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BcTyn 

I IpH nmaHyBaHHi po3BHTKy, npoeKTyBaHHi Ta ynpaBjj iHHi peKHMaMu 

e^eKTpoeHepreTHHHHx cucTeM ( E E C ) Heo6xigHO Bup imyBaTH p a g TexHinHHx Ta 

TexHiKO-eKOHOMWHux 3aBgaHb, a K MaroTb aHajiiTHHHHii i po3paxyHKoBHH 

x a p a K T e p . 

3aBgaHHa emeKTpoeHepreTHKH g o c u T b CKmagHi, inp o6yMOBjjeHo: 

1) CKnagHicTK) E E C , 

2 ) BHCOKOKK iiiBngKiCTK) Ta B3aeMo3B a3KoM n p o i i e c i B , inp npoTiKaroTb y 

p i3Hux e j e M e H T a x cucTeMH B HopMambHux i aBap i i iHux p e K H M a x , 

3 ) 3a6e3neneHHtfM H a g i m i o i po6oTH n p u a B a p i a x . 

51K H a c j i g o K , 3aBgaHHa emeKTpoeHepreTHKH e 6 a ^ a T o yHK^ioHa bHHMH, 

3ane^HHMH B i g 6 a r a T b o x napaMeTpiB, rpoMi3gKHMH, BHMararoTb CKmagHux i 

o6 'eMHnx po3paxyHKiB. T o M y emeKTpoeHepreTHKa e ogHiero 3 ra j jy3e i i H a p o g H o r o 

r o c n o g a p c T B a , g e 3 H a n m j H imupoKe 3acTocyBaHHa pi3Hi MogemKKKHi i 

oGHHcmKBambHi n p o r p a M H B ocHoBi a K u x meKcaTb B ^ e BigoMi HucembHi MeTogu . 

,H,o iHKeHepHoro BHKopucTaHHa HucembHux MeTogiB M o ^ H a B i g H e e r a 

po3paxyHKH MarHiTHHx i emeKTpocTaraHHHx m r o gma 3apagKcemux HacTHHOK, 

p i3Horo p o g y pagioTexHiHHi po3paxyHKH, BKmronaronn, HanpuKj j ag , npoeKTyBaHHa 

C B 1 ! xBHj jeBogiB. IJ iKaBO, m,o aK B TeopeTHHHin i3H^i , TaK i B iHKceHepHiii 

npaKTHiii pi3Hi 3aBgaHHa TeopeTHHHoi MexaHiKH BupimyKKTbca HucejJbHHMH 

MeTogaMH, HanpuKmag, 3 a g a n i 3iTKHeHHa (guHaMinHUH x a o c ) . 

HuHi HucembHi MeTogu p imeHHa 3HaxogaTb Bce 6i j jbin imupoKe 3acTOcyBaHHa 

i B eHepreTHiii . OgHHM 3 n p o r p a M H u x g o g a T K i B , inp BHKopHCTOByroTbca gma 

p o 3 p a x y H K y emeKTpuHHux M e p e K , e P o w e r S y s t e m S i m u l a t i o n for E n g i n e e r i n g , 

po3po6meHe Ha 6a3i S I E M E N S . O6nucmeHHa B gaHOMy nporpaMHOMy KOMnmeKci 

3gincHroroTbca Ha ocHOBi MeTogiB HbK)TOHa-Pa c o H a i r a y c a - 3 e n g e m a . 

flucm 
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1 AHajii3 (|)\'HicuioHajibHiix MojKJiHBocTeii nporpaMHoro KoMnjieKcy 

P S S ® E 

1.1 3ara j ibHi B i g o M o c T n p o nporpaMHe 3a6e3neneHHH 

P o w e r S y s t e m S i m u l a t o r for E n g i n e e r i n g ( P S S ® E ) e npoBigHHM nporpaMHHM 

3a6e3neneHHaM, a x e BmcopucTOByeTbca KoMnaHiaMH, m o e K c n r y a T y o T b 

ereKTpuHHi M e p e ^ i B y c b o M y CBiTi. iMoBipHicHHH aHarri3 i n e p e g o B e guHaMinHe 

MogemoBaHHa, B K n o n e H e B P S S ® E , H a g a e imiceHepaM mnpoKHH Ha6 ip 

iHcTpyMeHTiB g r a BHKopucTaHHa n p u npoeKTyBaHHi Hag i imi rx Mepe>K. n p o r p a M H e 

3a6e3neneHHa P S S ® E e po3po6Koo> KoMnaHii' S i e m e n s g r a aHarri3y Mepe>K n e p e g a n i 

Ta p o 3 n o g m y e r e K T p o e H e p r n , aKoMy g o B i p a r o x b KoMnaHii' 6 > Hi>K 1 1 5 K p a m 

cBrry . 3 MoMeHTy cBoei' noaBH B 1 9 7 6 poir i n p o r p a M H e 3a6e3neneHHa P o w e r S y s t e m 

S i m u l a t o r for E n g i n e e r i n g cTano Ha i i6 i rbn i Bceoca>KHoio, T e x m n H o gocKoHar io io i 

n rnpoKo BHKopncToByBaHoM KoMepirmHoio n p o r p a M o i o y cBoeMy p o g i . P S S ® E e 

KoMnreKcHHM, iHTepaKTHBHHM npogyKToM g r a MogemoBaHHa , a H a r i 3 y Ta 

onTHMi3a^ii ' e eKTHBHOCTi ereKipoeHepreTUHHoJ ' cucTeMH [ 1 ] . P S S ® E H a g a e 

KopncTyBaneBi Ha i i 6u ibm n e p e g o B i i nepeBipeHi MeTogu B 6 a r a T b o x TexHinHnx 

r a r y 3 a x , B ToMy H u c r i : 

• P o 3 p a x y H o K n o T o K o p o 3 n o g i r y M e p e ^ i ; 

• BH3HaneHHa onTHMarbHoro n o T o K o p o 3 n o g i r y M e p e ^ i ; 

• A H a r i 3 cuMeTpuHHux i HecuMeTpuHHux a B a p i i m i r x p e m i M i B M e p e ^ i ; 

• ^HHaMinHe MogemoBaHHa; 

• P o 3 i m i p e H e guHaMinHe MogemoBaHHa; 

• A H a r i 3 n p o n y c K H u x 3gaTHocTen . 

flucm 
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1.2 (DyHKijioHajibHi OCO6JiHBOCT1 pejii3y P S S ® E 33.4 

1 . 2 . 1 O c H O B H i M o g y j i i n p o r p a M H 

n p o r p a M H e 3a6e3neneHHa P S S ® E 3 3 . 4 B i g S i e m e n s P o w e r T e c h n o l o g y 

In te rna t iona l ( P T I ) o 6 ' e g H y e B c o 6 i poKH g o c B i g y i n o c i i H H o r o no j i inmeHHa 

anropHTMiB p o 3 p a x y H K y S i e m e n s P T I , i 6 y n o p o 3 p o 6 j i e H o y T icmH cm'Bnpair i 3 

KopHCTyBanaMH g a H o r o n p o r p a M H o r o n p o g y K T y n o B c t o M y c B i i y . IIOBHHH naKeT 

n p o r p a M H o r o 3a6e3neneHHa P S S ® E BKjiiOHae B c e 6 e Ha6 ip Mogyji iB g j i a BHBHeHHa i 

MogernoBaHHa ejieKTpHHHHx Ta e j ieKTpopo3nogi j ibHHx cncTeM. IIOBHHH Ha6 ip 

nporpaMHHx yHK^iH BKjiiOHae B c e 6 e : 

1. A H a i i 3 nocTiHHHx p e ^ H M i B , n o T o K o p o 3 n o g i i y n o T y m i o c T i Ta m i n u x 

napaMeTpiB Mepemi . 

2 . P o 3 p a x y H o K cuMeipHHHHx Ta HecHMeipuHHux KOPOTKHX 3aMHKaHb ( K 3 ) . 

3 . P o 3 p a x y H o K gHHaMWHoi' c i iHKocTi , a K a BKjiiOHae g o B r o c i p o K o B e 

gHHaMiHHe MogernoBaHHa, p o 3 p a x y H o K cTaiHHHoi c i i m c o c T i (B M a i o M y ) i 

HacioTHHH aHaiii3 Mepemi . 

4 . OnTHMaibHHH p o 3 n o g i j i n o i y m i o c T i ( O P n ) . 

5 . ^ p a iHHe c e p e g o B H i n e g j i a po3po6KH Mogej ieH. 

6. N E V A (aHaiii3 BjiacHHx H u c e i MaTpuni i MogaibHHH a H a i i 3 ) . 

7. ^ o B r o c i p o K o B e gHHaMiHHe MogernoBaHHa. 

8. P o 3 p a x y H o K napaMeTpiB J T E I I . 

9 . n i g i p H M K a Ta 3a6e3neneHHa p o 6 o T H n p o r p a M H o r o 3a6e3neneHHa [ 1 ] . 

P S S ® E ocHameHo jierKo3po3yMijiHM, iHTyi'THBHHM r p a iHHHM iHTep eHCOM, 

aKHH n o e g H y e T t c a 3 iHmHMH ciaHgapTHHMH r p a iHHHMH i m i e ^ e H c a M H . Kp iM 

B i a c H H x n o i y m H H x po3paxyHKoBHx Mogyj i iB, P S S ® E j i e rKo B3aeMogie 3 y c i M a 

iHmHMH P S S ® npogyKTaMH: 

• P S S ® M U S T ( M a n a g i n g a n d U t i l i z i n g S y s t e m T r a n s m i s s i o n ) -

BHKopucToByeTbca g j i a e eKTHBHHx po3paxyHKiB BnjiHBy n e p e i o K i B n o i y m H o c i i Ha 

K i O H o B i eieMeHTH po3nog i j ibHoi Mepemi . 
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• P S S ® S Y N C A L - nporpaMHHH n p o g y K T gma nmaHyBaHHa M e p e K po3nog i j ry 

e^eKTpHHHOi eHepr i i , Ta i H m u x BHgiB eHeproHocii 'B ( r a 3 , r a p a n a B o g a , TOIIIO). 

• P S S ® O D M S - nporpaMHHH n p o g y K T , aKHH n p o n o H y e p o 3 m n p e H y cncTeMy 

ynpaBjriHHa Mogemmo M e p e K Ta 11 aHami3y B peKHMi peambHoro n a c y . 

• M O D ® - p e B o m o n i n H a cucTeMa, a K a 3Mimo>e TpagHniHHHH n i g x i g g o 

ynpaBjriHHa MogemaMH M e p e K n e p e g a n i emeKTpHHHoi eHeprii ' . 

P S S ® E B K m o n a e B c e 6 e Ha6ip MogymiB. B3aeMo3B'a3oK MiK OCHOBHHMH MogymaMH 

B i g o 6 p a K e H a Ha cxeMi p u c . 1 .1 . 

P u c y H o K 1.1. 3B 'a3oK MiK cKmagoBHMH nacTHHaMH n p o r p a M H o r o KoMnmeKcy 

P S S ® E 

IIOBHHH nepemiK MogymiB cKmagaeTbca 3: 

1) Ba3oBHH Mogymb ( p o 3 p a x y H o K noer iHHHx peKHMiB) B K m o n a e : (6i j ib in HIKC 

7 0 0 yHK^i p o 3 p a x y H K y cTamux peKHMiB, K o K H a 3 aKHx n o B H i c n o o n u c a H a i 

M o K e 6yTH BHKopucTaHa n p u aBToMaTH3anii' n p o n e c y p o 3 p a x y H K y ) . B B e g e H H a i 

ynpaBjriHHa gaHHMH p o 3 p a x y H K y noToKopo3nog imy : n o g a H H a M e p e K y P S S ® E 
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3 g i n c H o e T b c a 3a g o n o M o r o o 16 K a T e r o p i n g a m u x n p o emeMeHTH i o6magHaHHa 

M e p e K i : 

• ^ a H i n o mHHax; 

• ^ a H i n o HaBaHTaKeHHax; 

• ^ a H i n o r e H e p a T o p a x ; 

• ^ a H i n o j i iHiax, aKi He MicTaTb TpaHc opMaTop ; 

• ^ a H i n o BBiMKeHHx BHMHKanax; 

• ^ a H i n o BigKmoneHHx BHMHKanax; 

• ^ a m n o TpaHc o p M a T o p a x ; 

• ^ a H i n o n e p e T o K a x noTyKCHoeri; 

• ^ a H i gBo3aTucKoBHx m i m a x n o c r i f i H o r o cTpyMy; 

• ^ a H i 6a raTo3aTucKoBHx m i m a x n o c r i f i H o r o cTpyMy; 

• ^ a H i u i m H , aKi MicTaTb KomBepTopu n o c T i f i n o r o cTpyMy; 

• ^ a H i Ta6munb KopuryBaHHa iMnegaHcy TpaHc opMaTopiB; 

• ^ a H i rpynyBaHHa 6araToceKii iHHHx miHin; 

• 3OHH' gaHi ; 

• ^ a H i BjiacHHKa o6magHaHHa; 

• ^ a H i K o H T p o m o o n u x npumag iB . 

2 ) P o 3 p a x y H o K n o T o K o p o 3 n o g i m y MepeKci. 

3 ) I l e p e r j i a g gaHHx i 3BiTiB cTaHy MepeKci: ^ m a c n p o m e m i a po3yMiHHa 

noBegiHKH MepeKci KopucTyBanaMH, P S S ® E M o K e reHepyBaTH 3HanHe 

pi3HoMaHiTTa r p a iKiB i 3 B m B n p o cTaH MepeKci: 

• J l e r K e gma c n p H H H a i r a n o g a H H a n o T o K o p o 3 n o g i m y ; 

• n i g c y M K o B i gaHi n p o cTaH M e p e K e B H x n i g c u c T e M 3a 

HaBaHTaKeHHaM/reHepan ieo /BTpaTaMu; 

• I l e p e B i p K a cTaHy cucTeMH Ta oGmagHaHHa, HanpHKmag: BHgani n o T y K H o c T i 

r e H e p a T o p i B / H a n p y r u Ha iiiHHax/HaBaHTaKceHHa miHin; 

• CTaH HaBaHTaKeHHa n i g c u c T e M i 3B'a3amux miHin; 

• I lop iBHaHHa BapiaHTiB - geTambHHH Ta nigcyMKoBHH 3BiT n p o cTaH 

n o T o K o p o 3 n o g i m y Ta MepeKci B mmoMy; 
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• n o g a H H a 3 B m B y B H r a a g i g i a r p a M . 

4 ) n e p e B i p K a BxigHHx gaHHx MepeKci: B r o H a n e H H a noMHuoK B 

n o T O K o p o 3 n o g i ^ i MepeKci 3 g o n o M o r o r o aHajri3y BxigHHx gaHHx Ha npegMeT 

BHnagKOBoi' noMHUKH, a c a M o ^ e MaTH Micrje n p u B B e g e m i i BejIHKHx o 6 c a r i B 

BxigHoi ' iH opMa^ i l : 

• n e p e B i p K a Ha noMHjiKy B nojroKceHHi g e c a x c o B o r o po3gijTOBoro 3HaKa, ^KHH 

36 i j i bmye a 6 o 3MeHmye 3HaneHHa iMnegaHcy , HaBaHraKceHb i T.g . Ha x 1 0 ; 

• B H n a g c o B a n igMiHa H a 6 o p y BxigHHx gaHHx g j i a mHH, BHMHKaniB, 

HaBaHTaKeHb, TOIHO; 

• B H n a g c o B e BKmoHeHHa/BHconoHeHHa e j eMeHTa B/i3 p o 3 p a x y H o c ( a ) . 

5 ) ^ p a iHHHH i m e ^ e i i c i n o 6 y g o B a K p e c j e H b . ^ p a iHHe npegcTaBj ieHHa 

gaHHx 3 a c T o c o B y e T t c a g o B e m i K o r o pi3HoMaHiTTa pe3yjibTaTiB, TaKHx a c : 

• n o T o c o p o 3 n o g i j e H H a ; 

• TpH a3He K 3 i o g H o a3He 3aMHKaHHa Ha 3eMjno; 

• M e p e K e B i iMnegaHcH; 

• P e 3 y j b T a T H p o 3 p a x y H K y aBapii iHHx peKHMiB; 

• iMoBipHicHi pe3y jbTaTH aHajri3y HagiHHoer i ; 

• P e 3 y j b T a T H p o 3 p a x y H K y gHHaMWHoi' cTiincocTi. 

^ i a r p a M H r e H e p y i o x b c a aBTOMaxHHHo, i g j i a 6ijTbinoi HaonHocr i MoKcyrt 6yTH 

nogaHHi y B H r a a g i r p a g i e H T i B cTaHy (B 3ajieKCHocTi B ig 3HaneHHa BejTHHHHH, a c a 

B igoGpaKcaex tca , K o m p oHy ejieMeHTa 6 y g e MaTH 6 > a 6 o MeHm H a c m e H H i i 

BigTiHoK). 

6 ) iMoBipHicHHH aHajri3 H a g i m i o c T i : 3 a g o B o j e H H a n o T p e 6 

npoeKTyBanbHHKiB ejieKTpHHHHx M e p e K Ta iHKeHepiB, a c i eKcmryaTyiOTb MepeKci, 

P S S ® E H a g a e pi3HoMaHiTHi MoKorHBocTi g j i a n p o B e g e H H a K o M n j e c c H o r o aHajri3y 

HaginHocTi ( c o n t i n g e n c y ) MepeKci: 

• 3pyHHe i 3 p o 3 y M i j e HajmmTyBaHHa napaMeTpiB p o 3 p a x y H K y ; 

• P o 3 p a x y H o c i npegcTaBj ieHHa p e 3 y j b T a T i B a c g n a geTepMiHoBaHoro , T a c i 

g j a iMoBipHicHoro a H a j i 3 y ; 
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• JliHiiiHHH aHam3 g j i a m B H g K o r o BHBHeHHa CTaHy M e p e K i HOBHHH aHam3 

HagiHHocTi, BKiiOHaiOHH aHaiii3 H a n p y r u i BTpaT; 

• N - 1 , N - 1 - 1 , N - 2 , N - 3 3 MOSHHBHM paHKyBaHHaM, g j i a T o r o m o 6 icTOTHO 

3MeHmHTH Hac p o 3 p a x y H K y ; 

• n p o r H o 3 y B a H H a K a c K a g H o r o BigKuiOHeHHa, aBToMaTHHHHH p o 3 p a x y H o K gift 

HO ycyHeHHO MoKcjiHBocTi aBapift , i 36ij ibineHHa HagiHHocTi MepeKci; 

• B e i H H e 3 H a KijibKicTb 3 B m B "B ogHH KjiiK" g j i a aHajii3y HagiHHocTi. 

P e 3 y i b T a T H MoKyTb B H B o g m u c a B E x c e l ® ; 

• P e 3 y i b T a T H MoKyTb 6yTH n o g a H aK B TeKcToBoMy BHrj iagi , TaK i y B H r i a g i 

g i a r p a M . 

7 ) A H a i i 3 n p o n y c K H o i 3gaTHocTi . 

8 ) P V / Q V aHajii3 P S S ® E BKjiiOHae B c e 6 e TaKi yHK^i i : 

• P o 3 p a x y H o K i Bigo6paKceHHa TOHKH nag iHHa H a n p y r u ( v o l t a g e c o l l a p s e 

po in t ) Ha mHHax B eieKTpHHHift MepeKci; 

• ^ o c i i g ^ e H H a MaKcHMaiibHoi n p o n y c K H o i 3gaTHocTi MiK muHaMH, n p u 

3HH^eHHi H a n p y r u ; 

• P o 3 p a x y H o K napaMeTpiB peaKTHBHHx KoMneHcaTopiB Heo6x igHHx Ha 

BignoBigHHx mHHax, g j i a 3 a n o 6 i r a H H a 3HaHHoro n p o c i g a H H a H a n p y r u ; 

• ^ o c i i g ^ e H H a BnjiHBy r eHepaTop iB , HaBaHTaKeHb i KoMneHcaTopiB 

peaKTHBHoi noTyKCHocri Ha M e p e K y . 

9 ) C n p o m e H H a i eKBiBaieHTyBaHHa MepeKci: ABToMaTHHHe eKBiBajieHTyBaHHa 

oKpeMHx g i i a H o K MepeKci g o 3 B o j i a e 3MeHmHTH Hac p o 3 p a x y H K y neBHHx peKHMiB, a 

TaKo>K g o 3 B o i a e BHKopucToByBaTH oTpHMamri gaHi g j i a i H m u x Heo6x igHHx 

po3paxyHKiB. 

1 0 ) ABToMaTroain 'a nporpaMH: ABToMaTroa i r i a n p o r p a M H 3a6e3neHye 

MexaHi3M K o H T p o i o BHKoHaHHa yHK^iH P S S ® E 3a g o n o M o r o o MeTogiB, aKi 

B i g p i 3 H a o T b c a B i g cTaHgapTHi B3aeMogi i KopucTyBaHa 3 n p o r p a M o o . 

A B T o M a T H 3 a i i a n o j i a r a e y MoKcjiHBocTi 3agaBaTH HecTaHgapTHHH Ha6 ip o n e p a n i H 

g j i a BHKoHaHHa P S S ® E i BKa3yBaTH a JI 3 KoMaHgaMH g j i a BHKoHaHHa 
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(aBTOMaTrooBam' ( ) . G g B a OCHOBHHX IIIJMXH BHKopHCTaHHa aBTOMaTH30BaHHx 

aHmiB: 

• 51K n i g n p o r p a M H OCHOBHHX n p o r p a M . y HBOMy BHnagKy KopncTyBan M 0 * e 

BKa3aTH BUKoHaHHa Hiei n i g n p o r p a M H , aK HacTynHHH KpoK B anropHTMi po6oTH 

nporpaMH; 

• I loBHicTK) aBToMaTHHHe BHKoHaHHa aHJ[y. y HtoMy BHnagKy KopncTyBan 

Ti jbKH BKa3ye gjicepeiio iHCTpyKHii g j j a BHKoHaHHa nporpaMH, i n p o r p a M a B ^ e 

BHKoHyeTbca 6e3 3 o B m n n n > o r o BTpynaHHa. IcHye niicTb pi3HoBHgiB aBToMaTH3aHii 

P S S ® E , m o r a p a H T y e KopHCTyBaneBi raynKicTb p o 6 o T H nporpaMH: 

- B 6 y g o B a H H H iHTepnpeTaTop MOBH P y t h o n ; 

- B a t c h ( B A T ) iHTepnpeTaTop; 

- CHMyjurrop I P L A N ; 

- IHTepnpeTaTop L M I ( L i n e M o d e l In terpre ter ) ; 

- P S S ® E S i m u l a t i o n R u n A s s e m b l e r ( P S A S ) ; 

- P S S ® E E n g i n e e r i n g B a s i s ( P S E B ) . 

1 1 ) AHajj i3 nepeMHKaHt: M e T o M aHajji3y nepeMmcaHb e p o 3 p a x y H o K yMoB, aKi 

6 y g y T b icHyBaTH B ejjeKTpHHHiH M e p e ^ i B i g p a 3 y >K n i c j j a MHTTeBoro 3MiHH i'l 

K0H i rypaHi i , HanpHKjjag: Big 'egHaHHa mmi ' , BKHMneHHa Ha 6i jJbine HaBaHTa^eHHa, 

Tonio [ 1 ] . 

1.2.2 I IporpaMHi gonoBHeHHH 

B CTaHgapTHHH nporpaMHHH naKeT P S S ® E BmHTi KmbKa KOPHCHHX y r a m T i 

g o g a T K o B H x n p o r p a M , aKi go3BojjaK>Tb 3HanHo po3mHpHTH yHK 0Ha bm' 

Mo^nHBocTi g a H o r o naKeTy i npoBogHTH 6ijJbin HJHGOKHH aHajji3 ejjeKTpHHHHx 

Mepe>K i CKjjagHHx eHeprocHCTeM. 

OgHHM 3 TaKHx g o g a n c i B e r p a inHe c e p e g o B H m e p o 3 p o 6 K H Mogej jeH 

( G r a p h i c a l M o d e l B u i l d e r - G M B ) . G M B - He oKpeMa CHCTeMa n o 6 y g o B H cxeM 

Mepe>K, a K a g a e Mo>KjjHBicTb 6 y g y B a T H cxeMH, aKi BmcopHCTOByiKTbca B P S S ® E . 

G M B BHKopHCToBye n aT opMy M i c r o s o f t ® V i s i o ® , m o g o 3 B o j j a e 3HanHo 

cnpocTHTH n p o H e c n o 6 y g o B H Ta p e g a r y B a H H a cxeM, a TaKo>K 3po6HTH HeH n p o H e c 

M3M. flucm N doKyM. flodnucb Mama 
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MaKCHMajiBHO 3pyHHHM Ta mBHgKHM. 3oBHinnriH BHrj jag BiKHa npo rpaMH 

npegcTaB^eHHH Ha p u c . 1.2. 

PncyHOK 1.2. P o 6 o n e BiKHO ^ p a iHHO^o c e p e g o B H i u a G r a p h i c a l M o d e l 

B u i l d e r 

H ] e ogHHM gonoBHeHH^M e N E V A (aHajji3 B j a c H H x H H c e j MaTpHin' i 

MogajJbHHH a H a j i 3 ) . ^ a c r o T H H H aHajji3 p o 3 r j j a g a e T b c a aK n o T y m r i f i iHcTpyMeHT 

g j j a BHBHeHHa cTa6ijTbHocTi cucTeMH B MajjOMy. I IpH cHcTeMaraHHOMy 

BHKopucTaHHi, MogajbHHH a H a j i 3 go3BOjjae npoaHaj j i3yBaTH cKjjagHe aBHrge 

gHHaMiKH cucTeMH Ha BHyTpiniHbOMy piBHi cucTeMH. N E V A o K y c y e T b c a Ha 

gocm'g>KeHHa ejjeKTpoMexaHWHHx nporreciB eHepreTHHHux cucTeM n p u He3HanHux 

Bigxu j jeHHax nacTOTH [ 1 ] . 

^ j a p o 3 p a x y H K y napaMeTpiB J I E I I n e p e g 6 a n e H O n p e K p a c H a i yHK^ioHa bHa 

n p o r p a M a " L i n e P r o p " . n p o r p a M a L i n e P r o p p o 3 p a x o B y e n a p a M e T p u n e p e g a n i 

Ta p o 3 n o g i j j y eHeprii ' . Pe3yjjbTaTH p o 3 p a x y H K y npo rpaMH L i n e P r o p B n o g a j j b i n o M y 

BHKopucTOByeTtca B 6 a r a T b o x p o 3 p a x y H K a x ejjeKTpHHHHx Mepe>K (MogemoBaHHa 

K 3 , n o T O K o p o 3 n o g i j i T.n.) B H x i g H i napaMeTpH BKmonaiOTb B c e 6 e : 

• I IoBHi o n o p H HyjbOBoi' i npaMoi' n o c m g o B H o c r i ; 
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• EKBiBajieHTHi B x i g m o n o p n ( a d m i t t a n c e s ) HyjibOBoi i n p a M o i nocm'goBHocTi 

m m ' S ; 

• B j i a c H i i B3aeMHi o n o p n m m ' S ; 

• B i a c H i i B3aeMHi B x i g m o n o p n u r n m ; 

• C e p e g H i B 3 a e M m m i BxigHHH o n i p ; 

• M a T p m r i BxigHHx i a3OBHx o n o p i B ; 

• M a T p m r i noBmux o n o p i B HyjrbOBoi, n p a M o i i 3BopoTm>oi n o c m g o B H o c T e i i . 

L i n e P r o p BmcopucTOBye cTaHgapTHi piBHaHHa g u a p o 3 p a x y H K y napaMeTpiB 

m m m K o p e K n i a Ha 3eMjno K a p c o H a , MeTog B u a c H n x n n c e i i B j i a c m i x BeKTopiB. 

1.3 HncejibHi MeTogu , m o BHKopncToByiOTbcsi B 

nporpaMHoMy cepegoBHmi P S S ® E 

1.3.1 M e T o g HbK)TOHa-Pa coHa 

^aHHH MeTog e ogHHM 3 OCHOBHHX y n p o r p a M i P S S ® E i x a p a K T e p r o y e T t c a 

H a 6 a r a T o 6 > niBngKOio c x o g n M i c r a ) , H K MeTog n p o c T o i iTepan i i Ta MeTog 

3 e i i g e j M . y BHnagKy o g H o r o piBHaHHa F(x) = 0 airropnTM MeTogy HbiOTOHa 6yB 

i e r K o O T p u M a m m m n a x o M 3 a n n c y piBHaHHa goTHHHoi g o KpHBoi y = F (x). n o cyTi , 

g j a 3HaxogKcemmi H o B o r o HaGuHKceHHa yHK^i F (x) 3aMimoBajTH jTimiiHOK) 

yHK^ie , TO6TO po3KJIagaJIH B p a g T e H u o p a , n p n irbOMy H u e m m o MicTHTb g p y r y 

n o x i g H y , B igKHgann (aK i B c e ) . P o 3 r j a H e M o piBHaHHa ( 1 . 1 ) : 

F(x)= 0, ( 1 . 1 ) 

g e y H K ^ i a F (x) - g i ^ e p e H i r m o B a H a i B m m a n e H a Ha g e a K o M y iHTepBam. 

P o 3 K j a g e M o yHK^i F(x) B cTeneHeBni i p a g i o6MeKCHMoca mHiiiHOK) 

nacTHHoro p o 3 K j a g a H H a : 

F(x) = F(xo) + F(xo)(x - x o ) , ( 1 . 2 ) 

m o eKBiBaneHTHO 3aMiHi yHK^i i F (x) B goBijrbHiii Tonni x ii goTHHHOK) B m i l 

TOHLU. T o g i 3 ( 1 . 1 ) Ta ( 1 . 2 ) B m u m B a e : 
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x = X 0 
F ( X o ) 

F( X o ) ' 
( 1 . 3 ) 

5IKIII,O npHHHaTH x0 3a HyjrbOBe Ha6jiH>KeHiM, TO pMy ^y ( 1 . 3 ) MO^Ha 

BHKopucTOByBaTH g j a 3 H a x o g K e H H a HacTynHoro , 1-ro HaGuiiKceHHa: 

F( xo)' 
( 1 . 4 ) 

3B igcH BHniHBae , (n +1) - e HaGunKceHHa BH3HanaeTbca 3a opMy IOK): 

X N+ 1 = x n 
( 1 . 5 ) 

F ( x n ) 

CniBBigHomeHHa ( 1 . 5 ) i e MeTog goTHHHux a 6 o MeTog HbK)TOHa-Pa c Ha [ 2 ] . 

YMOBH 36iKCHoeri n p o i i e c y ( 1 . 5 ) MaKTb BHruag : 

1 ) HyjibOBe HaGunKceHHa xo Bn6paHO g o c n T b 6jrrobKO g o KopeHa piBHaHHa 

F (x) = o; 

2 ) g p y r a n o x i g H a F (x) He cTae 3aHagTO BemiKOK); 

3 ) n e p m a n o x i g H a F ( x) He 3aHagTO 6 i H 3 b K a g o 0. 

OcTaHHa yMOBa O3Hanae, H i a K g B a KopeHa He 3 H a x o g a T b c a 6iH3bKO o g n H B ig 

o g H o r o , a c n i i b H e BHKOHaHHa yMOB 2 ) i 3 ) aHajiorinHO BHMory F ( x ) < 1 B MeTogi 

iTepa i rm. 

ITpoi iec ( 1 . 5 ) B B a K a e T b c a 3aBeprneHHM, aK 

XN+1 x n <s, g e s - 3agaHHa TOHHicTb po3B'a3aHHa. 

T a K i g e a jieKCHTb B ocHOBi MeTogy HbKTOHa g i a cucTeMH piBHaHb: 

f F 1 ( x ^ X 2 , x n ) = ° 

F 2 ( X 1 , X 2 , x n ) = 0 , ( 1 . 6 ) 

OyHKirii Fi (x1, x2...xn) p o 3 K j a g a K T b B p a g T e H u o p a , n p u n o M y n p n 

p o 3 K j a g a H H i BigroigaiKTb HueHH, MicTaTb g p y r i (i 6 > BHCOKHX n o p a g K i B ) 
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n o x i g m . 

H e x a i i Ha6jin>KeHi 3HaneHHa HeBigoMHx cucTeMH, oTpHMaH Ha n o n e p e g H i i i 

i T e p a g i i , gopiBHioiOTb BignoBigHO x[k 1}, x ( k x (

n

k 1}. 3aBgaHHa n o n a r a e B 

3 H a x o g ^ e H H i 36ijTbiiieHb ( n o n p a B o K ) g o u n x 3HaneHb Ax l 3 Ax 2,...Ax n, 3aBgaKH aKHM 

HacTynHe Ha6jin>KeHHa g o po3B'a3aHHa CHCTeMH ( 1 . 6 ) 3anmi i eMo y B H r a a g i 

(k) _ v(k 1) 

( 1 . 7 ) 

x l k ) = xlk 1 ) TAx1 

x 2 k ) = x2 k 1 ) TAx2 

n 

n p o B e g e M o po3KjiagaHHa jxiBirx nacTHH piBHaHb BHxigHoi CHCTeMH B p a g 

T e i i j i o p a , o 6 M e ^ H B m n c b n a m e HjieHaMH m o g o n p u p o c r i B : 

F ( x ( k ) , x 2 k ) , . . . , ) ) - Fx Axi T . . . A x „ , 
& i dx„ 

2 V 1
 2

 n
 2 ax1

 1 dxn " ( 1 . 8 ) 

Fn(x1k),x2k),..., x^k)) - Fn Axi T . . . A x n . 

y npaBHx nacTHHax HHX cn iBBigHomeHb 3HaneHHa F 1 ,F 2 , . . . ,F n Ta IxHix 

n o x i g H H x BH3HanaoTb y Tonm' x(k 1 ) = (x 1

( k 1 ) , x2 k 1 ) , . . . , x n k 1 ) ) . 

OcKinbKH, 3 r igHo 3 ( 1 . 6 ) , m'Bi HaeraHH ( 1 . 8 ) noBHHHi 3BepTaTHca B Hyjib, 

n p n p i B H o e M o g o H y j a i n p a B i nacTHHH, TO6TO 3HangeMo HoBe Ha6jin>KeHHa 3 

yMoBH piBHocTi Hymo po3KjiagaHb yHKHiH F . OTpHMaeMo HacTynHy cucTeMy 

niHinHHx anre6paiHHHx piBHaHb BigHocHo n p H p o e r i B : 
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dF] F1 

Ax, + — - Ax2 +. . . + — - Axn = - F 

F F dF 
— - Ax, + — 2 Ax2 + . . . + — - Axn = - F2, ( 1 . 9 ) 

OF OF OF 
Ax, + — A x 2 + . . . + — A x n =-Fn. 

Bn3HaHHHKOM cucTeMH ( 1 . 8 ) e a K o 6 i a H 

F1 F1 F1 

x1 
x 2 

J = 

x1 x 2 

^ n a icHyBaHHa e g u H o r o po3B'a3Ky cucTeMH ( 1 . 9 ) BiH noBHHeH 6yTH 

BigMiHHHM B i g H y j a Ha KOKCHiii iTepan i i . 

TaKHM HHHOM, iTepanmHui i n p o n e c po3B'a3aHHa cHcTeMH piBHaHB MeTogoM 

HbMTOHa n o u a r a e y B r o H a n e H m 3 6 i j b m e H b g o 3HaneHb HeBigoMux Ha KOKCHiii 

iTepan i i 3a g o n o M o r o r o p imeHHa cucTeMH ( 1 . 9 ) . PaxyHOK n p u n u H a e T t c a n p u 

BHKOHaHHi ogHie i 3 yMOB ( 1 . 1 0 ) , ( 1 . 1 1 ) ( 1 . 1 2 ) 

max 
1<i<n 

r(kA < S . 

A k) 

X(x ( k ) - x ( k - 1 ) ) 2 <e, 
=1 

<s, n p u IxJ » 1 

( 1 . 1 0 ) 

( 1 . 1 1 ) 

( 1 . 1 2 ) 

B yMOBi ( 1 . 1 2 ) HeB'a3Ky BroHanaeMO aK r(k) = F (x(k)). 

H a n p H K j a g , y M o B a 

maxlx ( k ) - x ( k < s , 
1<i<n I 

( 1 . 1 3 ) 

ifrca 3 ypaxyBaHHaM ( 1 . 7 ) 3 B e g e T t c a g o B H r a a g y max| AxJ < s. 
1<i<n 1 

n 
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B MeTogi HbMTOHa T a K o K BaKcuuBuM e Bgairui i B u 6 i p n o n a T K o B o r o 

Ha6jiuKceHHa g j i a 3a6e3neneHHa rapHoi ' 36iKCHocTi. 36iKaricTb n o r i p m y e T b c a 3i 

36ijibineHHaM Ki j ibKocT piBHaHb cucTeMu. B aKocTi n p u K j i a g y po3r j iaHeMo 

BHKopncTaHHa MeTogy HbMTOHa g j i a po3B'a3yBaHHa cucTeMu g B o x piBHaHb: 

ft( x, y) = 0, 

[F2( x, y ) = 0. 

H e x a i i Ha6jiuKceHi 3HaneHHa HeBigoMux gopiBHMMTb a, b , n p u n y c T U M o , inp 

a K o 6 i a H cucTeMu n p u x = a, B = b BigMiHHun B i g Hyjia, TO6TO: 

dF1 dF1 

dx dy 

dF2 dF2 

dx dy 

0. 

T o g i HacTynHi Ha6jiuKceHHa HeBigoMux M o ^ H a 3 a n u c a T u y B u r j i a g i 

x = a
 ( F i ^

 F 2 ~ X 
J d y d y 

u dF2 

J d x 

F 
dx 

B e j i u n u H u , m,o cToaTb B n p a B u x HacTuHax, oGnucjiioiOTb 3a x = a, y = b. 

AjrropuTM MeTogy HbMTOHa g j i a po3B'a3yBaHHa cucTeMu g B o x piBHaHb 

3o6pa>KeHo Ha p u c . 1.3. B u x i g H u M u gaHuMu 3agaMTb n o n a n c o B i Ha6jiuKceHHa 

HeBigoMux x , y , n o x u 6 K y s i g o n y c T u M e HUCJIO iTepa i rm M . B yMoBHoi 

KoHcTpyKnii , n e p e B i p a e BuKoHaHHa K p u r e p i M 3aBepmeHHa iTepain'ii , 

B u K o p u c T o B y e T b c a j ioriHHa o n e p a i i i a HaaBHa B c y n a c H u x MoBax 

nporpaMyBaHHa. 5lKin,o iTepai i i i 3 i n g y T b c a , TO B u B o g a T b 3HaneHHa x , y ; B iHmoMy 

B u n a g K y - noTonHi 3HaneHHa x , y i B i g n o B i g H e n o B i g o M j i e m i a . 

J 
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Beid x, y, e,M 

l = 0, k = 1 

a = x, b = y 

A = FJ J, B = F2/ J 

dF dF 

dy dy 

U , A d F 2 b 1 

ma 

Tax V 

x - a 

y - b 
< s ^ ^ ^ ^ 

Hi 

l = 1 
F \ k = M ^" ^ Tax ^ -... Hi 

l = 1 
l = k = k + 1 

do l 0 

^ z O ^ ^ ^ ^ ^ ^ — — — H i ' 

BueedennH x, y 
BueedennH x, y 

«Imepauu 
pi3HHmbCH » 

PucyHOK 1.3. M e T o g HbiKTOHa g u n CHCTeMH g B o x piBHAHb 

Cnig TaKom 3a3HaHHTH, rgo HegHBepreHTHi pirneHHn g u n 36epe>iceHHfl 

KopHCHoro nOTOKy gaHHx B HeKOHBepreHTHux B u n a g K a x MomyTb 6 y r a Bup imeHi B 

P S S ® E MeTogoM P a coHa. 

1.3.2 M e T o g r ayea -3e i ige j i s i 

OgHHM 3 H a n 6 i u b m nomHpeHHx iTepagi i iHHx MeTogiB, rgo Bigpi3HneTtcn 

npocTOTOK) i nerKicTM nporpaMyBaHHn, e MeTog r a y c a - 3 e n g e n n . 

n p o i u r o c T p y B a T H g e n MeTog M o m m Ha npHKnagi pimeHHn cHcTeMH: 

a3\+~ 0X32^2 + ^3 — B3. 

( 1 . 1 3 ) 
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npHirycTHMO, m o giaroHaj ibHi ejieMeHTH a11, a22, a33 e B i g M i m m M u Big Hyjia (B 

iHmoMy BHnagKy MO^Ha nepecTaBHTH piBHaHHa). Bupa3HMO HeBigoMi X 1 , X2H X3 

BignoBigHO i3 n e p m o r o , g p y r o r o Ta T p e T t o r o piBHaHb cucTeMH ( 1 . 1 3 ) : 

X1 = — ( b 1 - a i 2 X 2 - a i 3 X 3 X ( 1 . 1 4 ) 

a i i 

X2 = a ( b 2 a 2 1 X 1 a23X3)> ( 1 . 1 5 ) 

X 3 = ( b 3 - a 3 1 X 1 - a 3 2 X 2 ) - ( 1 . 1 6 ) 

a. 

3agaeMO g e a K i nonaTKOBi (HyjibOBi) Ha6jiHKceHHa 3HaneHb HeBigoMux: 

x = x ( 0 ) x = Y ( 0 ) x = x (0) 

, x x , X3 X3 • 

n i g c T a B i a M H H iii 3HaneHHa B n p a B y n a e r a H y B u p a 3 y ( 1 . 1 4 ) , OTpuMyeMO 

HOBe ( n e p m e ) Ha6jiHKceHHa g j i a x1: 

BuKopucTOByroHH i ie 3HaneHHa g j i a x1 i Ha6jiHKceHHa x(

3

0) g j i a x3, 3HaxoguMO 

3 ( 1 . 1 5 ) n e p m e Ha6jiHKceHHa g j i a x2: 

I , HapemTi , BHKOPHCTOBVIOHH p o 3 p a x o B a H i 3HaneHHa x1 = xf^ x2 = x(

2

1), 

3HaxoguMO 3a g o n o M o r o r o B u p a 3 y ( 1 . 1 6 ) n e p m e Ha6jiHKceHHa g j i a x3: 

x3 1 X = — ( b - x 1 1 X - x ? ) . 

H a irtOMy 3aKiHHyeTtca n e p m a iTepain'a p imeHHa cucTeMH ( 1 . 1 4 ) - ( 1 . 1 6 ) . 

T e n e p 3 g o n o M o r o r o 3HaneHb x 1

0 ) , x21) Ta x3 1 ) MOKHa THMO K e c n o c o 6 o M n p o B e c r a 

g p y r y iTepai i i ro , B pe3yjibTaTi a K o i 6 y g y T b 3HangeHi g p y r i Ha6jiHKceHHa g o 

BupimeHHa: x1 = x [ 2 ) , x2 = x(

2

2) H X3 = x(

3

2) i T.g . 

H a 6 i H K e H H a 3 HOMepoM k MOKHO p o 3 p a x y B a r a , 3Haronu Ha6jiHKceHHa 3 

HOMepoM k - 1, aK: 
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) = - ( b i -al2

 - i ) - a u 

) = ^ (b2 -a21

 ) - a 2 3x33 
a22 

x3k) = — & - 3 ) - x 2 k ) ) . 
a33 

iTepa i i i nHun n p o i i e c n p o g o B K y e T b c a g o TUX n i p , goKH 3HaneHHa x[k), x2 k ) i 

x(

3

k) He CTaHyTb 6^H3BKHMH 3 3agaHoo> n o x n 6 K o i o g o 3HaneHb - 1 ) , x 2 k - 1 ) i x 3 k - 1 ) . 

P o 3 r j M H e M o T e n e p cucTeMy n jiiHiihfflx piBHaHb 3 n HeBigoMuMu. 3 a n n m e M o 

ii y B u r u a g i : 

a , i x i + . . . + -i x - i + a x , + a

h M

 x , + i + . . . a , n

x „ = b , , i = 1 , 2 , . . . , n . 

T y T T a K o K 6 y g e M o n p u n y c K a T u , rno Bci g i a r o H a i b H i e j i e M e n r a BigMiHHi B i g 

H y i a . T o g i , y B i g n o B i g H o c T 3 MeTogoM r a y c a - 3 e n g e i a , k -Te H a 6 i n ^ e H H a g o 

p imeHHa M o ^ H a n p e g c T a B u R u y B u r u a g i : 

x™ = , - -... - W £ - a^x™ -... - a ^ ) , = i,2,..., n ( 1 .17) 

i T e p a n i n H u n n p o i i e c n p o g o B K y e T b c a g o TUX n i p , n o K u Bci 3HaneHHa x t

( k ) He 

cTaHyTb 6 i u 3 b K u M u g o x t

( k - i ) , TO6TO KpuTepieM 3aBepmeHHa iTepa i i in e o g H a 3 yMoB 

( 1 . 1 0 ) - ( 1 . 1 3 ) . 

,H,jia 36 iKHocTi iTepain 'nHoro n p o i i e c y ( 1 . 1 7 ) gocTaTHbo, in,o6 Mogyj i i 

g i a r o H a i b H u x ^ 1 ^ 1 ™ g g a KOKCHOTO piBHaHHa cucTeMu 6 y j u He MeHme cyM 

M o g y j i B B c i x i H m u x ^ 1 ^ 1 ™ ( n e p e B a K c a n a g i a r o H a u b H u x eueMeHriB) : 

|aTj > E | a , | , t = i,2,..., n ( 1 . 1 8 ) 

n p u nboMy x o n a 6 g u a o g H o r o piBHaHHa HepiBHicTb Mae B m c o H y B a r a c a 

c T p o r o . I J i yMoBu e g o c T a N R I M U g u a 36 iKHocTi MeTogy , a u e BOHU He e 

H e o 6 x i g H u M u , TO6TO g j a g e a K u x cucTeM iTepai i i i c x o g a T b c a i n p u nopymeHHi yMoB 

( 1 . 1 8 ) . 

A u r o p u r M po3B 'a3aHHa cucTeMu n m m n H u x piBHaHb MeTogoM r a y c a -

3 e n g e j a n p e g c T a B u e H Ha p u c . 1.4. 
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l = 0, k = 1 

5 = 0 

dun i a6o 1 

s = 0 

dun j eid 1 

s=s+a,,x 

do i-1 

dun j eid i + 1 

do n 

d = |x - xt\ 

rr — - d >5 ^ 

5 = d 

x , = x 

do n 

^a^^5<JL^^—•— 

l = 1 l = 1 

l = 2 k = k + 1 

do l 0 

Bueedenun: 
Bueedenun {xt} «Imepaifii 

pi3nnmbcn» 

PHCVHOK 1.4. AnropHTM po3B 'a3aHHi CHCTeMH n jiiHiiiHHx piBHaHb MeTogoM r a y c a -

3eHgej ra 
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B flKOcri BHxigHHx gaHHx BBogaTb n, Koe i^ieHTH i n p a B i nacTHHH piBHiHb 

CHCTeMH, n o x u 6 c a s, MaccHMajibHO gonycTHMe HHCJIO iTepag i f i M, a TaKOK 

nonaTKOBi Ha6jiHKceHHi 3MiHHHx xi ( 7 = 1 , 2 , . . . , n ) . 3a3HanHMO, g o n o n a n c o B i 

Ha6jIHKCeHHfl MOKHa He BBOgHTH B KOMn'MTep, a BBaKaTH i'x piBHHMH ge^KHM 

3HaHeHHiM (HanpHccnag, H y m o ) . KpHTepieM 3aBepniemHi iTepag i f i Bu6paHO yMOBy 

( 1 . 1 3 ) , B AKOMy n e p e 3 5 no3HaneHa MaccHMajibHa a 6 c o m o T H a BemiHHHa pi3HHgi x(

j

k ) 

Ta x(k-1): 

8 = maxLx ( k ) - x ( k < e . 
\<i<n i i 

, 3pyHHocTi 3HHTyBaHHa cTpyKTyporpaMH po3rjiiiHeMO TaKe no3HaneHHH, 

KOJIH k - nopagKOBHH HOMep i T e p a g i i ; i - HOMep piBHinnra, a TaKOK 3MiHHoi, a c a 

o 6 n u c ^ o e T b c a y BignoBigHOMy gHcori; j - HOMep HjieHa BHrcurgy at]x(k) a 6 o at]x(k-1) B 

n p a B i n nacTHHi cm'BBigHOiriemHi ( 1 . 1 7 ) . i T e p a g m m u i i n p o g e c n p u n u H a e T b c a a 6 o 

n p u 5 < s, a 6 o n p u k = M. B ocTaHHbOMy B H n a g c y iTepagi i ' He c x o g ^ T b c a , n p o rgo 

BHgaeTbca noBigoMjiemHi . ^ J I H 3aBepmeHHa gHcary, g o peaj r i3ye iTepaginHHH 

n p o g e c , BHKopucTOByeTbca 3MiHHa l, a c a npHHMae 3HaneHHi 0 , 1 i 2 , BignoBigHO, 

n p u n p o g o B K e H H i i T e p a g i n , n p u BHKOHaHHi yMOBH 5 < s i n p u BHKOHaHHi yMOBH k 

= M. 
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2 Peajii3aiiisi Mogeui eueMeHTapHOi ejieKTpHHHOi Mepeaci y nporpaMHOMy 

KOMnueKei 

51K B K e 6 y u o 3a3HaneHO, nporpaMHHH KOMnueKC P o w e r S y s t e m S i m u l a t o r for 

E n g i n e e r i n g Mae H a n m u p m i MOKcuHBOcri g u a BupinieHHa i aHaui3y CKuagHHx 

eueKTpHHHHx CHCTeM p i3Horo CTyneHa po3rauyKceHOcri . I I l p 6 npogeMOHCTpyBaTH 

pe3yjn>TaTH po6oTH gaHoi' npo rpaMH, n p o M o g e m o e M O B HiH eueMeHTapHy 

eueKTpHHHy CHCTeMy. 3 MeTOM nepeBipKH npaBHubHOCTi pe3yubTaTiB npoBegeMO 

n o n e p e g m f i aHauiTHHHHH po3paxyHOK 3rigHO i3 3araubHHMH opMyuaMH i 

npaBHjaMH. 

2.1 AHajiiTHHHHii po3paxyHOK n a p a M e T p i s ejieKTpHHHOi Mepeaci 

3agaHHMH napaMeTpaMH 

B H x i g H i gaHi g u a p o 3 p a x y m c y npegCTaBueHi B Ta6u . 2 . 1 . B H x i g H a CxeMa 3 

BigCyTHiMH napaMeTpaMH 3 o 6 p a K e H a Ha pHC. 2 . 1 . ,Hua gaHoi' eueKTpHHHoi' MepeKci 

BHKOHaeMO po3paxyHOK n o T O K o p o 3 n o g i u y g u a HopMaubHoro peKHMy po6oTH. 

BH3HanHMO H a n p y r y y B y 3 u a x MepeKci. 06HHCUHMO CyMapHy BeuHHHHy nag iHHa 

HanpyrH B MepeKci g o eueKTpunHO Haf i6 iubm B i g g a u e H o i TOHKH. 

T a 6 u H n a 2 .1 B H x i g H i gaHi 

^ a H i g u a p o 3 p a x y H K y 

IloTyjKHicTb By3uiB HaBaHTa^eHb 

AKTHBHa P , M B T PeaKTHBHa Q, M B A p 

B y 3 o u B y 3 o u 

1 2 3 1 2 3 

2 2 12 15 19 10 13 
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PucyHOK 2 . 1 . B u x i g H a c x e M a e^eKTpuHHoi MepeKci 

CcoiageMO c x e M y 3 a M i g e H H a ( p u c . 2 . 2 ) . 

PucyHOK 2 . 2 . C x e M a 3 a M i g e H H a ejieKTpHHHoi' MepeKci 

P imeHHa BHKOHyeMO B g B a eTanu , Ha n e p m o M y 3 AKHX npoBogHMO 

po3paxyHOK p o 3 n o g i j y noTyKCHocTefi, a Ha g p y r o M y BH3HanaeMO H a n p y r u y 

By3j iax . Po3paxyHOK npoBogHMO 3 TOHHicra) g o 3 3HaciB nic j ra KOMH. 

3HaxogHMO n a p a M e T p u cxeMH 3 a M i g e H H a . 
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J l i i rb i A1, THn n p o B o g y A C - 3 0 0 / 3 9 

r0 = 0,096 OM/KM; X0 = 0,429 OM/KM; b0 = 2,64 x10-6 CM/KM; 

RA1 =r0 lA1 =0,096x35=3,36 OM; 

XA1 = X0lA1 = 0,429x35=15,015 OM; 

QcA1 Qc K U 2 W< 
2 2 2 
(220-10 3) 2 • 2,64-10 6 • 35 

2 
2,236 MBAp 

J J iH ia 13, THn n p o B o g y A C - 2 4 0 / 3 2 

r0 = 0,118 OM/KM; X0 = 0,435 OM/KM; b0 = 2,60 x10-6 CM/KM; 

R13 =r0113 =0,118x40=4,72 OM; 

X13 = X0l13 = 0,435x40=17,4 OM; 

OH OK U2 bl 
QC13 0C13 U Hb0l13 2 2 2 

(220-103)2 • 2,60•10 6 • 40 
2 ' : 2,556 MBAp 

P o 3 p a x y e M o n a p a M e T p u aBToTpaHC(j)opMaTopa, K a T a n o m r i g a m incoro 

HaBegeHo y Ta6 j j . 2 . 2 . 

TaGnHrja 2 . 2 - K a T a n o m r i g a m aBTOTpaHc o p M a T o p a 

Tun 
Tpam^opMa-

Topa 

SHOM, 

M B A 

KaTajio:scHi gaHHi 
Tun 

Tpam^opMa-
Topa 

SHOM, 

M B A 
UHOM, KB U K , % A PK, 

KBT 

A 
PX, 
KBT 

Ix, 
% 

Tun 
Tpam^opMa-

Topa 

SHOM, 

M B A 
B H C H HH B - C B - H C-H 

A PK, 
KBT 

A 
PX, 
KBT 

Ix, 
% 

A T ^ I J T H -
63000/220/110 

63 230 121 
6,6; 11; 

38,5 
11 35,7 21,9 215 45 0,5 

,H,JM 3 a g a H o r o aBTOTpaHc o p M a T o p a 3HaxogHMo: 

APKUi 2 2 0 -10 3 • ( 2 3 0 0 3 ) 2 

R R R K ' BH _ 1,433 (OM) 
2s; 2 • (63 • 6 ) 2 

UK.e = (UK.e-c+UK.e-H-UK.cJ/2=(11+35,7-21,9y2=12,4% 

UK.C ( U K . B-C UK.B-H +UK.C-H)/2 1 , 4 % 

UKM = (-UK.e^+UK.e-H+UK.c-H)/2=23,3% 

flucm 
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U U2 1 2 4 • ( 2 3 0 - 1 0 3 ) 2 

XTB = ^ = 1 2 , 4 ( 2 3 0 1 0

6

) = 104,121 (qm) 
T B 1 0 0 - S 1 0 0 • 6 3 - 1 0 6 

100S„ 1 0 0 - 6 3 • 1 0 6 

U U2 2 3 3 ^ ( 2 3 0 0 3 ) 2 

XTH = U ^ - ^ = 2 3 , 3 ( 2 3 0 1 0

6

 ) = 195,646 ( O M ) 
100-S H 1 0 0 - 6 3 - 1 0 6 

= = 0 , 5 - 6 3 - 1 0 6 = 0 , 3 1 5 ( M B ) 
X 1 0 0 1 0 0 

B r o H a n a e M O noTyKoricTb Ha HH3bKin cTopoHi cxeMH 3 a M i g e H H a 

aBTOTpaHc opMaTopa : 

SK

04 = S 1 = 22+ j19 MBAp 

BTpaTH n o T y K H o c T i B 

A S = A ^ Sky + / » . ^ ( S " ) ! = 215-103

 m (22-10 6) 2 + (19-10 6) 2

 + 

S 0 4 2 ( S 7 1

) 2-100 S n 2 (63-10 6) 2 

, 2 3 , 3 ( 2 2 1 0 ) + ( 1 9 1 0 j _ = 0,023 + j1,563 MBA. 
2 100 63 106 

n o T y K H i c T b Ha n o n a r a y 

S04 = S04 +AS 0 4 = 22+j19+0,023+j1,563 = 22,023+j20,563 MBA . 

Po3paxoByeMO noTyKHicTb Ha 6 o g i C H aBTOTpaHc opMaTopa : 

SK

02 = S2 = 12+j10 MBA. 

BTpaTH n o T y K H o c T i Ha g a H i n gijiHHgi: 

A S = A ^ - ( S 0 L ) 2 + ;} ^ = 215-103 (12-106)2 + (10-106)2 + 
0 2 2 ( S r 1

) 2-100 S T 1 2 (63-106)2 

, 1 , 4 ( 1 2 1 0 ) + ( 1 0 1 0 )_ = 0,007 + j0,027 MBA. 
2 100 63 106 

S02 = S + AS 0 2 = 12 + j10 + 0,007 + j0,027 = 12,007+j10,027 MBA. 

n e p e x o g H M O g o p o 3 p a x y H K y n o T y K H o c T e n y cxeMi 3 a M i g e H H a 

TpaHc o p M a T o p a Ha B H c o c i n cTopoHi . 

S10 = S04 + S02 = 22,023+j20,563+12,007+ j10,027=34,03+j30,59 MBA. 

BTpaTH noTyKCHocri: 

fucm 

BP3.6.141.412 
2 6 M3M. fucm N doKyM. nodnucb Mama 2 6 



A S = A K . + * ..( > = 2 1 5 ' 1 Q 3 . ( 3 4 , 0 3 - 1 0 6 ) 2 + ( 3 0 , 5 9 - 1 0 6 ) 2

 + 

S 1 0 2 (ST l 2 . 1 0 0 S T 1 2 ( 6 3 . 1 0 6 ) 2 

+ J 2 ^ . ( 3 4 , 0 3 . 1 0 6 ) 2 + ( 3 0 , 5 9 . 1 0 6 ) 2

 = 0 , 0 5 7 + 2 ,061 M B A 

2 . 1 0 0 6 3 . 1 0 6 

S10 = Sf0 +AS10 = 34,03 + j30,59+0,057+j2,061 = 34,086+j32,65 MBA. 

I l e p e x o g H M o g o p o 3 p a x y H K y n o T y m i o c T e i i niHii 13. 

QK 

SK = S3 - j — = 15 + j13 - j2,556 = 15 + j10,445 MBA. 

BTpaTH B niHii 13 

4„ \Pf3j + F E 3 J 2 / N v \ (15 10 6) 2 + (10,445-106)2 .„ „„ n n „ „ „ , „ , , „ , , 
AS13 = U 2 R + JX13) = - ( 2 2 0 . 1 0 3 ) 2 ^(4,72+J17,4) = 0,033+J0,12 MBA; 

Sn = S13 +AS 1 3 = 15+J10,445+0,033+J0,12=15,033+J10,565 MBA. 

I l e p e x o g H M o g o p o 3 p a x y H K y n o T y m i o c T e i i niHii A 1 i 3 H a x o g n M o 3HaneHHa ii 

B KiHni niHii, 3acTocyBaBii iH 1- 3aKoH K i p x r o a g n a By3na 1 

0" 

SK

A1 = S "0 + S "3 + 2 -ASX - - j0K

A1 = 34,086+j32,65 +15,033 + j10,565+2 • (0,045+j0,315) - j2,556 -

- 2 . j2,236 = 49,209+j36,817 MBA. 

ASA1 = M + 0 I fa + jXA1 ) = ( 4 9 , 2 0 9 . 1 0 6 ) 2 + ( 3

3

6

2

8 1 7 . 1 0 6 ) 2 ( 3 , 3 6 + J 1 5 , 0 1 5 ) = 0 , 1 3 1 + , 0 , 5 8 6 MBA; 
U" ' ( 2 2 0 . 1 0 3 ) 2 2 

S" = S'A1 + A S A 1 = 4 9 , 2 0 9 + J 3 6 , 8 1 7 + 0 , 1 3 1 + J 0 , 5 8 6 = 4 9 , 3 4 + J 3 7 , 4 0 3 MBA. 

T e n e p BH3HanaeMo n o T y m r i c T b g ^ e p e n a 

0" 
SA = SA 1 - = 49,34 + j37,403 - 2 . j2 ,236 = 49,483 + j32,931 MBA. 

B aKocTi nepeBipKH npaBunbHocTi po3paxyHKiB n p o B e g e M o p o 3 p a x y H o K 

6 a n a H c y n o T y m I o c T i : 

SA = S1 + S2 + S3 + AS A 1 + AS 1 3 + AS 1 0 + AS 0 4 + AS 0 2 + 2. AS x - j2 = 22 + j10 +12 + j10 +15 + j13 + 

+ 0,131 + j0,586 + 0,033+ j0,12 + 0,057 + j2,061+ 0,023 + j1,563 + 0,007 + j0,027 + 2. (0,045 + j0,315) -
- j(2,236 + 2. 2,556). 2 = 49,483+ j32,931 MBA. 

5IK 6anHMo, 6anaHc n o T y m I o c T i 3 TOHHICTK) 3 i n m o B c a . 

n p n c T y n a e M o g o g p y r o r o eTany , g e p o 3 p a x o B y e M o H a n p y r n By3niB. 

3 H a x o g n M o H a n p y r y y By3ni 1: 
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U i _ 

pH RA1 + °H XA1 pH XA1 _ °H RA1 

(Ua 2 M 2 + ( 2 M 2 

49,34 • 106 • 3 3 6 + 37,403 • 106 • 1 5 , 0 1 5 49,34 • 106 • 1 5 0 1 5 _ 37,403 • 106 • 3 3 6 

(220 • 103 2 ^ ) 2 + ( 2 ^ ) 2 

220 • 103 2 20 • 103 

_ 218,351 KB 

H a n p y r a y B y 3 m 3: 

U 3 _ 
(U _ P13 R13 + 013 X13 )2 + (P13 X 13 Q13 R13 )2 
( 1 U1 U1 

( 2 1 8 3 5 1 0 3 _ 15,033• 106 • 4,72 +10,565• 106 • 17,4)2 + (15,033• 106 • 17,4 _ 10,565• 106 • 4,72)2 

1 218,3 51 • 103 218,351 103 

217,187 KB 

H a n p y r a y B y 3 m 0: 

U 0 _ • (U1 ^ + ( ^ 
U1 U1 

(218,351103 

34,08640 6 • 1 , 4 3 3 + 32,6540 6 • 1 0 4 , 1 2 1 

2 
218,351103 

) 2 +... 

34,086 0 6 •-
104,121 

... + (- 2 
- 32,65 0 

1,433 

2 ) 2 

218,351 103 

_ 210,608 KB 

H a n p y r a y B y 3 m 2 ( n p i r e e g e H a g o BHCOKOI CTOPOHH): 

(U 0 

pH ~ 02 + °H X02 
P 0 2 „ + ° 0 2 2 2 

U 
• ) 2 + ( 

pH X02 _ °H R 0 2 
P 0 2 2 ° 0 2 2 ) 2 

(210,608 0 3 

12,007 0 6 • 1 , 4 3 3 +10,027 0 6 • 1 1 7 5 6 

2 ^ ) 2 +... 

12,007 106 

210,608 103 

1 1 , 7 5 6 _ 10,02710 6 • 1 , 4 3 3 

. . . + ( 2 
210,608 103 

2 ) 2 

_ 210,287 KB 

3 H a n g e M o g i n c H e 3HaneHHi H a n p y r n y By3m 2 . 

K o e i^ieHT TpaHc o p M a ^ i i aBTOTpaHc opMaTopa : 
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Kmec = U b/U c = 2 3 0 / 1 2 1 = 1 , 9 0 1 

210 287 
U 2 = UB2 /Kmme= , = 110,629 k B 

1,909 

B i g x u j e H H a B i g HOMiHanbHoro: 

3U2 =| 1 — U - | • 100% =| 1 - 1 1 0 , 6 2 9 | • 100% = 0,572% 
U 110 

HOM 

H a n p y r a y By3m 4 ( n p u B e g e H u n g o BHCOKO'' cTopoHi) : 

U 4 
U0 U0 

22,023• 10 6 • 1 , 4 3 3 + 20,563-10 6 • 1 9 5 , 6 4 6 

(2 1 0,6 0 8-10 3 2 - - 2 ) 2 + . . . 
210,608 10 3 

2 2 , 0 2 3 - 1 0 6 - ^ - 2 0 , 5 6 3 - 1 0 6 - 1 , 4 3 3 

+ ( 2
 3 

210,608 10 3 

= 201,238 k B 

3HangeMO g i n c H e 3HaneHHi H a n p y r u y By3jii 4 

K o e igieHT TpaHc o p M a g i i aBTOTpaHc opMaTopa : 

KmeH=U b / U h = 2 3 0 / 3 8 , 5 = 5 , 9 7 4 

201238 
U 4 = UB4 /Kmme = — 1 = 33,686 k B 

5,974 

B i g x H j i e H H i B i g 3HaneHHi HOMiHajrbHi H a n p y r u : 

dU2 =| 1 - | -100% =| 1 - 3 3 , 6 8 6 | -100% = -3,754°% 

Po3paxyeMO nag iHHa H a n p y r u Ha caMin BigganeHOMy g i m i H g i MepeKci : 

AU = UA - U 3 = 2 2 0 - 217,187 = 2,813 k B 

B i g x H j i e H H i H a n p y r u B KpanHin T o n g i B i g HOMmajibHoro: 

U 217187 
dU3 =| 1 — | -100% =| 1 , — | -100% = 1,279% - g a H e Bigxuj ieHroi He e 

U 220 
H OM 

cyTTeBHM. BOHO He BHxogHTb 3a MeKci npunycTHMHx 3a yMOBaMH n Y 3 5 % . 
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2.2 Po3paxyHOK ejieKTpHHHOi' Mepeaci BmcopucTaHHsiM nporpaMHoro 

KOMnneKcy P S S ® E 

2.2.1 CKjiagaHHsi cxeMH ejieKTpHHHoi Mepeaci 

3anycTHBmH n p o r p a M y P S S ® E , cTBopioeMo B Hiii cyMiineHuii aH 

g i a r p a M u i 6 a 3 u g a H u x , IIK n e noKa3aHO Ha p u c 2 . 3 . 

PncyHOK 2 . 3 . B u 6 i p T u n y B u x i g H o r o aHny 

y BiKoHni, inp 3 ' a B u n o c a n i c i i i B u 6 o p y cyMi ineHoro a n n y ( p u c . 2 . 4 ) , 

BU3HanaeMo 6a3ucHi n a p a M e T p u . 

P u c y H o K 2 . 4 . B u 6 i p 6 a 3 u c H u x napaMeTpiB 

T e n e p M o ^ H a n p u c T y n a T u 6e3nocepegHE>o g o c i a i a g a m H i po3riurHyToi c x e M u 

3aMineHHa eieKTpuHHoi ' M e p e ^ i . 

y p e 3 y i b T a T i BoHa 6 y g e MaTu B u r i a g , n p e g c T a B i e H u n Ha p u c . 2 . 5 . 

flucm 
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PucyHOK 2 . 5 . C x e M a 3aMirgeHHa ejieKTpHHHoi MepeKci B nporpaMHoMy 

KOMnjieKci P S S ® E 

2.2.2 3agaHHH napaMeTpiB ejieMeHTiB exeMn 3aMimeHH$i Mepeaci 

2.2.2.1 3agaHHH napaMeTpiB 

, UIHH B u G u p a e T b c a HOMiHanbHa H a n p y r a i T u n OHHH. T a K O K 3 a g a e T b c a 

HOMep Ta iM'a IHHHH. 

II lHHa gKcepejia KCHBjieHHa e OCO6JTHBOK>. ,3, Hei o6upaeMO Tperi f i Tun mHH 

- S w i n g B u s . B c i iHmi mHHH e 3BHnaHHHMH mHHaMH 6e3 r e H e p a T o p a - T u n N o n -

G e n e r a t o r B u s . 

B g a m f i ejieKTpHHHm cHcTeMi npHcyTHi mHHH 3 HOMiHanbHOio H a n p y r o i o 

2 2 0 K B , 1 1 0 K B i 3 5 K B . H a n p y r a B p a g K y « V o l t a g e » KopucTyBaneM He 

B c T a H O B ^ o e T b c a , a p o 3 p a x o B y e T b c a aBTOMaranHO. H a PHC. 2 . 6 noKa3aHO 3aBgaHHa 

napaMeTpiB UIHHH gKcepejia KCHBjieHHa. 

flucm 
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PHCVHOK 2 . 6 . 3aBgaHHa napaMeTpiB gKcepeua KcnBueHHa 

2.2.2.2 3agaHHH napaMeTpiB jiiHiii 

^ u a T o r o 6 3 a g a T n n a p a M e T p n e i e K T p o n e p e g a n ( J T E n ) , H e o 6 x i g H 0 

cnonaTKy npoBecTH p o 3 p a x y H 0 K ix eMHOCTen. iHini H e o 6 x i g H g u a p o 3 p a x y H K y 

n a p a M e T p n (aKTHBHnn i peaKTHBHnn o n i p ) HaM B K e BigoMO. 

GMHicTb p o 3 p a x o B y e M 0 3a o p M y I o : 

C0 = 
bo • Ltj-106 _ bo • Ltj-106 

\MK0\ 
2 ^ f ( 2 . 1 ) 

Pe3yjnvTaTH p o 3 p a x y H K y OTpnMain 3HaneHHa, npegcTaBj ieHi B T a 6 i . 2 . 3 . n p n 

rrtOMy BpaxoByeMO, , TaK aK m m a A 1 e gBoxjmHrrioroBOK), TO 3HaneHHa eMHOCTi 

g u a Hei d i g 6 p a T n nogBoeHUM. 

T a 6 j n n r a 2 .3 - P o 3 p a x y H 0 K eMHicHnx napaMeTpiB J I 3 n 

^ i i a H K a A 1 13 

C0, M K O 0 , 5 8 8 0 , 3 3 1 

n p u K j i a g 3agaHHa napaMeTpiB m m i npogeMOHCTpoBaHO Ha p n c . 2 .7 g i a 

jnnri i , 3 ' e g H y e B y 3 0 i A Ta By30ji 1. 
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P u c y H o K 2 . 7 . 3agaHHii napaMeTpiB iiiHii 

2.2.2.3 3agaHHH napaMeTpiB aBTOTpaHc opMaTopa 

,H,o OCHOBHUX napaMeTpiB aBTOTpaHc o p M a T o p a Hai ieKaTb aKTuBHufi i 

peaKTuBHun o n i p , aKTuBHa i peaKTuBHa npoBigm 'cTb , H a n p y r u O6MOTOK BUCOKOI, 

c e p e g H t o i i HU3BKOI CTOPOHU. n e p m i HOTupu n a p a M e T p u 3agaic>Tbcii y B igHocHux 

oguHui inx . 

AKTUBHUH i peaKTuBHun o n i p aBTOTpaHc opMaTopiB 6 y i o p o 3 p a x o B a H o 

HaMu aHair raHHO. n e p e B e g e m m i i u x 3HaneHb B yMOBHi oguHui i i 3HangeMO 

B e i u n u H u aKTuBHoi' i peaKTuBHoi' HacTuHu n o B H o r o o n o p y TpaHc o p M a T o p a , 

n p u B e g e H i g o 6 a 3 u c H u x yMOB. 

aBTOTpaHc o p M a T o p a A T , ^ T H - 6 3 0 0 0 / 2 2 0 / 1 1 0 / 3 5 MaeMo: 

K o M n i e K c H e 3HaneHHii o n o p y 3 BUCOKOI CTOPOHU: 

ZTB = RTB + jXTB = 1,433 + j l 04,121 OM 
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\ CTOPOHH cepegHboi ' H a n p y r a : 

ZTC = RTC + jXTC = 1,4330m 

,H,Ta CTOPOHH HH3bKoi' H a n p y r a : 

ZTH = RTH + jXTH = 1,433+ j l 95,646 0M 

,H,Ta T o r o , i g o 6 BBecTH 3HaneHHa o n o p i B O6MOTOK aBTOTpaHc o p M a T o p a g o 

nporpaMH P S S ® E , Heo6xigHO BHKOHaTH n p n B e g e m i a OTpnMaHnx 3HaneHb g o 

BigHOCHHX o g m r n g b . 

3 a g a e M O c a 6a3HCHOK> Hanpyro ro : 

U6a3 = 220 kB 

Ba3HCHa n o T y m r i c T b , o 6 p a H a HaMH p a H i m e , g o p i B H i o e 1 0 0 M B A . 

T o g i 3HaneHHa 6a3HCHoro o n o p y CKTagaTHMe: 

Z _ = = 484 Om 
6 100-106 

H ] p 6 OTpHMaTH npHBegeHi 3HaneHHa o n o p i B O6MOTOK, Heo6xigHO i'x g incHi 

o n o p n nogi^HTH Ha BejTHHHHy 6a3HCHoro o n o p y : 

Z = Z^ = 1 , 4 3 3 + j 1 0 4 , 1 2 1 = 0 , 0 0 2 9 6 + j0,2151 

Z • = Z t c - = 1 , 4 3 3 = 0,00296 

Z 6 484 
Z = = 1 , 4 3 3 + j 1 9 5 , 6 5 1 = 0 ,00296+ j0,4042 

Po3paxyHOK npHBegeHHx 3HaneHb npoBigHOCTen aBTOTpaHc o p M a T o p a 

3 g i n c H o e M O HacTynHHM HHHOM: 

Y = < v - + m x l ) - Z 6A,_ 
U<*>. ( 2 . 2 ) 

- aKTHBHa npoBigHicTb aBTOTpaHc opMaTopa : 

= *PX = 4 5 - 1 0 3 - 4 8 4 = 4 5 . 1 0 - 5 ; ( 2 . 3 ) 
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peaKTHBHa n p o B i g m c T b aBT0TpaHc pMaT p a : 

APx-10 3 ^ 6 3 1 5 4 0 M 8 4 
(220• 10 3 ) 2 

= 315 0 5 . ( 2 . 4 ) 

H a p u c . 2 . 8 noKa3aH0 BBig napaMeTpiB aBT0TpaHc pMaT p a . n p n irtOMy, 

BpaxoByMHH Te, Ha nigcTaHrrii BCTaHOBjeHO g B a napajjejrfcHO npanroiOHHx 

aBT0TpaHc pMaT pH, 3HaneHHa o n o p i B O6MOTOK 6 y g y T b y nouoBUHy MeH i, a 

3HaneHHa npoBigHOCTen 6 e p e M 0 n o g B o e H i . 

PncyHOK 2 . 8 . 3 a g a H H a napaMeTpiB aBT0TpaHc pMaT p a 

H a B K j a g r i « S h o r t C i r c u i t s 3 a g a e M 0 c x e M y 3 'egHaHHa O6MOTOK Y a B . 0 / A . 0 . 1 1 . 

^ a H a o n e p a r i a npogeMOHCTpoBaHa Ha p u c . 2 . 9 . 
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T hnee W i nd i ng T ra nsfo rmer Data Record i 

1 Transformer Power Flow | Winding 1 Power Flow Winding 2 Power Flow | Winding 3 Power Flow | Short Circuit | 

Basic Data 

Connect Code User Code 

| User Code » | _ ] 131 

Leakage Impedance WO Code 

11 - Z pu (winding kV system MVA) 

Grounding Impedance I/O Code 

[ 1 • Z pu (winding kV system MVA) 

RG1 (pu) XG1 (pu) 

0,000000 0,000000 

R01 (pu) X01 (pu) 

0,000000 0,000000 

RG2(pu) XG2 (pu) 

0,000000 0,000000 

R02 (pu) X02 (pu) 

0,000000 0,000000 

RG3(pu) XG3 (pu) 

0,000000 0,000000 

R03 (pu) X03 (pu) 

0,000000 0,000000 

RNUTRL (pu) XNUTRL(pu) 

0,000000 0,000000 

OK Cancel 

PucyHOK 2 . 9 . B u 6 i p cxeMH 3 ' e g H a m i a O6MOTOK aBTOTpaHc o p M a T o p a 

2.2.2.4 3agaHHH napaMeTpiB HaeaHTa/K eHb 

,3p napaMeTpiB HaBaHTaKceHb, aKi MaMTb 6yTH 3aHeceHi g o nporpaMH, 

Hajie>KHTb aKTHBHa i peaKTHBHa c K j j a g o B a cnoKCHBaHoi' noTyKCHoeri , BupaKcem B 

M B T i M B A p BignoBigHO. 

H a p u c . 2 . 1 0 noKa3aHO n p u K j j a g BBegemua B P S S ® E gaHHx m o g o 

HaBaHTaKeHHa. 
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PncyHOK 2 . 1 0 . BHeceHHa gaHHx n o HaBaHTa^eHHO 

2.3 OTpHMaHHH pe3y^bTaTiB p03B'$I3aHHSI 

T e n e p , KOTH c x e M a 3aMiineHHa eTeKTpHHHOi Mepemi CKTageHa, i Bci 

Heo6x igHi gaHi n p o eTeMeHTH Mepemi BBegeHi , M o m m npucTynaTH 6 e 3 n o e e p e g H b o 

g o p o 3 p a x y H K y . ,H,Ta i g o r o npoxogHMO m T a x P o w e r F l o w / S o l u t i o n / S o l v e . y 

BiKOHgi, g o 3'aBHTOca Bu6upaeMO p imeHHa 3a MeTogoM HbO)TOHa-Pa coHa i 

BHCTaBTaeMO B e e , aK noKa3aHO Ha p u e . 2 . 1 1 . 
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PucyHOK 2 . 1 1 . B n 6 i p napaMeTpiB p i eHHa n o c T a B j e H o i 3 a g a n i 

n i c j a HaTHCKaHHa KHonKH « S o l v e » MH OTpuMaeMO gHHaMWHe 

B i g o 6 p a K e H H a p e 3 y j b T a T y i3 3 o 6 p a K e H H a M HanpaMiB noTOKiB noTyKHOCTi B 

M e p e K i . l i e npogeMOHCTBpoBaHO Ha p u c . 2 . 1 2 . 
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PucyHOK 2 . 1 2 . Pe3yjJbTaTH p o 3 B ' a 3 a m i a ejieKTpHHHOi MepeKci B P S S ® E 

3ayBaKHMO, inp Bci pe3yjJbTaTH po3paxyHKiB 6 y g y T b B i g o 6 p a K c e m y a n 

6a3H g a H u x ( d a t a N e t w o r k ) y B u r j j a g i TaGmnr t , g e , n e p e x o g a n u n o BKj jagKax, MH 

3MOKeMO O3HaHOMHTuca 3 po3paxyHKOBHMH pe3yjbTaTaMH g j j a Bc ix e j jeMenr iB 

gaHoi' ejeKTpuHHoi ' MepeKci. ITpogeMOHcTpyeMO B Ta6 j j . 2 . 4 po3paxyHKOBi gaHi n p o 

H a n p y r u Ha n n m a x . 

Ta6jJHHa 2 . 4 - Pe3yjJBTaTH, OTpuMaHi g j j a m u H ejeKTpuHHOi cucTeMH 

51K 6anuMO, 3HaneHHa noTyKCHocTeii Ta H a n p y r , OTpuMaHi B n p o r p a M i 

P S S ® E , 6 jH3bKi g o THX, Iii,O Gyira HaMH OTpuMaH B pe3yjJBTar i aHajjiTHHHux 

po3paxyHKiB. 

3 MeTOKt nopiBHaHHa g a H u x pe3yjJBTaTiB 3 p a H i m e OTpuMaHHMH 

pe3yjbTaTaMH B npo rpaMHoi cepegoBHiin ' M a t c h c a 1 5 , cKjjageMO nopiBHajjBHy 

Ta6jJHHK) 3a Kpurep ieM H a n p y r u y By3 j j ax MepeKciH(Ta6jj. 2 . 5 ) . 
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Ta6THrra 2 . 5 - n o p i B H a H H a pe3yrbTaTiB p o 3 p a x y H K y H a n p y r u , n p o B e g e m u x B 

M a t c h c a d 15 i B P S S ® E 

H o M e p 

By3Ta K B 

Pe3yTbTaTH 

p o 3 p a x y H K y B 

M a t c h c a d 1 5 , 

U , K B 

P e 3 y T b T a r a 

p o 3 p a x y H K y 

B P S S ® E , 

U , K B 

PO36i)KHiCTb 

po3paxyHKOBHx 

3HaneHb, % 

B i g x H T e H H a 

H a n p y r u B i g 

HOMiHarbHOi, % 

(B P S S ® E ) 

1 2 2 0 2 1 8 , 3 5 1 2 1 8 , 3 5 1 0 - 0 , 7 5 0 

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

3 2 2 0 2 1 7 , 1 8 7 2 1 7 , 1 7 8 - 0 , 0 0 4 - 1 , 2 8 3 

4 3 5 3 3 , 6 8 6 3 4 , 7 3 8 3 , 0 2 8 - 0 , 7 4 9 

5 K 6aHHMO, p i3HHra Mim pe3yrbTaTaMH po3paxyHKiB HeBerHKa. n p u rbOMy, 

HHM B H g e K r a e H a n p y r u , THM MeHma BigeoTKOBa BigMimi icTb pe3y rbTaTiB , 

OTpuMaHHx n p u p o 3 p a x y H K a x y nporpaMHOMy KOMnreKci i aHarrraHHO. TaKHM 

HHHOM MOKHa Ka3aTH n p o Te, g o pe3yrbTaTH, OTpHMaH B nporpaMHOMy 

e e p e g o B H g i P S S ® E , g o 6 p e y 3 r o g m y o T b e a i3 pe3yrbTaTaMH po3paxyHKiB 3a 

Tpagur inHUMH opMyraMH. 

fucm 

BP3.6.141.412 
4 0 M3M. fucm N doKyM. nodnucb Mama 4 0 



3 3acToeyBaHHH nporpaMHoro cepegoBHina P S S ® E g j i a po3B'si3aHHsi 

npaKTHHHo'i 3agan i 

3.1 Tpa(|)iKH ejeKTpHHHHx HimaHTa/KeHb 

B e j i u n u H a e^eKTpHHHHx HaBaHTaKeHb npoMHCjioBoro n ignpueMCTBa, aK 

npaBHjio , e 3MiHHoM y n a c i . 3MiHy ejieKTpHnHHx HaBaHTaKeHb 3oGpaKcyic>Tb 3a 

g o n o M o r o r o rpa(j)iKiB HaBaHTaKeHHa. 

3MiHHHH x a p a K T e p e j i e K i p u n H o r o HaBaHTaKeHHa B n a c i 3 M y m y e oGupaTH 

noTyKoricTb CTaHiiii ( a 6 o CHCTeMH) n o MaKCHMyMy HaBaHTaKeHHa B 3HMOBHH n a c . 

l i e o3Hanae , ino p e m T y naCy oGjiagHaHHa BHKopucToByeTbca He noBHicTro. 

HaiiGijrbiii cnpHaTjiHBHM 6yB GH r p a iK e j i e K i p u n H o r o HaBaHTaKeHHa, n o Majio 

3MiHroeTbca n p o T a r o M g o G u . l i e B i g H o c u T b c a g o n ignpueMCTB, aKi npairroiOTb y T p u 

3MiHH. n i g n p n e M C T B a , n o npairroiOTb y gBi 3MiHH, a B m e Gijibiniii Mipi ogHo3MiHHi, 

BHocaTb 3HanHi 3MiHH y BeiHnHHy HaBaHTaKeHHa n p o T a r o M g o G u . 

HepiBHoMipHiCTb e i e K T p n n H o r o HaBaHTaKeHHa nocu j i roeTbca xapaKTepucTHKoro 

KoMyHaj ibHo-noGyroBoro cnoKHBaHHa e j ieKTpoeHepr i i . T o M y iirijibHicTb r p a iKa aK 

g j i a ogHHHnHol CTaHiiii, TaK i g j i a CHCTeMH THM 6ijibrna, HHM Gij ibma nacTKa 

n p o M H C i o B o r o HaBaHraKceHHa [ 3 ] . 

n e p e x i g n ignpueMCTB Ha n 'aTngeHHui i p o G o n u i i THKgeHb npu3BogHTb g o 

Gi j ibmoro yinijibHeHHa r p a iKiB e j i e K i p u n H o r o HaBaHTaKeHHa B poGon i gHi 

( 3 6 i i b m e H H a TpuBai iocTi p o G o n o r o n a c y ) 3 pi3KHM 3HHKeHHaM ej ieKTpunHoi 

HaBaHTaKeHHa B cyGoTy, H e g i i r o i CBaTKoBi gHi , n o M o K e B H M a r a r a 3ynHHKH 

HH3KH HaBiTb BejiHKHx eHepreTHnHHx a r p e r a T i B . 3 i H m o r o GoKy, i ie g o 3 B o j i a e 

eHepreTHnHHM CHCTeMaM n p o B o g n r a B iii g B a gHi n p o iJIaKTH Hi peMoHTH 

oGjiagHaHHa i THM caMHM nigBHinyBaTH HagiffflicTb i i o r o poGoTH. OG'egHaHHa 

ejieKTpocTaHin'ii B CHCTeMy g o 3 B o j i a e 3Gi ibmyBaTH iin'jibHicTb r p a iKa g j i a oKpeMux 

CTaHi in [ 3 ] . ,H,jia npaBHjibHoro p o 3 n o g i j i y HaBaHTaKeHHa MiK oKpeMHMH 

CTaHiiaMH, n o B x o g a T b B eHepreTHnHy CHCTeMy, g j i a B i g n o B i g H o r o p a n o H y 
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6ygyo>Tb g o 6 o B i r p a iKH e j jeKTpunHoro HaBaHTaKeHHa g j j a Bc ix n e p i o g i B p o K y . H a 

n igcTaBi g u x gaHHx C T B o p o o T b r p a iKH MaKCHMajibHHx g o 6 o B u x HaBaHTaKeHb i 

pinHHH ^ TpHBanocTi e jeKTpnHHHx HaBaHTa^eHb. 

3MiHa ej jeKTpuHHoro HaBaHTaKeHHa B n a c i Ha3HBaeTbca r p a iKOM 

e jeKTpnHHoro HaBaHTaKeHHa. ^ p a iKH ejjeKTpunHHx HaBaHTaKeHb 6 y g y o > T b c a B 

n p a M o K y r a u x KoopgHHaTax i npegcTaBj j i noTbca njjaBHHMH KPHBHMH a 6 o jjaMaHHMH 

jjiHiaMH. 

^ p a iKH HaBaHTaKeHb MoKyTb 6yTH npegcTaBj jeHi njjaBHHMH KPHBHMH 

jjiHiaMH i jjaMaHHMH ( c T y n i H n a r a M u ) jjiHiaMH 3 iHTepBajjoM ocepegHeHHa Ha 

KoKHoMy cTyneHi 3 0 XB 6 0 XB 3a j j eKHo B i g n a c y g o c a r H e H H a rpaHunHo 

gonycTHMoi' TeMnepaTypu n p u MaKcuMajjbHoMy HaBaHTaKeHHi [ 4 ] . 

^ p a iKH e j e K T p u n H u x HaBaHTaKeHb 6 y g y o T b c a 3 g o n o M o r o o c a M o n u c H u x 

n p u j a g i B , n o Bi3yajjbHoMy Bigm'Ky noKa3aHb cTpi j jonHux n p u j j a g i B (aMnepMeTpu, 

BaTMeTpu) n e p e 3 piBHi npoMiKKH n a c y , Bigj j iKy noKa3aHb j i n u j b H H K i B aKTHBHoi' 

eHeprii ' n e p e 3 Ti K iHTepBajju n a c y . ^ p a iK, noGygoBamui i 3a g o n o M o r o o 

c a M o n u c H o r o n p u j a g y , e KpuBojiHinHHM, a noGygoBamui i 3a noKa3aHHaMH 

j i n u j b H H K i B eHepr i i - cTyniHnacTHM, g e Ha KoKHoMy cTyneHi n o K a 3 y e T b c a 

c e p e g H a n o T y m r i c T b 3a KoHTpojboBaHHH n p o M i K o K n a c y [ 4 ] . 

HaBaHTaKeHHa B KOKHHH MoMeHT n a c y e B u n a g K o B o o B e j u n u H o o , 3aKoH 

p o 3 n o g i j y a K o i y n a c i 3Mimo>eTbca. ^ p a iKH e j e K T p u n H u x HaBaHTaKeHb 

6 y g y o T b c a aK g j j a o g u H o n H u x e j e K T p o n p u H M a n i B , TaK i g j j a i'x r p y n . ,H,jja 

o g u H o n H u x e j e K T p o n p u H M a n i B 6 y g y o T b c a iHguBigyaj jbHi ^ i g j j a r p y n u 

e j e K T p o n p u H M a n i B - r p y n o B i r p a iKH. 

r p y n o B H H r p a iK a B j j a e CO6OK> p e 3 y j b T a T n igcyMoByBaHHa iHguBigya j jbHux 

^ ' ^ e j e K T p o n p u H M a n i B , g o B x o g a T b B r p y n y . K o H i ^ y p a ^ i a r p y n o B o r o 

r p a iKa 3aj jeKHTb B i g 6 a r a T b o x B u n a g K o B u x nuHHHKiB: p i3Horo 3aBaHTaKcemia 

oKpeMux e j e K T p o n p u H M a n i B , 3cyBy y n a c i i'x B K n o n e H H a i B i g K m o n e m i a . CTiiiKi 

r p a iKH g j j a oKpeMux n i g n p u e M c T B , BHPO6HHTTTB Ha3HBaoTb THTIOBHMH. 

^ p a iKH e j e K T p u n H u x HaBaHTaKeHb y n a c i gii' HaBaHTaKeHHa n o g i j a o T b Ha 

3MiHHi, g o 6 o B i , MicanHi, ce3oHHi (jjiTHi, 3HMoBi) i pinHi. 
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rpa(j)iKH GygyiOTb 3a n a c TpHBaj iocr i 3M1HH ypaxyBaHHaM 

TexHoj ior inHux n e p e p B B p o 6 o T i e ieKTponpHHManiB. ^ o 6 o B i rpa(()iKH oxonmoiOTb 

n a c B ig 0 g o 2 4 r o g u H . n p u n o 6 y g o B i rpa(()iKa npuiiMaiOTb c e p e g H e HaBaHra>KeHHa 

3a n a c ycepegmoraaHHa. H a rr toMy r p a iKy BugijiaiOTb HaiiGijibiii 3aBaHra>KeHy 

3MiHy, TO6TO 3MiHy, n p o T a r o M ^KOI c n o c T e p i r a e T t c a HaiiGijibiiniii B u n y c K 

npogyKrrn i HaiiGijibiiie c n o m r e a H H a ejieKTpoeHeprii ' . TaKi r p a iKH xapaKTepHi g j i a 

n ignpueMcTB i BHPOGHHITTB 2 - x Ta 3-x-3MiHHHM i Ge3nepepBHHM p e m i M o M 

poGoTH. M i c a n H r p a iKH GygyiOTb M e T o o BH3HaneHHa BHTpaTH e j ieKTpoeHeprn 

Ha BupoGHuni i HeBupoGHuni n o T p e G u Ta onjiaTH 3a e i e K T p o e H e p r i o . n p u a H a i i 3 i 

TaKux r p a iKiB M o ^ H a BugijiHTH THKgHi , g e K a g u , n p o T a r o M a K u x Mae Micrre 

H a n 6 i i b m H H B u n y c K npogyKr rn i HanGijibine c n o m i B a H H a e j i eKTpoeHeprn . 

3 a ce3oHHHM i pinHHMH r p a iKaMH BH3HanaoTb MaKcuMaibHe HaBaHTa^eHHa, 

ino 3 a i e K H T b B i g ce3oHHux aKTopiB (onai ieHHa, B e n r a j i a n i a , n o g a n a B o g u Ha 

HeBupoGHuni n o T p e G u ) , BHTpaTa e j ieKTpoeHeprn 3a ce3oH i p iK 

3.2 Ocofi j iuBocri ejieKTponocTaHaHHH 3a cxeMoro rj iufioKoro BBogy 

CxeMH e i e K T p o n o c T a n a H H a n e x i B Ha n ignpueMcTBi g o c u T t pi3HoMaHiTHi i i'x 

n o G y g o B a 3yMoBjieHa 6a raTbMa aKTopaMH: K a T e r o p i e o e ieKTponpHHManiB, 

T e p H T o p i e o , icTopunHHM PO3BHTKOM n i g n p u e M c T B a Ta GaraT tMa . OgHHM 

o c H o B o n o i o ^ H H x n p u H n u n i B n o G y g o B H cxeMH ej ieKTponocTanaHHa e 3 a c r o c y B a H H a 

r j iuGoKoro B B o g y , n o o3Hanae MaKcuMaibHo Mo>KjiHBe H a G i H ^ e H H a g ^ e p e i 

BHCOKOI H a n p y r u aGo n igcTaHni i i , g o c n o m i B a n i B MiHiMaiibHHM Kij ibKicra) 

cTyneHiB npoMi^Hoi ' TpaHc opMa^i i ' i anapaT iB . 

H a n i g n p u e M c T B a x c e p e g H t o i ' n o T y m r o c T i niHii' r j iuGoKHx BBogiB H a n p y r o o 

3 5 - 1 1 0 K B B B o g a T t c a Ha T e p H T o p i o G e 3 n o c e p e g H t o B i g eHeprocucTeMH. H a 

BejiHKux n i g n p u e M c T B a x rj iuGoKi B B o g u B i g x o g a T t B ig ro j ioBHo! ^ H i ^ B a ^ H o " 

n i g c T a H n n ( r n n ) aGo po3nogijn>HHx n igcTaHni i i , aKi o T p u M y o T t e H e p r i o B ig 

eHeprocucTeMH. n p u K j i a g cxeMH r j iuGoKoro B B o g y 3 o G p a ^ e H o Ha p u c . 3 . 1 . T y T 

H a n p y r a B i g eHeprocucTeMH Ge3 TpaHc o p M a ^ i i B B o g u T t c a 3a c x e M o o ^ g B ^ ^ ! ' 

TparoHTHo" HacKpi3HOi M a r i c T p a i i Ha T e p u T o p i o n i g n p u e M c T B a . 
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PHCVHOK 3 . 1 . C x e M a r j iuGoKoro B B o g y npoMHCJiOBoro n ignpueMCTBa 

r j i uGoKi B B o g n mnpoKO 3acTOCOByic>Tbca B c x e M a x 3OBHimHboro i 

BHyTpimHboro ej ieKTponocTaHaHHa npoMHCJiOBux nignpueMCTB i BBa)KaK)Tbca 

H a n 6 i i b m nporpecHBHHMu cxeMaMH ejieKTponocTaHaHHa. Ix 3acTOcyBaHHa 

go3BOjrae: 

1) po3TamyBaTH nigcTaHi i i i r j i uGoKoro B B o g y y BejiHKHx By3Jiax c n o m r e a H H a 

e j ieKTpoeHepr i i (ejieKTpojii3Hi ycTaHOBKH, npoKaTHi CTaHH, a3OTHO-KHCHeBi CTaHiiii 

TOHIO); 

2 ) BUKJUOHHTH n p o M i m r i p o 3 n o g i i b H i nyHKTH ( P n ) , TaK aK ix (jtyHKnii 

BHKOHyMTb P n BTopHHHoi H a n p y r u nigcTaHHii i r j i uGoKoro B B o g y ; 

3 ) BHKopHCTOByBaTH cnpo ineHi cxeMH nepBHHHoi KOMyTain'i; 

4 ) pi3KO CKOPOTHTH n p o T a m r i c T b ejieKTpHHHHx Mepe>K H a n p y r o r o 1 0 ( 6 ) K B , a 

OTKe, 3MeHmuTH BTpaTH noTy^HOCTi, eHepr i i , H a n p y r u B HHX M e p e ^ a x , 
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npoTiDKHicTb Ka6ej ibHnx e c T a K a g , KiubKicTb BuKopucTOByBaHoi KOMyTagiiiHoi i 

3axHCHOi a n a p a T y p u ; 

5 ) 3MeHiiiHTH eMHicHi CTpyMH B M e p e K a x 1 0 ( 6 ) K B , g o go3BOjrae y GaraTbox 

B u n a g K a x o G i i r r a c a 6e3 ycTaHOBOK KOMneHcagii eMHicHux cTpyMiB; 

6 ) 3gincHHTH KCHBjieHHa xapaKTepHHx r p y n eieKTpOnpHHManiB 3 

Hem'HiiiHHMH, pi3KO3MiHHHMH, ygapHHMH HaBaHTaKeHH^MH OKpeMHMH JliHiflMH 

G e 3 n o c e p e g H b o B ig n igcTaHg i i i r jn iGoKoro BBOgy, g o go3BOjrae 3HanHO 3MeHmHTH 

B n i H B gaHHx HaBaHTaKeHb Ha cucTeMy eieKTpOnOcTanaHHa i n i g B H g H T H aKicTb 

eieKTpHHHOi eHepr i i ; 

7 ) n i g B u g u T H HagiiiHicTb eieKTpOnOcTanaHHa Ta 3MeHmuTH Kan iTa ibHi 

BHTpaTH H eKcnj iyaTagi i iHi B u r p a r a Ha cucTeMy eieKTpOnOcTanaHHa. 

3acTOcyBaHHa n o B r i p a H u x e g O g i i b H u M n p u HeBucoKii i g i j rbHocTi 

3 a G y g o B u npOMuciOBOi n j i O g a g K u . B n i u a x 3MeHmeHHa B i g n y K g a e M o i n i g 

noBiTpaHy n i O g i g o n y c K a e T b c a n p o x o g K e m i a H a g y c i M a HeroproHuMu 

GygiBjMMu i c n o p y g a M u , 3a BUH^TKOM Bu6yxOHe6e3neHHux ycTaHOBOK. n p u BuGopi 

BUCOTU OnOp nOBiTpaHux n o B u m i a B p a x o B y B a r a c a MOKjuBicTb n p O K j a g K u 

n i g n p o B o g a M u T p y G o n p o B o g i B , TpaHcnopTHux Ta i H m u x KOMyHiKagiii. B 

oGrpyHTOBaHux B u n a g K a x MOKe B u a B u T u c a g o g i j b H u M 3acTocyBaHHa c n e g i a j b H u x 

o n o p gj ra 3GijrbiiieHHa g o B K u H u npojrbOTiB. 

B c e G i j b m e 3acTocyBaHHa B cucTeMax e j e K T p o n o c T a n a H H a n ignpueMcTB 

3HaxogaTb KaGejrbHi m m i H a n p y r o r o 1 1 0 - 2 2 0 K B . P o 3 p o G K a HOBUX KOHcTpyKgiii 

KaGemB i BgocKOHaneHHa TexHWHux p imeHb 3 n p o K u a g a H H a K a G e j b H u x 

c n p u a e i x mupoKOMy 3acTocyBaHHro. M a c j O H a n o B H e H i KaGejrbHi m m i H r o b K o r o 

TucKy BuMararoTb n i g B u g e H o i y B a r u 3 GoKy oGcjryroByiOHoro n e p c o H a u y , TaK aK 

MaroTb M a c j o c u c T e M u , a B OKpeMux B u n a g K a x i cucTeMy o x o j o g K e H H a , aKi 

B B a K a r o T b c a HeHagiiffluMu j a H K a M u K a G e j b H u x . n p o K u a g K a g a H u x 

3gincHroeTbca B j O T K a x , 3eMjri, T p a H m e a x , KaHajmx i HMKne 3OHU npoMep3aHHa, a 

TaKOK 3 n p u c T p o e M c n e g i a j b H u x K O j o g a 3 i B g g a My(j)T. n p o K u a g K a 

MacjOHanoBHeHux KaGemB y TyHejrax He peKOMeHgyeTbca n e p e 3 ix 3HanHy 

BapTicTb. 
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Pagia i ibHi cxeMH TJIHGOKHX BBogiB 3 5 - 2 2 0 K B go3BOJiaK>Tb BHKopHCTOByBaTH 

H a n n p o c T i m i cxeMH nepBHHHoi' KOMyTanii' n igcTaHni i i r j iuGoKoro B B o g y - cxeMH 

« I i H i a - T p a H c o p M a T o p » : 6e3 KOMyTaniiiHHx a n a p a r i B ( r j i y x o r o npuegHaHHa) 3 

po3 ' egHyBaneM, 3anoGiKHHKOM, BHMHKaneM. 

n p u Mar i cTpa ibHHx c x e M a x HIHGOKHX BBogiB BigKjnoneHHa M a r i c T p a i i 

npu3BogHTb g o BTpaTH KHBjieHHa B c i x TpaHc opMaTopiB, nigKjnoHeHHx g o 

M a r i c T p a i i . T o M y BHKopucTOByiOTbca cxeMH, IHO go3BOJiaK>Tb B igKjnoHara 

n o m K o g K e H H n TpaHc opMaTop Ha nigcTaHnii ' Ta noBTopHO BKmonaTH MaricTpai ib 

n p u c T p o e M aBTOMaTHHHoro n o B T o p H o r o BMHKaHHa ( A n B ) . 

3.3 Po3rjisig ocofijnmocTeii CHCTCMH ejieiCTponocTanaHHsi npoMHCJioBoro 

nignpneMCTBa Ta i i ejieMeHTiB 

3.3.1 B n x i g m gaHi gjisi MogejiKmaHHsi 

Po3rjiaHeMO cucTeMy ej ieKTponocTaHaHHa n i g n p u e M c T B a , H O n p a n i o e B o g H y 

3MiHy i r p a iK ejieKTpHHHHx HaBaHTaKeHb poGonoi ' 3MiHH a K o r o Mae BHrj iag aK Ha 

p u c . 3 . 2 . 
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PucyHOK 3 . 2 . 1 ^ e i e K T p u n H u x HaBaHTa^eHb n p o M u c i o B o r o 

n i g n p u e M c T B a : a ) y B i g c o T K a x ; G) y Be j iunuHax noBHo' ' noTyacHocr i 

^ H B i e H H a g a H o r o n p o M u c i o B o r o n i g n p u e M c T B a 3gi i icmo>eTtca B i g 

m ^ K o ' H a n p y r u aBTOTpaHc o p M a T o p a eJIeKTpH HOi M e p e ^ i , n o Gyjia po3r j iaHyTa 

y po3g i j i i 2 . 

n i g n p u e M c T B O c K j i a g a e T t c a 3 n o T u p t o x B e i H K u x r e x i B . B n e p m o M y 3 HHX 

po3TamoBaHO Tpu g y r o B i c T a i e n i a B u i b H i nen i MapKu ,H,C-6H1, B g p y r o M y -

HacocHi ycTaHOBKu, B TpeTtOMy - r p y n u TOKapHux, c B e p g i u i b H u x Ta pe3epHHx 

cTaHKiB, B neTBepTOMy - KOHBeepu Ta cyrnij i tHi nen i . B c i e i e K T p o n p u H M a n i M a o T t 

II K a T e r o p i o HagiHHocr i . H a B a H T a ^ e H H a n o B c i x T p t o x a 3 a x po3nogi j ieHO 

piBHOMipHO. C n o m r e a n i Bj iacHux noTpeG - 3 n e p e B a m i o aKTuBHuM x a p a K T e p o M 

HaBaHTa^eHHa. 

^ a c M a K c u M a i t H u x H a B a H T a ^ e H t g j i a B c i x r e x i B npu i iMaeMo: 

T M = 3 8 0 0 r o g u H . 

E i j r tn i g e T a i t H i gaHi i n o g o Bej iunuH e i e K T p u n H u x H a B a H T a ^ e H t 3a a3aMH Ta 

c n o m r e a H H a eJIeKTpH HOi n o T y m r o e r i Ha BjiacHi n o T p e G u HaBegeHi y TaGji. 3 . 1 . 



T a G m g a 3.1 - ,H,aHi n o HaBaHTaKeHHax OKpeMux g e x i B 

H o M e p 

g e x y 
HaBaHTaKeHHa 

C n o K u B a H a 

noTyKHicTb 

Koe(() igieHT 

n o T y K H o e r i , 

cospp 

Koe(() igieHT 

BuKopucTaHHa, 

K B 

H o M e p 

g e x y 
HaBaHTaKeHHa 

P , M B A Q, M B A p 

Koe(() igieHT 

n o T y K H o e r i , 

cospp 

Koe(() igieHT 

BuKopucTaHHa, 

K B 

1 

1 A 3,4 2 , 1 0 7 1 0 , 8 5 0 , 6 5 

1 
1 B 3,4 2 , 1 0 7 1 0 , 8 5 0 , 6 5 

1 
1 C 3,4 2 , 1 0 7 1 0 , 8 5 0 , 6 5 

1 

1 L 0,7 0,1 0 , 9 9 0 , 7 5 

2 

2 A 0,7 0 , 4 4 0 , 8 5 0,7 

2 
2 B 0,7 0 , 4 4 0 , 8 5 0,7 

2 
2 C 0,7 0 , 4 4 0 , 8 5 0,7 

2 

2 L 0,4 0,1 0 , 9 7 0 , 7 5 

3 

3 A 1,8 3 ,2 0 , 4 9 0 , 1 4 

3 
3 B 1,8 3 ,2 0 , 4 9 0 , 1 4 

3 
3 C 1,8 3 ,2 0 , 4 9 0 , 1 4 

3 

3 L 0 ,9 0,1 0 , 9 9 0 , 7 5 

4 

4 A 0 , 6 5 0 , 6 5 0 , 7 1 0 , 6 5 

4 
4 B 0 , 6 5 0 , 6 5 0 , 7 1 0 , 6 5 

4 
4 C 0 , 6 5 0 , 6 5 0 , 7 1 0 , 6 5 

4 

4 L 0 ,2 0 , 0 5 0 , 9 7 0 , 7 5 

n p u M i T K a : 3HaneHHa n o T y K H o c T e i i y T a G j . 3 .1 nogaHO 3 ypaxyBaHHaM 

Koe(()igieHTiB BuKopucTaHHa (3HaneHHa K B B K e 3aKuageHO B B e m H u H y c n o K u B a H o i 

n o T y K H o c T i ) . 

H a ocHOBi B e m n u H HaBaHTaKeHHa KOKHoro g e x y 3gincHroeMO BuGip 

TpaHc opMaTopiB: 

- g j ra n e p m o r o g e x y : 

S T 1 - ' 

3 • SHaei + SBm 3 3 , 4 2 + 2 , 1 0 7 1 2 0 , 7 2 + 0,1 

1,4 1,4 
9 , 0 7 7 MBA 

2 
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g j i a g p y r o r o n e x y : 

ST 2 = 3 • S ~ 2 + S ™ 2 = 3 0 , 7 2 + 0 , 4 4 2 + V ° , 4 2 - ± ° = 2 , 0 6 6 MBA 
7 2 1,4 1,4 

g j i a T p e T b o r o n e x y : 

ST3 = 3 " + S B n 3 =

 3"V 1 , 8 2 + 3 , 2 2 W 0 , 9 2 +0 = 8,514 MBA 
1,4 1,4 

- g j i a neTBepToro n e x y : 

S = 3 • SHae4 + 4 = 3 V0 ,65 2 + 0 , 6 5 2 +J0,22 + 0 , 0 5 2

 = 2 1 1 7 

T
 4 1,4 1,4 ' 

H a ocHOBi OTpuMaHHx p e 3 y i b T a T i B g j i a n e x o B H x n igcTaHni i i 1 Ta 3 oGupaeMO 

TpH a3Hi g B o x OGMOTKOB' TpaHc opMaTopH T M H - 1 0 0 0 0 / 3 5 , a g j i a n igcTaHni i i 

T M H - 2 5 0 0 / 3 5 . n a p a M e T p u oGpaHHx TpaHc opMaTopiB HaBegeHO B TaGji. 3 .2 Ta 

TaGji. 3 . 3 . 

TaGjiHna 3 .2 - n a p a M e T p u TpaHc o p M a T o p a T M H - 1 0 0 0 0 / 3 5 

M e K i 

peryiOBa 

HHa 

KaTaiOKHi gai Po3paxyHKOBi gam 

Tun 
SHOM, 

M B A 

M e K i 

peryiOBa 

HHa 

UHOM OGMOTOK, 

KB U K , % 
APK, 

KBT 

Px, 

KBT 

Ix, 

% 

RT, 

OM 

X T , 

OM 

AQX, 

K B A p 

M e K i 

peryiOBa 

HHa 
B H H H 

APK, 

KBT 

Px, 

KBT 

Ix, 

% 

RT, 

OM 

X T , 

OM 

AQX, 

K B A p 

TMH-

1 0 0 0 0 / 3 5 
10 ± 9 * 1 , 3 % 36,75 6,3;10,5 7,5 65 14,5 0,8 0,88 10,1 80 

TaGjiHna 3.3 - n a p a M e T p u TpaHc o p M a T o p a T M H - 2 5 0 0 / 3 5 

Tun 
SHOM, 

M B A 

M e K i 

peryiOB 

aHHa 

KaTaiOKHi gai Po3paxyHKOBi gaHi 

Tun 
SHOM, 

M B A 

M e K i 

peryiOB 

aHHa 

UHOM OGMOTOK, 

KB U K , % 
APK, 

KBT 

Px, 

KBT 

Ix, 

% 

RT, 

OM 

X T , 

OM 

AQX, 

K B A p 

Tun 
SHOM, 

M B A 

M e K i 

peryiOB 

aHHa 
B H H H 

U K , % 
APK, 

KBT 

Px, 

KBT 

Ix, 

% 

RT, 

OM 

X T , 

OM 

AQX, 

K B A p 

TMH(TM)-

2500/35 
2,5 ± 6 * 1 , 5 % 35 6,3; 11 6,5 23,5;26 5,1 1,1 4,6 31,9 27,5 
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Po3paxyeMO cTpyMH, m o 6 y g y T B MaTH M i c r e B n iHiax , n e p e 3 a K 

Big6yBaTHMeTbca eneKTponocTanaHHa r e x i B : 

V3 • UHOM ( 3 . 1 } 

B pe3yn tTaT i MaeMo: 

- g n a niHii', m o KCHBHTB r e x 1: I1 = 2 1 7 , 1 8 3 A; 

- g n a niHii, m o KCHBHTB r e x 2 : I2 = 4 8 , 6 9 5 A; 

- g n a niHii, m o KCHBHTB r e x 3: I3 = 1 9 7 , 9 3 2 A; 

- g u a niHii', m o KCHBHTB r e x 4 : I4 = 4 4 , 8 5 2 A. 

H a ocHoBi pe3ynBTaTiB po3paxyHKiB npuHMaeMo g n a u r n m , m o KHBnaTB 1 Ta 

3 r e x u , n p o B i g A C - 7 0 / 1 1 3 napaMeTpaMu: 

r0 = 0,429 OM/KM; X0 = 0,404 OM/KM; TpHBano npHnycTHMHii CTpyM: 265 A 

,Hna niHiii, n e p e 3 aKi B i g 6 y B a e T B c a KHBneHHa r e x i B 2 Ta 4 , npHHMaeMo 

n p o B i g A C - 3 5 / 6 , 2 3 napaMaTpeMH: 

r0 = 0,79 OM/KM; X0 = 0,416 OM/KM; TpHBano npHnycTHMHii cTpyM: 175 A 

^ o B K H H y B c i x niHiii npHHMaeMo piBHoro 0 ,4 KM. 

3.3.2 AHajii3 HasBHHx ejieicTponpniiMaHiB 

3.3.2.1 EjieiCTponpniiMaHi n e p m o r o uexy 

y n e p m i n r p y n i e n e K i p o n p u i i M a n i B MaeMo T p u g y r o B i cTanennaBHnBHi nen i 

,H,C-6H1 3 eMHicTM 6 TOH Ta HoMiHanBHoro noTyKoricTK) n i n H o r o TpaHc o p M a T o p a 

4 M B A [ 5 ] . Ii KpecneHHa HaBegeHo Ha p u c . 3 . 3 . 

G y r o B i cTanennaBHnBHi nen i ( ^ C n ) e eneKTpogyroBHMH ycTaHoBKaMH 

n p a M o i g i i i n p r o H a n e m g n a nnaBneHHa cTani i3 MeTaneBoro 6 p y x T y ( c K p a n y ) . y 

TaKHx n e n a x B ocHoBHoMy oTpHMyroTB B H c o K o n e r o B a H copTH cTani , aKi 

flucm 

BP3.6.141.412 50 M3M. flucm N doKyM. flodnucb Mama 50 



noTpe6yK>Tb CTapaHHoro o n H g e H H a MeTauy B i g nncigjiHBHx g o M i m o K , BHgaueHHa 

HeMeTaneBHx g o M i m o K Ta 3HeraKyBaHHa i aKi He MoKyTb 6yTH oTpHMaHHMH B 

KoHBepTopax a 6 o MapTeHiBCbKnx n e n a x [6 , c. 2 7 - 2 8 ] . 

3 TOHKH 3 o p y HaginHocTi eneKTponocTanaHHa ,3 ,Cn BigHocaTb g o II KaTerop i i 

npHHManiB e ieKTpnHHoi eHepr i i . I J i ycTaHoBKH e noTyKHHMH npHHManaMH 

e ieKTpnHHoi eHepr i i , HoMmaubHa n o T y m r i c T b aKHx cTaHoBHTb B ig ogHHHgb g o 

gecaTKiB M B A , nirroMi BHTpaTH e i e K T p o e H e p r i i cTaHoBjraTb 4 5 0 - 1 0 0 0 K B T - r o g Ha 

1 ToHHy r o T o B o r o n p o g y K T y . n p H n o M y noTyKHicTb i H a n p y r a c y i r e B o 

Bigpi3Hao>Tbca B pi3Hi n e p i o g H njiaBjiemHi, a KpiM T o r o , 3 a u e K a T b B i g MapKH cTaui , 

aKy B H n i a B i a M T b n i g n a c n e B H o r o T e x H o n o r i n H o r o n p o g e c y . 

XapaKTepHHMH e nacTi BigKmoneHHa nen i B ig MepeKci, g o n o B ' a 3 a H i 3 

TexHojiorinHHMH i aBapinHHMH 3ynHHKaMH. TaKi B igKuioneHHi 3yMoBjnoK>Tb 

n p o B a i H H a n p y r a Ta n e p e H a n p y r H Ha niHHax n i g c T a H g i n i MoKyTb cyTTeBo 

BniHBaTH Ha p o 6 o T y iHinirx npHHManiB, g o n igKmoneHi g o mHH g i e i n i g c T a H g i i . 

XapaKTepHHMH T a K o K e nacTi eKcnj iyaTagi i iHi KopoTKi 3aMHKaHHa, a K 

3 y M o B i o o T b KojHBaHHa H a n p y r u Ha mHHax n i g c T a H g i i , g o MoKyTb g o c a r a r a 1 5 % 

Big HoMiHaubHoro 3HaneHHa ^ u a 3MeHmeHHa g b o r o BnnHBy nacTKa n i n H o r o 

HaBaHTaKeHHa He noBHHHa n e p e B H g y B a T H 4 0 % n o T y K H o c T noHHKyBaubHoi 

n i g c T a H g i i [6 , c. 6 1 - 6 2 ] . 
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PucyHOK 3 . 3 . ^ y r o B a cTaiienjiaBHjibHa n in ,H,C-6H1: 

1 - CT inKa c e p e g H a ; 2 - cKjieniHHa; 3 - e i e K T p o g o T p H M a n ; 4 - e i e K T p o g o T p H M a n ; 5 

- mo j ibKa ; 6 - BiKHO p o G o n e ; 7 - KOKyx; 8 - MexaHi3M n i g n o M y cKjieniHHa; 9 -

MexaHi3M BigKaTy BaHH; 10 - MexaHi3M H a x u i y ; 11 - MexaHi3M nepeMimeHHa 

e i e K T p o g i B ; 12 - r i p j i a H g a K a G e i b H a ; 13 - 3JIHBOBHH HOCOK; 14 - yTep iBKa 

ocHOBHa; 15 - yTep iBKa K u c i a 
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n i g n a c p o 6 o T u TpH(j)a3HHx ,3 ,Cn HaBiTb y HopManbHux p e m i M a x p o 6 o T u Mae 

M i c r e c y i r e B a acuMeTp ia CTpyMiB i noTymcHocTeii 3 a a3aMH. ^ C n e n o T y m r a M H 

npHHManaMH peaKTuBHoi eHepr i i , nacTKa a K o i 3 p o c T a e 3i 36inbineHHaM noTymorocTi 

nen i , a Koe i^ieHT n o TymarocTi gopiBHroe : g n a n e n e i i g o 5 T - C O 3 ( P = 0 , 8 5 - 0 , 8 9 ; 10¬ 

2 0 T - co3(p = 0 , 8 3 - 0 , 8 7 ; 1 0 0 T - c o 3 p = 0 , 7 2 - 0 , 7 8 ; 2 0 0 T - c o 3 p = 0 , 7 - 0 , 7 4 . 

H a n G i n t m BamKHM 3 TonKH 3 o p y eneKTpunHoro HaBaHTameHHa e n e p i o g 

po3nnaBneHHa MeTany. 3 MeTOM n o n e r m e H H a p o 6 o r a eneKTponocTananbHoi 

cucTeMH n i g n p u e M c T B a nnaHyroTb TaK, IHO6 r i n e p i o g u g n a r p y n u nene i i He 

3 6 i r a n u c a y n a c i , a TaKom, n o MomnuBocTi , He 3 6 i r a n u c a 3 roguHaMH MaKcuMyMy 

HaBaHTameHHa eHeprocucTeMH [6 , c. 6 1 - 6 2 ] . 

3.3.2.2 EjieKTponpHHMaHi g p y r o r o u e x y 

H a TepuTop i i g p y r o r o r e x y po3TamoBaHi H a c o c u Mogen i n C M ^ H Y - 1 8 0 / 2 1 2 

noTymHicro 1 4 8 K B T . H a c o c H i ycTaHOBKH n ie i c e p i i n p r o H a n e m g n a nepeKanyBaHHa 

B o g u Ta i H m u x p i g u H , IHO MaroTb n o g i 6 H i 3 B o g o r o B n a c r a B o c r i 3a B'a3KicTro i 

xiMinHOM aKTHBHicTM, TeMnepaTyporo g o 9 0 ° C ; xiMinHO He ihpanbHoro B o g u 3 

TeMnepaTyporo g o + 1 0 5 ° C ; M a c r a n a , H O BmcopucTOByeTbca B cucTeMax 

T y p 6 o r e H e p a T o p i B ; KucnoTHoi B o g u 3 BogHeBuM noKa3HuKOM p H g o 8 , 5 ; 

o6BogHeHin ra3OHacuneHoi i TOBapHoi Ha TH B cucTeMax BHyTpunpoMbicnoBoro 

3 6 o p y , n igroTOBKu i TpaHcnopTy Ha TH; 3BopoTHoi TexHinHoi B o g u 3 

TeMnepaTyporo g o 4 0 ° C Ha r u g p o m a x T a x [ 7 ] . 

3 a Hag i iHicTro BOHU B i g H o c a T b c a g o II KaTerop i i c n o m r e a n i B , MaroTb 

Koe i^ieHT BuKopucTaHHa Ha piBHi K B = 0 , 7 Ta Koe i^ieHT noTymcHocri 6nrobKO 

c o s p = 0 , 8 5 . 

3.3.2.3 EneKTponpHHMani TpeTboro u e x y 

ToKapHi BepcTaTu n p r o H a n e m g n a B m c o H a m i a pi3HOMaHrraux p o 6 i T . H a r u x 

BepcTaTax Momara o 6 T o n y B a T u 3OBHimHi r u n i H g p u n H i , KOHinm i acoHHi n o B e p x H i , 

po3TonyBaTu r u n i H g p u n H i i KOHinHi OTBopu, o 6 p o 6 n a T u T o p r e B i n o B e p x H i ; 

Hapi3aTu 3OBHimHro i BHyTpimHro p i 3 b 6 u ; c B e p g n n r a , 3iHKyBaTu i p o 3 r o p T a T u 

OTBopu; B u p o 6 n a T u Bigpi3Ky, n igp i3aHHa Ta iHini o n e p a r i i . 
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C B e p g i H i b H i B e p c T a r a n p r o H a n e m g i a c B e p g i i m i a OTBopiB i n o g a i b m o i ' i'x 

o 6 p o 6 K H , a caMe po3cBepg iK>BaHHa, 3iHKyBaHHa, p o 3 r o p T a m i a , p o 3 T o n y B a m i a , 

Hapi3yBaHHa p i 3 b 6 n B g e T a i a x 3 M e T a i y , a T a K o K iHinux M a T e p i a i i B . 

O p e 3 e p H i BepcTaTH n p r o H a n e m g i a o 6 p o 6 K H 3a g o n o M o r o r o pe3H n i o c K H x i 

acoHHHx n o B e p x o H b , T i i o6epTaHHa, 3 y 6 n a c T n x K o i i c i T.n. MeTa ieBHx Ta i H m n x 

3aroToBoK. n p u g b o M y p e 3 a , 3 a K p i n i e H a B i n n n H g e i i p e 3 e p H o r o BepcTaTa , 

3g incHMe o 6 e p T a i b H n i i ( r o i o B H H i i ) p y x , a 3a roToBKa, 3 a K p i n i e H a Ha c T o i i , 

3gii icHK)e p y x n o g a n i npaMoiiHii iHHH a 6 o KpHBoiiHiiiHHH ( iHogi 3gi i icHK)eTbca 

o g H o n a c H o o6epTOBHM iHcipyMeHTOM). Y n p a B i i H H a M o K e 6 y r a pynHHM, 

aBToMaTH3oBaHHM a 6 o 3 g i n c H K B a T H c a 3a g o n o M o r o r o cucTeMH n u c i o B o r o 

n p o r p a M H o r o y n p a B i i m i a . 

3 a HagiiiHicTK) cTaHKH H a i e K a T b g o II KaTerop i i c n o K H B a n i B , MaroTb 

Koe i^ieHT BHKopucTaHHa Ha piBHi K B = 0 , 1 4 Ta Koe i ieHT n o T y m r o c r i 6 i H 3 b K o 

c o s c p = 0 , 4 1 . 

3.3.2.4 EjieiCTponpniiMaHi neTBepToro u e x y Ta cnojKHBani B n 

rijiacTHHnacTHH KoHBeep a B i a e c o 6 o r o g B i n a p a i e i b H i r i i K H 3 MeTa ieBHx 

i a H g r o r i B 3 po iHKaMH B 3'egHaHHax. J l a H g r o r n 3'egHaHi MiK c o 6 o r o niacTHHaMH -

gepeB'aHHMH a 6 o MeTaieBHMH B 3 a i e K H o c r i B i g BHgy BaHTaKiB, g o 

T p a H c n o p T y K T t c a . ^ e p e B ' a H i n iacTHHH 3acTocoByroTbca g i a TpaHcnopTyBaHHa 

BaHTaKiB, ynaKoBaHHx B Kopo6KH, a g H K H , 6onKH Ta iHmy T a p y ; c T a i e B i - g i a 

HeynaKoBaHHx c u n y n u x M a T e p i a i i B : B y r i i i a , m i a K y , KoKcy Ta iHimrx c y x u x 

KycKoBaTMx BaHTaKiB. 

C y n i n i b H i n p r o H a n e m g i a 3a6e3neneHHa n p o g e c i B cymiHHa y 

n p o M H c i o B H x yMoBax . 

E i e K T p o n p n H M a n i 4 g e x y MaKTb II KaTeropi ro HagiinrocTi, Koe i^ieHT 

BHKopucTaHHa n p n 6 i H 3 H o gop iBHroe K B = 0 , 7 1 , Koe i^ieHT n o T y K H o c T i c o s c p = 0 , 6 5 . 

n o T y K H i c T b , g o BHKopucTOByeTbca Ha B i a c H n o T p e 6 n K o K H o r o g e x y , 

H e o 6 x i g H a g i a 3a6e3neneHHa Ta nigTpHMKH H a i e K H o r o p iBHa e i e K T p u n H o r o 

ocBiT ieHHa Ta BeHTHiagi i ' n o B i T p a y g e x a x . 
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3.4 I I o 6 y a o B a Mepeaci ejieicTponocTanaHHsi npoMHCJioBoro ofi 'eKTa B 

nporpaMHoMy KoMnjieicci P S S ® E Ta aHajii3 BejiHHHHH ejieKTpHHHHx BTpaT 

B y g y e M o B nporpaMHoMy cepegoBHiin ' P o w e r S y s t e m S i m u l a t i o n for E n g i n e e r s 

ejieKTpnHHy M e p e K y g j i a KHBjieHHa n p o M n c j i o B o r o n ignpneMCTBa y B i g n o B i g H o e r i 

g o BHKiageHHx B n m e n p H m i n n i B . 

3 a po3r j iaHyToio y po3g i j i i 2 MeTognKoio BH3HanaeMo Ta 3 a g a e M o y n p o r p a M i 

n a p a M e T p n ejieMeHTiB M e p e K Ta BHKoHyeMo ii p o 3 B ' a 3 a m i a . n p n irboMy 

p o 3 r j i a g a e M o yMoBn HopMaiibHoro p e K H M y p o 6 o r a (KOJIH, y B ignoBigHocTi g o 

rpa(j)iKiB e i eKTpnHHnx HaBaHTaKeHb, HaBaHTaKeHHa cKj i agae 1 0 0 % B i g 

HoMiHaibHoro 3HaneHHa). B pe3yjibTaTi Ha eKpaHi oTpnMyeMo gnHaMinHe 

3 o 6 p a K e H H a 3 3a3HaneHHaM HanpaMKiB n o T o K o p o c n o g i j i y aKTHBHoi Ta peaKTHBHoi 

eHepr i i Ta nponeHTHoro 3aBaHTaKeHHa ejieMeHTiB M e p e K i ( p n c . 3 . 4 ) . 

= ^ 34 .7 1.0 34 .7 1.1 
34.7 10.3 

P n c y H o K 3 .4 . Pe3yjibTaTH p o 3 p a x y H K y HopMaiibHoro peKHMy p o 6 o r a 

e i e K T p o M e p e K i n p o M n c j i o B o r o n i g n p n e M c T B a P S S ® E 

3.4.1 A H a j i 3 BejiHHHHH ejieKTpHHHHx BTpaT B HoMHiajibHoMy pe?KHMi 

po6oTH 

OCHOBHHMH BeiHHHHaMH, aKi H e o 6 x i g H o BpaxoByBaTH n p n BH3HaneHm BTpaT 

e ieKTpnHHoi eHepr i i , e n a c HanGij ibinnx HaBaHTaKeHb, n a c HanGij ibinnx BTpaT Ta 
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BTpaTH ejieKTpHHHOi' eHeprii ' . B c i r i napaMeTpH H e o 6 x i g H o BpaxyBaTH aK g j i a 

e j i eKTponepegaH, TaK i g j i a TpaHC(j)opMaTopiB. 

51K 6y j io 3a3HaneHO B H ^ e , n a c Haii6ijibiiiHx HaBaHTaKeHb g j i a Bc ix r p y n 

cnojKHBaniB n p o M u c i o B o r o n ignpueMCTBa gop iBHioe : T H 6 = 3 8 0 0 r o g . 

T o g i n a c H a n G i i b H u x BTpaT BH3HanuMo 3a o p M y I o : 

T = (0,124+TH E -10 4 ) 2 • 8760 = (0,124 + 3800 H E -10 4 ) 2 • 8760 = 2225,18 (sod), (3 ) 

g e THE - n a c Haii6ijibiiiHx HaBaHTaKeHb B rogHHax . 

BTpaTH B j i H i a x BH3HanaeMo HacTynHHM HHHOM: 

A W v = (jf1? • Ry ' T« (MBm • sod) ( 3 . 3 ) 

HOM 

BTpaTH B TpaHc o p M a T o p a x p o 3 p a x o B y e M o 3a opMy IOK): 

I SH I 
AWTl = (—^)2 • RTl • TTi + APn • 8760 (MBm • sod) (3.4) 

j
 HOM 

Pe3yjibTaTH po3paxyHKiB 3BogHMo g o Ta6jiHni 3 .4 . 

Ta6 j iHi i a 3 .4 - BTpaTH e i e K T p o e H e p r i i B HopMaibHoMy peKHMbi po6o TH 

^ i i i a H K a / 

n i g c T a H i i a 
TH6, ( r o g ) T, ( r o g ) 

A ^ x x , 
M B T r o g 

AW, 
M B T r o g 

11 

3 8 0 0 2 2 2 5 , 1 8 

— 5 2 , 1 0 1 

12 

3 8 0 0 2 2 2 5 , 1 8 

— 4 , 9 5 6 

13 

3 8 0 0 2 2 2 5 , 1 8 

— 4 3 , 4 5 4 

14 
3 8 0 0 2 2 2 5 , 1 8 

— 1 0 , 7 8 

T 1 
3 8 0 0 2 2 2 5 , 1 8 

2 5 4 , 0 4 3 8 5 , 8 5 5 

T 2 

3 8 0 0 2 2 2 5 , 1 8 

8 9 , 3 5 2 1 2 5 , 4 2 3 

T 3 

3 8 0 0 2 2 2 5 , 1 8 

2 5 4 , 0 4 3 6 5 , 8 2 7 

T 4 

3 8 0 0 2 2 2 5 , 1 8 

8 9 , 3 5 2 1 2 8 , 6 0 5 

1 = 6 8 6 , 7 8 4 1 1 1 7 , 0 0 1 

3 H a n g e M o BejiHHHHy 3a ra ibHoi ' BHpo6jieHoi' eHeprii ': 

W = (P 1

H + + + ) • PHE = (11 + 2,5 + 6,3 + 2,2) • 3800-10 6 = 91580(MBm • sod) 

B i g c o T o K 3 a r a i b H H x BTpaT B MepeKci: 

sw =w • 100% = H i 7 0 0 1 • 100% = 1,220/. 
W 91580 
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3.4.2 AHajii3 BC^HHHHH ejieKTpHHHHx BTpaT B pe?KHMi MnriMajibHHx 

HaeaHTa/KeHb 

3Mogy jnoeMo B n p o r p a M i P o w e r S y s t e m S i m u l a t i o n for E n g i n e e r i n g p o 6 o T y 

eHeproencTeMH n p o M H o n o B o r o n ignpneMCTBa B peKHMi MimMamrnHx 

HaBaHTaKeHb. ,H,jia g b o r o H e o 6 x i g H o BHecTH B i g n o B i g m 3MiHH BemumuH 

HaBaHTaKeHb. y BigKpHToMy ( npo rpaMH n p o x o g H M o nrjiax: P o w e r 

F l o w / C h a n g i n g / S c a l e g e n e r a t i o n , l o a d , shunt ( S C A L ) . B pe3yjibTaTi Ha eKpaHi 

oTpHMaeMo BiKHo, noKa3aHe Ha pHC. 3 . 5 , g e o6HpaeMo mHHH, HaBaHTaKeHHa Ha 

aKHx MH 6 y g e M o 3MiHK>Bara. 

P u c y H o K 3 . 5 . B u 6 i p mHH M e p e K i , n a p a M e T p u HaBaHTaKeHHa Ha aKHx 6 y g y T b 

K o p u r y B a T H c a 

3MiHy napaMeTpiB HaBaHTaKeHb BHKoHyeMo y B i g n o B i g H o c T g o r p a iKa 

e ieKTpuHHHx HaBaHTaKeHb TaK, aK n p o g e M o H c T p o B a H o Ha p u c . 3 .6 . 
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P n c y H o K 3 .6 . 3MiHa BejiHHHHH HaBaHTaKeHb 

B pe3yjibTaTi Ha eKpaHi oTpnMyeMo gnHaMinHe 3 o 6 p a K e H H a 3 3a3HaneHHaM 

HanpaMKiB n o T o K o p o c n o g i j i y aKTHBHoi Ta peaKTHBHoi eHepr i i Ta nporreHTHoro 

3aBaHTaKeHHa ejieMeHTiB M e p e K i (PHC. 3 . 7 ) . 
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PucyHOK 3 .7 . Pe3yjibTaTH p o 3 p a x y H K y MmiMai ibHoro peKHMy PO6OTH 

e i e K T p o M e p e K i n p o M H c i o B o r o n ignpneMCTBa P S S ® E 

51K 6anHMo, B TaKoMy peKHMi p o 6 o T H CHCTeMa cyTTeBo Hego3aBaHTaKeHa . 

H ] o g o CHJIOBHX TpaHc opMaTopiB, TO i'xHa 3aBaHTameHicTb cKj i agae TpoxH Gijibiiie 

3 0 % . Bn3HaHHMo BTpaTH eieKTpHHHoi' eHeprii ' B cHcreMi ej ieKTponocTaHaHHa 

3 a B o g y B peKHMi MiHiMaiibHHx HaBaHTaKeHb. ,H,jia g b o r o BHKopHcroByBMo 

aHajioriHHi opMy , aK i g i a BHnagKy HopMajibHoro peKHMy. Pe3yjibTaTH 

po3paxyHKiB 3BogHMo g o TaGiragi 3 . 5 . 

T a 6 i H g a 3 .5 - BTpaTH eiieKTpoeHeprii ' B peKHMi MiHiMaiibHHx HaBaHTaKeHb 

^ i i a H K a / 

n i g c T a H g i a 
TH6, ( r o g ) T, ( r o g ) 

A ^ x x , 
M B T - r o g 

AW, 

M B T - r o g 

11 

3 8 0 0 2 2 2 5 , 1 8 

— 1 4 , 1 6 5 

12 

3 8 0 0 2 2 2 5 , 1 8 

— 1,358 

13 

3 8 0 0 2 2 2 5 , 1 8 

— 1 2 , 0 0 9 

14 
3 8 0 0 2 2 2 5 , 1 8 

— 2 , 8 2 2 

T 1 
3 8 0 0 2 2 2 5 , 1 8 

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

T 2 

3 8 0 0 2 2 2 5 , 1 8 

8 9 , 3 5 2 9 9 , 2 4 

T 3 

3 8 0 0 2 2 2 5 , 1 8 

2 5 4 , 0 4 2 8 4 , 8 3 2 

T 4 

3 8 0 0 2 2 2 5 , 1 8 

8 9 , 3 5 2 9 9 , 6 2 1 

1 = 6 8 6 , 7 8 4 8 0 4 , 4 0 8 

3HafigeMo BejiHHHHy 3arajibHoi' BHpo6jieHoi' eHeprii ': 

W = ( + " + " + " ) • PHE = (5,7 + 1,3 + 3,3 + 1,1) • 3 8 00-10 6 = 47500(MBm • ^ ) 

B i g c o T o K 3 a r a i b H H x BTpaT B M e p e K i : 

SW = ^ - 1 00% = 8 0 4 , 4 0 8 - 1 0 0 % = 1,693»% 
W 47500 

3.4.3 OnTHivmauisi exeMH Mepeaci ejieicTpoMOCTanaHHsi 3aBogy B peKHMi 

M n r i M a j i b H u x HaBaHTaKeHb 

B i g n o B i g H o g o BHige 3a3HaneHoi' iH opMagii ' , Bci c n o K H B a n i n p o M H c i o B o r o 

n ignpHeMcTBa Hai ieKaTb g o II KaTeropii ' Hagi i iHocTi . C rogH BigHocaTb 
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ejieKTponpHiiMaHi, n e p e p B a B ej jeKTponocTanaHHi a K u x M O ^ e c n p u n u H u r a TaKi 

HacjrigKu: 

- MacoBHH HegoBHnycK n p o g y K n n ; 

- MacoBi npocToi ' p o 6 i r a u K i B , MexaHi3MiB i n p o M n c i o B o r o TpaHcnopTy ; 

- n o p y m e H H a HopMaibHoi ' g ia j jbHocTi 3HanHo'' KijjbKocTi MicbKux i c i i b c b K H x 

>KHTejiiB [8 , c . 2 5 ] . 

y n p o M H c i o B o c T i rrpuKjiagoM e j jeKTponpunManiB I I KaTerop i i MoKyTb 6yTH 

p o 6 o n i MamHHH n e m o j ^ H u x n i g n p u e M c T B a , n i g n p u e M c T B 3 BuroToBjjeHHa 

npogyKTiB l i cox iMi i ' , aMianHo' ' cejr iTpu, p o 3 6 a B i e H o i ' a3oTHoi' KHCIOTH Ta iH. 

3 r i g H o 3 n y E e i e K T p o n o c T a n a H H a e j j eKTponpunManiB II K a T e r o p n 

peKoMeHgyeTbca 3 a 6 e 3 n e n y B a T u B i g g B o x H e 3 a u e K H u x g K e p e n KuBneHHa , m,o 

M a o T b B3aeMHe pe3epByBaHHa, i n e p e p B a B ''X e j jeKTponocTanaHHi n p u nopymeHHi 

e i e K T p o n o c T a n a H H a B i g o g H o r o gKcepejia KuBneHHa M o K e 6yTH g o n y c T u M o o Ha 

n a c , m,o H e o 6 x i g H u n g n a BKjnoneHHa p e 3 e p B H o r o KuBneHHa g i a M u n e p r o B o r o 

n e p c o H a u y a 6 o BU^HO' ' 6 p u r a g u . ,H,onycKaeTbca T a K o K K u B n e H a 

e j e K T p o n p u H M a n i B B i g o g H o r o c u n o B o r o TpaHc o p M a T o p a , 3a yMoBH H a a B H o c T 

3 a n a c H o r o Ta aKino n e p r o B u n n e p c o H a u 6 y g e MaTH 3Mory n i g K n o n u T H n o r o B 

p o 6 o T y n p o T a r o M ogHie ' ' r oguHH. 

3 ypaxyBaHHaM B u q e HaBegeHux BuMor g o H a g i n H o c r i , 3MiHuMo cxeMy 

e j e K T p o n o c T a n a H H a y p e K u M i MmiMaubHux HaBaHTaKeHb: K u B j e H H a KOKHO' 

r p y n u e j e K T p o n p u n M o n i B ( c n o K u B a n i B B i g n o B i g H u x n e x i B ) 6 y g e M o 3 g i n c H O B a T u 

n u m e n e p e 3 o g u H TpaHc opMaTop . HaToMicTb BBiMKHeMo ceKninHi BuMuKani B 

n e p e M u n K a x , m,o 3 ' e g H y o T b B i g n o B i g H u x n e x i B . TaKuM nuHoM, c n o K u B a n i 

c e n i n m u H 1 i 3 Ta 2 i 4 6 y g y T b oTpuMyBaTu KuBneHHa B i g TpaHc opMaTopiB 

o g H a K o B o ' n o T y K H o c T i , m,o BBiMKHeHi Ha n a p a j e j b H y p o 6 o T y . B p e 3 y j b T a T i c x e M a 

H a 6 y g e B u m a g y p u c . 3 . 8 . ^ n a oTpuMaHo' ' c x e M u , B i g n o B i g H o g o onucaHo ' ' Bu ine 

MeToguKu, BuKoHyeMo p o 3 p a x y H o K c x e M u . 
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PHCVHOK 3 .8 . Pe3yjibTaTH p o 3 p a x y H K y MmiMairbHoro peKHMy p o 6 o T H 

ejieKTpoMepeKci npoMHCJiOBoro n ignpneMCTBa P S S ® E 

BroHannMO BTpaTH ejieKTpuHHoi' eHeprii ' B CHCTeMi ej ieKTponocTaHaHHa 

3 a B o g y B peKHMi MiHiMaiibHHx HaBaHTaKeHb 3a yMOBH BHBegeHHa B p e 3 e p B 

HOTnpbox CHJIOBHX TpaHc opMaTopiB ( n o ogHOMy 3 KOKHOi ceKirii IIIHH). ,H,jia 

i l b o r o BHKopncTOByaMO aHajioriHHi opMy , aK i g j i a BHnagKy HopMaiibHoro 

peKHMy. P e 3 y i b T a T H po3paxyHKiB 3BognMO g o TaGirani 3 .6 . 

TaGjiHna 3 .6 - BTpaTH ej ieKTpoeHepr i i B 3MiHeHin cxeMi 

^ i i a H K a / 

n i g c T a H i i a 
TH6, ( r o g ) T, ( r o g ) 

M B T r o g 

AW, 
M B T r o g 

11 

3 8 0 0 2 2 2 5 , 1 8 

— 1 2 , 2 6 5 

12 

3 8 0 0 2 2 2 5 , 1 8 

— 1 ,312 

13 

3 8 0 0 2 2 2 5 , 1 8 

— 1 2 , 2 6 5 

14 
3 8 0 0 2 2 2 5 , 1 8 

— 2 , 5 7 1 

T 1 
3 8 0 0 2 2 2 5 , 1 8 

1 2 7 , 0 2 1 8 9 , 9 2 

T 2 

3 8 0 0 2 2 2 5 , 1 8 

4 4 , 6 7 6 6 3 , 7 7 2 

T 3 

3 8 0 0 2 2 2 5 , 1 8 

1 2 7 , 0 2 1 8 9 , 9 2 

T 4 

3 8 0 0 2 2 2 5 , 1 8 

4 4 , 6 7 6 6 3 , 7 7 2 

1 = 3 4 3 , 3 9 2 5 3 5 , 7 9 7 

3HangeMO BejiHHHHy 3arairbHOi Bnpo6jieHOi eHeprii ': 
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W = ( + PH + 13 + PH ) • PHE = (4,5 + 1 , 2 + 4,5 +1 ,2 ) • 3 8 0 0 - 1 0 6 = 46740(MBm • sod) 

B i g c o T O K 3 a r a i b H H x BTpaT B Mepemi: 

AW 535 797 
dW = A W • 100% = 5 3 5 , 7 9 7 • 100% = 1,146% 

W 46740 

3.5 OuiHKa eKOHOMiHHOl e((eKTHBHOCTi Big 3MiHH exeMH 

eieKTponocTaHaHHH B peKHMi MHHMajibHHx HaBaHTaKeHb 

E K c n i y a T a g i a TpaHC(j)opMaTopiB, c e p e g r o i 3aBaHTamcemcTb AKHX c K j j a g a e 

MeHine 3 0 - 3 5 % , e gymce Hee eKTHBHo . B o H a cnpuHHHiie cyTTeBe 3MeHineHHi 

Koe i^ieHTy noTymoiocTi Ta 36ijJbiHeHHi BTpaT peaKTHBHoi noTymcHocTi. T o M y , y 

flKocri 3 a x o g y 3 KoMneHcag i i peaKTHBHoi noTymcHocri, BHKopucTOByiOTb 

BigKjnoHemHi o g H o r o 3 g B o x TpaHc opMaTopiB, g o npagio iOTb n a p a j j e i b H o . n i g 

n a c o 6 i g m ' x n e p e p B Ha n ignpueMcTBi , B H e p o 6 o n i rogHHH g o 6 u Ta y H e p o 6 o n i gHi , 

n p u MiHiMaibHHx pemHMax HaBaHTameHb, KOJJH HaBaHTamceHHi 3HanHo 

3HHmyeTbca, BigioiiOHemHi o g H o r o 3 g B o x TpaHc opMaTopiB g o 3 B o i a e cyTTeBo 

3MeHmHTH BTpaTH peaKTHBHoi' noTymHocTi [8 , c. 2 9 3 ] . 

H e e eKTHBHicTb e K c n j j y a T a g i i TpaHc opMaTopiB 3 HaBaHTamceHHiM MeHme 

3 0 - 3 5 % HaonHo n p o g e M o H c T p o B a H o Ha PHC. 3 .9 . 

0 0,2 0,4 0,6 0,8 1,0 

P u c y H o K 3 .9 . ^ p a iKH 3MiHH peaKTHBHoi noTymHocTi Q Ta Koe i^ ieHTa 

noTymHocTi c u i o B o r o TpaHc o p M a T o p a 3ajjemcHo B i g BejJHHHHH 

Koe i^ ieHTa HaBaHTameHHa 
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I IpoBegeMO nopiBHaHHa 3HaneHHa BTpaT e^eKTpHHHoi' eHeprii ' ,aKi MaroTb 

Micrre B CHCTeMi eueKiponocTaHaHHa npoMHC^OBoro n ignpneMCTBa B peKHMi 

MmiMajTbHux HaBaHTaKeHb B 3BHHaHHifi cxeMi MepeKci i n i c u a BHBegeHHa B p e 3 e p B 

HegoBaHTa^eHHx TpaHc opMaTopiB. 

51K BHgHo 3 pe3yjibTaTiB po3paxyHKiB, BTpaTH e ieKTpoeHepr i i ' n i c u a 3MiHH 

cxeMH 3 M e H m u i u c a Ha: 

dAW = 1,693 1,146 = 0,457% 

dAW = 804,408 535,797 = 268,611(M£m • sod) 

H a cborogHirmriH geHb BapTicTb 1 K B T • rog e i eKTpoeHepr i i ' g j i a 

n p o M u c i o B H x c n o K H B a n i B (3a TapH oM) cKj i agae : 

Tnpou. = 1 , 3 0 ? p H 1 KBm • z°d) 

TaKHM HHHOM, TaKa 3MiHa cxeMH Ha n a c MiHiMaubHHx HaBaHTaKeHb 

g o 3 B o j H T b g o c a r T H HacTynHoro eKoHoMWHoro e eKTy (3a yMoBH cTajroro 

HaBaHTa>KeHHa Ha TaKoMy piBHi B n p o g o B K p o K y ) : 

E = TnpoM • dAW = 1,3 • 268611= 3491943(ap«) 

T a K o r o e eKTy, n e p m 3 a B c e , B g a u o c a g o c a r T H 3aBgaKH 3MeHiiieHHK) BTpaT 

x o j o c T o r o x o g y B CHJJOBHX TpaHc o p M a T o p a x . 
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4 O x o p o H a n p a u i . 3axHCHi 3 a x o g n B ejieKTpoycTaHoBicax. EjieKTpHHHe 

po3gijieHH$i Mepeaci 

Po3rjrirHeMO o g n H i3 Hanno innpeHi innx 3 a x o g i B 6e3neKH B i g y p a K e H H a 

CTpyMOM B e j jeKTpoycTaHoBKax. 

P a H i m e icHyBaB TepMiH «ej jeKTpnHHe po3gi j jeHHa MepeKci». Ej jeKTpnnHe 

po3gi j jeHHa MepeKci - g e n o g i j j e j jeKTpnnHoi MepeKci Ha oKpeMi ej jeKTpnnHo He 

3B ' a3am M m c o 6 o i o gijjaHKH 3a g o n o M o r o r o p o 3 g i j j o B o r o TpaHc opMaTopa . 

P o 3 g i j o B H H TpaHc opMaTop g e c n e g i a n b H n n TpaHc opMaTop , n p r o H a n e H n n g j j a 

Biggi j jeHHa n p n n M a n a eHepr i i B ig nepBHHHoi ej jeKTpnnHoi MepeKci Ta MepeKci 

3a3eMjeHHa[9 ] . 

H a gaHHH MoMeHT BmcopncTOByeTbca noHaTTa «ej jeKTpnHHe po3gi j jeHHa 

Ki j j» . B i g n o B i g H o g o n p a B H j j y j j a n n y B a H H a e j jeKTpoycTaHoBoK ( n Y E B i g 

2 1 . 0 7 . 2 0 1 7 ) , 3 a x n c H e ej jeKTpnnHe po3gi j jeHHa Kijj - BigoKpeMjjeHHa o g H o r o 

e j e K T p n n H o r o Koj ja B i g iHinnx Kijj B e j jeKTpoycTaHoBKax Hanpyro ro g o 1 K B 3 

g o n o M o r o r o : n o g B i n H o i i 3 o j j a g i i ; ocHoBHoi i 3 o j j a g i i i 3 a x n c H o r o eKpaHa; nocn j j eHo i 

i 3o j j ag i i . ^Kcepej joM KCHBjjeHHa Kijj Mae 6yTH 6e3nenHnn p o 3 g i j j o B n n 

TpaHc opMaTop B i g n o B i g H o g o ,H,CTY 3 2 2 5 - 9 5 « P o 3 g i j j o B i TpaHc opMaTopH i 

6e3nenHi po3g i j j oB i TpaHc opMaTopH. TexHWHi BHMorn» , a 6 o iHme gKcepejjo 

HagHH3bKoi H a n p y r n , a K e 3 a 6 e 3 n e n y e p iBHogiHHnn cTyniHb 6e3neKH B i g n o B i g H o g o 

^ B H B . 2 . 5 - 2 7 - 2 0 0 6 « 3 a x n c H i 3 a x o g n e j jeKTpo6e3neKH B e j jeKTpoycTaHoBKax 

6ygnHKiB i c n o p y g » . 

B i g n o B i g H o g o n p a B H j j yuanr ryBaHHa e j jeKTpoycTaHoBoK ( n Y E B ig 

2 1 . 0 7 . 2 0 1 7 ) , 3 a x n c H e ej jeKTpnnHe po3gi j jeHHa Kijj c j j i g 3acTocoByBaTH, aK npaBHjjo , 

g j j a o g H o r o j j aHgrora . H a n 6 i j j b i n a p o 6 o n a H a n p y r a B i g o K p e M m o B a H o r o Koj ja He 

noBHHHa n e p e B n g y B a T H 5 0 0 B . 

B aKoMy B n n a g K y 3acTocoByeTt>ca g a H n n 3 a x n c T ? 
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3rigHO 3 ITpaBHjiaMH y j i a n n y B a H H a ejieKTp oycTaHOBOK ( n Y E B ig 

2 1 . 0 7 . 2 0 1 7 ) , eieKTpHHHe po3gi j ieHHa Kiji MOKe 6yTH BHKopHCTaHO B aKOCTi o g H o r o 

3 MOKCJIHBHX 3 a x o g i B 3axHCTy y pa3 i H e n p a M o r o goTHKy, aKino n a c aBTOMaTHHHoro 

BigKjnoneHHa KCHBjieHHa He B i g n o B i g a e yMOBaM g j i a CHCTeMH T N (TaGjiHiia 1) i g j i a 

CHCTeMH I T (TaGjiHiia 2 ) 

TaGjiHna 4 .1 — HanGi j ib in npHnycTHMHn n a c 3axHCHoro aBTOMaTHHHoro 

BigKjnoneHHa g j i a CHCTeMH T N 

H o M i H a i b H a a3Ha H a n p y r a U0, B ^ a c BigKjnoneHHa, c 

127 0 ,8 

2 2 0 0 ,4 

3 8 0 0 ,2 

Ei j ib ine HIKC 3 8 0 0 ,1 

TaGjiHiia 4 . 2 — HanGi j ib in npHnycTHMHn n a c 3axHCHoro aBTOMaTHHHoro 

BigKjnoneHHa g j i a CHCTeMH I T 

H o M i H a i b H a a3Ha H a n p y r a U 0 , B ^ a c BigKjnoneHHa, c 

2 2 0 0 ,8 

3 8 0 0 ,4 

6 6 0 0 ,2 

Ei j ib ine HIKC 6 6 0 0 ,1 

Po3rjiaHeMO BHnagoK goTHKy jnogHHH g o a3Horo npoBigHHKa B TpH a3H 

HOTHpHnpoBigHin Mepemi (pHcyHOK 1 ) . 

O i p y M , aKHn npoxogHTHMe n e p e 3 Tijio jnogHHH BH3HanaeTbca 3a opMy IOIo: 
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• • • 

Ih = U • Yh 
• Y b (1 - a2) + Yc (1 - a) + Y n + Y h 

Y a+Y b+Y c+Y n+Y h+Y h 

• • • • 
g e - a Ha H a n p y r a MepeKci; Y a + Y b + Y c + Y n - npoBigHicTb a HHx Ta 

HyjibOBoro npoBigHHKiB BigHOCHO 3eMjii; Y h - npoBigHicTb HeiiTpajii gKcepejia 

jKHBjieHrni BigHocHo 3eMjii; Y h - npoBigHicTb Tijia jnoguHH. 

P n c y H o K 4 .1 - ,H,OTHK jnoguHH g o a3Horo npoBigHHKa TpH a3HOi 

HoTHpHnpoBigHoi' M e p e K i 

R, R„ R R R 

1 . 1 
1 

g e R A , R B , R C , R N - aKTHBHi o n o p u a3HHx Ta Hyj iboBoro npoBigHHKiB 

BigHocHo 3 e M i i ; R H - aKTHBHHH o n i p HeHTpani gKcepejia KCHBjieHHa BigHocHo 3eMjii; 

CA, CB, CC, CN - eMHicTb a3HHx Ta Hyj iboBoro npoBigHHKiB BigHocHo 3eMjii; L h -

iHgyKTHBHicTb HeHTpani gKcepejia KCHBjieHrni BigHocHo 3eMjii; a - a3HHH o n e p a T o p 

TpH a3Hoi cucTeMH, AKHH B p a x o B y e 3 g B u r a3: 

i .S 
a = + 1— = e 

2 2 

1120 
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1 (j)opMyji BHgHo, m o 3HaHeHHa CTpyMy, aKHH n p o x o g H T b Hepe3 Tiiio 

, BH3HanaeTbca aKTHBHHM o n o p o M i3o.iiain'i Ta eMHicTM MepeKci, HHM B H q e 

o n i p Ta MeHma eMHicTb, THM HHKHe 3HaHeHHa CTpyMy. 

Po3r i iaHeMo aKTopH, a K B n i H B a o T b Ha o n i p i3o.iiain'i: 

• B o u o r i c T b - HHM BHme, THM o n i p i3o.iiain'i MeHme; 

• g o B K H H a m m i KHBiieHHa - HHM G u m m a , THM o n i p i3o.iiain'i MeHme; 

• MaTepiai i i 3 o i a n i i ' npoBigHHKa ( H a n p H K i a g , y ryMoBoi ' i 3 o i a n i i ' - o n i p 

6ijibHie HIKC y B i m i i o B o i n p u piBHHx y M o B a x ) ; 

• Hac eKcmryaTaLni - HHM g o B m e mm'a n e p e 6 y B a u a B eKcniryaTani i , THM 

MeHme o n i p i3o.iiain'i (cTapiHHa i3o.iiain'i, n o a B a pi3HHx g e eKTiB); 

• ToBinuHa i3o.iianii - HHM G u m m a , THM o n i p i3oi ian i i 6 > ; 

M i H i M a i b H e 3HaHeHHa o n o p y i3oi ian i i 3aueKCHTb B i g T u n y e i eMeHTa 

eiieKTpHHHoi MepeKci ( K a 6 e i b , gBHryH, TpaHc opMaTop i T .g . ) i BcTaHoBmoeTbca 

HopMaTHBHHMH goKyMeHTaMH. H a n p H K i a g , o n i p i3o.iiain'i c u i o B o r o KaGemo g o 

1 0 0 0 B noBHHeH 6yTH He MeHme 0 ,5 M O M . B n p o n e c i npoeKTyBaHHa i 

eKcniryaTani i eieKTpHHHHx M e p e K 3a p a x y H o K 3acTocyBaHHa BignoBigHHx 

opraHi3aniHHo-TexHiHHHx 3 a x o g i B (3acTocyBaHHa aKicHHx i 3 o i a n i n H H x M a T e p i a i i B , 

K o H T p o i b i BHnpo6yBaHHa i 3 o i a n i i ' i T.n.) MoKHa 3a6e3neHHTH Heo6x igHi 3HaHeHHa 

o n o p y i3o ian i i ' . 

GMHicTb a3 m o g o 3 e M i i He 3aueKCHTb B i g 6 y g b - a K H x g e eKTiB, BoHa 

BH3HaHaeTtca KoHcTpyKTHBHHMH ocoGuHBocTaMH eiieKTpHHHoi MepeKci: 3arairbHoo) 

n p o T a K H i c T O MepeKci, BHCOTOO n i g B i c y n p o B o g i B noBiTpaHoi ' MepeKci, TOBIUHHOO) 

a3Hoi i3oi ian i i K H I KaGemo i T.g . Be iHHHHa nuToMoi' eMHoeri MepeKci m o g o 3 e M i i , 

g i a Ka6eiibHHx cTaHoBHTb 0 , 1 - 0 , 4 M K O / KM, a g i a noBiTpaHHx 0 , 0 0 5 • M K O / 

K M [ 9 ] . GMHicTb a3 3 p o c T a e 3i 3 6 i i b m e H H a M npoTaKCHoeri i po3rauyKceHocTi 

M e p e K i . TaKHM HHHOM, eMHicTb MepeKci 3a p a x y H o K 3 a e r o c y B a H H a pi3HHx 3 a x o g i B 

Ha eTani npoeKTyBaHHa i eKcniryaTani i He M o K e 6 y r a 3HHKeHa. B n p o n e c i 

eKcniryaTani i eMHicTb MepeKci 3MimoeTbca n u m e 3a p a x y H o K BigionoHeHHa i 

BKiOHeHHa oKpeMHx , m o BH3HaHaeTbca BHMoraMH e ieKTponocTaHaHHa. 
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n p o B e g e M o aHajji3 BnjjHBy o n o p y i 3 o j j a g i i TpH a3Hoi HoTnpnnpoBigHoi 

e jeKTpnHHoi MepeKci 3 8 0 / 2 2 0 B 3 i3ojjboBaHoo> HeHTpajjmo Ha 3HaneHHa cTpyMy, 

g o npoTiKae n e p e 3 Tijjo m o g n H H n p n goTHKy g o a3Horo n p o B o g y g j j a p i3Hnx 

3HaneHb npoTaKCHoeri MepeKci. n n r o M y eMHicTb ejjeKTpnHHoi MepeKci npnnMeMo 

0,3 M K O / KM. n p n p o 3 p a x y H K a x cTpyMiB o n i p Tij ja m o g n H H 6 y g e M o npnnMaTH 

1 0 0 0 OM. Pe3yjjbTaTH po3paxyHKiB B n p o r p a M i M a t h C a d n p n B e g e H i HHKcne. 

210 

200 

190 
0 1*105 2*105 3xl0 5 4x1ft5 OM KM 

P n c y H o K 4 . 2 - 3 a n e K H i c T b 3HaneHHa cTpyMy, aKHH npoTiKae n e p e 3 Tijjo m o g n H H 

B i g nHToMoro o n o p y i 3 o j j a g i i (goBKcmia MepeKci 10 KM) 
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P u c y H o K 4 .3 - 3 a i e K H i c T b 3HaneHHa cTpyMy, AKHH npoTiKae Hepe3 Tijio jnogHHH 

Big n u T o M o r o o n o p y i3ojMni i (goBKcmia MepeKci 1 KM) 

P u c y H o K 4 . 4 - 3 a i e K H i c T b 3HaneHHa cTpyMy, AKHH npoTiKae Hepe3 Tijio jnoguHH 

B i g n u T o M o r o o n o p y i3ojMni i ( g o B K H H a MepeKci 0 ,1 KM) 
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PucyHOK 4 . 5 - 3ajjeKCHicTb 3HaneHHi CTpyMy, AKHH npoTiKae n e p e 3 Tijjo mogHHH 

B i g nHTOMoro o n o p y i3ojjflirii ( g o B K H H a MepeKci 0 , 0 1 KM) 

BHCHOBKH: 

1) y g o B r u x ejeKTpHHHHx M e p e K a x 3 i3ojJboBaHoio HeHTpanmo He6e3neKa 

ypaKceHHi BHine, ToMy m o 6 i j & m e 3HaneHHi CTpyMy, AKHH npoTiKae n e p e 3 

mogHHy n p u goTHKy g o a3Horo npoBigHHKa; 

2 ) y g o B r u x T p r ^ a 3 H u x noTHpunpoBigHMx ejjeKTpuHHHx M e p e K a x 3 

i 3 o j & o B a H o o HeHTpanmo 3axHCHa po j jb i3ojjflnii ejjeKTpHHHoi MepeKci 

3HH>KyeTbCfl. 3 6 i j b m e H H a o n o p y i3ojjflnii He n p r o B o g u T b g o 3MeHineHHi 

CTpyMy n o npoTiKae n e p e 3 Tijjo mogHHH n p u i i o r o goTHKy g o a3Horo 

npoBigHHKa. 

TaKHM HHHOM, npHHHHn g i i e j e K T p u H H o r o po3g i j j eHHi MepeKci n o j a r a e B 

3HHKeHHi He6e3neKH ypaKceHHii ejjeKTpHHHHM CTpyMoM HUHIXOM 3MeHineHHi 

npoT^KHoCTi ejeKTpHHHoi M e p e K i , 3a p a x y H o K n o g i j j y i i Ha oKpeMi ejjeKTpHHHo He 

3B a3aHi MiK c o 6 o o > gijjflHKH Manoi goBKHHH. 

51K BHKoHyeTbCa ejjeKTpHHHe p o 3 g i j e H H a MepeKci? 

BHKoHaHHa ejjeKTpHHHoro n o g i j j y MepeKci ej jeKTponpHHMan 

n i g K n o n a e T B C a n e p e 3 po3gi j joBHH TpaHc opMaTop . Po3gi j joBHH TpaHc opMaTop 

( B i g n o B i g H o g o ^ C T Y 3 2 2 5 - 9 5 ) - TpaHc opMaTop , nepBHHHa o6MoTKa a K o r o 
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ejieKipuHHO He noB 'a3aHa 3i BTOPHHHHMH o6MOTKaMn 3 MeToro BHKjnKHeHHa 

He6e3neKH, o6yMOBjieHoi' MOKcunBicTK) B n n a g K O B o r o o g H o n a c H o r o goTHKy g o 3eMjii 

i CTpyMOBegynnx nacTHH, a 6 o He cTpyMOBegynnx nacTHH, aKi MOKcyTb onuHHTnca 

n i g H a n p y r o r o y pa3 i noniKogKceHHa i3Ojragii. 

Be3neHHHH pO3gilOBHH TpaHc(j)OpMaTOp - pO3gilOBHH TpaHc opMaTOp, aKHH 

nproHaneHHH g i a KCHBueHHa K i i HagHH3bKOK> 6e3nenHOK) H a n p y r o r o . 

BTopnHHy o6MOTKy TpaHc o p M a T o p a i K o p n y c e i e K T p o n p n n M a n a He 

3 a 3 e M i K K T b . K o p n y c po3g i j iOBoro TpaHc o p M a T o p a M O ^ e 3a3eMjnKBaTnca a 6 o 

3 a H y i a T n c a , aK 3a3Bnnan (TpaHc opMaTopH Kjiacy I ) a 6 o He 3a3eMjraTnca 

(TpaHc opMaTopH K u a c y II i I I I ) . B T o p n m i a H a n p y r a p o 3 g i j O B n x TpaHc opMaTopiB 

He noBHHHa n e p e B H i g y B a r a 1 0 0 0 B , g j ra 6e3nenHnx po3g i j roBnx TpaHc opMaTopiB -

5 0 B . 

PncyHOK 4 .6 - C x e M a BKuroneHHa p o 3 g i j O B o r o TpaHc o p M a T o p a 

n p n BnnagKOBOMy goTHKy g o a3Horo npoBigHHKa y BTopnHHOMy j a H g K 3 i 

He c T B o p K e T t c a He6e3neKH y p a K e H H a ejeKTpnHHHM cTpyMOM. I l e p e 3 urognHH 6 y g e 

npoTiKaTH n n m e HeBemKHH cTpyM n e p e 3 3eMjnK i Ha3ag g o i H m o r o npoBigHHKa 
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Hepe3 B j i a e r a B y rmoMy npoBigHHKy eMHicTb m o g o 3eMjii. O c K i i b K H eMHicTb 

npoBigmuKa m o g o 3eMjii g y K e M a i a , TO CTpyM 3a3BHHaii HH^He piBHa BignyTTa. 

OgHaK e p a g yMoB e eKTHBHOl p o 6 o T H g a H o r o 3 a x u c T y : 

1) cTpyMoBegyn i H a e r a m i BTOPHHHHX K i i He noBummi MaTH 3B'a3Ky 3 3eMie ro 

a 6 o 3axHcmuM npoBigmuKoM; 

2 ) g o B K o m a K a 6 e i i B , aKi nigKuiOHeHi g o BTOPHHHOI O6MOTKH p o 3 g i j i o B o r o 

TpaHc o p M a T o p a , noBHHHa 6 y r a o6MeKceHa, i n o 6 yHHKHyra BeiHKHx 3HaneHb 

eMHocTi (B cTaHgapTi M E K 6 0 3 6 4 - 4 - 4 1 : 2 0 0 5 peKoMeHgyeTbca , m o 6 n p u KCHBieHHi 

6 > H K o g H o r o npuHMana B i g o g H o r o gKcepeua n o x i g H a HoMmaiTbHoi H a n p y r u 

i aHLi io ra B B o i b T a x i g o B K o m u K a 6 e m B B MeTpax He n e p e B H i n y B a i o 1 0 0 0 0 0 , i m o 6 

g o B K H H a e i e K T p o n p o B o g K H He n e p e B u m y B a i a 5 0 0 M.) ; 

3 ) Mae 6 y r a 3a6e3neneHHH BeiuKHH o n i p i 3 o i a n i i K a 6 e m B i n o 6 y r o B u x 

e i e K T p o n p u i a g i B , nigKinoHeHHx g o BTOPHHHOI O6MOTKH p o 3 g i i o B o r o 

TpaHc opMaTopa . LH yMoBH 3a3BHHaii o6MeKcyK>Tb 3acTocyBaHHa g a H o r o 3 a x u c T y 

oKpeMoro n o 6 y T o B o r o e i e K T p o n p u i a g y . 
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BlICHOBOK 

B x o g i BHKoHaHHa g a H o i PO6OTH 6yj io npoaHai i i3oBaHo ocHOBHi npunoMH Ta 

MeTogn p o 6 o T H B nporpaMHoMy cepegoBHin i P o w e r S y s t e m S i m u l a t o r for 

E n g i n e e r i n g . 

B gaHoMy nporpaMHoMy KoMnjieKci 6y j i a pea i i i3oBaHa ejieKTpHHHa M e p e K a Ta 

o T p n M a m g j i a Hei pe3yjibTaTH n o T o K o p o 3 n o g i j r y Ta BejiHHHHH nag iHHa H a n p y r n Ha 

CKjiagoBHx e i e M e H T a x M e p e K i . ^ a m , oTpHMam HaMH B P S S ® E , 6yjiH n o p i B H a m 3 

pe3yjibTaTaMH aHaiiiTHHHHx po3paxyHKiB 3a 3araiibHHMH opMy IaMH. Pe3yjibTaTH 

po3paxyHKiB 36 i ra iKTbca M m c o 6 o r o 3 g y K e Mauoro po36i>KHicTK)(~1 ,1%) 

T a K o K B n p o r p a M i P o w e r S y s t e m S i m u l a t o r for E n g i n e e r i n g 6y j io cTBopeHo 

Mogej ib cucTeMH ej ieKTponocTaHaHHa n p o M u c i o B o r o n i g n p u e M c T B a , KHBjieHHa 

a K o r o 3 g i n c H K e T b c a 3a cxeMoro rjnuGoKoro B B o g y . 3 a oTpHMamuMH n ic j i a 

M o g e i K B a H H a pe3yjibTaTaMH 6yjiH BH3HaHem BTpaTH eiieKTpHHHoi eHeprii ' B 

M e p e K a x npoMHcj ioBoro n ignpHeMcTBa. BTpaTH e j ieKTpoeHepr i i BH3Hana iHca y 

B ignoBigHocTi g o g o 6 o B H x r p a iKiB HaBaHTaKeHb n ignpHeMcTBa g j i a HopMaiibHoro 

peKHMy p o 6 o T H Ta g j i a p e K H M y MimMaiTbHHx HaBaHTaKeHb. 

E y j i o n i g T B e p g K e H o , m o eKcnj iyaTa i i i a TpaHc opMaTopiB npH c e p e g m i i 

3aBaHTaKeHocTi MeHme 3 0 - 3 5 % , e Hee eKTHBHo i npH3BogHTb g o 3MemneHHa 

Koe i^ieHTy n o T y K H o c T i Ta 36ijibineHHa BTpaT peaKTHBHoi' noTyKHocTi . T o M y 6y j io 

npHnHaTo p imeHHa g j i a onTHMi3aiiii p o 6 o T H cHcTeMH ej ieKTponocTaHaHHa 

npoMHcj ioBoro n ignpHeMcTBa B peKHMi MimMajibHHx HaBaHTaKeHb, g j i a KOKHO" 

r p y n H c n o K H B a n i B ( m o po3TamoBaHi y B ignoBigHHx i i e x a x ) 3gincHHTH 

B i g K i K H e H H a o g H o r o 3 g B o x TpaHc opMaTopiB, m o npanroiKTb n a p a i e i b H o . ,H,jia 

3 6 e p e K e H H a H a g i i m o c T i ej ieKTponocTaHaHHa c n o K H B a m B 6yj io BBiMKHeHo ceKininri 

BHMHKani m o 3 ' e g H y K T b ceKii i i mHH pi3HHx i i ex iB . 

O T K e , M o K H a 3po6HTH BHCHOBOK, m o BHKopHcTaHHa n o g i 6 H H x nporpaMHHx 

KoMnjieKciB 3HaHHoro Miporo n o i e r m y e n p o i i e c u M o g e i K B a H H a Ta a H a i i 3 y 

eHepro3a6e3neHeHHa pi3mux n ignpueMcTB a 6 o p a i i o m B . 
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https://new.siemens.com/global/en/products/energy/services/transmission-distribution-smart-grid/consulting-and-planning/pss-software/pss-e.html
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