
Міністерство освіти і науки України 

Сумський державний університет 

Центр заочної, дистанційної та вечірньої форм навчання 

Кафедра електроенергетики

Робота допущена до захисту 

Зав. кафедри

______________ І. Л. Лебединський

«____ » ______________ 2021 р.

МАГІСТЕРСЬКА РОБОТА
на тему:

«Проектування системи електропостачання 

виробничого цеху ТОВ «Фавор»

Спеціальність: 8 .141- Електроенергетика, електротехніка та електромеханіка

Виконав студент гр. ЕТ.мз -  01с ________________ М.В. Петровський

Керівник к.т.н., ст. викладач ________________ С.М. Лебедка

Консультант

з економічної частини к.е.н, доцент ________________ О.М. Маценко

Нормоконтроль ст. викладач ________________ М.А. Никифоров

Суми-2021



РЕФЕРАТ

с. 126, табл. 12, рис. 14.

Бібліографічний опис: Петровський М.В. Проектування системи 

електропостачання виробничого цеху ТОВ «Фавор» [Текст]: робота на здобуття 

кваліфікаційного ступеня магістра; спец.: 141 -  електроенергетика, електротехніка 

та електромеханіка / М.В. Петровський; керівник С.М. Лебедка. -  Суми: СумДУ, 

2021. -  126 с.

Ключові слова: електропостачання, трансформатор, напруга, силовий 

кабель, автоматичний вимикач;

^лектроснабжение, трансформатор, напряжение, силовой кабель, 

автоматический вьіключатель;

ро^ег зирріу, ІгашГогтег, уоііаде, ро^ег еаЬІе, сігсиії Ьгеакег.

Короткий огляд. Проведено розрахунок силової та освітлювальної мереж 

електропостачання виробничого цеху № 3 ТОВ "Фавор". Розраховано електричне 

навантаження системи електропостачання на 3-х рівнях. Визначено необхідну 

кількість світильників освітлювальної мережі цеху. Здійснено розрахунок 

потужності та обрано трансформатор цехової трансформаторної підстанції. 

Розраховано та обрано перерізи кабелів та проводів силової живильної та 

розподільної мереж, а також освітлювальної мережі цеху. Виконано розрахунок 

струмів трифазного та однофазного короткого замикання в різних точках системи 

електропостачання цеху. Обрано автоматичні вимикачі для захисту електричних 

мереж від надструмів та струмів короткого замикання. Розраховано параметри 

системи грозозахист цеху. Розглянуті підходи щодо визначення коефіцієнтів 

несинусоїдальності напруги. Розглянуто питання охорони праці та проведений 

розрахунок параметрів контуру заземлення для захисту від ураження електричним 

струмом. Виконано порівняльний техніко-економічний аналіз двох варіантів 

освітлення при використанні різних типів світильників.



nEPE^IK YMOBHHX CKOPOHEHb

BH -  BHCOKa Hanpyra;

EA -  eneKTpHHHHH anapaT;

E ^  -  eneKTpogBHryH;

E n  -  eneKTponpHHMan;

K3 -  KopoTKe 3aMHKaHHa;

K Tn -  KOMnneKTHa TpaHC^opMaTopHa nigcTaH^a; 

K n  -  KOMneHcywHHH npncTpifi;

HK -  HH3bKOBonbTHHH KQHgeHcaTop;

HH -  HH3bKa Hanpyra;

MC3 -  MaKCHManbHHH CTpyMQBHH 3axHCT;

M r ^  -  MeTanoranoreHHi naMnn; 

n 3  -  npHCTpifi 3a3eMneHHa; 

n C  -  nigcTaH^a;

n y E  -  npaBHna ynamTyBaHHa eneKTpoy CTaHOBOK; 

P3 -  peneÖHHH 3axncr;

CB -  CTpyMOBa BigcinKa;

C En -  CHCTeMa eneKTponocTanaHHa 

C Pn -  chhobhh po3nogmbHHH nyHKT;

CPffl -  cnnoBa po3nogmbHa ma^a;

T n  -  TpaHC^opMaTopHa nigcTaH^a;

^ P O  -  m.HTQK po3noginbHHH ocBrraroBanbHHÖ; 

^ n  -  ^xoB a TpaHC^opMaTopHa nigcTaH^a.



3MICT

B C T y n ....................................................................................................................................... 7

1. 3ATA.HKHI BIOOMOCTI nPO  m ^nPH C M C TB O .................................................... 9

1.1 Kopotkhh onnc TexHonoriHHHx n p o ^ c iB ................................................................ 9

1.2 3arantHi BigoMocri npo HaBaHTa^eHHA nignpHeMCTBa.........................................10

1.3 3arantHi BigoMOCTi npo ^xoB i HaBaHTa^eHHA....................................................... 10

2. PO3PAXyHOK EHEKTPH^HOrO OCBITHEHHa ^ X y ......................................17

3. PO3PAXyHOK EHEKTPH^HHX HABAHTA^EHB ^ X y .................................. 26

3.1 BroHaneHHA po3paxyHKOBoro cnnoBoro HaBaHTmeHHfl ^ x y  Ha nepmoMy

piBHi eneKTponocTanaHHa................................................................................................. 29

3.2 BroHaneHHA po3paxyHKoBoro cnnoBoro HaBaHTa^eHHa ^ x y  Ha gpyroMy

piBHi eneKTponocTanaHHA..................................................................................................33

3.3 BH3HaneHHa po3paxyHKoBoro cnnoBoro HaBaHTa^eHHa ^ x y  Ha TpeTtoMy

piBHi eneKTponocTanaHHa..................................................................................................39

3.4 Po3paxyHoK HaBaHTa^eHHA 3arantHoro eneKTpHHHoro ocBrraeHHA ^ x y ..........42

4. BHEIP HOMIHA^BHOI nO T y^H O C T I TPAHCOOPMATOPA ^ X O B O I

mOCTAHUn .......................................................................................................................... 50

4.1 Bnöip cnnoBoro TpaHC^opMaTopa gna ^ x y ............................................................ 51

4.2 BH3HaneHHa noTy^HocTi KoHgeHcaTopHHx ycTaHoBoK 3 HoMmantHow

Hanpyrow KoHgeHcaTopiB 0,4 kB .....................................................................................51

5. BHEIP nEPEPI3y nPOBI^HHKIB............................................................................... 53

5.1 Bnöip nepepi3y KaöentHoi giHii' Hanpyrow 10 kB ................................................. 53

5.1.1 Bnöip nepepi3y Kaöenw 3a HopMantHHM pe^HMoM..........................................53

5.1.2 nepeBipKa nepepi3y Kaöenw 3a MaKCHMantHHM pe^HMoM.............................. 55

5.1.3 nepeBipKa nepepi3y Kaöenw 3a TepMiHHow CTiÖKicTW.....................................57

5.2 Bnöip nepepi3y npoBigHHKiB ^HBHntHoi Mepe^i Hanpyrow go 1 kB ................59

MP 5.8.141.291 ü 3
3 m h . ApK. Ns doKyM. nidnuc Mama

Po3po5. nempoßcbKuü M.B.
npoeKm ydaHhm  cucmeMu 

e/ieKmponocmaHüHHn dupoÖHunoeo  

^ e x y  TOB «Q aöop» .  

ÜoRCHKida/bHa 3anucK a

/im. ApK ApKytuiö

KepiÖHUK /eöedKa C.M. 5 126
KoHcy/bm.

CyMßy, ET.M3-01cH. KoHmp. HuKuQopoö M.A.

3aö.Ka$ /leöeduHCbKuü l./l.



5.2.1 Rnöip nepepi3y KaöemB........................................................................................ 59

5.3 Rnöip nepepi3y npoBigHUKib po3noginbHoi Mepe^i Hanpyroro go 1 kB ...........63

6. P03PAXYH0K CTPYMIB KOPOTKOrO 3AMHKAHH3..................................... 67

6.1 Po3paxyHoK CTpyMiB Tpn$a3Horo KopoTKoro 3aMHKaHHA.................................... 68

6.2 Po3paxyHoK CTpyMiB ogHo$a3Horo KopoTKoro 3aMHKaHHA................................... 79

7. BHBLP E^EKTPH^HHX AnAPATIB........................................................................... 83

7.1 Rnöip aBTOMaTHHHHx BHMHKaniB.............................................................................. 84

7.2 Rnöip aBToMaTiB ^HBHnbHoi Ta po3noginbHoi Mepe^i ^ x y ................................. 88

7.3 Rnöip pyönnbHHKiB......................................................................................................92

7.4 Y3rog^eHHa BHÖpaHoro nepepi3y npoBigHHKiB eneKTpHHHoi Mepe^i 3

BHÖpaHHMH anapaTaMH 3axncTy.......................................................................................94

8. PO3PAXYHOK rPO3O3AXHCTY ^ X Y ...................................................................97

9. HAYKOBA ^ACTHHA. RH3HA^EHH£ KOF.OITTIF.HTIR

HECHHYCOIAA.nEHOCTI................................................................................................100

10. OXOPOHA n P A ^ ....................................................................................................... 104

10.1 AHani3 Heöe3neHHHx Ta mKignHBHx bhpoöhhhhx ^aKTopiB............................. 104

10.1.1 MkpoKmMaT....................................................................................................... 104

10.1.2 CryniHb no^e^Hoi 6e3neKH Ta BHÖyxoHe6e3neHHocTi.................................105

10.1.3 He6e3neKa ypa^eHHa eneKTpHHHHM CTpyMoM oöcnyroByronoro

nepcoHany....................................................................................................................... 105

10.2 Po3paxyHoK 3a3eMnwwnoro KoHTypy ^ x y ......................................................... 106

11. EKOHOMRHHH AHA.HI3 RAPIAHTIR O C R FO E H ™  ^ X Y .......................113

BHCHOBKH..........................................................................................................................119

CnHCOK ^ITEPATYPH.................................................................................................... 121

AOAATOK A. r a A H  PO3MimFHHM E-HEKTPH^HOI M EPE^I ^ X Y .............. 123

AOAATOK E. OAHO^IHIHHA CXEMA ^ H R ^ E H ™  O E ^A ^H A H ™  ^ X Y . .  124 

AOAATOK R. E^EKTPH^HA ^PH H ^H ^O R A  CXEMA CHHOROI M E PE^I ... 125 

AOAATOK r .  CXEMA OCRIT^TORA^EHOI M E PE^I ^ X Y ................................126

MP 5.8.141.291 Ü3
ApK.

6
3 m h . Apxyw Ng doKyM. nidnuc Mama



BCTyn

EaeKTpuaHa eHepria 3acTocoByeTbca y öaraTbox raay3ax HapogHoro 

rocnogapcTBa, ocoöauBo gaa pi3Hux eaeKTpoTexHoaoriaHux ycTaHOBOK. B yMOBax 

6e3nepepBHoro po3BuTKy npoMucaoBocT yKpaiHu 3'aBaawTbca HOBi nignpueMcTBa, aKi 

BHOcaTt CBifi BKaag y 3ÖiabmeHHa 3araabHogep:«:aBHoro eHeprocno^uBaHHa. Caig 

TaKO^ 3ayBa^HTH, rn,o 3i 3ÖiabmeHHaM aucaa oö'eKTiB eHeprocno^MBaHHa, 

po3mupweTbca rn,iabmcTb reorpa^iaHoro po3TamyBaHHa cno^uBaaiB eaeKTpuaHoi 

eHeprii. y  3B'a3Ky i3 ^HM yce öiabme 3'aBaaeTbca noTpeöa b npoeKTyBaHHi 

eaeKTponocTaaaHHa hobux oö'eKTiB, po3mupeHHi icHywaux Mepe®: i b cTBopeHHi hobux. 

3pocTawaa KiabKicTb oö'eKTiB eHeprocno^MBaHHa Bege go 3pocTaHHa noTy^HocTeö, rn,o 

nepegawTbca no eaeKTpuaHux Mepe^ax.

n ig  cucTeMow eaeKTponocTaaaHHa po3yMiwTb cyKynHicTb eaeKTpoycTaHoBoK 

gaa 3aöe3neaeHHa cno^uBaaiB eaeKTpoeHepriew. n p u  ^oM y eaeKTpoycTaHoBKaMu 

Ha3HBawTb cyKynHicTb eaeKTpuaHux MamuH, anapaTiB, arnia eaeKTponepegaa i 

gogaTKoBoro oöaagHaHHa (pa3oM 3i öygiBaaMu Ta npuMim,eHHaMu, y aKux bohu 

po3Mi^ern), ^ o  npu3Haaem gaa BupoÖHu^TBa, nepeTBopeHHa, TpaHC^opMagii, 

nepegaai h po3nogiay eaeKTpuaHoi eHeprii [1].

CncTeMH eaeKTponocTaaaHHa npoMucaoBux nignpueMcTB cTBopwwTbca gaa 

3aöe3neaeHHa ^HBaeHHa eaeKTpoeHepriew npuÖMaaiB eaeKTpuaHoi eHeprii, go aKux 

Haae^aTb eaeKTpogBuryHu pi3Hux MamuH i MexaHi3MiB, eaeKTpuarn neai, eaeKTpoai3Hi 

ycTaHoBKH, anapaTH h MamuHH gaa eaeKTpuaHoro 3BapwBaHHa, ocBiTawBaabHi 

ycTaHoBKH h iHmi npoMucaoBi npuÖMaai.

y  Ham aac öiabmicTb cno^uBaaiB ogep^ye eaeKTpuaHy eHepriw Big 

eHeprocucTeM.

3 po3butkom eaeKTpocno^MBaHHa ycKaagHWWTbca h cucTeMu 

eaeKTponocTaaaHHa npoMucaoBux nignpueMcTB. y  hux BKawaawTbca Mepe^i bucokux 

Hanpyr, po3nogiabHi Mepe^i. BuHuKae HeoöxigHicTb BnpoBag^yBara aBToMaTroagiw 

cucTeM eaeKTponocTaaaHHa npoMucaoBux nignpueMcTB i BupoÖHuaux npo^ciB, a 

TaKo^; 3gmcHWBaTu aKTuBHy poöoTy 3 eKoHoMii eaeKTpuaHoi eHeprii h nigBum,eHHa
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e^eKTHBHOdi poöora eaeKTpoycTaHoBoK.

Cno^HBaai eaeKTpoeHeprii MaroTb CBoi c^e^H$iHHi ocoöaHBocTi, hhm i 

oöyMoBaeHi BH3Haaem BHMorn go ixHboro eaeKTponocTaaaHHa -  HagiÖHicTb ^HBaeHHa, 

aKicTb eaeKTpoeHeprii, pe3epByBaHHa, eKOHOMiHHicTb, 3axncT oKpeMHx eaeMemiB, 

6e3neKa Ta 3pyHHicTb b eKcnayara^i. n p a  npoeKTyBaHHi, cnopyg^eHHi Ta eKcnayara^i 

CHCTeM eaeKTponocTaaaHHa npoMHcaoBHx mgnpneMCTB HeoöxigHo npaBHabHo b 

TexHiKo-eKoHoMiHHoMy acneKTi 3gmcHroBara BHÖip Hanpyra, BH3Haaara eaeKTpnam 

HaBaHTa^eHHa, ancao i noTy^HicTb TpaHC^opMaropHHx nigcTaH^H i iH.

OgHHM 3 Ba^aHBHx nHTaHb npn npoeKTyBaHHi cncTeM eaeKTponocTaaaHHa e 

gocHTb ToHHe BH3HaaeHHa po3paxyHKoBHx HaBaHTa^eHb.

BeaHHHHa po3paxyHKoBoro HaBaHTa^eHHa BH3Haaae BHÖip ycix CTpyMoBegyanx 

eaeMeHTiB cncTeMH eaeKTponocTaaaHHa, BoHa HeoöxigHa gaa BHÖopy cnaoBHx Ta 

ocBiTawBaabHHx TpaHc^opMaropiB, KaöeabHoi ^HBHabHoi Ta po3nogiabHoi Mepe^, 

KoMyTa^HHoi anaparypn Ta KoMneHcyroanx npncTpoiB, a TaKo^; gaa po3paxyHKy BTpaT 

noTy^HocTi Ha giaaHKax Mepe^i.
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1. 3ArA^bHI BI^OMOCTI nPO m^nPHGMCTBO
1.1 Kopotkhh onuc TexHoaoriHHHx npo^ciB

nignpHGMCTBO TOB "OaBop" Mae y CBoeMy CKaagi agMirncTpaTHBHHH Kopnyc, 3 

bhpoöhhhhx ^ xh gaa BHroToBaeHHa naKyBaabHoi npogyw i, ii aaKyBaHHa Ta 

aiTorpa^ii, CKaag Ta KoTeabHW.

BnpoÖHHHa 6a3a CKaagaeTbca 3 gBonoBepxoBoi agMirncTpaTHBHoi öygiBai, ge 

3HaxogHTbca ynpaBaiHHa, öyxraaTepia, Biggia KagpiB Ta iHmi agMimcTpaTHBHi Ta 

noöyTOBi npHMirn,eHHa.

Ha TepHTopiw nignpneMCTBa nocTaBaaeTbca hhctobhh MeTaa gaa BHroToBaeHHa 

öiabme 85 BHgiB naKyBaabHoi Tapn gaa xapnoBoi, Ha^ToxiMiHHoi, aaKo^apöyBaabHoi 

n p o g y w i Ta npogyKgii' gaa arponpoMHcaoBoro ceKTopy . Bei ^ xh yKoMnaeKToBaHi 

cynacHHM eHeproe^eKTHBHHM Ta HagiÖHHM oöaagHaHHa iHo3eMHoro BHpoÖHH^TBa: 

Soudronic (fflBe^apia), Blema (HiMeHHHHa), Bonfiglioli (Iraaia), Clevertech (iTaaia), 

KBA (HiMeHHHHa).

Ha TepHTopii nignpneMCTBa 3HaxogHTtca bhpoöhhhhh ^ x  N  1, rn,o 

po3TamoBaHHH b oKpeMoMy npHMim,eHHi. B ^ x y  BCTaHoBaeHi aiHii gaa BHroToBaeHHa 

MeTaaeBoi naKyBaabHoi Tapn gaa xapHoBoi npogyw i.

Ha TepHTopii BHpoÖHHHoi 6a3H b oKpeMoMy npHMim,eHrn 3HaxogHTtca ^ x  N 2, 

ge BigöyBaeTbca BHroToBaeHHa 3 ancroBoro MeTaay Kpyraoi Ta npaMoKyTHoi 

naKyBaabHoi Tapn gaa xiMiHHoi n p o g y w i (aaKiB, $apö, n p o g y w i gaa 

arponpoMHcaoBoro KoMnaeKcy).

y  BHpoÖHHHoMy ^ x y  N 3 , rn,o po3raagaeTbca y MaricTepcbKiö poöoTi 

BCTaHoBaeHHa aiHia 3 BHroToBaeHHa aepo3oabHHx öaaomB Ta noTy^Ha 4-KoaipHa aiHia 

aiTorpa^ii Ta aaKyBaHHa ^ecTi.

OcBiTaeHHa b ^ x y  npnpogHe Ta mTyHHe, rn,o BHKoHaHe 3 BHKopncTaHHaM 

MeTaaoraaoreHHHx aaMn ( M O )
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1.2 3araabHi BigoMocTi npo HaBaHTâ eHHH nignpHGMCTBa

^HBaeHHa npoMHcnoBoro nignpneMCTBa TOB "OaBop" BigöyBaeTbca Big 

n C  "XoTiHt" 35/10 kB (KOMipKa N°13 10 kB ). Tepmopia BHpoÖHHnoi 6a3H 3aÖMae 

naorny öarobKo 3,5 ra.

3araabHa npnegHaHa noTy^HiCTt BHpoÖHHaoi 6a3H craHOBHTb 1200 kBt, 

go3BoaeHa noTy^HiCTt -  900 kBt.

Ha öaaaHci nignpneMCTBa 3HaxogHTbca 4 noHH^yBaabHHx TpaHc^opMaTopn 

10/0,4 kB 3 hhx 3 TpaHc^opMaTopn noTy^HiCTW 400 kBA, a ogHH noTy^HiCTW 

250 kBA, rn,o po3TamoBam Ha TepHTopii BHpoÖHHaoi 6a3H. ^OB^HHa KaöeabHHx arnin 

^HBaeHHa 10 kB cKaagae 70 Ta 90 m.

n o  CTyneHW HagifiHocTi eaeKTponocTaaaHHa öiabmicTb eaeKTponpnfiMaaiB 

3aBogy Haae^HTb go cno^HBaaiB II Ta III KaTeropii. EaeKTponpnfiMaai HacocHoi cTaH^i 

no^e^oraciHHa, a TaKo^; aBapifiHoi BeHTHaa^i Haae^aTb go cno^HBaaiB I KaTeropii.

TaK aK eaeKTponpnfiMaai nignpneMCTBa Haae^aTb go II KaTeropii 3 HagifiHocTi 

eaeKTponocTaaaHHa, ^HBaeHHa oö’eKTiB go3BoaaeTbca 3gificHWBaTH no 

ogHO^aH^w^OBHM aiHiaM eaeKTponepegaa Big ogHo- Ta gBoTpaHc^opMaTopHHx n C  6e3 

B3aeMHoro pe3epByBaHHa aK no CTopoHi BH, TaK i no CTopom HH.

reHepanbHHH naaH 3 po3Mirn,eHHaM cno^HBaaiB Ha TepHTopii nignpneMCTBa 

noKa3aHHH Ha pnc. 1.1.

1.3 3araabHi BigoMOCTi npo ^xoBi HaeaHTaweHHH

3rigHo 3aBgaHHa Ha MaricTepcbKy poöoTy oö’gktom npoeKTyBaHHa BH3HaaeHo 

npuMimeHHa BHpoÖHHaoro ^ x y  N°3 nignpneMCTBa TOB "OaBop" 3 BHroTOBaeHHa 

naKyBaabHoi npogyw i.

Po3raaHeMo öiabm geTaabHo BigoMocTi npo eaeKTpocno^HBaaiB ^ x y , 

c^e^H$iKy poöoTH Ta TexHoaoriro ^ x y ,  a TaKo^; ^xoB i HaBaHTa^eHHa.

B ^ x y  3HaxogaTbca gBi aiHii: aiHia 3 BHpoÖHH^rea aepo3oabHHx öaaomB Ta aiHia 

aiTorpa^ii ^ecTi.
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T o hkq  

niäßoäy 
wußfleHHH 1

PncyHOK 1.1 -  reHepantHHH naaH nignpneMCTBa TOB "Oaßop"
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MeTaaeBa ynaKOBKa gaa aepo3oaiB e BignoBigaabHHM cerMeHTOM BHpoöHH^TBa. 

^aHa n p o g y w a noBHHHa BHTpHMyBara gocHTb bhcokhh thck: 12; 15; 18 Eap. ToMy 

gaa BHroTOBaeHHa aepo3oabHoi ynaKoBKH 3acTOCOByeTtca cyaacHe Ta

BHCOKonpogyKTHBHe oöaagHaHHa, a 3 MeToro KoHTpoaro THcKy npoBogaTtca BignoBigHi 

BHnpoöyBaHHa Ha cne^aai3oBaHoMy oöaagHaHHi.

.Hirna 3 BHroTOBaeHHa aepo3oatHoi ynaKoBKH noaHHaeTbca 3 ycTaHOBKH 

aBTOMaTHHHoi noB3goB^Hbo-nonepeaHoi pi3KH Duplex Slitter Cepac 110 MK2 CAR 

(Cepac Soudronic Group) noTy^HicTro 5 kBt, rn,o nproHaaeHa gaa noB3goB^Htoi Ta 

nonepeaHoi Hapi3KH ancriB MeTaay tob^ hhow go 0,4 mm.

ABTOMaraHHa MamHHa gaa 3BapKH Kopnycy aepo3oabHoro öaaoHy Soundric AFB 

115 (CSG) noTy^HicTro 7 kBt nproHaaeHa gaa 6e3nepepBHoi 3BapKH ^HaiHgpiB 

öaaoHiB.

ABToMaTHHHHH TpaHcnopTep gaa nepeMirn,eHHa 3aroTOBKH öaaoHa Cepac (CSG) 

noTy^HicTro 0,5 kBt Ta cTpiaKoBo-naacTHHaacTHH KoHBeep C.M.M. (Mecta) 

noTy^HicTro 0,5 kBt 3’egHyroTb 3BaproBaabHy MamuHy i3 3aBaab^BoaHoro MamHHoro.

ABToMaTHHHa gBocTopoHHa MamHHa gaa 3önpaHHa i 3aBaab^ByBaHHa öaaoHa 

Lanico BF2 80 AE noTy^HicTro 4,5 kBt npH3HaaeHa gaa 3 3aBaab^ByBaHHa ropaeaKa 

Ta gHa Ha ^HaiHgp öaaoHa 3 aBTOMaraaHoro nogaaero 3aroToBoK Ta BHKHgoM roToBoro 

öaaoHa Ha TpaHcnopTep.

ABTOMaraaHa cncTeMa TpaHcnopTyBaHHa öaaoHa C.M.M. (Mecta) noTy^HicTro 

0,5 kBt 3’egHye 3aBaab^ByBaabHy MamHHy 3 TecTepoM repMeTHaHocTi.

TecTep repMeTHaHocTi roToBoro aepo3oabHoro öaaoHa Bonfiglioli KBA-07216 

SX (Bonfiglioli Engineering S.r.L.) noTy^HicTro 5 kBt nproHaaeHHH gaa nepeBipKH 

repMeTHaHocTi öaaoHa b aBToMaTHaHoMy pe^HMi gaa aöcoaroTHoro KoHTpoaro aKocTi 

npogyw i.

ABToMaTHaHa cncTeMa TpaHcnopTyBaHHa öaaoHa C.M.M. (Mecta) noTy^HicTro 

0,5 kBt nepeMirnye roToBy npogyw ro b 3oHy ynaKoBKH.

KpiM Toro b ^ x y  3HaxogHTbca aiHia aiTorpa^yBaHHa ^ecTi, rn,o 3gificHroeTbca Ha 

noTy^Hifi aoTHpHKoaipHifi aiHii KBA -  MetalPrint. ^iTorpa^yBaHHa ®;epcTi -  ^  

öaraTocTyniHaacTHH n p o ^ c  HaHeceHHa Ha öiay ^epcTb MaaroHKa, aKHH 3aMiHroe
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nanepoBy eTHKeTKy.

nepmHM eneKTponpHHManeM niHii nirorpa^yBaHHa e mBHgKicHHH nogaBan 

nHCTiB (0,1 mm) DriveTronic noTy^HicTW 0,5 kBt, rn,o 3gificHwe nnaBHHH i 

6e3nepepBHHH nigfioM CTonKH MeTaneBHx nncTiB gna rapaHTyBaHHa nocTiHHoi bhcoth 

ix 3HaTTa.

CncTeMa npHBogKH KunziMatic noTy^HicTW 0,5 kBt npH3HaneHa gna TonHoro 

BHpiBHWBaHHa nncTiB ^ecTi Ta ix nogani Big Bxogy go nepmoro ^HniHgpy gna gpyKy 3 

gonoMorow öapaöarn.

^ani cnigye cKnagHa cncTeMa gpyKy, ^ o  CKaagaeTtca 3 neprn ^apöyBanbHHx 

anapaTiB, anapaTiB ohhctkh, aBToMaTHHHHx 3MiHWBaniB $opM Ta npoMi^HHx 

ynbTpa^ioneTOBHx ocymyBaniB (gani -  YO-ocymyBaniB).

CncTeMa ^apöyBanbHHx anapaTiB noTy^HicTW 4,0 kBt ko^ sh 3aöe3nenywTb 

noneproBe HaHeceHHa mapy ^apön oöpaHoro Konbopy, aKnn BHcymywTb mnaxoM 

nponycKaHHa nncTa MeTany nepe3 npoMmHHH YO-ocymyBan 3 noTy^HicTW 

BnnpoMiHWBaHHa naMnn 160 Bt/cm. YO-ocymyBan MicTHTb b CBoeMy CKnagi 

pe^neKTop, ^ o  ogHonacHo BHKoHye $yH ^iw  oxonog^yBana 3 MeTow BigBegeHHa 

HagnnmKoBoro Tenna, rn,o BHHHKae b n p o ^ c i cymKH ^apön.

Ko^eH Mogynb ^apöyBanbHoro anapaTy oönagHaHnn oKpeMHMH anapaTaMH 

ohhctkh o^ceTHHx nonoTeH, noTy^HicTW 3,5 kBt, a TaKo^; aBToMaTHHHHMH 

3MiHWBanaMH $opM noTy^HicTW 5,0 kBt. Ko^eH 3 ^Hx eneKTponpHHManiB oönagHaHHH 

oKpeMHM eneKTponpHBogoM, rn,o go3Bonae 3oKpeMa 3giöcHWBaTH ogHonacHe onmneHHa 

HaKaTHHx ^apöyBanbHHx BanHKiB, o^ceraoro nonoTHa hh gpyKyBanbHoro ^HniHgpa, a 

TaKo^; 3gificHWBaTH napanenbHi nigroToBni n p o ^ cn  b aKocTi ochobh HagmBHgKicHoi 

nigroToBKH.

AHinoKcoBa naKyBanbHa MamHHa noTy^HicTW 6,0 kBt BHKoHye noKpHTTa naKoM 

roToBoro no^apöoBaHoro nncTa MeTany.

3 nynbTa ynpaBniHHa ErgoTronic Ha 6a3i Windows 3gificHweTbca ^mpani3oBaHe 

ynpaBniHHa BciM npo^coM  gpyKy. 3 gonoMorow oönagHaHHa noTy^HicTW 2 kBt 

Mo^Ha 3gificHWBaTH HacTynHi onepa^i: 3ÖepiraHHa Bcix napaMeTpiB gpyKy, gna 

noBTopHoro BHKoHaHHa poöiT, gncTam,iHHe KepyBaHHa npHBogoM, ynpaBniHHa
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nepH^epiÖHHMH CHCTeMaMH, a TaKo^ BHBig Ha gHcnneö npoÖHHx 3oöpa«:eHt.

CHCTeMa DensiTronic Professional noTy^HiCTW 2,0 kBt -  ^  CHCTeMa 

BHMipwBaHHa gna onepaTHBHoro KoHTponw aKocri gpyKy. Mae oKpeMHH iHTep^eöc gna 

nepegani gaHHx npo n p o ^ c  gpyKy b npec gna nonepegHtoi ycTaHOBKH MogyniB $apÖH. 

Tarn«: CHCTeMa oönagHaHa gaTHHKaMH, rn,o 3garai BHMipwBaTH iHTeHCHBHiCTt Kontopy 

b KornponbHHx nonocax 3 nogantmHM po3paxyHKoM KoperyBaHt Ta nepeganew ix b 

Mogynt gna gpyKy.

OiHimHHH YO-ocymyBan oönagHaHHH naMnow noTy^HiCTW 160 Bt/cm gna 

KoHTpontHoro 3aKpinneHHa $apÖH Ta naKy Ha noBepxHi.

CHCTeMa ynpaBHiHHa HHCTaMH SMS noTy^HiCTW 4,5 kBt nproHaneHa gna oraagy 

HagpyKoBaHHx HHCTiB, ix noBTopHoi BCTaBKH, a Taxo^; BHnyneHHa öpaKoBaHoi 

npogy^ii.

MogyntHHH mTaöenep noTy^HiCTW 5,5 kBt BHKoHye $yH ^iw  yKnagaHHa Ta 

HaKonnneHHa HHCTiB, a nigBiCHi CHCTeMH TpaHcnopTyBaHHa 3aöe3nenywTt 6e3nenHe 

mTaöenwBaHHa roToBoi npogyw i.

Po3MimeHHa oönagHaHHa b ^ x y  noKa3aHe Ha pnc. 1.2, cnncoK oönagHaHHa Ta 

geaKi po3paxyHKoBi Koe^i^eHTH HaBegeHi b Taön. 1.1.
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T aö n n ^  1.1 -  noTy^mcTb Ta geaKi po3paxyHKOBi KOe^^ieHTH

eneKTpocno^HBaniB ^ x y

n/n
HaÖMeHyBaHHfl

eneKTponpHHMana MapKa E n
HOMiHaHbHa
nOTy^HicTb,

kBt

KiHbKicTb 
E n , mT. cosy kg

1
ABTOMaTHHHa yCTaHOBKa 

noB3goB^Hbo-nonepeHHoi 
pi3KH

Duplex 
Slitter 

Cepac 110 
MK2

5,0 1 0,72 0,8

2
ABTOMaTHHHa MamHHa 

gna 3BapKH Kopnycy 
aepo3onbHoro öanoHy

Soundric 
AFB 115 7,0 1 0,74 0,82

3 TpaHcnopTep Cepac 0,5 1 0,75 0,8

4,6,8 CrpiHKOBO-
nnacTHHHacTHH KOHBeep

C.M.M.
(Mecta) 0,5 3 0,75 0,8

5

ABTOMaTHHHa 
gBOCTopoHHa MamHHa gna 
3ÖipKH i 3aBaHb^ByBaHHa

öanoHa

Lanico BF2 
80 AE 4,5 1 0,86 0,81

7 TecTep repMeTHHHOCTi 
aepo3OHbHoro öanoHa

Bonfiglioli
KBA-07216 5,0 1 0,8 0,78

9 fflBHgKicHHH nogaBaH 
HHCTiB DriveTronic 0,5 1 0,7 0,78

10 CncTeMa npHBogKH KunziMatic 0,5 1 0,7 0,76
11­
14 OapöyBanbHHH anapaT KBA 4,0 4 0,8 0,65

15­
18

CncTeMa ohhctkh 
o^ceTHHx nonoTeH CleanTronik 3,5 4 0,79 0,6

19­
22

ABTOMaTHHHHH 3MiHMBaH 
^OPMH

DriveTronik
SPC 5,0 4 0,8 0,65

23­
26

npOMi^HHH YO- 
ocymyBaH KBA 16 4 0,8 1,0

27 AHiHOKCOBa naKyBanbHa 
MamHHa

Metal Star 3 
(KBA) 6,0 1 0,75 0,78

28,32 TpaHcnopTep KBA 0,5 2 0,7 0,78
29 OiHimHHH yO-ocymyBaH KBA 16 1 0,8 1,0
30 nynbT ynpaBHiHHa ErgoTronik 2,0 1 0,88 1,0

31 CncTeMa KOHTponw aKOCTi 
gpyKy

DensiTronik
Professional 2,0 1 0,87 1,0

33 SMS-cncTeMa ynpaBniHHa 
HHCTaMH KBA 4,5 1 0,81 0,78

34 MOgyabHHH mTaöenep KBA 5,5 1 0,8 0,78
35,36 BeHTHHaTOp BHTa^HHH 2,0 2 0,8 1,0
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2. P03PÄXYH0K E^EKTPHHHOrO OCBITAEHHA ^EXy

EaeKTpuaHe ocBiTaeHHa BupoÖHuaux npuMirn,eHb e 3araabHuM piBHoMipHuM i 

BHKOHyeTbCa CBiTHnbHHKaMH, aKi p03n0ginaWTb piBHOMipHO Mm OKpeMHMH $a3aMH 

Tpu$a3Hoi eaeKTpuaHoi Mepe:m. ToMy eaeKTpuaHe ocBiTaeHHa MO^Ha po3raagaru aK 

Tpu$a3He HaBaHTa^eHHa.

Po3paxyHKOBe HaBaHTmeHHa 3araabHoro eaeKTpuaHoro ocBiTaeHHa ^ x y  

BH3HanaeTbca MeTogoM Koe^i^eHTa nonm y [1-4]. ^ a a  ^ o r o  caig po3paxyBaru 

BCTaHOBaeHe (HoMiHaabHe) HaBaHTa^eHHa 3araabHoro ocBiTaeHHa ^ x y  Pycmo, aKe

BH3HanaeTbca cBiTaoTexHiaHuM po3paxyHKoM 3a gonoMororo MeToga K oe^^iem a 

BHKopncTaHHa cBnaoBoro noToKy aöo 3a gonoMororo cne^aai3oBaHoro nporpaMHoro 

3aöe3neaeHHa.

Po3paxoByeMo ocBiTaroBaabHy ycTaHoBKy b npuMimeHHi, po3Mipu aKoro 

CTaHoBaaTb: goB^HHa -  A = 48,0 m, mupuHa. -  B = 22,0 m, BucoTa -  H  = 4,2 m.

y  npuMimeHHi ^ x y  npoeKToM nepegöaaaeMo TexHoaoriaHe ocBiTaeHHa 3a 

gonoMororo aKoro 3aöe3neayeTbca HopMoBaHa ocBrraemcTb Ha poöoaux M ic^x.

BpaxoByroau CBrraoTexmnm xapaKTepucTUKu Ta eKoHoMiaHicTb icHyroaux 

g^epea cBiTaa Ta 3rigHo peKoMeHga^ö giroaux HopMaTUBHux aKTiB y raay3i 

öygiBHu^rea, BuKopucToByeMo MeTaaoraaoreHHi aaMnu.

^ a a  ocBiTaeHHa BupoÖHuaoro npuMirn,eHHa npuÖMaeMo cucTeMy 3araabHoro 

piBHoMipHoro ocBiTaeHHa (Tun KpuBoi cuau cBiTaa cBiTuabHuKiB -  ^).

BpaxoByroau yMoBu HaBKoaumHboro cepegoBurn,a npoeKToBaHoro npuMirn,eHHa, 

KopucTyroaucb KaTaaoroM BupoÖHuKa BaTpa oöupaeMo cBiTuabHuK 3 

MeTaaoraaoreHHuMu aaMnaMu Tuny rcn04B -250  [5].

BeauauHy HopMoBaHoi ocBnaeHocTi gaa ^ x y  3aae^Ho Big npu3HaaeHHa 

BupoÖHuaoro npuMirn,eHHa Ta Tuny npuÖHaToro g^epeaa cBiTaa oöupaeMo 3a 

^EH  B.2.5-28-2018 [6]. HopMoBaHe 3HaaeHHa ocBiTaeHHa gaa BupoÖHuaoro

npuMi^eHHa npu 3araabHoMy ocBiTaeHHi Ta BuKopucTaHHi ra3opo3pagHux aaMn 

cKaagae 300 aK.

n p u  npoeKTyBaHHi eaeKTpoocBiTaroBaabHux ycTaHoBoK BpaxoByeMo, rn,o aucao,
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po3Mirn,eHHa i cnociö ycTaHOBKH CBiTHntHMKiB noBHHHi 3aöe3nenyBaTH HopMOBaHi piBHi 

ocBrraeHHa npn HaÖMeHmnx npHBegeHHx 3aTpaTax, M epe:a eneKTpHHHoro ocBrraeHHa 

noBHHHa MaTH HaHMeHmy goB:HHy i öyra 3pyHHoro y MOHTa:i rngycTpianbHHM 

MeTogoM.

3rigHO nY E [1] MirnManbHa BHCOTa nigBicy CBiTHHbHHKa CTaHOBHTb 

hcmin = 2,5 m, npHHMacMO BHCOTy nigBicy CBiTHHbHHKa H  = 4,2 m.

BH3HanaeMO BigcTaHb Mm: CBiraabHHKaMH b eneMeHTapHOMy noni 3a ^opMynoro:

L = h -X„, (2.1)

ge h -  po3paxyHKOBa BHCOTa Big yMOBHoi poöonoi noBepxHi go CBiraabHHKa, m;

Ac -  BigHOCHa BigcTaHb M i: CBiraabHHKaMH, rn,o BH3Hanae HaÖBHrigHimy 

BigcTaHb M i: CBiraabHHKaMH gna CTBopeHHa Haöömbm piBHOMipHoro ocBrraeHHa. 

Po3paxyHKOBa BHCOTa BH3HanaeTbca 3a BHpa3OM:

h = H -  hc -  hp , (2.2)

ge hc -  BigcTaHb Big CBiranbHHKa go nepeKpHTTa (3bhc), npHHMaeMO hc = 0 m;

h -  po3paxyHKOBa BHCOTa CBrranbHHKiB Hag poöonoro noBepxHero, h = 0,8 m; 

npHHMaeMO gna CBiTHHbHHKiB 3 KpHBOW CHHH CBiraa THny ^  Ac = 1,4 [7].

h = H  -  hc -  hp = 4,2 -  0 -  0,8 = 3,4 M,
L = 3,4 -1,4 = 4,76 m.

BHKopncTOBywHH po3Mip eneMeHTapHoro CBiraoBoro nona, BH3HanaeTbca 

po3Mi^eHHa CBiTHHbHHKiB y npuMimeHHi.

BH3HanaeMO KiabKicTb pagiB CBrranbHHKiB NB 3a BHpa3OM:

B -  21 B 1
N  = ---------+1 = — i— , (2.3)B L L 3 ’ ( )

ge B -  mnpHHa npHMimeHHa, m;
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22 1N  = ------- + -  = 4.95 fflT.
B 4,76 3

npHHMaeMO Nb = 5 pagiB CBiraabHHKiB.

BH3HanaeMO KiabKiCTb CBiTHHbHHKiB y pagi 3i cniBBigHoffleHHa:

A -  21 , A 1 „
N a = --------+1 = -  + - ,  (2.4)

A L L 3

ge A -  goB^HHa npuMimeHHa, m;

N a = - 4 8 - + -  = 10,41 fflT.
A 4,76 3

npHHMaeMO Na = 10 CBiTHHbHHKiB y pagi.

3araabHa KiabKiCTb CBiTHHbHHKiB CTaHOBHTb

N  = N  ■ N , (2.5)

N  = 5 -10 = 50 fflT.

Po3paxoByeMO Koe^^ieHT BHKopncTaHHa CBrraoBoro noTOKy v 3a ^opMynoro:

l = l c  - V n  ,  (26)

ge v c -  KKA CBiTHHbHHKa 67% (Texmum xapaKTepncTHKH CBiraabHHKa rc n 0 4 B  3

MeTaaoraaoreHHOW naMnoro HPI Plus);

Vn -  KK^ npHMi^eHHa. 3aae^HTb Big THny CBiTHHbHHKa (Horo KK^ i KpHBOi 

chhh CBrraa), Koe^^iemiB BigÖHTTa creai p cm, CTiH p c, poöouoi noBepxHi p p

npHMi^eHHa, a TaKO^ Big mgeKcy npHMirn,eHHa i, rn,o BpaxoBye cniBBigHOffleHHa nnorn,i 

npuMimeHHa, bhcoth i Horo $opMH:

BH3HauaeMo iHgeKC npHMirn,eHHa:
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i = A ' B  , (2.7)
h(A + B)

48-22
i = ------------------= 4,44.

3 ,4-(48+  22)

BH3HanaeM0 3 [7] (Taöji. 8.1) 3HaneHHa KK/1 npHMimeHHfl npn

p cm = 7°; Pc = 5°; p P = 1°;

7„1 = 0,78; h =3;

Tjn2 — 0?85, i2 — 5,

^  = '/„i + ^ -7 L '( '/„ 2 - '7,1) =0,83;

/ ;=  0,67 0,83 = 0.556

BH3HanaeMO CBrraoBHii noTiK jiaMnn, HeoöxiAHHH ajiä 3a6e3neHeHHa 3aaaHo! 

MmiManbHoi ocBiTjieHOCTi:

0 A = E ' ^ z 'k ,jiu (2.8)
N  • 7]

Ae E -  HopMOBaHe 3HaneHHa ocBiTjieHOCTi;

S -  naoma poöoHoi noßepxHi;

z -  KoecJniiieHT MmiMajibHoi ocBiTjieHOCTi. 3HaneHHa z ajiä ocBiTjnoBajibHHx 

ycTaHOBOK, y akhx MO>KHa He BpaxoByBaTH 3areMHeHHA yCTaTKybahha m poöohhx Micu,b, 

3ajie>KHTb bIa BiAHomeHHa L/h. /Ijhi tohkobhx A>xepe.n CBiTjia peKOMeHAyeTbca z = 1,15.

k  -  Koecj)iu,ieHT 3anacy, akhh BpaxoBye 3HH>KeHHfl ocBiTjieHOCTi b npou,eci 

eKcnjiyaraiui b pe3yjibTaTi 3MeHHiemBi CBrraoBoro noTOKy A>xepejia CBiTjia b npou,eci 

ropiHHa, 3HH>KeHH« KK/1 CBiTHjibHHKiB Ta y pe3yjibTari 3a6pyAHeHHa noßepxoHb 

npHMimeHHa:

^  300-48-22-1,15-1,5 i n _
0  = ----------------- --------— = 19657 JiM.

* 50-0,556
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BHKopncTOBywHH KaTaaor n p o g y w i $ipMH Philips [8] oönpaeMo 

MeTaaoranoreHHy aaMny THny HPI-Plus noTy^HiCTW 250 W 3 CBrraoBHM noTOKOM 

On = 18000 hm. CBrraoBHH noTiK oöpaHoi aaMnn noBHHeH gopiBHroBara aöo

Bigpi3Haraca Big po3paxyHKOBoro He öiabme Hm: Ha -10.. .+20%.

BigxHaeHHa CBrraoBoro noTOKy oöpaHoi aaMnn Big po3paxyHKOBoro craHoBHTb:

0  -  0  18000 -196578  = — ----- p-  • 100% = 18000 19657 . 100% = -8 ,4  %.
0  19657

p

^  BigxHaeHHa ae^HTb b giana3oHi - 1 0 .  +20%, rn,o BKa3ye Ha npaBHabHHH BHÖip 

noTy^HocTi aaMnn b CBiTHabHHKy.

^ a a  nopiBHaHHa npoBegeMo po3paxyHoK eaeKTpHHHoro ocBrraeHHa ^ x y  N°3 3a 

gonoMorow nporpaMH DiaLux Evo. B npoeKTi nporpaMH CTBopweMo naaH 

npuMimeHHa, rn,o BignoBigae reoMeTpHHHHM po3MipaM ^ x y . BnxoganH 3 HeoöxigHoro 

piBHa ocBiTaeHocTi aKHH mh noBHHHi 3aöe3nenHTH Ha poöoniö noBepxHi maaxoM 

aHani3y CBiToBoro po3nogiay 3HaxogHMo Haööiabm ornuMaabHe po3TamyBaHHa 

CBiTHnbHHKiB (pHC. 2.1).

nporpaMa DiaLux Evo BH3Hanae ocBrraemcTb no Bcix TonKax poöonoi noBepxHi, 

npnnoMy BpaxoBywTbca CBrraoBi noToKH Big Bcix CBiTHnbHHKiB, a TaKo^ CBrraoBi 

noToKH Bigömi Big noBepxoHb npuMimeHHa.

npoBegeHHH po3paxyHoK, BignoBigHo go pnc. 2.1, BH3Hanae TaKi onTHManbHi 

napaMeTpn ocBrraroBaabHoi ycraHoBKH: NB = 5 mT, NA = 9 mT.

^ a a  nopiBHaHHa pi3HHx g^epea CBrraa Ha TexHiKo-eKoHoMiam noKa3HHKH 

npoeKTy gogaTKoBo b nporpaMi DiaLux Evo npoBegeHHH po3paxyHoK eaeKTpnaHoro 

ocBiTaeHHa ^ x y  3 BHKopncTaHHaM npoMHcaoBHx CBiTaogiogHHx CBrraabHHKiB THny 

RCA BY235P LED200. Pe3yabTaTH po3paxyHKy npegcTaBaeHi Ha pnc. 2.2.
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6

PncyHOK 2.1 -  Pe3ynbTaTH po3paxyHKy ocBiraeHHA ^ x y  b nporpaMi DiaLux 3 

BHKopHCTaHHaM CBiTHabHEKiB rc n 0 4 B  3 naMnoro HPI-Plus 250 W 

a -  3D-Bi3yam3a^fl; 6 -  i3onwKCH Ha poöonrn noBepxHi

M P  5 .8 .1 4 1 .2 9 1  Ü 3
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6

PncyHOK 2.2 -  Pe3ynbTaTH po3paxyHKy ocBiraeHHA ^ x y  b nporpaMi DiaLux 3 

BHKopHCTaHHaM CBiTHabHEKiB RCA BY235P LED200 

a -  3D-Bi3yam3a^fl; 6 -  i3onwKCH Ha poöonrn noBepxHi
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Rk BHgno 3 pnc. 2.2 npn BHKopncTaHHi CBrraogiogHHx CBrraabHHKiB 3agaHHÖ 

piBeHb ocBrraeHocri gocaraeTbca npn MeHmifi ix KiabKocri 3a paxyHoK ömbmoi 

CBrraoBoi Biggani: NB = 4 mT, NA = 7 mT.

3a pe3ynbTaTaMH npoBegeHHx po3paxyHKiB b nporpaMi DiaLux Evo KiabKicTb 

CBrraogiogHHx CBiTHHbHHKiB HafiMeHma. TaKHM hhhom gaa nogaabmoro po3paxyHKy 

öygeMo BHKopncToByBara CBrraabHHKH RCA BY235P LED200 3a gonoMororo aKHx 

Mo®Ha BHKoHaTH Hafiöiabm eHeproe^eKTHBHy ocBiraroBaabHy ycTaHoBKy.

Ytohh^ gmo BigcTaHb Mi®; CBiraabHHKaMH i pagaMH gaa npHHHaToi KiabKocTi 

po3TamyBaHHa CBiraabHHKiB Ha naam ^ x y .

3rigHo ^opMyan (2.4) BigcTaHb Mi® CBiraabHHKaMH b pagi:

r A - 2 • h 1
L- = -N N p r , 'a = 3  • L- , (2.9)

A -  2 L -
, A 3 -  2 L- 3 A A 48 -
A Na -1  Na -1  3 ( N -1 ) 3 N -1  N  -1 /3  7 -1 /3

h  = 1  • l a = 2,4 m;

BigcTaHb Mi® pagaMH CBiraabHHKiB:

. B 22 
B = N - 1 3  = 4 - 1 3  “  6,0 M,

l B  =  —  ’ L b  =  2,0 M.

Texmnrn xapaKTepncTHKH CBiraabHHKa RCA BY235P HaBegeHi b Taöa. 2.1.

T a ö a n ^  2.1 -  Texmnrn xaparaepHCTHKH CBiraabHHKa

Tnn
CBiTHHb-

HHKa

noTy®-
HicTb
CBiT.,

Bt

CBiTaoBHH
noTiK
CBiT.,
HM

RKieTb 
Ta Koaip 
g®epeaa

Koe^^ieHT
noTy®HocTi

TpHBamcTb
poÖoTH,
rogHH

Po3MipH 
CBiT. 

DxH, M

RCA
BY235P

200 20000 840 0,9
L70B50 -  30000 
L90B50 -  30000

0,39x0,147

3 m h . ÄpKyw Ng doKyM. nidnuc Mama
MP 5.8.141.291 n3

ApK.

24



^ a a  aBapifiHoro ocBiTaeHHa HopMOBaHe 3HaaeHHa ocBnaeHocri [6] noBHHHo 

CTaHOBHTH He MeHme 5% ocBnaeHocri, HopMOBaHOi gaa poöoaoro ocBiTaeHHa npn 

CHCTeMi 3araabHoro ocBiTaeHHa, aae öyTH He MeHme 2 aK ycepegHHi npuMimeHHa. n p n  

^OMy HafiMeHma ocBnaemcTb ycepegHHi npHMirn,eHb noBHHHa öyTH He öiabme 30 aK. 

BnxogaaH 3 ^ o r o  npnfiMaeMo 3HaaeHHa ocBnaeHocri gaa aBapifiHoro ocBiTaeHHa ^ x a  

Ha piBHi Ea = 30 aK.

BH3HaaaeMO KiabKicTb CBiTHabHHKiB aBapifiHoro ocBiTaeHHa RCA BY235P 

BHKopncTOBywHH ^opMyay (2.8) Ta BpaxoByroan, rn,o KK^ CBiTaogiogHoro 

CBiTHabHHKa i c = 0,9:

l  = l c 'ln = 0,9• 0,83 = 0,747.

N  = E 'S  • 2 ' k = 30 • 22 •4 8 ' 1,151,5 = 3 66 » 4 mT.
®M •  20000 -0,747

Po3MimeHHa CBiTHabHHKiB Ha naam ^ x y  3oöpa^eHo Ha pnc. 2.3. 

y  gogaTKy r  HaBegeHa cxeMa ocBriaroBaabHoi Mepe^i ^ x y .

PncyHoK 2.3 -  CxeMa po3Mirn,eHHa CBiTHabHHKiB ^ x y  N°3
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3. P03PAXYH0K I ..II KTIMIM im \ HABAHTA^EHb UKW

Tenno, AKe BHginAeTbcA mg nac npoxog^eHHA CTpyMy nepe3 onip eneKTpnnHoro 

Kona, BHKnHKae HarpiBaHHA Bcix CTpyMonpoBigHHx nacTHH (npoBigHHKiB Ta EA). B 

pe3ynbTaTi ^ o r o  n p o ^ cy  BigöyBaeTbcA cTapiHHA i3onA^i, a y BHnagKy nepeBHm,eHHA 

BenHHHHH CTpyMy BH3HaneHoi BennnHHH, BigöyBaeTbcA ii nomKog^eHHA. ToMy 

po3paxyHKOBe HaBaHTmeHHA, AKe xapaKTeproye HarpiBaHHA, e ochobhhm napaMeTpoM 

nig nac BHÖopy Bcix eneMerniB eneKTpnnHoi Mepe^i.

Po3paxyHKoBe HaBaHTmeHHA cno^HBana aöo eneMerna Mepe^i (aKTHBHe Pp , 

peaKTHBHe Qp ,  noBHe Sp ,  CTpyM Ip )  HeoöxigHe: gnA BHÖopy nepepi3y C TpyMonpoBigHHx 

nacTHH (KaöeniB, mHHonpoBogiB, npoBogiB, Tom,o), HoMiHanbHoro CTpyMy EA, 

noTy^Hocri cnnoBHx TpaHc^opMaTopiB, npncTpoiB KoMneHca^i peaKTHBHoi 

noTy^HocTi i nepeTBoproBaniB; gnA BH3HaneHHA BTpaT i BigxuneHb Hanpyra, BTpaT 

noTy^HocTi Ta eneKTpoeHeprii.

Ko^eH E n  xapaKTeproyeTbcA HoMrnanbHHMH napaMeTpaMH, AKi 3aöe3nenywTb 

HoMy HaööinbmHH Koe^^ieHT KopncHoi gii (KK^) Ta raparnymTb öe3BigMoBHy Horo 

poöoTy npoTAroM rapaHToBaHoro cTpoKy. Ochobhow xapaKTepncTHKom Ko^Horo E n  e 

Horo HoMiHanbHa noTy^HicTb (BKa3aHa b nacnopTi), Ha AKy BiH po3paxoBaHHH npn 

TpHBanoMy pe^HMi poöora i 3a mmnx HoMrnanbHHx napaMeTpiB: Hanpyra, nacTOTa 

cTpyMy, Koe^^ieHT noTy^Hocrä

n y ckobhh Ta niKoBHH CTpyMH HeoöxigHi gnA BHÖopy ycTaBoK po3nennroBaniB 

aBToMaTiB Ta nnaBKHx BcTaBoK 3anoömHHKiB, BH3HaneHHA po3Maxy 3MiHH Hanpyra gnA 

o^ hkh gonycTHMocTi KonHBaHb Hanpyra Ta nepeBipKH Mo^nHBocTi caMo3anycKy E^. 

niKoBHH cTpyM - ^  MaKcHManbHHH KopoTKonacHHH cTpyM TpHBanic™ b KinbKa ceKyHg.

BnxigHi gaHi gnA po3paxyHKy HaBaHTa^eHb [3]:

- ycTaHoBneHa (HoMiHanbHa) noTy^HicTb E n  (gnA E ^  -  noro aKTHBHa 

noTy^HicTb, gnA TpaHc^opMaTopiB gyroBoro i MamHH KoHTaKTHoro 3BapwBaHHA -  

noBHa noTy^HicTb);

- HoMiHanbHa Hanpyra En;

- Koe^i^eHT noTy^HocTi E n;
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- pe^HM poöora E n  (TpHBaanfi, TB gaa E n  noBTopHo-KopoTKoTpHBaaoro 

pe^HMy, KopoTKonacHHÖ);

- Koe^i^eHT BHKopncTaHHa aKTHBHoi noTy^HocTi;

- KiabKicTb $a3 E n  (Tpn$a3HHfi aöo ogHo$a3HHfi);

- cnociö npnegHaHHa ogHo$a3Horo E n  (Ha $a3Hy aöo airnfiHy Hanpyry). 

YcTaHoBneHa (HoMiHaabHa) noTy^HicTb E n  npnfiMaeTbca piBHoro [2]:

- gaa E ^  TpHBaaoro pe^HMy poöora Ta Bcix BHgiB HarpiBaabHHx E n  -  

nacnopTHifi noTy^HocTi:

P = P (3.1)-T n  -T nacn  5 V /

ge p nacn -  HoMiHaabHa noTy^HicTb Ha Baay E ^, kBt;

- gaa E ^  noBTopHo-KopoTKonacHoro pe^HMy poöora - nacnopTHifi noTy^HocTi 

(kBt), npHBegemfi go BigHocHoi TB = 1,

PH = Pnacn 4 TBn , (3.2)

ge TBn -  nacnopTHa TpHBaaicTb BMHKaHHa, B.o;

- gaa 3BaproBaabHHx TpaHc^opMaropiB:

Sh = Snacn ' 4 ^  > (3.3)

Ph = Snacn ' 4 ^  ' C0SVnacn > (3.4)

ge costynacn -  nacnopTHe 3HaaeHHa Koe^i^eHTa noTy^HocTi;

- gaa KpaHiB HoMiHaabHi aKTHBHa Ta peaKTHBHa noTy^HocTi BH3HaaawTbca aK gaa 

ogHoro E n  3 cyMapHoro HoMiHaabHoro noTy^HicTw:

n
PH = Z  P ,  (3.5)

i=1
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n n
Q .= = £q„.i= Z  P J g K , (3.6)

i=1 i=1

ge « -  KiabKicTb E ^  KpaHa;

pH t -  HOMmantHa aKTuBHa noTy^HicTb i-ro E n;

tgpt -  BignoBigae 3HaneHHW K oe^^iem a noTy^HOdi cos^. i-ro En.

y  npoeKTOBamö BHyTpimHbo^xoBiö cucreMi eaeKTponocTanaHHa, npu 

po3paxyHKy HaBaHTmeHHa BugiaaroTb Tpu piBHi 3a xapaKTepoM ^opMyBaHHa 

HaBaHTa^eHHa: nepmuö, gpyruö Ta TpeTifi.

nepmHH piBeHb eaeKTponocTanaHHa -  ^  eaeKTpunm Mepe^i Hanpyroro go 1 kB, 

aKi npnegHywTb oKpeMi E n  go cuaoBux po3nogiabnux ma$.

^pyruö piBeHb eaeKTponocTanaHHa -  ^  eaeKTpunm Mepe^i Hanpyroro go 1 kB, 

aKi ^HBnaTb cuaoBi po3nogiabni ma^H Big 3ÖipHux muH HH T n  aöo BBigHoro 

po3nogmbnoro npucrporo.

TpeTifi piBeHb -  ^  3ÖipHi muHu HH ^ xobux T n  aöo BBigHoro po3nogmbnoro 

npucrporo.

PiBHi BU3HaneHHa po3paxyHKoBux HaBaHTa^eHb HaBegeHi Ha puc. 3.1.

PucyHoK 3.1 -  CxeMa ^uBaeHHa eaeKTponpuÖManiB ^ x y  N 3  gaa po3paxyHKy

eaeKTpuHHux HaBaHTa^eHb
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Ha nepmoMy piBHi eaeKTponocTanaHHa HaBaHTmeHHa Ha mmro (npoBig, Kaöeab) 

CTBoproeTbca ogHHM E n, TOMy gaa Bcix TaKHx npnegHaHb npn BigoMOMy ^aKTHHHoMy 

K oe^^iem i 3aBaHTä«:eHHa k3 E n  po3paxyHKOBi aKTHBHi Ta peaKTHBHi HaBaHTa^eHHa 

nepmoro piBHa eaeKTponocTanaHHa BH3HanaroTbca 3a ^opMyaaMH:

Pp.i = k3 ■ Phom , (3-7)

qp.i = Qhom -tgp, (3-8)

sp .1 = j p j + ~ i , (3-9)

s

^ - I H T '  (310)* hom

ge tgty -  BignoBigae nacnopTHoMy 3HaneHHM Koe^^ieHTa noTy^HocTi cos^, aKe

xapaKTepHe gaa gaHoro E n;

UHOM -  HoMiHaabHa Hanpyra eaeKTpHHHoi Mepe^i go 1 kB.

^Kffl,o âKTHHHHH Koe^i^eHT 3aBaHTa ;̂eHHa k3 E n  HeBigoMHH, to npn 

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

HaBaHTa^eHHa npHHMaeTbca HoMmaabHa noTy^HicTb E n  npn TB = 1.

HoMiHaabHHH CTpyM E ^  BH3HanaeTbca aK:

T _ ________ PHOM.d________  /O 1 1 \
1 HOM.d = pr TT , (311)V 3 • U • cos® ,-n  A

ge p HOAI ö -  HoMiHaabHa aKTHBHa noTy^HicTb E^;

cospHOMd -  HoMiHaabHHH Koe^^ieHT noTy^HocTi E ^; 

riHOM d -  HoMiHaabHHH Koe^^ieHT KopncHoi gii (KK^) E^.
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BenHHHHH cospHOMd i ^HOMd npHHMaroTtCa 3 KaTaaoriB 3aBogiB-BHpoÖHHKiB i 

goBigHHKiB [2,9]. y  pa3i BigcyTHOCTi nacnopTHHx gaHHx E ^  ix Koe^^ieHT noTy^HOCTi 

MO^Ha npHHHaTH 3 [10,11] aöo 3 Taöan^ K.1 gogaTKa K [1], a HoMrnaatHHH KK^ -

H HOM.d = 1  ■

^o ^a tH o  gaa KO^Horo E n  oöhhchhth Horo nycKOBHH CTpyM:

1nycK knycK 1 HOM.En , (3 1̂2)

ge knycK -  Koe$i^eHT nycKy;

I HOMEn -  HoMiHanbHHH CTpyM En.

^ a a  KoHKpeTHHx E n  Koe^^ieHTH nycKy npHHMaroTt 3a nacnopTHHMH gaHHMH. 

^Krn,o bohh BigcyTHi, to rn,ogo HoMiHaatHoro CTpyMy E n  BeaHHHHa nycKoBoro CTpyMy 

npHHMaeTbca:

- 5-Kparaoro gaa acHHxpoHHHx gBHryHiB (Ä^) 3 KopoTKo3aMKHeHHM poTopoM Ta 

chhxpohhhx gBHryHiB (C^);

- 2,5-KpaTHow gaa gBHryHiB nocTiHHoro CTpyMy Ta A ^  3 $a3HHM poTopoM;

- 3-KpaTHoro gaa 3BaproBaatHHx i niaHHx TpaHC^opMaTopiB, MamHH KoHTaKTHoro 

3BapwBaHHa npn MaKCHMaatHiH BTopHHHifi Hanpy3i [2].

3.1.1 BH3HaneHHa po3paxyHKoBHx HaBaHTa^eHt Ha nepmoMy piBHi 

eaeKTponoCTanaHHa gaa rBHHToBoro peBepCHBHoro KoHBeepa.

^ a a  ^irnmHoro yO-oCymyBaaa (E n  N  29) 3a ^opMyaoro (3.7) npn npHHHaToMy 

k3 = 1 po3paxyHKoBe aKTHBHe HaBaHTa^eHHa Ha nepmoMy piBHi eaeKTponoCTaaaHHa:

p  , = p - = 1 -16 = 16 kBt.-Lp. 1 -L HOM.d

3a ^opMyaow (3.8) npn npHHHaToMy Koe^^ierni peaKTHBHoi noTy^HoCTi 

tgty = 0,75, aKHH BignoBigae 3agaHoMy Koe^^ierny aKTHBHoi noTy^HoCTi cos^ = 0,8,

po3paxyHKoBe peaKTHBHe HaBaHTa^eHHa Ha nepmoMy piBHi eaeKTponoCTaaaHHa gaa 

E n  N  29:
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4V, = 9 „ g  = 16 • 0,75 = 12 KBAp.

^ a a  ^immHoro YO-ocymyBaaa 3a ^opMyaoro (3.9) po3paxyHKOBe noBHe 

HaBaHTa^eHHa Ha nepmoMy piBHi eaeKTponocTaaaHHa:

ip , = J p J + q J  = V162 + 122 = 20 kBA .

^ a a  gaHoro eaeKTponpHHMaaa 3a ^opMyaoro (3.10) BH3HaaaeTbca 

po3paxyHKOBHH CTpyM nepmoro piBHa eaeKTponocraaaHHa:

Ip 1 = r 2°  =30,39 A.
1 V3 • 0,38

3a HenoBHHMH BHxigHHMH gaHHMH, aKi npn npoeKTyBaHHi öepyTbca i3 3aBgaHb 

TexHoaoriB (HaBogHTbca HaÖMeHyBaHHa ycTaTKyBaHHa Ta fioro BCTaHoBaeHa 

noTy^HiCTb), gaa ^irnmHoro YO-ocymyBana npnÖMaeMo Koe^^ieHT nycKy k = 5 .

BH3HanaeMo nycKoBHH CTpyM 3a ^opMyaoro (3.12)

InycK = 5 • 3 0 ,3 9  = 151,93  A.

OTpHMaHi 3a ^opMyaaMH (3.7) - (3.12) pe3yabTaTH po3paxyHKiB gaa ^irnmHoro 

YO-ocymyBaaa (E n N  29), a TaKo^; gaa imnux E n  ^ x y , HaBogaTbca b Taöan^ 3.1.
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T aö n n ^  3.1 -  Po3paxyHKOBe cnnoBe HaBaHTmeHHa Ha nepmoMy piBHi 
eneKTponocTaHaHHa
No 3a 
nna- 
HoM

HaÖMeHyBaHHfl
eneKTponpHHMana

P  HOM

kBt
c o s ^ t g p

Po3paxyHKoBi garn
P p .i

kBt
q  p .i

kBAp
^  p .1 , 

kBA
1  P.1

A
1  nycK

A
1 2 3 4 5 6 7 8 9 10

1
ABTOMaTHHHa yCTaHOBKa 
noB3goB^Hbo-nonepeHHoi 
pi3KH

5,0 0,72 0,96 5 4,82 6,94 10,55 52,75

2
ABTOMaTHHHa MamHHa 
gna 3BaproBaHHa Kopnycy 
aepo3ontHoro öanoHy

7,0 0,74 0,91 7 6,36 9,46 14,37 71,86

3 TpaHcnopTep 0,5 0,75 0,88 0,5 0,44 0,67 1,01 5,06
4,6,

8
CrpiHKOBO-
nnacTHHHacTHH KOHBeep 0,5 0,75 0,88 0,5 0,44 0,67 1,01 5,06

5

ABTOMaTHHHa 
gBOCTopoHHa MamHHa gna 
3ÖHpaHHH i 3aBanb^ ByBa- 
hhh öanoHa

4,5 0,86 0,59 4,5 2,67 5,23 7,95 39,75

7 TecTep repMeTHHHOCTi 
aepo3OHbHoro öanoHa 5,0 0,8 0,75 5 3,75 6,25 9,50 47,48

9 fflBHgKicHHH nogaBaH 
HHCTiB 0,5 0,7 1,02 0,5 0,51 0,71 1,09 5,43

10 CncTeMa npHBogKH 0,5 0,7 1,02 0,5 0,51 0,71 1,09 5,43
11­
14 OapöyBanbHHH anapaT 4,0 0,8 0,75 4 3,0 5,0 7,60 37,98

15­
18

CncTeMa ohhctkh 
O^CeTHHX nonoTeH 3,5 0,79 0,78 3,5 2,72 4,43 6,73 33,66

19­
22

ABTOMaTHHHHH 3MiHMBaH 
^opMH 5,0 0,8 0,75 5 3,75 6,25 9,50 47,48

23­
26

npoMmHHH
YO-ocymyBaH 16 0,8 0,75 16 12,0 20,0 30,39 151,93

27 ArnnoKcoBa naKyBanbHa 
MamHHa 6,0 0,75 0,88 6 5,29 8,00 12,15 60,77

28,
32 TpaHcnopTep 0,5 0,7 1,02 0,5 0,51 0,71 1,09 5,43

29 OiHimHHH YO-ocymyBaH 16 0,8 0,75 16 12,0 20,0 30,39 151,93
30 nynbT ynpaBHiHHa 2,0 0,88 0,54 2 1,08 2,27 3,45 17,27

31 CncTeMa Kornponro aKocTi 
gpyKy 2,0 0,87 0,57 2 1,13 2,30 3,49 17,46

33 SMS-cncTeMa ynpaBniHHa 
HHCTaMH 4,5 0,81 0,72 4,5 3,26 5,56 8,44 42,20

34 MogyabHHH mTaöeaep 5,5 0,8 0,75 5,5 4,13 6,88 10,45 52,23
35,36 BeHTHHaTop BHTa^HHH 2,0 0,8 0,75 2 1,50 2,50 3,80 18,99
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piBHi e êKTponocTanaHHH

Ha gpyroMy piBHi eaeKTponocTanaHHa HaBaHTa^eHHa Ha ^HBHabHy mrnro 

CTBoproeTbca rpynoro cno^HBaniB, aKi npnegHam go po3nogmbHoi rna^H. OcKiabKH 

ogHonacHO 3 MaKCHMaabHHM HaBaHTmeHHaM yci eaeKTponpHHMani He ^pa^wwTb, to 

pe3ynbTywne HaBaHTmeHHa 3aB^gn MeHme Big cyMH ix HoMmaabHHx noTy^HOCTefi i 

öyge örnbmHM Big cepegHboro HaBaHTa^eHHa 3a MaKCHMaabHo 3aBaHTa^;eHy 3MiHy (3a 

Maaoi KinbKocTi E n) aöo gopiBHMBaTH öoMy (3a 3HanHoi KiabKocTi E n), rn,o 

xapaKTepH3yeTbca Koe^i^eHTaMH po3paxyHKoBHx aKTHBHHx HaBaHTa^eHb Kp a i

po3paxyHKoBHx peaKTHBHHx HaBaHTa^eHb k  .

Koe^^ieHT po3paxyHKoBHx aKTHBHHx HaBaHTa^eHb k  a 3ane^HTb Big 

e^eKTHBHoro HHcaa eaeKTponpHHManiB ne, cepegHbo3Bä«:eHoro Koe^i^eHTa 

BHKopncTaHHfl aKTHBHoi noTy^HocTi K ece Ta CTaaoi nacy HarpiBaHHa Mepe^i T0, aKa Ha 

gpyroMy piBHi eaeKTponocTanaHHa npHHMaeTbca T0=10 xb (po3paxyHKoBHH iHTepBaa 

nacy 3 T0 =30 xb).

CxeMa ^HBaeHHa eaeKTponpHHManiB BHpoÖHHnoro ^ x y  N°3 3oöpa^;eHa Ha 

pnc. 3.1. 3rigHo 3i cxeMoro, eaeKTponocTanaHHa ^ x y  3gificHweTbca Big KTn-1054, rn,o 

3HaxogHTbca Ha TepHTopii nignpneMCTBa, KaöeabHoro mrnero 0,4 kB, npoKaageHoro b 

3eMai go BBigHoro po3nogmbHoro npncTporo Pn6. Big Hboro KaöeabHoro npoBogKoro 

oTpHMywTb ^HBaeHHa po3nogmbni ma^H CPffl1-CPffl4 Ta ocBrra roBaabHHH ttthtok 

^ P O .

Ao po3nogiabHoi ma^H CPffll nigKHMHem pi3Hi BHgn eaeKTponpHHManiB 

(^ogaToK A): eaeKTpogBHryHH MeTaaopi3aabHoro Ta 3BapwBaabHoro BepcTaTiB, 

TpaHcnopTyBaabHHx MexaHi3MiB, MamHHH gga 3ÖnpaHHa Ta 3aBaab^ByBaHHa öaaomB, 

a TaKo^; TecTepy repMeTHHHocTi öaaomB (E n N2I-8). 3a ^opMyaoro (3.13) 3HaxogHMo 

cyMapHy aKTHBHy HoMmaabHy noTy^HicTb eaeKTponpHHManiB.

r  pynoBa HoMmaabHa aKTHBHa noTy^HicTb i-i rpynn En:
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P , . = V  Ph .. , (3.13)
i=1

ge n -  KintKiCTt E n  y rpyni;

pH t -  HOMrnantHa aKTHBHa noTy^HiCTb i-ro En.

CyMapHa aKTHBHa HOMmaatHa noTy^rnCTt eaeKTponpHHMaaiB, rn,o npnegHam go 

CPm:

P,o,,cpmi = 5 + 7 + 0,5 +1,5 + 4,5 + 5 = 23,5 kBt.

^ a a  pi3HHx rpyn E n , rn,o Bigpi3HaroTtCa 3a noTy^rnc™  Ta pe^HMOM poöora 

cepegHto BHBa^eHHH Koe^^ieHT BHKopHCTaHHa aKTHBHOi noTy^HOCTi:

f  k \
V  k • p6.1 ± HOM.1

K .c  = — n--------- 1 , (3.14)
V  p HOM.1
i=1

ge k -  KiatKiCTt xapaKTepHHx rpyn E n;

ke; -  mgHBigyaatm Koe^^ieHTH BHKopHCTaHHa OKpeMHx En.

Koe^^ieHTH BHKopHCTaHHa aKTHBHOi noTy^HOCTi ks npHHMacMO 3 Taöan^ K.1 

gogaTKa K [2].

^ a a  po3nogiabaoi ma^H C P m i cepegHtO3Ba^;eHHH Koe^i^eHT BHKopHCTaHHa 

aKTHBHOi nOTy^HOCTi

^  (5 + 0,5 +1,5) • 0,8 + 7 • 0,82 + 4,5 • 0,81 + 5 • 0,78 n o
= --------------------------- 23=----------------------------- = 0,8

rpynoBi Koe^i^eHTH noTy^HOCTi BH3HaaaeMO 3a ^opMyaaMH:
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Z  ̂  ' PhOM ‘•SV,
•gVp = — n-----------------> (3.15)

Z kB.i P noM.i 
i

cos q>zp = cos(arctgq>zp ), (316)

ge tg v  -  iHguBigyantHi Koe^^ieHTH noTy^HOCTi oKpeMHx eneKTponpuHManiB.

^na  po3nogintnoi ma^H CPffll po3paxoByeMo rpynoBi Koe^^ieHTH noTy^HOCTi:

tgVcpiiii = (5 '0,8 '0,96 + 7 '0 ,82 '0 ,91  + 0 ,5 '0 ,8 '0 ,88  +1 ,5 '0 ,8 '0 ,88  +
+4,5 '0 ,81 '0 ,59 + 5 - 0,78 - 0,75) /18,9 = 0,82

cos = cos(arctgtyCPIIIl) = cos(arctg (0,82)) = 0,77.

AHanorinHO po3paxoByeMo Koe^^ieHTH noTy^HOCTi gna mmux rpyn Cno^HBaniB 

BupoÖHunoro ^ x y , pe3yntTaru po3paxyHKiB 3aHoCHMo go Taön. 3.2.

CepegHe 3a MaKCHMantHo 3aBaHTa«:eHy 3MiHy HaBaHTa^eHHa aBnae Coöoro 

Mo^nuBufi HH^Hifi piBeHt rpynoBoro HaBaHTa^eHHa, oöyMoBneHufi HepiBHoMipHHM 

3aBaHTa^eHHaM y gaHufi MoMeHT naCy oKpeMHx Cno^HBaniB.

OaKTHHHe 3HaneHHa po3paxyHKoBoro HaBaHTa^eHHa 3ane^Ho Big KintKoCTi 

Cno^HBaniB y rpyni Ta ix pe^MMy poöoTH nepeBurnye CepegHe, aKrn,o po3rnagaroTtCa 

nume E n , aöo öyge hh^ hhm Big CepegHtoro, aKrn,o BpaxoByeTtCa HMoBiprnCTt 

ogHonaCHoi poöoTH BCtoro TexHonoriHHoro y CTaTKyBaHHa, toöto 3ane^HTt Big piBHa b 

CEn ,  Ha aKoMy BH3HanaeTtCa HaBaHTa^eHHa. ToMy BenunuHy CepegHtoro 

HaBaHTa^eHHa 3a MaKCHMantHo 3aBaHTa«:eHy 3MiHy BHKopuCTOByroTt gna BH3HaneHHa 

po3paxyHKoBoro HaBaHTa^eHHa.

r  pynoBe CepegHe aKTHBHe HaBaHTa^eHHa 3a MaKCHMantHo 3aBaHTa^eHy 3MiHy i-i 

rpynu eneKTponpuHManiB BH3HanaeTtCa 3a ^opMynoro:

n
PCM.i = Z  kB.i ' PhOM.i , (3.17)

i
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ge n -  KiabKiCTb eneKTponpHHManiB b rpyni;

pHi -  HOMmaabHa aKTHBHa noTy^rncTb i-ro eaeKTponpHHMana npn TB=1; 

ke i -  Koe^^ieHT BHKopncTaHHa aKTHBHoi noTy^HOCTi i-ro En.

^ a a  po3nogiabHoi ma^H CPffll rpynoBe cepegHe aKTHBHe HaBaHTa^eHHa

PCM.c?m! = (5 + 0,5 +1,5) • 0,8 + 7 • 0,82 + 4,5 • 0,81 + 5 • 0,78 = 18,89 kBt.

CyMapHe cepegHbo 3MiHHe peaKTHBHe HaBaHTmeHHa gaa Bcix eaeKTponpHHMaaiB 

CPffll BH3HanaeTbca aK:

Q̂CM.CP̂ 1 PCM.CP̂ 1 ig<Ptp , (318)

ÜCM..CPM1 = 18,89 • 0,82 = 15,50 KBAp.

E^eKTHBHe ancao E n  ne -  ^  TaKa yMOBHa KiabKiCTb ogHopigHHx 3a pe^HMOM

poöoTH E n  ogHaKOBoi noTy^HOCTi, aKa oöyMOBaroe Te caMe 3HaaeHHa po3paxyHKOBoro 

HaBaHTa^eHHa, aK i rpyna E n  pi3HHx 3a pe^HMOM poöoTH Ta noTy^HicTro. BeaHHHHa 

e^eKTHBHOrO ancaa cno^HBaaiB ne BH3HaaaeTbca aK:

f  n  \ 2

V  p
n  = ^ 1 ------ J- , (3.19)

V  p 2Jr  ̂HOM.l

i=1

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

p -  HOMiHaabHa aKTHBHa noTy^rncTb l-ro E n  npn TB=1.JP HOM.l J

3Haögern 3a ^opMyaoro (3.19) 3HaaeHHa ne OKpyraaroTbca gO HaööaH^aoro 

MeHmOrO ^ ao ro  ancaa. KiabKicTb e^eKTHBHHx E n  ne npHHMaeTbca piBHoro gificHOMy

ancay E n  n, aKrn,o BigHomeHHa noTy^HOCTeö Hafiöiabmoro go HafiMeHmoro cno^HBaaa

rpynu He nepeBHfflye 3: ( Phom.  / . m.  = 7 /0 ,5  = 14 > 3. ).
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yMoBa He BHKOHyeTbCA, TOMy e^eKTHBHe hhcho cno^HBaniB gna CPffll 

BH3HanaeTbca 3a ^opMynoro (3.19):

(23,5)2
ne = —7----5-------- f ------> ------- ------- = 4,59 mT.

e 52 + 72 + 0,52 + 3 • 0,52 + 4,52 + 52

3HaögeHe 3HaneHHa oKpyraaeMo go HanönH^noro MeHmoro ^no ro  HHcna 

n =4 mT.e

^na HaBegeHHx BHrn,e 3HaneHb, rn,o oTpHMam gna CPffll ne =5 mT. Ta K ece = 0,8 3a 

Taön^ero K.2 gogaTKa K [1] Koe^i^eHT po3paxyHKoBoro aKTHBHoro HaBaHTmeHHa

K p .a = i;

y  Koe^^ieHT po3paxyHKoBHx peaKTHBHHx HaBaHTa^eHb k  npn HHcni 

e^eKTHBHHx E n  ne <10 npHHMaeTbca K  = 1,1, a npn ne >10 npHHMaeTbca K  = 1. TaK 

aK ne =5<10, to npHHMaeMo K  =1,1.

Ha gpyroMy piBHi eneKTponocTanaHHa po3paxyHKoBe cnnoBe aKTHBHe 

HaBaHTa^eHHa p  i po3paxyHKoBe cnnoBe peaKTHBHe HaBaHTmeHHa q  gna n

eneKTponpHHManiB BH3HanaroTbca 3a ^opMynaMH:

n n
Pp2 = K pa • X 4«.. • P.OMi = K pa • 'E P cm., > (3.20)

i i  ii
n n

Qp2 = K pp • X k.i • P.0Mi • tgv,,^  = Kpp • X m .> (3.21)
ii  ii

ge P™;, qCMi -  cepegHi aKTHBHa Ta peaKTHBHa noTy^Hocri 3a MaKCHManbHo

3aBaHTa^:eHy 3MiHy i-ro E n  BignoBigHo;

tĝ noMi -  BignoBigae HoMmanbHoMy 3HaneHHW Koe^^ieHTa noTy^HocTi 

cos cp HOM; , aKe xapaKTepHe gna gaHoro BHgy En.

Bn3HanaeMo po3paxyHKoBe cnnoBe aKTHBHe Ta peaKTHBHe HaBaHTa^eHHa
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eneKTponpHHManiB C P I1  3a ^opMynaMH (3.20), (3.21):

Pp2 = 1,0 • 18,89 = 18,89 kBt.

Qp2 = 1,1 • 15,57 = 17,13 kBAP.

Po3paxyHKOBe cnnoBe noBHe HaBaHTa^eHHA Ha gpyroMy piBHi eneKTponocTanaHHA 

BH3HanaeTbca ak:

Sp2 =  P.,2 +QP.2. (3.22)

npH ^OMy p03paxyHK0BHH CTpyM:

Sn2
I p 2 = r ”2 , (3.23)
P S  • U.O,

Po3paxyHKOBe cnnoBe noBHe HaBaHTa^eHHA eneKTponpHHManiB C P I1 :

Sp2 = sj18,892 + 17,132 = 25,50 kBA.

Po3paxyHKOBHH CTpyM cno^HBaniB C P I1 :

Ip2 = _ 2 5 5 L  = 38,74 A. 
p V3 • 0,38

AHanorinHO po3paxoByeMO BenHHHHH Ta po3paxyHKOBi HaBaHTa^eHHa gna 

eneKTponpHHManiB po3noginbHHx ma$ CPITT2-CPITT4, pe3ynbTaTH 3aHOCHMO go 

Taön. 3.2.
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piBHi e^eKTponocTanaHHH

Ha TpeTbOMy piBHi eaeKTponocTanaHH« KiabKicTb E n  rn,e öiabma, Hm: Ha gpyroMy 

piBHi. Pe3ynbTywne HaBaHTa^eHH« 3aB^gn MeHme Big cyMH ix HoMiHaabHHx 

noTy^HOCTeö i öyge aöo öiabme (y pa3i Maaoi KiabKocTi E n) aöo MeHme (y pa3i 3HanHoi 

KinbKOCTi E n) cepegHboro HaBaHTa^eHH« 3a MaKCHMaabHo 3aBaHTa«:eHy 3MiHy, rn,o 

xapaKTepu3yeTbc« Koe^i^emaMu po3paxyHKOBHx aKTHBHHx HaBaHTa^eHb Kp a i

po3paxyHKOBHx peaKTHBHHx HaBaHTa^eHb K pp [5].

Ha ^oM y piBHi eaeKTponocTanaHH« Koe^^ieHT po3paxyHKOBHx aKTHBHHx 

HaBaHTa^eHb K TaKO^ 3aae^HTb Big e^eKTHBHoro Hucaa E n  ne , 

cepegHbO3Ba^;eHoro K oe^^iem a BHKopucTaHH« aKTHBHoi noTy^HOCTi K gcg Ta CTaaoi 

aacy HarpiBaHH« Mepe^i T0 , «Ka npuÖMaeTbca t0 =2,5 rog.

Ha TpeTboMy piBHi eaeKTponocTaaaHHa aepe3 3HanHy KiabKicTb E n  gonycKaeTbc« 

BeaHHHHy e^eKTHBHoro Hucaa E n  ne BroHaaara 3a cnporn,eHoro ^opMyaoro:

m
2 PnoM.i

ne = — ^ ------- , (3.24)
P HOM.maKC

ge m -  yci E n  (6e3 pe3epBHux), «Ki ^HBaaTbca Big muH HH Tn;

p  -  HoMiHanbHa aKTHBHa noTy^HicTb Haööiabm noTy^Horo E n  yciei■L HOM.maKC P P P

rpynu.

^ k^ o 3HaögeHe 3a ^opMyaoro (3.24) 3HaaeHHa ne > m , to npuÖMaeTbca ne = m. 

3HaneHHa ne oKpyraaeTbca go HaHÖHu^aoro MeHmoro ^ ao ro  aucaa.

^ a a  TpeTboro piBH« eaeKTponocTaaaHH« BupoÖHuaoro ^ x y  BeauauHa

e^eKTHBHux E n  3a ^opMyaow (3.24) CTaHoBHTb:
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n = 2 ' (P hom.CPM  1 + P hom.CPM2 + P hom.CPM3 + P hom.CPM 4) 
ne ,

P HOM.MaKC

2 • (23,5 + 51,0 + 64,0 + 41,0) „  .n = — _— _------- _---------_------- =  = 22,4 mT.
e 16,0

npHHMaeMO HafiönH^He MeHme ^ a e  HHcao e^eKTHBHHx E n  ne =22 mT. 

CepegHb03Ba^;eHHH Koe^^ieHT BHKopHCTaHHa aKTHBHoi noTy^HOCTi

BH3HanaeTbca 3a ^opMyaoro (3.25), aae gaa Bcix ^pa^wwHHx E n  KiabKiCTro m.

K

X  P C M i.

k 6, 6. = JKT------- , (3.25)
X  p/  t hüm.i.
i= 1

K  = (Pc m .C PM 1 + P cm.CPM2 + P cm.CPM3 + P cm.CPM4 ) 
e.ce p  ,

hom.Z

(18,89 + 32,57 + 64,0 + 37,26)
^  179,5 , .

Koe^^ieHT po3paxyHKOBoro aKTHBHoro HaBaHTmeHHa K gaa oöancaeHHx 

BH^e ancaa e^eKTHBHHx eaeKTponpHHMaaiB n e =22 mT. Ta cepegHbO3Ba^;eHoro 

K oe^^iem a BHKopHCTaHHa aKTHBHoi noTy^HOCTi Kece = 0,85 3a Taöa. K2 

gogaTKy K [1] npHHMaeMo piBHHM 1.

Po3paxyHKoBe cnaoBe aKTHBHe HaBaHTa^eHHa ^ x y  Pp3 Ha TpeTboMy piBHi 

eaeKTponocTanaHHa BH3HaaaeTbca 3a ^opMyaoro (3.26):

m m
Pp3 = K p.a • X k.i  ̂PhomJ = Kpa ’X P imJ , (3.26)

J=1 /—1

Pp3 =  1,0 • 152,72 = 152,72 kBt .
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Ha TpeTtOMy piBHi eneKTponocTanaHHA Koe^^ieHT po3paxyHKOBHx aKTHBHHx 

HaBaHTa^eHt K Ta Koe^^ieHT po3paxyHKOBHx peaKTHBHHx HaBaHTmeHb K pp

npHHMawTbca piBHHMH Kpa = Kpp , TOMy K  =1. ToMy po3paxyHKOBe cnnoBe 

peaKTHBHe HaBaHTa^eHHa q  3 BH3HanaeTbca ak:

m

Qp.3 = K p.p  ■ Z kP. ' Phpm., ■ = Pp 3  ■ tg f c , , (3.27)
i=1

ge tgVce -  BignoBigae cepegHbO3Ba ;̂eHOMy 3HaneHHW K oe^^iem a noTy^HOCTi

cosrn .r cß

Qp 3 = 152,72 ■ 0,76 = 116,32 KBAp.

Po3paxyHKoBe cnaoBe noBHe HaBaHTa^eHHA Ha TpeTboMy piBHi 

eneKTponocTanaHHa BH3HanaeTbca TaK:

Sp.3 Pp.3 + Q I,, (3.28)

Sp3 =yl152,722 + 116,322 = 191,97 kBA.

npH ^oM y po3paxyHKoBHH CTpyM:

Zp.3 = ^ .  (3.29)
* HOM

ge UHOM -  HoMiHanbHa Hanpyra eaeKTpHHHoi Mepe^i go 1 kB.

191 97
Ip 3 = - r 1----- = 291,67 A.
p V3 ■ 0,38
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EjieKTpHHHe OCBiTJieHHa BHpOÖHHHHX npHMilU,eHb e 3arajlbHHM piBHOMipHHM 

OCBiTJieHHaM i BHKOHyeTbCfl CBiTHJlbHHKaMH, %K\ p03nOAijBHOTb piBHOMipHO MDIC 

OKpeMHMH (j)a3aMH TpH(j)a3Hoi ejieKTpHHHoi Mepead. ToM y ejieicrpHHHe ocBiTjieHHa 

MO>KHa po3rjBiaaTH aic TpH(j)a3He HaBaHTaaceHHa.

Po3paxyHKOBe HaBaHTaaceHHa 3aranbHoro ejieKTpHHHoro ocBiTjieHHa u,exy 

b H3hahaeTbC3i MeToaoM KoecJniiieHTa noriHTy [2 , 1 0 ], B h x Ia h h m h  AarniMH npn u,bOMy, e 

BCTaHOBjieHe (HOMmajibHe) HaBairraaceHHa 3arajibHoro ocBiraeHHa u,exy Pycm.o, aice 

b M3hahacTbC3i 3a pe3yjibTaTaMH CBiTjiOTexmHHoro po3paxyHKy. Y  po3Aiai 2  3a 

AOüo m o to k) cneu,iajii3 0BaHoro nporpaMHoro 3a6 e3neHeHHa D ia Lu x  Evo  BH3HaneHO

KijlbKiCTb Ta nOTyaCHiCTb CBiTHJIbHHKiB OCBiTJlIOBajlbHOi yCTaHOBKH.

BcTaHOBjieHa noTyacmcTb OCBiTJlIOBajlbHOi yCTaHOBKH BH3HanaeTbca 3a (JjopMyjiOK):

P  = P  -n, (3.30)y cm .o  ce  ’  v

Ae P ce -  noTyacHicTb CBmuibHHKa, kB t .

P  = 0 ,2  • 28 = 5 ,6 kB t .ycm .o  ’  ’

Po3paxyHKOBe aieniBHe HaBairraaceHHa 3arajibHoro ocBiTjieHHa u,exy

B M 3 H a H aCTb C3I aiC!

p  = p  -K (3.31)p .o  y cm .o  n.o"> v  ^

Ae Kn 0 -  KoecJÄiiieHT nonHTy 3 a ra jib H o ro  ocBiTjieHHa.

(̂jia BHpoÖHHHHx öyAißejib, mo CKjiaAaiOTbca 3 oxpeMHx bc jih kh x  npnMimeHb, 

npniiMaeTbca Koec})i lucht nonirry 3arajibHoro ocBiTjieHHa Kno = 0,9 5 .

Ppo  = 0 ,95  • 5 ,6  = 5 ,32  kB t .

M P  5 . 8 . 1 4 - 1 . 2 9 1  1 1 3
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Qp.o =  Pp.o - tg V o , ( 3 .3 2 )

ge tg p o -  BignoBigae 3HaneHHM Koe^i^eHTa noTy^HOCTi cos pa 3aae^Ho Big BHgy

(THny) g^epeaa CBrraa.

^ a a  CBiTnogiogHHx CBiTHabHHKiB Koe^^ieHT aKTHBHoi noTy^HOCTi cos^0 

npnÖMaeTbca y BignoBigHocTi 3 ix TexHiHHHMH xapaKTepncTHKaMH (Taöa. 2.1) 

piBHHM 0,9. HoMy BignoBigae Koe^^ieHT peaKTHBHoi noTy^HocTi tgpo — 0,484.

Q p o -  5 ,32 • 0 ,4 8 4  = 2 ,58  KBAp.

Po3paxyHKoBe noBHe HaBaHTmeHHa 3araabHoro ocBiraeHHa ^ x y  BH3HanaeTbca 3a 

^opMyaoro

s p, , . = P Jo+ epo .. (3.33)

Spm0m =y/5 ,322 + 2 ,5 82 = 5,91 kBA.

npH ^oM y po3paxyHKoBHH CTpyM BH3HanaeTbca aK:

S

• (3.34)* HOM

5 91
Ip o — r ------= 8,98 A.
p o . V3 • 0,38

Po3paxyHKoBi BeaHHHHH Ta po3paxyHKoBi HaBaHTa^eHHa chhobhx E n  Ha TpeTboMy 

piBHi eaeKTponocTanaHHa HaBegeHi b Taöa. 3.2.
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T aö n n ^  3.2 -  BroHaneHHA po3paxyHKOBoro HaßaHTa^eHHfl cnO^HßaHiß eaeKTpOeHeprii

N° Ha 
naaHi HaHMeHyßaHHa E n

H
B
sf

B
H

HOMiHaabHa 
nOTy^HicTb, kB t

KOe^^i-
eHT

BHKO-
pnc-

TaHHa,
ke

KOe^i^eHTH
nOTy^HOcri 1

E$eK-
THBHe
HHcaO
E n  ne

K p.a K, p

PO3paxyHKOBi
HaBaHTa^eHHA

PO3pa-
XyHKO-

BHH
cTpyM

J P ,
A

OgHOrO
E n,

P  HOM

3araabHa,

PHOM
c o s ^ tg p Pp ,

kB t

Q p , 
KBAp

^ p ,
kB A

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1
ÄBTOMaTHHHa ycTa- 
HOBKa nOB3AOB*HbO- 
nonepenHoi pi3KH

1 5 5 0,8 0,72 0,96 4 3,86

2

ÄBTOMaTHHHa MamHHa 
gaa 3BaproBaHHa 
KOpnycy aepO3OabHOro 
öaaOHy

1 7 7 0,82 0,74 0,91 5,74 5,22

3 TpaHcnOpTep 1 0,5 0,5 0,8 0,75 0,88 0,4 0,35

4,6,8
CTpiHKOBO-
n âCTHHHaCTHH
KOHBeep

3 0,5 1,5 0,8 0,75 0,88 1,2 1,06

5

ÄBTOMaTHHHa 
gBOCTOpOHHH MamHHa
gaa 3ÖipKH i 
3aBaab^OBKH öaaOHa

1 4,5 4,5 0,81 0,86 0,59 3,645 2,16

7 TecTep repMeTHHHOCTi 
öaaOHa

1 5 5 0,78 0,8 0,75 3,9 2,93

Bcboro no ( I IIP1 8 23,5 0,80 0,77 0,82 18,89 15,57 4 1 1,1 18,89 17,13 25,50 38,74

9
TTTBugKicHuH nOgaBaH 
ancTiB

1 0,5 0,5 0,78 0,7 1,02 0,39 0,40

10 CncTeMa npHBOgKH 1 0,5 0,5 0,76 0,7 1,02 0,38 0,39
11-14 OapöyBaabHHH anapaT 4 4 16 0,65 0,8 0,75 10,4 7,80



£

"Cd
*

lc:
e

5

CU
o
*

lc:
5

§**
c
n

Q
5
Q

p n

p o

— x
- f ^

:— x

\ i  

— x

3

- IX
L n

Tp
*

npogoß^eHHa T aön^ i 3.2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

15-18 CuCTeMa OHHCTKH 
o^ceTHHx noaoTeH

4 3,5 14 0,6 0,79 0,78 8,4 6,52

19-22
ÄBTOMaTHHHHH 3MmWBaH 
$opMH

4 5 20 0,65 0,8 0,75 13 9,75

Bcboro no C fflP 2 14 51 0,64 0,79 0,76 32,57 24,85 12 1 1 32,57 24,85 40,97 62,25

23-26
npoMi^HHH Y O - 
ocymyBaa

4 16 64 1 0,8 0,75 64 48,00

Bcboro no C fflP 3 4 64 1 0,80 0,75 64 48,00 4 1 1,1 64,00 52,80 82,97 126,06

27 ÄrnaoKcoBa aaKyBaabHa 
MamuHa

1 6 6 0,78 0,75 0,88 4,68 4,13

28,32 TpaHcnopTep 2 0,5 1 0,78 0,7 1,02 0,78 0,80

29
OiHimHHH
YO-ocymyBan 1 16 16 1 0,8 0,75 16 12,00

30 nyabT ynpaBaiHHa 1 2 2 1 0,88 0,54 2 1,08

31 CucreMa Kompoaro 
aKocri gpyKy

1 2 2 1 0,87 0,57 2 1,13

33 SMS-cucTeMa ynpaBaiHHa 
aucTaMH

1 4,5 4,5 0,78 0,81 0,72 3,51 2,54

34 MogyabHHH mTaGeaep 1 5,5 5,5 0,78 0,8 0,75 4,29 3,22
35,36 BeHTHaaTop BHTa^HHH 2 2 4 1 0,8 0,75 4 3,00

Bcboro no C fflP 4 10 41 0,91 0,80 0,75 37,26 27,89 4 1 1,1 37,26 30,68 48,27 73,34

Bcboro no III pißHro 179,5 0,85 0,80 0,76 152,72 116,32 22 1 1 152,72 116,32 191,97 291,67
Poöoae Ta aßapiHHe 

ocBixaeHHa 5,6 0,95 0,9 0,48 5,32 2,58 5,32 2,58 5,91 8,98

Bcboro 185,1 0,85 0.8 0.75 158.0 118.9 158,04 118,90 197,77 300,48



nigcraH^i'

Po3paxyHKOBe HaBaHTmeHHa Ha mHHax HH T n  (TpeTm piBeHt 

eaeKTponocTanaHHa) HeoöxigHe gaa BHÖopy HOMiHaatHOi noTy^HOCTi 

TpaHC^opMaropiB i po3paxyHKy noTy^HOCTi npncrpoiB KOMneHca^i peaKTHBHOi 

noTy^HOCTi cno^HBaaa.

^ o pO3paxyHKOBHx aKTHBHOrO pp3 i peaKTHBHOrO q  HaBaHTa^eHt cnaoBHx

eaeKTponpHHMaaiB caig gogara pO3paxyHKOBi aKTHBHe p  o i peaKTHBHe Qp o

HaBaHTa^eHHfl 3araatHoro poöoaoro Ta aBapiÖHoro ocBiTaeHHa 

( p  o, Qpa o). TaK aK CBiTHabHHKH aBapiÖHoro ocBiTaeHHa BHgiaaroTtca 3 ancaa

POÖohhx i npagwwTt Beet aac pa3OM i3 3araatHHM ocBiTaeHHaM to pO3paxyHKOBe 

HaBaHTa^eHHa OKpeMO aBapiÖHoro ocBiTaeHHa He BpaxoByeTtca.

n p n  po3paxyHKy 3araatHoro po3paxyHKOBoro HaBaHTa^eHHa T n  3 ypaxyBaHHaM 

po3paxyHKOBoro HaBaHTa^eHHa 3araatHoro eaeKTpnaHoro ocBiTaeHHa gexy 

npHHMaeTtca Koe^igieHT ogHoaacHOdi 3ÖiraHHa MaKCHMyMiB HaBaHTa^eHHa K o = 1,0.

Heoöxigm gaa po3paxyHKy gam öepeMO 3 po3giay 2 Ta nigpo3giay 3.4.

3araatHe po3paxyHKOBe aKTHBHe HaBanra^eHHa T n  BH3HaaaeMO 3a ^opMyaoro:

p  = p  + p  + p  (3.35)1 p.Tn 1 p.3 + 1 p.o + 1 p.a.o, V /

ppjn = 152,72 + 5,32 = 158,04 kBt.

3araatHe po3paxyHKOBe peaKTHBHe HaBaHTa^eHHa BH3HaaaeMO aK:

Qp.TU = Qp3 + Qpo + Qp.a.a , (3.36)

Q pTn = 116,32 + 2,58 = 118,9 KBAp.

TaKHM hhhom, 3araatHe po3paxyHKOBe noBHe HaBaHTa^eHHa T n  3HaxogHMO 3a 

^opMyaoro (3.37):
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Sp.rn = Pp.Tn + Qp.m, (3.37)

Spjn =yl158,042 + 118,92 = 197,77 kBA.

npH ^oM y po3paxyHKOBHH CTpyM 3 öoKy HH Tn:

S
J,rn = -F C ? r - , (3.38)

197 77
I p  Tn = - r 7 —  = 300,48 a . 

p V3 ■ 0,38

Pe3yntTaTH po3paxyHKiB HaBegem b Taöa. 3.2.

3.6 Po3paxyHOK nikoeux CTpyMiB

niKOBHH CTpyM -  ^  MaKCHMaHbHHH KOpOTKOHaCHHH CTpyM TpHBamCTM B KiHbKa 

ceKyHg. niKOBHM CTpyMOM gaa ogHoro eaeKTponpHHMana e nycKOBHH CTpyM, aKHH 

BHHHKae npn BMHKaHHi ogHoro eaeKTpogBHryHa. ^ a a  rpynn eaeKTponpHHMaaiB 

niKOBHH CTpyM BH3HanaeTbca 3 ypaxyBaHHaM eaeKTpogBHrymB 3 HaööiabmHM 

nyCKOBHM CTpyMOM.

niKOBHH CTpyM rpynH E n  (gBOx-n’aTH gBHryrnB) Hanpyroro go 1 kB 

BH3HanaeTbCa aK:

K-1

I = I  + Y I ' (3 39)mK. nycK.MaKC hom’ \  ■ J
1

ge I  MaKC -  HaööiabmHH 3 nyCKoBHx CTpyMiB ogHoro eaeKTpogBHryHa y rpyni 3a 

naCnopTHHMH gaHHMH;
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n-1
^  i  fHOM -  cyMapHHH HoMmantHnn CTpyM rpynn E n  6e3 ypaxyBaHHa

1

HoMrnantHoro CTpyMy Hanöintmoro 3a noTy^HiCTW gBnryHa.

niKOBHH CTpyM rpynn Big rpynn öintme n ’aTn E n  Hanpyroro go 1 kB npn

aKTHBHO-iHgyKTHBHOMy HaBaHTa^eHHi 3 goCTaTHtoW TOHHic™ Mo^Ha BH3HaHHTH aK

apn^MeTHHHy cyMy Hanöintmoro 3 nyCKoBnx CTpyMiB gBnryHa y rpyni Ta 

po3paxyHKoBoro CTpyMy Bcix cno^HBaniB rpynn öe3 HoMrnantHoro CTpyMy gBnryHa 3 

HanöintmnM nyCKoBHM CTpyMoM npn TB = 1 [2,3,9,12].

1niK. 1nycK.MaKC + (1p.2 ke 1hom.MaKC ) 5 (3.40)

ge i  -  po3paxyHKoBHH CTpyM yCix Cno^HBaniB rpynn (po3paxyHKoBnn CTpyM 

gpyroro piBHa eneKTponoCTanaHHa);

ke -  Koe^i^eHT BnKopnCTaHHa gBnryHa 3 HanöintmnM nyCKoBHM CTpyMoM;

1 hom MaKc -  HoMmantHnn CTpyM gBnryHa 3 HanöintmnM nyCKoBHM CTpyMoM npn 

TB = 1.

Hanöintmi nyCKoBi CTpyMn E ^  /  MaKc gna gaHoi rpynn Cno^HBaniB oönpaeMo 

3 Taön. 3.1.

Po3paxoByeMo niKoBi HaBaHTa^eHHa gna MariCTpani, go aKoi npnegHaHi 

Cno^HBani CPffll -  gBnryHn yCTaHoBKn noB3goB^Hto-nonepenHoi pi3Kn, MamnHa gna 

3BapwBantHoi yCTaHoBKn, TpaHCnopTHnx MexaHi3MiB Ta iH. (yCtoro 8 

eneKTponpuHMaHiB). HannoTy^mmnn eneKTponpnnMan ^ e i  rpynn -  MamnHa gna 

3BapwBaHHa KopnyCy aepo3ontHoro öanoHy 3 HoMrnantHoro noTy^HiCTro Phom d=7 kBt, 

gna aKoro 3rigHo 3 Taön. 3.2 npnHMaeTtCa Koe^^ieHT aKTUBHoi noTy^HoCTi cos ̂ =0,74 

Ta Koe^^ieHT BUKopnCTaHHa ke = 0,82.

nyCKoBi CTpyMn eneKTponpnnManiB BKa3aHi b Taön. 3.1.

Po3paxyHKoBnn CTpyM 2-ro piBHa E n  gna Cno^nBaniB CPffll i  = 38,74 A.

niKoBnn CTpyM gna gaHoi rpynn Bn3HanaeTtCa 3a ^opMynoro (3.40):
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AHaaorinHo BH3HanaeMO niKOBi CTpyMH gaa MaricTpaaeö, rn,o ^HBaaTb cnaoBi 

po3nogiabni ma^H CPm2, CPm3, CPm4. Pe3yabTara po3paxyHKiB 3aHOCHMO go 

Taöa. 3.3.

T a ö a n ^  3.3 -  Po3paxyHOK niKOBHx HaBaHTmeHb

HaÖMeHy-
BaHHa
nPE

^am  HafinoTy^Himoro E n Po3paxyH-
KOBHH
CTpyM

1  p 2, A

Koe^^ieHT 
BHKOpHC- 

TaHHa 
ke, B.o.

niKoBHH 
CTpyM 
I , A

HO-
Mep

HoMmaabHHH
CTpyM

I  , A

nyCKOBHH

CTPyM I nycK

, A

C P m i 2 14,37 71,86 38,74 0,82 98.81

CPm2 19 9,50 47,48 62,25 0,65 103.55

CPm3 23 30,39 151,93 126,06 1 243.09

CPm4 29 30,39 151,93 73,34 0.91 197.62

P n 23 30,39 151,93 300,48 0,85 426,48
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^ X O B O I  n m CTAHTTn

n p n  BHÖopi noTy^HOCTi TpaHC^opMaTopiB ^ T ^  cnig BpaxoByBara ix 

HaBaHTa^yBantHy 3gaTHicTb.

noTy^HiCTt TpaHC^opMaTopiB ^ T ^  oönparoTb 3a po3paxyHKoBHM 

HaBaHTa^eHH^M. OcKinbKH HaBaHTa^eHHA Ha raHHax 0,38 kB Hane^HTb go 3-ro piBHA 

eneKTponocTanaHHa i BH3HanaeTbca 3a cepegHbO3MiHHHM HaBaHTa^eHH^M 3a Hafiömbra 

3aBaHTa^;eHy 3MiHy, to ga yMOBa BHKOHyeTbca, TOMy rn,o noTpoeHa nocTiHHa nacy 

TpaHC^opMaTopa (33To = 3^2,5=7,5 rog.) nopiBHaHa 3 TpHBanicTW 3MiHH.

noTy^HiCTb TpaHC^opMaTopa oönpawTb 3 ypaxyBaHHaM HeoöxigHoro 

pe3epByBaHHa Bcix E n  I KaTeropii HagiÖHocTi Ta ochobhhx E n  II KaTeropii HagiÖHocTi 

b pe3ynbTaTi poöora aBToMaTHHHoro BMHKaHHa pe3epBy (ABP) Ha cewÖHoMy 

aBTOMaTHHHoMy BHMHKany (KoHTaKTopi) aöo Ha BMHKaHHi pe3epBHoi nepeMHHKH 

cycigHboi nC.

MiHiManbHa noTy^HiCTb TpaHc^opMaTopiB öyge y ToMy BHnagKy, kohh nepe3 hhx 

peaKTHBHa noTy^mcTb He nepegaeTbca, a noBHiCTW KoMneHcyeTbca Ha CTopoHi go 1 kB. 

^  6a3oBHH BapiaHT, npn aKoMy po3paxyHKoBe peaKTHBHe HaBaHTa^eHHa ^ n  Qp^m 

gopiBHwe BCTaHoBneHifi noTy^Hocri Bcix HH3bKoBoabTHHx KoHgeHcaTopiB (HK) Q  K.

n p n  Tpbox i MeHrae TpaHC^opMaTopax ix HoMmaabHy noTy^HiCTb oönpawTb 3a 

po3paxyHKoBHM aKTHBHHM HaBaHTa^eHHaM 3 ypaxyBaHH^M npnÖHaToro Koe^^ieHTa 

3aBaHTa ;̂eHHa TpaHC^opMaTopa ß T 3a eMnipHHHoro ^opMyaoro [3,9]:

P
S > S = p~U'Tn (4 1)uhom.T ~ uhom.T.p ß  ’ (4.1/

ge ShomT. -  noBHa HoMmaabHa po3paxyHKoBa noTy^HicTb TpaHC^opMaTopa;

Pp.pTn -  cyMapHe po3paxyHKoBe aKTHBHe HaBaHTmeHHa ^ T ^  3 nigpo3gmy 3.5;

N  -  KinbKicTb TpaHc^opMaTopi Tn.

OönpaeTbca HaöönH^Ha öiabraa cTaHgapTHa noTy^HicTb TpaHc^opMaTopa [3,9].
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4.1 Bnöip CH^OBoro TpaHC^opMaTopa g^H ^ x y

Hanpyra TpaHC^opMaTopa Ha BHcoKm CToporn -  10 kB.

EneKTponpHHMani Hane^aTt go II KaTeropii HagiÖHocTi, gna aKHx gonycKaeTtca

BCTaHoBneHHa ogHOTpaHc^opMaTopHoi n c  3 Koe^i^eHToM 3aBaHTä«:eHHa ß  — 0 ,9.

3a ^opMynoro (3.1) po3paxyHKOBa HoMiHantHa noTy^HicTt ^ T ^ :

S  T> S  T — 158,04 —175,6 kBA.
h o m .T h o m .T . p  0  9  ?

OönpaeMO TpaHC^opMaTop 3 HoMmantHoro noTy^rnc™  SHmi T — 250 kBA THny 

TCn-250/10/0,4.

4.2 BH3HaneHHH noTy^HOCTi KOHgeHcaTopHHx ycraHOBOK 3 HOMrna^bHoro

Hanpyroro KOHgeHcaTopiB 0,4 kB

^na BHÖopy KOMneHcywHoro npncrporo (Kn) HeoöxigHO 3Hara po3paxyHKOBy 

peaKTHBHy noTy^Hicrt K n, THn KOMneHcywnoro npncTporo Ta noro Hanpyry.

Po3paxyHKOBy peaKTHBHy noTy^HicTt K n  MO^Ha BH3HanHTH 3i cniBBigHomeHHa:

Qk. p. = a ' Pp.^n •( tg p -  tg^K) , (4.2)

ge Qk.P. -  po3paxyHKOBa noTy^HicTt Kn, KBAp;

a  -  Koe^i^eHT, ^ o  BpaxoBye nigBH^eHHa cos^ npnpogmM mnaxoM, 

npHHMaeTtca a  — 0 ,9 ;

tgty, tg p K -  Koe^^ieHTH peaKTHBHoi noTy^HocTi go Ta nicna KoMneHcagii. 

KoMneHca^ro peaKTHBHoi noTy^HocTi 3a gocBigoM eKcnnyaTa^i 3gificHWWTt go 

ogep^aHHa 3HaneHHa c o s ^  — 0,92...0,95. 3agaBmnct c o s ^  3 ^ o r o  npoMmKy,

BH3HanawTt tg p K. 3HaneHHa Pp̂ Tn, tg p  öepeMo 3 Taön. 3.2 3a pe3yntTaTaMH

po3paxyHKiB HaBaHTa^eHt.
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Po3paxyHKOBy peaKTHBHy noTy^rncTt 3HafigeMo 3a ^opMynoro (4.2). npHHMaeMo 

cos vk = 0,95, T0gi tgvK = 0,329:

0 K. p = 0,9 -158,04 • (0,75 -  0,329) = 59,88 KBAp.

n o  [2] oönpaeMO KOMnneKTHy KOHgeHcaTopHy ycTaHOBKy 

yKPn-0,4-60-10Y3 3i CTyneHeBHM perynwBaHH^M BenHHHHoro 10 KBAp.

BH3HanHMo ^aKTHHHi 3HaneHHA tgty^ Ta c o s ^  nicna KOMneHca^i peaKTHBHoi 

noTy^HOCTi:

tgV4> = tg V ---- ° r I— , (4.3)
«• Ppgm

ge 0 K ct -  CTaHgapTHe 3HaneHHA noTy^HOCTi oöpaHoro K n, KBAp.

tgp, = 0 ,75-------60-------= 0,328
* 0,9 -158,04

3a 3HaneHHAM tgty^ 3HaxogHMO c o s ^ :

c o s ^ =  cos(arctg^), (4.4)

c o s ^  = cos(18,160) = 0,95.

Pe3yntTaTH po3paxyHKiB 3aHOCHMO go Taön. 4.1.

T aö n n ^  4.1 -  3BigHa BigoMiCTt HaBaHTa^eHt go Ta nicna KoMneHca^i

napaMeTp cosv tgV Pp.ujn, kBt Qp.grn, KBAp Sp.gTn, kBA

Bctoro Ha HH 6e3 K n 0,8 0,75 158,04 118,9 197,77

K n 60

Bctoro Ha HH 3 K n 0,95 0,328 158,04 59,8 168,66
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y  MaricTepcbKiö poßoTi BHÖopy rngnararoTb nepepi3H TaKHx npoBigHHKiB:

■ KaöenbHOi nimi Hanpyrow 10 kB, rn,o ^HBHTb ^ T ^ ;

■ cnnoBoi ^HBHnbHoi Mepe^i Hanpyrow 0,38 kB;

■ po3noginbHoi Mepe:m (Big CPffl go eneKTponpHHMana);

Bnßip nepepi3y npoBigHUKi b 3gificHweTbca 3 ypaxyBaHH^M ix poßora b 

HopManbHOMy, nepeBaHTa^moMy Ta aBapiÖHoMy (K3) pe^HMax.

Bnöip nepepi3y npoBigHHKiB y 3aranbHoMy BHnagKy BH3HanawTb 3a 

eKoHoMiHHow rycTHHoro CTpyMy, HarpiBaHHaM, BTpaTaMH Ta BigxnneHHflMH Hanpyrn, 

eneKTpogHHaMiHHow CTiMKicTW Ta MexamHHoro M^Hicim

nepemHem ^aKTopn BHaBnawTbca no-pi3HoMy 3ane^Ho Big KoHCTpyKTHBHoro 

BHKoHaHHa eneKrpHHHoi Mepe^i (Kaöenb, mHHonpoBig), BHgy (^HBHHbHa, 

po3noginbHa), nproHaneHHA (cnnoBa, ocBrraroBanbHa).

5.1 Bußip nepepi3y Kaße^bHoi' g imi Hanpyroro 10 kB

Bnöip nepepi3y KaöenbHoi mmi Hanpyrow 10 kB 3gificHweTbca 3a HopManbHHM 

pe^HMoM HaBaHTa^eHHa, nepeBipKa BHÖpaHoro nepepi3y -  3a MaKCHManbHHM 

pe^HMoM, nepeBipKa Ha TepMiHHy CTiHKiCTb -  3a aBapiÖHHM pe^HMoM. nepeBipKy 3a 

yMoBaMH KopoHH, a TaKo^; Ha MexaHiHHy M^rncTb ^ hh KaöemB poßm u He noTpiÖHo, 

TaK ak MiHiManbHHH nepepi3 anroMirneBoi ^ hhh gna KaöemB CTaHoBHTb 2,5 mm2, MigHoi 

1,5 mm2, rn,o BignoBigae MirnManbHoMy nepepi3y npoBigHHKa.

5.1.1 Bußip nepepi3y Kaßegro 3a HopMagbHHM pe^HMOM

n p n  BHÖopi nepepi3y Kaöegm, mo ^HBHTb U T n 3 TpaHC^opMaTopoM 10/0,4 kB, 

CTpyMoM HopManbHoro pe^HMy I  npn pagiagbHiö cxeMi He3ane^Ho Big HHcga

TpaHC^opMaTopiB ^ T ^  (ogHH aßo gBa) npHHMaeTbca HoMmagbHHH nepBHHHHH CTpyM
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TpaHC^opMaTopa, hkhh BH3HaHaeTtCH 3a nacnopTHHMH gaHHMH TpaHC^opMaTopa 3a 

^opMynoro:

S
j  = I = —  h o m T—  (5 1)

nopM h o m .T .1 H Z  j j  ’  W , A /

^  h o m .T .1

ge SHCM T -  HOMmantHa noTy^mcTt TpaHC^opMaTopa, kBA;

UhomT i -  HOMmantHa nepBHHHa Hanpyra TpaHC^opMaTopa, kB.

HoMmantHa noTy^mcTt TpaHC^opMaTopa SHOMr=250 kBA. BroHanaeMO Horo

HOMiHanbHHH nepBHHHHH CTpyM:

, 250 1A AC1 .
nopM = V 34Ö  = 14,451 A .

Ekohomwho BHrigHHH nepepi3 KaöemB BH3HaHaeTtCH hk:

= 1nopM, mm2 (5.2)
JeK

ge JeK -  HopMOBaHe 3HaHeHHH eKOHOMiHHO BHrigHOi rycTHHH CTpyMy A/mm2.

Po3paxyHKOBHH eKOHOMiHHO BHrigHHH nepepi3 SeK OKpyrafleTtCH gO HaöönH^Horo 

ömtmoro aöo MeHmOrO CTaHgapTHOrO nepepi3y SCT, mm2.

Big ^ T ^  ^HBHHTbca E n  3-KaTerOpii HagiHHOCTi eneKTponocTaHaHHH, TOMy 

npHHMaeMO KmtKic™ rOgHH BHKopHCTaHHH MaKCHMyMy HaBaHTa^eHHH 3a piK 

TMaKc = 5000 rog/piK. OönpaeMO Kaöent 3 nanepoBOW i3OH^iero Ta anroMmieBHMH 

^HnaMH b CBHH^Biö oöohoh^  -  ACE. 3a3HaHeHOi BHrn,e MapKH Kaöenw Ta

KintKOCTi rOgHH BHKOpHCTaHHA MaKCHMyMy HaBaHTa^eHHH 3a piK eKOHOMiHHa rycTHHa

CTpyMy JeK=1,2 A/mm2 ([2] Taön. M .l). 3a ^opMynoro (5.2) eKOHOMiHHO BHrigHHH 

nepepi3 Kaöenro b HopMantHOMy pe^HMi poöora:
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14 451
S = — -----= 12,04 mm2.

e* 1,2 ,

OönpaeMO HafiönH^HHH öiabmHH CTaHgapTHHH nepepi3 Kaöearo SCT =35 mm2.

5.1.2 nepeBipKa nepepi3y Kaße^ro 3a iviaKciiivia.ibHiiivi pe^HMOM

y  pe^HMi MaKCHMantHoro HaBaHTmeHHa KaßeaiB gonycthmhh gaa gaHoro 

Kaßearo CTpyM 3 ypaxyBaHHaM yMoBH npoKaagKH Ta BigxnaeHHa napaMeTpiB 

HaBKoanmHboro cepegoBHrn,a Big CTaHgapTHHx yMoB I'don Ta Koe^^iemiB gonycTHMoro 

nepeBaHTmeHHa K nep, ([2] Taßa. M.2), nopiBHMMTb 3i CTpyMoM y pe^HMi

nepeBaHTa^eHHa I  3 ypaxyBaHHaM Koe^^ieHTa pe3epByBaHHa K pe3:

K nep • hon ^ h  = K pe3 ’ Inopu , A  (5A)

y  pa3i HeBHKoHaHHa yMoBH 3a ^opMyaoro (5.3) HeoöxigHo npHHHaTH HoBe 

3HaneHHa HaftönH^noro ßiabmoro CTaHgapTHoro nepepi3y Kaßearo, m,oß BoHa 

BHKoHyBanacb.

^onycTHMHH TpHBanHH CTpyM gaa KaßeaiB Hanpyroro 10 kB 3 ypaxyBaHHaM yMoB 

npoKaagKH Ta BigxnaeHHa napaMeTpiB HaBKoanmHboro cepegoBHrn,a Big CTaHgapTHHx 

yMoB npn ix TpHBanoMy xapaKTepi BH3HanaeTbca aK:

hon = K cep • K np ' hon, A . (5.4)

ge K -  nonpaBonHHH Koe^i^eHT Ha TeMnepaTypy HaBKoanmHboro cepegoBHrn,a,

aKrn,o BoHa BigMiHHa Big CTaHgapTHoi ([2] Taßa. M.4);

K  -  nonpaBonHHH Koe^^ieHT Ha KiabKiCTb KaßeaiB, rn,o ae^aTb nopyn y 3eMai

([2] Taßa. M.5);
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hon -  gonycTHMHH TpHBaanfi CTpyM npoBigHHKa cTaHgapTHoro nepepi3y gaa 

CTaHgapTHHx yMOB (gaa ogHiei oKpeMoi aiHii, cTaHgapTHHx TeMnepaTyp gaa 3eMai Ta 

Bogn +15°C, gaa noBiTpa +20°C) 3aae^Ho Big Marepiaay ^n a , ix i3oaa^i, cnocoöy 

npoKaagaHHa, A ([2] Taöa. M.6 i M.7).

nonpaBOHHHH Koe^^ieHT Ha TeMnepaTypy HaBKoanmHtoro cepegoBHrn,a K 

MO^Ha oÖHHcaHTH 3a cniBBigHomeHHaM:

~T —T_  m .h cep / r
K cep = a j i  j i  ’ (55)

'  w .h ± cep.H

ge Tx H, Tcep H -  HopMOBaHi TpHBaao gonycTHMi TeMneparypn ^ n an  Ta cepegoBHrn,a

BignoBigHo;

T -  ^aKTHHHa TeMneparypa HaBKoanmHtoro cepegoBHrn,a.

gonycTHMi TeMneparypn HarpiBaHHa npoBigHHKiB 3aae^aTt Big ix KoHcTpy^ii Ta 

pe^HMy.

n p n  HopMoBaHifi TpHBaao gonycTHMm TeMneparypn Kaöearo MapKH ACE 

Hanpyroro 10 kB T^h =60°C, HopMoBaHifi TpHBaao gonycTHMifi TeMnepaTypi

cepegoBH^a T H=15°C Ta ^aKTHarnfi TeMnepaTypi HaBKoanmHtoro cepegoBHrn,a

T =20°C nonpaBoaHHfi Koe^i^eHT Ha TeMnepaTypy HaBKoanmHtoro cepegoBHrn,a 3a

^opMyaow (5.5):

K  = = 0 9 4
cep \  60 -1 5  ’ .

nonpaBoaHHfi Koe^^ieHT Ha KiatKicTt KaöeaiB npn npoKaag^ Kaöearo BcepegHHi 

3eMai 6e3 Tpyö npnfiMaeTtca K  =1.

n p n  npoKaag^ b 3eMai gaa TpH^HatHHx KaöeaiB MapKH ACE Hanpyroro 10 kB Ta 

nepepi3oM 35 mm2, gonycTHMHfi TpHBaanfi cTpyM Idon=115 A. 3a ^opMyaoro (5.4):
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I'don = 0,94 -1-115 = 108,1 A.

^ a a  ogHOTpaHC^opMaropHHx n C  3 pe3epByBaHHaM Mi® cycigmMH n C  3a 

gonoMororo KaöeatHHx nepeMHnoK npn Hanpy3i go 1 kB npHHMaeTtca K =1,3, npn

pe3epByBaHHi 3a gonoMororo mHHHHx nepeMHnoK HH -  K =1,4, 6e3 pe3epByBaHHa -

K =1,0 3a BigcyTHocTi gaHHx.

3a BHxigHHMH gaHHMH pe3epByBaHHa Ha croporn HH He nepegöaneHe, ToMy 

npHHMaeMo Koe^^ieHT gonycTHMoro pe3epByBaHHa K =1,0. n p n  npoeKTyBaHHi y

BHxigHHx gaHHx He 3agaeTtca rpa^iK HaBaHTa®eHHa E n  ^ x y , ToMy npHHMaeMo 

Koe^^ieHT gonycTHMoro nepeBaHTa®eHHa K nep=1.

YMoBa nepeBipKH nepepi3y Kaöearo b pe®HMi MaKCHMaatHoro HaBaHTa®eHHa 3a 

^opMyaoro (5.3) BHKoHyeTtca:

1-108,1 = 108,1 > 1-14,451 A.

108,1 > 14,451 A.

5.1.3 nepeBipKa nepepi3y Kaßearo 3a TepMiHHoro criHKicrro

n p n  Hanpy3i noHag 1 kB Kaöeai, aKi 3axHm,aroTtca 3ano6i®HHKaMH, Ha TepMWHy 

CTiHKiCTt He nepeBiparoTtca.

TepMiHHa 3garnicTb Mo®e öyTH o^HeHa HaÖMeHmHM nepepi3oM Kaöearo (mm2), 

TepMocTiHKHH go CTpyMiB K3:

SM, = ^  , mm2 (5.6)

ge ß K -  TenaoBHH iMnyatc CTpyMy K3, A2c;

C -  TeMneparypHHH Koe^^ieHT, rn,o BpaxoBye oÖMe®eHHa gonycTHMoi 

TeMnepaTypn Kaöearo, A x 1/2/mm2;

IK = I B o -  noaaircoBe 3HaaeHHa nepiogHHHoi CKaagoBoi CTpyMy Tpn$a3Horo K3, A;
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t -  gificHufi aac BuMuKaHHa K3, c.

BeauauHa gificHoro aacy BuMuKaHHa K3 t cKaagaeTbca 3 aacy gii ocHOBHoro 

peaefiHoro 3axucTy (P3) t3ax , aacy BuMuKaHHa BuMuKaaa teuMUK.e (Mo^Ha npufiHaTu 

teuMUK.e =0,05 c) i cTaaoi aacy anepioguaHoi cKaagoBoi cTpyMy K3 (Ta = 0,05 c):

f = t3ax + Kumuks + Ta , c, (5‘7)

Ha aiHiax go ^ T ^ , aKi BigxogaTb Big muH P n , 3acTocoByeTbca gBocTyneHeBufi 

cTpyMoBHH peaefiHufi 3axucT (P3), aKufi cKaagaeTbca 3i cTpyMoBoi BigciaKu (CB) Ta 

MaKcuMaabHoro cTpyMoBoro 3axucTy (MC3).

Ochobhum 3axncTOM gaa pagiaabHux cxeM ^uBaeHHa ^ T ^  6e3 EA Ha BBogi 

TpaHc^opMaTopa (rayxufi BBig) npu KopoTKux aiHiax, rn,o xapaKTepHo gaa 

npoMucaoBux nignpHeMcTB, e CB. y  ^oM y BunagKy gificHufi cTpyM BMuKaHHa K3 

Mo^Ha npufiHaTu t = 0,2 c.

Ochobhhm 3axucTOM gaa MaricTpaabHux cxeM ^uBaeHHa ^ T ^  e MC3.

^ a a  ogHocTyneHeBoi cxeMH npu MaricTpaabHoMy ^HBaeHHi ^ T ^  Big muH 

gificHufi aac BHMHKaHHa K3 Mo^Ha npHHHaTH t = 0,6 c.

^K ^o nicaa po3paxyHKy 3a ^opMyaoro (5.6) BHKoHyeTbca yMoBa SCT > SMiH, to

3aaumaeTtca cTaHgapTHufi nepepi3 Kaöearo. ^Krn,o b pe3yabTaTi po3paxyHKy 

SCT < SMiH, to HeoöxigHo npufiHaTu HoBe Hafiöau^ae öiatme 3HaaeHHa cTaHgapTHoro

nepepi3y Kaöearo SCT > SMiH.

3rigHo Taöa. M.8 [2] gaa KaöeaiB 3 aawMiHieBHMH öaraTogpoToBHMH ^uaaMH Ta 

nanepoBoro i3oaa^ero npu Hanpy3i 10 kB npufiMaeTtca TeMnepaTypHufi Koe^^ieHT 

C = 100 A-c1/2/mm2, t = 0,2 c.

HafiMeHmufi nepepi3 Kaöearo, aKufi e TepMocTifiKHM go cTpyMiB K3, Bu3HaaaeTtca 

3a ^opMyaoro (5.6):

S = 5  ■'ft0 2  = 6000-y jö ä  = 26 3 mm2 
100 100
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TaKHM hhhom, SCT = 35 mm2 > SMm =26,83 mm2, TOMy ocTaroHHO oönpaeMO Kaöent 

ACE 3x35 10 kB.

5.2 Bnöip nepepi3y npoBigHHKiB ^HBH^bHoi' Mepe^i Hanpyroro go 1 kB

Ochobhow yMOBOW BHÖopy nepepi3y npoBigHHKiB e BennnHHa HarpiBaHHa ix 

eaeKTpHHHHM CTpyMOM y HopMantHOMy i aBapiÖHOMy pe^HMax Ta y pe^HMi 

nepeBaHTmeHHa. HKffl,o TeMnepaTypa HarpiBaHHa nepeBHrn,HTt gonycTHMy, to 3ane^HO 

Big BenHHHHH nepeBHrn,eHHa Ta TpHBanocri Hacy eneMeHT MO^e öyra noraKog^eHHH, 

rn,o cnpHHHHHTb nopyraeHHa HopMantHOi poöora CHCTeMH, a B ripraoMy BHnagKy 

(3aropaHHa i3ona^i) MO^e npH3Becra go no^e^i. ToMy gna Bcix BHgiB npoBigHHKiB Ta 

yMOB ix 3acTOcyBaHHa ronoBHHM y BHÖopi nepepi3y e ix HarpiBaHHa, aKe BH3HanaeTtca 

gBOMa e^eKTaMH TennoBoro BnnHBy: MaKCHMantHO gonycTHMoro TeMneparypow Ta 

TennoBHM 3hocom i3ona^i gna gaHoro pe^HMy Ta Knacy i3ona^i.

Hk KpHTepifi gonycTHMOCTi Toro hh iHraoro pe^HMy 3a HarpiBaHHaM 

BHKopncTOByeMO cyMapHHH BnnHB Ha CTpoK cny^ÖH npoBigHHKa MaKCHMantHO! 

TeMneparypn Ta TpHBanocTi 3HOcy i3ona^i 3a po3rnaHyTHH nepiog. n p u  pi3KHx niKax 

HaBaHTa^eHHa öintray Heöe3neKy CTaHOBHTt nepeBHrn,eHHa MaKCHMantHO gonycTHMOi 

TeMnepaTypn; aKrn,o rpa^iK HaBaHTa^eHHa piBHOMipHHH, öintray Bary Mae CKnagoBa 

TennoBoro 3HOcy i3ona^i.

5.2.1 Bnöip nepepi3y Kaöe^iB

Bnöip nepepi3y Kaöenw npu HarpiBaHHi B HopMantHOMy pe^HMi nonarae y 

BH3HaneHHi TaKoro MiHiMantHoro nepepi3y, aKHH gonycKae CTpyM He MeHrae 

po3paxyHKOBoro, toöto noBHHHa BHKOHyBaract yMOBa:

Vöon > IP.2, A. (5.8)

ge Ip2 -  po3paxyHKOBHH CTpyM 2-ro piBHa eneKTponocTanaHHa.
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^onycTHMHH ipHBanHH cipyM gna KaöeniB 3 ypaxyBaHHaM yMOB npoKnageHHa Ta 

BigxnneHHa napaMeipiB HaBKonnmHboro cepegoBHrn,a Big CTaHgapTHHx yMOB npn ix 

goBroTpHBanoMy xapaKTepi BH3HanaeTbca 3 ypaxyBaHHaM nonnaßKOBoro Koe^i^eHTa K :

Jdon = K cep • K np ' Knonp ' hon , A  (5-9)

ge K  =1 -  nonpaBonHHH Koe^i^eHT gna KaöeniB, npoKnageHHx y noBnpi

BcepegHHi aöo no3a ^ xom, 3a öygb-aKoi ix KinbKocTi, HopMoBaHa TeMnepaTypa 

cepegoBHiga Tcep n = 25°C ;

K  = 0,92 -  nonpaBonHHH Koe^^ieHT yBogHTbca npn BH3HaneHHi I ’don gna

noTHpH^HnbHHx KaöeniB 3 nnacrnacoBoro i3ona^ero Hanpyrow go 1 kB, aKrn,o TpHBani 

gonycTHMi CTpyMH B3aTi 3 goBigHHKoBoi niTepaTypn aK gna Tpn^HnbHHx KaöeniB);

OönpaeMo Kaöenb MapKH A BBr 3 noniBminxnopHgHoro i3ona^ero. ^na  gaHoi 

MapKH Kaöenio J ^ h=70oC,  HopMOBaHa TeMnepaTypa npn npoKnagip b noßnpi

T = 25 °C1 cep.H *

nonpaBonHHH Koe^^ieHT Ha TeMnepaTypy HaBKonnmHboro cepegoBHrn,a K cep 

3HaxogHMo 3a cniBBigHomeHHaM:

Kcep = . TJ "  ~_t ‘P , (5-10)
' m.H ± cep.H

ge Tx H, Tcep H -  HopMoBaHi TpHBano gonycTHMi TeMnepaTypn ^Hnn Ta cepegoBHrn,a

BignoBigHo;

Tcep — ^ aKTHnHa TeMnepaTypa HaBKonHmHboro ^ ^ g p ^ ^ a ,  Tcep = 34°C.

Togi gna Kaöena MapKH A B B r:

170 -  34K = J --------- = 0,894
cep V 70 -  25

BHKoHyeMo po3paxyHoK i BHÖip Kaöenro, rn,o ^HBHTb CPffll. ^na BHÖopy nepepi3y 

Kaöenw 3 Taön. 3.2 BHKopHCTOByroTbca HacTynHi BHxigHi gaHi: po3paxyHKoBHH CTpyM
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2-ro piBHa eaeKTponocTaaaHHa aiHii, aKa ^ hbhtb CPffll I  2 = 38,74 A; po3paxyHKOBe 

aKTHBHe HaBaHTa^eHHa 2-ro piBHa eaeKTponocTaaaHHa Pp2 = 18,89 kBt, po3paxyHKOBe 

peaKTHBHe HaBaHTa«:eHHa 2-ro piBHa eaeKTponocTaaaHHa Q 2 = 17,13 KBAp.

3 Taöa. M.9 [2] gaa Tpn^nabHoro Kaöearo npn npoKaageHHi b noBirpi 3i 

CTaHgapTHHM nepepi30M cTpyMonpoBigHoi ^n an  Sct = 16 mm2 gonycthmhh CTpyM 

hon = 60 A. 3a ^opMyaoro (5.9):

I 'om = 0,894• 1 • 0,92 • 60 = 49,35 A.

TaKHM hhhom, I'don = 49,35 A > I  2 = 38,74 A . YMOBa BHKoHyeTbca.

Bnöip nepepi3y anme 3a yMOB gonycTHMoro HarpiBaHHa nproBogHTb go 3HaaHHx 

BTpaT aKTHBHoi noTy^HocTi Ta BTpaT Hanpyrn. ^ a a  ocTaroaHoro BHÖopy nepepi3y 

Kaöearo caig npoBecTH Bei nepeBipKH BignoBigHo go BHMor nYE: 3a yMoB gonycTHMoi 

BTpara Hanpyrn Ta BignoBigHocTi go 3axncHoro anapaTa.

BTpaTH Hanpyrn B Kaöeaax y BigcoTKax BH3HaaaeTbca aK:

AU = p p2 • R  + Qp.2 • ^  , %, (5.11)
10 • U2hom v '

ge P^ 2, Q 2 -  MaKcHMaabHi po3paxyHKoBi aKTHBHe i peaKTHBHe HaBaHTa^eHHa 2-ro

piBHa eaeKTponocTanaHHa BignoBigHo, kBt, KBAp.

Rk6 , -  aKTHBHHH Ta peaKTHBHHH onopH Kaöeaw BignoBigHo, Om;

UHOM -  HoMiHaabHa Hanpyra eaeKTpnaHoi Mepe^i, kB.

Akthbhhh i peaKTHBHHH onopn Kaöearo oöancawwTb 3a ^opMyaaMH:

R,e = r,, • h6, (5.12)

^  = X  • K , (5.13)

ge r , xn -  aKTHBHHH i peaKTHBHHH nHToMi onopn Kaöearo BignoBigHo, Om/km;

Ik6 -  goB^HHa Kaöeaw, km.
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3 Taön. M11 [2] gna Kaöenro 3i CTaHgapTHHM nepepi30M CTpyMonpoBigHoi 

Scr = 16 mm2 npHHMaeMO HacTynHi nHTOMi onopn Kaöenro: rn = 1,95 mOm/m, 

xn = 0,0675 mOm/m. ^OB^HHa Kaöenro -  25 m. Togi 3a ^opMynaMH (5.12), (5.13):

Rk6 = 1,95 • 10-3 • 25 = 48,8 mOm,

= 0,0675•IO-3 • 25 = 1,69 mOm.

3a ^opMynoro (5.11):

A = 18,89 • ° ,°488 + 17 13 • ° ,°0169 = 0658 %
10 • 0,382

OcKintKH BenHHHHa BTpaT Hanpyrn b Kaöem He nepeBHrnye gonycTHMoi (5%), to 

nepepi3 Kaöenro oöpaHHH BipHo.

TaKHM hhhom, oönpaeMo HoTHpn^HnbHHH Kaöenb A BBr (3x16+1x10) goB^HHoro 

25 m, npoKnageHHH y Kopoöax.

OcTaTonHHH nepepi3 Kaöenro oÖHpaeTbca nicna nepeBipKH 3a yMoBH BignoBigHocri 

3axHCHoMy anapaTy.

nepepi3 KaöeniB ^HBHnbHoi Mepe^i BHpoÖHHnoro ^ x y  go po3noginbHHx ma$ 

CPm 2, CPm3, CPm4, ocBiTnroBanbHoro ^HTKa ^ P O  Ta P n  HH oönpaeTbca 

aHanorinHo go CPm1. Po3paxyHoK BTpaT Hanpyrn TaKo®: 3gificHroeTbca aHanoriHHo. 

Pe3ynbTaTH po3paxyHKiB HaBegeHi B Taön. 5.1.

T aö n n ^  5.1 -  Bnöip nepepi3y KaöemB ^HBHnbHoi Mepe^i

Kaöenb go nPE Scr , MM2 h o n  , A I „.2  > A A U , % Tnn Kaöenro

Big P n  go C Pm i 16 49.35 38.74 0.658 A BBr 3x16+1x10
Big P n  go CPm2 35 74.02 62.25 0.213 A BBr 3x35+1x16
Big P n  go CPm3 95 139.82 126.06 0.134 A BBr 3x95+1x35
Big P n  go CPm4 50 90.47 73.34 0.192 A BBr 3x50+1x25
Big P n  go ^ P O 2.5 15.63 8.98 0.601 A BBr 3x6+1x4
Big T n  go P n  HH 185 332.95 300.48 0.328 A BBr 3x185+1x50
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B eneKTpHHHHx Mepe^ax Hanpyroro go 1 kB nepepi3 npoBogy (Kaöearo) 

po3nogiabHHx Mepe®: 3aB^gn oönparoTb 3a yMOBOW HarpiBaHHa b HopMaabHoMy pe^HMi 

3a ^opMyaoro:

1don > IP1, A, (5.14)

ge Ipl -  po3paxyHKOBHH CTpyM 1-ro piBHa eaeKTponocTanaHHa (HoMmaabHHH 

CTpyM En).

^ a a  ocTaTOHHoro BHÖopy nepepi3y npoBogy BignoBigHO go BHMoro nY E [1] 

HeoöxigHo nepeBipHTH npoBig (Kaöeab) 3a MexamHHoro M^Hic™, gonycTHMoro 

BTpaTow Hanpyrn Ta 3a yMoBH BignoBigHocTi 3axncHoMy anapaTy. nepepi3 npoBigHHKiB 

npnnMaeTbca HanöiabmHM 3a BHrn,eHaBegeHHMH BHMoraMH.

3a yMoBoro MexaHiHHoi M^HocTi MimMaabHHH nepepi3 aaroMmieBHx npoBogiB -  

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

BTpaTH Hanpyrn B npoBogax y BigcoTKax BH3HanaroTbca aK:

A u  = Pp.l • Rnp + qp.l • X np , % (5.15)
np io • UHOM y }

ge Pp i ,qp\ -  po3paxyHKoBi aKTHBHe i peaKTHBHe HaBaHTmeHHa 1-ro piBHa

eaeKTponocTanaHHa BignoBigHo, kBt, KBAp.

Rnp, X  -  aKTHBHHH Ta peaKTHBHHH onopn npoBogiB, Om;

UHOM -  HoMmaabHa Hanpyra eaeKTpHHHoi Mepe^i, kB.

Akthbhhh i peaKTHBHHH onopn npoBogiB oönncawwTb 3a ^opMyaaMH:

R = r •l , (5.16)

X  = * • l , (5.17)

ge r  , xn -  aKTHBHHH i peaKTHBHHH nHToMi onopn Kaöearo BignoBigHo, Om/km;

5 -  goB^HHa npoBogy, km.
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npoBegeMO po3paxyHOK Ta Bnöip nepepi3iB npoBogiB po3nogiabHnx amin, rn,o 

BigxogaTb Big cnaoBoro rn,HTa CPffll i 3aöe3nenyroTb ^HBaeHHa eaeKTponpnBogiB aiHii 

3 BnpoÖHH^rea aepo3oabHoi ynaKOBKH. CepegHa TeMnepaTypa HaBKoanmHboro 

cepegoBHiga b  nexy CTaHoBHTb Tcep =30°C .

npHHMaeMO go MOHTa^y ogHo^nabHnn npoBig 3 noaiBmiaxnopngHoro i3oaa^ero 

MapKH A nB, npoKaageHHH y CTaneBrn Tpyöi. ^ a a  npoBogy gaHoi MapKH HopMoBaHa 

TpHBano gonycraMa TeMnepaTypa acnnn Tjh u = 70 C , HopMOBaHa TeMnepaTypa

cepegoBHuxa npn npoKjiageHHi b  noBirpi TccpH =25 C . BnKopncTOByionH (5.10)

3HaxognMo nonpaBonHHH Koe^^ieHT Ha TeMnepaTypy HaBKoanmHboro cepegoBHrn,a 

CTaHoBHTb K  = 0,94.

n p n  npoKaageHHi npoBogy Bcepegnm npHMirn,eHHa ^ x y  b CTaneBHx Tpyöax 

nonpaBonHHH Koe^^ieHT K  = 1,0.

npoBegeMo po3paxyHoK Ta BHÖip npoBogy aBTOMaranHoi ycTaHoBKH 

noB3goB^Hbo-nonepenHoi pi3KH (E n N 1) 3 HopManbHHM pe^HMoM poöora.

HoMiHanbHnn CTpyM eaeKTpogBHryHa BH3HanaeTbca 3a ^opMyaoro (3.11), 

nacnopTHi gam eaeKTpogBHryHa npnnMaeMo 3 Taöa. 3.1:

1 HOMEm = V3 • 0,38° 0,72 -1 = 10,551 A .

3 Taöa.1 M.10 gogaTKa M [1] gaa Tpbox ogHo^nabHnx npoBogiB, aKi npoKaagem 

b ogHifi Tpyöi, oönpaeMo npoBogn nepepi3oM Scm =2,5 mm2 , gaa aKnx gonycTHMnn

CTpyM Idon=19 A. gonycTHMnn CTpyM 3 ypaxyBaHHaM yMoB HaBKoanmHboro 

cepegoBH^a Ta yMoB npoKaageHHa BH3HanaeTbca 3a ^opMyaoro (5.9):

IL . En = 0,94-1-19 = 17,86 A.

3rigHo ^opMyaH (5.14)

I'don. EU1 = 17,86 A > IpX = IHOM.d = 10,55 A.
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yMoBa nepeBipKH 3a HarpiBaHHaM BHKoHyeTbca. TaKo®: BHKoHyeTbca yMOBa 

MexaHiHHOi m^ hocT  S .  = S  = 2,5 mm2.

3 Taöa. M.11 [2] gaa npoBogy 3i CTaHgapTHHM nepepi3OM CTpyMonpoBigHoi ^n an  

Scr = 2,5 mm2 npHHMacMO HacTynHi nrnoMi onopu r  = 12,5 mOm/m,

xn = 0,104 mOm/m. ^OB^HHa npoBogy Big CPffll go eaeKTponpHHMaaa N 2  -  18,5 m. 

Togi 3a ^opMyaaMH (5.16), (5.17):

Rnp = 12,5-18,5-10-3 = 0,231 Om,

X np = 0,104 -18,5 -10-3 = 0,00192 Om.

^ a a  eaeKTpogBHryHa E n  N 1 3a gaHHMH Taöa. 3.1 po3paxyHKOBi aKTHBHe Ta 

peaKTHBHe HaBaHTmeHHa 1-ro piBHa eaeKTponocTaaaHHa CTaHoBaaTb:

p  lEni = 5,0 kBt, q lEni = 4,82KBAp. 3a ^opMyaoro (5.15) nepeBipaeMo CTaHgapTHHH

nepepi3 npoBogy Ha BTpaTy Hanpyru

Ä = 5,0 .0,231 + 4,82 - 0.00192 = 0,807 %.
nP.Em 10. 0,382

OcKiabKH BeaHHHHa BTpaT Hanpyrn b Kaöeai He nepeBHrnye gonycTHMoi (5%), to 

nepepi3 npoBogy oöpaHHH BipHo.

^ a a  Tpbox npoBogiB CTaHgapTHoro nepepi3y Scm =2,5 mm2, npoKaageHHx y 

CTaaeBifi Tpyöi, 3 Taöa. ^ .1 3  [2] yMoBHHH npoxig craaeBoi TpyÖH ctshobetb 15 mm.

TaKHM hhhom, oönpaeMo gaa E n  N 1 npoBogn AnB3 (1x2,5) T15.

Bnöip po3nogiabHoi Mepe^i Big cnaoBHx po3nogiabanx ma$ go rnrnax En: 

nepepi3y npoBogiB 3 nepeBipKoro Ha BTpaTy Hanpyrn Ta BHÖip giaMeTpy CTaaeBHx Tpyö, 

3gificHweTbca aHaaoriHHo. Pe3yabTaTH po3paxyHKiB HaBegeHi b Taöa. 5.2.

OcTaToaHHH nepepi3 Kaöearo oönpaeTbca nicaa nepeBipKH 3a yMoBH BignoBigHocTi 

3axHCHoMy anapaTy.
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T aö n n ^  5.2 -  Bnöip nepepi3y npoBogiB po3noginbHoi Mepe:m Big CPffl go 

eneKTponpHHManiB

npoBig go 
E n

i ,np  5

M
Scm, mm2

I '± don
A

I  , AHOM 5 AU , % Tnn npoBogy

m1 18,5 2,5 17,86 10.551 0.807 AnB3 (1x2,5) T15
m 2 17,0 2,5 17,86 14.372 1.038 AnB3 (1x2,5) T15
m 3 16,5 2,5 17,86 1.013 0.072 AnB3 (1x2,5) T15
m 4 15,7 2,5 17,86 1.013 0.068 AnB3 (1x2,5) T15
m 5 13,0 2,5 17,86 7.950 0.509 AnB3 (1x2,5) T15
m 6 11,0 2,5 17,86 1.013 0.048 AnB3 (1x2,5) T15
m 7 12,2 2,5 17,86 9.496 0.531 AnB3 (1x2,5) T15
m 8 13,2 2,5 17,86 1.013 0.058 AnB3 (1x2,5) T15
m 9 9,7 2,5 17,86 1.085 0.042 AnB3 (1x2,5) T15

m io 8,0 2,5 17,86 1.085 0.035 AnB3 (1x2,5) T15
m i i 9 2,5 17,86 7.597 0.314 AnB3 (1x2,5) T15
m i2 11,2 2,5 17,86 7.597 0.390 AnB3 (1x2,5) T15
m i3 12,4 2,5 17,86 7.597 0.432 AnB3 (1x2,5) T15
m i4 13,6 2,5 17,86 7.597 0.474 AnB3 (1x2,5) T15
m i5 9,2 2,5 17,86 6.731 0.281 AnB3 (1x2,5) T15
m i6 11,4 2,5 17,86 6.731 0.348 AnB3 (1x2,5) T15
m i7 12,6 2,5 17,86 6.731 0.384 AnB3 (1x2,5) T15
m i8 13,8 2,5 17,86 6.731 0.421 AnB3 (1x2,5) T15
m i9 9,4 2,5 17,86 9.496 0.409 AnB3 (1x2,5) T15
m 20 11,6 2,5 17,86 9.496 0.505 AnB3 (1x2,5) T15
m 2 i 12,8 2,5 17,86 9.496 0.557 AnB3 (1x2,5) T15
m 22 13,0 2,5 17,86 9.496 0.566 AnB3 (1x2,5) T15
m23 10,4 10 44,18 30.387 0.366 AnB3 (1x10) T20
m 24 9,7 10 44,18 30.387 0.341 AnB3 (1x10) T20
m25 9,8 10 44,18 30.387 0.345 AnB3 (1x10) T20
m 26 10,5 10 44,18 30.387 0.369 AnB3 (1x10) T20
m 27 13 2,5 17,86 12.155 0.680 AnB3 (1x2,5) T15
m 28 12,3 2,5 17,86 1.085 0.054 AnB3 (1x2,5) T15
m 29 10,0 10 44,18 30.387 0.352 AnB3 (1x10) T20
m 30 15,0 2,5 17,86 3.453 0.261 AnB3 (1x2,5) T15
m 3 i 16,5 2,5 17,86 3.493 0.287 AnB3 (1x2,5) T15
m 32 12,3 2,5 17,86 1.085 0.054 AnB3 (1x2,5) T15
m33 13,0 2,5 17,86 8.441 0.509 AnB3 (1x2,5) T15
m 34 16,0 2,5 17,86 10.445 0.767 AnB3 (1x2,5) T15
m35 18,0 2,5 17,86 3.798 0.314 AnB3 (1x2,5) T15
m 36 19,5 2,5 17,86 3.798 0.340 AnB3 (1x2,5) T15
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EaeMeHTH eaeKTpHHHoi Mepe^i, rn,o noTpannan b KopoTK03aMKHeHe Koao, 

3a3HawTb TepMiHHoro Ta eaeKTpogHHaMiHHoro BnaHBy CTpyMiB. ^Krn,o BeaHHHHa ^ o r o  

BnaHBy nepeBHrnye gonyCTHMy, eaeMeHT nomKog^yeTbCa i 3aBgae CHCTeMi noCTaaaHHa 

3ÖHTKiB. 3 MeTow 3anoöiraHHa HeraTHBHHM HaCaigKaM, rn,o BHHHKaroTb B pe3yabTaTi 

aBapiÖHHx pe^HMiB Mepe^i b MaricTepcbKiö poöoTi HeoöxigHo:

■ BH3HaHHTH BeaHHHHy CTpyMiB KopoTKoro 3aMHKaHHa (K3);

■ nepeBipmu gonycTHMiCTb ^Hx CTpyMiB gaa BHÖpaHHx anapaTiB Ta 

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

oöpara eaeMeHT, rn,o Mae Öiabmy CTiHKiCTb aöo oÖMe^HTH CTpyMH maaxoM 3ÖiabmeHHa 

mgyKTHBHoro onopy Koaa);

■ po3paxyBaTH 3axHCT gaa CeaeKTHBHoro BMHKaHHa nomKog^eHoi giaaHKH.

BignoBigHo go BHMor nY E rn,ogo pe^HMy K3 Ha CTiHKiCTb go BnaHBy CTpyMiB K3

B eneKTpoyCTaHoBKax go 1 kB noBHHHi nepeBipaTHCa po3nogiabHi ttthth, 

CTpyMonpoBogn Ta CHaoBi ma^H.

^ a a  BHÖopy Ta nepeBipKH CTiHKoCTi eaeKTpHHHHx anapaTiB Ta CTpyMonpoBigHHx 

aaCTHH go CTpyMiB K3 po3paxyHKy nigaarawTb:

■ Haööiabme noaaTKoBe giwae 3HaaeHHa nepiogHHHoi CKaagoBoi CTpyMy 

Tpn$a3Horo K3;

■ ygapHHH CTpyM Tpn$a3Horo K3.

n p a  BHÖopi Ta nepeBip^ anapaTypn rn,ogo ii CTiHKoCTi go CTpyMiB K3 

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

MaKCHMaabHi 3HaHeHHa.

TaKHM hhhom, po3paxyHKoBHM BHgoM K3 e:

■ npn BHÖopi eaeKTpHHHHx anapaTiB Ta npoBigHHKiB 3a ix CTiHKiCTW go gii 

CTpyMiB K3 -  Tpn$a3He K3.

■ npn BHÖopi 3axHCTy -  Tpbox-, gBox- Ta ogHo$a3Hi K3.
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3HaaeHHa CTpyMiB K3 b eaeKTpnaHHx Mepe^ax Hanpyroro go 1 kB naHBaroTb Ha 

BHÖip nepepi3y npoBogiB i ^ n a  KaöeaiB, KoHCTpy^iro CTpyMonpoBogiB, 

xapaKTepHCTHKH KoMyTa^ÖHHx Ta 3axHCHHx anapaTiB.

^ a a  BHÖopy anapaTypn Ta 3axHCTiB, nepeBipKH CeaeKTHBHoCTi ix gii BH3HaaaroTb 

MaKCHManbHHH CTpyM Tpn^a3Horo MeTaaeBoro K3, y ^oM y BHnagKy nepexigHi onopn 

gyrn He BpaxoByroTb. ^ a a  nepeBipKH ayTaHBoCTi 3axHCTiB 3HaxogaTb MirnMaabHHH 

CTpyM K3; npn ^oM y BpaxoByroTb yci nepexigHi onopn KoHTaKTiB (pyönabHHKiB, 

aBToMaTiB, ycTaBHHx KoHTaKTiB, öohtobhx 3’egHaHb) Ta onip gyrn b M i^i 

noniKomiceHHa maaxoM BBegeHHa b cxeMy 3aMirn,eHHa aKTHBHoro onopy.

^ a a  po3paxyHKy CTpyMiB K3 CKaagaeTbCa po3paxyHKoBa cxeMa, cxeMa 

3aMirn,eHHa Ta oönpawTbca tohkh K3. n p n  CKaagaHHi eKBiBaaeHTHoi cxeMH 3aMirn,eHHa 

BpaxoByeMo, rn,o Bei eaeKTponpHHMaai Mepe^i cno^HBawTb CTpyM Hanpyroro 0,38 kB, 

ToMy BHKoHyBaTH npHBegeHHa napaMeTpiB eaeMeHTiB BHxigHoi po3paxyHKoBoi CxeMH 

go CTyneHa Hanpyrn Mepe^i HeMae HeoöxigHoCTi.

Ha pHC. 6.1 HaBegeHa CxeMa gaa po3paxyHKy CTpyMiB Tpn$a3Horo K3 b Mepe^i 

^HBaeHHa Haööiabm BiggaaeHoro Cno^HBaaa -  E n  N°1 Ta ii CxeMa 3aMirn,eHHa.

noaaTKoBe giroae 3HaaeHHa nepiognaHoi CKaagoBoi CTpyMy Tpn$a3Horo K3 / n(0)

6e3 BpaxyBaHHa nig^HBaeHHa Big eaeKTpogBHryHiB b rO CT 28249-89 [13] 

BH3HaaaeTbCa 3 oöoBa3KoBHM BpaxyBaHHaM BeanaHHH aKTHBHoro onopy:

1 -  UnoM.cep A (6 1)
^  ~ s - 4 R - + X E ’ A  ( )

ge Uhô  cep -  CepegHa HoMiHaabHa Hanpyra CTyneHa Mepe^i, ge BigöyaoCa K3, gaa

^ xy npHHMaeMo UHoM,eP = 400 B ;

R1S, X 1Z -  BignoBigHo CyMapHi aKTHBHi Ta rngyKTHBHi onopn npaMoi 

noCaigoBHoCTi yCix eaeMeHTiB Mepe^i, aKHMH npoTiKae CTpyM, mOm.
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PncyHOK 6.1 -  Po3paxyHKOBa cxeMa (a) Ta cxeMa 3aMirn,eHHa (6) gaa 3Haxog»£HHa 

CTpyMiB Tpn^a3Horo K3 y pi3HHx TOHKax K3 eaeKTpHHHOi Mepe^i 0,38 kB.
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n p n  BH3HaneHHi MaKCHMaabHoro CTpyMy Tpn$a3Horo K3 / n(0) y 3HaneHHa R1S T a

X 1S BBogaTbca onopn ^HBHabHoi eHeprocHCTeMH b MaKCHMaabHoMy pe^HMy.

CyMapHi aKTHBHHH Ta peaKTHBHHH onopn npaMoi nocaigoBHocri Koaa K3 

3HaxogaTb 3a cniBBigHomeHHaM:

R1Z= RT  + Ra + RTA + Rk6 + Rnp + Rk + Rd > (62)

X iz = X c  + X t + Xa + X ta  + X ,  + X np , (6.3)

ge X c -  eKBiBaneHTHHH iHgyKTHBHHH onip CHCTeMH go 3HH^yBanbHoro

TpaHC^opMaTopa, aKHH npHBegeHHH go CTyneHa HH, mOm;

R , X T -  aKTHBHHH Ta iHgyKTHBHHH onopn npaMoi nocaigoBHocri

TpaHC^opMaTopa, aKi npHBegeHi go CTyneHa HH, mOm;

R , X a -  aKTHBHHH Ta iHgyKTHBHHH onopn CTpyMoBHx KoTymoK i nepexigHHx

onopiB pyxoMHx KoHTaKTiB aBToMaTiB, mOm;

R a , X TA -  aKTHBHHH Ta iHgyKTHBHHH onopn nepBHHHHx oömotok 

TpaHC^opMaTopiB CTpyMy (TC), mOm;

Rk6 , X k6 -  aKTHBHHH Ta iHgyKTHBHHH onopn npaMoi nocaigoBHocri KaöeaiB, mOm; 

R  , X np -  aKTHBHHH Ta iHgyKTHBHHH onopn npaMoi nocaigoBHocri npoBogiB,

mOm;

R  -  CyMapHHH aKTHBHHH onip pi3HHX KoHTaKTiB Ta KoHTaKTHHX 3’egHaHb, mOm; 

R  -  aKTHBHHH onip gyrn B Mic^ K3, aKHH po3paxoByeTbca 3ane^Ho Big yMoB 

K3, mOm.

n p n  po3paxyHKy CTpyMiB K3 B eneKTpHHHiH Mepe^i BHpoÖHHnoro ^ x y , 

^HBneHHa aKoi BigöyBaeTbca 6e3nocepegHbo Big Mepe^ eHeprocHCTeMH, yMoBHo 

npnnycKaeMo, rn,o mHHonpoBig, Big aKoro 3giHcHroeTbca eaeKTponocTanaHHa Bcix 

eneKTponpHMManiB ^ x y , npnegHaHHH go g^epeaa He3MiHHoi 3a aMnniTygoro Hanpyrn 

nepe3 eKBiBaneHTHHH iHgyKTHBHHH onip X c , 3HaneHHa aKoro po3paxoByeTbca aK:
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U 2X  -------- , m0 m (6.4)
C /3 B I m TT ̂ 1 HOM.6UM HOJM.Ce-p.EH

ge UĤ  HH -  cepegHa HoMiHaatHa Hanpyra Mepe^i, aKa npnegHaHa go oömotkh

HH TpaHc^opMaropa, B;

UHOMCep BH -  cepegHa HoMiHaatHa Hanpyra Mepe^i, aKa npnegHaHa go oömotkh 

BH TpaHC^opMaropa, B;

IĤ  euM -  HOMiHanbHHH CTpyM BHMHKaHHa BHMHKana, aKHH BcraHOBaeHO Ha BBogi, kA.

Akthbhhh Ta iHgyKTHBHHH onopn npaMOi nocaigoBHocTi TpaHc^opMaropa, aKi 

npHBegem go CTyneHa HH, po3paxoBywTtca 3a ^opMyaaMH:

P ■ U2
R  = K-HOM2 homHH ■ 106,mOm (6.5)

'T'HOM.l

I ( 100 ■ P V U2X T = u2---------- K-HM ■ uhom-h h  ■io4, mOm (6.6)
\  V S hom.T J S hom.T

ge PKHOm -  HoMiHaatHi BTpaTH K3 y TpaHc^opMaropi, kBt;

UhomHh  -  HoMiHaatHa Hanpyra oömotkh HH TpaHC^opMaropa, kB;

SHaM T -  HoMiHaatHa noTy^HiCTt TpaHc^opMaropa, kBA.

YgapHHH CTpyM K3 BH3HaaaeTtca gaa MoMerny aacy t = 0,01 c. y  pagiaatHiH 

aiHii ygapHHH CTpyM gopiBHroe:

ly.c = ky -V2  ■ I„(o), {6.1)

ge k -  ygapHHH Koe^^ieHT, ^ o  3aae^HTt Big nocTiHHoi aacy T .

^ a a  npaKTHHHHx po3paxyHKiB b eaeKTpHHHHx Mepe^ax Hapyrow go 0,38 kB npn 

noTy^HocTi TpaHC^opMaropa 250 kBA npHHMaeMo 3HaaeHHa ygapHoro Koe^^ieHTa 

ky = 1,35... 1,5.
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CTpyMH K 3 Big acHHxpoHHHx eaeKTpogBHryrnB, aKi 6e3nocepegH bo npnegH am  go  

Mic^  K 3 kopotkhm B igraayg^eH H aM  (3-5  m) BpaxoByroTb M m e  n p n  BH3HaaeHHi 

ygapH oro  CTpyMy K 3 Ta 3HaxogaTb aK:

i , = V2 • k • I  , y ,  (6 .8 )yd y nycK uom.ö.'L’ V /

ge  knycK -  K o e ^ ie H T  nycKy;

I hom d z  -  HOMmanbHHH CTpyM ogH oaacH o ^pa^w w H H x gBHrymB.

Pe3yabTyroae 3HaaeHHa ygapH oro  CTpyMy BH3HaaaroTb aK cyMy ygapHHx CTpyMiB 

Big eHeprocHCTeMH Ta Big eaeKTpogBHryrnB 3a ^opM yaoro:

i = i + i ,  = k •>/! • I  + V2 • k • I  , y . (6 .9 )y y.c yd y y k y nycK noM.d.L V /

Po3paxyHoK CTpyMiB T pn$a3H oro  K 3 b M epe^ i ^HBaeHHa HaHBiggaaeH im oro 

eaeKTponpHHMana M epe^ i E n  N 1  npoBogHMo b 3 e T a n u  CxeM a g a a  po3paxyHKy Ta 

cxeM a 3aMirn,eHHa noKa3aHa Ha pnc . 6.1.

1 eman. Po3paxyHoK napaMeTpiB eaeM em iB  cxeMH 3aMirn,eHHa.

1) 3 a  ^opM yaoro  (6 .4 ) eKBiBaaeHTHHH iHgyKTHBHHH o n ip  CHCTeMH:

4 0 0 2
X r = 400------- = 0 ,8 8 mOm.

c V3 • 10 •10500

2 )  BignoBigH o go  n .3 .1  b K T n  BCTaHoBaeHHH 1 TpaHC^opMaTop THny

T C H -2 5 0 /1 0 /0 ,4  noTy^HicTW  ShomT = 250 kBA. 3 a  goBigKoBHMH gaHHMH BTpara  K 3 

PKHOM = 3,9 kB t , H anpyra  K 3 uK = 4,5% . A kthbhhh Ta iHgyKTHBHHH o n o p n  npaM oi 

nocaigoBHocTi TpaHC^opM aTopa BH3HaaaroTbca 3a  cniBBigHomeHHaMH (6 .5 ), (6.6):

3 9 • 0 4 2
R  = -------• 106 = 9 ,9 8 4  mOm,

7 2 5 0 2

R , = L ,52 - f l00 :- 9 '] • M -  • 104 = 2 7 ,0 1 4 mOm,
T \  {  250 )  250
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3) ^ a a  KaöeabHoi aiHii K61 goB^HHoro 90 m, rn,o 3aöe3neaye ^HBaeHHa 

KTn-1054 Big P n  10 kB nuToMi onopu rnx6l = 0,894 mOm/m, xmk61 = 0,095 mOm/m.

Akthbhhh Ta iHgyKTHBHHH onopu KaöeabHoi aiHii, aKi npuBegern go CTyneHa HH, 

BH3HaaaroTbca 3a ^opMyaaMu:

Rm  = r,.«et ■ iM ■ , mOm, (6.10)
HOM.cep. BH

Rm  = 0,894 ■ 90 - 4 0 L  = 3,065 mOm,

X*. = 'L i ■ U" °C”’HH , mOm, (6.11)
HOM.cep. BH

X „  = 0,095 ■ 90 ■ - 400- = 0,326 mOm, 
k6X 10500

4) ^ a a  BHMHKana aBToMaTHHHoro (BA) QF1, po3paxoBaHoro Ha HoMiHaabHHH 

CTpyM 400 A, npHHMaeMo Ral = 0,65 mOm; X al = 0,17 mOm; gaa BA QF2,

po3paxoBaHoro Ha HoMiHaabHHH CTpyM 100 A, npHHMaeMo 

Ra2 = 2,15 mOm; X a2 = 1,2 mOm; gaa BA QF3, po3paxoBaHoro Ha HoMiHaabHHH CTpyM

50 A, npHHMaeMo Rq3 = 7,0 mOm; X a3 = 4,5 mOm;

5) ^ a a  TC (TA) 3 Koe^^ieHToM TpaHC^opMa^i 400/5 gaa Kaacy ToaHocri 0,5 S 

npuHMaeTbca R a = 0,11 mOm; X ta = 0,17 mOm;

6) ^ a a  KaöeabHoi aiHii K62 Hanpyroro 0,38 kB nepepi3oM 16 mm2 nuToMi onopu 

rnK62 = 1,95 mOm/m, xnK62 = 0,0675 mOm/m. Akthbhhh Ta iHgyKTHBHHH onopu 

KaöeabHoi aiHii KH2 BH3HaaaeMo 3a ^opMyaaMu:

Rk62 = 1,95 ■ 25 = 48,75 mOm,

X ^ 2 = 0,0675 ■ 25 = 1,688 mOm.

7) ^ a a  npoBogy go E n  N°1 nuToMi onopu r = 12,5 mOm/m, x = 0,104 mOm/m. 

Bu3HaaaeMo aKTHBHHH Ta iHgyKTHBHHH onopu:
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X np = 0,104 -18,5 = 1,92 mOm.

2 eman. BroHaHeHHH giwnoro 3HaHeHHH nepiogHHHoi CKnagoBoi CTpyMy 

Tpn^a3Horo K3 y nonaTKOBHH MOMeHT (nonaTKOBoro nepexigHoro CTpyMy) y pi3HHx

TOHKaX CHCTeMH.

1) BroHaneHHA CTpyMy Tpn$a3Horo K3 y t o w  Kl. CyMapHi onopn rn,ogo tohkh 

K l BH3HanawTbca hk:

RIK1 = RK61 + RT, (612)

R Kl = 3,065 + 9,984 = 13,049 mOm,

X m  = X c + X K6l + X T, (6.13)

X mi = 0,88 + 27,014 + 0,326 = 28,22 mOm,

Z z k  1 = V  R I k  1 +  X m , (614)

Zm  = yj13,0492 + 28,2202 = 31,091 mOm.

nonaTKoBe giwne 3HaneHHa nepiogHHHoi CKnagoBoi Tpn$a3Horo CTpyMy npn 

MeTaneBoMy K3 BH3HanaeTbca 3a ^opMynoro:

T UHOM.Cep / s- 1
IK 1(0) = rr /  , (615)

>3 ■ Z1K1

j 400 „ .I K1(0) = —j=---------- = 7,428 kA.
K1(0) -J3 ■ 31,091

2) BroHaneHHA CTpyMy Tpn$a3Horo K3 y toh^  Kl'. CyMapHi onopn rn,ogo tohkh 

K l' BH3HaHawTbCH 3a HaCTynHHM BHpa3oM:

RZK1' = RZK1 + Ra1 + RTA + Rk1 , (6.16)
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3a gößigEHKOEHMH gaHHMH [1] npn oÖHHcneHHi CTpyMiß K3 BpaxoByroTb aKTHBHi 

onopn Bcix nepexigHnx KOHTaKTiB y Mepe^ax, aKi ^HBnaTbca Big TpaHC^opMaTopiB 

noTy^HicTW go 1600 kBA bkhmhho, 3rigHo 3 TaKHMH peKoMeHga^aMn:

a) Ha po3noginbHHx npncTpoax HH TpaHC^opMaTopiB n C  -  Rk1 = 15 mOm;

6) Ha nepBHHHHx ^ xobhx po3nogiabHnx nyHKTax (CPffl, 36ipKax) i Ha 

3aTHCKanax EA, aKi ^HBnaTbca pagianbHHMH nirnaMH Big P n  HH n C  a6o roaoBHnx 

MaricTpanen R 2 = 20 mOm;

b) Ha btophhhhx po3noginbHHx nyHKTax Ta 3aTHCKanax eaeKTpoanapaTiB, aKi 

^HBaaTbca Big nepBHHHHx po3nogrnbHHx nyHKTiB R 3 = 25 mOm;

r) Ha 3aTHCKanax eaeKTpoanapariB, ycTaHoBaeHHx 6e3nocepegHbo 6iaa 

eaeKTponpHHManiB, aKi ^HBaaTbca Big btophhhhx P n  Rk4 = 30 mOm;

Rzct = 13,049 + 0,65 + 0,11 +15 = 28,809 mOm,

X YK1' = X YK1 + X a1 + X TA, (617)

X ^  ,=  28,22 + 0,17 + 0,17 = 28,56 mOm,

ZYK1' = 4 RYK1' + XYK1' , (6.18)

Zm , =yl28,8092 + 28,562 = 40,566 mOm.

nonaTKoBe girone 3HaneHHa nepiogHHHoi CKaagoBoi Tpn^aßHoro CTpyMy npn 

MeTaaeBoMy K3 BH3HanaeTbca 3a ^opMyaoro:

r  U HOM.Cep f /- -I r \ \
1K1'(0) =  p r  P , (619)

' 3 ' Z YKV

r 400 .
Ik1'(0) ■ 40,566 5,693 KA.

3) BH3HaneHHa CTpyMy Tpn^aßHoro K3 y t o w  K2. CyMapHi onopn rn,ogo tohkh 

K2 BH3HanawTbca 3a HacTynHHM BHpaßoM:

RYK 2 = RYK1' + Ra 2 + RK62, (6.20)
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RZK2 = 28,809 + 2,15 + 48,75 = 79,709 mOm,

X IK  2 = X IK 1' + X a 2 + X K62, (621)

X ^ 2 = 28,56 +1,2 +1,688 = 31,447 mOm,

Z I K 2 =  V R IK'2 +  X I K 2 , (6-22)

ZSÄ-2 =yj79,7092 + 31,4472 = 85,688 mOm.

nonaTKOBe girone 3HaneHHn nepiognnHoi CKaagoBoi Tpn$a3Horo CTpyMy npn 

MeTaneBOMy K3 BH3HanaeTbcn 3a ^opMynoro:

T UHOM.Cep / /->o\
7k2(0) = rz , (6-23)

■V 3 ■ ZIK2

/  K2(0) = , - 400-----= 2,695 kA.
K2(0) >/3 ■ 85,688

4) BroHaneHHA CTpyMy Tpn^a3Horo K3 y T o ^ i K 2CyM apm  onopn rn,ogo tohkh 

K2' BH3HanaroTbca 3a HacTynHHM BHpa3OM:

R IK  2 ' = R IK  2 + Rk 2 , (624)

R kz = 79,709 + 20 = 99,709 mOm,

X ik 2' = 2 = 31,447 mOm,

Z I K 2' =  V R LK2' +  X I K 2' , (6.25)

Z m 2 , = y l 99,7092 +  31,4472 =  104,551mOm.

nonaTKOBe girone 3HaneHHn nepiognnHoi CKnagoBoi Tpn$a3Horo CTpyMy npu 

MeTaneBOMy K3 BH3HanaeTbcn 3a ^opMynoro:

Ik 2'(0) = U f ^ , (6.26)
> 3 ■ ZIK 2'
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IK = 400----- = 2,209 kA.
K2(0) S -104,551

5) BroHaneHHA CTpyMy Tpn$a3Horo K3 y t o w  K3. CyMapHi onopn rnogo tohkh 

K3 BH3HanawTbca 3a HacTynHHM BHpa3OM:

R I K3 = R I K2' + Ra3 + Rnp + Rk4, (6-27)

R ^ 3 = 99,709 + 7 + 231,25 + 30 = 367,959 mOm,

X?K3 = 2'+ X a3 + Xnp , (6.28)

X ^ 3 = 31,447 + 4,5 +1,924 = 37,871 mOm,

ZIK3 = \lRIK3 + X IK3 , (629)

=^l367,9592 + 37,8712 = 369,903 mOm.

nonaTKOBe girone 3HaneHHA nepiogHHHoi CKnagoBoi Tpn$a3Horo CTpyMy npn 

MeTaneBOMy K3 BH3HanaeTbca 3a ^opMynow:

Ik 3(0) = U V ^ , (6.30)
“> 3 - ZIK3

7 400 A . .
I K 3(0) = —j=------------ = 0,624 kA.
K3(0) S  - 369,903

3 eman. BroHaneHHA ygapHHx CTpyMiB y pi3HHx TOHKax cxeMH.

1) 3a ^opMynow (6.7) ygapHHH CTpyM y t o w  K1:

iyK1 = kyK1 ‘V2 ' I K1(0),

iyKX = 1,5 - V2 - 7,428 = 15,757 kA.

2) YgapHHH CTpyM y TO^i K1':

iyK 1' = kyK1' "''̂ 2  ‘ I K1'(0),
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3) ygapHHH CTpyM y toh^  K2 Big eHeprOCHCTeMH:

iyK2 = kyK2 ' ‘Ŝ2  ' I K2(0),

iyK2 = 1,0 V 2  • 2,695 = 3,811kA. 

y  ^opMyni npHHMaeMO kyK2 = 1,0.

Ao CPffll 6e3nocepegHto npnegHam 8 eneKTponpHHManiB, ane goB^HHa 

npoBogy go HaöönH^Horo 3 hhx CTaHOBHTb 11 m, TOMy ix bothbom Ha ygapHHH CTpyM 

y toh^  K2 HexTyeMO.

4) ygapHHH CTpyM y toh^  K2' Big eHeprocHCTeMH:

iyK2' = kyK2' ' I K2'(0),

iyK2, = 1,0 • V2 • 2,209 = 3,124 kA.

y  ^opMyni npHHMaeMO k K2, = 1,0.

5) ygapHHH CTpyM y toh^  K3:

lyK3 = kyK3 ' I K3(0),

iyK 3 = 1,0 • V2 • 0,624 = 0,883 kA. 

y  ^opMyni npHHMaeMO k = 1,0.

Pe3ynbTaTH pO3paxyHKy CTpyMiB Tpn$a3HOro K3 y nOHaTKOBHH MOMeHT Hacy b 

eneKTpHHHiH Mepe^i Hanpyroro gO 1 kB b TOHKax K3 HaBegeHi b Taön. 6.1.

Pe3ynbTaTH pO3paxyHKy ygapHOrO CTpyMy b eneKTpHHHiH Mepe^i Hanpyroro gO 

1 kB b TOHKax K3 HaBegeHi b Taön. 6.1.

MP 5.8.141.291 Ü3
ApK.

78
3 m h . Apxyw Ng doKyM. nidnuc Mama



O g H o $ a 3 H i  K 3  p o 3 p a x o B y r o T b  g n a  n e p e B i p K H  H a g i H H o c T i  B H M H K a H H a  n i H i i  y  p a 3 i  

n p o ö o r o  i 3 o n a ^ i  T a  n o a B H  H a  K o p n y c i  y c T a T K y B a H H a  n o T e H ^ a n y ,  B e n H H H H a  a K o r o  

H e ö e 3 n e H H a  g n a  ^ m r a  n e p c o H a n y .  T o M y  i H T e p e c  C T a H O B H T t  M i H i M a n b H o  M o ^ n H B a  

B e n H H H H a  C T p y M y  o g H o $ a 3 H o r o  K 3 ,  a K a  ö y g e  b  K i H ^  g i n a H K H ,  rn ,o  3 a x n m , a e T b c a ,  T o M y  

rn ,o  C T p y M  M a e  ö y T H  g o c T a r a i M  g n a  c ^ p a ^ r o B a H H a  3 a x n c T y  ( 3 a n o ö m H H K a ,

p o 3 n i n n w B a n a  a B T o M a T a  a ö o  B H M H K a H a  h h  3 a n o ö m H H K a  b  K o n i  1 0 ( 6 )  k B ,  a K r n , o  3 a x n c T  

y  K o n i  0 , 3 8  k B  H e H y T n H B H H .

n o n a T K o B e  g i r o H e  3 H a H e H H a  n e p i o g H H H o i  C K n a g o B o i  C T p y M y  o g H o $ a 3 H o r o  

M e T a n e B o r o  K 3  B  e n e K T p H H H i ö  M e p e ^ i  H a p y r o r o  g o  1 kB B H 3 H a n a e T b c a  3 a  B H p a 3 o M :

I ™  =  7  v *  , ( 6 . 3 1 )

- f -  +  Z  ™

g e  U  -  $ a 3 H a  H a n p y r a  M e p e ^ i ,  B ;

Z  ̂  -  n o B H H H  o n i p  3 H H ^ y B a n b H o r o  T p a H c ^ o p M a r o p a  C T p y M a M  o g H o $ a 3 H o r o  K 3 ,  

3 H a n e H H a  a K o r o  3 a n e ^ H T b  B i g  n o T y ^ H o c T i  T a  c x e M H  3 ’e g H a H H a  T p a H c ^ o p M a r o p i B ,  m O m .

Z nm -  n o B H H H  o n i p  n e T n i  " $ a 3 a - H y n b "  B i g  T p a H c ^ o p M a r o p a  g o  tohkh K 3 ,  ^ o  

B H M i p a H H H  n p n  g o c n i g ^ e H H a x  a ö o  3 H a ö g e H H H  3  p o 3 p a x y H K i B ,  mOm.

O n i p  T p a H C ^ o p M a T o p a  C T p y M a M  H y n t o B o i  n o c n i g o B H o c T i  3 H a H H o r o  M i p o r o  

3 a n e ^ H T b  B i g  c x e M H  3 ’ e g H a H H a  oömotok T p a H c ^ o p M a r o p a .

O n i p  n e T n i  " $ a 3 a - H y n b "  g n a  K o n a  3  n  n o c n i g o B H o  3 ’ e g H a H H x  g i n a H o K  

B H 3 H a n a e T b c a  3 a  ^ o p M y n o r o :

n
Z  = V  z  • l , ( 6 . 3 2 )nm / ; n.nm.i i ’ V /

i=l

g e  -  n H T o M H H  o n i p  n e T n i  " $ a 3 a - H y n b "  K o ^ H o i  H a c T y n H o i  g i n a H K H  B i g

T p a H c ^ o p M a r o p a  g o  tohkh K 3 ,  mOm/m; 

l  -  g o B ^ H H a  i- i  g i n a H K H ,  m.
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O n o p n  K O H T a K T iB  m H H  T a  a n a p a T i B  H e  B p a x o B y w T t c a ,  60  p o 3 p a x y H K H  3 a  

^ o p M y a o r o  ( 6 . 3 1 )  g a w T t  g e a K H H  3 a n a c  B H a c a i g o K  g o g a B a H H a  Z ^  / 3  T a  Z n T .

B H 3H a n a e M 0  C T p y M H  o g H o $ a 3H o r o  K 3  y  T O H K a x  K l ,  K 2 ,  K 3  g a a  c x e M H ,  a K a  

n p H B e g e H a  H a  p n c .  6 .2 .
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P n c y H O K  6 .2  -  P o 3p a x y H K 0 B a  c x e M a  ( a )  T a  c x e M a  3a M i ^ e H H a  ( 6 )  g a a  p o 3p a x y H K y  

C T p y M i B  o g H 0 $ a 3 H o r o  K o p o T K o r o  3 a M H K a H H a

3  T a 6 a .  H . 3  [ 2 ]  g a a  T p a H C ^ o p M a T o p a  3 H o M m a a t H o r o  n o T y ^ H i c T r o  2 5 0  kBA T a  

c x e M o w  3 ’e g H a H H a  o6motok T p a H c ^ o p M a T o p a  " T p H K y T H H K  -  3 i p K a  3  H e Ö T p a a a r o "  (A/Yh)



noBHHH onip CTpyMy ogHo$a3Horo K3 Z)1} = 86,3 mOm. 3a ^opMyaoro (6.31) CTpyM 

ogHo$a3Horo MeTaaeBoro K3 b toh^  K1:

7 =H =7>648 *a .
3

3 Taöa. H.7 [2] noBHi nmoMi onopn Znnm aaH^ro^a "$a3a-Hyab" gaa 

HOTHpH^HabHHx KaöeaiB Ta npoBogiB 3 aaroMmieBHMH ^HaaMH HacTynHi:

Zn.nm.KH 2 = 4,43 m0m/m, Znnmnp = 29,64 m0m/m.

noBHHH onip neTai "$a3a-Hyab" go tohkh K2 BH3HanaeMo 3a BigHomeHHaM:

Z = Z = z • 1n̂ml n̂m.KGl n̂.nm.KGl lK62
Z nm2 = 4,43 • 25 = 110,75 mOm.

3a ^opMyaow (6.30) CTpyM ogHo$a3Horo MeTaaeBoro K3 b toh^  K2:

7 =  W T 2 -------= 1,577 kA.
8 6 3  +110,75

3

noBHHH onip neTai "$a3a-Hyab" go tohkh K3 BH3HaaaeMo 3a BigHomeHHaM:

Z  o = Z  ~ + Z = Z  ~ + z • 1 ,nm3 nm2 nm.np nm2 n.nm.np np ’
ZMm3 = 110,75 + 29,64 18,5 = 659,09 mOm.

3a ^opMyaoro (6.30) CTpyM ogHo$a3Horo MeTaaeBoro K3 b toh^  K3:

1“  = 86“3 ^ ------ = 0,32 kA.
8 6 3  + 659,09 

3

Pe3yabTara po3paxyHKy CTpyMiB ogHo$a3Horo K3 b eaeKTpHHHiö Mepe^i 

Hanpyrow 0,38 kB y ToHKax K1, K2 i K3 HaBegem b Taöa. 6.1.
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KopoTKoro 3aMHKaHHA b pi3HHx TOHKax eneKTpHHHoi Mepe^i 0,38 kB

HoMep
En

CTpyM TpH$a3Horo K3 CTpyM ogHo$a3Horo 
K3

YgapHHH CTpyM K3

cp m
^ K  3 , ^ K 2', ^ K  2 , Ik  1' , J K 1, ^ K  3 , ^ K  2 , J K 1, lyK 3 , lyK 2', lyK 2, lyK 1', lyK 1 ,

k A k A k A k A k A k A k A k A k A k A k A k A k A

1 0.624 0.320 0.883
2 0.657 0.342 0.930
3 0.669 0.350 0.947

cp m i
4 0.689

2.209 2.695
0.364

1.577 0.975 3.124 3.811
5 0.766 0.419 1.083
6 0.835 0.473 1.180
7 0.792 0.439 1.120
8 0.760 0.414 1.074
9 1.045 0.652 1.477
10 1.154 0.766 1.632
11 1.087 0.695 1.537
12 0.964 0.576 1.363
13 0.907 0.527 1.283
14 0.857 0.486 1.213

CPTTT2 15 1.075
3.438 4.604

0.682
4.403 1.520 4.862 6.51116 0.954 0.567 1.349

17 0.899 0.520 1.271
18 0.850

5.693 7,428
0.479

7,648 1.201 5.231 15.7619 1.062 0.670 1.502
20 0.944 0.559 1.335
21 0.890 0.512 1.259
22 0.882 0.505 1.247
23 1.817 1.597 2.570

cpm 3
24 1.848

3.814 5.221
1.681

6.285 2.613 5.394 7.384
25 1.843 1.669 2.607
26 1.813 1.586 2.563
27 0.889 0.514 1.257
28 0.919 0.540 1.300
29 1.763 1.554 2.493
30 0.811 0.451 1.147

cpm 4
31 0.761

3.533 4.755
0.414

5.148 1.077 4.997 6.725
32 0.919 0.540 1.300
33 0.889 0.514 1.257
34 0.777 0.426 1.099
35 0.717 0.382 1.014
36 0.678 0.354 0.959
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7. BHEIP E^EKTPH HH H X  AnAPATIB

Bnöip Ta nepeBipKa Bcix anapaTiB Hanpyroro go 1 kB MaroTt BignoBigara TaKHM 

yMOBaM:

1) m^ hoct i3oaagii gaa poöora b TpHBaaoMy pe^HMi Ta npa KopoTKoaaCHHx 

nepeHanpyrax:

U > U  (7.1)HOM.e.a HOM.M V /

ge Uhom e a, Uhom M -  HOMmantHa Hanpyra EA Ta HoMiHaatHa Hanpyra eaeKTpaaHoi

Mepe^i (y CTaHOBKH) y aKifi 3acTOCOByeTtca EA BignoBigHo;

2) gonycTHMoro HarpiBaHHa CTpyMaMH b TpHBaaoMy pe^HMi:

I > I  (7.2)

ge IHmte a, Inep -  HoMrnaatHHH CTpyM EA Ta CTpyM y pe^HMi nepeBaHTmeHHa

BignoBigHo, toöto TpHBaanfi MaKCHMaatHHH poöoaHH CTpyM, aKHH Mo^e aepe3 Htoro 

npoTiKaTH;

3) BignoBigHocTi HaBKoanmHtoMy CepegoBHrny (HopMaatHe,

no®;e^oHe6e3neHHe, BHÖyxoHe6e3neHHe Ta iH.), pogy ycTaHoBKH (BHyTpimHa,

3oBHimHa) Ta KoHCTpyKTHBHoMy BHKoHaHHW (BHcyBHa, CTa^oHapHa) Ta iH.;

4) napaMeTpaM ochobhoi ^yH^ioHaatHoi xapaKTepncTHKH: KoMyTa^HHi EA -  

CTpyM BHMHKaHHa (BMHKaHHa) npn K3 (KoMyTa^HHa 3gaTHicTt), EA 3axHCTy -  

HoMrnaatHHH CTpyM naaBKoi BCTaBKH 3anoöi^HHKa hh ycTaBKH po3HmaroBaaa 

aBToMaTa.

nepeBipKy oöpaHHx EA npoBogaTt 3a ix CTifiKicTW Ta npa^3gaTHiCTro npn 

HacKpi3HHx CTpyMax K3. MawTt BHKoHyBaraca TaKi yMoBU

5) CTpyM eaeKTpogHHaMinHoi CTifiKocTi EA:

lduH > ly (1-3)
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ge i -  po3paxyHKOBHH ygapHHH CTpyM;

6) gonycTHMHH CTpyM TepMiHHOi CTifiKOCTi anapaTa I T 3a gonycthmhh HaC

TepMiHHOi CTiHKOCTi tT:

I 2t ■ tT > I 2k ■ t (7.4)

ge I r  Ta t -  po3paxyHKOBi napaMeTpn CTpyMy K3 Ta gifiCHoro Hacy BHMHKaHHH K3

BignoBigHO.

7.1 BHÖip aBTOMaTHHHHX BHIVIllKaMiB

ABTOMaTHHHHH BHMHKaH -  ^  KOMyTa^ÖHHH anapaT, npH3HaneHHH gna 

aBTOMaTHHHoro po3MHKaHHa eneKTpHHHHx Kin npn HeHopMantHHx pe^HMax (cTpyMax 

K3 aöo nepeBaHTa^eHHax) Ta HenacTHx BMHKaHHax i po3MHKaHHax y HopManbHHx

pe^HMax pOÖOTH.

HoMmanbHa Hanpyra aBTOMaTiB oönpaeTbca ak:

U  > U  (7.5)

HoMmantHHÖ CTpyM aBTOMaTiB Ta HOMmanbm crpyMH po3HennwBaniB He 

noBHHHi öyTH MeHfflHMH 3a CTpyM pe^HMy nepeBaHTa^eHHa:

1 HOM.a > 1nep ’ (7.6)

I  > I  (7.7)

y  ^opMynax (7.6) Ta (7.7) öepyTbca HaöönH^Hi 3HaneHHa HOMmanbHHx CTpyMiB 

aBTOMaTiB Ta po3HennwBaniB. ABTOMara 3BHHaÖHO MawTb KinbKa HOMmanbHHx CTpyMiB 

po3ninnwBana. Hafiömbffle 3HaneHHa HOMmanbHoro CTpyMy po3ninnwBana gopiBHwe

HOMiHanbHOMy CTpyMy aBTOMaTa, TOMy ^ a > I hoM.p .

CTpyM pe^HMy nepeBaHTa^eHHa BH3HanaeTbCa 3a BHpa3OM:
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Inep > K pe3 • Ip, (7.8)

ge K pe3 -  Koe^^ieHT pe3epByBaHHa;

I  -  po3paxyHKOBHH CTpyM (oönpaeTbCa 3aae^Ho Big M i^a 3Haxog:«:eHHa EA b 

cxeMi eaeKTponoCTaaaHHa).

YcTaBKa CTpyMy c^pa^roBaHHa Big nepeBaHTa^eHHa Icn (ycTaBKa CTpyMy 

TenaoBoro po3HmaroBaaa I  ) oönpaeTbCa 3 yMOBH:

Icn = IyT.p. > K  • Ip, (7.9)

ge K  -  Koe^i^eHT, aKHH npnÖMaeTbCa 1,1 gaa aBToMaTa BBogy QF1 Ta gaa aBToMaTa 

QF2, 1,25 -  gaa aBToMaTa QF3 aöo 1,0 Ha aiHiax gaa CHaoBHx E n , aKi He MawTb y 

CBoeMy CKaagi E^.

y  ^opMyai (7.9) gaa BA BBogy QF1 aK po3paxyHKoBHH CTpyM npnÖMaeTbca 

CTpyM pe^HMy nepeBaHTa^eHHa TpaHC^opMaTopa I  ; gaa BA QF2 -  po3paxyHKoBHH

CTpyM gpyroro piBHa eaeKTponocTaaaHHa I  2; gaa BA QF3 -  po3paxyHKoBHH CTpyM

nepmoro piBHa eaeKTponCTaaaHHa ogHoro E n  I  l (HoMmaabHHH CTpyM E n  I hô  En npn

k  = 1,0).

y  aiHiax 3 aaMnaMH ^PH (^PI) 3a yMoB KpaTHoCTi nyCKoBoro CTpyMy 2,25-3 Ta 

öoro TpHBaaoCTi 60-90 c yCTaBKa CTpyMy CnpagwBaHHa Big nepeBaHTa^eHHa (yCTaBKa 

CTpyMy TenaoBoro po3ainawBaaa) oönpaeTbca aK:

Ic.n = lyt p.>  1,3 • Ipo, (7.10)

ge I  -  po3paxyHKoBHH CTpyM airni ocBiTaeHHa, A.

^ a a  HP Ta HH HH3bKoro THCKy ycTaBKa CTpyMy c^pa^WBaHHa Big 

nepeBaHTa^eHHa (yCTaBKa CTpyMy TenaoBoro po3ainawBaaa) oönpaeTbCa aK:

I = I > I  (7 11)c.n y.m. p. — p.o’ V'-AA/
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^ a a  HH3tKoro THCKy nycKOBi cTpyMH He BpaxoBywTbca, TaK aK ix TpHBaaicTb 

CTaHOBHTt 6-8 c, i 3a ^ h aac aaMnn MawTb pi3HoaacHe BMHKaHHa. .HP MawTb nycKOBi 

cTpyMH go 6 HOMrnaabHHx cTpyMiB, aae ix TpHBaaicTb BCboro geKiabKa MiaiceKyHg.

ABTOMaTH He nOBHHHi BHMHKaTH giaaHKH, aKi 3aXH^aWTb, npH KOpOTKOHaCHHX 

nepeBaHTa^eHHax (nycKOBi cTpyMH, niKOBi cTpyMH Ta iH.).

^ a a  aBTOMaTa BBOgy QF1 c^pa^roBaHHa BigciaKH po3amaroBaaa mhttgboI gii Ic B 

BH3HaaaeTbca 3a ^opMyaoro:

Ic.  = (6 -  8) • IhomT , (7.12)

ge IHOM t -  HOMiHanbHHH cTpyM TpaHc^opMaTopa Ha cTOpOHi HH.

y  ^opMyai (7.12) öiabmi KpaTHOcTi npHHMaroTbca gaa TpaHc^opMaTopiB 3 

Maaow HOMmaabHOW noTy^Hic™ ( S ^ T < 400 kBA), aKi MawTb öiabmi onopn Ta

BignOBigHO MeHmi cTpyMH K3.

yMOBa nepeBipKH niKOBHx cTpyMiB gaa rpynn E n  (aBTOMaT QF2) i niKOBHx 

cTpyMiB gaa OgHOrO E n  (aBTOMaT QF3) noaarae y BHÖopi ycTaBKH cTpyMy 

c^pa^WBaHHa BigciaKH mhttgboi gii Ic B (ycTaBKH cTpyMy eaeKTpOMarHiTHOrO 

po3amaroBaaa I  ) öiabme ^Hx cTpyMiB BignOBigHO He MeHm, Hm: Ha 25%, TaK aK

noxHÖKa Big po3KHgy xapaKTepncTHK MO^e gocaraTH 15%

Ic.6 = Iy.e.p — 1,25 • InlK, (7.13)

Icb = Iy.e. p — 1,25 • InycK, (7.14)

ge I„iK -  niKOBHH cTpyM rpynn E n  3a ^opMyaaMH (3.39), (3.40) Ta nycKOBHH cTpyM

ogHHOHHoro E n  3a ^opMyaow (3.12) BignOBigHO (gaHi nycKOBHx Ta niKOBHx cTpyMiB 

öepyTbca 3 pe3yabTaTiB po3paxyHKiB po3giay 3).

y  aiHiax 3 KKy cTpyM c^pa^WBaHHa BigciaKH (eaeKTpOMarHiTHOrO 

po3ainawBaaa) oönpaeTbca 3a BHpa3OM:

J-c.e = I y.e.p — 1,3 ' I hom.KKY , (7.15)
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ge h o M i a c y  = Qp i-ia c y  -  HOMmaabHHÖ CTpyM KKY.
™ HOM

A k KOMyTa^ÖHHÖ anapaT BA nepeBiparoTb rn,ogo 3garnoCTi BHMHKaHHa 3a 

yMOBH:

I  > I  = I (3) (7 16)

ge I Hmiea -  HOMmaabHHÖ CTpyM BHMHKaHHa aBTOMaTa npn HopMOBaHHx yMOBax

POÖoth;

I no = I {() -  noaarKOBe giroae 3HaaeHHa nepiognaHoi CKaagoBoi CTpyMy

Tpn^a3Horo K3. ^aa aBTOMariB BBogy Ta CeKgiÖHHx aBTOMaTiB geö CTpyM BH3HaaaroTb 

gaa MeTaaeBoro K3 6e3 nepexigHHx onopiB, gaa imiiHx aBTOMaTiB (QF2, QF3) -  3 
ypaxyBaHHaM OnOpy KOHTaKTiB R  .

^aa ayTaHBOCTi 3axHCTy (HagiÖHoro öoro cnpagwBaHHa) MirnMaabHHH CTpyM K3 

(3BHaaÖHO ge CTpyM ogHO$a3Horo K3 y Haööiabm BiggaaeHiö Toagi aiHii, aKa 

3axH^aeTbca) Mae nepeBHmyBara yCTaBKH po3aenaroBaaiB 3aae^HO Big ix THniB y TaKHx 

CniBBigHomeHHax:

-  gaa po3ainaroBaaa MHireBoi gii (eaeKTpoMarHiTHoro aöo

HaniBnpoBigHHKOBoro)

3 HOMiHaabHHM CTpyMOM öiabme 100A:

I["  > 1,25 ■ I c , (7.17)

npn CTpyMi go 100 A  BKaroaHo:

I K1 > 1,4 ■ I c , , (7.18)

-  gaa po3ainaroBaaa ynoBiabHeHoi gii:

I ' 1 > 3 ■ I c„, (7.19)

BnöipKOBiCTb gii noCaigoBHO BCTaHOBaeHHx aBTOMaTiB 3aöe3neayeTbCa 3a yMOBH, 

rn,o ix 3axHCHi xapaKTepHCTHKH Ha KapTi CeaeKTHBHOCTi He noBHHHi nepeTHHaraCa, go
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Toro ^  ycTaBKH CTpyMy po3nennwBaniB ynoBmbHeHoi gii h mhttgboi gii y aBTOMaTa, 

po3TamoBaHoro önn^ne go E n , MaroTb öyra b 1,5 pa3H MeHmi, Hm: y öintm 

BigganeHoro aBTOMaTa [2].

7.2 Bnöip aBTOMaTiB miBH.ibHOi Ta po3nogmbHoi‘ Mepe^i ^ x y

Bnöip aBToMaTa BBogy QF1: oönpaeMo aBToMaT 3 eneKTpoMaraiTHHM Ta 

TennoBHM po3nennwBaneM BA-2004N/400.

3a ^opMynoro (7.5) HoMmanbHa Hanpyra aBToMaTa oönpaeTtca ak:

660 > 380B.

3a ^opMyaoro (5.1) BH3HanHMo HoMmanbHHÖ btophhhhh CTpyM

TpaHc^opMaTopa:

250
I  T = - r ------- = 379,84 A.

yJ3 • 0,38

ogHo TpaHc^opMaTopHoi n c  6e3 pe3epByBaHHa Ha CTopoHi HH i 3a 

BigcyTHocTi gaHHx npo CHCTeMaTHHHe nepeBaHTmeHHa Koe^^ieHT pe3epByBaHHa 

npnÖMaeTbca K pe3 = 1,0, ToMy CTpyM nepeBaHTmeHHa TpaHC^opMaTopa 3a ^opMyaoro

(7.8) gopiBHwe:

I = 1,0 • 379,84 = 379,84 A.

Togi 3a ^opMyaoro (7.6) HoMmaabHHÖ CTpyM aBToMaTa BA-2004/400:

I = 400 > I  = 379 84 A

^ a a  aBToMaTy BA-2004N/400 HoMiHaabHi CTpyMH TenaoBoro po3HenaroBaaa 

I ^ T P HacTynHi: 250, 315, 350, 400 A. Togi 3a ^opMyaoro (7.7) HoMmaabHHÖ CTpyM

TenaoBoro po3HenaroBaaa:
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I  = 400 > I  = 379 84 Ahom. t . p nep ■> •

^ a a  aBTOMaTy BA-2004N/400 KpaTHiCTb CTpyMy c^pa^roBaHHa (ycTaBKH) 

TenaoBoro po3HenaroBaaa I  go HoMiHaabHoro CTpyMy TenaoBoro po3HenaroBaaa

Ihom T P (IyTP / 1hom T P ) CTaHoBHTb 1,25. TaKHM hhhom, ycTaBKa CTpyMy TenaoBoro

po3HenaroBaaa:

I  y.T. p = 1,25 • I  HOM.m.p. = 1,25 • 400 = 500 A.

3a ^opMyaoro (7.9):

I yTp = 500 A > 1,1 • 379,84 = 417,82 A.

^ a a  aBToMaTy BA-2004N/400 y pa3i HaaBHoCTi TenaoBoro po3HenaroBaaa 

BigHomeHHa CTpyMy c^pa^WBaHHa BigtiaKH I ce (eaeKTpoMarmTHoro po3aenaroBaaa

I y e . p ) g° HoMiHanbHoro CTpyMy TenaoBoro p^ araarom ^  ^ t .p  ( I y.T.p 1 I hom.t .p )

CTaHoBHTb 10. TaKHM hhhom, CTpyM c^pa^WBaHHa BigtiaKH (eaeKTpoMarmTHoro 

po3ainamBaaa

I  = I  = 10 • I  = 10 • 400 = 4000 A.c.b. y.e. p HOM.m. p.

3a ^opMyaom (7.12)

I  = 4000 A > 1,25 • I .  = 1,25 • 426,46 = 533,08A.

n p n  nepeBip^ BHMHKaHHa CTpyMy Tpn^a3Horo K3 aBToMaToM BBogy öepeMo 

CTpyM Tpn$a3Horo K3 b t o w  K1 (6e3 ypaxyBaHHa RK) 3 Taöa. 6.1 I ri(0} = 7,428 kA.

^ a a  aBToMaTiB BA-2004N/400 BHMHKamaa rpaHHaHa KoMyTagiÖHa 3gaTHiCTb (BrK3)

npu I HOM.a = 400 A CTaHoBUTb IHoMB.a = 35 kA. 3a $ opMyao^  (7.16):

35 kA > 7,428 kA.
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^ a a  nepeBipKH ayTaHBOCTi 3axHCTy 3 Taöa. 6.1 CTpyM ogHO$a3Horo K3 Ha niHHa.x 

HH K Tn I ^1 = 7,648 kA. 3a ^opMyaoro (7.17) gaa eaeKTpoMaraiTHoro po3aenaroBaaa 

3 HOMiHaabHHM CTpyMOM öiabme 100A:

I  w = 7,648 > 1,25 • 4 = 5 kA.

OcTaroHHO oönpaeMO BHMHKaaa aBTOMaraaHHÖ BA-2004N/400 3 TaKHMH

naPaMeTPaMU: UHoM.a = 660 B  ToM.a = 400 A  T om.t p. = 400 A  I y .T.p. = 500 A

I  = 4000A, I hô 6 a = 35 kA. ^arn ^ o r o  aBTOMaTy HaBogaTbCa b Taöa. 7.1.

Taöanug 7.1 -  Karaao^Hi Ta po3paxyHKOBi gaHi aBTOMara QF1 rany BA-2004N/400

YMOBa BHÖOpy KaTaao^Hi gaHi Po3paxyHKOBi gaHi
3a HOMiHaabHOW Hanpyrow
U > UHOM. a HOM. M

U = 660 BHOM.a U = 380 BHOM.a

3a HOMiHaabHHM CTpyMOM 
aBTOMaTa I ,  „ > /HOM.a nep I = 400 AHOM.a

I = K  • I  =1 nep pe3 1 hom.T
= 1,0 • 379,84 = 379,84A

3a HOMiHaabHHM CTpyMOM
PO3̂ enaWBa^a IHOM.p > Inep

I = 400 AHOMT. p.
I = K  • I  =1 nep pe3 1 hom.T
= 1,0 • 379,84 = 379,84A

3a HOMiHaabHHMH CTpyMOM 
aBTOMaTa Ta öoro po3aenaroBaaiB
ĤOM.a > ĤOM.p

I = 400 AHOM.a I HOm.p = 400 A

3a CTpyMOM yCTaBKH TenaoBoro 
po3aenawBaaa
I c.n ŷ.T.p > 1,1 n̂ep

I  y.T. p. = 1,25 • 400 = 

= 500 A
1,1 • I neP = 1,1 • 379,836 = 
= 417,82 A

3a yMOBH BigöygoBH Big niKOBHx
CTpyMiB 7y.e.p > (6 -10 ) • Ih0mT

ŷ.e. p 10  ̂HOM.m. p.
= 10•400=4000A

1.25 • I niK = 1,25 • 426,46 = 
= 533,08 A

3a HOMiHaabHHM CTpyMOM
BHMHKaHHa aBTOMaTa
I = I = I (3)HOM.e.a n.(0) k

IHOM.e.a = 35 KA IK1(0) = 7,428 KA

3a yMOBOW ayTaHBOCTi 
IK” > 1,25 • I, ,

1,25 • I c.„ = 1,25 • 4 = 
= 5 kA

I ^  = 7,648 kA

AHaaoriaHO npoBogHMO po3paxyHOK gaa BHÖopy aimÖHHx aBTOMariB i aBTOMariB 

go En. Pe3yabTara 3anncyeMO gO Taöa. 7.2 Ta 7.3 BignOBigHO.
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T aö n n ^  7.2 -  Pe3ynKraTH BHÖopy mmÖHHx aBT0MaTiB

^HBHnbHa gmm Tnn aBT0MaTa UUHOM.a ,
B

1 HOM.a ,
A

1HOM.m.p ,
A

I y.m.p ,
A

l y.e.p ,
A

1HOM.e.a ,
A

£0 p n  HH BA-2004N/400 660 400 400 500 4000 35
£0 c p m i BA-2004N/63 660 40 40 50 400 15
£0 c p m 2 BA-2004N/125 660 80 80 100 800 20
^0 cp m 3 BA-2004N/250 660 160 160 200 1600 35
£0 c p m 4 BA-2004N/125 660 80 80 100 800 20
£0 ^ P O BA-2004N/63 660 20 20 25 200 15

OgH0mmÖHa cxeMa ^HBneHHA oönagHaHHa ^ x y  3 n03HaneHH^M ^ T ^  Ta 

mmÖHHx aBTOMaTiB HaBegeHa b gogaTKy E.

T aö n n ^  7.3 -  Pe3ynbTaTH BHÖopy aBTOMaTiB, rn,0 3axHrn,aroTb E n

^HBHHbHa
gmm

Tnn
aBT0MaTa

U ,HOM.a 5
B

I  ,HOM.a 5
A

1 HOM.m.p. ,
A

1y.m.p.,
A

Iy e.p ,
A

1HOM.e.a ,
A

1 BA-2017 380 16 16 20 160 6
2 BA-2017 380 16 16 20 160 6
3 BA-2017 380 2 2 2,5 20 6

4,6,8 BA-2017 380 2 2 2,5 20 6
5 BA-2017 380 10 10 12,5 100 6
7 BA-2017 380 10 10 12,5 100 6
9 BA-2017 380 2 2 2,5 20 6
10 BA-2017 380 2 2 2,5 20 6

11-14 BA-2017 380 10 10 12,5 100 6
15-18 BA-2017 380 10 10 12,5 100 6
19-22 BA-2017 380 10 10 12,5 100 6
23-26 BA-2017 380 32 32 40 320 6

27 BA-2017 380 16 16 20 160 6
28,32 BA-2017 380 2 2 2,5 20 6

29 BA-2017 380 32 32 40 320 6
30 BA-2017 380 4 4 5 40 6
31 BA-2017 380 4 4 5 40 6
33 BA-2017 380 10 10 12,5 100 6
34 BA-2017 380 16 16 20 160 6

35,36 BA-2017 380 4 4 5 40 6

y  gogaTKy B HaBegeHa ^pHH^H^0Ba cxeMa po3noginbnoi Mepe^i Big K Tn go E n

^ x y .
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7.3 Bnöip pyßnabHHKiB

PyöuabHuK -  ^  HeaBTOMaTHHHHH KoMyTa^HHuö npucTpiö 3 pyHHuM npuBogoM 

gaa BMuKaHHa eaeKTpuHHux Mepe®: nocTiHHoro Ta 3MiHHoro CTpyMiB go 1 kB, «kuh 

ogHonacHO 3a6e3nenye CTBopeHHa BuguMoro po3puBy Koaa gaa 6e3neHHoro 

npoBegeHHa peMoHTHux poöiT. PyöuabHuKu oöuparoTbca 3a HacTynHUMu y MoBaMu:

-  3a Hanpyroro:

UHOM.py6 — UHOM.M , (7.20)

-  3a cTpyMoM HaBaHTa^eHHa:

I  — I  (7 21)hom. pyö nep ’ V * /

-  3a eaeKTpoguHaMiHHoro CTiHKicTro:

iduH — i , (7.22)

-  3a TepMiHHoro CTiHKicTro:

I I  • C — I l  • t , (7.23)

-  KoHCTpyKTUBHUM BUKoHaHHaM.

BuKoHyeMo nepeBipKy QS1 Tuny BP-32, aKUH BCTaHoBaeHuH Ha BBogi 

po3nogiabHoi m a^u CPffll. KaTaao^m gaHi pyöuabHuKa HacTynHi: HoMiHaabHa 

Hanpyra UHOMp = 660 B , HoMmaabHuö CTpyM / H = 250 A , CTpyM eaeKTpoguHaMiHHoi

CTiHKocTi = 20 kä , CTpyM ogHoceKyHgHoi TepMiHHoi CTiHKocTi -  64 kA2 ĉ.

3a ^opMyaoro (7.20) HoMiHaabHa Hanpyra pyöuabHuKa Bu3HaHaeTbca aK:

660 B — 380 B ,

3a gaHuMu po3paxyHKiB n.3.2 po3paxyHKoBuö CTpyM arnii go CPffll 

I  2 = 38,74 A . 3a ^opMyaoro (7.21) HoMmaabHuö CTpyM pyöuabHuKa:
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250 A  > 38,74 A .

3a gaHHMH po3paxyHKiB n.6.1 ygapHHH CTpyM y t o w  K2' i = 3,124 A . 3a 

^opMynoro (7.22):

20 kA  > 3,124 A .

3a gaHHMH po3paxyHKiB n.6.1 CTpyM Tpn$a3Horo K3 y t o w  K 2 'nepeg 

pyÖHntHHKOM /^ 2,(0} = 2,695 A , Togi I^2,(0} • t = 2,6952 • 1 = 7,263 kA 2 • c . 3a ^opMynoro

(7.23):

64 kA 2 • c > 7,263 kA 2 • c .

TaKHM hhhom, pyÖHHbHHK BBogy, rn,o BCTaHOBneHHH y ma^i CPffll, BignoBigae 

yciM yMoBaM BHÖopy. Pe3ynbTaTH BHÖopy pyÖHHbHHKa 3aHocHMo go Taön. 7.4

T aö n n ^  7.4 -  KaTano^m Ta po3paxyHKoBi gaHi pyÖHHbHHKa QS1 THny BP-32

YMoBa BHÖopy KaTano^Hi gaHi 
pyÖHHbHHKa Po3paxyHKoBi gaHi

3a HoMmanbHoro Hanpyroro 
pyÖHHbHHKa
UHOM. py6 > UHOM. M

U Ä =660 Bhom. pyo UhoM. m = 380 B

3a HoMiHa^bHHM CTpyMoM pyÖH^bHHKa
^hom. pyO > 1nep 1 HO,,.py0 = 250 A IP2 = 38,74 A

3a CTpyMoM eneKTpogHHaMiHHoi
cTiHKocTi idUH > iy huH = 20 kA iy = 3,124 A

3a TepMiHHoro CTiHKiciro: I 2 • tm > 11 • t
C  ■ tm = 64 k 4 2 • c I \ T(o)• t = 7,263 kA 2 • c

Bnöip pyönnbHHKiB gga chhobhx ma$ CPffl2-CPffl4 Ta ma^H ocBrraeHHA ^ P O  

BHKoHyeTbca aHanorinHo. 3a pe3ynbTaTaMH nepeBipKH npHHHATHH pyÖHHbHHK THny 

BP-32 BignoBigae yciM yMoBaM BHÖopy.
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7.4 Y3rog^eHHH BHÖpaHoro nepepi3y npoßigHUKiB eaeKTpHHHoi' Mepe^i 3

BHÖpaHHMH anapaTaMu 3axHCTy

nepepi3 npoBogiB Ta KaöeaiB, aKi öyao oöpam 3a yMOBaMH HarpiBaHHa Ta 

gonycTHMHM TpHBaaHM CTpyMOM 3 ypaxyBaHHaM yMOB npoKaagKH Ta BigxnaeHHa 

napaMeTpiB HaBKoanmHtoro cepegoBHrn,a Big CTaHgapTHHx yMOB nepeBipaeMO 3a 

yMOBoro y3rog«eHHa BignoBigHOCTi oöpaHHM anapaTaM 3axncTy 3a ^opMyaoro:

I'o  > K 3ax • I3ax, (7.24)

ge K 3ax -  HopMOBaHa nY E KpaTHicTt gonycTHMoro CTpyMOBoro HaBaHTa«eHHa Ha

npoBigHHKH rn,ogo napaMeTpiB 3axncHHx anapaTiB;

I3ax -  CTpyM anapaTy 3axncry.

3rigHO 3 nY E  [1] gaa eaeKTpHHHHx Mepe«, aKi oöoB’a3KOBO noBHHHi MaTH 3axncT 

Big nepeBaHTa^eHHa, yMOBa y3rog«eHHa gaa aBTOMaTiB 3 TenaoBHM po3aenawBaaeM 3 

HeperyatOBaHoro oöepHeHO 3aae«Horo Big CTpyMy xapaKTepncTHKoro gaa npoBigHUKi b 

ycix MapoK HacTynHa:

I ’ > I  , (7.25)don HOM.m. p ? V /

ge IHm m P HOMiHaabHHH CTpyM HeperyatOBaHoro TenaoBoro po3aenaroBaaa.

npoBogHMO y3rog«eHHa oöpaHoro nepepi3y KaöeaiB «HBHatHoi Mepe^i 

BHpoÖHHHoro ^ x y  N°3 gaa CPffl1-CPffl4, ^ P O , a Tarn«: nepepi3y npoBogiB 

po3nogiatHOi Mepe«i go eaeKTponpHHMaaiB, BignoBigHO go oöpaHHx aBTOMaTiB gaa 

cxeMH eaeKTponocTaaaHHa Ha pnc. 3.1.

y  cxeMi eaeKTponocTaaaHHa ^ x y  3axncT «HBHatHoi Ta po3nogiatHOi Mepe«i 

3gificHroeTtca aBTOMaTaMH 3 TenaoBHMH Ta eaeKTpoMaraiTHHMH po3aenaroBaaaMH.

1) 3a gaHHMH n.5.2.1 go CPffll oöpaHHH gaa npoKaageHHa Kaöeat 

A BBr (3x16+1x10) 3 i don = 49,35 A . ^ a a  3axncTy gaHoro Kaöearo oöpaHHH aBTOMaT
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BA-200N/63 3 HoMmaabHHM CTpyMOM TenaoBoro po3HenaroBaaa IHOMm = 40 A. 3a 

^opMyaoro (7.25):

49,35 A  > 40 A .

YMOBa BHKOHyeTtca. OT^e ocTaTOHHo oönpaeMo Kaöeab A BBr (3x16+1x10). 

AHaaoriaHo y3rog^yroTbca nepepi3H oöpaHHx KaöeaiB ^HBHabHoi Mepe^i 3 ihttthmh 

aBTOMaTaMH. Pe3yabTara y3rog^eHb HaBegem b Taöa.7.5.

Taöanna 7.5 -  Pe3yabTara y3rog:«:eHHa nepepi3y KaöeaiB ^HBHabHoi Mepe^i 3 

anapaTaMH 3axncTy

^HBHabHa
aiHia

OöpaHHH 
nepepi3 

Kaöeaw, mm2

1 don ,
A

1HOM.m.p ,
A

OCTaTOHHo oöpaHHH 
Kaöeab

1 don ,
A

Ao CPm1 16 49.35 40 A BBr 3x16+1x10 49,35
Ao CPm2 35 74.02 80 A BBr 3x50+1x25 90,47
Ao CPm3 95 139.82 160 A BBr 3x120+1x70 164,50
Ao c p m 4 50 90.47 80 A BBr 3x50+1x25 90,47
Ao ^ P O 2,5 15.63 20 A BBr 3x4+1x2,5 22,21

2) Aaa po3nogiabHoi Mepe^i aHaaoriaHo y3rog^yroTbca nepepi3H oöpaHHx 

npoBogiB.

3a gaHHMH n. 5.2.2 go E n  N°1 oöpaHHH gaa npoKaageHHa npoBig AnB3 (1x2,5) 3 

I'don = 17,86 A . Aaa 3axncTy gaHoro npoBogy oöpaHHH aBTOMar BA-2017 3 

HoMmaabHHM CTpyMoM TenaoBoro po3aenawBaaa IHOMm = 16 A . 3a ^opMyaom (7.25):

17,86 A > 16 A .

YMoBa BHKoHyeTbca. AHaaoriaHo y3rog^ywTbca nepepi3H oöpaHHx npoBogiB 

po3nogiabHoi Mepe^i 3 iHmHMH aBToMaTaMH. Pe3yabTaTH y3rog^eHb HaBegeHi b 

Taöa. 7.6.
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T a ö n n ^  7 . 6  -  P e 3 y n b T a T H  y 3 r o g ^ ; e H H a  n e p e p i 3 y  K a ö e m B  p o 3 n o g i n b H o i  M e p e ^ i  3

anapaTaMH 3axncTy

^ H B H H b H a

n i m a

O ö p a H H H  

n e p e p i 3  

n p o B o g y ,  m m 2

1  don ’
A

1HOM.m.p ’
A

O C T a T O H H o  o Ö p a H H H  

n p o B i g

1  don ’
A

g o  E n  N 1 2,5 1 7 , 8 6 1 6 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 2 2,5 1 7 , 8 6 1 6 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 3 2,5 1 7 , 8 6 2 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 4 2,5 1 7 , 8 6 2 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 5 2,5 1 7 , 8 6 1 0 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 6 2,5 1 7 , 8 6 2 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 7 2,5 1 7 , 8 6 1 0 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 8 2,5 1 7 , 8 6 2 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 9 2,5 1 7 , 8 6 2 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 1 0 2,5 1 7 , 8 6 2 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 1 1 2,5 1 7 , 8 6 1 0 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 1 2 2,5 1 7 , 8 6 1 0 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 1 3 2,5 1 7 , 8 6 1 0 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 1 4 2,5 1 7 , 8 6 1 0 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 1 5 2,5 1 7 , 8 6 1 0 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 1 6 2,5 1 7 , 8 6 1 0 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 1 7 2,5 1 7 , 8 6 1 0 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 1 8 2,5 1 7 , 8 6 1 0 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 1 9 2,5 1 7 , 8 6 1 0 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 2 0 2,5 1 7 , 8 6 1 0 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 2 1 2,5 1 7 , 8 6 1 0 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 2 2 2,5 1 7 , 8 6 1 0 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 2 3 10 4 4 , 1 8 3 2 A n B 3  ( 1 x 1 0 )  T 2 0 4 4 , 1 8

g o  E n  N 2 4 10 4 4 , 1 8 3 2 A n B 3  ( 1 x 1 0 )  T 2 0 4 4 , 1 8

g o  E n  N 2 5 10 4 4 , 1 8 3 2 A n B 3  ( 1 x 1 0 )  T 2 0 4 4 , 1 8

g o  E n  N 2 6 10 4 4 , 1 8 3 2 A n B 3  ( 1 x 1 0 )  T 2 0 4 4 , 1 8

g o  E n  N 2 7 2,5 1 7 , 8 6 1 6 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 2 8 2,5 1 7 , 8 6 2 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 2 9 10 4 4 , 1 8 3 2 A n B 3  ( 1 x 1 0 )  T 2 0 4 4 , 1 8

g o  E n  N 3 0 2,5 1 7 , 8 6 4 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 3 1 2,5 1 7 , 8 6 4 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 3 2 2,5 1 7 , 8 6 2 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 3 3 2,5 1 7 , 8 6 1 0 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 3 4 2,5 1 7 , 8 6 1 6 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 3 5 2,5 1 7 , 8 6 4 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

g o  E n  N 3 6 2,5 1 7 , 8 6 4 A n B 3  ( 1 x 2 , 5 )  T 1 5 1 7 , 8 6

AHani3 pe3ynbTaTiB noKa3ye, rn,o nepepi3H Bcix npoBogiB po3noginbHoi Mepe:m
3 a g o B o n t H a w T b  B H M o r a M  y 3 r o g : « : e H H a  3 a n a p a T a M H  3 a x n c T y .
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8. P03PÄ X Y H 0K  rP 0 3 0 3 Ä X H C T Y  ^ E X y

3axucT eaeKTpoycTaTKyBaHHa öygiBeab Big npaMux ygapiB öaucKaBKu 

3giacHweTbca 3a gonoMorow öaucKaBKoBigBogiB.

EaucKaBKoBigBig aBaae coöow npucTpia, rn,o Mae BucoTy öiabmy Hm: oö'eKTu aKi 

BiH 3axurn,ae Ta aepe3 aKua CTpyM ÖaucKaBKu, MuHaroau ^  oö'eKTu, BigBoguTbca b 

3eMaw. EaucKaBKoBigBig cKaagaeTbca 3 öaucKaBKonpuaMaaa, ^ o  öe3nocepegHbo 

cnpuaMae Ha ceöe ygap ÖaucKaBKu, CTpyMoBigBogy Ta 3a3eMaroBaaa.

EaucKaBKoBigBogu no Tuny öaucKaBKonpuaMaaa po3giaawTbca Ha cTpu^HeBi Ta 

TpocoBi. CTpn^HeBi öaucKaBKoBigBogu BuKoHywTbca y Buraagi BepTuKaabHo 

BCTaHoBaeHHx CTpn^HiB (rn,ora), 3'egHaHux i3 3a3eMaroBaaeM.

HagiÖHicTb 3axucTy Big npaMux ygapiB ÖaucKaBKu caig npuaMara:

0,99 - 0,999 -  gaa oö’eKTiB I piBHa öaucKaBKo3axucTy;

0,95 - 0,99 -  gaa oö’eKTiB II piBHa öaucKaBKo3axucTy;

0,9 - 0,95 -  gaa oö’eKTiB III piBHa öaucKaBKo3axucTy;

He HH^ae Hm: 0,85 -  gaa oö’eKTiB IV piBHa öaucKaBKo3axucTy.

Po3paxyeMo rpo3o3axucT BupoÖHuaoro ^ x y  N°3 3a HacTynHHMH BuxigHuMu 

gaHHMH:

1) Tun ÖaucKaBKoBigBogiB -  nogBiaHua cTep^aeBua.

2) BHcoTa ÖaacKaBKoBigBogiB -  20 m;

3) BigcTaHt Mm: öaucKaBKoBigBogaMu -  L = 58 m;

4) Haööiabma BucoTa öygiBai hu cnopygu, rn,o 3axurn,aeTbca -  hx = 8m;

5) po3Mipu ^ x y , rn,o 3axurn,aeTbca B = 22 m, A = 48m;

6) piBeHb öaacKaBKo3axHCTy -  III.

3oHa 3axHCTy nogBiaHoro cTpu^HeBoro öaucKaBKoBigBogy puc. 8.1 CKaagaeTtca 

3 3oBHimHix oöaacTea 3ohu 3axucTy (HaniBKoHyciB 3 raöapaTaMa h0, r0), rn,o 

BUKoHywTtca 3a ^opMyaaMu gaa oguHuaHux cTpu^HeBux ÖaacKaBKoBigBogiB. Po3Mipu 

BHyTpimHix oöaacTea Ba3HaaawTtca napaMeTpaMu h0 i hc, nepmua 3 aKux 3agae 

MaKcuMaabHy BucoTy 3ohu öe3nocepegHbo öiaa öaucKaBKoBigBogiB, 

a gpyrua -  MiHiMaabHy BucoTy 3ohu nocepeguHi Mm: öaucKaBKoBigBogaMu [14].
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PncyHOK 8.1 -  I l e p e T H H  30h h  3axncTy noßBiiiHoro CTpn̂ cHeBoro ÖJiHCKaBKOBiaßoay

30Ha 3aXHCTy OAHHHHHOrO CTpH>KHeBOrO ÖJlHCKaBKOßiaBOay BHCOTOK) /?<30m 

npn HaaiHHOCTi 3axncTy P  = 0.9, b M3 h a h aeTb ca pißHamniMH:

Kn = 0^ 5K

f t ,  ~ \ )  (8.1)
Kn

r = 1 2 •hl/o« 1̂  N n

3a ßincTam mdk ÖJiHCKaßKOßiaBoaaMH L<LC Meaca 30h h  He Mae npoßHcaHHa hc = ho. 

3a BißCTam mdk ÖJiHCKaßKOßiaBoaaMH Lc< L < Lmax.

-  BHCOTa hc BH3HaHaeTbca 3a (jjopMyjioio [14]

hc = T ssi r h«(8-2)
^  max <?

-  HinpHHa ropH30HTajibHoro nepepi3y b  aempi mdk ÖJiHCKaßKOßiaBoaaMH 2rcx Ha

BHCOTi hx < hc\
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r„ = ( 8 . 3 )
hc

n a p a M e T p n :  L c =  2 , 5 h  =  2 . 5  • 2 0  =  5 0  m ; L max =  5 , 7 5 h  =  5 . 7 5  • 2 0  =  1 1 5 m .

B H 3 H a H H M O  p 0 3 M i p H  3 0 B H i m H i X  O Ö n a C T e Ö  3 0 H H  3 a X H C T y  -  H a n i B K O H y c i B  3  

r a ö a p H T a M H  h o, ro  ( 8 . 1 ) :

] \ n =  0 , 8 5 h M =  0 , 8 5  • 2 0  =  1 7  m ; 

r )n =  1 , 2  • h n =  1 , 2  • 2 0  =  2 4  m ;

r  =  r0n • h n -  h )  =  2 4  • ( 1 7  -  8 )  =  1 2 , 7  M .

' n K n  1 7  ’

T a K  a k  B H K O H y e T t c a  p i B H i C T t  L c<  L  <  L max ( 5 0  M  <  5 8  < 1 1 5  m )  B H 3 H a n H M O

M i H i M a n b H y  B H C O T y  3 0 h h  3 a x n c T y  3  p i B H a H H a  ( 8 . 2 ) :

, 1 1 5  -  5 8
h  =  - 1 7  =  1 4 , 9 1  M .

c 1 1 5  -  5 0

r  (h - h  ) 24(14,91 - 8 )
r = -  - - = = 11,123 M .

cx h  14,91

3 o H a  3 a x H C T y  ö n n c K a B K O B i g B o g i B  ^ x y  n o K a 3 a H a  H a  p n c .  8 . 2 .

PncyHOK 8 .2  -  3oH a 3axncTy önncKaBKOBigBogiB ^ x y
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BH3HAHEHHH K O E O I^G H T IB  H E C H H Y C O I^A ^bH O C T I

P o ö o T a  n o T y ^ H H x  C n o ^ H B a n i B  i c T O T H O  B n a n B a e  H a  $ o p M y  C n r a a a y  H a n p y r n  

M e p e ^ i ,  a K a  x a p a K T e p roy e T b C a  K o e ^ i ^ e H T O M  n - o i  r a p M o r n n H o i  C K a a g o B o i  H a n p y r n  n  

K o e ^ ^ i e H T O M  B H K p n B a e H H a  C H H y c o i g a n b H o i  K p H B o i  H a n p y r n .  B i g x n a e H H a  g a H n x  

n o K a 3 H H K i B  a K O C T i  e a e K T p o e H e p r i i  B i g  g o n y cthmhx 3 H a n e H b  n p o a B a a e T b C a  y  B n r a a g i  

B T p a T  a K T H B H o i  T a  p e a K T H B H o i  n o T y ^ H O C T i ,  C K o p o n e H H a  T e p M i H y  C a y ^ ö n  i 3 o a a ^ i  

e a e K T p o o ö a a g H a H H a ,  C T B O p e H H a  e a e K T p o M a r m r a n x  n e p e m K O g ,  a K i  H e C n p n a T a n B O  

B n a n B a r o T b  H a  B c i  C K a a g o B i  e a e K T p o e H e p r e T H H H o i  C H C T e M H .

n e p e a i K  n o K a 3 H H K i B  a K O C T i  e a e K T p n n H o i  e H e p r i i ,  3 a C O Ö n  i  y M O B H  i x  K O H T p o a r o  

H O p M y w T b c a  B i g n O B i g H O  M m g e p ® : a B H o r o  C T a H g a p T y  r O C T  1 3 1 0 9 - 9 7  [ 1 5 ] .  3 B a ^ a r o n H  

H a  T e H g e H ^ r o  Y K p a i H H  n e p e n M a r a  C B iT O B n n  g O C B i g  T a  n p n n M a T H  n e B H i  H O p M a T H B H i  

g O K y M e H T H ,  a K i  g O g a T K O B O  p e r y a r o r o T b  T a  g o n o B H r o r o T b  i C H y r o n i ,  ö y a o  

g O g a H O  g O  H O p M a T H B H O i  6 a 3 H  p a g  g e p ^ a B H n x  C T a H g a p T iB  Y K p a i H H ,  a K i  p e r y a r o r o T b  

n H T a H H a  B H 3 H a n e H H a  ochobhhx n O K a 3 H H K i B  a K O C T i  e a e K T p o e H e p r i i :  

A C T Y  E N  6 1 0 0 0 - 4 - 3 0 : 2 0 1 0  [ 1 6 ] ,  £ C T Y  E N  5 0 1 6 0 : 2 0 1 4  [ 1 7 ] .  B  ^ H x  g O K y M e H T a x  

B H K a a g e H i  M e T O g H K a M H  B H 3 H a n e H H a  T a  y M O B a M H  K O H T p o a r o  g o C a i g ^ y B a H n x  n a p a M e T p i B  

a K O C T i  e a e K T p O e H e p r i i ,  rn ,o  C T O c y r o T b c a  B H 3 H a n e H H a  K o e ^ i ^ e m i B  H e c H H y c O i g a a b H O C T i .

H e c H H y c O i g a a b H i c T b  H a n p y r n  x a p a K T e p r o y e T b C a  g B O M a  n a p a M e T p a M H :

K O e ^ ^ i e H T O M  n - O i  r a p M o r n n H o i  C K a a g O B O i  H a n p y r n  K ( n ) t T a  K o e ^ i ^ e H T O M  

B H K p H B a e H H a  C H H y C O i g a a b H O i  K p H B O i  H a n p y r n  K u .

P O 3 p a x y H O K  n O K a 3 H H K a  K ^ n ) i  3 g i n C H r o e T b C a  3 a  H a C T y n H H M  a a r o p n T M O M .  H a  

n e p m O M y  e T a n i  n p o B o g n T b C a  B H M i p  $ a 3 H o i  a ö o  M r n : $ a 3 H o i  H a n p y r n .  B n M i p  

n p O B O g n T b C a  B n p O g O B ^  2 4  r o g n H .  H a  O C H O B i  O T p n M a H n x  g a H n x  p O 3 p a x O B y r o T b C a  g i r o n i  

3 H a n e H H a  H a n p y r n  U ( n ) t 3 a  i H T e p B a a  0 , 2  C  g a a  K O ^ H o i  r a p M O H i K H  n  T a  B H 3 H a n a r o T b C a  

K o e ^ ^ i e m u  H a n p y r n  K U (-n ) i 3 a  H a C T y n H o r o  ^ o p M y a o r o  [ 1 7 ] :

K u  ( •  1 0 0 ,  ( 9 . 1 )

U \(i)
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ge n  -  HOMep rapMOHiKH;

i  -  HOMep iTepa^i.

HacTynHHM kpokom BH3HanaeTbca B^e 6e3nocepegHbo Koe^^ieHT n-oi 

rapMOHiHHoi CKnagoBoi Hanpyru K (n ) t y  BigcoTKax äk pe3ynbTaT ycepegHeHHÄ 

cnocrepe^eHb 3a iHTepBan nacy T  piBHHH 3 ceK. 3a ^opMynoro [15]:

N 0
X (  K ;„t, )

KU<») ^ ^

npH ^OMy KinbKiCTb BHMipiB N  noBHHHO öyra He MeHme 9.

Cnig 3a3HanHTH, rn,o mmnö HopMaTHBHHH goKyMeHT, äkhh TaKO^ perynroe 

xapaKTepncTHKH Hanpyru b Mepe®:ax eneKTponocTanaHHÄ 3aranbHoro nproHaneHHÄ 

^CTY EN 50160:2014 [17] peKOMeHgye npnÖMaTH iHTepBan nacy ycepegHeHHa TaKHM, 

rn,o gopiBHroe 10 xb.

BignoBigHO go rO CT 13109-97 Ta ^CTY EN 50160:2014 Koe^^ieHT n-oi 

rapMOHiHHoi CKnagoBoi Hanpyrn K (n ) t gna rapMOHiKH 3 HOMepoM n  He noBHHeH 

nepeBH^yBaTH 5 %.

Bn3HaneHHa K oe^^iem a BHKpnBneHHa CHHycoiganbHoi KpHBoi Hanpyra K v  

3gificHroeTbca 3a HacrynHHM anropumoM [15]:

1. ^na KO^Horo i - r o  cnocTepe^eHHa 3a ycraneHHH nepiog nacy BH3HanaroTb 

girone 3HaneHHa rapMOHiHHHx CKnagoBux Hanpyru gna giana3OHy rapMOHiK Big 1 go k.

2. 3HaneHHa BHKpHBneHHa CHHycoiganbHoi KpuBoi Hanpyru K v  gna i -ro 

cnocTepe^eHHa 3HaxogaTb 3a ^opMynoro [15]:

40 0
X  (U  .), )2

Ka = \  ^ -------- 100. (9.3)
\ U (1),
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^aai 3giHcHweTbca po3paxyHOK Koe^^ieHTa BHKpHBaeHHa CHHycoigaabHoi 

KpHBoi Hanpyrn Kv maaxoM ycepegHeHHa N  cnocTepe^eHb 3a iHTepBaa Hacy, rn,o 

gopiBHwe 3 ceK. 3a ^opMyaoro:

N
E  k u Y

K-  i  - " V “  • (94)

BignoBigHO go rO C T  13109-97, HopMaabHO Ta rpaHHHHO gonycTHMi 3HaHeHHa 

Koe^^iem y Kv gaa po3nogiabHHx eaeKTpHHHHx Mepe®: CKaagawTb 8 %  Ta 12 % 

BignoBigHO. Pa3OM 3 thm gaa ^ C T Y  EN 50160:2014 BCTaHOBaeHO TiabKH ogHe 

rpaHHHHO gonycTHMe 3HaHeHHa Ha piBHi 8 %.

AHaai3 aKOCTi eaeKTpHHHoi eHeprii y BignoBigHOCTi go TOCT 13109-97 3a 

gaHHMH Koe^^ieHTaMH BHKOHyeTbca maaxoM ix nopiBHaHHa 3 HopMaabHO Ta rpaHHHHO 

gonycTHMHMH 3HaHeHHaMH. y  BHnagKy Koan 3a nepiog Hacy, b Me^ax npoMmxy 

cnocTepe^eHHa, rn,o CKaagae 95 %, 3HaHeHHa Koe^i^emiB He nepeBHrnye HopMaabHO 

gonycTHMe 3HaHeHHa Ta 0 % -  rpaHHHHO gonycTHMe 3HaHeHHa, eaeKTpoeHepria 

BBa^aeTbca aKicHOW. nopag i3 ^HM 3a ^ C T y  EN 50160:2014 nepeBH^eHHa 

Koe^^ieHTOM Kv rpaHHHHoro piBHa BKa3ye Ha He3agoBiabHi noKa3HHKH aKOCTi 

eaeKTpoeHeprii.

^K^o öparn go yBarn HopMarnBHHH goKyMeHT ^ C T y  EN 50160:2014 [17], to 

BiH TaKO :̂ peKOMeHgye 3HaxogHTH 3HaHeHHa 3araabHoro Koe^^iema rapMOHiHHoro 

cnoTBopeHHa, po3paxoBaHoro 3a ^opMyaow:

40 f  TT V
THDU = >E  —  , (9.5)

\ n=2 V U1 J

ge — -  giwHe 3HaHeHHa nepmoi rapMOHiKH;

U n -  giwHi 3HaHeHHa bh^ hx rapMOHiK.
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Ba®aHBHM nHTaHH^M e BH3HaneHHa aM narrygn  ochobhoi Ta m m n x  rapMoHiHHHx 

CKaagoBHx BHMiproBaHoro c n ra a a y . ^oKyMeHT ^ C T Y  E N  6 1 0 0 0 -4 -3 0 :2 0 1 0  b nyHKTi, 

rn,o cTocyeTbca BH3HaHeHHa rapMoHiHHoro p a g y  BKa3ye nocnaaH H a Ha rn,e ogHH 

Mi®HapogHHH CTaHgapT IE C  E N  6 1 0 0 0 -4 -7 :2 0 0 2  [18]. B  gaHoMy gep®aBHoMy 

CTaHgapTi 3a3HaHeHa MeTogHKa BH3HaHeHHa rapMoHiHHoro pag y , b ocHoBi aKoi ae®HTb 

gncKpeTHe nepeTBopeHHa O y p ’e, Ta peK oM eH ga^i, rn,ogo rpynyBaHHa rapMoHiHHoro 

cneKTpa O y p ’e go  neBHoi rapMoHiKH a6o  iHTeprapMornKH. TaK, ^H $poB a oöpoÖKa 

c n raaa iB  go3B oaae 3a6e3neHHTH BHcoKy ToHHicTb o^ hkh rapMoHiHHHx cKaagoBHx 

H anpyrn  [19].

3 MeToro BH3HaHeHHa HaaBHocTi rapMoHiK npoBogaTb rpynyBaHHa cneKTpa no  

HacToTHifi oöaacT i aK noKa3aHo Ha pnc. 9 a  [18].

PncyHoK 9.1 -  YroHHeHHa HacToTH gocaig® yB aH oi rapMoHiKH

H a  HacTynHoMy eTani 3gificHroeTbca po3paxyHoK 3HaHeHHa rapMoHiKH Ha 

BH3HaHeHHx giana3oH ax HacToT. n p n  ^ o M y , Mafi®e 3aB®gn n e p io g  gocaig® yB aH oro 

gncKpeTHoro c n ra a a y  He 6 y g e  KparaHH BigcTaHi Mi®: gncKpeTHHMH BigaiKaMH aK 

noKa3aHo Ha pnc . 96 , ToMy T peöa BHKopncToByBaTH gogaTKoBi yToHHroroHi MeTogn [19]. 

y  3B’a3Ky 3 ^HM, g a a  yToHHeHHa HacToTH, aM naiTygn Ta $a3H gocaig® yB aH oro cn rH aay  

g o ^ a b H o  BHKopncToByBaTH MeTog K opeaa^H H oi $ y H ^ i i ,  rn,o Mae H afi6iabm y ToHHicTb 

cep eg  iH m nx MeTogiB.
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10.1 AHaai3 Heße3neHHHx Ta mKigaHBHx bhpoöhhhhx (|)aKTopie

10.1.1 MiKpoK^iMaT

PiBHi Heöe3neHHux Ta mKigauBux bhpoöhhhhx ^aKTopiB y bhpoöhhhhx 

npuMimeHHax, a TaKo^ Ha poöoHux M ic^x He noBHHHi nepeBurnyBaTH BeauHHH, rn,o 

BH3HaHawTbca HopMaMH, 3a3HaHeHHMu y rO C T  12.1.005-88 CCET "noBiTpa poöoHoi 

3ohh".

npupogHe Ta mTyHHe ocBiTaeHHa Ha npoMucaoBoMy nignpuf.MCTBi noBHHHo 

BignoBigaTH BHMoraM CH un 23-05-95 "npupogHe Ta mTyHHe ocBiTaeHHa".

Kornpoab 3a goTpHMaHHHM TeMnepaTypu noBiTpa b ^ x a x  3giöcHweTbca 3rigHO 3 

rO C T  12.1.005-88 "noBiTpa poöoHoi 3ohh", hkhh BcTaHoBawe onTHMaabHi gonycTHMi 

MiKpoKHiMaTHHHi yMoBH poöoHoro cepegoBH^a, rn,o 3ane^;aTb Big xapaKTepy 

bhpoöhhhhx npuMimpHb, nopu poKy Ta KaTeropii BHKoHyBaHoi poöoTH. KaTeropia poöiT 

y ^ x y  BignoBigae KaTeropii II a (cepegHboi Ba^KocTi, eHeproBHTpaTH 151-200 

KKaa/rog.) ^aa 3aöe3neHeHHa MiKpoKaiMaTHHHux yMoB noBHHHo öyTH nepegöaHeHe 

BcTaHoBHeHHH BeHTHaa^HHoi cncTeMH.

KpiM Bogu, rn,o BHKopncToByeTbca b TexHoaoriHHoMy n p o^ ci BuroTOBaeHHa 

n p o g y w i, nignpueMcTBo 3 BuroTOBaeHHa naKyBaabHoi n p o g y w i noBHHHo öyTH 

oöaagHaHe chctcmow nogaHi Bogn gaa rocnogapcbKHx Ta noöyTOBux noTpeö. 

BogonocTaHaHHa Ta KaHaai3a^a peryawwTbca rO C T  2874-82, CH un 2.04.01-85 

"BHyTpimHifi BogonpoBig Ta KaHaai3a^a öyguHKiB", CH un 2.04.02-84 

"BogonocTaHaHHa. SoBHimHi Mepe^i Ta cnopygu", EHin 2.04.03-85 "KaHaai3a^a. 

SoBHimHi Mepe^i Ta cnopygu".

MiKpoKaiMaTHHHi yMoBH bhpoöhhhhx npuMirnpHb xapaKTepu3ywTbca 

HacTynHHMH noKa3HHKaMu: TeMnepaTypow noBiTpa, BigHocHow BoaoricTW noBiTpa, 

mBugKicTW pyxy noBiTpa, iHTeHcuBHicTW TenaoBoro (iH^paHepBoHoro) 

BunpoMiHWBaHHa, TeMnepaTypow noBepxHi.

^aa poöoHoi 3ohh bhpoöhhhhx npuMimpHb BcTaHoBawwTbca gonycTHMi 

onTHMaabHi MiKpoKaiMaTHHHi yMoBH 3 ypaxyBaHHaM Ta^KocTi BHKoHyBaHoi poöoTH Ta 

nepiogy poKy. npu ogHoHacHoMy BHKoHaHHi b poöoHin 3oHi poöiT pi3Hoi KaTeropii
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Bä^KOCTi piBHi nOKa3HHKiB MiKpOKHiMaTy nOBHHHi BCTaHOBaMBaTHCb i3 BpaxyBaHHaM 

HaHöiabm HHcaeHHOi rpynn npa^BHHKiB.

B npHMi^eHHi ^ x y  3HaxogHTbca po3nogiabHHH npncTpiH HH Big aKoro 

^HBaaTbca yci cno^HBani ^ x y . CncTeMa eaeKTponocTaHaHHa cno^HBaHiB BHKOHaHa Ha 

Hanpyry 0,4 kB. Mepe^a ocBiTaeHHa BHKOHaHa Ha Hanpyry 220 B. Mepe^a gpyroro 

piBHa eaeKTponocTaHaHHa BHKOHaHa KaöeaaMH A B B r  pi3HHx nepepi3iB y noBiTpi 

BcepegHHi ^ x y , Mepe^a nepmOrO piBHa -  npOBOgOM A n B , npoKaageHHM y CTaaeBHx 

Tpyöax. y  Bcix BHnagKax BHKaroHeHa MO^aHBicTb MexaHiHHoro noniKog.nceHHa Ta 

BeaHKHx pO3TarywHHx 3ycHHb Kaöeai Ta npOBOgiB. ^aa 3axHCTy eaeKTpHHHHx Mepe®: 

BCTaHOBHeHi aBTOMaTHHHi BHMHKani. Bce eaeKTpooöaagHaHHa Mae 3a3eMaeHHa.

10.1.2 CTyniHb no^e^Hoi' 6e3neKH Ta BH6yx0He6e3neHH0cri

3rigHO 3 H AnE E.03.002-2007 "HopMH BH3HaneHHa Kareropm npHMi^eHb, 

öygHHKiB Ta 3OBHimHix ycTaHOBOK 3a BHöyxono^e^Horo Ta no^e^Horo Heöe3neKoro" 

bhpoöhhhhh ^ x  N°3 3 BHroTOBaeHHa go KaTeropii "^": Heropwni peHOBHHH Ta 

MaTepiaan b xoaogHOMy CTam.

10.1.3 Heöe3neKa ypa^eHHH eaeKTpHHHHM CTpyMOM oöcayroByronoro nepcoHaay

3a CTyneHeM eaeKTpoöe3neKH bhpoöhhhhh ^ x  BigHOCHTbca go Kareropii 3 

nig.RHm.eHom Heöe3neKOW (2 Kaac). ^aa 3axHCTy npa^BHHKiB Big ypa^eHHa 

eaeKTpHHHHM CTpyMOM BHpoÖHHae oöaagHaHHa noBHHHO BignoBigaTH HacTynHHM 

BHMoraM:

1) CTpyMonpoBigHi aacTHHH BHpoÖHHHoro oöaagHaHHa noBHHHi öyTH HagiHHO 

i3oabOBaHi aöo po3TamoBaHi b HegocTynHHx gaa nepcoHaay M ic^x;

2) MeTaaeBi aacTHHH BHpoÖHHHoro oöaagHaHHa aKi, BHacaigoK npoöoro 

i3oaa^i CTpyMonpoBigHHx HacTHH MO^yTb onHHHTHca nig Hanpyroro, noBHHHi öyTH 

3a3eMaeHi (3aHyaeHi).

Po3MimeHHa BHpoÖHHHoro oöaagHaHHa y bhpoöhhhhx npHMirn,eHHax He noBHHHO 

npegcTaBaaTH Heöe3neKy gaa nepcoHaay Ta noBHHHO BignoBigaTH giwHHM HopMaM 

TexHiHHoro npoeKTyBaHHa CH nn Ta npaBHaaM TexHiKH öe3neKH, rO C T  12.2.01-81.
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10.2 Po3paxyHOK 3a3eMaroronoro KOHTypy ^ x y

3 a 3 e M a e H H a M  H a 3 H B a r o T b  H a B M H C H e  3 ’ e g H a H H a  M e T a a e B H x  a a c T H H  

e a e K T p o y c T a H O B K H  3 3 a 3 e M a r o r o a H M  n p n c r p o e M .

3 a 3 e M a w w H H H  n p H C T p i ö  ( 3 n )  -  ^  c y K y n H i c T b  3 a 3 e M a r o B a a a  T a  3 a 3 e M a r o r o a H x  

n p o R i g . H H K iR .

H e o ö x i g H o  p o 3 p a x y B a r a  3 a 3 e M a r o B a a b H H H  n p H C T p i ö  ^ x y  T a  3 a B o g c b K o i  

n i g c T a H ^ i. C n o ^ H B a a i  ^ x y  o T p H M y w T b  ® H B a e H H a  B i g  T p a H C ^ o p M a r o p a  1 0 / 0 , 4  kB 3 

3 a 3 e M a e H o r o  H e Ö T p a a a r o  H a  C T o p o H i  0 , 4  kB. n p a p o g H H x  3 a 3 e M a r o B a a i B  H e M a e .

B u x i ö n i  ö a n r .

P o 3 M i p n  ^ x y  -  A x B = 4 8  x 2 2  m2; r p y H T  b M i c ^  ö y g i B a i  a o p H o 3 e M ;  K a i M a r n a H a  

3 o H a  -  I I I ;

B e p T H K a n b H H H  e a e K T p o g  -  K p y r a a  C T a n b  015  mm, g o B ^ H H a  -  LB = 5 m ; r a n Ö H H a  

3 a K a a g a H H a  t  = 0 , 7  m ; B a g  3 n  -  K o m y p H e ;

r o p H 3 o H T a n b H H H  e a e K T p o g  -  C M y r a  ( 4 0 x 4  mm2).

O n i p  3 a 3 e M a r o r o a o r o  n p n c T p o r o ,  g o  a K o r o  n p n e g H a m  H e Ö T p a a b  g ^ e p e a a  

^ H B a e H H a  a ö o  B H B o g n  g ^ e p e a a  o g H o $ a 3 H o r o  C T p y M y ,  y  ö y g b - a K H H  a a c  p o K y  H e  

n o B H H H e  n e p e B H r n y B a r a  2 ,  4  i  8  Om B i g n o B i g H o  g a a  a i m H H H x  H a n p y r  6 6 0 ,  3 8 0  i  2 2 0  B  

g ^ e p e a a  T p a $ a 3 H o r o  C T p y M y  a ö o  3 8 0 ,  2 2 0  i  1 2 7  B  g ^ e p e a a  o g H o $ a 3 H o r o  C T p y M y .  

o n i p  H e o ö x i g H o  3 a ö e 3 n e a y B a r a  3 y p a x y B a H H a M  B H K o p a c T a H H a  B c i x  3 a 3 e M a r o B a a i B ,  

n p n e g H a H H x  g o  P E N  ( P E )  -  n p o B i g H H K a ,  a K r n , o  K i a b K i c T b  B i g B i g H H x  a m r n  H e  M e H m e  

g B o x .

^ a a  n H T o M o r o  o n o p y  3 e M a i  p  >  1 0 0  Om m  g o n y c K a e T b c a  3 Ö i a b m y B a r a  3 H a a e H H a  

o n o p y  3 a 3 e M a e H H a  b 0 , 0 1 p p a 3 ,  a a e  H e  ö i a b m  H m: b 1 0  p a 3 i B ,  3a  B H H a T K o M  o n o p y  

3 a 3 e M a w w H H x  n p n c r p o i B  i  3 a 3 e M a r o B a a i B ,  rn ,o  B H K o p n c T o B y w T b c a  o g H o a a c H o  g a a  

e a e K T p o y c T a H o B o K  H a n p y r o r o  B H rn ,e  1 kB.

O n i p  3 a 3 e M a w B a a b H o r o  n p a c T p o r o  H e Ö T p a a i  T p a H C ^ o p M a r o p a  0 , 4  kB 3 r i g H o  n Y E  

[ 1 ]  n o B H H e H  ö y T H  H e  ö i a b m e  R3y <  4 Om.

n p H H M e M o  o n i p  3 a 3 e M a w B a a b H o r o  n p a c T p o r o  H a  p i B H i  R3 y  =  4 Om.
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P o 3 p a x y H K O B H H  o n i p  o g H o r o  B e p T H K a n t H o r o  e n e K T p o g a  B H 3 H a n a e T b C f l  3 a  

B H p a 3 0 M :

f  l \
p  2l 1 2  P + 9=  p ° L {n2_ +  ^ l n ----------- 2  , ( 1 0 . 1 )

5 2 ^ l d 2 0 l
2  p  ~nV  2  J

g e  r5  -  p o 3 p a x y H K O B H H  o n i p  o g H o r o  B e p T H K a n t H o r o  e n e K T p o g a ;

Kce3 b -  K o e ^ ^ i e H T  c e 3 o H H o c T i ;

p  = p  • K ce3 b -  p o 3 p a x y H K o B H H  n H T o M H H  o n i p  r p y H T y ;

p  -  n H T o M H H  o n i p  r p y H T y ,  B H M i p a H H H  n p n  H o p M a n t m ö  B o n o r o c T i ,  O m m , 

n p H H M a e T b c a  n o  T a ö n .  1 0 . 2 .

K Ce 3 b  =  1 , 5  ( I I I  K n i M a T H H H H H p a M o H )  -  3 H a n e H H A  B 3 a r e  3  T a ö n .  1 0 . 1 ;

KCE3r = 2 , 3  3 H a n e H H a  B 3 a r e  3  T a ö n .  1 0 . 1 ;

1
p  =  t  +  —  .

2
B H 3 H a n e H H a  n H T o M o r o  o n o p y  3 e M n i  3 a  p o 3 p a x y H K o B e  B a p T o  n p H H M a T H  H o r o  

c e 3 o H H e  3 H a n e H H a ,  rn ,o  B i g n o B i g a e  H a H M e H m  c n p H a r a H B H M  y M o B a M .

T a ö n n ^  1 0 . 1  -  K o e ^ ^ i e H T H  c e 3 o H H o c T i

KniMaTHHHa
3oHa

Bng 3a3eMHWBana ^ogaTKoBi BigoMocTiBepTHKaHbHHH roprooHTantHHH
1 2 3 4

I 1,9 5,8
r  HHÖHHa 3aKnageHHa BepTHKantHHx 

3a3eMHWBaniB Big noBepxHi 3eMni 
0,5...0,7m

II 1,7 4,0 r  HHÖHHa 3aKnageHHA 
ropH3oHTantHHx 3a3eMHWBaniB

0,3...0,8 m

III 1,5 2,3
IV 1,3 1,8

n p H M i T K a .  3 o H a  I  M a e  H a f t ö r n t m  x o n o g H H H ,  I V  -  T e n n n ö  K n i M a T ;  

T a ö n n ^  1 0 . 2  -  n H T o M H H  o n i p  r p y H T y  p

T p y H T T o p $

r  H H H a ,  

3 e M H a  

c a g o B a

V o p H o 3 e M C y r n H H o K
K a M '^ H H C T H H

r p y H T
C y n i c o K

n i c o K  3  

r a n t K o r o

p , O m m 2 0 4 0 5 0 1 0 0 2 0 0 3 0 0 8 0 0
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T a K H M  h h h o m  n p n Ö M a e M o  p  =  5 0  O m -m .

(  O  f  f  5} 5 '
= fppoL ln 2/ + = 5 0 0 5  ln 2• 5  + — 2  = 16,5!O m.

5 2x/ d  2 ~ / 2 •*• 5 15 •IO-3 2 J ~ n 5 ̂  5 ’
2P " 5  2 0 ,7 + o " öv 2 J y v 2 J 2 J

B H 3 H a n a e M 0  K i a b K i C T b  B e p T H K a a b H H x  e a e K T p o g i B  6 e 3  y p a x y B a H H a  e K p a H y B a H H a  

( p o 3 p a x y H K O B e ) :

r

K . p  =  ~r L ~ ; ( 10 .2 )
R 3 y

g e  N 'B P  -  K i a b K i c T b  B e p T H K a a b H H x  e a e K T p o g i B  6 e 3  y p a x y B a H H a  e K p a H y B a H H a

( p o 3 p a x y H K O B e  O K p y r a r o e M O  g o  H a f i ö i a b m o r o  K p a T H o r o  2 ) ;

R3v  -  r p a H H H H H H  o n i p  c n o a y a e H o r o  3 n .

r  1 6  5 1
N ’ = - ^  =  — —  =  4 , 1 2  *  6  m r .

5  R  4R 3 y  4

B H 3 H a n a e M O  K i a b K i c T b  B e p T H K a a b H H x  e a e K T p o g i B  3  y p a x y B a H H a M  e K p a H y B a H H ®

N b .„ =  ^  ( 1 0 . 3 )

dB

g e  N b p  -  K i a b K i c T b  B e p T H K a a b H H x  e a e K T p o g i B  3  y p a x y B a H H a M  e K p a H y B a H H a ;

d B , d r  -  K o e ^ O i e H T H  B H K o p n c T a H H a  B e p T H K a a b H o r o  h  r o p r o o H T a a b H o r o  

e a e K T p o g i B ,  B H 3 H a a a r o T b c a  3 a  T a ö a .  1 0 . 3 :

a
d  =  f  ( m u n 3 n , 6 U Ö 3 a 3 e M x w 6 m a ,  — , N B ) ,  ( 1 0 . 4 )

L

g e  a  -  B i g c T a H b  M i® :  B e p T H K a a b H H M H  3 a 3 e M a r o B a a a M H ,  m ;

L  -  g o B ® H H a  B e p T H K a a b H o r o  3 a 3 e M a r o B a a a ,  m ;

N r  -  H H c a o  B e p T H K a a b H H x  3 a 3 e M a r o B a a i B .
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T a ö a n ^  1 0 . 3  -  K o e ^ ^ i e H T H  B H K o p n c T a H H a  B e p T H K a a b H H x  v b  i  r o p r o o H T a a b H H x  

V r  e a e K T p o g i B  3 a 3 e M H M B a a b H o r o  n p n c T p o r o

Nb

a
L ^ o g a T K o B i  B i g o M o c T i

1 2 3

Vb Vr Vb Vr Vb Vr

4
0 , 6 9

0 , 7 4

0 , 4 5

0 , 7 7

0 , 7 8

0 , 8 3

0 , 5 5

0 , 8 9

0 , 8 5

0 , 8 8

0 , 7 0

0 , 9 2

^ u c e x b H U K  g a a  K o m y p H o r o  

3 n ,  3 H a M e H H U K  —  g a a  

p a g H o r o

6
0 , 6 2

0 , 6 3

0 , 4 0

0 , 7 1

0 , 7 3

0 , 7 7

0 , 4 8

0 , 8 3

0 , 8 0

0 , 8 3

0 , 6 4

0 , 8 8

1 0
0 , 5 5

0 , 5 9

0 , 3 4

0 , 6 2

0 , 6 9

0 , 7 5

0 , 4 0

0 , 7 5

0 , 7 6

0 , 8 1

0 , 5 6

0 , 8 2

2 0
0 , 4 7

0 , 4 9

0 , 2 7

0 , 4 2

0 , 6 4

0 , 6 8

0 , 3 2

0 , 5 6

0 , 7 1

0 , 7 7

0 , 4 5

0 , 6 8

3 0
0 , 4 3

0 , 4 3

0 , 2 4

0 , 3 1

0 , 6 0

0 , 6 5

0 , 3 0

0 , 4 6

0 , 6 8

0 , 7 5

0 , 4 1

0 , 5 8

T a K  a K  K O H T y p H H H  3 n  3 a K a a g a e T b c a  H a  B i g c T a H i  H e  M e H m e  1 m  g o  ö y g i B a i ,  t o  

g o B ^ H H a  n o  n e p H M e T p y  3 a K a a g a H H a  g o p i B H r o e :

L n =  ( A  +  2 )  • 2  +  ( B  +  2 )  • 2  =  ( 4 8  +  2 )  • 2  +  ( 2 2  +  2 )  • 2  =  1 0 0  +  4 8  =  1 4 8  m .

g e  A  -  g o B ^ H H a  n p u M i m e H H a ;

B  -  m n p H H a  n p u M i m e H H a ;

L n  -  g o B ^ H H a  n o  n e p H M e T p y  3 a K a a g a H H a ;

A  x  B  =  4 8  x  2 2  m 2-  n a p a M e T p n  ö y g i B m .

B H 3 H a n a e M o  B i g c T a H b  M m :  B e p T H K a a b H H M H  e a e K T p o g a M H

L n 1 4 8  „
a  =  — —  = -------=  2 4 , 7  M ;

K . p  6

a = 2 4 7 = 4 , 1 2 .

L b  6
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npHHMaeMO ak po3paxyHKOBe 3HaneHHA —  = 3.
Lb

TaKHM HHHOM

77 = =  (KOHmypHUü,eepmuKanbnuü,3, 6) = 0,8.

NB.P = —  = 7 ^  = 7,5 MT.
Vb 0,8

npHHMaeMO N bp = 8 mt.

^arn BigcTaHb ml® eneKTpogaMH yTOHHweTtca 3 ypaxyBaHH^M ^opMH oö'eKTa. n o  

KyTax ycTaHOBHWWTt no ogHOMy BepTHKanbHOMy eneKTpogy, a Ti rn,o 3anHmHnHca -  

Mm: hhmh. Po3Mi^yeMO eneMeHTH 3 n  Ha nnam Ta yTOHHweMO BigcTam.

piBHOMipHoro po3noginy eneKTpogiB ocTaTOHHO npHHMaeMO, 

N b = 8 (puc. 10.1).

PncyHoK 10.1 -  ü n a H  3a3eMHWBanbHoro KoHTypy ^ x y

—a = — , ;  ( 10.5 )
nA -  1

ZV
—b  = — - ; ( 1 0 6 )

nB -  1
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ge aB -  BigcTaHb M i: eneKTpogaMH no mHpnm oö'eKTa, m;

aÄ -  BigcTaHt M i: eneKTpogaMH no goB^HHi oö'eKTa, m; 

nB -  KmtKicTb eneKTpogiB no mHpnm oö'eKTa; 

nA -  KinbKiCTb eneKTpogiB no goB^HHi oö'eKTa.

A  50a, = ------- = —  = 25 m,
nA -1  2

B  24
a  = ------- = —  = 12 m.

B nB -1  2

yTonHeHHa npHHMaeTbca cepegHe 3HaneHHA BigHomeHHa

a  = I  a r + a ,  d o.7)
V LB  Jcp  2 V LB  J

ge Lb -  goB^HHa BepTHKanbHoro 3a3eMnroBana, m;

a -  BigcTaHb Mm: BepTHKanbHHMH 3a3eMnwBanaMH, m.

f a  1 - I  f  aA + aB  I  f  25 +12 ̂ _ 3 7  
V Lb  Jcp  2 V Lb  J 2 V 5 J

3a T aö : 10.3 yTonHWWTbca Koe^^ieHTH BHKopncTaHHa 3a gonoMorow 

anpoKCHMagii.

Vb = f  (KOHmypHUü; eepmuKanbHUü; 3; 8) = 0,78
71r = f  (KOHmypHUü; ôpu3OHmaxbHUü;3 ;̂8) = 0,60

BH3HanawTbca yToHHem 3HaneHHa onopiB BepTHKanbHHx i ropH3oHTanbHHx 

eneKTpogiB.
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0 4 - L
Rr = - ° —  p K CE3.r \g - T -  (10.8)

LnVr bt

ge Rr -  yTOHHeHe 3HaHeHHH onopy ropH3oHTanbHHx eneKTpogiB,

t = 0,7 -  ranÖHHa 3aKnagaHHH, (m) 

b -  mnpHHa CMyrn, (m)

Ln -  goB^HHa CMyrn, (m)

n 0,4 ^  , - L— 0,4 „ , -  • (148)-
Rr = -------p K rFo r lg— n  = ------------ 50 • -,3  • lg ------ v , —  = 3,-1 Om.

r  Ln-nr bt 148• 0,6 40 4 0 -3 • 0,7
r

Rb = 1- s~  (10.9)
Nb1b

ge Rb -  yTOHHeHe 3HaHeHHH onopy BepTHKantHHx eneKTpogiB

r 16 51
R  = — ^  = — ,----= -,65 Om.

b NbVb 8 • 0,78

BH3HanaeMo R3y0 âKTHHHHH onip 3 n

RßRr -,65 • 3,-1
R3y0 = — — — = —------2—  = 1,45 Om;

3y'  ̂ Rb + Rr -,65 + 3,-1

(1,45)R3y „ < R3y(4)

OT:e, öyno po3paxoBaHo napaMeTpn 3 n  oö'eKTa, ^ o  CKnagaeTbca 3 8 

BepTHKantHHx 3a3eMnroBaHiB, goB^HHoro 5 m, BigcTaHb Mm: hkhmh no goB^HHi oö'eKTa 

-  25 M i 12 M -  no mupuHi oö'eKTa. ^oB:HHa no nepHMeTpy 3aKnagaHHH 148 M. Onip 

3a3eMnwwnoro npncrporo CTaHoBHTb 1,45 Om. BepTHKanbHHH eneKTpog -  

Kpyzm cmanb 015 , roprooHTantHHH eneKTpog -  CMyra 3 po3MipaMH 40x4 mm.
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11. EKGHGM IHHHH AHA.HI3 BAPIAHTIB O CB IT^EH H H  H K W

npoBecTH nopiBHaabHHH aHaai3 gBOx BapiaHTiB cucTeMH ocBrraeHHa ^ x y :

1. ^ a a  ocBrraeHHa ^ x y  BHKopucTOBywTbca CBrrnabHUKH $ipMH « B A T P A » Tuny 

r c n 0 4 B - 2 5 0 - 5 8 8  i3 3 MeTaaoraaoreHHOW  aaM noro THny H P I-P lu s  noT y^H ic™  25 0  B t ;

2. ^ a a  ocBiTneHHa ^ x y  BHKopucTOBywTbca CBiTHnbHHKH C B rraogiogm  P h ilip s  

R C A  B Y 2 3 5 P  L E D 2 0 0  n o T y ^ rn c ™  200  B t .

^ a a  npoBegeHHa nopiBH aabH oro aHaai3y n p u  BHKopucTaHHi gBOx pi3HHx THniB 

CBiTHHbHHKiB HeoöxigHO 3HaÖTH noBHi BHTpaTH Ha BnpoBag^eH H a gaH ux 3axogiB Ta 

3gificHHTH ix  nopiBHaHHa.

y  Taöa. 11.1 HaBegeHi T exm nm  xapaKTepucTHKu ^Hx ocBiraroBaabH ux npuaagiB .

T a ö a u ^  11.1 -  T exm nH a xapaKTepucTHKa CBrraabHUKiB

HaÖMeHyBaHHa
Tun CBiTuabHHKa

rcn04B-250-588
Philips RCA BY235P 

LED200

Tun aaMnu HPI-Plus —

noTy^HiCTb ( Pn), B t 250 200

CBiTHOBHH nOTiK 
aaMnu ( ) ,  hm

18000 20000

KiabKiCTb aaMn y 
CBiTHHbHHKy (n), mT.

1 —

TepMiH cay^ßu, 
roguH

20000 30000
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H e o ö x i g H a  K i a b K i C T b  C B r r a a b H H K i B  3 M e T a a o r a a o r e H H H M H  T a  C B r r a o g i o g H H M H  

n a M n a M H  ö y a a  p o 3 p a x o B a H a  y  p o 3 g i m  2 .  B o H a  C K a a g a e  g a a  C B iT H a b H H K iB  3 

M e T a n o r a n o r e H H H M H  a a M n a M H  -  4 5  m T . ,  g a a  C B iT H a b H H K iB  i3  C B r r a o g i o g H H M H  n a M n a M H  

-  2 8  m T .

B a p T i C T b  C B iT H n b H H K i B ,  a K i  B C T a H O B n w w T b c a  b  ^ x y  ( ^ c e ),  B H 3 H a n a e T b c a  n o  

$ o p M y n i  [ 2 0 ] :

u „ = m c + u ,  ■«)-n  (11.1)

g e  ^  -  ^ H a  o g H o r o  C B i r a a b H H K a ,  r p H . ;

^  -  ^ H a  o g r n e i  n a M n n ,  r p H . ;

N  -  K i n b K i C T b  C B iT H n b H H K iB ,  m T . ;  

n  -  K i n b K i C T b  a a M n  y  C B r r a n b H H K y .

B H K o p n c T O B y w H H  g a r n  I n t e r n e t  T a  n p a H C - H H C T H  3 H a x o g H M O  ^ H y  H e o ö x i g H H x  H a M  

C B i r a n b H H K i B  T a  a a M n  g a a  h h x :

1. ^ H a  C B iT H a b H H K a  r c n 0 4 B - 2 5 0 - 5 8 8  -  2 0 5 0  r p H . ;

2 .  ^ H a  C B iT H a b H H K a  P h i l i p s  R C A  B Y 2 3 5 P  L E D 2 0 0  -  6 0 1 0  r p H . ;

3 .  ^ H a  a a M n n  H P I - P l u s  -  5 1 7  r p H .

P o 3 p a x y e M O  B a p T iC T b  B c i x  C B i r a a b H H K i B  B A T P A  r c n 0 4 B - 2 5 0 - 5 8 8 :

=  ( 2 0 5 0  +  5 1 7  - 1 )  • 4 5  =  1 1 5 5 1 5  a p H .

P o 3 p a x y e M O  B a p T iC T b  B c i x  C B i r a a b H H K i B  P h i l i p s  R C A  B Y 2 3 5 P  L E D 2 0 0 :

U r„ =  6 0 1 0  • 2 8  =  1 6 8 2 8 0  a p H .
cbled  ±

B a p T i C T b  M O H T a ^ y  C B iT H n b H H K i B  B H 3 H a n a e T b c a  n o  ^ o p M y r n :

U m = U m«, ■ N  , (11.2)
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ge ^ Mce -  ^H a MOHTa^y ogHoro CBiraabHHKa, rpH. Urne. MOHTa^y aK CBiTHHbHHKa

rcn04B-250-588, TaK i CBiTHHbHHKa Philips RCA BY235P LED200 CTaHOBHTb

200 rpH.

Po3paxyeMO BapTiCTb MOHTa^y CBiTHHbHHKiB rcn04B-250-588:

P Mrcn = 200 ■ 45 = 9000 rpH.

Po3paxyeMO BapTiCTb MOHTa^y CBiTHHbHHKiB Philips RCA BY235P LED200:

^ mled = 200 ■ 28 = 5600 rpH.

KinbKiCTb eneKTpHHHOi eHeprii, rn,O cnO^HBaeTbca 3a piK (K ), BH3HanaeTbca nO 

^OpMyni:

K  = k ■ p  ■ n ■ N , (11.3)

ge k -  nac poöoth naMnn 3a piK, rOgHH. ^na  aaMn nac poöoth CTaHOBHTb 

2400 rOgHH 3a piK.

P  -  nOTy^rncTb aaMnn, kBt.

CnO^HBaHa eaeKTpOeHepria npn BHKOpncTaHHi CBiTHHbHHKiB rcn04B-250-588

CTaHOBHTb:

K rcn = 2400 ■ 0,25 ■ 45 ■ 1 = 27000 KßT/piK.

CnO^HBaHa eaeKTpOeHepria npn BHKOpncTaHHi CBrraabHHKiB Philips RCA 

BY235P LED200:

Kled = 2400 ■ 0,2 ■ 28 ■ 1 = 13440 KßT/piK.
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BapTicTb eneKTpHHHOi eHeprii, rn,o cno^HBaeTbca CBiTHabHHKaMH 3a piK ( ) ,  

BH3HanaeTbca no ^opMyai:

U m  = K  ■ U a , (11.4)

ge U,ejl -  ^H a Ha eaeKTpHHHy eHepriw. U,ejl = 5,25 rpH /kBt.

^ a a  CBiTHnbHHKiB rcn04B-250-588 BOHa CTaHOBHTb:

U ^ rcn = 27000 ■ 5,25 = 141750 rpH.

BapTiCTb cno^HBaHoi eaeKTpHHHoi eHeprii gga CBiTHnbHHKiB Philips RCA 

BY235P LED200:

U EMled = 13440 ■ 5,25 = 70560 rpH.

BHTpaTH no eKcnayaTa^i CBiTHnbHHKiB BH3HanaroTbca no ^opMyai:

U„on, = G ■ U„ , (11.5)

ge G  -  BHTpaTa aaMn 3a nepiog po3paxyHKy, mT.

BpaxoBywHH, rn,o TepMiH cay^ÖH CBiTaogiogHoro CBiTHabHHKa Philips RCA 

BY235P LED200 CKaagae 30000 rogHH, a aac poöora CBiTHabHHKa 3a piK -  2400 rogHH, 

to po3paxyHoK noBHHx BmpaT ocBiTaeHHa ^ x y  öygeMo Becra gaa nepiogy 12 poKiB 

(30000/2400 = 12,5 « 12 poKiB).

3 ypaxyBaHHaM TepMiHy cay^ÖH MeTaaoraaoreHHHx aaMn 20000 rog KiabKicTb 

3aMiH aaMn y CBiraabHHKax r c n  CKaage 30000/20000 = 1,5 pa3H. Togi 3araabHa 

BHTpaTa aaMn HPI-Plus CKaage 1,545 = 68 mTyK 3a 12 poKiB.

BHTpaTH no eKcnayaTa^i CBiTHabHHKiB rcn04B-250-588 3a 12 poKiB:

n eKcn»rcn = 68 ■ 517 = 35156 ^pH.
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B H T p a T H  n o  e K c n a y a T a ^ i  C B i T H a b H H K iB  P h i l i p s  R C A  B Y 2 3 5 P  L E D 2 0 0  3 a

12 p o K i B :

= 0 ?P»-

B H 3 H a n H M O  n o B H i  B H T p a T H  n o  B n p o B a g ^ e H H r o  K O ^ H o r o  3  B a p i a H T i B  n o  ^ o p M y r n :

B , ,  =  +  s  - ü E n  +  . ( 1 1 . 6 )

g e  s  -  K m t K i c T b  p o K i B ,  3 a  a K i  n p o B o g H T b c a  p o 3 p a x y H o K .

B H 3 H a n H M o  n o B H i  B H T p a T H  n o  o c B r r a e H H r o  ^ x y  C B iT H a b H H K a M H  T H n y  

r c n 0 4 B - 2 5 0 - 5 8 8  3 a  1 2  p o K i B :

B „  =  1 1 5 5 1 5  +  9 0 0 0  + 1 2  - 1 4 1 7 5 0  +  3 5 1 5 6  =  1 8 6 0 6 7 1  z p H .
nrcn

C e p e g H b o p i n m  B H T p a T H  C K n a g a w T b  1 5 5 0 5 6  r p H .

B H 3 H a n H M o  n o B H i  B H T p a T H  n o  o c B r r a e H H r o  ^ x y  C B i r a a b H H K a M H  T H n y  P h i l i p s  

R C A  B Y 2 3 5 P  L E D 2 0 0 :

B „  =  1 6 8 2 8 0  +  5 6 0 0  + 1 2  - 7 0 5 6 0  +  0  =  1 0 2 0 6 0 0  r p H .

C e p e g H b o p i n H i  B H T p a T H  C K n a g a w T b  8 5 0 5 0  r p H .

P i n H a  e K o H o M i a  n p n  e K c n a y a T a ^ i  C B iT H H b H H K iB  P h i l i p s  R C A  B Y 2 3 5 P  L E D 2 0 0 ,  

b n o p i B H a H H i  3  B H K o p n c T a H H a M  C B iT H H b H H K iB  r C n 0 4 B - 2 5 0 - 5 8 8 ,  C K a a g a e :

E .  =  B „  -  B „  =  1 5 5 0 5 6  -  8 5 0 5 0  =  7 0 0 0 6  r p H .  ( 1 1 . 7 )
P lH nrcn nLED ±

P e 3 y a b T a T H  p o 3 p a x y H K i B  3 a H e c e M o  g o  T a ö a H ^  1 1 . 2 .
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T aÖ H H ^ 11.2 -  nopiBHAHHA gBox BapiarniB  ocBrraeHHH

CBiTHHbHHK T C n 0 4 B -
2 5 0 -5 8 8  3 naM noro 

H P I-P lu s

CBiTHHbHHK P h ilip s  
R C A  B Y 2 3 5 P  L E D 2 0 0

KiHbKiCTb CBiTHHbHHKiB, mT. 45 28

BapTiCTb BCix CBiTHHbHHKiB 3 
naMnaMH, rpH.

115515 168280

BapTiCTb MoHTa^y 
CBiTHHbHHKiB, rpH.

9000 5600

EneKTpHHHa eH epria, rn,o 
cno^HBaeTbCH 3a piK, 
KBT/piK.

2 7 000 13440

BapTiCTb eneKTpHHHoi 
eH eprii 3a piK, rpH.

141750 70560

BHTpaTH n o  eK cnnyaT a^ i
CBiTHHbHHKiB 3a 12 poKiB, 
rpH.

35156 0

noB H i BHTpaTH 3a 12 poKiB, 
rpH.

1860671 1020600

C epegH bopinH i BHTpaTH, rpH. 155056 85050

PiHHa eKoHoMia, rpH. — 70006

TaKHM hhhom, mh öanHMo, rn,o noBHi BHTpaTH n o  gpyroM y BapiaHTy, toöto 

ocBrraeHHH ^ x y  3a gonoM ororo CBrraogiogHHx CBiTHHbHHKiB P h ilip s  R C A  B Y 2 3 5 P  

L E D 2 0 0 , MeHmi, b nopiBHHHHi 3 n e p n iHM BapiaHToM. ToMy BHrigHime 

BHKopncToByBaTH g n a  ocBrraeHHH gaH oro ^ x y  C B rraogiogm  CBiTHHbHHKH P h ilip s  R C A  

B Y 2 3 5 P  L E D 200 .
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BHCHOBKH

npoeK T CHCTeMH eaeKTponocTaaaHHa BHpoÖHHHoro ^ x y  T O B  «O aB op» n o a a ra e  

y  p o 3 p o 6 ^  HagiHHoi CHCTeMH eaeKTponocTaaaHHa, aKa 3aö e3 n eaee  6e3nepe6iÖHe 

eaeKTponocTaaaHHa BCTaHoBaeHHx eaeKTponpHHMaaiB. EaeKTponpHHMaai ^ x y  

nogiaaroT bca Ha gBi rp y n u : cnaoB i h ocBiTaroBaabHi.

BnxigHHMH gaHHMH g a a  npoeKTyBaHHa eaeKTpnaHoi po3nogiabH oi M epe^ i e: 

naaH  npnMirn,eHHa ^ x y  i3 3a3HaaeHHaM M ic ^  po3Mirn,eHHa eaeKTponpnnM aaiB, ix  

KiabKiCTb Ta noT y^rncTb.

Po3paxoBaHe eaeKTpnaHe ocBiTaeHHa BnpoÖ H naoro ^ x y  N°3. CBiTaoTexm aH nn 

po3paxyHOK npoBegeHHfi MeTogoM K o e^^ ieH T a  BHKopncTaHHa Ta 3 3acTOcyBaHHaM 

cn e^ aa i3 o B aH o ro  nporpaM H oro 3aöe3neaeH H a D iaL u x  E vo . npoBegeHO nopiBHaHHa 

gBOx BapiaHTiB BHKoHaHHa ocBiTaeHHa ^ x a :  3 MeTaaoraaoreHHHMH aaMnaMH Ta 

CBiTaogiogHHMH aaMnaMH.

B  ocHOBHiH nacTHHi po3paxoBaHi HaBaHTa^eHHa g a a  Bcix eaeKTponpnnM aaiB 

BnpoÖ H naoro ^ x y .  B nöpaH a cxeM a eaeKTpnaHoi M epe^ i M aricTpaabH O -pagiaabH oro 

THny. ^ a a  ^HBaeHHa ^ x y  BCTaHoBaeHo ogHoTpaHC^opMaTopHy n ig cT aH ^ro  3

TpaHC^opMaTopoM THny T C H -2 5 0 /1 0  i3 H anpyroro  HH3bKoi CTopoHH 0 ,4  kB.

^ a a  ^HBaeHHa TpaHC^opMaTopHoi nigcTaH^ i Ha Hanpy3i 10 kB oöpaHHH Kaöeab 

3 nanepoB oro  i3oaa^ ero Ta aaroMmieBHMH ^naaM H  b cbuh^ bm  o ö o a o H ^  THny A C E.

^H B H abH a M ep e^ a  ^ x y  BHKoHaHa aoTHpn^HabHHM KaöeaeM A B B r ,  a  

po3nogiabH a M ep e^ a  npoBogoM  A n B . ^ a a  BHKoHaHHa yMoBH n o  gonycTHMoMy 

BigxnaeHHro H an p y rn  b ^HBHabHiö Ta po3nogiabH iH  M epe^ i öyB BHKoHaHHH 

po3paxyHoK BTpaT H anpyrn  b K aöeaax Ta npoB ogax.

Po3paxoBaHi CTpyMH KopoTKoro 3aMHKaHHa b H aööiabm  xapaKTepHHx ToaKax 

eaeKTpnaHoi M epe^ i ^ x y .  3poöaeHHH BHÖip KoMyTa^HHo-3axHCHoi anapaT ypn  Ta 

BHKoHaHe y3rog^;eHHa BHÖpaHoro nepep i3y  npoBigHHKiB eaeKTpnaHoi M epe^ i 3 

BHÖpaHHMH anapaTaMH 3axncTy.

^ a a  3axncTy a im n  n epegöaaeH o  BHKopncTaHHa BHMHKaaiB 3 KoMÖmoBaHHMH 

po3aenaroBaaaM H cep ii B A -2 0 0 4 N  Ta B A -2017 .
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Po3paxoBaHO napaMeTpn cncTeMH rpo3o3axncT ^ x y  rn,o CKnagaeTbca 3 gBox 

CTpH^HeBHX ÖHHCKaBKOBigBOgiB.

Po3rn^HyTi nigxogH rn,ogo ocoönHBocTeö BHMiproBaHHA Ta po3paxyHKy 

Koe^^iemiB HecHHycoiganbHocTi Hanpyrn.

B po3gmi oxopoHa npa^ BHKOHaHHH aHani3 Heöe3neHHHx Ta mKignHBHx 

bhpoöhhhhx ^aKTopiB, rn,o giroTb Ha oöcnyroBywHHH nepcoHan. npoBegeHHH 

po3paxyHOK 3a3eMnwwnoro Komypy ^ x y , rn,o 3a6e3nenye horo âKTHHHHH onip He 

ömbme 4 Om.

B eKoHoMWHm nacTHHi npoBegeHHH nopiBHAHbHHH TexmKo-eKoHoMWHHH aHani3 

mo^ hhbhx BapiaHTiB ocBrraeHHA BHpoÖHHnoro ^ x y . B pe3ynbTaTi po3paxyHKiB 

3poöneHHH bhchobok npo go^nbHicTb BHKopncTaHHA CBiTnogiogHHx CBiTHHbHHKiB 

THny Philips R C A  BY235P LED200.

npH BHKoHaHHi MaricTepcbKoi poöora öyno goTpHMaHo BHMorn n Y E  Ta mmnx 

HopMaTHBHHx goKyMeHTiB rn,ogo HagiÖHocTi Ta AKocTi eneKTponocTanaHHa [21].

MP 5.8.141.291 Ü3
ApK.

120
3 m h . Apxyw Ng doKyM. nidnuc Mama



CHHCGK ^ITEPA TY PH

1. npaBHaa yaamTyBaHHa eaeKTpoycTaHoBoK. -  BngaHHa o^i^ÖHe.

MiHeHeproByriaaa YKpaiHH. -  X.: BngaBHH^TBo «OopT», 2017. 760 c.

2. Pya.HHUhKHH B .r. BHyTpimHbo^xoBe eaeKTponocTaHaHHa. KypcoBe

npoeKTyBaHHa: HaBHanbHHH nociÖHHK. -  CyMH: BTA «YmBepcHTeTCbKa KHHra», 

2007. 280 c.

3. Bacnaera n.O. EaeKTponocTaHaHHa: nigpyHHHK. -  CyMH: CyMAY, 2019. 521 c.

4. AEH B.2.5-23-2010 npoeKTyBaHHa eaeKTpooöaagHaHHa oö’eKTiB ^HBiabHO ô 
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