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BcTyn 

OCHOBHHMH cnoKCHBanaMH eueKTpHHHOi eHeprii' e npoMHCuoBi nignpHeMCTBa. 

BOHH BHTpana^Tb Giubine nouoBHHH Bciei eHeprii, BHpoGuaeTbca B Hamifi KpaiHi. 

EneKTpoeHepreTHKa - 6a3OBa rauy3b eKOHOMiKH YKpaiHH. BoHa ogHa HaficTapimix y 

KpaiHi. BHPOGHHIITBO eneKTpoeHeprii rpyHTyeTbca Ha cnaniOBaHHi Byr^ua , Ma3yTy, 

npnpogHoro ra3y, Top(J)y, BHKopHCTaHHi aTOMHOi eHeprii, eHeprii Bnpy, BogH Ta CoHiia. 

ronoBHHM 3aBgaHHiiM npoeKTyBaHHa nignpHeMCTB e po3po6Ka paiiioHaubHoro 

eneKTponocTanaHHa 3 ypaxyBaHHaM HOBiTHix gocarHeHb HayKH i TexHiKH Ha ocHOBi 

TexHiKO-eKOHOMinHoro o6rpyHTyBaHHa pimeHb, npu aKHx 3a6e3nenyeTbca onraMaubHa 

HagifiHicTb nocTanamia cnoKHBaniB eueiapoeHeprieK) B HeoGxigHHx po3Mipax, 

HeoGxigHOi aKOCTi 3 HafiMeHimiMH BHTpaTaMH. P e a ^ a i i i a gaHoro 3aBgaHHa noB'a3aHa 3 

po3rjiagoM HH3KH nuTaHb, BHHHKaiOTb Ha pi3HHx eTanax npoeKTyBaHHa. HagifiHicTb 

CHCTeMH eneKTponocTanaHHa B nepmy nepry BH3HanaeTbca cxeMHHMH i 

KOHCTpyKTHBHHMH no6ygoBaMH CHCTeMH, po3yMHHM oGcaroM 3aKjageHux y Hei 

pe3epBiB. PaiioHanbHi cxeMH pimeHHa noBHHHi 3a6e3neHyBara oGMeKeHHa CTpyMiB 

KopoTKoro 3aMHKaHHa. y Heo6xigHHx BunagKax npu npoeKTyBaHHi CHCTeM 

eneKTponocTanaHHa noBHHHa GyTH nepegGanem KOMneHcaiiia peaKTHBHOi noTyKHOCTi. 

TaKOKK Ba>KUHBHM 3aBgaHHaM e 3a6e3neneHHa HeoGxigHOi aKOCTi eueiapoeHeprii. 

3axogH iuogo 3a6e3neneHHa aKOCTi eueiapoeHeprii noBHHHi BHpiinyBaraca KOMnueKCHO 

i 6a3yBaraca Ha paiiioHaubHifi TexHOuorii Ta peKHMi BHpoGHHiiTBa, a TaKOKK Ha 

eKOHOMWHHx KpHTepiax. HH3bKa aKicTb eueKTpoeHeprii npHBogHTb KpiM iHmHx 

HeGaKaHHx aBHiu, g o nigBHiueHHa BTpaT eueKTpoeHeprii, aK B eneKTponpHHManax, TaK i 

y MepeKci. B i g HagifiHoro i 6e3nepe6iiiHoro eueioponocTaHaHHa 3ane^HTb: poGoTa 

npoMHCjOBHx nignpHeMCTB Gygb-aKHx rany3efi, OTpHMaHHfi npHGyTOK, 3ane^HTb 

Big oGcariB BHnycKy npogyKiiii. 

n p H npoeKTyBaHHi iiexiB npoMHCuoBHx nignpHeMCTB 3HaneHHa Mae aK 

po3Mim,eHHa oGuagrnHHa B iiexax, TaK i po3TamyBaHHa TpaHc(opMaTopHHx nigcTaHiiifi. 

n o MOKUHBOCTi KOKKHy giuaHKy noBHHHO GyTH 3a6e3neneHO OKpeMHM po3nogiubHHM 

npHCTpoeM, aKHfi BCTaHOBnroeTbca nopyn 3 iieHTpoM HaBaHTaKeHHa. B xogi BHKOHaHHa 
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g a r o i KBajii(()iKai],iHHOi po6oTH Heo6xigHO po3po6uTH ejieKTponoCTanaHHa iiexy 3 

o6po6KH MeTany. ^ j i a iiboro, 3rigHO 3 BHxigHHMH gaHHMH, Tpe6a BUKOMTH HaCTynHe: 

- CKjiaCTH CxeMy ejieiaponoCTaHaHHa iiexy; 

- o6paTH ^HBHnbHi Ka6ejii; 

- o6paTH CHjiOBi TpaHC(opMaTopu; 

- po3paxyBaTH Ta o 6 p a r a 3axuCHy i KOMyTaiiiiiHy anapaTypy; 

- po3paxyBaTH 3aCo6u rpo3O3axuCTy Ta 3a3eMjieHHa 6ygiBjii; 

- po3po6uTH KpeCneHHa npoeioy. 
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1. 3arajibHa iH(|)opviauifl npo o6'eKT npoeioyBaHHsi 

II,ex BHKopuCTOByeTbCa gjia o6po6KH MeTajieBHx eneMeHTiB, o6jiagHaHHa 

npa i iKe y TpHBajiOMy pe>KHMi. ^ j i a goTpuMaHHa noCTifiHOi TeMnepaTypu, 

6^H3bKO 2 1 0 C , BnpogoB^c BCboro poKy (3 MeTOK KOpeKTHOl po6oTH TOKapHux Ta 

(pe3epHux CTaHKiB), BHKopHCTOByKTbCa KOTJIH Ta arperaTH onaneHHa 3 BeHranaTopaMH. 

y npuMi^eHHi iiexy BHKopHCTOByeTbCa noTymia BeHranaiiifiHa anapaTypa, 

3a6e3nenye BHganeHHa nany i CTpyKKH nig naC PO6OTH CTaHKiB, a TaKO>K CHjbHHfi 

npHnjHB HHCToro noBiTpa. KaTeropia 6ygiBjii 3 HagifiHOCTi ejieKTponoCTanaHHa - II. 

XapaKTepHCTHKH HaaBHoro eneiopooGjiagHaHHa iiexy HaBegeHi B Ta6ji. 1. 

Ta6jiHiia 1.1 - napaMeTpH emeiapooGjiagHaHHa iiexy 

Ha3Ba THn 
KijbKiCTb, 

mT 
PH , 
KBT 

Koe(()iiiieHT 
BHKOpHCTaHHa, K B 

coscp 

ToKapHHi 
BepCTaT 

SR10GS 5 20 0.9 0.82 

ToKapHHi 
BepCTaT 

2100LMS 17 34.09 0.9 0.83 

Ope3epHHfi 
BepCTaT 

DNM400A 4 30 0.9 0.86 

KoMnpeCop TIDY15 2 11 0,7 0.84 
ToKapHHi 

BepCTaT 
SR20GS 9 25 0.9 0.73 

KoTej 
onajiK>BajibHHii 

KEO-90 2 90 0.7 0.95 

II,HpKyjiaiiiiiHHii 
ejieKTpomCOC 

Aaquatica 2 0.7 0.7 0.76 

BeHTarperaT 
BP287-46.1-5.1 

AHP112M4 2 5.5 
0.6 

0.83 
BeHTarperaT 

BP287-46.1-5.1 
AHP160S4 1 15 0.6 0.85 

BeHTarperaT 
BP287-46.1-5.1 

AHP132S4 1 7.5 
0.6 

0.84 

ArperaT 
noBiTpaHHi 

onajKBajbHHi 
AO-EBP5.7-100 

nHE-100 3 90 

0.6 

0.95 ArperaT 
noBiTpaHHi 

onajKBajbHHi 
AO-EBP5.7-100 AHP100L6 3 2.2 

0.6 

0.76 

KoHgHiioHep 3 20 0.6 0.85 
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TaGnuiia 1.2 - Bux igH gaHi gjja po3paxyHKy rpo303axucTy, 3a3eMjjeHHa Ta K3 

$K3 •> P, UBH , UHH , KniMaTHHHa $K3 •> P, 
A, M B , M h, M 

UBH , UHH , 
, A M B A OM/M 

A, M B , M h, M 
KB KB , A 3oHa 

166.7 110 77.9 20.4 5 6 0.4 22 2 

1.1 Po3paxyHOK ejieKTpHHHHx HaeaHTa'/KeHb 

B c i eneKTpocnoKHBani po36uBaeM0 Ha ogHopigHi 3a peKHM0M p o 6 o r a rpynu 3 

ogHaK0BHM 3HaneHHiiM ^ ^ ^ BuKopucTaHHa. 

OcKijbKH Bci cnoKHBani npaiiK>K>Tb B TpuBanoMy peKHMi po6oTH, 

po3paxoByeM0 BcTaHoBjjeHy noTyKHicTb eneKTpocnoKCHBaniB PB, KBT, 3a opMy o : 

PB = PH*n 

g e PH - HoMiHajbHa noTyKHicTb cnoKCHBana, KBT; 

n - KijjbKicTb cnoKHBaniB gaHoro Tuny. 

^ j j a KOKKHOI rpynu ogrop igHux eneKTponpuHMaHiB BromnaeMo cepegHe 

aKTuBHe HaBaHTaKeHHa 3a Hafi6inbm 3aBaHTaKceHy 3MiHy PCM, KBT 3a opMy o : 

PCM = KB * PB 

g e KB - ^ 1 ^ ^ BuKopucTaHHa; 

PB - BcTaHoBjjeHa noTyKHicTb, KBT. 

Ta peaKTuBHe HaBaHTaKeHHa QCM, KBap 3a opMy o : 

QCM = PCM * tgcp 

^ j ja By3ja npuegHaHHa nigcyM0ByeM0 aicraBHi cKjjagoBi noTyKHocTefi no 

rpynaM pi3HopigHux eneKTpocnoKcuBaniB PcM.Bys, KBT 3a opMy o : 

PcM.Bys = Y J

P ™ = 1 86517 KBT 

Ta peaKTuBHi cKjjagoBi noTyKCHocTefi no rpynaM pi3HopigHux eneKTpocnoKuBaniB 

QcM.Bys, KBAp 3a opMy.J[0K>: 

QcM.Bys = TQCM = 726.682 KBAp 
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nigpaxoByeMO cyMapHy BCTaHOBueHy noTyKHicTb Bcix eneKTponpHfiManiB By3ua 

Ps.Bys, KBT 3a (JjopMyuoK): 

PB.Bys = ^ PB = 1 5 9 8 . 0 3 K B T 

TaGuHiia 1.3 - Pe3yubTaTH po3paxyHKy noTyKHOCTefi 
Ha3Ba THn PB , KBT PCM, KBT QCM , KBAp tg<p 

ToKapHHfi BepcTaT SR10GS 100 90 62.82 0.698 

ToKapHHfi BepcTaT SR20GS 225 202.5 136.081 0.672 

ToKapHHfi BepcTaT 2100LMS 579.53 521.577 309.486 0.5934 

Ope3epHHfi 

BepcTaT 
DNM400A 120 108 69.761 0.6459 

KoMnpecop TIDY15 22 15.4 14.418 0.9362 

KoTeu 

onanKBanbHHfi 
KEO-90 180 126 41.414 0.3287 

^HpKy Ia^ifiHHfi 

eneKTpoHacoc 
Aaquatica 1.4 0.98 0.838 0.8552 

BeHTarperaT 

BP287-46.1-5.1 

AHP112M4 11 6.5 4.435 0.6720 BeHTarperaT 

BP287-46.1-5.1 
AHP160S4 15 9 5.578 0.6197 

BeHTarperaT 

BP287-46.1-5.1 
AHP132S4 7.5 4.5 2.907 0.6459 

ArperaT 

nOBiTpaHHfi 

onanKBanbHHfi 

AO-EBP5.7-100 

nHE-100 270 162 53.247 0.3287 
ArperaT 

nOBiTpaHHfi 

onanKBanbHHfi 

AO-EBP5.7-100 
AHP100L6 6.6 3.96 3.386 0.8552 

KoHgHiioHep 60 36 22.311 0.6197 

BH3HanaeMO cepegm>O3BaKceHe 3HaneHHa Koe(iiieHTa BHKopHCTaHHa By3.ua, 

K B B y 3 3a (JjopMyuoK): 

^B.By3 
p, CM.By3 

B.By3 

1286.517/ 
1598.03 

0.805 

3M. APK N° MoKyMeHmy nidnuc Mama 
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BH3HanaeMO CepegHbO3Ba>KeHe 3HaneHHa Koe(iiieHTa noTyKHOCTi By3jia, 

tgq>By3 3a (opMyjiOK: 

ta<0By3 = W /

W = 7 2 6 - 6 8 2 / l 2 8 6 . 5 1 7 = 0 . 5 6 4 8 

BHxogaHH 3i 3HaneHHa tg(pBy3, cos(pBy3 = 0.8707 

Po3paxoByeMO e(eKTHBHe HHCHO cnoKHBaniB iiexy. Po3paxoByeMO Koe(iiieHT m, 

3a (opMyjoK: 

m = Pnmax/_ = 9 0 / o 7 = 128.5714 

ge PHmax - HOMiHajibHa noTyKHicTb HaiinoTyKHiiiioro cnoKHBana, KBT; 

Pii-min - HOMiHaubHa noTyKHicTb HafiMeHm noTyKHoro cnoKHBana, KBT. 

npH BHKOHaHHi yMOB: KB > 0.2 Ta m > 3, e(eKTHBHe HHCHO cnoKHBaniB iiexy 

ne^, mT. 3a (opMyjOK: 

n = 2 * S PHi/p = 2 * 1 5 9 8 . 0 3 / 9 0 = 35.512 ~ 36 mT 
v "Umax 9 0 

ge S Pm - cyMa HOMiHajrbHHx noTyKHOCTefi Bcix cnoKHBaniB, KBT. 

BHxogaHH 3i 3HaneHb KBBy3 Ta ne§, BH3HanaeMO Koe(iiieHT MaKCHMyMy -

KM = 1.0232. 

BH3HanaeMO MaKCHManbHe po3paxyHKOBe HaBaHTaKeHHa By3jm PM , KBT, 3a 

(JjopMynoK: 

P M = K M * PCM.By3 = 1.0232 * 1286.517 = 1348.888 K B T 

Ta po3paxyHKOBe peaKTHBHe HaBaHTaKeHHa QM, KBAp , 3a (JjopMynoK: 

QM = KM* QCM.By3 = 1.0232 * 726.682 = 761.912 KBAp 

BH3HanaeMO noBHy noTyKHicTb cnoKHBaniB 5 M , K B A , 3a (JjopMynoK: 

S M = ^ ( ^ M + ^ O C B ) 2 + Q M 2 = V(1348.888 + 53.956) 2 + 761.912 2 

= 1596.396 K B A 

ge P M Ta QM - po3paxyHKOBi noTyKHOCTi cnoKHBaniB 3 /fB > 0.2; 

P 0 C B - noTyKHicTb ocBiTjeHHa iiexy, KBT. 

noTyKHicTb ocBiTjeHHa P 0 C B KBT, 3HaxogHMO 3a (JjopMynoK: 
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p =PM*4%/ = 1348.888*4%/ - 5 3 9 5 6 K B T 

r0CB - /100% - /100% - 5 3 . 9 5 6 K B T 

Po3nogijiaeMO cnoKHBaniB 3a rpynaMH npHegHaHHa go CHJIOBHX nyHKTiB i 

po3paxoByeMO noTyKHOCTi. Po3paxyHKOBa noTyKHicTb CHjiOBoro nyHKTy PP , KBT, 

po3paxoByeTbca 3a (opMyuoK: 

Pp — PB * KB 

ge PB - BCTaHOBneHa noTyKHicTb C n , KBT. 

TaGjiuiia 1.4 - ^aHi cnoKHBaniB no CHJIOBHM nyHKTaM 

HafiMeHyBaHHa 
cnoKHBana 

Tun 
KiubKicTb, 

i T PB , KBT PP, KBT 

CHJIOBHII nyHKT C n 1 

ToKapHHfi BepcTaT SR10GS 2 
0.9 142.27 128.043 

ToKapHHfi BepcTaT 2100LMS 3 
0.9 142.27 128.043 

CHJIOBHII nyHKT C n 2 

ToKapHHfi BepcTaT 2100LMS 5 0.9 170.45 153.405 
CHJIOBHII nyHKT C n 3 

ToKapHHfi BepcTaT 2100LMS 5 0.9 170.45 153.405 
CHJIOBHII nyHKT C n 4 

ToKapHHfi BepcTaT 2100LMS 4 0.9 136.36 122.724 
CHJIOBHII nyHKT C n 5 

ToKapHHfi BepcTaT SR10GS 3 0.9 135 121.5 
ToKapHHfi BepcTaT SR10GS 3 0.9 135 121.5 

CHJIOBHII nyHKT C n 6 

ToKapHHfi BepcTaT SR10GS 6 0.9 150 135 
CHUOBHII nyHKT C n 7 

Ope3epHHfi BepcTaT DNM400A 4 0.9 120 108 
CHJIOBHII nyHKT C n 8 

KoMnpecop TIDY15 2 0.7 203.4 142.38 
KoTeu 

onauKBaubHHfi 
KEO-90 2 0.7 203.4 142.38 

UHpicyjiaiiifiHHfi 
eueKTpoHacoc 

Aaquatica 2 0.7 203.4 142.38 

BP 5.6.141.871 
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BP 5.6.141.871 
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npogoBKeHHa TaGnuiii 1.4 

HafiMeHyBaHHa 
cnoKcuBana 

Tun 
KijbKicTb, 

mT 
PB, KBT PP, KBT 

CUJOBUH nyHKT C n 9 

BeHTarperaT 
BP287-46.1-5.1 

AHP112M4 2 

0.6 125.7 75.42 

BeHTarperaT 
BP287-46.1-5.1 

AHP160S4 2 

0.6 125.7 75.42 

BeHTarperaT 
BP287-46.1-5.1 

AHP132S4 2 
0.6 125.7 75.42 ArperaT 

noBiTpaHufi 
onan^BanbHufi 

AO-EBP5.7-100 

nHE-100 1 
0.6 125.7 75.42 ArperaT 

noBiTpaHufi 
onan^BanbHufi 

AO-EBP5.7-100 
AHP100L6 1 

0.6 125.7 75.42 

CUJOBUH nyHKT C n 1 0 

KoHguiioHep 3 0.6 244.4 146.64 
ArperaT 

noBiTpaHufi 
onan^BanbHufi 

AO-EBP5.7-100 

nHE-100 2 0.6 244.4 146.64 ArperaT 
noBiTpaHufi 

onan^BanbHufi 
AO-EBP5.7-100 

AHP100L6 2 0.6 244.4 146.64 

BP 5.6.141.871 
ApK 

BP 5.6.141.871 
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2. Po3paxyHKoea nacTHHa 

2.1 Po3paxyHoK noTyiKHocTi Ta BH6ip CHJIOBHX TpaHc opMaTopiB 

Hanpyra Ha BHinift cTopoHi gopiBHroe 6 K B , TOMy o6upaeMO 3aKpmy nigcTaHniro, 

ocKiibKH BigKpuTy nigcTaHniro 6ygyron> gjia nigcTaHniii 35 K B i BHine. 

TpaHc opMaTopHi nigcTaHniro po3TamoBaHa B 6ygiBjii nexy B OKpeMOMy npHMiineHHi, 

B6ygoBaHOMy B 6ygiBjiro nexy. B gaHOMy BunagKy Bu6paHa 3BHnafiHa T n TaK aK BOHa 

noM'aKmuTb BHMory go Ha6opy nepcoHajiy ii o6cjiyroByBaHHa. OcKijibKH KaTeropia 3 

HagifiHocTi eneKTponocTanaHHa nexy II 3acTocoByeMO 2 TpaHc opMaTopH 3 PIIHH Ta 

ABP, npuegHaHHa Ka6ejno go TpaHc opMaTopa rjiyxe. TpaHc opMaTopH 3'egHyK>Tbca 3 

PYHH 3a gonoMororo Ka6ejibHoi BcTaBKH, agKe ii jierine 3MOHTyBara. BuKopucTOByeMO 

5 ma PnHH: 2 jiiHiftHHx, 1 ceKnifiHufi Ta 2 BBigHux. Tun ma P n H H - IUO-90 3 

po3MipaMH 800*600*2000 MM. 

nicjia BKironeHHa o6paHoi 6aTapei KOHgeHcaropiB Heo6xigHy noTyKHicTb, KOTpy 

noBHHHi 3a6e3nenyBaTH TpaHc opMaTopH SP, K B A BH3HanaeMO 3a opMy IOK: 

SP = j(PM + POCB)2 + (QM - riKv * QKV)2 

= ^(1348.888 + 53.956)2 + (761.912 - 2 * 160)2 = 1470.801 KBA 

ge QM - MaKcuMajibHa peaKTHBHa noTyKHicTb cnoKHBaniB, KBAp; 

PM - MaKcuMaibHa aKTHBHa noTyKHicTb cnoKHBaniB, K B T ; 

nKy - KiibKicTb KOHgeHcaTopHHx ycTaHOBOK, mT.; 

QKy - noTyKHicTb ogHiei KOHgeHcaTopHoi ycTaHOBKH, KBAp; 

POCB - noTyKHicTb ocBiTjieHHa nexy, KBT. 

noTyKHicTb TpaHc opMaTopa, BcTaHOBjieHoro Ha KCHBjiaHift nigcTaHnii SHTP, 

K B A po3paxoByeMO 3a opMy IOK: 

W = % * n = 1 4 7 0 . 8 0 1 / 0 . 7 5 * 2 = 980.534 KBA 

ge K3 - Koe i^ieHT 3aBaHTaKeHHa TpaHc opMaTopiB, K3 = 0.75 gjia 6ygiBejib 3 

II KaTeropiero no HagifiHocTi eneKTponocTanaHHa; 

n - cyMapHa KijibKicTb TpaHc opMaTopiB, mT. 

TaK aK cepegHbopinHa TeMnepaTypa oxouogKcyroHoro noBiTpa Bigpi3HaeTbca Big 

BP 5.6.141.871 
ApK 

BP 5.6.141.871 
1 5 

3M. APK N° MoKyMeHmy nidnuc Mama 

BP 5.6.141.871 
1 5 



35 0 C, po3paxoByeMO HoMiHajibHy aKTHHHy noTyKHicTb TpaHc opMaTopiB SH^, K B A 3a 

opMy lo : 

SH.<* = SH.KAT * ( l + ( 3 5 - 0)/100) = 1600 * ( l + ( 3 5 " 2 0 ) / 1 0 0 ) = 1840 K B A 

ge 9 - aKTHHHa cepegHbopiHHa TeMneparypa oxojiogKyiOHoro noBnpa,°C; 

SHKAT - noTymricTb TpaHc opMaTopa 3a KaTanoroM, K B A . O6upaeTbca 3 

y M o B u : S H K A T > S H T P

. 

Ha gijibHHiii 3HaxogaTbca 2 TpaHc opMaTopH, ToMy noTpi6Ho nepeBipHTH 

KOKHHH i3 TpaHc opMaTopiB 3a nicjia aBapifiHHM peKHMoM y pa3i Buxogy i3 jiagy 

ogHoro i3 TpaHc opMaTopiB, 3rigHo HacTynHoi' opMy lH: 

SAB = y/(PMi + POCB + 0.5PM2)2 + (QM1 + 0.5QM2 - nKy * QKy)2 = 

= ^1(1348.888 + 53.956 + 0.5 * 0)2 + (761.912 + 0.5*0-2* 160)2 

= 1526.522 KBA 

ge PM1, QM1 - po3paxyHKoBi noTyKHocTi cnoKHBaniB 3 KB > 0.2; 

PM2, QM2 - po3paxyHKoBi noTyKHocTi cnoKHBaniB 3 KB < 0.2; 

nepeBipaeMo 3a yMoBoio: SH0 = 1840 > SAB = 1526.522 KBA . YMoBa 

BHKoHyeTbca, ToMy ocTaTonHo o6upaeMo TpaHc opMaTopH TM-16°° /6 -Y1 

TaGjiuiia 2.1 - napaMeTpu o6paHux TpaHc opMaTopiB 

UBH , UHH , ra6apuTHi Ixx> 
£3 Tun 

UBH , UHH , ra6apuTHi Ixx> 
£3 

K B A K B K B po3Mipu, MM % % 

T M - 1 6 ° ° / 6 - y i 
1 6 ° ° 

6 
° .4 

2220x1130x2830 
6 .° ° . 6 ° 

±2x2.5% 

2.2 Po3paxyHOK i BH6ip npucTpoiB KOMneHcauii peaKTHBHoi noTyjKHOCii 

,H,jia BupimeHHa nuTaHHa npo goiiijibHicTb a6o HegoiiijibHicTb 3acTocyBaHHa K n 

BH3HanaeMo cepegHbo3BaKeHHH Koe i^ieHT noTyKHocTi: 

P™< 1348.888/ M/ 0.84 >M • 1596.396 

ge PM - MaKcuMajibHe po3paxyHKoBe HaBaHTaKeHHa By3jia, K B T ; 

SM - noBHa noTyKHicTb cnoKHBaniB, K B A . 

BP 5.6.141.871 
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OCKUIBKH cepegHb03Ba>KeHHH Koe i^ieHT noTyKHocri MeHme 0.9 TO Tpe6a 

po3paxyBaTH KOMneHcy^HHH npHCTpift. 

3 MeToio nigBH^eHHa cos<p C P B go 3HaneHHii 0.9-0.93 BCTaroBjiioeMo 6aTapei' 

CTaraHHHx KoHgeHcaTopiB, peaKTHBHy noTy^cHicTb JIKHX QKn, KBAp po3paxoByeMo 3a 

opMy lo : 

QKn = PM* (tg<p1 - tg<p2) = 1348.888 * (0.6330 - 0.3952) = 320.689 KBAp 

ge - TaHreHC KyTa, mo BignoBigae cos<p C P B = 0.85; 

t^^ 2 - TaHreHC KyTa 6a>KaHoro ^ ^ ^ ^ noTy>KHocTi (cos<pB = 0.93). 

Ta6jiHi],ii 2.2 - IlapaMeTpH o6paHoro KoMneHcyionoro npHCTpoio 

Tnn KijbKicTb, mT QKY, KBAp , KB 

KPM 0.4-160-20 Y3-Y1 2 160 0.4 

3 MeToio 6e3neKH, mo6 ycyHyra ejieKTpHHHHft 3apag Ha BigKmoneHirx Big 

Mepe>Ki KoHgeHcaTopax, napanejibHo iM noBHHHi aBToMaranro BKjiiOHaracb po3pagHi 

pe3HCTopn onopoM # P 0 3 P , OM, BenHHHHa JIKHX nigpaxoByeTbca 3a opMy lo : 

D _ ( 1 5 * [/ 2 * 1 0 6 ) / _ ( 1 5 * 0 .4 2 * 1 0 6 ) / 
K P O 3 P = / 6 J K Y = / 1 6 0 = 

ge [/ - Hanpyra Ha ogHift a3i 6aTapei KoHgeHcaropiB, K B ; 

6J K Y - noTy^cHicTb 6arapei KoHgeHcaTopiB, KBAp. 

1 5 0 0 0 0M 

2.3 Bn6ip Ka6ejiiB iKHBjieHHH 

HoMiHanbHHH CTpyM cno^cHBana , A po3paxoByeMo 3a opMy lo : 

/ (V3 * t/H * cos<p) 

ge P w - HoMiHanbHa noTymricTb cno^cHBana, K B T ; 

- HoMiHanbHa Hanpyra, K B . 

cos<p - ^ ^ ^ noTymiocTi cnoimreana. 

3a 3HangeHHM HoMiHajibHHM CTpyMoM npHHManiB o6npaeMo nepeTHH Ka6ejiK> i 

fioro THn 3rigHo 3 yMoBH: / ^ o n > . 

BP 5.6.141.871 
ApK 

BP 5.6.141.871 
1 7 

3M. APK N° MonyMeHiriy nidnuc Mama 

BP 5.6.141.871 
1 7 



Ta6jiHna 2.3 - napaMeTpu o6paHHx Ka6ejiiB 

HaHMeHyBaHHa 

cnoKHBana 
Tun , A 

MapKa o6paHoro 

Ka6ejiro 

ToKapHHH BepcTaT SR10GS 37.057 B B r 5x10 66 

ToKapHHH BepcTaT SR20GS 45.763 B B r 5x10 66 

ToKapHHH BepcTaT 2100LMS 60.226 B B r 5x16 87 

Ope3epHHH BepcTaT DNM400A 54.262 B B r 5x16 87 

KoMnpecop TIDY15 22.894 B B r 5x4 37 

KoTej 

onajoBajbHHH 
KEO-90 143.938 B B r 4x70 210 

yupKyjianifiHufi 

ejeKTpoHacoc 
Aaquatica 1.399 B B r 3x1.5 21 

BeHTarperaT 

BP287-46.1-5.1 

AHP112M4 10.068 ABE6IIIB 4x2.5 19 
BeHTarperaT 

BP287-46.1-5.1 
AHP160S4 26.812 ABE6IIIB 4x10 46 

BeHTarperaT 

BP287-46.1-5.1 
AHP132S4 13.566 ABE6LUB 4x4 26 

ArperaT 

noBiTpaHHH 

onajoBajbHHH 

AO-EBP5.7-100 

I H E - 1 0 0 143.938 B B r 4x70 210 
ArperaT 

noBiTpaHHH 

onajoBajbHHH 

AO-EBP5.7-100 
AHP100L6 4.398 B B r 4x1.5 19 

KoHgunioHep 35.749 ABE6LUB 4x10 46 

BcTaHOBjieHHH cTpyM IB, A cHjiOBoro nyHKTy po3paxoByeMO 3a opMy IOK: 

i = P B I 

ge PB - BcTaHOBieHa noTyKHicTb cuiOBoro nyHKTy, K B T ; 

UH - HOMiHaiibHa niHifiHa Hanpyra, K B . 

Po3paxyHKOBHH cTpyM IP, A cuiOBoro nyHKTy po3paxoByeMO 3a opMy IOK: 

3M. APK N° MoKyMeHmy nidnuc Mama 
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I = P p I 

(y/3 * uH) 

ge PP - po3paxyHKOBa noTyKHicTb cHjiOBoro nyHKTy, KBT. 

3a 3HafigeHHM BcTaHOBjieHHM cTpyMOM npufiManiB o6upaeMO nepeTHH Ka6ejiro i 

fioro Tun 3rigHO 3 yMOBH: IB > IH. 

Ta6jiHna 2.4 - BcTaHOBieHi Ta po3paxyHKOBi cTpyMH CHIOBHX nyHKTiB. 

napaMeTpu o6paHux Ka6eniB 

Io3HaneHHa 

cHjoBoro nyHKTy 
IP, A MapKa o6paHoro Ka6ejiro L, M 

C I 1 216.157 194.541 B B r 5x120 274 50 

C I 2 258.792 233.075 B B r 5x150 321 60 

C I 3 258.792 233.075 B B r 5x150 321 70 

C I 4 207.178 186.46 B B r 5x120 274 90 

C I 5 205.111 184.6 B B r 5x120 274 30 

C I 6 227.901 205.111 B B r 5x120 274 60 

C I 7 182.321 164.089 B B r 5x95 228 70 

C I 8 309.034 216.324 B B r 5x150 321 120 

C I 9 190.981 114.589 B B r 5x95 228 35 

C I 1 0 371.327 222.796 B B r 5x185 390 37 

CTpyM TpaHc opMaTopa IP , A Ha cTopoHi B H Ta HH po3paxoByeMO 3a 

opMy IOK: 

(1.4 * STP) 
IP 

/ ( S / 3 * U H ) 

ge STP - HOMiHaiibHa noTyKHicTb TpaHc opMaTopa, K B A ; 

UH - HOMiHaibHa jiiHiftHa Hanpyra Ha cTopoHi BH/HH TpaHc opMaTopa, K B . 

BP 5.6.141.871 
ApK 
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TaGuHiiii 2.5 - CTpyMH Ha cropomx B H Ta HH TpaHc opMaTopa. 

napaMeTpn oGpaHux KaGeuiB 

CTopoHa 

TpaHc op 

MaTopa 

/P , A 
MapKa oGpaHoro 

KaGeiK 
(/on , A L , M 

OM/KM OM/KM 

B H 215.544 A A H I B 3x150 275 6841 0.206 0.088 

HH 3403.328 9 B B r 4x185 9x391 10 0.1 0.0596 

EKOHOMWHUH nepepi3 KaGeiiK Ha cTopoHi B H , MM 2 po3paxoByeM0 3a 

opMy I0K: 

= / p / = 215.544/ = 7 9 9 8 M M 2 
^ = / y £ ^ * n = / 1 . 4 * 2 = 7 9 . 9 8 M M 

ge - eK0H0MinHa rycTHHa cTpyMy, A / M M 2 . 

n - KiibKicTb muBianux KaGeuiB, mo nigxogaTb go T n 3rigH0 3 BHMoraMH 

go HagifiHocTi II KaTeropii' eneKTponocTanaHHa cnomuBaniB. 

OaKTHHHe 3HaneHHa BTpara Hanpyru Ha cTopoHi B H At/, % po3paxoByeM0 3a 

opMy I0K: 

V3 * 100 
* xn) = 

V3 * 100 
215.544 * 6.841 * (0.93 * 0.206 + V1 - 0.93 2 * 0.088) 

6000 

= 9.5% 

ge - HoMiHaibHa iiHifiHa Hanpyra Ha cTopoHi B H TpaHc opMaTopa, B ; 

L - goBmuHa uiHii, KM; 

cos<p - ^ ^ ^ ^ noTymHocTi oTpuMaHHfi nicua BcTaHoBieHHi 3acoGiB 

KoMneHcarii peaKTHBHoi' noTymHocTi. 

At/ = 9.5 < A U = 10 %, yM0Ba 3agoB0ibHaeTbca. 

CTpyM ocH0BHoro ocBiTieHHa / 0 C B , A po3paxoByeM0 3a opMy I0K: 

= ^ O C B / = 53 .956/ 
(V3 * 0.38) 

81.978 A 

ge ^OCB - noTymHicTb ocBrraeHHu, KBT. 

3M. APK N° MoKyMeHmy nidnuc Mama 
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CrpyM aBapifiHoro ocBrraeHHii IAB.OCB , A pcopaxoByeMO 3a opMy lo : 

UB.OCB = IOCB * 0.1 = 81.978 * 0.1 = 8.198 A 

OaKTHHHe 3HaneHHii BTpaTH Hanpyrn B ocBrraeHHi At/, % po3paxoByeTbca 3a 

opMy lo : 

V3*100 V3*100 
At/ = — * IP * L * r0 = 

AU 

UH

 u 380 

0.26 < At/// 0 n = 7.5 %, yMoBa 3agoBonbHaeTbca. 

* 81.798 * 0.006 * 1.16 = 0.26 % 

Ta6jiHi],ii 2.6 - ^aHi o6paHHx KaGeuiB ocHoBHoro Ta aBapifiHoro ocBrraeHHii 

Tnn ocBrraeHHii / , A MapKa o6paHoro KaGeuio (/on , A L, M 

OcHoBHe 81.978 B B r 5x16 87 6 

ABapifiHe 8.198 B B r 5x2.5 28 6 

2.4 Po3paxyHOK Ta Bii6ip 3axHCHoro Ta KoMyTaaiimoro o&nagHaHHsi 

^ 3axncTy KoMyTanii cnoKCHBaniB Ha cTopoHi 0,4 K B Ta 3axncTy Big K3 Ta 

nepeBaHTa^eHHa o6npaeMo aBTOMaraHHi BHMHKani 3 eneKTpoMarHiTHHMH Ta TenjioBHMH 

po3HinnroBanaMH. 

KoMyTaiifiHa i 3axncHa anapaTypa nepm 3a Bce noBHHHa 3agoBojibHirra yMoBH: 

ge [ / W i 4 - HoMiHajibHa Hanpyra anapaTa, B ; 

- HoMiHanbHa Hanpyra eneKTpoMepe^i, ge BcTaHoBjnoeTbcii anapaT, B ; 

/ W i 4 - HoMiHanbHHfi cTpyM anapaTa, A; 

/ T P - po3paxyHKoBHfi goBronacHHfi cTpyM B Koui 3 anapaToM, A. 

niKoBi (nycKoBi) cTpyMH cnoKCHBaniB / n , A po3paxoByeMo 3a opMy Io 

= * 

ge - HoMiHanbHHfi cTpyM cnoKCHBana, A; 

/fn - ^ ^ ^ ^ TiDKKocri nycKy. npniiMaeMo n = 7 - u 

CTpyM ycTaBKH eueiapoMarHiTHoro po3HinjTK>BaHa aBTOMaraHHoro BHMHKana 

J y c E M , A po3paxoByeMo 3a opMy Io : 

3M. APK N° MonyMeHiriy nidnuc Mama 
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ge /f3 - rc^iiiieHT 3anacy. npufiMaeMo /f3 = 1.25. 

CTpyM ycTaBKH TenioBoro po3ninnKBana aBT0MaraHHoro BHMHKana / y C T , A 

po3paxoByeM0 3a opMy I0K: 

ge /f n E P - ^ ^ ^ nepeBaHTameHHa. npufiMaeMo /f n E P = 1.05. 

TaGuHiiii 2.7 - CTpyMH cnomuBaniB gnu BuGopy oGiagHaHHa 

Ha3Ba cnomuBana Tun /n ,A ^yc.EM , A ^yc.T , A 

ToKapHufi BepcTaT SR10GS 259.4 324.25 48.637 

ToKapHufi BepcTaT SR20GS 320.343 400.429 60.064 

ToKapHufi BepcTaT 2100LMS 421.852 526.978 79.047 

Ope3epHufi BepcTaT DNM400A 379.836 474.795 71.219 

KoMnpecop TIDY15 160.259 200.324 30.049 

KoTei onauKBaubHHfi KEO-90 1007.564 1259.455 188.918 

^HpKyua^ifiHHfi eieKTpoHacoc Aaquatica 9.796 12.245 1.837 

BeHTarperaT 

BP287-46.1-5.1 

AHP112M4 70.476 88.094 13.214 
BeHTarperaT 

BP287-46.1-5.1 
AHP160S4 187.684 234.604 35.191 

BeHTarperaT 

BP287-46.1-5.1 
AHP132S4 94.959 118.699 17.805 

ArperaT noBiTpaHufi onauKBaubHHfi 

AO-EBP5.7-100 

nHE-100 1007.564 1259.455 188.918 ArperaT noBiTpaHufi onauKBaubHHfi 

AO-EBP5.7-100 AHP100L6 30.787 38.483 5.773 

KoHgurioHep 35.749 312.806 46.921 

3a pe3yibTaTaMu po3paxyHKiB oGupaeMo MaraiTHi nyccani 3 TenioBuMu pe ie Ta 

KHonKoK g i a BiggaieHoro nycKy BeHTuiarifiHux arperariB (TaGi. 2.8) Ta aBTOMaraHHi 

BuMfficani (TaGi. 2.9). 

BP 5.6.141.871 
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TaGjmnii 2.8 - ,H,aHi o6paHHx Mararraux nycKaniB 3 TenjjoBHM pejje 

Ha3Ba 
cno^cHBana 

Tun 
MapKa Mar. nycK. 

3 Tenj. pe je 
UHOM , 

B 
IHOM , 

A 
^HOM.TP, 

A 
^YC.TP , 

A 

BeHTarperaT 
BP287-46.1-5.1 

AHP112M4 
nKM-18621 , 

PT1321 
380 18 18 18 

BeHTarperaT 
BP287-46.1-5.1 

AHP160S4 
nKM-32665, 

PT2355 
380 36 36 36 

BeHTarperaT 
BP287-46.1-5.1 

AHP132S4 
nKM-18621 , 

PT1323 
380 18 18 18 

Ta6jJHi],ii 2.9 - ^aHi o6paHHx aBTOM araHHHx BHMHKaniB 

Ha3Ba cnomreana THn 
MapKa aBT. UHOM , IHOM , ^YC.EM , ^YC.T , 

Ha3Ba cnomreana THn 
BHM. B A A A 

ToKapHHH BepcTaT SR10GS BA88-32 3P 380 50 500 50 
ToKapHHH BepcTaT SR20GS BA88-32 3P 380 63 630 63 
ToKapHHH BepcTaT 2100LMS BA88-32 3P 380 80 800 80 

Ope3epHHH BepcTaT DNM400A BA88-32 3P 380 80 800 80 
KoMnpecop TIDY15 BA88-32 3P 380 32 500 32 

KoTej 
onajJKmajJBHHH 

KEO-90 
BA88-35 3P 380 200 200 200 

UiipK. eneKTpoHacoc Aaquatica 

BeHTarperaT 
BP287-46.1-5.1 

AHP112M4 BA88-32 3P 380 16 500 16 
BeHTarperaT 

BP287-46.1-5.1 
AHP160S4 BA88-32 3P 380 40 500 40 

BeHTarperaT 
BP287-46.1-5.1 

AHP132S4 BA88-32 3P 380 25 500 25 
ArperaT noBiTpaHHH nHE-100 

onanKBanBHHH 
AO-EBP5.7-100 

AHP100L6 
BA88-35 3P 380 200 2000 200 

KoHgHiiioHep BA88-32 3P 380 40 500 40 

,1], 3axHcTy CHJJOBHX nyHKTiB Big K3 Ta nepeBaHTa^eHHa o6HpaeMo 

aBTOMaraHHi BHMHKani 3 ejjeKTpoMaraiTHHMH Ta TenjjoBHMH po3ninnKBanaMH 3a 

yMoBaMH: 

UH.A ^ UH.EM> IH.A ^ hp 

CyMapHHH TpHBajHH cTpyM cunoBoro nyHKTy , A po3paxoByeMo 3a (JjopMyuoK: 

Iz = K-HB * 
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ge IB - BCTaHOBneHHH CTpyM CHjioBoro nyHKTy, A; 

KHB - KoecJnnieHT HeogHonacHOCTi BKironeHHii. npnHMaeMO KHB = 1. 

CTpyM yCTaBKH ejieKTpoMarHrraoro po3HinjiK>BaHa /yc.EM, A po3paxoByeMo 3a 

(J)opMyjioK>: 

Z n i 

ge / n - niKoBHH (nyCKoBnii) CTpyM HaiinoTymriirioro CnomHBana npnegHaHoro 

go c n , A; 

YH l - CyMa CTpyMiB HoMiHajibHHx CTpyMiB BCix CnomnBaniB mo 

mHBjiiiTbCii Big 36ipKH,6e3 HoMiHaibHoro CTpyMy CnomnBana 3 HaiiGijibinHM nyCKoBHM 

CTpyMoM, A; 

^ n o n - Koe(()inieHT nonnTy gjiii HaBaHTameHHii BCiei' 36ipKH. npnnMaeMo 

^ n o n = 1 . 

TaGuHiiii 2.10 - Po3paxoBaHi CTpyMH CHJIOBHX nyHKTiB. ^aHi o6paHHx 

aBTOMaTHHHHX BHMHKaniB 

no3HaneHHa 
CHjioBoro 

nyHKTy 
, A Jyc.EM:> A 

MapKa aBT. 
BHM. 

UHOM 

B A 
^yc.EM 

A 
^yc.TP 

A 

c n i 216.157 661.149 BA88-35 3P 380 250 2500 250 

c n 2 258.972 662.486 BA88-37 3P 380 400 4000 400 

C n 3 258.972 662.486 BA88-37 3P 380 400 4000 400 

C n 4 207.178 602.26 BA88-35 3P 380 250 2500 250 

C n 5 205.111 523.041 BA88-35 3P 380 250 2500 250 

C n 6 227.901 549.16 BA88-35 3P 380 250 2500 250 

C n 7 182.321 542.622 BA88-35 3P 380 250 2500 250 

C n 8 309.034 1200.089 BA88-37 3P 380 400 4000 400 

C n 9 190.981 1072.476 BA88-35 3P 380 250 2500 250 

C n i o 371.327 1267.546 BA88-37 3P 380 400 4000 400 
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.Una KoMyTanii Ha cTopoHi B H Ta HH B Koui TpaHc opMaTopa, a TaKoK 

KoMyTanii B P n H H npoBoguMo po3paxyHoK BHMHKaniB. O6npaeMo BHMHKani 3a 

yMoBaMu: 

MaKcHMajbHHfi cTpyM Ha cTopoHi B H , A po3paxoByeMo 3a opMy Io : 

/ B H 1.4 * S „ 0 M 1.4 * 1600 
/•vM/iy — __ — __ — 215.544 A 

ge 5 H 0 M - HoMiHanbHa noTyKHicTb TpaHc opMaTopa, K B A ; 

- HoMiHanbHa Hanpyra Ha cTopoHi B H TpaHc opMaTopa, K B . 

CTpyM y Koui BBigHHx BHMHKaniB Ha 6oni HH / ™ x , A po3paxoByeMo 3a 

opMy Io : 

1.4 * S „ 0 M 1.4 * 1600 
m a x V 3 * £ / „ „ V3*0 .4 

= ^ = — = = 3403.328 A 

ge - HoMiHanbHa Hanpyra Ha cTopoHi HH TpaHc opMaTopa, K B . 

CTpyM y Kaui ceKnifiHoro BHMHKana / £ Q X , A po3paxoByeMo 3a opMy Io : 

r C B 0 . 7 * 5 h o m 0 .7*1600 

' m a x V 3 * £ / H H V3*0 .4 
/£" = ^ = — = 1701.664 A 

TaGuHiia 2.11 - ^aHi o6paHHx BHMHKaniB HaBaHTaKeHHa y 

TpaHc opMaTopa Ta PnHH 

M i c i e 

BcTaHoBueHHa K B 
A A ' m a x , A MapKa BHMHKana 

K B , A K A 

CropoHa B H 6 215.544 BH-11Y3 6 400 31.5 

CTopoHa HH 0.4 3403.328 OT-4000 0.4 4000 60 

PnHH 0.4 1701.644 OT-2000 0.4 2000 55 
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2.5 Po3paxyHoK CTpyMiB KopoTKoro 3aMHKaHHH 

Po3paxyHoK npoBogHMo gua HafinoTyKHimoro i Hafi6inbm BiggaueHoro 

cnoKHBana. CKuagaeMo po3paxyHKoBy cxeMy gua po3paxyHKy cTpyMiB K3. 

rnn pnHH cn 

PHcyHoK 1 - CxeMa gua po3paxyHKy cTpyMiB K3 y xapaKTepHHx TonKax 

PHcyHoK 2 - CxeMa 3aMiineHHa gua po3paxyHKy cTpyMiB K3 

Po3paxyeMo napaMeTpH eueMeHTiB cxeMH. 

TaGuHiia 2.12 - napaMeTpH TpaHc opMaTopa gua po3paxyHKy cTpyMiB K3 

5 X T

 5 P T

 5 

THn 
5 X T

 5 P T

 5 

K B K B K B % % KBT KBT OM OM 

TM-1600/6-Y1 6 0.4 6 6.0 0.60 18 2.2 1.35 0.253 
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TaGuHiiii 2.13 - BHyTpimHi onopn KoMyTaniHHHx anapaTiB gjiii po3paxyHKy CTpyMiB K3 

MiCiie BCTaHoBueHHa MapKa XA, MOM RK, MOM RA, MOM 

Kouo B H TpaHC(J). BH-11Y3 4.5 1.3 5.5 

Kouo HH TpaHC(. OT-4000 0.05 0.05 0.04 

C n (BBigHHH aBToMaT) BA88-37 3P 0.17 0.4 0.15 

C n ((igepHHH aBToMaT) BA88-35 3P 0.5 0.6 0.4 

TaGjiHiiii 2.14 - napaMeTpn KaGeubHnx jinriH gua po3paxyHKy CTpyMiB K3 

MapKa KaGeiK I, M r 0, OM/KM x 0 , OM/KM 

A A H I B 3x150 6841 0.088 0.206 

9 B B r 4x185 10 0.1 0.0596 

3 B B r 5x150 95 0.124 0.0596 

JJEI14 B B r 4x70 25 0.265 0.0612 

PeaKTHBHHH onip CHCTeMH Xc, OM po3paxoByeMo 3a (opMyjioK: 

= 0.238 O M 
166.7 

ge Uc - CepegHa HoMiHajibHa Hanpyra CHCTeMH, K B ; 

S K 3 - noTymriCTb KopoTKoro 3aMHKaHHa CHCTeMH. 

AKTHBHHH onip RaEn, OM KaGejibHoi po3paxoByeMo 3a (opMyjioK: 

Rj\En = To * I 

ge r 0 - nHToMHH onip mom KaGejibHoi jiiHii, OM/KM; 

I - goBmHHa KaGejibHoi jiiHii, KM. 

PeaKTHBHHH onip XnEn, OM KaGejibHoi jiiHii po3paxoByeMo 3a (opMyjioK: 

^; iEn = %o * I 

ge x 0 - nHToMHH onip mom KaGejibHoi jiiHii, OM/KM; 

y nogaibmHx po3paxyHKax onip BHKopHCTOBycMo y MijiioMax. 
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TaGjiHna 2.15 - Po3paxoBaHi napaMeTpu Ka6ejibHHx 

MapKa Ka6ejiK RnEn, MOM 

A A H I B 3x150 602.008 1409.246 

9 B B r 4x185 0.000662 0.0662 

j j E n , B B r 5x150 11.78 5.662 

B B r 4x70 6.625 1.53 

CTpyM KopoTKoro 3aMHKaHHa IK1 , K A gjia nepmoi xapaKTepHoi' TOHKH 

po3paxoByeMO 3a opMy IOK: 

K 1 / ( V 3 * ^ c ) 

CTpyM KopoTKoro 3aMHKaHHii IKn , K A gjia penrra xapaKTepHHHx TOOK 

po3paxoByeMo 3a opMy IOK>: 

UHOM I 

/ ( J 3 * I R Z

2 + X Z

2 

ge U H O M - HoMiHaibHa Hanpyra gjia xapaKTepHoi TOHKH K3, B ; 

Rz - cyMapHHH aKTHBHHH onip go xapaKTepHoi TOHKH K3, MOM; 

XE - cyMapHHH peaKTHBHHH onip go xapaKTepHoi TOHKH K3, MOM. 

,H,jia BH3HaHeHHa onopiB O6MOTKH TpaHc opMaTopa Ha CTopoHi HH, Heo6xigHo 

BpaxyBaTH rc^inieHT TpaHc opMa^ii TpaHc opMaTopa - K 3a opMy IOK: 

K — UBH I — 6 / — 15 
A — / UHH

 — / 0.4 — 1 5 

ge UBH - Hanpyra Ha cTopoHi B H TpaHc opMaTopa, K B ; 

UHH - Hanpyra Ha cTopoHi HH TpaHc opMaTopa, K B . 

YgapHHH cTpyM K3 , K A po3paxoByeMo 3a opMy IOK: 

iya — ^/2*Ky* IKn 

ge Ky - ygapHHH ^ ^ ^ ^ , npufiMaeMo Ky — 1.61. 
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Ta6jiHiiJi 2.16 - Pe3yj[bTara po3paxyHKiB CTpyMy K3 

XapaKTepHa TOHKa Rz, MOM XE, MOM , K A iYJX, K A 

Ki 0 238.092 15.277 34.784 

K2 608.808 1651.838 1.968 4.48 

K3 3.921 13.458 16.475 37.512 

K4 16.251 19.29 9.156 20.847 

K5 23.876 21.32 7.215 16.427 

2.6 nepee ipKa ejieiapoofijiagHaHHsi Ha TepMi*my i gimaMinHy criiiKicTb 

ABTOMaTHHHi BHMHKani Ta BHMHKani HaBaHTa^eHHa noBHHHi 3a,n,OBOJibHirra 

HacTynHi yMOBH: 

IB.HOM ^ IK h.-max ^ tyq 

g e IB.HOM - HOMiHajibHa po6oHa BigKmKHaiKHa 3garaicTb anapaTy, K A ; 

Is.max - MaKCHMaubHa BigKuiKHaiKHa 3gaTHicTb anapaTy, KA. 

OcKijibKH noTymricTb npuegHaHHa B nopiBHiiHHi 3 noTymricTK) cucTeMH 

HeBeuHKa, TO cTpyM, Hanpyra i nepioguHHi cKjagoBi cTpyMy KopoTKoro 3aMHKaHHii B 

nponeci nepexigHoro pe>KHMy npu KopoTKOMy 3aMHKaHHi He 3MiHK)K)Tbd. ^ i i icHa 

TpuBauicTb gii' cTpyMy npu KopoTKOMy 3aMHKaHHi MeHme ogHiei' ceKyHgu, TO HaBegeHHH 

Hac gii' cTpyMy K 3 tnP, c 3HaxoguMO 3a opMy Io : 

g e tnpA - HaBegeHHH Hac gi i anepioguHHoi cKuagoBoi cTpyMy K 3 , c; 

? - npuBegeHHH Hac gi i nepioguHHoi cKuagoBoi cTpyMy K 3 , c. 

Ta6jiHiiii 2.17 - Pe3yjibTara nepeBipKH KOMyTyKHoi anapaiypu Ha 

eueKTpoguHaMiHHy cTifiKicTb 

XapaKTepHa TOHKa IK, K A MapKa IB.HOM , K A ^B.max, K A 

K2 1.968 4.48 BH-11Y3 31.5 80 

K3 16.475 37.512 OT-4000 60 176 

K4 9.156 20.847 BA88-37 3P 35 35 

K5 7.215 16.427 BA88-35 3P 25 35 
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OCKijibKH, B iiKoCTi npHKjiagy BHKopHCTaHi po3paxyHKH gnn HaHnoTymnnioro Ta 

HaHGiibm BiggajieHoro CnomHBana, KoMyTaniHHi anapaTH 3agoBoibHaKTb y d BHMorH, 

TO i gnn iHirmx MeHm noTymHHx CnomreaniB BHMorH mogo ejieKTpogHHaMiHHoi 

CTiHKoCTi aBToMaTHHHHx BHMHKaniB TaKom BHKoHyKTbCa. 

CHjoBi TpaHC(opMaTopH noBHHHi 3agoBojbHaTH yMoBy: 

t < 9 0 0 / 

ge t n P - TpHBajiiCTb npoTiKaHHa CTpyMy K3 no oGMoTKax TpaHC(opMaTopa, C; 

K - KparaiCTb CTpyMy K3. 

K = % O „ = 1 6 4 7 5 / 3 4 0 3 . 3 2 8 = 4 . 8 4 1 

ge ^ / 0 M - HoMiHaibHHH CTpyM Tie! OGMOTKH TpaHC(opMaTopa, mo acHBHTb 

TOHKy K3 ( B gaHoMy BnnagKy K 3 ) , A; 

/ K - CTpyM KopoTKoro 3aMHKaHHa TOHKH K3 (K 3 ) , A. 

yMoBa: t n P = 0.15 < 9 0 % - 2 = 4.841 

BHTpnMae 3HaneHHa CTpyMy K3 go Horo BigKiKneHHa 3axnCToM. 

KaGejii nepeBipaeMo Ha 3gaTHiCTb BHrpHMara TepMWHHH iMnyjibC K3 3a yMoBoK: 

ge ^ m i n - MiHiMajibHHH TepMinHo CTiHKHH nepepi3 KaGejiK, MM 2 ; 

5 k a b - peaibHHH nepepi3 KaGejibHoi jinni, MM 2 . 

TepMinHHH iMnyjibC CTpyMy K3 5 K , A 2*C po3paxoByeMo 3a (opMyioK: 

ge / K - CTpyM KopoTKoro 3aMHKaHHa KaGejibHoi jiiHii, A; 

t n P - naC npoTiKaHHa CTpyMy K3 nepe3 KaGejibHy jiiHiK, C. 

MiHiMaibHHH TepMinHo CTiHKHH nepepi3 5 m i n , MM 2 po3paxoByeMo 3a (opMyioK: 

S . = > / * * / 

ge C - Koe(iiieHT, mo BpaxoBye MaTepiaji KaGejiK. 
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Ta6jiHna 2.18 - Pe3yjibTaTH nepeBipKH Ka6ejibHHx jiiHift Ha TepMiHHy cTiircicTb 

MapKa Ka6eiK C BK, A 2 * C Smin, M M 2 SKAB

, M M 2 

j j E n i A A H I B 3x150 90 580971.82 8.468 150 

9 B B r 4x185 160 40714879 39.88 9x185 

JJEn.3 B B r 5x150 160 12574583 22.163 150 

J E n 4 B B r 4x70 160 7807797 17.464 70 

Yci o6paHi Ka6ejii 3agoBOjibHaKTb BHMoraM TepMiHHOi cTiftKocri cTpyMy K3. 

2.7 Bn6ip TpaHc opMaTopiB CTpyMy Ta Hanpyru 

,H,jia BBiMKHeHHa ejieKTpoBHMipKBajibHHx npujiagiB i npucTpoiB pejiefiHoro 

3axucTy Heo6xigHa ycTaHoBKa TpaHc opMaTopiB cTpyMy i Hanpyru. y KOjii cHjiOBoro 

TpaHc opMaTopa 3 6oKy HH>KHOI Hanpyru BcTaHOBjiKCTbca aMnepMeTp, BojibTMeTp, 

BapMeTp, Ha cTopoHi 6 K B - BojibTMeTp i3 nepeMHKaHeM gjia BHMipy Tpbox 

Mb^pa3OBHx Hanpyr, jiiHHjibHHKH aKTHBHOi i peaKTHBHOi eHeprii, Ha ceKniftHOMy 

BHMHKaHi 0,4 K B - aMnepMeTp. Po3paxyHOK BTopuHHoro HaBaHTa^eHHa 

TpaHc opMaTopa cTpyMy HaBegeHHH y TaGjiuni 2.19. 

TaGjiuna 2.19 - BTopuHHe HaBaHTa^eHHa TpaHc opMaTopiB cTpyMy 

npujiag 
Kiiac HaBaHTa^eHHa no a3ax 

npujiag 
TOHHOcTi A B C 

AMnepMeTp 1 0.5 0.5 0.5 

BaTMeTp 1.5 0.5 - 0.5 

BapMeTp 1.5 0.5 - 0.5 

JJiHHjibHHK aKTHBHOi eHeprii 1 2.5 - 2.5 

JiHHibHHK peaKTHBHOi eHeprii 1.5 2.5 - 2.5 

CyMapHe HaBaHTa>KeHHa cTpyMy B KOjii 
1.5 0.5 1.5 

cuiOBoro T-pa 3 6oKy HH 
1.5 0.5 1.5 

CyMapHe HaBaHTa>KeHHa cTpyMy B KOjii 
0.5 0.5 0.5 

ceKn, BHMHKaHa Ha HH 
0.5 0.5 0.5 

CyMapHe HaBaHTa>KeHHa cTpyMy B KOjii 
5.5 0.5 5.5 

cHjiOBoro T-pa Ha 6oni B H 
5.5 0.5 5.5 

,H,jia nepeBipKH 3a BTOPHHHHM HaBaHTa^eHHaM BH3HaHacMO onip npujiagiB Znpu}1, 

OM 3a opMy IOK: 

7 
s 
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ge SnpilJl - noTymHicTb npauagiB no a i, BA; 

^TC.BTop - BTOpHHHHH CTpyM TC, A. 

Onip cnojryHHHx KOHTaKTiB Z ' N P , OM Mome 6yTH piBHHM: 

7' =7 —7 —7 
np - ^ H O M -^npttfl 

ge Z H O M - HoMiHajJbHHii onip HaBaHTameHHa, ( Z H O M = 4 ) OM; 

ZK - onip KoHTaKTiB, ( Z K = 0 . 1 ) OM. 

IlepeTHH man F, MM 2 npn goBmHHi cnonynHoro Ka6ena I, M po3paxoByeMo 3a 

opMy o : 
I 

F = p* 

ge p - nHToMHH onip MaTepiajjy man cnonyHHoro Ka6ejjK>, OM*MM/M. 

IlepeTHH cnoiryHHHx npoBogiB 3a yMoBaMH MexaHWHoi MiirHocri noBHHHHH 

6yTH He MeHine Him 2.5 MM 2 gjjii MigHHx muj i He MeHme Him 4 MM 2 gjjii aniOMiHieBHx 

mujj. 

Togi onip cnonyHHHx KoHTaKTiB Znp, OM po3paxoByeMo 3a opMy o : 

I 

3arajbHHH onip cTpyMoBoro Kojja Z H , OM po3paxoByeMo 3a opMy o : 

Ta6jjHiiii 2.20 - Pe3yjjbTaTH po3paxyHKiB g j a BH6opy TC 

Micne 
BcTaHoBjjeHHa 

TC 

^TC.BTop 5 

A 

7 

OM 

Z ' 

OM OM*MM/M 
I, M F, MM 2 

7 
np 5 

OM OM 

B Koji 
cHjjoBoro T-

pa 3 6oKy HH 
5 0.06 3.84 0.0283 6 4 0.0425 0.202 

B Koji ceKi. 
BHMHKana Ha 

HH 
5 0.02 3.88 0.0283 6 4 0.0425 0.162 

B Koji 
cHjoBoro T-
pa Ha 6oni 

B H 

5 0.22 3.64 0.0283 6 4 0.0425 0.362 
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TaGjiHna 2.21 - napaMeTpu oGpaHux TpaHc opMaTopi cTpyMy 

Micne 
BcTaHOBieHHa 

TC 
MapKa TC yMOBa BuGopy 

Po3paxyHKoBi 
3HaHeHHa 

KaTajiOKKHi 
3HaHeHHa 

B KOjii 
cuiOBoro T-

pa 3 GoKy HH 
T m j m - 0 . 6 6 

UC<UH 0.4 K B 0.66 K B 

B KOjii 
cuiOBoro T-

pa 3 GoKy HH 
T m j m - 0 . 6 6 

I-max < IHOM 3403.328 A 4000 A B KOjii 
cuiOBoro T-

pa 3 GoKy HH 
T m j m - 0 . 6 6 \ < IQKE 37.512 K A -

B KOjii 
cuiOBoro T-

pa 3 GoKy HH 
T m j m - 0 . 6 6 

BK < IT

2tr 40.714 K A 2 C 16875 K A 2 C 

B KOjii 
cuiOBoro T-

pa 3 GoKy HH 
T m j m - 0 . 6 6 

%H < ZH.HOM 0.202 OM 0.4 OM 

B Koii ceKn. 
BHMHKaHa Ha 

HH 
T m j m - 0 . 6 6 

UC<UH 0.4 K B 0.66 K B 

B Koii ceKn. 
BHMHKaHa Ha 

HH 
T m j m - 0 . 6 6 

I-max < IHOM 1701.644 A 2000 A B Koii ceKn. 
BHMHKaHa Ha 

HH 
T m j m - 0 . 6 6 \ < IQKE 37.512 K A -

B Koii ceKn. 
BHMHKaHa Ha 

HH 
T m j m - 0 . 6 6 

BK < IT

2tr 40.714 K A 2 C 7500 K A 2 C 

B Koii ceKn. 
BHMHKaHa Ha 

HH 
T m j m - 0 . 6 6 

%H < ZH.HOM 0.162 OM 0.4 OM 

B KOjii 
cuiOBoro T-
pa Ha Goni 

B H 

TOJJ-10 

UC<UH 6 K B 6 K B 
B KOjii 

cuiOBoro T-
pa Ha Goni 

B H 

TOJJ-10 
I-max < IHOM 215.544 A 300 A B KOjii 

cuiOBoro T-
pa Ha Goni 

B H 

TOJJ-10 \ < IQKE 4.48 K A 81 K A 

B KOjii 
cuiOBoro T-
pa Ha Goni 

B H 

TOJJ-10 

BK < IT

2tr 0.581 K A 2 C 992.25 K A 2 C 

B KOjii 
cuiOBoro T-
pa Ha Goni 

B H 

TOJJ-10 

0.362 OM 0.6 OM 

I IK BHMipKBajibHi TpaHc opMaTopH Hanpyru Ha cTopoHi 6 K B BHKopucTOByeMO 

3HOJJ.06-6, a Ha cTopoHi 0.4 K B - HOJJ. 12 OM3. 

2.8 Po3paxyHOK 3a3eMjieHHH Ta rpo303axucTy 

3oHa 3axucTy nogBifiHoro cTpuKKHeBoro GjiucKaBKOBigBogy cKjiagaeTbca 3 

3OBHimHix oGjiacTefi 3OHH 3axucTy ( HaniBKOHyciB 3 raGapuTaMH h 0 , r 0 , BHCOTOK i 

pagiycoM Ha piBHi 3eMjii BignoBigHo), mo BHKOHyKTbca 3a opMy IaMH gjia oguHHHHux 

cTproKHeBHx GiucKaBKOBigBogiB. 

Po3Mipu BHyTpimHix oGjiacTefi BH3HaHaKTbca napaMeTpaMH h 0 i h c, nepmufi 3 

aKux 3agae MaKcuMaibHy BucoTy 3OHH Ge3nocepegHbo Gijia GjiucKaBKOBigBogiB, a 

gpyrufi - MiHiMaibHy BucoTy 3OHH nocepeguHi MiK GjiucKaBKOBigBogaMH. ^ani 

HaBegeHHH po3paxyHOK 3OHH 3axucTy napu cTpuKHeBux GjiucKaBKOBigBogiB BHCOTOK h 

= 3 0 M npu HagifiHocTi 3axucTy 3 P =0.999. 
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BucoTa 30HH 3axHCTy oguHuHHoro GjiucKaBKOBigBogy h 0 n , M po3paxoByeTbca 3a 

(J)opMyjro: 

h 0 n = 0.7 * h n = 0.7 * 30 = 21 M 

ge h n - BHCOTa ogHHHHHoro 6jiHCKaBKOBigBogy, M. 

Pagiyc KOHyca 3axucTy Ha piBHi 3eMjii r 0 n , M po3paxoByeMO 3a 4)opMyjiOK>: 

r 0 n = 0.6 * h n = 0.6 * 30 = 18 M 

3oHa 3axncTy ogHHHHHoro GjiucKaBKOBigBogy r X n , M Ha 3agaHifi BUCOT 

po3paxoByeTbca 3a (JjopMyjioio: 

( h 0 n h x ) / 1 8 * ( 2 1 - 6 ) / 
1 2 . 8 5 7 M 

ge h x - 3agaHa BucoTa, Ha piBHi JIKOI noBHHeH 6yTH 3a6e3neneHHH HagiftHuft 

6jIHcKaBKO3axHcT, M. 

OcKinbKH gjia 3axucTy Big ypa>KeHHa GygiBjii GmicKaBKOK) y npoeicri 

BHKopucTaHa napa GjiucKaBKOBigBogiB ogHaKoi' BHCOTH, TO napaMeTpu 3axucTH 

ogHHHHHoro GjiucKaBKOBigBogy gjia HHX ogHaKOBi. 

PucyHOK 3 - CxeMa po3MimeHHa GjiucKaBKOBigBogiB 

BigcTaHb MDK GjiucKaBKOBigBogaMu L 2 , M po3paxoByeMO 3a 4)opMyjiOK>: 

L 2 = A + L x * 2 = 77.9 + 3 * 2 = 83.9 M 

ge - - BigcTaHb Big GnucKaBKOBigBoga go GygiBjii,( L x = 3) M; 

A - goB^cuHa GygiBjii, M. 

rpaHuHHy BigcTaHb Miac gBOMa GjiucKaBKOBigBogaMu L m a x , M po3paxoByeMO 3a 
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BP 5.6.141.871 
ApK 



opMy o : 

L m a x = 4.25 *hn = 4.25 * 30 = 127.5 M 

CepegHK) BigcTaHb Mim gBoMa GjjucKaBKoBigBogaMH L c , M po3paxoByeMo 3a 

opMy o : 

L c = 2.25 * h n = 2.25 * 30 = 67.5 M 

MiHiMajjbHy BHcoTy 3OHH 6nHcKaBKo3axHcTy Mim gBoMa cTpHmHeBHMH 

6nHcKaBKoBigBogaMH h c , M po3paxoByeMo 3a opMy o : 

(C^max — )/ ) * h = ( ( 1 2 7 . 5 — 8 3 . 9 ) / ) = i 5 2 6 
( / ( L C — L2)J * h ° n = ( 7(67.5 — 83.9)J = 1 5 . 2 6 M 

IUupHHy ropH3oHTajbHoro nepepi3y 3OHH 

GjjucKaBKoBigBogaMH r c x , M po3paxoByeMo 3a opMy o : 

*bn * (h c — h x ) 18 * (15.26 — 6) 
cx 12.26 

3axHcTy Mim gBoMa 

1 0 . 9 2 3 M 

ocKijjbKH L c < < L m a x . 

MacirrraG 1:1000 MM 

PucyHoK 4 - 3oHa 3axucTy GjjucKaBKoBigBogiB 
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3a3eMneHHa BHKOHycMO y BHraagi 3aMKHeHoro KOHTypy 3 BepTHKaubHHx 

eneKTpogiB 3'egHaHux cTaubHOK) cMyroK. 

3rigHO 3 n Y E onip 3 n , mo BHKopucTOByeTbca g u a eueKTpoycTaHOBOK g o i BHine 

1000 B cyMicHO, R3n, OM po3paxoByeMO 3a opMy Io : 

Rsn = 1 2 5 / = 1 2 5 / 2 2 = 5.682 OM 

g e - cTpyM 3aMHKaHHa Ha 3eM.nK), A . 

aue He 6ijrbine 4,4 OM, ocKiubKH npu p > 100 OM/M onip 3a3eMjeHHa MOKKHa 

36ijrbiinrra B 0.01p pa3iB. ToMy ocTaTOHHO npufiMaeMo: R3n = 4.4 OM. 

Po3paxyHKOBHH onip ogHoro BepTHKaubHoro eueKTpoga , OM po3paxoByeMO 3a 

opMyro : 

1 

™/ 2 )+1/ 2 + % p _ , ) ) = 4 2 . 4 8 8 O m 

ge I - goBKKHHa BepTHKajrbHoro eueicTpoga, (I = 5) M; 

PPo3P = P * KCE3B = 170 OM/M - po3paxyHKOBHH nHTOMHH onip rpyHTy; 

KCE3B = 1.7, KCE3r = 4.8 - ce3OHHi Koe i^ieHTH BepTHKajTbHoro i 

roprooHTaubHoro ejeKTpogiB 3rigHO KuiMaraHHoi 3OHH; 

p = t + l / 2 = 3.2 M; 

- 3aKjjageHHa BepTHKaubHHx 3a3eM )BaHiB Big noBepxHi 3eMm, 

(t = 0.7) M. 

Heo6xigHy KiubKicTb BepTHKaubHHx eueicTpogiB 6e3 ypaxyBaHHa eKpaHyBaHHa 

N'BP, mT po3paxoByeMO 3a opMyro : 

N ' B . P = T B / R 3 n = 4 2 . 4 8 % A = 9.656 « 10 mT 

TaK aK KOHTypHHH 3 n 3aKjmgaeTbca Ha BigcTaHi He MeHme 1 M go GygiBui , TO 

goB>KHHa no nepHMeTpy 3aKjjagaHHa Ln, M gopiBHKte: 

Ln = {A + 2)*2 + {B+ 2)*2 = 204.6 M 

ge A - goBKHHa GygiBui, M; 

B - mHpHHa GygiBui, M. 

BigcTaHb MLK BepTHKaubHHMH eueKTpogaMH , M po3paxoByeMO 3a opMyro : 
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a — L " / N . B p

 — 2 0 4 . 6 / l 0 — 2 0 - 4 6 M 

HeoGxigHy KijibKicTb BepTHKajibHux eieKTpogiB 3 ypaxyBaHHaM eKpaHyBaHHa 

NBP, mT po3paxoByeMO 3a opMy IOK: 

NB.P — N ' B P /

V B — 10/076 — 14 ™ 

g e TJs'Vr - ^ ^ ^ ™ BHKopucTaHHa BepTHKaibHoro i roprooHTajibHoro 

ejieKTpogiB. 

,H,ajii BigcTaHb MiK eieKTpogaMH yroHHacTbca 3 ypaxyBaHHaM opMH oG'eKTa. 

n o KyTax ycTaHOBiKKTb no ogHOMy BepTHKajibHOMy eieKTpogy, a Ti mo 3ajiHmHjiHca -

MiK HHMH . Po3MiinyeMO eieMeHTH 3 Ha njiaHi Ta yTOHHKCMO BigcTaHi. 

,H,jia piBHOMipHoro po3nogijiy eieKTpogiB ocTaTOHHO npuftMaeTbca: 

NB_P — 14 mT. 

BigcTaHb MDK eieKTpogaMH no goBKomi GygiBjii aA , M po3paxoByeMO 3a 

opMy IOK: 

aA — A + 2 / n A _ i — 7 7 - 9 + 2 / 7 _ i — 13.317M 

g e nA - KiibKicTb BepTHKajibHHx eieKTpogiB no goBKomi GygiBjii, mT. 

BigcTaHb MDK eieKTpogaMH no mupuHi GygiBjii aB , M po3paxoByeMO 3a 

opMy IOK: 

«B — B + 2 / n B - 1 — 2 0 A + 2 / 2 - 1 — 20-4» 

g e nB - KiibKicTb BepTHKajibHux eieKTpogiB no mupuHi GygiBjii, mT. 

yTOHHeHe 3HaHeHHa onopy roprooHTajibHoro 3a3eMjiKBaHa RT , OM 

po3paxoByeMO 3a opMy IOK: 

0.4 2* 2 

Rr — - * p * K C E 3 r * lg— — 12.925 OM 
* T]r b * 

g e b - mupuHa ropH3OHTajibHOi 3a3eMjiKKHOi cMyru, (b — 0.04) M. 

yTOHHeHe 3HaHeHHa onopy BepTHKajibHux eieKTpogiB RB, OM po3paxoByeMO 3a 

opMy IOK: 

R * — rB/NB„*,1„ — 4 2 A 8 8 / 1 4 * 0 . 7 4 — 4 . 1 0 1 O m 

OaKTHHHufi onip 3 , OM po3paxoByeMO 3a opMy IOK: 
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n _ f l B * f l r / 4.101 * 12.925/ n M 

« . - / ^ B + ^ R _ / 4 . 1 0 1 + 12.925 _ 3 . 1 1 5 O M 

^ — 3.115 < 4.4 OM 3a3eMjjeHHa 3agoBojjbHae yciM BHMoraM. 

MacirrraG 1:500 MM 

A 

e 9 9 9 S 

PucyHoK 5 - CxeMa po3MiineHHa 3a3eMjjeHHa 
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3. iHgimiayajibHe 3aBgaHH$i. 

Mogejii Ta 3aeo6H rpo303axHCTy Kjiacy Hanpyru 6 - 35 K B 

ABapifiHi BHMKHeHHa J I E n 6 - 35 K B nepe3 rpo3oBi nepeHanpyru crojagaiOTb go 

40 % Big 3arajjbHoro nucna ix BHMKHeHb. rpo3oBi BnjjHBH BHKjjHKaiOTb nomKogmeHHa 

i3ojjaTopiB, onop, npoBogiB, npH3BogaTb go 3aMHKaHb Ha 3eMnra, gyroBHx nepeHanpyr 

Ta aBToMaTHHHHx BigKjjiOHeHb. BHacnigoK HH3bKoro piBHa iMnynbcHoi MinHocTi 

niHifiHoi i3onanii, J I E n 6-35 K B niggaiTbca rpo3oBHM BHMKHeHHaM, ocKijjbKH 

npaKTHHHo Bci BHnagKH rpo3oBHx nepeHanpyr npH3BogaTb go nepeKpuTTa i3ojjaTopiB 3 

BejjHKoio HMoBipHicT^ nepexogy B cunoBy gyry Hanpyru npoMHcnoBoi nacTOTH. 

KpiM Toro, BnpoBagmeHHa B Hamifi KpaiHi po3nogijbHHx J I E n 3 npoBogaMH i3 

3axucHHM noKpuTTaM (nJI3) , aKi Maron* nopiBHaHo 3 J I E n 3 Hei3ojboBaHHMH 

npoBogaMH pag eKcnnyaTaiiiiiHo - TexmnHux nepeBar, TaKHx aK: MeHma 

nomKogmyBaHicTb, HagifiHicTb eneKTponocTanaHHa cnomuBaniB, Ge3neKa, raGapHTH, 

TOIHO 3yMoBnroe HeoGxigHicTb 3acTocyBaHHa neBHoi cucTeMH rpo3o3axucTy gjja 

nonepegmeHHa npoGoiB i3ojjanii Ta nepenaiTOBaHHa npoBogiB CHJJOBHM cTpyMoM 

KopoTKoro 3aMHKaHHa. 

OcoGnHBicTO) npoGneMH rpo3o3axucTy nJ I3 e Te, H O y BHnagKy BigcyraocTi 

cneniajbHHx 3axogiB, 3a rpo3oBoro nepeKpHTTa i3ojjaTopiB mmi, aKHH 

cynpoBogmyeTbca npoGoeM TBepgoi i3ojjanii npoBogy BHHHKae 3 BejjHKoio HMoBipmcTio 

gyra npoMHcnoBoi nacTOTH, aKa He Mae MomjjHBocTi nepeMiinaTHcb npoBogoM i ropHTb B 

Miciii npoGoo i3ojranii go MoMeHTy BHMKHeHHa mmi. IJ,e Mome npu3BecTH go 

oGnajjiOBaHHa i3ojjanii npoBogy, i3ojjaTopiB mmi, a y BHnagKy BejjHKHx cTpyMiB 

KopoTKoro 3aMHKaHHa - go nepenaniOBaHHa npoBogiB (pucyHoK 6). 

Po3raagaoHH nHTaHHa rpo3o3axucTy nJ I3 HeoGxigHo Bugimrra icHyioni 

Mogeni 3axucTy, a caMe: aMepHKaHcbKy, iHCbKy5 anoHcbKy cucTeMH rpo3o3axHcTy, a 

TaKom 3acoGu rpo3o3axucTy, nepegGanem 3rigHo HHHHHX HopMaTHBHHx aKTiB. 

Ha onopax 13 6-35 K B 3i nrrapboBoK) Ta onopHo-cTpumHeBoi i3onaniei gjja 

3axucTy npoBogiB Big neperopaHHa B pa3i rpo3oBoro nepeKpuira i3ojjanii B aKocTi 

3axucHux anapaTiB (3A) B YKpaiHi 3acTocoByiTb: 
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- goBro-icKpoBi po3pagHHKH ( P ^ I ) ; 

- po3pagHHKH MyjibTHKaMepHoro Tuny ( P M K ) ; 

- oGMeKyBaHi nepeHanpyr HejiiHifiHi ( O n H ) 3 icKpoBHM npoMiKKOM (1 ). 

PucyHOK 6 - OcoGjiHBocTi nepeMiineHHa gy ru npoBogoM J J E n Ta npoBogi n J J 3 

3.1 AMepuKaHcbKa cucTeMa rpo3O3axucTy 

AMepuKaHcbKa cucTeMa rpo3O3axucTy nepegGaHae 3HaTTa i3Ojianii Ha gijiaHni 

npoBogy KOJIO i3OjiaTopa Ta BcTaHOBjieHHa gyrocTifiKux 3aKHMiB. 3a nepeKpuira 

i3OiaTopa 3aropaeTbca gyra, aKa pyxaeTbca gijiaHKOK, oGMeKeHOK 3aKHMaMH, Ha aKux 

B nogajibmoMy gyra ropuTb go BHMKHeHHa jiiHii (pucyHOK 7). 

PucyHOK 7 - CxeMa poGoTH gyrocTifiKux 3aKHMiB 
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npucTpifi 3axumae i3onbOBaHuH npoBig, axHI^aKHH fioro Big KOHiieHTpanii 

gyroBoi' eHeprii, BupoGnaeTbca nig Hac ygapy GjiucKaBKu. ^na Toro, oG 3anoGirra 

noniKog:>KeHHK>, nJ I3 noBuHeH Gyra axH eHHfi niuaxoM BCTaHOBneHHa npucTpoiB 

gyroBoro 3axucTy y BignoBigHux Micnax. BOHU cTBopKKTb Ge3neHHufi MapmpyT gua 

npoxog^eHHa gyru Ge3 ymKog^eHHa npoBigHuKa. 

npucTpoi 3axucTy nponoHyKTbca B gBox Mogenax - APD-80 i APD-57, pi HH^a 

Mi>K aKuMu nonarae B KurbKOCTi eHeprii, aKy BOHU MO ĉyTb BuTpuMaTu. Mogenb APD-80 

npu3HaHeHa, oG BuTpuMaTu KinbKa onepaniii 3a cTpyMy KopoTKoro 3aMuKaHHa 21 

K A npoTaroM gecaTu iniKjriB Ge3 nomKog^eHHa npoBigHuKa. Mogenb APD-57 gocTynHa 

gua 3acTocyBaHb, ge 3anoGi^HuKu oGMe^yKTb pyfiHiBHy eHepriK, BuMuKaKHu 

HecnpaBHicTb mBugme aBTOMaraHHux BuMuKaHiB. APD57 BuroTOBuaKTb onuHKOBaroi 

CTam, a APD80 Hep^aBiKHOi CTam. 

HegoniKOM aMepuKaHCbKOi cucTeMu 3axucTy e HeoGxigHicTb BuMKHeHHa niHifi, 

e^eKTpogHHaMiHHHfi ygap no oGnagHaHHK, oGropaHHa npoBogiB 3a BenuKux cTpyMiB, a 

TamK oGMe^eHufi axHCHHfi pecypc gyrocTifiKux 3a^uMiB. 

3.2 OiHCbKa cucTeMa rpo3O3axucTy 

OiHCbKa cucTeMa rpo3O3axucTy nepegGaHae BCTaHOBueHHa Ha Bci Tpu npoBogu 

noGuroy i3onaTopiB gyro3axucHux «poriB» pa3OM 3i cnipajrbHOK apMaTypoK, aKi 

noBuHHi 3aGe3neHyBaTu BigBig Big npoBogiB nanaKHOi gyru nicua rpo3OBoro 

nepeKpuTTa Ta cnpuaTu nepexogy MO^OTUBUX ogHo(a3Hux gyroBux 3aMuKaHb, 

oHafiMeHme, y gBo(a3Hi K.3. TUM caMuM, npoBogu noBuHHi axH aTHca Big 

nepenajry 3a paxyHOK oGropaHHa «poriB» i 3a paxyHOK Toro, rapaHTyeTbca raciHHa 

gyru nicua BuMKHeHHa mmi (pucyHOK 8). 

nepeiHKog^aKHu neperopaHHK npoBogiB, cucTeMa He axH ae i3O.j[aiiiK Big 

nepeHanpyr i He BuKHKHae M O ^ U B O C T BuHuKHeHHa KopoTKux 3aMuKaHb i BuMKHeHHa 

mmi nicua rpo3OBux BnmiBiB. Binbme Toro, BOHa po3paxoBaHa Ha Te, oG 3a paxyHOK 

cneniajrbHoro po3TamyBaHHa gyro3axucHux «poriB» ogHo(a3Hi 3aMuKaHHa nepeBogura 
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y 6araTO(j)a3Hi K.3. TijbKH g j a Toro, H O 6 g o 6 u r a c a BHMKHeHHa mmi. TaKHH npuHiiun ii 

gii' HiaK He y3rogmyeTbca 3 OCHOBHOK i g e e K (JjyHKin'oHyBaHHa eneKTpHHHHx Mepem 3 

i3onboBaHora HenTpamjK, g j a aKHx ogHo(a3He 3aMHKaHHa He e aBapifiHHM pemHMoM, 

BHMarae o6oB'a3KoBoro BHMKHeHHa. B gaHoMy BHnagKy ogHa npo6neMa, 

noB'a3aHa 3 3axucToM Big nepenany npoBogiB, BHpimyeTbca 3a paxyHoK cTBopeHHa 

iHmux npo6jjeM. 

PucyHoK 8 - CxeMa po6oTH gyro3axucHux «po r iB» 

B npoiieci 3axucTy Big6yBaeTbca iHTeHcHBHe BHropaHHa «poriB», H O BHMarae ix 

nepiogHHHoi' 3aMiHH. Ane, KpiM 3aBigoMo oneBugHHx npo6neM, e ogHa Texmnm 

o6cTaBHHa, aKa cTaBHTb nig cyMHiB npan,e3garaicTb gaHoi' cucTeMH HaBiTb y 

nonaTKoBoMy BapiaHTi. ^yroBi 3aMHKaHHa Momyn* cynpoBogmyBaTHca cTpyMaMH pi3Hoi' 

BemiHHHH, a MomnHBicTb BHxogy gyru Ha «poru», B cuny eneKTpoguHaMinHHx 

3aKoHoMipHocTen i KoHcTpyKTHBHHx napaMeTpiB cucTeMH, 3'aBjjaK>Tbca nume 3a 

cTpyMiB, H O nepeBHHyKTb 1-2 KA. BignoBigHo, 3a MeHmux cTpyMiB gyra He 

BHxogHTb Ha «poru», i n,e cnpHHHHae He6e3neKy nepenajy gpoTy. 

HegojiKaMH gaHoi' cucTeMH e: nepenamKBaHHa npoBogiB 3a ropiHHa gy ru Ha 

cnipam, ejeKTpogHHaMiHHHH ygap no oGjagmHHK, BHMKHeHHa Ta o6ropaHHa 

poriB, H O 3yMoBjKe n o g a j b m y ix 3aMiHy. 

3.3 ^InoHcbKa cucTeMa rpo3o3axucTy 

^InoHcbKa cucTeMa rpo3o3axucTy nepeg6anae BcTaroBjeHHa OnH, 

po3paxoBaHHx Ha cTpyM GjucKaBKH 2,5 K A , napajejbHo KomioMy i3ojaTopy 1 3 

nigKjKneHHaM ix go npoBogy nepe3 icKpoBHn npoMimoK, H O He TrnbKH e(eKTHBHo 
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3anoGirae gyroBuM 3aMuKaHHaM, a fi BigKUKHae nmno nig Hac iHgyKOBaHux nepeHanpyr 

(pucyHOK 9). 

^na 3MeHmeHHa rpo3OBux BuMKHeHb e B 1970 p. B ihiOHii CTanu 

BCTaHOBjKBaTu OITH Ha J I E n 6,6 K B , aKi e OCHOBHUMU po nogiubHHMH Mepe^aMu B niii 

KpaiHi. CnoHaTKy O n H BCTaHOBUKBauHca Ge3 icKpoBoro npoMbiacy Mi>K npoBogoM i 

3a3eMneHOK onopoK. ^ocBig eKcnjryaTaiiii noKa3aB, BHacnigoK BenuKoro Hucna 

anapaTiB, BCTaHOBneHux napanenbHO go i3OnaTopiB, HH Huacb HagifiHicTb poGoTu jiHifi 

Hepe3 Buxig O n H nagy Ha poGoHifi Hanpy3i i BHyTpimHix nepeHanpyrax. 

HacTynHufi eTan po3BuTKy niei TexHOHorii nonaraB B TOMy, BigHOCHO 

ManonoTy^Hi O n H HOMiHajbHuM po3pagHuM CTpyMOM rpo3OBoro iMnyjbcy 2,5 K A 

BCTaHOBUKBauHca Ha J I E n 6,6 K B noBiTpaHuM npoMDKKOM. 3aBgaKu HaaBHOCTi 

icKpoBoro noBiTpaHoro npoMi>KKy O n H nepecTanu niggaBaraca BnnuBy BHyTpimHix 

nepeHanpyr, i HagifiHicTb poGoTu J I E n B HopManbHOMy eKcnuyaTaHifiHOMy pemiMi 

nigBH Huaca. 

O n H ycniiHHO axH auH J I E n Big iHgyKOBaHux rpo3OBux nepeHanpyr i HUCJO 

rpo3OBux BuMKHeHb icTOTHO HH Huoca. OgHaK, 3a npaMoro ygapy GnucKaBKu (nYB) B 

npoBig J I E n BigGyBanoca pyfiHyBaHHa O n H Ha ypa^eHifi i cycigHix onopax. ^na 

BuKjKHeHHa pyfiHyBaHb O n H Big n Y B Gym 3poGneHa cnpoGa 3GijbmeHHa 

eHeproeMHOCTi OnH. Ha pag jiHifi Gynu BCTaHOBneHi O n H HOMiHajbHuM CTpyMOM 5 

K A , i npoTaroM geKmbKox poKiB 3gificHKBanoca cnocTepe^eHHa 3a IIUMU jiHiaMu. 
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MoHiTopuHr noKa3aB, mo 3a 3GiibmeHHa HOMiHaibHoro cTpyMy O n H 3 2,5 K A g o 5 K A 

HHCIO BigKjiKHeHb i pyfiHyBaHb O n H BHaciigoK n y B B J J E n npaKTHHHO He 3MiHHjioca. 

Heft pe3yjibTaT noacHKeTbca THM, mo peaibHi cTpyMH GjiucKaBKH icTOTHO Gijibim, HDK 

5 K A . BOHH jieKcaTb y giana3OHi Big 2 go 200 K A . CepegHe 3HaHeHHa cTpyMy GjiucKaBKH 

cTaHOBHTb GiH3bKO 30 KA. 

B pe3yjibTaTi Gyjio npufiHaTO pimeHHa oGjiagHaTH J J E n 6,6 K B rpo3O3axucHHMH 

TpocaMH Ta O n H 3 HOMiHaibHHM cTpyMOM 2,5 K A 3 noBnpaHHMH npoMiKocaMH. B 

gaHufi Hac npaKTHHHO Bci 1 nboro Kiacy 3axuineHi TpocaMH i OnH. 3aBgaKH nuM 

gBOM gyKe goporuM 3axogaM rpo3OBi BHMKHeHHa Gyjiu cyTTeBO cKopoHeHi. npoTe, 

Big3HaHaKTbca nooguHOKi BunagKH Buxogy 3 j iagy O n H HaBiTb Ha J J E n , 3axumeHux 

TpocaMH, nig Hac n y B BeibMH noTyKHux 3HMOBHX no3HTHBHux GjiucKaBOK, aKi 

MOKyTb MaTH cTpyMH Giibme 100 K A 3 TpuBai icTK iMnyjibcy GiH3bKO TucaH 

MiKpoceKyHg. 

TaKHM HHHOM, MDKHapogHHft gocBig eKcniyaTanii O n H Ha J J E n noKa3ye, mo 

BOHH MOKyTb ycnimHO n p a n K B a r a nume B noegHaHHi 3 rpo3O3axucHHM TpocoM, a i e ne 

3aHagTo gopore pimeHHa. 

OCHOBHHMH HegoiiKaMH gaHOi cucTeMH e Te, mo 3a npaMoro po3pagy GiucKaBKH 

B npoBig BOHa nomncogKcyeTbca i n igiarae 3aMiHi, a TaKOK BucoKa BapTicTb 

ycTaTKyBaHHa. 

3.4 rpo3O3axucT goBro-icKpoBHMH po3pagHHKaMH 

^OBro-icKpoBi po3pagHHKH ( P ^ I ) - OCOGIHBHH K i a c rpo3O3axucHux npucTpoiB, 

aKi 3a CBOIMH KOHcTpyKTHBHUMu napaMeTpaMH, TexHiHHHMH xapaKTepucTHKaMH Ta 

yHKnioHanbHHMH MOKiHBocTaMH CTaHOBiaTb OCOGIHBHH Kiiac npucTpoiB 

rpo3O3axucTy. 

npuHnun gii Bcix BugiB P ^ I n o i a r a e B oGMeKcemri rpo3OBux nepeHanpyr Ha n J J 3 

3a paxyHOK icKpoBoro nepeKpmra noBepxHeK i3OianifiHoro T i i a po3pagHHKa 3 

goBKKHHOK KaHaiy po3pagy, B KiibKa pa3iB G i i b m o K HDK GygiBeibHa BucoTa i3Ojianii, 
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mo 3axumaeTbca. CynpoBogKyKHi cTpyMH npoMHciOBOi HacTOTH racaTbca n ig Hac 

nboro nponecy 3a paxyHOK 3a6e3neHeHoro TaKHM HHHOM 3HHKceHHa BeiuHHHH 

cepegHboro rpagieHTa po6oHOi Hanpyru B3goBK KaHaiy rpo3OBoro nepeKpuira . 

roiOBHOK BigMiHHicTK Kiiacy P ^ I e HeMOKGiHBicTb ix pyfiHyBaHb i nomiKogKceHb 

rpo3OBHMH Ta gyroBHMH cTpyMaMH, ocKiibKH BOHH npoTiKaKTb no3a anapaTaMH B3goBK 

noBepxHi P^ I . U,e ymKaibHa g i a rpo3O3axucHux anapaTiB oco6iHBicTb noegHyeTbca 3 

KOHcTpyKTHBHOK npocTOTOK. 

Po3pagHHH npoMiKOK P ^ I B geKiibKa pa3iB goBmufi, HDK 6ygiBeibHa BucoTa 

i3Oianii i Mae HHKHy iMnyiibcHy eieKTpuHHa MinHicTb, HDK MinHicTb i3Oianii. U,e 

noacHKeTbca oco6miBocTaMH "KOB3Horo" po3pagy, aKHfi po3BHBaeTbca no noBepxHi 

i3OianiHHoro npoMiKKy. Hanpyra KOB3Horo po3pagy c i a 6 o 3aieKHTb Big BigcTaHi MiK 

eieKTpogaMH, TOMy BeiHKi npoMDKKH MOKyTb 6 y r a nepeKpuri BigHocHO MaiHMH 

HanpyraMH. Heft e eKT KOB3Horo po3pagy noKiageHO B ocHOBy KOHcTpycnift goBro-

icKpoBux po3pagHHKiB. 

Po3pagHHK Tuny PAI-n (neraeBHii) BHKOMHO (pucyHOK 10, a) 3 MeTaieBoro 

cTpuKHa, noKpuToro mapoM nomeraiieHOBOi i3Oianii i 3irHyToro B n e T i K , aKHfi 3a 

gonoMoroK 3aracKaHa KpinuTbca g o 3a3eMieHoro eieKTpogy onopu. B cepegHifi 

HacTHHi neTii HagiTa MeTaieBa Tpy6Ka, a MiK HeK i npoBogoM ! BcTaHOBieHo 

icKpoBufi npoMiKOK. BHac i igoK BeiHKoi eMHocTi MDK MeTaieBOK Tpy6KOK i cTpuKHeM, 

Bca Hanpyra BuaBiaeTbca npuKiageHOK MiK npoBogoM Ta Tpy6KOK. n i g Hac n p o 6 o K 

icKpoBoro npoMiKKy nepeHanpyra npuKiagaeTbca MDK Tpy6KOK Ta MeTaieBHM 

cTpuKHeM, BHaciigoK Horo 3 Tpy6KH B3goBK noBepxHi i3Oianii po3BHBaeTbca KOB3HHH 

po3pag g o 3aMHKaHHa fioro Hepe3 By3Oi KpinieHHa Ha 3a3eMieHHa. 

Pi3HOBugoM TaKoro po3pagHHKa e Pfl,I-M (MogyjibHHfi), aKHfi cKiagaeTbca 3 gBox 

Bigpi3KiB K a 6 e i K 3 KopgeieM, B aKocTi aKoro BHKopucTaHO HaniBnpoBigHHKOBHfi 

MaTepiai. Bigpi3KH Ka6eiK 3'egHam TaKHM HHHOM, mo yTBopKKTb Tpu po3pagHi 

Mogyiii (pucyHOK 10, 6). Bigpi3KH HaniBnpoBigHHKOBoro Kopgeia npuegmm go 

MeTaieBux e i e iopog iB Hepe3 BHyTpimHi icKpoBi npoMDKKH. 3 a noaBH rpo3OBoro 

iMnyjibcy BOHH nepeKpuBaKTbca i HaniBnpoBigHHKOBifi Kopgeib BepxHboro Bigpi3Ky 

K a 6 e i K , aKHfi Mae onip R , BHHOCHT* BHCOKHH noTeHniai U Ha noBepxHK HHKHboro 
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Bigpi3Ky Ka6ejiK> B iioro cepegHiii nacTHHi. AHajioriHHo HaniBnpoBigHHKoBHH Kopgejib 

HumHboro Bigpi3Ky Ka6ejiK BHHocuTb HH3bKHH noTeHniaji « 0 » Ha noBepxHK BepxHboro 

Bigpi3Ky Ka6ejiK B Horo cepegHiii nacTHHi. ToMy go KomHoro po3pagHoro Mogyiia 

ogronacHoro npuKjiageHa noBHa Hanpyra U, i ycix 3-x po3pagHux MogyjiiB 

cTBopKKTbca yMoBH gjia ogHonacroro po3BHTKy KOB3HHX po3pagiB, a K yTBopKKTb 

eguHHH goBruH KaHai nepeKpuira. 

a 6 B 

PucyHoK 10 - OOTO Bunpo6yBaHb: Pfll - n ( a), Pfll - M (6), Pfll - ( B ) 

OCHOBHHM ejieMeHToM po3pagHHKa PJJI-III e Bigpi3oK cneniajibHoro Ka6ejiK 3 

aiKMiHieBoK MoHojirraoK mujioK i TpumapoBoK i3ojianieK 3i 3iiiHToro nojiieTHjieHy 

(nE) . Ha ogHoMy 3 Tpbox nnenefi Bigpi3Ka Ka6ejiK BcTaroBueHi npoMbmri KijibneBi 

eieKTpogu, H O 3a6e3nenyKTb po36uTTa KaHaiy nepeKpuira Ha oKpeMi Bigpi3KH 

(pucyHoK 10, B ) . 3a BHHHKHeHHa Ha npoBogi J J E n rpo3oBoi' nepeHanpyru MeTaieBa 

Tpy6Ka Ha Ka6ejii po3pagHHKa Ha6yBae Toro m BucoKoro noTeHniajry, H O H npoBig. 

ToMy cnonancy npaicraHHo Bca rpo3oBa nepeHanpyra cTae npuKjiageHoK go icKpoBoro 

noBiTpaHoro npoMimocy Mim Tpy6KoK i 3a3eMjieHHM cTpumHeBHM eieKTpogoM. 3a 

Hanpyru 6iH3bKo 50-70 K B npoMimoK npo6uBaeTbca, i MeTaieBa Tpy6Ka Ha noBepxHi 

Ka6eiiK Ha6yBae HyjiboBoro noTeHniajry 3eMjii. TaKHM HHHOM, nepeHanpyra cTae 

npuKiageHoK Mim mujioK Ka6eia i MeTaieBoK Tpy6KoK Ha Horo noBepxHi. n i g 

BniHBoM niei nepeHanpyru B3goBm noBepxHi i3ojianii po3pagHHKa po3BHBaeTbca 

KOB3HHH po3pag. npoBig J I E n noB'a3yeTbca 3 3a3eMieHoK onopoK nepe3 gyroBHH 

KaHai po3pagy, aKHH PO36HTHH Ha oKpeMi Bigpi3KH KiibneBHMH eieiapogaMH. 3a 
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nepmoro nepexogy iMnyjrbCHoro CTpyMy Hepe3 Hyub po3pag racHe, He nepexogaHu B 

cunoBy gyry, 3anoGirae BuHuKHeHHK KopoTKoro 3aMuKaHHa Ta BuMKHeHHa JIEn. 

Pfl,I-M 3acTOCOByKTb gua 3axucTy nJ J3 6-10 K B po3TamyBaHHaM npoBogiB, 

BigcTaHb Mi>K aroiMu He nepeBuinye 0,5 M. P^I- 3acTOcoByKTb gua 3axucTy n J J 3 6-10 

K B y Miciiax nogBifiHoro KpinneHHa npoBogiB 3aMicTb Pfl,I-n. 

OgHaK nepiog eKcnjryaTaiiii noKa3ye, TaKoro Tuny 3axucT He 3aB»cgu 

noBHicTK BuKOHye CBOI ^ Ha geaKux J J E n HUCJO ogHo a HHx K3 MO»ce HaBiTb 

GiubmHTHca. KpiM Toro, BunpoGyBaHHa nigTBepg^yKTb He 3aB>Kgu P^I - n 

MO^e 3axucTuTu i3onaiiK Ha cycigHix onopax, TOGTO Ha HacTynHux gBox onopax, ge 

BiH He BCTaHOBHeHufi Ha iiifi a i. 

3.5 rpo3O3axucT MynbTuKaMepHuMu po3pagHuKaMu 

B pe3ynbTaTi BgocKOHaneHHa cucTeM 3axucTy Big GnucKaBOK po3poGneHO 

po3pagHuKu gua J J E n 6-35 K B i BH e TaK 3BaHOK MynbTuKaMepHOK cucTeMOK 

(MKC). 3anponoHOBaHO TamK npuHiiunoBO HOBufi anapaT: i3onaTop-po3pagHuK 

MyHKraKaMepHOK cucTeMOK (IPMK), aKufi noegHye B coGi BjacTuBOCTi i3OjraTopa Ta 

po3pagHuKa ogHOHacHO. 

OcHOBy IPMK CKnagaKTb 3BuHafiHi i3onaTopu (cicnam, nopiienaHOBi HU 

nomMepm), Ha aKux BignoBigHuM HUHOM BCTaHOBueHa MKC. npuHOMy ycTaHOBKa 

MKC He npu3BoguTb go noripmeHHa i Oua^ifiHHx BjacTuBOCTefi i3onaTopa, ane 3aBgaKu 

MKC, BiH HaGyBae BjacTuBOCTefi po3pagHuKa. ToMy B pa3i 3acTOcyBaHHa IPMK Ha n J J 

He noTpiGHO 3acTOcyBaHHa rpo3O3axucHoro Tpoca. n p u iibOMy 3Hu^yeTbca BucoTa, 

Maca i BapTicTb onop, a TamK BapTicTb Bciei n J J B iimoMy i 3aGe3neHyeTbca HagifiHufi 

rpo3O3axucT jriHifi, TOGTO pi3KO CKopoHyeTbca HUCJO BigKHKHeHb jiHifi i 3MeHmyKTbca 

eKcnjryaTaiiifiHi BuTpara Ta 3GUTKU Big HegoBignycKy eneKTpoeHeprii. 

OCHOBHUM eneMeHTOM MynbTuKaMepHoro po3pagHuKa (PMK) Ta ripnaHg 

i3onaTopiB PMK (rIPMK) B TOMy Hucm i IPMK e MyjrKraKaMepHa cucTeMa (pucyHOK 

11), aKa CKjagaeTbca BemiKOi KijrbKOCTi eneicTpogiB, BMOHTOBaHux B ^ > i3 
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cumKOHOBOi ryMH. MiK eieiopogaMH BHKOHaH OTBopu, mo BuxogaTb Ha3OBHi npo inK. 

U,i OTBopu yTBopKKTb MiHiaTKpHi ra3opo3pagHi KaMepu. 3a BniHBy Ha po3pagHHK 

rpo3OBoro iMnyiibcy npo6uBaKTbca npoMDKKH MiK eieKTpogaMH. 

3aBgaKH TOMy, mo po3pagu MDK npoMDKHHMH eieKTpogaMH Big6yBaKTbca 

BcepeguHi KaMep, o6caru aKHx gyKe Maii, 3a po3mupeHHa KaHaiy cTBopKeTbca 

BHCOKHH THCK, nig gieK aKoro KaHaiu icKpoBHx po3pagiB MiK eieiopogaMH 

nepeMimaKTbca go noBepxHi i3OianifiHoro Tiia i g a i i - BHgyBaKTbca Ha3OBHi B 

HaBKOiumHifi po3pagHHK - noBiTpa. 

a 6 

PucyHOK 1.14 - MyibTHKaMepHa cucTeMa (MKC): 

cxeMa, aKa noacHKe noHaTKOBHfi MOMeHT po3BHTKy po3pagiB (a); 

cxeMa, aKa noacHKe 3aBep a ĤHH MOMeHT po3BHTKy po3pagiB( 6); 

1 - npo inb i3 cumKOHOBOi ryMH; 2 - npoMbian eieiopogH; 

3 - gyroracHi KaMepu; 4 - KaHai po3pagy 

BHaciigoK Hboro BHHHKae gyTTa Ta nogoBKeHHa KaHaiiB MiK eieKTpogaMH, 

KaHaiH po3pagiB oxoiogKyKTbca, cyMapHHH onip Bcix KaHaiiB 36iibmyeTbca, TO6TO 

3araibHHH onip po3pagHHKa 3pocTae, i Big6yBaeTbca o6MeKceHHa iMnyiibcHoro cTpyMy 

rpo3OBOi nepeHanpyru. 

n i c i a 3aKiHHeHHa rpo3OBOi nepeHanpyru, go po3pagHHKiB 3aiHmaeTbca 

npuKiageHOK Hanpyra npoMHciOBOi HacTOTH. I IK noKa3aiH npoBegeHi gocmgKceHHa, B 

po3pagHHKax 3 MKC MOKOiHBi gBa Tunu raciHHa icKpoBoro po3pagy: 

- 3a nepexogy cynpoBogKcyKHoro cTpyMy 50 rH Hepe3 Hyjib; 

- 3a 3HHKeHHa MHTTeBoro 3HaHeHHa iMnyibcy rpo3OBOi nepeHanpyru go neBHoro 
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3HaneHHa, 6ijibiiioro HH piBHoro MHTTeBOMy 3HaHeHHK> Hanpyru npoMHcnoBoi' nacTOTH, 

TO6TO 3gificHKGTBca raciHHa CTpyMy nepeHanpyru 6e3 c y n p o B o g ^ y K n o r o CTpyMy 

Mepe^i . 

BignoBigHo g o Bu6ip Tuny 3axucHoro anapaTy ( 3 A ) BHKoHyKTb Ha cTagii' 

npoeKTyBaHHa n J J 3 6-35 K B 3a y3rog>KeHHaM 3 3aMoBHHKoM mmi, 3 ypaxyBaHHaM ix 

TexHiHHux xapaKTepucTHK. 3 A Tpe6a BcTaHoBUKBara: 

- no ogHoMy Ha onopi (gjia rcoacHoro Koia ) 3 HepryBaHHaM (| ; 

- Ha gBoKoioBux nJ J3 HanpyroK Big 6 K B go 10 K B 3A Tpe6a BcTaHoBUKBara Ha 

o6ugBa K o i a TaKHM HHHOM, mo6 Ha 3 onop 6yjio 3axHiHeHo TijibKH ogHy napy 

ogHofiMeHHux ( , 3 THM caMHM npuHiiunoM HepryBaHHa, HIO H gjia ogHoKojioBHx n J J 3 . 

a 6 B r 

PucyHoK 12 - YcTaHoBKa Ha mmi' PMK-20-IV-yXJI1(a); PMK-20-IV-yXJJ1(6); 

r i P M K - 3 5 - 3 ( B ) ; r i P M K - 35-3(r) 

AHaii3yKHH HaBegeHi BHiHe pucyHKH (pucyHoK 10 - 12), Heo6xigHo 3a3HanuTH 

BigHocHy cKiagHicTb KoHcTpyKiiii (nopiBHaHo 3 O n H , i n TOHIO) P ^ I Ta 

MyjibTHKaMepHux po3pagHHKiB (BejiHKa KijibKicTb oTBopiB, ejieKTpogiB, po3pagHux 

npoMbiaciB TOHIO, Ha aKi BnjiHBae HaBKojiHiiiHe cepegoBHiie) . Oco6iHBicTK TaKux 

po3pagHHKiB e 3acTocyBaHHa B aKocTi i3ojiaiiii cuiiKoHoBoi ryMH. B c e iie, oneBugro , 

npu3BoguTHMe g o 3HH^eHHa HagiftrocTi p o 6 o r a TaKux KoHcTpyKiiiii 3a TpuBajioro 

BnjiHBy aTMoc(epHux 3a6pygHeHb, Bojioru, onagiB goiHy Ta cHiry, pi3Kux 3MiH 

TeMnepaiypu HaBKoiumHboro cepegoBHHia, BnjiHBy coHaHHoro npoMiHHa (HarpiB, 
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yn Tpa ioneTOBe BHnpoMiHKBaHHa). Heo6xigHO TaKOK 3a3HaHHTH, mo MyiibTHKaMepHa 

cucTeMa gonycKae o6'egHaHHa OKpeMHx po3pagiB, mo Big6yBaron>ca MiK cyMiKHHMH 

eieKTpogaMH, B eguHHfi KaHai, a He HeraTHBHo no3HaHaeTbca Ha eneKTpoo6nagHaHHi 

1 eneKTponepecHnaHHa, B aKifi BHKopucTOByeTbca i3OiaTop, a TaKOK 3HHKcyeTbca 

TepMiH eKcniyaTaHii caMoro i3OiaTopa. U,i oco6iHBocTi icKpoBHx Ta MyjibTHKaMepHHx 

po3pagHHKiB c i i g BpaxoByBaTH g i a po3paxyHKiB HagifiHocTi cucTeM 3axucTy 3 TaKHMH 

po3pagHHKaMH. 

3.6 3acTocyBaHHa o6MeKcyBaHiB nepeHanpyr 

^ i a 3axucTy eieKTpoycTaTKyBaHHa ycTaHOBOK HanpyraMH 6-750 K B 3MiHHoro 

cTpyMy npoMHciOBOi HacTOTH 50 TH Big rpo3OBHx Ta KOMyTaHifiHHx nepeHanpyr 

noBHHHi 3acTocoByBaTucb o6MeKyBaHi nepeHanpyr, aKi nopiBHaHO 3 BeHTHibHHMH 

po3pagHHKaMH Hepe3 BigcyTHicTb icKpoBHx npoMiKaciB i BucoKy HemmfiHicTb 

BoibTaMnepHoi xapaKTepucTHKH ix eieMeHTiB MaKTb pag nepeBar, a caMe: 

- mu6oKHfi piBeHb o6MeKceHHa Bcix BugiB nepeHanpyr; 

- 3garaicTb g o po3ciKBaHHa BeiHKHx eHeprifi; 

- cTa6iibHicTb xapaKTepucTHK i cTifiKicTb g o cTapiHHa; 

- BigcyTHicTb cynpoBogKyKHoro cTpyMy n i c i a 3aracaHHa xBHii nepeHanpyru; 

- npocTOTa KOHcTpyKHii Ta BucoKa HagifiHicTb B eKcniyaTaHii; 

- cTifiKicTb g o 3OBHiniHix 3a6pygHeHb i3OiaHifiHoro Kopnycy; 

- 3garaicTb o6MeKcyBaTH BHyTpimHi nepeHanpyru; 

- 3a BHKopucTaHHa noiiMepHoro Kopnycy BucoKa Bu6yxo6e3neHHicTb; 

- Mai i ra6apuTH Ta Bara. 

BuKopucTaHHa O n H Ha n J I HaH6iibm e eKTHBHO B HacTynHHx BunagKax: 

- Ha ogHOMy 3 Ki i gBOKOiOBOi n J J , m o npaKTHHHO noBHicTK 3ano6irae rpo3OBHM 

BHMKHeHHaM ogHOHacHO gBox Km; 

- 3a BucoKoro onopy 3a3eMieHHa onop; 

- Ha BHCOKHX onopax, HanpuKiag, Ha nepexogax Hepe3 BogaHi nepeiincogu. 
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Bu6ip O n H noBHHeH 3gmcHKBaracb 3a BeiunuHOK HOMiHaibHoro po3pagHoro 

cTpyMy Ta nponycKHoi 3gaTHocTi 3a npuKiagaHHa go Hboro npaMoKyTHoro iMnyjibcy 

cTpyMy TpuBaiicTK 2000 MKC i3 BromneHOK nuTOMOK eHeprieK, BigHeceHoK go 

Hafi6iibm TpuBaio gonycTuMoi po6onoi Hanpyru. 

y BunagKax KOIU noTpi6HuH Kiac nponycKHoi 3gaTHocTi He Mome 6yTu 

3a6e3neneHo 3acTocyBaHHaM ogHoro O n H go3BOieHO BuKopucTOByBara napaieibHe 

BcTaHoBieHHa gBox Ta 6iibme OnH. n i g nac 6ygiBHH^TBa Ta peKOHcTpyKiiii 

eieKTpoycTaHoBoK HanpyraMu 35-750 K B g i a ix 3axucTy Big nepeHanpyr noBuHHi 

3acTocoB yBaracb TiibKu OnH. 3aMiHa BP Ha O n H noBuHHa 3giftcHKBaracb 3rigHO 3 

npoeKTaMu. 

n i g nac BcTaHOBieHHa Ha J J E n O n H KpiniaTbca xoMyTaMu go cneniaibHoi 

TpaBepcu a6o BcTaHOBiKKTbca Ha BUHOCHUX KpoHinTeiiHax-TpaBepcax, aKi 

npuKpiniKKTbca go onop, a6o Ha cneniaibHux nioinagKax, 3MOHTOBaHux ycepegum 

onop, a6o Ha o6ropogmeHux cToaKax, po3TamoByBaHux 6e3nocepegHbo 6 i i a onop. ,Hia 

3axucTy iiHiHHoi i3Oianii n J J Big nepeHanpyr 3acTocoByKTbca gBa Tunu OnH: OnH-JJ 

6e3 icKpoBoro npoMbmcy; OnH-JJI i3 3OBHimHiM in . 

3.7 BuKopucTaHHa A n B , aK MeTogy rpo3O3axucTy iiHifi eieiaponepegaBaHHa 

npucTpoi aBTOMaTuHHoro noBTopHoro BKiKneHHa ( A n B ) 3acTocoByKTbca g i a 

mBugKoro BigHOBieHHa muBieHHa cnomuBaniB a6o MimcucTeMHux i 

BHyTpimHbocucTeMHux 3B'a3KiB miaxoM aBTOMaraHHoro BKiKneHHa BuMuKaniB, 

BigKiKneHux npucTpoaMu peieHHoro 3axucTy a6o 3 iHmux npuniH, He noB'a3aHux 3 

OnepaTuBHuM BniuBOM. 

ABTOMaTuHHe noBTopHe BKiKneHHa iiHii ( A n B , O A n B ) npanKBaraMe 

e eKTHBHO y 6 cKaBKO3axHCTi, ocKiibKu nig nac rpo3OBoro BuMKHeHHa B 80-90% 

BunagKiB eieiopuHHa MinmcTb i3Oianii iiHii noBHicTK BigHOBiKeTbca n ic ia 3HaTTa 3 

Hei po6oHoi Hanpyru. BignoBigHO, pe3epBHuM 3aco6oM nigBuineHHa HagiHHocTi Ta 

6e3nepepBHocTi po6oTu J J E n e A n B , OCO6IUBO nmugKogiKHe ( A B ) i ogHo a3He 
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(OAnB) . ABToMaTHHHe noBTopHe BKjiKHeHHa Mo^e yTpuMaTH jiiHiK B po6oTi, ocKijibKH 

BunagKH nomKog^eHHa i3ojiaiiii' Ha onopax gyroK gocuTb pigKicHi. y iiboMy BunagKy 

rpo3oBe nomKog^eHHa He 6yge cynpoBog^cyBaTuca nepepBoK B eneKTponocTanaHHi. 3a 

HeycnimHoro A n B Big6ygeTbca noBHe BHMKHeHHa jiiHii ejieKTponepecHjiaHHa. 

Heo6xigHo 3a3HaHHTH, H O HacTe 3acTocyBaHHa A n B ycKjiagHKe eKcnjiyaTaiiiK 

BHMHKaniB, aKi BHMaraKTb B iiboMy BunagKy no3aneproBoi peBi3ii. 

Koe(iiieHT ycnimHocTi A n B 3a rpo3oBux BigKjiKHeHb, 3a gaHHMH gocBigy 

eKcniyaTaiii, gjia IUJ 110 - 500 K B cTaHoBHTb B cepegHboMy 0,6 - 0,8 , a gjia n J J 750 i 

1150 K B - 0,8 - 0,9. A n B go3Bojiae HacTKoBo KoMneHcyBaTH HH3bKy rpo3ocTifiKicTb 

J J E n aKHio e cKjiagHocTi BcTaHoBjieHHa BignoBigHux 3a3eMjieHb. 
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BlICHOBKH 

y gaHifi po6oTi po3paxoBaHO cucTeMy eieKTponocTanaHHa nexy o6po6KH 

MeTaiy. H a ocHOBi nepei iKy eneKTpoo6nagHaHHa Ta ixHix TexHiHHHx xapaKTepucTHK, 

BHMor g o TexHOiorwHoro nponecy Ta KaTeropii' 3 HagifiHocTi eieKTponocTanaHHa nexy 

6 y i o po3paxoBaHO HaBaHTaKeHHa cnoKHBaqiB 3 ypaxyBaHHaM peKHMiB po6oTH Ta 

Koe inieHTOM BHKopucTaHHa. Ha ocHOBi nux po3paxyHKiB yce HaBaHTaKeHHa nexy 6yio 

po3giieHe Ha rpynu g i a npuegHaHHa go 10-ox CHIOBHX nyHKTiB MapKH nP11 . 

BuKopucTOBy^HH gaHi nonepegHix po3paxyHKiB, 6yio o6paHO KOMneHcyraHHfi npucTpifi 

g i a 36iibmeHHa Koe inieHTa noTyKHocT go GaKcaroro 3HaneHHa B 0,93. 

I3 aHaii3y peKHMiB po6oTH cnoKHBaniB nexy g i a ixHboro eieioponocTaHaHHa 

6yio o6paHO gBa CHIOBHX TpaHc opMaTopH TM-1600/6 Ta oGiagmHHa e^ia'pHOTOi 

HacTHHH nigcTaHnil nexy: cuiOBi ma H, ABP, KOMyTyraH anapara. TaKOK 

TpaHc opMaTopH 6yio nepeBipeHO Ha TepMiHHy gira cTpyMiB K3 Ta po6oTy B nic ia 

aBapifiHOMy peKHMi. y BHnagKy BHxogy 3 i a g y a6o Heo6xigHocTi peMOHTy ogHoro 3 

TpaHc opMaTopiB TM-1600/6 iHmufi 3a6e3nenye HagifiHe eieioponocTaHaHHa Bcix 

cnoKHBaniB nexy y niTaraoMy peKHMi. 

3 MeTora Bu6opy Ka6emB KHBieHHa Ta 3axucHoi anaparypu cnoKHBaniB i 

cuiOBoro nyHKTy ( C n ) po3paxoBaHi: HOMiHaibHi cTpyMH, niKOBi cTpyMH, mo 

BHHHKaraTb n ig Hac BMHKaHHa eieKTpoycTaHOBOK, goBroTpuBai i cTpyMH C n 3 

ypaxyBaHHaM Koe i^ieHTiB BHKopucTaHHa cnoKHBaniB, MimMaibHO Heo6xigHi cTpyMH 

ycTaBOK TeniOBoro i eieiopoMarHiTHoro po3HiniraBaHiB aBTOMaTHHHHx BHMHKaniB. 

n i a H po3MimeHHa CHIOBHX Ka6emB i eneKTpoo6nagHaHHa nexy HaBegeHHfi Ha 

BignoBigHOMy KpecieHHi. 

BuKopucTOByraHH gaHi o6paHHx Ka6eibHHx iiHifi, KOMyTyranoi Ta 3axucHoi 

anapa iypu , a TaKOK gaHi npo noTyKHicTb KopoTKoro 3aMHKaHHa cucTeMH, 6yjio 

npoBegeHO po3paxyHOK peKHMy KopoTKoro 3aMHKaHHa Ta nepeBipKy Ha 3gaTHicTb 

3axucHoi anapa iypu Ta cTpyMonpoBigHHx iiHifi BHTpHMara eieKTpoguHaMiHHy Ta 

TepMiHHy gira cTpyMiB K 3 . 

^ i a KHBieHHa peiefiHoro 3axucTy i KOHTpoibHoi anapaTypu nigcTaHnil 

3M. APK N° MoKyMeHmy mdnuc Mama 

BP 5.6.141.871 
ApK 



po3paxoBaHi i o6pam TpaHc opMaTopH cTpyMy, a TaKOK TpaHc opMaTopH Hanpyru, mo 

3agoBOibHaKTb BHMoraM 3a HOMiHaibHOK HanpyroK Ta BTOPHHHHM HaBaHTaKeHHaM. 

3aco6u 6iHcKaBKO3axHcTy Ta 3a3eMieHHa 6yiH po3paxoBaHi 3rigHO 3 BHMoraMH 

n y E Ta ra6apHTHHMH po3MipaMH 6ygiBii, mo 3axumaeTbca. 

TaKOK B po6oTi 6yiH po3maHyTi Mogeii Ta 3aco6u rpo3O3axucTy iiHifi 

eieKTponepegaBaHHa Kiacy Hanpyru 6 - 35 K B . 
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