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схема електричних з’єднань, перехідні процеси, релейний захист; 

электрическая сеть, подстанция, силовой трансформатор, схема 

электрических соединений, переходные процессы, релейная защита; 
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connections, transients, relay protection. 

Короткий огляд – В роботі досліджено режими роботи електричної 

мережі 220 кВ, включно з параметрами схеми заміщення ліній й 

трансформаторів та навантаженнями вузлів мережі. Проведено вибір 

потужності силових трансформаторів, схеми електричних з’єднань підстанцій, 

високовольтних апаратів та ошиновки розподільних пристроїв, 

електровимірювальних трансформаторів струму й напруги. Розраховано 

струми короткого замикання та обрано релейний захист. Також в 

кваліфікаційній роботі розраховано грозозахист, де вибрано зони захисту 

стрижневих блискавковідкодів. 
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B c T y n 

U p o i L e c n p o e K T y B a H H a e u e K T p H H H H x M e p e K T a nigcTaHLufi . n o B H H H o 3 g m c -

H M B a T H c a B p a M K a x n p o e K T H o i ' g o K y M e H T a i L n . B T a K O M y B H n a g K y O 6 ' G K T H 6 y g y T b 

B i g n o B i g a T H 3 a a B j i e H H M B H M o r a M i H e c r a H e o 6 x i g H e H a B a H T a K e H H a . I l p o e K T y -

B a H H a e j e K T p H H H o i n i g c T a H i L n c K j i a g a e T b c a 3 p a g y n o c j i i g o B H H x e T a n i B , n e p m u M 

3 a K H x e n o 6 y g o B a rpa ( j ) iK iB e u e K T p H H H H x H a B a H T a K e H b T a c T p y M i B K O P O T K H X 3 a -

MHKaHb g j i a B u 6 o p y e u e K T p H H H H x a n a p a T i B . 

y n p o L e c i B H K o H a H H a p o 6 o T H H e o 6 x i g H o B u p i m H T H H a c T y n H i 3 a B g a H H a : 

• B r o H a w r a n u r o M i n a p a M e T p u J I E I I i K a T a u o K o r i g a H i T p a H c o p M a T o p i B . 

B H K o H a T H p o 3 p a x y H o K n a p a M e T p i B c x e M H 3 a M i i n e H H a H T p a H c o p M a T o p i B . 

B r o H a n u r a H a B e g e H i g o C T O P O H H B H H a B a H T a K e H H a T p a H c o p M a T o p i B (3 y p a x y -

B a H H a M B T p a T B o 6 M o T K a x T p a H c o p M a T o p i B ) ; 

• C i c u a c T H p o 3 p a x y H K o B y c x e M y 3 a M i i n e H H a M e p e K H BH3HanHTH p o 3 p a x y H -

K o B i H a B a H T a K e H H a B y 3 i i B M e p e K i (3 y p a x y B a H H a M B T p a T y K o u i H a M a r a i n y B a H H a 

T p a H c o p M a T o p i B i p e a K T H B H o i ' n o T y K H o c r i , m,o r e H e p y e T b c a u n r i a M u ) ; 

• B r o H a n u r a H a n p y r H y B y 3 j i a x M e p e K i , B T p a T H H a n p y r H H B T p a T H n o T y K H o c T i 

H a g i j a H K a x M e p e K i . I l e p e B i p H T H g o n y c T H M i c T b p e K H M y 3 a p i B H a M H H a n p y r i 3 a 

H a r p i B a H H a M n p o B o g i B ; 

• B H K o H a T H p o 3 p a x y H o K H o p M a n b H o r o p e K H M y 3aMKHyToi ' M e p e K i ( B c i 

B K n r o n e H i B p o 6 o T y ) . B r o H a n u r a H a n p y r H y B y 3 j i a x M e p e K i , B T p a T H H a n p y r H H 

B T p a T H n o T y K H o c T i B M e p e K i . B H K o H a T H a H a i i i 3 o T p H M a H H x p e 3 y j i b T a T i B ; 

• B H 3 H a n H T H c y M a p H y n o T y m r i c T b c n o K H B H O i n i g c T a H i L n . B H 6 p a T H H H C J I O H 

n o T y K H i c T b C H J I O B H X T p a H c o p M a T o p i B H a n i g c T a H L u ! i3 B K a 3 i B K o i o ' x H i x n a p a M e -

T p i B ; 

• 3 a HoMiHanbHHMH n a p a M e T p a M H (3 y p a x y B a H H a M g n c T p y M i B K 3 ) 3 p o 6 u r a 

B u 6 i p B H M H K a n i B y p o 3 n o g i j i b H H x n p u c T p o a x ( P I T ) B c i x H a n p y r n i g c T a H i L n . ,H,aTH 

K O P O T K H H o n u c o 6 p a H H x B H M H K a n i B ; 

• B H K o H a T H p o 3 p a x y H o K e j e K T p o M a r H i T H H x n e p e x i g H H x n p o u e c i B T a p e j i e f i -

H o r o 3 a x u c T y T p a H c o p M a T o p a . 

B P 3 . 6 . 1 4 1 . 2 7 5 I I3 
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1. P o 3 p a x y H O K ejieKTpHHHOi Mepeac i 

ITnTb enoKHBaHiB x a p a K T e p r o y e T b c n BemiKoK) noTyKaricTK), g j m n ie i r p y n H 

c n o ^ H B a n i B g o c T a B u e H a eneKTpoeHepr i a noBHHHa 6 y r a n e p e T B o p e H a Ha H a n p y r y 

10 K B . E n e K T p o c n o K H B a n i I KaTerop i i noBHHHi 3a6e3neHyBaTHcn eneKTpoeHepr ie ro 

B ig g B o x B3aeMHo pe3epBoBaHHx g K e p e n KHBueHHa; n e p e p B a B ix e n e K T p o n o c T a -

HaHHi npH nopymeHHi eneKTponocTanaHHa Big o g H o r o i3 gKcepeji KHBueHHa M o K e 

6 y r a npnnycTHMa j in ine Ha Hac aBToMaTHHHoro BigHoBueHHa KCHBjieHHfl. E n e K T p o -

c n o K H B a n i I I KaTerop i i peKoMeHgoBaHo 3a6e3nenyBaTH e i e K T p o e H e p r i e r o B ig g B o x 

B3aeMHo pe3epBoBaHHx g K e p e i K H B i e H H a ; n e p e p B a B ix e i eKTponocTanaHHi npH 

nopymeHHi e i e K T p o n o c T a n a H H a B ig o g H o r o i3 g K e p e i KCHBjieHHfl M o K e 6 y r a n p u -

nycTHMa Ha Hac, Heo6xigHHH g u n BBiMKHeHHn p e 3 e p B H o r o K H B i e H H a ginMH H e p r o -

B o r o n e p c o H a i y a 6 o B H I 3 H O I onepaTHBHoi 6 p u r a g u . ,H,JM e i e K T p o c n o K H B a H i B II Ka­

T e r o p i i go3BouneTbcn KHBieHHn ogHieM n o B n p n H o i o mHie io , nKino 3a6e3neHeHa 

M o K i H B i c T b npoBegeHHn a B a p i n H o r o peMoHTy n ie i m m i 3a Hac He 6ij ibine ogHie i 

g o 6 H . 

Tadmijii 1.1 - Buxidni dani 

IlapaMemp 1 - H c n o K . 2 - H c n o K . 3 - H c n o K . 4 - H c n o K . 5 - H c n o K . 

X, KM - 2 8 - 1 9 11 3 1 4 7 

Y, KM 15 3 1 3 5 18 11 

P, MBm 4 9 7 4 51 63 5 5 

Cos <p 0 , 8 8 0 , 9 2 0 , 9 5 0 , 8 2 0 , 8 6 

K a T e r o p i n I II I II I 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
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1.2 Po3po6j ieHH$i KOH( | ) i rypa i i i i i e j ieKTpHHHHx M e p e ac 

Bn3HaHHM0 peaKTHBHy n o T y ^ H i c T b g j i a K O K C H O H ) 3 n ' i r r a cnoKCHBaniB 3 a -

p M y j i o i o : 

Q = jPtg (arccos <p ) 

n o B H a n o T y ^ H i c T b g j i a K O K C H O T O 3 c n o K C H B a n i B M a e B u r j i i i g : 

S = P+jQ 

n p o B i B m n H e c K n a g H i p o 3 p a x y H K H 6 y j i n o T p H M a H n o B H i n o T y K H o c T i , a K i 3 a -

nHcaHi g o Ta6jiimi 3 .1 

Tadjiuijx 1.2 - FlomyjfCHicmb cnocucueanie 

IlapaMemp 1-H c n o K . 2-H c n o K . 3-H c n o K . 4-H c n o K . 5-H c n o K . 

S 4 9 + j 2 6 , 4 5 7 4 + j 3 1 , 5 2 5 1 + j 1 6 , 7 6 6 3 + j 4 3 , 9 7 5 5 + j 3 2 , 6 4 

3 r i g H o 3 n Y E 6 y g y e M o K i j i b i i e B y M e p e K y , o c K i j i b K H c n o K C H B a n i Si - S 5 I a 6 o 

I I K a T e r o p i i ' n o B H H H i 3 a 6 e 3 n e n y B a T H c a g B y x c T o p o m r i M KCHBj ieHHiM. 

A 

P H C . 1 .2 - C x e M a e j i e K i p u H H o i ' M e p e K 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
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1.3 P o 3 p a x y H O K CTpyMiB T a H a n p y r Ha g i j i s iHicax 6e3 y p a x y s a H H H B T p a T T a 

B H o i p n p o B o g i B 

BH3HaHHMo g o B K H H y 3r igHo n j a H y g a H o i cxeMH Ta 3aHeceMo g o TaGjiHiii. 

TadMtyH 1.3 - Po3paxoeani doecucunu niniu 

^i j iaHKH 

A - I 1-2 2-3 3-4 4 - 5 5 - A ' 

l, KM 3 1 , 7 7 1 8 , 3 6 3 0 , 2 7 2 6 , 2 5 1 7 , 4 6 4 8 , 2 7 

P o 3 p a x y e M o Kmbi ieBy M e p e K y nepeTBopHBmH ii Ha M e p e K y 3 g B o x c T o p o H -

HiM KHBjeHHnM ( P H C 1.3) 

A A' 

31,77 18,36 30,27 26,25 17,46 48,27 

w w ^ 

I 

Si 

T 

S2 

T 

S3 S4 

T 

S5 

P H C . 1.3 - M e p e K a 3 g B y x c T o p o m r i M KHBjeHHnM 

BH3HaHaeMo n o T y K H o c T Ha mHinx Kmbi i eBo i MepeKci. B B a K a e M o , m o mHin 

o g H o p i g H a 

^ 4 1 = 
1-AA' 

= 159,01 + ;78,79 (MBA) 
,H,e B i g n o B i g H o lAA' - g o B K H H a B c b o r o 3aMKHyToro Kmbiin A - 1 - 2 - 3 - 4 - 5 - A ' 
l

1A' = 2 + 3 + 4 + 5 + 1

 5A' = 18,36 + 30,27 + 26,25 + 17,46 + 48,27 = 

140,61 (KM) 

/ 2 ' = / 2 3 + / 3 4 + / 4 5 + / 5 , = 30,27 + 26,25 + 17,46 + 48,27 = 122,25 ( K M ) 

/ 3 ' = / 3 4 + / 4 5 + / 5 , = 26,25 + 17,46 + 48,27 = 91,98 ( K M ) 

/ 4 ' = / 4 5 + / 5 , = 17,46 + 48,27 = 65,73 ( K M ) 

^ 5 A 132,91 + ;72,56 (MBA) 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
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Cia ianeMO 6ajmHC noTyKHocTi 

^ + S S A = 159,01 + ;78,79 + 132,91 + ;72,56 = 292 + ;151,34 (MBA) 

= 1 + + 3 + 4 + 5 = 

= 49 + ;26,45 + 74 + ;31,52 + 51 + ;16,76 + 63 + ;43,97 + 55 

+ ;32,64 = 292 + ;151,34(MBA) 

Po3paxyeMO n o T y K H o c T i Ha g i u a H K a x 1-2, 2 - 3 , 3 - 4 , 4 - 5 . Po3paxyHOK B e -

g e T t c a 6e3 BTpaT noTyKHocTi . 

S12 = 5 1 - S 1 = 159,01 + ;78,79 - (49 + ;26,45) = 110,01 + ;52,34 (MBA) 

5 2 3 = 5 1 2 - 5 2 = 110,01 + ;52,34 - (74 + ;31,52) = 36,01 + ;20,81 (MBA) 

5 3 4 = 5 2 3 - 5 3 = 36,01 + ;20,81 - (51 + ;'16,76) = - 1 4 , 9 1 + ;4,05 (MBA) 

5 4 5 = 5 3 4 - 5 4 = - 1 4 , 0 1 + ;4,05 - (63 + ;'43,97) = - 7 7 , 9 1 - ; 3 9 , 9 2 (MBA) 

P o 3 p a x o B y e M o H a n p y r n 3a goBKHHaMH Ta n o T y K H i c r a ) , mo n g e n o j j i -

Hii' 3a (j)opMyjjoK) I j j j j ap ioHoBa: 

1000 
U = 1500 2500 

V + P 

,11, npn ic j j agy n p o B e g e M o p o 3 p a x y H o K Ha gmaHui A - 1 

1000 1000 
= , = = , = = 178,3 ( K B ) 

|500 2500 5 ( 2 5 0 F 
^ 1 + P41 ^31,77 + 4 u P4 1 \ 31,77 1 159,01 

M e p e K i o 6 p a H a HoMiHajJbHa H a n p y r a 2 2 0 K B . B Kijjbin' noBHHHa 6 y r a 

H a n p y r a o g H o r o HoMiHajJbHoro 3HaneHHa. 

T a K o K BH3HanaeMo cTpyM B j j iHiax 3a opMy o : 

S 

V33 - f/H 

5 1 V159 ,01 2 + 78,79 2 

/ - 1 = V f ^ - V s - 2 2 0 = 4 6 5 , 9 1 ( ) 

AHanor iHHo n o p a x o B a H o g j j a K O K H O I gijjaHKH. Pe3yjJbTaTH p o 3 p a x y H K y n o -

Ka3aHi B Ta6jJHLU 1.4 
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10 

M3M. N° doKyM. flama 
10 



Tadmijii 1.4 - Bu6ip nepepisy npoeodie 

S , M B A U , K B U H , K B I, A 

M a p K a 

n p o B o g y 

^ o n y c T H -

MHH CTpyM 

n p o B o g y , 

A 

A-1 159,01+j78,79 178,3 220 465,91 AC240/32 605 

1-2 110,01+j52,34 141,5 220 319,91 AC240/32 605 

2-3 36,01+j20,81 107,97 220 109,35 AC240/32 605 

3-4 -14,91+j4,05 74,349 220 40,53 AC240/32 605 

4-5 -77,91-j39,92 132,24 220 229,73 AC240/32 605 

5-A' 132,91+j72,56 185,16 220 397,38 AC240/32 605 

1.4 B n 6 i p T p a H C ( | ) o p M a T o p i B 

B r o H a n a e M o noTyKoricTb K O K C H O T O i3 TpaHC(j)opMaTopiB. I IpH i jboMy Ha o g -

HoTpaHC(j)opMaTopHiii n igcTaHi i i i noTyKCHicTb TpaHc o p M a T o p a S T noBHHHa 6 y r a 

He MeHme noTyKHocTi c n o m r e a n i B S M , m,o n o c T a n a e T t c a B ig H t o r o S T > S M . A K o e -

HaBaHTa^eHHa TpaHc o p M a T o p a noBHHeH 6yTH n o p a g K y 0 ,9 ( k 3 = S M / SH.T). 

I loTyKCHicTb TpaHc opMaTopiB Ha g B y x T p a H c opMaTopH nigcTaHi i i i 

noBHHHa 3a6e3nenHTH HaBaHTa^eHHa cnoKoreaniB y B u n a g K y a B a p i i o g H o r o 3 H H X . 

T o M y n o T y ^ H i c T b K O K C H O T O TpaHc o p M a T o p a B u G u p a e T b c a 3 O G J U K O M i i o r o n e p e -

BaHTa>KyBajibHoi 3gaTHocTi 3a yMoBoio ST > SM / 1 , 4 . y pe3yjJbTaTi Koe i^ieHT 3aBa-

HTa^eHHa TpaHc oMaTopiB y HopMajJbHoMy peKHMi cTaHoBHTb 0 , 6 5 - 0 , 7 5 ( k 3 = S M 

/ 2 S H T ) . ,3, cnoKCHBaniB I Ta II KaTerop i i H e o 6 x i g H o BcTaHoBHTH n o 2 TpaHc o p -

MaTopH Ha nigcTaHLUK). 

B P 3 . 6 . 1 4 1 . 2 7 5 I B 
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A 

220 
KB AC-240/32 

TPflH 
40000/220 

m 
o 
rsi 

I 
U 
< 

AC 240/32 AC 240/32 AC 240/32 

TPflUH- TPflUH- TPflH -
63000/220 63000/220 40000/220 

TPflUH-
63000/220 

P H C 1.4 - Po3TamyBaHHa nigcTaHii i i i 

Ta6jiux^H 1.5. Pe3ynhmamu eudopy mpanctpopMamopie 

HoMep 
nigcTaHiiii 

n igcTaHi i i 
M B A 

KaTeropia 
cnoKHBana 

KijibKicTb 
TpaHc opMaTopiB 

Po3paxyHKoBa 
M B A 

MapKa 
TpaHc opMaTopa 

K ^ i i l i e H T Ha-
BaHTaKeHHa 

h i 

1 79,54 I 2 39,77 
t p ^ h -

40000/220 
0,69 

2 114,9 I 2 57,45 
t p ^ i i h -

63000/220 
0,64 

3 76,68 II 2 38,34 
t p ^ h -

40000/220 
0,67 

4 109,76 II 2 54,88 
t p ^ i i h -

63000/220 
0,61 

5 91,36 I 2 45,68 
t p a i h -

63000/220 
0,51 

3HaneHHfl ^ ^ ^ HaBaHTaKceHHfl MeHme 0 , 6 5 g o 3 B o j H T b B Maii6yTHb-

oMy p o 3 m u p a T H M e p e K y Ta nigKniOHaTH H O B H X cnoKCHBaniB. 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
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Ta6mijH 1.6. IlapaMempu eudpanux mpanctpopMamopie 

Tun 
SHOM, 
M B A 

M e K pe-

ryjuo-

BaHHH 

KarajiroKHi gaHi Po3paxyHKOBi gaHi 

Tun 
SHOM, 
M B A 

M e K pe-

ryjuo-

BaHHH 
UHOM O6MOTOK, KB 

B H H H 

UK, 
% 

APK, 
KBT 

APX, 
KBT 

IX, 
% 

RT, 
OM 

X T , OM 
AQX, 
KBAp 

T P ^ H -

4 0 0 0 0 / 2 2 0 
4 0 ± 8 * 1 , 5 2 3 0 

1 1 / 1 1 

6 , 6 / 6 , 6 
12 1 7 0 5 0 0 ,9 5,6 1 5 8 , 7 3 6 0 

T P f l l J H -

6 3 0 0 0 / 2 2 0 
63 ± 8 * 1 , 5 2 3 0 

1 1 / 1 1 

6 , 6 / 6 , 6 
12 3 0 0 8 2 0 ,8 3 ,9 1 0 0 , 7 5 0 4 

1.6 P o 3 p a x y H O K H o p M a j i b H o r o pe?KHMy Mepeac i 

Po3paxyHOK npoBegeMO Ha ocHOBi c x e M u 3aMimeHHH, m,o 3 o 6 p a ^ e H a Ha p u c 

1.3. 

n p o B e g e M O po3paxyHOK aKTUBHoro, peaKTUBHoro o n o p y jiiHiii Ta 3apagHoi ' 

nOTyKHOCTi. 

A K T U B H U H o n i p jinni', O M : 

g e / - g o B K u H a m m i ( K M ) , r 0 - nuTOMuii o n i p ( O M / K M ) . 

PeaKTuBHun o n i p jinni', O M : 

g e / - g o B K u H a m m i ( K M ) , x 0 - nuTOMun p e a K r a B H u i i o n i p ( O M / K M ) . 

PeaKTuBHa npoBigHicTb jiiHii', C M : 

BJ = bo 11 

g e / - g o B K u H a m m i ( K M ) , b 0 - nuTOMa eMHicHa npoBigHicTb ( C M / K M ) . 

3 a p a g H a n o T y m r i c T b jiiHii': 

Qn = Bn-U2 (MBAp) 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
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P H C . 1.5 - C x e M a 3aMiiu,eHHi MepeKci 

Ta6jiityH 1.7 - Kamano^ni dani npoeodie 

,3, -

HKH 

2 2 0 K B ( A - 1 , 1-2, 2 - 3 , 3 - 4 , 4 - 5 , 5 - A ) ,3, -

HKH M a p K a n p o -

B o g a 

KaTaj joKori gaHi P o 3 p a x o B a H i gaHi 

Me-

peKci 

M a p K a n p o -

B o g a 
g i j a H K H , 

KM 
OM/KM 

Xo 
OM/KM 

• 10 6 

CM/KM OM 
QR 

MBAp 

A - 1 A C - 2 4 0 / 3 2 3 1 , 7 7 
3 , 8 4 + j 1 3 , 8 

2 
3 , 9 9 

1-2 A C - 2 4 0 / 3 2 1 8 , 3 6 2 , 2 2 + j 7 , 9 9 2 , 3 1 

2-3 A C - 2 4 0 / 3 2 3 0 , 2 7 

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

3 , 6 6 + j 1 3 , 1 

7 
3 , 8 1 

3-4 A C - 2 4 0 / 3 2 2 6 , 2 5 

0 , 1 2 1 0 , 4 3 5 2 , 6 
3 , 1 8 + j 1 1 , 4 

2 
3,3 

4 - 5 A C - 2 4 0 / 3 2 1 7 , 4 6 2 , 1 1 + j 7 , 6 2 , 1 9 

5 - A A C - 2 4 0 / 3 2 4 8 , 2 7 
5 , 8 4 + j 2 0 , 9 

9 
6 , 0 7 

P o 3 p a x y H o K BTpaT n o T y K H o c T i BHKoHyeTbca 3 KiHiyi j i H i i , T a K o K B p a x o B a H i 

BTpaTH x o j o c T o r o x o g y B TpaHc o p M a T o p a x . I IpH p o 3 p a x y H K a x Ha n igcTaHi i i ax 3 

g B o M a TpaHc opMaTopaMH BTpaTH x o j j o c T o r o x o g y 36ijJbinyiKTbcfl B g B w i , a o n i p 

O 6 M O T O K 3MeHinyeTbcfl B g B w i . 

M3M. N° doKyM. flama 
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AS 
P 2 + Q2 

" 1 / 2 

g e : P - aKTHBHa noTyKHicTb Ha gmaHni , M B A ; 

Q - peaKTHBHa noTyKHicTb Ha gmaHni, M B A p ; 

Z - o n i p gijjaHKH, O M . 

n p o B o g H M o p o 3 p a x y H o K BTpaT n o T y K H o c T i Ha n igcTaHxnax T n 1 - T n 5 . 3Ha-

xoguMO TonKy noTOKopo3nog i j jy 3a yTOHHeHHMH gaHHMu. noT iM po3puBaeMO K O -

jjOBy M e p e K y B T O H L U ' noTOKopo3nog i j jy Ta npoBogHMo p o 3 p a x y H o K BTpaT n o T y K H o -

cTi. 

ZAi 

SAi 

Z12 
C Z h 
S12 . 

Si S2 

Z23 

S23 

Z34 

-IZZh 
S34 

S3 

Z45 

S45 

S4 

Z5A 

S5A 

S5 

P u c . - 1.6 C x e M a 3aMiineHHa KOJOBoi M e p e K i A - 1 - 2 - 3 - 4 - 5 - A ' n p e g c T a B j j e H a y B H -

r j a g i po3iMKHyTo' 

npuHMaeMO, mo noTyKHicTb Ha KiHni gijjaHKH 3 -4 gopiBHKte 

5 3

k

4 = 5 3 4 = 14,91 + ;4,05 

3HaxoguMO BTpaTH Ha gmaHni 3 -4 

A^34 
<?2 

£/2 

(14,91 + /4 ,05) 2 

0*34 + A M ) = T2 ( 3 , 1 8 + ; 1 1 , 4 2 ) 
220 2 

= 0,016 + ;0,056 

n o T y K H i c T b Ha n o n a r a y gijjaHKH 3-4 gopiBHKte: 

2 14,91 + ;4,05 + 0,016 + ;0,056 - ; '1 ,65 

14,92 + ;2,456 

A 
A 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
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AHaior iHHO po3paxoByeMO BTpaTu noTyjKHocri Ha K o m r i i i gijiflHiii Ta TpaH-

c opMaTopi . 

5 4

2 (63 + z'43,97)2 

AST4 = (*74 +JXT4) = 2302 (3,9 + ; 1 0 0 , 7 ) 

= 0,435 + ;11,236 (MBA) 

S4 = S4 + A5j4 + 1 5 X X 4 

= 63 + ;43,97 + 0,435 + ;11,236 + 2 • (0,082 + ;0,504) 

= 63,599 + ;56,219 

n o T y ^ H i c T b Ha KiHiii gijiflHKu 4 - 5 g o p i B H i o e 

5 4 5 = S41 + 5 3

n

4 = 14,92 + ;2,456 + 63,599 + ;56,219 = 78,52 + ;58,67(M5yl) 

3HaxoguMO BTpaTu Ha gijiflHiii 4 - 5 

5 4

2

5 (78,52 + z'58,67)2 

A 5 4 5 = 7 7 ! 1 ( ^ 4 5 + ; ^ 4 5 ) = 2202 (2,11 +; '7 ,6) 

= 0,419 + ;1,508 

n o T y ^ H i c T b Ha n o n a r a y g i j M H K u 3-4 gop iBHioe : 

S45 = 54"5 + A 5 4 5 - y — 5 = 78,52 + ;58,67 + 0,419 + ;1,508 - ; 1 , 0 9 5 
2 

= 78,939 + ;59,084 

A5 T5 = 2 1 ( ^ 7 5 + ^ 5 ) = 2302 (3,9 + ; 1 0 0 , 7 ) 

= 0,302 + ;7,786 

= 55 + ;32,635 + 0,302 + ;7,786 + 2 1 (0,082 + ;0,504) 

= 55,466 + ;41,429(M5yl) 

n o T y ^ H i c T b Ha KiHiii gijiflHKu 5 - A ' gop iBHioe 

| , = 5 n

5 + S 5

n = 78,939 + ;59,084 + 55,466 + ;41,429 

= 134,405 + ;100,512(M5yl) 

3HaxoguMO BTpaTu Ha g i j r a n i i 4 - 5 

S L , (134,405 + z'100,512) 2 

= | ( ^ 5 . + y ^ 5 ^ , ) = 2202 (5,84 + ; 2 0 , 9 9 ) 

= 3,399 + /12,22 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
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IIoTyKCHicTb Ha n o n a r a y g i j M H K H 3-4 gopiBHKte: 

n k Oi r- A ' 

2 

= 134,405 + /100,512 + 3,399 + /12,22 - ; 3 , 0 3 5 

= 137,804 + ;109,695 

IIpHHMaeMo, m,o noTyKoricTb Ha KiHiii gijjaHKH 2 -3 gopiBHKte 

S£ 3 = 5 2 3 = 36,095 + ;20,814 

3HaxogHMo BTpaTH Ha gijunmi 3 -4 

5 2

2

3 (36,095 + /20,814) 2 

A523 = ^ - ( ^ 2 3 + ; * 2 ) = 22 2 ( 3 , 6 6 + ; 1 3 , 1 7 ) 

= 0,131 + ;0,472 

IIoTyKCHicTb Ha n o n a r a y g i j M H K H 3-4 gopiBHKte: 

v/ 23 

5 2

n

3 = 5 2 3 + A 5 2 3 - ; ' - = 36,095 + ;20,814 + 0,131 + ;0,472 - / 1 , 9 0 5 

= 36,226 + ;19,382 

5 2 ( 7 4 + /31 524)2 
A5T2 = ( * T 2 + ^ 7 2 ) = 2302 (3,9 + / 1 0 0 , 7 ) 

= 0,477 + /12,316 

= 74 + /31,524 + 0,477 + /12,316 + 2 - (0,082 + ;0,504) 

= 74,641 + ;44,848(M5,4) 

IIoTyKCHicTb Ha KiHiii g i j a H K H 1-2 gopiBHKte 

*2 = 5 2

n + 5 2

n

3 = 74,641 + ;44,848 + 36,226 + ;19,382 

= 110,867 + /64,229(Mfli4) 

3HaxogHMo BTpaTH Ha gijjflHiii 1 - 2 

5 2

2 (110,867 + /64,229) 2 

A 5 1 2 = ^ ( * 1 2 + / ^ 1 2 ) = (2,22 + / 7 , 8 9 ) 

= 0,753 + ;2,709 

IIoTyKCHicTb Ha n o n a r a y g i j M H K H 1-2 g o p i B H K e : 

B P 3 . 6 . 1 4 1 . 2 7 5 I I3 
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QL12 

~ 2 ~ 110,867 + ;64,229 + 0,753 + ;2,709 - ; 1 , 1 6 5 

111,621 + ;65,783 

_ S 2 

A ^ T I
 — 772 + A n ) 

(49 + ;26 ,447) 2 

f/2 
(5,6 + ;'158,7) 

230 2 

— 0,328 + ;9,301 

5 n — 5i + A 5 T I + 2 5"xxi 

— 49 + ;26,447 + 0,328 + ;9,301 + 2 (0,05 + ;0,36) 

— 49,428 + ;36,469(M5,4) 

n o T y K H i c T b Ha iciHHi gijjflHKH 1-A gopiBHKte 

Sfk — S" 2 + — 111,621 + ;65,783 + 49,428 + ;36,469 

— 161,049 + ;102,252(M5,4) 

3HaxogHMO BTpaTH Ha 1 - A 

(161,049 + /102,252) 2 

A S ^ — 0 ^ + — 2202 (3,84 + ;13,82) 

— 2,89 + ;10,39 

n o T y K H i c T b Ha n o n a r a y gijMHKH 1-A gopiBHKte: 

2 161,049 + ;102,252 + 2,89 + ;10,39 - ; 2 , 9 9 5 

— 163,939 + ;110,643 

3ara j ibHa noTyKHicTb gopiBHKte: 

5 — + 5 5 , — 163,939 + ;110,643 + 137,804 + ;109,695 

— 301,743 + ;220,338 

P o 3 p a x o B a H i g a m 3aHeceMo g o Ta6jJHHi 1.8 

Tadjiuijx 1.8. Pe3ynhmamu po3paxyHKy nomycucnocmeu 

S KiHHeBa, M B A * A S , M B A * 
S nonaTKoBa , 

M B A * 

A - 1 1 6 1 , 0 4 9 + j 1 0 2 , 2 5 2 2 , 8 9 + j 1 0 , 3 9 1 6 3 , 9 3 9 + j 1 1 0 , 6 4 3 

1-2 1 1 0 , 8 6 7 + j 6 4 , 2 2 9 0 , 7 5 3 + j 2 , 7 0 9 1 1 1 , 6 2 1 + j 6 5 , 7 8 3 

2-3 3 6 , 0 9 5 + j 2 0 , 8 1 4 0 , 1 3 1 + j 0 , 4 7 2 3 6 , 2 2 6 + j 1 9 , 3 8 2 

3-4 1 4 , 9 0 5 + j 4 , 0 5 1 0 , 0 1 6 + j 0 , 0 5 6 1 4 , 9 2 1 + j 2 , 4 5 6 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
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Tadjiuijx 1.8 - YlpodoewennH 

4 - 5 7 8 , 5 2 + j 5 8 , 6 7 4 0 , 4 1 9 + j 1 , 5 0 8 7 8 , 9 3 9 + j 5 9 , 0 8 4 

5 - A 1 3 4 , 3 0 5 + j 1 0 0 , 5 1 2 3 , 3 9 9 + j 1 2 , 2 2 1 3 7 , 8 0 4 + j 1 0 9 , 6 9 5 

1-1 ' 4 9 + j 2 6 , 4 4 7 0 , 3 2 8 + j 9 , 3 0 1 4 9 , 4 2 8 + j 3 6 , 4 6 9 

2 - 2 ' 7 4 + j 3 1 , 5 2 4 0 , 4 7 7 + j 1 2 , 3 1 6 7 4 , 4 6 1 + j 4 4 , 8 4 8 

3 - 3 ' 5 1 + j 1 6 , 7 6 3 0 , 3 0 5 + j 8 , 6 4 6 5 1 , 4 0 5 + j 2 6 , 1 2 9 

4 - 4 ' 6 3 + j 4 3 , 9 7 4 0 , 4 3 5 + j 1 1 , 2 3 6 6 3 , 5 9 9 + j 5 6 , 2 1 9 

5 - 5 ' 5 5 + j 3 2 , 6 3 5 0 , 3 0 2 + j 7 , 7 8 6 5 5 , 4 6 6 + j 4 1 , 4 2 9 

A 3 0 1 , 7 4 3 + j 2 2 0 , 3 3 8 

1.7 P o 3 p a x y H O K B T p a T H a n p y r u 

Po3paxyHOK n a g i H H i H a n p y r u BHKOHyeMO i3 gKcepej ia KorejieHHi , n p u ijbOMy 

H a n p y r a y cnoKCHBana He noBHHHa B i g p i 3 H r r a c b 6ij ibin HiK Ha 5 % Big HOMiHanbHoi, 

y BignoBigHOCTi 3 npaBHjiaMH. 

H a n p y r y gKCepejia KCHBjieHHi npuiiMaeMO UA = 2 4 2 ( K B ) 

Po3paxyHOK npoBogHMO 3a (j)opMyjioK): 

U' = J(U - AU)2 + SU2 (KB) 

P - R + Q-X 
AU 

SU 

U 

P - X - Q - R 

U 

(KB) 

(KB) 

g e : P- aKTHBHa noTyKHicTb Ha nonaTKy giji^HKH, M B A ; 

Q - peaKTHBHa noTyKoricTb Ha n o n a r a y g i j M H K H , M B A p ; 

R - aKTHBHHH o n i p , O M ; 

X - peaKTHBHHH o n i p , O M . 

161,939 - 3,84 + 110,643 - 13,82 
\(242 

242 
) 2 

161,939 - 13,82 + 110,643 - 3,84 

+ ( ( 2+2 )2) 

233,203 (KB) 

U 12 \ 

111,621 - 2,22 + 65,783 - 7,99 
(233,203 — — — ) 2 

233,203 

( 111,621 - 7,99 + 65,783 - 2,22 \ 

+ ( ( 233,203 ) ) 

229,909 (KB) 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
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£ / 2 3 = I 

36,226 - 3,66 + 19,382 - 13,17 
(229,909 — — — ) 2 

229,909 
( 36,226 - 13,17 + 19,382 - 13,66 \ 

+ ( ( 229,909 ) ) 

228,229 (KB) 

^ 3 4 = I 

14,921 - 3,18 + 2,456 - 11,42 
(228,229 — — — ) 2 

228,229 
( 14,921 - 11,42 + 2,456 - 3,18 \ 

+ ( ( 228,229 ) ) 

227,9(KB) 

^ 4 5 = I 

^ A = I 

78,939 - 2,11 + 59,084 - 7,6 
( 2 2 7 , 9 227,9 ) 2 

/ 59,084 - 7,6 + 78,939 - 2,11 \ 
+ ( ( 227,9 ) 2 ) 

137,804 - 5,84 + 109,695 - 20,99 
(225,208 ) 2 

^ 225,208 } 

( 137,804 - 20,99 + 109,695 - 5,84 \ 

225,208(KB) 

11,643(KB) 

225,208 
1 

Ta6jiityH 1.9 Pe3ynbmamu po3paxynKy nanpyz 

^ij jf lHKa M o g y j j b HanpyrH, 

K B 

HoMmajJbHa Ha-

n p y r a K B 

BigxHj jeHHa Ha­

n p y r H % 

A 2 4 2 2 4 2 0 

A - 1 2 3 0 , 2 0 3 2 2 0 4 , 4 3 

1-2 2 2 9 , 9 0 9 2 2 0 4 ,3 

2-3 2 2 8 , 2 2 9 2 2 0 3 ,6 

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

4 - 5 2 2 5 , 2 0 8 2 2 0 2 , 3 2 

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

B HamoMy BHnagKy BHKopHcToByBaTH Bigra j jygKceHHi P I I H Ta ycTaHoBKH 

g j j a K o M n e H c a i i i peaKTHBHoi n o T y K H o c T i He noTp i6Ho , O C K L U B K H B igxHjeHHa Ha­

n p y r H He nepeBHiuye 5 % . 

flucm 
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2 . P o 3 p a x y H O K ejieKTpHHHOi n a c r a H H n i g c T a H u i i 

2 . 1 n e p e s i p i c a n o T y j K H o c T CHJIOBHX T p a H c o p M a T o p i B 

Tadjiux^H 2.1 - Buxidni dani 

X j i 2 , t, 
S H O M . H a B , NDBA 

X j i 2 , 

SK3.C, M B A 
t, 

S H O M . H a B , NDBA 
O M O M 

SK3.C, M B A 
° C 

5 5 , 6 8 6 1 , 1 7 1 3 , 8 2 2 3 0 0 - 1 0 

A 

nc 
T 

H 1 Z I I A / i m \~K 1 
1 nc 1 T3 1—T 

nc 
T 

0 
nc 
T 

P H C 2 .1 - Po3MiineHHi n igcTaHHin 

Ta6jiuxx%, 2.2 - fparf)iK naeanmacucennn 

r o -

gHH 

H 

0 2 4 6 8 10 12 14 16 18 20 22 

SHaB, 

% 
45 55 60 90 90 80 80 100 90 110 120 100 

S
 HaB , 

M B A 
2 5 , 0 6 3 0 , 6 2 3 3 , 4 1 5 0 , 1 1 5 0 , 1 1 4 4 , 5 4 4 4 , 5 4 5 5 , 6 8 5 0 , 1 1 6 1 , 2 5 6 6 , 8 2 5 5 , 6 8 

— 

2 
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n;ac 'K HasaHTa>KeHHfl 

70 

9 I 4 6 B lO 12 1J 16 18 W Z2 

P H C 2 . 2 - ^ p a iK HaBaHTaKeHHa nigcTaHi i i i 

,H,jja n i g c T a H i i i 3a yMoBoro S T P > - H A B 6y j jo o 6 p a H o g B a TpaHc o p M a T o p a 
1,4 

T u n y T P ^ H 4 0 0 0 0 / 2 2 0 ocKijjbKH cnoKCHBan I -o i KaTerop i i . 

,H,jja nepeBipKH npaBHjjbHocTi B u 6 o p y TpaHc o p M a T o p a g j j a I I C -1 peajJbHHii 

r p a iK HaBaHTaKeHHa n e p e T B o p u M o B gBocTyniHnacTHH. IIoHaTKoBe HaBaHTa-

KeHHa eKBiBajeHTHoro r p a iKa: 

K1 — ~ - = 
^HOM.Tp ^1 + ^2 + * " + 

_ 1 
= 40 

25,06 2 - 2 + 30,62 2 - 2 + 33 ,41 2 - 2 + 50 ,11 2 - 4 + 44,54 2 - 4 + 55,68 2 - 4 
2 + 2 + 2 + 4 + 4 + 4 

= 1,263 

g e S1, S2, . . . Sn - B j a c H e HaBaHTaKeHHa n e p m o r o , g p y r o r o , n - r o cTyneHa 

r p a iKa HaBaHTaKeHHa, po3Miiu,eHoro HHKcne m m i HoMiHajJbHoi n o T y K H o c T i TpaH-

c opMaTopa ; t1, t 2 , . . . tn - TpHBajjicTb cTyneHa , rogHH. 
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AHajioriHHO B r o H a n a e T b c a g p y r u i i CTyniHb eKBiBaneHTHoro rpa(j)iKa, a n e n p u 

LboMy 6 e p y T b c a CTyneHi, po3Miiu,eHi B u m e m m i HoMiHanbHoi' n o T y m i o c T i TpaHC-

opMaTopa : 

1 61,25 2 • 2 + 66,82 2 • 2 
K2=—- = 1 , 6 0 2 

2 40 2 + 2 

MaKCHManbHe nepeBaHTameHHa TpaHc o p M a T o p a c i o i a g a e : 

SMAX 66,82 
KMAX = T. = A(\ = 1 , 6 6 7 

• >HOM.TP 4 0 

g e SMAX - MaKCHManbHe HaBaHTameHHa TpaHc o p M a T o p a 3a r p a iKOM HaBaHTa-

meHHa. 

OCKijibKH K-2 > 0,9KMAX = 0,9 • 1,67 = 1,51 T O ocTaTOHHo 6 e p e M o /f'2 = 

1,602 

3 a r O C T o M 1 4 2 0 9 - 8 5 3 ypaxyBaHHaM eKBiBaneHTHoi TeMnepaTypu 3HMoBoro 

n e p i o g y i n a c y nepeBaHTameHHa 4 roguHH, 3 H a x o g u M o 3HaneHHa nepeBaHTameHHa 

gonyCTHMe ^ 2 r O C T . I lop iBHioeMo 3HaneHHa /f2 = 1,602 i 

^ 2 r o c T = 1,742. 3HaneHHa ^ 2 r o c T 6 i j ibine, Him /f2, 3HanuTb TpaHc opMaTop 

o6paHHH n p a B H j b H o . 

2 . 2 P o 3 p a x y H O K CTpyMiB K o p o T K o r o 3aiviiiKaHHfl 

3HaneHHa CTpyMiB KopoTKoro 3aMHKaHHa Heo6x igHi g n a npaBHjibHoro B H -

6 o p y ycTaTKyBaHHa Ha CTopoHi 2 2 0 K B i 10 K B . I l igcTaHiLia mre j i eHHa 3a g B o M a 

TynuKoBHMH niHiaMH: c x e M a 3aMiiu,eHHa g n a p o 3 p a x y H K y CTpyMiB KopoTKoro 3a -

MHKaHHa HaBegeHa Ha p u c 5 . 1 . 

P o 3 p a x y H o K CTpyMiB K o p o T K o r o 3aMHKaHHa BmcoHaeMo B iMeHoBaHin c u c -

TeMi oguHHLb. IIoTy)KHicTb KopoTKoro 3aMHKaHHa Ha m u H a x 2 2 0 K B LeHTpa m u B -

neHHa c i m a g a e 5 C = 2300 MBA, X T = 158,7 O M 

B P 3 . 6 . 1 4 1 . 2 7 5 I I3 
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P H C 2 .3 - C x e M a 3aMimeHHfl g j i a p o 3 p a x y H K y CTpyMiB K o p o T K o r o 3aMHKaHHfl 

O n i p CHCTeMH gopiBHK te , O M : 

Xc 
U | 2 2 0 2 

2 1 , 0 4 
S C 2 3 0 0 

O n i p gopiBHK te ,OM: 

X ^ i X ^ 2 6 1 , 1 7 1 3 , 8 2 
1 1 , 2 7 

X J U + X J U 6 1 , 1 7 + 1 3 , 8 2 

n e p i o g H H H a CKnagoBa CTpyMy K o p o T K o r o 3aMHKaHHfl y ToHHi K I 5 K A : 

[/;] 2 2 0 1 0 3 

3 , 9 3 1 1 0 3 

V 3 - ( X C + X ^ ) V 3 - ( 2 1 , 0 4 + 1 1 , 2 7 ) 

n e p i o g H H H a CKnagoBa CTpyMy K o p o T K o r o 3aMHKaHHfl y ToHHi K 2 npHBegeHa 

g o HanpyrH B H C O K O I C T O P O H H , K A : 

[/;] 2 2 0 1 0 3 

IB _ 
! K 2 _ 1 5 8 , 7 

1 , 1 3 8 1 0 3 

V 3 ( X C + + -2-) V 3 - ( 2 1 , 0 4 + 1 1 , 2 7 + 2 

PeaubHHH CTpyM y T O H H I K 2 , K A : 

) 

B f/B _ 220 
I K 2 _ I K2 7 7 " _ 1 1 3 8 "TTT 25,025 10 3 

3HaxogHMo ygapHHH CTpyM, K A : 

y T O H H K 1 : I Y _ V 2 1 ,61 I K 1 _ V 2 1 ,61 3 , 9 3 1 _ 8 , 9 5 1 

y ToHHi K 2 : I Y _ V 2 1 , 8 3 4 I K 2 _ V 2 1 , 8 3 4 2 5 , 0 2 5 _ 6 4 , 9 0 7 

A n e p i o g H H H a CKnagoBa CTpyMy K o p o T K o r o 3aMHKaHHa g o MoMeHTy po36i>K-

HocTi KoHTaKTiB BHMHKaHa, K A : 

,H,e 7 A - nocTiHHa Hacy 3a racaHHa anepiogHHHoi' CKnagoBoi ' 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
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# j j a K 1 = 7 a = 0,025 c, = 0,06 c. 

K 2 = 7 a = 0,05 c, = 0,1 c. (,H,jja TpaHc o p M a T o p a 63 M B A 7 a = 

0,24) 

A n e p i o g H H H a c K j j a g o B a cTpyMy KopoTKoro 3aMHKaHHa g o MoMeHTy po36iKc-

HocTi KoHTaKTiB BHMHKana g j j a T O H K H K 1 , K A : 

- t - 0 , 0 6 

i a = V2 - / k 1 - e T « = V2 - 3,931 - e 0 , 0 2 5 = 0,50435 

,H,jja T O H K H K 2 , K A : 

- t - 0 , 1 

i a = V2 - / k 2 - e T « = V2 - 25,025 - e 0 , 0 5 = 4,78 

i H T e r p a j ,H,Kcoyjja-JJeHiia g j j a T O H K H K 1 , K A 2 C : 

Q 1 = / j 2

1 - (t + 7 a ) = 3,931 2 - (0,06 + 0,025) = 1,314 

,H,jja T O H K H K 2 , K A 2 C : 

Q 2 = / j 2

2 - (t + 7 a ) = 25,026 2 - (0,1 + 0,05) = 93,94 

Ta6jiux^H 2.3 - 3naHennH cmpyjviie KopomKozo 3aMUKannH 6RH UC-1 

C p y M H K o ­

p o T K o r o 3 a -

MHKaHHa 

C K 3 y n o H a T -

K O B H H M O -

MeHT H a c y , 

K A 

Y g a p H H H C K 3 

L Y , K A 

C K 3 y M o M e H T 

p o 3 M H K a H H a K o ­

HTaKTiB 

BHMHKaHa, K A 

A n e p i o g H H H a 

c K j j a g o B a C K 3 

L A , K A 

i H T e r p a j j 

,H,Kcoyjja 

BK KA2c 

m u H H 2 2 0 

KB ( K 1 ) 
3 , 9 3 1 8 , 9 5 1 3 , 9 3 1 0 , 5 0 4 1 ,314 

I I I H H H 

10 K B 

( K 2 ) 

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

P o 3 p a x y H o K npoBegeHHH g j j a n igcTaHi i i i N ° 1 ( I I C - 1 ) , aHajjoriHHo 3HangeMo 

cTpyMH K o p o T K o r o 3aMHKaHHa g j j a K O K H O I n igcTaHii i i . ,H,jja cnpomeHHa po3yMiHHa 

gaHi o g p a 3 y H a n u m e M o B TaGmni i . 

flucm 
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TadmijH 2.4 - cmpyMie KopomKozo 3QMUKQHHH dm UC-3 

C p y M H K o ­

p o T K o r o 3 a -

MHKaHHa 

C K 3 y n o n a T -

K O B H H M O -

MeHT n a c y , 

K A 

Y g a p H H H C K 3 

I Y , K A 

C K 3 y M o M e H T 

p o 3 M H K a H H a K o -

HTaKTiB 

B H M H K a n a , K A 

A n e p i o g u H H a 

C K n a g o B a C K 3 

L A , K A 

i H T e r p a n 

^ m o y j i a 

BK KA2c 
•> 

m u H H 2 2 0 

K B ( K 1 ) 
3 , 1 9 9 7 , 2 8 4 3 , 1 9 9 0 , 4 1 0 , 8 6 9 

I H H H H 

10 K B 

( K 2 ) 

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

Tadjiux^H 2.5 - 3naHennH cmpyMie KopomKOZo 3aMUKannH dim IIC-2 

C p y M H Ko­

poTKoro 3a -

MHKaHHa 

C K 3 y n o n a T -

K O B H H M O -

MeHT n a c y , 

K A 

YgapHHH C K 3 

L Y , K A 

C K 3 y MoMeHT 

po3MHKaHHa Ko-

HTaKTiB 

BHMHKana, K A 

A n e p i o g u H H a 

CKnagoBa C K 3 

L A , K A 

iHTerpaj 

^ m o y j i a 

BK KA2c 
•> 

I H H H H 2 2 0 

K B ( K i ) 
3 , 4 7 9 7 , 9 2 2 3 , 4 7 9 0 , 4 4 6 1 ,029 

I H H H H 

10 K B 

( K 2 ) 

3 2 , 1 7 2 8 3 , 4 4 4 3 2 , 1 7 2 2 9 , 9 9 4 3 5 1 , 9 2 

Tadmijx 2.6 - 3naHennH cmpyMie KopomKozo 3aMUKannH dxx IIC-4 

CTpyMH Ko-

poTKoro 3a -

MHKaHHa 

C K 3 y n o n a T -

K O B H H M O -

MeHT n a c y , 

K A 

YgapHHH C K 3 

L Y , K A 

C K 3 y MoMeHT 

po3MHKaHHa Ko-

HTaKTiB 

BHMHKana, K A 

A n e p i o g u H H a 

CKnagoBa C K 3 

L " , K A 

iHTerpaj 

^ m o y j i a 

BK KA2c 

I H H H H 2 2 0 

K B ( K i ) 
3 , 2 7 9 7 , 4 6 7 3 , 2 7 9 0 , 4 2 1 0 , 9 1 4 
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Ta6mijH 2.6 - npodoedotcennn 

I I I H H H 

10 K B 

( K 2 ) 

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

Ta6jiux^H 2.7 - 3naHennH cmpyMie KopomKozo 3aMUKannH 6RH nC-5 

C p y M H Ko­

poTKoro 3a -

MHKaHHa 

C K 3 y noHaT-

K O B H H M O -

MeHT Hacy, 

K A 

YgapHHH C K 3 

L Y , K A 

C K 3 y MoMeHT 

po3MHKaHHa K O -

HTaKTiB 

BHMHKaHa, K A 

Anep iogHHHa 

cKj j agoBa C K 3 

L A , K A 

i H T e r p a j 

,H,Kcoyjja 

BK KA2c 

I I I H H H 2 2 0 

KB ( K 1 ) 
3 , 5 1 3 7 , 9 9 9 3 , 5 1 3 0 , 4 5 1 1 ,049 

I I I H H H 

10 K B 3 2 , 3 0 3 8 3 , 7 8 4 3 2 , 3 0 3 3 0 , 1 1 6 3 5 4 , 7 9 

( K 2 ) 

2 .3 B i i o i p BHCOKOBOJIBTHHX a n a p a T J e 

B u c o K o B o j b T H i ejjeKTpuHHi anapaTH BuGupa iKTbca 3a yMoBoro T p u B a j j o r o 

p e K H M y poGoTH i n e p e B i p a K T b c a 3a yMoBaMH K O P O T K H X 3aMHKaHb. ,H,jja anapaTiB 

BHKoHyeTbca: 

> B u G i p 3a H a n p y r o K ; 

> B u G i p 3a HarpiBaHHaM n p u g o B r o T p u B a j u x cTpyMax; 

^ I I e p e B i p K a Ha ejjeKTpogHHaMiHHy er i i iKicTb; 

^ I I e p e B i p K a Ha TepMiHHy cr i i iKicTb. 

B cxeMi gBOTpaHc opMaTopHoi n igcTaHi i i i HeoGxigHo BuGpaTH: 

• BuMHKaHi Ha BucoKi i i Hanpy3i ( 2 2 0 K B ) ; 

• B B i g H i Ta ceKiiiiiHi BHMHKaHi Ha HH3bKin Hanpy3i ( 1 0 K B ) ; 

• BHMHKaHi , mo B i g x o g a T b B ig n igcTaHi i i i ( 1 0 K B ) ; 

• Po3 ' egHyBaHi B H C O K O I H a n p y r u ( 2 2 0 K B ) . 

flucm 
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• TpaHC(j)opMaTopH CTpyMy H HanpyrH Ha B H C O K L H Ta H H 3 B K L H CTopoHax 

( 2 2 0 K B Ta 10 K B ) ; 

• OniHHoBKa p o 3 n o g i ^ b H H x npHCTpoi'B Ha B H C O K L H Ta HH3bKifi CTopoHax 

( 2 2 0 K B Ta 10 K B ) ; 

n p o B o g H M o B u 6 i p g j i a n C - 1 gaHi A K H X 3 H a x o g a T t c a B TaGjiuni 2 .3 

> T u n TpaHc o p M a T o p a T P ^ H - 4 0 0 0 0 / 2 2 0 . 

Bu3HanHMo MaKCHMantHHH CTpyM Ha B H C O K L H Hanpy3i : 

1,4 - 5 H 0 M 1,4 - 40000 jBH _ 
' m a x 146,96 (A) 

V 3 - [ / B H V3-220 

CTpyM y K o m B B i g m r x BHMHKaniB Ha HrotKif i Hanpy3i : 

1,4 - 5 H O M 1,4 - 40000 
' m a x 

V3 - f/HH V3 - 10 

CTpyM y K o m c e K n i n H o r o BHMHKana: 

0 , 7 - 5 H O M 0 ,7-40000 

3233,2 (A) 

rCB _ 
' m a x 

V3 - f/HH V3 - 10 

CTpyM y K o m , m o BigxogHTb g o nigcTaHnii ' 

1 , 4 - S H O M 1,4-40000 

1616,58 (A) 

' m a x 646,63 (A) 
V3 - f/HH - n V3 - 10 - 5 

,H,e n - Ki^bKicTb , m o BigxogHTb B i g n igcTaHuiH. H a n p u i a i a g , A K I H O B ig 

nigcTaHnii ' B igxogHTb 5 . 

Tadjiuijx 2.8 - Bu6ip euMUKanie Ha nanpy3i 220 KB 

Y M o B a B u 6 o p y Po3paxyHKoBi 3HaneH- K a T a n o m r i 3HaneHmi 

2 2 0 ( K B ) 2 2 0 ( K B ) 

!p03 < ! H O M 1 4 6 , 9 6 ( A ) 2 0 0 0 ( A ) 

< !npCKB 3 , 9 3 1 ( K A ) 3 1 , 5 ( K A ) 

lya < ! C K B 
8 , 9 5 1 ( K A ) 1 0 2 ( K A ) 

^nr < ^ O T K . H O M 3 , 9 3 1 ( K A ) 4 0 ( K A ) 

^ar < â.HOM 0 , 5 0 4 ( K A ) -

B K < I T t r 1,314 ( K A 2 C ) 4 8 0 0 ( K A 2 C ) 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
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J\JI% n C - 1 Ha Hanpy3i 2 2 0 K B o6paHO BHMmcan T u n y B B B - 2 2 0 B - 3 1 , 5 / 2 0 0 0 

y i . 

i l o B r r p a H i BHMHKan i c e p i i ' B B B n p r o H a n e m g u a 3OBHimHboi ' y c T a H O B K H B 

ejieKipHHHHx M e p e m a x 3MiHHoro CTpyMy 5 0 T I I 3 BeuHKHM CTpyMOM 3aMHKaHHa Ha 

3 e M j n o . B u M H K a n i c e p i i ' B B B g u a B c i x H a n p y r a H a u o r i H H i 3 a C B o e i o K o H c T p y K n i e i o . 

O C H O B H H M e j e M e H T o M B H M m c a n i B e M o g y j b , B c T a H o B u e H H H H a o n o p H y i3ojiK>K>Hy 

K o j o H K y . 3 a u e m H o B i g 3 H a n e H H a p o 6 o n o i H a n p y r u H a B H M H K a n a x B c T a H o B u i o e T b c a 

B i g n o B i g H a K i i b K i c T b M o g y i i B , B K i o n e H H x n o c i i g o B H o . H a o g H i f i K O U O H L U 3 a 3 B H -

n a f i p o 3 T a m o B y e T b c a H e 6 i j i b m e g B o x M o g y i i B , M e x a m n H o i e i e K T p H H H o n o B ' a 3 a -

H H X M i m C O 6 O K > . 

Ta6mijH 2.9 - Bu6ip euMUKauie na nanpysi 10 KB 

Y M o B a B u 6 o p y Po3paxyHKoBi 3HaneH-

HHa 

K a T a u o m r i 3HaneHHa 

U C < UH 10 ( K B ) 10 ( K B ) 

Ip03 < ĤOM 3233,2 ( A ) 4 0 0 0 ( A ) 

InO < InpCKB 2 5 , 0 2 5 ( K A ) 4 5 ( K A ) 

!yg < !CKB 6 4 , 9 0 7 ( K A ) 1 2 0 ( K A ) 

^UT < ^OTK.HOM 2 5 , 0 2 5 ( K A ) 4 5 ( K A ) 

^ar < â.HOM 4 , 7 8 ( K A ) -

9 3 , 9 4 ( K A 2 C ) 8 1 0 0 ( K A 2 C ) 

H a Hanpy3i 10 K B o 6 p a H o BHMmcan T u n y M r r - 1 0 - 4 0 0 0 - 4 5 y 3 . 

B u M H K a n M r r - 1 0 (Mac j i aHHH r o p i m c o B H H r e H e p a T o p H H H , H a H a n p y r y 1 0 K B ) 

B i g H o c u T b c a g o BHMHKaniB 3 M a u H M o 6 ' e M o M M a c j a i B H K o p u c T o B y e T b c a B y c T a H o -

B K a x 3 BeuHKHMH c T p y M a M H ( 2 0 0 0 i 3 0 0 0 A ) , a T a K o m g u a K o M n u e K T y B a H H a K a M e p 

T u n y K P y . 

O c K i j b K H BHMHKan p o 3 p a x o B a H H H H a B e j H K i c T p y M H , fioro B i g K u i O H e H H i c y -

n p o B o g m y e T b c a c u j b H o o e j e K T p u H H o o g y r o r o , a K a M o m e n o n i K o g u r a KoHTaKTH i 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
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n o r a c u r a aicy 3HaHHO Ba>KHe, HITK y BHMHKani B B B . T o M y B BHMHKanax M r r B H K O -

pHOTaHa CHCTeMa KOHTaKTiB, m,o n o j i e r i n y e rac iHHa g y r u i o 6 e p i r a e B ig nonnco-

g ^ e H H a KoHTaKTHi noBepxHi . 

Tadjiuijx 2.10 - Bu6ip cevijiunozo eiiMUKcma na nanpy3i 10 KB 

Y M o B a B u 6 o p y Po3paxyHKoBi 3HaneH- K a T a j i o m r i 3HaneHHa 

U C < UH 10 ( K B ) 10 ( K B ) 

Ip03 < ĤOM 1 6 1 6 , 5 8 ( A ) 2 0 0 0 ( A ) 

InO < InpCKB 2 5 , 0 2 5 ( K A ) 3 1 , 5 ( K A ) 

!yg < !CKB 6 4 , 9 0 7 ( K A ) 8 0 ( K A ) 

^UT < ^OTK.HOM 2 5 , 0 2 5 ( K A ) 3 1 , 5 ( K A ) 

^ar < â.HOM 4 , 7 8 ( K A ) -

9 3 , 9 4 ( K A 2 C ) 2 9 7 6 ( K A 2 C ) 

CeKiUHHHH BHMHKan o 6 p a H o T u n y B B E - 1 0 - 3 1 , 5 - 2 0 0 0 - y 3 . 

BaKyyMHHH BHMHKan B B E - 1 0 3 ejieKTpoMaraiTHHM n p u B o g o M p o 3 p a x o B a -

H H H g j i a eKcnj iyaTaLi i B m a a x K P Y . IlpHHiLHn po6oTH BHMHKana 3acHoBaHHH Ha 

raciHHi e j ieKipuHHoi g y r u , m,o BHHHKae n p u po3MHKaHHi KoHTaKTiB B BaKyyMi. B H -

c o K a e ieKTpuHHa MiiLHicTb BaKyyMHoro npoMixocy 3 a 6 e 3 n e n y e Hagii iHe rac iHHa 

g y r H . 

TadnutyH 2.11. - Bu6ip jiiniunozo euMUvana Ha nanpy3i 10 KB 

Y M o B a B u 6 o p y Po3paxyHKoBi 3HaneH- K a T a j i o m r i 3HaneHHa 

10 ( K B ) 10 ( K B ) 

^p03 < ĤOM 6 4 6 , 6 3 ( A ) 1 0 0 0 ( A ) 

!nO < !npCKB 2 5 , 0 2 5 ( K A ) 3 1 , 5 ( K A ) 

!yg < !CKB 6 4 , 9 0 7 ( K A ) 8 0 ( K A ) 

^TIT < ^OTK.HOM 2 5 , 0 2 5 ( K A ) 3 1 , 5 ( K A ) 

^ar < â.HOM 4 , 7 8 ( K A ) -

9 3 , 9 4 ( K A 2 C ) 2 9 7 6 ( K A 2 C ) 

B P 3 . 6 . 1 4 1 
/lucm 
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1 BHMHKctH o6paHO T u n y B B E - 1 0 - 3 1 , 5 - 2 0 0 0 - y 3 . 

Tadjiuijx 2.12. - Bu6ip po3 'ednyeauie na nanpy3i 220 KB 

YMOBa B n 6 o p y Po3paxyHKOBi 3HaneH-

HHa 

K a T a j i o m r i 3HaneHHa 

U C < UH 2 2 0 ( K B ) 2 2 0 ( K B ) 

Ip03 < ĤOM 1 4 6 , 9 2 ( A ) 1 0 0 0 ( A ) 

!yg < I CKB 8 , 9 5 1 ( K A ) 1 0 0 ( K A ) 

1,314 ( K A 2 C ) 4 8 0 0 ( K A 2 C ) 

Po 3 ' eg H y Ban B u 6 p a H o THny P H P . 1 - 2 2 0 / 1 0 0 0 y i . 

Po3 ' egHyBan i BHcoKoBoubTHi 3oBHimHboi ycTaHoBKH Ha 2 2 0 K B cepii ' PH,H,3 

n p r o H a n e m g u a BKmoneHHa i BigKniOHeHHa 3HecTpyMjeHHx g iuaHoK, mo 3Haxo-

g a T b c a n i g H a n p y r o i o eueKTpHHHHx Kin B H C O K O ' ' H a n p y r u , a T a K o K 3a3eMjeHHa B i g -

KHMHeHHx gijjflHoK 3a g o n o M o r o o 3a3eMmoo)HHx H O K Q B ( n p u i x HaaBHocr i ) . 

A H a u o r i H H o n p o B e g e M o B u 6 i p g u a n C - 3 ( 3 a T a G u H n e i o 2 . 4 ) . O c K i u b K H H a n i -

gcTaHnii ' N 3 TpaHc opMaTop noTyKCHicra) 4 0 M B A Ta p o 3 p a x y H K o B i 3HaneHHa 

n p n 6 j H 3 H o TaKi aK i Ha n e p m i n nigcTaHnii ' T O 6y j in o6paHi aHauoriHHi B H C O K O B O -

jibTHi e jeKTpnHHi anapaTH. 

n p o B o g H M o B u 6 i p g u a n C - 2 gaHi a K u x 3 H a x o g a T b c a B TaGuHni 2 . 5 

T u n TpaHc o p M a T o p a T P ^ H - 6 3 0 0 0 / 2 2 0 . 

Bn3HaHHMo MaKcHManbHUH cTpyM Ha BncoKin Hanpy3i : 

1 , 4 - 5 H O M 1 , 4 - 6 3 0 0 0 TBH _ 
' m a x 231,47 (A) 

V3-f/ B H V3-220 

CTpyM y K o j i BBigHux BHMHKaniB Ha HH3bKin Hanpy3i : 

H H _ 1,4 - S H 0 M _ 1,4 - 63000 _ 
/ m a x _ v f ^ ^ H H _ V B - 1 0 _ 5 0 9 2 , 2 ( A ) 

CTpyM y Kom ceKni i iHoro BHMmcana: 

0 , 7 - 5 H O M 0 ,7-63000 fCB _ 
' m a x 

V3 - £/H H V3 -10 
2546,58 (A) 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
3 1 

M3M. N° doKyM. flama 
3 1 



CTpyM y K O J I I , mo B i g x o g n T b g o n igcTaHni i 

1 , 4 - 5 H O M 1 , 4 - 6 3 0 0 0 ME _ 
1max 

^ 3 - U H H - U V 3 - 1 0 - 5 

Tadnuun, 2.13 - Bu6ip euMUKanie Ha Hanpy3i 220 KB 

1 0 1 8 , 6 3 ( A ) 

YMOBa B i i 6 o p y Po3paxyHKOBi 3HaneH- K a T a n o m r i 3HaneHHi 

2 2 0 ( K B ) 2 2 0 ( K B ) 

!p03 < ĤOM 2 3 1 , 4 7 ( A ) 2 0 0 0 ( A ) 

< !npCKB 3 , 3 7 9 ( K A ) 3 1 , 5 ( K A ) 

!yg < !CKE 7 , 9 2 2 ( K A ) 1 0 2 ( K A ) 

^nT < ^OTK.HOM 3 , 4 7 9 ( K A ) 4 0 ( K A ) 

^ar < â.HOM 0 , 4 4 6 ( K A ) -

E K < I T t r 1 ,029 ( K A 2 C ) 4 8 0 0 ( K A 2 C ) 

Ha CTopoHi 2 2 0 K B o6paHO BUMUKan T u n y B B E - 2 2 0 E - 3 1 , 5 / 2 0 0 0 Y 1 . 

TadnuuH 2.14 - Bu6ip euMUKanie Ha Hanpy3i 10 KB 

YMOBa B n 6 o p y Po3paxyHKOBi 3HaneH- K a T a n o m r i 3HaneHHi 

2 2 0 ( K B ) 10 ( K B ) 

!p03 < ĤOM 5 0 9 2 , 2 ( A ) 5 6 0 0 ( A ) 

< !npCKB 3 2 , 1 7 2 ( K A ) 63 ( K A ) 

!yg < !CKE 8 3 , 4 4 4 ( K A ) 1 7 0 ( K A ) 

^nT < ^OTK.HOM 3 2 , 1 7 2 ( K A ) 6 4 ( K A ) 

^ar < â.HOM 2 9 , 9 9 4 ( K A ) 3 8 ( K A ) 

3 5 1 , 9 2 ( K A 2 C ) 1 6 3 8 4 ( K A 2 C ) 

H a CTopoHi 2 2 0 K B o6paHO BUMUKan T u n y M r r - 1 0 - 5 6 0 0 - 6 3 y 3 . 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
3 2 

M3M. N° doKyM. flama 
3 2 



Tadjiux^H 2.15 - Bu6ip ceKiiiunozo euMUKaua Ha nanpy3i 10 KB 

YMOBa B n 6 o p y Po3pa xyHKoBi 3HaneH- K a T a j i o m r i 3HaneHHi 

U C < UH 10 ( K B ) 10 ( K B ) 

Ip03 < I H O M 2 5 4 6 , 5 8 ( A ) 3 1 5 0 ( A ) 

InO < InpCKB 3 2 , 1 7 2 ( K A ) 4 5 ( K A ) 

!yg < !CKB 8 3 , 4 4 4 ( K A ) 1 2 0 ( K A ) 

!nT < ^OTK.HOM 3 2 , 1 7 2 ( K A ) 4 5 ( K A ) 

!ar < !a.H0M 2 9 , 9 9 4 ( K A ) 4 5 ( K A ) 

3 5 1 , 9 2 ( K A 2 C ) 8 1 0 0 ( K A 2 C ) 

CeKniHHHH BHMHKan o6paHO THny M r r - 1 0 - 3 1 5 0 - 4 5 y 3 

Ta6jiuii%, 2.16 - Budip niniunozo euMumua Ha nanpy3i 10 KB 

YMOBa B n 6 o p y Po3pa xyHKoBi 3HaneH- K a T a j i o m r i 3HaneHHi 

10 ( K B ) 10 ( K B ) 

!p03 < ! H O M 1 0 1 8 , 6 3 ( A ) 3 1 5 0 ( A ) 

!nO < !npCKB 3 2 , 1 7 2 ( K A ) 4 5 ( K A ) 

!yg < !CKB 8 3 , 4 4 4 ( K A ) 1 2 0 ( K A ) 

^nr < ^ O T K . H O M 3 2 , 1 7 2 ( K A ) 4 5 ( K A ) 

!ar < â.HOM 2 9 , 9 9 4 ( K A ) 4 5 ( K A ) 

3 5 1 , 9 2 ( K A 2 C ) 8 1 0 0 ( K A 2 C ) 

1 BHMHKctH o6paHO THny M r r - 1 0 - 3 1 5 0 - 4 5 y 3 . 

Tadjiuijx 2.17. - Bu6ip po3 'ednyeauie na nanpy3i 220 KB 

Y M o B a B n 6 o p y Po3pa xyHKoBi 3HaneH-

Hffil 

K a T a j i o m r i 3HaneHHi 

2 2 0 ( K B ) 2 2 0 ( K B ) 

!p03 < ĤOM 2 3 1 , 4 7 ( A ) 1 0 0 0 ( A ) 

!yg < ! C K B 7 , 9 2 2 ( K A ) 1 0 0 ( K A ) 

B P 3 . 6 . 1 4 1 
/lucm 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
33 

M3M. /lucm N° doKyM. nodnucb flama 1 
33 



1,029 ( K A 2 C ) 4 8 0 0 ( K A 2 C ) 

O 6 p a H o p o 3 ' e g H y B a n T u n y P H ^ 3 . 1 - 2 2 0 / 1 0 0 0 y i . 

Tadjiux^H 2.18 - BucoKoeojbmni ejeKmpuuni anapamu 

T u n BucoKoBoubTHux eueKTpHHHHx anapaT iB 

N n C B H M . 220 K B B H M . i 0 K B 
CeKU,. BHM. 

i0 K B 

JJiH. BHM 

i0 K B 

Po3'egH. 

220 K B 

1 

B B B - 2 2 0 B -
3 1 , 5 / 2 0 0 0 

y i 

M r r - 1 0 -
4 0 0 0 - 4 5 y 3 

B B E - 1 0 -
3 1 , 5 - 2 0 0 0 -

B B E - 1 0 -
3 1 , 5 - 2 0 0 0 -

P H £ 3 . i -
2 2 0 / 1 0 0 0 

y i 

2 

B B B - 2 2 0 B -
3 1 , 5 / 2 0 0 0 
y i 

M r r - 1 0 -
5 6 0 0 - 6 3 y 3 

M r r - 1 0 -
3 1 5 0 - 4 5 y 3 

M r r - 1 0 -
3 1 5 0 - 4 5 y 3 

P H £ 3 . i -
2 2 0 / 1 0 0 0 
y i 

3 

B B B - 2 2 0 B -
3 1 , 5 / 2 0 0 0 
y i 

M r r - 1 0 -
4 0 0 0 - 4 5 y 3 

B B E - 1 0 -
3 1 , 5 - 2 0 0 0 -

B B E - 1 0 -
3 1 , 5 - 2 0 0 0 -

P H £ 3 . i -
2 2 0 / 1 0 0 0 
y i 

4 

B B B - 2 2 0 B -
3 1 , 5 / 2 0 0 0 
y i 

M r r - 1 0 -
5 6 0 0 - 6 3 y 3 

M r r - 1 0 -
3 1 5 0 - 4 5 y 3 

M r r - 1 0 -
3 1 5 0 - 4 5 y 3 

P H £ 3 . i -
2 2 0 / 1 0 0 0 
y i 

5 

B B B - 2 2 0 B -
3 1 , 5 / 2 0 0 0 

y i 

M r r - 1 0 -
5 6 0 0 - 6 3 y 3 

M r r - 1 0 -
3 1 5 0 - 4 5 y 3 

M r r - 1 0 -
3 1 5 0 - 4 5 y 3 

P H £ 3 . i -
2 2 0 / 1 0 0 0 

y i 

2 . 4 B i m i p mHH p o 3 n o g i j i b H H x n p n c T p o i B 

OmHHoBKa B P n 2 2 0 K B 3 a c T o c o B y o T b rayHKi I H H H H , aKi B H K o H y o T b c a cTa-

.jieajnoMiHieBHMH npoBogaMH. B u 6 u p a o T b c a ni I H H H H 3a HacTynHHMH yMoBaMH: 

EKoHoMinHa iniubHicTb cTpyMy g e y e — eKoHoMinHa iniubHicTb 

cTpyMy; y e _ 1.1 , g u a He i3o jboBaHHx auiOMiHieBHx n p o B o g i B 

/HOPM 146,96 
<7p 133,6 ( M M 2 ) 

U 1 , 1 

3 a y M o B o o B u 6 u p a e M o n p o B i g A C - 2 4 0 / 3 2 . 
n e p e B i p K a 3a gonycTHMHM cTpyMoM 1 4 6 , 9 6 < 6 0 5 A yMoBa BmcoHyeTbca. 

B P 3 . 6 . i 4 i . 2 7 5 3 
3 4 

M3M. N° doKyM. flama 
3 4 



n e p e B i p K a Ha T e p M W H y CTinKicTb n p u K 3 : 

— ^po3pax 

J B K _ 3 K A - C 2 
Qmin = ,ge C = 9 1 • 1 0 - — – 

L MM 2 

J B K V 1 , 1 2 8 2 

<7min = — = 9 1 . 1 0 _ 3 = 1 1 , 6 7 1 ( M M 2 ) 

n e p e B i p K a rayHKHx I H H H Ha e j i eKTpogHHaMWHy CTinKicTb n p u K 3 He npoBO-

gHMO, TaK aK BHKOHyeTbca yMOBa: / B H = 3 , 6 4 4 < 2 0 KA 

O 6 u p a e M O g j i a BCTaHOBjieHHa n p o B i g A C - 2 4 0 / 3 2 , g e gonyCTHMHH CTpyM 

CTaHOBHTb 6 0 5 ( A ) . 7 G O R I = 6 0 5 A. 

,H,.j[a 3aKpnTHx P n 10 K B BHKopnCTOByMTbCa KopCTKi I H H H H . B u 6 i p n e p e -

THHy BHKOHyeTbCa 3a gonyCTHMHM CTpyMOM. BepeMO I H H H H K o p o 6 n a C T o r o n e p e -

p i3y anMMiHieBi 2 x 1 2 5 x 5 5 x 6 , 5 ( M M ) , n e p e p i 3 ( 2 x 1 3 7 0 ) ( M M 2 ) W y 0 _ y 0 = 

1 0 0 ( C M 3 ) , W Y _ Y = 9 ,5 ( C M 3 ) , / A o n = 4 6 4 0 ( A ) 

3HaxogHMO npunyCTHMHH CTpyM 3 ypaxyBaHHaM nonpaBKH Ha TeMnepaTypy 

HaBKOjnmHboro CepegoBHina : 

^ 0

 _ ^ 0 70 - ( - 1 0 ) 
>gon = ' gon " - „ ° * = 4 6 4 0

 7 0 - 2 0 = 5 8 6 9 , 1 9 ( A ) 

T B e p g i mHHH noBHHHi 6yTH nepeBipeHi Ha g u H a M W H i g i i CTpyMiB K 3 i Ha 

MOKHHBiCTb BHHHKHeHHa pe3OHaHCHHx aBHiu,. 3a3HaneHi aBHina He BHHHKaMTb npH 

K 3 , aKino B j a C H a naCTOTa KOJiHBaHb mHHH MeHme 3 0 i 6 i j ibme 2 0 0 1" . ^aCTOTa 

BjiaCHHx KOJHBaHb g j i a amoMni ieBHx H H H BroHanaeTbCa 3a opMy o : 

173.2 J 173.2 625 
/o = —7T- = — T 2 — N , 0 „ „ n 2 = 206,5 , > 200 7 0 / 2 q 2 2

 A 2 • 13,7 • 10_ 2 

Y M O B O M MexaHinHoi MinHOCTi H H H e 

g e 0 p a c H - po3paxyHKOBHH MexaHinHHH HanpaMOK y MaTepiani H H H , M n A , 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
3 5 

M3M. N° doKyM. flama 
3 5 



= 7 5 M n A - gonycTHMa M e x a H W H a H a n p y r a B MaTepiai i i I H H H gj in 

ajnoMnriio MapKH ,Zm,3T. 

Bn3HaHHMO po3paxyHKOBy MexaHinHy H a n p y r y 3a (j)opMyjioio : 

(63,459 • 1 0 3 ) 2 • 2 2 

^pacH V33 • 1 0 - 8 
i 2 l 2 

y 3-10 8 

g e a = 0,5 M - BigcTaHb MiK a3aMH. 

5,58 Mna < 75 Mna 

Bn3HaHHMo CHJiy B3aeMogii ' MiK mBej i epaMu: 

100 0,5 5,58 Mna 

/ n = 0 . 5 - - ^ - 1 0 - 7 0.5 
(63,459 1 0 3 ) 2 

1 0 - 7 = 1610,8 H / M 

0,125 

AHauoriHHHH p o 3 p a x y H o K n p o B e g e M o gjin K O K H O I ' n igcTaHni i . 3 p o 6 u M o B H -

C H O B O K , mo o 6 p a H a omHHoBKa g u n n igcTaHni i i 3agoBoj ibHne BHMoraM. 

Tadjiuijx 2.19 - Po3paxoeani dani eudopy ouiunoeicu 

J N ° n c <7p ( M M 2 ) 

( M M 2 ) M n A 
/ N H / M 

1 1 3 3 , 6 1 1 , 6 7 5 ,58 1 6 1 0 , 8 

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

3 1 3 3 , 6 1 1 , 8 9 5 , 6 4 4 1 6 2 9 , 4 

4 2 1 0 , 4 2 12 ,53 1 1 , 0 8 3 1 9 8 , 9 

5 2 1 0 , 4 2 1 4 , 2 1 1 2 , 1 8 3 5 1 5 , 8 

2 . 5 B i m i p e j i eKTpoBHMip iOBaj ibHHx T p a H c o p M a T o p i B CTpyMy T a H a n p y r n 

,H,jin BBiMKHeHHn ejieKTpoBHMipiOBajibHHx n p u j i a g i B i n p u c T p o i B p e u e i i H o r o 

3 a x n c T y H e o 6 x i g H a ycTaHoBKa TpaHc opMaTopiB cTpyMy i H a n p y r u . 

y K o i i C H J I O B O T O TpaHc o p M a T o p a 3 6 o K y H H K H O I HanpyrH BcTaHoBjnoeTbcn 

aMnepMeTp, BojibTMeTp, BapMeTp, jiiHHjibHHKH aKTHBHoi i peaKTHBHoi eHepr i i , Ha 

m u H a x 2 2 0 K B - BojibTMeTp i3 nepeMHKaneM g i n BHMipy T p t o x M i K a3HHx Hanpyr , 

Ha ceKniiffloMy BHMmcani 10 K B - aMnepMeTp, Ha jiiHinx, m o B i g x o g n T b , 10 K B -

aMnepMeTp, jiiHHjibHHKH aKTHBHoi i peaKTHBHoi eHepr i i i . P o 3 p a x y H o K BTopuHHoro 

HaBaHTaKeHHn TpaHc o p M a T o p a cTpyMy HaBegeHHii y TaGmini 2 . 2 0 . 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
3 6 

M3M. N° doKyM. flama 
3 6 



Ta6jiuxx%, 2.20 - Bmopunne naeanmajfceHHX mpaHc opMamopie cmpyjviy 

npujjag Tun Kjjac 

HaBarcraKceHHa 

no a3ax npujjag Tun Kjjac 

A B C 

AMnepMeTp 3-335 1 0.5 0.5 0.5 

BaTMeTp £ 3 5 0 1.5 0.5 - 0.5 

BapMeTp A345 1.5 0.5 - 0.5 

JiHHjbHHK aKTHBHo'i eHeprii CA3 1 2.5 - 2.5 

JiHHjbHHK peaKTHBHo'i eHepri'i CP4 1.5 2.5 - 2.5 

CyMapHe HaBaHTaKeHHa cTpyMy B 

Kojji cujoBoro Tp-pa 3 6oKy HH 
6.5 0.5 6.5 

CyMapHe HaBaHTaKeHHa cTpyMy B 

Kojji ceKu,. BuMHKan Ha HH 
0.5 0.5 0.5 

CyMapHe HaBaHTaKeHHa cTpyMy B 

Kojji cujoBoro Tp-pa Ha 6oui B H 
0.5 0.5 0.5 

CyMapHe HaBaHTaKeHHa cTpyMy B 

Kojji BigxigHoi jjiHii 
0.5 0.5 0.5 

Ta6nuixn 2.21 - Bu6ip mpaHc opMamopa cmpyuy y Koii cunoeoso mpaHc opMa-

mopa Ha 6oiji euiuoi nanpysu 

yMoBa 

BH6opy 

Po3paxyHKoBi 

3HaneHHa 

KaTajoKHi 

3HaneHHa 

220 K B 220 K B 

Ip03 < IHOM 146,96 (A) 300 A 

lyfl < I C K B 8,951 ( K A ) -

B K < l T f r 1,314 ( K A 2 C ) 288,12 ( K A 2 C ) 

• ^ H < -ZH.HOM 0,82 ( O M ) i ,2 O M 

O 6 p a H o TpaHc opMaTop cTpyMy T u n y T M 2 2 0 B - I I I . 

£ j a nepeBipKH 3a B T O P H H H H M HaBaHTaKeHHaM BH3HanaeMo o n i p n p u j a g i B 

S 0 5 
7 0 , 0 2 ( O M ) 

I 2 5 2 

T o g i o n i p cnojryHHHx n p o B o g i B M o K e 6yTH He 6 i u b m e , HiK po3paxoBaHHH 3a 

o p M y u o : 

7 _ 7 — 7 — 7 • 

£ e Z H 0 M - HoMiHajbHHH o n i p HaBaHTaKeHHa, O M ; 

B P 3 . 6 . i 4 i . 2 7 5 3 
3 7 

M3M. N° doKyM. flama 
3 7 



Z N P H J 1 - o n i p n p u j a g i B , O M ; 

Z K - o n i p KoHTaKTiB, O M ; 

Z N P _ 1,2 — 0 , 0 2 — 0 ,1 _ 1 ,08 ( O M ) 

n e p e T H H cnojryHHHx n p o B o g i B 3a yMoBaMH M e x a m n H o i MinHocr i noBHHeH 

6yTH He MeHine, HiK 4 ( M M 2 ) g u a ajnoMiHieBHx K H J . 

n e p e T H H K H J n p u goBKHHi Ka6e.ua l=100 M 

_ P 
I 

ffe p - nHToMHH o n i p a n o M i H i o 0 , 0 2 8 3 

S - nepeTHH K C H U ( M M 2 ) , 

O M - M 

MM 

0 , 0 2 8 3 - 1 0 0 

4 
0 ,7 ( O M ) 

3ara !bHHH o n i p c T p y M o B o r o Koua : 

_ ^npHii + + ^ n p _ 0 , 0 2 + 0 ,1 + 0 ,7 _ 0 , 8 2 ( O M ) 

I H p MeHine, HiK i , 2 O M , npunycTHMHx n p u p o 6 o T i TpaHc o p M a T o p a B Knac i 

T O H H O C T 0 , 5 . 

T p a H c opMaTop cTpyMy T 0 3 M 2 2 0 B - I I I B i g n o B i g a e yMoBaM B u 6 o p y 

Ta6jiuiiH 2.22 - Bu6ip mpaHc opMamopa cmpyMy e Koii cunoeoso mpaHc opMa-

mopa Ha 6oiji nu^uoi nanpysu 

yMoBa 
BH6opy 

Po3paxyHKoBi 
3HaneHHa 

KaTajjoKCHi 
3HaneHHa 

i0 K B i 0 K B 

Ip03 < IH0M 3233,2 (A) 4000 

I y g < ICKB 64,907 ( K A ) -

B K < I T t r 93,94 ( K A 2 C ) 3675 ( K A 2 C ) 

•^H < ^ .HOM 0,64 1,2 

O 6 p a H o TpaHc opMaTop cTpyMy T u n y T I I I J I 1 0 - y 3 . 

£ j a nepeBipKH 3a B T O P H H H H M HaBaHTaKeHHaM BH3HanaeMo o n i p n p u j a g i B 

7 
•^npHii 

0 , 2 6 ( O M ) 
I 2 5 2 

T o g i o n i p cnouyHHux n p o B o g i B M o K e 6yTH He 6i j jb ine , HiK po3paxoBaHHH 3a 

flucm 

B P 3 . 6 . i 4 i . 2 7 5 3 
3 8 

M3M. flucm N° doKyM. nodnucb lama 
3 8 
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7 = 7 — 7 — 7 • 
^np ^ H O M ^npnii ^K> 

A e Z H 0 M - HoMiHarnbHHH o n i p HaBaHTaKeHHn, O M ; 

Z N P H J 1 - o n i p n p u i a g i B , O M ; 

Z K - o n i p KoHTaKTiB, O M ; 

Z N P = 1,2 - 0 , 2 6 - 0 ,1 = 0 , 8 4 ( O M ) 

n e p e T H H cnornyHHHx n p o B o g i B 3a yMoBaMH MexamHHoi MinHocTi noBHHeH 

6yTH He MeHime, HiK 4 ( M M 2 ) g i n ainoMiHieBHx K H J I . 

n e p e T H H K H I n p u goBKHHi KaGejin l=40 M 

_ I 
•Znp = 

ffe p - nHToMHH o n i p a i O M i H i o 0 , 0 2 8 3 

S - nepeTHH K H J I ( M M 2 ) , 

0 , 0 2 8 3 - 4 0 

O M - M 

MM 

•Znp 4 
0 , 2 8 ( O M ) 

3ararnbHHH o n i p c i p y M o B o r o K o i a : 

= ^ n p H i + + ^np = 0 , 6 2 + 0 ,1 + 0 , 2 8 = 0 , 6 4 ( O M ) 

I I ] o MeHime, HiK 1,2 O M , npunycTHMux n p u p o G o T TpaHc o p M a T o p a B Kjiaci 

T O H H O C T 0 , 5 . 

T p a H c opMaTop cTpyMy T I H J I 1 0 - y 3 B i g n o B i g a e yMoBaM BuGopy . 

Tadjiux^H 2.23 - Budip mpanc opMamopa cmpyMy na jinii, -o eidxodumb 

yMoBa 

BuGopy 

Po3paxyHKoBi 

3HaneHHn 

KaTaioKHi 

3HaneHHn 

10 K B 10 K B 

Jp03 < ! H O M 646,63 (A) 1000 

!yg < ! C K B 64,907 ( K A ) -

B K < 1 | 93,94 ( K A 2 C ) 4800 ( K A 2 C ) 

0,4 0,4 

O 6 p a H 0 TpaHc opMaTop CTpyMy Ha jrimi Tuny TJ I10 - I . 

A m nepeBipKH 3a B T O P H H H H M HaBaHTaKeHHnM BH3HanaeMo o n i p n p u j i a g i B 

S 0 5 
7 
•^npnii i 2 52 0,02 ( O M ) 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
3 9 

M3M. N° doKyM. flama 
3 9 



T o g i o n i p cnonyHHHx n p o B o g i B M O * e 6yTH He 6 i j i bme , HiK po3paxoBaHHH 3a 

opMy o : 

7 = 7 - 7 - 7 • 

A e Z H o M - HOMiHanbHHH o n i p HaBaHTaKeHHa, O M ; 

Z n p H J 1 - o n i p n p u j i a g i B , O M ; 

Z K - o n i p KOHTaKTiB, O M ; 

Z n p = 0,4 - 0,02 - 0,1 = 0,28 ( O M ) 

n e p e T H H CnojryHHHx n p o B o g i B 3a yMOBaMH MexaHiHHoi MinHOCTi noBHHeH 

6 y r a He MeHme, HiK 4 ( M M 2 ) g j i a ajiiOMiHieBHx K H J . 

n e p e T H H n p u goBKHHi K a 6 e j a l=40 M 

= P 
I 

ffe p — nHTOMHH o n i p a j O M i H i o 0,0283 
O M - M 

MM 

S - nepeTHH K H J ( M M 2 ) , 

0,0283 -40 
4" 

0 , 2 8 ( O M ) 

3aranbHHH o n i p CTpyMOBoro Koua : 

= ^ n p ™ + + ^ n p = 0 , 0 2 + 0 , 1 + 0 , 2 8 = 0 ,4 ( O M ) 

I I J o MeHme, H K 0 ,4 O M , npunycTHMHx n p u p o 6 o T i TpaHc o p M a T o p a B Kjmci 

TOHHOCTi 0 , 5 . 

T p a H c opMaTop CTpyMy T J I 1 0 - I B i g n o B i g a e yMOBaM B u 6 o p y . 

O 6 u p a e M O TpaHc opMaTopH HanpyrH 3a 3agaHHMH 3HaneHHaMH HanpyrH Ta 

3a n o T y K H i c T O . H a 6 o n i BHCOKoi HanpyrH ( 2 2 0 K B ) o6upaeMO TpaHc opMaTopH 

H K O - 2 2 0 - 5 8 Y 1 , Ha 6 o n i 10 K B - 3 H O J I - 0 6 - 1 0 Y 3 . 

Tadmun 2.24 — TpanctpopMamopu nanpyzu 

Tun 

HoMmaubHa Hanpyra OGMOTOK 
HoMiHajbHa noTyKHicTb, 

B-A, B Kjjaci TOHHOCTi MaKCHMajjbHa 

OCHOBHOi nOTyKHiCTb, 
nepBHH- AogaTKo-

nOTyKHiCTb, 
nepBHH-

BTOpHH-
AogaTKo-

0,2 0,5 1 3 B - A 
Hoi, B 

BTOpHH-
Boi, B 

0,2 0,5 
Hoi, B 

Hoi, B 
Boi, B 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
4 0 

M3M. N° doKyM. flama 
4 0 



Ta6nuijH 2.24 - npodoeotcennn 

HKO-

220-58Yi 
220000/V3 i00/V3 100 - 400 600 1200 2000 

Tun 

HoMiHajbHa Hanpyra o6MoToK 
HoMiHajbHa noTyKHicTb, 

B-A, B Kjjaci TonHocTi MaKcHMajjbHa 

noTyKHicTb, 

B - A 

Tun 
nepBHHHoi, 

B 

OcHoBHoi 

BTopuHHoi, B 

^ o g a T K o B o i , 

B 
0,2 0,5 1 3 

MaKcHMajjbHa 

noTyKHicTb, 

B - A 

3HOJI -

06- i0Y3 
i0000/V3 i00/V3 

i00/3 HJJH 

100 
50 75 150 300 630 

2 . 6 B i m i p T p a H C ( | ) o p M a T o p i B B j i a c H H x n o T p e 6 

C n o K H B a n a M H B u a c H u x n o T p e 6 e o n e p a T H B H i K o u a , e j e K T p o g B H r y H H , C H C -

TeMH o x o j o g K e H H a C H J T O B H X T p a H c o p M a T o p i B , o c B r r a e H H a i e j j e K T p o o n a j j e H H a 

n p H M i i n e H b , e j e K T p o n i g i r p i B a H H a K o M y T a n i i i H o i a n a p a T y p u i T . g . 

C y M a p H a p o 3 p a x y H K o B a n o T y K H i c T b B j a c H H x n o T p e 6 B H 3 H a n a e T b c a 3 y p a x y -

B a H H a M K o e i n i e H T i B n o n H T y . P o 3 p a x y H o K n o T y K H o c T i n p u H M a n i B B u a c H u x n o T -

p e 6 HaBegeHHH y T a 6 j u n i 2 . 2 7 . 

Ta6nuijH 2.27 - PospaxynoK nomyjicnocmi npuuMana enacnux nompe6 

B u g u cnoKHBaniB 

BcTaHoBjeHa no-

TyKHicTb 
cos tgq> 

HaBaHTaKeHHa 

B u g u cnoKHBaniB ogHHHni, 

K B T * K -

cTb 

Bcboro, 

K B T 
P B C T , K B T 

QBCT, 

KBap 

OxojjogKeHHa T P ^ H -

40000/220 
3*2 6 0,88 0,54 6 3,24 

nigirpiB BHMHKaniB Ha Ha-

npy3i 220 K B 
3,6*2 7,2 1 0 7,2 -

nigirpiB K P n 1*6 6 1 0 6 -

OnajeHHa i ocBiTjeHHa O n y - 80 1 0 80 -

OcBiTjeHHa, BeHTHjania 3 P n - 7 0,95 0,33 7 2,31 

OcBiTjeHHa B P n - 5 0,93 0,4 5 2 

Bcbro 111,2 7,55 

flucm 

B P 3 . 6 . i 4 i . 2 7 5 3 
4 1 

M3M. flucm N° doKyM. nodnucb flama 
4 1 



H a n i g c T a H n i i n e p e g G a n a e T b c n y c T a H o B K a g B o x T p a H c o p M a T o p i B B j i a c H H x 

n o T p e G . H o M i H a r n b H a n o T y K H i c T b B u G u p a e T b c n 3 y M o B H 

^ T B n = -Sp03/^nep 

A e 5" T B n - n o T y K H i c T b T p a H c o p M a T o p a B j i a c H H x n o T p e G , K B A 

5 p 0 3 - n o T y K H i c T b c n o K H B a n i B B j i a c H H x n o T p e G , K B A . 

S p 0 3 = fcc - J P 2

C T + Q ĉT = 0,8 - V H 1 , 2 2 + 7,55 2 = 89,15 KBA 

89,15 
Sren ^ " ^ = 63,68 KBA 

B e p e M o noTyKHicTb TpaHc opMaTopiB BjiacHHx noTpeG T a K o o , m o g o p i B H o e 

63 K B A . A i n KHBieHHn B i a c H u x noTpeG GepeMo g B a TpaHc opMaTopH T M - 6 3 / 3 5 . 

n p o B e g e M o p o 3 p a x y H o K Ta BuGepeMo TpaHc opMaTop Bj iacHux noTpeG g i n 

n igcTaHni i g e BcTaHoBieHHH C H J I O B H H TpaHc opMaTop T P A U H - 6 3 0 0 0 / 2 2 0 . 

Ta6mijH 2.28 - Po3paxynoK nomyotcnocmi npuuMana ejiacnux nomped 

B u g u cnoKHBaniB 

BcTaHoBieHa no­

TyKHicTb 
cos tg<P 

HaBaHTaKeHHn 

B u g u cnoKHBaniB oguHuni, 

K B T * K -

cTb 

Bcboro, 

KBT 
P B C T , K B T 

QBCT, 

KBap 

OxojiogKeHHn TPATTH-

63000/220 
29,6*2 59,2 0,85 0,62 59,2 36,7 

nigirpiB BHMHKaniB Ha Ha-

npy3i 220 K B 
3,6*2 7,2 1 0 7,2 -

Ta6jiuxx%, 2.28 - IlpodoecHcenntt. 

nigirpiB K P n 1*6 6 1 0 6 -

OnaieHHn i ocBrrjieHHn O n y - 90 1 0 85 -

OcBiTieHHn, BeHTHinnin 3 P n - 7 0,95 0,33 7 2,31 

OcBiTieHHn B P n - 5 0,93 0,4 5 2 

Bcbro 169,4 41,01 

H a n igcTaHni i n e p e g G a n a e T b c n y c i a H o B K a g B o x TpaHc opMaTopiB BjiacHHx 

n o T p e G . H o M i H a i b H a n o T y K H i c T b B u G u p a e T b c n 3 y M o B H 

^ T B n = ^ p o 3 / ^ n e p 

B P 3 . 6 . 1 4 1 . 2 7 5 n 3 
4 2 

M3M. N° doKyM. flama 
4 2 



A e ^ T B n - noTyKHicTb TpaHc o p M a T o p a Bj iacHnx n o T p e 6 , K B A 

5 p 0 3 - noTyKHicTb c n o K H B a n i B Bj iacHnx n o T p e 6 , K B A . 

Spos = k c J P 2 C T + Qycr = 0,8 V 1 6 9 4 2 + 41 ,01 2 = 174,29 K B A 

174,29 
^ T B O ^ = 124,49 K B A 

B e p e M o noTyKHicTb TpaHc opMaTopiB Bj iacHnx n o T p e 6 TaKoro, mo g o p i B -

Hroe 1 6 0 K B A . KHBjieHHH Bj iacHnx n o T p e 6 6 e p e M o g B a TpaHc opMaTopH T M -

1 6 0 / 3 5 . 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
4 3 

M3M. N° doKyM. flama 
4 3 



3 . P o 3 p a x y H O K e j i e K T p o M a r H i T H H x n e p e x i g H u x n p o i j e c i B B e j ieKTpHHHii i Me-

A . 

nc 
T 

nc 
-J3 nf 

nc nc 
T 1 T 

P H C 3 .1 - C x e M a 3 'egHaHb ejeKTpHHHoi M e p e K i 

Ta6jiux^H 3.1 - IlapaMempu npoeodie jiiniu ejeKmponepedan 

AinaHKH Me­
p e K i 

M a p K a n p o B o g a 
^ o B K H H a giuaHKH, 

KM 

A - 1 A C - 2 4 0 / 3 2 3 1 , 7 7 

1-2 A C - 2 4 0 / 3 2 1 8 , 3 6 

2-3 A C - 2 4 0 / 3 2 3 0 , 2 7 

3-4 A C - 2 4 0 / 3 2 2 6 , 2 5 

4 - 5 A C - 2 4 0 / 3 2 1 7 , 4 6 

5 - A A C - 2 4 0 / 3 2 4 8 , 2 7 

—I 

2 

Ta6mijH 3.2 - IlapaMempu cnojfcueauie 

IlapaMemp c n o K . 2- i i c n o K . 3-ii c n o K . 4- i i c n o K . 5-ii c n o K . 

S 4 9 + j 2 6 , 4 5 7 4 + j 3 1 , 5 2 5 1 + j 1 6 , 7 6 6 3 + j 4 3 , 9 7 5 5 + j 3 2 , 6 4 

Ta6juvlH 3.3 - IlapaMempu mpaHc opMamopie 

Tun 
SHOM, 
M B A 

M e K pe-

ryjno-

BaHHa 

KaTajoKHi gaHi Po3paxyHKoBi gaHi 

Tun 
SHOM, 
M B A 

M e K pe-

ryjno-

BaHHa 
UHOM O6MOTOK, KB 

B H H H 

UK, 
% 

APK, 
KBT 

APX, 
KBT 

IX, 
% 

RT, 
OM 

X T , OM 
AQX, 
KBAp 

T P ^ H -

4 0 0 0 0 / 2 2 0 
4 0 ± 8 * i , 5 2 3 0 

1 1 / 1 1 

6 , 6 / 6 , 6 
12 1 7 0 5 0 0 ,9 5,6 1 5 8 , 7 3 6 0 

T P ^ U H -

6 3 0 0 0 / 2 2 0 
63 ± 8 * 1 , 5 2 3 0 

1 1 / 1 1 

6 , 6 / 6 , 6 
12 3 0 0 8 2 0 ,8 3 ,9 1 0 0 , 7 5 0 4 

flucm 

B P 3 . 6 . i 4 i . 2 7 5 3 
4 4 

M3M. flucm N° doKyM. nodnucb flama 
4 4 



ITpHHMaeMo 6a3ucHi yMoBu: 

/ 6 

f/6 = 10 KB 

5 6 = 100 MBA 
5 6 100 

5,77 ( K A ) 
V3 - f/6 V3 - 10 

Bn3HaHHMo n a p a M e T p n c x e M u 3aMiineHHi jiiHiii Ta TpaHc opMaTopiB Ta p o -

3 p a x y e M o cTpyMn KopoTKoro 3aMHKaHffii. 
220 
KB 

ZAI 

ZA5 
Z12 

Z45 Z34 Z23 

ZT5 

. 

ZT4 ZT3 ZT2 

P u c 3 .2 - C x e M a 3aMiineHHi 

3 H a n g e M o o n o p u jiiHiii: 

x 0 - / - 5 6 0 ,4 -31 ,77-100 
242 2 0,022 (OM) 

P o 3 p a x o B a H i o n o p u 3aHeceMo B TaGjiunro 6 .4 

Tadjiuijx 3.4 - Onopu jiiniu 

3 H a x o g u M o o n o p u TpaHc opMaTopiB: 

12 - 100 
= = 0,15 (OM) 2 - 1 0 0 - S H 2 - 1 0 0 - 4 0 

ZTI 
_ - e 

^ L J M H K H Me­

p e K i 
^ o B K H H a g i j M H K H , KM 

O n o p u jiiHiii, 

O M 

A - 1 3 1 , 7 7 0 , 0 2 2 

1-2 1 8 , 3 6 0 , 0 1 3 

2-3 3 0 , 2 7 0 , 0 2 1 

3-4 2 6 , 2 5 0 , 0 1 8 

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

5 - A 4 8 , 2 7 0 , 0 3 3 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
4 5 

M3M. N° doKyM. flama 
4 5 

1 

2 
4 



f/K - 5 6 _ 12 - 100 _ 

2 - 1 0 0 - S h 2 - 1 0 0 - 6 3 

X T 1 _ X T 3 _ 0,15 (OM) 

X T 2 _ X T 4 _ X T 5 _ 0,095 (OM) 

P o 3 p a x y e M o o n i p g K e p e j a : 

0,095 (OM) 

x * ( 6 ) t 
100 

2300 
0,043 

E P C g K e p e j a : 

E*(5)GS 
^cep.HOM _ 230 _ 

_ 230 _ 1 

^cep.HOM.I 

3 H a i g e M o eKBiBajeHTHHi o n i p j i H i i : 

O n i p j i H i i Ha g i j a H n i 5 - A 

^ - * 5 7 0,033 - 0,095 
0,024 

X 5 i 4 + X 5 T 0,033 + 0,095 

X 2 _ X 4 5 + X 1 _ 0,012 + 0,024 _ 0,036 

O n i p j i H i i Ha g i j a H n i 4 - 5 

^ 2 - ^ T 4 
* 3 

0,036 - 0,095 

^ 2 + ^ T 4 

O n i p j i H i i Ha g i j a H n i 3-4 

^ 4 - ^ T 3 

0,026 
0,036 + 0,095 

0,018 + 0,026 _ 0,044 

* 5 
0,044 - 0,15 

^ 4 + ^ 7 3 

O n i p j i H i i Ha g i j a H n i 2-3 

X 7 

0,034 
0,044 + 0,15 

0,034 + 0,021 _ 0,055 

0,055 - 0,095 
0,035 

X 6 + X T 2 0,055 + 0,095 

X 8 _ X 1 2 + X 7 _ 0,013 + 0,035 _ 0,048 

O n i p j i H i i Ha g i j a H n i i - 2 

X 8 - X T 1 0,048 - 0,15 
* 9 X 8 + X T 1 0,048 + 0,15 0,036 

3HaxogHMo eKBiBajeHTHHi o n i p : 

_ X,, + ^ 9 _ 0 , 0 2 2 + 0 , 0 3 6 _ 0 , 0 5 8 

B P 3 . 6 . i 4 i . 2 7 5 3 
flucm 

B P 3 . 6 . i 4 i . 2 7 5 3 
4 6 

flucm N° doKyM. nodnucb flama 

B P 3 . 6 . i 4 i . 2 7 5 3 
4 6 



Pe3yjiBTyK>HHH o n i p g o T O H K H KT 

* * ( 6 ) p e a = + * * ( 6 ) t = 0,058 + 0,043 = 0,102 

nonaTKOBe 3HaneHHa n e p i o g u H H o i C K i a g o B o i B T O H L U KT 

E*(6)GS ' I& 1 5,77 

W = o , i = f = "7 0Ti 0 2~ = 5 6 714 ( K A ) 
A * ( 6 ) p e a 0 , 1 0 2 

n o T y m r i c T b K 3 y T O H L U K X 

5 * i = = TTHrT = 9 8 2 , 3 1 ( M B A ) 
A * ( 6 ) p e a 0 , 1 0 2 

YgapHHH CTpyM K 3 ( n p u t=0,01 c, 7 a ~ 0,05 c) 

I y t = V22 fcy Iru=(u = V2 1,8 56,714 = 144,369 ( K A ) 

A i i o n e 3HaneHHa y g a p H o r o CTpyMy K 3 

I y t = 1,52 Iru=(u = 1,52 56,714 = 86,21 ( K A ) 

4 . P o 3 p a x y H O K p e j i e i m o r o 3 a x n c T y 

PeieHHHH 3 a x u c T ( P 3 ) 3gincHK>e 6 e 3 n e p e p B H u n K o H T p o i b 3a CTaHoM y c i x 

ejieMeffriB eiieKTpoeHepreTHHHoi cucTeMH i p e a r y e Ha BHHHKHeHHa HecnpaBHocTen 

Ta HeHopMaibHux p e ^ H M i B . y pa3 i BHHHKHeHHa n o m K o g ^ e H b , P 3 noBHHeH B H -

aBHTH n o m K o g ^ e H y g i i a H K y i BigoKpeMHTH ii B ig e i eKTpuHHoi M e p e ^ i , n u i a x o M 

B n i H B y Ha nepBHHHe KoMyTaninHe oGuagHaHHa, n p r o H a n e H o r o g i a po3MHKaHHa 

CTpyMiB a B a p i n H o r o p e m i M y . 3 a BHHHKHeHHa 36oiB e H e p r o M e p e ^ i , p e i e n H u n 3a-

X H C T , noBHHeH B u a B i a T H ix i, 3ajie>KHo B ig x a p a K T e p y n o p y m e H H a , a 6 o BHMUKaTH 

o 6 i a g H a H H a , aKino BUHUKia He6e3neKa n o r o noniKog>KeHHa, a 6 o n p o B o g u r a aBTo-

MaTHHHi o n e p a n i i , noTpi6Hi g i a B igHoBieHHa H o p M a i b H o r o CTaHy ( H a n p u K i a g , 

yBiMKHeHHa n i c i a a B a p i n H o r o BHMKHeHHa, 3 Hagiero Ha caMoycyHeHHa a B a p i i H H 

n ig ' egHaHHa p e 3 e p B H o r o jKHBieHHa), a 6 o 3gincHK>BaTH CHrHaiii3aniK) onepaTHB-

H H M npaniBHHKaM, aKi noBHHHi BKHBaTH 3 a x o g u g i a B u n p a B i e H H a H e n o i a g o K . 

P e i e n H u n 3 a x u c T , e O C H O B H H M BugoM e ieKTpuHHoi aBToMaTHKH, 6e3 a K o i He-

M o K i H B a H o p M a i b H a p o 6 o T a eHeprocucTeM. 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
4 7 

M3M. N° doKyM. flama 
4 7 



A n a 3 a x u c T y C H J O B H X T p a H c o p M a T o p i B , B H K o p u c T O B y i O T b c a g H e p e H ^ Hi 

p e j e H H i c x e M H . y g H e p e H n i H H O M y 3 a x u c T ( A 3 ) T p a H c o p M a T o p i B , B H 3 H a n a -

O T b c a c T p y M H 3 6 o K y B u c o K o i H H H 3 b K o i H a n p y r u , y T O H H M e T b c a i x p i 3 H H n a T a 3 a -

c T o c o B y e T b c a n e p m u n 3aKOH K i p x r o a . 

A H e p e H n i H H H H 3 a x u c T 3 a 3 B H H a n , n p r o H a n e H O g j i a 3 a x u c T y B i g M i K a 3 H H x 

3 a M H K a H b B o 6 M O T K a x T p a H c o p M a T o p a T a H a i x B H B o g a x , B i g 3aMHKaHb M i K B H T -

KaMH o g H i e i a 3 H , a T a K O K , B i g 3 a M H K a H b H a K o p n y c T p a H c o p M a T o p a . 

10,5 KB 

K1 

Puc 4.1 - noncmoeajhHa cxeMa i cxeMa 3aMiu\ennH 

Ta6jiux^H 4.1 - Buxidni dani dim po3paxynKy pejieunozo 3axucmy 

Tun 
SHOM, 
M B A 

M e K pe-

ryjno-

BaHHa 

KaTajOKHi gaHi Po3paxyHKOBi gaHi 

Tun 
SHOM, 
M B A 

M e K pe-

ryjno-

BaHHa 
UHOM O6MOTOK, KB 

B H H H 

UK, 
% 

APK, 
KBT 

APX, 
KBT 

IX, 
% 

RT, 
OM 

X T , OM 
AQX, 
KBAp 

T P A H -

4 0 0 0 0 / 2 2 0 
4 0 ± 8 * i , 5 2 3 0 

1 1 / 1 1 

6 , 6 / 6 , 6 
12 1 7 0 5 0 0 ,9 5,6 1 5 8 , 7 3 6 0 

T P A U H -

6 3 0 0 0 / 2 2 0 
63 ± 8 * 1 , 5 2 3 0 

1 1 / 1 1 

6 , 6 / 6 , 6 
12 3 0 0 8 2 0 ,8 3 ,9 1 0 0 , 7 5 0 4 

npuHMeMO, m o TpaHc opMaTop KHBHTbca Big eHeprocucTeMH 3 napaMeTpaMH: 

flucm 

B P 3 . 6 . i 4 i . 2 7 5 3 
4 8 

M3M. flucm N° doKyM. nodnucb lama 
4 8 



Xc.MaKc = 12 (OM) 

X C M H H = 18 (OM) 

Po3paxyeMO o n i p TpaHC(j)opMaTopa: 

^ ^ • ^ H o M B 12 • (230 • 1 0 3 ) 2 

^ = 1 0 0 ^ = i c e - 4 0 . 1 0 ' = 1 5 8 , 7 ( O M ) 

X T C = X T H = 158,7 • 1,75 = 277,73 (OM) 
X T B = 158,7 • 0,125 = 19,84 (OM) 

ITpH p o 3 p a x y H K a x CTpyMiB K 3 3 a x n c T y TpaHc opMaTopiB 3 P n H noTp i -

6 H O BpaxyBaTH 3MiHy o n o p y 3a p a x y H o K peryj i iOBaHHi H a n p y r u . ,3,. TpaHc opMa-

T o p a T u n y T P ^ H 4 0 0 0 0 / 2 2 0 M o i d peryj i iOBaHHi CKjiagaiOTb ± 8 * 1,5 % . O T I K C p o -

3 p a x y e M o 3MiHy o n o p y : 

X B . M H H = X B ( 1 - A t / i ) 2 = 19,84 • (1 - 0,12) 2 = 15,36 (OM) 

X H . M H H = X H ( 1 - A t / i ) 2 = 277,73 • (1 - 0,12) 2 = 215,07 (OM) 

XB.MaKc = X B ( 1 + A ^ X ) 2 = 19,84 • (1 + 0,12) 2 = 24,89 (OM) 

XH.MaKc = X H ( 1 + A ^ X ) 2 = 277,73 • (1 + 0,12) 2 = 348,39 (OM) 

CTpyM K 3 Ha m u H a x H H CTaHoBHTt: 

^ ( 3 ) = ^cp.HOM = 2 3 0 " 1 0 3 

K . M a K c = V3 • (Xc.MaKc + X B . M H H + X H . M H H ) = V3(12 + 1 5 , 3 6 + 215,07) 

= 547,75 (A) 

Z ( 2 ) = ^ c p . H O M = 2 3 0 ^ 1 0 3 = 
K . M H H 2 • ( X C . M H H + XB.MaKc+ XH.MaKc) 2(18 + 24,89 + 348,39) ' K J 

P o 3 p a x y e M o nepBHHi Ta BTopHHHi CTpyMH: 

= 5 H O M = 40 • 1 0 6 = 
/ H O M . n e p = VfruZ = v f : 2 3 0 ^ i 0 3 = 1 0 0 , 4 1 ( A ) 

= 5 H O M = 40 • 1 0 6 = 
/ H O M . B T O P = v F " t / B H = V ^ r T r ) 3 = 2 0 9 9 , 5 ( A ) 

3 a po3paxyHKoBHMH gaHHMH CTpyMiB / H O M n e p Ta / H O M L B T O p BH6HpaeMo TpaHC-

opMaTopH CTpyMy: 5 0 0 / 5 Ta g B a 3 0 0 0 / 5 , O C K U I B K H y HaC TpaHc opMaTop 3 p o 3 i n e -

njieHoio O 6 M O T K O K > . 

. ^HOM.nep ̂  ^ c x 1 0 0 , 4 1 ^ V 3 

! i = p = — ^ 7 7 ^ — = 1,74 (A) 
1 n T 500/5 v J 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
4 9 

M3M. N° doKyM. flama 
4 9 



1 
/ - k 2099 5 - 1 

3,49 (A) 
n T 3000/5 

OTpHMaHi gaHi 3aHocHMo g o T a 6 j H n i 7 . 2 : 

Ta6jiux^H 4.2 - Po3paxynoK nepeunnux ma emopunnux cmpyMie cmopin mpa-

Hc opMamopa 

n a p a M e T p u B H 2 3 0 K B H H I I K B 

/ A 
JH0M' 

1 0 0 , 4 1 2 0 9 9 , 5 

5 0 0 / 5 3 0 0 0 / 5 

C x e M a 3 'egHaHHa 

T T 
A Y 

/ A 
JH0M.BT0p' 

1,74 3,49 

n p o B e g e M O po3paxyHOK n o B 3 g o B K H b o r o gH epeHniHHoro cTpyMOBoro 3a -

xHcTy 

CTpyM c n p a n o B a H H a 3 a x u c T y BH3HanaeTbca n o 6 i j b m o M y i3 g B o x 3HaneHb: 

A ) B i g c T p o H K a B ig KHgKa cTpyMy HaMara inyBaHHa: 

IC .3 . _ ^ 0 T C - I H 0 M _ 1,3 - 100,41 _ 130,533 (A) 

B ) B i g c T p o H K a B ig cTpyMy He6ajmHcy: 

IC.3 . _ ^ O O A H ^ + _ 1,3(1 - 0,1 + 0,12) - 547,75 _ 156,66 (4) 

npuHMaeMO I C 3 3 _ 156,66 (A) 

1) n o n e p e g H a n e p e B i p K a Koe inieHTy HyTUHBocTi: 

(2) 
K . M H H ( 2 ) 339,38 

2,16 
I C 3 156,66 

n e p e B i p K a Ha nyraHBicTb p e n e T u n y A 3 T - 1 1 : 

O 6 u p a e M O cTpyM c n p a n o B a H H a 3 a x u c T y : 

a ) B i g c T p o H K a B ig KHgKa cTpyMy HaMara inyBaHHa: 

IC.3 . _ ^ O T C - I H O M _ 1,5 - 100,41 _ 150,62 (A) 

6 ) B i g c T p o H K a B ig cTpyMy He6ajmHcy n p u K 3 Ha mHHax H H : 

IC.3 . _ ^ O O A H ^ + ^ ^ ) / ^ _ 1,5(1 - 0,1 + 0,12) - 547,75 _ 180,76 (4) 

flucm 

B P 3 . 6 . i 4 i . 2 7 5 3 
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CTpyM cnpaniOBaHHa 3 a x u c T y n p u n M a e M o 6 y g e gopiBHMBaTH 3HaneHHM a ) . 

n p u n M a e M o p e i e A 3 T - 1 1 3 y c T a B K o o TopMo3Hoi O 6 M O T K H 3i C T O P O H H H H . 

I c - 3. = 150,62 (A) 

Bu3HaHHMo Koe i^ieHT HyTiHBocTi 3 a x u c T y p e i e n p u K 3 Ha m u H a x H H 

F ( 2 ) 
, 7 K . M H H ( 2 )

 3 3 9 , 3 8
 . 

/cH = — = —rr—rr- = 2,25 > 2 BignoBigae yMOBi HVT/IHBOCTI 

I c 3 150,62 

B u 6 i p ycTaBoK p e i e A 3 T - 1 1 

3 a ocHoBHy CTopoHy npunMaeMo CTopoHy H H , ocKi ibKH BoHa Mae 6 > 

B T O P H H H H H HoMiHaibHHK CTpyM. 

CTpyM c n p a n o B a H H a p e i e g i a ocHoBHoi C T O P O H H BH3HanaeTbca 3a Bupa3oM: 

I , 230 
I C . 3 . K C . X . ii 150,62 1 -rrr 

I c p . o c H tfTT 3000/5 5 , 2 4 9 ( / U 

P o 3 p a x y H K o B e H H C I O BHTKiB g i a ocHoBHoi O 6 M O T K H : 

F c p 100 
MWpo3 = I = 5 ^ 4 9 = 19,05 (BHTKIB) 

Icp.ocH 5 , 2 4 9 

n p u n M a e M o w o c H p o 6 = 19 (BHTKIB) , mo B i g n o B i g a e aKTHHHOMy CTpyMy 

c n p a n o B a H H a p e i e : 

100 
Icp.ocH = 19 = 5 , 2 6 ( A ) 

A i a C T O P O H H 2 3 0 K B : 

I 3,49 
* B . H O M . O C H . _ J > ^ J „ - , , „ , n 

^ B H . P O 3 = ^ocH.poe f = 19 T-ZT = 38,11 - npuHMaeMo 38 (BHTKIB) 
I B . H O M . B H 1 , 7 4 

n p u n M a e M o w B H p o 3 = 38 (BHTKIB) 
y T o H H O O H u n p o 3 p a x y H o K 3 y p a x y B a H H a M B u p i B H O B a H H a 

C T p y M c n p a n o B a H H a 3 a x u c T y 3 y p a x y B a H H a M B u p i B H O B a H H a : 

IC.3. = + At/ + AwJ /KMaKc = 1,5(1 0,1 + 0,12 + 0,0029) 547,75 

= 183,14(4) 

ge Aw1 = 3 8 , 1 1 - 3 8 = 0,0029. 
^ 1 38,11 

y T o H H O O H u n p o 3 p a x y H K o B u n C T p y M c n p a n i O B a H H a g i a o c H o B H o i C T O P O H H : 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
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lc.s. Kc.x. 11 183,14 • 1 --rr-
uH.H0M 11 I c n o c H = zH.H0M = 1 1 = 6,382 (A) 

c p . 0 C H KTT 3000/5 ' ^ } 

^HCHO BHTKiB T0pM03H0i O 6 M O T K H : 

- Wpo3 - WocH.po6 1,5 - 183,14 - 19 
W T ° P M = ~ = 547,75-0,75 = 1 2 , 7 1 ( B ™ B ) 

K . M 3 K C ( 1 ) " 

npHHMaeMO w T 0 p M = 12 (BHTKIB) 

4 . 1 3 a x H C T B i g y i m c o g j K e H b y c e p e g i m i T p a H C ( | ) o p M a T o p a 

r a30BHH 3axHCT e O C H O B H H M 3axHCT0M, aKHn p e a r y e Ha Bci BHgu y iHKogKeHb 

B c e p e g m r i 6 a K a TpaHc opMaTopa , a K c y n p o B o g ) K y o ) T b c a BugineHHaM ra3y , 3 H H -

KeHHflM piBHa Macjry B r a30B0My pe j i e . A n a npaBHUbHoi P O 6 O T H r a 3 0 B o r o 3 a x u c T y 

K o p n y c TpaHc o p M a T o p a BCTaHOBmoeTbca 3 HaxujiOM 1,5 - 2 % y 6iK po3HiHpio-

Bana . 

O C H O B H H M ejieMeHTOM r a 3 0 B o r o 3 a x u c T y e p e i e , a K e n p a n o e Ha H e e i e K T p u -

HHOMy n p u H n u n i i BCTaHOBiroeTbca B po3p i3 T p y 6 o n p o B o g y B ig K o p n y c y TpaHc o -

p M a T o p a g o po3iHHpic>BaHa. 

r a30BHH 3axHCT a 6 c o m o T H 0 cejieKTHBHHii i He p e a r y e Ha y iHKogKeHHa n o 3 a 

6 a K 0 M T p a H c o p M a T o p a . 

3a3BHHan, ra30BHn 3 a x u c T BHKOHyeTbca gByxcTyniHHaTHM: 

n e p m u n CTyniHb cnpanbOBye n p u He3HaHH0My BHgi ieHHi r a 3 y a 6 o 3HHKeHi 

piBHa M a c i a B r a30B0My p e i e i 3 B H T P H M K O M Hacy g i e Ha c u r H a i . 

ApyrHH CTyniHb cnpanbOBye npH 3HaHH0My BHgijieHHi r a3y , 3HHKeHHi piBHa 

M a c i a B r a30B0My p e n e a 6 o n p u n-rreHCHBHOMy npaMyBaHHi noTOKy M a c m 3 6 a K a 

TpaHc o p M a T o p a y po3HiHpo)BaH i g i e Ha BigionoHeHHa TpaHc o p M a T o p a 3 y c i x 6 O -

KiB 6e3 B H T P H M K H Hacy. 

^ H B j e H H a onepaTHBHHx Kin r a 3 0 B o r o 3 a x u c T y Ha 3MiHH0My CTpyMy B H K O -

HyeTbca B ig TpaHc opMaTopiB H a n p y r u . y BHnagKax , K O J H r a30BHn 3 a x u c T e O C H O ­

B H H M mBHgKogioHHM 3axucT0M TpaHc o p M a T o p a c e p e g H b o i Ta BenHKoi n o T y m r o -

CTi, goninbHO 3a6e3nenHTH KHBueHHa B ig n p u c T p o i B n o c r i n H o r o CTpyMy. 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
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5 . P o 3 p a x y H O K 30H 3 a x n c T y CTpHJKHeBHx 6 j m c i c a B K 0 B i g B o g i B B P n 

T p a H c opMaTopHi n igcTaHni i noBHHHi M a r a 3 a x n c T B ig npaMHx y g a p i B 6 J I H -

CKaBKH Ta r p o 3 0 B H x X B H I B , a i i MOKyTb npHHTH 3 npnegHaHHx n o B r r p a H n x 

e i e K T p o n e p e g a n . Hef t 3 a x n c T BHKoHyiOTb 3 y p a x y B a H H a M K i i b K o c T i r p o 3 o B H x r o -

g H H H a p i K 3 a g o n o M o r o o c T p r o K H e B i u x i T P O C O B H X G m i c K a B K o B i g B o g i B i 3 a x n c H i r x 

a n a p a T i B , B c T a H o B j i e H H x B p o 3 n o g i i i b H H x n p u c i p o a x , a T a i o K r p o 3 o 3 a x n c H H x T p o -

c i B y c T a H o B i e H H x H a n i g x o g a x n o B r r p a H n x g o p o 3 n o g i i i b H H x n p n c T p o i B . ,H,o 

3 a x n c H H x a n a p a T i B H a i e K a T b o 6 M e K y B a n n e p e H a n p y r ( O n H ) , p o 3 p a g H H K H B C H T H -

j ibHi ( P B ) i 3 a x n c H i i c K p o B i n p o M i K K H . 

,H,o3BojieHo 3 a c T o c o B y B a T H O n H c y M i c H o 3 P B B o g H i n P Y n i g n a c p e i o H c -

T p y K n i i i c H y o H H x T n i3 3 a M i H o o P B H a O n H 3 a y M o B H , mo 3a iTHinKoBi H a n p y r H 

O n H 3 a H o M i H a i b H o r o p o 3 p a g H o r o c T p y M y c T a H o B i a T b M e H m e 9 0 % 3 a j i H i H K o B o i 

H a n p y r n P B . H a p i 3 H u x a 3 a x o g H o r o n p n e g H a H H a n o T p i 6 H o B c T a H o B i O B a T H 3 A 

o g H o r o T u n y (TpH a3HHH KoMnieKT O n H ) . 

Y p a 3 i B c T a H o B i e H H a g o g a T K o B H x O n H n i g n a c p e K o H c T p y K n i i i c H y o n o r o 

P Y 3 O n H y c i 3 A g a H o r o P Y n o T p i 6 H o K o o p g n H y B a T H M i K C O 6 O K > 3 a H o M i H a i b H o i o 

i 3 a i H m K o B o o H a n p y r a M H , a T a i o K 3 a m r r o M o i o e H e p r o e M H i c r a x 

B P Y H a n p y r o o B ig 1 5 , 7 5 K B g o 7 5 0 K B i n C H a n p y r o o B ig 3 5 K B g o 7 5 0 

K B , a T a i o K 6yg iBi i i 3 P Y i 3 T n noTpi6Ho 3axninaTH B ig npaMHx y g a p i B GiucKaBKH. 

H a B i g i p H T H x T n H a n p y r o o 3 5 K B 3 T p a H c o p M a T o p a M H o g i i H H H H o i o n o T y -

K H i c T o g o 1,6 M B A H e 3 a i e K H o B ig Kij ibKocri T a i u x TpaHc opMaTopiB, a T a i o K 

Ha B ig ipHTHx n C H a n p y r o o B ig 3 K B g o 10 K B 3 TpaHc opMaTopaMH 6 y g b - a K o i 

n o T y K H o c T i 3 a x u c T B ig npaMHx y g a p i B GiucKaBKH He BHKoHyoTb. 

3 a x u c T 6 y g i B e i b 3 a K p i r r a x p o 3 n o g i j i b H H x n p u c T p o i B ( 3 P Y ) i 3 a i p H T H x T p a -

H c o p M a T o p H H x n i g c T a H n m ( 3 T n ) , a i i M a o T b M e T a i e B i n o i p H T T a n o i p i B i i , n o T -

p i 6 H o B H K o H y B a T H 3 a 3 e M i i e H H a M n n x n o i p H T T i B . Y p a 3 i H a a B H o c r i 3 a i i 3 o 6 e T o H H o i 

n o i p i B i i i 6 e 3 n e p e p B H o r o e j i e K i p u H H o r o 3 B ' a 3 K y o i p e M H x i i e i e M e H T i B 3 a x u c T B H -

K o H y o T b 3 a 3 e M i e H H a M i i a p M a T y p u . 

B P 3 . 6 . 1 4 1 . 2 7 5 n 3 
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3 a x u c T G y g i B e n . 3 P Y i 3 T n , g a x A K H X He Mae MeTaueBux a 6 o 3ajri3o6eTOH-

H H X noKpHTTiB 3 6e3nepepBHHM ejeKTpHHHHM 3 B ' 3 3 K O M OKpeMHx ix ejieMeffriB, n o -

Tpi6HO BHKoHyBaTH CTpHKHeBHMH GmiCKaBKoBigBogaMH a 6 o y io iagaHHiM r p o 3 o 3 a -

xHCHoi ciTKH 6 e 3 n o c e p e g H t o Ha g a x y 6ygiBjr i . 

y pa3 i BCTaHoBjeHHa CTpHKHeBHx GnucKaBKoBigBogiB Ha 6ygiBjr i , aKy 3 a x u -

inaiOTb, B ig K O K C H O T O GmiCKaBKoBigBogy noTp i6Ho n p o K u a g a T H He MeHine g B o x 3a-

3eMjnoBajn>HHx npoBigHHKiB n e p e B a m i o n o npoTHneKCHHx CTopoHax 6yg iBj i i . 

y gaHoMy 3aBgaHHi p o 3 p a x y B a H o BHCoTy i 3oHy 3 a x u c T y GnucKaBKoBigBogiB 

B P I I - 2 2 0 . H a g i n m c T b 3 O H H 3 a x u c T y B ig ypaKceHb P 3 = 0,999. 

TadnityH 5.1 - Po3Mipu nidcmcmijii 

A , M B , M Lt ( M ) ( M ) L3 ( M ) ( M ) L 5
 ( M ) hx

 ( M ) 

5 0 4 0 3 0 12 2 8 10 10 4 

T 

T :: _ L 

, — , 

P H C 5.1 - C x e M a po3MiineHHi cTpHKHeBHx GnucKaBKoBigBogiB B P n - 2 2 0 

3 a pucyHKoM 8.1 BH3HaHHMo goBKHHH L6, L7, pt, p 2 . 

B-L2 4 0 - 1 2 
= —T-2 = = 14 (M) 

2 2 
B-L3 40 - 28 

2 2 
6 (M) 

B P 3 . 6 . 1 4 1 . 2 7 5 I I3 
5 4 

M3M. N° doKyM. flama 
5 4 



Pi = 1 + 2

6 = V l 0 2 + 14 2 = 17,21 (M) 

P2 1 + L 2 = V l 0 2 + 6 2 = 11,66 (M) 

P H C 5 .2 - nepeTHH 3 0 H H 3axHCTy C T p u m i e B o r o GmiCKaBKOBigBogy. 

h-BHCOTa GjiHCKaBKOBigBogy; h 0 - BHCOTa KOHyca; r 0 - p a g i y c KOHyca; 

7X - p a g i y c r o p r o o H T a n b H o r o n e p e p i 3 y Ha B H C O T h x. 

Po3paxyeMO B H C O T H GjiHCKaBKOBigBogiB 1 Ta 2 Ta CTBopeHi H H M H 3 0 H H 3 a -

xHCTy B P n Ha BHCOTi h x. 

npuHMaeMO, mo r x i = p x 

!

hoi = 0,7 • hi 

_ n o i ( V -
= hoi 

7QI = 0,7 • hi 

P o 3 B ' a ^ e M O g a H y CHCTeMy: 

0,6h 1(0,7h 1 - h x ) 
Pi 0,7hi 

0 ,42h i

2 - (0,7p i + 0 ,6h x )h i = 0 

Po3B'.s3aBiHH g a H e p iBHiHHi 3HaHgeMO BHCOTy GjiHCKaBKOBigBogiB 1-2 

h i = 0 ( M ) ; h 2 = 3 4 , 4 ( M ) 

Q T ^ e h i = h 2 = 34,4 (M) 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
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AHajioriHHO p c o p a x y e M O B H C O T H 3 -4 

npHHMaeMO, m o r x 3 = p 2 

!

h03 = 0,7 • /13 

= 0,7 • h3 

P o 3 B ' a K e M O g a H y CHCTeMy p i B H i H t : 

0,6h 3(0,7h 3 - hx) 
V2 0,7h3 

0,42h 3

2 - (0,7p 2 + 0,6hx)h3 0 

P o 3 B ' a 3 a B m n g a H e p i B H n n w 3HangeMo B u c o T y GjiHCKaBKoBigBogiB 3 -4 

h 3 = 0 ( M ) ; h 4 = 2 5 , 1 5 ( M ) 

O T J K C h 3 = h 4 = 25,15 (M) 

Po3paxyeMO napaMempu 3axucmy dnucKaeKoeideodie 1-2 

L12 = L2 = 12 (M) 

r 0 1 = r 0 2 = 0,6 • h x = 0,6 • 34,4 = 20,64 (M) 

h 0 1 = h 0 2 = 0,7 • h 1 = 0,7 • 34,4 = 24,08 (M) 

^ 0 i ( h 0 i - h x ) 20,64(24,08 - 4 ) 
r x 1 = r x 2 = 17,21 (M) 

h01 24,08 

L c 1 2 = (2,25 - 0,01007(h - 30))h = (2,25 - 0,1007(34,4 - 30)) • 34,4 

= 75,89 (M) 

^max12 = (4,25 - 3,57 • 1 0 - 3 ( h - 30))h 

= (4,25 - 3,57 • 1 0 - 3 ( 3 4 , 4 - 30)) • 34,4 = 145,31 (M) 

Po3paxyeMO napaMempu 3axucmy dnucKaeKoeideodie 3-4 

L34 = L3 = 28 (M) 

r 0 3 = r 0 4 = 0,6 • h 3 = 0,6 • 25,15 = 15,09 (M) 

h 0 3 = h 0 4 = 0,7 • h 3 = 0,7 • 25,15 = 17,61 (M) 

^ 0 3 ( h 0 3 - h x ) 1 5 , 0 9 ( 1 7 , 6 1 - 4 ) 
r x 3 = r x 4 = 

h03 17,61 

L c 3 4 = 2,25 • h 3 = 56,59 (M) 

^ m a x 3 4 = 4 ,25-h3 = 106,89(M) 

11,66 (M) 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
5 6 

M3M. N° doKyM. flama 
5 6 



Po3paxyeMO napaMempu 3axucmy dnucKaeKoeideodie 1-3 

1 3 = | L i + 
( - L2)2 

2 
| 3 0 2 + 

(28 - 1 2 ) 2 

2 
32,06 (M) 

L c 1 3 = (2,25 - 0,01007(h - 30))h = (2,25 - 0,1007(34,4 - 30)) • 34,4 

= 75,89 (M) 

J<max13 = (4,25 - 3,57 • 1 0 - 3 ( h - 30))h 

= (4,25 - 3,57 • 1 0 - 3 ( 3 4 , 4 - 30)) • 34,4 = 145,31 (M) 

L c 3 1 = 2,25 • h 3 = 56,59 (M) 

^ m a x 3 1 = 4,25 • h3 = 1 0 6 , 8 9 ( M ) 

Po3paxyeMO napaMempu 3axucmy dnucKaeKoeideodie 1-4 

2 a * - * * ) 2 , ( 2 8 - 1 2 ) 2 

^ 1 3 = ^ 1 + ( ^2 + 3 „ ) = | 3 0 2 + (12 ^ : r

J - ) = 32,25 (M) 
2 2 

L c 1 4 = (2,25 - 0,01007(h - 30))h = (2,25 - 0,1007(34,4 - 30)) • 34,4 

= 75,89 (M) 

^ m a x 1 4 = (4,25 - 3,57 • 1 0 - 3 ( h - 30))h 

= (4,25 - 3,57 • 1 0 - 3 ( 3 4 , 4 - 30)) • 34,4 = 145,31 (M) 

L c 4 1 = 2,25 • h 3 = 56,59 (M) 

^ m a x 4 1 = 4,25 • h3 = 1 0 6 , 8 9 ( M ) 

</ X 

• • 

P H C 5.3 - nepeTHH 3 0 H H 3 a x n c T y n o g B i i i H o r o CTproKHeBoro 6jTHCKaBKOBig-

B o g y pi3Hoi' B H C O T H 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
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BlICHOBKH 

y g a m i i p o 6 o T i n p o B e g e H o po3paxyHOK ejjeKTpHHHoi M e p e K i , 3Hai igeHo n a -

paMeTpn exeMH 3aMiineHHi m m i Ta TpaHC(j)opMaTopiB, 6y j jo cKj jageHo c x e M y 3aMi-

m e m r a M e p e K i Ta 3po6jjeHHii p o 3 p a x y H o K HopMajJbHoro p e K H M y 3aMKHyToi Me­

p e K i . 

y x o g i p o 3 p a x y H K y ejjeKTpHHHoi nacTHHH n igcTaHni i 6y j ra BH6paHi: B H M H -

Kani B p o 3 n o g i j J b H n x n p n c T p o a x , TpaHc opMaTopH CTpyMy H HanpyrH, omHHoBKa 

p o 3 n o g i j b H H x n p u c T p o i B , noTyKHicTb i KijjbKicTb C H J J O B H X TpaHc opMaTopiB Ta 

TpaHc opMaTopiB B j a c H H x n o T p e 6 . 

n p o B i B m u p o 3 p a x y H o K ejjeKTpoMarHiTHHx n e p e x i g H H x n p o n e c i B BH3HaneHo 

ygapHHH cTpyM TpH a3Horo K 3 Ta p o 3 p a x y H o K n e p i o g u r a y cKj j agoBy cTpyMy Ko­

p o T K o r o 3aMHKaHffiI. 

B p o 3 p a x y H K y pe j j e i iHoro 3 a x u c T y 6y j jo p o 3 p a x o B a H o cTpyMH K o p o T K o r o 3a -

MHKaHHa Ta 6y j jo B u 6 p a H o g j j a 3 a x u c T y p e j j e T u n y ,H,3T-11. B i g n o m K o g K e H b B c e -

p e g u H i TpaHc o p M a T o p a BHKopucTaHo ra3oBHH 3axucT . 

n igcTaHni i 6yB npoBegeHHH p o 3 p a x y H o K 6 j u c K a B K o 3 a x u c T y , ^ K H H B H -

KoHaHHH y B H r j a g i e i p H K H e B H x 6 j u c K a B K o B i g B o g i B . 
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CIIHCOK j i i r e p a T y p H 

1 M e T o g u i H i BKa3iBKH g o BHKOHaHHa K y p c o B o r o n p o e K T y Ha TeMy « P o -

3 p a x y H O K 3aMKHyToi ' e i ieKTpHHHOi Mepe> ic i » 3 K y p c y « E i i e K T p H H H i c u c T e M H T a M e -

pe>ici» / y K n a g a n i : I . J I . J Ie6egHHcbKHH, C . M . J I e 6 e g K a , B . I . PoMaHOBcbKHH, B . B . 

B o i o x i H . - CyMH: CyMcbKHH gepmaBHUH yHiBepcHTeT, 2 0 1 1 . - 4 0 c. 

2 EjieKTpHHHi cncTeMH Ta Mepemi: KoHcneKT u e K u m / y K i a g a n i : I . J I . 

JIe6egHHct>KHH, B . I . PoMaHOBcbKHH, T . M . 3 a r o p o g H a . - CyMH: CyMcbKHH g e p m a -

B H H H yHiBepcHTeT. 2 0 1 8 . - 2 1 4 c. 

3 HgejibHHK B . H . 3 i e K T p H n e c K H e cucTeMM H ceTH: - M . : 3HeproaTOM-

H3gaT, 1 9 8 9 - 5 9 2 c. 

4 C . C . AHaHHneBa CnpaBOHHbie MaTepuaiibi g i a K y p c o B o r o H g u n i o M -

Horo npoeKTupoBaHHa. ^ a c T b I 3HepreTHnecKue cucTeMM H ceTH. - 2 0 0 5 . - 51 c. 

5 PoMaHMK K ) . . E i eKTpuHHi cncTeMH Ta Mepemi. - K . : 3HaHHa, 2 0 0 7 . 

- 2 9 2 c. 

6 HeKj ienaeB B . H . 3 i e K T p H H e c K a a nacTb 3iieKTpocTaHHHH H nogcTaHHHH. 

- M . : 3HeproaToMH3gaT , 1 9 8 6 - 6 4 0 c. 

7 P o m c o B a J I . A r , K o 3 y i H H B . C . 3 i e K T p o o 6 o p y g o B a H u e cTaHHHH H n o g ­

cTaHHHH.— 3- H3g. - M . : 3 H e p r o a T o M H 3 g a T , 1 9 8 7 - 6 4 8 c. 

8 K i g u 6 a B . n . PeieHHHH 3 a x u c T eieKTpoeHepreTHHHHx cucTeM: H a B n a -

I B H H H noci6HHK. - J IbBiB: BugaBHUHTBO HanioHaiTbHoro yHiBepcHTeTy "J IbBiBcbKa 

n o i i T e x H i K a " , 2 0 1 3 . - 5 0 0 c 

9 H p a B H i a y i a m T y B a H H a eieKTpoycTaHOBOK (3i 3MiHaMH Ta gonoBHeH-

HaMH). K . : opT, 2 0 1 7 - 7 6 0 c . 

10 3 ieKTpoTexHHHecKHH cnpaBonHHK T . 3 , K H . 1 . n p o u 3 B o g c T B o , n e p e g a n a 

H p a c n p e g e i e H u e 3ieKTpHHecKofi 3 H e p r u u / n o g o 6 m , p e g . n p o e c c o p o B M 3 H 

B . r . r e p a c u M o B a , n X X p y g H H c K o r o H g p . - 6 -e H3g.- M . : 3 H e p r o r o g a T , 1 9 8 2 - 6 5 6 c. 

11 MeTogHHHi BKa3iBKH Ta 3aBgaHHa g o po3paxyHKOBO-rpa iHHHx p o 6 i T 

3 K y p c y « r p o 3 O 3 a x u c T i n e p e H a n p y r a B e i e K T p H H H H x M e p e m a x » / y K i a g a n M . B . 

neTpoBcbKHH. - CyMH: CyMcbKHH gepmaBHHH yHiBepcHTeT, 2 0 1 1 - 4 0 c. 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
5 9 

M3M. N° doKyM. flama 
5 9 



12 M e T o g u H H i BKa3iBKH g o BHKoHaHHa KBa i i K a ^ Hoi p o 6 o T H 6 a K a n a -

B p a g j a cTygeHTiB cnenia jJbHocTi 1 4 1 - E j j e K T p o e H e p r e T H K a , ej jeKTpoTexHiKa Ta 

e j j e K T p o M e x a H i K a / O c B m r a n p o r p a M a «EjjeKTpoTexHiHHi cucTeMH e j j e K T p o c n o K H -

BaHHa»/ y K n a g a n i : I . J I . J Ie6egHHcbKHii , I.I. Bop3eHKoB - C y M H : C y M ^ y , 2 0 1 9 . - 4 0 

c. 

B P 3 . 6 . 1 4 1 . 2 7 5 3 
6 0 
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