn K, SKBHUBaJEHTHOTO
rpaduka Harpy3Ku U3 BHIPAKECHUS:

_ 1 [(SI)ah +(s; ) an,
© S Ah, + Ah,

7. 3aTeM CIIeAyeT CPaBHUTH IPEIBAPUTEILHOIO 3HAa4YeHHs Harpy3ku K, ¢

K. wcxomHoro rpaduka, rae K., =S, /S .
ecrn K, >09K, ,mo=K,/K,
ecmm K, <09K__,mo=K,=09K,
8. MPOIOJKUTENBHOCT IEPETPY3KH CIIELYET CKOPPEKTUPOBATH 110 (GOpMyIIE
KZh
(09K, )

max !

max !

3.3 IIpumep BbIOOpa TPAHC(HOPMATOPOB

BriOpaTh HOMHHAJIBHYIO MOIIHOCTR M THII TpaHchopmaTopa IS
onHotpancopmaropuoit nonmxkarorieit [IC 110/10 kB npeanaznauennoit mist 3C
notpebuTeneit |1l xareropum (LeHTpaNIM30BaHHBIA TpaHCPOPMATOPHBIN pe3epB
NPeIyCMOTPEH) C MakcuManbHOW Harpy3kor P, =10MBm npu cosep=0.8.
DkBUBaJIeHTHas Temreparypa Bozayxa 0= —10 °C 3umoit u =20 °C nerom.

Pemenne: MakcumalibHOE 3HAYE€HWE MOJHOM MOIIHOCTH TNE€peIaBacMOn
yepes Tpancopmarop.

S...=P../cosgp=10/0.8=125MB 4
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Puc 3.6. JIBycTyneH4aThlii CyTOYHBIH
rpauk Harpy3Ku
3uMa: (Harpy3ka Ha Ka)kJI0il CTyleHH)

0
0-6:, = :o g’ .S, =6,25MB-A

6-10: S, =8,75 MB A
10-14: S, =6,25MB A
14-22: S, =125 MB A
22-24: S, =6,25 MB A

Jleto:

0-6: S, =5MB-A
6-10: S, =6,25MB-A
10-14: S; =5MB-A
14-22: S, =75MB-A
22-24: S. =5MB-A
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[IpenBapuTenbHas MOIHOCTH TpaHChopMaTopa:
S =S /K, =125/1,4=89 MB A,

m.npeo
rae K,,— xoaddunuent neperpy3ku Tpanchopmaropa.
Beibupaem tpancdopmatop tuma T/IH-10000/110 S, =10MB -4

1 \/6,252 6+875-4+625 -4+625 .2

1710 6+4+4+2 = 0,69
K. =% 1258 =125;K_ =S _ /S =125
K!=125>09 K. =1125=K, =K, =125
ho KN 12578 =9,9~10u.

(09K ) (09-125)
JIAsT MOMyCTHMBIX CHCTEMAaTHYECKUX IEPerpy30K IO TalOnuIe MpH CHCTEME
oxnaxnaenus [, 0, =-10"C, K, =0,096, h =84 naxomum K,,, =1,39

XJT
K, =139>K, =125
HavanbHas Harpy3ka 3KBUBAJIGHTHOTO CyTOYHOTO JIETHETO rpaduka

1\/52-6+6,252-4+52-4+52~2

= =0,534
10 6+4+4+2
KpaTHOCTb MaKCHUMaJILHOM Harpy3Ku JICTOM
2
K, = 158 0,75
10 8

Jlnst nomycTUMBIX cucteMatndeckux neperpysku npu 0 =20°C, K, =0,534 h =8y

crcteMa oxJaxaeHus Tpanchopmaropa J naxomum K,, =117
K, =0,75<K,, =117

Takum  oOpazom, TpaHcopMaTop  YIOBIETBOPSET  PACUYETHBIM  YCIOBUSIM,
CJIEIOBATEILHO BHIOPAH BEPHO.
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4 BBIBOP CXEM PACIIPEJIEJIMTEJIBHBIX YCTPOVMCTB

4.1. Cxemnl coequanenuii Ha PYBH u PYCH

1
!

HO

Puc. 4.1. bnok “nuHus-
Tpancdopmarop”

1. brox “muaUA-Tpanchopmarop” C
pazpenunutenem (puc. 4.1). Ilpumenstorcs Ha
HanpspkeHuu 35-330 kB. Cxema 3KOHOMHYHA, [TPOCTA,
He ruOka. CyIHOCTh CXEMBbI 3aKJII0YaeTCs B OTKAa3€ OT
YCTAaHOBKH Ha CTOPOHE MOBBIIIEHHOTO HAIPSKEHUS
oTkiIrovaronied anmaparypel. I[lo a3Tol  cxeme

BBIIIOJIHAIOTCA TYIIMKOBBLIC O,ZIHOT'paHC(i)OpMaTOprle
IIC.

2. brox “nunusi-tpancdopmarop” ¢ npegoxpanutenem (puc.4.2). [Ipumensercs

é

Puc. 4.2. bnok “nmuaus-
Tpancdopmarop”

t)

1
ééj
<

Puc. 4.3. bnok “nunus-
TpaHnchopmarop”

Ha HanpsokeHuss 1o 35 kB. CymHoCTh cXeMbl
3aKJII0YAETCS B OTKAa3€ OT YCTAHOBKM Ha CTOPOHE
MOBBIIIEHHOTO HaIpPSKCHUS OTKJIIOYAIOIIEH
annapatrypbl. JIOCTOMHCTBO: cXxemMa 53KOHOMHYHA,
npocTa, Ho He ruOka. [o 3Tol cxeme BBITIOTHSAIOTCS
TYIIUKOBBIE OJIHOTpPaHC(POPMATOPHBIE I1C.
[IpenoxpaHuTesb BHIMOIHAET POJIb 3AUIUIIAIOIIETO U
KOMMYTAllMOHHOTO 3yieMeHTa. HegoctatkoM cxembl
ABJIIETCSI HEOOXOAMMOCTD 3aMEHbI PEJOXPAHUTEIS B
CJIy4yae €ro nNeperopaHuisi U CBSI3aHHBIN 3TUM MEPEPHIB
AIIEKTPOCHAOKEHUS.

3. bunoxk  “nunusg-tpanchopmarop”  C
OTJCIIUTENIEM W KOpPOTKO3aMblKaTenaeM (puc. 4.3).
[Ipumensitor Ha Hampsbkennn 35 - 220 kB.

CylmHOCTh CXEMbl 3aKJII04YaeTcss B OTKaze OT
YCTAHOBKHU Ha CTOPOHE MOBBIIIIEHHOT'O HAMPSKCHUS
OTKJIIOYarouel anmnaparypbl. Cxema 3KOHOMHUYHA,
npocTa (XOTs CJI0KHEE OCTaJbHbIX), HO HE rulKa.
I[To »oTOif cxeMe BBITIOJHSIOTCS  TYIHUKOBBIC
oanotpancdopmatopusie [IC. He pekomenayercs
UCIIOJIb30BaTh TAKYI0 CXEMY Ha KOPOTKUX JIMHHS
BOJIM3U DJICKTPUYECKON CTAHIIUH.
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4. Jlea O5oka ¢ OTACIUTCIAMH U
HEaBTOMATHYECKON MEPEMBIUKON CO CTOPOHBI

(puc.4.4). Cxema IPUMEHSCTCS Ha
Hanpspkenun 35-220 kB. Ilo »Toil cxeme
BBITIOJIHAIOTCS OTBETBUTEJIbHBIC I1C,

IIPUCOEAVHEHHBIE K JIMHUSAM. JlOCTOMHCTBO:
rubkas, sxkoHoMuyHas. HemocTtaTtok - kak B

NPEIBIIYIIEN CXEME.

Puc. 9.4. bnox “nuang-

TpaHnchopmarop”

F Y

L
) )

5. MOCTHK € BBIKJIFOYATEJEM B IIEPEMBIUKE U
OTIEIUTEISIMU B LEMAX TpaHchopmaTopoB
(puc.4.5). [IpumenstoT Ha HanpsikeHUu 35 — 220
kB. Cxema sKOHOMHYHA, MPOCTA, HO HE THOKA.
OtkiroueHue TpaHcpopMaropa 3aTpayuBaeT
oecniepeOoMHOCTh paboThI 1ienu TUHUU. 110 3TOi

= e CXCMC BBIIIOJIHAIOTCA ITPOXOJIHBIC IIC.

Puc.4.5. MocTuk ¢
BBIKJTFOYATEIIEM

6. MOCTHK CIBOEHHBIN C
I OTHEJIUTENIIMHA B LETAX

j Tpanchopmatopos (puc.4.6).
— = H — [MpumenstoT Ha HanpspkeHuu 110

1 [To 3TOii cXeme BBITIOTHSOTCS
¢ TYNUKOBBIE U OTBETBUTEIIHLHBIC
é\_/ (ecnu BO3HMKJIA HEOOXOUMOCTD
MIPUCOETUHEHUS OJTHON
JIOTIOJTHUTEILHOM JIMHUN ).

Puc. 4.6. MocTuk CIBOCHHBIH
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Puc. 4.7. UeTblpexXyTroJbHHUK

—

Puc.4.8. PacuiupeHnHslit
YETBIPEXYTOJIbHUK

26

7. YetrblpexyronbHuk (puc.4.7).
ITpumensitor Ha Hanpsikenus: 220 kB
BBIIIIE. Cxema HYKOHOMHYHA,
MO3BOJISIET TPOU3BOJUTH PEBU3UIO
T000T0 BBIKJTIOYATES 0e3
HapyleHus paboTsl 31emMeHToB. [lo
ATOMU cxeme BBITIOJIHSAIOTCS
npoxonnbie [IC ecnmu B JIuHUAX
npengycmorpena  AlIB.  Moxer
WCIIOJB30BaThCA NPU yCTAaHOBKE Ha
[IC detpipex TpaHCHOPMATOPOB W
MIPY IBYX MUTAIONTUX JTUHUSX.

8. PaclinpeHHbIN YETHIPEXYTOIBHHUK
(puc. 4.8). [IpuMeHsAIOT HA HANPSHKECHUU
220, 330 kB. Cxema »KOHOMMYHA,
MO3BOJISIET  MPOU3BOAUTH  PEBU3HUIO
AH000r0 BBIKIIOYATENsE O€3 HapyIICHHS
paboTel »nemeHTOB. Ilo »9TOM cxeme
BBIIONHAIOTC  npoxonuble [IC, mnpwu
yeTelpex JmHUAX 220-330 kB. u 1aByx
TpaHchOpPMAaTOPOB.



Puc. 4.9. CekunonnpoBaHHas
cucTema IiuH

9. Onna CEKIIMOHUPOBAHHAS
cuctrema muH (puc. 4.9), B KoTOpoi
MIPUMEHSACTCS HE Ooiee 10
npucoeauHenn.  Mcnone3yercss  Ha
HarnpspbkeHue He Boilie 35 kB. OcHoBHOM
HEJIOCTATOK:  TOTEps  T'€HEepaTOPHOM
MOITHOCTH M YacTH JIMHUM Ha BCE BpeMs
pEeMOHTa  CEKIMH  COOpPHBIX  IIHH.
Bo3mosxHa oonee HIUPOKast
aBTOMAaTH3alINs YIpaBJICHUS
BBIKJIFOYATEIISIMH.

10. Onna
CEeKIIMOHMPOBAHHAsl CUCTEMA IITUH

]
W

>—/

P

(puc.4.10) ¢ oOxonHOM cUcTEeMOM
IIAH, C OTACIHUTCISIMH B ICIAX
TpaHchopMaTopoB 51
COBMEIICHHBIMIA CEKIIMOHHBIM M
00XOIHBIM BBIKIIOYATEIISIMU (10
IeCTH PUCOCTUHEHUN ).

1)
é

¢ 00OXOTHOW CUCTEMOI IINH

Cxema ucrionssyercs B y371oBbIx [1C.

1)
é

Puc.4.10. CekiinoHnpoBaHHas cUcTeMa IINH

27

[Ipumenstor Ha HanpskeHnu 110
kB. Ilo3Bomsger npOU3BOIWUTH
3aMEHY JIMHENHBIX
BBIKJIFOUATEJIEH 0€3 OTKIIOYEHUS
caMOil JMHUU. PEeMOHT cekiuu
CBSI3aH C OTKJIOUYEHHEM BCEX
JIMHUHI u OZHOIO
TpaHchopmaropa, ModITOMY TaKue
CXEMbl MOXHO TPUMEHSATH IpHU
MapHbIX JIMHUSX WIA JIMHUSIX
pesepBupyembix ot apyrux IIC.
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Puc. 4.11. CexiinonnpoBaHHas cuctema mH

@L._D_/H

¢ 00XOIHOU CUCTEMOM IIINH

npyrux [1C. Cxema ncnonb3yercs B y31m0Bbix 11C.

H
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Puc. 4.12. CekiiluoHMpOBaHHAsA CUCTEMA IITMH

MY

3

g OTKJIFOUYEHUSA CAaMOU JIMHUU.

C 00OXOTHOU CUCTEMOI IINH

y3n0BbIX [IC.
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11. OgHa ceKuMOHUpPOBAHHAS
CHCTeMa IITUH C 00X0 HOM
CUCTEMOM IIIMH, U
COBMEIICHHBIMU CEKIITMOHHBIM U
00XOJHBIM BEIKITIOYATCIIIMHU
(puc.4.11). [Ipumenstot Ha
Hanpsbkenun 110, 220 xB.
ITo3BosIsIET IPOU3BOAUTH
3aMEHY JINHEWHBIX
BBIKITFOUATEeh 0e3
OTKJIFOUCHHUS CaMOM JIMHUH.
PeMoOHT cekliuu CBsI3aH C
OTKJIIOUCHHUEM BCEX JIMHUU U
OJIHOTO TpaHchopMarTopa,
MIOATOMY TaKH€ CXEMBbI MOXKHO
MIPUMEHATH TIPHU MTAPHBIX JTUHUSIX
WJIW JIMHUSIX PE3EPBUPYEMBIX OT

12. Onna
CEKIIMOHMPOBAHHAS CUCTEMA
IIMH ¢ 00XOIHOM CUCTEMOI
IITMH, U COBMEIIICHHBIMU
CEKITMOHHBIM U 00XOIHBIM
BBIKJTFOUaTE MU (puc.4.12).
[IpumeHsIOT Ha HANPSXKEHUN

110, 220 kB.

ITo3BosII€T IPOU3ZBOAUTH
3aMEHY JINHEWHBIX
BBIKJTIOUaTenei 6e3

PeMOHT ceknuu cBsI3aH ¢
OTKJIFOUEHUEM BCEX JINHUU U
OJIHOTO TpaHcdopmaTopa,
MOATOMY TaKHUE€ CXEMbI MOMKHO
MIPUMEHSTH TIPU TAPHBIX
JIUHUSIX UIW JTUHUSX
PE3EPBUPYEMBIX OT APYTHUX
[IC. Cxema ucnoas3yercs B



13. /IBe paboune CHCTEMBI
muH (puc.4.13) ¢ o0xoaHoU
cucteMor muH (0T ceMH 10
MSATHAANATA  TPUCOCTUHEHUH ).
[IpuMeHSIOT Ha  HampsDKEHUN
110, 220 KkB. Cucrema
peyCMaTPUBACTCS Kor/1a
MUTaHNE HEKOTOPBIX
\1 noTpeduTeNnel Win CBSI3b €

CHUCTEMOM BBITIOJTHEHBI

\ \ \ \l OJIMHOYHBIMU JIMHUSMH WA K€
JIMHUY BBITIOTHSIOTCS TBOWHBIMH,

ﬁi T:E SIBJISTFOTCS 0co00
\_ \_ OTBETCTBEHHBIMH. OTKAa3 MEPBOTO
BBIKJIFOUATEIsT  IPU  aBapuu

MPUBOJUT K OTKJIIOYEHHUIO BCEX

VUCTOYHHUKOB IIUTAaHUS W JIMHHM.
Puc. 4.13. JIBe pabouue CUCTEMBI ILIUH C [oBpexaeHue

00XOJTHOH CHCTEMOM IITHH IIMHOCOETMHUTEILHOTO
BBIKJTFOUaTe sl paBHOLleHHO K3, Ha o0oux cucremax MHH. BobIoe KOJIMYECTBO
omepaluii pa3beAMHUTEISMU TIPU BBIBOJE B PEBU3UI0O UM PEMOHT BBIKIIIOYATENCH
yCHOXHSET KcIutyaranuio PY. Heo6XxoauMocTh yCTaHOBKHM MIMHOCOEAUHUTEIBHOTO,
00XOHOTO BBIKJIIOUATENIC M OOJIBIIIOTO KOJWYECTBA Pa3bEeIUHUTENCH yBEIUYUBACT
3aTpaThl Ha coopyxeHue PY. Cxembl ucnosb3yrorcs B y310Bbix [1C.
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14. JlBe

CEKI[MOHUPOBAHHBIE  CUCTEMBbI

T T T T muH (puc.4.14) ¢ o06xoaHOI

I T11 T T1] [ cucremon IIVH (6onee

L\ h NATHAALATH  TPUCOEAUHEHUN).

- L IIlpuMeHSAOT Ha HaNpsHKEHUU
\% ﬂj \% \% \% i ? \% 110, 220 «xB. Cucrema
T i \ 1 Sl npeaycMaTpuBaeTCs Korja
) E ) - i L TIMTaHHE HEKOTOPBIX
I H 1 noTpeOuTeIe WM CBSI3b C

) L) CHUCTEMOM BBITIOJTHEHBI

ﬁ i OJIMHOYHBIMU JIMHUSMH WJIU Ke

) ju— JIUHUN BBITIOJTHSFOTCS

@ 8 JNIBOMHBIMH, SIBIISIFOTCS  0CO00
OTBETCTBCHHBIMHU. Ortka3

Puc. 4.14. JIBe CEKIIMOHUPOBAHHBIC CUCTEMbBI  [[epBOrO  BBIKJIFOYATENS U
IIUH ¢ 00XOHOM CUCTEMOM IIUH aBapuu IIPUBOAUT K

OTKJIFOYEHHUIO BCEX MCTOYHHKOB
nuTaHus 1 TUHUK. [ToBpexXAeHNe MMHOCOEINHUTEIBHOTO BEIKIOYATENSI PABHOLIEHHO
K3, Ha 06oux cuctemax muH. bosbIoe KOJIMUecTBO onepanuil pa3be AMHUTEISIME MTPH
BBIBOJIE B PEBU3HMI0 M PEMOHT BBIKIIOYATENEH YCIOXKHSIET OSKCILlyatauuio PYVY.
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HeO6XOI[I/IMOCTB YCTaAaHOBKH HIMHOCOCAWMHHUTCIIBHOTO, 06XOI[HOFO BBIKJIIOUATEICH U
OOJIBIIIOr0 KOJWYECTBA paSBGHHHHTCHGﬁ YBCINYNBACT 3aTPAThl HA COOPYKCHHUC PY.

CxeMbl ucnodib3ytores B y3ioBbix [1C.

ARARE
ajelsfal

— )_D_/
— )_D_/
— )_D_/

Puc. 4.15. Tpancdopmatop - LIKHEI C
JIMHUAEH

p—
»
»

’_/'_D_/'__/'_D_/’_T/'_D_/'_‘
._/,_D_/ ,__/,_D_/,_C,_D_/ H_:t

)
Puc. 4.16. TpanchopmaTop - HIHUHBI
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15. Tpanchopmarop - MIHMHBI C
auauert  (puc.4.15). UYepes 1Ba
BBIKJIFOUaTeNsl (0 YeThIpeXx JIMHHM
330-500 xB, u Tpex NpUCcoeIUHECHUEM
npu 750 «B.) IlpumeHnsoT Ha
HaIps>KCHUU 330-750  «xB.
[lo3BosIsIET MPOU3BOAUTL PEMOHT H
PEBU3UIO JIFOOOTO BBIKIIIOUATeNst 0e3
nepepriBa CHa0XKEHUS MOTPEOUTESI.
[Ipocta B oOcayxuBanuu. Cxema
HaJIeKHa, THOKA, HO UMEeT OOoJIbIlee
KOJINYECTBO pa3beIMHUTENEH,
BBIKJIIOUATENIEH, M30JsTOpOB, Ooee
ClHOXHasg KOHCTpykuus PV, uro
MIPUBOJUT K YBEIIMYEHUIO
KaluTaJOBJIOKEHUI Ha COOPYKEHHUE
['PY. CxeMa npuMeHsIETCS B y3JI0BBIX
[1C.

16. TpaunchopmaTop - UIMHBI

(puc.4.16) C MOJIyTOPHBIM
MPUCOEAUHEHUEM JIMHUK (10 IIECTH
auHuit). [TpuMeHsItoT Ha HaNpPsSHKEHUH
330-750 xB. Ilpu OTKIIFOYEHUH OHOTO
BBIKJIFOYATENS] BCE JIPYTrU€ OCTAIOTCA B
pabore. O6manmaer BBICOKOM
HaJIEKHOCTBIO.
Otkmouenue K3 Ha auHMM C AByMS
BBIKJTIOUATEIISIMU TIPUBOJIUT K 00IIIEMy
YBEIIMYECHUIO PEBU3UI BBIKJIIOUATENEH,
yAOpOXXKaHUE KOHCTpyKuui PY mnpu
HEUYETHOM MPUCOETUHEHUH.
YBennueHue KOJIMYECTBA
BBIKJIFOUaTenen B cxeme. (Cxema
npuMeHsieTcst B y370BbIx 11C.
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Puc. 4.17. IlonmyTopHas cxema

L

— —

S

17. TlonmytopHas cxema (BOoceMb U
oosee mnpucoenuuenuil). Ilpumensror Ha
HaIpsHKEHUU 330-750 «kB. Ilpu
OTKJIFOUCHUHM OJITHOTO BBIKJIIOYATENS (pHUC.
4.17) Bce papyrue ocTalTCsi B padore.
Ob6nanaer BBICOKOM HAJIEKHOCTBIO.
Otkmouenue K3 Ha JauHMM C  AByMS
BBIKJTIOUATEISIMA ~ [IPUBOAUT K OO0IIeMy
YBEIIMUEHUIO PEBU3UN  BBIKIIIOUATENCH,
yAOpOXXaHue KOHCTpykuui PY  npu
HEUYETHOM IPUCOCIUHECHUU. Y BEINYCHHE

KOJIMYECTBA BBIKIIIOYATEIEH B  CXEME.
CHIXEeHHE HAJCKHOCTU €CII KOJIMYECTBO
JVHUT HE COOTBETCTBYET YUCITY
TpaHc(hopMaTopoB. Cxema

npuMeHsieTcs B y3510BbIx [1C.
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18. Cxema ¢  1Byms
CUCTEMaMHU IIIMH U C YEThIPbMS
BBIKJIIOUATEIISIMUA Ha TPU LETH
(puc.4.18). Ilpumenstor Ha
Hanpsokeaun  330-500 xB.
CxeMa »HKOHOMHYHEW JBYX

MpeabIAYIINX,
CEKLIMOHUPOBaHUE  COOPHBIX
IIVH TpedyeTcs pu
MSATHAALATH IPUCOCTUHEHHUH 1
oouee, cXemMa  HaJeKHa.
KoncTpyknus OPY o
PacCMOTPEHHOU cXeMe
JIOCTaTOYHAa HSKOHOMHUYHA U
yn00Ha B 00CITy)KMBaHUU.

»

|
[
»

Puc .4.18. Cxema ¢ AByMsI CHCTEMaMH IIKH U C
YEeTHIPHMS BBIKJIIOUATEIISIMUA HA TPH LIETIH

19. Cxemsl mHOroyronsHukoB (Puc.4.19 a,6,8.). Uucno yrioB wiud BepIIuH
MHOTOYTOJIBHUKA ompexaensercs 4uciaoMm nenei. Ilpwu Tpex uUensx(oauH
TpaHchopMaTop U JIBE JIMHUK) UMEET MECTO TPeyroiasHuK (puc.4.19 a), mpu deTbipex
uernsx (aBa TpancopmaTopa U 1B JTMHUM, WIK OJUH TPAaHC(POPMATOP U TPHU JIUHUH)-
YeThIPEXYToJbHUK (pHc. 4.19 0) unu KBapaT U Aajiee COOTBETCTBEHHO NsiTH (puc.4.19
B) U IIECTUYTOJbHUKH.

@urypsl 0oJiee CIOXKHbIE HE TPUMEHSIOTCS, TaK KaK HEJ0CTATKH, CBOMCTBEHHBIE
CXeMaM MHOTOYT'OJBHUKOB, CTAHOBSITCS OCOOCHHO 3aMETHBIMHU IPU YUCIE CTOPOH
MHOT'OYTOJIbHUKA, PABHO TSTH - IIECTH, U TeM 0oJiee MpU AAIbHEHUIIEM YCI0KHEHUH
duryp.

JlocToMHCTBa: Kaxaass Uenb OOCTYKMBAaeTCs JBYMS BBIKIIOYATENSIMHU,
MaHEBPEHHOCTh, THOKOCTh cXeMbl. HegocraTku: HeH30eKHbIE 3HAYUTEIbHBIC
niepenesiku B PY B ciiydae ux pacminpeHus, yCJIO)KHEHUE BTOPUYHBIX TOKOBBIX LETIEH.
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B)

Puc. 4.19. Cxema MHOTOYTOJIbHUKOB
a— cxeMa TPeyroJibHUKa; 0— cCXeMa YeThIPeXyTOJIbHUKA,
B— CXEMa MSTHYTOJIbHHKA.

4.2 CxeMbl OJACTAHIMHA HA HU3LIIEM HANPSKEHUH

Ha ummzmem nanpsbkennun 6-10 kB B TIC mpuMensieTcss CeKIMOHUpPOBaHHAS
CUCTEMa MIMH C pa3lelbHON pabOTOW CEKIMi, OCHOBHBIM HEJIOCTATKOM KOTOPOH
SABJISIETCA MOTEPS] T€HEPATOPHOM MOIIHOCTH M YacTH JIMHUM Ha BCE BPEMs PEMOHTA
CEKIIMH COOPHBIX MIKMH. Tak ke MOTYT OBITh TPUMEHEHBI KOMIUICKTHBIE PY, KoTOpBIC
o0JagaroT MaJIbIMU rabapuTaMu, 6€30MaCHOCTHIO OOCTYKUBAHUS, MAJIOW CTOUMOCTBIO
u 1. 1. [Ipu HeoObxoauMocTr TiIy00KOTro OrpaHUYeHHS YPOBHS TOKOB K3 mpumeHstoTCs
TpaHC(hOPMATOPBl C PACHICIIICHHOM OOMOTKOW, a TaKXe MPOCThIE M CIBOCHHBIC
IPYIIOBBIE PEAKTOPHI B IIeNH TpaHchopMaTopoB. OTXOs1IKE TUHUH, KaK TPABUIIO HE
peaktupytotcsi. Ha I1C cekiimonnbie peaktopbl Mano3()(eKTUBHBI U HE MPUMEHSIOTCS.
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JlomycTuMeblii ypoBeHb TOKOB K3 3aBHUCHUT OT mapaMeTpoB 3JEKTPOOOOPYAOBAHUS a
napamMeTpoB paclpeaenuTenbHol kabenbHo cetn. CHukeHue ypoBHS TOKOB K3
ANEKTPUUECKU OTHANSIET MOTpeOuTeNe OT MCTOYHHUKOB SHEPTUM W MPU MPOUYUX
PaBHBIX YCIOBUAX YXYIIIAET YCIOBUS palOOThl KOMIUIEKCHOM Harpyske mpH
NEPEXOIHBIX IpOolleccax.

[Ipu wamuuum Ha [IC cunxponsbix kommeHncaropoB (CK), mocneanue
BKJIFOUAIOTCSl HEMOCPeCTBEHHO Tociie TpaHchopmaropos. [lyck CK B 3aBucumoctu
OT MOIIHOCTH - TPSIMOM WM pPEaKTOpHbIH. baTapen KOHIEHCATOPOB OOBIYHO
BKitoyatorcs Ha cekuuu PYHH. Jluneitnsle perynupoBoYHBIE TpaHC(HOPMATOPHI
BKJIIOUYAIOTCS MEXIY TPaHC(HOPMATOPOM U PEAKTOPOM.

Tunossie cxemsl [1C mva HH nmpuBenens: Ha puc 4.20. Bonpoc 06 ycranoske CK,
O0ataper KOHJIEHCATOPOB WJIM JIMHEHHBIX PEryJIUPOBOYHBIX TpaHCHOpMaTOpoB
penaeTcsi Ha OCHOBAHMH TEXHUKO-3KOHOMUYECKHUX PACUETOB C yUETOM TPEOOBAHMI K
KaueCTBY 3JIEKTPOIHEPIUH y MOTpeduTeNel, ypoBHel Hanpsikenus Ha ctopone BH T1C
B Pa3JIMYHBIX PEKUMax, ypoBHS TOKOB K3 u T.1I.

CUCTEMA
p
PY BH
CVCTEMA
¢
PY BH

g &

§
@ 6-10 kB @ «o>
=1 T TT

HEIR IR

a) CCKIMOHHMPOBAaHHAA CUCTCMA

—<«{ >
<« P>
—<«{

) CEKIIMOHUPOBaHHAsA CUCTEMA
IITUH Ha JIBE CEKITUU IIIMH Ha YeThIPE CEKIINH

Puc. 4.20. Cxewmsl [IC Ha HM31IEM HANPSKEHUMU.
4.3. Bb100p cxembl 1 TPAHCHOPMATOPOB COOCTBEHHBIX HY K/ MOACTAHIMH

CocraB norpeduteneid coocTBeHHbIX HYXK/ [1C 3aBUCUT OT TuIa MOACTaHIUMI,
MOIITHOCTH TpaHC(OpPMATOPOB, HAIMYMS CHHXPOHHBIX KOMIIEHCATOPOB, THIIA
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a5eKTpoobopynoBaHus. HanmeHnsIiee KonuyecTBO NoTpeduTeseit CoOCTBEHHBIX HY X
Ha TMOJCTAHIUSAX, BBINOJHEHHBIX IO YIPOUIEHHBIM CcXemaM, 0€3 CHHXPOHHBIX
KOMITEHCATOPOB, 0€3 MOCTOSHHOTO JEXKYPCTBAa. DTO— 3JIEKTPOJBUTATENN OOIyBa
TpaHchopMaTopoB, 00OTPEB NMPUBOJIA OTIIETUTENICH U KOPOTKO3aMbIKaTelel, KadoB
KPVH, Taxxe ocBemieHne MOACTaHIINH.

Haunloniee oTBETCTBEHHBIMU MOTPEOUTENSIMU COOCTBEHHBIX HYX ] MOACTAHIIHIMA
ABJISIFOTCS. ONEPATUBHBIEC LEMH, CUCTEMA CBA3U, TEJIEMEXAHUKH, CUCTEMA OXJIAXKICHUS
tpanchopmatopoB u CK, aBapuiiHOE OCBEIICHHE CHCTEMA MTOXKAPOTYIIICHHUS.

MomHoCcTh TOoTpeOuTeNneid COOCTBEHHBIX HYXJ HEBEJIHMKA, I[MO3TOMY OHH
npucoeauHsoTces k cetu 380/220 B, koTopas modydaer mUTaHHE OT MOHMKAIOLIIX
TpanchopmatopoB. Ha Bcex nByx TpanchopMartopHbix moactanmmsx 35-750 kB
ycranaBnuBatotcs ABa TCH. Ha npocrelimux oqHoTpaHCPOPMATOPHBIX MOACTAHIUSIX
MaJIOW MOIIHOCTH ycTaHaBimBaercss onuH TCH m mpemycmaTpuBaeTcsl CKIAACKOMN
pesepB. Ecnu Ha omgHOTpaHchOpMATOPHON MOJCTAHIIMU YCTAHOBIIEH CHUHXPOHHBIM
KOMIIEHCATOP, WJIM BO3JYIIHBIC BBIKIIOYATEIN, WIM TpaHCcHOpMaTOp C CUCTEMOM
oxnmaxnaenus [ wm I, to mpeaycmarpuBarorcss aa TCH, oauH U3 KOTOpBIX
MIPUCOEINHAETCS K MECTHOM cetu 6-35 kB.

Momnocts TCH BbIOMpaeTcst B COOTBETCTBUU C HArpy3KaMU B Pa3HBIX peKUMaX
paboThI MoJCTaHIMHU, HO He OoJiee 630 kB-A.

Pmax C.H
TCH ! (
k, -coso
1€ P cn— MakcHMalbHas MOIIHOCTh Ha COOCTBEHHBIE HYXABI, K,=1,4—
K03 dULIMEHT eperpy3ku Tpanchopmaropa.

220KE
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Puc. 4.21 Cxema niuranusi COOCTBEHHBIX
HY>K]T TTIOJICTAHITUH TTO/ICTAHIIHIA
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5 TEXHUKO-9KOHOMUNYECKOE CPABHEHUE BAPUAHTOB
5.1 TexHUKO-IKOHOMHUYECKHH pacyeT

OdveHb BaXXHO MPUHATH HauOOJIe€ YKOHOMHYHBIA BApUAHT CETU C JIYUIIUMHU
TEXHUKO-DKOHOMHYECKUMHU  TOKazaTesiMU. 711 3TOro  COBEpPIIMM  TEXHHUKO-
DKOHOMMYECKHAN pacyer.

Kanonmdeckast Qopmyna IHCKOHTUPOBAHHBIX 3aTpaT Ha COOPYXKCHHE U
HKCIUTyaTalMI0 Kakoro-nubo oObekTa B TeueHue pacuetrHoro nepuoaa (Tp=10 ner)
UMEET BHI:

3Il = Z(Kcoop t + I/IZt - KJ’[I/IKB t) (1+ E)it ! (51)

rae K HZI_ KaIlIUTAJIOBJIOKCHUSA Ha COOPYIKCHHUC 00BEKTa U CYMMApPHELIC

coop t?

U3JIEPKKHU €ro SKCIUTyaTallu B Tof t, ThIC. pyo.;
K JUKBUJAIMOHHAS (OCTAaTOYHAsi) CTOMMOCTh OOBEKTa HAa MOMEHT

OKOHYaHMs pacdyeTHoro nepuona (t=Tp), TeIC. pyO.;
E— HOpMaTuB AMCKOHTUPOBaHMS (MPUBEIEHUS pa3HOBpeMeHHbIX 3aTtpatr) E=0,1
CyMMapHBbIe HU3AEPKKH HA SKCIUTyaTalUI0 ONPENEIISIOTCS:
Us =U + U (5.2)

OTYHUCIICHUA Ha PCMOHT H O6CJIy}KI/IBaHI/I€ (663 OTYMCJICHUM Ha

JIUKB t

obcir.t not.t !

rne U

obemt

PEHOBAIIHIO), THIC. PYO.;
N ,— U30epKKU Ha BO3MEIIEHUE MTOTEPh AIEKTPOIHEPTHH, THIC. PYO.

B cBoto ouepens U ., Haxonarcs no ¢popmysie:

Hchn.t = (a - apeH) ) K (53)
HHOT.t = AWI'IC ) C ' (54)
CyMMapHasi TUCKOHTHUPOBAaHHASI CTOUMOCTb COOPYKEHHSI 00beKTa

obcn

coop t?

rne K

coop t -
Ha MOMEHT Hayaja ero 3KCIUTyaTalliu, T.€. 3a Mepuo/i cTpoutenbeTBa (t=T.), ThIC. pyO.

8 pery — KOO GUIMEHT OTYNCIICHU HA PEHOBALIHUIO;

a— 00IIMe HOPMBI OTYUCIICHUI OT KaITMTAIIOBIIOKEHUM.
C— croumocts 1 kBT-u 31eKkTposHEpruu, nOpuHUMaeM M0 JaHHbIM AQO
«Mapusnepro» Ha 2006 rog paBasiMu 1,24 py6./kBT-4;
JIukBUIaIMOHHAS] CTOMMOCTh OTIPEIEIISIeTC:
Kt = Kegopt (1=, - T,), (5.5)

rne T, = Tp — T¢,— Bpems 3KcIUTyaTauuu 0ObEKTa JO OKOHYAHMSI PACUETHOTO
nepuona, jiet. (T.=2 roga — CpoK CTpOUTENHCTBA 00OMX BapUAHTOB MOACTAHIINN)
B cootBerctBum (5.1) u (5.2) NUCKOHTUPOBAaHHBIE 3aTPaThl MOTYT OBIThH
MPEACTAJIEHBI B BUJIE CYMMBbI YETHIPEX COCTABIISIFOLINX:
3,=3.0 T3 3 e T3

coop obci JIIKB ot !

3oy =K

coop ~ T “coop!?

TAKB. t

(5.6)
(5.7)
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TP
306cn. = Z(a B apeﬂ) ) I<coop ) (1+ E)_t ; (58)

t=T.+1

3. =K 1-a,,-T,)-A+E)™"; (5.9)

JIHKB coop (

TP
3l'IOT = ZHHOT : (1+ E)_t ; (5'10)
t=Te+1
I[lepBble TpU COCTABIIAIONIUE ONPENEISIIOTCS CTOUMOCTBIO COOPYKEHHSI 00bEKTA.
[ToaTomy ux 1enecoo0pa3sHo OOBEIWHUTH B OOLIMI Mapamerp, MPHUCBOUB €My
YCIIOBHOE Ha3BaHME «KAIUTAJIbHBIE 3aTPaThI»

31< = 3coop + 306cn + 3J‘II/IKB ' (511)
Tor):[a KalluTaJIbHBIC 3anaTBI MOXHO HpCI[CTaBI/ITB B BUJIC:
31< = DaKB ) Kcoop' (512)

D, — 9KBHBaJIEHTHBII JUCKOHTHPYIOIINI MHOXKUTEb, OIPEIENIACTCS KaK
-T,
)' Dp.a. _(1_apeH Ta)(1+E) (513)

Dp 5 — pacueTHbIH TUCKOHTHPYIOMIMKA MHOXHTENb 32 CPOK SKCIUTyaTaIllH 10

D,.=1+(@-a

peH

OKOHYAaHHA PAaCUCTHOTI'O IICpUOaa:

TP
~t
D,. t=;+gl+ E)". (5.14)
Torma OKOHYATENIbHO MTOTYYUM:
3,=Du Kooy T 300 (5.15)
Takum o0pa3oM, npu BeIOOpE HAMIYUIIEro BapuaHTa CJIEAYEeT HCIOJIb30BaTh
KpDUTEpU  MHUHMMYMa CYMMapHbBIX JUCKOHTHUPOBAHHBIX  3aTpaTr, KOTOPBIN
3aIIMChIBAETCS B BUJIE

3, = min. (5.16)

u  QopMupyercs  CIAEAYOIHUM  00pa3oM:  ONTHUMAJIbHOMY  BapHUAHTY
ANEKTPUYECKOM CETM  COOTBETCTBYET HAWMMEHBIIEE 3HAYEHHE CYMMapHbBIX
JVMCKOHTHUPOBAHHBIX 3aTPAT HA €€ COOPYKEHUE U IKCIUTYaTaI[MI0 B TCUEHUE 3aIaHHOTO
pacyeTHOr O MEepUo/Ia.

CyMMapHble KalUTAJIbHBIE BJIOKEHHSI ONPENCIAIOTCA 10 YKPYIMHEHHBIM
CTOMMOCTHBIM TTOKA3aTeNIsIM JIEMEHTOB JICKTPUUECKON CETH.

5.2 KanuranoB/i0sKeHHUs HA COOPYKEHUE MOACTAHIMI

CyMMapHbIe KalMTAIOBIOKEHUS Ha COOPY)KCHHE TIOHWKAIOIIMX ITOACTAHIINN
OIIPCACIIAIOTCA KaK
Kpe = KTp + Kpy s (5-17)

rae K, CTOMMOCTh TpaHCHOPMATOPOB; Kpy— CTOMMOCTh

pacnpenenuTeNbHbIX YCTPOMCTB.
[Ipu ycranoBke Ha I[IC n, onHoTunHBIX TpaHchopmaTtopoB (wiu AT)
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ompuHakoBoit momHoctH K =n K rae K — YKPYHIHEHHBI ITOKA3aTellb

Tp.pacy 2 Tp.pacy

CTOMMOCTH, BKJIIOYAIOIIMNA TIOMHUMO CTOMMOCTH camoro TtpaHcdopmaropa (Kip)

3aTpaThl HA CTPOUTENIbHYIO YaCTh, MOHTAX, OIIIMHOBKY, IIIMHOIIPOBO/IbI, IPO303aILUTY,
3a3eMJIEHHE, KOHTPOJIbHBbIE Kabenu M peneiHyro 3amury. i JByXOOMOTOYHBIX
noHmxkaronux Tpancdopmaropos ¢ PTIH knacca 35-220 kB otnomenue K, . /K

B IMAIIa30HE 3HAYEHUN S ot 16 10 160 MB-A aBisieTCA TOBOJBHO CTAOWIBHBIM U

T.HOM

u3MeHseTcs B npenenax 1,2-1,3, 1.e. B cpeHEM pacyeTHasi CTOMMOCTH ITPEBBIIIACT
CTOMMOCTh COOCTBEHHO TpaHcpopmaTtopa Ha 25%. Jlng ycraHaBIuMBaeMbIX Ha
KpPYMHBIX cUCTeMHbIX noacTanimii B 500-1150 xB Tpexda3zHpix rpymni u3 ogHo(pa3HbIX
AT otHomenue K / K,, ¥UMeer 3HAaYMTEIbHBIN pa3sdpoc W CYLICCTBEHHO

Tp.pacy
OTJIMYAETCSI OT PACCMOTPEHHOTO BBIIIE B OOJIBIIIYIO CTOPOHY, U3MEHSSICh B IMAa30He
or 1,4 1o 1,9.

Jlnst mosydeHust 3Ha4eHUs] YKPYITHEHHOTO MOKa3aTesl CTOMMOCTH Ha TEKYIIUH
MOMEHT HEOOXOAUMO YMHOKHUThH PACYETHYIO CTOMMOCTD B 0a30BbIX IleHax K

Tp.pacu.0a3

Ha COOTBETCTBYIOIIHNKA KO3PPUIMEHT AeIIsIIIUN
=k

Tp.pacy ned ) Tp.pacuy.06a3

(5.18)

ba3oBeie TOKazaTenu cTOMMOCTH TpaHchopMaTopHOTO obopymoBanus 35-220
kB npencrasiens! B Ta6i1.5.1

Tabnuna - 5.1. bazoBbie pacueTHble CTOMMOCTH TpancpopmaTtopoB  35-220
kB ¢ PITH (B nenax 1991 r.)
Usom, kB 3uaueHust Kip pac.6as, THIC. PYO., IPU Sy o, MB-A
6,3 10 16 25 40 63 80 | 100 | 125 | 160
35/10 95 | 100 | 110 | 155 | 220 — — — - —

110/10 | 136 | 148 | 172 | 222 | 292 | 360 | 408 — 440 —
110/35/10| 163 | 189 | 219 | 255 | 320 | 407 | 447 — — —
220/10 — — — — 400 | 505 — 635 — 775

Bropoii KPYITHOM COCTaBJISFOLIEH Knc SIBIISIETCSL CTOUMOCTh
pacnpeaenuTENbHBIX YCTPOUCTB. Ha BHOBb MPOEKTUPYEMBIX MOACTAHIUAX YUCIO PY
0OBIYHO HE TPEBBIIIACT TpeX. B aToM ciydae

Kpy =Kpy gu + Kpy e + Kpy nns (5.19)

rac ciiara€MbIC npaBoﬁ Y4aCThu OTBCYAIOT PaCHpPCACINTCIbHBIM YCTpOﬁCTBaM
BBICIICT'O, CPCAHCTO U HU3MICT'O HAIIPAKCHU .

5.3 U3aep:KKH HA aMOPTH3ALUIO M 00C/IY)KUBaHME MOICTAHIUI

HpI/I TCXHHUKO-D3KOHOMHUYCCKOM  COIIOCTABJICHHMM BapHaHTOB HOI[CTaHI_[I/II‘/JI
CXKCTOAHBIC M3ACPKKH HA aMOPTH3AUIO0 H 06CJ'Iy)KI/IBaHI/Ie QJICMCHTOB CCTH
OIIpCACIIAIOT KaK JOJIIO OT Kal'[I/ITaJ'IOBJ'IO)KeHI/II\/’I, T. €.

Upe =ape - Kye, (5.20)
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rae apc— OOIMMe HOPMBI OTYHCICHHWN OT KanmutanoBioxeHud mius [IC,
CKJIQJIIBAIOIIMECS U3 HOPM aMOPTHU3ALMOHHBIX OTYUCICHUHN a,, U OTYUCICHHUN Ha

TEKYIIHH PEMOHT M OOCTY>KMBAHUE Aopcy
YacTh aMOpPTH3ALMOHHBIX  OTYUCICHUN  HMCHOJB3YETCS IS 3aMEHBI
000py10BaHUS 1O UCTEYCHUHN CPOKA CITY>KOBbI HA HOBOE M HA3BIBACTCS OMUUCIEHUAMU
H4 DpeHo8ayulo apes. BTOpas YacThb 00€CIEeYMBAET BO3MOXHOCTb BBINOJIHEHUS
NEPUOANYECKUX KAlUTaJIbHBIX PEMOHTOB a,. T[akuM o00pa3zoMm, oOm@as HoOpMa

OTYUCJICHUN UMEET TPU COCTABJISIOIINE
A=apey Taxp T Aggen s (5.21)

B Ta6:1.5.2 B KauecTBe WUTFOCTPALIUU TIPECTABIICHBI 3HaUYCHUS (PUTYPUPYIOITUX
B (5.21) cocTaBJISIIOIIMX M CYMMAapHBIX HOPM €XKETOJIHBIX OTYMCICHUM (B IPOIIEHTaX
OT KaIuTaJIOBIIOKEHMIN).

Tabmuua - 5.2. Hopmbl €XEroJHbIX OTYUCIEHUH Ha aMOpTH3alUI0 U
00cITy:KUBaHUE AJIEMEHTOB nojcTaniuuu (%/roxm)
HanmeHoBaHue 351€MEHTOB Apen A p Aoben a

CuioBoe 371eKTpooOopy0BaHNE
¥ KOMMYTAaIlMOHHAs amnmnaparypa
MOJCTAHIIMA  TPU  BBICHIEM

HaIPSHKCHUU:
1o 150 kB 3,5 2,9 3,0 9,4
220 xB u BbIIIE 3,5 2,9 2,0 8,4

OnpenesieHue NOTEPhb IJTEKTPOIHEPTUU B TPaHChopMaTopax.
["otoBBIE TOTEPU PHEPTHUH B JBYXOOMOTOYHOM TpaHchopMaTope, padoTaroIiemM
10 MHOTOCTYIIEHYaTOMY I'pauKy, ONPEAEINISIOT CIeIYyIOUUM 00pa3oM:

2 2
n m .
AW =P_-24(N,+N_)+P_-N > S At 4P N DY i Aty (5.22)
i=1 SHOM =L SHOM
rae: Py, P - moTepu xosmocToro xo1a 1 KOpOTKOTO 3aMbIKaHUs TpaHchopmaTopa,
KkBrT;
N;, N; - unciio pabouux CyTOK B 3MMHEM M JIETHEM CE30HAX;
Si, Sj - Harpy3Ka i-i, |-i cTyneHel COOTBETCTBEHHO 3UMHETO M JIETHETO
rpauKOB Harpy3Ku;
Ati, Atj - IIUTEIBHOCTH CTyNEHEH, 4; N, M-KOJIUYECTBO CTYIICHEH B
3UMHEM U JIETHEM IpaduKax.
st TpeXOOMOTOUYHBIX TpPaHCPOPMATOPOB OMPEIEISAIOT CYTOYHBbIC Tpaduku
HArpy30K Ui KaKI0W OOMOTKHM W 10 HMM PACCUYMTHIBAIOT IMOTEPH OTICIBHO JIS
Ka)KJI0M OOMOTKH:

2 2
n

S_ m S .
AW =P, 24(N, +N,)+Py | N2 = | AN, 3| 5 | Aty |+

i=1 j=1

HOM
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2 2
n

S . m(S .
+P_ | N> S"" At +N D SCVJ At |+

KC J
i=1

HOM = HOM
2 2

m(S .
AN, Y ] A ), (5.23)

]

SH,i
S

PPINY
i=1

HOM A HOM

rjae: Sy, Se, Sy - HArpy3Ku 0OMOTOK BBICIIIETO, CPEAHETO M HU3IIETO HAMPSHKCHUH,
KBT;
P, Pies Pin - moTepm K3 B 0OMOTKa BBICIIEro, CpeaHEro, HU3IIETO
HanpspDKEHUM, KBT:
PKB:O-S(PKB-C+ PKB-H_ PKC-H)!
PKCZO-S(PKC-H+ PKB-C_ PKB-H)J (524)
PKH:O-S(PKB-H+ PKC-H_ PKB-C);
rae: Pigs, Picn, Pxa-c - IOTEPU B 0OMOTKAX TPEXOOMOTOYHOTO TpaHchopmMaTopa
MOJIyYECHHBIC M3 OMBITOB KOPOTKOI'O 3aMbIKaHUSI, C MOMAPHBIM Y4aCTHEM OOMOTOK
BBICIIIETO, CPETHETO, U HU3IIETO HAMPSIKEHHUS.
Ecnu y 3-x 06MoTOYHOTrO aBTOTpaHc(hopmaTopa Ko3(PPUIUMEHTH MOLITHOCTH Ha
BCEX 3-X CTOpPOHAX HAIPSHKEHUS PaBHbI, TO JJIsI pacdyeTa MOTEPh SHEPTHUU MOKHO
BOCIIOJIb30BaThCs (popMyIaMu TpexoomMoTouHoro Tpancopmaropa (5.23) u (5.24).
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6 BBIGOP OTXO/ISIINX JINHUIA
6.1 Bb100p oTX0aAIIMX JJUHUA HA CTOPOHE BbICHIET0 HANPSIKEHUSA

Bb160p oTXOAA1IMX JIMHUN HAa CTOPOHE BBICIIETO HAIPSKEHUSI pACCMOTPUM Ha
CJIEIYIOILEM ITPUMEpE
MakcumanbsHast MomHocTh Ha cropoHe BH: S =179,6 MB:-A, uucino

OTXOJSAUINX OAHOUENMHBIX JUHMA — 2, niuuHa nuauu: 80/130 kM. Breibop cedenus
IIPOBOJAA MPOU3BOAUTCSA METOIOM SKOHOMHYECKOH IIIOTHOCTH.
IIpoaoImKUTENBHOCTD HCTIOJIB30BAHNSI MAKCUMYyMa Harpy3KHu:
m

N,> St +N,>St,
i=1 =1

T,o=— S , (6.1)

rac Si nu Sj — ITIOJIHBIC MOITHOCTHU COOTBCTCTBYIOIIHUX CTyneHeﬁ o cetu BH
~200-(121,7-4+143,6-4+179,6-4+143,6-4+135,7-4+121,7-4) +
H6
179,6
+165-(78,8+89,8-14+788-4)

max

T

=5646,9 u

JIsisl aIFOMMHHUEBBIX TPOBOJIOB OMPEACIACM 3KOHOMHUYECCKYIO IJIOTHOCTD |y =
1A/MM2. TIpeAnonokum, 4To Harpy3ka pacupeesieHa 1o JIMHUSIM PaBHOMEPHO, TOr1a

HOPMAJIBHBIN PaCYETHBIN TOK:
S

I — max , 6.2
H.pacu 2\/_3LJH ( )
3
1980 oas6 4
e 2434220
DKOHOMHUYECKOE CEUECHUE:
|
F.=—"=, (6.3)
JBI\‘
F = 2356 _ 235,6 mm?

9K

[IprHMMaeM IPUOIMKEHHOE CTaHAAPTHOE ceueHue 240 MM? U IpeABapUTEILHO
BbIOMpaeM npoBoa AC-240/32, nomycTumasi TokoBast Harpy3ka |l ,,,=605 4.

[IpoBepky ocymIecTBIsIEM MO AOMYCTUMOMY TOKY B PEXKHUME OOpbIBA OJHOM
uenu JUHUU. [Ipr 3TOM TOK, IPOTEKAIOIIMI 10 OCTABIIEUCS LIENN JIMHUM:

S

Imax :\/_%’ (64)
179,6-10°
= 4713 4
max \/§220

Tk, Imax<lpon, TO oOKOHUaTeNbHO mnpuHUMaeM mnpoBog AC240/32, ¢
CONPOTHUBJICHUEM TOCTOSSHHOMY TOKY 10=0,12 Om/km, ¥W HWHIYKTUBHBIM
conportuBieHueM Xo=0,405 Om/km.
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[IpoBoaa, pacnoyiaraeMble Ha OTKPBITOM BO3AYX€E, [0 TEPMUYECKON CTOMKOCTH
HE MPOBEPSIOTCSL.

6.2 Bb100p OTXOAAIMX JJUHUA HA CTOPOHE CPEeIHEr0 HANPSKEHUs

Br160p oTXOAAIIMX TUHUN HAa CTOPOHE BHICOKOTO HAIPSIKEHUS PACCMOTPUM Ha
CJIEIYIOIIEM TIPUMEPE
MaxkcuMmanbHas monHass MomHocTh Ha cropone CH: S . =109,8 MB-A, tpu

auaun  guHOM 30/15/25 km. BwiOGop cedeHuss mpoBojia MPOM3BOJIUTCS METOJIOM
SKOHOMHMYECKOH IIJIOTHOCTH.
[TpoaomKUTENTHHOCTh UCTIOJIB30BAHMS MaKCUMyMa Harpy3ku 1o (6.1):
T - 200-(65,9-12+87,8-8+109,8-4) +165-(43,9-10+54,9-14) 53346 4
109,8
JI71s1 amrOMHUHUEBBIX MPOBOJIOB OMPEACIIAEM SKOHOMUYECKYIO TIJIOTHOCTh
o= 1 A/mm?,
Hopwmanbhblii pacueTHbIi TOK 10 (6.2):
1098 -10°

| =
e 3.3.35
DKOHOMHUYECKOE CECUCHUE:

=603,7 4

S

9K

IIprHMMaeM NpUOIMKEHHOE cTaHaapTHOE ceuenue 600 mm? U IpeaBapUTEILHO
BeIOMpaeM 1o Tabn. 1-10 [2] mpoBox AC600/72, mormycThMasi TOKOBas Harpyska
l,on=1050 A. ITpoBepKy OCYIIECTBISAEM MO TOMYCTUMOMY TOKY B PEXHME OOpBIBA
OJIHOM 1IeTH JIMHUH, TIPU 3TOM TOK, IPOTEKAIOIIHUM MO OCTaBIIMMCS LienH 1o (6.4):

3
|max:_109’8'10 =905,6 4
24/3-35
Tx. Inax<lpon, TO OKOHUAaTENHLHO mnpuHUMaeM mnpoBog AC600/72, ¢
COTMPOTUBJICHUEM  MOCTOSIHHOMY TOKYy [10=0,05 Owm/km, u HUHIYKTUBHBIM
conpotuBiacHueM Xo=0,403 Om/km.
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7 PACUHET TOKOB KOPOTKOI'O 3AMBIKAHUA
7.1 Metoauka pacdyera TokoB K3

[Ipu BBIMOJHEHUHM KYPCOBBIX M JUIJIOMHBIX MPOEKTOB, pacdyeThl TOkOB K3 u
OCTaTOYHBIX HAIPSHKEHUN MPOBOJATCS IS BEIOOpA anmapaToB, MPOBOJHUKOB, YHCIIA
3a3€MJICHHBIX HEUTpaJel B CHUCTEME, NPOCKTUPOBAHUS W HACTPOMKH DPEINEHHOMN
3allUTBl W aBTOMATHKH, BBISBICHUS  BJIMSHUS ~ BBICOKOBOJIBTHBIX  JIMHUU
ANEKTpONEpEAAYH Ha JIMHUU CBSI3U U APYTUX NPAKTUYECKUX 3a]1a4.

Kopotkum 3ambikanuem (K3) Ha3piBatoT 3aMbikaHue MEexIy pazamu ((ha3HbIMU
IPOBOJHUKAMHM 3JIEKTPOYCTAHOBKH), 3aMblKaHHe (pa3 Ha 3eMJII0 (HyJIEBOM MPOBOA) B
CeTSAX C TIyXo- U 3(PPEeKTUBHO-3a3eMJICHHBIMU HEUTpAIsIMU, a TaKKEe BHUTKOBBIC
3aMbIKaHHS B AJIEKTPUUECKUX MAIINHAX.

JloctarouHo yMeTh omnpefenath Tok TpexdasHoro K3 (K®) B wmere
MOBPEXK/ICHHS, @ B HEKOTOPBIX CIIy4asX — paclpeiesieHne TOKOB B BETBSAX CXEMBI,
HEIMOCPEJICTBEHHO TPUMBIKAIOIMMX K 3ToMy Mecty. Ilpum pacuere omnpenenstor
MEPUOJINYECKYIO0 cocTaBisiolyo Toka K3 |, 11 Hambonee TsKeIoro pexuma
paboThI ceTU. YUeT anepuoAndeCcKOr COCTABIAIONIECH |4y MPON3BOIUT MPUOIHKEHHO,
JOITyCKasl MPU 3TOM, YTO OHAa MMEET MAKCHUMAJIbHOE 3HAUEHHE B paccMaTpUBAEMOM
¢baze.

Bo3nukHoBenue TokoB K3 00ycioBieHa: HapylIeHUEM H3OJSILHUU (CTapeHue
M30JISIIUH, TIPOE3]] MOJ1 JIMHUAMU TNepeiad He rabapuTHBIX TPY30B, MEepeHaIpsiKeHHE,
MEXaHUYECKUE TOBPEXKICHUS IEKTPOOOOPYI0BaHUs, HAOPOC MOCTOPOHHUX TEJ HA
npoBoja JISII; HenpaBUIBLHBIME ASUCTBUSAMU 00CITY>KHBAIOIIETO MTEPCOHAIA.

Pacuer TokoB npu K® BrinonHsror B ciaenyromeM nopsike:

1) mist paccMaTpUBaeMOM YCTAHOBKH COCTABIISIIOT PACUETHYIO CXEMY;

2) TO pacyeTHOW CXeMe COCTABIISIOT AJIEKTPUUYCCKYIO CXEMY 3aMEIICHHS,

3) myTeM TMOCTENEeHHOTO MPeoOpa30BaHUs MPHUBOIAT CXEMY 3aMEIICHUs K
MPOCTOMY BHJIY — TaK, YTOOBI KaXKIbI MCTOYHHMK MUTAHUSI WA TPYyIIa
HMCTOYHUKOB ¢ pesyhbtupytomeit IJC Oputa cBa3ana ¢ Toukoit K3 ognum
CONPOTUBIICHUEM Xpes;

4) omnpenenseM HadaabHOE 3HAUCHUE MEPHOINUECKON cocTaBiistomei Toka K3
(Iho), 3aTem ymapasrii Tok K3 (ly) urnpu He0OX0JMMOCTH — IIEPHOINIECKYIO U
anepuoJuYecKyl0 cocTaBisiomme Toka K3 il 3agaHHOrO MOMEHTa
Bpemenu t (Ine), (lap).

PacuetHast cxema — 3TO OTHOJIMHEWHAS CXEMa JIEKTPOYCTAHOBKHU C YKa3aHUEM

TE€X DJIEMEHTOB M WX MapameTpoB, KOTOpbIE BIUAIOT Ha 3HaueHue TK3 u mosatomy
JOJDKHBl YUUTBHIBATHCSI MPU BBIMOJHEHUHM pacyeToB. PacueTHas cxeMa yCTaHOBKHU
JIOJDKHA OTpakKaThb HOPMAaJbHBIMA pekuM paboThl. Ha pacueTHoil cxeme HaMmeuaroT
pacuetHble Toukr K3 — Tak, 4ToObl anmaparsl ¥ NPOBOAHUKY MOMNaAaiyd B Haubosee
TSDKETIble  yCIIOBUSL paboThl. B cxeme 3amemieHus 3JIE€KTPOMArHUTHBIE CBSI3U
3aMEHSI0TCS dJEKTpUYecKUMU. VICTOUHMKM BBOJAT B cxeMy 3amenieHus kak J/C u
COMPOTHUBJICHUS, OCTaJIbHBIE AEMEHTBhl — Kak conpoTuBieHus. Pacuer TK3 moxHO
BECTH KaK B UIMEHOBAHHBIX, TaK U B OTHOCUTEJBHBIX €IUHUIIAX. B ceTsax n ycTaHOBKax
10 1 xB 00BIYHO MPOU3BOIAT pacyeT B MMEHHOBAHBIX €IMHMIIAX. B ycTraHoBkax
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HanpspkeHueM Oosee 1 kB MPUHATO BCE CONMPOTHBICHHUS KOPOTKO3AMKHYTOM ILIeTH
NPUBOJUTH K 0a3UCHBIM YCIIOBHSM U BBIPAXaTh B 0.€.

[IpeaBaputenbHO  NMpUHMMAaeM  0Oa3WCHYI0  MOIIHOCTh,  OJHM3KYyI0 K
YCTAHOBJIEHHOW MOIIHOCTH TE€HEPATOPOB B PACUETHOM CXEME U OKPYTJECHHYIO 10
nenoro yucia (yanoono 100 wiu 1000 MB-A). 3a 6a3ucHOE NMPUHUMAIOT CpEIHEe
SKCIUTYTAlIMOHHOE HAIPSOKEHUE TOW CTYINEHH, Ha KOTOpod mpeamnonaraercs K3,
COIJIACHO CJIEAYIOLIECH IIKaJe:

3,15; 6,3; 10,5; 13,8; 15,75; 18; 20; 24; 37; 115; 154; 230; 340; 515; 770 xB.

Takum oOpazom, nist kaxaon Touku K3 OyayT cBou Oa3ucHbIe HAPSHDKEHUS U

TOK:
S
|, =—"— (7.1)
[ ]
J3-U,
3/1C cMHXpOHHOW MalIMHBI MOYXHO HAUTH 110 (hopMyIe:
_ " : 2 " H 2
E= \/(UOHOM t IOHOM ) Xd HOM Sin (P) + (IOHOM ) Xd HOM S (P) ! (72)
e Uguon 1 1y, = —> =1 COOTBETCTBEHHO HAIPSHKEHHE HA BHIBOJIAX MAIIHHBI U TOK

HOM
cTatopa B MOMEHT, NpeamecTByommi K3, B 0.e. IpU HOMUHAJIBHBIX YCIIOBUSX.
O6braH0 Ug yon=1, x, — cBepxmepexoanoe comnporusieHue. Ecau 1o K3 Mamussn

d nom

paboTanu B HOPMAJILHOM PEXHME, T.€. C IEPEBO30YKIECHUEM B (DOpMYJie CTAaBUTHCS
3HAK «1», €CIIU C HEJOBO30YKIEHUEM 3HAK «—».
CrnepnoBatenbHO, GopMysa MPUMET BU]L

E=[@%1-x,,, sinp)" + (L x

HMHOT/Ia UCIIOJIB3YIOT 00JIee IPOCTYIO opMyITy:
E=1+1-x,,, -sSing. (7.4)

B COBpeMEHHBIX 3HEPrOCUCTEMAX UMEIOTCS JOCTaTOYHO MOIIHBIE UCTOYHUKHU
(KpymHBI€ 3JIEKTPOCTAHIMH WJIA S3HEPTOCUCTEMBI ), SJIEKTPUUECKU YJaJIeHHbIE OT MeCTa
K3 wnm ot BeTBH, B KOTOPOU omnpeaensiercs Tok. HanpspkeHue B MecTe MOoaKII0UeHUS
TaKOro UICTOYHUKA HEOIPAHUYEHHON MOIIHOCTH ITPAKTUYECKH OCTAETCS HEN3MEHHBIM
nu ero OJIC B OTHOCUTENBHBIX €AWHMUIAX NPUHUMAKOT DPaBHBIMU E€IUHULE, B
MMEHOBAaHHbBIX — HOMUHAJIBLHOMY HAIPsKEHUIO, @ CONPOTUBIICHUE — PABHBIM HYJIIO.

Jiist Gosiee OM3KO PACcOIOKEHHBIX HCTOYHUKOB MHOTIa OTCYTCTBYIOT JAHHBIE
O CONPOTHUBJICHUAX, HO U3BECTHBI TOK I HMJIM MOIIHOCTD S, KOPOTKOTO 3aMbIKaHHS B

cetu. B atom ci1y4dac COIPOTHUBIICHUC HAXOIAT 110 BEIPAXKCHHUAM

. Cos@)?, (7.3)

d nom

7.2 PacyeTHble BbIPa:KeHHUS [JIS ONpeJe/ieHHs] NMPUBEJIEHHbIX 3HAYEHUI
CONPOTHUBJICHUH.

—JIro6asi CHHXpOHHAs WM ACHHXPOHHAsI MalllMHA, 0000IICHHAs HArpy3Ka:

Wcxonnerii mapamerp: Xx,S,,,,
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2
n U
B nmenoBaHHbIX equHUIIaX: X = Xu —2M

HOM

. S
B otHOCUTENBHBIX enuHUIaX: X, = X« 6

HOM

—Tpancdopmarop:
Ucxonnbii mapamerp: U, o, S

—
U U,

100 S, ...
UK,% 86
100 S,

Tp.HOM

B nMeHOBaHHBIX CAMHUIIAX: er =

B oTHOCUTENBHBIX €IUHALIAX: XTp* =

—JIByX0OMOTOYHBIN TpaHCHOPMATOP C PACIICTUICHHBIMA OOMOTKAMMU:
Wcxonnsrnii napametp: U , .,
B nMeHOBaHHBIX €IMHULIAX:

2
X _ UK.B—H% . UHOM
B-H — y

100 S rp.som
Xp=0125X

B oTHOCHUTENIBHBIX CIMHHUIIAX:

U

X — x.B—H%
100
Xpge =0125X ..,

Xy = X =L75X .

—TpexoOMOTOUHBIN TPaHCHOPMATOP HIIM aBTOTPAHCPOPMATOP:

I/ICXO'HHI’IH HapaMeTp' U K.B-H% U k.B-C% ! U k.C-H%? STp.HOM !

B nmeHOBaHHBIX CAUHUIIax:

S
XB* = 0,005 . (UK.B—H% + UK.B—C% + UKC—H%) . o )
TP.HOM
U2
Xex =0,005-(Uyg_cop +Uiconos + YUipnm) S =
Tp.HOM
U2
HOM
Xyx =0,005- (U g 1o + Urconoe + Up_co) s
Tp.HOM

B oTHOCUTENIBHBIX CAMHUIax:
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Xgx =0,005- (U, 5 o6 + Ures_cos + Urommios) =

Xc* =0,005- (UK.B—C% + U1<.C—H% + UK.B—H%) P

S
Xy =0,005- (U g_pop + Uicno + YUin-co ‘8—6'

—Peakrop:
Hcxomnsiil napamerp: Xp , Up , Ip_HOM,
Uy
B nMeHOBaHHBIX eAUHHUIIAX: X= X, >
UHOM
Sg s - U p

B otHOCHTENBHBIX equHAIIAX: X« = Xp — Xu = Xp e ——

6 IpHOM ) U6

—Bo3ayuinas win kabenbHast JIUHUS:

Ucxonnbiii mapamerp: X, |

2
U
B nuMeHOBaHHBIX eqUHUIIAX: X = XYHI -%,
U op
Se
B oTHOCUTENBHEBIX enuHAIIAX: Xx = Xyﬂ —
Us
—2Heprocucrema:
a) npu u3BecTHOM Toke K3
Wcxonneni napamerp: |,
U2
B uMeHOBaHHBIX eAUHULIAX: X — o0
V31 Ug
Se

B otHOCUTENBHBIX eqUHALIAX: Xy = ——.
V341 Ug

0) npu u3BecTHOM MoiHocTU K3

Hcxonnsblii mapametp: S,

2

B nMeHOBaHHBIX eaMHUIAX: X = — %

K

S
B OTHOCHTENBHBIX eUHHIAX: Xy = —2

K

B) IIPU U3BECTHON MOILHOCTH U COITPOTUBIICHUS] CUCTEMBI

Hcxonnslil mapamerp: X.,S, oy,
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2
U
B umeHoBanHbIX equHumax: X =X, —

S

HOM

S
B ornHocurenbHbIX equaunax: X, =X, 6
S

HOMUHAQJIBHBIE MOIIHOCTH 3JIEMEHTOB (TeHepaTopa,

HOM

[Mpumeuanune: S

HOM

TpanchopmaTopa, sHeprocuctemsl), MB-A; S, — 6a30Basi MOIIHOCTh, S — MOIIHOCTH
K.3. sHeprocuctembl, MB-A; | — TOK KOpPOTKOTO 3aMbIKaHHUSI CHUCTEMBI, KA; X —
OTHOCUTEJIbHOE HOMHHAJIBHOE COIPOTHBIIEHUE dHeprocucreMsl; U — HampspkeHue
KOPOTKOIO 3ambIKanus Tpancdopmaropa kB; |, — 6a3osbiii ToK, KA; U _— cpennee

HaIIPpsZKCHHUC B MCCTC JaHHOI'O 3JICMCHTA, KB.

7.3 IIpeoOpa3oBaHue  JJIEKTPUYECKHX CXeM M  OIpedeieHue
Pe3yJbTHPYIOIIMX OTHOCUTEIbHBIX CONPOTUBJIEHNH

ConpoTUBICHUS 3JIEMEHTOB CXEMBI, NMPUBEACHHBIE K Oa3MCHBIM YCIOBHSM,
HAHOCAT Ha CXeMy 3aMemieHus. [ 3TOro KaKAblil JEMEHT B CXEME 3aMEIICHHS
0003HaYaOT ApPOOBI0: B YHCIUTEIE CTAaBAT MOPSAKOBBIA HOMEp 3JCMEHTa, a B
3HaMEHAaTeJIe — 3HAYCHHEC OTHOCHUTEIIBHOIO HMHIYKTHBHOTO CONpOTHBICHUA. Jlajee
HEOOXOJIMMO ONPEACITUTh PE3YJIbTHPYIOIIEE COMPOTHBICHUE Xpes B IETH KOPOTKOTO
3aMBIKaHus 11 JaHHOH Touky K3 myTeM mocTeneHHoro npeoopa3oBaHue CXEMBI.

Bo3MoxHBI clieayrompe mpeoodpa3oBaHus CXEMBI.

3aMeHa HECKOJIBKHX COMPOTHUBIICHUH, COCAMHEHHBIX IIOCICA0BATEIBHO,
DKBHBAJIEHTHBIM:

X, =X, +XxX,+.+x, (7.5)

3ameHa HECKOJIbBKHUX COIIPOTHUBJICHUC, COCAMHCHHBIX napaujicCjibHO,
OKBHUBAJICHTHBIM:

i:i+i+...+i (7.6)
X X X X

* %] *2 *N

CoenuHenue 3B€3/10M ¢ OTHOCUTEIBHBIMUA CONPOTUBIICHUSAMU Jy4el X, X,,,X,,

(puc. 7.1) MOkeT ObITh 3aMEHEHO HYKBUBAJICHTHBIM COCAMHEHUEM B TPEYTOJIBHHUK IO
dhopmynam

_ x*l : x*Z .
X3
X, X
— *] *3
Xya =Xy 4 4 (7.7)
*2
- X

—x 4y 42X
X w3 — X 2 X 3 .
X*l
[Ipu mpeoOpa3oBaHWU TPEYroJbHHKA OTHOCHUTEIBHBIX COMPOTHUBICHUN B

HKBUBAJICHTHYIO 3BE3/y MOJIB3YIOTCS (DOPMYIIOi:
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(7.8)

Puc. 7.1 [IpeoOpa3zoBaHue 3Be€3/1bl COMMPOTUBIICHUIN B TPEYTOJIBHUK
1 oOpaTHOE Mpeodpa3zoBaHUE.

[Ipy pa3HOTHUITHBIX MCTOYHHMKAX MOXKHO BBIYMCIHTHL pe3yiabTupyromyo DJIC:
JUIs1 CXEeMBI Ha puc. 7.2.

E, E,
— x*l x*2

E*peg - 1 i ) (7'9)
Xa X

*pes

Puc. 7.2. Cxema nis pacdeta TokoB K3 ¢ ucTouHHKaMH,

CBsi3aHHBIMM ¢ ToukoM K3 HemocpeacTBeHHO.

[Tocne mpeoOpa3oBaHusT CXEMBI W  HAXOXKACHUS  PE3YIbTUPYIOIIETO

CONIPOTHBJICHUS ONPEACIIAIOT HavyallbHOC 3HAYCHUE NMEPUOJIMYECKON COCTaBIISIOIICH
Toka K3:

| o=—1, (7.10)
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rae ls — 0asucHslil Tok, onpenensieMbil npu Us B Touke K3. /lanee onpenensiem
ynapubsiid Tok K3:
|, =x 21, (7.11)
-0,01
k =1+e’ (7.12)
y
rae K, — ynapueiid kosddunuent; 7, — 3HaYeHHE TMOCTOSHHON BPEMEHH 3aTyXaHUs
anepuoau4YecKol cocrapiraronieil Toka K3.
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8 PACYET KABEJIbHOM CETH HU3IIET O HAITIPSI)KEHU S
8.1 Bvibop mapku u ceuenus kavens ons PI1

Kabenu mmpoko npuMeHsIoTcs B 3nekTpoycranoBkax. [lotpebutenu 6-10 kB,
KaK MpaBWiO, MOJYyYarOT IUTaHWE IO KaOeIbHBIM JIMHUAM, KOTOpBIE CHayaia
MPOKJIA/IBIBAIOTCS B KAOEJbHBIX TYHHEIIAX B PACIPeIeIUTEILHOM YCTPOMCTBE, a 3aTEM
B TpaHuIesX, B 3emie. s mpucoenuHeHuss NOTpeOuTeNneld COOCTBEHHBIX HYX]
AJEKTPOCTAHLIMN M MOACTAHIUN K COOTBETCTBYIOLIUM LIMHAM TaKK€ HUCIIOIb3YIOTCS
kabemu 6 u 0,4 xB. UYtoObl o0ecrneunTh TOXKapHYH 0€30MacHOCTh B
IPOU3BOJCTBEHHBIX MMOMEIIECHUAX PEKOMEHAYETCS NMPUMEHATh KaOenu, y KOTOPbIX
U30JI111s, 000JI04Ka U TOKPOBBI BHINOJIHEHBI U3 HEBOCIIJIAMEHSIOIINXCSL MATEPUAJIOB,
HallpUMEp M3 CaMO3aTyXalollero IOJMATWICHA WIM IOJUBUHWIXJIOPUIHOTO
IJJACTUKATA.

KabGenmu BpIOMparoTCs MO HANPSHKEHUIO YCTAHOBKH, MO KOHCTPYKLHMH, IO
DKOHOMMYECKOM IJIOTHOCTH TOKA U AOIIYCTUMOMY TOKY.

Jlns BbIOOpa JMHEMHBIX PEAKTOPOB HEOOXOAMMO 3HATh TOKU TEPMHUYECKOUN
CTOMKOCTH OTXOJIAIIUX KaOene.

[To cyrounomy rpaduky norpednenus momuoctu no cetu HH onpenensiercs
BpEMsSI MAKCUMAJBHBIX NOTEPD Tmax

N;> Sit, +N, > St
T =—— S = (8.1)

max

Hanee Haxogum mno IIYD nmna kabenmedt ¢ OyMakHOM M30IsAUMEN U
ATFOMUHUEBBIMU JKAJIAMUA YKOHOMHYECKYIO IJIOTHOCTh TOKa J .

[Tutanue PII ocymecTBisercs mo AByM MapajijieIbHbIM KaOETbHBIM JIMHUSIM
YJIOKEHHBIM B OJTHOM TpaHiliee (paccTosiHue B CBETY Mex 1y kademsimu 100 mm).
Omnpenensiercs TOK HOPMAJIBHOTO PEKUMa!

Prax . (8.2)

| =
HOpM ’
2+/3-U,  -coso
HauGonpmmii paGounii TOK HMEET MECTO MNpU OTKIOYEHUH OJHOM H3
napajuieIbHbIX JTUHUI:

| 21 (8.3)

pa6.HO = HOpM

DKOHOMHUUYECKOE CCUCHUE:

|
F = 8.4
=] (8.4)

3ateMm 1o [1YD BeIOMpaem kaberb.
Jliis kabGeneit JOMKHO BBITIOIHATHCS CIEAYIONIEe COOTHOIICHNUE:

ow Ko - Ky Ky 21

Ao

(8.5)

pab6.n6 !
r1e Knep — KO GUIMEHT aBapUITHO Meperpy3Ku;
Kg — monpaBouHbIil KOXQPHUIIUEHT HA TEMIIEPATYPY OKPYKAIOIIEH CPEIIbI:
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9 -9
k _ HPOJL. 0T OKp 8 . 6
e (8.6)

PO, IO OKp.HOM

Kn — orrpaBo9HBIH KO GUIMEHT Ha YHCII0 KaOelnel B TpaHIiee
OnpeaeseHue TOKa TEPMUYECKON CTOMKOCTHA Ka0eJsl.

C-F

| =— " 8.7
mepm m ( )
t =t +t (8.8)

ome = Lpa Tl
rae: t,, — Bpems cpabaTbiBaHus peneiHon 3amuThl (t,; =0,7 c);
to5. — BpEMS OTKJIIOUECHUS BBIKIIIOYATEIIS;
T, — 3HaUYeHHWE TIOCTOSIHHOM BPEMEHHM 3aTyXaHUs anepuoIuYeCKON
cocTasisroniei Toka K3;
C — xoaddunueHT TepMUUecKol CTOMKOCTH (i Kabenel ¢ OyMakHOU
msonsuei u AC xunamu pasen 90 A-cV2/mm?).
Ecnu Tok TepMuueckod cToMkocTh MeHblne Toka K3 nHa mmuax HH,
cle0BaTeIbHO, Kabenu OyayT TepMHUECKH HeCTOMkM K TokaM K3, 3HauuT, ecTh
HEOOXOJIMMOCTh B YCTAaHOBKE JINHEHHBIX PEAKTOPOB.

8.2 CnocoObI orpaHuYeHrsi TOKOB KOPOTKOI0 3aMbIKAHUS

B MOMIHBIX 3IEKTPOYCTAaHOBKAX M MHUTAEMBIX HMH JJEKTPOCETIX TOKHU
KOPOTKOTO 3aMBIKaHHWsI MOTYT JOCTUTAaTh OOJNBIINX BEIWYMH, YTO MPUBOIUT K
3aBBIIIICHUIO CEUYCHHMS] MPOBOJAHMKOB W  YTSIKEIEHHIO JIIEKTPOOOOPYIOBAHMS.
[Ipumenenne >MeKTpOOOOPYAOBaHUS W TMPOBOJHUKOB, PACCUMTAHHBIX Ha OOJIBIINE
TOKM KOPOTKOTO 3aMbIKaHMs, MPUBOAMT K 3HAYUTEIBHOMY 3aBBIIICHUIO 3aTpar.
[TosToMy B MONIHBIX AJIEKTPOYCTAHOBKaX NPUMEHSIOT HCKYCCTBEHHbBIE MeEphI
OTPaHUYEHUS] TOKOB KOPOTKOTO 3aMbIKaHHs, YE€M JIOCTMTaeTcsi BO3MOXKHOCTb
npuUMeHeHus: 0osiee JEHIeBOTO AJIEKTPOoOO0OpyAOBaHUsS: 0oyiee JIETKMX THIIOB
AJIEKTPOANIIAPAaTOB, TOKOBEAYIINX YaCTEH MEHBILINX CEUCHUM.

OcHoBHbIE CIOCOOBI OrPaHUYEHUS TOKOB KOPOTKOTO 3aMbIKAHMS:

- pasnenbHas paboTa TpaHCPOPMATOPOB U MUTAIOIINUX JIMHHM;

- [pPUMEHEHHE TPaHCPOPMATOPOB C PACIICTTIEHHBIMU OOMOTKAMU;

- TIPUMEHEHHE PEeaKTOPOB.

Br16op TOrO MM MHOTO CrOc00a OrpaHUYCHHS] TOKOB KOPOTKOTO 3aMbIKAHUS
OTIPEIETSCTCS MECTHBIMH YCIIOBHSIMH KOHKPETHOW 3JIEKTPOYCTAHOBKH M TEXHHKO-
HYKOHOMUYECKUM COTIOCTABJIICHHEM BAPHAHTOB.

PaznenpHas paborta TpaHchOpMaTOPOB M MATAIONIUX JTUHHUM.

Paznenbhast pabota TpaHC(HOPMATOPOB U MUTAIONIUX JTUHUHN, PU Sc= o0, X=0,
o3BOJIsSIET CHU3UTH TOK K3 B 2 pa3a:

Heo0OxoaumMo OTMETHTH, YTO MOIIHOCTH TPaHC(HOPMATOPOB U MPOMyCKHAas
CIIOCOOHOCTh KXKIOW JIMHUHU, C YYETOM BO3MOXHOW Meperpys3ku, J0JKHA ObITh
JOCTaTOYHO JJIsi THTaHUS TIOJHOM Harpy3ku O3JIeKTpoycTaHOBKH. C  1enbio
oOecnieueHus OecrepeOOMHOTro MUTaHUS MOTPEOUTENEH Ha CEKIIMOHHOM BBIKIIIOUATEINE
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MpeaycMaTpUBAETCSl yCTAHOBKA aBTOMAaTUYECKOTO BBo/1a pe3epna (ABP).

[IpumeHeHure TpaHcHOPMATOPOB € PACHICTNIEHHBIMU OOMOTKaMHU.

[Ipumenenue TpaHchOpMaTOPOB C pacIICIVICHHBIMU OOMOTKaMHU U pa3/ieIbHOM
pabote 0OMOTOK Hu3IIero HanpsokeHus. ComnpoTUBIEHUE OOMOTKH HM3IIETO
HampspkeHust (Xy) B 2 pa3a Oojbllle  WMHIYKTUBHOCTH  CONPOTHUBIICHUS
IBYyX0OMOTOYHOTO TpaHchopMmaropa 0e3 paciieruieHus: oOMOoTok. [loatoMy, npu Sc=
o0, Xc=0 u pacmerieHn oOMoToK Tok K3 Ha cCTOpoHE HU3IIEr0 HAIPSIKEHHS] MOXKHO
CHH3UTH B 2 paza.

[IpriMeHEHUE PEAKTOPOB.

Bo Bcex ayekTpoycTaHOBKax MPU PACCMOTPEHUH BOTIPOCA OTPAHUYEHUS TOKOB
K3 © HEynoBIETBOPHUTEIBHBIX pe3yJdbTaTaX PACCMOTPEHHBIX BHINIE CIOCOOOB
BO3HHMKAET HEOOXOAMMOCTh  BKIIIOUCHHE  JIOMOJHUTEIBHBIX  CONPOTHBICHHUMA
(peaxTopoB).

PeakTop xapakrepusyercs:

-  HOMHHAJIBHBIM TOKOM (|

p.HOM.)

- HOMMHAJBHBIM HanpskenuneM (U )

- MHIYKTHBHEIM conpoTusieHueM (X ,%)
AKTHBHOE CONPOTHUBIICHUE PEAKTOPA HE3HAYUTEIBHO, MTOATOMY IPHU pacyeTax
TokoB K3 ero He yUUTHIBAIOT.

Br100p peakTOpoOB.

Bce peakTopbl BBHIOMpAIOTCS 1O HOMUHAIBHOMY  HANpPsDKCHHUIO,  I10
HOMMHAJIbHOMY TOKY U MHIYKTUBHOMY COITPOTHBIIEHUIO.

Homunanvnoe nanpsiowcenue BbIOMpaeM B COOTBETCTBUUM C HOMHHAIBHBIM
HanpsDKEHWEM yCTaHOBKHU. [Ipu 3TOM mnpeamonaraercs, 4TO pPEaKkTOpPbl JOJLKHBI
JUTUTEIBHO BBIJICP’KUBATh MaKCUMAJIbHBIC pa0ovre HANIPSAKEHUS.

Homunanvuwiii mox peaktopa (BETBU CIBOCHHOTO PEAKTOpPa) HEIIOHKEH OBITh
MEHBIIIE MAaKCUMaJIBLHOTO JUIUTEILHOTO TOKA HArPy3KH 1IEMH, B KOTOPYIO OH BKJIFOYEH:

| > (8.9)

HOM Max

JUiss UHHBIX ~ (CEKIMOHHBIX) PEAKTOPOB HOMHMHAJIBHBIA TOK JIOJDKEH
COOTBETCTBOBATh MOILHOCTH, NEPEIABAEMON OT CEKLUUU K CEKUMHU IIPU HAPYLICHUU
HOPMAaJIbHOTO PEXUMA.

OOBIYHO MPUHUMAIOT:

| >(0,6+0,7)l (8.10)

HOM.T !
T7A€ lyonr — HOMUHAJIBHBIA TOK T€HEpaTOpa.

Hnoyxmuenoe conpomueénenue peakTopa ONPENEISIIOT, MUCXOIs W3 YCIOBHUU
orpannuenus Toka K3 mo 3amaHHoro ypoBHs. B OoOJIbIIMHCTBE Cily4aeB YpOBEHb
orpanuuenuss Toka K3 omnpenensercs N0 KOMMYTAIlMOHHOM  CHOCOOHOCTHU
BBIKJIFOYATEJIEN, HAMEYAEMBIX K YCTAHOBKE WJIM YCTAHOBJIEHHBIX B JTAHHOW TOYKE CETH.
Kak mnpaBuino, nepBoHa4aJbHO H3BECTHO HAYAJIbHOE 3HAYCHHE IEPUOANYECKOU
cocrasistoweit Toka K3 1, KoTOpoe ¢ moMoIibio peakropa HE0OX0IUMO YMEHBIINUTD
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710 TpeOyeMOoro ypOBHSI.

PaccMoTpuM  TOpSIIOK  ONpEAENiCHHUs] CONMPOTUBJICHUS WHIUWBUIYAIBHOTO
peaktopa. Tpebyercsa orpannuuth Tok K3 Tak, 4T00bI MOKHO OBUIO B JJAHHOU IeNH
YCTAaHOBUTH BBIKIIOYATEIh C HOMUHAIBHBIM TOKOM OTKITFOUEHUS | oy o (IEHCTBYIOIIIEE
3HAYEHUE MEPUOIUYECKON COCTABIISIIONIEH TOKA OTKIIIOUESHMS )

[To 3Ha4eHUIO lyjop.0r OTIPEACISICTCS 3HAUCHUE TIEPHOIUUSCKON COCTABIIAIOINICH
toka K3, mnpu xortopom oOecrnieurBaeTcsl KOMMYTAIlMOHHAs CIHOCOOHOCTH
BBIKJIIOYATeNs. [ ynmpomeHust 00bIMHO IPUHUMAIOT lio mpes = luom.orx

PesynbeTupyromee conporusienre [OM] B nenu K3 1o ycTaHOBKH peakTopa
MO>KHO OIPENICIHUTh [0 BHIPAKECHHUIO:
U

X oy = 8.11
© =l (8.11)

Tpebyemoe conporusnenue nenu K3 nus odecnedeHus luompes

X o 6.12)
pe3 \/§| .

PazHocTth IMOJIYYCHHBIX 3HAYCHUM COHpOTHBJ’IGHHﬁ JacT Tpe6yeMoe
COIIPOTHUBJICHUC PCAKTOPA

10.71peb.

X9 = X X (8.13)

pes pe3

Jlanee 1o KaTajaoKHBIM U CIIPABOYHBIM MAaTE€PUATIOM BHIOUPAIOT THUIT PEAKTOPA C
OJIKaUIITIM OOJTBIITMM UHIYKTUBHBIM COITPOTHUBIICHUEM.

dakTryeckoe 3HaucHUE Toka pu K3 3a peakTopoM ONpeAeIIOT CACAYIOIMHM
obpazom:

BBIYUCIISIETCS] 3HAUEHUE PE3YJIBTUPYIOLIETO conpoTuBiaeHus enu K3 ¢ yuetom
peakropa:

Xoeo =Xy = X, (8.14)

a 3aTeM, ONpeAeIsIeTCs HauaJIbHOE 3HAUCHHUE IEPUOANYECKOM cocTaBisitoniei Toka K3:
U

| =—", (8.15)

mno \/§X

pe3

AHAJIOTHYHO BBIOMPAEMOE COMPOTHBIICHHE TPYIITOBBIX U CIOCHHBIX
PEaKTOpPOB.

BriOpanHbiii peakTop cleayeT MPOBEPUTh HA DJIEKTPOJAMHAMHYECKYIO CTOMKOCTH W
TEPMHUYECKYIO0 CTOMKOCTh IPU MPOTEKAaHNU yepe3 Hero Toka K3.

DNeKTpoAMHAMUYECKasi CTOMKOCTh peaKTopa rapaHTHUPYeTCs MPU COOJIIOICHUH
CJIEYIOLIETO YCIOBHUSA:

i > (8.16)

Max y!
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.3 (v .
rzie i, — yzapHbii TOK npu tpex dasnom K3 3a peakropom;

[ ax — TOK BHCKTpO,HHHaMI/I‘{eCKOﬁ CTOMKOCTH PCaKTopa, T.C MaKCUMAaJIbHbIA TOK

M

(aMIUIMTYHOE 3HAYCHHE), IPH KOTOPOM HE HabJroaeTcs ocTaTouHas AchopMaIius
00MOTOK:

TepMI/I‘-ICCKaSI CTOMKOCTh pPC€aKTOopa XapaKTCPU3YCTCSA 3aBOAOM HU3TOTOBUTCIICM
[

max

BEJIMYUHOM It BpeMEeHEeM TepMHUECKON CTOHKOCTH |, =

2,54
[IoaTOMY yCIOBHE TEPMUYECKON CTOMKOCTH PEAKTOPA UMEET BUL:
3aB __ |2
B =17t 2By e (8.17)

rae B — pacYETHBIN TEIIOBOW UMITYJIbC TOKa ITpu K3 3a peakTopom.

K.pacu

[Ipu coOmrogeHN yKa3aHHOTO YCJIOBHS HarpeB oOMOTKHU peakTopa npu K3 He
OyJleT MPEeBBIIIATH IOMYCTUMOTO 3HAYCHUS.

Heo0xonumo Takxke onpeaesuTh OCTaTOUHOE HAIIPSHKEHUE Ha IIMHAX:

\/él 1o

HOM

U =X

oct% — “*p

.100% (8.18)

3nauenne U . 1o yciaoBusiM paOoThI MOTpeOUTENIeH TOMHKHO OBITH HE MEHee 65
%.

[ToTepst HampspKeHUsI MPU MTPOTEKAHUU MAKCHUMAJIBHOTO TOKa B HOPMaJIbHOM
pexuMe padoThl ompeessieTcs Mo GopMmyiie:

V3l -100%

AU, =x (1-K,)- sing, (8.19)

HOM

rae K_,— ko duitenT cBsa3u (M3 Katauora Jjisi peakTopa).
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9 BLIBOP DJEKTPUYECKHNX AIITAPATOB,
TOKOBEJIYIIIUX YACTEM

9.1 Bvibop u npogepka 8biCOKOBOIbMHBIX BbIKIIOUAMeNell

BrikimroyaTens - 3TO KOMMYTAallMOHHBIM anmnapar, NpeAHAa3HAYCHHBIM IS
BKJIIOYEHHUSI U OTKJIFOYEHUS TOKA.

Briktouatens sSIBISETCS OCHOBHBIM allapaToOM B 3JICKTPUYECKUX YCTAaHOBKAX,
OH CIY)KUT JUTsl OTKIFOUEHUS W BKIIFOUCHHS IIETH B JIIOOBIX PEXUMax: JIMTEIIbHAS
Harpyska, neperpyska, Kopotkoe 3aMbikanue. Hanbomnee TskE€Mol U OTBETCTBEHHOM
omepaluen sBiseTcs OTKIoueHHe TokoB K3 u BkiIIOUEHHE HA CYIIECTBYIOIIEE
KOPOTKOE 3aMbIKaHUE.

K BpIKIIOYaTeNsIM BBICOKOTO HAINPSOKEHUS MPEABSBISIOT — CIEAYIOIINe
TpeOOBaHMUS:

1) HagéxHOE OTKIIOUYEHHE JIOOBIX TOKOB (OT JECSATKOB ammep 1o
HOMUHAJIBHOTO TOKA OTKJIFOUEHUSA );

2) OpICTpOTA JIEUCTBUS, T.€. HAUMEHBIIIEE BPEMS OTKITIOUCHHUS;

3) NpUrOoAHOCTH ISl OBICTPOACHCTBYIOIIETO aBTOMATHYECKOTO MOBTOPHOTO
BkmtoueHust (AIIB), T.e. ObICTpoe BKJIIOUEHHME BBIKIIOYATENSI Cpa3zy e TMocie
OTKJIIFOUCHUS;

4) BO3BMOKHOCTH 110 (pa3HOT0 (TI0 TOJIFOCHOT0) YIIPABIICHHUS JJIs1 BBIKJTIOUATENeH
110 kB u BhI11IE;

5) N€rKoCTh PEBU3UU U OCMOTPA KOHTAKTOB;

6) B3pBIBO- U MOKapOOE30MaCHOCTb;

7) y1oOCTBO TPAHCIIOPTUPOBKH U IKCILTyaTaI|H.

Brikitouatenu BBICOKOTO HANPsHKEHHUS JTOJDKHBI JITUTENBHO BBIICPKUBATH
HOMUWHAJIBHBIN TOK 0y 1 HOMUHAIBHOE HANTPSHKEHUE Ulyoy.

Br160op BbIKITIOUATENEH MPOU3BOIUTCS IO CIEAYIOIINM YCIOBUSIM:

Bce BhIKiIOUaTeNnu XapakTepHU3yIOTCS HOMUHAIBHBIM HampsokeHUeM (Uyoy) U
HOMUHAIBHBIM Pab0YuM TOKOM (lyoy), KOTOpBIE OHU BBIIEPKHBAIOT JJIUTEIHLHOE
BpeMs. [loaTomy nipu BeIOOpE armapaTa HE0OX0IMMO COOI0ATh YCIOBUS:

UHOM.a. 2 UHOM.C. 1 (9'1)

IpaG,MaKc, < IHOM.a. ) 92)

r71€: Unouna U lowa — HOMUHAIIBHOE HAMPSPKEHUE 1 HOMUHAJBHBIN TOK anmnapara;

Usome. B lpag mace. — HOMHHAJIBHOE HAIIPSKEHUE CETU M HAMOOJIBIIUI TOK YTSKEJIEHHOTO

peXrMa 1enu B KOTOPOH yCTaHABJIMBAETCS JIAaHHBIN BBIKIIIOUATElb. BhIKITIOUaTen no

HOMUHQJIPHOMY HaIpSDKEHUI0O U HOMHUHAJIBHOMY TOKY, TOJJIEKAT TPOBEPKE Ha

TEPMUUECKYI0O U JUHAMHUYECKYIO CTOMKOCTh mMpu Tokax K3 u Ha OTKIIOYAIoIIyro
CIIOCOOHOCTb.

IIo TepmMuuyecKOM CTOMKOCTH IIPOBEPKA OCYILIECTBISAETCA II0 PacCUYETHOMY
MMITYJIbCY KBaJpPaTUYHOTO TOKAa KOPOTKOTO 3aMbIKaHUs. 3HAYEHUE TEIJIOBOTO
MMITyJIbca TOKa K.3. (kA2-¢) onpenensgercs no Gopmyie:

B, =1%,(t+T,), 9.3)

rae: t—pacdetHoe Bpems aeiictBus Toka K3, c;

Ta— MOCTOSIHHASI BPEMEHM 3aTyXaHUsl allepUOINYECKON COCTABIIAIOLICH,
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C;
|0 — HAaYANIbHOE 3HAUEHUE MEPUOINUECKON COCTABIISAIOIIEH TOKA K.3., KA.
PacueTnoe Bpemst nerictBus Toka K3 ornpenernsercs o BEIpaKeHUIO
t=t +t, , (9.4)
rae: 1, — BpeMs OTKIIFOUEHUS BBIKIIIOYATEN, C;
t; — BpeMs cpabaTbiBaHNE peIeHHON 3alUTHI, C.
3HaueHne t; 3aBUCUT OT CTYNEHU CEJIEKTUBHOCTH PEJIECHHON 3alIUThI.
[TpubsmxeHHo MoxkHO NpUHATH 0,3 — 0,5 ¢ (17151 OBICTPOIEHCTBYIOIINX 3ALIUT).
3Haue€HHE MOCTOSHHOW BPEMEHU 3aTyXaHHMs alepuoJAMYECKON COCTaBISIOLIEH
toka K3 3aBHCHT OT MecTa KOPOTKOTO 3aMbIKaHus. J[s yueOHOro MpOEeKTHUPOBAHHUS
3Ha4Y€HHUA |, MOXHO NpUHATH B nnpeaenax 0,01 —0,2 c.
3Has 3HaYCHHE TEIUIOBOTO MMITyJibca Toka K3 B 11enu ycTaHOBKM BBIOpaHHOIO
BBIKJIFOYATENISI MOKHO 3aIIMCATh YCIOBUE MPOBEPKH HA TEPMUUECKYHO CTOMKOCTb

2
B . <I -t , (9.5)
rae: |l — Tok TepMUYECKON CTOMKOCTH BHIOPAHHOTO BBIKJIFOUYATENS, KA
t; — Jomyctumas JJIMTEIBHOCTh TMPOTEKAHWS TOKA TEPMUYECKOU

CTOMKOCTH BBIKJIIOUATES, C.
OO0e BeMYMHBI TACTIOPTHBIC TaHHBIE.

[lo »snexTpoguHamMuyeckod croiikoctu 1mipu  Tokax K.3. BbIOpaHHBIN
BBIKJIFOUATENb [IPOBEPSIETCS MO0 OJTHOMY U3 YCIIOBUM:
lo <1, w1y, <1

o (9.6)
rae:  |ln, — HaYaabHOE 3HaUYCHHE MEPUOIUUECKON COCTABIISIONICH TOKa K.3., KA.
ly — YIapHBIH TOK K.3., KA.
|y — HaYaIBbHOE ACHCTBYIONIME 3HAYEHUE MPEASITHPHOTO0 CKBO3HOTO TOKA
JAHHOTO BBIKJTIOYATEINS, KA. (CIIpaBOYHBIC JTAHHBIC)
ly e — aMIUIMTyAHOE 3HaueHWE (HAUOOJNBIIMN MHUK) TPENEeTHHOTO
CKBO3HOT'O TOKA BBIKJIFOUATENSA, KA. (CIIpaBOYHBIEC TaHHBIC)

[Tpu mpoBepke BBIKIIIOUATENS Ha OTKIIFOUYAIOIIYIO CIIOCOOHOCTh CHMMETPUYHOTO

TOKa K.3. HEOOXO0IMMO COOIIOJICHHUE CIICTIYIONIETO YCIOBHS:

> 9.7)

OTK.HOM.

M.JIUH.

rae:  lorcsow. — HOMHUHAQJIBHBIM TOK OTKJIIOUEHHUS BBIKITIOYATENsS, KA.
(cipaBOYHBIE JTAHHBIE)
|t — mepuoauyeckas coCTaBisIONIas TOKAa K.3. B MOMEHT PacXOKIEHUs
BBIKJTIIOUATENs, KA (pacueTHasi BETUYMHA)
Takum oOpa3zoM, eciii coOMoAaTh BCE YCIOBUS BbIOOpA U MPOBEPKH, MOKHO
CUMTaTh, YTO BBIKJIIOYATENIb BHIOpAH BEPHO, B IMPOTUBHOM Cllydae HEOOXOIUMO
1no100paTh IPYroi BBIKIIOYATENb.

9.2 BpilOp uW 1NpoBepKa  pa3beIMHHUTeNIEN, oTAeaMTeNeH U
KOPOTKO3aMbIKaTe1eH

PazpenuHuTelb —  3TO  KOHTAKTHBIM  KOMMYTALIMOHHBIM  armapar,
npelIHa3HAaYeHHBIN 17151 OTKJIFOUEHHMS] U BKIIFOUEHUS JIEKTPUUECKOU 1Ienu 0e3 ToKa HIn
C HE3HAYUTEIbHBIM TOKOM, KOTOPBIHM JJ1s1 oOecriedeHus: 6e30MacHOCTH UMEET MEXKIY
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KOHTaKTaMH B OTKJIFOYEHHOM IOJI0KEHUU U30ISIUOHHBINA TPOMEKYTOK.

[Tpu peMOHTHBIX paboTax pa3beAMHUTEIEM CO3AAETCSA BUAUMBII pa3pblB MEKIY
4acTSIMHM, OCTaBIIMMUCS O] HANPSHKEHUEM, U alllapaThl, BBEIEHHBIMUA B PEMOHT.

PazpequHuTENIM WUrparoT Ba)XKHYIO pOJIb B CXEMaX »JJIEKTPOYCTaHOBOK, OT
HaJEKHOCTU MX PAOOTHI 3aBUCUT HAJEKHOCTh pabOThl BCEH 3JIEKTPOYCTAHOBKH,
IIO3TOMY K HUM IPEIbSIBISIOTCS CIEAYOIUE TPEOOBAHNUS

1) co3zmaHue BUAMMOIO pa3pblBa B BO3JAyXe, JJIEKTpUYECKas HPOYHOCTh
KOTOPOT'O COOTBETCTBYET MAKCUMAJIbHOMY UMITYJIbCHOMY HAIIPSIKEHUIO;

2) 3IEKTpOAUHAMUYECKAas U TEPMHUUYECKAs] CTOMKOCTh MPU MPOTEKAHUH TOKOB
K3;

3) UCKIIFOUEHHE CAMOITPOU3BOJIBHBIX OTKIIFOUEHMIA;

4) 4y€THOE BKJIOYEHHE M OTKJIIOYEHUE IMPU HAUXYJIIIUX YCIOBUAX pPadOTHI
(oOneneHenue, CHET, BETED).

Pa3peMHUTENIM MOTYT BBIIOJIHATBCS C OJHMM WIHM JBYMS 3a3€MIBIFOLIUMU
HOKaMu. B ycTaHOBKax co COOpHBIMH IIMHAMU B KQUE€CTBE UIMHHBIX Pa3beAUHUTENCH
BBIOMPAIOT Pa3bEAMHUTEIMN C OJHUM 3a3€MJISIOLIMM HOKOM, B KaUe€CTBE JIMHEHHBIX —
C IBYMsI 3a3€MJIIFOIIIMMH HOKAMU.

Otnenurenu IIPEIHA3HAYECHBI TULSL ABTOMAaTUYECKOTO OTZEJICHUS
MNOBPEXKAEHHOTO yyacTKa 1enu B 6ecrokoByto nay3y AIIB. Otaenurens BHELIHE HeE
OTJIMYAETCS OT Pa3beIUHUTENS], HO Yy HEro JUisl OTKIIIOUYEHHSI UMEETCS NMPYKUHHBIN
npuBoA. OTAETUTENSIMHU JOIYCKAETCS OTKIIOYATh T€ K€ TOKH, YTO U PAa3bEeIUHUTENH.
Bxitouenue otraenurtens Npou3BOAUTCS B pyuHyro. OTIEIUTENH, Tak K€ Kak H
pPa3beIMHUTEIN, MOTYT UMETh 3a3€MJISIIOILINE HOXKU C OJHOW UITU ABYX CTOPOH.

Bri0op pazbegunuTeneit U OTACIUTENECH MPOU3BOIUTCS :

10 HAMPSHKEHUIO YCTAHOBKU

UyCT. < UHOM ;

10 TOKY

IHOpM. < IHOM.1 Imax < IHOM ;

110 KOHCTPYKIIMH, POy YCTAHOBKH;

T10 BJICKTPOJIMHAMUYECKON CTOMKOCTH

iy < inp.,c; IH,O < Inp.,c;
rae Inpc , lp.c — TpenenbHBIA ckBo3HOW Tok K3 (amrumtynma u AedcTBYrolmee
3HAYEHHUE);

110 TEPMUYECKON CTOMKOCTHU

BK < Ifep ) tTep.
rae By —TennoBoil uMmynbc o pacueéry, KA?c; l1ep — IpEAENBHBIA TOK TEPMUYECKOU
CTOMKOCTH; trep — UIMTEIBHOCTh IPOTEKAHUS IPENEIBHOIO TOKa TEPMHYECKOM
CTOMKOCTH.

[TYD nomyckaeT mpou3BOACTBO HEKOTOPBIX ONEpalMil pa3beIUHUTEIIAMU TIPU
MPOTCKAHUU HEOONBIIMX TOKOB. KOpOTKO3aMBIKATeIM W OTACITUTEIIH - 3TO
CIICIIMATIbHBIE PA3bEAMHUTENIN UMEIOIIME ABTOMATUYECKU JICHCTBYIOIINE MPUBOIBI.
IIpu BBIOOpE THMA ATHX anmapaToB HEOOXOAMMO YUYWUTHIBATh POJi YCTAHOBKH H
KOHCTPYKTUBHOE€ UCIOJHEHUE. Pa3beIUHUTENN, OTACIUTENN U KOPOTKO3aMbIKaTEIN
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BBIOMPAIOTCS] IO HOMUHATBHOMY HanpspKeHUIO Uy 1 HOMUHATTBHOMY JTUTEIIBHOMY
TOKY lyom, @ B pEXKUME KOPOTKOTO 3aMBIKAHMSI MPOBEPSETCS HA TEPMHUYECKYIO U
ANEKTPOJUHAMUYECKYIO CTOMKOCTh (Ta0i.9.1). lyig KopoTKo3aMbIKaTeseld BHIOOp 1O
HOMHUHAJIBHOMY TOKY HE TpeOyeTcs.

Tabnuua - 9.1. YcnoBue BbIOOpa U MPOBEPKHU pazbeAUHUTENCH, OTACIUTENCH U

KOPOTKO3aMbIKaTEJICH
Pacuernsie Kartanoxubie YcnoBus
napamMeTphl JTaHHEIE BBHIOOpA U POBEPKHU
LEITH armapara
UyCT UHOM UyCT S UHOM
Ipa6_.max. IHOM Ipa6.max. < IHOM
ly e iy <y,
B I+ t; B, < 1.2,

[MpuMedaHue: iy gm - TPEICITBbHBIA CKBO3HOW TOK armapara, KA.
[Ipu cobOmoneHun BceX YCIOBHM JaHHbIE KOMMYTAllMOHHOIO —armapara
BBIOpAHbBI BEPHO.

9.3 OcobGeHHOCTH BBIOOPA M IPOBEPKH TOKONMPOBOI0B

TokonpoBOAbI MPEICTABISAIOT COOON OTHOCUTENBHO KOPOTKHE AIEKTPUUECKUE
JUHUM (KaK MPaBWIO, OT HECKOJIBKMX METPOB 1O HECKOJIBKUX COTEH METPOB) C
KECTKUMH WM TUOKUMH TPOBOJHUKAMH, YKPEIUIEHHBIMH Ha OIOPHBIX WJIH
MOABECHBIX U30JSATOPaX, MPeIHa3HAYEHHBIE AJIsI COETMHEHUS AJIEKTPUUECKUX MAIIH,
TpaHC(HOPMATOPOB U AIEKTPUUECKUX amapaToB B Mpejeiax CTaHIUU, MOACTAHITUH,
PY.

Buioop u npogepka sycecmkux wiun
Kectknmu  mMHaMM  Ha3bIBAIOTCS  JKECTKHE  HEU3O0JHUPOBAHHBIC
npoBoAHUKU. B 3akpeiThix PY 6-10 kB olIMHOBKA BBIMOTHSAETCS XECTKHUMU

ATIOMUHUEBBIMM I[IMHAMU. MeaHble MIMHBI U3-32 UX BBICOKOHM CTOMMOCTH

PUMEHSIIOTCS TOJIBKO B arpECCUBHBIX cpeaax. PopMy U pa3Mepsl OMEPEYHOTO

CEYCHMS ITMH BHIOMPAIOT B COOTBETCTBHH C paOOYUM TOKOM, YUUTHIBAS SIBIICHUE

MOBEPXHOCTHOTO 3(deKkTa, a Takke TpeOOBaHUS TEPMHUUECKOW U

TWHAMUYeCcKOM cTokocTu npu K3.

[Ipocreitmas dhopma MONEPEUHOTO CEYCHHS MUHBI - TpsiMoyroJibHas. [IuHbI
W3TOTOBIAIOT C  IONEpeYHbIM  cedeHueM g0 1200 wmm2  JlomycTuUMBIi
MPOJIOJKATENBHBIN TOK TakuX IIMH M3 amoMuHus paBeH 2070 A. Ilpu OGonbiiem
paboyeM TOKE MOXHO MPUMEHHUTh COCTABHbIE MTPOBOJIHUKH (TTAKET) U3 JBYX HJIUA TPEX
IIOJIOC € 3a30paMU MEKy HUMH. [[onyCTUMBIN TOK IpU 3TOM yBennuuaercs 10 3200
n 4100 A. HegoctaTku COCTaBHBIX MPOBOJHUKOB: CIOXHOCThH MOHTaXa,
HEJIOCTATOYHAsI MEXaHWYeCKasi MPOYHOCTh BCIEACTBHE B3aWMOJCUCTBUS IOJIOC NIPU
K3, yBenuuenue motepb MOIIHOCTH BCJEICTBUE MOBEpXHOCTHOrO 3(dekra. Ilpu
OOJBIIMX TOKaX PEKOMEHAYIOTCS LIMHBI KOpOOYAaTOro Ce4YeHHs, TaK KaK OHHU
o0ecrneunBarOT MEHbIIKE MOTepH OT 3 PexTa 6JIM30CTH U TOBEPXHOCTHOTO 3P dexTa,
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a TaK)Ke JIydluue yciIoBHs oxnaxaeHus. B PY nanpsbkennem 35 kB u BbllIe ¢ LENBIO
CHW)KEHUS IIOTEPh HAa KOPOHY CJEeAyeT NMPUMEHATh IIMHBI Kpyrioro ceyenus. B OPY
clIelyeT IPUMEHATh THOKKE IMHONPOBOIbI (CTalICaTIOMUHEBBIE IPOBOAA) . [Tpu sTOM
HAKJIQJbIBACTCS JOIIOJIHUTEIBHOE YCIOBUE IPOBEPKH IIMHOIIPOBOOB HA KOPOHY.

BI)I60p CCUCHHNA IINH ITPOU3BOAUTCA 110 AKOHOMHYECKOM IMIOTHOCTHU TOKA:

|
q=~q,, =J—", (9.8)

9K

rae:  ( -CTaHJApTHOE CCUYCHUE ITUHBI, MM |
q.,, - IKOHOMHUYECKH [IEIeCO00Pa3HOE CCUCHHE, MM * ;
[, - ATMTENbHBIN paboumnii TOK HOPMAIBHOTO PeXKKUMa, A;

J,, - DKOHOMHYECKasl IUIOTHOCTh TOKa, A/MM?.

[To sxOHOMHYECKOM MIIOTHOCTH TOKA HE BEIOMPAIOTCS:

- COOpHBIE IMHBI AJIEKTPOYCTAHOBOK M orrHOBKa B nipenenax OPY u 3PV Bcex
HANPSKECHNM;

- OLIMHOBKA pe3€pBHBIX JTMHUM U pe3epBHbIX TCH, Tak Kak OHM BKIIFOHUAOTCS B
paboTy BpEeMEHHO;

- TOKOBEAYIIIHE YaCTU BCEX BPEMEHHBIX YCTPOMCTB;

- OmMHOBKA B ycTaHoBkax 10 1000 B mpu umciie 4acoB HMCHOJIb30BAHUS
Makcumyma Harpysku 10 4000-5000.

BriOpaHHbIE 10 2KOHOMUYECKOM MJIOTHOCTH TOKA IWHBI TTPOBEPSIIOTCS:

- [0 JUIUTEIBHO JOMYCTUMOMY TOKY M3 YCJIOBHI HAarpeBa;

- Ha TEPMUYECKYIO CTOMKOCTb ITPU BO3IEUCTBUU TOKOB K3;

- Ha TMHAMUYECKYI0 CTOMKOCTB IPH BO3AENCTBUM TOKOB K3.

COopHbIe MIUHBI BEIOUPAIOTCS O JJIMTEIBHO JOMYCTUMOMY MaKCHMAJIbHOMY
pabodemy TOKY.

Br160op 1 mpoBepka 1no JUIMTENbHO A0MyCTUMOMY TOKY.

BriOpanHbie MIMHBI JOJKHBI YOBJIETBOPSATH YCIOBUIO:

| (9.9)

rae: 1 - INTUTEIBHO JOMYCTUMBIN paOo4Hii TOK ISl IIIMH BEIOPAHHOTO CEUEHUS

JJ1.OO IT

<l
p.max an.gon !

C Y4ETOM NONPABKH HA TEMIIEPATYPY OKPYKArOLIEN cpelibl. Tak Kak pacueTHas
TEMIEparypa OKpyXKaromen cpenpl mnpuHsata +25°C, 1o mpu  Apyrou
TEMIIEpaType OKpyXarolmen cpeasl 0, CIeNyeT BBIYUCIUTD JUIMTEIIBHO
JOIYCTUMBIN pabO4Hii TOK:

(9.10)

JUIL.IOII. J011

rae:  0,,, - AOIyCTUMas TeMIIepaTypa IMMHBI (U1 anfoMuHKeBbIX WHH 0, =70°C),
l,,, - JOIYCTHUMBIM TOK JJs IIWH BBIOPAHHOIO CEYEHUS INPU PaCUECTHOU
temmneparype +25 °C (cnpaBoyHasi BeIMUUHA), A.
MakcumasbHbii pabounid TOK I, .. ONPENEISETCS 1O CIAEAYIONIUM PEKUMAM

paboThI AIIEKTPOYCTAHOBKHU.

1. Ins ueneil napajuieabHbIX JUHUN TP OTKIFOYEHUN OJHOW U3 HUX:
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L =21, (9.11)

p.max

2. lns uemeir TpaHCHOPMATOPOB - B pEXUME JOMYCTUMOW meperpys3ku. Ecmm

HEU3BECTHBI JICCTBUTEIBHBIC BEIUYUHBI MEPETPY30K, UX JIUTEIBHOCTh, YCIOBUSA
OXJIAKJICHUS, TO MOKHO MPUHSTH:

e =151

- HOMUHAJILHBIN TOK TpaHchopmaTopa.

(9.12)

HOM !

i (S |

HOM
3. I reHepatopoB - Mnpu paboTe ¢ HOMMHAJIBHOW MOLIHOCTBIO P, MpPU CHUKEHUU
HanpspKeHus Ha 5%:

| Puo (9.13)

P [3c0s@-0.95U

4. ]I CcOOpHBIX IIMH M OIIMHOBKH CEKIHOHHBIX M IIMHOCOEAMHUTEIbHBIX
BBIKJIFOUATENEH - MPU HanboJiee HeOIAronprusATHOM SKCILTYyaTAlIMOHHOM PEKUME.
5. lnsg uenu CIBOEHHOIO PEAKTOpa YUYHUTHIBAETCS BO3MOXKHOCTh HEpPaBHOMEPHOMU
Harpy3Ku IUIey.
Ilposepka na mepmuueckyro cmouxkocmsy wiun npu mokax K3

Kpurepuem TepMHUYECKOW CTOMKOCTH SBIIETCS KOHEYHas TeMIeparypa,
KOTOpasi OTPaHUYMBAETCS MEXAHUYECKON MPOYHOCTHIO METAIUIOB, JAePOopMalusIMH
yacTeil anmapatoB M IMHWH. JJI1 HEW30JIMPOBAHHBIX MEIHBIX IPOBOJHUKOB
yCTaHOBJICHA MakcuMaibHas TemiepaTtypa 300°C, musa amomuaneBsix - 200 °C.

B nmnpakthueckux pacyerax Uil OINPEICICHUS MUHUMAJIbHON BEIMYHUHBI
JOIYCTUMOI'O CEUYEHHUS [0 TEPMUUECKON CTOMKOCTH (St), MOJIb3YIOTCA (POPMYIION:

S; 2 \/? , (Mm?) (9.14)

£,
roe: B, = Iiidt — TeIUTI0BOM MMITYJbC (MHTETpal Jxoyis), Toka K3, A,
0

Cc - k03h(dUIIMEHT, COOTBETCTBYIOIIMA PA3HOCTH BBIJICJICHHOTO TeIjia B
1

2
nposoanuke nocie K3 u 1o nero, A-C , (CtipaBOYHAas BEJIMUMHA).
MM

Ecnu pacuerHas BenuM4YMHA MHUHUMAIBHOTO CEUEHHS JIOMYCTUMOIO IO
TEPMUYECKON CTOWKOCTH St MEHBIIE CEYCHHsI MPOBOJHHUKA BBIOPAHHOTO IIO
JOMYCTUMOMY TOKY S, TO CYHTAeTCs, YTO IIMHBl TEPMUYECKH CTOWKHE, T.C.
cOOJTI0/TaeTCsl YCIOBHE:

S; <S (9.15)

IIpoBepka Ha JIEKTPOIUHAMUYECKYIO CTOMKOCTh IIKH K TokaM K3

[Ipu K3 mo TokoBeaymIMM 4YacTsIM MPOXOIAT TOKU MEPEXOIHOTO PEKHUMA,
BBI3BIBASL CJIOKHBIE JUHAMHYECKUE YCWJIMS B IIMHHBIX KOHCTPYKLMSIX. Y CHIIHS,
JEUCTBYIONINE HA KECTKUE ITUHBI U U30JIATOPBI, PACCUYUTHIBAIOTCS IO HAKOOJIBIIIEMY
MTHOBEHHOMY 3Ha4eHMI0 Toka TpexdasHoro K3 (i ). Cuna nelictByromas Ha

KOHCTPYKIUIO onpenensiercs mo (9.16).
N3rubaroiumii MOMEHT, IEUCTBYIOLIWNA HA MIUHY, H - M,
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fI2
M=~ (9.16)

o1

rne: f - HamGonpmee ynenpHOe yeunue npu tpexdaznom K3, H/M,

| - nvHA posteTa MeX Ty ONOPHBIMU H30JIATOPAMHU, M,

k KOA(pGUIIUEHT, 3aBUCALINN O crocoba KperyieHUs IIMH Ha OMOPHBIX
M30JITOpax (U pealbHBIX KOHCTpYKIwmid k, =10).

Hanpspkenue B mMaTepuasie MIMHBI IPU BO3JIEHCTBUU M3TMOAIOIIETO0 MOMEHTA,
Milla,

onm~

M fI2
o= —=—",
Wk, W
rac: W - MOMCHT COIIPOTHBJICHHA HIMHBI OTHOCHUTCIIBHO OCH, HGpHGHHHKYHHpHOﬁ
I[GﬁCTBHIO MOMCHTA, CMS. OH 3aBUCHUT OT Pa3MCPOB U PACITIOJIOKCHUSA IINH.

(9.17)

[[InHBI MEXAaHUYECKH ITPOYHBI, €CIIN

<G, (9.18)
rae: G, — JOIYCTHMOE MEXaHMYECKOE HANPsHKEHHE B MaTEPHaJIe IIMHBI.
(cipaBOYHAasi BETMYMHA)
Ilpumepwt pacuema wiun
OIHONOJIOCHBIE ITUHBI
Haubonwiee ynenbHoe ycunue, H/m,
+2
[
f=+v3-107"k, 2, (9.19)

a
rae: iy, - ynapHbii Tok Tpexdasnoro K3, A;

a - paccTosiHUE MEeXy dazamu, M;

K, - koo duument popmel (Haxoaures no kpuebiM [10]). Eciu paccrosnue

Mexay ¢azaMu 3HAUMTENbHO Oombine mepumerpa mmH a>2(b+h), To
ko3 purment popmer K, ~1.

MHOronoJIOCHBIE IUHBI
Heo0xoaumMo yunuThIBaTh yCHIIMS Kak MEXIy (pazamu, Tak U MEX1y MOJOCAMHU.
VY aenbHoe ycunue mexay ¢gazamu, H/m:

i2
-7
f, =+/3-10 gy (9.20)
Hanpspkenue B Matepuaiie ot B3aumoeicteus a3, Mlla,
fI?
c =—, 9.21
10w ( )

rae: W - MOMEHT CONPOTHBIIECHHUS IAKETA IIUH, CM°,
VY nenpHOE ycuire Mex Ty mojocamu, H/m:
JUTSL IBYTIOJIOCHBIX IIWH:
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f, =3, Ey 107, (9.22)
I TPCXITOJIOCHBIX IIWH:
i2
f, =3, Ey-10‘7, (9.23)

rae: 8, ,8; — BEJIMYMHBI, 3aBUCSIINE OT KOG OUIIMEHTOB (POPMBI;

b - TonmuHa MKUHEL, M.
Hanpsxenue B Marepraiie oT B3auMoAencTBHs nosioc, Mlla,

ful
c, = : (9.24)
12W,
rae: | - paccrosHue Mex Iy MPOKIAIKaMu, KOTOPBIC YKIIAIBIBAIOTCS MEK/TY ITMHAMU
B MAKETe, M;
W, - MOMEHT CONPOTHBIIEHHS OJHOMN MOJIOCHI, CM°,
[InHBI MEXaHUYECKH TIPOYHBI, €CIIH,
6=06,+6, <0, (9.25)
MakcuManbHOe pacCTOsTHAE MEXIY MTPOKIAJAKAMH, M
| B 12(c,,, — G(p) W, 9.26
mmax f ! ( ' )
I
MuHHMaIEHOE YHCIIO MPOKIIAIOK B MPOJIETE
|
n=—-—-1 (9.27)

. max
rIe: | - nmuHa mpotera.
[IInHBI KOPOOYATOr0 CEUYEHUS
[Ipr KECTKOM COEIWHCHHMHM IIBEJUICPOB pacyeT TaKOW ke, Kak [
OJHOITOJIOCTHBIX
mmH, W =W

Y=Y, '
[Tpu OTCYTCTBHM KECTKOTO COCTUHEHUS IIBEIICPOB pacueT TaKoH ke, Kak IS
JBYX1oJoCTHBIX mvH, W =2W, _ (npu BepTHkanbHoM pacnionoxenun W =2W, , ).

VYaenbHOE ycuine AeMCTBYIOLIEE MEXAY (pa3aMu MPU OTCYTCTBUU KECTKOTO
COEIMHEHMS 1IBEJUIEPOB:

i2
f = o.5ﬁ-10-7, (9.28)

rae:  h - BeIcoTa mmIBeIepa, M.
®opmyibl uCnonb3yrores ¢ yuetom W, =W, .

[HIuHBI, pacoI0KEHHBIE IO BEPIITMHAM TPEVTOJIHLHUKA
B sToM cnydae cwiibl, AEHCTBYIOIIME Ha IMHY OT APYrux ¢as, CABUHYTHI B
MpOCTpaHCTBE. Pe3ynpTHpyronias cuiia MEHAETCS IO BEIWYMHE W HAIpaBIICHUIO,

co3zgaBas pPacCTAruBaromye Fp, I/ISFI/I6aIOHlI/IC I:H H CXKHMAKIIHC FC yYCWIMA Ha
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U30JIATOPHI.
B Tabn. 9.2 mpuBeneHbl pacdyeTHbie (GOPMYIbI JUIS ONPENCICHUS G, W CHII,

JEUCTBYIONUX HA W30JIATOPBI IS KPYIJIBIX, TMOJBIX W KOPOOYATHIX IIIHH,
PACIIOJIOKEHHBIX B BEPIIMHAX TPEYTOJIbHUKA.

BriOpate cOopubie 1muHbl 10kB monusutensHOM moxactaniuu 110/10xB.
HomunanpHast MOIIHOCTH TpaHcpopmaropa S =10MBA; ynapHblii TOK

T.HOM

tpexdasnoro K3 Ha mmHax i, =20kA, TEWIOBOH wummynbc B =25-kA%c.

[Ipenmonaraercsi, 4YTO IIHWHBI PACHOJOKEHBI B TOPU3OHTAIBHOW IJIOCKOCTH,
paccrosiHue Mexay pazamu a = 0.5m, mimHa nposera | = 1 m.

COopHble MMHBI BBIOMpPAEM MO JJIMTEIBHO AOMYCTUMOMY TOKY. Tak Kak
pacnpeziesieHue Harpy3KH Mo MIMHAM HEU3BECTHO, BBHIOOP IIMH MPOU3BOAUM MO TOKY
Tpancdopmaropa:

6
| w =151, =15 S _15 10107 _geen

J3u - TT43.10-10°
[IpuHUMaeM aTIOMMHHEBBIE IIMHBI HPSIMOYTOJNBHOrO cedeHus (60x6)Mm? =
360MMm>,

I = 870A > 860A .

JJL.OO IT

1
[IpoBepsieM IIMHBI HA TEPMHUYECKYK) CTOMKOCTH, IIPUHUMAs C=88A-C/2,
MM

CIipaBO4YHasA BCJINMYHHA:

o _Jbe +25.10°
"¢ 88

—1.8MM2 < 360MM?.

CornacHo yCclOBUIO IIIMHBI TEPMUYECKH YCTONYUBBI.

IIpoBepka Ha TMHAMHYECKVIO CTOMKOCTD
VY nenpHOE ycuire npuHUMAas k, =1

i 10°
f=+3-107 2 =43-1077 -200150 - 1386 H/™m
a B

9

MOMEHT CONPOTUBIICHUS CEUEHUS ITPU PACTIOJIOKEHNUH IIHUH “TUTAIIMS

2 2
W = % _ 660" _ a500mm® = 3.600°
HaprDKCHI/IC B MaTepI/Iaﬂe IIIUHBI.
1P 138617

=3.85 MIla

o= =
10W 10-3.6

Cornacnao YCJIIOBUTO HIMHBI INHAMHUYICCKN YCTOI\/JI‘—II/IBBI.

Tabnuua - 9.2. Pacuetrnble (opMyIibl

63



i
G, =31-10"
a
i
F, =4/3-2:10
a
-2
il
212 . F, =161---107
G, =25 10° a
T AWy, i3l
F. =129-2-107"
a
:212
iyl
6, =163"—-10"
aW
-2
i
F, =15-".107
a
2
1,1
op2 F, =161---10"
1 a
G, =22——"-10" 21
aWy, v, F, =.10"
a

9.4 Bp100p M3MepUTEIbHBIX TPAHCHPOPMATOPOB TOKA M HANIPSKEHUSA

N3mepurtenbHbie TpaHc(hoOpMaTOphl MpeTHA3HAYCHBI JIS YMCHBIICHUS TEPBUYHBIX
TOKOB W HampsHDKCHWH N0 3Ha4YeHWH, Hauboiee YAOOHBIX IS TIOJIKIIFOUCHHUS
M3MEPUTENLHBIX TPUOOPOB, pelie 3allUThl, YCTPOWCTB aBTOMAaTHKU. [IpumeHeHue
M3MEPUTEIbHBIX TpaHchopMaTopoB obecrieunBaeT 0E30MAaCHOCTh PaOdOTAIOIINX, TaK
KaK IIeTM BBICIIETO W HUBIIETO HAMPSHKEHUS pas3/eNieHbl, a TakKe IMO3BOJISIOT
YHU(DUIIUPOBATH KOHCTPYKITUIO IPUOOPOB U perie.

e Bri6op TpaHchopMaTOpOB HAMPSIKEHUS

TparchopMaTopsl HAPSHKEHUS BEIOMPAIOTCS 110 CIICAYIONIUM YCIIOBHSIM:
10 HAMPSDKCHUIO YCTaHOBKH

Uy <U

MO0 KOHCTPYKIIMH U CXEME COCTUHEHUSI OOMOTOK.
10 KJIacCy TOYHOCTH;

110 MOIIHOCTH BTOPUYHOW HArpy3KH:
Soy <S

rae S,,, - HOMHUHAJIbHAs MOIIIHOCTh B BRIOPAHHOM KJIacCce€ TOYHOCTH

HOM !

HOM !

S,s - Harpy3ka BCEX W3MEPHUTENBHBIX NMPHOOPOB U pelie, MPUCOCIMHEHHBIX K
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TpaHcpopMaTOpy HAIPSLKEHUS, ONpeaesieTcs no GopMyIie:
Sor =\ Popc + Qs (61)

r1e Pupus U Qupus — AKTUBHAS M PEaKTUBHAs Harpy3ka npuoopos.
e Bri6op TpancpopmMaTopoB TOKA.
TpancdopmaTopsl Toka BEIOUPAIOT MO CIETYIONIUM YCIOBUSIM:

I10 HAIIPSKCHUIO YCTAHOBKHU
Uy, <U

10 TOKY B IEPBUYHOU LIETIN:
I I

HomuHaneHbIi TOK AOKEH OBITH KaKk MOXKHO OJIMKe K paboyemMy TOKY
YCTaHOBKH, TaK KaK HEJJOTPy3Ka NEPBUUHONM OOMOTKH PUBOJIUT K YBEITUUEHUIO
ITOIPEIIHOCTEN;

10 KOHCTPYKIMH U KJIACCy TOYHOCTH;
10 TEPMUYECKOU CTOMKOCTH:

B <I% -t,

Tep

HOM !

HOPM < IlHOM; max < I1H0M :

€p
rac BK - TEILIOBOM HMIIYJIBC 110 PACUCTy,

Liep - TOK TEPMUYECKOI CTOMKOCTH 10 CIIPABOYHHKY;

tTep - BpCMA TCPMUYICCKON CTOMKOCTH I10 CIIPABOYHHUKY

I10 BTOpH‘IHOfI Harpyske:
Z2 < ZHOM

rae Z,- BTOpu4Has Harpys3ka Tpancdopmaropa TOKa;
Z...- HOMHUHaJbHas JOMyCTHUMas Harpyska TpaHcdopMaTopa TOKa B

BBIOPAHHOM KJIACCE TOUHOCTH.

ConpoTuBieHne BTOPUYHON LENH OIPENEISIETCS CAEAYIOUIMM 00pa3oM:
NHOyKTUBHOE CONMPOTUBJIIEHUE TOKOBBIX IIE€NEH HEBEIMKO, MOAITOMY MOKHO
OpuHATh Z, ~T,. BTOpuuHas Harpy3ka [I,COCTOMT U3 CONPOTUBJICHUS

npubOpoOB  Inpus , COCAUHHUTEIBHBIX MPOBOJOB [np, M IEPEXOIHOTO
CONIPOTHUBJIEHUS KOHTAKTOB [ !

2 = ranG + I‘r[p + I

Comportusnienne koHTakToB npuauMaercs 0,05 Om npu AByX-Tpex mpudbopax u
0,1 Om npu OosbIIEM YHUCTIE TPUOOPOB.

ConpoTuBiieHHs] TPUOOPOB OMPEACISIETCS TTO BEIPAXKEHUIO:

Snpn6

I
i€ Sppus — MOIIHOCTb, TOTpedIIieMas MpruOopamus;

I, — BTOopruHbIi HOMHHANIBHBIN TOK Tpudopa (1,=5 A).
ConpoTHBICHHS COCTMHUTENBHBIX TPOBOIOB 3aBUCHUT OT UX JUTMHBI U CEYCHHUS.
UtoObl TpaHchopmaTOop TOKa paboTaJl B BBIOPAaHHOM KJIacCe€ TOYHOCTH,
HEO0OXO0IMMO BBLAEPKATh YCIOBUE:!
Fipus + Top + T < ZZHOM

I.1'1p1/16 =
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OTKYyZa
r‘r[p = ZZHOM - rl‘[pI/I6 — Ik
3Hasg rnp » MOJKHO OIIPCACIIUNTD CCUCHUC COCANHUTCIIBHBIX IIPOBOIOB!

q= p'lpva

I'Hp

r7ie P — YACIbHOE COMPOTUBIICHUS ITPOBOA
lpacu — JJTMHA COENMHHUTENBHBIX MPOBOJOB OT TpaHCHOpPMATOpa TOKa IO
prOOpoB (B OJMH KOHEI ).
e Bri6op TpancpopmaTopos Toka Ha ctopone BH 110 kB:
MakcuManbHbIi padounii TOk 524 A; ynapubiii Tok 8,51 KA; TeIIOBON UMITYJIbC
2.93kA%.
[Mpuaumaem TT: TOH/-110 M (Homunansusie mapametpsr: K,; = 100; Kk, = 34,6; t;
= 3; lmow = 400+800 A; lrson=5 A; kacc TouHOCTH 0,5; Z5 4on = 1,2 OM).

TT ycraHaBnuBaroTCs B 1SN CUJIOBBIX TPaHC(HOPMATOPOB U B IIEMHU
BBIKJIFOUATEJIEH.

[IpoBepka o TMHAMUYECKOW CTOMKOCTH:
i =K, V2-1,,., =100-4/2-800=124 KA >8 51 kA
[IpoBepka o TEpMUUECKON CTOMKOCTH:

(k. -1, )t =(346-800) -3=2298-10° A% -c.>2,93kA%.

Jlist mpoBepku TpaHchopMaTopa TOKa M0 BTOPUYHON HArpy3Ke, OorpeaeseM
Harpy3ky 1o ¢azam Jj1s1 HauOosiee 3arpy>keHHoro Tpancdopmaropa Toka (Tadmi.
9.3).

OO61iee CONPOTHUBIICHUE

1.HOM

1.HOM
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Tabmanma 9.3

Harpyska, B-A, da3b1
[Tpubop Tun A B C

Bartmetp J1-335 0,5 - 0,5
Bapmertp J1-335 0,5 - 0,5
C4eTyuK aKTUBHOU M1-680 2,5 - 2,5
SHEPTHUH

Bart™merp J1-305 0,5 - 0,5
Hroro 4.0 - 4.0

Bropuunas HomMuHaIbHas Harpy3ka TpancdopmaTopa Toka B Kiiacce Tounoctu 0,5
coctasisier 1,2 Om. ConpoTuBiieHrne KoHTakToB nmpuHuMaeM 0,1 Om, Torna
COIIPOTHUBJICHUE MPOBOJIOB

Mp = I.som = Mopue. = Mk = 1,2-0,16 - 031 - 0’94 Om.

HpI/IHI/IMa}I JJINHY COCOAUHHUTCIIBHBIX ITPOBOJOB C AJIIOMHUHHCBBIMU JKHUJIAMHU 40 M,
OoIIpCcaAcCIAICM CCYUCHUC

Pl e, ~0,0283-40
r 0,94

np

=2.078 mm>.

q:

[IpuruMaeM KoHTpONbHBIA Kabens AKBPT ¢ xxunamu cedennem 4 mm2,

e Bribop TpanchopmaropoB HanpskeHus Ha cropone BH 110 kB:

TH: HK®-110-57 (UH _1o / 0l 01’1 KBJ.SH0M=400 BA.

N3/ 43

Ha cropone BH ycranaBnuBaeTcs 0JlMH BOJIBTMETP C NEPEKITIOUCHUEM IS
u3MepeHus (pazHoTo HANIPSHKEHUS M TPU BOJIBTMETPA VISl M3MEPEHUS
MexAy(hazHOTO HANPSHKCHHUS.

[IpuHuMaeM K ycTaHOBKE BOJBTMETPBI Mapku 3-379, SHom=2BA.

CeueHure COETMHUTENBHBIX MPOBOIOB BHIOUPAEM U3 YCIOBUS MEXaHUYECKOU
IPOYHOCTH MUHUMAIILHOTO CEYEHHUS: 2,5 MM,

e Bribop Tpanchopmaropos Toka Ha ctopone CH 35 kB:
Makcumanbhbiid padbounii Tok 970 A; ynapubiil Tok 15,34 KA; TENI0BOW UMITYJIBC
8,6 KA.
[Tpuaumaem TT: TOH/-35 M (HomuHaabHbIe apaMeTpsl: K., = 50; k, = 32,5; t, =
4; 1) yon= 1000 A; lrson= 5 A; kacc Tounoctu 0,5; Zy yon= 1,2 Om).

TT ycTtanaBnmuBarOTCs B B 1I€NIH CUJIOBBIX TPAHC(POPMATOPOB U B 1ETIH
BBIKJTFOUATEIIEH.

[IpoBepka o TMHAMUYECKOW CTOMKOCTH:
i =K, V21, =50-v2-1000 = 70 KA 1534 kA

[IpoBepka o TEpMUYECKON CTOMKOCTH:

1.5H0M
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(k, -1, ) -t =(32,5-1000)" - 4 = 4225-k A? -c.>228 kA%.

Jiist mpoBepku TpaHchopMaTopa ToKa Mo BTOPUYHOM HArpys3Ke, orpeaessieM

Harpy3Ky 1o ¢azam i1 HauboJjee 3arpyKeHHOro TpancpopmaTopa ToKa
(Ta611.9.4).

OO61iee conpoOTUBIICHUE

1.HOM

o, = — = >0 0,22 OMm.
5 25
Tabmuma 9.4
Harpyska, B-A, da3bl

[Tpubop Tun A B C
BartmeTtp J1-335 0,5 - 0,5
Amriepmetp D2-377 0,1 0,1 0,1
CyeTYnK aKTUBHOM H-675 2,5 - 2,5
SHEPTUHU
CyeTynk peaKTUBHOU HN-673M 2,5 - 2,5
SHEPTHUU
Htoro 5,6 - 5,6

Bropuunast HOMHHa/IbHAs Harpy3Ka TpaHcopMaropa Toka B kiacce ToyHocTH 0,5
cocrasisier 1,2 Om. ConpoTuBnenrne KOHTakToB npuHuMaeM 0,1 Om, Torna
CONPOTHUBJIEHUE MPOBOIOB

Fip = M2.om = Tpus. = N« = 1,2 - 0,22 - 0,1 = 0,88 Om.
HpI/IHI/IMaﬂ JJIMHY COCOUHHUTCIIbHBIX ITPOBOAOB C AJIIOMHMHHUCBBIMHU KUJIaMHA 40 M,
oIpcaAci-icM CCYCHUC
P! . 0,0283-40
r 088

np

=18 mm°.

q:

[IpuruMaeM KOHTpONbHBIN Kabens AKBPI ¢ xunamu ceuenueM 2,5 MM2,

(MUHUMAJIBHO TOMYCTUMOE CEYEHUE).

e BriGop TpanchopmaTopoB Hanpspkenus Ha ctopone CH 35 kB:

35
TH: 3BHOM-35-65 | U, =—
( HOM \/é/

Ha cropone BH ycraHaBnumBaeTcs OIWH BOJIBTMETP C MEPEKIIOYEHUEM JJIs
1. U3MEpPEHUS
mexaydasnoro Hampspbkenus, TAKKE IMNOJAK/ITIOYAIOTCA KATYIIKH
HAIIPS’KEHUSA BATTMETPOB,
JHEPI'NN.

U3MEpEeHUs

PEAKTUBHOM

dazHoro

01
V3

HaIpsKCHUSA

0,

U TpuU

NEPEYEHDb

HNPUBOPOB IIPUBOJAUTCHA B TABJIL. 9.5.
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Tabmawua 9.5

s v m OOmas
§ CED( ;E = §~ noTpedsieMas
R 3 < 2 = MOIIIHOCTh
[Tpubop Tun e £ g g =)
2 2 a S o Q
é E{ 5 S § P, Bt B'z’Ax
= S -
BoasT™meTp 9-335 2,0 1 4 8,0 -
Bartmetp J1-335 15 2 1 3,0 -
Bapmetp J1-335 15 2 1 3,0 -
CueTyuK aKTUBHOU M1-680 2 Bt 2 1 4.0 9,7
SHEPIUU
Cueruuk peaktuBHOM | U-673 2,0 2 1 4.0 9,7
SHEPIUu
Htoro 220 19,4

Bropuunas narpyska

S,s =P?+Q% =/22? +19,4? =291B-A.

MomHocTh TpanchopmMaropa HanpsbkeHus 65 BA, T.e. OH IpUro/iIeH K YCTaHOBKE.

Ceuenue COCAMHUTCIIBHBIX IIPOBOJOB BBI6I/Ipa€M H3 yCJIOBHUA MEXaHUYECKOU
IMPOYHOCTHU MUHHUMAJIbBHOI'O CCUCHHA! 2,5 MM2.

e Bribop Tpanchopmaropo Toka Ha ctopone HH 10 kB:
MakcumanbHbiid padbounii Tok 2880 A; ynapHslii Tok 42,8 KA; TEMIOBOU UMITYJIbC
228 kAZc.
[Mpuaumaem TT: TIIJI-10K (HomMuHabHbIe TapaMeTpsl: 1,; = 81kA; |.= 35,4; t,=
3; limon=3000 A; I yon=5 A; k1acc TouHoCTH 0,5; Z) 110m = 0,8 OM).

TT ycraHaBnuBaroTCs B B IS CHIIOBBIX TPaHC(HOPMATOPOB M B IIEH
BBIKJIFOUATEJIEH.

[IpoBepka o TMHAMUYECKOW CTOMKOCTH:
lex = S1KA >422 kA
[IpoBepka mo TepMUYECKON CTOUKOCTH:

(‘1 f -1, =(35) -3=3675- kA% - . 2228 xA%c.
VYcranaBnuaem B iens TT amnepmerp tuna 3-377, S=0,1 BA.

Jlyist mpoBepku TpaHchopMaTopa TOKa Mo BTOPUYHON HArpy3Ke, OnpeaeseM
Harpy3ky 1o ¢aszam st HauboJiee 3arpy»KEHHOro TpancdopmaTopa Toka (Tad.
9.6).

OG6iee conpoTUBIICHUE
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[ oo, = S“P;"’- _50_ 0,22 Om.
5 25
Tabmura 9.6
Harpyska, B-A, da3b1

[TpuGop Tun A B C
Bart™merp J1-335 0,5 - 0,5
AMniepMeTp 2-377 0,1 0,1 0,1
C4eTyuK aKTUBHOU N-675 2,5 - 2,5
SHEPTHUH
CueTunkK peaKTUBHOM H-673M 2,5 - 2,5
DHEPTUU
Hroro 5,6 - 5,6

Bropuunas HoMuHaIbHAs Harpys3ka TpancdopmarTopa Toka B kiacce TouHocta 0,5
coctapisiet 0,8 OM. ConpoTuBiieHrne KoHTakToOB nmpuHuMaeM 0,1 OMm, Toraa
CONIPOTUBJICHUE TTPOBOJIOB

rnP: 12 oM = erH6. -k = 0;8 - 0122 - 071 = 0748 Owm.

HpI/IHI/IMaH AJIMHY COCAMHUTCIIBHBIX ITPOBOAOB C AJIIOMUHHUCBBIMU JXUJIAaMHU 40 M,
OIIpCACIIsIEM CCUCHUC

P L e 0,0283-40
r 0,48

np

gq= =0.65MM°.

[TpuarMaeM KOHTPOJILHEIH Kabens AKBPI ¢ sxunamu ceueHuem 2,5 Mm2,
(MUHUMAJIBHO TOMYCTUMOE CEYEHUE).

Br160p TpanchopmaropoB HanpsxkeHus Ha cropone HH 10 kB:

10 /01 /01
TH: HOM-10-75 | U=~ / = /2= kB |. SHom=75 BA.
( J3/ V31 ]

Ha cropone BH ycranaBiuBaeTcs OOWH BOJIBTMETP C HNEPEKIFOYEHUEM IS
u3MepeHus (Ga3HOro HANpsDKeHWsT W TPU  BOJBTMETpAa I M3MEPEHUs
mexaydasnoro Hampspbkenus, TAKKE INOJAK/ITIOYAIOTCA KATYHIKHU
HATIPSI)KEHUSI BATTMETPOB, CYETYMKOB AKTHBHOM M
PEAKTUBHOM JHEPI'NN. IHEPEYEHbDb N3MEPUTEJIBHBIX
NPUBOPOB INIPUBOJIUTCSA B TABJL.9.7.
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Tabmanma 9.7

s v m OOmas
§ CED( ;E = §~ noTpedsieMas
% S g E‘ = MOIIHOCTb
[Tpubop Tun S 5 bad > =)
a2 5 | B o Q,
5 5 & S § P, Bt BA
=g |5 5
BoasT™meTp 9-335 2,0 1 4 8,0 -
Bartmetp J1-335 15 2 1 3,0 -
Bapmetp J1-335 15 2 1 3,0 -
C4eTyuK aKTHUBHOU M1-680 2 Bt 2 1 4.0 9,7
SHEPTHUH
Cueruuk peaktuBHOM | M-673 2,0 2 1 4.0 9,7
SHEPTUH
Htoro 220 19,4

Bropuunas narpyska

S,s =P?+Q% =/22? +19,4? =291B-A.

MomHocTh TpanchopmMaropa HanpsbkeHus 75 BA, T.e. OH IpUro/iIeH K YCTaHOBKE.

CeueHure COETMHUTENBHBIX MPOBOIOB BHIOMPAEM U3 YCIOBUSI MEXaHUUYECKOU
IPOYHOCTH MUHUMAJILHOTO CEYEHHs: 2,5 MM2.

Ha  JuHUAX  BBICOKOTO  HANpsDKEHHWS  YCTAHABIMBAIOTCA  MPUOOPHI,
(uxcupyronme napaMmeTpbl, HEOOXOUMBIE IJIsI OTIPEICTCHUS MECTA TTOBPEKACHUS.

Tpancpopmamop moxa npeAHa3HAYEH Il YMEHbBIIECHUS IEPBUYHOTO TOKA 10
3Ha4YeHUM, Haubosiee YIOOHBIX JJIsi U3MEPUTEILHBIX MPUOOPOB U pelie, a TaKKe s
OT/ICJICHUS LIETICH U3MEPEHUS U 3aIIUThI OT IEPBUYHBIX 1I€TICH BHICOKOT'O HAMPSKEHMUS.

HaunGosnpiee KOIMYECTBO HM3MEPUTENBHBIX MPUOOPOB HEOOXOAMMO B IENU
MOIIIHBIX T€HEPATOPOB, TJI€ OCYIIECTBIISIETCS] KOHTPOJIb 32 HArpy3KOoW BO Bcex (aszax,
32 aKTHBHOM HW PEAKTUBHOM MOIIHOCTBIO, BEACTCA y4YeT BBIpaOOTaHHOM
AJIIEKTPOIHEPTHH, & TaK K€ KOHTPOIUPYETCS TOK B IS POTOPA U B IIEMTH BO3OYIUTEISI.

TparcdopmaTopsl TOKa BEIOMPAIOTCS:

- 110 HAMPSHKEHUIO YCTAHOBKHU:

u,., <U (9.29)

HOM ’
- 110 TOKY:

| <l (9.30)

HOM?

HomuHnanpHBI TOK JOMKEH OBITh KaK MOXHO Ommke K paboueMy TOKY
YCTAaHOBKM, TaK KaK HEIOTpy3Ka MEPBUYHOM OOMOTKH MPUBOIUT K YBEITUUCHHUIO
MMOTPELIHOCTEM.

- 110 KOHCTPYKITUH M KJIACCy TOYHOCTH;
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- 10 JIEKTPOANHAMUYECKON CTOMKOCTH;
- TI0 TEPMUYECKOU CTOUKOCTH:

imaX = kaz[ : \/E : Il.HOM; (931)

Tpancghopmamop nanpsidcenus TpeAHA3HAUEH I TOHWKEHUS BBICOKOTO

HanpspKeHus 10 cranaapTHoi BenuuuHbl 100 wu 100/ V3 B u s oTnenenus neneit
U3MEPEHMSI U PENICHHON 3aIUThl OT IEPBUYHBIX LENEH BBICOKOTO HAMPSKEHHUSL.
Tpanchopmaropsl HaNpsKEHUS] BBIOUPAIOTCS:
- 110 HAIPSDKEHHUIO YCTAaHOBKHU:

UYCT SUHOM; (932)

- 10 KOHCTPYKIIUU U CXEME COCTMHEHUSI 0OMOTOK;
- 10 KJIaCCY TOYHOCTH;
- 10 BTOPUYHOM Harpy3Ke:
S < Sy (9.33)
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[Tpunoxenue 1

3aBexayroieMy kadeapoi TpaHCIIOPTHO-
AHEpPreTHUeCKuX cucteM YeOokcapcKoro
uHctuTyTa (hrsnana) MoCcKOBCKOTO
MOJIUTEXHUYECKOTO YHUBEPCUTETA

CTyJIEHTa

rpymnma
TEI.

3asBJICHHUC.

HpOIIIy 3aKpCIINTh 3a MHOM TCMY KYPCOBOI'O IIPOCKTA

«

»

10 TUCLHUIIJINHE
«

».

N Ha3HAYUTb PYKOBOJHUTCICM

CryneHT / /
(momnuck) (®UO ctynenTa) (mara)

PykoBoauteb / /
(monuck) (®UO ctynenTa) (mara)

3aBenyromiuii Kaheapoit N /
(ToIHCh) (®UO 3as. xadenpoir) (mata)
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[Tpunoxenue 2
MHMHUCTEPCTBO HAYKU U BBICLUET'O OBPA30BAHUSI POCCHIICKOW ®EIEPALIUU
®EJIEPAJIbHOE F'OCYIAPCTBEHHOE ABTOHOMHOE OBPA30BATEJIbHOE YUPEKJEHUE
BbICHIETO OBPA3OBAHMS «MOCKOBCKHI1 NOJUTEXHUYECKUI YHUBEPCUTET»
YEBOKCAPCKHIA HHCTUTYT (@UJIMAJT) MOCKOBCKOTO MOJUTEXHHYECKOTO
YHUBEPCUTETA

Kadeapa TpaHCIOpTHO-DHEPreTHYECKHE CHCTEMbI

KYPCOBOMU ITPOEKT

o AMCIMIIJINHE «3.11eKTpnqec1me CTaHIIMH U ITOACTAHIINN

HaunmenoBanue TeMbl

Per.Homep BrimomHut:

CTYIICHT __ Kypca, TPYIIIbI
dbopMbI 00yUEHUS
1o HanpaBiieHnto moarotoBku 13.03.02
«INEKTPOIHEPTETUKA U DIIEKTPOTEXHUKA

®.1.0.

Hayunsb1ii pykoBoauTens:
JlomymeHna k 3amure

« » 202_r' JOJIKHOCTB, 3BAHUC
—— ®.1.0.
3ammTa KypcoBOro NpoeKTa:
Ouenka
Jata « » 202 r.

[Toanuce Hay4YHOTO PYKOBOJIUTENS

Yebokcapsl 202 T.
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[Tpunoxenue 3

PEHHEH3UA PYKOBOIUTEJIA
HA KYPCOBOM MPOEKT

Crynent
Kadenpa TpancnopTHO-3HEPreTHUECKUE CUCTEMBI
Hamnpagpnenue noAroToBku (CHeUagIbHOCTh) U TPOGUIIb (Crieranan3anys)

HaumMmeHnoBaHue TeMBI;

PykoBonurens:

IIOJDKHOCTD, 3Banue, ©.1.0.

1. AKTyanpHOCTB TEMBI KypCOBOT'O IPOEKTA

2. CooTBeTCTBHE IMOJIYYCHHBIX PC3YJIbTATOB 3asBJICHHBIM LCJIAM U 3a1a4aM

3. XapakTepucTHKa UCTOIb30BaHMs B padOTE UCCIEA0BATEIBCKOTO HHCTPYMEHTAPUS
(amanuza, CUHTE3a, CTAaTUCTUKO-MAaTEMaTUYECKOM  METOJOJIOTHUH,  MAKETOB
MPUKJIAJHBIX IPOTPAMM U T.I1.)

4. CreneHb CaMOCTOSATEIBHOCTH TMpU paboTe HaJg KypCOBBIM IPOEKTOM
(caMOCTOSITETLHOCTh HU3JIOKEHHST W 0000IIeHUs] MaTepuanga, CaMOCTOSITEIbHas
WHTEPIpPETANHsI IOTYyYEHHBIX PE3YIhTaTOB, 000CHOBAHHOCTh BEIBOJIOB)

5. Onenka opopMIICHHS MTPOEKTAa B COOTBETCTBUU C TPEOOBAHHMAMU, COIACPIKAITMMUCS
B MeTonuecKkux yKa3aHUsIX 10 BBITIOJIHEHUIO KyPCOBOTO MTPOEKTa, pa3pabOTaHHBIX U
YTBEPKIICHHBIX Kadeapon

6.3aMeuaHus 10 MOJITOTOBKE U BBIMOJHEHHUIO KYPCOBOTO MPOEKTA

7. KypcoBol IPOEKT COOTBETCTBYET MPEIbABISIEMbIM TPEOOBAHUSIM U MOXKET OBITh
PEKOMEH/IOBaH K 3allluTe

8. Oenka

« » 202 . /

(TToATICH PYKOBOIUTEIS) pacmudpoBKa MOANCH
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