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 Короткий огляд. Проведено розрахунок силової та освітлювальної мереж 

електропостачання столярного цеху по виготовленню макаронних виробів. 

Здійснено розрахунок потужності та обрано трансформатор цехової 

трансформаторної підстанції. Також розраховано необхідну кількість 

світильників для забезпечення мінімальної освітленості робочої поверхні в цеху. 

Розраховані перерізи кабелів та проводів силової мережі живлення, мережі 

розподілу. Виконано розрахунок струмів трифазного та однофазного короткого 

замикання, в різних точках системи електропостачання цеху. Для захисту мереж 

живлення обрані автоматичні вимикачі. В розділі охорона праці розглянуті 

небезпечні фактори, що діють на обслуговуючий персонал цеху та проведений 

розрахунок контуру заземлення цехової трансформаторної підстанції. В 

економічній частині виконано порівняльний техніко - економічний аналіз при 

використанні двох типів світильників. 
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ПЕРЕЛІК УМОВНИХ СКОРОЧЕНЬ 

 

АВ – автоматичний вимикач; 

АВР – автоматичне включення резерву; 

ВН – висока напруга; 

ВОП – відділ охорони праці; 

ВУ – вентиляційна;  

ДЕС – дизельна електростанція; 

ЕЕС – електроенергетична система; 

ЗІЗ – засоби індивідуального захисту; 

КСО – камери збірні одностороннього обслуговування; 

КТП – комплектна трансформаторна підстанція; 

НН – низька напруга; 

ППР – планово попереджувальні роботи; 

РЗіА – релейний захист і автоматика; 

РП – розподільний пункт; 

РУ – розподільна установка; 

ТО – технічний огляд; 

ТОВ – товариство з обмеженою відповідальністю; 

ТП – трансформаторна підстанція; 

ТС – трансформатори струму; 

ЧСХ – час-струмова характеристика; 

ШР – шафа розподільна. 
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BCTyn

CHCTeMa eaeKTponoCTaHaHHa (CEC) -  cyKynmcTt eaeKTpoyCTaHoBoK, 

npH3HaneHHx gaa 3aöe3neHeHHa cno^HBaniB eneKTpoeHepriero. Ha cynacHHx 

nignpneMCTBax Ha $ y H ^ ii CHCTeM eHepronoCTaHaHHa noKaageHa BeaHKa 

BignoBigantHiCTb, oCKiabKH HaÖMeHmHÖ 36iö b eaeKTponoCTaHaHHi oönagHaHHa Mo^e 

cnpHHHHHTH nopymeHHa bhpoöhhhhx npo^CiB. ToMy HeoöxigHo MiHiMi3yBaTH ^  

PH3hkh rn,e Ha CTagii po3poÖKH npoeKTy CHCTeMH eaeKTponoCTaHaHHa. noMHHKH, 

gonyrn,em npH npoeKTyBaHHi, Ba^Ko, a mogi i HeMo^aHBo BHnpaBHTH b npo^Ci 

eKcnnyaTagii 6e3 iCToTHHx KaniTaabHHx BKaageHb. Bohh Mo^yTb npHBeCTH go 

Hepa^oHantHoi BHTpaTH chpobhhh, MaTepiaaiB Ta eHepropecypciB, 3HaHHoro 

eKoHoMiHHoro 3ÖHTKy, aBapiö, KaTacTpo^ Ta iHmHx HeraTHBHHx HacnigKiB.

He MeHm Ba^aHBHM e nHTaHHa onTHMi3a^i CHCTeMH eaeKTponoCTaHaHHa.

HeBnHHHHH TeXHiHHHH po3BHTOK, noKpa^eHHa aKoCTi ^HTTa oÖyMoBHWWTb

3pocTaHHa nonm y Ha eaeKTpHHHy eHepriw, nigBHrn,eHHa BHMor go ii aKocTi, 

nigBHrn,eHHa HagiÖHocTi eneKTponocTanaHHa. 36inbmeHHa KiabKoCTi BHpoÖHH^raa 

npogyw i, po3mHpeHHa aCopTHMerny, HanpHKaag, HacTo npH3BogHTb go nigBHrn,eHHa 

KpHTepiiB rn,ogo aKocTi eaeKTpHHHoi eHeprii, aöo go 3Öi.abmeHHa KiabKoCTi 

TexHonoriHHHx ycTaHoBoK, rn,o, TarHe 3a coöow 3pocTaHHa eaeKTpHHHoro 

HaBaHTa^eHHa Ha CHCTeMy eneKTponocTanaHHa nignpneMCTBa. B Mipy po3BHTKy 

eneKTpocno^HBaHHa nignpneMCTBa 3MiHWWTbca h HopMaTHBHi goKyMeHTH, 

TexHoaoriHHe oöaagHaHHa, eaeKTpHHHi anapaTH, eaeKTpoyCTaHoBKH Ta Mepe^i i 

CHCTeMH eaeKTponocTanaHHa.

CTBopeHHa onTHMaabHoi CHCTeMH eaeKTponoCTanaHHa noTpeöye Cne^aabHHx 

HaBHKiB, MeTogHKH, (a HaCTo i nporpaMHoro 3a6e3neneHHa), aKe go3Boaae npaBHabHo 

po3paxyBaTH BCi arnii eaeKTponepegaHi i ix 3axHCT Big nepeBaHTa^eHb, 3axHCT arogeö 

Big ypa^eHHa CTpyMoM a TaKo^; goporo^HHoro oöaagHaHHa Ta yCTaTKyBaHHa. 

npaBHabHo noöygoBaHa eaeKTpHHHa Mepe^a go3Boaae yHHKHyTH HagMipHHx 

KaniTaabHHx BHTpaT, oCKiabKH BHTpaTH Ha eHepreTHHHi peCypCH, aK npaBHao, CTawTb 

Haööiabm goporHM nyHKToM y KomTopHCi no yTpHMaHHW nignpHeMCTBa.



1 3ArA^bHI BI^OMOCTI nPO m^nPHGMCTBO

1.1 Kopotkhh onuc TexHÔ oriHHHx npo^ciB Ha nignpHeMCTBi

r ohobhow ocoÖHHBiciro TexHoaorii BHpoÖHH^rea BepMimeai mBugKoro 

npnroTyBaHHa e noBHa aBToMaTroa^a BHpoÖHHnoro npo^cy . ^ x  BHpoÖHH^rea 

BepMimeai mBHgKoro npnroTyBaHHa oöaagHaHHH n ’aTbMa airnaMH gaa BHroTOBaeHHa 

npogyw i. ^ a a  oöcayroByBaHHa aiHii 3 bhcokow npogyKTHBHic™ (5-8 thc. ynaKoBoK 

3a rogHHy) HeoöxigHo BCboro 8 aoaoBiK. n p n  ^oM y, ocoöaHBi BHMorn go piBHa 

KBaai^iKa^i npa^BHHKiB Mo^yTb öyra BigcyTHi.

TexHoaoria BHpoÖHH^TBa MaKapoHHHx BHpoöiB mBHgKoro npnroTyBaHHa 

CKaagaeTbca i3 HacTynHHx CTagiö:

• 3aMimyBaHHa TicTa;

• OopMyBaHHa MaKapoHHHx BHpoöiB;

• TepMinHa oöpoÖKa (napoKaMepa);

• Oö^apwBaHHa npogyKTy;

• npocymyBaHHa (oxoaog^eHHa);

• OacyBaHHa Ta ynaKoBKa roToBoi npogyw i.

BnxigHoro cnpoBHHoro e nmeHHHHa MyKa HaÖBHm,oro raTyHKy 3 nigBHmeHHM 

BMicToM öiaKy. Ii peTeabHo npociwwTt, gogawTb neBHy KiabKicTb Bogn Ta 3aMimywTb 

B rycTe TicTo pnc. 1.1.

r  oToBe TicTo nogaeTbca Ha Baab^ npecy, ge fioro po3KaTywTb Ta npecywTb B 

geKiabKa eTaniB Baab^MH 3 pi3HHM 3a3opoM, goKH boho He Haöyge BHraagy ToHKoro 

ancTa, ^ o  noKa3aHHH Ha pnc. 1.2.
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PncyHOK 1.2 -  Ban^MBaHHa TicTa

^ani -  hhcth TicTa noTpannaroTt Ha KoHBeep Ho:iB, kotphh po3pi3ae nnacT 

TicTa Ha coTHi hhtohok. XBHnacTa $opMa 3aöe3nenyeTtca 3aBgaKH gBOM pyxoMHM 

Bant^M, mo 3HaxogaTtca no oöngBi ctopohh Ho:a. OgHH 3 hhx pyxaeTtca mBHgme 

iHmoro. 3aBgaKH pi3HH^ mBHgKocTeö BepMiment noTpannae B «npoÖKy» Ta 

ge^opMyeTtca, oTpHMywHH xBHnacTy $opMy.

nicna Toro, aK BepMiment po3pi3ann Ha oKpeMi hhtohkh, BoHa noTpannae Ha 

mmnö KoHBeep Ho:iB, aKHH p i:e  nnacT TicTa xBHnacToi $opMH Ta ^opMye oKpeMi 

öpHKeTH, roToBi go TepMiHHoi oöpoÖKH (pnc. 1.3).



HacTynHHM eTanoM RHpoÖHH^TRa npogyKTy e nponaproRaHHa Ta oöcMa®eHHa 

RepMimeai. ^ h n p o ^ c  3aöe3neaye Maö®e noRHy roToRHicTb Ta mRHgKe 3aRaproRaHHa 

npogyKgii'. BHKopncTaHHa naabMoRoro Macaa gaa oöcMa®eHHa MaKapoHHHx RHpoöiR 

npngae im 3oaoTHCToro RigTiHKy Ta 3Öiabmye TepMiH 3ÖepiraHHa.

n icaa npoxog®eHHa KaMepn oxoaog®eHHa RepMimeai (oögyRaHHa) RoHa 

noTpanaae Ha aiHiro ynaKyRaHHa. TyT, aRToMaT gogae go R®e roToRoi gaa 

cno®HRaHHa np o g y ^ ii cameTKH 3i cne^aMH Ta oaiero Ta 3anaKoRye r iHgHRigyaabHi 

ynaKoRKH. BepMimeab, TaKo®, niggaeTbca oöcTe®eHHro MeTaao geTeKTopoM Ha 

npegMeT HaaRHocTi pi3HHx MeTaaeRHx npegMeTiR (rRHHTH, mypynn Ta iHme).

1.2 3araabHi BigoMOCTi npo HaBaHTa®eHHH nignpneMCTBa

^ x  3 BHpoÖH^TBa RepMimeai mRHgKoro npnroTyRaHHa RigHocHTbca go 

npHHManiR II-i KaTeropii HagiÖHocTi eaeKTponocTaaaHHa. üaaH nignpneMCTRa 

HaRegeHHH y gogaTKy A.

^HRaeHHa eaeKTpnaHoro eHepriero ^ x y  3giöcHroeTbca Big KoMyHaabHoro 

nignpneMCTBa «XapKiRCbKi TenaoRi Mepe®i» -  T E ^ 3  Ha Hanpy3i 6 kB (gogaToK E). 

EaeKTponocTaaaHHa RHKoHyeTbca gRoMa KaöeabHHMH airnaMH ACE-6 2x(3x150 mm2). 

npafioM eaeKTpHHHoi eHeprii Ta ii po3nogiaeHHa Mi®; cno®HRaaaMH Ha TepHTopii 

^aöpHKH TOB «TexHoKoM» RHKoHyeTbca y po3nogiabHoMy npncTpoi «PY 6 kB». P n  

po3nogiaae 3MiHHHH Tpn$a3HHH CTpyM Hanpyroro 6 kB Mi® TpboMa



TpaHC^opMaTopHHMH nigcTaH^aMH -  K Tn N°1, KQT N°2 Ta K Tn N°3, KOTpi 

noHH®yroTt Hanpyry 3 6 kB go 380 B. Ko®Ha TpaHc^opMaTopHa nigcraH^a Mae no 

gBa cnaoBi TpaHc^opMaTopn «TM3-1000/6». EaeKTpHHHa eHepria nicaa 

TpaHc^opMa^i go 380 B po3nogiaaeTtca Mi®; cnaoBHMH npHHMaaaMH Ta noöyTOBo- 

TexHiHHHMH npHHMaaaMH, KoTpi Heoöxigm gaa HopMaatHoro ^yH^ioHyBaHHa Ta 

poöoTH ^aöpHKH, TaKHMH aK agMmicTpaTHBHo-noöyTOBHH KoMnaeKc, KoMnpecopHe 

ycTaTKyBaHHa, KoTeatHe yCTaTKyBaHHa, ^ x  npnroTyBaHHa M’acHHx BHpoöiB Ta iH. 

^HBaeHHa eaeKTpnaHoro eHepriew ^ x y  3 BHpoÖHH^rea BepMimeai mBugKoro 

npnroTyBaHHa BHKoHyeTtca Big TpaHc^opMaTopHHx nigcTaH^ö «KTn 1» Ta «KTn 2». 

reHepaatHHH naaH HaBegeHHH y gogaTKy A. OgHoaiHiHHa eaeKTpnaHa cxeMa 

po3nogiatHoro npncrporo «PY 6 kB» HaBegeHa y gogaTKy E. CxeMa BHyTpimHtoro 

eneKTponocranaHHa nignpneMCTBa TOB «TexHoKoM» 3oöpa®eHa y gogaTKy B.

1.3 3araabHi BigoMOCTi npo ^xoBi HaeaHTa®eHHH

^ x  ^pa^we b 3 3MiHH, ToMy nepepBa b eaeKTponocTaaaHHi e eKoHoMiHHo 

HegonycTHMow, TaK aK HacaigKoM ^ o r o  öygyTt HegoBHnycK npogyw i, ncyBaHHa 

chpobhhh Ta MacoBi npocToi poöiTHHKiB. ToMy, gaa 3aöe3neaeHHa HaÖBHm,oi 

HagiÖHocTi b eaeKTponocTaaaHHi, ^aöpHKa oöaagHaHa gBoMa groeat-reHepaTopHHMH 

CTaH^aMH «CATAPILLAR 450 kW» Ta «CATAPILLAR 700 kW”.

nepeBa®Ha öiatmicTt eaeKTponpHHMaaiB ^ x y  ^  acHHxpoHHi gBHryHH: ^  e 

gBHryHH öyHKepy 3aMimyBaHHa TicTa, gBHryHH Baat^B, gBHryHH oxoaog®ywHHx 

BeHTHaaTopiB Ta iH. ToMy Maö®e Bce eaeKTpooöaagHaHHa ®HBHTtca Big Mepe®i 380 B 

3MiHHoro cTpyMy. BHKawaeHHaM e geaKi eaeKTpoHHi npncTpoi (HanpHKaag 

eaeKTpoHHi Barn aöo nepcoHaatHi KoMn’wrepn MaficrpiB 3MiH Ta HaaaatHHKiB amifi 

BHpoÖHH^TBa) rn,o ®HBaaTtca Big Hanpyrn 220 B 3MiHHoro cTpyMy. n o  pe®HMy 

poöoTH Mo®Ha BHgiaHTH eaeKTponpHHMaai TpHBaaoro Ta noBTopHo-KopoTKoaacHoro 

pe®HMy. nepeaiK eaeKTponpHHMaaiB ^ x y  BHpoÖHH^rea BepMimeai mBHgKoro 

npnroTyBaHHa HaBegeHa y Taöan^ 1.1. naaH po3Mirn,eHHa oöaagHaHHa 3oöpa®eHo y 

gogaTKy r .



HaHMeHyßaHHa E n
KiabKicTb

npHHManiß,
n

HoMiHaabHa
noTy^icT b

p HOMi kB t

c o s  p
K-HT

ßHKopncT.
K e

1 2 3 4 5

^ m b H H ^  3MimyßaHHa TicTa

3M im yßan 1 1 11 0 ,8 0 ,8
3M im yßan 2 1 11 0 ,8 0 ,8
nyro-pigiHHHH Hacoc 1 0 ,75 0 ,85 0 ,7
H a co c  a y ^ H o ro  pe3epßyapy 1 1,5 0 ,85 0 ,7
H a co c  a y ^ H o ro  pe3epßyapy 1 1,5 0 ,85 0 ,7

^ ia b H H ^  xoH ßeepiß aßTOMaTHHHoi 3anpaßKH TicTa

PoaHKH ß a a b ^ ß  6e3nepepßH oro  
HanoßHeHHa KoHßeepa 4 -1 0

7 0 ,55 0 ,8 0 ,8

^ ia b H H ^  ß a a b ^ ß

B a a b ^  6e3nepepßH oro cracKaHHa 
TicTa

5 0 ,75 0 ,8 0 ,8

MamHHa KoM6iHyßaHHa a n cr iß  
TicTa

1 18,5 0 ,85 0 ,7

PoaHKH 3'egHaHHa 1 0 ,75 0 ,75 0 ,55

^ ia b H H ^  n apoß oi o6po6KH ß u p o6y

Pi3aabHa MamuHa 1 5,5 0 ,8 0 ,8

H a co c  naTeabHoro o6aagHaHHa 1 3 ,7 0 ,85 0 ,7

BeHTHaaTop n apoß oi o6 p o 6 kh 1 0 ,2 0 ,8 0 ,8

BeHTHaaTop oxoaog^ eH H a 1 0 ,4 0 ,8 0 ,8

H a co c  n ogan i npnnpaß 1 0 ,4 0 ,85 0 ,7

PoTopHa MamHHa 3MimyßaHHa 1 0 ,75 0 ,8 0 ,8
AnapaT g a a  o6po6KH rocrpHM  
napoM

1 0 ,4 0 ,75 0 ,55

Tenaoo6MiHHHH anapaT 1 21 0 ,85 0 ,7

EaeßaTop oxoaog^ eH H a 1 7 0 ,75 0 ,55

^HpKyaa^iHHHH H acoc Macaa 1 2 2 0 ,85 0 ,7

M acao^ iab T p  rp y 6 o i ohhctkh 1 0 ,2 0 ,85 0 ,7

CncTeMa napaaeabH oro nigHoMy 1 3 ,7 0 ,75 0 ,55

O xoaog^yroH H H  KoHßeep 1 3 ,7 0 ,75 0 ,55

BeHTHaaTop oxoaog^ eH H a 5 0 ,3 7 0 ,8 0 ,8

BeHTHaaTop oxoaog^ eH H a 5 0 ,3 7 0 ,8 0 ,8

BeHTHaaTop oxoaog^ eH H a 4 0 ,3 7 0 ,8 0 ,8

BeHTHaaTop oxoaog^ eH H a 4 0 ,3 7 0 ,8 0 ,8

K oHßeep 36npaHHa 2 0 ,3 7 0 ,75 0 ,55

naK yßaabH a MamHHa

ToaoßHHH n p n ß ig 1 2 ,5 0 ,75 0 ,55



2 P03PAXYH0K I ..II KTIMIM im \ HABAHTA^EHb ^EXy

Po3paxyHKOBe HaBaHTmeHHa cno^HBaaa aöo eaeMema Mepe^i npnHMaeTtca 

piBHHM MaTeMaTHHHOMy OHiKyBaHHW MaKCHMaatHoro HaBaara^eHHa 3a iHTepBaa aacy 

30 xb. Po3paxyHKOBe HaBaara^eHHa (aKTHBHe Pp, peaKTHBHe QP, noBHe SP, CTpyM IP) 

HeoöxigHe: gaa BHÖopy nepepi3y CTpyMonpoBigHHx aacTHH (KaöeaiB, mHHonpoBogiB, 

npoBogiB, TpoaeiB), HoMiHaatHoro CTpyMy eaeKTpHHHHx anapaTiB, noTy^HOCTi 

cnaoBHx TpaHC^opMaTopiB, npncTpoiB KoMneHca^i peaKTHBHoi noTy^HocTi i 

nepeTBopwBaniB, gaa BH3HaaeHHa BTpaT i BigxnaeHt Hanpyrn, BTpaT noTy^HocTi Ta 

eaeKTpoeHeprii.

CepegHi 3a MaKCHMaatHo 3aBaHTä«:eHy 3MiHy aKTHBHe P CM, peaKTHBHe Qcm, 

noBHe SCM, HaBaHTa^eHHa aBaaroTt coöoro mo^ hhbhh hh^ hm  piBeHt rpynoBoro 

HaBaHTa^eHHa, oöyMoBaeHHH HeogHaKoBHM 3aBaHTa^eHHaM y gaHHfi MoMeHT aacy 

oKpeMHx En.

OaKTHHHe 3HaneHHa po3paxyHKoBoro HaBaara^eHHa 3aae^Ho Big KiatKocTi 

E n  y rpyni Ta ix pe^HMy poöoTH nepeBHrnye cepegHe, aKrn,o po3raagaroTtca nnme 

E n , aöo öyge hh^ hhm Big cepegHtoro, aKrn,o BpaxoByeTtca HMoBipHicTt ogHoaacHoi 

poöoTH Bctoro TexHoaorinHoro yCTaTKyBaHHa, toöto 3aae^HTt Big piBHa b CEn, Ha 

aKoMy BH3HanaeTtca HaBaara^eHHa. ToMy BeaHHHHy cepegHtoro HaBaara^eHHa 3a 

MaKCHMaatHo 3aBaHTa^;eHy 3MiHy BHKopncTOByroTt gaa BH3HaaeHHa po3paxyHKoBoro 

HaBaHTa^eHHa.

niKoBHH CTpyM -  ^  MaKCHMaatHHH KopoTKoaaCHHH CTpyM TpHBaaiCTW B 

KiatKa ceKyHg. niKoBHM CTpyMoM gaa ogHoro E n  e nycKoBHH CTpyM (InyCK), aKHH 

BHHHKae npn BMHKaHHi ogHoro E ^  aöo 3BapwBaatHoro TpaHC^opMaTopa, npn 

eKcnayaTagiHHoMy K3 npn 3BapwBaHHi Ha ogHiH ycTaHoB^, naaB^ CTaai y gyroBiH 

neai Ta iH. ^ a a  rpynn E n  niKoBHH CTpyM (IniK)  BH3HaaaeTtca 3 ypaxyBaHHaM E ^  3 

HaHöiatmHM nycKoBHM CTpyMoM.

nycKoBHH Ta niKoBHH CTpyMH HeoöxigHi gaa BHÖopy ycTaBoK po3aenawBaaiB 

aBToMaTiB Ta naaBKHx BCTaBoK 3anoömHHKiB, BH3HaaeHHa po3Maxy 3MiHH



Hanpyra gaa o^ hkh gonycTHMocTi KoaHBaHb Hanpyra Ta nepeBipKH mo^ hhboCTi 

caM03anycKy E^.

Ko^eH E n  xapaKTeproyeTbca HoMrnaabHHMH napaMeTpaMH, aKi 3aöe3nenyroTb 

HOMy Haööiabmnfi Koe^i^eHT KopncHoi gii (KK^) Ta rapaHTywTb öe3BigMoBHy fioro 

poöoTy npoTaroM rapaHTOBaHoro CTpoKy. Ochobhow xapaKTepncTHKoro ko^ hoto E n  

e öoro HoMiHanbHa noTy^HicTb (yKa3aHa b nacnopTi), Ha aKy BiH po3paxoBaHHfi npn 

TpHBanoMy pe^HMi poöora i 3a mmnx HoMrnaabHHx napaMeTpiB, äk-to: Hanpyra, 

nacToTa CTpyMy, Koe^^ieHT noTy^HocTi.

Or«:e, BHxigHi gam gaa po3paxyHKy HaBaHTa^eHb TaKi:

• ycTaHoBneHa (HoMrnaabHa) noTy^HicTb E n  (gaa E ^  -  Horo aKTHBHa 

noTy^HicTb, gaa TpaHC^opMaTopiB gyroBoro i MamHH KoHTaKTHoro 3BapwBaHHa — 

noBHa noTy^HicTb);

• HoMiHaabHa Hanpyra E n;

• Koe^^ieHT noTy^HocTi En;

• pe^HM poöoTH E n  (TpHBaaHH, TB gaa E n  noBTopHo-KopoTKoTpHBaaoro 

pe^HMy, KopoTKonacHHÖ);

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

• $a3HicTb E n  (TpH^a3HHH aöo ogHo$a3HHÖ);

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

YcTaHoBaeHa (HoMrnaabHa) noTy^HicTb E n  npnfiMaeTbca piBHow:

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

nacnopTHifi noTy^Hocrä

p  = p  , (2.1)Jr h Jr nacn  ’  V /

ge P„acn -  HoMrnaabHa noTy^HicTb Ha Baay E ^ , kBt ;

• gaa E ^  noBTopHo-KopoTKonacHoro pe^HMy poöoTH -  nacnopTHifi 

noTy^HocTi (kBt), npHBegeHifi go BigHocHoi TB = 1,



ge T B  -  nacnopTHa TpHBaaicTt BMHKaHHa, b.o;

• gaa 3BapwBaatHHx TpaHC^OpMaTOpiB:

Sh = Snacn ' J ^ n  , (2-3)

Ph = Snacn ' %lTBn ' C0SVnacn , (24)

ge c o sy nacn -  nacnopTHe 3HaaeHHa KOe^i^eHTa noTy^HOCTi;

• gaa KpaHiB HOMiHaatHa aKTHBHa Ta peaKTHBHa noTy^HOCTi BH3HaaawTtca 

aK gaa ogHoro E n  3 cyMapHOW HOMiHaatHOW noTy^HiCTro:

n

p h = X  P h .i . > (2.5)
i=1

n n

Q h = X  q » . i . = X  P n , .  • f m  > (2 6 )
i=1 i=1

ge n -  KiatKicTt E ^  KpaHa;

p H; -  HOMiHaatHa aKTHBHa nOTy^HicTt i-rO E n;

tg p t -  BignOBigae 3HaaeHHW KOe^^ieHTa nOTy^HOdi cos (pt i-rO En;

y  npOeKTOBaHifi BHyTpimHtO^xOBOi C En npn pO3paxyHKy HaBaHTa^eHt 

BHgiaawTt Tpn piBHi 3a xapaKTepOM ^OpMyBaHHa HaBaHTa^eHt: nepmnH, gpyrnH Ta 

TpeTiH.

PiBHi BH3HaneHHa pO3paxyHKOBHx HaBaHTa^eHt HaBegeHi Ha pncyHKy 2.1. 

nepmHH piBeHt eaeKTpOnOCTaaaHHa -  ^  eaeKTpHHHi Mepe^i HanpyrOW gO 

1 kB, aKi npnegHywTt OKpeMi E n  gO nP E  (mHHOnpOBOgy, CPffl, C Pn aÖO cnaOBOi 

3ÖipKH).

GpyrnH piBeHt eaeKTpOnOCTaaaHHa -  ^  eaeKTpHHHi Mepe:m HanpyrOW gO 

1 kB, aKi npnegHywTt CPffl, cnaOBi nyHKTH Ta 3ÖipKH, fflPA gO 3ÖipHHx mHH HH 

^ n  aÖO gO fflMA.

TpeTiH piBeHt -  ^  3Öipm mHHH HH ^ xobhx T n  Ta fflMA.

OÖHHcaeHHa pO3paxyHKOBHx HaBaHTa^eHt ^ x y  (giaaHKH ^ x y )  Ha gpyrOMy Ta 

TpeTtOMy piBHax eaeKTpOnOCTaaaHHa 3giHcHweTtca MeTOgOM pO3paxyHKOBHx



Koe^^iemiB [15]. MeTog Haae^HTt go ochobhhx MeTogiB po3paxyHKy

eneKTpHHHHx HaBaHTa^eHt. BiH e Haööiatm tohhhm i peKoMeHgyeTtca 

npn BH3HaneHHi po3paxyHKOBHx HaBaHTa^eHt gaa rpyn E n , Koan BigoMi gam 

KO^Horo E n  [2].

PncyHoK 2.1 -  PiBHi BH3HaneHHa po3paxyHKoBHx HaBaHTa^mt b CHCTeMi 
BHyTpimHto^xoBoro eaeKTponocTaaaHHa

2.1 BH3HaneHHH po3paxyHKOBoro CHaoBoro HaBaHTâ eHHH Ha 

nepmoMy piBHi eaeKTponocranaHHH

Ha nepmoMy piBHi eaeKTponocTaaaHHa HaBaHTa^eHHa Ha aimro (npoBig, 

Kaöeat) CTBoproeTtca ogHHM E n, ToMy gaa Bcix TaKHx npnegHaHt npn BigoMoMy 

^aKTHHHoMy Koe^i^eHTi 3aBaHTa«:eHHa k3 E n  po3paxyHKoBi aKTHBHi Ta peaKTHBHi

HaBaHTa^eHHa nepmoro piBHa eaeKTponocTaaaHHa BH3HanawTtca 3a ^opMyaaMH:

Pp.1 = k3 • P hOM > (2-7)

%.X = Vhom • tg<P* (2-8)

sp.i = y l P  p.i + q 1.1 > (2-9)

s

^  - S I T  ’ ( 2 ' 1 0 )HOM



Ae tg(p -  BignoBigae nacnopTHOMy 3HaaeHHK> KoecJagieHTa noTyacHOCii cos<p, aice 
xapaKTepHe gaa gaHoro E n;

UHOM -  HoMiHaatHa Hanpyra eaeKTpnaHoi Mepe^i go 1 kB;

^Krn,o âKTHHHHH Koe^^ieHT 3aBaHTa ;̂eHHa k3 E n  HeBigoMHH, to npn 

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

HaBaHTa^eHHa npHHMaeTtca HoMiHaatHa noTy^HicTt E n  npn TB = 1.

HoMiHaatHHH CTpyM E ^  BH3HaaaeTtca aK:

PH O M . d

1 HOM.d ~ ' ( 211)
V 3 ' UHOM ' C0S ĤOM.d ' PHOM.d

ge P HOM d -  HoMiHaatHa aKTHBHa noTy^HicTt E^;

m $>tyHOM.d -  HoMiHaatHHH Koe^i^eHT noTy^HocTi E^; 

p hom d -  HoMiHaatHHH Koe^^ieHT KopncHoi gii (KK^) E^.

BeaHHHHH c o sy HOMÖ Ta ^HOMd npHHMaeTtca 3 KaTaaoriB 3aBogiB-BHpoÖHHKiB i 

goBigHHKiB [16, 17].

^o ^a tH o  gaa Ko^Horo E n  oÖHHcaHTH Horo nycKoBHH CTpyM:

1 nycK knycK 1HOM.En (2 12)

ge knycK -  K oe^ieHT nycKy;

h ^ .m -  HoMiHaatHHH CTpyM En.

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

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

npHHMaeTtca:

• 5-Kparaoe gaa acHHxpoHHHx gBHryHiB (A ^) 3 KopoTKo3aMKHeHHM 

poTopoM Ta CHHXpoHHHX gBHryHiB (C^);

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

• 3-KpaTHoro gaa 3BapeBaatHHx i niaHHx TpaHC^opMaTopiB, MamHH 

KoHTaKTHoro 3BapwBaHHa npn MaKCHMaatHifi BTopHHHifi Hanpy3i [2].



BH3HaneHHH po3paxyHKOBHx HaeaHTa'AeHb Ha nepmoMy piBHi 
eaeKTponocranaHHH 3MimyBana N®1 giabHH^ 3aMimyBaHHH TicTa

^ a a  acHHxpoHHoro gBHryHa öyHKepy 3aMimyBaHHa TicTa N°1 3a ^opMyaoro 

(2.7) npn npHHHaTOMy k3 = 1 po3paxyHKOBe aKTHBHe HaBaHTa^eHHa Ha nepmoMy piBHi 

eaeKTponocraaaHHa:

P p .1 = P hom.ö = 1-11 = 11 Kßm-

^ a a  A ^  3MimyBana npnÖMaeTbca Koe^^ieHT aKTHBHoi noTy^HOCTi 

cos^  = 0,8, 3a ^opMyaoro (2.8) npn npHHHaTOMy Koe^i^erni peaKTHBHoi noTy^HOCTi 

tg p  = 0,75, aKHH BignoBigae 3agaHOMy Koe^^ierny aKTHBHoi noTy^HOCTi cos^  = 0,8, 

po3paxyHKOBe peaKTHBHe HaBaHTa^eHHa Ha nepmoMy piBHi eaeKTponocraaaHHa:

qp.1 = qnoM.d = 11 •0,75  = 8,25 KBap.

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

eaeKTponocTanaHHa:

S p .1 = J P P + q p  =  V112 +  8,252 =  13,75 kBA.

noTiM 3a ^opMyaoro (2.10) BH3HaaaeTbca po3paxyHKoBHH CTpyM nepmoro 

piBHa eaeKTponocTanaHHa:

Ip, = 'V ‘ = ,13,75 = 20,891 A.
p V3 ■ U „  -s/3 • 0,38

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

TexHoaoriB (HaBogHTbca HaÖMeHyBaHHa y CTaTKyBaHHa Ta fioro BCTaHoBaeHa 

noTy^HicTb), gaa A ^  3MimyBaaa npHHMaeTbca Koe^^ieHT nycKy knycK = 5.

Bn3HanaeMo nycKoBHH CTpyM 3a ^opMyaoro (2.12)

I  = k • I  i =  5 • 20,891 = 104,455 AnycK nycK homEH ’ ’



OTpHMam 3a ^opMyaaMH (2.7) - (2.12) pe3yabTaTH po3paxyHKiB gaa 

acHHxpoHHoro gBHryHa 6yHKepy 3aMimyBaHHa TiCTa N°1, a TaKO^ gaa mmnx E n  ^ x y , 

HaBegeHi b Ta6an^ 2.1.

T a 6 a n ^  2.1 -  Po3paxyHKOBe cnaoBe HaBarna^eHHa Ha nepmoMy piBHi 
eaeKTponocTanaHHa

HaHMeHyßaHHa
E n

PHOM,
kB t

co s  V tg  V pp.u
kB t

qp.u
KBap

s p.O
kB A

Ip.1,
a

InycK,
a

1 2 3 4 5 6 7 8 9

^ m b H H ^  3MimyBaHHa Ticra

3M imyBan 1 11 0,8 0 ,75 11 8 ,2 5 0 1 3 ,7 5 0 2 0 ,8 9 1 1 04 ,455

3M imyBan 2 11 0,8 0 ,75 11 8 ,2 5 0 1 3 ,7 5 0 2 0 ,8 9 1 1 04 ,455

nyro-pigiHHHH
Hacoc

0 ,75 0 ,85 0 ,6 1 9 0,75 0 ,4 6 5 0 ,8 8 2 1,341 6 ,703

H a co c  n y^ H oro  
pe3epByapy 1,5 0 ,85 0 ,6 1 9 1,5 0 ,9 3 0 1,765 2 ,681 1 3 ,4 0 6

H a co c  n y^ H oro  
pe3epByapy 1,5 0 ,85 0 ,6 1 9 1,5 0 ,9 3 0 1,765 2 ,681 1 3 ,4 0 6

^ m b H H ^  xoHBeepiB aBToMaranHoi 3anpaBKH TicTa

P o^ hkh Ba^b^B  
6e3nepepBH oro  
HanoBHeHHa 
KoHBeepa 4 -1 0

0 ,55 0 ,8 0 ,75 0 ,55 0 ,4 1 3 0 ,6 8 8 1,045 5,223

^ m b H H ^  Ba.ab^B

B a n b ^
6e3nepepB H oro  
CTHCKaHHa TicTa

0 ,75 0 ,8 0 ,75 0 ,75 0 ,5 6 3 0 ,9 3 8 1,424 7 ,1 2 2

M am uH a  
KoM6iHyBaHHa 
^HCTa TicTa

18,5 0 ,85 0 ,6 1 9 18,5 11 ,465 2 1 ,7 6 5 3 3 ,0 6 8 1 6 5 ,3 4 0

Po^HKH
3'egHaHHa

0,75 0 ,75 0 ,881 0,75 0 ,661 1,000 1,519 7 ,5 9 7

^ m b H H ^  napoB oi o6po6KH B upo6y

Pi3a^bHa
MamHHa

5,5 0 ,8 0 ,75 5,5 4 ,1 2 5 6 ,8 7 5 10 ,445 5 2 ,2 2 7

H a co c
naTe^bHoro
o6^agHaHHa

3 ,7 0 ,85 0 ,6 1 9 3 ,7 2 ,2 9 3 4 ,3 5 3 6 ,6 1 4 3 3 ,0 6 8

BeHTH^aTop 
napoB oi o6 p o 6 kh

0 ,2 0 ,8 0 ,75 0 ,2 0 ,1 5 0 0 ,2 5 0 0 ,3 8 0 1,899

BeHTH^aTop
oxo^og^ eH H a

0 ,4 0 ,8 0 ,75 0 ,4 0 ,3 0 0 0 ,5 0 0 0 ,7 6 0 3 ,7 9 8

H a co c  n ogan i 
npunpaB

0 ,4 0 ,85 0 ,6 1 9 0 ,4 0 ,2 4 8 0 ,471 0 ,7 1 5 3 ,5 7 5



npogoB^eHHa TaÖH^i 2.1

1 2 3 4 5 6 7 8 9

PoTopHa MamHHa 
3MimyBaHHa

0,75 0 ,8 0 ,75 0 ,75 0 ,5 6 3 0 ,9 3 8 1,424 7 ,1 2 2

AnapaT g a a  
oöpoÖKH 
rocip u M  napoM

0 ,4 0 ,75 0 ,881 0 ,4 0 ,3 5 3 0 ,533 0 ,8 1 0 4 ,0 5 2

TenaooÖMiHHHH
anapaT

21 0 ,85 0 ,6 1 9 21 13,015 2 4 ,7 0 6 3 7 ,5 3 7 1 8 7 ,6 8 4

EaeBaTop
oxoaog^ eH H a

7 0 ,75 0 ,881 7 6 ,1 7 3 9 ,333 14,181 7 0 ,9 0 3

^upKyaa^m HUH  
H acoc Macaa

2 2 0 ,85 0 ,6 1 9 2 2 1 3 ,634 2 5 ,8 8 2 3 9 ,3 2 4 196 ,621

M acao^ iab T p  
rp y ö o i ohuctku

0 ,2 0 ,85 0 ,6 1 9 0 ,2 0 ,1 2 4 0 ,2 3 5 0 ,3 5 7 1,787

CucTeMa
napaaeabH oro
n igäoM y

3 ,7 0 ,75 0 ,881 3 ,7 3 ,2 6 3 4 ,9 3 3 7 ,4 9 5 3 7 ,4 7 7

üxoaog^yroH H H
KoHBeep

3 ,7 0 ,75 0 ,881 3 ,7 3 ,2 6 3 4 ,9 3 3 7 ,4 9 5 3 7 ,4 7 7

BeHTuaaTop
oxoaog^ eH H a

0 ,3 7 0 ,8 0 ,75 0 ,3 7 0 ,2 7 8 0 ,463 0 ,703 3 ,513

BeHTuaaTop
oxoaog^ eH H a

0 ,3 7 0 ,8 0 ,75 0 ,3 7 0 ,2 7 8 0 ,463 0 ,703 3 ,513

BeHTuaaTop
oxoaog^ eH H a

0 ,3 7 0 ,8 0 ,75 0 ,3 7 0 ,2 7 8 0 ,463 0 ,703 3 ,513

BeHTuaaTop
oxoaog^ eH H a

0 ,3 7 0 ,8 0 ,75 0 ,3 7 0 ,2 7 8 0 ,463 0 ,703 3 ,513

KoHBeep
3ÖupaHHa

0 ,3 7 0 ,75 0 ,881 0 ,3 7 0 ,3 2 6 0 ,493 0 ,7 5 0 3 ,7 4 8

naKyBaabHa MamuHa

ToaoBHuM
npuB ig

2 ,5 0 ,75 0 ,881 2 ,5 2 ,2 0 5 3 ,333 5 ,0 6 4 2 5 ,3 2 2

2.2 BH3HaneHHH po3paxyHKOBoro CĤ OBoro HaBaHTâ eHHH Ha 

gpyroMy piBHi e^eKTponocranaHHH

Ha gpyroMy piBHi eaeKTponocTanaHHa HaBaHTmeHHa Ha ^HBHHbHy aimro 

CTBoproeTbca rpynoro E n , aKi npnegHam go nPE. OcKiabKH ogHonacHo 3 

MaKCHMantHHM HaBaHTa^eHH^M yci E n  He ^pa^roroTb, to pe3yHbTyrone HaBaHTa«:eHHa 

3aB^gn MeHme Big cyMH ix HoMmaabHHx noTy^HOCTeö i öyge öiabmHM Big 

cepegHboro HaBaHTa^eHHa 3a MaKCHMaabHo 3aBaHTa«:eHy 3MiHy (3a Maaoi KiabKocTi

E n) aöo gopiBHWBaTH öoMy (3a 3HanHoi KiabKocTi En), rn,o xapaKTeproyeTbca



Koe^^ieHTaMH po3paxyHKoBHx aKTHBHHx HaBaHTa^eHt Kpa i po3paxyHKoBHx 

peaKTHBHHx HaBaHTa^eHt Kpp.

Koe^^ieHT po3paxyHKOBHx aKTHBHHx HaBaHTa^eHt Kp;a 3ane^HTt Big 

e^eKTHBHoro HHcaa E n  ne, cepegHtOBHBa^eHoro K oe^^iem a BHKopncTaHHa aKTHBHoi 

noTy^HOcri K b,cb Ta CTaaoi nacy HarpiBaHHa Mepe:m To, aKa Ha gpyroMy piBHi 

eaeKTponocTanaHHa npnfiMaeTtca T0 = 10 xb (po3paxyHKOBHH iHTepBaa nacy 

HarpiBaHHa 3T0 = 30 xb).

E^eKTHBHe hhcho E n  ne -  ^  TaKa yMOBHa KiatKicTt ogHopigHHx 3a pe^HMOM 

poöoTH E n  ogHaKOBoi noTy^HOCTi, aKa oöyMoBaroe Te caMe 3HaneHHa

po3paxyHKOBoro HaBaara^eHHa, aK i rpyna E n  pi3HHx 3a pe^HMOM poöoTH Ta 

noTy^HiCTW. BeaHHHHa e^eKTHBHoro HHcaa E n  ne BH3HanaeTtca TaK:

(  n  \ 2
V  p

r  H OM .l

ne  ------- L , (2.13)
V  p 2

r  H OM .l

i =1

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

P homi -  aKTHBHa noTy^rncTt i-ro E n  npn TB = 1.

3Hafigem 3a ^opMyaoro (2.13) 3HaneHHa ne oKpyraaroTtca go HaööaH^Horo 

MeHmoro ^ ao ro  ancaa.

^ncao e^eKTHBHHx E n  ne npnfiMaeTtca piBHHM gificHoMy ancay E n  n, aKrn,o 

BigHomeHHa noTy^HocTefi Hafiöiatmoro go HafiMeHmoro E n  rpynu He nepeBHrnye

3 ( P / P ^ 3).V  1  H O M .M a K C  1  H O M .M IH  /

^ a a  rpyn pi3HHx E n  pi3Hoi noTy^HocTi Ta pi3Horo pe^HMy poöoTH 

cepegHtoBHBa^eHHfi Koe^^ieHT BHKopncTaHHa aKTHBHoi noTy^Hocri:

k

V  P
CM.l

k .c = - r — , (2 1 4 )
V  p H OM .l

i  = 1

ge k -  KiatKicTt xapaKTepHHx rpyn E n;



PCM; -  rpynoBa CepegHa aKTHBHa noTy^HiCTt 3a MaKCHMaatHO HaBaHTmeHy

3MiHy;

P HOM j -  rpynoBa HOMiHaatHa aKTHBHa noTy^HiCTt i-i rpynn E n , aKa 

BH3HaaaeTtCa 3a ^opMyaoro (2.5).

r  pynoBe CepegHe aKTHBHe HaBaHTmeHHa 3a MaKCHMaatHO 3aBaHTä«:eHy 3MiHy 

i-i rpynn E n  BH3HaaaeTtCa 3a ^opMyaoro:

n

P CM.i = X  k B.i • PHOM., > (2 .15)
i=1

ge n -  KiatKiCTt E n  b rpyni;

k  i -  Koe^^ieHT BHKopncTaHHa aKTHBHOi noTy^HOCTi i-ro En; 

p HOM . -  HOMiHaatHa aKTHBHa noTy^HiCTt i-rO E n  npn TB =1.

K oe^ ^ iem u  BHKopHCTaHHa aKTHBHOi nOTy^HOCTi kB  HaBogaTtCa y 

BignoBigrnö TexHiHHiH Ta gOBigKOBiH aiTepaTypi [4, 8]. ^Krn,o b gOBigKOBHX 

MaTepiaaax HaBegeHi iHTepBaatHi 3HaaeHHa K B , to gaa pO3paxyHKy npHHMawTt Horo 

Haööiatme 3HaaeHHa.

^HCHOBi 3HaneHHa Koe^^ierniB po3paxyHKOBHx aKTHBHHx HaBaHTa^eHt Kp a  Ha 

gpyroMy piBHi eaeKTponoCTaaaHHa HaBogaTtCa y BignoBigrnö TexHiHHiH Ta gOBigKOBiH 

aiTepaTypi [15].

Ha gpyroMy piBHi eaeKTponoCTaHaHHa po3paxyHKOBe CHaoBe aKTHBHe 

HaBaHTa^eHHa Pp 2  i po3paxyHKOBe CHaoBe peaKTHBHe HaBaHTa^eHHa Qp 2  gaa n E n  b 

rpyni BH3HaaawTtCa 3a ^opMyaaMH:

n n

P p 2  = K p a  • X k B i • P h o m i =  K p a  ' X P c m i  > (2 .16)
i=1 i=1

n n

Q p .2  =  K p. P k B.i ' P h om .i ' t g 0HOM.i =  K p. P ' ' X j  q cM.i , (2 .17)
i=l i=1

ge P cma , , -  CepegHi aKTHBHa Ta peaKTHBHa noTy^HOCTi 3a MaKCHMaatHO

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



tgflHOMt-  BignoBigae HoMiHaatHoMy 3HaaeHHM K oe^^iem a noTy^HOcri 

cos (pHOM t ,aKe xapaKTepHe gaa gaHoro Bagy En.

y  ^opMyai (2.17) Koe^i^eHT po3paxyHKoBHx peaKTHBHHx HaBaara^eHt Kpp 

npn HHcm e^eKTHBHHx E n  ne < 10 npaÖMaeTtca Kpp = 1,1, a npn ne > 10 npaÖMaeTtca

Kpp = 1.

y  BHnagKax, Koaa po3paxyHKoBe aKTHBHe HaBaHTmeHHa rpynn E n  Pp.2 MeHme 

3a HoMiHaatHy noTy^HicTt Haööiatm noTy^Horo E n  rpynn, caig npaHMaTH 

P  =  pp.2 ± HOM.MaKC *

^Kffl,o go By3aa npaegHaHo go Tptox E n  bkhwhho, to po3paxyHKoBe 

HaBaHTa^eHHa npaÖMaeTtca piBHHM cyMi ix HoMrnaatHHx noTy^HocTeö:

n
Pp.2 = X  PHOMi > (2.18)

i=1
n

Qp.2 = X Vhomi > (2.19)
i =1

ge n = 1 -  3.

Po3paxyHKoBe caaoBe noBHe HaBaara^eHHa Ha gpyroMy piBHi 

eaeKTponocTaaaHHa BH3HaaaeTtca TaK:

Sp.2 = j K l ^ ~ 2 , (2.20)

Po3paxyHKoBHH CTpyM BH3HaaaeTtca TaK:

S 2

! -  - t £ t - (Z21)V HOM

Bn3HaaeHHa po3paxyHKoBoro caaoBoro HaBaara^eHHa gaa fflP 1/5 -  caaoBoi 

po3nogiatHoi ma^H N 1 aiHii N 5  fflP 1/5, gaa npHKaagy po3paxyHKy:

Big fflP1/5 ^HBaaTtca: giatH H ^ 3aMimyBaHHa TicTa giatH H ^ KoHBeepiB 

aBToMaTHHHoi 3anpaBKH TicTa Ta aacTHHa giatHH^ BaaM,iB aiHii'. nepeaiK npHHMaaiB, 

rn,o npnegHam go fflP1/5 npHBegeHo y T aö a^ i 2.2.



T a6 n n ^  2.2 -  nepemK E n, ^ o npnegHam go fflP1/5

N°
E n

HaHMeHyBaHHa
E n

Ki^bKiCTb
npHHMaHiB,

n

HoM maabHa
noTy^iCTb

p noM-, kB t

c o s  p tg  <P
K o e^ i^ eH T  

BHKOpHCTaHHH K ß

^ m b H H ^  3MimyßaHHa TiCTa

1 3MimyBaH 1 1 11 0,8 0 ,75 0 ,8

2 3MimyBaH 2 1 11 0,8 0 ,75 0 ,8

3
Nyro-pigiHHHH
HaCOC

1 0,75 0 ,85 0 ,6 1 9 0 ,7

4
HaCOC .ny^H oro  
pe3epByapy

1 1,5 0 ,85 0 ,6 1 9 0 ,7

5
HaCOC .ny^H oro  
pe3epByapy

1 1,5 0 ,85 0 ,6 1 9 0 ,7

^ m b H H ^  aBTOMaTHHHOi 3anpaßKH TiCTa KOHBeepiß

6 -1 2

P o^hkh Baab^B  
6e3nepepBHOrO  
HanoBHeHHa 
KOHBeepa 4 -1 0

7 0 ,55 0,8 0 ,75 0 ,8

^ m b H H ^  Ba^b^B

13
MamHHa 
KOM6iHyBaHHfl 
^HCTa TiCTa

1 18,5 0 ,85 0 ,6 1 9 0 ,7

CyMapHa aKTHBHa HOMrnanbHa noTy^HiCTb ginbHH^ 3aMimyBaHHA TiCTa 

BH3HanaeTbca 3a ^opMynoro (2.5):

n

P . m - 5 =  X  P , : , = 11 + 11 + 0,75 +1,5 +1,5 = 25,75 k B m .
i =1

CyMapHa aKTHBHa HOMrnanbHa noTy^HicTb gmbHH^ aBTOMaTHHHOi 3anpaBKH 

TiCTa KOHBeepiB nimi 5 CTaHOBHTb:

n

P h o m 6 - 1 2  = X  Pm. = 0 , 5 5  • 7  = 3 , 8 5  KBm
i=1

CyMapHa aKTHBHa HOMrnanbHa noTy^HiCTb ginbHH^ Banb^B gmii 5

CTaHOBHTb:

n

P . o . , 3 = X  P . . i . = 18,5 • 1 = 18,5 K B m .
i =1



CyMapHa aKTHBHa nOTy^HicTb gaa Bcix E n  fflP1/5:

n

P HOM.mP1/S =  X  P HOM.En =  P HOM.1-5 + P HOM.6-12 + P HOM.13 =  25,75 + 3,85 + 18,5 = 48,1 K B m -
i=1

, a a  acHHxpoHHHx gBHryHiB 3MimyBaaiB 3 TpHBaaHM pe^HMOM poöoTH 

npHHMaeTbca cepegHe 3HaaeHHa KOe^^ieHTa BHKOpncTaHHa aKTHBHOi noTy^HOCTi 

K e = 0,8. , a a  acHHxpoHHHx gBHryHiB HacociB npHHMaeTbca cepegHe 3HaaeHHa 

KOe^^ieHTa BHKOpncTaHHa aKTHBHOi noTy^HOCTi K e = 0,7. CepegHe 3HaaeHHa 

K oe^^iem a BHKOpncTaHHa öyge ctshobhth K e = 0,75. CyMapHe cepegHbO3MiHHe 

aKTHBHe HaBaHTa^eHHa gaa Bcix E n  fflP 1/5 BH3HaaaeTbca 3a ^OpMyaOM (2.15) Ta 

gOpiBHwe:

n

P cm.ü JT U 5 = X  k Bi • P hom, = 0,75 • 48,1 = 36,075 K B m .
i=1

, a a  A ,  npn npHHHaTOMy cos p = 0,8, aKOMy BignOBigae tg p = 0,75, 

cepegHbO3MiHHe peaKTHBHe HaBaHTa^eHHa:

n

Q m.«, = X P hom ., • tg< P , =  ((0,75 • 11) • 2) + ((0,75 • 0 ,55) • 7) = 19,39 m a p .
i=1

, a a  A ,  HacOciB npn npHHHaTOMy cos p = 0,85, aKOMy BignOBigae tg p = 0,619, 

cepegHbO3MiHHe peaKTHBHe HaBaHTa^eHHa:

n

Q cm.  = X .  • tg < P , = (0 ,619• 0 ,75) + ((0,619• 1,5)• 2) + (0,619• 18,5) = 13,773 m a p .

i=1

CyMapHe cepegHbO3MiHHe peaKTHBHe HaBaHTa^eHHa gaa Bcix E n  fflP 1/5 

gOpiBHwe:

Q J1JPV'  =  Q AT1 + Q  = 19,39 +13,773 = 33 ,163 m ap .z-sC M .^r 1/5 z-sCM. z-sCM.Hacoc ? ? ? t '

BeaHHHHa e^eKTHBHOro ancaa E n  fflP1/5 BH3HaaaeTbca 3a ^OpMyaOW (2.13):



( n Y
i  p  HOM.i I AQ

ne = Y =-------L  = ------ ---------- ------ ^ 5---------r  = 4,49 = 4
e s r  2 2• 112 + 0,752 + 2• 1,52 + 7• 0,552 + 18,52I  PHOM.I

i=1

BenHHHHa e^eKTHBHoro nncna E n  fflP1/5 oönpaeTbca piBHoro 4 mT.

CepegHbOBHBä^eHHH Koe^^ieHT BHKopHCTaHHA aKTHBHOi noTy^HOCTi gga E n

fflP 1/5 BH3HanaeTbca 3a ^opMynoro (2.14):

k
I P

k  = I C - = 3 6 0 8 = 0 ,7 5
f p  48,1

HOM.i
i = 1

3 Taönn^ g^epena [2] ne -  4 mTyKH Ta K ece = 0,75 Koe^^ieHT 

po3paxyHKOBoro aKTHBHoro HaBaHTa^eHHA KP.a = 1,04. n p n  ne < 10 Koe^^ieHT 

po3paxyHKOBoro peaKTHBHoro HaBaHTa^eHHa KPP = 1,1.

Po3paxyHKOBe cnnoBe aKTHBHe HaBaHTa^eHHa E n  fflP 1/5 3HaxogHMO 3a 

^opMynow (2.16):

n

Pp.2 = K p . a - I P cM i = K p a  • P„ ,M  = 1,04• 36,075 = 37,52 u ß m .
i=1

Po3paxyHKOBe cnnoBe peaKTHBHe HaBaHTa^eHHa E n  fflP 1/5 3HaxogHMO 3a 

^opMynow (2.17):

n

Q P .2 = K p  . P ’X  V om i =  K p  . P • Q p  .2 = 1,1 • 33,163 = 36,48 K 6 a P  •
i=1

Po3paxyHKOBe cnnoBe noBHe HaBaHTa^eHHa E n  fflP 1/5 3HaxogHMO 3a 

^opMynoro (2.20):

S p2 = J Pp22 + Op.2 = V37,5182 + 36,4792 = 52,33 kBA.

Po3paxyHKOBHH CTpyM E n  fflP 1/5 3HaxogHMO 3a ^opMynoro (2.21):



1 -  SP2 -  52,329 -  79 51 ^
~ S  ■ U hom ■ 0,38 -  ’ •

HaBaHTmeHHa Ha Bei iHmi fflP 3HaxoguMo aHaaoriHHo go Burn,e npuBegeHoro 

po3paxyHKy. Pe3yabTara 3aHocuMo go Taöau^ 2.3.

2.3 BH3HaneHHH po3paxyHKOBoro CĤ OBoro HaBaHTâ eHHH Ha 

TpeTbOMy piBHi e^eKTponocranaHHH

Ha TpeTboMy piBHi eaeKTponocTanaHHa KiabKicTb E n  rn,e öiabma, Hm: Ha 

gpyroMy piBHi eaeKTponocTanaHHa. Pe3yabTyrone HaBaHTa«:eHHa 3aB^gu MeHme Big 

cyMH ix HOMiHanbHHx noTy^HOCTeö i öyge aöo öiabme (y pa3i Maaoi KmbKocTi En), 

aöo MeHme (y pa3i 3HanHOi KinbKOCTi E n) cepegHboro HaBaHTa^eHHa 3a MaKcuMaabHo 

3aBaHTa^;eHy 3MiHy, rn,o xapaKTepu3yeTbca Koe^^iemaMu po3paxyHKoBux aKTHBHHx 

HaBaHTa^eHb K'p .a i po3paxyHKoBux peaKTUBHux HaBaHTa^eHb K'p .p  [15].

Ha ^oM y piBHi eaeKTponocTanaHHa Koe^i^eHT po3paxyHKoBux aKTHBHHx 

HaBaHTa^eHb K'p .a TaKo®: 3aae^HTb Big e^eKTHBHoro nucaa E n  ne, 

cepegHboBHBa^eHoro K oe^^iem a BHKopucTaHHa aKTHBHoi noTy^HocTi K B.cp Ta CTaaoi 

aacy HarpiBaHHa Mepe^i T0, aKa npuÖMaeTbca T0 = 2,5 rog.

Ha TpeTboMy piBHi eaeKTponocTaaaHHa aepe3 3HanHy KiabKicTb E n  

gonycKaeTbca BeauauHy e^eKTHBHoro aucaa E n  ne BroHaaara 3a cnporn,eHoro 

^opMyaow:

m
2 S  p/ j r  homj

ne -  - ^ -------  (2.26)
P hom.mgkc

ge m — yci E n  (6e3 pe3epBHux), aKi ^HBaaTbca Big muH HH K Tn aöo fflMA;

P hom mcikc — HoMiHaabHa aKTHBHa noTy^HicTb Hafiöiabm noTy^Horo E n  yciei

rpynu.

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

3HaneHHa ne oKpyraaeTbca go Haööau^Horo MeHmoro ^ ao ro  aucaa.



CepegHbOBHBä^eHHH Koe^^ieHT BHKopncTaHHa aKTHBHoi noTy^HOCTi 

BH3HaaaeTbca 3a ^opMyaoro (2.14), aae gaa Bcix ^pa^wwHHx E n  KiabKic™ m.

^HCHOBi 3HaneHHa Koe^^ierniB po3paxyHKOBHx aKTHBHHx HaBaHTmeHb K'p.a 

HaBogaTbca y BignoBigmfi goBigKoBifi TexHiHHiö aiTeparypi [15].

Ha TpeTbOMy piBHi eaeKTponocTaaaHHa po3paxyHKOBe cnaoBe aKTHBHe 

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

m m

P p.3 = K p .a  • ' '  • PnoM .i = K p .a  - ' ' . i  > (2'27)
7=1 7=1

Ha TpeTboMy piBHi eaeKTponocTaaaHHa Koe^i^eHT po3paxyHKoBHx aKTHBHHx 

HaBaHTa^eHb K'p.a Ta Koe^^ieHT po3paxyHKoBHx peaKTHBHHx HaBaHTa^mb K'p.p 

npHHMawTbca piBHHMH (K'p.a = K rp.p), ToMy po3paxyHKoBe cnaoBe peaKTHBHe 

HaBaHTa^eHHa Qp.3 BH3HaaaeTbca aK:

m

Qp.3 = K p .p  • X kb.i • P hom .i • tgVuoM.: = Pp.3 - tg^ ce > (2'28)
i=1

ge tgtyce BignoBigae cepegHboBHBa^moMy 3HaaeHHM Koe^^ieHTa noTy^Hocri

COS (Pc6 .

Po3paxyHKoBe cnaoBe noBHe HaBaHTa^eHHa ^ x y  Ha TpeTboMy piBHi 

eaeKTponocTaaaHHa Mo^Ha BH3HaaHTH TaK:

Sp.3 = P P + Q p ~ 3  , (2.29)

npH ^oM y po3paxyHKoBHH CTpyM:

I  p 3 = P “-3 , (2.30)
-J3 - U om

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



BenHHHHa e^eKTHBHoro HHcaa E n  ne BH3HanaeTbca 3a cnporn,eHoro ^opMyaoro

(2.26)

m

2 • Y  p  .
Y  H0MJ 2 • (48,1 + 43,85 + 37) „  „„„ n = — —--------= ---------------------------- = 12,772 mm.

e p 22

npHHMaeTbca HaööaH^He MeHme ^ a e  ancao ne. = 12 mT.

CepegHbOBHBa^eHHH Koe^i^eHT BHKopHCTaHHa 3kthbhoi noTy^HOCTi gaa Bcix 

E n  ^ x y  po3paxoByeTbca 3a ^opMyaoro (2.14):

k
Y  PCMi p , p  , p  nf. no ctoc 1.̂_ _i=i____ _ 1 cM.mpi!5 + 1 cm.mp2/5 +1 cM.myBH5 _ 36,08 + 30,5325,35 _ ^

ejCe k P 1TO , .
Z p  r noM. mmiN°5 128,95

HOM.i
i=1

Koe^^ieHT po3paxyHKOBoro aKTHBHoro HaBaHTmeHHa gaa oöancaeHHx BHrn,e 

E n  CTaHOBHTb ne = 12 mT. i Kexe = 0,71 3 Taöan^ npnÖMaeTbca K'p,a = 0,89. 3a 

^opMyaoro (2.27) po3paxyHKOBe cnaoBe aKTHBHe HaBaHTa^eHHa Ha TpeTbOMy piBHi 

eaeKTponocTanaHHa gopiBHwe:

p  = 0,89 - 91,953 = 81,84 kBm .p.3

Po3paxyHKOBe peaKTHBHe HaBaHTa^eHHa BH3HaaaeTbca 3a ^opMyaoro (2.27) 3 

ypaxyBaHHaM, ^ o  K'p,p = 1,1

Qp.3 = K p3 • (QcM .mp 1/5 + QcM.mp2/5 + QcM .mVE1/5 ) = 1,1 • (33,16 + 21,2 + 17,58) = 79,13 KBap.

Po3paxyHKoBe cnaoBe noBHe HaBaHTa^eHHa Ha TpeTboMy piBHi 

eaeKTponocTanaHHa BH3HaaaeTbca 3a ^opMyaoro (2.29):

Sp.3 =V  Pp, + QU = V81,842 + 79,132 = 113,84 kBA.



Po3paxyHKOBHH CTpyM Ha TpeTtOMy piBHi eaeKTponocTaaaHHa BH3HaaaeTbca 3a 

^opMyaoro (2.30):

/  ,3 = ^ =  Ä  = ,72,96 , .
' '  >/3 • U o  - ß  ■ 0,38

Yci po3paxyHKOBi BeanaHHH Ta po3paxyHKOBi HaBaHTa®eHHa caaoBHx E n  Ha 

TpeTbOMy piBHi eaeKTponocTaaaHHa HaBogaTbca b T aö a^ i 2.3.

2.4 nonepegmH po3paxyHOK HaeaHTa®eHHa 3araabHoro
e êKTpHHHoro ocBiraeHHH ^ xy

EneKTpHHHe ocBiTaeHHa bhpoöhhhhx npHMirn,eHb e 3araabHHM piBHoMipHHM 

ocBrraeHH^M i BHKoHyeTbca CBrraabHHKaMH, aKi po3nogiaaroTb piBHOMipHO Mi®; 

OKpeMHMH $a3aMH TpH$a3H0i eneKTpHHHoi Mepe®i. ToMy eaeKTpaaHe ocBiTaeHHa 

MO®Ha po3raagara aK Tpn$a3He HaBaHTa®eHHa.

Po3paxyHKOBe HaBaHTa®eHHa 3araabHoro eaeKTpaaHoro ocBiTaeHHa ^ x y  

BH3HanaeTbca MeTogoM Koe^i^eHTa nonm y [1, 12, 18], aae gaa ^ o r o  caig 

po3paxyBaTH BCTaHOBaeHe (HoMiHaabHe) HaBaHTa®eHHa 3araabHoro ocBiTaeHHa ^ x y  

Pycm,o, aKe öiabm tohho BH3HaaaeTbca CBnaoTexHiaHHM po3paxyHKOM (MeTogoM 

Koe^^ieHTa BHKopacTaHHa CBiTaoBoro noToKy). y  nonepegHix po3paxyHKax 

BCTaHoBaeHe (HoMiHaabHe) HaBaHTa®eHHa 3araabHoro ocBiTaeHHa ^ x y  Mo®Ha 

BH3HaaHTH 3a ^opMyaoro:

PycmO = k ■ Pu.0 ' F ' ™-3 , (2.31)

ge k -  Koe^^ieHT, aKHH BpaxoBye noTy®HicTb nycKoBHx npaaagiB 3aae®Ho Big

g®epeaa CBiTaa (gaa aaMn po3®apwBaHHa npaÖMaeTbca k = 1,0; gaa aaMn rany 

k = 1,1; gaa ÄH HH3bKoro THCKy CTapTepHHx k  = 1,2, 6e3 CTapTepHHx -  k  = 1,35);

p n 0 -  nHTOMa ycTaHoBaeHa noTy®HicTb 3araabHoro ocBiTaeHHa ^ x y , Bt/m

F  -  n ao ^a  ^ x y  (aöo giaaHKH ^ x y ) , aKa nigaarae ocBnaeHHro, m2 (po3Mipa 

öepyTbca 3 naaHy).



n p n  BHÖopi g^epeaa CBiTaa gaa 3araabHoro BHyTpimHboro ocBiTaeHHa caig 

BHKopncTOByBaTH nepeBa^Ho ra3opo3pagm aaMnn 3 Haööiabmoro CBrraoBoro 

Biggaaero.

Po3paxyHKOBe aKTHBHe HaBaHTmeHHa 3araabHoro ocBiTaeHHa ^ x y  

BH3HanaeTbca aK:

Ppo = Kn,o ■ PycTO , (2.32)

ge Kn 0 -  Koe^^ieHT nonm y 3araabHoro ocBiTaeHHa;

^ a a  bhpoöhhhhx öygiBeab, rn,o CKaagawTbca 3 oKpeMHx npHMirn,eHb, 

npHHMaeTbca Koe^i^eHT nonHTy 3araabHoro ocBiTaeHHa K n .o  = 0,85, gaa oKpeMHx 

BeaHKHx nporoHiB -  K n .o  = 0,95, gaa HeBeaHKHx bhpoöhhhhx öygiBeab -  K n .o  = 1.

Po3paxyHK0Be peaKTHBHe HaBaHTa^eHHa 3araabHoro ocBiTaeHHa ^ x y  

BH3HaaaeTbca TaK:

Qpo = Ppo ■ tg%  , (2.33)

ge tg@0 BignoBigae 3HaaeHHW Koe^^ieHTa noTy^HOcri cos <g0 3aae^H0 Big THny

(BHgy) g^epeaa CBiTaa.

n p n  ^OMy Koe^i^eHT 3kthbhoi noTy^HOCTi gaa aaMn po3^apwBaHHa 

npHHMaeTbca piBHHM cos^0 =1,0, gaa ÄH HH3bKoro THCKy cos^0 = 0,95, gaa HH 

BHcoKoro THCKy THny ,QPH cos^0 = 0,5.

Po3paxyHKoBe noBHe HaBaHTa^eHHa 3araabHoro ocBiTaeHHa ^ x y

BH3HaaaeTbca 3a ^opMyaow:

Sp.o P o + Q lo (2.34)

npH ^oM y CTpyM BH3HaaaeTbca aK:

I  n = i - r ° (2.35)
p O >/3 ■ U )*  HOM

Pe3yabTaTH po3paxyHKiB 3aHocHMo go Taöan^ 2.3.



BroHaaeHHa po3paxyHKOBoro HaBaHTa«:eHHa 3araabHoro eaeKTpnaHoro ocBiTaeHHa

^ x y  BHpoÖHH^rea BepMimeai

Po3Mipn ^ x y  CTaHoBaaTb: 145 m x 55 m. 3a g®:epeao CBiTaa npHHMaeTbca 

aaMnn THny ^PH.

^ a a  aaMn THny ^PH, aKi BHKopncTOByroTbca b ^ x y  BHpoÖHH^TBa BepMimeai 

mBHgKoro npnroTyBaHHa , npHHMaeTbca nrnoMa ycTaHoBaeHa noTy^rncTb 3araabHoro 

ocBiTaeHHa p p.0 =11 Bt/m2 , Koe^^ieHT k = 1,1.

YcTaHOBaeHe (HoMiHaabHe) HaBaHTmeHHa 3araabHoro ocBiTaeHHa ^ x y  

BH3HanaeTbca 3a ^opMyaoro (2.31)

Pycm.o = k ■ p n .0 ■ F  ■ 10- = 1,1 ■ 11 ■ 145 • 55 • 10-  = 96,498 kB t .

Koe^^ieHT nonHTy 3araabHoro ocBiTaeHHa npHHMaeTbca gaa OKpeMHx 

BeaHKHx nporoHiB K n.0 = 0,95. Po3paxyHKOBe aKTHBHe HaBaHTa^eHHa 3araabHoro 

ocBiTaeHHa ^ x y  BH3HaaaeTbca 3a ^opMyaoro (2.32)

P n = K „ n  ■ P  n = 0,95 ■ 96,498 = 91,67 kB t .

^ a a  aaMn THny flP ^  npHHMaeTbca Koe^^ieHT noTy^HOCTi cos^0 = 0,5, 

aKOMy BignoBigae Koe^^ieHT peaKTHBHOi noTy^HOCTi tg@0 =1,73. Po3paxyHKOBe 

peaKTHBHe HaBaHTa^eHHa 3araabHoro ocBiTaeHHa ^ x y  BHpoÖHH^rea BepMimeai 

BH3HaaaeTbca 3a ^opMyaow (2.33)

Qpo = Ppo ■ tgVo = 91,673 -1,73 = 158,59 m ap.

Po3paxyHKoBe noBHe HaBaHTa^eHHa 3araabHoro ocBiTaeHHa ^ x y  

BH3HaaaeTbca 3a ^opMyaow (2.34):

Sp.o  = B i o  + Qp o  = V91,672 +158,592 = 183,18 kBA .

Po3paxyHKoBHH CTpyM 3araabHoro ocBiTaeHHa ^ x y  BHpoÖHH^rea BepMimeai 

BH3HaaaeTbca 3a ^opMyaoro (2.35):



J SPO 183,18 2 7 8 3 | A

1 - °  - 1 T 0 3 8  -2 7 8 ’31 A

Pe3yntTaTH po3paxyHKy npHBegern y Taönn^ 2.3.

2.4.1 CBiT̂ o-TexHiHHHH po3paxyHOK ocBiT̂ eHHH ^ xy

EneKTpHHHe ocBiraeHHa bhpoöhhhhx npHMirn,eHb e 3aranbHHM piBHoMipHHM 

ocBrraeHHaM i BHKoHyeTbca CBiTHHbHHKaMH, aKi po3noginaroTb piBHOMipHO Mi®; 

OKpeMHMH $a3aMH Tpn^a3Hoi eneKTpHHHoi Mepe®i.

Po3paxoByeMO eneKTpoocBiraeHHa gna npuMimeHHa, po3Mipn aKoro HaBegeHi 

BHrn,e. y  npuMimeHHi ^ x y  nepegöanaeMo poöone TexHonorinHe ocBrraeHHa, 3a 

gonoMorow aKoro 3aöe3nenyeTbca HopMOBaHa ocBrraerncTb Ha poöonnx Mic^x. 

BpaxoBywHH CBrraoTexmnm xapaKTepncTHKH Ta eKoHoMinmcTb icHyronnx g®epen 

CBrraa Ta 3rigHo peKoMeHga^ö gironnö HopMaTHBHHx aKTiB y rany3i öygiBHH^rea, 

BHKopncToByeMo gyroBi pTyTHi nroMmec^HTHi naMnn.

^na  ocBiTneHHa npHMirn,eHHa ^ x y  npHHMaeMo cncTeMy 3aranbHo- 

piBHoMipHoro ocBiTneHHa.

BenHHHHy HopMoBaHoi ocBiTneHocTi gna MaöcTeprn 3ane®Ho Big nproHaneHHa 

BHpoÖHHnoro npHMi^eHHa Ta THny npHHHaToro g®epena CBrraa BHÖnpaeMo 3a 

^BH B.2.5-28-2006. HopMoBaHe 3HaneHHa ocBiraeHHa gna BHpoÖHHnoro npuMimeHHa 

npn 3aranbHoMy ocBrraeHHi Ta BHKopncTaHHi ra3opo3pagHHx naMn CKaagae 500 hk.

n p n  npoeKTyBaHHa eneKTpoocBrraroBanbHHx ycTaHoBoK BpaxoByeMo, rn,o 

hhcho, po3Mi^eHHa i cnociö ycTaHoBKH CBiTHnbHHKiB noBHHHi 3aöe3nenyBaTH 

HopManbHi yMoBH ocBiraeHHa npn HaÖMeHmnx npHBegeHHx 3aTpaTax, nimi 

eneKTpoocBiTneHHa noBHHHi Mara HafiMeHmy goB®HHy i öyTH 3pynHHMH y MoHTa®i 

Mepe®i iHgycTpianbHHM MeTogoM.

3rigHo n y E  MirnManbHa BHcoTa nigBicy CBiTHHbHHKa CTaHoBHTb hnid.MiH„ = 2,5 

m, npHHMaeMo BHcoTy nigBicy hnid = 5 m.

BH3HanaeMo BigcTaHb Mi® CBiraabHHKaMH



L = hM - 2 ,  (2.36)

ge 2 -  Koe^^ieHT, rn,o BH3Hanae HaHBHrigrnmy BigcraHb Mi®; CBiTHHbHHKaMH, 

npHHMaeMO 2  = 1,6.

L = hnid - 2  = 5 -1,2 = 6 m .

BH3HanaeMO KinbKiCTb CBiTHnbHHKiB b pagy

nA = A , (2.37)
L

ge A -  goB®HHa npHMimeHHa, m

A 145 „„ „ ^nA = — = ---- = 24,2 « 25
A L 6

npHHMaeMO nA = 25 mT.

BH3HanaeMO KinbKiCTb pagiB:

n  = B , (2.38)
L

ge A -  goB®HHa npHMimeHHa, m

n = B = 5 5 =9,2  «10,
L 6

npHHMaeMO ns = 10 pagiB.

3aranbHa KinbKiCTb CBiTHHbHHKiB CTaHOBHTb:

n = nA - nB, (2.39)

n = nA - nB = 25 -10 = 250 mT.

BH3HanaeMO mgeKC npHMimeHHa 3a ^opMyaom:

i = -----— -----, (2.40)
hmd - (A + B) ( )



i = A •B =  145 •55 = 7,98.
hmd • (A + B ) 5 • (145 + 55)

BH3HanaeM0 Koe^^ieHT BHKopncTaHHH CBrraoBoro noTOKy. OpiernoBHe 

3HaneHHÄ KOe^ieffllB BigÖHTTH nOBepXOHb pcmeni= 50% , pcmin = 30% , pniönoeu = 10%. 

3aranbHHH Koe^^ieHT BHKopncTaHHH CBrraoBoro noTOKy CTaHoBHTb qe = 79%. 

BH3HanaeMO HeoöxigHHH CBiraoBHH noTiK CBiTHHbHHKa:

E - S - k - z
0  = —0PM-----------, (2.41)

" Ve • n

ge 0  -  po3paxyHKOBHH CBiraoBHH noTiK naMnn, hm;

- hoPm -  HopMoBaHa ocBrraemcTb poöonoi noBepxHi npHMirn,eHHH, hk;

S -  nHorn,a npHMirn,eHHH, M2; 

k -  Koe^ieHT 3anacy, ( k = 1,5-2);

z -  Koe^^ieHT HepiBHoMipHocTi ocBiraeHHH, gHH ^P-4 z = 1,15; 

rje -  Koe^^ieHT BHKopncTaHHH CBiraoBoro noToKy; 

n -  KiHbKiCTb CBiTHHbHHKiB.

0  = E„o,  •S  •k  •z  = 500 •(145 •55) • U  -M 5 = 34828
c r -  0,79 -250

^ hh CTBopeHHa HeoöxigHoro piBHH ocBiraeHocri b npuMimeHHi

BHKopncToByeMo CBiTHHbHHKH 3 gyroBHMH MeTanoranoreHHEMH naMnaMH rany 

^PH-400 noTy^HiCTW 400 Bt, CBiraoBHH noTiK hkhx CKHagae 0 n = 35000 hm. 

BH3HanaeMo ^aKTHHHy ocBiraerncTb:

0  - r  -n ^
* S - k - z V '

^ 0  - r  -n 35000-0,79-250 ^
* S  - k - z (145 - 55) -1,5-1,15



3HaxogHMO BigxnneHHa ^aKTHHHoi ocBrraeHocri Big HopMOBaHoro 3HaneHHa:

AE^ = E  E h  ■ 100%, (2.43)
h

Erh -  E  502 -  500
A E  = - * ---- -  ■ 100% = -------------- 100% = +0,4%

* E  500
h

nopiBHWWHH HOpMaTHBHe 3HaneHHa OCBiTneHOCTi 3 âKTHHHHM, MO^Ha

3poÖHTH bhchobok npo Te, rn,o BHKopncTaHHa naMn ^PH-400 3a6e3nenye HeoöxigHy 

ocBrraemcTb poöonoi noBepxHi (BigxnneHHa ocBrraeHocri nepeBHrnye gonycTHMi

HopMH -10%...+20%).

Tarn«: po3raflHeMo Mo^HHBiCTb BHKopncTaHHa CBiTHHbHHKiB 3

CBrraogiogHHMH naMnn gna Mo^HHBoi eKoHoMii eneKTpoeHeprii.

Po3paxyeMo ocBrraemcTb Ha npHKnagi KynonbHHx LED CBiTHHbHHKiB $ipMH 

HOROZ ELECTRIC rany GORDION-100 noTy^rnc™  100 Bt, CBrraoBHH noTiK aKHx 

CKnagae ®n = 10000 hm. npHHMaeMo BHcoTy nigBicy hnid = 5 m.

BH3HanaeMo BigcTaHb Mm: CBiTHHbHHKaMH

L = hmd Ä = 5-1,4 = 7 m .

BH3HanaeMo KinbKiCTb CBiTHHbHHKiB b pagy

A 145
n , = — = ---- = 20,7 = 21.
A L 7

npHHMaeMo nA = 21 mT.

BH3HanaeMo KiHbKiCTb pagiB:

B 55 _n  = — = —  = 7,86 = 8.
B L 7

npHHMaeMo ns = 8 pagiB.



3araabHa KiabKiCTb CBiTHabHHKiB CTaHOBHTt:

n = nA ■ nB = 21- 8 = 168 mr.

BH3HanaeMO mgeKC npHMimeHHa 3a ^opMyaoro:

/ — A 1 L -  = 145 •55 = 7,98.
hmd ■ (A + B) 5 ■ (145 + 55)

BH3HanaeMO Koe^^ieHT BHKopncTaHHa CBrraoBoro noTOKy. OpieHToBHe

3HaneHHfl Koe^ieHTiB BigÖHTTa nOBepXOHb pcmeji= 50% , pcmiH = 30% , pniÖJtô  = 10%. 

3aranbHHH Koe^^ieHT BHKopncTaHHa CBrraoBoro noTOKy CTaHOBHTb qB = 79%. 

BH3HanaeMO HeoöxigHy KiabKiCTb CBiTHabHHKiB:

E,am ■S  ■k ■z 500 ■ (145 ■ 55)-1,5-1,15 „ „  ,n = — -------------= -------------------------------= 870,7 mm.
T]e — c 0,79 -10000

BpaxoBywHH Mo^aHBiCTb po3Mirn,eHHa ^ a o i KiabKocTi CBiTHabHHKiB B3goB^ 

mnpHHH Ta goB^HHH ^ x y  3 po3MipaMH AxB = 55x145 m2 npHHMaeMo KiabKiCTb pagiB 

CBiTHnbHHKiB NA = 18 Ta KinbKiCTb CBiTHnbHHKiB y pagi NB = 46 mT.

BH3HanaeMo ^aKTHHHy ocBiraemcTb:

^ 0  -T ■ n 10000■ 0,79■ 828
E  = —  = ------------ ----------- = 476j k .

* S ■ k  ■ z  (145 ■ 55) ■ 1,5 ■ 1,15

3HaxogHMo BigxnaeHHa ^aKTHHHoi ocBiraeHocri Big HopMoBaHoro 3HaneHHa:

E h -  E  476 -  500
AE, = - * ------ ■ 100% = --------------100% = -4,8%

* E  500H

nopiBHWWHH HopMaTHBHe 3HaneHHa oCBiTaeHoCTi 3 âKTHHHHM, Mo^Ha 

3poÖHTH bhchobok npo Te, rn,o BHKopncTaHHa CBiraabHHKiB gaHoro rany 3aöe3nenye 

HeoöxigHy ocBiraemcTb poöonoi noBepxm, npn ^oM y BigxnaeHHa ocBiraeHocri He 

nepeBHrnye gonycTHMHx HopM (+20%.. .-10%).



mgcraH^i

Po3paxyHKOBe HaBaHTmeHHa Ha mHHax HH K Tn (TpeTiH piBeHt 

eneKTponocTanaHHfl) HeOÖxigHe gaa BHÖopy HOMmaatHOi noTy^HOcri 

TpaHC^opMaTopiB i po3paxyHKy nOTy^HOCTi npHCTpoiB KOMneHca^i peaKTHBHOi 

noTy^HOCTi cno^HBana.

Ao po3paxyHKOBHx aKTHBHoro Pp3 i peaKTHBHoro Qp3 HaBaHTmeHt chhobhx 

En  caig gogaTH po3paxyHKOBi aKTHBHe Pp.0 i peaKTHBHe Qp.0 HaBaHTa^eHHa 

3araatHOro poöonoro OCBiTaeHHa Ta aBapiÖHoro OCBiTaeHHa (Pp.a.o, Qp.a.o).

n p n  oÖHHcneHHi 3araatHOro po3paxyHKOBoro HaBaHTa^eHHa K Tn 3 

ypaxyBaHH^M po3paxyHKOBoro HaBaHTa^eHHa 3araatHOro eaeKTpHHHOro OCBiTaeHHa 

^ x y  npHHMaertca KOe^i^eHT ogHonacHOCTi 3ÖiraHHa MaKCHMyMiB HaBaHTa^eHHa

K o= \,0 .

Heoöxigm po3paxyHKOBi gam öepyTtca 3 nigpo3gimB 2.3 i 2.4.

3araatHe po3paxyHKOBe aKTHBHe HaBanra^eHHa K Tn BH3HaaaeTtca 3a ^opMynoro:

Pp.KTn = Pp3 + Pp.o + Pp.a.o , (2.44)

3araatHe po3paxyHKOBe peaKTHBHe HaBaHTmeHHa K Tn MO^Ha BH3HaaHTH aK

Qp.KTn = Qp3 + Qpo + Qp.a.o , (2.45)

TaKHM hhhom, 3araatHe pO3paxyHKOBe nOBHe HaBaHTa^eHHa KTn

BH3HaHHTH TaK:

S p.KTn =  ■\JP P.KnT +  Q p.KTn , (2.46)

npH ^OMy pO3paxyHKOBHH CTpyM:

c
I  =  p-KTn (2 47)
1 pKTn V3 • u  ’ K )

ge UHOM -HOMiHantHa Hanpyra Mepe^i gO aÖO nOHag 1 kB.



BroHaneHHA po3paxyHKOBoro HaBaHTmeHHa Ha CTopoHi HH KTn 

Po3paxyHKOBe HaBaHTmeHHa aBapiÖHoro ocBiraeHHa npHHMaeTbca 10 % Big 

poöoHoro.

Po3paxyHOK

3araabHe po3paxyHKOBe aKTHBHe HaBaHTa^eHHa ^ T ^  BH3HanaeTbca 3a 

^opMyaoro (2.44)

P p.ktu = Pp.3 + Pp.o + P p.a.o = 81,84 + 91,67 + 9,17 = 182,68 kBm .

3aranbHe po3paxyHKOBe peaKTHBHe HaBaHTmeHHa K Tn BH3HanaeTbca 3a 

^opMyaoro (2.45)

Qp. KTn = QP. 3 + Qp. o + Qp . a . o = 79,13 +158,59 +15,86 = 253,58 Keap.

3aranbHe po3paxyHKOBe noBHe HaBaHTmeHHa K Tn BH3HanaeTbca 3a 

^opMyaoro (2.46)

Sp.KTn =<]p 2pjo,t + Ql.KTn = V 182,682 + 253,582 = 312,53 kBA.

Po3paxyHKOBHH CTpyM 3 öoKy HH K Tn 3HaxogHMO 3a ^opMyaoro (2.47)

I  = Sp.KTn = 312,53 = 474 84 a
^  V 3■ U hom 4 1 ■ 0,38 474,84 A.

Po3paxyHOK öyao npoBegeHO gaa 1 amii BHpoÖHH^TBa. OcKiabKH Ha ^ aö p n ^  

^pa^roe 5 mmö BHpoÖHH^TBa BepMimeai, 3HaneHHa Pp.3  Ta Qp.3, a BignoBigHO i Sp.3 

noMHO^ywTbca Ha n ’aTb (TaK aK oöaagHaHHa, BCTaHOBaeHe Ha aimax aHaaoriHHe)

Pe3ynbTaTH 3aHOcaTbca go Taöan^ 2.3
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1 2 3 4 5 6

1-2 3M imyBan 1-2 2 11 2 2 0,8

3 ^yro-pigiHHHH Hacoc 1 0 ,75 0 ,75 0 ,7

4-5 H a co c  a y ^ H o ro  pe3epByapy 2 1,5 3 0 ,7

6 -1 2 P .B aab^B  6e3nepepB H oro HanoBHeHHa 
xoHBeepa 4 -1 0

7 0 ,55 3 ,85 0 ,8

13 MamHHa KoM6iHyBaHHa ancTa TicTa 1 18,5 18,5 0 ,7

B cb o ro  n o  f f lP  1 13 48,1 0 ,75

1-7 B a a b ^  6e3nepepB H oro cracKaHHa TicTa 5 0 ,75 3 ,75 0 ,8

8 PoaHKH 3'egHaHHfl 1 0 ,75 0 ,75 0 ,55

9 Pi3aabHa MamuHa 1 5,5 5,5 0 ,8

10 H a co c  naTeabHoro o6aagHaHHa 1 3 ,7 3 ,7 0 ,7

11 BeHTHaaTop napoBoi' o6 p o 6 kh 1 0 ,2 0 ,2 0 ,8

12 BeHTHaaTop oxoaog^ eH H a 1 0 ,4 0 ,4 0 ,8

13 H a co c  n ogan i npnnpaB 1 0 ,4 0 ,4 0 ,7

14 PoTopHa MamHHa 3MimyBaHHa 1 0 ,75 0 ,75 0 ,8

15 AnapaT g a a  o6po6KH rocrpHM napoM 1 0 ,4 0 ,4 0 ,55

16 Tenaoo6MiHHHH anapaT 1 21 21 0 ,7

17 EaeBaTop oxoaog^ eH H a 1 7 7 0 ,55

B cb o ro  n o  f f lP  2 15 4 3 ,8 5 0 ,7 0

1 ^HpKy^a^iHHHH H acoc Macaa 1 2 2 2 2 0 ,7

2 M acaoftiabT p rp y 6 o i ohhctkh 1 0 ,2 0 ,2 0 ,7

3 CncTeMa napaaeHbH oro nigHoMy 1 3 ,7 3 ,7 0 ,55

4 O xoaog^yronH H  KoHBeep 1 3 ,7 3 ,7 0 ,55

5-9 BeHTHaaTop oxoaog^ eH H a 5 0 ,3 7 1,85 0 ,8

10-14 BeHTHaaTop oxoaog^ eH H a 5 0 ,3 7 1,85 0 ,8

15-19 BeHTHaaTop oxoaog^ eH H a 4 0 ,3 7 1,48 0 ,8

2 0 -2 3 BeHTHaaTop oxoaog^ eH H a 4 0 ,3 7 1,48 0 ,8

2 4 -2 5 KoHBeep 36npaHHa 2 0 ,3 7 0 ,7 4 0 ,55

B cb o ro  n o  f f lY B  1 24 37 0 ,6 9

B c t o r o  n o  n r n r i 52 128 ,95 0,81

HaBaHTa^eHHA Big ocBiTaeHHa

HaBaHTa^eHHa Big aBapiHHoro ocBiTaeHHa

3 A r A n t H E  H A B . H A  K T n



npogoB^eHHA T aön^i 2.3
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7 8 9 10 11 12 13 14 15 16

0 ,8 0 ,75 17 ,60 1 3 ,200

0,85 0 ,6 2 0 ,53 0 ,3 2 5

0,85 0 ,6 2 2 ,1 0 1,301

0 ,8 0 ,75 3 ,0 8 2 ,3 1 0

0,85 0 ,6 2 12,95 8 ,0 2 6

0 ,7 4 0 ,9 2 3 6 ,0 8 3 3 ,1 6 4 1,04 3 7 ,5 2 3 6 ,4 8 52 ,33 79 ,51

0 ,8 0 ,75 3 ,0 0 2 ,2 5 0

0,75 0 ,8 8 0,41 0 ,3 6 4

0 ,8 0 ,75 4 ,4 0 3 ,3 0 0

0,85 0 ,6 2 2 ,5 9 1,605

0 ,8 0 ,75 0 ,1 6 0 ,1 2 0

0 ,8 0 ,75 0 ,3 2 0 ,2 4 0

0,85 0 ,6 2 0 ,2 8 0 ,1 7 4

0 ,8 0 ,75 0 ,6 0 0 ,4 5 0

0,75 0 ,8 8 0 ,2 2 0 ,1 9 4

0,85 0 ,6 2 14 ,70 9 ,1 1 0

0,75 0 ,8 8 3 ,85 3 ,3 9 5

0 ,8 2 0 ,6 9 30 ,53 2 1 ,2 0 4 1,08 3 2 ,9 8 2 3 ,3 2 4 0 ,3 9 6 1 ,3 7

0 ,85 0 ,6 2 15 ,40 9 ,5 4 4

0,85 0 ,6 2 0 ,1 4 0 ,0 8 7

0,75 0 ,8 8 2 ,0 4 1,795

0,75 0 ,8 8 2 ,0 4 1,795

0 ,8 0 ,75 1,48 1 ,110

0 ,8 0 ,75 1,48 1 ,110

0 ,8 0 ,75 1,18 0 ,8 8 8

0 ,8 0 ,75 1,18 0 ,8 8 8

0,75 0 ,8 8 0,41 0 ,3 5 9

0 ,8 2 0 ,6 9 2 5 ,3 5 17 ,58 3 1,15 2 9 ,1 5 19,33 3 4 ,9 8 5 3 ,1 4

0 ,7 9 0 ,7 8 9 1 ,9 5 7 1 ,9 4 12 0 ,8 9 8 1 ,8 4 7 9 ,1 3 1 1 3 ,84 1 7 2 ,96

9 1 ,6 7 1 5 8 ,59 183 ,18 2 7 8 ,3 1

9 ,1 7 15 ,86 18 ,32 2 7 ,8 3

5 1 0 ,0 3 5 7 0 ,1 2 7 6 4 ,9 6 1162,3



niKOBHH CTpyM E n  (gBox -  n ’̂ TH E ^) Hanpyroro go 1 kB BH3HanaeTbCÄ äk [8]:

n -1

1 niK 1 nycK.MaKC +  1 hom  (2.48)
1

ge I ^ ckm cikc  -  Hanömbmnn 3 nycKOBHx CTpyMiB ogHoro E ^  y rpyni 3a naCnopTHHMH

gaHHMH;
n —1

^  Thom -  cyMapHHH HOMiHanbHHH CTpyM rpynn E n  6e3 ypaxyBaHHÄ
1

HOMiHanbHoro CTpyMy Hanömbmoro 3a noTy^HiCTW E ^;

niKOBHH CTpyM Big rpynn ömbme n '^ra E n  Hanpyroro go 1 kB npu aKTHBHo- 

iHgyKTHBHOMy HaBaHTa^eHHi 3 goCTaTHboro TonmCTro MO^Ha BH3HanHTH äk 

apn^MeTHHHy cyMy Haöömbmoro 3 nycKoBHx CTpyMiB E ^  y rpyni Ta po3paxyHKoBoro 

CTpyMy BCix E n  rpynn 6e3 HoMmanbHoro CTpyMy E ^  3 HaöömbmHM nyCKoBHM 

CTpyMoM npu TB =1 [3]

I .  = I  + (I  7 — k • I  ), (2.49)niK nycK .jmokc \  p .2 6 hom .jmokc2 ’ v /

ge I  2-  po3paxyHKoBHH CTpyM yCix E n  (po3paxyHKoBHH CTpyM gpyroro piBHÄ 

eneKTponoCTanaHHÄ);

ke -  Koe^^ieHT BHKopHCTaHHÄ E ^  3 HanöinbmHM nyCKoBHM CTpyMoM;

I hmmgkc-  HoMiHaHbHHH CTpyM E ^  3 HaHÖiHbmHM nyCKoBHM CTpyMoM

npn TB = 1.

Hanömbmi nyCKoBi CTpyMH E ^  InycKMaKc g^Ä gaHoi rpynn BnönparoTbCÄ 3 

Taönn^ 2.1.

niKoBHH CTpyM rpynn E ^, ÄKi BMHKaroTbCÄ ogHonaCHo, gopiBHroe CyMi 

nyCKoBHx CTpyMiB ^HX E^. niKoBa (nyCKoBa) noTy^HiCTb BH3HanaeTbCÄ TaK:

S . ,  , = y / 3  • U  • I . f „  (2.50)

ge I ra.K -  niKoBHH CTpyM, äkhh BH3HanaeTbCÄ 3a ^opMynaMH (2.48) Ta (2.49), a 

nyCKoBHH CTpyM I^ck 3a ^opMynoro (2.12);



^ k npHKaag, po3paxyeMO niKOBi CTpyMH Big E n  pagiaatHOi aiHii go m y B  1/5. 

nepeaiK npHHMaaiB, aKi ^HBaaTtCa Big m y B  1/5 HaBegeHO y Taöan^ 2.3. 

HafinoTy^HimHH E n  ^ e i  rpynn -  ^HpKyaa^iHHHH Hacoc MaCaa, HOMmaatHOW 

noTy^HiCTW P HOMd = 22 kBt. Koe^^ieHT noTy^HOCTi gopiBHwe cos^=  0,85, a 

Koe^^ieHT BHKopHCTaHHa ke = 0,7.

HoMmaatHHH CTpyM E ^  3 HaööiatmHM nyCKOBHM CTpyMOM npn TB = 1 i 3a 

BigcyTHOCTi naCnopranx gaHHx E ^  gaa ^ e i  rpynn npHHMaaiB BH3HaaaeTtCa 3a 

^opMyaoro (2.11)

I  22 56 i ?7 ,i
S  • 0,38 • 0,85 • 0,7 ’ '

Horo nycKOBHH CTpyM 3HaxogHMO 3a ^opMyaoro (2.12):

I  = 5 • 56,177 = 280,886 A.

3 nigpo3giay 2.2 po3paxyHKOBHH CTpyM gpyrOrO piBHa eaeKTponoCTaaaHHa gaa

E n  m Y B 1/5 I  = 53,14 A.
p .2

niKOBHH CTpyM Big rpyn öiatme n ’aTH E n  BH3HanaeTtca 3a ^opMyaoro (2.49): 

1  = 280,886 + (53,14 -  0,7 • 56,177) = 294,702 A

AHaaoriaHO po3paxoBywTtCa niKOBi CTpyMH mmnx En. OTpHMarn pe3yatTaTH 

3aHOCHMO gO Taöa. 2.4. Bohh BHKOpHCTOByeTtCa gaa BHÖopy yCTaBOK po3aenaroBaaiB 

aBTOMaTiB Ta naaBKHx BCTaBOK 3ano6rn:HHKiB.

T a ö a n ^  2.4 -  PO3paxyHOK niKOBHx HaBaHTa^eHt

Ha3Ba m P

^ a m  H aM noTy^m m oro E n

PO3paxyHKOBHH 
CTpyM, Ip . 2 , A

K o e ^ i^ eHT
BHKOpHCTaHHa,

B.O.

niKOBHH 
CTpyM, IniK, AH om . CTpyM,

InoM.Ma.Kc, A
nyCK.OrpyM,

InycK.M aKc, A

m p  1 4 7 ,2 4 2 3 6 ,2 79 ,51 0 ,7 2 8 2 ,6 4

m p  2 5 3 ,6 2 2 6 8 ,1 6 1 ,3 7 0 ,7 2 9 1 ,9 5

m y B  1 56 ,1 8 2 8 0 ,9 5 3 ,1 4 0 ,7 2 9 4 ,7 0



3 BHEIP HGMIHÄ^BHGI nOTY^HOCTI TPAHCOOPMATOPA
^ X O B O I n MCTAHTTII

n p n  BHÖopi noTy^HOCTi TpaHC^opMaTopiB K Tn caig BpaxoByBara ix 

HaBaHTa^yBantHy 3garnicTb.

noTy^HiCTt TpaHC^opMaropiB K Tn BHÖnparoTb 3a po3paxyHKoBHM 

HaBaHTa^eHH^M. OcKiabKH HaBaHTa^eHHa Ha raHHax 0,38 kB Haae^HTb go 3-ro piBHa 

eaeKTponocTanaHHa i BH3HanaeTbca 3a cepegHbo3MiHHHM HaBaHTmeHHaM 3a Hafiöiabra 

3aBaHTa^;eHy 3MiHy, to ^  yMOBa BHKoHyeTbca, TOMy rn,o noTpoeHa nocrißHa nacy 

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

noTy^rncTb TpaHC^opMaTopa BHÖnparoTb 3 ypaxyBaHHaM HeoöxigHoro 

pe3epByBaHHa Bcix E n  1-i KaTeropii HagiÖHocTi Ta ochobhhx E n  2-i KaTeropii b 

pe3yabTari poöora aBTOMarnnHoro BMHKaHHa pe3epBy (ABP) Ha cewÖHoMy aBTOMari 

(KoHTaKTopi) aöo BMHKaHHi pe3epBHoi nepeMHHKH Big cycigHboi nC.

MimManbHa noTy^HicTb TpaHC^opMaropa öyge b ToMy BHnagKy, kohh nepe3 

Hboro peaKTHBHa noTy^HicTb He nepegaeTbca, a noBHiCTW KoMneHcyroTbca Ha CTopoHi 

go 1 kB. ^  6a3oBHH BapiaHT, npn aKoMy po3paxyHKoBe peaKTHBHe HaBaHTa^eHHa 

K Tn Qp K Tn gopiBHwe BCTaHoBaeHHW Bciei noTy^HocTi HH3bKoBoabTHHx 

KoHgeHcaTopiB (HK) QH.K.

n p n  Tpbox i MeHrae TpaHC^opMaTopax ix HoMrnaabHy noTy^HicTb BHÖnparoTb 

3a po3paxyHKoBHM aKTHBHHM HaBaHTmeHHaM 3 ypaxyBaHHaM npnÖHaToro 

K oe^^iem g 3aBaHTa^eHHa TpaHC^opMaropa Pm 3a eMnipHHHoro ^opMyaoro [ 5,18]

p
Shom * ShomT.p = , KBA (3.1)

ge ShomT -  noBHa HoMrnaabHa po3paxyHKoBa noTy^HicTb TpaHC^opMaropa;

P ^ m -  cyMapHe po3paxyHKoBe aKTHBHe HaBaHTa^eHHa K Tn 3 nigpo3giay 2.6;

N  -  KiabKicTb TpaHC^opMaTopiB Tn.

OönpaeTbca HaööaH^Ha öiabraa CTaHgapTHa HoMrnaabHa noTy^HicTb TP [2].



nepBHHHa Hanpyra TpaHC^opMaTopa 6 kB.

^epe3 Te rn,o E n  Haae^aTb go 2-i KaTeropii HagiÖHocTi, npHHMaeTbca 

ABOTpaHc^opMaTopHa K Tn i Koe^i^eHT 3aBaHTä«:eHHa TpaHc^opMaTopa ß T = 0,7. 3a 

^opMyaoro (3.1)

S > S T = 510,03 = 364,307, kBA
H O M  H O m T  . p  ^  Q  ^  ^

BnÖHpaeMO TpaHC^opMaTop 3 HoMmaabHoro noTy^rnc™  SHOM = 630 kBA THny 

TM3 -  630/6/0,4.

3.2 BH3HaneHHH noTy^HOcri KOHgeHcaTopHux ycTaHOBOK 3 HOMrnâ bHoro 

Hanpyroro KOHgeHcaTopiB 0,4 kB

OcKinbKH b öiabmocTi BHnagKiB SHmfT > SĤ T to nepe3 BHÖpam

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

6 kB y Mepe^y Hanpyrow go 1 kB gaa 3aöe3neneHHa öa^aHoro Koe^^ieHTa 

3aBaHTa ;̂eHHa pT. Ba peaKTHBHa noTy^HicTb BH3HanaeTbca aK [8]

Qt =yl(N  ■ß T ■ Shom.t )2 -  PP,KTn , KBaP ß .2 )

^Krn,o nig KopeHeM BeaHHHHa 3i 3HaKoM MiHyc, to npHHMawTb Qt = 0. 

noTy^HiCTb HK 3 HoMiHanbHow Hanpyrow 0,4 kB BH3HanaeTbca TaK:

Qh.K = Qp.KTn — Qt , KBap (3.3)

ge QpKm - cyMapHe po3paxyHKoBe peaKTHBHe HaBaHTa^eHHa KTn, HaBegeHo b

mgpo3gim 2.6, KBap.

^Krn,o Qh K < 0, to BCTaHoBawBaTH KoHgeHcaTopn (HK) 3 HoMmaabHoro 

Hanpyrow 0.4 kB He noTpiÖHo.



^Krn,o ^xoB a ^HBHntHa Mepe^a BHKoHyeTbca TinbKH KaöenaMH, to 

KOMnneKTHi KoHgeHcaToprn ycTaHoBKH (KKY) peKoMeHgyeTbca npuegHyBaTH go iiihh 

po3nogintHoro npucTpow HH ^ xoboi n C  [4]. ^na  3acTocyBaHHa npuÖMaeTbca 

HaöönH^Ha cTaHgapTHa BenunuHa noTy^Hocri KKY QHKCm, aKa BuöupaeTbca 3i

cne^anbHoi TexHiHHoi mTepaTypu (KaTanoriB 3aBogiB-BHroToBnroBaHiB) Ta 3 Taönu^ 

.H. gogaTKa [2]. n p u  gBOx TpaHc^opMaTopax Ha n C  KinbKiCTb KKY Mae öyTH napHow.

^Kffl,o npu BCTaHoBneHHi HH3bKoBonbTHux KoHgeHcaTopHHx ycTaHoBoK (HKY) 

3anumaeTbca HeKoMneHcoBaHa peaKTHBHa noTy^HiCTb, to ii KoMneHcywTb 3a 

gonoMorow gogaTKoBux BucoKoBonbTHux KoHgeHcaTopHHx ycTaHoBoK (BKY) 

Hanpyrow 6,3 aöo 10,5 kB, aKi BcTaHoBnem Ha muHax P n , B Pn, n rB , r n n .  

BenuHHHa ^ e i  HeKoMneHcoBaHoi peaKTHBHoi noTy^Hocri gna ko^ hoi ^ T ^  He3HaHHa, 

rn,o oöyMoBneHe gocTaTHbo 6nu3bKHM kpokom cTaHgapTHux BenunuH noTy^Hocri 

KKY, ane b pa3i HaaBHocTi Ha nignpueMcTBi BenuKoi KinbKocTi ^ xobhx n C  HacTKa ii 

3pocTae.

HeKoMneHcoBaHy peaKTHBHy noTy^HicTb BH3HanawTb 3a ^opMynow:

QneaK = Qh.k ~ Qn.K.am , K6ÜP  (34)

BuöupaeMo HeoöxigHy noTy^HicTb KKY, aKa npuegHaHa go muH HH 

ogHoTpaHc^opMaTopHoi KTn.

3a ^opMynow (3.2) Hepe3 TpaHc^opMarop 3 Koe^^ieHToM 3aBaHTa ;̂eHHa 

TpaHc^opMaTopa ß T = 0,7 3i ctopohh 6 kB y Mepe^y Hanpyrow go 1 kB nepegaeTbca 

TaKa peaKTHBHa noTy^HicTb:

Q  = y j(2 • 0.7 • 630)2 -  510,032 = 719,578 m ap

3a ^opMynow (3.3) noTy^HicTb HK 3 KoHgeHcaTopaMH HoMmanbHoro 

Hanpyrow 0,4 kB:

Qhk  = 570,12 -  719,578 = -149,458, m ap

Qh K< 0, to BcTaHoBnwBaTH KoHgeHcaTopu 3 HoMmanbHoro Hanpyrow 0,4 kB 

He noTpiÖHo.



4 BHEIP nEPEPI3y nPÜBI^HHKIB

y  gaHOMy gnnaoMHoMy npoeKTi BHÖopy nigaarawTb nepepi3H TaKHx 

npoBigHHKiB:

• KaöeabHi aiHii Hanpyrow 6 kB, aKi 3'egHywTb TpaHC^opMaropn ^ xobhx n C  

3 rnHHaMH Pn;

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

• po3nogiabHoi Mepe^i Big CPffl go E n;

Bnöip nepepi3y npoBigHHKiB, aK i napaMeTpiB iHiiiHx eaeMeHTiB cnaoBoi 

Mepe^i, Mae BignoBigaTH ix poöoTi b HopMaabHoMy, ^opcoBaHoMy (nepeBanra^eHHa) 

i aBapiÖHoMy (K3) pe^HMax CEn.

Bnöip nepepi3y npoBigHHKiB y 3araabHoMy BHnagKy BH3HaaaeTbca 3a 

eKoHoMiHHow rycTHHow CTpyMy, HarpiBaHHaM, BTpaTaMH h BigxnaeHHaMH Hanpyrn, 

eaeKTpogHHaMiHHow CTiHKicTW h MexaHiHHow M^Hicrw (i3oaa^a npoBigHHKiB Mae 

BignoBigaTH Kaacy Hanpyrn) [8, 14].

4.1 Buöip nepepi3y KaöeabHoi' aiHii' Hanpyroro 6 kB

Bnöip nepepi3y KaöeabHoi aiHii Hanpyrow 6 kB 3gincHweTbca 3a HopMaabHHM 

pe^HMoM HaBaHTa^eHHa, a nepeBipKa BnöpaHoro nepepi3y -  3a MaKCHMaabHHM 

pe^HMoM HaBaHTa^eHHa i Ha cTiHKicTb 3a aBapiÖHHM pe^HMoM. nepeBipKy 3a 

yMoBaMH KopoHH, a TaKo^; Ha MexaHiHHy M^HicTb ®na KaöeaiB npoBogHTH He 

noTpiÖHo, 6o MiHiMaabHHH nepepi3 aawMiHieBoi ^n an  gaa KaöeaiB CTaHoBHTb 2,5 mm2 

, a nepepi3 MigHoi -  1,5 mm2 , wo BignoBigae MiHiMaabHoMy nepepi3y npoBigHHKa.

4.1.1 Bnöip nepepi3y Kaöeaw 3a HopiviaabHHivi pê HMOM

n p n  BHÖopi nepepi3y Kaöeaw, aKnn ^HBHTb K Tn 3 TpaHC^opMaropoM 

(TpaHC^opMaTopaMH) 6/0,4 kB, aK CTpyM HopMaabHoro pe^HMy Ihopm npn pagiaabHifi 

cxeMi He3aae^Ho Big nncaa TpaHC^opMaropiB K Tn (ogHH aöo gBa) npnnMaeTbca



HOMmanbHHH nepBHHHHH CTpyM TpaHC^opMaropa, aKHH BH3HaaaeTbCa 3a 

nacnopTHHMH gaHHMH TpaHC^opMaropa 3a ^opMyaoro:

s
I  = I  = ---- H2M̂-----  A (4 1)1 HOpM 1 HOM.T .1 pr JJ ’ ’ V4 ' 1/

'' U HOM.T.1

ge SHOM T -  HOMiHanbHa noTy^HiCTb TpaHC^opMaropa, kBA;

UhomT i -  HOMiHanbHa nepBHHa Hanpyra TpaHC^opMaTopa, kB.

Ekohomwho BHrigHHH nepepi3 KaöeaiB BH3HaaaeTbCa aK:

S„ = ’- f - , m m2, (4.2)
J eK

ge i hoM -  CTpyM HOMiHanbHoro pe^HMy,

J eK -  HopMOBaHe 3HaneHHa eKOHOMiHHO BHrigHoi rycTHHH CTpyMy, A/mm2. 

Po3paxyHKOBHH eKOHOMiHHO BHrigHHH nepepi3 SeK oKpyraaeTbCa go HafiöaH^aoro 

öiabmoro aöo MeHmoro CTaHgapTHoro nepepi3y Sct, mm2.

4.1.2 Bußip nepepi3y Kaßearo 3a MaKCHMaabHHM pê HMOM

y  pe^HMi MaKCHManbHoro HaBaHTmeHHa KaöeaiB gonycthmhh gaa gaHoro 

Kaöearo CTpyM 3 ypaxyBaHHaM yMoBH npoxaagKH Ta BigxnaeHHa 

napaMeTpiB HaBKoanmHboro CepegoBH^a Big CTaHgapTHHx yMoB Idon Ta Koe^^iemiB 

gonycTHMoro nepeBaHTmeHHa K nep, aKi HaBogaTbca b T aöan^x  1.3.1 i 1.3.2 n y 3 ,  

nopiBHWWTb 3i CTpyMoM Horo ^opcoBaHoro pe^HMy I® 3 ypaxyBaHHaM Koe^^ieHTa

pe3epByBaHHa Kpe3.

K  • I' > I ,  = K  • I  , A, (4.3)

npH npoeKTyBaHHi y BHxigHHx gaHHx He 3agaeTbca rpa^iK HaBaHTa^eHHa E n  

^ x y , ToMy mh npHHMaeMo Koe^i^eHT gonycTHMoro nepeBaHTa^eHHa K nep = 1. 

^onycthmhh TpHBaaHH CTpyM gaa KaöeaiB Hanpyroro 6 kB 3 ypaxyBaHHaM yMoB 

npoKaagKH Ta BigxnaeHHa napaMeTpiB HaBKoanmHboro cepegoBH^a Big CTaHgapTHHx 

yMoB npn ix TpHBaaoMy xapaKTepi BH3HaaaeTbCa TaK:



I'öo, = Kcp ■ K p  ■ lg,,,, A, (4.4)

ge K  -  nonpaBOHHHH Koe^^ieHT Ha TeMnepaTypy HaBKoaamHboro cepegoBHrn,a,

aKrn,o BOHa BigMiHHa Big cTaHgapTHoi (T aöa^a 1.3.3 nYE);

K np -  nonpaBKOBHH Koe^^ieHT Ha KiabKicTb KaöeaiB, rn,o ae^aTb nopya y 3eMai

(T aöa^a 1.3.26 nYE);

l don -  gonycTHMHH TpHBaaaö CTpyM npoBigHHKa CTaHgapTHoro nepepi3y gaa

CTaHgapTHHx yMoB (gaa oKpeMoi mmi; CTaHgapTHHx TeMnepaTyp gaa 3eMai Ta Bogn 

+15 °C i 25 °C gaa noBiTpa) 3aae^Ho Big MaTepiaay ^u a , ix i3oaa^i, cnocoöy 

npoKaagaHHa, A (Taöan^).

nonpaBKoBHH Koe^^ieHT Ha TeMnepaTypy HaBKoanmHboro cepegoBHrn,a K cep 

Mo^Ha TaKo^; oöancaHTH 3a ^opMyaoro:

~T —TTS _ ceP (A i:\
cep \ J1 T , ( . )\ rn. h cep.H

ge T ^H; T h -  HopMoBaHi TpHBaao gonycTHMi TeMnepaTypa ^ a a a  Ta cepegoBH^a

BignoBigHo;

Tcep -  ^aKTHHHa TeMnepaTypa HaBKoanmHboro cepegoBH^a (npHHMaeTbca 

3aae^Ho Big peaabHHx gaHHx).

T a ö a n ^  4.1 -  gonycTHMi TeMnepaTypa npoBigHHKiB y HopMaabHoMy, 
^opcoBaHoMy Ta aBapiÖHoMy pe^HMax

^onycTHM a TeMnepaTypa * H a a  T ^ .h, °C

B u g  npoßigHHKa T pbaaaa 3a 

HopMaMH

KopoTKoTpbaaaa npu  

nepeaaHTa^eHHax

rpaHHHHa n p u  KopoTKux 

3aMHKaHHax
K aöea i 3 nanepoaoro  

npoconeH oro i3o a a ^ ero :
- g o  1 kB 80 125 2 0 0

- 6  kB 65 1 0 0 2 0 0

-1 0  kB 60 90 2 0 0

K aöea i i n p o a o g u  3 i3oaa^ ero:

- ryM oaoro 3BHHaHHoro 55 1 0 0 150

- ryM oaoro TenaocrrnKoro 65 1 1 0 150
- noaiB im axaopH gH oro 70 90 150

- n oa iem a eH o a o ro 70 80 1 2 0



^onycTHMi TeMnepaTypn HarpiBaHHa npoBigHHKiB 3aae®aTb Big ix KoHcTpy^ii 

Ta pe®HMy (Taönn^ 4.1).

CTpyM ^opcoBaHoro pe®HMy I® gaa gBOTpaHC^opMaTopHHx n C  3 

pe3epByBaHH^M Mi®; cycigmMH n C  3a gonoMororo KaöeabHHx nepeMHnoK npn Hanpy3i 

go 1 kB npHHMaeTbca Kpe3 =1,3, npn pe3epByBaHHi 3a gonoMororo ttthhhhx nepeMHnoK 

HH -  Kpe3 =1,4, 6e3 pe3epByBaHHa -  Kpe3 = 1,0 3a BigcyTHocTi gaHHx.

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

3HaneHHA HaööaH^Horo öiabmoro CTaHgapTHoro nepepi3y Kaöearo, m,oö BoHa 

BHKoHyBanact.

4.1.3 nepeBipKa Kaßearo Ha TepMiHHy criHKicrb

n p n  Hanpy3i noHag 1 kB Kaöeai, aKi 3axnm,aroTbca 3ano6i®HHKaMH, Ha 

TepMiHHy CTiHKicTb npn K3 He nepeBiparoTbca. TepMiHHa 3gaTHiCTb Mo®e öyra 

o^HeHa HaÖMeHmHM nepepi3oM Kaöearo (mm2), TepMocTiHKHM go CTpyMiB K3, aK:

c yJBK 4 IKt IK'Jt 2 (A £\
SMm = ^ r  = ^ T  = ~ ^ T > MM > (46)

ge ß K -  TenaoBHH iMnyabc CTpyMy, A2c;

C -  TeMnepaTypHHH Koe^^ieHT, aKHH BpaxoBye oÖMe®eHHa gonycTHMoi 

TeMnepaTypn Kaöearo, Ac1/2/mm2;

IK = Ino -  nonaTKoBe 3HaneHHa nepiogHHHoi CKaagoBoi CTpyMy Tpn$a3Horo

KopoTKoro 3aMHKaHHa, A;

t -  gificHHH nac BHMHKaHHa K3, c.

BeaHHHHa giHCHoro nacy BHMHKaHHa K3 t CKaagaeTbca 3 nacy gii ocHoBHoro 

peaeÖHoro 3axncTy (P3) t3ax. ^acy BHMHKaHHa BHMHKana teuMUK.e (Mo®Ha npHHHaTH 

3HaneHHHa teUMUK.e = 0,05 c) i cTaaoi nacy anepiogHHHoi cKaagoBoi cTpyMy KopoTKoro 

3aMHKaHHa (Ta = 0,05 c)

t = t + 1 + T , c. (4.7)
3 a x  6 U M U K .6  a ’  V  /



Ha aiHiax go KTn, aKi BigxogaTt Big muH P n  , 3acTocoByeTtca 

gBOCTyneHeBHH cTpyMoBHH P3, aKHH cKaagaeTtca 3i CTpyMOBOi BigciaKH (CB) i 

MaKcuMaatHoro CTpyMOBoro 3axucTy (MC3).

Ochobhhm 3axucTOM gaa pagiaatHux cxeM ^HBaeHHa K Tn 6e3 EA Ha BBogi go 

TpaHC^opMaTopa (rayxuH BBig) npu kopotkhx aiHiax, rn,o xapaKTepHo gaa 

npoMucaoBux nignpueMCTB, e CB. y  ^oM y BunagKy gificHufi aac BHMHKaHHa K3 

Mo^Ha npuHHaTH t = 0,2c.

Ochobhhm 3axucToM gaa MaricTpaatHux cxeM ^HBaeHHa K Tn e MC3.

^ a a  ogHocryneHeBoi cxeMH npu MaricTpaatHoMy ^HBaeHHi K Tn Big muH 

gificHHH aac BHMHKaHHa K3 Mo^Ha npuHHaTH t = 0,6c.

^K ^o nicaa po3paxyHKy 3a ^opMyaoro (4.6) BHKoHyeTtca yMoBa SCT > SMm, to 

3aaumaeTtca cTaHgapTHHH nepepi3 Kaöearo. ^K ^o nicaa po3paxyHKy SCT < SMh , to 

HeoöxigHo npuHHaTH HoBe Hafiöau^ae öiatme 3HaaeHHa cTaHgapTHoro nepepi3y 

Kaöeaw SCT > SMiH. Kaöeat MapKH AATTTb 3acTocoByroTt gocurt aacro. BiH Mae

aawMiHieBi ^uau , nanepoBy npocoaeHy Macao-Karn^oatHy Ta HecriKaroaoro MacaMH 

i3oaa^ro, aaroMmieBy oöoaoHKy, maaHr noBepxHeBHH noaiBimaxaopugHHH.

Buöip nepepi3y Kaöearo Hanpyroro 6 kB go K Tn

HoMiHaatHa noTy^HicTt TpaHc^opMaTopa SHOjw r =630 kBA. Pe3epByBaHHa Ha 

cropom nepegöaaeHe. P n  e BÖygoBaHHM y öygiBaro ^aöpuKH. Big K Tn 

^HBaaTtca E n  2-i KaTeropii. ToMy npuHMaeTtca KiatKicTt roguH BHKopucTaHHa 

MaKcuMyMy HaBaHTa^eHHa 3a piK TMaKC = 5000 rog/piK, Koe^^ieHT gonycTHMoro 

nepeBaHTa^eHHa Kaöearo K mp = 1, MapKa Kaöearo A A T b, TeMnepaTypa 

HaBKoaumHtoro cepegoBurn,a (3eMai) Tcep -20 °C, noaaTKoBe 3HaaeHHa nepioguaHoi 

cKaagoBoi cTpyMy Tpu$a3Horo K3 y MaKcuMaatHoMy pe^HMi Ha muHax 

P n  In0 = 6 kA.

Po3paxyHoK. 3a ^opMyaow (4.1) BH3HaaaeTtca HoMiHaatHHH nepBHHHHH 

cTpyM TpaHc^opMaTopa:

IhomT , = 4 ^  = 60 ,62 ,A.
-s/3 • 6



^ a a  KaöeaiB i3 nanepoBow i3oaa^ero 3 aaroMiHieBHMH ^naaMH npn TMaKC = 

5000 rog/piK eKOHOMiHHa rycTHHa CTpyMy JeK =1,2 A/mm2. 3a ^opMyaoro (4.2) 

eKOHOMiHHO BHrigHHH nepepi3 Kaöearo b HopMaabHoMy pe^HMi poöora:

c 60,62 2 
S e x  =  ^ ~  =  5 0 , 5 2 ,  M M  ‘

BnönpaeTbca Hafiöan^HHfi öiabmnfi cTaHgapTHHfi nepepi3 Kaöearo 

SCT = 70 MM2.

npH HopMOBaHifi TpHBaao gonycTHMifi TeMnepaTypi Kaöearo MapKH AATTTb 

Hanpyrow 6 kB T^.h = 65 °C, HopMoBaHifi TpHBaao gonycTHMifi TeMnepaTypi 

cepegoBH^a Tcep.H = 1 5  °C i $aKTHHHifi TeMnepaTypi HaBKoanmHboro cepegoBH^a 

Tcep =20°C nonpaBKoBHfi Koe^i^eHT Ha TeMnepaTypy HaBKoanmHboro cepegoBHrn,a 3a 

^opMyaoro (4.5):

^ceP = 0’95'

3 Taöan^ 1.3.3 nY E  nonpaBKoBHfi Koe^i^eHT Ha TeMnepaTypy 

HaBKoanmHboro cepegoBH^a Kcep = 0,94.

nonpaBKoBHfi Koe^^ieHT Ha KiabKicTb KaöeaiB npn npoKaag^ Kaöearo 

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

n p n  npoKaag^ b 3eMai gaa Tpn^HabHHx KaöeaiB MapKH A A T b Hanpyrow 

6kB i nepepi3oM ^ hhh 70 mm gonycTHMHfi TpHBaanfi cTpyM Idon = 190 A. 3a 

^opMyaoro (4.4)

rdon = 0,95-1 -190 = 180,5 A.

3a BHxigHHMH gaHHMH pe3epByBaHHa Ha cTopom HH nepegöaaeHe, ToMy 

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

YMoBa nepeBipKH nepepi3y Kaöearo b pe^HMi MaKcHMaabHoro HaBaHTa^eHHa 

3a ^opMyaow (4.3) BHKoHyeTbca

1 -180,5 = 180,5 A > 1,4 - 60,62 A.



180,5 A > 84,87 A.

^ a a  KaöeaiB 3 aaroMmieBHMH cy^abHHMH «HaaMH i nanepoBOW i3oaa^ero npa 

Hanpy3i 6 kB npnÖMaeTbca TeMnepaTypHHÖ Koe^i^eHT C = 92 Ac1/2/mm2.

^ a a  pagiaabHoi cxeMH «HBaeHHa K Tn 6e3 EA Ha BBogi go TpaHc^opMaTopa 

(rayxnö BBig) npa kopotkhx aiHiax gificHHH Hac BHMHKaHHa K3 npnÖMaeTbca 

t = 0,2 c.

HaÖMeHmHH nepepi3 Kaöearo, aKHÖ e TepMocTiÖKHM go CTpyMiB K3, 

BH3HanaeTbca 3a ^opMyaoro (4.6)

O 3 • 1 0 ^ 0 ,2  2
= -------- ------= 14,58 mm  .Min 5

TaKHM hhhom, Sct =70 mm2 > SMiH=14,58 mm2, TOMy BHÖnpaeTbca Kaöeab 

AAmB-6 (3x70).

4.2 Bnöip nepepi3y npoBigHHKiB ^HBHabHoi' Mepe^i Hanpyroro go 1 kB

B eaeKipHHHHx Mepe«ax Hanpyrow go 1 kB nepepi3 «HBHabHHx Mepe« b 

ocHOBHOMy BHÖHparoTb 3a yMOBaMH HarpiBaHHa aöo 3a eKOHOMiHHoro rycTHHoro 

CTpyMy nnme b pa3i gocHTb BeaHKoi KiabKocTi rogHH BHKopncTaHHa MaKCHMyMy 

HaBaHTa^eHHa (noHag 4000-5000 rog), aKa b ^ xobhx eaeKTpHHHHx Mepe«ax öyBae 

gocHTb pigKO.

Ochobhow yMOBOW BHÖopy nepepi3y npoBigHHKiB e BeaHHHHa HarpiBaHHa ix 

eaeKTpHHHHM cTpyMOM y HopMaabHOMy, ^opcoBaHOMy Ta aBapiÖHOMy pe^HMax. 

^Krn,o TeMnepaTypa HarpiBaHHa nepeBHrn,HTb gonycTHMy, to 3aae«HO Big BeaHHHHH 

nepeBH^eHHa h TpHBaaocTi Hacy eaeMeHT MO«e öyra nomKog«eHHH, rn,o cnpHHHHHTb 

nopymeHHa HopMaabHoi poöoTH cncTeMH, a b ripmoMy BHnagKy (3aropaHHa i3oaagii') 

MO«e npH3BecTH go n o ^ e « ! ToMy gaa Bcix BHgiB npoBigHHKiB Ta yMOB ix 

3acTocyBaHHa roaoBHHM y BHÖopi nepepi3y e HarpiBaHHa, aKe BH3HaaaeTbca gBOMa 

e^eKTaMH TenaoBoro BnaHBy: MaKcHMaabHO gonycTHMoro TeMnepaTypow Ta TenaoBHM 

3hocom i3oaau;ii gaa gaHoro pe«HMy h Kaacy i3oaa^i.



^ k KpuTepiö gonycTHMOCTi Toro hu iHmoro pe^MMy 3a HarpiBaHHaM 

BHKopncTOBywTb CyMapHuö BnnuB Ha CTpoK Cny^öu npoBigHuKa MaKCHMantHoi 

TeMnepaTypu h TpuBanodi 3Hocy i3ona^i 3a po3raaHyTuö nepiog. n p u  pi3Kux niKax 

HaBaHTa^eHHa öintmy Heöe3neKy CTaHoBuTt Mo^nuBiCTt nepeBurn,eHHa MaKCuMantHo 

gonycTHMoi TeMnepaTypn, aKrn,o rpa^iK HaBaHTmeHHa piBHoMipHuö, öintmy Bary Mae 

CKnagoBa TennoBoro 3Hocy i3ona^i. rpaHuHHo gonycTHMa TeMnepaTypa HarpiBaHHa 

npoBigHHKiB HaBegeHa b Taönu^ 4.1.

Buöip nepepi3y KaöeniB

Buöip nepepi3y Kaöenro npu HarpiBaHHi b HopMantHoMy pe^uMi nonarae y 

BH3HaneHHi TaKoro MirnMantHoro nepepi3y, aKuö gonycKae CTpyM He MeHme 

po3paxyHKoBoro:

I L  > Ip2,  A, (4.8)

ge I  2-  po3paxyHKoBHfi CTpyM gpyroro piBHa.

^onycTHMHfi TpHBannfi CTpyM gna KaöeniB 3 BpaxyBaHHaM yMoB npoKnageHHa 

Ta BigxuneHHa napaMeTpiB HaBKonumHtoro CepegoBurn,a Big CTaHgapTHux yMoB npu ix 

goBroTpuBanoMy xapaKTepi BH3HanaeTtCa 3 ypaxyBaHHaM nonpaBKoBoro K oe^^iem a

K nonp TaK:

I dan = K cep ' K np ' K nonp ' Idon, A (49)

ge K nonp = 0,92 (nonpaBKoBuö Koe^^ieHT K nonp BBoguTtCa npu BH3HaneHHi Igon gna

HoTHpH^nntHHx KaöeniB 3 nnaCTMaCoBoro i3ona^ero Hanpyroro go 1 kB, aKrn,o 

gonyCTHMi TpuBani CTpyMu B3aTi 3 Taönu^ 1.3.7 nY E aK gna Tpu^untHux KaöeniB.

^na  KaöeniB, npoKnageHux y noBiTpi BCepegum aöo no3a ^ xom, 3a öygt-aKoi 

ix KintKoCTi nonpaBKoBuö Koe^^ieHT Knp =1, HopMoBaHa TeMnepaTypa CepegoBu^a 

Tcep= 25 °C.

Buöip nepepi3y nume 3a yMoB gonyCTHMoro HarpiBaHHa npu3BoguTt go 

BenuKux BTpaT aKTHBHoi noTy^HoCTi Ta 3HaHHux BTpaT Hanpyru. ^na  oCTaToHHoro



Buöopy nepepi3y Kaöenro cnig npoBecTH Bei nepeBipKH BignoBigHo go BHMor nYE: 3a 

yMOB gonycTHMoi BTpaTH Hanpyru Ta BignoBigHOCTi go 3axucHoro anapaTa.

OopcoBaHHH pe:®HM b eneKTpuHHux Mepe^ax Hanpyroro go 1 kB öyBae gocuTt 

pigKo. BTpaTa Hanpyru b Kaöenax y BigcoTKax BH3HanaeTtca ak:

Aü 6 = k ----- - , %  (4.10)
10 • U 2hom K )

ge _  2 Ta Q 2 -MaKcuMantHi po3paxyHKoBi aKTHBHe Ta peaKTHBHe HaBaHTmeHHa

2-ro piBHa eneKTponocTanaHHa BignoBigHo, kBt Ta KBap;

Rk6 Ta X k6 -  aKTHBHHH Ta peaKTHBHHH onopu Kaöenro, Om;

ü hom -  HoMiHantHa Hanpyra eneKTpuHHoi Mepe^i. kB.

Akthbhhh i peaKTHBHHH onip

R«  = r  • K«, (4.11)

X,* = X • kt,, (4.12)

ge rn i x  -  aKTHBHHH i peaKTHBHHH nHTOMi onopn Kaöenro, Om/m (HaBegeHHH b

goBigHHKoBin niTepaTypi);

/k6 -goB^HHa Kaöenro, km.

TaKHM hhhom, ocTaTonHo 3a yMoBaMH HarpiBaHHa BuöupaeTtca nurne toh 

nepepi3 Kaöenro, gna aKoro TpuBanuH gonycthmhh CTpyM öyge öintmuH y ^opMyni 

(4.9), a TaKo^; BHKoHyroTtca yMoBH gonycTHMoi BTpaTH Hanpyru h BignoBigHocTi go 

3axucHoro anapaTa.

n p u  Buöopi nepepi3y KaöeniB iHogi 3aMicTt ogHoro Kaöenro öintmoro nepepi3y 

go^ntHo BuöpaTH gBa (HaBiTt Tpu) Kaöeni MeHmoro nepepi3y, rn,o nonermye yMoBH 

npoKnageHHa. KpiM Toro, gonycTHMHH CTpyM Kaöenro öintmoro nepepi3y MeHme Hm: 

y gBox (Tptox) KaöeniB TaKoro caMoro cyMapHoro nepepi3y [2].



Po3paxyHOK nepepi3iB KaöemB ^HBHHbHoi Mepe^i ^ x y

^na Kaöenro MapKH A BBr 3 nomBmmxnopHgHoro i3ona^ero 3 TaÖHH^ 4.1 

HopMOBaHa TpHBano gonycTHMa TeMnepaTypa ^ hhh T^m = 70 °C, Ta HopMOBaHa 

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

(4.5) nonpaBKoBHH Koe^i^eHT Ha TeMnepaTypy HaBKonnmHboro cepegoBHrn,a:

^  ^

3 TaÖHH^ 1.3.3 n Y 3  nonpaBKoBHH Koe^i^eHT Ha TeMnepaTypy 

HaBKonnmHboro cepegoBHrn,a Taxo^; K cep = 1,05.

n p n  npoKaag^ Kaöenro BcepegHHi npHMirn,eHHa ^ x y  nonpaBKoBHH Koe^i^eHT

Knp = 1.

3 TaönH^ 2.2 po3paxyHKoBHH CTpyM 2-ro piBHa eneKTponocTanaHHa giHii', aKa 

^HBHTb fflP 1/5, Ip.2 = 79,51 A.

3 TaÖHH^ [2] gaa Tpn^HHbHoro Kaöenro 3 anroMmieBHMH ^naaHM npn 

npoKaageHHi b noBiTpi 3i CTaHgapTHHM nepepi3oM CTpyMonpoBigHoi ^ hhh 

SCT = 35 mm2 gonycTHMHH CTpyM CTaHoBHTb Iß0n = 90 A. OönpaeMo 3 Kaöem. 3a 

^opMyaow (4.9)

Vdon = 1,05-1 • 0,92 • 90 = 86,94 A.

TaKHM hhhom, I'don = 86,94 A > Ip2 = 79 ,51/3 A.

Igon = 86,94 A > Ip2 = 26,503 A. YMoBa BHKoHyeTbca.

3 TaönH^ 2.2 po3paxyHKoBe aKTHBHe HaBaHTa^eHHa 2-ro piBHa

eaeKTponocTanaHHa CTaHoBHTb Pp.2 =37,52/3 = 12,506 kBt, po3paxyHKoBe peaKTHBHe 

HaBaHTa^eHHa 2-ro piBHa eaeKTponocTanaHHa Qp.2 = 36,48/3 = 12,16 KBap.



3 T aön^ i [2] g ra Kaöenro 3 CTaHgapTHHM nepepi30M CTpyMonpoBigHoi 

Sct = 35 mm2 npHHMaroTbca TaKi nHTOMi onopu Kaöenro: aKTHBHHH -  rn = 0,894 mOm/m;

peaKTHBHHH - %n = 0,088 mOm/m. ^OB^HHa Kaöenw 1k6= 250 m. Togi 3a ^opMynaMH 

(4.11) i (4.12)

R ö = 0,894 • 220 • 10-3 = 0,196 Om .

X k6 = 0,088 • 220 • 10-3 = 0,019 Om .

3a ^opMynoro (4.10):

Arr 12,506• 0,196 +12,16• 0,019 , 0/
AU k6 = ----------------------- --------------= 1,86 %.

10 • 0,382

OcKintKH BenHHHHa BTpara Hanpyrn b Kaöem He nepeBHrnye gonycTHMoi 

(5 %), to nepepi3 Kaöenro BHÖpaHHH npaBH^bHo.

TaKHM HHHoM, BHÖHpaeTbCa HoTHpH^HHbHHH KaÖe^b A BBr (3x35+1x16). 

nepepi3 KaöeniB ^HBHnbHoi Mepe^i go nPE  ^ x y  (m p  1/5, m p  2/5, m p  1/4,

m p  2/4, m p  1/3, m p  2/3, m p  1/2, m p  2/2, m p  1/1, m p  2/1 ), BHönpaeTbca

aHanorinHo, ak i go m p  1/5. po3paxyHoK BTpaT Hanpyrn TaKo®: npoBogHTbca 

aHanorinHo. pe3ynbTaTH po3paxyHKiB HaBog^Tbca b Taönn^ 4.2.

T aö n n ^  4.2 -  Bnöip nepepi3y KaöemB ^HBHnbHoi Mepe^i ginbHH^
K aöenb g o  

n p E
Se m , MM2 Idon-, A Ip.2, A l, M düK6, % THn Kaöenro;

• 2nepepi3, m m 2

g o  m p  1/5 35 86,94 79,51 220 1,866 A B B r  3 x 3 5 + 1 x 16

g o  m p  2/5 35 86,94 61,37 150 1,273 A B B r  3 x 3 5 + 1 x 16

g o  m p  1/4 35 86,94 79,51 220 1,866 A B B r  3 x 3 5 + 1 x 16

g o  m p  2/4 35 86,94 61,37 150 1,273 A B B r  3 x 3 5 + 1 x 16

g o  m p  1/3 35 86,94 79,51 250 2,121 A B B r  3 x 3 5 + 1 x 16

g o  m p  2/3 35 86,94 61,37 180 1,527 A B B r  3 x 3 5 + 1 x 16

g o  m p  1/2 35 86,94 79,51 250 2,121 A B B r  3 x 3 5 + 1 x 16

g o  m p  2/2 35 86,94 61,37 180 1,527 A B B r  3 x 3 5 + 1 x 16

g o  m p  1/1 35 86,94 79,51 250 2,121 A B B r  3 x 3 5 + 1 x 16

g o  m p  2/1 35 86,94 61,37 180 1,527 A B B r  3 x 3 5 + 1 x 16



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

po3nogmtHHx Mepe^ 3aB^gn BHÖnparoTt 3a yMOBoro HarpiBaHHa b HopMaatHoMy 

pe^HMi 3a ^opMyaoro:

röon * Ipl ,  A, (4.13)

ge Ip.i -  po3paxyHKOBHH CTpyM 1-ro piBHa eaeKTponocTaaaHHa (HoMmaatHHH

CTpyM eaeKTponpHHMaaa).

^onycTHMHH TpHBanHH CTpyM gaa npoBogiB Igon 3 noaiBmiaxaopngHoro 

i3oaa^ero 3 aaroMmieBHMH ^HaaMH 3ane^HO Big nepepi3y, enoeoöy npoKaagaHHa, 

KiatKocTi npoBogiB y Tpyöi HaBogHTtea B Taöaa^ 1.3.5 nY 3.

^ a a  ocraTOHHoro BHÖopy nepepi3y npoBogy eaig npoBeera Bei nepeBipKH 

BignoBigHo go BHMor nY 3: 3a MexarnaHoro M^Hic™, gonyeraMoro BTpaTow 

Hanpyrn. nepepi3 npoBigHHKiB npHHMaeTtea HaööiatmHM 3a BHrn,e HaBegeHHMH 

BHMoraMH.

3a yMoBow MexaHiHHoi m^ hoct MmiMaatHHH nepepi3 aaroMmieBHx npoBogiB 

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

BTpaTa Hanpyrn B npoBogax y BigeoTKax BH3HaaaeTbca aK:

AU = PpA Rk6 + Qpi X k6 , % (4.14)
np io • u 2hom k ;

ge p p jTa # j -  po3paxyHKoBe aKTHBHe i peaKTHBHe HaBaHTa^eHHa 1-ro piBHa

eaeKTponocTanaHHa E n , kBt Ta KBap, BignoBigHo;

Rk6 Ta -  aKTHBHHH i peaKTHBHHH onip npoBogy, Om;

UlOM -  HoMiHaatHa Hanpyra eaeKTpuHHoi Mepe^i, kB.



Akthbhhh Ta peaKTHBHHH onopn npoBogiB BH3HaaaroTb 3a ^opMyaaMH (4.11) 

Ta (4.12).

Bnöip npoBogiB Big CfflP go ^ P O  Ta E n  

npHHMaeMO MapKy ogHo^nabHoro npoBogy nBC, cnociö npoxaageHHa 

npoBogiB y MeTaaeBoMy Kaöeab-KaHaai, ^aKTHHHy TeMnepaTypy HaBKoanmHboro 

cepegoBH^a Tcep 20 °C.

^ a a  npoBogy MapKH nB C  3 noaiBmiaxaopHgHoro i3oaa^ero 3 Taöan^ 4.1 

HopMoBaHa TpHBaao gonycTHMa TeMnepaTypa ^ n an  T^m = 70°C, HopMoBaHa 

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

^opMyaoro (4.5) nonpaBKoBHH Koe^i^eHT Ha TeMnepaTypy HaBKoanmHboro 

cepegoBHrn,a Kcep=0,95. 3 Taöan^ 1.3.3 n y E  nonpaBKoBHH Koe^^ieHT Ha 

TeMnepaTypy HaBKoanmHboro cepegoBH^a K cep= 0,95.

n p n  npoxaageHHi npoBogy Bcepegnm npuMimeHHa ^ x y  b MeTaaeBHx Kaöeab- 

KaHaaax nonpaBKoBHH Koe^^ieHT K np, = 1, 6o b goBigKoBHx T aöan^x ypaxoByroTbca 

yMoBH npoxaagKH 3aae^Ho Big KiabKocTi npoBogiB y KaHaai.

^ a a  öyHKepy 3aMimyBaHHa TicTa 3 Taöan^ 2.1 cosy  = 0,8, KK^ npnnMaeTbca 

piBHHM nHOMd = 0,75. HoMiHanbHHH cTpyM E n  N° 1-2 BH3HaaaeTbca 3a 

^opMyaoro (2.11):

p 11
I , = ^ -------- i-H M M ä--------------= ----------------------= 27,855 A.

V3 • U • cos® , - n  , v3 • 0,38• 0,8• 0,75
y  H O M  T  H O M . d  I H O M . d  y  ?  ?  5

3 Taöan^ [2] gaa npoBogiB 3 noaiBmiaxaopHgHoro i3oaa^ero 3 MigHHMH 

^naaMH, aKi npoxaagem b KaHaai, gaa cTaHgapTHoro nepepi3y Sct= 5 mm2 

gonycTHMHH cTpyM gaa cTaHgapTHHx yMoB Idon= 31 A. ^ony cthmhh cTpyM 3 

ypaxyBaHHaM yMoB HaBKoanmHboro cepegoBHrn,a h yMoB npoxaageHHa BH3HaaaeTbca 

3a ^opMyaoro (4.4)

I  = 0 ,95-131 = 29,45 A .



3a ^opMynoro (4.13) poÖHMo nepeBipKy:

Vdon = 29,45 A > IpA = I HOM,  = 27,855 A.

YMOBa BHKOHyeTbCa.

YMOBa MexaHiHHOi m^ hoct TaKO ;̂ BHKOHyeTtca (5 mm2> 1,5 mm ). 3 Taönn^ 

[2] gra npoBogy 3i CTaHgapTHHM nepepi30M CTpyMonpoBigHoi Sct = 5 mm2

npHHMawTtca TaKi nHTOMi onopu: rn = 7,81 mOm/m; peaKTHBHHH - xn = 0,102 mOm/m.

^OB^HHa npoBogy go Haöörnbm BigganeHoro E n  1np= 20 m. Togi 3a ^opMynaMH 

(4.11) i (4.12) 3HaxogHMo:

R e  = 7,81 • 20 • 10-3 = 0,156 Om .

X k6 = 0,102 • 20 • 10-3 = 0,00204 Om.

öyHKepiB npn tgp  = 0,75, akhh BignoBigae cosp  = 0,85, 3a ^opMynoro (2.8) 

po3paxyHKoBe HaBaHTa^eHHA nepmoro piBHa eneKTponocTanaHHa:

qpX = 11 • 0,75 = 8,25 Keap.

BnöpaHHH nepepi3 nepeBipaeTbca Ha BTpaTy Hanpyra 3a ^opMynoro (4.14):

= n  • °,156 + 8.25 • ° ,00204 = 1 02 o%. 
np 10 • 0,382

OcKinbKH BenHHHHa BTpaT Hanpyrn b npoBogi He nepeBHrnye gonycTHMoi 

(5 %), to nepepi3 npoBogy BHÖpaHHH npaBH^bHo.

nepepi3 npoBogiB po3noginbHoi Mepe^i go imiiHx E n  BHÖnpaeTbca 

aHanoriHHo. nepeBipKa Ha BTpara Hanpyrn, BHÖip giaMeTpy CTaneBHx Tpyö TaKo^; 

3gificHweTbca aHanoriHHo. Pe3ynbTaTH po3paxyHKy 3aHeceHi go Taönn^ 4.3.



T a 6 a ^ a  4.3 -  Pe3yabTaTH po3paxyHKy nepepi3y po3nogiabHoi Mepe^i Big 
c m p  go E n

HoM ep
E n

HaHMeHyBaHHA E n Se m , 
2MM2

Ip . i -,
A

Id o n ,

A
L,

M
dUx ö ,

%
Tun Ka6earo;

• 2nepei3 , m m 2

1 2 3 4 5 7 8 9

1-2 3M imyBan 1-2 5 2 7 ,8 5 5 2 9 ,4 5 20 1,202 n B C  (3 x 5 )

3 ^yro-pigiHHHH Hacoc 1,5 1 ,899 14,25 20 0 ,0 8 2 n B C  (3 x 1 ,5 )

4-5 H a co c  a y ^ H o ro  pe3epByapy 1,5 3 ,7 9 8 14,25 25 0 ,2 0 4 n B C  (3 x 1 ,5 )

6 -1 2 P .B aab^B  6e3nepepB H oro  
HanoBHeHHa KoHBeepa 4 -1 0

1,5 1,393 14,25 15 0 ,0 4 5 n B C  (3 x 1 ,5 )

13
M am uH a KoM6rnyBaHHa 
aHCTa TiCTa

10 4 6 ,8 4 6 4 7 ,5 15 1,513 n B C  (3 x 1 0 )

m
p

 2
/5

1-7
B a a b ^  6e3nepepB H oro  
CTHCKaHH« TiCTa 1,5 1 ,899 14,25 20 0 ,0 0 0 n B C  (3 x 1 ,5 )

8 PoaHKH 3'egHaHHfl 1,5 1 ,899 14,25 20 0 ,0 8 2 n B C  (3 x 1 ,5 )

9 Pi3aabHa MamHHa 1,5 1 3 ,9 2 7 14,25 15 0 ,0 6 2 n B C  (3 x 1 ,5 )

10 H a co c  naTeabHoro  
o6aagHaHHa

1,5 9 ,3 6 9 14,25 5 0 ,1 5 0 n B C  (3 x 1 ,5 )

11
BeHTuaaTop napoBoi 
o6 p o 6 kh

1,5 0 ,5 0 6 14,25 10 0 ,2 0 2 n B C  (3 x 1 ,5 )

12 BeHTuaaTop oxoaog^ eH H a 1,5 1 ,012 14,25 15 0 ,0 1 6 n B C  (3 x 1 ,5 )

13 H a co c  n ogan i npunpaB 1,5 1 ,012 14,25 20 0 ,0 4 4 n B C  (3 x 1 ,5 )

14
PoTopHa MamuHa 
3MimyBaHHA 1,5 1 ,899 14,25 25 0 ,0 5 5 n B C  (3 x 1 ,5 )

15 AnapaT g a a  o6po6KH  
rocTpHM napoM

1,5 1 ,012 14,25 25 0 ,1 0 2 n B C  (3 x 1 ,5 )

16 Ten^oo6MiHHHH anapaT 16 5 3 ,1 7 6 6 6 ,5 30 0 ,0 6 6 n B C  (3 x 1 6 )

17 EaeBaTop oxoaog^ eH H a 2 17 ,725 18,05 30 3 ,4 3 5 n B C  (3 x 2 )

tr,

£
B

1
^HpKy^a^iHHHH Hacoc 
Macaa

16 5 5 ,7 0 9 6 6 ,5 30 1,149 n B C  (3 x 1 6 )

2
M acao^ iab T p  rp y 6 o i 
ohhctkh

1,5 0 ,5 0 6 14,25 30 0 ,0 0 0 n B C  (3 x 1 ,5 )

3 C ncreM a napaaeHbH oro  
nignoM y

1,5 9 ,3 6 9 14,25 20 2 ,3 9 9 n B C  (3 x 1 ,5 )

4 O xoaog^yronH H  KoHBeep 1,5 9 ,3 6 9 14,25 20 0 ,0 2 2 n B C  (3 x 1 ,5 )

5-9 BeHTuaaTop oxoaog^ eH H a 1,5 0 ,9 3 6 14,25 10 0 ,2 0 2 n B C  (3 x 1 ,5 )

10-14 BeHTuaaTop oxoaog^ eH H a 1,5 0 ,9 3 6 14,25 10 0 ,2 0 2 n B C  (3 x 1 ,5 )

15-19 BeHTuaaTop oxoaog^ eH H a 1,5 0 ,9 3 6 14,25 10 0 ,0 2 0 n B C  (3 x 1 ,5 )

2 0 -2 3 BeHTHaaTop oxoaog^ eH H a 1,5 0 ,9 3 6 14,25 10 0 ,0 2 0 n B C  (3 x 1 ,5 )

2 4 -2 5 KoHBeep 36npaHHa 1,5 0 ,9 3 6 14,25 15 0 ,0 3 0 n B C  (3 x 1 ,5 )



KoMnneKTHi mHHonpoBogn THny m M A  BHÖnparoTb 3a CTpyMOM ^opcoBaHoro 

pe^HMy cnnoBoro TpaHC^opMaTopa, go «Koro bohh npnegHam, 3a ^opMynoro:

I  UJMA> I ,  = K  • I  A (4.15)hom.̂ JMA p pe3 noM.l .2 ’ V /

ge I HOM.mMA -  HOMiHanbHHH CTpyM mHHonpoBogy;

I^ -CTpyM ^opcoBaHoro pe^HMy;

K  -Koe^^ieHT pe3epByBaHH«, «khh BpaxoBye TpHBane nepeBaHTa^eHH«

TpaHC^opMaTopa, 3ane^Ho Big KinbKocTi TpaHC^opMaTopiB Ha n c  i yMoB 

pe3epByBaHH« Ha CTopoHi HH;

I hom.t .2, -HoMiHanbHHH btophhhhh CTpyM TpaHC^opMaTopa.

HoMiHanbHHH btophhhhh CTpyM TpaHC^opMaTopa BH3HanaeTbc« «k:

y
I  T1 = _  h o m T — , A (4.16)

h o m .T .2 f T  ’  V /
V3 • U rp 0^  h o m .T .2

BnöpaTH nepepi3 m M A, «khh ^HBHTb E n  2-i KaTeropii HagiHHocTi ^ x y . 

m M A  e npogoB^;eHH«M po3noginbHoro npHCTpow HH K Tn 3 HoMrnanbHoro 

noTy^HicTW TpaHC^opMaTopa Shomj  = 630 kBA. Pe3epByBaHH« Ha CTopoHi HH3bKoi 

Hapnyrn nepegöaneHe (Kpe3 = 1,4).

HoMiHanbHHH btophhhhh CTpyM TpaHC^opMaTopa K Tn 3a ^opMynoro (4.16)

I homT 2 = ^ 3° = 957,19, A
homT2 J 3  • 380 , ,

3 [11] aöo TaönH^ K .6 gogaTKa K  [2] BHÖnpaeTbC« mHHonpoBig THny 

mMA4-1600-44-1Y3. 3a ^opMynoro (4.14) Iĥm.wma = 1250 A > Ip = 1,4 1340,06 A . 

YMoBa BHKoHyeTbC«.



5 PO3PAXYHOK CTPYMIB KOPOTKOrO 3AMHKAHHA

EaeMeHTH CEn, aKi noTpannan b KopoTKo3aMKHyTHÖ aaH^ro^, 3a3HaroTb 

TepMiHHoro Ö eaeKTpogHHaMiaHoro BnaHBy CTpyMiB. ^Krn,o BeaHHHHa ^ o r o  BnaHBy 

nepeBHrnye gonyCTHMy, eaeMeHT nomKog^yeTbCa i 3aBgae C E n 3ÖHTKiB. ^ o ö  

3ano6irra ^oM y, Tpeöa:

a) BH3HaHHTH BeaHHHHy CTpyMiB K3;

b) nepeBipHTH gonyCTHMiCTb ^HX CTpyMiB gaa BHÖpaHHx EA i 

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

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

3ÖiabmeHHa rngyKTHBHoro onopy aaH^ro^a);

c) po3paxyBaTH 3axHCT gaa CeaeKTHBHoro BHMHKaHHa nomKog^eHoi

giaaHKH.

BignoBigHo go BHMor nY E rn,ogo pe^HMy K3 Ha CTiÖKiCTb go BnaHBy CTpyMiB 

K3 B EY go 1 kB noBHHHi nepeBipaTHCa po3nogiabHi ttthth, CTpyMonpoBogn Ta CHaoBi 

ma^H.

^ a a  BHÖopy i nepeBipKH CTiÖKoCTi EA i CTpyMonpoBigHHx aaCTHH go CTpyMiB 

K3 po3paxyHKy nigaarawTb:

-  Haööiabme noaaraoBe giroae 3HaaeHHa nepiognaHoi CKaagoBoi CTpyMy 

Tpn$a3Horo K3 In(0);

-  ygapHHfi CTpyM iy Tpn$a3Horo K3.

n p a  BHÖopi Ö nepeBip^ anapaTypn rn,ogo ii CTiÖKoCTi go CTpyMiB K3 

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

MaKCHMaabHi 3HaaeHHa.

n p n  po3B'a3aHHi 3aBgaHb 3axHCTy po3paxyHKoBi yMoBH 3aae^aTb Big ^ a e ö  

po3paxyHKy, aKHx iCHye gBi: BHÖip napaMeTpiB Cnpa^oByBaHHa 3axHCTiB; nepeBipKa 

ayTaHBoCTi.



^ a a  nepeBipKH ayTaHBoCTi po3paxyHKOBi yMOBH BignoBigaroTb HaÖMeHmHM 

3HaaeHHaM CTpyMiB K3 y M i^i yCTaHoBaeHHa 3axHCTy (MirnMaabHHH pe®HM poöora 

®HBHabHoi eHeprocHCTeMH, HaHÖiabma KiabKiCTb noCaigoBHo BBiMKHeHHx eaeMeHTiB 

Mi®; g®epeaaMH reHepa^i i tohkom K3).

YHacmgoK ^ o r o  gaa ^ a e ö  BHÖopy napaMeTpiB Cnpa^oByBaHHa 3axHCTy 

BH3HanaroTb Haööiabmi IK.MaKC i gaa nepeBipKH ayTaHBoCTi HaHMeHmi IK.MiH 3HaaeHHa 

nepiogHHHoi CKaagoBoi CTpyMy b M i^i K3 b eaeMemax Mepe®i, gaa aKoi 

npoeKTyeTbca 3axHCT. Po3paxyHOK 3gificHroeTbca gaa noaaTKOBoro MOMerny aacy.

TaKHM hhhom, po3paxyHKOBHM BHgoM K3 e:

-  npn BHÖopi eaeKTpHHHHx anapaTiB i npoBigHHKiB 3a ix CTiÖKicTro go gii 

CTpyMiB K3 -  Tpn^a3He K3;

-  npn BHÖopi 3axncTy -  Tpbox -  i ogHO^a3Hi K3 [2].

5.1 P03paxyH0K CTpyMiB TpĤ a3HOrO KOpOTKOrO 3aMHKaHHH B 

eaeKTpHHHHx Mepe®ax ^ xy

3HaaeHHa CTpyMiB K3 b eaeKTpHHHHx Mepe®ax Hanpyroro go 1 kB BnaHBaroTb 

Ha BHÖip nepepi3y npoBogiB i ®ua KaöeaiB, KoHCTpy^iro CTpyMonpoBogiB, 

xapaKTepncTHKH KoMyTa^ÖHHx i 3axHCHHx anapaTiB. ToMy gaa 3aöe3neaeHHa 

pa^oHaabHoro npoeKTyBaHHa BHyTpimHbo^xoBoro eaeKTponocTaaaHHa caig 

BHKoHaTH gocTOBipHHH po3paxyHoK CTpyMiB K3.

^ a a  BHÖopy anapaTypn i 3axHCTiB, nepeBipKH CeaeKTHBHoCTi ix gii BH3HaaaroTb 

MaKCHMaabHHH CTpyM Tpn^a3Horo MeTaaeBoro K3, y ^oM y BHnagKy nepexigHi onopn 

gyrn He BpaxoByroTb. ^ a a  nepeBipKH HyTaHBoCTi 3axHCTiB 3HaxogaTb MirnMaabHHH 

CTpyM K3; npn ^oM y BpaxoByroTb yCi nepexigHi onopn KoHTaKTiB (pyönabHHKiB, 

aBToMaTiB, yCTaBHHx KoHTaKTiB, öoaTOBHx 3'egHaHb) i onip gyrn b M i^i 

nomKog®eHHa maaxoM BBegeHHa b CxeMy 3aMirn,eHHa aKTHBHoro onopy.

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

gonyCKaeTbCa:



1) 3acrocoByBaTH cnpornym MeTogu po3paxyHKiR, aKrn,o ix norpimHiCTb He 

nepeRu^ye 10 %;

2) MaKCHMantHO CnpornyRaTu Ta eKRiRaneHTyRaTu RCro 3oRHimHro Mepe^y 

rn,ogo M i^a K3, mguRigyanbHo RpaxoRyRaTu nume aRTOHOMHi g^epena Ta EA, aKi 

6e3nocepegHto npuegHam go M i^a K3;

3) He RpaxoRyRaTH CTpyMH HaMaraiHyRaHHa TpaHC^opMaTopiR;

4) He RpaxoRyRaTH HaCuHeHHa Marairaux CHCTeM eneKTpuHHux MamuH;

Ao ocoönuRocTefi po3paxyHKy CTpyMiR K3 r eneKTpuHHux Mepe^ax Hanpyroro 

go 1 kB Mo^Ha RigHecTu TaKe:

-  po3paxyHKu go^nbHo npoRoguTu r iMeHoRaHux oguHu^x;

-  nonaTKoRe giroHe 3HaHeHHa nepioguHHoi CKnagoRoi CTpyMy Tpu$a3Horo K3 

Mo^Ha RRa^aTu He3MiHHuM In(0) = I^3);

-  aKTuRHi onopu eneMeHTiR naH^ro^a K3 MaroTb cyrreBe 3HaHeHHa i Mo^yTb 

HaRiTt nepeRepmyRaTu peaKTuRHi.

MeToguKa po3paxyHKy nonaTKoRoro giroHoro 3HaHeHHa nepioguHHoi 

CKnagoRoi CTpyMy K3 3ane^MTb Big cnocoöy eneKTponoCTaHaHHa -  Big eHeprocucTeMu 

hu Big aBToHoMHoro A ^ .

Po3paxyHoK CTpyMiR K3 noHuHaeTbCa 3i CKnagaHHa po3paxyHKoRoi cxeMu, 

cxeMu 3aMirn,eHHa h Ruöopy tohok K3. n p u  CKnagaHHi eKRiRaneHTHux CxeM 

3aMirn,eHHH napaMeTpu eneMeHTiR RuxigHoi po3paxyHKoRoi CxeMu Cnig npuRoguTu go 

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

TaK hk BigCyTHi goCToRipHi gaHi rn,ogo KoHTaKTiR i ix nepexigHux onopax, to 

npu oÖHuCneHHi CTpyMiR K3 ypaxoRyeMo ix yMoRHun CyMapHun onip y Mepe^ax, aKi 

^MRnaTbCa Big TpaHC^opMaTopiR noTy^HiCTro go 1600 kBA RKnroHHo, 3rigHo 3 

TaKuMu peKoMeHgagiaMu [4]:

a) Ha po3noginbHux npuCTpoax HH TpaHC^opMaTopiR n C  -  RKi = 15 mOm;



b) Ha nepBHHHHx ^ xobhx po3nogiabHHx nyHKTax (C P T , 3ÖipKax) i Ha 

3aTHCKaaax EA, aKi ®HBaaTbca pagiaabHHMH airnaMH Big po3nogiabHHx npncTpoiB HH 

n C  aöo ronoBHHx MaricTpaaeö (TM A ) -  RK2 = 20 mOm;

c) Ha btophhhhx ^ xobhx po3nogiabHHx nyHKTax i 3aTHCKaaax EA, aKi 

^HBaaTbca Big nepBHHHHx po3nogiabHHx nyHKTiB -  RK3 = 25 mOm;

d) Ha 3aTHCKanax EA, ycTaHoBaeHHx 6e3nocepegHbo y E n , aKi ^HBaaTbca Big 

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

ÄaropHTM BH3HaneHHa CTpyMiB Tpn$a3Horo KopoTKoro 3aMHKaHHa

BH3HanaeMO CTpyM Tpn$a3Horo K3 y noaaTKoBHH MoMeHT aacy b eaeKTpHHHiö 

Mepe^i Hanpyroro ^ x y  b ToaKax K1, K1', K2, K2' i K3 gaa cxeMH Ha pncyHKy 5.1.

Bnxigm gaHi B3aTi 3 nonepegHix pe3yabTaTiB po3paxyHKiB i HaBegeHi HH^ae.

CncTeMa: ln(0)= 6 kA, UHom.6h = 6 kB.

TpaHC^opMaTop rany TM3 -  630/6:

Shom.t = 630 kBA; Uhom.bh = 6 kB; Uhom.hh = 0,4 kB.

ABTOMaTH:

QF1 -  BA55-41: RoM.a = 1000 A;

QF2 -  BA57-35: Ihomm = 80 A;

QF3 -  BA51-25: RoM.a = 25 A.

TpaHC^opMaTopn CTpyMy:

TA1 3 Koe^^ieHTOM TpaHC^opMa^i 1000/5;

KaöeabHi arnii:

AATTTb-6 (3x70); lKm = 350 m;

K62: ABBr(3x35+1x16); U 2 = 250 m; 

npoBig go En: nB C  3 x1,5; lnp = 30m.



PncyHOK 5.1 -  Po3paxyHKOBa cxeMa (a) i cxeMa 3aMirn£HHa (6) gaa po3paxyHKy 

CTpyMiB Tpn^a3Horo KopoTKoro 3aMHKaHHa



Po3paxyHOK

Ea3HCHa Hanpyra CTyneHa b eaeKTpHnmö Mepe:m Hanpyroro go 1 kB 

U6 = 1,05 • Uhom.hh = 1,05 • 380 = 400 B

1 eTan: Po3paxyHOK napaMeTpiB eaeMemiB cxeMH 3aMirn,eHHa.

1) iHgyKTHBHHH onip CHCTeMH, .aKHH npHBegeHHH go CTyneHa HH, 

BH3HanaeTbca 3a ^opMyaoro:

Xc U hom.«pj,h--------= 4 0 0 -----= 2,44 m Om .
V3 • I .bh • U ^ J H  -J3 • 6 • 6300

2) y  TaöaH^ M.11 gogaTKa M [2] gaa KaöeabHoi airni Hanpyroro 6 kB (K61) 

nHTOMi onopn TaKi: rn= 0,447 mOm/m; xn = 0,082 mOm/m. Akthbhhh Ta iHgyKTHBHHH 

onopn KaöeabHoi airni, aKi npHBegeHi go CTyneHa HH, BH3HaaaroTbca 3a ^opMyaaMH:

R o.1 = r ,  ■ l „ ,  U',o“-”p-HH = 0,447 • 3 5 0 -^ °  = 10,6 mOm,
U HOM.cep .JH  6300

= x  • i UHOMCeP-HH = 0 , 0 8 2 • 3 5 0 • -4 0 0  =  1 ,8 2 2 m Om .
K51 x K61 U  KH 6 3 0 0  ,HOM.cep. JH

3) 3 Taöan^ ä .1 gogaTKa Ä [2] npHHMaroTbca BTpaTH K3 P k,hom = 7,6 kBt, 

Hanpyra K3 uK = 5,5 %. Akthbhhh Ta iHgyKTHBHHH onopn npaMoi nocaigoBHocri 

TpaHC^opMaTopa, aKi npHBegeHi go CTyneHa HH, BH3HanawTbca 3a ^opMyaaMH

T)  t  t 2  n  f \  C\ a  2
R = k-h o m  • h o m H H  • 106 = , • ’ • 106 = 3,06 “ O m ;

T S 2 6302
h o m .t

X T = \u2 - f 100' Pkh “ 1 • Uho“.hh 4 0 4 = L 52 ( 100-7,6^  ̂ 104 = 13,63“ Om.
T \  K V S T , S T V f 630 ) 630U V hom. T )  hom.T 1 V y

4) 3 Taöan^ H.1 gogaTKa H [2] gaa aBToMaTa QF1 (BA54-41) npHHMaeTbca 

Ra.i = 0,25 m O m ;  X a.i = 0,1 m O m .



5) 3 Taöan^ H.2 gogaTKa H [2] gaa TC (TAI) 3 Koe^^iemoM 

TpaHC^opMa^i 1000/5 gaa Kaacy tohhoct 1 npHHMaeTbca Rta1 = 0,05 m Om ; 

Xtal = 0,07 m Om .

6) 3 Taöan^ H.1 gogaTKa H [2] gaa aBTOMaTa QF2 (BA57-35) npHHMaeTbca

Ra.2 = 3,5 m Om ; Xta2 = 2 m Om .

7) 3 Taöan^ M.11 gogaTKa M [2] gaa KaöeabHoi airni Hanpyroro 

go 1 kB (K62) 3 ogHaKoBHM nepepi3oM nmoMi onopn TaKi: rn = 0,894 mOm/m; 

xn = 0,088 mOm/m. Akthbhhh Ta iHgyKTHBHHH onopn KaöeabHoi airni K62 

BH3HanawTbca 3a ^opMyaaMH (4.11)i(4.12)

Rk6.2 = rn ■ l*6.2 = 0,894 ■ 250 = 223,5 m Om ;

X k6 2 = xn ■ hö2 = 0,088 ■ 250 = 22 m Om .

8) 3 Taöan^ H.1 gogaTKa H [2] gaa aBToMaTa QF3 (BA51-25) npHHMaeTbca 

Ra.3 = 7 mOm; Xa.3 = 4,5 mOm.

9) y  Taöan^ M.11 gogaTKa M [2] gaa npoBogy go E n  N  1 nmoMi onopn 

TaKi: rn = 7,81 mOm/m; xn = 0,102 mOm/m. 3a ^opMyaaMH (4.29) i (4.30) BH3HaaawTbca 

aKTHBHHH Ta iHgyKTHBHHH onopn:

R P = r„ ■ lnp = 7,81 ■ 30 = 234,3 m Om ;

X k62 = xn ■ Ik62 = 0,102 ■ 30 = 3,06 m Om .

2 eTan: BroHaaeHHa giroaoro 3HaaeHHa nepiogHHHoi CKaagoBoi CTpyMy 

Tpn$a3Horo K3 y noaaTKoBHH MoMeHT (noaaTKoBoro HagnepexigHoro CTpyMy) y

pi3HHX ToHKax cxeMH.

1) BH3HaaeHHa CTpyMy Tpn$a3Horo K3 y T o ^ i K1. CyMapm onopn rn,ogo 

tohkh K1 BH3HaaawTbca TaK:

r ^ kx = R öi + R  = 10,6 + 3,06 = 13,66 m Om ;

X ^ ki = X c + X k61 + X T = 2,44 +1,822 +13,63 = 17,892 m Om ;

Z ^ K l = y f R ^ + X ^  = yj13,662 +17,8922 = 22,51 m Om .



nonaTKOBe giroHe 3HaHeHHH nepiogHHHoi CKaagoBoi Tpn$a3Horo CTpyMy npn 

MeTaneBOMy K3 BH3HaHaeTbCH 3a ^opMynoro:

I,.1(01 = - J Ul-----= - p 400—  = 10,529 kA.
(01 Ts ■ z& i Ts ■ 22 ,51  ,

2) BH3HaneHHfl CTpyMy Tpn$a3Horo K3 y t o w  K1'. CyMapHi onopn rn,ogo 

tohkh K1' BH3HanaroTbca TaK:

R ^ ^ ' = R ^ k 1 + -R i + R ai + R i = 13,66 + 0,25 + 0,05 +15 = 28,96 m Om ;

X ^ ki , = X ^ K 1 + X al + X tal = 17,892 + 0,1 + 0,07 = 18,062 m Om ;

, = ^  R ^ ki, + X ^ k1, = J 28,962 +18,0622 = 34,13 mOm.

nonaraoBe giroHe 3HaHeHHH nepiogHHHoi CKaagoBoi Tpn$a3Horo CTpyMy npn 

MeTaneBoMy K3 BH3HanaeTbca 3a ^opMynoro

IK1Y0) = r- ---- = 400—  = 6,766 kA.
(0> T3 ■ z&1, T3 ■ 34,13 ’

3) BH3HaneHHa CTpyMy Tpn$a3Horo K3 y toh^  K2. CyMapHi onopn rn,ogo 

tohkh K2 BH3HanaroTbca TaK:

R ^ K2 = R ^ g  i + Ra2 + Rk5 2 + Rk 2 = 13,66 + 3,5 + 223,5 + 20 = 260,66 m Om ;

X ^ K2 = X ^ ki , + X a2 + X k62 = 18,062 + 2 + 22 = 42,062 m Om ;

Z^Ki = j RX  + X | a-2 X 260,662 + 42,0622 = 264,031 mOm.

nonaTKoBe giroHe 3HaneHHa nepiogHHHoi CKaagoBoi Tpn$a3Horo CTpyMy npn 

MeTaneBoMy K3 BH3HaHaeTbCH 3a ^opMynoro:

IK2(0 = -F U -----= r  400------= 0,875 kA
K 2(0) T3 ■ Z& 2 T3 ■ 264,031 ,



4) BroHaneHHA CTpyMy Tpn$a3Horo K3 y t o w  K2'. CyMapHi onopn rn,ogo 

tohkh K2' BH3HanawTbca TaK:

R ^ K2' = R ^ k i + Ra 2 + RK6 2 + RK3 = 13,66 + 3,5 + 223,5 + 25 = 265,66 m Om ;

X ^ K2, = X ^ K2 = 42,062 mOm ;

ZX*2' =yj R^K2'+  = ^ 6 5 & ? + Ä 2 ^  = 268,969 m Om .

nonaTKOBe girone 3HaneHHa nepiogHHHoi CKnagoBoi CTpyMy npn MeTaneBoMy 

K3 BH3HanaeTbca 3a ^opMyaoro:

IK2'(0) = - F U ----- = r- 400------= 0,858 k A .
K2<0) V3 • Z& 2 V3 • 268,969 ’

5) BH3HaneHHa CTpyMy Tpn$a3Horo K3 y t o w  K3. CyMapHi onopn rn,ogo 

tohkh K3 BH3HanawTbca TaK:

R ^ = R ^ r  + R 9 + R + R , + R + R . =y K3 y K1 a2 ko 2 a3 np k4

= 13,66 + 3,5 + 223,5 + 7 + 234,3 + 30 = 512,06 m Om ;

X ^ K3 = X ^  2 + X a3 + X np = 42,062 + 4,5 + 3,01 = 49,572 mOm;

Z ^ 3 = ^j R ^ K3 + X ^ K3 = V512,062 + 49,5722 = 514,454 m Om .

nonaTKoBe girone 3HaneHHa nepiogHHHoi CKaagoBoi Tpn$a3Horo CTpyMy npn 

MeTaneBoMy K3 BH3HaHaeTbca 3a ^opMynoro:

IK3<0) = - P U -----= 400----- = 0,448 kA.
<0) V3 • Z&3 V3 • 514,454 ’

Pe3ynbTaTH po3paxyHKy CTpyMiB Tpn$a3HHx K3 y nonaTKoBHH MoMeHT nacy b 

eneKTpHHHifi Mepe^i ^ x y  b ToHKax K1, K1', K2, K2' i K3 HaBogaTbca b Taönn^ 5.1.

5.2 Po3paxyHOK CTpyMiB ogHO^a3Horo KopoTKoro 3aMHKaHHH

OgHo$a3rn K3 po3paxoBywTb gna nepeBipKH HagiÖHocTi BHMHKaHHa gimi' b 

pa3i npoöoro i3oaa^i Ta noaBH Ha Kopnyci ycTaTKyBaHHa noTeH^aay, BeaHHHHa aKoro



Heöe3neHHa gaa ^ m ra  nepcoHaay. ToMy iHTepec cTaHoBHTb MiHiMaabHo Mo^aHBa 

BeanaHHa CTpyMy ogHo$a3Horo K3, aKa öyge HanpHKiH^ giaaHKH, ^ o  3axn^aeTbca, 

TOMy rn,o CTpyM Mae öyra gocTaTHiM gaa cnpa^oByBaHHa 3axncTy (3anoömHHKa,

po3aenaroBaaa aBToMaTa aöo BHMHKaaa hh 3anoömHHKa b aaH^ro3i 6 kB, aKrn,o 3axncT 

y ^aH^W3i 0,38 kB HeayTaHBHÖ).

^Krn,o noTy^HicTb ^HBHabHoi eHeprocncTeMH 3HaHHa (Xc < 0,1XT), noaaraoBe 

giroae 3HaaeHHa nepiognaHoi cKaagoBoi CTpyMy ogHo$a3Horo MeTaaeBoro K3 b 

eaeKTpHHHifi Mepe:m Hanpyrow go 1 kB "HHcTpyKTHBHbie MaTepnaabi 

^aaB^oc^Hep^OHag3opa" peKoMeHgywTb BH3HaaaTH 3a ^opMyaoro:

IK  ----- , (5.25)

- f -  + Znr

ge U  -  $a3Ha Hanpyra Mepe^i, B;

ZT -  noBHHH onip neTai "$a3a - Hyab" Big TpaHc^opMaTopa go tohkh K3, 

oÖMipwBaHHH npn icnrnax aöo 3HaögeHHH i3 po3paxyHKiB, mOm;

Z nT -  noBHHH onip 3HH^yBaabHoro TpaHc^opMaTopa CTpyMaM ogHo$a3Horo

K3, 3HaaeHHa aKoro 3aae^Ho Big noTy^Hocri Ta cxeMH 3'egHaHHa TpaHc^opMaTopiB 

npHHMaeTbca 3 Taöan^ H.3 gogaTKa H[2] aöo BH3HaaaeTbca aK:

Z ^  = (Ry + Rji + R j ) + (Xyp + X 2̂  + X qT) , (5.26)

ge R1T ; X lT; -  aKTHBHHH Ta peaKTHBHHH onip TpaHc^opMaTopa CTpyMaM npaMoi

nocaigoBHocTi, mOm;

R t ; X 2T -Te^;, aae gaa 3BopoTHoi nocaigoBHocTi, mOm;

R t ; X 0T -Te^; caMe, gaa HyaboBoi nocaigoBHocTi, mOm.

Onopn TpaHc^opMaTopa cTpyMaM HyaboBoi nocaigoBHocTi 3HaaHoro Mipow 

3aae^;aTb Big cxeMH 3'egHaHHa oömotok TpaHc^opMaTopa, ToMy peKoMeHgyeTbca 

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

3ipKa 3 HeHTpaaaw" (Y/Yh) cTpyM ogHo$a3Horo K3 Ha mHHax HH (go 1 kB) y 3 pa3H 

öiabmHH, rn,o cnpnae HagiHHoMy cnpagboByBaHHW 3axncHHx anapaTiB (aBToMaTiB).



^Kffl.0 ^HBHntHa eHeprocucreMa Mae oÖMe^eHy noTy^HicTb, to 3HaaeHHa 

Z(1} 3ÖiabmyeTbca 3 ypaxyBaHHaM onopy eHeprocucreMu [21]

4 1} ^ / ( R1 r+ R2 r + R) r ^ 2Rc ? " + ( ^ 1 r ^ ^ ^ ^ ^ ^ or+"2^ c? > (5-27)

Onip neTai "$a3a -  Hyab" gaa aaH^rora 3 n nocaigoBHo 3'egHaHux giaaHoK 

Bu3HaaaeTbca 3a ^opMyaoro:

n

Z nT = y  z  .• l  (5.27)HT ^  n.nrn.i i V /
i=1

ge zn.nm.i -  nmoMHH onip neTai "$a3a -  Hyab" ko^ hoi HacTynHoi giaaHKu Big

TpaHC^opMaTopa go ToaKu K3, mOm/m (BeauauHu znnmi HaBegeHi b T aöau^x  H.6-H.8 

gogaTKa H [2], y goBigKoBux Ta mmux g«:epeaax);

1i - goB^HHa i-i giaaHKu, m.

Onopu KoHTaKTiB muH, anapaTiB, TC He BpaxoBywTbca, 6o oöaucaeHHa 3a 

^opMyaoro (5.25) gae geaKuH 3anac gaa CTpyMy BHacaigoK apu^MeraaHoro 

gogaBaHHa Z(1) / 3 i Zm

CBuH^Bi oöonoHKH KaöeaiB aK 3a3eMawwai npoBigHuKu BHKopncToByBaTH He 

go3BoaaeTbca. ^ a a  BHÖyxoHe6e3neHHHx npuMirn,eHb Ha gonoMrnm npoBigHHKH 

3aHyaeHHa (aaroMmieBi oöoaoHKu KaöeaiB, CTaaeBi CMyru) y po3paxyHKoBiH cxeMi He 

3Ba^;awTb.

^ a a  öiabm ToaHoro Bu3HaaeHHa CTpyMiB ogHo^a3Hux K3, KpiM onopiB 

TpaHC^opMaTopa H 3oBHimHboi ^HBuabHoi Mepe^i, ypaxoBywTb cyMapHuH aKTHBHUH i 

mgyKTHBHHH onopu neTai "$a3a -  Hyab", rn,o MicTaTb onopu muHonpoBogiB, anapaTiB 

i nepexigHux onopiB, noauHawau Big HeHTpaai 3HH^yBaabHoro TpaHC^opMaTopa, a 

TaKo^; onip gyru.

3 ypaxyBaHHaM onopy Mepe^i noHag 1 kB (onopiB TpaHC^opMaTopa i 

^uBa^H o! Mepe^i X c i Rc), nepexigHux aKTuBHux onopiB KoHTaKTiB i onopy gyru 

^aKTuaHe 3HaaeHHa CTpyMy ogHo$a3Horo K3 öyge MeHmuM, ToMy b pa3i HeoöxigHocri 

öiabm ToaHoro Bu3HaaeHHa CTpyMy (HanpuKaag, aKrn,o Horo BeauauHa 6au3bKa go



ycTaBOK cnpa^OByBaHHA 3axHCTy) 3a öygb-aKoi noTy^HocTi ^HBHabHoi 

eHeprocHCTeMH KopHCTyroTbca ^opMyaoro [21]

4 ” ----- , (5.29)
I ^  + Z ̂ + Z nT

BenHHHHa 3 ypaxyBaHHaM nepexigHHx aKTHBHHx onopiB KoHTaKTiB RK = 1 5  

mOm oÖHHcaroeTbca aK [2]

Z(P = y j  (R  + R2T + R t + 2RC + 3Rn )2 + (X lT + X 2T + X or + 2 Xc )2, (5.30)

BroH aw ra CTpyM ogHo$a3Horo K3 y ToHKax K l, K2 i K3

BH3HanaeMO CTpyM ogHo$a3Horo K3 y ToHKax K l, K2 i K3 gaa cxeMH Ha 

pncyHKy 5.2.

TpaHC^opMaTop rany TM3-630/6, cxeMa 3'egHaHHa oömotok TpaHC^opMaTopa 

"TpHKyTHHK -  3ipKa 3 HeHTpaaaro" (A/YH).

Kaöeabm giHii':

K62: ABBr(3x35+1x16); U 2 = 350m;

npoBig go En: nB C  (1x1,5); lnp = 30m.

Po3paxyHOK

3 Taöan^ H 3 gogaTKa H [2] gaa TpaHC^opMaTopa 3 HoMmaabHoro 

noTy^HiCTW 630 kBA i cxeMoro 3'egHaHHa oömotok TpaHC^opMaTopa "TpHKyTHHK -  

3ipKa 3 HeÖTpaaaro" (A/YH) noBHHH onip CTpyMy ogHo$a3Horo K3 Z ( ) = 42 mOm. 3a 

^opMyaoro (5.25) CTpyM ogHo$a3Horo MeTaaeBoro K3 b toh^  Kl:

4 1) = 220 = 15,71 kAK 42 ’

3

3 TaÖHH^ H7 gogaTKa H [2] noBHi nmoMi onopn Zn.nm aaH^ro^a "$a3a -  Hyab" 

gaa HoTHpH^nabHHx KaöeaiB Ta npoBogiB 3 aaroMimeBHMH ^HaaMH TaKi:

Zn.nm.KÖ1 2,12 mOm/M; zn.nm.np 24,08 mOm/m.



a) 6)

PncyHOK 5.2 -  Po3paxyHKOBa cxeMa (a) i cxeMa 3aMirn,eHHfl (6) gna po3paxyHKy 

CTpyMiB ogHO$a3Horo KopoTKoro 3aMHKaHHfl



Z = Zn m .2 n m .KÖl  ’
Z , = 2,12 • 350 = 742 m Om .nm.2 ’

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

4 ” = , 7 20 = 0,296 kA
—  + 742 
3

noBHHH onip nerai "$a3a - Hyab" go tohkh K3 BroHanaeTbca 3a ^opMyaoro: 

Z  . = Z - ,  + Z = 742 + 24,08 • 30 = 1464,4 m ü m .n m .3  nm.Kol nm.np ’  ’

3a ^opMyaoro (5.25) CTpyM ogHo$a3Horo MeTaaeBoro K3 y t o w  K3:

4 ” ----- = 0,148 kA
—  + 1464,4 
3

Pe3yabTaTH po3paxyHKy CTpyMiB ogHo$a3Horo K3 b eaeKTpHnrnö Mepe^i 

Hanpyroro go l kB y TOHKax K l, K2 i K3 HaBogaTbca b Taöan^ 5.1.



T aö n n ^  5.1 -  Pe3ynbTaTH po3paxyHKy CTpyMiB K3 y pi3HHx TOHKax 
eneKTpHHHoi Mepe^i

n ° m p N° E n
CTpyM TpH$a3Horo K 3, A CTypM ogHO$a3Horo K 3, A

K 3 K2' K 2 K1' K1 K3 K 2 K1

1-2 0 ,48 0 ,4 0 9 3,901

3 0 ,48 0 ,4 0 9 3,901

m p  1/5 4-5 0 ,4 0 ,8 5 8 0 ,8 7 5 0 ,3 2 9 3 ,2 8 4

6 -1 2 0 ,531 0,541 4 ,8 0 3

13 0 ,531 0,541 4 ,8 0 3

1-7 0 ,48 0 ,4 0 9 3,901

8 0 ,48 0 ,4 0 9 3,901

9 0 ,531 0,541 4 ,8 0 3

10 1 ,517 1,517 8,943

11 0 ,7 8 7 0 ,7 9 7 6 ,2 5 0

m p  2/5 12 0 ,531 0 ,8 8 8 0 ,9 0 2 0,541 4 ,8 0 3

13 0 ,48 0 ,4 0 9 3,901

14 0 ,3 1 9 6 ,7 7 10,53 0 ,3 2 9 3 ,2 8 4 15,71

15 0 ,3 1 9 0 ,3 2 9 3 ,2 8 4

16 0 ,2 6 5 0 ,2 7 5 2 ,8 3 5

17 0 ,2 6 5 0 ,2 7 5 2 ,8 3 5

1 0 ,2 6 5 0 ,2 7 5 2 ,8 3 5

2 0 ,2 6 5 0 ,2 7 5 2 ,8 3 5

3 0 ,48 0 ,4 0 9 3,901

4 0 ,48 0 ,4 0 9 3,901

m y B  1/5 5-9 0 ,7 8 7 0 ,8 6 6 0 ,8 8 5 0 ,7 9 7 6 ,2 5 0

1 0-14 0 ,7 8 7 0 ,7 9 7 6 ,2 5 0

1 5-19 0 ,7 8 7 0 ,7 9 7 6 ,2 5 0

2 0 -2 3 0 ,7 8 7 0 ,7 9 7 6 ,2 5 0

2 4 -2 5 0 ,531 0,541 4 ,8 0 3



6 BHEIP I ..II KTIMIM im \ AnAPATIB

Bnöip i nepeBipKa Bcix EA Hanpyroro go i noHag 1 kB MaroTt BignoBigara

TaKHM yMOBaM:

1) M^HOcri i3oaagii gaa poöora b TpHBaaoMy pe^HMi Ta npa KopoTKoaaCHHx 

nepeHanpyrax:

UUHOM.e.a “  UUHOM.M ’ (6,1)

ge UĤ  e a i UHOM M, -  HOMiHantHa Hanpyra EA i HoMiHaatHa Hanpyra eaeKTpHHHoi

Mepe^i (ycraHOBKH), y aKifi 3acTOCOByeTtca EA;

2) gonycTHMoro HarpiBaHHa CTpyMaMH b TpHBaaoMy pe^HMi:

I  > I *, (6.2)

ge I„OM e a i 1$ -  HOMiHantHHH CTpyM EA i CTpyM ^opcoBaHoro pe^HMy BignoBigHO,

toöto TpHBaanfi MaKCHMaatHHH poöonHH CTpyM, aKHH Mo^e Hepe3 Htoro npoTiKaTH;

3) BignoBigHocTi HaBKoanmHtoMy cepegoBHrny (HopMaatHe, no^e^o- 

Heöe3nenHe, BHÖyxoHe6e3neHHe Ta iH.), pogy ycTaHoBKH (BHyTpimHa, 3oBHimHa) i

KoHCTpyKTHBHoMy BHKoHaHHro (BHcyBHa, CTa^oHapHa) Ta iH.;

4) napaMeTpaM ochobhoi ^yH^ioHaatHoi xapaKTepHCTHKH: KoMyra^HHi EA -  

CTpyM BHMHKaHHa (BMHKaHHa) npn K3 (KoMyra^ÖHa 3gaTHicTt), EA 3axHCTy -  

HoMiHaatHHH CTpyM naaBKoi BCTaBKH 3anoömHHKa hh ycraBKH po3HenaroBaaa aBToMara.

nepeBipKy BHÖpaHHx EA npoBogaTt 3a ix CTifiKicTro Ta npa^3gaTHiCTro npn 

HacKpi3HHx CTpyMax K3. MaroTt BHKoHyBaTHca TaKi yMoBH:

5) CTpyM eaeKTpogHHaMinHoi CTifiKocTi EAg

iÖUH = iy , (6 3)

6) gonycthmhh CTpyM TepMiHHoi CTifiKoCTi anapaTa IT 3a gonycthmhh HaC 

TepMiHHoi CTifiKoCTi tT



IT • t  > • t, (6.4)

ge /^  i t  -  po3paxyHKOBi napaMeTpn CTpyMy K3 i gificHoro nacy BHMHKaHHa K3.

TaKHM hhhom, HOMmaabHa Hanpyra ^HX aBTOMaTiB BHÖnpaeTbCa aK:

U > U . (6.5)

HoMiHanbHHH CTpyM aBTOMaTiB i HOMmaabrn CTpyMH po3nennwBaniB He 

noBHHHi öyTH MeHmHMH 3a CTpyM ^opcoBaHoro pe^HMy:

/  > /* , (6.6)

/  > 4 ,  (6.7)

y  ^opMynax (6.6) i (6.7) öepyTbCa HaööaH^Hi 3HaneHHa HOMmaabHHx CTpyMiB 

aBTOMaTiB i po3nennwBaniB. ABTOMara 3BHHaÖHO MawTb KiabKa HOMmaabHHx CTpyMiB 

po3nennwBana. Haööiabme 3HaneHHa HOMmaabHOro CTpyMy pO3nennwBana gOpiBHwe 

HOMiHanbHOMy CTpyMy aBTOMaTa, TOMy / hom a > Ihom . CTpyM ^OpMOBaHOro pe^HMy

BH3HanaeTbca 3a ^OpMynOw:

h  = K pe ■ h  , (6.8)

ge K  -  KOe^i^eHT pe3epByBaHHa;

I  -  pO3paxyHKOBHH CTpyM (öepeTbCa 3aae^HO Big MiCna 3HaxOg«:eHHa EA b 

cxeMi eneKTpOnOCTanaHHa).

yCTaBKa CTpyMy c^pa^roBaHHa Big nepeBaHTa^eHHa ICM (yCTaBKa CTpyMy 

TennOBOrO pO3nennwBana Iy.m.p) BHÖnpaeTbCa 3a yMOBH:

I  = I  > K  • I  , (6.9)

ge K  -  KOe^^ieHT, aKHH npnfiMaeTbCa 1,1 gaa aBTOMaTa BBOgy QF1 i gaa aBTOMaTa 

QF2, 1,25 -  gaa aBTOMaTa QF3 aÖO 1,0 Ha aimax gO chhobhx E n , aKi He MawTb y 

CBOeMy CKaagi E^.



y  ^opMyai (6.9) gaa aBTOMaTa BBogy QF1 aK po3paxyHKOBHH CTpyM 

npHHMaeTbca CTpyM ^opcoBaHoro pe^HMy TpaHC^opMaTopa 1$; gaa aBTOMaTa QF2 -  

po3paxyHKOBHH CTpyM gpyroro piBHa eaeKTponocTaaaHHa Ip2; gaa aBTOMaTa QF3 -  

po3paxyHKOBHH CTpyM nepmoro piBHa eaeKTponocTaaaHHa ogHoro E n  Ip1

(HOMiHaabHHH CTpyM E n  iHOMEn npn k  -  1).

y  aiHiax 3 aaMnaMH ^PH (^PI) 3a yMOB KpaTHOCTi nyCKOBOrO CTpyMy 2,25- 3 

Ta Horo TpHBaaOCTi 60-90 c yCTaBKa CTpyMy cnpa^OByBaHHa Big nepeBaHTa^eHHa 

(yCTaBKa CTpyMy TenaOBOrO po3aenaroBaaa) BHÖnpaeTbca TaK:

I  = I  > 1,3 • I  , (6.10)c .n  y m .  p  5 p . o ?  v s

ge I  -  pO3paxyHKOBHH CTpyM aimi ocBiTaeHHa, A.

^ a a  HP i HH HH3bKoro THCKy yCTaBKa CTpyMy cnpagbOByBaHHa Big

nepeBaHTa^eHHa (yCTaBKa CTpyMy TenaOBOrO po3aenaroBaaa) BHÖnpaeTbca aK:

I  = I  > I  , (6.11)

^ a a  HH HH3bKoro THCKy nycKOBi CTpyMH He BpaxoBywTbca, 6o ix TpHBaaicTb 

CTaHOBHTb 6-8 c, i OKpeMi aaMnn MawTb pi3HoaacHe BMHKaHHa. HP MawTb nyCKOBi 

CTpyMH go 6 HOMmaabHHx CTpyMiB, aae ix TpHBaaicTb BCboro geKiabKa MiaiceKyHg.

ABTOMaTH He noBHHHi BHMHKaTH giaaHKH, aKi 3axH^awTb, npn KopoTKoaacHHx 

nepeBaHTa^eHHax (nycKOBi CTpyMH, niKOBi CTpyMH Ta iH.).

^ a a  aBTOMaTa BBogy QF1 cnpagbOByBaHHa BigciaKH po3aenawBaaa MHTTGBoi gii ICB 

BH3HaaaeTbca 3a ^opMyaoro:

I .  > (6 - 1 0 ) . ,  (6.12)

ge Ihom.t -  HOMiHaabHHH CTpyM TpaHC^opMaTopa Ha CTopoHi HH.

y  ^opMyai (6.12) öiabmi KpaTHOCTi npHHMaroTbca gaa TpaHC^opMaTopiB 3 

Maaow HOMiHaabHOW noTy^HicTW (Shom.t < 400 kBA), aKi MawTb öiabmi onopn Ta 

BignoBigHO MeHmi CTpyMH K3.

yMOBa nepeBipKH Big niKOBHx CTpyMiB gaa rpynn E n  (aBTOMaT QF2 i Big 

nycKOBHx CTpyMiB gaa ogHoro E n  (aBTOMaT QF3 noaarae y BHÖopi ycTaBKH CTpyMy



cnpa^OByBaHHA BigtiaKH po3aenaroBaaa mhttgboi gii IC.B (yCTaBKH CTpyMy 

eaeKTpoMaraiTHoro po3aenaroBaaa Iy.e.p) öiabme ^Hx CTpyMiB BignoBigHo He MeHm Hm: 

Ha 25 %, ToMy rn,o noxnÖKa Big po3KHgy xapaKTepHCTHK Mo^e goCarara go 15 %

I  = I  > 1,25/ , (6.13)

I  = I  > 1,25/ , (6.14)

ge I^ ck Ta I mK -  niKoBHH CTpyM rpynn E n  3a ^opMyaaMH (2.40), (2.41) i nycKoBHH

CTpyM ogHHonHoro E ^  3a ^opMyaoro (2.12) BignoBigHo (gaHi nycKoBHx i nkoBHx 

CTpyMiB öepyTbCa 3 pe3yabTaTiB po3paxyHKiB po3giay 2: npHKaagn 2.1 i 2.6 BignoBigHo).

y  aiHiax 3 KKY CTpyM Cnpa^oByBaHHa BigtiaKH (eaeKTpoMaraiTHoro 

po3aenaroBaaa) BHÖapaeTbCa 3a ^opMyaoro:

I  = I  > 1,3I _ v , (6.15)

ge I homkkv -  HoMiHanbHHH CTpyM KKY, aKHÖ oöaHCaroeTbCa 3a ^opMyaoro (4.13).

^ k KoMyTa^ÖHHÖ anapaT aBTOMara nepeBiparoTb rn,ogo 3gaTHocTi BHMHKaHHa 

3a yMoBH:

I  > I  = I (3), (6.16)

ge Kornea -  HoMiHanbHHH CTpyM BHMHKaHHa aBToMaTa npH HopMoBaHHX yMoBax 

poÖoTH;

Ino = I ( 3-  nonaTKoBe giroae 3HaaeHHa nepiognaHoi CKaagoBoi CTpyMy

Tpn^a3Horo K3, go Toro ^  gaa aBToMaTiB BBogy h CewHHHx aBToMaTiB ^ h CTpyM 

BH3HanawTb gaa MeTaaeBoro K3 6e3 nepexigHHx onopiB, a gaa rnmnx (aBToMaTiB QF2 

i QF3-3 ypaxyBaHHaM onopy KoHTaKTiB ^ k.

BignoBigHo go nyHKTy 4 (^yH^ioHaabHe nproHaaeHHa) gaa ayTaHBoCTi 

3axHCTy (HagiÖHoro öoro c^pa^WBaHHa) MirnMaabHHH CTpyM K3 (3BHaaÖHo ^  CTpyM 

ogHo$a3Horo K3 y Haööiabm BiggaaeHiö Toa^ aiHii, aKa 3axnm,aeTbCa) Mae 

nepeBH^yBaTH yCTaBKH po3aenaroBaaiB 3aae^Ho Big ix THniB y TaKHx 

CniBBigHomeHHax:



- gaa po3aenaroBaaa mhttgboi gii (eaeKTpoMaraiTHoro aöo HaniB- 

npoBigHHKOBoro) 3 HoMmaabHHM CTpyMOM öiabme 100 A

/;■’ —1,25/,,, (6.17)

Ta npn CTpyMi go 100 A BKaroaHo:

/;■’ —1,41 c , , (6.18)

- gaa po3aenaroBaaiB ynoBiabHeHoi gii:

2™ — 3 Ice, (6.19)

BnöipKoBicTb gii nocaigoBHo BCTaHoBaeHHx aBToMaTiB 3aöe3neayeTbca 3a 

yMoBH, rn,o ix 3axHCHi xapaKTepncTHKH Ha KapTi ceaeKTHBHocri He noBHHHi 

nepeTHHaTHca, go Toro ^  ycTaBKH CTpyMy po3aenaroBaaiB ynoBiabHeHoi h MHTTeBoi 

gii b aBToMaTa, po3TamoBaHoro öan^ae go E n , MaroTb öyra b 1,5 pa3H MeHmi, Hm: y 

öiabm BiggaaeHoro aBToMaTa [2].

6.1 Bnöip aBTOMaTa ^HBHabHoi' Mepe^i ^ xy

Bnöip aBToMaTa BBogy QF1: Shom,t = 630kBA ToMy BHÖnpaeTbca KTn-630/6, 

aKa KoMnneKTyeTbca ma^oro BBogy rany fflHB-2Y3 . BnönpaeMo aBToMaT BA55-43 

CTpyMooÖMe^yBanbHHH 3 TenaoBHM i eaeKTpoMaraiTHHM po3aenaroBaaaMH. 3a 

^opMyaoro (6.5) HoMiHaabHa Hanpyra aBToMaTa BHÖnpaeTbca aK:

660 — 380 B

3a ^opMyaoro (4.15) BH3HaaHMo HoMmaabHHÖ btophhhhh CTpyM

TpaHc^opMaTopa:

J T, = , 630 = 957,19 A.
hmT2 -n/3^0738 ,

^ a a  gBoTpaHC^opMaTopHoi n C  3 pe3epByBaHHaM Ha CTopoHi HH i 3a 

BigcyTHocTi gaHHx CHCTeMarnaHoro nepeBaHTa^eHHa Koe^i^eHT pe3epByBaHHa

ApK.



npHHMaeTbCa Kpe3 = 1,4, TOMy ^opcoBaHHH CTpyM TpaHC^opMaTopa 3a ^opMyaoro 

(6.8) gopiBHwe:

1 =  1,4 • 957,19 = 1340 A

Togi 3a ^opMyaoro (6.6) HoMmaabHHH CTpyM aBTOMaTa BA 55-43:

I  = 1600 > I .  = 1340 A.HOM.a $

^ a a  aBTOMaTy BA55-43 KpaTHiCTb CTpyMy Cnpa^oByBaHHa (ycTaBKH) 

TenaoBoro po3HenaroBaaa Iy.m.p go HoMiHaabHoro CTpyMy TenaoBoro po3HenaroBaaa 

IHOM.m.P (Iy.m.PIIHOM.ni.P) CTaHoBHTb 1,25. TaKHM hhhom, ycTaBKa CTpyMy TenaoBoro 

po3nennwBana:

I  = 1,25 • T m n = 1,25 -1600 = 2000 A.y .m .  p  '  H O M .m .p  “

3a ^opMyaoro (6.9):

I  = 2000 A > 1,1 • 1340 = 1474 A.

^ a a  aBToMaTy BA55-43 y pa3i HaaBHoCTi TenaoBoro po3HenaroBaaa 

BigHomeHHa CTpyMy Cnpa^oByBaHHa BigtiaKH ICB (eaeKTpoMarmTHoro po3aenaroBaaa

Iy.e.p) go HoMiHaabHoro CTpyMy TenaoBoro po3aenaroBaaa hoM.m.p (Iy.m.p/hoM.m.p) 

CTaHoBHTb 7. TaKHM hhhom, CTpyM Cnpa^oByBaHHa BigtiaKH (eaeKTpoMarmTHoro 

po3aenaroBaaa)

I  = I  = 7 • I  = 7-1600 = 11200 A.c.e y . e . p  H O M .m .p

3a ^opMyaom (6.12):

I  = 1200 A > 6 -1340 = 8040 A.c.e

n p n  nepeBip^ BHMHKaHHa CTpyMy Tpn$a3Horo K3 aBToMaToM BBogy öepeTbCa 

CTpyM Tpn^a3Horo K3 y t o w  K1 (6e3 ypaxyBaHHa RK) 3 Taöan^ 5.1 IKl(0) = 8,71 kA. 

^ a a  aBToMaTiB BA55-43 BHMHKamaa rpaHHHHa KoMyTa^HHa 3gaTHiCTb (BrK3) npn 

Ihom.ü= 1600A  CTaHoBHTb Ihom.6.ü= 85kA. 3a ^opMyaom (6.16)



85 kA > 8,71 kA.

^ a a  nepeßipKH ayTaHBOCTi 3axHCTy 3 Taöan^ 5.1 CTpyM ogHO^aßHoro K3 

Ha mHHax HH K Tn I ^  = 15,71 kA  . 3a ^opMyaoro (6.17) gaa eaeKTpoMarairaoro 

po3Henaroßaaa 3 HOMiHaabHHM CTpyMOM Öiabme 100 A

/ f  = 15,71 kA  > 1,25 • 7 = 8,75 kA.

OcTaTOHHO BHÖnpaeTbca aBTOMaT BA55-43 3 TaKHMH napaMeTpaMU UHOM.a= 

660B; ImM.a= 1600A; ImM.m.p= 1600A; Iy.p= 2000A; Iy.e= 11200 A; Ihom.8m= 85 kA.

Pe3yabTaTH BHÖopy EA 3pyaHO nogara y BHraagi Taöan^: y nepmifi KoaoH^ 

3anncywTb yMOBH BHÖopy, y gpyrifi -  Karaao^Hi gaHi EA, y TpeTifi -  po3paxyHKOBi 

gaHi (Taöa. 6.1).

T a ö a ^ a  6.1 -  Karaao^Hi Ta po3paxyHKOBi gaHi aBToMaTa BBogy QF1 Tuny
BA55-43

Ymobh BHÖopy KaTaao^Hi gaHi aBTOMaTa Po3paxyHKOBi gaHi

3a HOMmaabHoro Hanpyroro
U  > UHOM.a HOM.M

U = 660 BHOM.a U = 380 B
h o m . m

3a HOMmaabHHM CTpyMOM aBTOMaTa
I  > IHOM.a p

I  = 1600AHOM.a
I  = K  • I  —p pe3 1 HOM.m
= 957,19-1.4 = 1340 A

3a HOMiHaabHHM CTpyMOM 
po3nenaroBana

1 HOM.a > 1 p
I  = 1600 Ahom. p

I  = K  • I  —p pe3 1 HOM.m
= 957,19-1,4 = 1340 A

3a HOMiHaabHHM CTpyMOM aBTOMaTa 
Ta fioro po3nenaroBaniB IHOm.a > Lom.p

I  = 1600AHOM.a I hom.p = 1600 A

3a HOMiHaabHHM CTpyMOM TenaoBoro 
po3nenaroBana

Ic.n=Iy.m.p > 1,1 Ip

I y.m. p 1,25 1HOM.m. p

= 1,25 -1600 = 2000 A

1,1Ip = 1,1 -1340 = 

= 1474 A

3a yMOBoro BigCrpofiKH Big nixoBHx 
CTpyMiB I  > I  = I (3)HOM.B.a n.O k

ÔM.e.a = 85 KA Ino = I f '  = 8,71 kA

3a yMOBoro
nyTaHBOCTi /^3) > 1,251

1, 25I c.b = 1,25 • 7 = 8,25 kA IK1 = 15,71 kA



^HBH^bHa niHia T u n  aBTOMaTa Un o M .a ^ B Iu oM .a , A I hom. m . p , A ly.m.p, A Ly .e .p ,  A l-HOJM.6.a, kA

A o m p  1/5 B A  52-33 6 6 0 160 2 0 0 2 0 0 2 0 0 0 38

A o m p  2/5 B A  52-33 6 6 0 160 2 0 0 2 0 0 2 0 0 0 38

g o  m P  1/4 B A  52-33 6 6 0 160 2 0 0 2 0 0 2 0 0 0 38

A o m p  2/4 B A  52-33 6 6 0 160 2 0 0 2 0 0 2 0 0 0 38

A o m p  1/3 B A  52-33 6 6 0 160 2 0 0 2 0 0 2 0 0 0 38

A o m p  2/3 B A  52-33 6 6 0 160 2 0 0 2 0 0 2 0 0 0 38

A o m p  1/2 B A  52-33 6 6 0 160 2 0 0 2 0 0 2 0 0 0 38

A o m p  2/2 B A  52-33 6 6 0 160 2 0 0 2 0 0 2 0 0 0 38

A o m p i /1 B A  52-33 6 6 0 160 2 0 0 2 0 0 2 0 0 0 38

A o m p  2/1 B A  52-31 6 6 0 100 80 100 1000 30

A o m y B i / 5 B A  52-31 6 6 0 100 80 100 1000 30

A o m y B  1/4 B A  52-31 6 6 0 100 80 100 1000 30

A o m y B  1/3 B A  52-31 6 6 0 100 80 100 1000 30

A o m y B  1/2 B A  52-31 6 6 0 100 80 100 1000 30

A o m y B  1/1 B A  52-31 6 6 0 100 80 100 1000 30

OgHomHiHHa cxeMa BHyTpimHboro eneKTponocTanaHHfl 3 no3HaneHH3M K Tn i 

mmÖHHx aBTOMaTiB npHBegeHa y gogaTKy B



T a 6 a ^ a  6.3 -  Pe3yabTaTH BHÖopy aBTOMaraHHHx BHMHKaniB go E n

HoMep
E n

HaÖMeHyBaHHfl E n Ip.l, A
T un

aBToMaTa
UuoM .a ,

B
InoM .a ,

A
In o M .m .p ,

A
ly . m .p .

A Iy .e .p -, A

1 - 2 3M imyBan 1-2 2 7 ,8 5 5 E TI 3 8 0 32 25 3 1 ,2 31 2 ,5

3 Hyro-pigiHHHH Hacoc 1 ,899 E TI 3 8 0 6 2 ,5 5 ,6 56 ,25

4-5 H a co c  a y ^ H o ro  pe3epB yapy 3 ,7 9 8 E TI 3 8 0 6 2 ,5 5 ,6 56 ,25

6 - 1 2
P .B aab^B  6e3nepepB H oro  
HanoBHeHHa KoHBeepa 4 -1 0

1,393 E TI 3 8 0 6 2 ,5 5 ,6 56 ,25

13
M am uH a KoM6iHyBaHHa 
a u cra  Ticra

4 6 ,8 4 6 E TI 3 8 0 60 50 60 6 0 0

1-7
B a a b ^  6e3nepepB H oro  
CTHCxaHHa TicTa

1 ,899 E TI 3 8 0 6 2 ,5 5 ,6 5 6 ,2 5

8 PoaHKH 3'egHaHHa 1,899 E TI 3 8 0 6 2 ,5 5 ,6 5 6 ,2 5

9 Pi3aabHa MamHHa 1 3 ,927 E TI 3 8 0 16 12,5 15 ,6 156 ,25

1 0
H a co c  naTeabHoro  
o6aagHaHHa

9 ,3 6 9 E TI 3 8 0 1 0 1 0 14 140

1 1
BeHTHaaTop napoBoi' 
o6 p o 6 kh

0 ,5 0 6 E TI 3 8 0 6 2 ,5 5 ,6 56 ,25

1 2 BeHTHaaTop oxoaog^ eH H a 1 , 0 1 2 E TI 3 8 0 6 2 ,5 5 ,6 56 ,25

13 H a co c  n o g a a i npunpaB 1 , 0 1 2 E TI 3 8 0 6 2 ,5 5 ,6 5 6 ,2 5

14
PoTopHa MamuHa 
3MimyBaHHa

1,899 E TI 3 8 0 6 2 ,5 5 ,6 56 ,25

15
AnapaT g a a  o6po6KH  
rocTpHM napoM

1 , 0 1 2 E TI 3 8 0 6 2 ,5 5 ,6 56 ,25

16 Tenaoo6MiHHHH anapaT 5 3 ,1 7 6 E TI 3 8 0 60 50 60 6 0 0

17 EaeBaTop oxoaog^ eH H a 17 ,725 E TI 3 8 0 25 2 0 25 2 8 0

1
^HpKyaa^iHHHH Hacoc 
Macaa

5 5 ,7 0 9 E TI 3 8 0 60 50 60 6 0 0

2
M acao^ iab T p  rp y 6 o i 
ohhctkh

0 ,5 0 6 E TI 3 8 0 6 2 ,5 5 ,6 56 ,25

3
CucreM a napaaeHbH oro  
nignoM y

9 ,3 6 9 E TI 3 8 0 1 0 1 0 14 140

4 O xoaog^yroH H H  KoHBeep 9 ,3 6 9 E TI 3 8 0 1 0 1 0 14 140

5-9 BeHTHaaTop oxoaog^ eH H a 0 ,9 3 6 E TI 3 8 0 6 2 ,5 5 ,6 56 ,25

1 0-14 BeHTHaaTop oxoaog^ eH H a 0 ,9 3 6 E TI 3 8 0 6 2 ,5 5 ,6 56 ,25

1 5-19 BeHTHaaTop oxoaog^ eH H a 0 ,9 3 6 E TI 3 8 0 6 2 ,5 5 ,6 56 ,25

2 0 -2 3 BeHTHaaTop oxoaog^ eH H a 0 ,9 3 6 E TI 3 8 0 6 2 ,5 5 ,6 56 ,25

2 4 -2 5 KoHBeep 36npaHHa 0 ,9 3 6 E TI 3 8 0 6 2 ,5 5 ,6 5 6 ,2 5



7 OXOPOHA nPATTT

7.1 XapaKTepHCTHKa ^ x y  3a yMOBaMH cepegoBH^a bhpoöhhhhx 

npmvii^eHb, cTyneHH no^e^Hoi' 6e3neKH i BHÖyxoHeöe3neHHocri, Heöe3neKH 

ypa^eHHH ê eKTpHHHHM CTpyMOM oßc^yroByronoro nepcoHa^y

7.1.1. MiKpoK îMaT
Kornponb TeMnepaTypu noBiTpa b ^ x y  3giöcHroeTbca arig.Ho rO CT 12.1.005­

88 «noBiTpa poöoHoi 3ohu», 3khh BCTaHOBnwe onruManbrn Ta gonycTuMi 

MiKpoKniMaTHHHi yMoBH b 3ane^HocTi Big xapaKTepy bhpoöhhhhx npuMirn,eHb, nopu 

poKy i KaTeropii BuKoHyBaHoi poöoTu. KaTeropia poöiT BignoBigae KaTeropii Ila 

(cepegHtoi Ta^KocTi). ^na  3aöe3neHeHHa HopManbHux MeTeoponoriHHux yMoB 

noBHHHa öyTH nepegöaHeHa Tennoi3ona^a ctmok oönagHaHHa Ta BcTaHoBneHHa 

BeHTuna^HHoi cucTeMu.

PiBHi Heöe3neHHHx i mKignuBux bhpoöhhhhx ^aKTopiB y bhpoöhhhhx 

npuMimeHHax i Ha poöohhx M i^ax He noBHHHi nepeBufflyBara BenuHuH, rn,o 

BH3HaHawTbca HopMaMH, 3a3HaHeHHx y TOCT 12.1.005-88 CCET «noBiTpa poöoHoi 

3ohh».

npnpogHe i mTyHHe ocBiTneHHa Ha nignpneMCTBa noBHHHo BignoBigaTH 

BHMoraM CH un 23-05-95 «npnpogHe i mTyHHe ocBiTneHHa».

KpiM Bogu, BHKopncToByBaHoi B TexHonoriHHoMy n p o ^c i, nignpueMCTBo 3 

BupoÖHu^TBa BepMimeni mBugKoro npuroTyBaHHa oönagHaHe cucTeMow nogaHi Bogu 

gna rocnogapctKo-noöyToBux noTpeö. CucTeMa KaHani3a^i -  rocnogapctKo- 

noöyToBa. BogonocTaHaHHa Ta KaHani3a^a perynwwTtca rO CT 2874-82, CH un 

2.04.01-85 «BHyTpimrnö BogonpoBig i KaHani3agia öyguHKiB», CH un 2.04.02-84 

«BogonocTaHaHHa. SoBHimHi Mepe^i Ta cnopygu ", EH in 2.04.03-85 «KaHani3a^a 

3oBHimHi Mepe^i Ta cnopygu»

M P  5 . 8 . 1 4 1 . 3 6 5  P S
3 mh. ApK. N- ßOKQM, nißnuc flam a

Po3po5, nemptoneHKo C,B,
n p o e K m y ö a H H Z  cu cm e M u  

e /e K m p o n o c m a H a H H n  ^ e x y  n o  

ö u ^o m o ö /e H H ^o  M a K a p o H H u x  ö u p o ö iö .

n o z c H /o ö a /b H a  3 a n u c x a

flim. ApK ApKyuiiB

KepiBHUK nempoBcbKuü M,B, 87 108
KüHcy/ibm,

C y M M  E T m 3 -9 1 cH KoHmp. HuKucpopoB M.A.

3aB.Kacp ßeöeßuHCbKuü 1 fl



MiKpoKniMaTHHHi ymobh bhpoöhhhhx npHMirn,eHb xapaKTeproyeTbca

HacTynHHMH noKa3HHKaMH:

- TeMnepaTypa noBirpa,

- BigHocHa BoaoricTb noBiTpa,

- fflBHgKiCTb pyxy noBiTpa,

- iHTeHCHBHiCTb TenaoBoro (iH^panepBOHoro) BHnpoMrnroBaHHa,

- TeMnepaTypa noBepxHi.

^ a a  poöoaoi 3ohh bhpoöhhhhx npHMirn,eHb BCTaHoBaroroTbca onTHMaabHi Ta 

gonycTHMi MiKpoKaiMaTHHHi yMoBH 3 ypaxyBaHHaM Ta^KocTi BHKoHyBaHoi poöora Ta 

nepiogy poKy. n p u  ogHoaacHoMy BHKoHaHHi b poöoaiö 3orn poöiT pi3Hoi KaTeropii 

Ba^KocTi piBHi noKa3HHKiB MiKpoKaiMaTy noBHHHi BCTaHoBaroBaraca 3 ypaxyBaHHaM 

Haööiabm ancaeHHoi rpynn npa^BHHKiB.

CncTeMa eaeKTponocTaaaHHa cno^HBaaiB BHKoHaHa Ha Hanpyry 0,4 kB. 

M epe^a ocBiTaeHHa BHKoHaHa Ha Hanpyry 220 B. M epe^a gpyroro piBHa 

eaeKTponocTaaaHHa BHKoHaHa KaöeaeM A BBr npoKaageHa b noBiTpi b cepegHHi ^ x y , 

Mepe^a gpyroro piBHa - npoBogoM nB C  b MeTaaeBoMy Kaöeab-KaHaai. y  Bcix 

BHnagKax BHKaroaeHa Mo^aHBicTb MexaHiHHoro nomKogneHHa i BeaHKHx 

po3Taryroanx 3ycuab KaöeaiB Ta npoBogiB. ^ a a  3axncTy eaeKTpHHHHx Mepe®: 

BCTaHoBaeHi aBTOMaTHHHi BHMHKaai. Bce eaeKTpooöaagHaHHa Mae 3a3eMaeHHa.

7.1.2 CTyniHb no^e^Hoi' 6e3neKH i BHÖyxoHe6e3neHHOcri

3rigHo 3 HAGE E.03.002-2007 «HopMH BH3HaaeHHa KaTeropiö npHMi^eHb, 

öygHHKiB Ta 3oBHimHix ycTaHoBoK 3a BHÖyxono^e^Horo Ta no^e^Horo Heöe3neKoro» 

^ x  «B»: roproai ra3H (ET), aerKo3aÖMHCTi, roproai i Ba^Koroproai pigHHH, a TaKo^; 

peaoBHHH Ta MaTepiaan, aKi 3gaTHi npn B3aeMogii 3 Bogoro, KHCHeM noBiTpa aöo ogHH 

3 ogHHM BHÖyxaTH i ropira aöo TiabKH ropiTH; roproanö nna i BoaoKHa, TBepgi roproai 

Ta Ba^Koroproai peaoBHHH i MaTepiaan, 3a yMoBH, rn,o npHMirn,eHHa, b aKHx bohh 

3HaxogaTbca (oöepTaroTbca), He BigHocaTbca go KaTeropiö A, E i nrnoMa no^e^Ha



HaBarnara gaa TRepgnx i pigKHx aerKo3aHMHCTHx Ta roproanx peaoRHH Ha oKpeMHx 

giaaHKax naorn,ero He MeHme 10 m2 Ko«Ha nepeRHrnye 180 M ^ « /m2.

7.1.3 Heöe3neKa ypa«eHHH eaeKTpHHHHM CTpyMOM oöcayroByronoro

nepcoHaay

3 eaeKTpoöe3neKH ^ x  RigHocHTbca go KaTeropii 3 nig.RMin.eHoro Heöe3neKoro (2 

Kaac). ^ a a  3axncTy arogeH Big ypa«eHHa eaeKTpnaHHM CTpyMOM RHpoÖHHae 

oöaagHaHHa noRHHHo RignoRigaTH TaKHM RHMorn:

1) CTpyMonpoRigHi aacTHHH RHpoÖHHaoro oöaagHaHHa e g«epeaoM 

Heöe3neKH noRHHHi öyTH HagiÖHo i3oaboRam aöo po3TamoBaHi r HegocTynHHx gaa 

arogeH M ic^x;

2) MeTaaeRi aacTHHH RHpoÖHHaoro oöaagHaHHa, aKi RHacaigoK 

nomKogneHHa i3oaa^i CTpyMoRegyaHx aacTHH Mo«yTb onHHHTHca nig Hanpyroro 

Heöe3neHHoi ReaHHHHH, noRHHHi öyTH 3a3eMaem (3aHyaem).

po3Mi^eHHa RHpoÖHHnoro oöaagHaHHa y rhpoöhhhhx npHMirn,eHHax He 

noRHHHo npegcTaRaaTH Heöe3neKH gaa nepcoHaay Ta noBHHHa RignoRigaTH giroaHM 

HopMaM TexHiHHoro npoeKTyBaHHa CH in i npaRHaaM TB, TOCT 12.2.061-81.

7.2 Po3paxyHOK 3a3eMaeHHH ^ xoboi TpaHC ôpMaTopHoi' nigcraH^i'

n p n  po3paxyHKy n 3  RH3HaaaroTb THn 3a3eMaroRaaiR, ix KiabKiCTb Ta M i^e 

po3Mi^eHHa, a Tarn«: nepepi3 3a3eMaroroaHx npoRigHHKiR. Po3paxyHoK n 3  aRaae 

coöoro RH3HaaeHHa onopy po3TiKaHHa CTpyMy mTyaHHx 3a3eMaroRaaiR, aKHH He 

nepeBHrn,HTb HopMoRaHoro 3HaaeHHa R3.HOM 3aae«HTb Big npoRigHocTi rpyHTy, 

KoHCTpyK^i 3a3eMawRaaa Ta ranÖHHH Horo 3aKaagaHHa.

npoBigHiCTb rpyHTy xapaKTepH3yeTbca nHToMHM onopoM p  (Om cm aöo Om m), 

aKHH 3aae«HTb Big CKaagy rpyHTy, Horo Roaorocri, TeMnepaTypn Ta mmnx 

noKa3HHKiR i Mo«e 3MrnroRaTHca r mnpoKoMy giana3oHi. nHTOMHH onip rpyHTy -  ^  

onip Mi« npoTHae«HHMH CTopoHaMH Kyöa rpyHTy 3 peöpoM 1 cm aöo 1 m. nY E



peKOMeHgye BH3HaaaTH nHTOMHH onip rpyHTy maaxoM 6e3nocepegrnx BHMipiB b TOMy 

Mic^, ge öygyTb po3MirnyBaTHca 3a3eMaroBaai. n p a  ^OMy caig BpaxoByBara ce3OHHi 

KoaHBaHHa nHTOMoro onopy rpyHTy. HaBecHi Ta BOceHH nHTOMHH onip rpyHTy 

hh^ hhh, Hm: y3HMKy Ta BaiTKy. 36iabmeHHa nHTOMoro onopy rpyHTy B3HMKy Ta 

BaiTKy BpaxoByeTbca 3a gonoMorow K oe^^iem a nigBHffl,eHHa onopy aKHH Mae Tpn 

3HaneHHa [2].

Po3paxyHKOBe 3HaaeHHa nHTOMoro onopy rpyHTy B M i^i n 3

P p  = P b u m  ■ ¥ ■  (7 1 )

y  pa3i BigcyTHOCTi gaHHx BHMipy gaa po3paxyHKiB KopncTyroTbca 3HaaeHHaMH 

nHTOMHx onopiB rpyHTiB, aKi peKOMeHgywTbca. npHÖaH3Hi 3HaaeHHa nHTOMHx onopiB 

rpyHTiB p  HaBogaTbca B goBigKOBiö Ta TexHiHHiH aiTepaTypi [2,12].

n y E  peKOMeHgye BHKopncTOByBaTH npnpogm 3a3eMaroBaai, rn,o 3aöe3neaye 

3HaHHy eKOHOMiw KomTiB. ^Krn,o ix onip R3.np öiabmnö, Hm: HopMOBaHa BeaHHHHa 

onopy n 3  R3.HopM, to HeoöxigHy BeaHHHHy onopy mTyaHHx 3a3eMaroBaaiB R3.mm 

BH3HanawTb aK

R * Rj~y 3 .n p  3 .HOpM / r j  2̂ j
V3.rnm  ^ q * V' ,z-/

3 .n p  3. HOpM

3a ^opMOW po3TamyBaHHa 3a3eMaroBaaiB po3pi3HawTb 3Ocepeg^;eHi h

KOHTypHi 3a3eMaeHHa. n p a  KOHTypHOMy 3a3eMaeHHi 3a3eMaroBaai po3TamoBywTbca 3a 

nepHMeTpoM TepHTopii, aKa 3axnm,aeTbca, a iHogi TaKO^ i BcepegHHi Hei. Cnociö 

po3Mi^eHHa 3a3eMawBaniB (y pag aöo 3a KOHTypoM) BH3HaaaeTbca 3a naaHOM 

yCTaHOBKH.

Po3paxyeMO n 3  gBOTpaHC^opMaTopHOi K Tn 630 kBA Hanpyrow 6/0,4 kB. ^ a a  

po3paxyHKy BHKopncTOBywTbca TaKi BHxigHi gaHi:

1) Mepe^a 6 kB ^pa^we 3 i3oabOBaHOW HeÖTpaaaro;

2) Ha CTopoHi HH Hanpyrow 0,38/0,22 kB HeHTpaab e rayxo3a3eMaeHOw;

3) HaööiabmHH po3paxyHKOBHH CTpyM 3aMHKaHHa Ha 3eMaw Hepe3 n 3  Ha 

CTopoHi 6 kB I3 = 12,5 A;



4) ipyHT y M i^i cnopyg^eHHa - cyrauHoK;

5) KniMaTHHHHH pafioH, ge po3TamoBaHuö npoeKTOBaHuö ^ x  - TpeTiö;

6) onip npupogHux 3a3eMnroBaniB npuÖHaTu piBHUM R3.np = 0.

PncyHOK 7.1 -  KoHCTpy^ia npucTporo 3a3eMneHHa:

1 -  BepTHKanbHHH 3a3MenwBan; 2 -  roprooHTanbHuö 3a3eMnroBan;
3 -  3a3eMHWWHHH npQRjg.HHK.

1) HaMinaeTbca n 3  gna BHyTpimHbo^xoBoi K Tn i3 30BHimHboro öoKy ^ x y  3 

po3TamyBaHH^M BepTUKanbHux 3a3eMnroBaniB 3a KOHTypoM 3 BigcTaHHro Mm: 

eneKTpogaMH a = 5 m. MaTepian BepTUKanbHux 3a3eMnroBaHiB -  Kpyraa CTanb 

(eneKTpog) giaMeTpoM d  = 18 mm i goB^HHoro le = 5 m. MeTog 3aHypeHHa 

BepTHKanbHHx 3a3eMnroBaHiB -  BKpynyBaHHa. BepxHi Km^ BepTUKanbHux 

3a3eMnroBaniB 3aHypeHi Ha rauöuHy 4 = 0,7 m i npuBapeHi go roprooHTanbHoro 

3a3eMnroBana i3 CTaneBoi CMyru mupuHoro b = 40 mm i BucoToro h = 4 mm (puc. 7.1).

2) B EY Hanpyroro 6 kB, aKro,o n 3  ogHonacHo BUKopucToByeTbca i gna EY 3 

Hanpyroro go 1 kB, onip n 3  BU3HanaeTbca 3a ^opMynoro:

R. = U , (7.3)

npunoMy npufiMaeTbca U3 = 125 B, i fioro BenunuHa Mae öyTu He ömbmoro Hm: 10 Om. 

3 ypaxyBaHHaM BuxigHux gaHux

R = —  = 10 Om .
3 12,5



npH BHKOHaHHi n 3  ogHonacHo gna 3a3eMneHHa EO go i noHag 1 kB 

npHHMaeTbca onip n 3  Tiei ycTaHOBKH, ge BiH e MimManbHHM. 3i ctopohh Hanpyrn 

0,38/0,22 kB R3 < 4 Om. OcraTOHHO npHHMaeTbca R3.HopM < 4 Om.

3) BenHHHHa nHTOMoro onopy rpymy p  (Om m ) y M i^i cnopyg^eHHa n3 , 

aKHH peKoMeHgyeTbca g.aa po3paxyHKiB, öepeTbca HacTynHHM: gna cyraHHKy 

p  = 100 Om m . Koe^^ieHTH BepTHKanbHoi npoKaagKH K B i ropH3oHTanbHoi npoKaagKH 

K  npHHMawTbca TaKHMH: gna 3-ro KaiMaTHHHoro paöoHy KB=1,3, K  = 2,5.

Po3paxyHKoBi nHTOMi onopn ipyHTy gga BepTHKanbHHx i ropH3oHTanbHHx 

3a3eMnwBaniB BH3HanaroTbca TaK:

Pp.e = K b 'P i 0jM • M  

P p .z  = K  - p ,  OM • M ,

O™e, gna cyraHHKy:

p pB = 1,3100 = 130, Om  • m , 

p pz = 2,5100 = 250, Om  • m ,

4) BH3HanaeTbca onip po3TiKaHHa ogHoro BepTHKanbHoro eneKTpoga 

giaMeTpoM d  = 18 mm i goB^HHoro 1B = 5 m npn 3aHypeHHi Ha ranÖHHy = 0,7 m 3a 

^opMynoro:

0,366'Pp (  2 l, 1 , 4 / ,  + l, 1 „
R , B = ---------- —  1g—  + - 1g— — L , O m ,

le l  d  2 g 4/, - 1, J

n 0,366130 L  25 1 43,2 + 5^ ^
R 3 e  = ^ ----------  1g------- - + -  1g— -̂-----  = 27,82, O m ,

3 B 5 ^ 1810-3 2 & 4-3,2 -  5 )

5) 3 TaÖHH^ P.4 gogaTKa P 6e3 ypaxyBaHHa roprooHTanbHHx CMyr npn 

nonepegHbo BHÖpamö KinbKocTi eneKTpogiB y Komypi n = 20 rnT. Ta BigHomeHHi 

a/lB = 1 BHÖnpaeTbca Koe^^ieHT BHKopncTaHHa BepTHKanbHHx 3a3eMnroBaHiB 3 

ypaxyBaHHaM eKpaHyBaHHa K e.e.e = 0,47 (cepegHa BenHHHHa). Haönn^eHa KinbKiCTb 

BepTHKanbHHx 3a3eMnroBaHiB oÖHHraroeTbca 3a ^opMynoro



R
n = -------—-----, mm.,

K  Re e e 3.HOpM

27,82 1/10
n = -------- = 14,8 mm.

0,474

npHHMaeTbca HanönH^na örnbma ^ n a  KinbKiCTb BepTHKanbHHx 3a3eMnroBaHiB 

n = 15 mT.

6) BH3HanaeTbca onip po3TiKaHHA ropH30HTanbHoro 3a3eMnwBana 3i CTaneBoi 

CMyrn mupuHom b i bhcotom h 3a ^opMynoro 3 Taönn^ P.3 gogaTKa P ak

n 0,266-Pp. 2 f  „
R3.r = ----- ;------ xg ~ r i , ^ ,1 b-d2

n 0,366-250, 2(515)2  ̂ OA „
R3Z = —----------lg —  /  = 6,84 Om ,

3.r 515 4010-3 0,7

7) 3 T aön^i P.5 gogaTKa P npu KinbKOCTi BepTHKanbHHx 3a3eMnwBaniB y 

KOHTypi n = 15 mT. i npu BH3HaneHOMy BigHomeHHi alle = 1 BHÖnpaeTbca Koe^i^eHT 

BHKopHCTaHHA ropH3oHTanbHoi CMyru K ere = 0,3 (cepegHA BenHHHHa). Togi onip

po3TiKaHHA ropH3oHTanbHoro 3a3eMnwBana 3 ypaxyBaHH^M eKpaHyBaHHA 

BH3HanaeTbca TaK:
R

R,z.e = ~R 3~ , Om ,
K e.r.e

R ., e = 6 y  = 22,8, Om ,

8) BH3HanaeTbca yTOHHeHHH onip BepTHKanbHHx eneKTpogiB 3 ypaxyBaHH^M 

roprooHTanbHoi CMyru:

R  *RT-\ 3.2. e 3.HODM
R3 6 e = -------------p— , Om ,

3.6 k  — RVe .2 .e 3. HOpM

?? R-4
R = ---- ,----- = 4,85, Om ,

3 B e 22,8 -  4 , , ,

9) YTonHeHa KinbKiCTb BepTHKanbHHx eneKTpogiB BH3HanaeTbca 3 

ypaxyBaHH^M n = 15 mT., alle = 1, K e,e,e = 0,5 3a ^opMynow



R 3 6
n  =  —  ,  m m . ,y

K 6 . 6 . e  R 3 . 6

27,82
n = = 11,5mm.

'  0,54,85

OcTaTOHHO npHHMaeTbca 12 BepTHKantHHx eneKTpogiB. npHKnag 

po3TamyBaHHa KOHTypy 3a3eMneHHA ^ xoboi K Tn HaBogHTtca Ha pncyHKy 7.2.

PncyHOK 7.2 -  Po3TamyBaHHa Komypy 3a3eMneHHA ^ xoboi K Tn



8 EKGHGMIHHHH AHA.HI3 BAPIAHTIB OCBIT^EHHH ^ X Y

npoBecTH nopiBHaabHHH aHaai3 gBOx BapiaHTiB CHCTeMH ocBrraeHHa:

1. ^ a a  ocBiTaeHHa ^ x y  BHKopncTOByroTbca CBiraabHHKH ^ipMH «BATPA» 

THny r c n i7 B  i3 naMnaMH MTH MH400-T;

2. ^ a a  ocBiTaeHHa ^ x y  BHKopncTOByroTbca npoMHcaoBi CBrraogiogm 

CBiTHnbHHKH $ipMH Horoz Electric Mogeab GORDION-100.

^ a a  npoBegeHHa nopiBHaabHoro aHaai3y npn BHKopncTaHHi gBOx pi3HHx THniB 

CBiTHabHHKiB HeoöxigHO 3HaÖTH noBHi BHTpaTH Ha BnpoBag^eHHa gaHHx 3axogiB Ta 

3gificHHTH ix nopiBHaHHa.

y  Taöan^ 8.1 HaBegeHi Texmnm xapaKTepncTHKH ^Hx ocBrraroBaabHHx 

npnaagiB.

T a ö a n ^  8.1 -  TexmnHa xapaKTepncTHKa CBrraabHHKiB

HaÖMeHyBaHHa
Tnn CBiTHabHHKa

r c n i7 B GORDION-100

Tnn aaMnn MH400-T —

noTy^rncTb ( PR), Bt 400 100

CBrraoBHH noTiK 
aaMnn ( ) ,  hm 35000 10000

KmbKiCTb aaMn y 
CBiTHHbHHKy (n), mT. 1 —

TepMiH cay^ÖH, rogHH 8000 20000

M P  5 . 8 . 1 4 1 . 3 6 5  P S
3 mh, ApK, N- ßOKL/M, nißnuc flam a

Po3po5, nempKHeHKO C,B,
n p o e K m y ö a H H Z  cu cm e M u

flim. ApK ApKL/wiB

KepiBHUK nempoBcbKuü M,B, 95 108
KoHcy/ibm, Ma^eHKO O.M.

e /e K m p o n o c m a  naH H n ^ e x y  n o  

ö u ^o m o ö /e H H ^o  M a K a p o H H u x  ö u p o ö iö .

n o z c H /o ö a /b H a  3 a n u c K a
C y M M  E T m 3 -9 1 cH KoHmp, HuKupopoB M.A.

3aB.Kacp ßeöeßuHCbKuü 1 fl



HeoöxigHa KiabKiCTb CBrraabHHKiB 3 MeTaaoraaoreHHHMH Ta CBrraogiogHHMH 

naMnaMH öyaa po3paxoBaHa y nyHKTi 2.4. BoHa CKaagae gaa CBrraabHHKiB 3 

MeTanoranoreHHHMH aaMnaMH -  250 rnT., gaa CBrraabHHKiB 3 CBrraogiogHHMH 

naMnaMH -  828 rnT.

BapTiCTb CBiTHnbHHKiB, aKi BCTaHOBHMMTbca b ^ x y  ( ^ ce), BH3HanaeTbca no 

$opMyni:

= W c + ^  • n) • n  , (8.1)

ge ^ c -  ^H a ogHoro CBrranbHHKa, rpH.;

-  ^H a ogrnei naMnn, rpH.;

N  -  KiHbKiCTb CBiTHHbHHKiB, rnT; 

n -  KiabKiCTb aaMn y CBrranbHHKy.

BHKopncTOBywHH garn Internet Ta npaöcraHCTH 3HaxogHMO ^Hy HeoöxigHHx 

HaM CBiTHabHHKiB Ta aaMn gaa hhx:

1. ^H a CBiTHabHHKa r c n i7 B  -  2353 rpH.;

2. ^H a CBiTHabHHKa GORDION-100 -  320 rpH.;

3. ^H a aaMnn MH400-T -  225 rpH.;

Po3paxyeMO BapTiCTb Bcix CBrranbHHKiB r c n i7 B :

= (2353 + 225 • 1) • 250 = 644500 zpn.

Po3paxyeMO BapTiCTb Bcix CBiTHnbHHKiB GORDION-100:

U  = 72 • 828 = 722016 zpn.
7 cB7F.n ±

BapTiCTb MOHTa^y CBrranbHHKiB BH3HanaeTbca no ^opMyrn:



ge ^ Mce -  ^H a MOHTa^y ogHoro CBiraabHHKa, rpH. Urne. MOHTa^y CBiTHHbHHKa 

r c n i7 B  CTaHOBHTb 100 rpH., a CBiTHHbHHKa GORDION-100 -  100 rpH.

Po3paxyeMO BapTicTb MOHTa^y CBiraabHHKiB r c n i7 B :

^ M̂ Ĉ  = 100 • 250 = 25000 rpH.

Po3paxyeMO BapTicTb MOHTa^y CBiTHHbHHKiB GORDION-100:

^  mled = 100 • 828 = 82800 rpH.

KinbKicTb eneKTpHHHOi eHeprii, rn,O cnO^HBaeTbca 3a piK (K ), BH3HanaeTbca nO 

^OpMyni:

K  = k • Pn • n • N , (8.3)

ge k -  nac poöoth aaMnn 3a piK, rOgHH. ^ a a  aaMn nac poöoth CTaHOBHTb 

2400 rOgHH 3a piK.

P  -  nOTy^rncTb aaMnn, kBt.

CnO^HBaHa eaeKTpOeHepria npn BHKOpncTaHHi CBiraabHHKiB r c n i7 B  

CTaHOBHTb:

K rcn = 2400 • 0,4 • 250 -1 = 240000 KBT/piK.

CnO^HBaHa eaeKTpOeHepria npn BHKOpncTaHHi CBrraabHHKiB GORDION-100: 

K led = 2400 • 0,1 • 828 • 1 = 198720 KBT/piK.



BapTicTb eneKTpHHHOi eHeprii, rn,o cno^HBaeTbca CBrraabHHKaMH 3a piK 

( ^ En), BH3HanaeTbCfl no ^opMyai:

= K  • ^ eJl, (8.4)

ge ^ en -  ^H a Ha eaeKTpnaHy eHepriw. ^ en = 2,74 rpH. /kBt.

^ a a  CBiTHnbHHKiB r c n i7 B  BOHa CTaHOBHTb:

^ En̂ ĉ  = 240000 • 2,74 = 657600 rpH.

BapTiCTb cno^HBaHOi eaeKTpnaHoi eHeprii gaa CBrinabHHKiB GORDION-100:

^ musD = 198720 • 2,74 = 544493 rpH.

B rnpara no eKcnayaTa^i CBiraabHHKiB BH3HaaaroTbca no ^opMyai:

^ e Kcm = G • ^ , (8.5)

ge G -  BHTpaTa aaMn 3a nepiog po3paxyHKy, mT.

BpaxoBywHH, rn,o TepMiH cay^ÖH CBiTaogiogHoro CBiraabHHKa GORDION-100 

CKaagae 20000 rogHH, a aac poöora CBiraabHHKa 3a piK -  2400 rogHH, to 

po3paxyHoK noBHHx BHTpaT ocBiTneHHa ^ x y  öygeMo Becra gaa nepiogy 8 poKiB 

(20000/2400 = 8,3 « 8 poKiB).

3 ypaxyBaHHaM TepMiHy cay^ÖH MeTaaoraaoreHHHx aaMn 8000 rog KiabKicTb 

3aMiH aaMn y CBiraabHHKax r c n  CKaage 20000/8000 = 2,5 «2 pa3H. Togi 3araabHa 

BHTpaTa aaMn MH400-T CKaage 2*250 = 500 mTyK 3a 8 poKiB.

B rnpara no eKcnayaTa^i CBiraabHHKiB r c n i7 B  3a 8 poKiB:

^ ĉ  = 500 • 225 = 112500 zpn.



BHTpaTH no eKcnnyaTa^i CBiTHHbHHKiB GORDION-100 3a 8 poKiB:

IJeKOWLEv ~ 0 2PH-

BH3HanHMO noBHi BHTpaTH no BnpoBag^eHHro KO^Horo 3 BapiarniB no 

$opMym:

Bn = n C6+ + *  • n J m+ .  (8.6)

ge s -  KintKiCTb poKiB, 3a nrn npoBogHTbcn po3paxyHoK.

BH3HaHHMo noBHi BHTpaTH no oCBiTHeHHW ^X y  CBiTHHbHHKaMH THny

r c n i7 B  3a 8 poKiB:

B = 644500 + 25000 + 8 • 657600 +112500 = 6042800 zpn.

CepegHbopinm BHTpaTH CKnagawTb 755350 rpH.

BH3HaHHMo noBHi BHTpaTH no oCBiTHeHHW ^X y  CBiTHHbHHKaMH THny

GORDION-100:

B = 722016 + 82800 + 544793 + 0 = 5160758 zpn.
nT.F.n 1

CepegHbopinHi BHTpaTH CKnagawTb 645095 rpH.

PinHa eKoHoMm npn eKcnnyaTa^i CBiTHHbHHKiB GORDION-100, b nopiBHAHHi 

3 BHKopHCTaHHAM CBiTHHbHHKiB rC n i7 B , CKnagae:

E -  = B -  B  = 755350 -  645095 = 110255 zpu. (8.7)
piH nrcn nTF.n ± v y

Pe3ynbTaTH po3paxyHKiB 3aHeceMo go Taönn^ 8.2.



CBiTHHbHHK rC n i7 B  3

aaMnoro MH400-T

CBiTHHbHHK

GORDION-100

KiHbKiCTb CBiTHHbHHKiB, mT. 250 828

BapTiCTb BCiX CBiTHHbHHKiB 3 

naMnaMH, rpH. 644500 722016

BapTiCTb MoHTa^y 

CBiTHHbHHKiB, rpH. 25000 82800

EneKTpuHHa eHepria, rn,o 

cno^HBaeTbca 3a piK, KBT/piK. 240000 198720

BapTiCTb eneKTpuHHoi eHeprii

3a piK, rpH. 657600 544493

noBHi BHTpaTH no 

eKcnnyaTa^i CBiraabHHKiB 3a 

8 poKiB, rpH.
112500 0

noBHi BHTpaTH 3a 8 poKiB, 

rpH. 6042800 5160758

CepegHbopiHHi BHTpaTH, rpH. 755350 645095

PiHHa eKoHoMia, rpH. — 110255

TaKHM hhhom, mh öaHHMO, rn,o noBHi BHTpaTH no gpyroMy BapiaHTy, toöto 

ocBrraeHHa ^ x y  3a gonoMororo CBiraogiogHHx CBiTHHbHHKiB THny GORDION-100, 

MeHmi, b nopiBHaHHi 3 nepmuM BapiaHToM. ToMy BHrigHime BHKopHCToByBaTH gna 

ocBrraeHHa gaHoro ^ x y  CBrraogiogrn CBiTHHbHHKH THny GORDION-100.



BHCHOBKH

Pe3yabTaToM BHKoHaHHa MaricTepcbKoi poöora e po3paxyHOK napaMeTpiB 

po3nogiabHoi eaeKTpHHHoi Mepe^i ^ x y  no BHroTOBaeHHro MaKapoHHHx BHpoöiB.

Po3paxoBaHo HaBaHTmeHHa Ha Tpbox piBHax CHCTeMH eaeKTponocTaaaHHa, 

^ o , b CBoro Hepry, go3Boanao npoBecra BHÖip Ta nepeBipKy TpaHC^opMaTopiB gaa 

^xoBoi T n  -  oöpaHo gBoTpaHC^opMaTopHy nigcTaH^ro 3 TpaHC^opMaTopaMH 

THny TM3 -  630/6/0,4.

npoBegeHO BHÖip KaöeaiB. ^ a a  ^HBaeHHa T n  ^ x y  Big po3nogiabHoro 

npncTporo oöpaHo Kaöeab THny AAffla-6. ^ a a  po3nogiabHoi Mepe^i oöpaHo THn 

Kaöearo ABBr. nepepi3H ^ n a  oKpeMHx amifi BignoBigaroTb po3paxoBaHHM rpynoBHM 

HaBaHTa^eHHa (gaa KaöeaiB Big T n  go ^ C )  Ta ogHHHHHHM HaBaHTa^eHHaM oKpeMHx 

cno^HBaniB (gaa KaöeaiB Big ^ C g o  En).

BHKopncTOByroHH CKaageHi B poöoTi cxeMH 3aMirn,eHHa, 3 ypaxyBaHHaM 

eaeKTpHHHHx napaMeTpiB oöpaHHx KaöeaiB Ta TpaHC^opMaTopiB, po3paxoBaHo 

Tpn$a3Hi CTpyMH KopoTKoro 3aMHKaHHa Ha Tpbox piBHax CHCTeMH eaeKTponocTaaaHHa 

Ta CTpyMH ogHo$a3Horo KopoTKoro 3aMHKaHHa.

BHKopHCTOByroaH oTpHMaHi BeaHHHHH CTpyMiB K3 Ta napaMeTpn po3paxoBaHHx 

HaBaHTa^eHb npoBegeHo BHÖip KoMyTau,iÖHoro Ta 3axHCHoro oöaagHaHHa. B aKocTi 

aBToMaTHHHHx BHMHKaaiB BHÖpaHo KoMyTa^ÖHi anapaTH cepiö BA, rn,o Bigpi3HawTbca 

bhcokow aKiCTW Ta HagifirncTro poöoTH.

B po3giai oxopoHa n p a^  npoBegeHHH aHaai3 ^ x y  3a yMoBaMH cepegoBH^a 

BHpoÖHHHHx npHMirn,eHb, CTyneHa no^e^Hoi 6e3neKH i BHÖyxoHeöe3neHHocTi Ta 

Heöe3neKH ypa^eHHa eaeKTpHHHHM CTpyMoM oöcayroByroaoro nepcoHaay. 

npoBegeHHH po3paxyHoK 3a3eMaeHHa ^xoBoi TpaHC^opMaTopHoi nigcTaH^i, ^ o  

CKaagaeTbca 3 BepTHKaabHHx eaeKTpogiB, oö’egHaHHx roprooHTaabHoro noaocoro Ta 

Mae 3araabHHH onip, rn,o He nepeBHrnye 4 Om.

B eKoHoMiHHifi aacTHHi öyB 3poöaeHHH po3paxyHoK eKoHoMiHHoro e^eKTy npn 

BHKopHCTaHHi gBoX pi3HHX THniB CBiTHabHHKiB.
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