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ПС -  підстанція
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Ш Н Л  -  шафа низьковольтна лінійна

Ш Р А  -  шинопровід розподільний алюмінієвий

Щ РО  -  щиток робочого освітлення
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CncreMoro eaeKTponocTaaaHHa Ha3HBaeTbca cyKynHicTb npncTporn gaa 

BHpoÖHĤ TBa, nepegaai i po3nogian eaeKTpnaHoi eHeprii.

CncTeMH eaeKTponocTaaaHHa npoMHcaoBHx nignpneMcTB cTBopwwTbca 

gaa 3aöe3neaeHHa ^HBaeHHa eaeKTpoeHepriew npoMHcaoBHx npHHMaaiB 

eneKTpHHHOi eHeprii, go aKHx BigHocaTbca eaeKTpogBHryHH pi3HHx MamHH i 

MexaHi3MiB, eaeKTpnam neai, eaeKTpoai3Hi ycTaHOBKH, anapara i MamHHH gaa 

eaeKTpHHHoro 3BapwBaHHa, ocBiraroBaabHi ycTaHOBKH h iHmi npoMHcaoBi 

npHHMaai eaeKTpoeHeprii. 3agaaa eaeKTponocTaaaHHa npoMHcaoBHx 

nignpneMcTB BHHHKaa ogHoaacHO i3 mnpoKHM BnpoBag^eHHaM eaeKTponpHBoga 

aK pymiHHoi cnan pi3HHx MamHH i MexaHi3MiB i öygiBHH^TBoM eaeKTpnaHHx 

cTaH^H.

B gaHHfi aac öiabmicTb cno^HBaaiB ogep^ye eaeKTpnaHy eHepriw Big 

eHeprocHCTeM.

B Mipy po3BHTKy eaeKTpocno^HBaHHa cncTeMH eaeKTponocTaaaHHa 

npoMHcaoBHx nignpneMcTB TaKo®: po3BHBawTbca, CTpyKTypa Ta npoTa^rncTb 

CTaHoBaaTbca öiabm npoTa^HHMH Ta pi3HoMarnTHHMH, po3mnpaeTbca 

acopTHMeHT cno^HBaaiB eaeKTpoeHeprii, 3pocTawTb reHepoBaHi Ta cno^HBam 

noTy^HocTi, i o  Tarne 3a coöoro HeoöxigHicTb nocrinHoi Mogeprn3a^i 

oöaagHaHHa, a 3 hhm i eaeKTpnaHHx po3nogiabanx Mepe^. BHHHKae 

HeoöxigHicTb BnpoBag^yBara aBToMaTroa^ro cncTeM eaeKTponocTaaaHHa 

npoMHcaoBHx nignpneMcTB i BHpoÖHHanx npo^ciB, 3gificHWBaTH b mnpoKHx 

MacmTaöax gncneTaeproa^ro npo^ciB BHpoÖHH r̂Ba 3 3acTocyBaHHaM 

TeaecnrHaai3agii i TeaeKepyBaHHa i BecTH aKTHBHy poöoTy no eKoHoMii 

eaeKTpHHHoi eHeprii i nigBHiiieHHa e^eKTHBHocri poöoTH eaeKTpoycTaHoBoK.
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TonoBHoro npo6neMoro b HafiönH^HOMy Mafi6yTHboMy 3’«BHTbc« 

cTBopeHH« pa^oHanbHux cucreM eneKTponocTanaHH« npoMucnoBux

nignpueMcTB.

OcHOBHi TepMiHH i noH«TT« Teopii HagifiHocTi, BHKopucToByBarn Ha 

npaKTH^, Mo^yTb 6yTH c^opMynboBarn HacTynHHM hhhom.

npa^3garaicTb HacocHoi craH^i' - ^  CTaH, npu «KoMy cTaH^« 3gaTHa 

BHKoHyBaTH 3agaHi $yHKgii 3 napaMeTpaMH (nogana, Hanip, KKfl,), 

BCTaHoBneHHMH TeXHiHHHMH BHMoraMH.

HecnpaBHicTb - CTaH HacocHoi craH^i', npu «KoMy BoHa He BignoBigae xona 

6 ogmfi 3 BHMor. 3a3BHHafi po3pi3H«roTb HecnpaBHocTi, rn,o He npu3Bog«Tb go 

BigMoB, i HecnpaBHocTi (i ix noegHaHH«), BHKHUKaroTb BigMoBH.

BigMoBa - nogi« (nomKog^eHH«, aBapi«), rn,o non«rae b nopymeHH« 

npa^3garaocri HacocHoi craH^i.

HanpagroBaHH« «BH«e co6oro TpuBamcTb a6o o6c«r po6oTu HacocHoi 

cra^ii. B npo^ci eKcnnyaTagii 3a3BHHafi po3pi3H«roTb go6oBy HanpagroBaHH«, 

Mic«HHy a6o pinHy HanpagroBaHH«, Ha^pa^roBaHH« go nepmoi BigMoBH,

Ha^pa^roBaHH« Mm: BigMoBaMH Ta iH.

Ee3BigMoBHicTb - BnacTHBicTb HacocHoi cra^ ii 36epiraTu npa^3garaicTb 

npoT«roM ge«Koro Hapo6iTKy 6e3 BHMymeHux nepepB.

Cepegmfi nac BigHoBneHH« «BH«e co6oro cepegHe nac BHMymeHoro 

HepernaMeHToBaHoro npocToro, BHKauKaHoro BH«BneHH«M i ycyHeHH«M ogHiei 

BigMoBH.

^oBroBinHicTb - BnacTHBicTb 36epiraTH npa^3garaicTb go rpaHHHHoro 

cTaHy 3 Heo6xigHHMH nepepBaMH gn« TexHinHoro o6cnyroByBaHH« i peMoHTy. 

rpaHHHHufi cTaH BH3HanaeTbc« HeMo^auBicrro eKcnnyaTagii cnopygu, arperaTy, 

cra^ ii a6o 3yMoBneHHM 3Hu ;̂eHH«M e^eKTUBHocri, a6o BHMoraMH 6e3neKu i 

o6yMoBnroeTbc« b TexHiHHiö goKyMeHTagii.
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TepMiH cay:6H - KaaeHgapHa TpHBaaicTb eKcnayara^i go MOMeHTy 

BHHHKHeHHa rpaHHaHoro CTaHy. Po3pi3HaroTb TepMiH cay:ÖH go nepmoro 

KaniTaabHoro peMoHTy, TepMiH cay:6H Mm: KaniTaabHHMH peMomaMH Ta iH.

CyKynrncTt HaBegeHHx BHrn,e BH3HaaeHb xapaKTeproye HagiÖHicTb cTaH^H 

b ^aoMy. y  cbom aepry, BHKopncToByroaH geaKi noao:eHHa MaTeMaraaHoi 

CTaTHCTHKH i Teopii HMoBipHocTeö, Ko:He BH3HaaeHHa Mo:Ha BHpa3HTH 

KiabKicHHMH noKa3HHKaMH. Ochobhhmh noKa3HHKaMH HagiÖHocTi gaa HacocHHx 

cTaH^H CHCTeM BogonocTaaaHHa i KaHaai3a^i e: HMoBipHicTb öe3BigMoBHoi 

poöoTH, aacTOTa i iHTeHcHBHicTb BigMoB, cepegHa Ha^pa r̂oBaHHa Ha BigMoBa Ta 

Koe^^ieHT roToBHocTi.

HMoBipHicTb 6e3BigMoBHoi poöoTH P(tp) e BiporigHicTb Toro, rn,o npn 

eKcnayaTa^i HacocHoi cTaH^i 3a neBHHH 3agaHHH npoMi:oK aacy /p He 

BigöygeTbca :ogHoi BigMoBH.

^acTOTa BigMoB xapaKTeproye HagiÖHicTb By3aiB (arperaTiB) cTaH^i go 

nepmoi BigMoBH. y  3acTocyBaHHi go HacocHHx arperaTiB aacToTa BigMoB 

xapaKTeproye HagiÖHicTb ix gii go nepmoro BHxogy arperaTy 3 aagy.

iHTeHcHBHicTb BigMoB (I) e BigHomeHHa ancaa By3aiB (arperaTiB), rn,o 

BigMoBHan b ogHHH r̂o aacy go cepegHboro ancaa By3aiB, rn,o npogoB:ywTb 

^pa^WBaTH.

HeoöxigHa HagiÖHicTb eKcnayara^i HacocHHx cTaH^ö cncTeM

BogonocTaaaHHa i KaHaai3a^i Mo:e i noBHHHa 3aöe3neayBaraca:

- b npo^ci npoeKTyBaHHa:

o pe3epByBaHHaM HacocHoro oöaagHaHHa; 

o BHKopncTaHHaM arperaTiB pi3Hoi noTy:HocTi;

o HaaBHicTW He3aae:HHx g:epea eHepronocTaaaHHa Ta geKiabKox 

aimö BogoBogiB;

o ycTaHoBKoro nepeMHKaroanx KoaeKTopiB Ta 3anipHoi apMaTypn b 

HeoöxigHoMy ancai;

o cTBopeHHaM 3anacHHx i pe3epBHHx eMHocTeö;

ApK.
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- b npo^ci öygiBHu^rea:

o BHKopHCTaHHAM BucoKoaKicHux MaTepiaaiB i oöaagHaHHa; 

o 3a6e3neneHHflM HeoöxigHoi aKocTi poöiT i peTeabHoro KoHTpoaw 

npu npufiMaHHi totobhx cnopyg;

- b npo^ci eKcnayaTa^i:

O HaTypHHMH (KOHTpOnbHO-3gaBanbHHMH) BHnpOÖyBaHĤ MH 3HOBy

BBoguTbca oöaagHaHHa; oöcar, CBoenacHiCTb i npaBuabHicTb npoBegeHHa 

BHnpoöyBaHb go3Boaae oTpuMaTu gificHi napaMeTpu arperaTiB, BuaBuTu 

Hafiöiabm eKOHOMiHHi pe^uMu Ta yTOHHHTH eKcnayaTa^firn

XapaKTepHCTHKH; KpiM TOrO, ^  BHnpOÖyBaHHa go3BoaaWTb BCTaHOBHTH Ti

oÖMe^eHHa napaMeTpiB (3a yMoBaMu, HanpuKaag, KaBiTa^i, Biöpa^i Ta 

iH.), goTpuMaHHa aKux npogoB^HTb TepMiH cay^öu arperaTy;

o BHKOHaHĤ M npaBua TexHiHHoi eKcnayaTa^i Ta mcTpyKgifi 

nocTananbHHKiB oöaagHaHHa; HiTKe 3HaHHa ix nepcoHaaoM HacocHoi 

cTaH^i Ta BuKoHaHHa Bcix peKoMeHga^fi i npunuciB nonepeg^ae 

nomKogneHHa Ta aBapii oöaagHaHHa;

o nocTifiHHM KoHTpoaeM 3a CTaHoM cnopyg i oöaagHaHHa; ^  go3Boaae 

CBoenacHo BuaBuTu nonaToK noaBu öaraTbox ge^eKTiB i BigxuaeHb Big 

HopME y poöoTi oKpeMux By3aiB i MexaHi3MiB Ta nepegöaHETE 3axogu, rn,o 

3a6e3nenywTb ycyHeHHa ^Ex ge^eKTiB;

o opram3a^ ero peMoHTiB i aKicHEM ix npoBegeHHaM; npaBuabHoi

opram3a^i i cBoenacHoro peMoHTy aöo 3aMmu oKpeMux nacTEH, cTaH aKux 

He BignoBigae HagifiHoi eKcnayaTa^i, 3aae^ETb, aKufi TepMiH rn,e 

^po^pa^roe HacocHufi arperaT go HacTynHoro peMoHTy i 3 aKEME 

napaMeTpaMu;

o peKoHcTpy^ iero By3aiB cnopyg i oöaagHaHHa, nepexogoM Ha

öiabm HagifiHi i nporpecuBHi cxeMu, 3aMrnoro 3acTapiaux KoHcrpy^ifi;

o HaBHaHHaM i nigroTOBKoro eKcnayaTa^ fiHoro nepcoHaay, gaa 

nigHaTTa TexHiHHoro piBHa oöcayroByroHoro nepcoHaay.
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HacocHa cTaH^a -  oö'eKT, rn,o npH3HaHeHHH gaa 3aöe3neHeHHa 

rocnogapcbKHx noTpeö Ta TexHoaoriHHHx npo^ciB nignpue.McTB npoMHcaoBocri 

Bâ nHBHM eHepropecypcoM -  TexrnHHoro Bogow.

HacocHa cTaH^a nogaHi TexHiHHoi Bogn -  ^  KoMnaeKcHa cacreMa gaa 

nepeKaHyBaHHa pigHH 3 ogHoro Mi^a b iHme, BKawHae b ceöe öygiBaw i 

oöaagHaHHa: HacocHi arperara, TpyöonpoBoga Ta gonoMmm npacTpoi 

(HanpHKaag, TpyöonpoBigHy apMaTypy). HacocHi craH^i HacTo

BHKopncToBywTbca b aKocri iH^pacTpyKTypn gaa noTpeö BogonocTaHaHHa, 

KaHaai3a^i, Ha pogoBHrn,ax Ha^TH, b aerKifi i xiMiHHHx npoMHcaoBocri, Torn,o. 

Tarn«: BHKopacToBywTbca gaa BHgaaeHHa Bogn Ha Tepuropiax b HrooBHHi, 

oÖBogHeHHx b pe3yabTaTi npopHBy Bogn aöo noBeHi.

HacocHa cTaH^a Mae cKaagHHH TexHoaoriHHHH npo^c, b aKoMy 

BHKoHywTbca pi3HoMaHiTHi onepagii 3 pigHHoro: nepeKaHyBaHHa no MaricTpaaaM 

BogonocTaHaHHa, HarHiTaHHa rigpoaKyMyaaTopiB, oHHcTKy TexHiHHoi Bogn Ta iH.

^aa 3aöe3neHeHHa eaeKTponocTaHaHHa BHKopncToByBaHoro 

TexHoaoriHHoro oöaagHaHHa nepegöaHeHo npnöygoBaHe go öygiBai HacocHoi

npuMimeHHa TpaHc^opMaTopHoi nigcTaH^i (Tn).

^aa nycKy, peryawBaHHa Ta 3ynHHKH npHBogHHx eaeKTpogBHryrnB 

HacociB, a TaKo®: gaa ynpaBaiHHa eaeKTpn îKoBaHHMH gonoMrnHHMH 

MexaHi3MaMH HacocHi craH^i MawTb eaeKTpHHHe rocnogapcTBo, ochobhhmh 

eaeMeHTaMH aKoro e cnaoBi TpaHc^opMaTopn, MacaaHi BHMHKaHi, po3'egHyBaHi, 

i3oaaTopa, cTpyMoBegyHi HacTHHH, cnaoBi Kaöeai, BHMipwBaabHi

TpaHc^opMaTopa i 3anoöi^HHKH.

CaaoBi TpaHc^opMaTopn. TpaHc^opMaTop aBaae coöow eaeKTpoMarrnTHHH
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anapaT, b aKOMy 3MiHHuH CTpyM ogHiei Hanpyru nepeTBopuTbCa b 3MiHHuH CTpyM 

minoi Hanpyru. TpaHC^opMaTopu, rn,o ^HBaaTb eHepriew eaeKTpogBuryHu 

CuaOBuX yCTaHOBOK, Ha3uBaWTbCa CHHOBHMH Ha BigMiHy Big TpaHĈ OpMaTOpiB 

CTpyMy i Hanpyru, rn,o 3aCTOCOBywTbCa gaa 3Hu:«:eHHa BuMipwBaHux 

eaeKTpuaHux BeauauH gO Me®: BuMipwBaHHa npuaagiB i xapayBaHHa 

gonoMi®Hux aaH^roriB 3Hu®eHoi Hanpyrn.

HOMmanbHi noTy®HOCTi CuaoBux TpaHC^opMaTopiB Bu3HaaawTbCa 

BignOBigHHMH CTaHgapTaMu. npu Buöopi auCaa TpaHC^opMaTopiB BpaxoBywTb 

KaaC HagiÖHOCTi gii HacOCHOi CTaH^i i CTyniHb BignoBigaabHOCTi HaBaHTa®eHb, 

nogiaawTbCa Ha KaTerOpii 3rigHO 3 npaBuaaMu yaamTyBaHHa eaeKTpoyCTaHOBOK. 

^Kffl,O Ha CTaH^i BCTaHOBaeHO' KiabKa TpaHC^OpMaTOpiB, TO npH BuXOgi 3 pOÖOTu 

OgHOrO 3 hux gOnycKaeTbca nepeBaHTa®eHHa 3aaumuauCa B poöoTi 

TpaHĈ OpMaTOpiB. BeauauHa gonyCTuMoi aBapiHHoi nepeBaHTa®eHHa 3aae®uTb 

Big TpuBaaoCTi nepeBaHTa®eHHa, KOHCTpy^ii TpaHC^opMaTopa, CnoCOÖu Horo 

oxoaog®eHHa i pagy imnux ^aKTopiB. 3a3Buaaö BOHa He nepeBurnye 20-40% 

HOMiHaabHOi noTy®HOCTi TpaHC^opMaTopa.

^Krn,o OCBiTawBaabHa Mepe®a ^HBHTbca Big CuaoBoro TpaHC^opMaTopa 

(rn,o MO®e gOnycKaTHca aume B HeBeauKux HaCOCHux CTaH^ax), to gO 

nOTy^HOCTi S HeoöxigHO gogaTu cyMapHy noTy^HicTb oCBnaroBaabHoi 

HaBaHTa êHHa.

^aa nepeMi^eHHa TpaHC^opMaTopiB npu nepioguaHOMy oraagi i peMOHTi 

Ha MOHTa^Hy MaögaHauK öygiBai HaCOCHoi CTaH^i aöo y Cne^aabHO oöaagHaHe 

npnMimeHHa BeauKi CuaoBi TpaHC^opMaTopu MawTb KoaiCHi KapeTKu i 

BCTaHOBawwTbCa Ha peHKu. PeHKOBi maaxn yKaagawTb aK y no3goB®HbOMy, TaK 

i B nonepeaHOMy HanpaMKy, a KoaiCHi KapeTKu BUKOHywTb noBopoTHUMu.

B aKOCTi ochobhux arperaTiB, BKawaawTb i BigKawaawTb Tpu$a3Hi 

eaeKTpogBuryHu 3MiHHoro CTpyMy noTy®HiCTro go 75 kBt i Hanpyrow go 500 B 

y HopMaabHOMy pe®uMi ix poöoTu, BuKopuCTOBywTb MarHiTHi nyCKaai Cepiö nA

ApK.
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i nME. npn öiabm bhcokhx Hanpyrax po3pHB aaH^ro^a mg CTpyMOM BHKaHKae 

iHTeHCHBHy gyry, oönaaroe KoHTaKTH nycKaaa i Heöe3neaHy gaa oöcayroByroaoro 

nepcoHaay, TOMy gaa BKaroaeHHa i BHKaroaeHHa eaeKTpHHHHx aaH^roriB b 

Mepe®ax bhcokoi' Hanpyrn 3acTocoByroTb MacaaHi BHMHKaai.

Po3'egHyBaai. ^aa BigKaroaeHHa Big Mepe®i bhcokoi Hanpyrn pi3HHx 

anapaTiB, npnaagiB aöo OKpeMHx giaaHoK aaH^ro^a 3acTocoByroTb po3'egHyBaai 

(3OKpeMa, go i nicaa Ko®Horo MacaaHoro BHMHKaaa oöoB'a3KoBo noBHHHi öyra 

BCTaHOBaeHi po3'egHyBaai., m,oö Mo®Ha öyao BigKaroaaTH MacaaHHH BHMHKaa Big 

Mepe®i Ha Hac oraagy i peMoHTy).

npaBHaa TexHiHHoi eKcnayaTa^i gonycKaroTb KopncTyBaHHa

po3'egHyBanaMH TiabKH npn 3HaToMy HaBaHTa®eHHi, toöto nicaa BigKaroaeHHa 

cnaoBoro TpaHc^opMaTopa aöo eaeKTpogBHryHa MacaaHHM BHMHKaaeM.

npoMHcaoBic™ BHnycKawTtca po3'egHyBaai pi3HHx THniB gga

BHyTpimHtoi i 3oBHimHboi ycTaHoBKH. Po3'egHyBaai BHyTpimHboi ycTaHoBKH gaa 

HoMrnaabHHx cTpyMiB go 1000 A  3a3BHHan öyBaroTb Tpn$a3HHMH. Biabm 

noTy®Hi po3'egHyBaai BHroTOBaaroTbca b noarocHoMy BHKoHaHHi; oKpeMi 

3'egHywTt noarocn y Tptox noarocHHH po3'egHyBaa öe3nocepegHbo Ha Mic^ 

BcTaHoBaeHHa 3 gonoMororo onopHHx KoHcTpy^iH i My^T.

l3oaaTopn. B ycTaHoBKax BHcoKoi Hanpyrn i3oaaTopn cay®aTb gaa 

eaeKTpHHHoi i3oaa^i Ta nigTpHMaHHa CTpyMoBegyHnx HacTHH pi3HHx npncTpoiB i 

anapaTiB.

CTpyMoBegyai HacTHHH (mHHH). HeoöxigHoro npHHaae®HicTro Ko®Hoi 

eaeKTpHHHoi aaH^ro^a e 3ÖipHi mHHH, go aKHx nigBogHTtca eHepria Big 

3HH^yBaabHoro cnaoBoro TpaHc^opMaTopa aöo $igepa po3nogiabHoi Mepe®i i 

Big aKHx BoHa po3nogiaaeTbca Mi®; npHHMaaaMH i KompoabHo-BHMiproBaabHHMH 

npnaagaMH.

ApK.
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36ipm iiihhh BHroTOBaaroTb 3 Migi, aaroMmiro aöo CTaai. ^aa Kparn,oro 

oxoaog^eHHa mHHH BHroTOBaaroTb npaMoKyTHoro nepepi3y y BHraagi CMyr, 

yKpinaeHHx mHHoTpnMaaaMH Ha peöpo aöo naa3oM Ha onopHHx i3oaaTopax.

CuaoBi Kaöeai. ^aa 3'egHaHHa pi3HHx eaeMerniB eaeKTpnaHoro 

rocnogapcTBa HacocHoi CTaH^i 3acTOCOBywTt CuaoBi Kaöeai.

BHMipwBantHi TpaHC^opMaropn. BHMiproBaabHi TpaHC^opMaropn (cTpyMy 

i Hanpyra) Cay^arb gaa nepeTBopeHHa eHeprii, peecTpoBaHoi BHMiproBaabHHMH 

npnaagaMH (BoabTMeTpaMH, aMnepMeTpaMH Ta iH.) i ^HBHabHoi peae Ta 

gonoMmm aaH r̂ô H.

TpaHC^opMarop Hanpyra BCTaHoBaroroTb npn Hanpy3i b Mepe^i 380 B i 

BH^e. PoöoTa BHMipwBaabHHx TpaHc^opMaTopiB 3acHoBaHa Ha ToMy ^  

^pHH^H î, rn,o i poöoTa chhobhx TpaHC^opMaropiB. B aaH^ro^ax bhcokoi’ Hanpyru 

mgKaroaeHHa BoabTMeTpa, aianabHHKiB, peae i t. g. mo^ hhbo Mme aepe3 

TpaHC^opMarop Hanpyrn. 3 BHCoKoBoabTHoi öoKy oÖMoTKa TaKoro 

TpaHC^opMaTopa po3paxoByeTbca Ha Hanpyry Mepe^i, 3 öoKy HH3bKoBoabTHoi 

oÖMoTKa Mae Hanpyry 110 i 220 B.

AMnepMeTpn i nocaigoBHi oömotkh BaTMeTpiB Ta aianabHHKiB eHeprii 

nigKawaawTb go cnaoBoi Mepe^i bhcokoi’ Hanpyrn aepe3 TpaHC^opMaropn 

CTpyMy, 3MeHmywTb cuay CTpyMy b oÖMoTKax 3a3HaaeHHx npuaagiB.

ABToMaTHHHi BHMHKaai. ^aa 3axncTy Big CTpyMiB eaeKTpnaHoro Koaa 

HagMipHoi cnan (CTpyMiB KopoTKoro 3aMHKaHHa) b aaH^ro  ̂ BKawaawTb 

aBToMaTHHHi BHMHKaai, aKi npu nepeBHrn,eHHi gonycTHMoi MaKCHMaabHoi 

BeaHHHHH CTpyMy nepepHBawTb aaH r̂o .̂ TenaoBi Ta eaeKTpoMarHiTHi 

po3aenawBaai ^HX aBTOMariB nigönpawTb TaK, rn,oö bohh öe3nepemKogHo 

nponyCKaau CTpyM HopMaabHoi Cnan, a npn nepeBaHTa^eHHax po3pHBaan 

aaH^w^ paHime, Hm: CTpyM nepeBaHTa^eHHa 3Mo^e nomKogHTH npnaagn aöo 

eaeKTpogBHryH.
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HacocHa ^ hbhtbca eneKTpoeHepriew Big po3noginbnoro npncrpow (Pn). 

BigcTaHb Big Pn go npnöygoBaHoi Tn - 230 m. Hanpyra Ha Pn - 6 kB. Bei En 

npnegHam go Mepe^i 3MiHHoi Tpn0a3Hoi Hanpyrn 380B.

Cno^HBani HacocHoi MawTb 2 KaTeropiw HagiÖHocTi eneKTponocTanaHHa. 

IpyHT y paöom HacocHoi - nopHo3eM 3 TeMnepaTypow +20 °C.

Po3Mipn öygiBni HacocHoi A  x B x H = 24 x 18 x 6 M. 

ünaH po3Mirn,eHHn oönagHaHHn b HaBegeHHH y gogaTKy A. 

nepeniK TexHonorinHoro ycTaTKyBaHHa HacocHoi HaBegeHo y Taönn^ 1.1. 

noTy^HicTt eneKTpocno^HBaHHA (P hom) 3a3HaneHa gna ogHoro

eneKTponpHHMana.

Taönn^ 1.1. nepeniK cTpyMonpHHManiB HacocHoi craH^i.

N° 3a 
nnaHoM

HaÖMeHyBaHHa En pHoM,
kBt

COS 0

K-t

BHKopncTaHHfl,
Kb

1 2 3 4 5

H1-H4
Hacocn rigpoaKyMynnTopiB 

TexHonorinHoi Bogn
18,5 0,8 0,5

H5-H8
Hacocn rigpoaKyMynnTopiB 

nHTHoi Bogn
4,4 0,8 0,5

H9-H11
Hacocn 0inbTpiB goonncTKH 

nHTHoi Bogn 7,5 0,8 0,66

H12-H17
Hacocn 0inbTpa^i 
TexHonorinHoi Bogn

11 0,8 0,5

H18-H21
Hacocn cncTeMH 

3He3apa ;̂eHHa Ta ge3iH0ewi 5,5 0,8 0,95

ApK.
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2. Po3paxyHOK eneKTpHHHHx HaeaHTa'AeHb HacocHoi' craH^i*

OaKTHHHe 3HaneHHa po3paxyHKOBoro HaBaHTmeHHa 3ane^HO Big KintKOCTi 

En y rpyni Ta ix pe^MMy poöora nepeBurnye CepegHe, aKrn,o po3rnagaroTtCa 

nurne En, aöo öyge hh^ hhm Big CepegHtoro, aKrn,o BpaxoByeTtCa HMOBiprnCTt 

ogHonaCHOi poöora BCtoro TexHonorinHoro yCTaTKyBaHHa, toöto 3ane^MTt Big 

piBHÄ b CEn, Ha ÄKOMy Bu3HanaeTtCa HaBaHTmeHHa. ToMy BenunuHy CepegHto- 

ro HaBaHTa êHHa 3a MaKCuMantHO 3aBaHTa«:eHy 3MiHy BuKopuCTOByroTt gna 

BH3HaneHHa po3paxyHKOBoro HaBaHTa êHHa.

niKOBHH CTpyM - ^  MaKCHMantHHH KOpOTKOHaCHHH CTpyM TpHBaniCTW B 

KintKa ceKyHg. niKOBHM CTpyMOM gna ogHoro En e nyCKOBufi CTpyM (InycK), äkhh 

BHHHKae npu BMHKaHHi ogHoro E^ aöo 3BaproBantHoro TpaHC^opMaropa, npu 

eKcnnyaTagiÖHOMy K3 npu 3BaproBaHHi Ha ogmfi yCTaHOB ,̂ nnaB^ CTani y 

gyroBifi eneKTponeni Ta iH. ^na rpynu En mKOBufi CTpyM (IniK) BH3HanaeTtca 3 

ypaxyBaHHaM E^ 3 HaööintmuM nyCKOBHM CTpyMOM.

nyCKOBufi Ta niKOBufi CTpyMH Heoöxigm gna Buöopy yCTaBOK 

po3nennwBaniB aBTOMariB Ta nnaBKux BCTaBOK 3anoömHuKiB, Bu3HaneHHa 

po3Maxy 3MiHH Hanpyru gna o^ hkh gonyCTHMOCTi KonuBaHt Hanpyru Ta 

nepeBipKH MÔ nuBOCTi CaMO3anyCKy E^.

Ko^eH En xapaKTeproyeTtCa hu3kom HOMiHantHux napaMeTpiB, äk-to: 

Hanpyra, naCTOTa CTpyMy, Koe^^ieHT noTy^HOCTi, Koe^^ieHT KopuCHOi gii 

(KK^) Ta mmux, rn,o 3a3HanawTtCa b naCnopTi En.

BuxigHi gaHi gna po3paxyHKy HaBaHTa^mt:

- yCTaHOBneHa (HOMiHantHa) noTy^HiCTt En (gna E^ - fioro aKTuBHa 

noTy^HiCTt, gna TpaHC^opMaTopiB gyroBoro i MamuH KOHTaKTHoro 3BapwBaHHa - 

noBHa noTy^HiCTt);
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- HOMiHaatHa Hanpyra En;

- Koe^i^eHT noTy^HOCTi En;

- pe^HM poöoTH En (TpHBanHH, TB gaa En noBTopHO-KopoTKOTpHBaaoro 

pe^HMy, KopoTKonacHHÖ);

- Koe^i^eHT BHKopHCTaHHa aKTHBHOi noTy^HOCTi;

- $a3HiCTb En (TpH^a3HHH aÖO OgHO$a3HHH);

- cnociö npnegHaHHa ogHO$a3Horo En (Ha $a3Hy aöo airnHHy Hanpyry). 

YcTaHOBaeHa (HOMiHaatHa) noTy^HiCTt En gaa E^ TpHBaaoro pe^HMy

poöoTH Ta Bcix BHgiB HarpiBaatHHx En - npHHMaeTtca piBHoro nacnopTHifi 

noTy^HOCTi:

P = Pr H * n (2.1)

ge pnacn - HOMiHaatHa noTy^HiCTt Ha Baay E^, kBt;

- gaa E^ noBTopHO-KopoTKoaaCHoro pe^HMy poöoTH - nacnopram 

noTy^HOCTi (kBt), npHBegernö go BigHOCHoi TB = 1,

Ph = Pnacn ' V TBn . (2.2)

ge TBn —  naCnopTHa TpHBaaiCTt BMHKaHHa, b.o;

- gaa 3BaproBaatHHx TpaHC^opMaropiB:

$nacn " VnBn , (2.3)

Ph $nacn " VnBn  " COS 0nacn, (2.4)

ge cos 0nacn- naCnopTHe 3HaaeHHa Koe^^ieHTa noTy^HOCTi;

- gaa KpaHiB HOMiHaatHi aKTHBHa Ta peaKTHBHa noTy^HOCTi BH3HaaaroTtCa 

aK gaa ogHoro En 3 CyMapHoro HOMiHaatHoro noTy^HiCTw:

P h =£?=1 Vhx , (2.5)

Qh =  Z?=i qH.i =  H = i pH.itg$ i, (2.6)

ge n - KiatKiCTt E^ KpaHa;

pHi - HOMiHaatHa aKTHBHa noTy^HiCTt i-ro En;

tg $ i- BignoBigae 3HaaeHHro Koe^^ierna noTy^HOCTi cos 0j i-ro En.



PiBHi BH3HaneHHfl po3paxyHKOBHx HaBaHTa^eHt HaBegem Ha pnc. 2.1. 

nepmHH piBeHt eaeKTponocTanaHHa - ^  eaeKTpHHHi Mepe^i Hanpyroro go 

1 kB, aKi npnegHywTb OKpeMi En go nPE (mHHonpoBogy, CPffl, CPn aöo

CHHOBOl 3ÖipKH).

^pyrHH piBeHt eaeKTponocTanaHHa - ^  eaeKTpHHHi Mepe^i Hanpyroro go 

1 kB, aKi npnegHywTb CPffl, cnaoBi nyHKTH Ta 3ÖipKH, fflPA go 3ÖipHHX muH 

HH q T n  aöo go fflMA.

TpeTifi piBeHb —  ^  3ÖipHi mHHH HH TpaHC^opMaTopHHx nigcTaH^H Ta 

fflMA.

OÖHHcneHHa po3paxyHKoBHx HaBaHTa êHb Ha gpyroMy Ta TpeTboMy piBHax 

eaeKTponocTanaHHa 3gificHweTbca MeTogoM po3paxyHKoBHx Koe^^ierniB [15].

MeTog Haae^HTb go ochobhhx MeTogiB po3paxyHKy eaeKTpHHHHx 

HaBaHTa êHb. BiH e Haööiabm tohhhm i peKoMeHgyeTbca npn BH3HaneHHi 

po3paxyHKoBHx HaBaHTa êHb gaa rpyn En, Koan BigoMi gam Ko^Horo En [2].

PncyHoK 2.1 -  PiBHi BH3HaneHHa po3paxyHKoBHx HaBaHTa êHb

2.1. HaBaHTa^eHHH 3araabHoro eaercrpHHHoro ocBiraeHHH

EaeKTpHHHe ocBiTaeHHa bhpoöhhhhx npHMirn,eHb e 3araabHHM

piBHoMipHHM ocBiTaeHHaM i BHKoHyeTbca CBiTHabHHKaMH, aKi po3nogiaawTb
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piBHOMipHO Mm: oKpeMHMH $a3aMH TpH^a3H0i eneKTpHHHoi Mepe:i. ToMy 

eneKTpHHHe ocBiTneHHa Mo:Ha po3raagara aK Tpn$a3He HaBaHTa:eHHa.

Po3paxyHKOBe HaBaHTa:eHHa 3aranbHoro eneKTpHHHoro ocBiTneHHa ^ x y  

BH3HanaeTbca MeTogoM Koe^^ieHTa nonmy [1, 12, 18], ane gna ^ o ro  cnig 

po3paxyBara BCTaHoBneHe (HoMiHanbHe) HaBaHTa:eHHa 3aranbHoro ocBiTneHHa 

^ xy Pycm.0, aKe öinbm tohho BH3HanaeTbca CBiTnoTexHiHHHM po3paxyHKoM 

(MeTogoM Koe^^ieHTa BHKopncTaHHa cBiTnoBoro noToKy). y  nonepegHix po3pa- 

xyHKax BCTaHoBneHe (HoMmanbHe) HaBaHTa:eHHa 3arantHoro ocBiTneHHa ^ x y  

Mo:Ha BH3HanHTH 3a ^opMynoro:

Pycm. O = k - P n .o  -F -1 0 -3 , (2.31)

ge k - Koe^^ieHT, aKHH BpaxoBye noTy:HiCTb nycKoBHx npnnagiB 3ane:Ho 

Big g:epena CBiTna (gna naMn po3:aproBaHHa npHHMaeTbca k = 1,0; gna naMn 

THny k = 1,1; gna HH3bKoro THCKy CTapTepHHx k = 1,2, 6e3CTapTepHHx - 

k = 1,35);

pn .o - nmoMa ycTaHoBneHa noTy:HiCTb 3aranbHoro ocBiTneHHa ^xy , Bt/m2 

F - nnorn,a, aKa nignarae ocBiTneHHW, m2 (po3Mipn öepyTbca 3 nnaHy). 

npn BHÖopi g:epena CBiTna gna 3aranbHoro BHyTpimHboro ocBiTneHHa 

cnig BHKopncToByBaTH nepeBa:Ho ra3opo3pagm naMnn 3 Haööinbmoro cBiTnoBoro 

BiggaHoro.

Po3paxyHKoBe aKTHBHe HaBaHTa:eHHa 3aranbHoro ocBiTneHHa ^ x y  

BH3HanaeTbca aK:

Pp.O = Kn.O ' Pycm.0, (2.32)

ge Kn0- Koe^i^eHT nonHTy 3aranbHoro ocBiTneHHa.

^na bhpoöhhhhx öygiBenb, rn,o cKnagaroTbca 3 oKpeMHx npHMiro,eHb, 

npHHMaeTbca Koe^^ieHT nonHTy 3aranbHoro ocBiTneHHa Kn0 = 0,85, gna 

oKpeMHx BenHKHx nporoHiB - Kn0 = 0,95, gna HeBenHKHx bhpoöhhhhx öygiBenb - 

Kn.o= 1.

Po3paxyHKoBe peaKTHBHe HaBaHTa:eHHa 3aranbHoro ocBiTneHHa ^ x y  

BH3HaHaeTbca TaK:



Qp.o =  Pp.o ■ t9 $ o 5 (2.33)

ge tg ^ 0ßignoßigae 3HaneHHM Koe^i^eHTa noTy^HOCTi cos 0 O3ane^Ho Big 

BHgy (rany) g^epeaa cBiTaa. npn ^oMy Koe^^ieHT aKTHBHoi noTy^HOCTi gaa 

aaMn po3 ;̂apwBaHHa npnnMaeTbca piBHHM cos 0 O= 1 ,0, gaa HH3bKoro THCKy 

cos 0 O = 0,95, gaa bhcokoto THCKy THny ^P-4 cos 0 O = 0,5.

Po3paxyHKoBe noBHe HaBaHTa êHHa 3araabHoro ocBiTaeHHa ^ x y  

BH3HanaeTbca 3a ^opMyaoro:

Sp.o = JPp.o2 + Qp.o2

npn ^oMy po3paxyHKoBHH CTpyM BH3HanaeTbca aK:

j _  SP.O
lp o  =  93-u •V  uhom

(2.34)

(2.35)

Pe3yabTaTH po3paxyHKiB HaBogaTbca b Taöan^ 2.2.

2.2. BH3HaneHHH po3paxyHKOBoro HaßaHTa^eHHH 3araabHoro eaercrpHHHoro

OCBiTaeHHH HaCOCHOl

- po3Mipn npHMirn,eHHa: 24 m x 18 m.

- aK g^epeaa CBiTaa npnnMawTbca aaMnn Tnny ^P-4.

Po3paxyHoK. ^aa aaMn Tnny ^P^, aKi BHKopncToBywTbca gaa ocBiTaeHHa 

HacocHoi, npnnMaeTbca nmoMa ycTaHoBaeHa noTy^HicTb 3araabHoro ocBiTaeHHa 

pP0 =15 Bt/m2, Koe^i^eHT k = 1,1.

YcTaHoBaeHe (HoMmaabHe) HaBaHTa êHHa 3araabHoro ocBiTaeHHa ^ x y  

BH3HanaeTbca 3a ^opMyaoro (2.31)

Pycm0 = 1,1 -15-24-18-  10-3 = 7,128 Kßm.

Koe^^ieHT nonnTy 3araabHoro ocBiTaeHHa npnnMaeTbca gaa HeBeaHKHx 

bhpoöhhhhx öygiBeab Kn0 = 1.

Po3paxyHKoBe aKTHBHe HaBaHTa êHHa 3araabHoro ocBiTaeHHa ^ x y  

BH3HanaeTbca 3a ^opMyaoro (2.32)



Pp .0 =  1 • 7,128 =  7,128 Kßm.

^aa aaMn rany npnÖMaeTbca Koe^^ieHT aKTHBHoi noTy^HOCTi

cos 0 O = 0,5, aKOMy BignoBigae Koe^^ieHT peaKTHBHoi noTy^HOCTi tg$0 =1,73.

Po3paxyHKOBe peaKTHBHe HaBaHTa êHHa 3araabHoro ocBiraeHHa ^ x y  

BH3HanaeTbca 3a ^opMyaoro (2.33)

Qr o =  7,128 • 1,73 =  12,33 KBAp.

Po3paxyHKOBe noBHe HaBaHTa êHHa 3araabHoro ocBrraeHHa ^ x y  

BH3HanaeTbca 3a ^opMyaoro (2.34)

Spa =  V7,1282 +  12, 332 =  14,24 kBA.

Po3paxyHKOBHH CTpyM 3araabHoro ocBrraeHHa ^ x y  BH3HanaeTbca 3a 

^opMyaoro (2.35)
14 24/ = J ^  =  2 1 ,6 4  a .

V3̂ 0,38

Pe3yabTaTH po3paxyHKiB HaBogaTbca b Taöa^i 2.2.

2.3. Po3paxyHOK CHaoBoro HaBaHTa^eHHH Ha nepmoMy piBHi

Ha nepmoMy piBHi eaeKTponocTanaHHa HaBaHTa êHHa Ha mmro (npoBig, 

Kaöeab) CTBoproeTbca ogHHM En, ToMy gga Bcix TaKHx npnegHaHb npn BigoMoMy 

^aKTHHHoMy Koe^^iemi 3aBaHTâ ;eHHa k3 En po3paxyHKoBi aKTHBHi Ta 

peaKTHBHi HaBaHTa êHHa nepmoro piBHa eaeKTponocTanaHHa BH3HanawTbca 3a 

^opMyaaMH:

Pp.1 =  k3 • Phom, (2.7)

^p.i =  Rhom • t^0, (2.8)

Sp.i VPp.i2 +  ^p.i2 , (2-9)

(2.10)V ̂  uhom

ApK.

B P  5 . 6 . 1 4 1 . 3 5 2  n 3
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ge tg$  - BignoBigae nacnopTHOMy 3HaaeHHM Koe^i^eHTa noTy^HOCTi cos 0, 

aKe xapaKTepHe gaa gaHoro En;

UHOM- HoMmaatHa Hanpyra eaeKTpnaHoi Mepe^i go 1 kB.

^Kffl,o 0aKTHHHHH Koe0^ieHT 3aBaHTâ ;eHHa k3 En HeBigoMHH, to npn 

npoeKTyBaHHi npHHMaeTtCa k3 = 1. TaKHM hhhom, 3a po3paxyHKoBe aKTHBHe 

HaBaHTa êHHa npHHMaeTtCa HoMmaatHa noTy^mCTt En npn TB = 1.

HoMmaatHHH CTpyM E^ BH3HaaaeTtCa aK:

I,HOM.d
PHOM.d

0HOM.Ö'VHOM.d
(2.11)

ge PHom <T HoMmaatHa aKTHBHa noTy^mCTt E^;

cos $HOM.d- HoMmaatHHH Koe^^ieHT noTy^HocTi E^; 

gHOM.d - HoMmaatHHH Koe0^ieHT KopncHoi gii (KK^) E^.

BenHHHHH cos 0HOM.A i ^HOM.dnpHHMawTtca 3 KaTaaoriB 3aBogiB- 

BHroTOBaroBamB i goBigHHKiB [16,17].

^o^atHo gaa Ko^Horo En oÖHHCaHTH fioro nycKoBHH CTpyM:

J = k • I,AnycK nycK l HOM.En, (2.12)

ge knycK - Koe^^ ieHT nycKy;

IHOM.En- HoMmaatHHH CTpyM En.

^aa KoHKpeTHHx En Koe0^ieHTH nycKy npHHMamTt 3a nacnopTHHMH 

gaHHMH. ^Km,o bohh BigcyTHi, to m,ogo HoMmaatHoro CTpyMy En BeaHHHHa 

nycKoBoro CTpyMy npHHMaeTtCa:

- 5-Kparaom gaa aCHHxpoHHHx gBHryHiB (A ^ ) 3 KopoTKo3aMKHeHHM 

poTopoM Ta CHHXpoHHHX gBHryHiB (C^);

- 2,5-KpaTHow gaa gBHryHiB noCTifiHoro CTpyMy Ta A ^  3 0a3HHM poTopoM;

- 3-KpaTHow gaa 3BapmBaatHHx i niaHHx TpaHC0opMaTopiB, MamHH 

KoHTaKTHoro 3BapwBaHHa npn MaKCHMaatmö BTopHHHifi Hanpy3i [2].



BH3HaneHHH po3paxyHKOBHx HaeaHTa'AeHb Ha nepmoMy piBHi 

eaeKTponocTanaHHH gaa Hacocy ^iabTpy gooHHCTKH nHTHoi" BogH H9

^aa Hacocy H9 3a 0opMyaoro (2.7) npn npHHHaTOMy k3 = 1 po3paxyHKOBe 

aKTHBHe HaBaHTa êHHa Ha nepmoMy piBHi eaeKTponocTaaaHHa:

Pp. 1 VnoM.d 1 " 7,5 7,5 KBm.

^aa Hacoca npHHMaeTbca Koe0^ieHT aKTHBHoi noTy^HOCTi cos 0 =  0,8, 3a 

0opMyaoro (2.8) npn npHHHaTOMy Koe^^ iem i peaKTHBHoi noTy^HocTi tg$ = 

0,75, aKHH BignoBigae 3agaHoMy Koe0^iem y  aKTHBHoi noTy^Hocri cos 0 =  0,8, 

po3paxyHKoBe peaKTHBHe HaBaHTmeHHa Ha nepmoMy piBHi eaeKTponocraaaHHa:

Rp.1 tfnoM.d 7,5 " 0,75 5,63 KRAp.

3a 0opMyaoro (2.9) po3paxyHKoBe noBHe HaBarna^eHHa Ha nepmoMy piBHi 

eaeKTponocraaaHHa:

sp1 =  \Pp.i2 +  Qp.i2 = 47, 52 +  5,632 =  9,38 kBA

noTiM 3a 0opMyaoro (2.10) BH3HaaaeTbca po3paxyHKoBHH crpyM nepmoro 

piBHa eaeKTponocTanaHHa:

_  9,38

p1 V3-0,38
14,24 A.

3a HenoBHHMH BHxigHHMH gaHHMH, aKi npn npoeKTyBaHHi öepyTbca i3 

3aBgaHb TexHoaoriB (HaBogHTbca HBHMeHyBBHHa ycTaTKyBaHHa Ta fioro 

BcTaHoBaeHa noTy^HicTb), gaa Hacocy npHHMaeTbca Koe0^ieHT nycKy kn =  5. 

BH3HanaeMo nycKoBHH cTpyM 3a 0opMyaoro (2.12)

InyCK =  5 • 14,24 =  71,22 A.

OTpHMaHi 3a 0opMyaaMH (2.7) - (2.12) pe3yabTara po3paxyHKiB gaa Hacocy 

H9, a Taxo^; gaa mmnx En HacocHoi, 3BegeHo b Ta6aH^ro 2.1.



Taönn^ 2.1 - Po3paxyHKOBe cnnoBe HaBaHTa êHHA Ha nepmoMy piBHi 
eneKTponocTanaHHa_________________________ ________________________________

N2 3a 
nnaHoM

HaÖMeHyBaHHA
En

pH oM,
kBt

cos^ tg9
Po3paxyHKoBi gam

Pp.̂
kBt

q ^
kBAp

Sp . ^

kBA
!p . 1 , 
A

In y ^
A

1 2 3 4 5 6 7 8 9 10

H1-H4

Hacocn
rigpoaKyMynflTopiB

TexHonorinHoi
Bogn

18,5 0,8 0,75 18,5 13,88 23,13 35,13 175,67

H5-H8
Hacocn

rigpoaKyMynaTopiB 
nHTHoi Bogn

4,0 0,8 0,75 4 3,00 5,00 7,60 37,98

H9-

H11

Hacocn înbTpiB 
gooHHcTKH nHTHoi 

Bogn
7,5 0,8 0,75 7,5 5,63 9,38 14,24 71,22

H12-

H17

Hacocn ^mbTpagii' 
TexHonoriHHoi 

Bogn
11,0 0,8 0,75 11 8,25 13,75 20,89 104,45

H18-

H21

Hacocn cncTeMH 
3He3apa ;̂eHHa Ta 

ge3iH$eK^i
5,5 0,8 0,75 5,5 4,13 6,88 10,45 52,23

2.4. Po3paxyHOK CH^OBoro HaBaHTa^eHHH Ha gpyroMy piBHi

Ha gpyroMy piBHi eneKTponocTanaHHA HaBaHTa êHHA Ha ^HBHHbHy mmro 

CTBoproeTbCA rpynoro En, aKi npnegHam go nPE. OcKintKH ogHonacHo 3 

MaKCHMantHHM HaBaHTa êHH^M yci En He ^pa^roroTb, to pe3ynbTyrone 

HaBaHTa êHHa 3aB^gn MeHme Big cyMH ix HoMmanbHHx noTy^HocTeö i öyge 

öinbmHM Big cepegHboro HaBaHTa êHHa 3a MaKcHManbHo 3aBaHTä«:eHy 3MiHy (3a 

Manoi KinbKocTi En) aöo gopiBHWBaTH öoMy (3a 3HaHHoi KinbKocTi En), rn,o 

xapaKTepH3yeTbca Koe^i^ eHTaMH po3paxyHKoBHx aKTHBHHx HaBaHTa^eHb Kpa i 

po3paxyHKoBHx peaKTHBHHx HaBaHTa^eHb Kpp.

ApK.
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Koe^^ ieHT po3paxyHKoBHx aKTHBHHx HaBaHTa^eHt Kp a 3ane^HTt Big 

e^eKTHBHoro HHcaa En ne, cepegHboBHBa^m oro Koe^^ ieHTa BHKopHCTaHHa 

aKTHBHoi noTy^HOCTi Kb cb Ta CTaaoi nacy HarpiBaHHa Mepe^i T0, aKa Ha gpyroMy 

piBHi eaeKTponocTanaHHa npnfiMaeTbca T0 = 10 xb (po3paxyHKoBHH iHTepBaa 

nacy 3T0 = 30xb).

E^eKTHBHe hhcho En ne - ^  TaKa yMOBHa KiabKicTb ogHopigHHx 3a 

pe^HMOM poöoTH En ogHaKOBoi noTy^HOCTi, aKa oöyMoBaroe Te caMe 3HaneHHa 

po3paxyHKOBoro HaBaHTa êHHa, aK i rpyna En pi3HHx 3a pe^HMOM poöoTH Ta 

noTy^HiCTW. BeaHHHHa e^eKTHBHoro HHcaa En ne BH3HanaeTbca TaK:

ne (Y i=1 PhomA)
Y™ »21̂ = 1̂  HOM.i

(2.13)

ge n - KiabKicTb ^pa^wwHHx En b rpyni;

VnoM.i - HoMmaabHa aKTHBHa noTy^HiCTb i-ro En npn TB = 1.

3HafigeHi 3a ^opMyaoro (2.13) 3HaneHHa ne oKpyraaroTbca go HanönH^noro 

MeHmoro ^aoro ancaa.

^ucao e^eKTHBHHx En ne npnfiMaeTbca piBHHM gificHoMy ancay En n, 

aKrn,o BigHomeHHa noTy^HocTeö Hafiöiabmoro go HafiMeHmoro En rpynn He

nepeBHffl,ye 3 (pHoM. MaKC /pHoM. MiH ^  3).

^aa rpyn pi3HHx En pi3Hoi noTy^nocTi Ta pi3Horo pe^HMy poöoTH 

cepegHbo3Ba^eHHfi Koe^i^eHT BHKopHCTaHHa aKTHBHoi noTy^HocTi:

Y^ pTZ _ Zj 1 = 1 r CM.l
^e.ce yk p

Y i = 1 * HOM.i
(2.14)

ge k — KiabKicTb xapaKTepHHx rpyn En;

P, rpynoBa cepegHa aKTHBHa noTy^HiCTb 3a MaKCHMaabHo

3aBaHTa«:eHy 3MiHy i-i rpynn En;

PHOM.r  rpynoBa HoMiHaabHa aKTHBHa noTy^HicTb i-i rpynn En, aKa 

BH3HanaeTbca 3a ^opMyaoro (2.5).

rpynoBe cepegHe aKTHBHe HaBaHTa êHHa 3a MaKCHMaabHo 3aBaHTa^eHy 

3MiHy i-i rpynn En BH3HanaeTbca 3a ^opMyaoro:

PcM.i Y i=1 ke.i ' 'PnoM.t, (2.15)



ge n - KiabKicTb En b rpyni;

k Bi - Koe^i^eHT BHKopncTaHHa aKTHBHoi noTy^HOCTi i-ro En;

pH0M.i - HOMiHantHa aKTHBHa noTy^HiCTb i-ro En npn TB =1.

Koe^^iemu BHKopncTaHHa aKTHBHoi noTy^HocTi kB HaBogaTbca y 

BignoBigHifi TexHiHHifi Ta goBigKoBifi aiTepaTypi [4, 8]. ^Krn,o b goBigKoBHx 

MaTepiaaax HaBegeHi iHTepBaabHi 3HaaeHHa kB, to gaa po3paxyHKy npnfiMaroTb 

fioro Hafiöiabme 3HaaeHHa.

^ncaoBi 3HaneHHa Koe^^ierniB po3paxyHKoBHx aKTHBHHx HaBaHTa êHb 

Kp.a Ha gpyroMy piBHi eaeKTponocTaaaHHa HaBogaTbca y BignoBigHifi TexHiHHifi 

Ta goBigKoBifi aiTepaTypi [15].

Ha gpyroMy piBHi eaeKTponocTaaaHHa po3paxyHKoBe cnaoBe aKTHBHe 

HaBaHTa êHHa Pp.2 i po3paxyHKoBe cnaoBe peaKTHBHe HaBaHTmeHHa Qp 2  gaa n 

En b rpyni BroHanaroTbca 3a ^opMyaaMn:

Pp.2 Kp.a ' ^ i=\P-e.i ' PnoM.i Kp.a • Xi=iPcM.i, C216)

Qp.2 Kp.p • Xi=i P-e.i ' PnoM.i ' d̂̂ noM.i ^p.p ' Xi=1 RcM.i, (2.17)

ge Pcmä , RcMj - cepegHi aKTHBHa Ta peaKTHBHa noTy^HocTi 3a MaKcnMaabHo 

3aBaHTâ ;eHy 3MiHy i-ro En BignoBigHo;

tg ^ H0Mi- BignoBigae HoMiHaabHoMy 3HaneHHW Koe^i^eHTa noTy^Hocri 

cos ^ H0Mj, aKe xapaKTepHe gaa gaHoro BHgy En.

y  ^opMyai (2.17) Koe^^ieHT po3paxyHKoBHx peaKTHBHHx HaBaHTa êHb 

Kpp npn ancai e^eKTHBHnx En ne < 10 npnfiMaeTbca Kpp = 1,1, a npn ne > 10 

npnfiMaeTbca Kpp = 1.

y  BHnagKax, Koan po3paxyHKoBe aKTHBHe HaBaHTa êHHa rpynn En Pp 2  

MeHme 3a HoMiHaabHy noTy^HicTb Hafiöiabm noTy^Horo En rpynn, caig

npHfiMaTH Pp .2=pnoM .M aK C.

^Krn,o go By3aa npnegHaHo go Tpbox En BKawHHo, to po3paxyHKoBe 

HaBaHTa êHHa npnfiMaeTbca piBHHM cyMi ix HoMiHaabHnx noTy^HocTefi:

Pp.2 X i= lPnoM .i , (2.18)

3mh. ApK. Ns doKyM. nidnuc Mama
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Qp. 2 YS= i qh (2.19)

ge n =1-3.

Po3paxyHKOBe cnaoBe noBHe HaBaHTmeHHa Ha gpyroMy piBHi 

eaeKTponocTaaaHHa BH3HaaaeTbca TaK:

Sp.2—J Pp.2 + Qp. 2p..

npH ^oMy p03paxyHK0BHH CTpyM:

T _  SP-2 lp. 2 —P-2 J3-U

2 (2.20)

(2.21)

BH3HaneHHH po3paxyHKOBoro CHaoBoro HaBaHTa^eHHH gaa CPM3 (hk 

npHKaag po3paxyHKy)

Big CPffl3 ^HBaaTbca: Tpn Hacocn 0iabTpiB gooancTKH nHTHoi Bogn H9, 

H10 Ta H11.

CyMapHa aKTHBHa HoMiHaabHa noTy^HiCTb Tpbox HacociB BH3HaaaeTbca 3a 

0opMyaoro (2.5).

Phom.hX —7,5-3 — 22,5 KBm.

CyMapHa aKTHBHa HoMiHaabHa noTy^HiCTb gaa Bcix En CPffl3:

Phom.CP^3  ̂ Phom.h.̂  22,5 KBm.

^aa HacociB, npn gaHOMy TexHoaoriaHoMy pimeHHi npHHMaeTbca cepegHe 

3HaneHHa Koe^^ieHTa BHKopncTaHHa aKTHBHoi noTy^HocTi kB = 0,66. 

CepegHbo3MiHHe aKTHBHe HaBaHTa êHHa KpaHa moctoboto 3a 0opMyaoro (2.15) 

gopiBHwe:

PCMM — 3 • 7,5 - 0,66 — 14,85 KBm.

^aa HacociB npn npHHHaTOMy cos 0 = 0,8, aKoMy BignoBigae tg$  = 0,75, 

cepegHbo3MiHHe peaKTHBHe HaBaHTa êHHa:

Qcmm — 14,85-0,75 — 11,14 KBAp.

CyMapHe cepegHbo3MiHHe peaKTHBHe HaBaHTa êHHa gaa Bcix En CPffl3 

BH3HaaaeTbca TaK:



Qcm.CPŴ l £  Qcm.h. 11,14 K6üp.

BenHHHHa e$eKTHBHO2O nncna En CPffl BH3HanaeTbcfl 3a ^opMynoro

(2.13)

22,52 _
n„ = ---- - =  3.

e 3-7,52

npHHMaeTbca HafiönH^He MeHme ^ ne hhcho ne= 3 mT.

CepegHb03Ba ;̂eHHH Koe^i^eHT BHKopncTaHHA bkthbhoi noTy^HOCTi g.ra 

En CPffl3 BH3HanaeTbca 3a ^opMynoro (2.14)

Ke.ce =  1485 =  0 ,6 6 .22,5

3 Taög^i g^epena [2] ne — 2 mT. i Ke CB = 0,66 Koe^^ieHT 

po3paxyHKOBoro aKTHBHoro HaBaHTa êHHa Kp.a = 1. npn ne < 10 mT. Koe^i^eHT 

po3paxyHKOBoro peaKTHBHoro HaBaHTa^eHHa npHHMaeTbca Kpp = 1,17.

Po3paxyHKOBe cnnoBe aKTHBHe HaBaHTa êHHa En CPffl3 BH3HanaeTbca 3a 

^opMynoro (2.16)

Ppm2 = 1,17 • 14,85 =  17,37 KBm.

Po3paxyHKOBe cnnoBe peaKTHBHe HaBaHTa êHHa En CPffl3 BH3HanaeTbca 

3a ^opMynow (2.17)

Qp2 = 1,17 • 11,14 =  12,25 KBAp.

Po3paxyHKOBe cnnoBe noBHe HaBaHTa êHHa En CPffl3 BH3HanaeTbca 3a 

^opMynoro (2.20)

Sp2 =  V17,372 +  12,252 =  21,26 kBA.

Po3paxyHKOBHH cTpyM En CPffl3 BH3HanaeTbca 3a ^opMynoro (2.21)

21,26
/p.2 =  ^  - _ _  =  32,3A.

V3 • 0,38

HaBaHTa^eHHA Ha iHmi CPffl BH3HanaeTbca aHanorinHO. 

Pe3ynbTaTH po3paxyHKiB HaBogaTbca b Taönn^ 2.2.
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2.5. Po3paxyHOK CHaoBoro HaBaHTa^eHHH Ha TpeTboMy piBHi

Ha TpeTbOMy piBHi eaeKTponocTaaaHHa KiabKicTb En rn,e öiabma, Hm: Ha 

gpyroMy piBHi eaeKTponocraaaHHa. Pe3yabTyroae HaBaHTa:eHHa 3aB:gn MeHme 

Big cyMH ix HoMrnaabHHx noTy:HocTefi i öyge aöo öiabme (y pa3i Maaoi 

KiabKocTi En), aöo MeHme (y pa3i 3HaaHoi KiabKocTi En) cepegHboro 

HaBaHTa:eHHa 3a MaKCHMaabHo 3aBaHTa:eHy 3Mrny, rn,o xapaKTeproyeTbca 

Koe^^ ieHTaMH po3paxyHKoBHx aKTHBHHx HaBaHTa:eHb K'p.a i po3paxyHKoBHx pe- 

aKTHBHHx HaBaHTa:eHb K'p.p [15].

Ha ^oMy piBHi eaeKTponocTaaaHHa Koe^^ieHT po3paxyHKoBHx aKTHBHHx 

HaBaHTa:eHb K'p.a TaKo: 3aae:HTb Big e^eKTHBHoro ancaa En ne, 

cepegHboBHBa:eHoro Koe^^ieHTa BHKopncTaHHa aKTHBHoi noTy:HocTi Ke.cp Ta 

CTaaoi aacy HarpiBaHHa Mepe:i T0, aKa npnfiMaeTbca T0 = 2,5 rog.

Ha TpeTboMy piBHi eaeKTponocTaaaHHa aepe3 3HaaHy KiabKicTb En 

gonycKaeTbca BeanaHHy e^eKTHBHoro ancaa En ne BH3HaaaTH 3a cnporn,eHoro 

^opMyaoro:

ge m —  yci En (öe3 pe3epBHHx), aKi :HBaaTbca Big mHH HH UTn aöo fflMA;

PhommüKC. - HoMiHanbHa aKTHBHa noTy:HicTb Hafiöiabm noTy:Horo En yciei 

rpynn.

^Krn,o 3HafigeHe 3a ^opMyaoro (2.26) 3HaaeHHa ne > n, to npnfiMaeTbca ne = 

n. 3HaneHHa ne oKpyraaeTbca go HafiöaH^aoro MeHmoro ^aoro ancaa.

CepegHbo3Ba:eHHH Koe^i^eHT BHKopncTaHHa aKTHBHoi noTy:HocTi 

BH3HanaeTbca 3a ^opMyaoro (2.14), aae gaa Bcix ^pa^roroaHx En KiabKicTW m.

^HcaoBi 3HaaeHHa Koe^^ierniB po3paxyHKoBHx aKTHBHHx HaBaHTa:eHb 

K'p.a HaBogaTbca y BignoBigHifi goBigKoBifi TexHiaHifi aiTepaTypi [15].

Ha TpeTboMy piBHi eaeKTponocTaaaHHa po3paxyHKoBe cnaoBe aKTHBHe 

HaBaHTa:eHHa Pp.3 BH3HaaaeTbca 3a ^opMyaoro:

Pp.3 = K .a • SI=1 ke.i • Vhom.I = K .a ' £™1 Psrn.i■ (2.27)

2'£i=1 Phom.i
VnoMMaKC.

n,e (2.26)



Ha TpeTboMy piBHi eaeKTponocTanaHHa Koe^^ieHT po3paxyHKOBHx 

aKTHBHHx HaBaHTa^eHt K'p.a Ta Koe^^ieHT po3paxyHKOBHx peaKTHBHHx 

HaBaHTa êHb K'p.p npHHMaroTbca piBHHMH ( K'p.a = K'pp), TOMy po3paxyHKOBe 

cnnoBe peaKTHBHe HaBaHTmeHHa Qp3 BH3HanaeTbca aK:

Qp.3 Kp.p ' Xi=1 k-e.i ' PHOM.i ' d̂̂ HOM.i Pp.3 ' ^d&ce, (2.28)

ge tg$ CB BignoBigae cepegHbOBHBâ eHOMy 3HaneHHM Koe^igiema noTy^HOcri cos $c6.

Po3paxyHKOBe cnaoBe noBHe HaßaHTa^eHHa ^ x y  Ha TpeTbOMy piBHi 

eaeKTponocTanaHHa MO^Ha BH3Hawra TaK:

Sp.3 =  JPp.32 +  Qp.32. (2.29)

npH ^oMy pO3paxyHKOBHH CTpyM:

Ip. 3 =  v 3 i r .  (2.30)V ̂  uHOM

ge UHOM- HOMiHanbHa Hanpyra eneKTpHHHOi Mepe^i go 1 kB.

Po3paxyHOK. BenHHHHa e^eKTHBHoro HHcaa En ne BH3HanaeTbca 3a 

cnpo^eHoro ^opMyaoro (2.26)

^ 2 • (PHOM.cpmi +PHOM.cprn2 +PHOM.cprn3 +PHOM.cpm4 +PHOM.cpms)ne = -------------------------------------------------------- ,
PHOMMaKO.

2+74+16+22,5+66+22) „„
np = —--------------------- =  21,67 fflT.e 18,5

npHHMaeTbca HafiönH^He MeHffle ^ae HHcao ne = 21 fflT.

CepegHbo3Ba ;̂eHHH Koe^i^eHT BHKopncTaHHa bkthbhoi noTy^HocTi gaa 

Bcix En ^ x y  po3paxoByeTbca 3a ^opMyaoro (2.14)

TT- _  pcM.cpmi +pcM.cpm2 +pcM.cpm3 +pcM.cpm4 +pcM.cprns
6̂.06 p ,*hom£

jt 37+8 + 14,85+33+20,9 « -*r —
Kß cb = --------------------- =  0,567.ß.ce 200,5

Koe^^ieHT po3paxyHKoBoro aKTHBHoro HaBaHTa êHHa gaa oöancaeHHx 

BHrn,e ne = 21 fflT.i Ke CB = 0,567 3 Taöa^i npnÖMaeTbca K'p.a = 1. 3a ^opMyaoro 

(2.27) po3paxyHKoBe cnaoBe aKTHBHe HaBaHTa êHHa Ha TpeTboMy piBHi 

eaeKTponocranaHHa:



Pp . 3 =  1 • 113,75 =  113,75 KBm.

Po3paxyHKOBe cnnoBe peaKTHBHe HaBaHTa êHHa BH3HanaeTbCfl 3a 

^opMynoro (2.27), ypaxoBywnn, ^o  K 'p.a = K 'p.p = 1,

Qp.3 Kp.p • ( Qcm.CP̂ 1 + Qcm.CPWI + Qcm.CPW3 + Qcm.CP̂ A + Qcm.CP^5),

Qp3  = 1 • (27,75 +  6,0 +  11,14 +  24,75 +  15,68) =  85,31 KBAp. 

Po3paxyHKOBe cnnoBe noBHe HaBaHTa êHHA BH3HanaeTbCfl 3a ^opMynoro

(2.29)

Sp.3 =  V113,752 +  85,312 =  142,19 kBA.

Po3paxyHKOBHH CTpyM Ha TpeTbOMy piBHi eneKTponocTanaHHA 

BH3HanaeTbca 3a ^opMynoro (2.30)
142 19

l  = 2 4± ^  =  216,03 A.P.3 V3-0,38

Po3paxyHKOBi BenHHHHH Ta po3paxyHKOBi HaBaHTa êHHA chhobhx En Ha 

TpeTbOMy piBHi eneKTponocTanaHHA HaBogaTbca b Taönn^ 2.2.

2.6. BH3HaneHHH po3paxyHKOBoro HaBaHTa^eHHH T n

Po3paxyHKOBe HaBaHTa êHHA Ha mHHax HH Tn (TpeTm piBeHb 

eneKTponocTanaHHa) HeoöxigHe gna BHÖopy HoMmanbHoi noTy^HOCTi 

TpaHC^opMaTopiB i po3paxyHKy noTy^HOCTi npHCTpoiB KoMneHca^i peaKTHBHOi 

noTy^HOdi cno^HBana.

Ao po3paxyHKoBHx aKTHBHoro Pp3 i peaKTHBHoro Qp3 HaBaHTa êHb 

chhobhx En cnig gogara po3paxyHKoBi aKTHBHe Pp.0 i peaKTHBHe Qp.o 

HaBaHTa êHHA 3aranbHoro poöonoro ocBrraeHHA Ta aBapiÖHoro ocBrraeHHA

(Pp.a.0, Qp.a.ü).

npH oÖHHcneHHi 3aranbHoro po3paxyHKoBoro HaBaHTa êHHa Tn 3 

ypaxyBaHH^M po3paxyHKoBoro HaBaHTa^eHHa 3aranbHoro eneKTpHHHoro 

ocBiTneHHa ^ x y  npHHMaeTbca Koe^^ieHT ogHonacHocTi 3ÖiraHHa MaKCHMyMiB 

HaBaHTa êHHa Ko=1,0.

Heoöxigm po3paxyHKoBi gam öepyTbca 3 nigpo3gimB 2.3 i 2.4.



3aranbHe po3paxyHKOBe aKTHBHe HaBaHTmeHHa Tn  BH3HanaeTbca 3a 

^opMyaow:

Pp.^n  =  Pp.3 +  Pp.o +  Pp.a.o (2.36)

3arantHe po3paxyHKOBe peaKTHBHe HaBaHTmeHHa Tn  MO^Ha BH3HanHTH 

ak:

Qpu j n  =  Qp.3 +  Qp.o +  Qp.a.o {2.31)

TaKHM hhhom, 3aranbHe po3paxyHKOBe noBHe HaBaHTa^em Tn MO^Ha

BH3HaHHTH TaK:

Spu j n  =  J P 2p.^n  +  Q2p^ m  (2..3S)

npH ^OMy pO3paxyHKOBHH CTpyM:

W Tn =  ^ T  ’ (2.39)V ̂  uHOM

ge UH0M - HOMiHanbHa Hanpyra eneKTpHHHOi Mepe^i go aöo noHag 1 kB. 

BH3HaneHHa po3paxyHKOBoro HaBaHTa êHHa Ha CTopoHi HH Tn 

Po3paxyHKOBe HaBaHTa^eHHa aBapiHHoro ocBrraeHHa npHHMaeTbca 10 % 

Big poöoHoro.

Po3paxyHOK. 3aranbHe po3paxyHKOBe aKTHBHe HaBanra^eHHa Tn 

BH3HanaeTbca 3a ^opMynoro (2.36)

Pp.n,m =  113,75 +  7,128 +  0,71 =  121,59 KBm.

3aranbHe po3paxyHKOBe peaKTHBHe HaBaHTa êHHa Tn  BH3HanaeTbca 3a 

^opMynoro (2.37)

Qp^ rn =  85,31 +  12,33 +  1,233 =  98,88 KBAp.

3aranbHe po3paxyHKOBe noBHe HaBaHTa êHHa Tn  BH3HanaeTbca 3a 

^opMyaow (2.38)

Sp^ Tn =  JY21$Ö2+98Ä3& =  156,72 kBA, 

a po3paxyHKOBHH CTpyM 3 öoKy HH Tn 3a ^opMynoro (2.39)

‘^ Tn =  1 ^  =  23811A.

Pe3yabTaTH po3paxyHKiB HaBogaTbca b TaÖHH  ̂2.2.

3mh. ApK. Ns doKyM. nidnuc Mama
BP 5.6.141.352 n3

ApK.



Taönn^ 2.2 - Pe3ynbTaTH po3paxyHKiB eneKTpnnHnx HaBaHTa êHb

HaÖMeHyBa 
hha By3na, 
HOMep En

HaÖMeHyBaHHA En

K
in

bK
ic

Tb
 E

n
, 

n

HoMiHanbHa 
noTy^HicTb, kBt

K
-T

 B
H

Ko
pn

cT
aH

H
fl 

K
b K
oe

^i
^

eH
TH

no
Ty

^H
oc

ri

ogHoro 3aranbHa
9-
cnOo

9-

§ S—*

1 2 3 4 5 6 7 8

H1-H4

Hacocn
rigpoaKyMyn^TopiB

TexHonorinHoi
Bogu

4 18,5 74 0,5 1 0,75

Bcboro no CPT1 4 74 0,50

H5-H8
Hacocn

rigpoaKyMyn^TopiB 
nHTHoi Bogn

4 4 16 0,5 1 0,75

Bcboro no CPTTT2 4 16 0,50

H9-H11
Hacocn ^intTpiB 

gooHHCTKH nHTHoi 
BogH

3 7,5 22,5 0,66 1 0,75

Bcboro no CPT3 3 22,5 0,66

H12-H17
Hacocn ^mbTpa^i 

TexHonoriHHoi 
Bogn

6 11 66 0,5 1 0,75

Bcboro no CPT4 6 66 0,50

H18-H21
Hacocn cncTeMH 
3He3apa ;̂eHHa Ta 

ge3rn$ewi
4 5,5 22 0,95 1 0,75

Bcboro no CPT5 4 22 0,95
3-h piBeHb 21 200,50 0,57

Poöone ocBiTneHHa 7,128 1 1,73
ABapiÖHe ocBiraeHHA

Ycboro

ApK.

BP 5.6.141.352 n3
3 23mh. ApK. Ns doKyM. nidnuc Mama



npogoB^eHHA Taön^i 2.2.
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Po3paxyHKOBa noTy^HicTt mmo 
ne>10 to k=1, ak^ o ne<10 to k=1,1

P0
3p

ax
yH

KO
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H
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M

, A

AKTHBHa,
kBt

PeaKTHBHa 
, KBAp

noBHa,
kBA

9 10 11 12 13 14 15 16

37,00 27,75 1369

37,00 27,75 4 1,16 42,92 30,53 52,67 80,02

8,00 6,00 64

8,00 6,00 4 1,16 9,28 6,60 11,39 17,30

14,85 11,14 168,75

14,85 11,14 3 1,17 17,37 12,25 21,26 32,30

33,00 24,75 726

33,00 24,75 6 1,13 37,29 27,23 46,17 70,15

20,90 15,68 121

20,90 15,68 4 1 20,90 17,24 27,09 41,17
113,7

5
85,31 21 1 113,75 85,31 142,19

216,0
3

7,128 12,33 14,24 21,64
0,71 1,233

121,59 98,88 156,72
238,1

1

ApK.

BP 5.6.141.352 n3
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2.7. Po3paxyHOK nikoeux crpyMiB

niKOBHH CTpyM rpynn En (gBOx-meCTH E^) Hanpyroro go 1 kB 

BH3HanaeTbCA ak [8]

l  = 1  +  V?-1/' (2 40)‘niK ‘nycKMaKC 1 Ai 1 ‘hom ?

ge InyCKMaKC - HanömbmHH 3 nycKOBHx CTpyMiB ogHoro E^ y rpyni 3a 

nacnopTHHMH gaHHMH;

V i -1X0M- cyMapHHH HOMiHanbHHH CTpyM rpynn En 6e3 ypaxyBaHHA 

HOMiHanbHoro CTpyMy HanömbmOro 3a noTy^HiCTW E^.

niKOBHH CTpyM Big rpynn öiabme n’ATH En Hanpyrow go 1 kB npn

aKTHBHO-iHgyKTHBHOMy HaBaHTa^eHHi 3 gOCTaTHbOW TOHHiCTW MO^Ha

BH3HanHTH ak apn^MeTHHHy cyMy Hafiöiabmoro 3 nycKOBHx CTpyMiB E^ y rpyni 

Ta pO3paxyHKOBOrO CTpyMy BCix En rpynn 6e3 HOMmaabHOro CTpyMy E^ 3 

HanöinbmHM nyCKOBHM CTpyMOM npn TB =1 [3]

8 ' lHOMMaKCX (2-41)

ge Ip.2- pO3paxyHKOBHH CTpyM yCix En rpynn (pO3paxyHKOBHH CTpyM 

gpyrOrO piBHA eneKTpOnOCTanaHHa);

kB -  KOe^^ieHT BHKOpHCTaHHA E^ 3 HanömbmnM nyCKOBHM CTpyMOM;

lH0MMaKC- HOMiHaHbHHH CTpyM E^ 3 HaHÖLAbmHM nyCKOBHM CTpyMOM npn

TB=1.

Hanömbmi nyCKOBi CTpyMH E^ InyCKMaKCgflA gaHOi rpynn BnönpawTbCA 3 

TaÖAH^ 2.1.

niKOBHH CTpyM rpynn E^, AKi BMHKawTbCA OgHOnaCHO, gOpiBHwe CyMi 

nyCKOBHx CTpyMiB ^Hx E^.

niKOBa (nyCKOBa) nOTy^HiCTb BH3HanaeTbCA TaK:

n̂iK InycKMaKC +  ( p. 2

SniK(nycK) ' Uhom " Inihom " lniK(nycK) , (2.42)

ge /niK -  niKOBHH CTpyM, akhh BH3HanaeTbCA 3a ^OpMyaaMH (2.40) i (2.41), 

a nyCKOBHM CTpyM InyCK 3a ^OpMyaOW (2.12).

3mh. ApK. Ns doKyM. nidnuc Mama
BP 5.6.141.352 n3

ApK.



^ k npnaag, pO3paxyeMO niKOBi CTpyMH Big En pagiaabHOi aiHii go CPm4 

gaa cxeMH, aKa HaBegeHa Ha pncyHKy 2.1.

Big CPm4 ^HBaaTbCa, BignoBigHO, 6 HacociB 0iabTpau;ii TexHoaoriHHOi 

Bogn H12-H17. HaönoTy^mmHH eaeKTpOnpHHMaa ^ei rpynn En -  PHOMg= 

11,0kBt, KOe^^ieHT aKTHBHOi noTy^HOcri cos 0= 0,8, KOe0i^eHT BHKopncTaHHa 

kß -  0,5.

HoMiHaabHHH CTpyM E^ 3 HanöiabmHM nycKOBHM CTpyMOM npn TB = 1 i 3a 

BigcyTHOCTi nacnopTHHx gaHHx E^ gaa ^e i rpynn En BH3HanaeTbca 3a 

^opMyaow (2.11)
11T = ____ ü____ =  23 21 AĤ°M.MaKC y3-0,38-0,8-0,9 23,21 ^ ,

a öoro nycKOBHH CTpyM 3a 0opMyaow (2.12)

InycKMaKC =  5 ’ 23,21 =  116,05 A.

3 nigpo3giay 2.2 po3paxyHKOBHH CTpyM gpyroro piBHa eaeKTponocTanaHHa 

gaa En CPm4 Ip2 =  70,15 A.

niKOBHH CTpyM Big rpynn öiatme n’aTH En BH3HaaaeTbca 3a 0opMyaow

(2.41)

IniK =  116,05 +  (70,15 -  0,5 • 23,21) =  174,6A 

AHaaoriaHO po3paxoBywTbca niKOBi CTpyMH mmnx rpyn En.

Taöa^a 2.3 -  PO3paxyHOK niKOBHx HaBaHTa êHb

Ha3Ba

fla m  HaHnOTy^m m Oro E n

CTpyM

pO3pax

Ip2, A

KO e$.

BHKOpHCTaHHa

niKOBHH 

CTpyM 

IniK, A

CTpyM  HOM

iHOM.MaX, A

nyCKOBHH CTpyM 

InyCK.Max, A

C P m 1 39,04 195,19 80,02 0,50 255,69

c p m 2 8,44 42,20 17,30 0,50 55,29

c p m 3 15,83 79,13 32,30 0,66 100,99

c p m 4 23,21 116,06 70,15 0,50 174,60

c p m 5 11,61 58,03 41,17 0,95 88,17

^ P O 23,80 132,18 23,80 0,57 125,99



npH BHÖopi noTy^HOCTi TpaHC^opMaTopiB Tn  cnig BpaxoByBara ix 

HaBaHTa^yBantHy 3gaTHicTb.

noTy^HiCTt TpaHC^opMaTopiB Tn BHÖnparoTb 3a po3paxyHKoBHM 

HaBaHTâ eHĤ M. OcKinbKH boho Ha muHa.x 0,38 kB Hane^HTb go 3-ro piBHA 

eneKTponocTanaHHa i BH3HanaeTbca 3a cepegHbo3MiHHHM HaBaHTa êHH^M 3a 

Haöörnbm 3aBaHTâ ;eHy 3MiHy, to ha yMoBa BHKoHyeTbca, ToMy rn,o noTpoeHa 

nocTiHHa nacy TpaHC^opMaTopa (3To = 3-2,5 = 7,5 rog) nopiBH^Ha 3 TpHBanic™

3MiHH.

noTy^HiCTb TpaHC^opMaTopa BHÖnpawTb 3 ypaxyBaHH^M HeoöxigHoro 

pe3epByBaHHa Bcix En 1-i KaTeropii HagiÖHocTi Ta ochobhhx En 2-i KaTeropii b 

pe3ynbTaTi poöora aBToMaTHHHoro BMHKaHHA pe3epBy (ABP) Ha cewÖHoMy 

aBToMaTi (KoHTaKTopi) aöo BMHKaHHi pe3epBHoi nepeMHHKH Big cycigHboi nC.

MiHiManbHa noTy^HicTb TpaHC^opMaTopiB öyge b ToMy BHnagKy, kohh 

nepe3 hhx peaKTHBHa noTy^HicTb He nepegaeTbca, a noBHicrw KoMneHcywTbca 

Ha CTopoHi go 1 kB. ^  6a3oBHH BapiaHT, npn AKoMy po3paxyHKoBe peaKTHBHe 

HaBaHTa êHHa Tn QpuTn gopiBHwe BCTaHoBneHHW Bciei noTy^Hocri 

HH3bKoBonbTHHx KoHgeHcaTopiB (HK) QHK.

npn Tpbox i MeHme TpaHC^opMaTopax ix HoMrnanbHy noTy^HicTb 

BHÖnpawTb 3a po3paxyHKoBHM aKTHBHHM HaBaHTa êHHflM 3 ypaxyBaHH^M 

npHÖH^Toro Koe^^ieHTa 3aBaHTa êHHa TpaHC^opMaTopa PT 3a eMnipHHHoro 

^opMynoro [5,18]

Sml.T > S „ mTp =  P-2äZ-, kBA (3.1)

ge SH0M.T.p- noBHa HoMrnanbHa po3paxyHKoBa noTy^HicTb TpaHC^opMaTopa;

B P  5 . 6 . 1 4 1 . 3 5 2  Ü 3
3m. ApK. Ns doKyM. nidnuc Mama

Po3po5uB Ha^opHuü E.B. Po3paxyHOK napaMempiB cucmeMu 

e/ieKmponocmaHüHHn HacocHoi cmaHyii 

3 Memorn i'i' MoäepHi3ayii. 

üoncHKiBa/bHa 3anucKa.
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2.6;

N  - KintKicTb TpaHC^opMaTopiB Tn.

BnönpaeTbca HaöönH^Ha örnbma CTaHgapTHa HoMmaabHa noTy^HicTb 

TpaHc^opMaTopa [2].

3.1. Bußip ch^obhx TpaHC^opMaTopiB HacocHoi' craH^i'

nepBHHHa Hanpyra TpaHC^opMaTopa 6 kB.

^epe3 Te m,o En Haae^aTb go 2-i KaTeropii HagiÖHocTi, npHHMaeTbca 

gBoxTpaHc^opMaTopHoi KTn i Koe^^ieHT 3aBaHTä«:eHHa TpaHc^opMaTopa 

£t=0,7.

3a ^opMyaom (3.1)

SmM.r >  ShomTp =  '1 6 1 =  1 1 1 , 9 4  kBA.

BnÖHpaeMO TpaHC^opMaTop 3 HoMmaabHom noTy^mcTm Shom.t = 160 kBA 

THny TMr-160/6/0,4 (3 ro^poBaHHMH CTiHKaMH 6e3 po3mnpwBanbHoro öaKa).

3.2. BH3HaneHHH noTy^HOcri KOHgeHcaTopHux ycTaHOBOK 0,4 kB

OcKinbKH b öinbmocTi BHnagKiB ShomT >  Sh o m .t .p , to nepe3 BHÖpam 

TpaHC^opMaTopn 6/0,4 kB go^abHo nepegaBara peaKTHBHy noTy^HicTb Big ii 

g^epea 6 kB y Mepe^y Hanpyrom go 1 kB gaa 3aöe3neneHHa öa^aHoro 

Koe^^ieHTa 3aBaHTa«:eHHa ^T. Ba peaKTHBHa noTy^HicTb BH3HanaeTbca aK [8]

Qt =  J (N  • ßr • Shom.t) 2 — P 2p.n'rn,KBap. (3.2)

^Km,o mg KopeHeM BeaHHHHa 3i 3HaKoM MiHyc, to npHHMamTb QT = 0.

noTy^HicTb HK 3 HoMiHanbHorn Hanpyrom 0,4 kB BH3HanaeTbca TaK:

Qh.k =  Qp.ujn — Qt , KBap, (3.3)

ge Qp^m —  cyMapHe po3paxyHKoBe peaKTHBHe HaBaHTa êHHa Tn  3 

nigpo3gmy 2.6, KBAp.

ApK.

BP 5.6.141.352 n3
3 73mh. ApK. Ns doKyM. nidnuc Mama



^Kffl,O QhK < 0, TO BCTaHOBHWBaTH KOHgeHCaTOpH 3 HOMiHaabHOW 

Hanpyrow 0,4 kB He noTpiÖHO.

^Krn,o ^xoBa ^HBHntHa Mepe^a BHKOHyeTbca TiabKH KaöeaaMH, to 

KOMnaeKTHi KOHgeHcaToprn ycTaHOBKH (KKY) peKOMeHgyeTbca npuegHyBaTH go 

iiihh po3nogiabHoro npucTpow HH ^ xoboi nC [4]. ^aa 3acTOcyBaHHa 

npuÖMaeTbca Haööau^Ha CTaHgapTHa BeauHHHa noTy^HOCTi KKY Qh.k.ct, aKa 

BuöupaeTbca 3i cne^aabHOi TexHiHHOi airepaTypu (KaTaaoriB 3aBogiB- 

BuroTOBawBaHiB) Ta 3 Taöau^ H  2 gogaTKa .H [2]. npu gBOx TpaHC^opMaTopax 

Ha nC KinbKiCTb KKY Mae öyTH napHOW.

HeKOMneHCOBaHy peaKTHBHy noTy^HiCTb BH3HaaawTb 3a ^opMyaow:

QuecK =  Qh.k -  Q H.K.cm • (3.4)

BuöupaeMO HeoöxigHy noTy^HiCTb KKY, aKa npuegHaHa go muH HH

3a ^opMyaow (3.2) Hepe3 TpaHC^opMaTop 3 Koe^^iemoM 3aBaHTâ ;eHHa 

TpaHC^opMaTopa ^t = 0,7 3i ctopohh 6 kB y Mepe^y Hanpyrow go 1 kB 

nepegaeTbca TaKa peaKTHBHa noTy^HiCTb:

Qt =  V (2 -0 ,7 -160 )2 -  121,592 =  188,127 KBAp.

3a ^opMyaow (3.3) noTy^HiCTb HK 3 KOHgeHcaTopaMH HOMiHaabHOW 

Hanpyrow 0,4 kB:

Qk k  =  98,88 -  188,127 =  -89,247 KBAp.

QhK < 0, to BCTaHOBawBaTH KOHgeHcaTopu 3 HOMiHaabHOW Hanpyrow 0,4 

kB He noTpiÖHO.

3mh. ApK. Ns doKyM. nidnuc Mama
BP 5.6.141.352 n3

ApK.



4. Bnöip nepepi3y npoBigHHKiB

y  garnö poöoTi öaKaaaBpa BHÖopy nignararoTb nepepi3H TaKHx npo

BigHHKiB:

- Kaöentm arnii Hanpyrow 6kB, aKi 3'egHywTb TpaHC^opMaTopn ^ xobhx 

nC 3 rnHHaMH pn;

- yciei cnaoBoi ^HBHabHoi Mepe^i go 1 kB;

- po3nogiabHoi Mepe:m Big CPffl go En.

Bnöip nepepi3y npoßigHUKib, aK i napaMeTpiB irniiHx eaeMemiB cnaoBoi 

Mepe^i, Mae BignoBigaTH ix poöoTi b HopMantHOMy, ^opcoBaHOMy 

(nepeBaHTa^eHHa) i aBapiHHoMy (K3) pe^HMax CEn.

Bnöip nepepi3y npoBigHHKiB y 3araabHoMy BHnagKy BH3HanaeTtca 3a 

eKoHoMiHHow rycTHHoro CTpyMy, HarpiBaHHaM, BTpaTaMH h BigxnaeHHaMH 

Hanpyrn, eaeKTpognHaMinHoro CTinKic™ h MexamnHoro M^Hic™ (npnpogHo, 

rn,o i3oaa^a npoBigHHKiB Mae BignoBigaTH Kaacy Hanpyrn) [8, 14].

4.1. Bnöip mHHonpoBoga

KoMnneKTHi mHHonpoBogn Tnny fflM A BnönparoTb 3a CTpyMoM 

^opcoBaHoro pe^HMy cnaoBoro TpaHC^opMaTopa, go aKoro bohh npnegHaHi, 3a 

^opMyaow:

1-HOM.mMA — Kpe3 "1hom.T.2,A (4.14)

ge l H0M.mMA - HoMiHaabHHH CTpyM mnHonpoBogy;

1$ -  CTpyM ^opcoBaHoro pe^HMy,

Kpe3 -  Koe^^ieHT pe3epByBaHHa, aKnn BpaxoBye TpnBaae nepeBaHTa^eHHa 

TpaHC^opMaTopa 3aae^Ho Big KiatKocTi TpaHC^opMaTopiB Ha nC i yMoB 

pe3epByBaHHa Ha CTopoHi HH;

B P  5 . 6 . 1 4 1 . 3 5 2  Ü 3
3m. ApK. Ns doKyM. nidnuc Mama
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Ihom.t.2 -  HOMiHanbHHH BTopHHHHH CTpyM TpaHC^opMaTOpa.

HoMmaabHHH btophhhhh CTpyM TpaHC^opMaropa BH3HanaeTbca aK:

= ^ n r ~  •A ’ (4.15)^3'uhhm. t. 2
ge Shom.t - HOMiHanbHa noTy^rncTb TpaHC^opMaropa, kBA;

UHßM.T2~ HOMiHanbHa BTopHHHa Hanpyra TpaHC^opMaropa, kB.

BHÖparn nepepi3 fflMA, aKHH ^HBHTb En 2-i Kareropii HagiHHocTi ^xy. 

fflM A e npogoB^eHH^M po3nogmbHoro npHCTpow HH gBox-TpaHC^opMaropHoi 

KTn 3 HOMmanbHoro noTy^mic™ TpaHC^opMaTopiB SH0M. T = 160 kBA. 

Pe3epByBaHHa Ha CTopoHi HH He nepegöaneHe (Kpe3 = 1,4).

Po3paxyHOK. HoMmaabHHH btophhhhh CTpyM TpaHC^opMaropa KTn 3a 

^opMyaom (4.15)

IhomT2 =  =  243,09A.hom. 1. 2 ^ 3 .0,38

3 [11] aöo TaöaH^ K.6 gogaTKa K  [2] BHÖHpaeTbca mHHonpoBig THny 

fflMA4-1250-44-1Y3. 3a ^opMyaom (4.14)

I hom.hima =  125°d  >  I\p =  1,4 • 340,33 =  A .

YMOBa BHKOHyeTbca.

B aKOCTi po3noginbHoro npHCTpom npnöygoBaHOi Tn  naaHyeTbca 

BHKOpHCTaTH KoMnaeKTHHH HH3bKOBOHbTHHH npHCTpiH THny «^H inPO »

(BHpoÖHH^rea «^AK-EHepreTHKa»). ^aa KoMnaeKTa^i ma$ HKY «^Hinpo» 

BHKopHCTOByeTbca BHCOKoaKiCHe cynacHe eaeKTpooöaagHaHHa Kpam,Hx CBiTOBHx 

BHpoÖHHKiB TaKHx, aK Moeller, ABB, Schneider Electric, Finder, Weidmuller, 

Phoenix Contact, Legrand Ta imimx.

4.2. Bnöip nepepi3y npoßigHUKiß Mepe^i ^HBaeHHH 0,4 kB

Ochobhow yMOBOW BHÖopy nepepi3y npoBigHHKiB e BeaHHHHa HarpiBaHHa 

ix eaeKTpuHHHM CTpyMoM y HopMaabHoMy, ^opcoBaHoMy Ta aBapiHHoMy

3mh. ApK. Ns doKyM. nidnuc Mama
BP 5.6.141.352 n3
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pe^aMax. ^Kffl.0 TeMnepaTypa HarpiBaHHa nepeBarn,aTt gonyCTaMy, to 3aae^Ho 

Big BeaaaaHa nepeBarn,eHHa a TpaBaaoCTi nacy eaeMeHT Mo^e öyTa 

noraKogneHHH, rn,o CnpaaaHaTt nopyraeHHa HopMaatHoi poöoTa CaCTeMa, a b 

ripmoMy BanagKy (3aropaHHa i3oaa^i) Mo^e npa3BeCTa go no^e^i. ToMy gaa 

Bcix BagiB npoBigHHKiB Ta yMoB ix 3acTocyBaHHa roaoBHaM y Baöopi nepepi3y e 

HarpiBaHHa, aKe Ba3HaaaeTtCa gBoMa e^eKTaMa TenaoBoro BnaaBy: MaKCaMaatHo 

gonycTHMow TeMnepaTypow Ta TenaoBaM 3hocom i3oaa^i gaa gaHoro pe^aMy a 

Kaacy i3oaa^i.

^ k KpaTepia gonycTHMocTi Toro hu iHraoro pe^aMy 3a HarpiBaHHaM 

BHKopHCToBywTt CyMapHaa BnaaB Ha CTpoK Cay^öa npoBigHHKa MaKCHMaatHoi 

TeMnepaTypa a TpaBaaoCTi 3Hocy i3oaa^i 3a po3raaHyTaa nepiog. npa pi3Kax 

niKax HaBaHTa êHHa öiatray Heöe3neKy CTaHoBaTt Mo^aaBiCTt nepeBarn,eHHa 

MaKCHMaatHo gonycTHMoi TeMnepaTypa, aKrn,o rpa^iK HaBaHTa êHHa

piBHoMipHaa, Öiatray Bary Mae CKaagoBa TenaoBoro 3Hocy i3oaa^i. rpaHUHHo 

gonycTUMa TeMnepaTypa HarpiBaHHa npoBigHUKiB HaBegeHa b Taöaa^ 4.1.

Baöip nepepi3y Kaöeaw npu HarpiBaHHi b HopMaatHoMy pe^aMi noaarae y 

BU3HaaeHHi TaKoro MiHiMaatHoro nepepi3y, aKaa gonycKae CTpyM He MeHrae 

po3paxyHKoBoro:

ge Ip.2 - po3paxyHKoBaa CTpyM 2-ro piBHa eaeKTponocTaaaHHa. 

^onycTUMaa TpaBaaaa CTpyM gaa KaöeaiB 3 BpaxyBaHHaM yMoB 

npoKaageHHa Ta BigxaaeHHa napaMeTpiB HaBKoaaraHtoro CepegoBarn,a Big 

CTaHgapTHax yMoB npa ix goBroTpaBaaoMy xapaKTepi Ba3HaaaeTtCa 3 

ypaxyBaHHaM Koe^i^eHTa nonpaBKa Knonp TaK:

Idon K cep " Knp " Knonp "1don> (4-9)

4.2.1. Baöip nepepi3y KaöeaiB

Idon — Ip.2> (4.8)



g e  K nonp =  0 ,9 2  (nonpaBKOBHH K o e ^ ^ ie H T  K nonp y B o g H T tc a  n p n  

BH3HaneHHi Idon g a a  a o T H p n ^ H a b H H x  K a öea iB  3 n a acT M acoB oro  i3 o a a^ ero 

H a n p y ro ro  g o  1 k B ,  aKrn,o g o n y c T H M i TpH B aai cTpyM H  B3aTi 3 T a ö a n ^  1 .3 .7  n Y 3  

aK  g a a  T p n ^ n a b H H x  K aöea iB .

^ a a  K a öea iB , n p o K a a ge H H x  y  n oB iT p i B cep egH H i a ö o  n o 3 a  ^ x o m , 3 a  ö y g b -  

a K o i ix  K iatK O C Ti K o e ^ ^ ie H T  nonpaBK H  K np = 1 , HopM OBaHa T eM n ep a T yp a  

c e p e g o B H ^ a  T cep=  25  °C .

B n ö ip  n e p e p i3 y  a m n e 3 a  yM oB  g o n y c T H M o ro  H arp iBaH H a n p ro B o gH T b  g o  

BeaH KH x BTpaT aKTHBHoi n o T y ^ H o c T i T a  3H aaH H x BTpaT H a n p y rn . ^ a a  

o c T a T o n H o ro  BH Ö opy n e p e p i3 y  K a ö ea ro  c a ig  n p o B e c ra  B ci n epeB ip K H  B ign o B igH o  

g o  BH M or n y E :  3 a  yM oB  g o n y c T H M o i BTpaTH H a n p y rn  Ta  B ig n o B ig H o c T i g o  

3 a x n c H o ro  anapaTa.

O op coB aH H H  p e ^ H M  b  ea eK T p n a H H x  M e p e ^ a x  H a n p y ro ro  g o  1 k B  ö y B a e  

g o c H T t  p igK o .

B T p a T a  H a n p y rn  b  K a ö e a a x  y  B ig co T K a x  B H 3H aaaeT tca  aK:

ÄU = Pp.rRK6+QpA6%  (4 .1 0 )
k6 10 -uHom ’ v '

g e  Pp .2 i Q p.2 - M aK cu M aa tH i p o 3 p a xyH K oB i aKTHBHe i peaKTHBHe 

H aBaH Ta^eH H a 2 - r o  p iBH a ea eK T p on ocT a a a H H a  B ig n o B igH o , k B t  i K B A p ;

Rk6 i Xk6- aKTHBHHH i peaKTHBHHH o n o p n  K a ö ea ro  B ig n o B igH o , O m ;

Uhom - H oM iH aabH a H a n p y ra  ea eK T p n n H o i M e p e ^ i ,  k B .

A k t h b h h h  i peaKTHBHHH o n o p n  K a ö ea ro  o ö n n c a w w T b  3 a  ^ o p M y a a M n :

^k6 ^  • Ik6, ( 4 . 1 1 )

Xkö Xn • Ik6, ( 4 . 1 2 )

g e  rn i xn - aKTHBHnn i peaKTHBHHH n rn o M i o n o p n  K a ö ea ro  B ign o B igH o , 

O m /k m  (H a B o g a T tc a  b  g o B igH H K a x );

Ik6 - g o B ^ H H a  K a öea ro , k m .

TaKH M  h h h o m , o cT a T o a H o  3a yM oBaM H  H arp iBaH H a B H Ö n paeT tca  a n m e  t o h  

n e p ep i3  K a öea ro , g a a  a K o ro  TpH B aann  gon ycT H M H H  cT p yM  ö y g e  ö ia b m n n  y

ApK.
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^opMyrn (4.9), a TaKo« BHKoHyroTbca yMoBH gonycTHMoi BTpara Hanpyrn h 

BignoBigHOCTi go 3axncHoro anapaTa.

npn BHÖopi nepepi3y KaöemB iHogi 3aMicTb ogHoro Kaöenro örnbmoro 

nepepi3y go^HbHo BHÖparn gBa (HaBiTb Tpn) Kaöem MeHmoro nepepi3y, ^o 

nonermye yMoBH npoKaageHHa. KpiM Toro, gonycTHMHH CTpyM Kaöenro örnbmoro 

nepepi3y MeHme hl«; y gBox (Tpbox) KaöemB TaKoro caMoro cyMapHoro nepepi3y [2].

4.2.2. Po3paxyHOK nepepi3iB Kaöe^iB Mepe^i ^ hb^ hhh

,3ga Kaöenro MapKH ABBr 3 nomBmmxnopHgHoro i3ona^ero 3 Taönn^ 4.1 

HopMoBaHa TpHBano gonycTHMa TeMnepaTypa « h^h T«.h = 70 °C, HopMoBaHa 

TeMnepaTypa cepegoBH^a npn npoKaag^ b noBiTpi Tcep.H = 25 °C. Togi 3a 

^opMynow (4.5) Koe^i^eHT nonpaBKH Ha TeMnepaTypy HaBKonnmHboro 

cepegoBH^a:

K  =  I7 - ? =  1,05.
cep \ 70-25 '

3 Taön^i 1.3.3 n Y 3  Koe^^ieHT nonpaBKH Ha TeMnepaTypy 

HaBKonnmHboro cepegoBHrn,a TaKo« K cep = 1,05.

npn npoKaag^ Kaöenro BcepegHHi npHMirn,eHHa ^ x y  Koe^^ieHT nonpaBKH
T T  —  1Knp 1.

3 Taönn^ 2.2 po3paxyHKoBHH cTpyM 2-ro piBHa eneKTponocTanaHHa girni, 

aKa «HBHTb CPffl5, Ip2 = 41,17 A.

3 TaönH^ [2] gga Tpn«HHbHoro Kaöearo npn npoKaageHHi b noBiTpi 3i 

cTaHgapTHHM nepepi3oM cTpyMonpoBigHoi « hhh Sct = 16 mm2 gonycTHMHH 

cTpyM I^on = 60 A. 3a ^opMygoro (4.9)

Idon =  1,05 • 1 • 0,92 • 60 =  57,963

TaKHM hhhom, Idon =  57,963 >  Ip 2 =  41,17 A.

Idon =  57,963 >  Ip 5 =  41,17A YMoBa BHKoHyeTbca.



3 Taöan^ 2.2 po3paxyHKOBe aKTHBHe HaBaHTmeHHa 2-ro piBHa 

eaeKTponocTanaHHa Pp 5 =  20,9 KBm, po3paxyHKOBe peaKTHBHe HaBaHTmeHHa 2- 

ro piBHa eaeKTponocTanaHHa QpS =  17,24 KBm.

3 Taön^i [2] gaa Kaöearo 3 CTaHgapTHHM nepepi30M CTpyMonpoBigHoi 

Sct = 16 mm2 npHHMawTtca TaKi nHTOMi onopn Kaöearo: rn= 1,95 mOm/m, 

xn = 0,0675 mOm/m. ^OB^HHa Kaöearo lK6= 18 m. Togi 3a ^opMyaaMH (4.11) i 

(4.12)

Rk6 =  1,95 • 18 • 10-3 =  0,035öm .

Xk6 =  0,0675 • 18 • 10-3 =  0,001ö>m.

3a ^opMyaoro (4.10)
20,9-0,035 + 17,24-0,001 _

AUk6 =  —^ ------- -— ,—  =  0,52%.K0 10-0,382

OcKintKH BenHHHHa BTpara Hanpyrn b Kaöeai He nepeBHrnye gonycTHMoi (5 

%), to nepepi3 Kaöearo BHÖpaHHH npaBHabHo.

TaKHM hhhom, BHÖnpaeTbca HoTHpĤ HnbHHH Kaöeab ABBr-4x16. 

nepepi3 KaöeaiB ^HBHabHoi Mepe^i go nPE ^ x y  (CPm1, CPm2, CPm3, 

CPm4, CPm5, ^PO ), BHÖnpaeTbca aHaaoriaHo, aK i go CPm5. Po3paxyHoK 

BTpaT Hanpyrn TaKo^ npoBogHTbca aHaaoriaHo. Pe3yabTaTH po3paxyHKiB 

3BegeHo b Taöan^ 4.2.

Taöan^ 4.2 - Bnöip nepepi3y KaöeaiB ^HBHabHoi Mepe^i giaaHoK

Kaöeab go 
nPE

SCT,
mm2

I’ A1 gon A Ip^ A AUk6,%
Tan

Kaöearo
AoB^HHa,

M

Ao ^ P O 10 40,572 21,64 0,05 ABBr 4x10 16

Ao CPmi 35 86,94 80,02 1,03 ABBr 4x35 37

Ao CPm2 10 40,572 17,30 0,22 ABBr 4x10 35

Ao CPm3 10 40,572 32,30 0,25 ABBr 4x10 30

Ao CPm4 25 72,45 70,15 0,74 ABBr 4x25 30

Ao CPm5 16 57,96 41,17 0,52 ABBr 4x16 18



4.2.3. Bnöip nepepi3y npoßigHUKiB po3nogmbHoi' Mepe^i 0,4 kB

B eneKTpHHHHx Mepe^ax Hanpyroro go 1 kB nepepi3 npoBogy (Kaöearo) 

po3nogiabHHx Mepe®: 3aB^gn BHÖnparoTb 3a yMOBOW HarpiBaHHa b HopMaabHoMy 

pe^HMi 3a ^opMyaoro:

hon — Ip.i> A-> (4.27)

ge Ip1 - po3paxyHKOBHH CTpyM 1-ro piBHa eaeKTponocTanaHHa

(HOMiHanbHHH CTpyM En).

^onycTHMHH TpHBanHH CTpyM gaa npoBogiB Igon 3 nomBmmxaopHgHoro 

i3oaa^ero 3 aaroMimeBHMH ^HaaMH 3ane^Ho Big nepepi3y, cnocoöy 

npoKaagaHHa, KiabKocTi npoBogiB y Tpyöi HaBogHTbca B Taöan^ 1.3.5 nyE.

^aa oeraToHHoro BHÖopy nepepi3y npoBogy caig npoBeera Bei nepeBipKH 

BignoBigHo go BHMor nyE: 3a MexamaHoro M^Hic™, gonycTHMoro BTpaToro 

Hanpyrn. nepepi3 npoBigHHKiB npHHMaeTbca HanöiabmHM 3a BHrn,e HaBegeHHMH 

BHMoraMH.

3a yMoBoro MexaHiHHoi M^Hoeri MimMaabHHH nepepi3 aaroMmieBHx 

npoBogiB - 2,5 mm2, MigHHx - 1,5 mm2.

BTpaTa Hanpyrn B npoBogax y BigcoTKax BH3HaaaeTbca aK:

ATT _  PP-l'Rnp + qP.l'Xnp n/ (A
AU"<’ -  10.H&, '%  (4.28)

ge pP1 i qP1 - po3paxyHKoBi aKTHBHe i peaKTHBHe HaBaHTa êHHa 1-ro piBHa 

eaeKTponocTanaHHa En BignoBigHo, kBt i KBap;

Rnp i Xnp - aKTHBHHH i peaKTHBHHH onopn npoBogiB BignoBigHo, Om;

UH0M - HoMmaabHa Hanpyra eaeKTpHHHoi Mepe^i, kB.

A kthbhhh i peaKTHBHHH onopn npoBogiB oÖHHcaroroTb 3a ^opMyaaMH:

Kp -  ^  • Inp, (4.29)

^np n̂ " n̂p, (4.30)

ge rn i xn - aKTHBHHH i peaKTHBHHH nrnoMi onopn Kaöearo BignoBigHo, 

Om/km (HaBogaTbca B goBigHHKax);

3mh. ApK. Ns doKyM. nidnuc Mama
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lnp- goB^HHa Kaöearo, km.

4.2.4. Bnöip npoBogiB Big C PM  go En

npHHMaeMO MapKy 4-x ^nabHoro Kaöearo ABBr, npoKaageHHa KaöeaiB y 

cTaaeBiH Tpyöi, 0aKTHHHy TeMnepaTypy HaBKoanmHboro cepegoBH^a Tcep=20 °C.

^aa Kaöearo MapKH ABBr 3 noaiBimaxaopHgHoro i3oaa^ero 3 Taöan^ 4.1 

HopMOBaHa TpHBaao gonycTHMa TeMnepaTypa ^nan T*.h =65°C, HopMOBaHa 

TeMnepaTypa cepegoBH^a npn npoKaageHHi b 3eMai Tcep.H =15°C. Togi 3a 

0opMyaoro (4.5) Koe^i^eHT nonpaBKH Ha TeMnepaTypy HaBKoanmHboro 

cepegoBH^a Kcep=0,95. 3 Taöan^ 1.3.3 nYE Koe^^ieHT nonpaBKH Ha 

TeMnepaTypy HaBKoanmHboro cepegoBH^a TaKo ;̂ KceP=0,95.

npn npoKaageHHi Kaöearo Bcepegnm npHMirn,eHHa ^ x y  b cTaaeBHx Tpyöax 

Koe^^ieHT yMoB cepegoBHrn,a Knp = 1, 6o b goBigKoBHx TaöaH^ax ypaxoByroTbca 

yMoBH npoKnagKH 3aae^Ho Big KiabKocTi npoBogiB y Tpyöi.

^aa Hacocy H1 3 Taöan^ 2.1 cos 0= 0,8, KK^ npHHMaeTbca î H0Md =  0,9.

HoMiHanbHHH cTpyM BH3HaaaeTbca 3a 0opMyaoro (2.11)
18,5

L =  48,8 A.hom.ö V3.0,38-0,8-0,9

3 KaTaaory 3aBogy BHpoÖHHKa ro^Kaöeab (aacTo öyBae, ^o  gam Ha 

KoHKpeTHy npogywro KoHKpeTHoro BHpoÖHHKa Bigpi3HaroTbca Big 3HaaeHb 

nYE, ToMy npHHMeMo MeHmnH gonycTHMHH cTpyM), gaa ABBr-4x16 

gonycTHMHH cTpyM gaa cTaHgapTHHx yMoB Igon= 62A. gonycTHMHH cTpyM 3 

ypaxyBaHHaM yMoB HaBKoanmHboro cepegoBHrn,a H yMoB npoKaageHHa 

BH3HaaaeTbca 3a 0opMyaoro (4.4)

i don =  0,95 • 1 • 62 =  58,9 A.

3a ^opMyaoro (4.27)

hon =  58,9^ ^  IV.1 =  hoM.d =  48,8A.

YMoBa BHKoHyeTbca.
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yMoBa MexamHHOi m^ hoct TaKo^ BHKoHyeTbca (16 mm2 > 2,5 mm2).

3 Taöan^ [2 ] gaa KaöeaiB 3i cTpyMonpoBigHoro ^naoro Sct = 16 mm2 

npnÖMaroTbca TaKi nHTOMi onopu: rn= 1,95 mOm/m, xn = 0,0675 mOm/m. ^OB^HHa 

Kaöearo go Hacocy H1 lnp= 17 m. Togi 3a ^opMyaaMH (4.29) i (4.30)

Rnp =  1,95 • 17 • 10-3  =  0,033öm .

Xnp =  0,068 • 17 • 10-3  =  0,001öm .

^aa HacociB npn tg ^ H0Mg = 0,75, aKHH BignoBigae cos^HOMd = 0,8, 3a 

^opMyaoro (2 .8) po3paxyHKoBe peaKTHBHe HaBaHTa êHHa nepmoro piBHa 

eaeKTponocTaaaHHa:

qp1 =  18,5 • 0,75 =  13,88 KBAp.

BnöpaHHH CTaHgapTHHH nepepi3 npoBogy nepeBipaeTbca Ha BTpaTy 

Hanpyrn 3a ^opMyaoro (4.28)

AUk6 =
18,5-0,033 + 13,88-0,001 

10-0,382 0,69%.

OcKiabKH BeannnHa BTpaT Hanpyrn b npoBogi He nepeBnrnye gonycTHMoi 

(5 %), to nepepi3 npoBogy BnöpaHnn npaBuabHo.

^aa npoKaagaHHa Kaöearo npn nigxogi go Hacocy, HeoöxigHo oöpara 

3axHCHy MeTaaeBy Tpyöy BignoBigHoro giaMeTpy.

nepepi3 npoBogiB po3nogiabHoi Mepe^i go iHiiiux En BnönpaeTbca 

aHaaorinHo. nepeBipKa Ha BTpara Hanpyrn, Bnöip giaMeTpy CTaaeBHx Tpyö TaKo ;̂ 

3gificHweTbca aHaaorinHo.

Pe3yabTaTH po3paxyHKiB HaBogaTbca b Taöan^ 4.3.

üaaH po3Mi^eHHa eaeKTpnnHoi Mepe^i HacocHoi HaBegeHnn y gogaTKy E.



Taönn^ 4.3 - Bnöip nepepi3y npoBogiB po3noginbHoi Mepe^i Big CPffl go 
eneKTponpHHManiB

Ä i r n z

g o

En

Ip.1,
A

1'1 gon 1gon S c T

,̂O
B^

H
H

a,
M R X R k X k

Bipara
Hanpyru,

%

MapKa
Kaöenro

H1 35,13 39,9 42 10 17 3,12 0,073 0,053 0,001 0,69 A B B r-
4x10

H 2 35,13 39,9 42 10 16 3,12 0,073 0,050 0,001 0,65 A B B r-
4x10

H3 35,13 39,9 42 10 15 3,12 0,073 0,047 0,001 0,61 A B B r-
4x10

H 4 35,13 39,9 42 10 14 3,12 0,073 0,044 0,001 0,57 A B B r-
4x10

H5 7,60 18,05 19 2,5 14 12,5 0,104 0,175 0,001 0,49 A B B r-
4x2,5

H 6 7,60 18,05 19 2,5 13 12,5 0,104 0,163 0,001 0,45 A B B r-
4x2,5

H 7 7,60 18,05 19 2,5 5 12,5 0,104 0,063 0,001 0,17 A B B r-
4x2,5

H8 7,60 18,05 19 2,5 4 12,5 0,104 0,050 0,000 0,14 A B B r-
4x2,5

H 9 14,24 18,05 19 2,5 6 12,5 0,104 0,075 0,001 0,39 A B B r-
4x2,5

H 10 14,24 18,05 19 2,5 6 12,5 0,104 0,075 0,001 0,39 A B B r-
4x2,5

H11 14,24 18,05 19 2,5 9 12,5 0,104 0,113 0,001 0,59 A B B r-
4x2,5

H 12 20,89 24,7 26 6 12 5,21 0,09 0,063 0,001 0,48 A B B r-
4x6

H13 20,89 24,7 26 6 11 5,21 0,09 0,057 0,001 0,44 A B B r-
4x6

H 14 20,89 24,7 26 6 11 5,21 0,09 0,057 0,001 0,44 A B B r-
4x6

H15 20,89 24,7 26 6 12 5,21 0,09 0,063 0,001 0,48 A B B r-
4x6

H 16 20,89 24,7 26 6 17 5,21 0,09 0,089 0,002 0,68 A B B r-
4x6

H 17 20,89 24,7 26 6 18 5,21 0,09 0,094 0,002 0,72 A B B r-
4x6

H18 10,45 18,05 19 2,5 14 12,5 0,104 0,175 0,001 0,67 A B B r-
4x2,5

H 19 10,45 18,05 19 2,5 12 12,5 0,104 0,150 0,001 0,57 A B B r-
4x2,5

H 20 10,45 18,05 19 2,5 10 12,5 0,104 0,125 0,001 0,48 A B B r-
4x2,5

H21 10,45 18,05 19 2,5 12 12,5 0,104 0,150 0,001 0,57 A B B r-
4x2,5
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4.3. Bnöip nepepi3y K ^  6 kB

B n ö ip  n e p e p i3 y  K aöenbH O i n iH ii H an pyrO ro  6 kB 3giH CH roeTbca 3a 

H opM antH H M  pe^H M O M  H aBaH Ta^eH H a, a  n ep eB ip K a  BH Ö paH oro n e p e p i3 y  -  3a 

MaKCHMantHHM pe^H M O M  H aBaH Ta^eH H a i Ha CTiHKiCTb 3a aBapiÖHHM pe^H M O M . 

n e p e B ip K y  3a yMOBaMH kopohh, a  T a K O ^  Ha M ex a m n H y  M ^ H iC T b  ^ n n  K aöen iB  

poÖHTH He nOTpiÖHO, 6o MiHiM anbHHH n e p ep i3  anroM iH ieBO i ^ u n n  g n a  K aöen iB  

CTaHOBHTb 2 ,5  mm2, M igH O i —  1,5 mm2, rn,O B ign O B iga e  M iH iM anbHOM y n e p e p i3 y  

npOBigHHKa.

4.3.1. Bnöip K ^  3a Hopivia.ibHHivi pe^HMOM

n p n  BHÖOpi n e p e p i3 y  K aöen ro , aKHH ^H B H Tb ^ T ^  3 TpaHC^OpM aTOpOM  

(TpaH C ^O pM aTO paM H ) 6/0,4 k B ,  aK  CTpyM  HOpManbHOrO p e ^ H M y  I HOpM n p n  

p a g ia n b H ifi c x e M i H e3an e^H O  B ig  n n c n a  TpaHC^OpM aTOpiB  ^ n  (OgHH aÖO gB a ) 

npH H M aeTbca HOMmanbHHH nepBHHHHH CTpyM  TpaH C^O pM aTO pa, aKHH 

BH3HanaeTbca 3a nacnOpTHHM H gaHHM H TpaH C^O pM aTO pa 3a ^O pM ynO ro:

I — t — Shom-t a (a nlHüpM lHÜM.T.l PA >A, V4' 1/v3'uhom.T.1

g e  Shom T- HOMiHanbHa nO T y^H iC T b  TpaH C^O pM aTO pa, kBA;

Uhom.t.1- HOMiHanbHa nepBHHHa H a n p y ra  TpaH C^O pM aTO pa, kB.

E k o h o m w h o  BHrigHHH n e p ep i3  K aöen iB  BH3HanaeTbca aK:

SeK =  ^ , mm2 , (4 .2 )
Jex

g e  !HopM -  CTpyM  HOpManbHOrO p e ^ H M y , A ;

JeK -  HOpMOBaHe 3HaneHHa eKOHOMWHO B H rigH O i rycTH H H  C TpyM y, A / m m 2. 

PO3paxyHKOBHH eKOHOMiHHO BHrigHHH n e p ep i3  SeK O K p yrn aeT b ca  gO 

H a fiönH ^H O rO  ö in bm O rO  aÖO M eHm OrO CTaHgapTHOrO n e p e p i3 y  SCT, m m 2.

4.3.2. nepeBipKa K ^  3a MaKCHMa^bHHM pe^HMOM

y  p e ^ H M i MaKCHManbHOrO H aBaH Ta^eH H a K aöen iB  g O n y cthmhh g n a  gaHOrO 

K aöen ro  CTpyM  3 ypaxyB aH H aM  yMOBH npO KnagKH  Ta  B igxn n eH H a  n apaM eTp iB



HaßKoanraHtoro cepegoßHrn,a Big CTaHgapTHHx yMOB IgonTa Koe^i^emiß 

gonycTHMoro nepeßaHTa^eHHa Knep, aKi HaßogaTtca b Ta6aH^ax 1.3.1 i 1.3.2 

nY3, nopißHWWTb 3i CTpyMoM noro ^opcoßaHoro pe^HMy I 03 ypaxyßaHHaM 

Koe^^ieHTa pe3epßyßaHHa Kpe3:
t

Knep " Idon — I 0 Kpe3 " 1HopM>A, (4-3)

npn npoeKTyßaHHi y BHxigHHx gaHHx He 3agaeTtca rpa^iK Haßama^eHHa En 

^xy, ToMy mh npnnMaeMo Koe^^ieHT gonycTHMoro nepeBama^eHHa Knep = 1.

^onycTHMHH TpHBaann CTpyM gaa Kaöeaiß Hanpyroro 6 kB 3 ypaxyßaHHaM 

yMoß npoKaagKH Ta ßigxnaeHHa napaMeTpiß HaßKoanraHtoro cepegoßHrn,a ßig 

CTaHgapTHHx yMoß npn ix TpHßaaoMy xapaKTepi BH3HaaaeTtca TaK:

1
Idon K cep " Knp " 1don>A, (4.4)

ge K cep- nonpaßoaHHH Koe^^ieHT Ha TeMnepaTypy HaßKoanraHtoro 

cepegoßH^a, aK^o ßoHa ßigMiHHa ßig CTaHgapTHoi(Ta6aH^ 1.3.3 nYE);

Knp -  Koe^^ieHT nonpaßKH Ha KiatKiCTt Kaöeaiß, rn,o ae^art nopya y 

3eMai (Taöan^ 1.3.26 nYE);

Idon - gonycTHMHH TpHBaann CTpyM npoßigHHKa CTaHgapTHoro nepepi3y gaa 

CTaHgapTHHx yMoß (gaa ogHiei oKpeMoi aiHii; CTaHgapTHHx TeMnepaTyp gaa 3eMai 

Ta ßogn +15°C i +25°C gaa noßiTpa) 3aae^Ho ßig MaTepiaay ^na, ix i3oaa^i, 

cnocoöy npoKaagaHHa, A  (Taöan^).

Koe^^ieHT nonpaßKH Ha TeMnepaTypy HaßKoanraHtoro cepegoßn^a KceP 

Mo^Ha TaKo ;̂ oönncaHTH 3a ^opMyaow:

K ■=.K cep
Tjk.h Tcep 

'T̂ .n-TcepH (4.5)

ge T^h, TcepH- HopMoßaHi TpHßaao gonycraMi TeMnepaTypn ^nan Ta 

cepegoßH^a ßignoßigHo;

Tcep -  âKTHHHa TeMnepaTypa HaßKoanraHtoro cepegoßn^a (y garnn 

poöoTi npHHMaeTtca 3aae^Ho ßig peaatHHx gaHHx).

3mh. ApK. Ns doKyM. nidnuc Mama
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Taöan^ 4.1 -  ^onycTHMi TeMnepaTypn npoBigHHKiB y HopMaabHoMy, 
^opcoBaHQMy Ta aBapiHHOMy peKUMax___________________________________

^onycTHMa TeMnepaTypa khhh T^h, °C

Bng npoBigHHKa TpHBaaa 3a 
HopMaMH

KopoTKoTpHBaaa npn 
nepeBaHTaKeHHax

rpaHHHHa npn 
KopoTKHX 

3aMHKaHHax
Kaöeai 3 nanepoBow 

npoconeHow i3oaa^ew:
- go 1 kB 

- 6 kB
80 125 200

- 10 kB
65 100 200

Kaöem i npoBogn 3
60 90 200

i3oaa^ew: 55 100 150
- ryMoBow 3BHHaHHoW 65 110 150

- ryMoBow TenaocriHKora 70 90 150
- nomBmiaxnopHgHow 

- nomeraaeHoBora
70 80 120

^onycTHMi TeMnepaTypn HarpiBaHHa npoBigHHKiB 3aaeKaTt Big ix 

KOHcrpy^ii Ta peKHMy (Taöan^ 4.1).

CTpyM ^opcoBaHoro peKHMy gaa gBoxTpaHC^opMaTopHHx nC 3 

pe3epByBaHĤ M MiK cycigrnMH nC 3a gonoMorow KaöeabHHx nepeMHnoK npn 

Hanpy3i go 1 kB npHHMaeTbca Kpe3 =1,3, npn pe3epByBaHHi 3a gonoMorow mHH- 

hhx nepeMHnoK HH —  Kpe3 =1,4, 6e3 pe3epByBaHHa —  Kpe3 = 1,0 3a BigcyTHocri 

gaHHx.

y  pa3i HeBHKoHaHHa yMoBH 3a ^opMyaow (4.3) HeoöxigHo npHHHaTH HoBe 

3HaneHHa HaHÖaHKHoro ömtmoro cTaHgapTHoro nepepi3y Kaöeaw, rn,o6 BoHa 

BHKoHyBanacb.

4.3.3. nepeBipKa K ^  Ha TepMiHHy crrnKicrb

npn Hanpy3i noHag 1 kB Kaöeai, aKi 3axnm,awTbca 3anoöiKHHKaMH, Ha 

TepMinHy cTiÖKicTb npn K3 He nepeBipawTtca.

TepMinHa 3gaTHicTt MoKe öyra o^HeHa HaÖMeHmHM nepepi3oM Kaöeaw 

(mm2), TepMocTifiKHM go cTpyMiB K3, aK:

ApK.
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c  -J B k _  ^  _  Z/fVt 2
M̂m q q q ,MM , (4.6)

ge Bk - TennoBHH iMnyntc CTpyMy K3, A 2c;

C - TeMnepaTypHHH Koe^^ieHT, « khh BpaxoBye oÖMe^eHH« gonycTHMoi 

TeMnepaTypu Kaöenro (HaBoguTbc« b goBigHHKax), Ac1/2 /mm2;

IK =  1n.0 - nonaTKOBe 3HaneHH« nepioguHHoi CKnagoBoi CTpyMy

Tpu$a3Horo K3, A;

t - grncHHH nac BHMHKaHH« K3, c.

BenHHHHa gificHoro nacy BHMHKaHH« K3 t cKaagaeTbc« 3 nacy gii 

ocHOBHoro peneÖHoro 3axucTy (P3) t3ax. nacy BHMHKaHH« BHMUKana tBUMUKB 

(Mo^Ha npuHH«TH tßUMUKß = 0,05 c) i cranoi nacy anepioguHHoi CKnagoBoi CTpyMy 

K3 (Ta = 0,05 c)

 ̂ 3̂ax +  êuMUK.e +  Ta, c, (4.7)

Ha mm«x go ^T^ , «Ki Bigxog«Tb Big muH Pn, 3acTocoByeTbc« 

gBocTyneHeBHH cTpyMoBHH P3, « khh cKaagaeTbc« 3i cTpyMoBoi BigcinKH (CB) i 

MaKcHMantHoro cTpyMoBoro 3axucTy (MC3).

Ochobhhm 3axucToM gn« pagianbHux cxeM ^HBneHH« ^ T ^  6e3 EA Ha 

BBogi go TpaHc^opMaTopa (rayxuö BBig) npu KopoTKux mm«x, rn,o xapaKTepHo 

gn« npoMucnoBux nignpueMcTB, e CB. y  ^oMy BunagKy gmcHHH nac BHMHKaHH« 

K3 Mo^Ha npuHH«TH t = 0,2c.

Ochobhhm 3axucToM gn« MaricTpanbHux cxeM ^HBneHH« ^ T ^  e MC3.

^ h«  ogHocTyneHeBoi cxeMH npu MaricTpanbHoMy ^MBneHHi ^ T ^  Big muH 

gmcHHH nac BHMHKaHH« K3 Mo^Ha npuHH«TH t =0,6c.

^Km,o nicn« po3paxyHKy 3a ^opMynom (4.6) BHKoHyeTbc« yMoBa 

Sct > Smin, to 3anumaeTbc« cTaHgaprauH nepepi3 Kaöenm. ^K^o B pe3ynbTaTi 

po3paxyHKy Sct < Smin , to HeoöxigHo npuHH«TH HoBe Hanönu^ne örntme 

3HaneHH« cTaHgapTHoro nepepi3y Kaöenm SCT > Smin. Kaöenb MapKH AAEh 

3acTocoBywTb gocuTb nacrn BiH Mae anmMrnieBi ^ hhh, nanepoBy npoconeHy 

Macno-Kam^onbHoro Macom i3on«^m, anmMmieBy oöonoHKy, öpoHboBaHun

3mh. ApK. Ns doKyM. nidnuc Mama
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gBOMa craneBHMH crpinKaMH Ta 3oBHimHifi noBepxHeBHfi nomBmmxnopHgHHfi 

noKpHB.

4.3.4. Bußip nepepi3y Kaße^ro Hanpyroro 6 kB Big P n  go T n

HoMmanbHa noTy^HicTb TpaHc^opMaTopa SHoM.T = 160 kBA. Pe3epByBaHHa 

Ha CTopoHi nepegßaneHe. KTn po3TamoByeTbca b npnöygoBaHOMy go ßygiBm 

HacocHoi cTaH^i npHMirn,eHm. Big KTn ^HBnflTbca En 2-i KaTeropii. ToMy 

npHHMaeTbca KinbKicTb rogHH BHKopncTaHHA MaKCHMyMy HaBaHTa êHHA 3a piK

TMaKc = 5000 rog/piK, Koe^^ieHT gonycTHMoro nepeBaHTa^eHHA Kaßenro Knep =1, 

MapKa Kaöenro AAEn, TeMnepaTypa HaBKonnmHboro cepegoBH^a (3eMni) Tcep - 

20 °C, nonaTKoBe 3HaneHHA nepiogHHHoi cKnagoBoi cTpyMy Tpn$a3Horo K3 y 

MaKcHManbHoMy pe^HMi Ha mHHax Pn In.0 = 6 kA.

Po3paxyHoK. 3a ^opMynoro (4.1) BH3HanaeTbca HoMmanbHHfi nepBHHHHfi 

cTpyM TpaHc^opMaTopa:

j _ 160 _ -i c /t a
'hom.T.1 =  =  15,4 A-

KaöeniB i3 nanepoBow i3on^iero 3 anroMimeBHMH ^HnaMH npn TMaKc = 

5000 rog/piK eKoHoMWHa rycTHHa cTpyMy JeK =1,2 A/mm2. 3a ^opMynow (4.2) 

eKoHoMWHo BHrigHHH nepepi3 Kaßenro B HopManbHoMy pe^HMi poßora:

15 4 n
SeK =  — = 12,83 MM2. eK 1,2

BnÖHpaeTbca HafiönH^HHH ömbmnfi cTaHgapTHHfi nepepi3 Kaöenw 

Sct = 35 mm2.

npH HopMoBaHifi TpHBano gonycTHMifi TeMnepaTypi Kaöenw MapKH AAEn 

Hanpyrow 6 kB T*.h = 65 °C, HopMoBaHifi TpHBano gonycTHMifi TeMnepaTypi

ApK.
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cepegoBH^a Tcep h = 15 °C i âKTHHHrn TeMnepaTypi HaBKoanmHboro 

cepegoBH^a rcep = 20 °C Koe^^ieHT nonpaBKH Ha TeMnepaTypy HaBKoanmHboro 

cepegoBH^a 3a ^opMyaoro (4.5)

K  =  I65-20 =  0,95.
cep -\] 65-15 '

3 Taön^i 1.3.3 nYE Koe^^ieHT nonpaBKH Ha TeMnepaTypy 

HaBKonnmHboro cepegoBH^a K cep = 0,94.

Koe^^ieHT, rn,o BpaxoBye KinbKicTb KaöemB npn npoKnag^ Kaöenro 

BcepegHHi npHMirn,eHHa ^ x y  npHHMaeTbca Knp = 1.

npn npoKaag^ b 3eMm gaa Tpn^HHbHHx KaöemB MapKH AAEh Hanpyrow 

6kB i nepepi3oM ^ hhh 35 mm2 gonycTHMHH TpHBaaHH cTpyM ldon= 121 A. 3a 

^opMyaoro (4.4)

3a BHxigHHMH gaHHMH pe3epByBaHHa Ha cTopoHi HH nepegöaneHe, ToMy 

npHHMaeTbca Koe^^ieHT gonycTHMoro pe3epByBaHHa Kpe3 = 1,4.

YMoBa nepeBipKH nepepi3y Kaöearo b pe^HMi MaKcHMaabHoro 

HaBaHTa êHHA 3a ^opMyaoro (4.3) BHKoHyeTbca:

^aa KaöeaiB 3 aaroMmieBHMH cy^abHHMH r̂naaMH i nanepoBow i3oaa^ero 

npn Hanpy3i 6 kB npHHMaeTbca TeMnepaTypHHH Koe^^ieHT C = 92 A c1/2/mm2.

Idon =  0,95 • 1 • 121 =  114,95A.

1 • 114,95 =  114,95 A >  1,4 • 15,4 =  21,56 A. 

114,95 A >  21,56 A



pagiaabHOi cxeMH ^HBaeHHa KTn 6e3 EA Ha BBOgi go 

TpaHC^opMaTopa (rayxHH BBig) npn kopotkhx mrnax gmcHHH nac BHMHKaHHa K3 

npHHMaeTbca t = 0,2 c.

HaÖMeHmHH nepepi3 Kaöearo, aKHH e TepMOCTiHKHM go CTpyMiB K3, 

BH3HanaeTbca 3a ^opMynoro (4.6)

S.MIH
6000-VO2

92 29,166 MM2.

TaKHM HHHOM, ScT = 35 MM2 > Smin = 29,166 MM2, TOMy BHÖnpaeTbca Kaöenb 

AAEa-6 (3x35). 4.1. Bnöip nepepi3y KH 6 kB.

Bnöip nepepi3y KaöeabHOi mmi Hanpyroro 6 kB 3grncHroeTbca 3a 

HopMantHHM pe^HMOM HaBaHTa êHHa, a nepeBipKa BHÖpaHoro nepepi3y -  3a 

MaKCHManbHHM pe^HMOM HaBaHTa êHHa i Ha cTrnKicTb 3a aBapiÖHHM pe^HMOM.

nepeBipKy 3a yMOBaMH kopohh, a TaKO  ̂ Ha MexamnHy M^HicTb KaöemB

poöhth He nOTpiÖHO, 6o MiHiManbHHH nepepi3 anroMrnieBOi gaa KaöemB

CTaHOBHTb 2,5 mm2, MigHOi —  1,5 mm2, ffl,O BignOBigae MiHiMaabHOMy nepepi3y 

npOBigHHK.



5. P03paxyH0K CTpyMiB KOpOTKOrO 3aMHKaHHH

EaeMeHTH CEn, aKi noTpannan b KopoTKo3aMKHyTHH aaH r̂o ,̂ 3a3HaroTb 

TepMiHHoro h eaeKTpogHHaMiaHoro BnaHBy CTpyMiB. ^Krn,o BeaHHHHa ^oro  

BnaHBy nepeBHrnye gonyCTHMy, eaeMeHT ymKog^yeTbCa i 3aBgae CEn 3ÖHTKiB. 

^ o ö  3ano6irra ^oMy, Tpeöa:

a) BH3HaHHTH BeaHHHHy CTpyMiB K3;

ö) nepeBipHTH gonycTHMiCTt ^HX CTpyMiB gaa BHÖpaHHx EA i 

CTpyMonpoBigHHx nacTHH (aKrn,o CTpyMH BHaBaaTbCa öiabmi 3a gonyCTHMi, to 

noTpiÖHo BHÖpaTH eaeMeHT, rn,o Mae öiabmy CTiHKiCTb aöo oÖMe^HTH CTpyMH 

maaxoM 3ÖiabmeHHa rngyKTHBHoro onopy aaH^ro^a);

b) po3paxyBaTH 3axHCT gaa CeaeKTHBHoro BHMHKaHHa nomKog^eHoi 

giaaHKH.

BignoBigHo go BHMor nYE rn,ogo pe^HMy K3 Ha CTiHKiCTb go BnaHBy 

CTpyMiB K3 B EY go 1 kB noBHHHi nepeBipaTHCa po3nogiabHi ttthth, 

CTpyMonpoBogn Ta CHaoBi ma^H.

^aa BHÖopy i nepeBipKH CTiHKoCTi EA i CTpyMonpoBigHHx aaCTHH go 

CTpyMiB K3 po3paxyHKy nigaarawTb:

- Haööiabme noaaraoBe giroae 3HaaeHHa nepiognaHoi CKaagoBoi CTpyMy 

Tpn$a3Horo K3 ln(0);

- ygapHHfi CTpyM iy Tpn$a3Horo K3.

npa BHÖopi h nepeBip^ anapaTypn rn,ogo ii CTiHKoCTi go CTpyMiB K3 

po3paxyHKoBHM BBa^aeTbCa MaKCHMaabHHH pe^HM, 3a aKoro CTpyMH K3 MawTb

MaKCHMaabHi 3HaaeHHa.

^aa nepeBipKH ayTaHBoCTi po3paxyHKoBi yMoBH BignoBigawTb 

HaÖMeHmHM 3HaaeHHaM CTpyMiB K3 y M i^i yCTaHoBaeHHa 3axHCTy (MirnMaabHHH

B P  5 . 6 . 1 4 1 . 3 5 2  Ü 3
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pe®HM poöora ®HBHabHoi eHeprocHCTeMH, Hafiöiabma KiabKicTb nocaigoBHo 

BBiMKHeHHx eaeMemiB Mi®; g®epeaaMH reHepa^i i tohkow K3).

YHacaigoK ^ o ro  gaa ^aeö BHÖopy napaMeTpiB cnpa^oByBaHHa 3axHCTy 

BH3HanawTb Hafiöiabmi /K.MaKCi gaa nepeBipKH ayTaHBocTi HaHMeHmi 

IKMiH 3HaaeHHa nepiognaHoi cKaagoBoi CTpyMy b Mic^ K3 b eaeMeHTax Mepe®i, 

gaa aKoi npoeKTyeTbca 3axHCT. Po3paxyHoK 3giöcHroeTbca gaa noaaTKoBoro 

MoMeHTy aacy.

TaKHM hhhom, po3paxyHKoBHM BHgoM K3 e:

- npn BHÖopi EA i npoBigHHKiB 3a ix CTMKic™ go gii CTpyMiB K3 - 

Tpn$a3He K3;

- npn BHÖopi 3axHCTy - Tpbox- i ogHo$a3rn K3 [2].

5.1. Po3paxyHOK CTpyMiB ogHO^a3Horo K3

OgHo$a3Hi K3 po3paxoBywTb gaa nepeBipKH HagiHHocTi BHMHKaHHa airni b 

pa3i npoöow i3oaa^i Ta noaBH Ha Kopnyci ycTaTKyBaHHa noTeH^aay, BeanaHHa 

aKoro Heöe3neaHa gaa ®HTTa nepcoHaay. ToMy iHTepec CTaHoBHTb MiHiMaabHo 

Mo®aHBa BeanaHHa CTpyMy ogHo$a3Horo K3, aKa öyge HanpHKrn^ giaaHKH, rn,o 

3axH^aeTbca, ToMy rn,o CTpyM Mae öyTH gocTaraiM gaa cnpa^oByBaHHa

3axHCTy (3anoöi®HHKa, po3aenawBaaa aBToMaTa aöo BHMHKaaa an 3anoöi®HHKa b 

aaH^W3i 6 kB, aKrn,o 3axncT y aaH^W3i 0,38 kB HeayTaHBHÖ).

^Krn,o noTy®HicTb ®HBHabHoi eHeprocHCTeMH 3HaaHa (Xc < 0,1XT), 

noaaTKoBe giwae 3HaaeHHa nepiognaHoi cKaagoBoi cTpyMy ogHo$a3Horo 

MeTaaeBoro K3 b eaeKTpHarnn Mepe®i Hanpyrow go 1 kB «HncTpyKTHBHbie 

MaTepnaam r  aaB^oc^Hep^OHag3opa» peKoMeHgywTb BH3HaaaTH 3a ^opMyaoro

r(1)   U®
lK =  7(1) :

f l _ , 7 — +Zm
(5.25)

ge U® - $a3Ha Hanpyra Mepe®i, B;



ZnT - noBHHH onip neTai «$a3a -  Hyab» Big TpaHc^opMaropa go tohkh K3, 

oÖMipwBaHHH npn icnurax aöo 3HaögeHHH i3 po3paxyHKiB, mOm;

Z(1)- noBHHH onip 3HH^yBantHoro TpaHc^opMaropa CTpyMaM

ogHO$a3Horo K3, 3HaaeHHa aKoro 3aae^Ho Big noTy^HOCTi Ta cxeMH 3’egHaHHa 

TpaHc^opMaropiB npHHMaeTbca 3 Taöan^ H.3 gogaTKa H[2] aöo BH3HaaaeTbca 

aK:

Z f  =  V (fiir  +  «27- +  Rot) 2 +  (X u  +  %2T +  ^ ot) 2 , (5.26)

ge R1T i X1T -  aKTHBHHH Ta rngyKTHBHHH onopn TpaHC^opMaTopa CTpyMaM 

npaMoi nocaigoBHocTi, mOm;

R2T =  R1Ti X2T =  X1T -  Te caMe 3BopoTHoi nocaigoBHocTi, mOm;

Rot i X0T —  Te caMe HyaboBoi nocaigoBHocTi, mOm.

Onopn TpaHc^opMaTopa cTpyMaM HyaboBoi nocaigoBHocTi 3HaaHoro Mipow 

3aae ;̂aTb Big cxeMH 3’egHaHHa oömotok TpaHc^opMaropa, ToMy peKoMeHgyeTbca 

cxeMa «TpHKyTHHK -  3ipKa 3 HeHTpaaaw» (A/Yh), y aKoi nopiBHaHo 3i cxeMow 

«3ipKa -  3ipKa 3 HeHTpaaaw» (Y/Yh) cTpyM ogHo$a3Horo K3 Ha mHHax HH (go 1 

kB) y 3 pa3H öiabmnn, rn,o cnpnae HagiHHoMy cnpa^oByBaHHro 3axncHHx 

anapaTiB (aBToMariB).

^Krn,o ^HBHabHa eHeprocncTeMa Mae oÖMe^eHy noTy^HicTb, to 3HaaeHHa 

Z (1) 3ÖiabmyeTbca 3 ypaxyBaHHaM onopy eHeprocncTeMH [21]

z f  =  V(«1T +  R2T +  Rot +  2Rc) 2 +  (X u  +  X2T +  X0T +  2Xc) 2 . (5.27) 

Onip neTai «$a3a -  Hyab» gaa aaH^w^a 3 n nocaigoBHo 3’egHaHHx giaaHoK 

BH3HaaaeTbca 3a ^opMyaow:

ZnT =  Td=1Zn.nm.i 'k , (5.28)

ge zn.nT:.\ -  nHToMHH onip neTai «$a3a -  Hyab» Ko^Hoi HacTynHoi giaaHKH 

Big TpaHc^opMaTopa go tohkh K3, mOm/m (BeaHHHHH znnmjHaBegem b Taöannax 

H.6-H.8 gogaTKa H [2], y goBigKoBHx Ta mmnx g^epeaax); 

li -  goB^HHa i-i giaaHKH, m.



Onopn KOHTaKTiB mHH, anapaTiB, TC He RpaxoRyroTbca, 60 o6nncaeHHa 3a 

^opMyaoro (5.25) gae geaKHH 3anac gaa CTpyMy RHacaigoK apn^MeTHHHoro 

gogaRaHHa Z(1)/3 i ZnT.

CRHH^Ri o6oaoHKH Ka6eaiR aK 3a3eMaroroni npoRigHHKH RHKopHcTORyRaTH 

He go3RoaaeTbca. ^aa RH6yxoHe6e3nenHHx npuMimeHb Ha gonoMraHi 

npoRig.HHKH 3aHyaeHHa (aaroMmieRi o6oaoHKH Ka6eaiR, cTaaeRi CMyrn) y 

po3paxyHK0Bifi cxeMi He 3Ra«aroTb.

^aa 6iabm tohhoto RH3HaneHHa CTpyMiR ogHo$a3HHx K3, KpiM onopiR 

TpaHc^opMaTopa h 3oRHimHboi «HRHabHoi Mepe«i, ypaxoRywTb cyMapHHH 

aKTHRHHH i rngyKTHRHHH onopn neTai «$a3a-Hyab», rn,o MicTaTb onopn 

mHHonpoRogiR, anapaTiR i nepexigHHx onopiR, nonHHaronH Rig HeHTpaai 

3HH^yRanbHoro TpaHC^opMaTopa, a Tarn«: onip gyru.

3 ypaxyRaHHaM onopy Mepe«i noHag 1 kB (onopiR TpaHC^opMaTopa i 

«HRHabHoi Mepe«i X c i Rc), nepexigHHx aKTHRHHx onopiR KoHTaKTiR i onopy 

gyru âKTHHHe 3HaneHHa CTpyMy ogHo$a3Horo K3 6yge MeHmuM, ToMy r pa3i 

Heo6xigHocTi 6iabm tohhoto RH3HaneHHa CTpyMy (HanpuKaag, aKrn,o Horo 

ReaHHHHa 6au3bKa go ycTaRoK cnpa^oRyRaHHa 3axncTy) 3a 6ygb-aKoi 

noTy«HocTi «HRHabHoi eHeprocncTeMH KopncTywTbca ^opMyaoro [2 1 ]

r(1)   U®
1r =  Z «  '

— +ZUT
(5.29)

BeaHHHHa Z(1) 3 ypaxyRaHHaM nepexigHHx aKTHBHHx onopiR KoHTaKTiR 

Rk = 15 mOm o6nHcaweTbca aK [2]

z f  — V (^ it  +  ^2T +  Rot +  2RC +  3#n)2 +  (^ ir  +  %2T +  %ot +  2ZC)2 .

(5.30)

BH3HanaeMo cTpyM ogHo$a3Horo K3 y TonKax K1, K2 i K3 gaa cxeMH Ha 

pucyHKy 5.2.

TpaHc^opMaTop Tuny TM3-160/6, cxeMa 3’egHaHHa o6motok 

TpaHc^opMaTopa «TpHKyTHHK -  3ipKa 3 HeÖTpaaaro» (A /Yh).

Ka6eabHi aiHii:



K62: ABBr-4x35; W  = 37m;

Kaöenb go Hacocy Hl: ABBr-4x16; lKe3 = 17m.

Po3paxyHOK. 3 Taönn^ H3 gogaTKa H [2] gna TpaHC^opMaTopa 3 

HOMiHantHOW noTy^rnc™ 160 kBA i cxeMow 3’egHaHHa oömotok

TpaHC^opMaTopa «TpHKyTHHK -  3ipKa 3 HeÖTpannro» (A/Yh) noBHHH onip CTpyMy

ogHO$a3Horo K3 Z(1) = 135 mOm. 3a ^opMyaoro (5.25) CTpyM ogHo$a3Horo 

MeTaneBoro K3 b t o w  K l :

=  -10 =  4,89 kA.
3

3 TaöaH^ H7 gogaTKa H [2] noBHi nmoMi onopn z .̂̂ T̂ aH^w^a «$a3a -  

Hynt» gaa HoTHpn^HabHHx KaöeaiB Ta npoBogiB 3 aaroMimeBHMH ^naaMH TaKi: 

■̂n.nT.K62 2,12 m0m/m; Zn.nm.K63 4,43 m0m/m.

noBHHH onip neTni «$a3a-Hyab» go tohkh K2 BH3HanaeTbca 3a ^opMyaoro:

7 — 7nnm.2 n̂mx62;

Znm 2 =  2,12 • 37 =  78,44 m Om .

ApK.
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PncyHOK 5.2 -  Po3paxyHKOBa cxeMa (a) i cxeMa 3aMim,eHHA (6) gra po3paxyHKy 
CTpyMiB ogHO$a3Horo KopoTKoro 3aMHKaHHfl

3a ^opMynow (5.25) CTpyM ogHo$a3Horo MeTaneBoro K3 y t o w  K2:

/£1} =  135220 =  1,78 kA.K — +78,443

noBHHH onip nerai «$a3a -  Hynt» go tohkh K3 BH3HanaeTbca 3a 

^opMynoro:

7 = 7  _i_ 7nnm.3 n̂m.KÖ2 +  n̂m.KÖ3;

Znm 3 =  78,44 +  4,43 • 17 =  153,75 m Om .

3a ^opMynow (5.25) CTpyM ogHo$a3Horo MeTaneBoro K3 y t o w  K3: 4

4 1} =  135^ — = 1,11kA.K — +153,753

3mh. ApK. Ns doKyM. nidnuc Mama
BP 5.6.141.352 n3
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Taönn^ 5.1 -  Pe3ynbTaTH po3paxyHKy CTpyMiB K3 y pi3HHx TOHKax eneKTpHHHoi

Mepe^i HacocHoi

E n
CTpyM  TpH$a3Horo K 3 , kA

CTpyM  ogH o$a3H oro K 3 , 

k A

K3 K 2 ’ K 2 K 1 ’ K1 K3 K 2 K1

H 1 1,58 1,11

c p m i
H 2 1,60

2,25 2,35
1,13

1,78
H 3 1,62 1,16

H 4 1,64 1,19

H 5 0,81 0,31

c p m 2
H 6 0,84

2,14 2,23
0,32

0,72
H 7 1,30 0,49

H 8 1,39 0,52

H 9 1,52 0,58

c p m 3 H 1 0 1,52 2,39 2,49 0,58 0,82

H 11 1,33 3,55 4,22 0,51 4,89

H 1 2 1,36 0,78

H 1 3 1,40 0,82

c p m 4
H 1 4 1,40

2,32 2,43
0,82

1,64
H 1 5 1,36 0,78

H 1 6 1,19 0,64

H 1 7 1,16 0,62

H 1 8 0,80 0,41

c p m 5
H 1 9 0,87

2,10 2,18
0,46

1,76
H 2 0 0,96 0,52

H 21 0,87 0,46

5.2. Po3paxyHOK CTpyMiB Tpu$a3Horo K3

3HaneHHa CTpyMiB K3 b eneKTpHHHHx Mepe^ax Hanpyroro go 1 kB 

BnnHBawTt Ha BHÖip nepepi3y npoBogiB i KaöemB, KoHCTpy^iro

CTpyMonpoBogiB, xapaKTepncTHKH KoMyTa^ÖHHx i 3axHCHHx anapaTiB. ToMy gna 

3aöe3neneHHa pa^oHaabHoro npoeKTyBaHHa eaeKTponocTanaHHa caig BHKoHaTH 

gocToBipHHH po3paxyHoK CTpyMiB K3.

^aa BHÖopy anapaTypn i 3axncTiB, nepeBipKH ceaeKTHBHocTi ix gii

BH3HanawTb MaKCHMaabHHH CTpyM Tpn$a3Horo MeTaaeBoro K3, y ^oMy BHnagKy

ApK.
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nepexigHi onopu gyru He BpaxoByroTb. Aaa nepeBipKH HyTauBoCTi 3axuCTiB 

3HaxogaTb MirnManbHHH CTpyM K3; npu ^oMy BpaxoByroTb yci nepexigHi onopu 

KOHTaKTiB (pyÖHnbHHKiB, aBToMaTiB, yCTaBHHX KoHTaKTiB, ÖonToBHX 3'egHaHb) i 

onip gyru b M i^i noraKog^eHHa raaaxoM BBegeHHa b cxeMy 3aMirn,eHHa aK- 

THBHoro onopy.

npu po3paxyHKax CTpyMiB K3 b EY 3MiHHoro CTpyMy Hanpyroro go 1 kB 

gonycKaeTbca:

1) 3acTocoByBaTH cnporn,em MeTogu po3paxyHKiB, aKrn,o ix norpiraHiCTb He 

nepeBH^ye 10 %;

2) MaKCHManbHo CnpomyBara Ta eKBiBaaernyBaTH bcm 3oRHiniHm Mepe^y 

^ogo Mi^a K3, iHgHBigyaabHo BpaxoByBaTH aurae aBToHoMHi g^epeaa Ta EA, 

aKi 6e3nocepegHbo npuegHam go Mi^a K3;

3) He BpaxoByBaTH CTpyMH HaMarmayBaHHa TpaHC^opMaTopiB;

4) He BpaxoByBaTH HaCHHeHHa MarHiTHHx CHCTeM eaeKTpuHHux MarauH;

Ao ocoöaHBocTeH po3paxyHKy CTpyMiB K3 b eaeKTpuHHux Mepe^ax 

Hanpyrow go 1 kB Mo^Ha BigHecTH TaKe:

- po3paxyHKH go^nbHo npoBoguTH b iMeHoBaHux ogHHH^ax;

- nonaTKoBe giroae 3HaaeHHa nepioguHHoi CKaagoBoi CTpyMy Tpu$a3Horo 

K3 Mo^Ha BBa^aTH He3MiHHHM In(p) =  iKP;

- aKTHBHi onopH eaeMeHTiB aaH^rora K3 MawTb cyTTeBe 3HaaeHHa i Mo^yTb 

HaBiTb nepeBeprayBaTH peaKTHBHi.

MeTogHKa po3paxyHKy nonaTKoBoro giroaoro 3HaaeHHa nepioguHHoi 

CKaagoBoi CTpyMy K3 3aae^HTb Big cnocoöy eaeKTponocTanaHHa —  Big 

eHeprocHCTeMH hh Big aBToHoMHoro A ^ .

Po3paxyHoK CTpyMiB K3 noHHHaeTbCa 3i CKaagaHHa po3paxyHKoBoi CxeMH, 

CxeMH 3aMi^eHHa h Buöopy tohok K3. npu CKaagaHHi eKBiBaaeHTHux CxeM 

3aMi^eHHa napaMeTpu eaeMeHTiB BuxigHoi po3paxyHKoBoi CxeMH Caig 

npuBoguTH go CTyneHa Hanpyru Mepe^i, Ha aKoMy 3HaxoguTbCa ToHKa K3 [2].

TaK aK BigCyTHi goCToBipHi gaHi rn,ogo KoHTaKTiB i ix nepexigHux onopax,
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to npn oÖHHcneHHi CTpyMiB K3 ypaxoByeMo ix yMoBHHH cyMapHHH onip y 

Mepe^ax, aKi ^HBaaTbca Big TpaHC^opMaropiB noTy^Hic™ go 1600 kBA 

bkhwhho, srigHO 3 TaKHMH peKoMeHga^aMH [4]:

a) Ha po3nogiabHHx npncTpoax HH TpaHC^opMaropiB nC -Rki = 15 mOm;

6) Ha nepBHHHHx ^ xobhx po3nogiabHHx nyHKTax (CPffl, 36ipKax) i Ha

3aracKaHax EA, aKi ^HBaaTbca pagiaabHHMH airnaMH Big po3nogiabHHx 

npncrpoiB HH nC a6o roaoBHHx MaricTpaaeö (fflM A) -Rk2 = 20 mOm;

b) Ha btophhhhx ^ xobhx po3nogiabHHx nyHKTax i 3aracKaaax EA, aKi 

^HBaaTbca Big nepBHHHHx po3nogiabHHx nyHKTiB -Rk3 = 25 mOm;

r) Ha 3aTHCKanax EA, ycTaHOBaeHHx 6e3nocepegHbo y En, aKi ^HBaaTbca 

Big btophhhhx po3nogiabHHx nyHKTiB - Rk4 = 30 mOm [2].

ÄaropHTM BH3HaneHHa CTpyMiB Tpn$a3Horo KopoTKoro 3aMHKaHHa

BH3HanaeMO CTpyM Tpn$a3Horo K3 y noaaTKoBHH MoMeHT aacy b 

eaeKTpHHHiö Mepe^i Hanpyroro ^ x y  b ToaKax K1, K1', K2, K2' i K3 gaa cxeMH Ha 

pncyHKy 5.1.

Bnxigm gaHi B3aTi 3 nonepegHix pe3yabTariB po3paxyHKiB i HaBegeHi 

HH^ne.

CncTeMa: /„(0) = 6 kA, Uhom.bh = 6 kB.

TpaHC^opMarop rany TMr-160/6/0,4: Shom t = 630 kBA; Uhom.bh = 6 kB;

UhoM.HH = 0,4 kB.

Cyaacm aBToMaraam BHMHKaai (BiTHH3HaHoro BHpo6HH^rea

«PROMFACTOR» m. Kphbhh Pir):

QF1 FMC4/3U: IH0MM = 250 A;

QF2 FMC2/3U: 1 ^  = 100 A;

QF3 FMC1/3U: 1 ^  = 50 A.

TpaHC^opMaropn CTpyMy:

TA1 3 Koe^^ieHToM TpaHC^opMa^i 300/5;

Ka6eabHi aiHii:

Mepe^a 6 kB - AAEa-3x35; 1k61 = 230m;
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Mepe^a 0,4 kB  - ABBr-4x35; 1k62 = 3 7 m ;
Ka6ent go Hacocy H1 - ABBr-4x16; 1k62 = 1 7 m ..
Po3paxyHOK. Ba3HCHa Hanpyra CTyneHfl b  eneKTpHnrnö Mepe^i Hanpyroro 

go 1 kB
U6 =  1,05 • UH0M.HH =  1,05 • 380 =  400ß.

PncyHOK 5.1 - Po3paxyHKOBa cxeMa (a) i cxeMa 3aMirn,eHHfl (6) gna 

po3paxyHKy CTpyMiB Tpn^a3Horo KopoTKoro 3aMHKaHHfl

ApK.
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1 eTan: Po3paxyHOK napaMeTpiB eaeMeHTiB cxeMH 3aMi^eHHH.

1 ) iHgyKTHBHHH o n ip  CHCTeMH, aKHH npH BegeH H H  g o  C TyneH a H H ,  

BH 3H aaaeTbca 3a ^ o p M y a o m :

*c  =
u2noM.cepHH 4002

=  2 ,4 4 möm .
Vs- Ik.BH'UHOM.cepBH V3-6-6300

2 )  y  T a ö a n ^  M .1 1  g o g a T K a  M  [2 ]  g a a  K a ö e a b H o i a irn i H a n p y ro m  6 kB  
(A A E a - 3 x 3 5 )  n m o M i o n o p n  TaKi: rn =  0 ,8 9 4  m O m / m ; x n =  0 ,0 8 7  m O m / m . 
A k t h b h h h  Ta  m gyKTHBHHH o n o p n  K a ö ea b H o i a iH ii,  aK i n p H B e g em  g o  C TyneH a H H ,  

BH 3H aaam Tbca 3a ^ op M yaa M H :

Rk6.1 Bi - k̂6.1
U,HOM.cepHH 400
U,HOM.cepBH

=  0 ,8 9 4  - 2 3 0 —  =  1 3 ,7 0 8 möm ,6000

Xk6.1 - Ik6.1
u,HOM.cepHH
uv

=  0 , 0 8 7 - 2 3 0
4 0 0

6 3 0 0
=  1 ,3 3 4 möm

'HOM.cepBH

3 )  3 a  nacnopTH H M H  gaHHM H T p aH C ^ op M a T op a  T M F -1 6 0 / 6 / 0 ,4 k B  

n p H H M aw T bca  B T p a ra  K 3  P K.HoM =  2 ,6 5  k B t , H a n p y ra  K 3  uK =  4 ,5  % . A k t h b h h h  Ta  

m gyKTHBHHH o n o p n  n p a M o i n o c a ig o B H o c r i  T p aH C ^op M aT op a , aK i n p H B egeH i g o  

C TyneH a H H ,  BH 3H aaam Tbca 3a  ^ op M ya a M H :

ß T =  HomHh - 1 0 6 =  2,65-0;y  - 1 0 6 =  i 6 ,5 6 möm ;
s2HQM.T 1602

XT =
Z100 - k̂.homV ^ homHH ^q4  
(  S t )  S tv ‘-’hom.T ' -’hqm.T

U2

1 0 0  - 2 ,6 5 \ 2 0 , 4 21 0 0  - 2 ,6 5
1 0 4 =  4 1 ,8 4 möm

1 6 0  1 6 0

4 )  3 T a ö a n ^  H .1  g o g a T K a  H  [2 ]  g a a  aBToM aTa Q F 1  (3 5 0 A )  npH H M aeTbca 

ß a 1  =  0 ,6 5  m O m ; X a 1  =  0 ,1 7  m O m .

5 )  3 T a ö n H ^  H .2  g o g a T K a  H  [2 ]  g a a  T C  ( T A 1 )  3 K o e ^ ^ ie H T o M  

T p a H C ^ o p M a ^ i 400/5 g a a  K a a c y  T o a H o c T i 1 npH H M aeTbca ß ta1 =  0 ,11  m O m ; X ta1 

=  0 ,1 7  m O m .
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6) 3 Taöan^ H. 1 gogaTKa H [2] gaa aBTOMaTa QF2 npHHMaeTbCa

Ra. 2 = 2,15 mOm; Xa.2= 1,2 mOm.

7) 3 Taöan^ M.11 gogaTKa M [2] gaa KaöeabHoi aimi Hanpyroro go 1 kB 

(ABBr-4x35) 3 ogHaKOBHM nepepi3OM nmoMi onopn TaKi: rn = 0,894 mOm/m; xn = 

0,0637 mOm/m. A kthbhhh Ta mgyKTHBHHH onopn KaöeabHoi aimi BH3HaaaroTbCa 

3a ^opMyaaMH (4.11)i(4.12)

Rk6.2 =  rn • lK6.2 =  0,894 • 37 =  33,078 m Om ;

Xk6.2 =  xn • lK6.2 =  0,0637 • 37 =  2,357 m Om .

8) 3 Taöan^ H. 1 gogaTKa H [2] gaa aBToMaTa QF3 npHHMaeTbCa

Ra. 3 = 7 mOm; Xa3 = 4,5 mOm.

9) 3 Taöan^ M.11 gogaTKa M [2] gaa KaöeabHoi aimi Hanpyroro go 1 kB

(ABBr-4x16) 3 ogHaKoBHM nepepi3oM ^Ha nmoMi onopn TaKi:

rn = 1,95 mOm/m; xn = 0,0675 mOm/m. A kthbhhh Ta mgyKTHBHHH onopn 

KaöeabHoi aiHii BH3HaaamTbCa 3a ^opMyaaMH (4.11) i (4.12)

Rk6.3 =  rn • lK6.3 =  1,95 • 17 =  33,15 m Om ;

Xk63 =  xn • lK6,3 =  0,0675 • 17 =  1,148 m Om .

2 eTan: BroHaaeHHa girnaoro 3HaaeHHa nepiogHHHoi CKaagoBoi CTpyMy 

Tpn$a3Horo K3 y noaaTKoBHH MoMeHT (noaaTKoBoro HagnepexigHoro CTpyMy) y

pi3HHX TOHKaX CXeMH.

1) BH3HaaeHHa CTpyMy Tpn$a3Horo K3 y toh^  K1. CyMapm onopn m,ogo 

tohkh K1 BH3HaaawTbca TaK:

R-zki =  Rk6 1 +  Rt =  13,708 +  16,56 =  30,27 m Om ;

XEK1 =  x c +  Xk6i  + X t =  2,44 +  1,334 +  41,84 =  45,61 m Om ;

=  V ^ 2xki + ^ 2xki =  V30,2682 +  45,612 =  54,74 m Om

noaaTKoBe giroae 3HaaeHHa nepiogHHHoi CKaagoBoi Tpn$a3Horo CTpyMy 

npn MeTaaeBoMy K3 BH3HaaaeTbCa 3a ^opMyaorn:

K̂1(0) -p—6— =  .-400 =  4,22 kA.v3"54,74

BP 5.6.141.352 n3
ApK.



2) BroHaneHHA CTpyMy Tpn$a3Horo K3 y t o h ^  Kl'. CyMapHi onopn rnogo

TOHKH K l' BH3HanaWTbCa TaK:

— R-zki +  Rai +  Rtai +  RK i  = 30,268 +  1,1 +  0,2 +  15 =  46,57 m Om ;

— ^zki +  ^ai +  ^tai — 45,61 +  0,5 +  0,3 =  46,41 m Om ;

Zzk y =  V46,572 +  46,412 =  65,75m O m . 

nonaTKOBe giwne 3HaHeHHH nepiogHHHoi CKaagoBoi Tpn$a3Horo CTpyMy 

npn MeTaneBOMy K3 BH3HanaeTbca 3a ^opMynoro:

/
u* 400

^i(0) Vl-Z^y V3-65,75 =  3,51 kA.

3) BroHaneHHA CTpyMy Tpn$a3Horo K3 y t o w  K2. CyMapHi onopn rn,ogo 

t o h k h  K2 BH3HanawTbca TaK:

^ £̂ 2 — ^ r^i +  ^ a2 +  Rk62 +  RK2 — 30,27 +  2,15 +  33,08 +  20 — 85,5 m Om ; 

^ £#2 =  +  ^ a2 +  %k62 — 46,41 +  0,5 +  2,36 — 49,27 m Om ;

Zr^2 — V 85 ,52 +  49,272 — 98,68 m Om . 

nonaTKoBe giroHe 3HaneHHa nepiognHHoi CKaagoBoi Tpn$a3Horo CTpyMy 

npn MeTaneBoMy K3 BH3HanaeTbca 3a ^opMynoro:

j _ U6   400   n n,1 4
^2(0) — V3-Z^2 — V3-98,68 — , .

4 ) BH3HaneHHa CTpyMy Tpn$a3Horo K3 y t o h ^  K2'.

CyMapHi onopn rn,ogo t o h k h  K2' BH3HanawTbCH TaK:

^zk2 ' — ^ x^i +  ^ a2 +  Rk62 +  RK3 — 30,27 +  2,15 +  33,08 +  25 — 90,5 m Om ;

^ Ttf2 ' — ^ Ztf2 — 49,27mOm ;

ZEk2 ' — — V 90,52 +  49,272 — 103,04mOm .
noHaTKoBe giwHe 3HaHeHHH nepiognHHoi CKnagoBoi CTpyMy npn 

MeTaneBoMy K3 BH3HaHaeTbCH 3a ^opMynoro:

/. 2 '(0) — r Uß ^ - 40Q — 2,24kA .X2 (0) V3-^-2 ' V3-i03,04

5) BH3HaHeHHH CTpyMy Tpn$a3Horo K3 y t o h ^  K3.

CyMapHi onopn rn,ogo t o h k h  K3 BH3HaHaroTbCH TaK:

^X^3 ^X^i +  ^a2 +  Rk62 +  ^a3 +  Rnp +  Rk63

BP 5.6.141.352 n3
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= 30,27 +  2,15 +  33,08 +  7 +  33,15 +  30 =  135,65 m Om ;

%ZK3 =  ^£tf2 + %a3 +  %np =  49,27 +  4,5 +  1 ,1 4 8  =  54,92 mOm;

ZiK3 = =  V135,652 +  54,922 =  146,34 m O m .

nonaTKOBe girone 3HaneHHA nepiogHHHoi CKnagoBoi Tpn$a3Horo CTpyMy 

npn MeTaneBOMy K3 BH3HanaeTbca 3a ^opMynoro:

j f/q 400  ̂ j- q  .
^ 3(0) = V3-ZJK3 = V3-146,34 =  , .

Pe3yntTaTH po3paxyHKy CTpyMiB Tpn$a3HHx K3 y nonaTKOBHH MOMeHT nacy 

b  eneKTpHHHrn Mepem HacocHoi b  po3paxyHKOBHx TOHKax 3Begem b  Taönn^ 5.1.

ApK.
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B n ö ip  i n e p e B ip K a  B c ix  E A  H a n p y ro ro  g o  i n o H a g  1 kB  M aro T t B ig n o B ig a r a  
TaKHM yMOBaM:

1) M ^ H O c ri i 3 o n ^ , i i  g n a  p o ö o r a  b  TpH B anoM y p e ^ H M i T a n p n  
K opoT K onacH H x n e p e H a n p y ra x :

UHOM.e.a — UHomm, (6.1)

ge UH0Meai UHOMM- HOMiHantHa Hanpyra EA i HoMrnantHa Hanpyra 

eneKTpHHHOi Mepe^i (ycTaHOBKH) BignoBigHO, y miß 3acTOCOByeTtca EA;

2) gonycTHMoro HarpiBaHHa CTpyMaMH b  TpHBanoMy pe^HMi:

— 1$IHOM.e.a (6.2)

ge /H0M.e.ai !<p- HoMiHanbHHH CTpyM EA i CTpyM ^opCoBaHoro pe^HMy 

BignoBigHo, t o ö t o  TpHBannö MaKCHMantHHH poöonHH CTpyM, a k h h  Mo^e Hepe3 

Htoro npoTiKaTH;

3) BignoBigHocTi HaBKonnmHtoMy CepegoBHrny (HopMantHe, 

no®;e^oHe6e3neHHe, BHÖyxoHe6e3neHHe Ta iH.), pogy ycTaHoBKH (BHyTpimHa,

3oBHimHa) i KoHCTpyKTHBHoMy BHKoHaHHW (BHcyBHa, CTagioHapHa) Ta iH.;

4) napaMeTpaM o c h o b h o i ^yH^ ioHantHoi xapaKTepHCTHKH: KoMyTa^ HHi 

EA - CTpyM BHMHKaHHa (BMHKaHHa) npn K3 (KoMyTa^HHa 3gaTHicTt), EA 

3axHCTy - HoMiHantHHH CTpyM nnaBKoi BCTaBKH 3ano6rn :HHKa h h  ycTaBKH 

po3nennwBana aBToMaTa.

nepeBipKy BHÖpaHHx EA npoBogart 3a ix CTiÖKic™ Ta npa^3gaTHiCTro 

npn HacKpi3HHx CTpyMax K3. MawTt BHKoHyBaTHca TaKi yMoBH:

5) CTpyM eneKTpogHHaMinHoi CTißKocTi EA^

d̂uH — iy (6.3)

ge iy - po3paxyHKoBHH ygapHHH CTpyM;

B P  5 . 6 . 1 4 1 . 3 5 2  Ü 3
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6 )  gonycTH M H H  CTpyM TepMiHHOi CTifiKOCTi a n a p a T a  IT 3 a  g o n y c t h m h h  H ac
TepMiHHOi CTiHKOCTi tT

t f - t T > l l - t  ( 6 .4 )
g e  IKi t - po3paxyH K O B i n a p a M e T p n  CTpyM y K 3  i g if ic H o ro  H acy  BHMHKaHHa 

K 3  B ignoB igH O .
TaKHM h h h o m , HOM iH aabH a H a n p y r a  ^HX aBTOMaTiB B H Ö npaeT bca aK:

ĤOM.a >  UhoMM, ( 6 .5 )
H oM rnaabH H H  CTpyM aBTOMaTiB i HOM iHaabHi CTpyMH p o 3 H en aro B aa iB  He 

nOBHHHi öyTH  MeHmHMH 3 a  CTpyM ^ o p c o B a H o ro  p e ^ H M y :

IHOM.a >  I(p, ( 6 .6 )
lHOM.p — l(p— u (6.7)

y  ^opMyaax (6.6) i (6.7) öepyTbca Hafiöan^Hi 3HaaeHHa HOMrnaabHHx 

CTpyMiB aBTOMaTiB i po3HenaroBaaiB. ABTOMara 3BHHaÖHO MawTb KiabKa 

HOMrnaabHHx CTpyMiB po3HenaroBaaa. Haööiabme 3HaaeHHa HOMiHaabHoro

CTpyMy po3HenaroBaaa gopiBHroe HOMiHaabHOMy CTpyMy aBTOMaTa, TOMy IH >

lHOM.p

CTpyM ^opcoBaHoro pe^HMy BH3HaaaeTbca 3a ^opMyaoro:

i — V I1(p  ^pes lp, (6.8)

ge Kpe3 - Koe^i^eHT pe3epByBaHHa;

Ip - pO3paxyHKOBHH CTpyM (öepeTbca 3aae^HO Big Mi^a 3Haxog:«:eHHa EA b  

CxeMi eaeKTponocTaaaHHa).

yCTaBKa CTpyMy c^pa r̂oBaHHa Big nepeBaHTmeHHa IC.n (yCTaBKa CTpyMy 

TenaoBoro po3HenaroBaaa Iy.T.p) BHÖnpaeTbca 3a yMOBH:

Ic.n fy .m.p  — ^  ' Ip, (6.9)

ge K - KOe^^ieHT, aKHH npHHMaeTbca 1,1 gaa aBTOMaTa BBOgy QF i gaa 

aBTOMaTa QF1, 1,25 - gaa aBTOMaTiB QF2-QF7 aöo 1,0 Ha mmax gO cnaoBHx En, 

aKi He MawTb y CBoeMy CKaagi E^.

y  ^opMyai (6.9) gaa aBTOMaTa BBOgy QF1 aK po3paxyHKOBHH CTpyM 

npHHMaeTbca CTpyM ^opcoBaHoro pe^HMy TpaHC^opMaTopa 1$; gaa aBTOMaTa

3mh. ApK. Ns doKyM. nidnuc Mama
BP 5.6.141.352 n3

ApK.



Q F 2  - po3paxyHK OBHH  CTpyM g p y r o r o  p iB H a e a eK T p o n o c T a aa H H a  I p.2; g a a  
aBTOMaTa Q F 3  —  po3paxyH K oB H H  CTpyM n e p m o r o  piB H a e a eK T p o n o c T a aa H H a  
o g H o ro  E n  I p1 (H oM rnaabH H H  CTpyM E n  I HoM.En n p n  k 3 - 1).

y  a iH ia x  3 aaM naM H  A P H  (A P I )  3 a  yMOB KpaTHOCTi n ycK O B oro  CTpyM y 2 ,2 5 
3 T a  H o ro  T pH B aaocT i 6 0 - 9 0  c y c ra B K a  CTpyM y c n p a ^ o B y B a H H a  B ig 
n e p e B aH T a ^ eH H a  (y c ra B K a  CTpyM y T e n a o B o ro  p o 3 a e n a ro B a a a )  B H Ö npaeT bca TaK:

^c.n ly.m .p  — 1 ,3  ' ^ p .o , ( 6 . 10 )
g e  Ip.o. - po3paxyH K oB H H  CTpyM a m i i  o c B n a e H H a , A .
A a a  H P  i n n  H H 3bK oro THCKy ycTaB K a CTpyM y c n p a ^ o B y B a H H a  B ig 

n e p e B aH T a ^ eH H a  (ycT aB K a CTpyM y T e n a o B o ro  p o 3 a e n a ro B a a a )  B H Ö npaeT bca aK:

ĉ.n ly.m .p  — I p . o . ( 6 . 1 1 )
A a a  n n  H H 3bK oro THCKy nycK oB i CTpyMH He B p ax o B y ro T b ca , 6 o  ix  

TpHBaaiCTb CTaHoBHTb 6 -8  c , i 3 a  ^ H  a a c  oK peM i a a M n n  M aroTb p i3 H o a a cH e  
BMHKaHHa. .HP M aw Tb n y cK o B i CTpyMH g o  6  H oM rnaabH H x CTpyMiB, a a e  ix  
TpHBaaiCTb B C boro  g eK iab K a  M iaiceK yH g.

ABToM aTH He noBHHHi BHMHKaTH giaaH K H , aK i 3axHffl,aroTb, n p n  
K opoTK oaaC H H x n e p e B a H T a ^ e H H a x  (n y cK o B i CTpyMH, n iK oB i CTpyMH T a iH .).

A a a  aBToM aTa B B ogy Q F 1  c n p a ^ o B y B a H H a  B igciaK H  p o 3 a e n a ro B a a a  
MBTTeBoi g i i  I c.b B H 3H aaaeTbC a 3 a  ^ o p M y a o ro :

Ic .e — ( 6 - 1 0  ) W  (6 .1 2 )
g e  Jhom.t- HoM iHaabHHH CTpyM T p aH C ^ o p M arop a  H a C TopoH i H H .
y  ^ o p M y a i  ( 6 .1 2 )  ö ia b m i  K paTH ocTi npH H M aw T b ca  g a a  T p aH C ^ o p M a ro p iB  3 

M aao ro  H oM m aab H o ro  n o T y ^ H ic T W  ( S H0MT <  4 0 0  k B A ) ,  aK i M aroTb ö ia b m i  o n o p n  
T a B ig n o B ig H o  M eH m i CTpyMH K 3 .

y M o B a  nepeB ipK H  B ig niK oB H x CTpyMiB g a a  r p y n n  E n  (aBToM aT Q F 2 )  i B ig 
nycK oB H x CTpyMiB g a a  o g H o ro  E n  (aBToM aT Q F 3 )  n o a a r a e  y  BHÖopi ycTaBKH 
CTpyM y c n p a ^ o B y B a H H a  B igciaK H  p o 3 a e n a r o B a a a  M H rreB o i g i i  I CB (ycTaBKH 
CTpyM y eaeK T po M arH iT H oro  p o 3 a e n a ro B a a a  I y.e.p) ö ia b m e  ^ H x  CTpyMiB B ig n oB ig H o
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He M eH m  H m : H a 2 5  % , TOMy rn,o n o x n Ö K a  B ig  po3K H gy xapaKTepHCTHK M o : e  
g o C a r a r a  g o  15 %

Ic.e =  Iy.e.p — l ,254»o (6-13)

Jc.e =  Jy.ep — l ,25lnycK, (614)

g e  IniK i InycK - niKOBHH CTpyM r p y n n  E n  3 a  ^ o p M y aaM H  (2 .4 0 ) ,  ( 2 .4 1 )  i 

nycKOBHH CTpyM ogH H O H H oro E ^  3 a  ^ o p M y a o r o  (2 .1 2 )  B ignoB igH O  (g aH i 
nycK OBHx i niKOBHx CTpyMiB ö ep y T b C a  3 p e3 y ab T aT iB  po3paxyH K iB  p o 3 g ia y  2: 
n p H K a a g n  2 .1  i 2 .6  B ig n o B ig H o ).

y  a iH ia x  3 K K Y  CTpyM C n p a ^ o B y B a H H a  B ig tiaK H  (e a e K T p o M a ra r rn o ro  
p o 3 a e n a ro B a a a )  BH Ö npaeTbC a 3 a  ^ o p M y a o ro :

1cb iy.e.p — 1>3Ihom.KKY , (6-15)

g e  Ihom.kky~ HoM iHanbHHH CTpyM K K Y , a k h h  oöaH C aroeT bC a 3 a  ^ o p M y a o ro  
(4 .1 3 ) .

R k  KoM yTagiÖHHH a n a p a T  aB TO M ara n e p e B ip a ro T b  rn ,ogo  3gaT H ocT i 
BHMHKaHHa 3 a  yMoBH:

Ihombm — In.o = I (3), (616)

g e  IH0M.e.a~ HoM iHanbHHH CTpyM BHMHKaHHa aBToM aTa n p H  HopM oBaHHX 
yM oB ax  p o ö o t h ;

In0 =  *K - n on aT K o B e g ir o a e  3H aaeH H a n e p io g n a H o i  C K aagoB oi CTpyM y 
T p n ^ a 3 H o ro  K 3 , g o  T o ro  :  g a a  aBToMaTiB B B ogy h  CeKgiÖHHx aBToMaTiB g e ö  
CTpyM B H 3H anaw Tb g a a  M eT aaeB o ro  K 3  6 e3  n e p e x ig H H x  o n o p iB , a  g a a  iH iiiu x  
(aBToMaTiB Q F 2  i Q F 3 )  - 3 ypaxyB aH H aM  o n o p y  KoHTaKTiB R K.

B ig n o B ig H o  g o  nyH K Ty 4  (^ y H K g io H a a b H e  npH 3H aaeH H a) g a a  ayTaH BoC Ti 
3axH CTy (H ag iÖ H o ro  ö o r o  C np agroB aH H a) M irnM aabH HH  CTpyM K 3  (3BHaaÖH o g e  
CTpyM o g H o $ a 3 H o ro  K 3  y  H a ö ö ia b m  B ig g a a e H iö  T o a g i  a iH ii, aK a  3 axnm ,aeT bC a) 
M ae n ep e B H ^ y B aT H  yCTaBKH p o 3 a e n a ro B a a iB  3 a a e : H o  B ig  ix  THniB y  TaKHx 
C niB B igH om eH H ax:

gaa po3aenaroBaaa MHTTeBoi gii (eaeKTpoMarHiTHoro aöo 

HaniBnpoBigHHKoBoro) 3 HoMrnaabHHM CTpyMoM öiabme 100 A

ApK.

BP 5.6.141.352 n3
733mh. ApK. Ns doKyM. nidnuc Mama



A  >  1,25/cs, (6.17)

Ta npn CTpyMi go 100 A  b k h w h h o :

A  >  1,44. (6.18)

—  gaa po3HenaroBaaa ynoBiabHeHoi gii:

4W >  31c (6.19)

BnöipKOBicTb gii nocaigoBHo BCTaHoBaeHHx aBToMaTiB 3a6e3neayeTbca 3a 

yMOBH, rn,o ix 3axHCHi xapaKTepHCTHKH Ha KapTi ceaeKTHBHocri He noBHHHi 

nepeTHHaraca, go Toro ^  ycTaBKH CTpyMy po3HenaroBaaiB ynoBiabHeHoi h  
MHTTCBoi gii b  aBToMaTa, po3TamoBaHoro Öan^ae go En, MawTb Öyra b  1,5 pa3H 

MeHmi, Hm: y Öiabm BiggaaeHoro aBToMaTa [2].

6.1. Bnöip aBTOMaTiB po3nogiabHoi‘ Mepe^i

AHaaoriaHo npoBogHMo po3paxyHoK gaa BHÖopy mmÖHHx aBToMaTiB i 

aBToMaTiB gaa En. Pe3yabTaTH 3anncyeMo go Taöan^ 6.2 Ta 6.3 BignoBigHo.

HoMiHaabHi napaMeTpn aBToMaTHHHHx BHMHKaaiB, rn,o BCTaHoBaroroTbca b  
HH3bKoBoabTHoMy KoMnaeKTHoMy npHCTpoi «^Hinpo» - BHÖnparoTbca 

aHaaoriam, aae Ha ogHH CTaHgapTHHÖ CTyniHb HoMiHaabHoro CTpyMy BHrn,e -  gaa 

3aöe3neaeHHa ceaeKTHBHocTi 3axHCTy. napaMeTpn ^Hx BHMHKaaiB npHBegern Ha 

cxeMi b  gogaTKy B.

Taöa^a 6.2 - Pe3yabTaTH BHÖopy BBigHHx aBToMaTiB b  C Pm Ta m[PO

.Hirna Tan U h o m , I h o m , I h o m .t .p , ly.T.p, ly.B.p, iHoM.B.a,
^HBaeHHa aBToMaTa B A A A A kA

^ o ^ P O FMC1/3U 660 25 25 200 2000 35

^ o c p m i FMC3/3U 660 100 100 800 8000 35

^ o cpm 2 FMC1/3U 660 25 25 200 2000 35

^ o cpm 3 FMC1/3U 660 40 40 320 3200 35

^ o cpm 4 FMC2/3U 660 80 80 640 6400 35

^ o cpm 5 FMC2/3U 660 50 50 400 4000 35

ApK.
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O g H o m m Ö H a  c x eM a  ^H B n eH H a oönagH aH H A  ^ x y  3 no3H aneH H ^M  T n  i 
m m Ö H H x aBTOMaTiB H aB egeH a y  g o g aT K y  B .

Taönn^ 6.3 - Pe3yntTaTH BHÖopy aBTOMaTiB go En

.Hmm
^HBneHHa

Tnn
aBTOMaTa

U h o m ,
B

I h o m ,
A

iHOM.T.p,
A

Iy.T.p,
A

ly.B.p,
A

iHOM.B.a,
kA

H1 FB2-63 D50 400 50 50 250 2500 6

H2 FB2-63 D50 400 50 50 250 2500 6

H3 FB2-63 D50 400 50 50 250 2500 6

H4 FB2-63 D50 400 50 50 250 2500 6

H5 FB2-63 D16 400 16 16 80 800 6

H6 FB2-63 D16 400 16 16 80 800 6

H7 FB2-63 D16 400 16 16 80 800 6

H8 FB2-63 D16 400 16 16 80 800 6

H9 FB2-63 D25 400 25 25 125 1250 6

H10 FB2-63 D25 400 25 25 125 1250 6

H11 FB2-63 D25 400 25 25 125 1250 6

H12 FB2-63 D32 400 32 32 160 1600 6

H13 FB2-63 D32 400 32 32 160 1600 6

H14 FB2-63 D32 400 32 32 160 1600 6

H15 FB2-63 D32 400 32 32 160 1600 6

H16 FB2-63 D32 400 32 32 160 1600 6

H17 FB2-63 D32 400 32 32 160 1600 6

H18 FB2-63 D16 400 16 16 80 800 6

H19 FB2-63 D16 400 16 16 80 800 6

H20 FB2-63 D16 400 16 16 80 800 6

H21 FB2-63 D16 400 16 16 80 800 6

y  g o g aT K y  r  H aB egeH a ^pH H ^H ^O B a c x eM a  p o 3 n o g m tH o i  M e p e ^ i  B ig  K T n  
g o  E n  ^ x y .
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Bnöip aBTOMaTa BBOgy QF1: ShomT =  160kBA. BnÖHpaeMO aBTOMaT 

FMC4/3U CTpyMOOÖMe ŷBantHHH 3 TenaOBHM i eaeKTpOMaraiTHHM

po3nennwBanaMH.

3a ^opMynoro (6.5) HOMiHaabHa Hanpyra aBTOMaTa BHÖnpaeTbCa aK:

660 >  380B.

3a ^OpMyaOM (4.15) BH3HaaHMO HOMmaabHHH btophhhhh CTpyM

TpaHĈ OpMaTOpa:

/„„mT2 =  =  243,°9A

^aa gBOXTpaHĈ OpMaTOpHOi nC 3 pe3epByBaHHaM Ha CTOpOHi HH i 3a 

BigcyTHOCTi gaHHx CHCTeMaraaHOrO nepeBaHTmeHHa KOe^i^eHT pe3epByBaHHa

npHHMaeTbca Kpe3 = 1,4, TOMy ^OpCOBaHHH CTpyM TpaHC^OpMaTOpa 3a ^OpMyaOM 

(6.8) gOpiBHwe:

I# =  1,4-243,09 =  340,33 A.

TOgi 3a ^OpMyaOM (6.6) HOMmaabHHH CTpyM aBTOMaTa FMC4/3U 350A:

Komm =  350 >  I(p =  340,33 A

^aa aBTOMaTy FMC4/3U 350A HOMmaabHHH CTpyM TenaOBOrO 

pO3HenamBaaa IHOM.T.p 350 A. TOgi 3a ^OpMyaOm (6.7) HOMmaabHHH CTpyM 

TenaOBOrO pO3HenamBaaa:

Wm.p =  350 >  I# =  340,33 A.

^aa aBTOMaTy FMC4/3U 350A KpaTHiCTb CTpyMy Cnpa^OByBaHHa 

(yCTaBKH) TenaOBOrO pO3HenamBaaa Iy.T.p gO HOMiHaabHOrO CTpyMy TenaOBOrO 

pO3nenawBana IHOMT.p (Iy.T.p / IHOMT.p) CTaHOBHTb 8-10 (aÖO 3-4, b 3aae^HOCTi Big 

MOgeai). TaKHM hhhom, yCTaBKa CTpyMy TenaOBOrO pO3aenawBaaa:

lymp =  8 • JHOM.m.p =  8 - 350 =  2800A.

3a ^OpMyaOW (6.9)

Iymp =  2800.4 >  1,1 - 340,33 =  374,36A.
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^aa aBTOMaTy FMC4/3U 350A y pa3i HaaBHocTi TenaoBoro po3HenaroBaaa 

BigHomeHHa CTpyMy cnpagboByBaHHa BigciaKH IC.B (eaeKTpoMarHiTHoro 

po3nenawBana Iy.e.p) go HoMiHaabHoro CTpyMy TenaoBoro po3aenawBaaa Ihom.t.p 

(ly.T.p / Ihom.t.p) c t o h o b e t b  10-12 (aöo 4-5, b  3aae^HocTi Big Mogeai). TaKHM h h h o m , 
CTpyM cnpa^oByBaHHa BigciaKH (eaeKTpoMarHiTHoro po3aenawBaaa)

IC.e =  iy.e.p =  1° ’ IHOM.m.p =  1° ’ 350 =  3500A.

3a ^opMyaoro (6.12)

Ic.e =  3500 A >  6 • 340,33 =  2042A.

npa nepeBip^ BHMHKaHHa CTpyMy Tpn$a3Horo K3 aBToMaToM BBogy 

öepeTbca CTpyM Tpn$a3Horo K3 y t o h ^  K1 (6e3 ypaxyBaHHa R k) 3 Taöa^i 5.1 

IK1(0) = 4,22 kA . ^aa aBToMaTiB FMC4/3U 350A BHMHKaroaa rpaHHHHa 

KoMyTagiÖHa 3gaTHiCTb (BrK3) npa ITOM.a= 350A CTaHoBHTb ITOM.B.a=50 kA . 3a 

^opMyaow (6.16)

50 kA >  4,22kA.

^aa nepeBipKH ayTaHBocTi 3axHCTy 3 Taöan^ 5.1 CTpyM ogHo$a3Horo K3 

(1)Ha mHHax HH KTn IK =4,89 kA . 3a ^opMyaoro (6.17) gaa eaeKTpoMarHiTHoro 

po3aenawBaaa 3 HoMmaabHHM CTpyMoM Öiabme 100 A

/K(1) =  4,89kA >  1,25 • 3500 =  4,375kA  

OcTaToHHo BHÖnpaeTbca aBToMaT FMC4/3U 350A 3 TaKHMH napaMeTpaMH: 

ÜHoM.a= 660B; lHoM.a= 350A; W t.p=  1600A; Iy.T.p= 2800A; Iy.e.= 4200 A;

IHoM.B.a 5 0 k A .
Pe3yabTaTH BHÖopy EA 3pyHHo nogara y BHraagi Taöan^: y nepmifi 

KoaoH^ 3anncywTb yMoBH BHÖopy, y gpyrifi - KaTaao^m gam EA, y TpeTifi - 

po3paxyHKoBi gaHi (gHBHca Taöa^ro 6.1).
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Taönn^ 6.1 - KaTano^m Ta po3paxyHKOBi garn aBTOMaTa BBogy QF1

Y m o b h  BHÖopy
K aTano^H i gaHi aBTOMaTa 

F M C 4/3 U  3 5 0 A
Po3paxyHKOBi gaHi

3a HOMiHanbHoro Hanpyroro

^HOM.a — F Hom.M
^HOM.a =  660B F hom.m =  380B

3a HOMiHanbHHM CTpyMOM aBTOMaTa 

ĤOM.a — Ify
AjOM.a =  3 5 0 A

^pe3 ' ĤOM.T

=  2 4 3 ,0 9  • 1,4 =  3 4 0 ,3 3 A

3a HOMiHa^bHHM CTpyMOM 

po3HennroBana 

ĤOM.p — Ify

7 =  350AAHOM.p _

A  ̂ ^pe3 ' ĤOM.T

=  9 5 7 ,1 9  

•1 ,4

=  3 4 0 ,3 3 A

3a HOMiHa^bHHM CTpyMOM aBTOMaTa 

Ta ä o ro  po3HennroBaniB

ĤOM.a — ĤOM.p

AjOM.a =  3 5 0 A
7 =  350AAHOM.p _

3a HOMiHa^bHHM CTpyMOM TennoBoro 

po3HennroBana
I —  I > 1 1 /'c.n 'y.T.p — -L'-L'^

ŷ.T.p 8 ' ĤOM.T.p

=  8 • 350  =  2 8 0 0 A
1,1/$ =  1,1 • 340 ,33  =

=  3 7 4 ,3 6 A

3a yMOBoro BigcTpoHKH Big nixoBHx

CTpyMiB

4.B — (6  — 10 )^ hom.T

A:.e ŷ.e.p 11 • ĤOM.T.p

=  11 • 3 5 00  =  3 8 5 0 A
A:.e 6 ĥom.t 
=  6 • 340 ,33  =  2 0 4 2 A

3a HOMiHanbHHM CTpyMOM 

BHMHKaHHa aBTOMaTa

/ — I =  /(3) ĤOM.B.a =  50kB
In.o =  /K3) =  4 ,2 2 k A

3a yMOBoro HyTnHBOCri 

/(1) — 1 25 Ii K — -L̂ ^ ,AC.B

1 25 I  =J1c.B
=  1,25 • 3,85 =  4 ,3 7 5 k 4

/K1)=4 ,89  k A
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7. ripaBH.ia eKcn^yaTa^i', oxopoHH npaui Ta TexmKH 6e3neKH

E e 3 n e p e 6 if iH ic T b  n o g a n i  i 3 a ö e 3 n e n e H H a  H eo ö x ig H H x  piBHiB THcKy H a B cix  
g in aH K ax  cncTeM H  B o g o n o c ra n a H H a  b  3 H an rn fi M ipi B H 3H anaroT bca H a g if iH ic ™  
p o ö o T H  H aco cH o i c T a H ^ i .  n o p y m e H H a  H opM anbH oi p oö o T H  c T a H ^ i
o öy M O B n w eT b ca  pi3HHMH BHnagKOBHMH n o g iaM H , b  p e3 y n b T aT i aK H x B H xogaT b 3 

p o ö o T H  OKpeMi i i  eneM eHTH cxeM H  ( c n o p y g n ,  H a c o c n , n p H B o g rn  gBH ryH H , ginaH K H  
T p y ö o n p o B o g iB  T a iH .). A H a n i3  i BHBneHHa fiM oB iprncH H x xapaK T epncT H K  TaKHx 
n o g if i ,  a  TaKo®: o ^ H K a  H ag ifiH ocT i g i i  T ex m n H H x  cncT eM  B ig H o caT b ca  g o  T e o p ii 
H agifiH ocT i.

3a3BHHafi n ig  H a g if iH ic ™  p o 3 y M ieT b ca  3gaT H icT b B H p o öy  (eneM eH T a, 
c n o p y g n ,  cncT eM H ) B H K oH yB ara b  neB H H x y M oB ax  e K c n n y a T a ^ i  B ei 3 ag aH i 
^ y H K g ii, 3 Ö ep iraw H H  p o ö o n i  n ap a M e T p n  B M e ^ a x  BCTaHoBneHHx g o n y cK iB , 
n p o T a ro M  H e o ö x ig H o ro  iH T epB any  n a c y . C t o c o b h o  g o  TaKHx CKnagHHx 
rig po T exH iH H H x  oö'eK TiB , aK  H aco cH a  c T a H ^ a ,  H ag ifiH icT b  e  noKa3HHKoM  aK ocT i, B 
caM oM y m n p o K o M y  c eH c i ^ o r o  n o H a i r a .  B o H a  B H 3H anaeT bca a K ic ™  
npoeK T yB aH H «, ö y g iB H H ^ B a  T a e K c n n y a T a ^ i .

B  n p o ^ c i  e K c n n y a T a ^ i  B H aB naroT bca noMHHKH i n p o p ax y H K H , g o n y rn ,e m  
n p n  p o 3 p o ö ^  n p o eK T y  c T a H ^ i ,  a  T aK o^; aK icTb BHroTOBneHHa ö y g iB en b H H x  
K o H c T p y ^ if i  i M o H T a^ y  o ö n ag H aH H a. T o M y  H a n e p c o H a n i  H ac o cH o i c T a H ^ i  
n e ^ H T b  BenH Ka B ig n o B ig an b H icT b , aK a n o n a r a e  He TinbKH B npaB H H bH oi 
e K c n n y a T a ^ i  c n o p y g ,  M exaHi3M iB i M am HH, a n e  i B cB oen acH oM y  BHaBneH Ha i 
ycyH eH H a m o ^ h h b h x  ö y g iB en b H H x , 3aB ogcbK H x i M oH T a^H H x g e^eK T iB .

n p n  BBegeHHi H ac o cH o i c T a H ^ i  b  e K c n n y a T a ^ ro  H e o ö x ig H o  K inbK icH o 
o^ h h t h  i i  H ag ifiH icT b , B r o H a w r a  T pH B anicTb p oö o T H  o ö n ag H aH H a g o  BHBegeHHa

B P  5 . 6 . 1 4 1 . 3 5 2  Ü 3
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b  peMOHT, T pH B aaicT b 3Öepe:«:eHHa onT H M aabH H x n ap aM eT p iB  T a iH. O coöaH B O  
r o c r p o w  e  n p o ö a e M a  3 a ö e 3 n e a e H H a  H agiÖ H ocT i B c ix  e a e M e rn iB  cncTeM H  n i c a a  
peMOHTHHx p o ö iT , rn,o n p o B o g a T b c a , aK n p a B H a o , B B a^K H x  yM OBax H a M ic ^ .

naaH O B O -npo^iaaK T H H H H H  i K aniTaabH H H  peMOHT O Ö aagH aH H a H acocH H x 
C T aH ^H  n p o B o g H T b c a  y  B ig n o B ig H o c r i  3 n o a o ^ e H H a M  n p o  n p o B eg e H H a  peMOHTiB, 
3aT B epg^eH H M  ^ e p ^ ö y g o M  Y K paiH H , a  T aK O ^ « n p aB H aaM H  T ex H iaH o i 
e K c n a y a r a ^ i  BOgOnpOBOgiB i K a H a a i3 a ^ i» ,  T a  ih ttth m h  g iroaH M H  HopMarHBHHMH 
gOKyMeHTaMH.

C n o c r e p e ^ e H H a  3 a  CTaHOM HacOCHOrO T a e a e K T p n a H o ro  O Ö aagH aH H a, 
a p M a ry p o w , a n a p a r y p o w  i eaeK T pogB H ryH aM H  n p o B o g H T b c a  o ö c a y ro B y ro a H M  
n e p c o H a a o M . ^ e p ro B H H  n e p c o H a a  i KepiBHHKH e K c n a y a ra ^ H H H x  ö p n r a g  
3OÖOB'a3am  3 a n n c y B a rH  Bci n o M iae H i H egoaiK H  y  3MiHHi ^ y p H a a n .

nOTOHHHH peMOHT n p o B o g a T b  g a a  3 a n o ö ira H H a  O Ö aagH aH H a H acocH H x 
C T aH ^H  B ig  n e p e g a a c H o r o  3HOcy i B ig  aB ap ifi; n O a a r a e  ^ h  peMOHT B ycyH eH H i 
gpiÖ H H x n o m K o g ^ e H b  i H ecnpaB H ocT efi. B e i  p o ö o r a  nO n o T o aH H x  peM OHTax 
n O g ia a w T b c a  H a gB i r p y n u  H en e p e g ö a a e H H H  peMOHT, aKHH BHKOHyeTbca y  
TepMiHOBOMy n o p a g K y , i n p o ^ iaaK T H aH H H  peMOHT, 3 a 3 g a a e r ig b  naaHOBaHHH 3 a  
o ö c a ro M  i a a c y  f io r o  BHKOHaHHa. n o T o a H H H  peMOHT 3 g if ic H w e T b c a  cnaaM H  
e K c n a y a r a ^ H H o r o  n e p c o H a a y  H ac o cH o i e r a H ^ i  a ö o  cnaaM H  peMOHTHHx ö p n r a g .

y  B ig n o B ig H o cT i 3 « n p aB H aaM H  T ex H iaH o i e K c n a y a r a ^ i  B o g o n p o B o g iB  i 
K a H a a i3 a ^ i»  o r a a g  T e x H ia H o ro  cTaH y H aco ciB , eaeK T po g B H ry rn B  i KOHTpoabHO- 
B H M ipw B aabH oi a n a p a r y p n  noBH HeH  n po B og H T H ca m o M ic a p a .

n e p e a iK  p o ö iT , rn,o H a a e ^ a r b  g o  n o T o a H o ro  peM OHTy, H aBegeHO y  
« n o a o ^ e H H a  n p o  n p o B eg e H H a  n a a H O B O -n o n e p e g ^ y B a a b H o ro  peMOHTy 
B o g o n p o B ig H 0 -K aH a a i3 a ^ Ö H H x  c n o p y g » .  H a  n ig c T aB i ^ o r o  goK yM eH Ta H a 
H aco cH ifi c T a H ^ i  c K a a g a w T b  K aaeH gapH H H  n a a H  n p o ^ ia a K T H a H o ro  o r a a g y  
O Ö aagH aH H a, aKHH c T B e p g ^ y e  roaoB H H H  iH ^ e H e p  y n p a B a iH H a  B o g o n p o B o g y  a ö o  
K a H a a i3 a ^ i .
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n p n  n p o B eg eH H i n p o ^ iaa K T H H H o ro  o r a a g y  i peM OHTy o ö a a g H a H H a  
cK aag aro T b  g o K a ag H y  g e^ eK T H y  B igoM icTb n o M iaeH H x  H ecn p aB H o cT eö , ^ y p H a a  
o r a a g y  a r p e r a T y  i peM OHTy o ö aag H aH H a.

B h c h o b o k  n p o  n p o B eg eH H a  npo^iaaK T H H H H H  o r a a g  i peMOHT H a c o c H o ro  
a r p e r a T y  n o n e p e g H b o  y 3 r o g ^ y e T b c a  3 g n c n e T a e p o M . n i c a a  B igK aroaeH H a 
a r p e r a T y  3 H iM aw T t onepaTH BHH H  CTpyM i n p o B o g a T b  y c i  H e o ö x ig m  3 a x o g n ,  
n e p e g ö a a e m  npaB H aaM H  T exm nH O i e K c n a y a T a ^ i  T a  npaB H aaM H  TexrnK H  öe3neK H  
o ö c a y ro B y B aH H a  eneKTpoycTaHOBOK n p o M H caoB H x  n ignpneM C T B , 3rigH O  3 n aaH oM  
n p o B eg e H H a  p o ö iT .

n p n  npo^inaK T H H H O M y rn ,oM icaaH oM y o r a a g i  H eo ö x ig H o  3 B e p T a ra  
o c o ö a H B y  y B a ry  H a oöepT O B i rBHHTOBi 3 'egH aH H a (raÖKH 3 'egH yB aabH H x ^ a a H g iB  
B a a y  t o ^ o ), a  T a K o ^  H a öoaT O B i 3 'egH aH H a rH i3 g a  K o p n y c y  H a c o c a , ^ a a H g e B i 
3 'egH aH H a BcM oKTywHHx a r n in ,  ö y K c n  caabH H K a i H a iH m i g e T a a i  H ac o ca .

n i g  a a c  o r a a g y  eaeK T p o g B H ry H a  H e o ö x ig H o  cT e^H T H , rn,oö gB H ryH  öyB  
h h c t h m  i y  H b o ro  He n o T p a n a a a n  B o g a  i M a ca o . n p o g y B a r a  M am H H y cyxH M  
cTHcHeHHM noB iT paM  c a ig  He p ig m e  1 pa3H  H a M icag b . O c o ö a H B o  p eT eab H o  
noT piÖ H o cT e^H T H  3 a  h h c t o t o m  n ig m n nH H K iB , o ö m o t o k , M acaaH H x BaHH, 
KoHTaKTHHx K ia e g b , K oaeK T opa, rn,iTOK, cT p y M o n ig B o g iB  i BeH TH aagiÖ H H x 
K aH aaiB .

^ n c T o T y  M a c a a  n e p e B ip a w T b  n p n  npo^ iaaK T H H H o M y  o r a a g i  He p ig m e  1 
p a 3 y  H a M ic a g b  - noKa3HHKoM  g a a  3aMiHH e  f io r o  noTeM H iH H a, H aK o n n aeH H a b  
HboM y B o g a  i ö p y g y  a ö o  nigB H rn,eH e H arp iB aH H a n igm nnH H K iB . 3aM rnroBaTH  
M a c a o  c a ig  He p ig m e  1 p a 3 y  b  n iB p o K y  y  eaeK T po g B H ry rn B  i He p ig m e  1 pa3H  b  
KBa p T a a  y  H acociB . noTOHHHH peM oH T B H K oH yeTbca 3 a  p ax y H o K  eK cn ay aT ag iÖ H H x  
BHTpaT i B K aro aaeT b ca  b  npoM H caoB H H  ^rnaH coB H H  n a a H  H aco cH o i cT aH gii.

üaaH KaniTaabHoro peMoHTy oöaagHaHHa cKaagawTb Ha ocHoBi gaHHx 

npo îaaKTHHHoro oraagy i KoHTpoaro eHepreTHHHHx xapaKTepncTHK HacocHoro 

arperaTy i 3aTBepg^ywTb y Kepyroam opraHi3agii.
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y  npo^ci KaniTantHoro peMOHTy 3aMrnroroTt 3HomeHi KoHcTpy^ii, By3nn 

i geTani. 3 eKOHOMWHHx MipKyBaHt iHogi go^ntHo 3aMicTt KaniTantHoro 

peMOHTy BCTaHoBHTH HoBi HacocHi arperaTH, MawTt öintm b h c o k h h  KK^. 3a 

paxyHoK KomTiB KaniTantHoro peMoHTy Mo®Ha npoBognTH Hanarog®yBantHi 

poöoTH no aBToMaTroa^i ynpaBniHHA HacocHHMH arperaTaMH, a TaKo® 

Hanarog®yBantHi poöoTH no iHTeHcn^iKa^i Ta BcTaHoBneHHA onTHMantHoro 

pe®HMy poöoTH HacocHoi cTaH^i.

npn 3ynHHeHoMy Hacoci nepeBipawTt i npn HeoöxigHocTi 3aMrnroroTt: 

poöone Koneco; nigmnnHHKH (y BennKnx BepTHKantHnx HacociB nepeBipawTt 

cTaH nigmnnHHKa i 3a3opy Mi®; BKnagnmeM nigmnnHHKa i mnnKoro Bany); 

Top^Be ryMoBe yrn,intHeHHfl; BKnagnm ryMoBoro nigmnnHHKa; mnnKy Bany, 

noKpHTy Hep®aBiwnoi cTannw (y BennKnx BepTHKantHnx HacociB). 3axncHa 

nniBKa Bany ( b  3oHi nigmnnHHKa i Top^ Boro yrn,intHeHHfl) 3 Hep®aBiwnoi cTani 

gocHTt mBHgKo BnxognTt 3 nagy. nig nac KaniTantHoro peMoHTy Hacoca 3axncHy 

nniBKy HaHoc^Tt 3HoBy MeTogoM eneKTpo3BapwBaHHA nig mapoM ByrneKncnoro 

ra3y 3 HacTynHow npoTonKow Ha ToKapHoMy BepcTaTi i mni^yBaHHAM.

^Krn,o nig nac eKcnnyaTa^i HacocHoro arperaTy noMineHo noTpann^HHA 

Bogn y Macnam BaHHH, t o  npn npoBegeHHi KaniTantHoro peMoHTy HeoöxigHo 

npoBecTH BHnpoöyBaHHa Macnooxonog®yBana Ha BigcyTHicTt Teni.

Macnooxonog®yBani cnonaTKy BnnpoöoByroTt go ycTaHoBKH b  
xpecToBHHH gBHryHa; Bgpyre ix BnnpoöoByroTt nicna ycTaHoBKH (cnintHo 3 

3iöpaHHM y Me®ax gBHryHa MacnonpoBogoM) rigpaBninHHM t h c k o m  0,3 Mna 

nporaroM 5 x b .

nycK arperaTy nicna peMoHTy npoBognTtca b  HacTynHoMy nopggKy:

- xnopywTt i npoMHBawTt Kopnyc Hacoca i gin^HKH BcMoKTyBantHnx i 

HanipHHx nimn go 3acyBoK;
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- npn OTpHMaHHi BHCHOBKy xiMiHHOi aaöopaTopii npo gonycK arperaTy go 

eKcnayaTa^i HeproBHfi y npncyraocT BHKoHaB^ poöiT peTeabHo oraagae 

oöaagHaHHa arperaTy, o^opMaae aKT Ha 3aKiHHeHHa poöiT i 3aKpHBae Hapag;

- BigHOBnwwTb rigpaBaiHHy cxeMy arperaTy;

- 3ÖnparoTb eaeKTpHHHy cxeMy.

nicaa BHKOHaHHa BKa3aHHx poöiT Ta OTpHMaHHA go3Boay npncTynawTb go 

BHnpoöyBaHHa arperaTy Ha xoaocTOMy xogy 3a 3aTBepg ;̂eHow nporpaMom. 

nicaa 3aKiHHeHHa nonepegHix BHnpoöyBaHb 3a norog^eHHaM 3 gncneTHepoM 

HacocHHH arperaT BKamHamTb mg HaBaHTmeHHa. ^epe3 72 rog arperaT 

3ynHHamTb, i BHKoHaBe^ poöiT cniabHo i3 HaHaabHHKoM cTaH^i aöo 

HaHaabHHKoM nigfioMy oraagamTb HacocHHfi arperaT i npn BigcyTHocTi ge^eKTiB 

CKaagarnTb aKT npo BBegeHHa arperaTy b  eKcnayaTa^ m.

AcnrHyBaHHa Ha KaniTaabHHfi peMoHT BHgiaamTbca 3a paxyHoK 

aMopTroa^ fiHHx BigpaxyBaHb 3 o c h o b h h x  ^oHgiB.

OxopoHa npa^ i TexHiKa öe3neKH Ha HacocHifi cTaH^i peraaMemymTbca 

pagoM Ba^aHBHx gep^aBHHx HopMaTHBHHx goKyMeHTiB: HnAOn 01.41-1.11-1 

«npaBHaa öe3neHHoi eKcnayaTa^i HacocHHx cTaH^fi BogorocnogapcbKHx 

cncTeM» 3aTBepg ;̂eHi HaKa3oM N°55 Big 12.03.2010p. ^ep^aBHHM KoMiTeToM 

YKpaiHH 3 npoMHcaoBoi öe3neKH, oxopoHH npa^ Ta ripHHHoro Haraagy, BH^ 33 - 

3.4-01-2000 «npaBHaa TexHiHHoi eKcnayaTagii cncTeM BogonocTanaHHa Ta 

KaHaai3a^i ciabcbKHx HaceaeHHx nyHKTiB YKpaiHH», n i 1.3.10-460-2006. 

npHMipHa mcTpy^ia 3 oxopoHH npagi gaa MamHHicTa HacocHHx ycTaHoBoK, 

3aTBepg ;̂eHo MiHicTepcTBoM npoMHcaoBoi noaiTHKH YKpaiHH .Hh c t  N2 489 HaKa3 

N2 476 Big 26.10.2006p.

Ha Ko^Hifi HacocHifi cTaH^i Haaarog^ymTb oöaiK poöoTH ocHoBHoro 

MexaHiHHoro Ta eHepreTHHHoro ycTaTKyBaHHa 3a TaKHMH noKa3HHKaMm 

• nogaHa Bogn;
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•  BHTpaTH e n e K T p o e H e p rii  g n a  C T a H ^ i 3 a ran o M ;
•  BHTpaTH B o g n  H a B nacH i n o T p e ö n  b  aöco n ro T H H x  BenHHHHax T a y  

B igcoT K ax  g o  o ö ’eM y n o g a n i  B o g n  3 p o 3 n o g in o M  H a BHpoÖHHni T a 
noöyT O B i n o T p e ö n  i B T p a ra  B o g n ;

•  BHTpaTH e n e K T p o e H e p rii  H a B nacH i n o T p e ö n  b  aöco n ro T H H x  
BenHHHHax i y  B igcoT K ax  g o  3 a ra n tH H x  BHTpaT;

•  K intK iCTb ro g H H  p o ö o T H  i n p o c T o ro  M amHH, en eK T p o o ö n ag H aH H a, ix  
K K ß ;

•  BHTpaTH n an H B a  i M acT H ntH H x M aT epian iB .

E K c n n y a T a ^ r o  H acocH H x a rp e ra T iB  3 aö o p o H e H o  3 a  TaKHx o ö c t b b h h :

•  n o a B a  b  a r p e r a T i  g o ö p e  n y r a o r o  CTyKoTy;
•  n o a B a  gH M y, icK piH H a a ö o  CBiTiHHa b  3 a 3 o p i M m : CTaTopoM  i p oT opoM  

eaeK T po g B H ry H a;
•  n o c n n e H a  B i ö p a ^ a  B any ;
•  n igB H in eHH a T e M n e p aT y p n  n igm n nH H K iB , o ö m o t o k  C T aT opa a ö o  

p o T o p a  n o H a g  g o n y c t h m h h  p iB e H t;
•  n ig n n a B n e H H a  a ö o  B H xig i3 n a g y  n igm nnH H K iB .

T a r n :  n p n  e K c n n y a T a ^ i  H acocH H x C T a H ^ n  H e o ö x ig H o  goTpH M yBaTH Ct 
BHM or iH m n x  h h h h h x  HopMaTHBHHx goKyM eHTiB -  n Y E ,  ^ C T Y ,  ^ B H ,  ^ H A O n  
T a iH.

ApK.
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Pe3ynbTaTOM BHKOHaHHa gaHOi poöoTH e po3paxyHOK napaMeTpiB 

po3noginbnoi eneKTpunHOi Mepe^i HacocHOi craH^i 3 MeTOW 11 Mogepm3au;ii y 

3Ba3Ky 3 MopanbHHM Ta $i3HHHHM 3h o c o m  oönagHaHHaM, rn,o Big^pa^WBa^o CBifi 

TepMiH.

Po3paxoBaHO HaBaHTmeHHa Ha Tpbox piBHax cucTeMH eneKTponocTanaHHa, 

^o, b  c b o w  nepry, go3Bonuno npoBecTH Buöip Ta nepeBipKy TpaHc^opMaTopiB 

gna npuöygoBaHOi Tn  HacocHOi -  oöpaHO gBa TpaHc^opMaTopu Tuny 

TMT-160/6/0,4, ^o  BHroTOBnawTbca 3 ro^poBaHHM öaKOM 6e3

po3mupwBanbHoro öanKa gna MacnaHOi cncTeMH oxonog^eHHa. B aKocTi 

Pn-0,4 kB  oöpaHO KOMnneKTHuö HH3bKOBonbTHHH npucTpm «^Hinpo»

BiTHH3HaHOrO BHpoöHĤ TBa.

npoBegeHO Buöip KaöenbHO-npoBigHHKOBOi npogyKgii. ^na ^HBneHHa 

npuöygoBaHOi Tn  HacocHOi Big po3noginbnoro npucTpow oöpaHO mupoKO 

po3noBcwg«:eHHH Kaöenb Tuny AAEn-6 3x35 -  cunoBuö 3 anwMiHieBHMH 

cTpyMonpoBigHHMH ^unaMH, 3 nanepoBOW npoconeHOW i3ona^ew, B 

anwMimeBm oöonoH^, öpoHbOBaHuö gBOMa cTaneBHMH cTpinKaMH.

^na po3noginbnoi Mepe^i oöpaHO TaKO  ̂ nacTO B̂ HBaHUH Tun Kaöenw 

ABBr-1,0 -  cnnoBHH 3 anwMiHieBHMH cTpyMonpoBigHHMH ^unaMH 3 

noniBminxnopugHOW i3ona^ew B 3OBHimmH 3aranbHM oöonoH^ 3 

noniBiHinxnopugHoro nnacTHKaTy. nepepi3H ^un OKpeMux nimH BignoBigawTb 

po3paxoBaHHM rpynoBHM HaBaHTa êHHa (gna KaöeniB Big Tn  go CPffl) Ta 

oguHunHHM HaBaHTa êHHaM OKpeMux cno^HBaniB (gna KaöeniB Big CPffl go

En).

BHKopucTOBywnu cKnagem B poöoTi cxeMH 3aMirn,eHHa, 3 ypaxyBaHHaM 

eneKTpunHux napaMeTpiB oöpaHux KaöeniB Ta TpaHc^opMaTopiB, po3paxoBaHO
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TpH^a3Hi CTpyMH KOpOTKOrO 3aMHKaHHfl Ha TpbOX piBHflX CHCTeMH 

eneKTponocTanaHHa Ta CTpyMH ogHO$a3Horo KOpOTKOrO 3aMHKaHHa.

BHKOpHCTOByWHH OTpHMaHi BeHHHHHH CTpyMiB K3 Ta napaMeTpH 

pO3paxOBaHHx HaBaHTa^eHt npoBegeHO BHÖip KOMyTa^HHoro oönagHaHHa.

B aKOCTi aBTOMaTHHHHx BHMHKaniB BHÖpaHO KOMyTa^öm anapara THny 

FMC BiTHH3HaHOrO BHpoÖHHKa «PROMFACTOR» (m . KpHBHH Pir), ^ o 
Bigpi3HawTbca b h c o k o m  aKiCTro Ta HagifiHiCTW poöoTH, nigTBepg^eHHMH 

gocBigoM BHKopHCTaHHa b  imiiHx cHCTeMax eaeKTponocTanaHHa.

BBigHHH aBTOMaT Ta aBTOMara Ha mmax Big mHH 0,4 kB  go c h h o b h x  
po3nogiabHHx ma$ -  THny FMC (ma^Horo BHKOHaHHa), aBTOMaranrn BHMHKani 

Ha arniax Big CPffl gO OKpeMHx CTpyMonpHHManiB -  THny FB2-63 ( m o m ^  Ha 

DIN-peÖKy).

BP 5.6.141.352 n3
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Fojp axyH O h napoHempiß cuc
H aco cH oi cmaHuii' 3 Memom /'/ M odepHisapit

3m. KifoK. Apx W m fidnuc Qama
P03P0ÖUÖ Hazopnuü

H o d a m o K  A
Cmadin Apxyw ApxywiS

KepiÖHUK Bacu/ieza
BPKoHcp/ibm.

H / i o h  H a c o c H o i  c m a H u i i CynHy. ET3-61CH Kom p.
3am6epö. ileSeduMbKuü
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P o s p a x y n o x  n a p a n e m p id  c u c m e M u  e / ie x m p o n o c m a  h ü h h o  

hocochoi c m a H u i i  3 tiem oto T i  M o d e p H i s a p i i3m Kl/lbX Apx N»dw fidnuc Roma

P o 3p oöuö H a zo p n u ü

f lo d a m o K  5
Cmaäin Apicyui ApxyunB

KepiÖHUK B o c u n e z a
B P

KoHcy/ibm.

fl/ ian  p o 3M iu ie H H X  e / ie x m p u H H o i
C y M ß y ,  E T 3 - 6 1 CH K o m p .

3amOepd. /leSeäuHCbm
<P o p M a m  A I



P o 3 p a x y H O K  n a p a M e m p iö  cucm e M U  e / ie x m p o n o c m a  H a n n a  

h o c o c h o ! c m a H u i 'f  3  Mem oto T i  M o d e p H i s a p i i
3h Kirnt. Apx N>dOK. fhdmjc Mama

Pospoöuö H azop n uH

f l o d a m o K  5
Cmadix Apityiu Apxyund

KepiÖHUK Bacu/ieea
B PKoHcy/ibm.

C xeM Q  OÖHO/tiHiÜHa

M epexi xud/ieHHfi CyMjjy, ET3-61cHKonrnp.

3amOepd MeduHCbm



Po3paxyH O K napaMem piÖ cucm enu  enexm ponocm a h ü h h »  

H acocH o 'i cm aH u ii 3  nemom i i  M odepH i3apii
3m. Ki/lbK Ap*_ W ok. fMnuc Santa

P03P0Öud Haeopnuu

JJodamoK JJ
Cmadix ApKl/UI AptajwiS
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CxeMQ odHoniHiÜHa 
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