
М і н і с т е р с т в о о с в і т и і н а у к и У к р а ї н и 

С у м с ь к и й д е р ж а в н и й у н і в е р с и т е т 

Ц е н т р з а о ч н о ї , д и с т а н ц і й н о ї т а в е ч і р н ь о ї ф о р м и н а в ч а н н я 

К а ф е д р а е л е к т р о е н е р г е т и к и 

Р о б о т а д о п у щ е н а д о з а х и с т у 

З а в . к а ф е д р о ю е л е к т р о е н е р г е т и к и 

І . Л . Л е б е д и н с ь к и й 
« » 2 0 р . 

К В А Л І Ф І К А Ц І Й Н А Р О Б О Т А Б А К А Л А В Р А 

н а т е м у : « Р о з р а х у н о к п а р а м е т р і в т а а н а л і з з а х о д і в е н е р г о з б е р е ж е н н я в 

е л е к т р и ч н і й м е р е ж і » 

С п е ц і а л ь н і с т ь 1 4 1 - Е л е к т р о е н е р г е т и к а , е л е к т р о т е х н і к а т а е л е к т р о м е х а н і к а 

В и к о н а в : с т у д е н т г р . Е Т д н - 7 4 г л О . О . Д е г т я р 

п і д п и с 

К е р і в н и к : к . т . н . , д о ц е н т В . В . В о л о х і н 

п і д п и с 

С у м и 2 0 2 1 



CyMCbKufí gep^aBHufí yHÍBepCUTeT 

Ueffip 3aoHHoi, guCTaHiiiiiHoi Ta BenipHboi ((opMu HaBnaHHa 

Ka(j)egpa ejeKTpoeHepreTUKu 

C n e i i a n b H Í C T b : 1 4 1 E j e K T p o e H e p r e T U K a , e j i eKTpoTexmKa Ta e j eKTpoMexaHÍKa 

3 A T B E P A ^ Y T O 

3aB. Ka(J)egpoK) eieKTpoeHepreTUKu 

I . J . JeôeguHCbKUH 

" " 20 p . 

3 A B ^ A H H ^ 

Ha KBaii^ÍKaiÍHHy poôoTy ôaKaiaBpa 

,H,erTapa OieKCaHgpa OieKCaHgpoBuna 

1. T e M a p o 6 o T u : «Po3paxyHOK napaMeTpÍB Ta a H a i Í 3 3 a x o g Í B eHepro36epeKceHHa B 

e ieKTpuHHÍH MepeKci» 

3aTBepg^eHa HaKa3OM n o yHÍBepCUTeTy N° BÍg 

2 . TepMÍH 3 g a n i CTygeHTOM 3aKÍHHeHoľ p o ô o T u 

3. BuxigHÍ gaHÍ g o po6oTu: 3a ra ibHa CxeMa 3'egHaHt. eieKTpuqHoľ MepeKKÍ, 

noTy^HOCTÍ HaBaHTa^eHb, goBKKUHu I Í H Í H , KaTeropiľ cnoKcuBanÍB 3a HagiimicTK) 

4. 3MÍCT po3paxyHKOBO-noaCHKBaibHoľ 3anuCKu (nepei ÍK nuTaHb, aKÍ HeoôxigHO 

BupiinuTu): 

- BcTyn 

- Po3paxyHOK eieKTpuqHoľ MepeKKÍ; 

- Po3paxyHOK Ta Bu6ip e ieKTpuqHoro o6iagHaHHa; 

- Po3paxyHOK pe ieHHoro 3axucTy; 

- OxopoHa npai i i ; 

- BUCHQBKU. 

5. nepeji iK rpa^ÍHHoro MaTepiaiy (3 TOHHUM 3a3HaneHHaM o6oB'a3KOBux 

KpecieHt : 

- po3paxyHKOBa cxeMa e.j[eKTpuqHoľ MepeKKÍ; 

- cxeMa noHUKyBaukHoľ nigcTaHiiiľ. 



K A J J E H ^ A P H H H I I J J A H 

N° n / n H a 3 B a eTanÍB p o ô o T u TepMÍH BUKOHaHHa 

eTanÍB p o ô o T u 
IlpUMÍTKa 

1 Po3paxyHOK e!eKTpuHHoľ M e p e K Í 2 5 . 0 4 . - 0 1 . 0 5 . 2 0 2 1 

2 
Po3paxyHOK Ta B u ô i p e j e K T p u H H o r o 

o ô j a g H a H H a 
0 2 . 0 5 . - 1 2 . 0 5 . 2 0 2 1 

3 Pe^eÔHUH 3 a x u c T T p a H C ^ o p M a T o p a 1 3 . 0 5 . - 2 0 . 0 5 . 2 0 2 1 

4 O ^ o p M j e H H a K p e c j e H b 2 1 . 0 5 . - 2 8 . 0 5 . 2 0 2 1 

5 O ^ o p M u e H H a n o a c H K B a I b H o ľ 3 a n u c K u 2 9 . 0 5 . - 0 3 . 0 6 . 2 0 2 1 

CTygeHT- gunjOMHUK 
(nignuc) 

KepÍBHUK p o ô o T u 
(nignuc) 



Р Е Ф Е Р А Т 

с. 6 1 , р и с . 1 3 , т а б л . 2 6 , к р е с л . 2 

Б і б л і о г р а ф і ч н и й о п и с : Д е г т я р О . О . Р о з р а х у н о к п а р а м е т р і в т а а н а л і з з а х о д і в 

е н е р г о з б е р е ж е н н я в е л е к т р и ч н і й м е р е ж і [ Т е к с т ] : р о б о т а н а з д о б у т т я 

к в а л і ф і к а ц і й н о г о с т у п е н я б а к а л а в р а ; с п е ц . : 1 4 1 Е л е к т р о е н е р г е т и к а , 

е л е к т р о т е х н і к а т а е л е к т р о м е х а н і к а / О . О . Д е г т я р ; н а у к . к е р і в н и к В . В . В о л о х і н . -

С у м и : С у м Д У , 2 0 2 1 . - 6 1 с. 

К л ю ч о в і с л о в а : е л е к т р и ч н а м е р е ж а , с и л о в и й т р а н с ф о р м а т о р , п і д с т а н ц і я , 

р о з п о д і л ь н и й п р и с т р і й , с т р у м и к о р о т к о г о з а м и к а н н я , р е л е й н и й з а х и с т ; 

э л е к т р и ч е с к а я с е т ь , с и л о в о й т р а н с ф о р м а т о р , п о д с т а н ц и я , 

р а с п р е д е л и т е л ь н о е у с т р о й с т в о , т о к и к о р о т к о г о з а м ы к а н и я , р е л е й н а я з а щ и т а ; 

e l e c t r i c a l n e t w o r k , p o w e r t r a n s f o r m e r , s u b s t a t i o n , s w i t c h g e a r , s h o r t - c i r c u i t 

c u r r e n t s , r e l a y p r o t e c t i o n . 

К о р о т к и й о г л я д - Р о з р а х о в а н о т а д о с л і д ж е н о р е ж и м и р о б о т и е л е к т р и ч н о ї 

м е р е ж і . З н а й д е н о н а п р у г и д і л я н о к м е р е ж і , о б р а н о т и п и п р о в о д і в т а е л е к т р и ч н е 

о б л а д н а н н я п і д с т а н ц і й . П р о в е д е н о в и б і р в и с о к о в о л ь т н и х а п а р а т і в , к о м у т а ц і й н о г о 

у с т а т к у в а н н я т а р е л е й н о г о з а х и с т у , в р а х о в у ю ч и р о з р а х о в а н і с т р у м и к о р о т к о г о 

з а м и к а н н я . Р о з г л я н у т і п и т а н н я б е з п е к и п і д ч а с в и к о н а н н я р о б і т н а л і н і я х 

е л е к т р о п е р е д а в а н н я . 



3 M I C T 

1 Po3paxyHOK e^eKTpHHHOi M e p e K Í 5 

1.1 B r o H a n e m r a H a n p y r u M e p e K Í Ta T u n y n p o B o g Í B TÍHÍIÍ 5 

1.2 B u ô í p noTyKHOCTÍ TpaHC^opMaTopÍB 9 

1.3 B r o H a n e m r a napaMeTpÍB cxeMH 3aMÍiHemmí Ta p o 3 p a x y H o K M e p e K Í 10 

1.4 P o 3 p a x y H o K MÍHÍMaTbHoro p e K H M y eTeKTpuHHoi M e p e K Í 14 

1.5 P o 3 p a x y H o K a B a p í m i o r o p e K U M y M e p e K Í 2 3 

2 P o 3 p a x y H o K ejieKTpuHHoi nacTUHu n ígcTaHí í í i 2 8 

2 . 1 n e p e B Í p K a n o T y K H o c T Í CHTOBHX TpaHC^opMaTopÍB 2 8 

2 . 2 P o 3 p a x y H o K cTpyMÍB KopoTKoro 3aMHKaHHa Ta B u ô í p 

BHCOKOBOTBTHHX anapaTÍB . 3 1 

2 . 3 . B u ô í p OIIIHHOBKII p o 3 n o g i j b H H x n p u c T p o i B : 3 5 

2 . 4 . B u ô í p BHMÍproBanbHHx T p a H c ^ o p M a T o p Í B cTpyMy Ta H a n p y r u 3 7 

2 . 5 . O ô r p y H T y B a m m í cxeMH eTeKTpuHHux 3 ' e g H a H b n ígcTaHí í í i . 4 2 

2 . 6 . B u 6 i p T p a H c ^ o p M a T o p Í B B T a c m r x n o T p e ô 4 3 

2 . 7 . KoMnoHyBaHHa p o 3 n o g í j & H H x n p u c T p o i B Ha 6OĽÚ 2 2 0 KB 4 5 

2 . 8 . KoMnoHyBaHHa p o 3 n o g í j & H H x n p u c T p o i B Ha 6 o n í 10 KB 4 5 

2 . 9 . 3a3eMjiK>K)HÍ n p u c T p o i n ígcTaHí í í i 4 6 

3 P o 3 p a x y H o K p e j e Ô H o r o 3 a x u c T y T p a H c ^ o p M a T o p a 4 7 

3 .1 n o g o B K H Í f í g H ^ e p e H Ľ Í a n b H H H c i p y M o B u i í 3 a x u c T . 4 8 

3 .2 MaKcHMajTBHHií cTpyMoBHH 3 a x u c T 5 4 

4 3 a x o g u 6e3neKH n i g n a c BHKoHaHroi p o ô Í T Ha TÍHĎIX e T e K T p o n e p e g a B a H r o i 5 7 

4 . 1 POÔOTH Ha K a ô e T b H u x TÍHĎIX e T e K T p o n e p e g a n í 5 7 

4 . 2 POÔOTH Ha noBÍTpaHHx TÍHĎIX e T e K T p o n e p e g a n í 5 8 

BHCHOBKH 6 0 

C n u c o K T Í T e p a T y p u 6 1 

EP 5.6.141.185 Ľ3 EP 5.6.141.185 Ľ3 
l3M. ApK. N doKyM. flíônuc flama 

EP 5.6.141.185 Ľ3 

Po3poo6. Aeemnp 
Po3paxyHoK napaMempie ma 

aHani3 3axodie 
eHepao36epe>KeHHfl e 
eneKmpuHHiu MepeKi 

ľlum. ApKyui ApKyuiie 
flepeeíp. BO/IOXÍH Po3paxyHoK napaMempie ma 

aHani3 3axodie 
eHepao36epe>KeHHfl e 
eneKmpuHHiu MepeKi 

1 1 3 61 
Peu,eH3. 

Po3paxyHoK napaMempie ma 
aHani3 3axodie 

eHepao36epe>KeHHfl e 
eneKmpuHHiu MepeKi 

CyAifly ETÔH-74ZJI H. KoHmp. 

Po3paxyHoK napaMempie ma 
aHani3 3axodie 

eHepao36epe>KeHHfl e 
eneKmpuHHiu MepeKi 

CyAifly ETÔH-74ZJI 
Ymeepä. JleôeduHCbKuu 

Po3paxyHoK napaMempie ma 
aHani3 3axodie 

eHepao36epe>KeHHfl e 
eneKmpuHHiu MepeKi 

CyAifly ETÔH-74ZJI 



B C T y n 

IlpHHHiinoBoK) OCOÔTHBÍCTIK naTHBHo-eHepreTHHHoro KoMnTeKcy y K p a m u e 

Te, nro BÍH 6yB c^opMoBaHHH aK cKTagoBa nacTHHa 3ararbHocoiK3Horo í ToMy He 

BÍgnoBÍgae BHMoraM eHepreTHKH He3aTeKHoi gepKaBH. HaBÍTb 3a BÍgcyTHocTÍ 

eKoHoMÍHHHx KPH3OBHX aBHiH BÍH, aK í Bce eHepreTHHHe rocnogapcTBo Hamoi KpaiHH, 

noTpeôye goKopÍHHoi nepeôygoBH. 3po3yMÍTo, nro cTaôÍTÍ3aHÍa Ta PO3BHTOK 

eTeKTpoeHepreTHKH, a pa3oM 3 Hero í eKoHoMÍKH, MoKyTb ôa3yBaTHca TÍTBKH Ha 

HOBÍTHÍX HayKoBo-TexHÍHHHx gocarHeHHax. HpunoMy, BaKKHH cTaH eHepreTHKH, aK 

He He napagoKcarbHo, cTBoproe yHÍKaTBHÍ MOKTHBOCTÍ g j a ii n e p e x o g y Ha HaiiBHiHHH 

cynacHHH pÍBeHb, aKnro npaBHTBHo oôpaTH cTpaTeríro BHxogy 3 KpH3H Ta MaTH neBHÍ 

KOIHTH. 

3aBgaHHa gaHoi KBaTÍ(j)ÍKaHÍHHoi POÔOTH n o T a r a e B po3paxymcy peKHMÍB 

poôoTH eTeKTpHHHoi MepeKÍ. B npoi iec i BHKoHaHHa POÔOTH HeoôxígHo BHPÍIHHTH 

HacTynHÍ 3aBgaHHa: 

- 3a HaBaHTaKeHHaMH í goBKHHaMH TÍHÍH BHÔpaTH Hanpyry MepeKÍ; 

- 3a HanpyraMH MepeKÍ í HaBaHTaKeHHaMH BHÔpaTH THn npoBogÍB noBÍTpaHHx 

TÍHÍH Ta CHTOBÍ TpaHc^opMaTopH nígcTaHHÍH; 

- BHKoHaTH po3paxyHoK napaMeTpÍB cxeMH 3aMÍmeHHa TÍHÍH í 

TpaHc^opMaTopÍB; 

- BHKoHaTH po3paxyHoK HopMaTbHoro, MÍHÍMaTbHoro Ta aBapÍHHoro peKHMÍB 

MepeKÍ í ,3a HeoôxígHocTÍ, 3anponoHyBaTH cnocoÔH peryTKBaHHa HanpyrH y By3Tax 

HaBaHTaKeHHa; 

- gTa oôpaHoi nigcTaHiiii, aKa BxogHTB g o cKTagy po3rTaHyToi MepeKÍ, 

BHKoHaTH nepeBÍpKy BHÔopy noTyKHocTÍ CHTOBHX TpaHc^opMaTopÍB, BcTaHoBTeHHx 

Ha nigcTaHHÍi; 

- po3paxyBaTH cTpyMH KopoTKoro 3aMHKaHHa gTa 3aôe3neneHHa 3axHcTy 

nigcTaHHÍi; 

- BHÔpaTH 3a yMoBaMH POÔOTH BHCOKOBOTBTHÍ anapaTH po3nogÍT&HHx 

npHcTpoiB nigcTaHHÍi Ta nepeBÍpHTH ix Ha MOKTHBÍCTB cnpaHkoByBamia B yMoBax 

KopoTKoro 3aMHKaHHa. BHKoHaTH po3paxyHoK no3goBKHboi gH^epeHHÍaTbHoi 

cTpyMoBoro 3axHcTy BÍg yc íx BHgÍB 3aMHKaHHa Ha BHBogax í B oÔMoTKax cTopÍH 3 

3a3eMTeHoro HeHTpaTTro. 

flucm 
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1 P 0 3 P A X Y H 0 K E J J E K T P í W H O Í M E P E ) K I 

EHepreTHHHa cucTeMa - cyKynHÍcT& eieKTpocTaHHÍíí, eueKTpHHHHx Ta 

TenjiOBHx MepeK, 3'egHaHHx M Í K coôoio Í noB'a3aHHx 3arai&HHM peKHMoM y 

6e3nepepBHOMy n p o n e c i BHp OÔHHHTB a, nepeTBopemra H po3nogmeHHtf 

ejieKTpoeHeprii Ta Temia 3a yMoBH 3arai&Horo KepyBaHHa HHM nponecoM. 

B i g n o B Í g H o g o 3 a B g a m r a , H e o ô x i g H o p o 3 p a x y B a T H peKHMH POÔOTH M e p e K Í , c x e M a 

AKOÍ 3 o 6 p a ^ e H a Ha p u c . 1 .1 . C x e M a B K i o n a e B c e ô e 2 n igcTaHHÍi , 3 JIÍHÍÍ 

e j ieKTponepegaBaHHfl i 4 c n o K H B a n i . ^ O B K H H H JIÍHÍH, n o T y K H o c T Í i K a T e r o p i a 

HaBaHTaKeH& M e p e K Í HaBegeHo B T a o i H i i a x 1.1 Ta 1.2. 

TaOJiHiia 1.1 - B u x i g H Í gaHÍ B J J 

JJÍHÍtf ^ o B K H H a BJJ , KM 

JJ-1 4 0 

JJ -2 7 0 

JJ -3 4 0 

TaOJiHiia 1.2 - B u x i g H Í gaHÍ c n o K H B a n Í B 

C n o K H B a n n o T y K H Í c T & , M B A K a T e r o p i a 

S-1 4 0 + j 2 0 I 

S-2 2 0 + j 10 I I 

S-3 3 5 + j 15 I I I 

S-4 5 0 + j 3 0 I I 

Si 

P u c y H o K 1 .1 . - EjieKTpHHHa c x e M a 3'egHaH& M e p e K Í 

1 .1 . BroHaneHHtf H a n p y r u M e p e K Í Ta T u n y n p o B o g Í B I Í H Í H 

P o 3 p a x y e M o M e p e K y 6 e 3 y p a x y B a H H a BTpaT Ha i i e i e M e H T a x ( p u c . 1 . 2 ) . 

fucm 
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P u c y H o K 1.2 - C x e M a 3aMKHyToi M e p e K Í 

Bu3HaHHMo n a p a M e T p u o K p e M u x gij iaHoK n i m i : 

= S2 + S3 — 20 + j 10 + 35 + j 15 — 55 + ; 2 5 MBA 

= St + S4 — 40 + ; 2 0 + 50 + ; 3 0 = 90 + ; 5 0 MBA 

^ j i a p o 3 p a x y H K y 3aMKHeHoi HacTHHH M e p e K Í H e o ô x i g H o n p e g c T a B H T u i i y 

B u r j i a g i JIÍHÍÍ 3 gBocTopoHHÍM KHBjieHHaM ( p u c . 1.3) 

S a ' 
A ' S A 3 S a i a 

L-2 L-3 

* S P 4 

L-L 

S a ' 

S P 3 

$A1 — 

$A3 — 

P u c y H o K 1.3 - C x e M a M e p e K Í 3 gBocTopoHHÍM KHBjieHHaM 

5 P 4 • L ^ 3 + 5 P 3 • LA^ = (90 + ; 5 0 ) • 70 + (55 + ; 2 5 ) • (40 + 70) 

= 40 + 70 + 40 

— 82.33 + ; 4 1 . 6 7 MBA 

5 P 4 • LA»3 + 5 P 3 • LA-± (90 + ; 5 0 ) • (40 + 40) + (55 + ; 2 5 ) • 40 

— 62.67 + ; 3 3 . 3 3 MBA 

40 + 70 + 40 

ITepeBipaeMo ô a i a H c n o T y K H o c T Í 

fucm 
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90 + 55 + j (25 + 50) = 62.67 + 82.33 + ; ( 3 3 . 3 3 + 41.67) 

145 + ; 74 .9 = 145 + ; 74 .9 MBA 

P o 3 p a x o B y e M O ÍHIIIÍ n o T y K H o c T Í 

S13 = S A 3 - S p 4 = 62.67 + ; 3 3 . 3 3 - 90 + ; 5 0 = - 2 7 . 3 3 - ; 1 6 . 6 7 MBA 

TaK aK 3HaneHHa n o T y K H o c T Í BHÍÍIIIJIO HeraTHBHHM, TOMy Ha gijiaHHÍ 1-3 

3MÍHioeMO HanpaMOK n o T y K H o c T Í , T o g í TOHKa noTOKopo3,a,íjTy 6ya,e B TOHHÍ 3 

P o 3 p a x o B y e M o H a n p y r y Ha gí j iaHKax 3a ÍMnepuHHOio (J)opMyjioio IjuiapÍOHOBa: 

U 
1 0 0 0 

5 0 0 2 5 0 0 
1 

l P 

^ a m p o 3 p a x y H K y 3aHocuMO B Ta6jiHHK> 1.3 

T a ô j i m i a 1.3 - Pe3yjibTaTH p o 3 p a x y H K y H a n p y r 

^ í j i aHKa K o j a H a n p y r a KB 

A - 3 1 4 5 . 8 

A - 1 1 5 2 . 7 

3 -1 9 8 . 0 7 

TaK aK g j ia BCÍX JTÍHÍÍÍ KÍjibHeBOi M e p e K Í 6 a K a H O M a r a ogHaKOBy H a n p y r y , TO 

npHHMaeMO H a n p y r a U H = 2 2 0 K B . ^ j i a T o r o , nxoô 3a6e3nenHTH BHKOHaHHa yMOBH 

g o n y c T H M o r o n a g Í H H a H a n p y r a g j i a c a M o r o BÍgga j i eHoro c n o K H B a n a 

e j e K T p o e H e p r í i , npuí ÍMaeMO H a n p y r y g K e p e j i a KHBjíeHHa Ha 1 0 % BHinpio 3a 

HOMÍHanbHy H a n p y r y M e p e K Í : U A = 2 4 2 K B . 

B aKocTÍ n p o B o g Í B g j i a Bc íx JTÍHÍÍÍ npHHMaeMO cTajieaniOMÍHÍeBÍ n p o B o g u 

MapKH A C . 

B u 3 H a n a e M O TpHBano gonycTHMÍ cTpyMH B m ' m a x g j i a HopMaj ibHoro p o ô o n o r o 

p e K H M y . 

P o 3 p a x o B y e M O cTpyM Ha gí j iaHKax KOjia 3a (j)opMyjioio: 

I 
V3 • UH -\/3 • UH 

fucm 

BP 5.6.141.185 n3 
7 I43M. flucm Ne doKyM. floänucb fíama 7 



O i p u M a m pe3yjibTaTH 3anHineMO B TaÔTHiiio 1.4 

TaÔJiHiia 1.4 - P e 3 y j b T a T H p o 3 p a x y H K y CTpyMÍB 

CTpyM A 

A 3 1 8 6 . 3 

A 1 2 4 2 . 2 

3 1 8 4 . 0 1 

BHKopHCTOByiOHH goBÍgKOBÍ gaHÍ y BÍgnoBÍgHOCTÍ 3Í H i K a r o i o CTaHgapTHHx 

nepep Í3 ÍB Í MOKTHBHX nepeBaHTaKceHHíx B aBapíiÍHOMy peKHMÍ BHÔupaeMO n p o B Í g 

MapKH A C - 2 4 0 / 3 2 . BÍgnoBÍgHO g o npaBHT, MÍHÍMarbHO gonyCTHMHH n e p e p Í 3 3a 

yMOBaMH KopoHH g u a TÍHÍH H a n p y r o o 2 2 0 KB g o p í B m o e 2 4 0 MM . 

TaÔJTHiifl 1.5 - KaTajiO)KHÍ gaHÍ n p o B o g Í B noBÍTp^HOi TÍHÍI 

n a p a M e T p n 
M a p K a n p o B o g y 

n a p a M e T p n 
A C - 2 4 0 / 3 2 

KaTaTOKHÍ gaHÍ 

l l e p e p í 3 n p o B o g y , MM 2 4 0 / 3 2 

T p u B a j i o gonyCTHMHH CTpyM, A 6 0 5 

^ Í a M e T p n p o B o g y , MM 2 1 , 6 

Po3paxyHKOBÍ gaHÍ 

HHTOMHH aKTHBHHH o n Í p TÍHÍI n p u T e M n e p a T y p Í + 2 0 C , 

^ ( O M / K M ) 
0 , 1 1 8 

IIHTOMHH peaKTHBHHH OnÍp , X 0 ( O M / K M ) 0 , 4 0 5 

ITuTOMa eMHÍCHa npoBÍgHÍCTb TÍHÍI, & 0 (CM/KM) 2 , 8 1 - 1 0 

BuKOHaeMO po3paxyHOK o n o p Í B TÍHÍI Í 3apagHOi noTyKHOCTÍ TÍHÍH 3a TaKHMH 

^ o p M y u a M H : 

AKTHBHHH o n í p TÍHÍI: 

R—r0-L 
PeaKTHBHHH o n í p TÍHÍI: 

X — XQ • L 
noBHHH o n í p TÍHÍI: 

Z — R+jX 
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3 a p a g H a noTyKHÍCTb TÍHÍÍ': 

UH • b0 • 10 6 • L 
Q = 

,H,am po3paxyHKÍB 3aHeceMo g o TaÔTHHÍ 1.6: 

TaÔJTfflifl 1.6 - Pe3y^bTaTH p o 3 p a x y H K y napaMeTpÍB TÍHÍH e T e K T p o n e p e g a n 

JIÍHÍfl A 1 13 A 3 

^ o B K H H a , KM 4 0 4 0 7 0 

l l e p e p i 3 g p o T y MM 2 4 0 / 3 2 2 4 0 / 3 2 2 4 0 / 3 2 

AKTHBHHH o n i p TÍHÍI, 

R , O M 
4 . 7 2 4 . 7 2 8 .26 

PeaKTHBHHH o n i p 

TÍHÍI, X , O M 
1 6 . 2 1 6 . 2 2 8 . 3 5 

3 a p a g H a noTyKHÍCTb 

TÍHÍI, Q , M B A p 
2 . 7 2 2 . 7 2 4 . 7 6 

noBHHH o n í p TÍHÍI, Z , 

O M 
4 . 7 2 + J 1 6 . 2 4 . 7 2 + J 1 6 . 2 8 . 2 6 + J 2 8 . 3 5 

1.2 B u ô i p n o T y K H o c T Í TpaHC(j)opMaTopÍB: 

B u ô u p a e M o THn T p a H C ^ o p M a T o p a Ha nigCTaHHÍi n C - 1 

^ H a r p S ± V ^ L 2 + V 4 0 2 + 2 0 2 

' H a r p 

1 4 JTI — - - — ~ ~ — — 31.94 MBA 
1.4 1.4 1.4 

B u ô u p a e M o T p u ^ a 3 H H H gBooÔMoTKoBHH T p a H C ^ o p M a T o p THny T P ^ H -

4 0 0 0 0 / 2 2 0 . 

n e p e B Í p a e M o Koe()ÍĽÚeHT 3aBaHTaKeHHa T p a H C ^ o p M a T o p a T P ^ H - 4 0 0 0 0 / 2 2 0 

— ^ H a r p = V / 3 ! 2 + Ql = V 4 0 2 + 2 0 2 

3 2 'HOM 2^5" 2 ^ 40 
HOM 

= 0.56 

B u ô u p a e M o THn T p a H C ^ o p M a T o p a Ha nigCTaHHÍi n C - 2 

S 2 + S 3 4Fr+Q2 V 5 5 2 + 2 5 2 

S T 2

 — 
H a r p 

— 43.15 MBA 
1.4 1.4 1.4 1.4 

BHÔHpaeMo TpHc(a3HHH TPHOÔMOTKOBHH T p a H C ^ o p M a T o p THny T ^ T H -

6 3 0 0 0 / 2 2 0 . 

n e p e B Í p a e M o Koec()ÍĽÚeHT 3aBaHTaKeHHa TpaHC(()opMaTopa T ^ T H - 6 3 0 0 0 / 2 2 0 

3 2 • £ HOM 

— 0.48 

K a T a T o K H Í gaHÍ TpaHC^opMaTopÍB M e p e K Í 3aHoCHMo g o TaÔTHHÍ 1.6. 

fucm 
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T a ô j I F F L I F L 1.6 - XapaKTepncTHKH o ô p a m i x TpaHC(j)opMaTopÍB 

n a p a M e T p n 
T a n T p a H c ^ o p M a T o p a 

n a p a M e T p n 
T P ^ H -

4 0 0 0 0 / 2 2 0 

T P ^ H -

6 3 0 0 0 / 2 2 0 

HOMÍHanbHa n o T y K H Í c T b , SHOM ( M B - A ) 4 0 6 3 

HoMÍHajibHÍ H a n p y r a OÔMOTOK, KB 

BHinpi H a n p y r a , UHOM,8H 2 3 0 2 3 0 

c e p e g H b o i H a n p y r a , UHOMCH 3 8 , 5 

HHKHOI H a n p y r a , UHOMHH 6 . 6 / 1 1 6 . 6 / 1 1 

BTpaTH, KBT 

x o j o c T o r o x o g y , APX 5 0 9 1 

KopoTKoro 3aMHKaHH3, APK 1 7 0 3 2 0 

H a n p y r a KopoTKoro 3aMHKaHroí M Í K oÔMoTKaMH, 

BÍg UHOM% 

B m n p i - HHKHOI H a n p y r , UK, e.H 12 1 2 . 5 

BHinpi - c e p e g H b o i H a n p y r a , U K C-H 
- 2 4 

c e p e g H b o i - HHKHOI H a n p y r , U K C-H 
- 1 0 . 5 

CTpyM x o j i o c T o r o x o g y , IX ( % BÍg IHOM) 0 ,9 1.0 

AKTHBHHH o n í p OÔMOTOK, RT ( O M ) 5 .6 

oÔMoTKa B H 4 . 3 

oÔMoTKa C H 4 . 3 

oÔMoTKa H H 4 . 3 

PeaKTHBHHH o n í p OÔMOTOK, XT ( O M ) 1 5 8 . 7 1 7 5 

oÔMoTKa B H 1 0 9 . 2 

oÔMoTKa C H 0 

oÔMoTKa H H 9 2 . 4 

B T p a T a n o T y K H o c T Í B oÔMoTKax, AQx(KBAp) 3 6 0 6 3 0 

1.3 B r o H a n e m r a napaMeTpÍB c x e M a 3aMÍiHemHi Ta p o 3 p a x y H o K M e p e K Í 

HaBaHTaKeHHa By3jia 3 g o CTOPOHH B H B r o H a n a e M o AK c y M y n o T y K H o c T e H , 

3 a g a H a x Ha i i m H a x H H , BTpaT B oÔMoTKax, HUKU H a M a r m n y B a H r o i 

T p a H c ( o p M a T o p Í B . 

C x e M a 3aMÍm,eHHa n C - 1 3 o ô p a K e H a Ha p a c . 1.4. 

fucm 
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SA3 
Sp4 A Sx1 • 2 

Z T I / 2 

S 4 

S S 3 Si 

P a c y H o K 1.4 - C x e M a 3aMÍiHemmí n C - 1 

3 H a x o g n M o p o 3 n o g m n o T o K y n o T y K H o c T e H : 

SG4 = 5^ = 40 + J20 MBA 

S_4 _ 50 + y30 MBA 

n o T y K H Í c T b y By3J Í 3 3 ypaxyBaHH^M BTpaT B T p a H c ^ o p M a T o p í : 

^34 ~~ ^34 "r"
 a ^ 3 4 — ^34 "•" ŕ / 2 

UHOM 

_ 40 + ; 2 0 + 
4 0 2 + 2 0 2 /5 .6 + ; 1 5 8 . 7 

•) _ 40.12 + ; 2 3 . 2 8 
2 2 0 2 V 2 

S P 4 + S_4 + A5^^ • 2 4 0 . 1 2 + y 2 3 . 2 8 + 5 0 + y 3 0 + ( 0 . 0 5 0 + y 0 . 3 6 ) • 2 

_ 90.22 + ; 5 4 M B A 
HaBaHTaKeHHa By3jia 1 g o CTOPOHH B H B r o H a n a e M o c y M y n o T y K H o c T e H , 

3 a g a H a x Ha iHHHax H H , BTpaT B oÔMoTKax, ríjiKH H a M a r m n y B a H r o í T p a H c ^ o p M a T o p Í B 

C x e M a 3aMÍH,eHHa n C - 2 3 o ô p a K e H a Ha p a c . 1.5. 

SA3 

Sp3 —••— 1 

S : 

ASX2' 2 

ciH I 
S 02 | 

ZTB2/2 

S 05 ZTC2/2 S 0 

0 

ZTH2/2 

S 3 

CyK I 

S 2 

P a c y H o K 1.5 - C x e M a 3aMÍm;eHroí n C - 2 
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3 H a x o g H M o p o 3 n o g i j i n o T o K y n o T y K H o c T e H : 

_ $ 3 _ 35 + y i 5 MBA 

S«2 _ ^ _ 20 + ; 1 0 MBA 

( ^ o D 2 + ( Q O 5 ) 2 f^TC2+J^TC2 

ŕ / 2 

UHOM 

_ 35 + ; 1 5 + 
3 5 2 + 1 5 2 /4 .3 + ; 0 /4 .3 + 7 0 \ 

í _ 35.06 + ; 1 5 MB 2 2 0 2 V 2 

o t f _ o t f + A o _ oK • ( P 0 2 ) + ( Q O 2 ) (^TH2+J^TH2 
^ 0 2 — ^ 0 2 " T A ^ 0 2 — ^ 0 2 " T R R 2 I 2 

2 0 2 + 1 0 2 /4 .3 + /92 .4 \ 
_ 20 + ; 1 0 + — • í 2 J _ 20.02 + ; 1 0 . 5 6 MBA 

áfo _ £ 0 2 + 5 ? 3 _ 35.06 + ; 1 5 + 20.02 + ; 1 0 . 4 8 _ 55.09 + ; '25.56 MBA 

( ^ 1 0 ) 2 + ( Q f o ) 2
 (RTB2+)XTB2

S 

R / 2 

UHOM 

_ 55.09 + ; 2 5 . 5 6 + 
2 5 . 0 9 2 + 2 5 . 5 6 2 /4 .3 + ; 109 .2 

2 2 0 ' 

_ 55.25 + ; 2 9 . 0 8 MB 

^ P 3 _ ^ 1 0 + AS^i • 255.25 + 29.08 + (0 .091 + y'0.63) • 2 _ 55.43 + y'30.34 MBA 

YTOHHKHOHHH p o 3 p a x y H o K 

$A1 _ 
£ P 3 

(90.22 + / 5 4 ) • (8.26 — y'28.35) + (55.43 + y'30.34) • (12.98 — y'44.55) 

17.7 — ; 6 0 . 7 5 

_ 82.75 + ; 4 7 . 4 5 MBA 

$A3 _ 
J P 4 ^4"3 + ^p3 " ̂ 4"1 

(90.22 + / 5 4 ) • (9.44 — y'32.4) + (55.43 + y'30.34) • (4.72 — y'16.2) 

17.7 — ; 6 0 . 7 5 

_ 62.9 + ; 3 6 . 8 9 MBA 

n e p e B Í p a e M o ô a n a H c n o T y K H o c T Í : 

90.22 + 55.43 + y(30.34 + 54) _ 62.9 + 82.75 + y(36.89 + 47.45) 

145.65 + ; 8 4 . 3 4 _ 145.65 + ; 8 4 . 3 4 MBA 

fucm 
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E a n a H c n o T y K H o c T Í 3Í f ímoBca 

P o 3 p a x o B y e M o ÍHIIIÍ n o T y K H o c T Í 

= S A 3 — 5 p 4 + S_4 = 62.9 + y'36.98 — 90.22 + y'54 + 90 + y'50 

= 22.68 + ; 12 .89 M B 

Po3ÍpBeMo M e p e K y 3 gBocTopoHHÍM KHBjíeHroiM B TOHLÚ 3 ( r o n K a 

n o T o K o p o 3 g i j y ) Ta n p o B e g e M o p o 3 p a x y H o K o K p e M n x M e p e K . 

A ' 

SA' 

SA3 
• 

ZA3 

S13 
a 

Z13 

SAI 
•4 

ZA1 
SA' 

S A3 S13 S p 3 

P n c y H o K 1.6 - C x e M a po3ÍMKHeHoi' M e p e K Í 

3 H a x o g H M o p o 3 n o g í j i n o T o K y n o T y K H o c T e H Ha g r m n m i A ' 3 

á í s = — = 62.9 + ; 36 .89 — ; 4 . 7 6 = 62.9 + ; 3 2 . 1 3 MBA 

RH = NK + ,N = NK + ( P ^ 3 ) 2 + ( Q , 4 3 ) 2

 ( / ? + . „ ) = 
•2A3 — ±A3 ^ A±A3 — ±A3 ^ TJ2

 ( / M 3 + JAA3) ~ U 2 

UHOM 

= 62.9 + ; 32 .22 + 
6 2 . 9 2 + 3 2 . 2 2 2 

2 2 0 ' 
(8.26 + ; 2 8 . 3 5 ) = 

= 63.75 + ; 3 5 . 0 5 MBA 

£ ť = S%3 — j Q A 3 = 63.75 + ; 3 5 . 1 5 — ;4 .76 = 63.75 + ; 3 0 . 2 9 MBA 
P o 3 p a x o B y e M o H a n p y r y By3jia 3 \ npní í ro iBi i i i i H a n p y r y g K e p e j i a U A - = 

242 k B 

U * = TT

 PA3 " ̂ 4 3 + Qj?3 ^ ^ 3 ^ 
'PH . Y 

ĽA3 AA3 QA3 ' RA3 

U, 

63.75 • 8.26 + 35.05 • 2 8 . 3 5 \ z / 63 .75 • 28.35 — 35.05 • 8.26 
242 — 1 + 

242 242 

= 236.45 k B 
3 H a x o g n M o p o 3 n o g í j i n o T o K y n o T y K H o c T e H Ha g m a H i ú A " 3 " 

S f i = £ i 3 — JQI3 = 22.68 + ; 1 2 . 9 8 — ;2 .72 = 22.68 + ; 1 0 . 1 7 MBA 

2 
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CH C K , A O CK , ( P : í ' l ) + ( Q ^ ' I ) R N . . „ N 
2 3 " 1 = Ľ3"L + ^2 .3"1 = 2 3 " 1 + (^13 + . M 1 3 ) = U2 

UHOM 

— 22.68 + ; 1 0 . 1 7 + 
2 2 . 6 8 2 + 1 0 . 1 7 2 

2 2 0 ' 
(4.72 + ; 16 .2 ) 

= 22.74 + ; 1 0 . 3 8 MBA 

$A' '1 — ^3^1 + ^P3 — J(QL3 + QA' , 1 ) 

= 22.74 + ; 1 0 . 3 8 + 55.43 + ; 3 0 . 6 6 — ; (2 .72 + 2.72) 
= 78.17 + ;40 .72 MBA 

RH — NK + A c — NK . (PA"L) + ( / ? + . „ ) — 

ŕ / 2 

UH0M 

— 78.17 + ;40 .72 + 
7 8 . 1 7 2 + 4 0 . 7 2 2 

2 2 0 2 
(4.72 + ;16 .2 ) 

= 78.93 + ;43 .32 MBA 
-jQA1 — 78.93 + ;43 .32 

P o 3 p a x o B y e M o H a n p y r y By3jia V npn i i ro iBi i i i i H a n p y r y g K e p e j i a UA' — 242 kB 

£ ť ' = £ r — = 78.93 + ;43 .32 — ;4 .76 = 78.93 + ; 4 0 . 6 MBA 

U, — 
^12 ^ ̂ 42 + QA2 ' ^AL\ , / P A 2 ^ ^42 (?Jl2 ^ P^42 

+ 

242 
78.93 • 4.72 + 43.32 • 16.2> 

242 
+ 

78.93 • 16.2 — 43.32 • 4.72 

242 

237.6 kB 

P o 3 p a x o B y e M o H a n p y r y By3jia 3 ' 

^ T l ^ P 3 ' '1 + - ^ 3 ' 'A , / ^ i ' l - ^ 
+ 

3"1 Q^'l ^ ^ 3 " l ' 

237.6 
22.74 • 4.72 + 10.38 • 16.2 

+ 
22.74 • 16.2 — 10.38 • 4.72 

237.6 237.6 

= 236.36 kB 

n o p Í B H i o e M o H a n p y r y B TOHĽÚ p o 3 p n B y : 

Ur — 236.45 kB * U3- — 236.36 kB 
PÍ3HHiiíí M Í K H a n p y r a M H cTaHoBHTb 0 , 0 4 % , TO n p n i i M a e M o c e p e g H e 3HaneHHa 

H a n p y r a B TOHIĽÍ p o 3 p n B y : 

U3" + Ur 236.45 + 236.36 
UCPI — 2 2 

T e n e p 3HafígeMo H a n p y r a c n o K H B a n Í B . 

BH3HaneHHa H a n p y r a c n o K H B a n a S 1 Ha n C - 1 

— 236.4 kB 
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L/F UCPI 

PH 
R 3 4 

R TI 
+ <2?4 

ŕ/, 
+ 

PH 
R 3 4 <2?4 

R TI 

CP1 u, CP1 

N 

236.4 — 
4 ^ 1 2 _ ^ 6 + 2 3 ^ g 7 N 

236.4 
40.12 

158.7 

+ 
23.28 ^ 

236.4 

— 228.5 fcfl 

^ — " F 228.5 
U; B 

I U; H 
2 3 0 / 

— 10.93 kB 
11 

n e p e B Í p a M o oTpuMaHe 3HaneHHa H a n p y r a Ha Bigxuj ieHroí BÍg UH0M 

WHOM — U4\ |10 — 10 .93 | 
i - • 1 0 0 % — — 1 0 0 % — 9,28 % 

H a n p y r a B TOHIĽÍ 4 c n o K H B a n a S 1 n e p e B u m y e g o n y c r a M e Bigxuj ieHroí 

n p H H M e M o MÍpa n o p e r y j n o B a H m o 3a g o n o M o r o o P n H 

U4 — U4 + U4 • (—6 • 1.5%) — 10.93 + 10.93 • (—6 • 1.5%) — 9.94 kB 
n e p e B Í p a M o oTpuMaHe 3HaneHHa H a n p y r a Ha Bigxuj ieHroí BÍg UH0M 

\U HOM — u4\ 
1 0 0 % — 

\10 — 9,94\ 

UHOM 1 0 

Bn3HaHHMo H a n p y r y c n o K H B a n a S 2 i S 3 Ha n C - 2 

1 0 0 % — 0.6 % 

ŕ/o — U, 
PH 
R 1 0 

R TB2 
+ Q?o 

X . TB2 

CP1 U, 
+ 

PH 
R 1 0 

X. TB2 
— Q?o 

R TB2 

CP1 CPL 

4 3 109 2\ 2 / 109 2 4 3 2 

55.24 • í 3 + 29.4 • i 0 9 ^ / 5 5 . 2 4 • 1 0 9 2 — 29.4 • í 3 

236.4 . — \ + ' 2 2 

236.4 236.4 

— 226.72 kB 
2 / Y r> \ 2 

">TI . " Í L Z i NTI . " M Z \ /PH .ATC2_NH . KTC2 
05 2 ~L~ ^ 0 5 2 \ / R 0 5 2 ^ 0 5 

p H . RTC2 I / n f í . ^ T C 2 
i n 

"O "O 

4 3 0 \ 2 / 0 4 3 \ 2 

35.06 • 4 3 + 15 • ° \ / 35.06 • 2 — 15 • 4 3 

226.72 I + J -226.72 226.72 

— 221.37 fefí 
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í /? — 

M 

p H . KTH2 , n f í . ATH2\ p H .ATH2_nH . KTH2 
r 0 2 2 ^ 0 2 2 | Í R ° 2 2 ^ 0 2 2 

4 3 92 4 \ 2 / 9 2 4 4 3 2 

20.02 ~ + 10. 48 •Z^fL\ 20.02 • — 10. 48 ~ 
226.72 2 ^ | V 2 2 

226.72 226.72 

222.88 fcfl 
Ug 221.37 t/f 222.88 

í / c — 7 7 — 77777; — 37.05 kB U? — 7 7 — 77777; — 6.4 kB 
5 f/j?/ 2 3 % Q C

 2 U B / 2 3 % - , / t / H / 3 8 . 5 / 1 6 . 6 

n e p e B Í p a M o oTpuMaHe 3HaneHHa H a n p y r a U 5 Ha BÍgxuj ieHroí BÍg UH0M 

WHOM — USI \35 — 37.05\ 
1 0 0 % — — • 1 0 0 % — 6.6 % UH0M

 3 5 

H a n p y r a B TOHĽĽÍ 5 c n o K U B a n a S 3 n e p e B m i r y e g o n y c T H M e B Í g x n j e H H a 

n p H H M e M o M Ípa n o p e r y j n o B a m m o 3a g o n o M o r o o P n H 

Us — Us + Us• (—6 • 1.0%) — 37.05 + 37.05 • (—6 • 1.0%) — 34.83 kB 

n e p e B Í p u M o oTpuMaHe H a n p y r a Ha BÍgxuj ieHroí BÍg UH0M 

WHOM — USI \35 — 34.83\ 
1 0 0 % — — • 1 0 0 % — 0.49 % U H 0 M

 3 5 

n e p e B í p a M o o T p a M a H e 3 H a H e H H 3 H a n p y r H U 2 H a B i g x H j e H H a B i g UH0M 

WHOM — U2\ \6 — 6.4\ 
1 0 0 % — 1 0 0 % — 6.6 % U HOM 

H a n p y r a B TOHĽÚ 2 c n o K U B a n a S 2 n e p e B u M Y e g o n y c T H M e BÍgxuj ieHroí 

n p H H M e M o M Ípa n o p e r y j n o B a H m o 3a g o n o M o r o o P n H 

U2 — U2 + U2• (—6 • 1.0%) — 6.4 + 6.4 • (—6 • 1.0%) — 6.01 kB 

n e p e B Í p a M o o T p u M a H y H a n p y r y Ha BÍgxuj ieHroí BÍg HoMÍHajry 

WHOM — U2\ \6 — 6.01\ 
1 0 0 % — -• 1 0 0 % — 0.17 % 

UHOM 6 

P e 3 y j b T a T K p o 3 p a x y H K y 3 a n m i i e M o B TaôjiiiHO) 1.7 
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TaÔJTfflLa 1.7 

By30J i A 1 2 3 4 5 

H a n p y r a g o P H H , KB 2 4 2 2 3 9 . 4 5 6 .4 2 3 9 . 3 4 1 0 . 9 3 3 7 . 0 5 

B í g x H T e H H a BÍg U H 0 M . % 6 .6 9 . 2 8 6 .6 

CTynÍHb P n H -6 -6 -6 

H a n p y r a n í c T a P H H , KB 6 . 0 1 9 . 9 4 3 4 . 8 5 

B í g x H T e H H a BÍg n í c T a 
P n H U H 0 M . % 

0 . 1 7 0 .6 0 . 4 9 

1.4 P o 3 p a x y H 0 K MÍHÍMarbHoro p e K H M y eTeKTpHHHoi M e p e K Í 

P o 3 p a x y H 0 K HaBaHTaKceHHfl By3Ta 3 : 

C x e M a 3aMÍmemLa n C - 1 3 o 6 p a K e H a Ha p n c . 1 . 4 . 

3HaxognM0 po3nogÍT noToKy noTyKH0CTefí: 

Sg4 — — 20 + jl0 MBA 

S_4 = 25+ j 15 MBA 

n o T y K H Í C T b y By3TÍ 3 3 ypaxyBaHHAM BTpaT B TpaHc(j)opMaTopÍ: 

( ^ 3 4 ) 2 + (Qh)2 fRn+JX' 
^34 — ^34 + A^34 — ^34 + 

U2 

uHOM 

vT1 

— 20+ j 10 + 
2 0 2 + 1 0 2 /5 .6 + ; 1 5 8 . 7 

•) — 20.03 + ;10 .82 MBA 
2202 \ 2 

Sj>4 — + Í4 + &Sju • 2 — — 2 0 . 0 3 + j ' 1 0 . 8 2 + 2 5 + j ' 1 5 + ( 0 . 0 5 0 + ; ' 0 . 3 6 ) • 2 

— 45.13 + ; 2 6 . 5 4 MBA 

P o 3 p a x y H 0 K HaBaHTaKeHHa By3Ta 1: 

C x e M a 3aMÍm,eHHa n C - 2 3 o 6 p a K e H a Ha p n c . 1 . 5 . 

3HaxognM0 po3nogÍT noToKy noTyKHocTefí: 

Sgs—Ss — 17.5 + ;7 .5 MBA 

S£, — £ — 10 + ; 5 MBA 

(Pst)2 + (QŠs)2 {RTC2+JX! 

U2 

uHOM 

I R C 2 

1 7 . 5 2 + 7 . 5 2 /4 .3 + 
— 17.5 + y'7.5 + nnr>2 ( ô ) — 17.52 + y'7.5 MBA 

+ A 5 O 2 — 5Q2 + 

220 

(P&)2 + ( Q Č 2 ) 2 

u 2 

uHOM 

RTH2 + JXTH2 

1 0 2 + 5 2 /4 .3 + j92.4\ 
— 10 + j5 + N N O 2 — Í ) — 10.01 + y'5.12 MBA 

220 ' 

fucm 
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£ í o — 5?2 + 5?3 — 17.52 + ; 7 .5 + 10.01 + ;5 .12 — 27.53 + ;12 .62 M B A 

''HOM 

2 7 . 5 3 2 + 1 2 . 6 2 2 /4 .3 + ;109.2> 

t / 2 V 2 

— 2 7 . 5 3 + ; 1 2 . 6 2 + 2202 

— 27.57 + ;13 .52 M B A 

SP^ + A ^ ^ i - 2 2 7 . 5 7
 + y 1 3 . 5 2 + ( 0 . 0 9 1

 + y 0 . 6 3 ) - 2 

— 27.74 + ; 1 4 . 7 8 M B A 

YTOHHKHOHHH p o 3 p a x y H 0 K 

— ^p4 " ^A3 + ^ p 3 " ^ 1 

(45.13 + y'26.54) • (8.26 — y'28.35) + (27.74 + y'14.78) • (12.98 — y'44.55) 
— 17.7 — ; 6 0 . 7 5 

— 41 .41 + ;23 .22 M B A 

— ^p4 " ^ 4 " 3 + ^ p 3 " ^ 4 " 1 

(45.13 + y'26.54) • (9.44 — y'32.4) + (27.74 + y'14.78) • (4.72 — y'16.2) 
— 17.7 — ; 6 0 . 7 5 

— 31.47 + ;18 .09 M B A 

nepeBÍpaeMo ôaraHc noTyKHocTÍ: 

45.13 + 27.74 + ; ( 1 4 . 7 8 + 26.54) — 31.47 + 41 .41 + ; ( 1 8 . 0 9 + 23.22) 

72.87 + ;41 .32 — 72.87 + ;41 .32 M B A 

EaraHc noTyKHocTÍ 3ÍfímoBca. 

3HaxogHM0 ÍHIIIÍ noTyKHocTÍ 

^L3 — SA3 — 5 p 4 + S_4 — 31.47 + ; 1 8 . 0 9 — 45.13 + ; 2 6 . 5 4 + 45 + ; 2 5 

— 1 1 . 3 4 + ; 6 . 5 6 M B A 

3HaxognM0 po3nogÍT noToKy noTyKHocTefí Ha gúraHnÍ A 3 (puc . 1.6): 

á í s — —JQAI — 31.47 + ;18 .09 — ; 4 . 7 6 — 31.47 + ; 1 3 . 3 3 MBA 

cH — pff + A r — RK + ( P ^ 3 ) 2 + ( & 4 3 ) 2

 ( / ? + ) — 

•2A3 — ±A3 ^ A±A3 — ±A3 ^ N 2 ( / M 3 + JAA3) ~ 
UHOM 

3 1 . 4 7 2 + 1 3 . 3 3 2 

— 31.47 + ; 1 3 . 3 3 + 2202 (8.26 + ; 2 8 . 3 5 ) — 

— 31.67 + ;14 .02 M B A 

— $A3 — } Q A 3 — 31.67 + y'14.02 — y'4.76 — 31.67 + y'9.26 M B A 

fucm 
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P o 3 p a x o B y e M 0 H a n p y r y By3Jia 3 ' n p n i Í H í B i i i n H a n p y r y g K e p e j i a UA- — 242 k B 

PA3 ' R A3 + QA3__^A£\ + / PA3J_^A3 QA3 ' ^ 4 3 ^ 

31.67 • 8.26 + 9.26 • 2 8 . 3 5 \ 2 / 31 .67 • 28.35 — 9.26 • 8.26 
242 — 1 + 

242 242 

239.86 k B 

3HaxogHM0 p o 3 n o g Í j noToKy noTyKHocTefí Ha gĹJLaHnÍ A ' ' 3 ' ' 

S f i — 5 j 3 — j Q 1 3 — 11.34 + ;6 .56 — ;2 .72 — 11.34 + ; 3 . 8 4 MBA 

rH — c K + A n — nK + ( P f l ) + ( / ? + . „ ) — 

^ 3 " ! — ^ 3 " ! + A ^ 3 " L — £ 3 " 1 + R 7 2 ( K 1 3 + 7 A 1 3 ) ~ 
U 2 

uHOM 

— 11.34 + ; 3 . 8 4 + 
1 1 . 3 4 2 + 3 .84 2 

2 2 0 ' 
( 4 . 7 2 + ; 1 6 . 2 ) 

— 1 1 . 3 5 + ; 3 . 8 8 MBA 

— ^ 3 ^ 1 + ^ P 3 — J(Ql3 + QA"I) 

— 1 1 . 3 5 + ; 3 . 8 8 + 2 7 . 7 4 + ; 1 4 . 7 8 — ; ( 2 . 7 2 + 2 . 7 2 ) 

— 3 9 . 1 + ; 1 8 . 6 6 MBA 

^A" — ^ ^ " 1 + A J ^ " I — + 2 V M " 1 + 7 ^ I 4 " l ) — 

3 9 . 1 2 + 1 8 . 6 6 2 

— 3 9 . 1 + ; 1 8 . 6 6 + ( 4 . 7 2 + ; 1 6 . 2 ) 
2 2 0 Z 

— 3 9 . 2 8 + ; 1 9 . 2 9 MBA 

Sjľ- — — — 3 9 . 2 8 + ; 1 9 . 2 9 — ; 4 . 7 6 — 3 9 . 2 8 + ; 1 6 . 5 7 MBA 

P o 3 p a x o B y e M 0 H a n p y r y By3Jia 1 ' npHHHflBiiiH H a n p y r y g K e p e j i a UA- — 2 4 2 k B 

U, — U s — 
PA2 ' PA2 + QA2 ' XA2\ , / P A 2 ' XA2 QA2 ' PA2 

+ 

3 9 . 2 8 • 4 . 7 2 + 1 6 . 5 7 • 1 6 . 2 \ Z / 3 9 . 2 8 • 1 6 . 2 — 1 6 . 5 7 • 4 . 7 2 ^ 
2 4 2 — 1 + 

2 4 2 242 

— 239.95 k B 

2 

2 

P o 3 p a x y e M 0 H a n p y r y By3Jia 3 ' ' 

flucm 
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u , — 
pH . p + n H . v \ 2 / p 
^3' '1 K 3 ' '1 + ¥3' '1 A 3 ' '1 \ , ľ : + 

)H v nH n \ ' 
3' '1 ' ^ 3 ' '1 — V3' '1 ' ^ 3 ' '1 \ 

7j I 

239.95 
11.35 • 4.72 + 3.88 • 1 6 . 2 \ 2 / 11 .35 • 16.2 — 3.88 • 4 . 7 2 2 

+ 
239.95 239.95 

239.47 kB 

I l op ÍBHioeMo H a n p y r a B TOHĽÚ po3pHBy: 

Ur — 239.86 kB * U3- — 239.47 kB 

PÍ3HHĽLa M Í K H a n p y r a M H cTaH0BHTb 0 . 1 6 % , T0My n p u í Í M a e M o c e p e g H e 

3HaneHHa H a n p y r u B TOHĽÚ po3pHBy: 

_ U3» + U3' _ 239.86 + 239.47 
UCPI — 2 — 2 

P o 3 p a x y e M 0 H a n p y r y c n o K H B a n a _ S 1 Ha I I C - 1 

— 239.66 kB 

pH ' RTI + nH ' XTI 
34 2 + ^ 3 4 2 \ / "34 2 ^ 3 4 2 

UCPI ^ — I + 2 2 

pH ' ̂ Yl ' RTI 

u, CPl U, CPl 

5 6 158 7 \ 2 / 158 7 5 6N 2 

20.03 • -k—+ 10.82 • — ň ~ \ ( 20.03 • —~- : 10.82 • -k-
239.66 2 ^ | + ' 2 2 

239.66 239.66 

— 235.94 fcfl 

ŕ/ľ 235.94 
' B / 2 3 0 / 
°/u„ Z 1 1 

n e p e B Í p n M o oTpHMaHy H a n p y r y Ha B Í g x H u e H H í BÍg UH0M 

— 11.28 /ci? 

— |10 — 11.28 | 
1 0 0 % — — 1 0 0 % — 12.84 % 

U HOM 10 

H a n p y r a B TOHĽÚ 4 c n o K H B a H a S 1 n e p e B H i u y e n p u n y c T H M e B Í g x H j e H H í ± 5 % 

n p H H M e M o 3 a x o g u 3 p e r y j O B a H H a 3a g o n o M o r o o P n H 

U4 — U4 + U4' (—7 • 1.5%) — 11.28 + 11.28 • (—7 • 1.5%) — 10.1 kB 

n e p e B Í p H M o oTpHMaHy H a n p y r y Ha B Í g x u j e H H a BÍg Ui HOM 

fucm 
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\ U H 0 M — U4I 110 — 10 .1 | 
1 0 0 % — — 1 0 0 % — 1 % u HOM 10 

Bu3HaHHM0 H a n p y r y c n o K H B a H a S 2 H S 3 Ha n C - 2 

U0 — U, 

DH . R-TB2 
1 0 2 ^ V l ° 

+ NH . %TB2 
V I C 

C P L 
U, 

2 \ + ' 1 1 0 

H %TB2 
2 vio 

R-TB2 
2 

Í/, C P L 

4.3 109.2 
27.57 • 4 ^ + 1 3 . 5 2 ' 1 0 9 . 2 

239.66 2 ^ 1 + 
27.57 

109.2 4.3 
2 13.52 • -2"" 

239.66 239.66 

— 235.04 kB 

ug — 

D V \ Z / Y - N \ 2 

. K R C 2 + 0H . A R C 2 \ / P H . A R C 2 — n t f . KTC2 
0 5 2 ^ ^ 0 5 2 \ / R 0 5 2 ^ 0 5 

I/n 2 — — I + '
 2 

" O u0 

239.66 

4 3 0\ 2 / 0 4 3 \ 2 

17.52 • 4 3 + 7.5 • ° \ / 17.52 • 2 — 7.5 • 4 3 

239.66 239.66 

— 232.37 kB 

Ug — 

N Y , 2 , Y N 

pH . ^ Z ä Z , n H . ATH2\ pH .ATH2_nH . KTH2 

y R 0 2 2 ^ 0 2 2 J + | R ° 2 2 V ° 2 2 
č/o č/o 

239.66 

4.3 92.4 
1 0 . 0 1 ' 4 3 + 5 . 1 2 ' 9 2 

239.66 + I 

92.4 4.3 
10.01 • —2— 5.12 • 

239.66 

233 .21 kB 

u! 232.37 
u BI 2 3 0 / 

/ÍL, 

— 38.9 fcfl ŕ/o — Z ŕ/ 
ŕ/ľ 233 .21 

BI 2 3 0 / 
/ ŕ / „ 7 | 

— 6.7 kB 

UH

 138.5 / í / H 

n e p e B Í p H M o oTpuMaHe H a n p y r ŕ/ 5 Ha BÍgxHjieHHfl BÍg U H 0 M 

6.6 

WHOM — USI |35 — 38.9 | 
— 4 • 1 0 0 % — — 1 0 0 % — 11.13 % T/ 35 

fucm 
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H a n p y r a B TOHUÍ 5 cnoKHBana S 3 nepeBHinye npnnycTHMe BÍgxHjieHHí ± 5% 

npnnMeMO 3axogu 3 perymoBaHHfl 3a g o n o M o r o o P n H 

US = US + US- ( - 9 • 1.0%) = 38.9 + 38.9 • ( - 9 • 1.0%) = 35.4 kB 

nepeBÍpuMO OTpHMaHy Hanpyry Ha BÍgxHjiemLa BÍg UH0M 

WHOM-US\ |35 - 35.4 | 
• 1 0 0 % = — • 1 0 0 % = 1.14 % U HOM 35 

nepeBÍpHMO Hanpyry U 2 Ha BÍgxHjieHHfl BÍg UH0M 

WHOM-U2I | 6 - 6 . 7 | 
1 0 0 % = 1 0 0 % = 6.7 % U HOM 

H a n p y r a B TOHUÍ 2 cnoKHBana S 2 nepeBHinye npunycTHMe BÍgxHjieHHí ± 5% 

HpHHMeMO 3axogu 3 perymoBaHHfl 3a g o n o M o r o o P n H 

U2 = U2 + U2- ( - 1 0 • 1.0%) = 6.7 + 6.7 • ( - 1 0 • 1.0%) = 6.02 kB 

nepeBÍpuMO OTpHMaHy Hanpyry Ha BÍgxHjiemLa BÍg UH0M 

WHOM-U2I | 6 - 6 . 0 2 | 
• 1 0 0 % = • 1 0 0 % = 0.33 % U HOM 

P e 3 y j b T a T H p o 3 p a x y H K y 3anHineMO B TaÔJiHnio 1.8. 

TaôjiHiLa 1.8 

By3OJi A 1 2 3 4 5 

H a n p y r a g o P n H , KB 2 4 2 2 3 9 . 9 5 6 .7 2 3 9 . 6 6 1 1 , 2 8 3 8 , 9 

BigxHjieHHfl BÍg U H O M . % 6.7 1 2 , 8 4 1 1 , 1 3 

CTynÍHb P n H - 1 0 -7 -9 

H a n p y r a n i c j i a P n H , KB 6 . 0 2 1 0 , 1 3 5 , 4 

BigxHjieHHfl BÍg U H O M . % 

nícjLa P n H 
0 . 3 3 1 1,14 

1.5 Po3paxyHOK a B a p i n H o r o p e K H M y M e p e K Í 

P o 3 p a x y e M O H a n p y r y y By3j iax HaBaHTaKeHHa n p u BÍgionoHeHÍn JTÍHÍI L - 1 

C x e M a 3aMÍmeHHí g j i a a B a p i n H o r o p e K H M y 3 o 6 p a K e H a Ha p u c . 1.7. 

fucm 
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9M JSAI J& j ( Q 

2 ' 2 2
 2 

ZA3 

S SA 

S 4 

Z13 

- Í Z Z F -

S 1 0 S 1 0 S 0 5 

S 

S34 F 

S 

A SX1 • 2 

Z T B 2 / 2 

AS x 2 • 2 

S 34 I 

S I F 

Z T I / 2 

^ - L Z Z H -

Z T C 2 / 2 

S 3 

L 0 2 

2 - 1 -

S 2 -

Z T H 2 / 2 

K 
^ 0 2 

PucyHOK 1.7 - C x e M a a B a p i n H o r o p e K H M y 

3HangeMO noTyKHÍcTb S^3 

S?0 + ASx2 • 2 - ; Q 1 3 = Sf0 + ( A P X 2 + ; A f e ) • 2 - jQ13 

= 55.25 + ; 2 9 . 0 8 + (0 .091 + ;0 .63 ) • 2 - ; 2 . 7 2 
= 55.26 + ;24 .02 MB 

3HangeMO noTyKHÍcTb S^3 

^13 = $13 + = $X3 + 
(PÍ3)2 + ( Q f 3 ) 2 

2 
HOM 

= 55.26 + ;24 .02 + 

"2 

5 5 . 2 6 2 + 2 4 . 0 2 2 

( ^ I 3 + y ^ I S ) 

2 2 0 ' 
(4.72 + ; 16 .2 ) 

= 55.61 + ; 2 5 . 2 4 M B A 
3HangeMO noTyKHÍcTb S%3 

$A3 = ^ 1 3 + ^ P 4 + ^ ^ X 2 " 2 - 7 ( Q L 3 + QA3) 

= 55.26 + y'24.02 + 90.22 + / 5 4 + (0.050 + y'0.36) • 2 - / ( 2 . 7 5 
+ 4.76) = 195.83 + ;107 .2 

3HangeMO noTyKHÍcTb 

$A3 = ^ 4 3 + = + 

1 9 5 . 8 3 2 + 1 0 7 . 2 2 

= 195.83 + ;107 .2 + — 

K "\2 

U2 

UHOM 

(RÄ3 + . 7 ^ 3 ) 

220 
(8.26 + ; 28 .35 ) 

= 204.34 + ; 1 3 6 . 3 9 M B A 

= $A3 - JQA3 = 204.34 + / 1 3 6 . 3 9 - y'4.76 = 204.34 + / 1 3 1 . 6 3 MBA 

fucm 
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P o 3 p a x o B y e M O H a n p y r y By3jia 3 , npHÔHĺBii iH H a n p y r y g K e p e j i a UA = 242 KB 

Uo = JJ PA3 ' ^43 + Qj?3 ' ^ 3 ^ ,(PA3' %A3 QA3 ' ^A3\ 
UJF - I + 

204.34 ' 8.26 + 136.39 ' 2 8 . 3 5 \ 2 / 204 .34 ' 28.35 - 136.39 ' 8 . 2 6 \ 2 

242 ) + ( 242 ) 

= 219.89 kB 
P o 3 p a x o B y e M O H a n p y r y By3jia 1 

Ui = 
„ PJte ' P 1 3 + QA3 ' ^ 1 3 ^ (PAS' %13 QA3 ' ^13 
U3 ~ I + 

219.89 -
195.83 ' 4.72 + 107.2 ' 1 6 . 2 \ 2 / 195 .83 ' 16.2 - 107.2 ' 4 . 7 2 2 

+ 219.89 219.89 

= 208.2 kB 

Bu3HaHHMO H a n p y r y c n o K H B a n a S 1 Ha n C - 1 

NH.RrX+NH / PH . NH .^TL 

^3 — I + 

4 0 1 2 5.6 + 2 3 2 8 1 5 8 . A 2 / 158.7 1 0 8 2 5 6 2 

40.12 ' -~—h 23.28 ' —~— \ / 20.03 ' —~ 10.82 ' - ~ -
219.89 2 ^ | + ' 2 2 

219.89 219.89 

= 211.5 fcfl 
211.5 

B I 230 /1 
= 10.1 kB 

n e p e B Í p u M O OTpHMaHy H a n p y r y Ha BÍgxHjiemLa BÍg UH0M 

IUHOM-UII | 10 -10 .1 | 
I - ' 100% = — 100% = 1 % 

H a n p y r a B TOHUÍ 4 c n o K H B a n a S 1 He n e p e B H i n y e n p H n y c T H M e BÍgxHjieHHfl 

± 5% 

2 

BH3HaHHMO H a n p y r y c n o K H B a n a S 2 H S 3 Ha n C - 2 

fucm 
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ŕ/n = 

N 

D y x 2 
pH . K T B 2 + N H . ATB2 

R 1 0 2 ^ 1 0 2 
ŕ/i 2 — T : — I + 

pH 
R 1 0 

%TB2 - N H RTB2 
2 V l ° 2 

4 3 109 2 \ 2 / 109 2 4 3 2 

55.24 ' 4 ^ + 29.4 ' 1 0 9 . 2 \ / 55.24 ' 1 0 9 . 2 - 29.4 ' 4 ^ 
208.2 2 | V 2 2 

208.2 208.2 

= 200.4 kB 

Ug = 

2 
pti . H L K Á . + n" • IHLA \ /pH .^TC2m-nH - PTC2 

R 0 5 2 ~L~ ^ 0 5 2 \ / R 0 5 2 ^ 0 5 
ŕ/ 0

 2 — T : — I + 
"O "O 

4 . 3 0 \ 2 / 0 4 ^ 2 

3 5 . 0 6 ' - ~ — + 1 5 ' 7 J \ / 35.06 ^ - 15 ' - T T -

200.4 r : 2 ^ 2I V 2 2 

200.4 200.4 

= 200 kB 

ŕ/f = 

N 

pH . ^ 7 7 / 2 + nH . XTH1\ í pH . %TH2 - N H . PTH2 
R 0 2 2 ^ 0 2 2 1 / R 0 2 2 ^ 0 2 

ŕ/o 2 — T : — I + 
"O "O 

4 3 92 4 \ 2 / 92 4 4 3 2 

20.02 ~ + 10. 48 ' í=p-\ 20.02 ' ^=p- - 10. 48 ~ 
200.4 ^ — \ + 2 2 

200.4 200.4 

= 197.8 kB 

Ľ ? 
200 

UB/ 230j 
= 33.4 fcfl 

>BI 
'UH 38.5 

u2 = v 

UB2 197.8 

B 230 
Í7H ' 6.6 / f 

= 5.6 kB 

± 5% 

nepeBÍpuMO OTpHMaHy Hanpyry ŕ/ 5 Ha BÍgxHjiemLa BÍg U H 0 M 

WHOM-USI |35 - 33.4 | 
— ^ ' 1 0 0 % = — 1 0 0 % = 4.5 % 

U H 0 M

 3 5 

H a n p y r a B TOHUÍ 5 cnoKHBana S 3 He nepeBHinye npunycTHMe BÍgxHjieHHfl 

nepeBÍpuMO OTpHMaHy Hanpyry U 2 Ha BÍgxHjieHHfl BÍg U H 0 M 

WHOM-U2I | 6 - 5 . 6 | 
' 1 0 0 % = ' 1 0 0 % = 6.6 % U HOM 

H a n p y r a B TOHUÍ 2 cnoKHBaHa S 2 nepeBHinye npunycTHMe BÍgxHjieHHi ± 5 % . 

npuÔMeMO 3axogu 3 perymoBaHHi 3a g o n o M o r o o P n H 

fucm 
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U2 = U2 + U2 • (—6 • 1.0%) = 5.6 + 5.6 • (7 • 1.0%) = 6 kB 

n e p e B Í p H M O OTpHMaHy H a n p y r y Ha BigxHTeHHa Big UH0M 

WHOM — U2\ 16 — 6 | 
— ^ • 1 0 0 % = — — • 1 0 0 % = 0 % 

Pe3yjTBTaTH p o 3 p a x y H K y 3anHineMO B TaÔTHino 1.9. 

TaÔJTHiLa 1.9. - Pe3yTbTaTH p o 3 p a x y m c y H a n p y r 

By3OT A 1 2 3 4 5 

H a n p y r a gO P H H , KB 2 4 2 2 3 9 . 4 5 5 ,6 2 3 9 . 3 4 1 0 , 1 3 3 , 4 

B i g x H T e H H a Big U H O M . % 6 .6 1 4 , 5 

CTynÍHb P n H 7 

H a n p y r a n i c T a P n H , KB 6 

B i g x H T e H H a Big U H O M . 

% n i c T a P n H 0 

fucm 
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K 1 = 
'HOM 

5"2 • t 1 + 5"| • t 2 + . . . • t n 

t 1 + t2+...+tn 

g e S j , S 2,.. s n - BjiaCHe HaBaHTaKeHHa n e p m o r o , g p y r o r o , n - r o CTyneHa rpac])ÍKa 

HaBaHTaKeHHa, p o 3 T a m o B a H o r o HHKcne JJÍHÍÍ HoMÍHajibHoi noTyKHoCTÍ 

T p a H C ^ o p M a T o p a . 

t j , 12,... tn - TpHBaiíCTb CTyneHa, r o g H H . 

Ki = 
HOM 

- Ŕ 4- • F 4- . . . 4- <\2 . F 

t, + to + - + t N 

1 

40 

( 2 2 . 3 2 + 1 7 . 8 2 + 2 6 . 8 2 + 3 5 . 7 2 ) • 2 + ( 3 3 , 5 2 + 3 3 , 5 2 ) • 4 

12 
= 0,87 

Ä H a i o r Í H H o BH3HanaeTbca g p y r u i í CTynÍHb eKBÍBaieHTHoro rpac])ÍKa, a i e n p u 

n b o M y ôepyTbCa CTyneHÍ, po3TamoBaHÍ Brnne JJÍHÍÍ HoMÍHajibHoi noTyKHoCTÍ 

TpaHCc])opMaTopa: 

K 2 _ 
5"2 ^ t 1 + 5"| ^ t 2 + . . . +5"^ - t n 

t 1 + t 2 + . . . + t n HOM 

g e S J , S 2,.. sn - HaBaHTa^eHHa B r n n e JJÍHÍÍ HoMÍHajibHoi noTyKHoCTÍ 

T p a H C ^ o p M a T o p a . 

K = 
HOM ti + t o + . . . + t N 

1 

40 

(2 • 4 0 . 2 2 + 4 5 . 6 2 + 4 4 . 7 2 + 5 5 . 8 2 + 6 7 . 0 5 2 ) • 2 

12 
— 1,37 

MaKCHMaiibHe n e p e B a H T a K e H H a T p a H C ^ o p M a T o p a CTaHoBHTb 

K _ S-max _ 6 7 . 0 5 1 67 
Kmax _ -~ 1 . 6 7 

HOM 40 
g e - MaKCHMaibHe HaBaHTaKeHHa T p a H C ^ o p M a T o p a 3a rpac])ÍKoM 

HaBaHTaKeHHa. 

I l o n e p e g H e 3HaneHHa K 2 H e o ô x í g H o nopÍBHaTH 3Í 3HaneHHaM K m a x , 

Í tfKino K 2 < 0,9 • K m a x — » npHHMaeMo K 2 _ 0,9 • K m a x 

TaK aK K 2 _ 1,37 < 0,9 • 1.67 — 1,5 < 1,37 — K 2 _ 1,5 naC 

nepeHaBaHTaKeHHa t r o g _ 12 rogHH. 

3 a r O C T 1 4 2 0 9 - 8 5 3 ypaxyBaHHaM eKBÍBajieHTHoi T e M n e p a T y p u 3HMoBoro 

n e p í o g a ( + 2 0 O C ) Ta n a C y n e p e B a H T a K e H H a t r o g 3 H a x o g u M o 3HaneHHa K 2 . 

I l op ÍBHioeMo 3HaneHHa K 2 3a T O C T O M Ta p e a i b H e . ÍIKIIIO 3HaneHHa K 2 n o r O C T y 

fucm 
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nepeHaBaHTajKemra t r o f l = 2 rogHHH. 

M o K e M o 3po6HTH BUCHOBOK: TaK HK 3a r O C T o M 1 4 2 0 9 - 8 5 K2TaQn = 1,5 > 
1,06 - TpaHC(j)opMaTop o ô p a H o npaBu j jbHo . 

2 . 2 P o 3 p a x y H o K CTpyMÍB KopoTKoro 3aMHKaHHfl Ta B u ô í p BUCOKOBOJJBTHUX 

anapaTÍB . 

T a ô j j u n f l 2 . 3 - B u x í g H Í gaHÍ . 

T u n S, M B A U , KB X T / 2 , O M Xnl, OM Xn2, OM S c , k B A 

T P ^ I T H 6 3 0 0 0 / 2 2 0 4 4 . 7 2 2 0 4 6 . 6 2 8 . 3 5 1 6 . 2 3 2 0 0 

3HaneHHH CTpyMÍB KopoTKoro 3aMUKaHHH H e o ô x í g H Í g j j a n p a B u j j B H o r o B u ô o p y 

ycTaTKyBaHHH Ha CTOPOHÍ 2 2 0 KB Í 10 K B . C x e M a 3aMÍineHHa g j j a p o 3 p a x y H K y 

CTpyMÍB KopoTKoro 3aMUKaHHH HaBegeHa Ha p u c . 2 . 3 . 

P o 3 p a x y H o K CTpyMÍB KopoTKoro 3aMUKaHHH BUKoHaeMo B Í M e H o B a m n cucTeMÍ 

o g m u u b . 

P u c y H o K 2 . 3 - C x e M a 3aMÍineHHfl g j j a p o 3 p a x y H K y 

CTpyMÍB KopoTKoro 3aMUKaHHH 

O n í p n p a i n o i O H o i JJÍHÍÍ = 1 0 . 3 OM; TpaHC^opMaTopÍB XT/2 = 4 6 . 6 0 M . ; 

o n í p c u c T e M u X C = 1 9 , 3 6 OM 

n e p í o g u H H a CKjjagoBa C K 3 y TOHUÍ K X 

IK1 = 
U , 220 

= 4,282 KA 
k 1 V 3 - ( X c + X ; i) VŠ- (19,36 + 10,3) 

n e p í o g u H H a CKjjagoBa C K 3 K 2 n p u B e g e H a g o H a n p y r u B u i n o i CTOPOHU 

= 1,665 KA IK2 — 
U, 220 

V 3 - (X c + + X T ) V 3 - (19,36 + 10,3 + 4 6 , 6 ) 

fucm 
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peajJbHui í T K 3 y TOHUÍ K2 

IK2 — IK2 
220 220 

= 1,665 = 36,63 KA 10 10 
Y g a p H u f í CTpyM 

- y TOHUÍ K X : i y f l l = V2 - 1,61 - I K 1 = V2 - 1,61 - 4,282 = 9,75 KA. 

- y TOHUÍ iy f l 2 = V2 - 1,61 - I K 2 = V2 - 1,61 - 36,63 = 83,40 KA. 

^ o n y c T u M o , i u o aMnj j ÍTyga E,H,C í n e p í o g u H H a CKjjagoBa C K 3 He3MÍHHÍ 3a 

HacoM, ToMy Hepe3 Hac , HKUH g o p Í B m o e H a c y BÍgicjjiOHeHHfl 

7 n T l = I K 1 = 4,282 KA gjiíi TOHKH K X . 

7 n T 2 = I K 2 = 36,63 KA gjiíi TOHKH K 2 . 
A n e p í o g u H H a CKjjagoBa C K 3 g o MoMeHTy PO36ÍKCHOCTÍ KoHTaKTÍB BuMuKaHa 

Í A = V 2 -
 I K N

 -

, — TL , — _ 0 , 0 6 

i a l = V2 - I k l - e ~ Ť I I = V2 - 4,282 - e O , O 2 5 = 0,545 KA. 

ia2 = V2 - I k 2 - e - ^ = V2 - 36,63 - e"<^š = 6,993 KA. 
g e Ta - nocTÍHHa H a c y 3aracaHHH a n e p í o g u H H o i CKjjagoBoi. 

/Via K±: Ta = 0,025 c, g i í i K2: Ta = 0,05 c. 
iHTerpa j j ^Kcoyj ja : 

B K I = IKI - (t + Ta) = 4 , 2 8 2 2 - (0,06 + 0,025) = 1,55 K A 2 C 

B K 2 = IR 2 - ( t + Ta) = 4 1 , 1 7 2 - (0,1 + 0,05) = 2 0 1 , 2 6 K A 2 C 

T a ô j u u a 2 . 4 - 3HaHeHHH CTpyMÍB KopoTKoro 3aMuKaHHa. 

C T p y M u 

K 3 

C K 3 y 

noHaTKoBufí 

MoMeHT H a c y 

Y g a p H u f í 

C K 3 , iy 

C K 3 y MoMeHT 

po3MuKaHHH 

KoHTaKTÍB 

BuMuKaHa, 

A n e p í o g . 

CKjagoBa 

T K 3 , ta 

iHTerpa j 

^Kcoyj ja BK 

ĽQuHu 

2 2 0 KB 

( K1 ) 

4 , 2 8 2 K A 9 , 7 5 K A 4 , 2 8 2 K A 0 , 5 4 5 K A 1,55 ( K A ) 2 C 

ĽQuHu 

10 KB 

( K 2) 

3 6 , 6 3 K A 8 3 , 4 0 K A 3 6 , 6 3 K A 6 , 9 9 3 K A 2 0 1 , 2 6 ( K A ) 2 C 

BUCOKOBOJBTHÍ ejjeKTpuHHÍ a n a p a T u B u ô u p a i O T t c a 3a y M o B o o T p u B a j j o r o 

p e K u M y p o ô o T u í nepeBÍpaiOTbCfl 3a yMoBaMu KOPOTKUX 3aMuKaHt . n p u u t o M y g j ja 

anapaTÍB B u K o H y e T t c a : 

1) B u ô í p 3a H a n p y r o o ; 

fucm 
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2 ) B u ô í p 3a Ha rp ÍBamraM n p u T p u B a j j u x CTpyMax; 

3 ) n e p e B Í p K a Ha ej jeKTpoguHaMÍHHy CTÍHKÍCTB; 

4 ) n e p e B Í p K a Ha TepMÍHHy CTÍHKÍCTB; 

B u ô o p y n íg j j a ra iOTb: 

- BuMuKaHÍ Ha ô o u í BUIHOÍ H a n p y r u ; 

- BCTynHÍ BuMuKaHÍ Ha ô o u í 10 K B ; 

- ceKuíÔHÍ BuMuKaHÍ Ha ô o u í 10 K B ; 

- BuMuKaHÍ J ÍHÍH, IHO B Í g x o g a T b , 10 K B ; po3 'egHyBaHÍ BUIHOÍ H a n p y r u ; 

- TpaHC(j)opMaTopu CTpyMy í H a n p y r u 2 2 0 KB í 10 K B ; 

- o rnuHoBKa p o 3 n o g í j t H u x n p u c T p o i B 2 2 0 KB í 10 K B . 

,H,jja B u ô o p y a n a p a T Í B í CTpyMoBegyHux HacTuH H e o ô x í g H o Bu3HaHuTu 

CTpyMu H o p M a j t H o r o í n í c j j a a B a p Í H H o r o p e K u M Í B . B u 3 H a H e m i a CTpyMÍB 

BuKoHyeTbca g j j a B u n a g K y ycTaHoBKu Ha n í g c T a H u í i c u j j o B o r o T p a H C ^ o p M a T o p a . 

P o 3 p a x o B a H o r o BÍgnoBÍgHo g o r p a ^ Í K a HaBaHTaKeHHa n í g c T a H u í i . 

CTpyM Ha ô o u í 2 2 0 KB : 

1 4 - S 
TBH = 
I M a x 

1,4 - 6 3 

V 3 - [ / B H V3-220 
= 0 , 2 3 1 KA. 

CTpyM y KOJÍ BCTynHux BuMuKaHÍB Ha ô o u í 10 KB : 

I M H 1 , 4 - S H Q M 1 , 4 - 6 3

 5 0 9 2 K A 

L M A X = V 3 - U H H = V 3 - 1 0 = 5 , 0 9 2 K A . 

CTpyM y KOJÍ c e K u í Ô H o r o BuMuKaHa : 

1 ,4 - SHQM 0 , 7 - 6 3 TC.B. = 
IMHX V3 - Č/ H H - 2 V3 -10 

CTpyM y KOJÍ JJÍHÍÍ, IHO B Í g x o g u T b : 

1,4 - SHQM 1 ,4 - 6 3 

= 2 , 5 4 6 KA. 

T J I . B . = 
IMHX V 3 - ^ H H - 1 0 V3-10-10 

T a ô j j u u a 2 . 5 - B u ô í p BuMuKaHa Ha ô o u í 2 2 0 K B . 

= 5 0 9 , 2 A . 

YMoBa 

B u ô o p y 

Po3paxyHKoBÍ 

3HaHeHHa 

K a T a j o K H Í 

3HaHeHHa 
U
 C < U H 2 2 0 KB 2 2 0 KB 

I p a c u < IHOM 0 , 2 3 1 K A 2 K A 

I n o < I„pCKl 4 , 2 8 2 K A 4 0 K A 

Iyd < ICKB 9 , 7 5 K A 1 0 2 K A 

— IOTKHOM 4 , 2 8 2 K A 3 1 , 5 K A 

IaT < I a HoM 0 , 5 4 5 K A 1 0 , 2 4 5 K A 

B K <
 I r 1,55 ( K A ) 2 C 4 8 0 0 ( K A ) 2 C 

fucm 
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PeKOMeHnyeTbCíi ycTaHOBKa noBÍTpaHHx BHMHKanÍB B B B - 2 2 0 B - 3 1 , 5 / 2 0 0 0 y i 

Taô j imi f l 2 . 6 - B u ô i p BHMHKanÍB y KOJÍ TpaHC(j)opMaTopa Ha Ôoni 10 K B . 

yMOBa 

BHÔopy 

Po3paxyHKoBÍ 

3HaneHHa 

KaTauoKCHÍ 

3HaneHHa 
U
 C

 — U H 10 KB 10 KB 

I p a c u — IHOM 5 , 0 9 2 K A 9 ,5 K A 

I n O — LpCKL 3 6 , 6 3 K A 1 0 5 K A 

Iyd — ICKB 8 3 , 4 0 K A 3 0 0 K A 

^7]T — ^OTKHOM 3 6 , 6 3 K A 9 0 K A 

IaT
 — I

 a H O M 6 , 9 9 3 K A 2 5 , 5 K A 

B K — I T t

r 
2 0 1 , 2 6 ( K Ä ) 2 C 3 2 4 0 0 ( K A ) 2 C 

P e K o M e H g y e T b c a ycTaHoBKa Maiio MacjraHHx BHMHKanÍB M r y - 2 0 - 9 0 / 9 5 0 0 y 3 

TaÔJiHHíi 2 . 7 - B u ô i p c e K n i i i H o r o BHMHKana Ha Ôoni 10 K B . 

y M o B a 

BHÔopy 

Po3paxyHKoBÍ 

3HaneHHfl 

KaTauoKCHÍ 

3HaneHHa 
U
 C

 — U
 H 10 KB 10 KB 

I p a c u — IHOM 2 , 5 4 6 K A 4 K A 

IHO — LpCKL 3 6 , 6 3 K A 4 5 K A 

íy — InpCKB 8 3 , 4 0 K A 1 2 0 K A 

^7]T — ^OTKHOM 3 6 , 6 3 K A 4 5 K A 

I — I 
a T a H O M 

6 , 9 9 3 K A -

2 0 1 , 2 6 ( K A ) 2 C 8 1 0 0 ( K A ) 2 C 

P e K o M e H g y e T b c a ycTaHoBKa Maiio M a c i r a i o r o BHMHKana M T T - 1 0 - 4 0 0 0 - 4 5 y 3 

TaÔJiHHíi 2 . 8 - B u ô i p po3 ' egHyBanÍB 2 2 0 K B . 

y M o B a 

BHÔopy 

Po3paxyHKoBÍ 

3HaneHHa 

K a T a i o K H Í 

3HaneHHa 

U C — U H 2 2 0 KB 2 2 0 KB 

I p a c u — IHOM 0 , 2 3 1 K A 0 , 6 3 K A 

jyd — InpCKB 9 , 7 5 K A 1 0 0 K A 

B K — I T t

r 
1,55 ( K A ) 2 C 4 8 0 0 ( K A ) 2 C 

fucm 
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P e K o M e H g y e T t c a ycTaHoBKa p o 3 ' e g H y B a n Í B P H , H , - 2 2 0 / 6 3 0 T 1 

TaÔJiHiia 2 . 9 - B n ô i p BHMHKanÍB Ha JTÍHÍIO, i n o B Í g x o g H T t , 10 K B . 

y M o B a 

BHÔopy 

Po3paxyHKoBÍ 

3HaneHHa 

KaTauoKCHÍ 

3HaneHHa 
U
 C

 — U
 H 10 KB 10 KB 

I p a c u — IHOM 0 , 5 0 9 K A 3 ,1 K A 

I n O — InpCKB 3 6 , 6 3 K A 4 5 K A 

íy — InpCKB 8 3 , 4 0 K A 1 2 0 K A 

^7]T — ^OTKHOM 3 6 , 6 3 K A 4 5 

IaT
 — I

 a H O M 6 , 9 9 3 K A -

B
 K

 — I r 2 0 1 , 2 6 ( K Ä ) 2 C 8 1 0 0 ( K Ä ) 2 C 

P e K o M e H g y e T t c a ycTaHoBKa M a u o MacjiaHHx BHMHKanÍB M r r - 1 0 - 3 1 5 0 - 4 5 y 3 

2 . 3 . B u ô i p OOHHOBKH po3nog i j iBHHx n p u c T p o i B : 

OniHHoBKy B P n 220 KB BHKoHyoTt, npaBHjio, cTaueauoMÍHÍeBHMH 

npoBogaMH MapKH A C , n p u irtoMy nepeTHH H H H noBHHeH ôyTH He Memne 2 4 0 M M 

(3a yMoBaMH KopoHyBamia). B u ô i p nepeTHHy 3gincHK>eTBca 3a HOBTOCTPOKOBO 

npunycTHMHM cTpyMoM Ta eKoHoMÍHHoo inijibHÍcTio cTpyMy. 
I B H 2 3 1 

^ = ^ = — = 2 1 0 M M 2 

JE 1,1 
BHÔHpaeMo n p o B Í g A C 2 4 0 / 3 2 , ( I g o n = 6 0 5 A > 2 3 1 A ) 

MÍHÍMaubHHH nepeTHH ( B H x o g a n H 3 yMoBH TepMÍnHoi CTÍHKOCTÍ) 

BH3HanaeTbca 3a (J)opMyjioio : 

F • = 1 MIN = 13,051 MM' 
C 9 1 

n e p e T H H 2 4 0 MM 2 n i g x o g H T b i 3a T e p M Í n H o o CTÍHKÍCTO. 

3a peKHMoM K 3 3rigHo 3 n y E noBHHHÍ nepeBÍpaTuca noBÍTpaHÍ jiÍHÍi 

eueKTponepegan npH i y f l l > 50 KA gjia nonepegKtemia cnjiÍTaHHa npoBogÍB npH 

gHHaMÍHHÍn gi i cTpyMÍB K 3 . TaK aK i y f l l = 9,75 KA, TO nepeBÍpKy Ha gHHaMÍnHy 

CTÍHKÍCTB He BHKoHyGMo. 

OraHHoBKa 3aKpHTHx P n 10 KB BHKoHyeTtca TBepgHMH OHHaMH. BHÔip 

nepeTHHy TaKoK BHKoHyeTtca 3a gonycTHMHM cTpyMoM. 

BHÔHpaeMo K o p o ô n a c T i raHHH 2 0 0 x 9 0 x 1 0 , I g o n = 7 5 5 0 A , J = 4 2 2 0 CM , 
2 

W y 0 y 0 = 4 2 2 CM, W y y = 4 0 CM, q = 3 4 3 5 MM , 

fucm 
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Í I — 7 F I ° R Í I — " 3 F I ° R 1 1 — ? C I 0 R 
u g o n ' u ^ u 4 > a K T J , J ^ u H ° p M ^ J 

J- MOMeHT m e p n í i n o n e p e H H o r o n e p e p Í 3 y HIHHH m o g o o c i , 
4 

n e p n e H n H K y j r a p H o i g o HanpaMKy 3 rnHao)Hoi CHJJH, CM ; 

q- n o n e p e H H H H n e p e p Í 3 HIHHH, CM 2 ; 

W y o y o — MOMeHT onopy gBox 3pom,eHHX mHH, CM; 

YO 

WYY — MOMeHT onopy ogmei mHHH, CM. 
P u c y H o K 2 . 4 - I I IHHH K o p o ô n a c T o r o n e p e p Í 3 y 

3 y p a x y B a H H i M T e M n e p a T y p u HaBKojjHHiHboro c e p e g o B H i n a BBogHTbca 

n o n p a B K a Ha I g o n : 

1 g o n J f l o n 
^ 4 > a K T 

^ H o p M 

= 7550 
70 — 30 

70 — 25 
= 7,097 KA 

T B e p g i H H H H noBHHHÍ 6 y r a n e p e B Í p e H Í Ha gHHaMÍHHÍ g í i CTpyMÍB K 3 í Ha 

Mo)KjjHBÍCTb BHHHKHeHHa pe3oHaHCHHx ÍTBHHI,. 3 a 3 H a n e m aBHina He BHHHKaroTb n p u 

K 3 , ÍIKIHO B j a c H a HacToTa KojJHBaHb HIHHH M e H m e 3 0 Í ô Í u b m e 2 0 0 ľ U . H a c T o T a 

BuacHHx KojJHBaHb g iu i anroMÍHÍeBHx HIHH BH3HanaeTbca 3a (j)opMyjjoio 

173.2 173.2 

1,5 J 

4220 

2 • 3435 • 1 0 " 2 
3 ^ = 603,3 ľu,, > 200 ľu, 

g e /- goBKHHa n p o j j b o T y MĎK Í 3 o j a T o p a M H / = 1 , 5 M; 

YMOBOIO MexaHÍHHoi MÍHHOCTÍ HIHH e 

^ p a c H — ^ g o n 

g e o p a c H - po3paxyHKoBHH MexaHÍHHHH HanpaMoK y MaTepíaj j í H H H , M n A , 

<T G O N = 8 2 , 3 M n A - g o n y c T H M a MexaHÍHHa H a n p y r a B MaTepíaj j í HIHH g j a 

a n o M Í H Í o MapKH A T , A 1 . 

BH3HaHHMo p o 3 p a x y H K o B y MexaHÍHHy H a n p y r y 3a ( (opMyj jo io : 

o", p a c H 

r- _„ ill2 r- _„ (83,40 • 1 0 3 ) 2 1 , 5 2 

= V3 • 10 • — = V3 • 10 ° -rrrr.—— = 0,802 Mna 
Wyoyo • a 

g e a = 0,8 M - BÍgcTaHb MĎK (J>a3aMH. 

422 • 0,8 

H 

C 
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BroHaHHMO cur ry B3aeMogí i M Í K n iBenepaMH : 

fn = 
0,5 - i 2 - 1 0 - 7 0,5 - (83,40 - 1 0 3 ) 2 - 1 0 - 7 

= 1738,9 H / 
h - 1 0 - 3 2 0 0 - 1 0 " 3 / M 

B n 3 H a n a e M O MaKcHManbHy BÍgcTaHb M Í K MíciiaMH 3BapiKBaHHa n i B e n e p í B : 

I n M a x 

g o n ^ p a c H YY 

fn 

12(82,3 - 0,802) -40 

1738,9 
= 4,74 M 

3BapK)BaHHa He noTpíÔHe, TaK aK BÍgcTaHb M Í K onopHHMH í3onaTopaMH 

HaôaraTO M e H m a MaKcHManbHoi B í g c T a m M Í K MíciiaMH 3BapiKBaHHa n i B e n e p í B . 

2 . 4 . B n ô í p BHMípiKBajibHHx T p a H c ^ o p M a T o p í B cTpyMy Ta H a n p y r H . 

,H,na BBíMKHeHHa eneKTpoBHMípiKBanbHHx n p H n a g í B í n p u c T p o i B p e n e m i o r o 

3 a x n c T y H e o ô x í g H a ycTaHoBKa T p a H c ^ o p M a T o p í B cTpyMy í H a n p y r u . y g a H o M y 

npoeKTí p e n e n H H H 3 a x n c T g e T a n b H o He p o 3 p o 6 n a e T b c a , ToMy n e p e B í p K y 

T p a H c ^ o p M a T o p í B 3a BTOPHHHHM HaBaHTaKeHHaM BHKoHyeMo 3 ypaxyBaHHaM 

BBíMKHeHHa TínbKH BHMípKBanbHHx n p H n a g í B . 

y Koní c n n o B o r o T p a H c ^ o p M a T o p a 3 6oKy HHKHOÍ H a n p y r u BcTaHoBnroeTbca 

aMnepMeTp , BonbTMeTp, BapMeTp, n ínnnbHHKH aKTHBHoi í peaKTHBHoi e H e p r í i , Ha 

n iHHax 2 2 0 KB - BonbTMeTp í3 nepeMHKaneM g n a BHMípy T p b o x MíK(()a3oBHx H a n p y r , 

Ha c e K u í n H o M y BHMHKaní 10 KB - a M n e p M e T p , Ha n í m a x , m o B í g x o g a T b , 10 KB -

aMnepMeTp , n ínnnbHHKH aKTHBHoi í peaKTHBHoi e H e p r í n . P o 3 p a x y H o K BTopHHHoro 

HaBaHTaKeHHa T p a H c ^ o p M a T o p a cTpyMy HaBegeHHn y T a ô n H n í 2 . 1 0 . 

T a ô n H i i a 2 . 1 0 - P o 3 p a x y H o K BTopHHHoro HaBaHTaKeHHa T p - p a cTpyMy. 

HaBaHTaKeHHa 

n p H n a g T m i K n a c n o (j)a3ax 

A B C 

A M n e p M e T p 3 - 3 3 5 1 0 ,5 0 ,5 0 ,5 
BaTTMeTp ,3,350 1,5 0 ,5 - 0 ,5 
B a p M e T p ,3,345 1,5 0 ,5 - 0 ,5 

Jl ínHnbHHK aKTHBHoi e H e p r í i C A 3 1 2 , 5 - 2 , 5 

JJínHnbHHK peaKTHBHoi e H e p r í i C P - 4 1,5 2 , 5 - 2 , 5 

C y M a p H e HaBaHTaKeHHa cTpyMy B 
6 ,5 0 ,5 6 ,5 

Koní c H n o B o r o T p - p a 3 6oKy H H 
6 ,5 0 ,5 6 ,5 

C y M a p H e HaBaHTaKeHHa cTpyMy B 
0 ,5 0 ,5 0 ,5 

Koní ceKii . BHMHKana Ha H H 
0 ,5 0 ,5 0 ,5 

C y M a p H e HaBaHTaKeHHa cTpyMy B 
0 ,5 0 ,5 0 ,5 

Koní c H n o B o r o T p - p a Ha 6 o n í B H 
0 ,5 0 ,5 0 ,5 

C y M a p H e HaBaHTaKeHHa cTpyMy B 
0 ,5 0 ,5 0 ,5 

Koní B í g x í g H o i n í m i 
0 ,5 0 ,5 0 ,5 
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B u ô í p T p a H c ^ o p M a T o p í B cTpyMy H a B e g e m i i í y T a ô n H i i a x 2 . 1 1 - 2 . 1 3 . 

T a ô n H i i a 2 . 1 1 - B u ô í p T p a H c ^ o p M a T o p a cTpyMy B Koní c H n o B o r o 

T p a H c ^ o p M a T o p a Ha ô o n í BHinoi H a n p y r H ( 2 2 0 K B ) : 

y M o B a 

BHÔopy 

P o 3 p a x y H K o B í 

3HaneHHa 

K a T a n o K H í 

3HaneHHa 
U

 C < U H 2 2 0 KB 2 2 0 KB 

tpacu ^ IHOM 0 , 2 3 1 K A 0 ,5 K A 

j y < LpCKL 9 , 7 5 K A 2 5 K A 

B K < l2

Ttr 1,55 ( K Ä ) 2 C 2 8 8 ( K Ä ) 2 C 

Z H ^ ZH.UOM 0 , 8 3 O M 1,2 O M 

3 n a nepeBípKH 3a BTOPHHHHM HaBaHTaKeHHaM BH3HanaeMo o n í p n p u n a g í B 

' n p n . i i 0 , 5 

= "5T = 0 , 0 2 0 M 

T o g í o n í p c n o n y H H H x n p o B o g í B M o K e ô y r a 

7=7 — 7 — 7 

g e : Z n p — HOMÍHaibHHH onip HaBaHTaKeHHa, OM; 

Z N P I I ; I — onip npHJiagiB, OM; 

Z K — onip KoHTaKTÍB, OM. 
Z N P = 1,2 — 0,02 — 0,1 = 1,08 OM. 

n e p e T H H c n o n y H H H x n p o B o g í B 3a yMoBaMH M e x a m H H o i MÍIIHOCTÍ noBHHHHn 

ÔyTH He M e H m e HÍK 4 M M 2 g n a anKMíHíeBHx K H I . 

n e p e T H H K H n n p u goBKHHí K a ô e n a / = 100 M 

l 
Znp= P -

g e : p - nHToMHH o n í p arnKMímiK, 0,0283 
F 
OM • MM 

M 

F - nepeTHH K H n , MM 

Z N P = 0,0283 
100 

n p

 4 

3 a r a n b H H m o n í p c T p y M o B o r o K o n a 

= 0,71 OM 

Z H = Z N P I M + Zk + Z N P = 0 , 0 2 + 0 , 1 + 0 , 7 1 = 0 , 8 3 OM 

i n o M e H m e HÍK 1,2 O M , n p u n y c T H M u x n p u p o ô o T í T p a H c ^ o p M a T o p a B Knací 

TOHHOCTÍ 0 , 5 . 

T p a H c ^ o p M a T o p cTpyMy T 0 3 M - 2 2 0 E - I I I B í g n o B í g a e yMoBaM BHÔopy. 

fucm 
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Taô j imi f l 2 . 1 2 - B n ô i p T p a H C ^ o p M a T o p a c r p y M y y KOJIÍ T p a H C ^ o p M a T o p a Ha 

ô o n i 10 K B : 

YMoBa 
BHÔopy 

Po3paxyHKoBÍ 
3HaneHHa 

KaTaiio)KHÍ 
3HaneHHa 

U
 C < U H 10 KB 10 KB 

tpacu ^ IHOM 5 , 0 9 2 K A 5 K A 

jy < hun 8 3 , 4 0 K A -

B K < l2

Ttr 2 0 1 , 2 6 ( K Ä ) 2 C 3 6 7 5 ( K A ) 2 C 

Z H ^ ZH.UOM 0 , 6 4 3 1,2 

,H,jra nepeBÍpKH 3a BTOPHHHHM HaBaHTaKteHHiM BH3HanaeMo o n i p npHj iagÍB 

' n p n . n 

6,5 

5^ 
^ = - = 0 , 2 6 GM 

T o g i o n i p c n o i y n H n x n p o B o g Í B M o K e ôyTH 

7=7 —7 —7 
g e : Z n p — HOMiHajibHHň onip HaBaHTaKeHHa, GM; 

Z N P H ; I — onip npHJiagiB, GM; 

Z K — onip KOHTaKTiB, GM. 

Z N P = 1,2 — 0,26 — 0,1 = 0,84 GM. 

n e p e T H H c n o i y n H H x n p o B o g Í B 3a yMoBaMH M e x a m m i o i MÍHHOCTÍ noBHHHHH 

ôyTH He M e H m e HÍK 4 M M 2 g j r a ainoMÍHÍeBHx KCHJI. 

n e p e T H H K o u n p u goBKHHÍ Kaôejra Z = 40 M 

l 
Z n p = P -

g e : p - nHToMHH o n i p ainoMÍHÍK), 0,0283, 
F 
OM • MM 

M 

F - nepeTHH KCHJI, MM 

40 
Z N P = 0,0283 — = 0,283 GM n p

 4 

3 a r a i b H H H o n i p CTpyMoBoro Kojia 

Z H = Z N P I U I + Zk + Z N P = 0 , 2 6 + 0 , 1 + 0 , 2 8 3 = 0 , 6 4 3 GM 

m o M e H m e HÍK 1,2 O M , npHnycTHMHx n p H p o ô o T Í TpaHC(j)opMaTopa B Kjiaci 

TOHHOCTÍ 0 , 5 . 

PeKoMeHgyeTbCíi BHôpaTH T p a H c ^ o p M a T o p T L Q J I - 1 0 . 

fucm 
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Taô j imi f l 2 . 1 3 - B u ô i p T p a H C ^ o p M a T o p a c r p y M y Ha n i m i , IHO BÍgxogHTb 

YMOBa 

BHÔopy 

Po3paxyHKoBÍ 

3HaneHHa 

K a T a i o ^ H Í 

3 H a n e H H i 

U
 C < U H 10 KB 10 KB 

tpacu ^ IHOM 0 , 5 0 9 K A 0 , 8 K A 

8 3 , 4 0 K A 1 0 0 K A 

B K < l2

Ttr 2 0 1 , 2 6 ( K Ä ) 2 C 9 9 2 , 5 ( K A ) 2 C 

Z H ^ ZH.UOM 0 , 1 4 8 3 O M 0 ,4 O M 

,H,jra nepeBÍpKH 3a BTOPHHHHM HaBaHTaxceHHaM BH3HanaeMo o n Í p n p u i a g Í B 

S 0 5 
Znpuji = ~^T = ~Š2 = 0 , 0 2 0 M 

T o g i o n Í p c n o i y H H H x n p o B o g Í B M o ^ e ÔyTH 

7=7 —7 —7 
g e : Z n p — HOMiHaibHHH onip HaBaHTaKeHHa, OM; 

Z N P I L J L — onip npHJiagiB, OM; 

Z K — onip KOHTaKTiB, OM. 

Z N P = 1,2 — 0,02 — 0,1 = 1,08 OM. 

n e p e T H H cnoj ryHHHx n p o B o g Í B 3a yMoBaMH M e x a m m i o i MÍHHOCTÍ noBHHHHH 

ÔyTH He M e H m e HÍK 4MM2 4 MM 2gjra ainoMÍHÍeBHx KHJL 

n e p e T H H K H I n p u goBKHHÍ Kaôejra / = 4 M 

l 
Znp=Pp 

„ • • OM • MM 
g e : p - nHToMHH o n i p amoMiHi io , 0,0283, , 

M 

F - nepeTHH K H I , MM 2 , 

4 
Z N P = 0,0283 • 4 = 0,0283 OM 

3arairbHHH o n i p CTpyMoBoro K o i a 

ZH = Z n p H J i + Zk + z

n p = 0,02 + 0,1 + 0,0283 = 0,1483 OM 

IHO M e H m e HÍK 1,2 O M , n p u n y c T H M H x n p u p o ô o T Í TpaHC(j)opMaTopa B Kjiaci 
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TOHHOCTÍ 0 , 5 . 

BepeMO g o yCTaHOBKu TpaHC(j)opMaTop CTpyMy T O J J - 1 0 . 

B u ô Í p TpaHC^OpMaTOpÍB H a n p y r u 

B u ô Í p TpaHC^OpMaTOpÍB H a n p y r u n p o B o g u T b d nO H a n p y 3 Í Ta noTyKHOCTÍ. 

T a ô r u r x a 2 . 1 4 - B u ô Í p TpaHC(()opMaTopa H a n p y r u 3 ÔOKy B H 

T n n 
HoMÍHai ibHa H a n p y r a OÔMOTOK, B HoMÍHajibHa 

noTyKHÍCTb 
y KiaCÍ , B A 

C x e M a 
3 ' e g H a m r a . 

T n n 

n e p B H H H a 
OCHOBHa 
BTOpHHHa 

^ogaTKOBa 
BTOpHHHa 

HoMÍHajibHa 
noTyKHÍCTb 
y KiaCÍ , B A 

C x e M a 
3 ' e g H a m r a . 

HECO-
2 2 0 -
5 8 y i 

2 2 0 1 5 0 0 0 0 / V Š 100/VŠ 1 0 0 4 0 0 2 0 0 0 1 /1 /1 -0 -0 

T a ô r u i L a 2 . 1 5 - B n ô Í p T p a H C ^ o p M a T o p a H a n p y r u 3 ÔOKy H H 

T u n U M a x 

HoMÍHaiibHa Hanpyra 
OÔMOTOK, B 

B A 

S H O M 

gogaTKOBa, 
B A 

S m a x 

CxeMa 
3'egHaH-T u n U M a x n e p 

BuHHa 
BTO 

p u H H a 
Aog. 

BTOpuHHa 

B A 

S H O M 

gogaTKOBa, 
B A 

S m a x 

CxeMa 
3'egHaH-

H O J I . 0 9 
- 1 0 . 0 2 

10 12 
10000 100 

1 0 0 7 5 3 0 0 6 3 0 1 /1 /1 -0 -0 H O J I . 0 9 
- 1 0 . 0 2 

10 12 
VŠ VŠ 

1 0 0 7 5 3 0 0 6 3 0 1 /1 /1 -0 -0 
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2 . 5 . O ô r p y H T y B a m i a CxeMu e r e K T p u H H u x 3 ' egHaHb nÍgCTaHnÍi . 

PuCyHOK 2 . 5 - C x e M a e r e K T p u H H u x 3 ' egHaHb nÍgCTaHnÍi . 

BuKopuCTaHHa gaHoro Tuny CxeM ereKTpuHHux 3'egHaHb nÍgCTaHnÍi 

3yMOBreHe B n e p m y Hepry HagÍimÍCTio B nopÍBHamri 3Í CxeMaMu 3 o g m e i o CeKnÍeo 

muH Ta MeHmoro BapTÍCTO npoeKTyBaHHa y nopÍBHaHHÍ 3Í CxeMaMu, ge 

BuKopuCTOByeTbCa gBÍ CeKiÍi muH 3 geKÍrbKOMa CMyraMu 3ÔÍpHux muH Ha CeKnÍio. 

^ a H u f í T u n CxeMu g o 3 B o r a e pÍBHOMÍpHO p o 3 n o g Í r u T u HaBaHTaKeHHa Ha 

T p a H C ^ o p M a T o p H y nÍgCTaHnÍ io , a TaKOK 3 a ô e 3 n e H u T u ô e 3 n e p e ô Í i í H e K u B r e H H a 

CnoKuBaHÍB y B u n a g K a x aBapÍ i íHux BuMKHeHb K u B r e H H a Ha nÍgCTaHnÍi 3aBgaKu 

HaaBHOCTÍ CeKnÍHHoro BuMuKaHa Q B 1 . B g a m i í CxeMÍ K u B r e H H a CnoKuBaHÍB 

BÍgôyBaeTbCa BÍg gBOTpaHC^opMaTopHoi nÍgCTaHnÍi n o gBOM rÍHÍaM MapKu 

fucm 
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n p o B o g Í B A C - 2 4 0 / 3 2 . K o M y T a n Í a r ÍHÍ i í 3 ôoKy B u n o i H a n p y r u BÍgôyBaeTbCa 

3aBgaKu BuMuKaHaM Q 1 Ta Q 2 . 3 ôoKy Hu3bKoi H a n p y r u KOMyTania BÍgôyBaeTbCa 

3aBgaKu BuMuKaHaM aBTOMaTuHHuM Q 3 Ta Q 4 . P o 3 ' e g H y B a H Í Q S pa3OM Í3 

KopoTKO3aMuKaHaMu g o 3 B o r a o T b BÍgÍMKHyTu r Í H Í o y pa3Í HeoôxÍgHOCTÍ, a TaKOK 

m r a x o M CTBopeHHa mTyHHoro K 3 . CeKnÍHHufí BuMuKaH 3 ôoKy Hu3bKoi Hanpyru 

go3Borae 3giiícHuTu KuBreHHa CnoKuBaHÍB o ô o x ceKniií ogHOHaCHO BÍg ogHoro 

TpaHC^opMaTopa y BunagKy peMOHTy ÍHmoro. 

Po3rraHeMO BunagoK, Koru Ha nÍgCTaHnÍi BÍgôyroCa K 3 . ,ZLra nÍei CxeMu, y 

HopMarbHOMy peKuMÍ ceKnÍHHuií BuMuKaH po3ÍMKHeHuií. ^Km,o K 3 BÍgôyroCa Ha 

muHÍ Hu3bKoi Hanpyru Ha CeKnÍi Ta, n o 3rÍBa, MaoTb c n p a n o B a T u aBTOMaTuHHÍ 

BuMuKaHÍ Q 3 Ta BCÍ BuMuKaHÍ Ha rÍHÍax, n o BÍgxogaTb. TaKOK MOKe c n p a n o B a T u 

3anoôÍKHuK Ha rÍHÍi TpaHC^opMaTopa Hanpyru Ta TpaHC^opMaTopa BracHux 

noTpeô, aKino CTpyM n e p e B u n u T b BCTaHOBreHe 3HaHeHHa CTpyMy nraBKoi BCTaBKu 

3anoôÍKHuKa. n p u K 3 Ha muHÍ 3 ôoKy BUCOKOÍ Hanpyru c n p a n o e BuMuKaH Ha rÍHÍi 

g o TpaHC^opMaTopa. 

^Kffl,o K HeoôxÍgHO BuBecTu y peMOHT o g H y Í3 r ÍHÍ i í , n o K u B r a T b 

CnoKuBaHÍB, TO noTpÍôHO 3aMKHyTu ceKnÍHHufí BuMuKaH, Í K u B r e H H a BCÍX 

CnoKuBaHÍB B Í g ô y g e T b c a Hepe3 o g u H T p a H C ^ o p M a T o p . y pa3 Í BuHuKHeHHa K 3 y 

r ÍHÍ i n o B Í g x o g u T b c n p a n o e BuMuKaH TÍ rbKu B n i i í r ÍHÍ i . 

2 . 6 . B u ô í p TpaHC^opMaTopÍB B r a c H u x n o T p e ô 

n p u Ô M a H a M u B r a c H u x n o T p e ô e: 

- o n e p a T u B H Í K o r a ; 

- e r e K T p o g B u r y H u , c u c T e M u o x o r o g K e H H a c u r o B u x TpaHC^opMaTopÍB , 

BucBÍTreHHa i e r e K T p o o n a r e H H a n p u M Í n e H b ; 

- e r e K T p o n i g i r p Í B a H H a KOMyTaniiíHoi 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 noTyKHÍCTb n p u i M a H a B r a C H u x n o T p e ô Bu3HaHaeTbCa 

3 ypaxyBaHHaM Koe( Ín ÍeHTÍB n o n u T y . P o 3 p a x y H o K noTyKHoCTÍ n p u i M a H a B r a C H u x 

n o T p e ô HaBegeHui y T a ô r . 16 . 

H a nÍgCTaHnÍi nepegôaHaeTbCa yCTaHoBKa 2 TpaHC(opMaTopÍB BraCHux 

noTpeô. HoMÍHarbHa noTyKHÍCTb BuôupaeTbca 3 yMOB STCH > SCH , 

g e STCH - noTyKHÍCTb T p a H C ^ o p M a T o p a B r a c H u x n o T p e ô , K B A ; 

SCH - noTyKHÍCTb CnoKuBaHÍB B r a c H u x n o T p e ô , K B A . 
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TaÔJiHiia 2 . 1 6 - Po3paxyHOK n o T y K H o c T Í npuiÍMaHÍB BjiacHHx n o T p e ô 

n / n 
HaÔMeHyBaHHa 

c n o m r e a n a 

y c T a H o B j i e H a 
noTyKHÍcTb 

c o s < P tg <p 

HaBaHTaKeHHa 

n / n 
HaÔMeHyBaHHa 

c n o m r e a n a 
OgHHHHÍ, 

KBT 
KÍlbKÍcTb 

B c b o r o , 
KBT 

c o s < P tg <p 
P , 

KBT 

Q y c T , 
K B A p 

1 
O x o j i o g K e H H a 

T p a H c ^ o p M a T o p í 
B T,H, 6 3 0 0 0 / 2 2 0 

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

2 

n í g í r p Í B 
BHCOKOBOJIKTHHX 

BHMHKaHÍB 

3oBHÍHIHboi 
ycTaHoBKH 

2 x 3 , 6 7 ,2 1 - 7 ,2 -

3 

n í g í r p Í B 
n p n B o g Í B 

po3 ' egHyBanÍB 
3OBHÍHIHBOI 
ycTaHoBKH 

4 x 0 , 6 2 , 4 1 - 2 , 4 -

4 

O n a u e m i a , 
ocBÍTieHHa, 
BeHTHJiaHÍa 

3aKpHToro P y 

5 5 1 - 5 -

5 O c B Í T i e H H a P y 5 5 1 - 5 -

BCBOĽO 7 8 , 8 3 6 , 7 

P o 3 p a x y H K o B e HaBaHTaKeHHa 

K c - KoecjnníeHT n o m n r y . n p H H M a e M o PÍBHHM 0 , 8 

5"yCT = 0.8 ' V 7 8 . 8 2 + 3 6 . 7 2 = 69.54 K B A 
n í g n a c BBÍMKHeHHa H b o r o HaBaHTaKeHHa Ha ogHH T p a H c ^ o p M a T o p 

g o n y c K a e T b c a fíoro n e p e B a H T a K e H H a Ha 2 0 % . n o T y K H Í c T b T p a H c ^ o p M a T o p a g j i a 

3 a ô e 3 n e n e H H a KHBjieHHa HaBaHTaKeHHa BjiacHHx n o T p e ô 3 ypaxyBaHHaM 

peMoHTHHx HaBaHTaKeHb. PeMoHTHe HaBaHTaKeHHa Ha n ígcTaHHÍí MoKHa ôpaTH 

TaKHM, IHO gopÍBHioe S TCP 2 0 - 2 5 K B A . 

6 9 , 5 4 + 2 0 S T C P + S C H 

o T CP CH 
S ^^>TT — — 

TCH 

— 74,61KBA . 
1,2 1,2 

B e p e M o cTaHgapTHy n o T y K H Í c T b T p a H c ^ o p M a T o p a = 1 0 0 K B A . S TCH 
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OcTaTOHHo g j ia K H B i e H H a c n o K H B a n a B i a c H H x n o T p e ô ô e p e M o gBa 

T p a H c ^ o p M a T o p n cTaHgapTHoi n o T y K H o c T Í : T M - 1 0 0 / 1 0 . 

2 . 7 . KoMnoHyBaHHa p o 3 n o g í i b H H x n p u c T p o i B Ha ÔOHÍ 2 2 0 K B . 

n í g c T a H H Í í ( n C ) 2 2 0 KB c n o p y g K y i O T b , aK npaBHj io , BÍgKpHTHMH. 

C n o p y g K e H H a 3aKpHTHx n C H a n p y r o o 2 2 0 K B , g o n y c K a e T b c a B TaKux 

BHnagKax: po3MÍiHeHHa n C Í3 T p a H c ^ o p M a T o p a M H 16 M B A í BHine Ha a i ryKôoBÍH 

TepHTopí i MÍCT, po3MÍmeHHa n C Ha TepHTopí i MÍCT, KOIH He g o n y c K a e T b c a 

MÍcToôygÍBHHM MÍpKyBaHHaM. 

H a n C e i e K T p o n o c T a n a H H a n p o M H c i o B H x n í g n p u e M c T B n e p e g ô a n a e T b c a 

B o g a H e ona i i eHHa , n p u e g H a H e g o T e n i o B H x M e p e K n í g n p u e M c T B . 

BygHHKH 3 P y (3aKpHTHx P y ) g o n y c K a e T b c a BHKoHyBaTH aK oKpeMo 

p o 3 M Í n e H Í , TaK í 3ôiioKoBaHHMH 3 ôygHHKaMH P n y B ToMy H u c u í í n o BepTHKai í . 

T p a H c ^ o p M a T o p H 2 2 0 KB BapTo ycTaHoBiiOBaTH BÍgKpHTHMH, a y p a H o H a x Í3 

3 a ô p y g H e H o o a T M o c ^ e p o o 3 n o c u i e H o o Í 3 o i a i í e o . 

CxeMH g i a H a n p y r 2 2 0 KB í BHine noBHHHÍ c K i a g a T H c a 3 ypaxyBaHHaM TaKHx 

BHMor: peMoHT BHMHKanÍB 1 1 0 KB í BHine BHKoHyeTbca ô e 3 B Í g K i o n e H H a 

n p u e g H a H b : noBÍTpaHÍ u í m i B Í g K i o n a o T b c a BÍg P n He ô í i b m e H Í K gBoMa 

BHMHKanaMH, T p a H c ^ o p M a T o p u ÔIOKÍB B Í g K i o n a o T b c a He ô í i b m e H Í K TpboMa 

BHMHKanaMH í T.ÍH. 

n p u B Í g K i o n e H H a x BHMHKanÍB y HopMai ibHoMy peKHMÍ P n He noBHHHe 

B Í g K i o n a T H ô í i b m e o g H o r o ô i o K a , y p e M o m n o M y - He ô í i b m e g B o x ÔIOKÍB. 

,/Lra P n 3 5 - 2 2 0 KB n p u n u c i í n p u e g H a H b 1 2 - 1 6 o g H y 3 g B o x cucTeM 

c e K H Í o H y o T b , n p u n u c i í n p u e g H a H b ô í i b m HÍK 16 -ceKHÍoHyiOTb o ô u g B Í cucTeMH 

HHH. 

2 . 8 . KoMnoHyBaHHa p o 3 n o g í i b H H x n p u c T p o i B Ha ÔOHÍ 10 K B . 

P n 10 KB B x o g a T b g o c K i a g y nígcTaHHÍH aK ĽOIOBHÍ P n . ,H,o P n 10 KB 

nígcTaHHÍH n í g K i o n a o T b c a n o H H K y o n í T p a H c ^ o p M a T o p u , CHHXPOHHÍ 

KoMneHcaTopH Ta ÍH. 

CxeMH P n 10 KB noBHHHÍ 3 a g o B o i b H a T H HacTynHHM BHMoraM: 

H e c n p a i n o B a H H a BHMHKana He noBHHHe npHBogHTH g o n p u n u H e H H a 
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e i e K T p o n o c T a n a H H a B Í g n o B Í g a i b H H x c n o K H B a n Í B (1 K a T e r o p í a n o n y 3 ) , 

p o 3 H H p e H H a P n 3 p o c T o M HaBaHTaKeHb He noBHHHe npHBogHTH g o 3MÍHH cxeMH Í 

3HanHHx ô y g Í B e i b H H x í MoHTaKHHx poô ÍT . 

CeKHÍOBaHHa 3ô ípHHx HIHH g o 3 B o i a e 3agoBoibHHTH BHMOĽH HagíHHocTÍ. 

P o 3 m u p e H H a P n 3 g í H c H o e T b c a 3anoBHeHHaM pe3epBHHx ocepegKÍB a ô o BBegeHHaM 

HOBOI ceKHÍi. 

P y 10 KB g i a KoMnieKTHHx T p a H c ^ o p M a T o p Í B n C BHKoHyeTbca y B H r i a g í 

K P y H a ô o K P y , BcTaHoBiOBaHHx y 3aKpHTHx npHMÍmeHHax. y 3 P y 10 KB 

p e K o M e H g y e T b c a BcTaHoBiiOBaTH m a ^ H K P y 3 a B o g c b K o r o BHroToBieHHa. 

2 . 9 . 3 a 3 e M i o o n í n p u c T p o i n ígcTaHHÍi . 

y c í e i e K T p u n H Í nacTHHH e i eKTpoycTaHoBoK, n o HopMaiibHo He 3 H a x o g a T b c a 

n í g H a n p y r o o , a i ie 3gaTHÍ BHaBHTuca n í g HHM n e p e 3 y m K o g K e H H a Í 3 o i a H Í i , noBHHHÍ 

HagÍHHo 3 ' egHyBaTuca Í3 3 e M i e o . TaKe 3 a 3 e M i e H H a Ha3HBaeTbca 3axucHHM. 

3 a 3 e M i e H H a , n p u 3 H a n e H e g i a cTBopeHb H o p M a i b H H x yMoB p o ô o T H a n a p a T a 

a ô o e ieKTpoycTaHoBKH, Ha3HBaeTbca p o ô o n u M . 

,/Lra 3 a x u c T y ycTaTKyBaHHa BÍg y m K o g K e H H a y g a p o M ô iucKaBKH 

3 a c T o c o B y e T b c a r p o 3 o 3 a x u c T 3a g o n o M o r o o po3pagHHKÍB, cTpHKHeBHx í TpocoBHx 

ô iucKaBKoBÍgBogÍB, H O n p u e g H y o T b c a g o r p o 3 o 3 a x H c H o r o 3 a 3 e M i e m i a . H a 

n í g c T a H H Í a x BHKopucTOByeTbca ogHH 3 a r a i b H H H n p u c T p í H , n o 3 a 3 e M i i o e . 
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3 P 0 3 P A X y H 0 K P E J I E H H O r O 3 A X H C T y T P A H C O O P M A T O P A 

^ u a n o n a T K y BH3HaHHMo n a p a M e T p u , H e o ô x í g H Í g i a p o 3 p a x y H K y 3 a x u c T y 

T p a H c ^ o p M a T o p Í B 

3 r í g H o 3aBgaHHa, H e o ô x í g H o BHKoHaTH p o 3 p a x y H o K 3 a x u c T y g i a 

T p a H c ^ o p M a T o p a T u n y T P ^ I I H - 6 3 0 0 0 / 2 2 0 . T p a H c ^ o p M a T o p oTpHMye K H B i e H H a BÍg 

eHeprocucTeMH 3 napaMeTpaMH xCMaKC= 12 O M ; XCMUH= 18 O M (oníp HaBegeHo g o 

UCP.HOM= 2 3 0 K B ) . 

^ u a c K i a g a H H a cxeMH 3aMÍmeHHa ( p u c . 3 . 1 ) p o 3 p a x y e M o o n í p 

TpaHc(j)opMaTopa: 

a ) 3 a r a i b H e ÍHgyKTHBHHH o n í p : 

X T = ^ ^ _ ^ | H O M = 12 _ 2 3 0 2 = I O O 8 0 M 

100 SH 100 63 
ô) oníp OÔMOTKH BHIHOÍ Hanpyru : 

XB = 0.125 • XT = 0.125 • 100.8 = 12.6 0 M 

B) on íp OÔMOTKH HHKHOI Hanpyru : 

XH = 1.75 • XT = 1.75 • 100.8 = 176.3 0 M 

a) 6) 
PucyHoK 3 . 1 . - CxeMa (a) í cxeMa 3aMÍmeHHa (ô) TpaHc^opMaTopa 3 

po3iHeniieHoi OÔMOTKOKX 

n p H p o 3 p a x y H K a x cTpyMÍB K 3 g i a 3axHcTÍB T p a H c ( o p M a T o p Í B 3 P n H c i Í g 

BpaxyBaTH 3MÍHy o n o p y 3a p a x y H o K p e r y m o B a H H a H a n p y r u . ^ u a T p a H c ^ o p M a T o p Í B 

2 2 0 KB H a ô i H K e H o MoKHa npHHHaTH: 

^,MHH = ^H.HOM • (1 - A ŕ / ) 2 = 12.6 • (1 - 0 . 1 2 ) 2 = 9.8 0 M 
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*H.MHX = *H.HOM ' (1 + AU)2 = 12.6 • (1 + 0 . 1 2 ) 2 = 15.8 0 M 

T o g Í 

*B.MHH = ^B.HOM ' (1 - A ŕ / ) 2 = 176.3 • (1 - 0 . 1 2 ) 2 = 136.6 0 M 

* B . M a x = ^B.HOM ' (1 + AU)2 = 176.3 • (1 + 0 . 1 2 ) 2 = 221.2 0 M 

CTpyM KopoTKoro 3aMHKaHHa Ha m H H a x H H K H O I H a n p y r u (ToHKa K 1 , p u c . 

3 . 1 ) : 

= ^ C P . H O M = 2 3 0 = 8 3 9 A 

K . M a X VŠ ' ( X C M a x + *B.MHH + ^H.MHH) VŠ • ( 1 2 + 136.6 + 9 . 8 ) 

/ ( 2 ) = ^ C P . H O M = 2 3 0

 — 4 5 1 / 4 
K . M U H 2 ' (XC.M„H + * B . M a x + * H . M a x ) 2 • (18 + 221.2 + 15.8) 

3 .1 n o g o B K H Í f í gH(()epeHHÍaiibHHH c ipyMoBHÔ 3 a x u c T . 

1. CTpyM c n p a n t o B y B a H H a 3 a x u c T y BH3HaHaeTbca 3a ô í i b m u M 3 g B o x 

po3paxyHKoBHx yMoB: a ) B Í g ô y g o B a BÍg KHgKa cTpyMy HaMarHÍHyBaHHa, n o BHHHKae 

n p u BKiroHeHHÍ T p a H c ^ o p M a T o p a Ha X O U O C T H H x í g a ô o n p u BÍgHoBieHHÍ H a n p y r u 

n í c i a BÍgKiroHeHHa K 3 , a TaKoK BÍg n e p e x í g H H x cTpyMÍB H e ô a i i a H c y n p u 3 O B H Í H I H Í X 

K 3 : 

J — h -I 
J C . 3 ""OTC J H O M 

g e komc - Koe^ÍHÍeHT BÍgôygoBH, g i a p e i e THny P H T komc =1,3; IHOM -

HoMÍHaibHHH cTpyM TÍei C T O P O H H T p a H c ^ o p M a T o p a , H a n p y r a aKoi npHHHaTo B 

aKocTÍ p o 3 p a x y H K o B o i ; 

5"T 63 
7 H o m = — = — — 158 A 

v3 • Í / C ^ H O M v 3 • 230 

7 C 3 = 1.3 • 158 = 206 4 
ô ) B Í g ô y g o B a BÍg MaKcHMaiibHoro n e p í o g H H H o r o cTpyMy H e ô a i i a H c y , n o 

BHHHKae n p u 3 O B H Í H I H Í X K 3 : 

g e k3 =1,3 - Koe^ÍHÍeHT 3 a n a c y n o B H Ô Í P K O B O C T Í ; IHÔpaCH - MaKcHMaibHHH 

po3paxyHKoBHH cTpyM H e ô a i i a H c y , aKHH BH3HaHaeTbca aK c y M a T p b o x c K i a g o B H x , 

n p o n o p i Í H H H x n e p í o g H H H o i cKi iagoBoi cTpyMy K 3 , 
T —T' I F " + T'" 

J H Ô . p a C H J H Ô . p a C H ' J H Ô . p a C H ' J H Ô . p a C H 

c K i a g o B a cTpyMy ľHÔpaCH o ô y M o B i e H a n o x u ô K o i o T p a H c ^ o p M a T o p a cTpyMy: 

J H Ô . p a C H "-OflH c J K . M a x 

g e koÔH =1,0; s = 0 , 1 ; IKMaKC - MaKcHMaibHHH cTpyM 3 o B H Í m H b o r o K 3 , 

n p u B e g e H H H g o p o 3 p a x y H K o B o i cTyneHÍ H a n p y r u . 
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CKi iagoBa I"li6p^CKUi o ô y M o B i e H a p e r y m o B a H H a M K o e ^ í i í e H T a T p a H c ^ o p M a n í i 

c H i o B o r o T p a H c ( o p M a T o p a ( a B T o T p a H c ( o p M a T o p a ) n Í c i a T o r o , aK 3axHcT ôyB 

3 ô a i a H c o B a H H H Ha c e p e g m i í BÍgnaiÍHÍ. U e cKi iagoBa BH3HaHaeTbca aK cyMa cTpyMÍB 

H e ô a i i a H c y Ha c T o p o H a x , g e e p e r y m o B a H H a : 
m 

I" = \ All • / 
J H Ô . p a C H / " " H 1 K.Max.H 

n=I 

g e AUn - BÍgHocHa n o x u ô K a p e r y i O B a H H a H a n p y r u , npHHMaeTbca p Í B H o o 

n o i o B H H Í g í a n a 3 o H y p e r y i O B a H H a ôoKy n T p a H c ^ o p M a T o p a ( aKino p e r y m o B a H H a 

+ 1 0 % , TO AUn = 0,1); IKMaKCn - MaKcHMaibHHH nepíogHHHHH cTpyM, n o npoTÍKae 

n o CTOPOHÍ n T p a H c ^ o p M a T o p a . CKi iagoBa IH!ôPacu o ô y M o B i e H a HeToHHÍcTo 

ycTaHoBKH Ha p e i e po3paxyHKoBHx H H c e i BHTKÍB: 
m 

n=I 

w - w 
* n. pacu n — 

g e A w n = - n o x u ô K a BupíBHOBaHHa g i a CTOPOHH n 
w n 

T p a H c ( o p M a T o p a . 

3 ypaxyBaHHaM HaBegeHHx BHpa3ÍB BHKoHyeMo p o 3 p a x y H o K cTpyMy 

c n p a i b o B y B a H H a 3 a x u c T y n o yMoBÍ H a i i a r o g K e H H a BÍg cTpyMy Heôa i i aHcy : 7 C 3 — k3 • 

(fc 0 f l H ' e + Aŕ/ 7 ) ' / K 3 M a x — 1.3 ' (1.0 ' 0.1 + 0.12) ' 839 — 240 A 
n p u H M a e M o ô í i b m e 3HaHeHHa 7 C 3 — 240 A. 

2 . B u ô í p THny p e i e B u p o ô i a e T b c a Ha OCHOBÍ OHÍHKH HyTiHBocTÍ 3 a x u c T y , aKy 

BH3HaHaeMo H a ô i H K e H o , B B a K a o H H , n o Becb cTpyM y m K o g K e H H a ( n p u B e g e H H H g o 

BTopuHHoi CTOPOHÍ) n o T p a n i i a e B p e n e . n o n e p e g H a n e p e B Í p K a HyTiHBocTÍ 

n p o B o g H T b c a n o nepBHHHoMy ToKy n p u g B o ^ a 3 H o M y K 3 Ha CTOPOHÍ H H , n p u HboMy 

noBHHHa BHKoHyBaTHca yMoBa: 

r (2) 

kH — — — — 2.0 

4 5 1 
k > — 240 — 1 . 8 8 < 2 

3 . OcKÍ ibKH 3 a x u c T 3 p e i i e THny P H T He 3 a ô e 3 n e H y e HyTiHBocTÍ , TO 

3acTocoByeMo p e i i e THny ,H,3T-11, g i a a K o r o cTpyM c n p a n b o B y B a m i a 3 a x u c T y 

BHôHpaeTbca 3a yMoBaMH: 

a ) B Í g ô y g o B a BÍg KHgKa HaMarHÍHye cTpyMy 

^ c 3 — ^ O T C ' ^ H O M — 1.5 ' 158 — 237 
I = k - I =1,5-316 = 474,4A. 
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ô ) B Í g ô y g o B a BÍg cTpyMy H e ô a i i a H c y n p u K 3 Ha HH3bKÍfí CTOPOHÍ 

^ c 3 — ^ 3 ' ( k O f l H ' £ + Aŕ/ 7) ' /KJMJJC — 1.5 ' (1.0 ' 0.1 + 0.12) ' 839 — 277 A 
CTpyM cnpaHboByBaHHa 3 a x u c T y npHHMaeMo n o ô í i b m o M y 3 yMoB 

/C.3 — 277 A. 
4 . Bu3HaHaeMo HyTiHBÍcTb 3 a x u c T y n p u K 3 Ha CTOPOHÍ H H n p u 

MÍHÍMaibHoMy p e r y i o B a H H Í : 

/ ( 2 ) 4 5 1 — ^MHH — 4 5 1 — 1.63 
/C.3 277 

U e 3HaHeHHa ku g e i n o M e H m e H o p M o B a H o r o , n p o T e , BKe n p u HoMÍHaiibHoMy 

K o e ^ n n í e m i T p a H c ^ o p M a i í ľ T p a H c ^ o p M a T o p a cTpyM K 3 cKi iage : 

/ K M U H — ; — ; — 556 A 
K . M U H 2 ' ( x C M H H + x B + X H ) 2 ' (18 + 12.6 + 176.3) 

í Heoôx ígHHH Koe^ÍHÍeHT HyTiHBocTÍ 3 a ô e 3 n e H y e T b c a 

556 
fcH — - — — 2 . 0 1 

T o M y 3 a x u c T 3 p e i i e ,H,3T-11 M o K e ôyTH 3acTocoBaHHH. 

T e n e p n p o B e g e M o B u ô í p ycTaBoK p e i i e THny ,H,3T-11 

1. Bu3HaHaeMo nepBHHHÍ HoMÍHaiibHÍ cTpyMH g i a g B o x cTopÍH 3 a x H i n a e T b c a 

3a ( o p M y i o o : 
S 

'HOM.H 
'HOM.H 

g e SHOM - HoMÍHaibHa noTyKHÍcTb T p a H c ^ o p M a T o p a ; 

UH(mn - HoMÍHaibHy H a n p y r y ôoKy 3 a x H i n a e T b c a . 

^ u a CTOPOHH BHCOKOÍ H a n p y r u 2 3 0 K B : 

_ 63000 _ 
/ h o m . H — V f ^ 2 3 ä — 1 5 8 A 

^ u a CTOPOHH HH3bKoi H a n p y r u 1 0 , 5 K B : 

_ 63000 _ 
/ H O M . H — Vš̂ Tä:5 — 3 4 6 4 A 

2 . Bu3HaHaeMo BTOPHHHÍ HoMÍHaiibHÍ cTpyMH n i e H e ô 3 a x u c T y : 
/ • K 

J 1 HOM.H "-CX.H 
' B . H O M . H TR 

KI.n 

g e kCx n - Koe^ÍHÍeHT cxeMH 3 ' e g H a m i a BTOPHHHHX OÔMOTOK T p a H c ^ o p M a T o p a 

Ha 3 a x H i n a e T b c a CTOPOHÍ oô 'eKTa ( n p u 3'egHaHHÍ OÔMOTOK B 3ÍpKy kcx = 1,0; n p u 

3'egHaHHÍ OÔMOTOK B TpHKyTHHK k = V 3 ) ; 

KI n - Koe^ÍHÍeHT T p a H c ^ o p M a H Í i T p a H c ^ o p M a T o p a , npuHHaTHH Ha 
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3axHiHaeTbca CTOPOHÍ oô 'eKTa ( n p u BHÔopi Koe(j)inieHTa T T T p e ô a BpaxoByBaTH, H O Ô 

BTOPHHHÍ HOMÍHanbHÍ CTpyMH ÍCTOTHO He n e p e B m n y B a i i H n a c n o p T H Í 3HaneHHa 

CTpyMÍB 5 A a ô o 1 A ) . C T o p o H a 3 HaHôiiibiHHM BTOPHHHHM cTpyMOM n p u H M a e T b c a 

OCHOBHHH, H O 3 a 6 e 3 n e n y e HaHMeHiny n o x u Ô K y BHpÍBHOBaHHa g i a p e i e . 

,ZLra CTOPOHH BHcoKoro Hanpa )KeHÍa230 K B : 

158 - VŠ 
B.HOM.H 3 0 0 / c 

= 4.57 A 

,ZLra CTOPOHH HH3BKOI H a n p y r u 1 0 , 5 KB 

3464 
B.HOM.H 4 0 0 0 / c 

= 4.33 A 

BpaxoByiOHH, H O oÔMOTKa HH3BKOI H a n p y r H T p a H c ^ o p M a T o p a BHKOHaHa 

p o 3 H , e n i e H O i , OTpHMaHe 3 H a n e m i a cTpyMy Heoôx igHO n o g B o r r a - IgHOMn = 8 ,66 A . 

OTpHMaHÍ po3paxyHKOBÍ gaHÍ HaBogHMO B T a ô i H H Í 3 . 1 . 

Taô i iH i i a 3 . 1 . - Po3paxyHOK nepBHHHHx Ta BTOPHHHHX cTpyMÍB CTOPÍH 

T p a H c ^ o p M a T o p a 

n o 3 H a n e H H a napaMeTpÍB 
I - B H -
2 3 0 KB 

I I - H H -
1 0 , 5 KB 

1 5 8 3 4 6 4 

K 
In 

3 0 0 / 5 4 0 0 0 / 5 

C x e M a 3'egHaHHa 

T p a H c ^ o p M a T o p a 
TpHKyTHHK 3ÍpKa 

Ie.ncm.n , A 4 , 5 7 8 ,66 

3 T a ô i H H Í 3 .1 BHroiHBae, H O B aKocTÍ OCHOBHOI c i i íg B3aTH c T o p o H y HH3BKOI 

H a n p y r u ( 1 0 , 5 K B ) , H O Mae ôiiibiHHH BTOPHHHHH HOMÍHaibHHH cTpyM. 

3 . CTpyM cnpaHBOByBamra p e i e g i a OCHOBHOI CTOPOHH T p a H c ^ o p M a T o p a 

BH3HanaeMO 3a Bupa3OM: 

J C . 3 CX 

Ac.p.n 

u, HOM.paCH 

ŕ/, HOM.n 

l.n 
HOM. pacH 

H a n p y r u . 

HOMÍHaiibHa H a n p y r a 3 ÔOKy, BÍgnoBÍgHOi po3paxyHKOBOi cTyneHÍ 

230 
277 - 1 

^ c . p . n 
10.5 

4 0 0 0 / c 

7.58 4 

4 . Po3paxyHKOBe HHOJIO BHTKÍB p o ô o n o i OÔMOTKH g i a OCHOBHOI CTOPOHH 

fucm 
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BH3HanaeMO 3a ( ( o p M y i o i o : 

w, 
Cp 100 

o c H . p a c H J J R P 
^C.p.OCH 7 . 5 8 

= 13.2 BHTKOB 

npHHMaeMO H a H ô í H K H e MeHine H Í i e 3HaneHHa w O C H p a C H = 13 BHTKÍB, H O 

3 a 6 e 3 n e n y e 3 a n a c n o BHÔÍPKOBOCTÍ. n p u HbOMy (JmKTHHHHH cTpyM c n p a i i b O B y B a m i a 

p e i e cTaHOBHTB: 

100 
= 7.69 A C.p.OCH 1 3 

5. Po3paxyHOK n u c i a BHTKÍB g i a ÍHinoi CTOPOHH 3 a x u c T y BHÔupaeMO 3a 

yMOBaMH ô a i a H c y Ha p e i e M,H,C 3 a x u c T y n p u 3OBHÍniHbOMy K 3 a ô o HopMaibHOMy 

p e ^ H M Í ( p u c . 3 . 2 ) : 

^B.HOM/ - W I = ^B .HOM/7 - W I I 

3BÍgKH 

^ p a C H . n ^ O C H 

8.66 
W p a C H = 1 3 - 4 5 7 

B.HOM.OCH 

^B.HOM.n 

24.6 BHTKOB 

npHHMaeMO H a H ô i H K H e H Í i e 3HaneHHa, H O 3 a ô e 3 n e n y e HaHMeHiny n o x u Ô K y 

BHpÍBHOBaHHa WI = 2 5 BHTKÍB. 

n = 11 

PucyHOK 3 .2 - C n p o H e H a c x e M a g u ^ e p e H H Í a i b H o r o 3 a x u c T y 3 p e i e ,Zľ3T-11. 

6. YTOHHeHHH cTpyM cnpaHbOByBaHHa 3axucTy 3 ypaxyBaHHaM noxuÔKH 

BupÍBHOBaHHa 3HaxogHTtca 3a Bupa3aMH: 

fucm 
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^ C 3 = K 3 ( / C O G H - £ + Aŕ/7 + A W 7 ) - 7 K M a x = 1.5(1.0 - 0.1 + 0.12 + 0.014) - 839 

= 294 4 
g e 

W p a C H - W 7 24.6 - 25 

Awj = — = = 0.014 
W p a C H 24.6 

7. YTOHHeHHH po3paxyHKOBHH cTpyM c n p a i b O B y B a H H a p e i e BH3HanaeMO 3a 

^ o p M y i o o : 

^ H O ^ ^ . . 230 / C - ^CX - ( 7 7 ^ - ) 294 - 1 
J = -JHOM.II^ = 10.5 = 8 05 4 
V O C N ^ / ( / 7 ) 4 0 0 0 / 5

 8 . 0 5 H 

8. Po3paxyHKOBHH cTpyM Heôa iaHcy 3axucTy n p u K 3 Ha CTOPOHÍ H H , ge 

nepegôaneHO raibMyBaHHa, 3 ypaxyBaHHaM noxuÔKH BupÍBHOBaHHa 3HaxogHTtca 3a 

Bupa3aMH, HaBegeHHMH B n . 3 . 2 . 1 : 

W C H = ^Onep - £ + Aŕ/7 + A W 7 7 ) - / K . M a x = 1.5(1.0 - 0.1 + 0.12 + 0.0147) - 839 
= 295 4 

g e 

W p a c H - M / / 1 3 . 2 - 1 3 
Awj = — = — — — — = 0.0147 

w p a c H 1 3 , 2 

9. ^ H C I O BHTKÍB raibMÍBHHH OÔMOTKH, H O 3aôe3nenye HagÍHHy BÍgôygoBy 

p e i e BÍg cTpyMy Heôa iaHcy n p u gaHOMy BHgi K 3 , BH3HanaeTbca 3a Bupa3OM: 

^ 3 - ^ H Ô . p a c H W p a ô . N 

T o p M . N 

g e k3 =1,5; ImcpMn - nepBHHHHH ra ibMOBHH cTpyM Ha 3 a x H H a e T t c a CTOPOHÍ 

T p a H c ^ o p M a T o p a , Ha aKÍH B K n o n e H a r a i b M Í B H a oôMOTKa; tga = 0 , 7 5 - TaHreHc KyTa 

H a x u i y goTHHHOi n p o B e g e H O i 3 n o n a T K y KOopgHHaT g o HHJKHBOI po3paxyHKOBOi n o 

BHÔÍPKOBOCTÍ ra ibMÍBHOi xapaKTepucTUHÍ ( p u c . 3 . 3 ) . 

1.5 - 295 - 13 
^ T o p M . N = 8 3 9 - 0 7 5 = 9 . 1 ~ 9 B H T K O B 

TaKHM HHHOM, g o ycTaHOBKH Ha p e i e n p u H M a o T b c a HacTynHÍ BHTKH: 

wI = 2 5 raT., wII = 13 raT., wmcpM = 9 inT. 
10 . ^ y T i H B Í c T b 3 a x u c T y BH3HanaeMO Haôi roKeHO 3a nepBHHHHMH cTpyMÍB n p u 

po3paxyHKOBOMy K 3 Ha CTOPOHÍ H H g i a BHnagKÍB M Í H Í M a i b H o r o i H o p M a i b H o r o 

p e r y i O B a H H a T p a H c ^ o p M a T o p a : 

F (2) 
, ' K . M H H 

kH = —— 

fucm 
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ge Ic3 - (JmKTHHHHH cTpyM cnpanbOByBaHHa 3axucTy, BH3HanaeTbca 3 Bupa3y 

'I/H 
/ • k 

J C . 3 CX I If 
j = \ u H O M . N 
' c . p . N —

 V 

Ä 7 . N 

HOM.paCH 

3BÍgKH 

, 1 ^ H O M . p a C H 

u H O M . N 

g e I = I = 7 , 5 8 A . 
c. p. n c. p. ccH 

7 . 5 8 - 4 0 0 0 / 5 
230 = 280.9 A 

10.5 
T o g i BH3HanaeMO Koec()ÍHÍeHTH nyT iHBocTÍ : 

4 5 1 556 

280.9 
= 1.61 kH2 = 

280.9 
= 1.97 

0 2 0 0 4 0 0 6 0 0 A 

PucyHOK 3.3 . - XapaKTepucTHKa g i a BH3HaneHHa nyTiHBocTÍ gH(()epeHHÍaibHoro 

3axucTy 3 p e i e Tuny ,Zľ3T-11 n p u HaaBHocTÍ raibMyBaHHa. 

OcKÍibKH Koe^ÍHÍeHT nyTiHBocTÍ 3axucTy n p u HopMaibHOMy peryiOBaHHÍ 

Hanpyru npaKTHHHO BÍgnoBÍgae HopMOBaHOMy, a n p u MÍHÍMaibHOMy p e r y i O B a m r i 

gocHTb BHCOKHH, TO 3axucT 3 p e i e ,Zľ3T-11 peKOMeHgyeTbca g o ycTaHOBKH. 

3 .2 M a K c u M a i b H H H cipyMOBHH 3 a x u c T 

1. ^ i a gBOoôMOTKOBHx T p a H c ^ o p M a T o p Í B 3 a x u c T B c T a H O B i o e T b c a Ha CTOPOHÍ 

K H B i e H H a ( B H ) Í BHKOHyeTbca g B o p e i e H H H M Í3 3'egHaHHaM T p a H c ( ) o p M a T o p a B 

fucm 
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TpuKyTHHK g r a nígBHineHHfl n y r a H B o c T í . TaK HK B gaHOMy B u n a g K y oÔMOTKa H H 

p o 3 i n e n j i e H a , TO B KOLÍ KOKHoro B í g r a r y K e H H f l B c T a H O B r o e T b c a OKpeMHH M C 3 , HK 

npaBHLO, 3 nycKOM n o H a n p y 3 Í . 3 a x n c T g í e 3 gBOMa BHTpnMKaMH n a c y : 3 n e p i n o i 

BHTpnMKoro BigKjnonaeTBCfl BHMHKan B í g r a r y K e H H f l n H , 3 g p y r o i - BCÍ BHMHKaní 

oô 'eKTa. 

2 . C n o n a T K y BH3HanaeMO cTpyM cnpanbOByBaHHH M C 3 6 e 3 n y c K y n o H a n p y 3 í , 

HKHH B í g ô y g o B y e T b c a Bíg M a K c u M a r b H o r o cTpyMy HaBaHTaKeHHa 3 ypaxyBaHHHM 

caMO3anycKa p y x o B o r o HaBaHTaKeHHa: 
k • k • I 

n , c J H a r p . M a x 
* C 3 k B 

/ c . 3 = — = 592,5 A 

g e k3 —1,2 - KoecjnníeHT 3 a n a c y n o BHÔÍPKOBOCTÍ; kB — 0,8 - KoecjnníeHT 

noBepHeHHH p e i e P T - 4 0 ; kc - Koe(J)íníeHT caMO3anycKy, m o B p a x o B y e 36íLbHieHHfl 

cTpyMy 3arajTBMOBaHOio p y x o B o r o HaBaHTaKeHHa n í c i a BígHOBieHHH H a n p y r u , 

npHHMaeMO kc — 2,5; 7 H a r p M a x - MaKcuMarbHuH cTpyM HaBaHTaKeHHa, npuHMaeMO 

PÍBHHM HOMíHarbHoro cTpyMy T p a H c ^ o p M a T o p a . 

1,2 • 2,5 • 158 

"08" 
3 . KoecJHHíeHT n y T L H B o c T 3 a x u c T y BH3HanaeMO n p u gBO((a3HOMy MeTareBOMy 

K 3 B MnriMaiibHOMy peKHMí 

/ ( 2 ) 4 5 1 
K H = — = = 0.76 < 1.2 

* C 3 5 9 2 . 5 

O c K í i b K u nyTLHBícTb M C 3 6 e 3 n y c K y n o H a n p y 3 í BHHBLHeTbca 

H e g o c T a T H b o o , 3acTocyeMO ÔLOKyBaHHH n o H a n p y 3 í 3 ÔOKy H H T p a H c ^ o p M a T o p a . 

4 . CTpyM cnpanbOByBaHHH M C 3 3 nycKOM n o H a n p y 3 í B í g ô y g o B y e T b c a Bíg 

HOMíHarbHoro cTpyMy TpaHc(j)opMaTopa IlKM Ha CTOPOHÍ, g e BcTaHOBieHO 3 a x u c T : 

J c . 3 i J H a r p . M a x 
KB 

1,2 
/ C 3 = 158 = 237 4 

a nyTLHBícTb 3 a x u c T y B TÍH K e po3paxyHKOBíH T o n n í cKjiage: 

4 5 1 
kH = — - = 1.9 

5. H a n p y r a cnpanbOByBaHHH n y c K O B o r o o p r a H y MrmMarbHOi H a n p y r u , 

BHKOHaHoro y B u r r a g í p e r e , B K i o n e H o r o Ha M í K ^ a 3 O B y H a n p y r y , BH3HanaeMO 

HaÔLHKeHO 3a yMOBaMH BígôygoBH Bíg cTpyMíB caMO3anycKy p y x o B o r o 

HaBaHTaKeHHa n p u BígHOBieHHí H a n p y r u : 

fucm 
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= = 128,3 KB 

g e kB —1,2 - K o e ^ í n í e H T n o B e p H e m r a g r a p e r e MímMaLbHOi H a n p y r u ; UcMUH -

MíHíMarbHa MľK(()a3OBa H a n p y r a B yMOBax caMO3anycKa n p u BígHOBieHHí H a n p y r u , 

npHHMaeMO Uc muh — 0,lUH(m. 
0,7 • 220 

~U 
6. H a n p y r y cnpanbOByBaHHH n y c K O B o r o o p r a H y n o 3BopoTHíH n o c r í g o B H o c T í 

KOMÔíHOBaHoro n y c K y n o H a n p y 3 í npHHMaeMO PÍBHOO MíHíMaLbHíH ycTaBn í ^ í r b T p -

p e r e : 

ŕ / 2 c 3 = 0,06 • ŕ / c 3 = 0,06 • 220 = 13,2 KB 
7. NyTLHBícTb Ô L O K y o n u x o p r a m B n e p e B í p a e T b c a n p u K 3 Ha n p u H o M H u x 

• • - r r- T í 3 ) —A 

c T o p o H a x T p a H c ^ o p M a T o p a , K y g u Í m g K L i o n e m ô L O K y o T b p e r e , TOÔTO UK3AUI — O, a 

U$ 220 
U i K ^ = 2 ~ V l = 2 ~ V l = 6 3 , 5 K B 

fcq=^ = 1 3 , 5 = 4,81 > 
U 2 c . 3 1 3 , 2 

OcKírbKH n p u K 3 Ha n p u H M a r b m H CTOPOHÍ T p a H c ^ o p M a T o p a kH >1,5, TO 

g u ^ e p e H n í a L b H y 3 a x u c T H H H H Ha HÍH CTOPOHÍ MOKHa He BcTaHOBLOBaTH. 

8. CTpyM cnpanbOByBaHHH 3 a x u c T y Bíg c u M e T p u n H o r o n e p e B a H T a K e H H a , m o 

g í e Ha c u r H a r , BH3HanaeTbca 3a yMOBOO H a r a r o g K e H H H Bíg HOMíHarbHoro cTpyMy 

T p a H c ^ o p M a T o p a Ha CTOPOHÍ, g e BcTaHOBieHO 3 a x u c T , 3a BHCLOBOM 

k3 1,05 
/ c . 3 = Yb • 7T.HCM = - 0 8 " • 158 = 207,4 A 

9. B u T p u M K a n a c y M C 3 y 3 r o g K y e T b c a 3 BHTPHMKOO n a c y 3 a x u c T y TÍHÍI Ha 

CTOPOHÍ H H . 

fucm 
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4 . 3 A X O ^ H B E 3 n E K H ni,H, N A C B H K O H A H H 5 I P O E I T H A J U H L f l X 

E J I E K T P O n E P E , Z l , A B A H H I 5 I 

4 . 1 POÔOTH Ha K a ô e r b H u x LÍHÍHX e r e K T p o n e p e g a n í 

BígnoBígHO g o n O T n E E 3eMLHHí poôoTH ÔLH3bKO KaôerbHHx TÍHÍH 

ereKTponepeganí n o n u H a o T b TíLbKH 3 nucbMOBoro go3Bory BiacHHKa HHX 

KOMyHíKaníH, g o HKoro g o K i a g a o T b cxeMy po3MímeHHH í riHÔHHH 3aKrageHHH 

KOMyHíKaníH. Ix Mícne3HaxogKeHHH no3HanaoTb 3HaKaMH í Ha MÍCHÍ BHKOHaHHH 

poôíT. n e p e g nonaTKOM po3KonoK KaôerbHOi TÍHÍI BHpoôraoTb KOHTporbHe 

po3KpuTTH TÍHÍI n í g HarragoM n e p c o H a r y opraHí3aníi - BiacHHKa KJI. 

n p u BHHBreHHí He 3 a 3 H a n e H u x Ha n r a H a x K a ô e r í B , T p y ô o n p o B o g í B , n í g 3 e M H u x 

c n o p y g , a TaKOK ô o e n p u n a c í B 3eMLHHí p o ô o T H n p u n u H H O T b g o 3'acyBaHHH 

n p u H a r e K H o c T í BHHBLeHux c n o p y g Ta OTpuMaHHH g o 3 B o r y Bíg B í g n o B í g H u x 

o p r a H í 3 a n í H Ha n p o g o B K e m r a p o ô í T . 

H e g o n y c K a e T b c a n p o B e g e m r a 3eMLepuHHHx p o ô í T MamuHaMH Ha BígcTaHí 

M e n n e 1 M, a KLHH-MOLOTa í n o g í Ô H u x MexaHí3MíB - M e H m e 5 M Bíg T p a c u K a ô e r o , 

HKino ní poôoTH He noB'a3aHí 3 Horo pO3KOnKOO. 

Po3nyrayBaHHH rpyHTy H a g K a ô e r e M í3 3acTocyBaHHHM 3eMLepuHHHx MarauH, 

B ígô íHHux MOLOTKÍB, LOMÍB Ta KupoK BupoÔLHOTb Ha r r u Ô H H y , n p u HKÍH g o K a ô e r o 

3 a L u r a a e T b c a He M e n n e 3 0 CM. P e r a T a rpyHT B u g a r a o T b B p y n H y LonaTaMH. 

y 3HMOBHH n a c n p u OTorpeBaHHH r p y H T y g r a H o r o BHIMKH LonaTaMH 

HaÔLHKeHHH g K e p e r a T e n i a g o K a ô e r í B g o n y c K a e T b c a He ÔLHKne HÍK Ha 15 CM. 

P o ô o T y B n í g 3 e M H u x K a ô e r b H u x c n o p y g a x 3a H a p a g o M BHKOHyoTb He MeHrae 

T p b o x npaníBHHKíB, 3 HKHX g B o e - c T p a x y o T b . BupoÔHHK p o ô í T noBHHeH MaTH r p y n y 

I V . 

,H,o n o n a T K y í n í g n a c p o ô o T H B níg3eMHíH c n o p y g í n e p e B í p a o T b BígcyTHícTb y 

HbOMy ra3íB 3a g o n o M o r o o r a 3 o a H a r í 3 a T o p í B (BígKpHTHM BorHeM He MOKHa -

MOKLHBHH BHÔyx), 3aôe3nenyo>Tb n p u p o g H y (BígKpuBaHHHM He MeHrae HÍK g B o x 

LOKÍB, He MeHrae HK Ha 2 0 XB), a ô o n p u M y c o B y B e H T H L a n í o ( n o B n p o g y B K O i o Ha 10¬ 

15 XB). n p u HaHBHoeri B KorogH3í r a 3 y n p a n o B a T H He MOKHa (BígoMO ôaraTO 

BunagKíB 3 a r H Ô e r í r o g e H , íHog í n o gBa í HaBíTb T p u r o g u H u ) . 

M í c n e 3 H a x o g K e H H H n í g r a r a e peMOHTy K a ô e r o B H 3 H a n a o T b 

n p o c r e K H B a H u e M , 3BípKOo po3KragKH 3 KpecreHHHMH Ta cxeMaMH, n e p e B í p K O o 3a 

ôupKaMH. n p u po3TarayBaHHí H o r o B 3 e M i í n o n e p e g H b o n p o p u B a o T b KOHTporbHy 

T p a H r a e o ( r a y p ^ ) B n o n e p e K K a ô e r í B , m o g o 3 B o r a e ô a n u T H BCÍ K a ô e r í . 5IKIHO B u g u M e 

no raKogKeHHH K a ô e r o BígcyTHH, c r í g 3acTocoByBaTH Kaôe reno rayKOBHH a n a p a T . 

n e p e g po3pí3aHHHM K a ô e r o a ô o po3KpuTTHM 3 'egHyBarbHOi M y ^ T H 

n e p e B í p a o T b BígcyTHícTb H a n p y r u 3a g o n o M o r o o c n e n í a r b H o r o npucTocyBaHHH, 

fucm 
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HKe cKLagaeTbca 3 í3OLOBaLbHOi raTaHru í cTarbHoi roLKH aôo p í3arbHoro 

HaKOHenHHKa. K a ô e r b y MÍCHH npoKOLOBaHHH nonepegHbo 3aKpuBaoTb eKpaHOM. 

n p u npoKor í K a ô e r o KopucTyoTbca cnenogaroM, gíereKTpHnHHMH 

pyKaBunKaMH Ta 3acoôaMH 3axucTy o ô r u n n a Ta oneH. n p u nbOMy HeoôxígHO CTOHTH 

Ha í3OLOBaLbHíH OCHOBÍ 3Bepxy TpamjIei Ha MaKcHMarbHíH BígcTaHí Bíg 

npoKOLOBaHoro K a ô e r o . 

npoKOL K a ô e r o noBHHHí BHKOHyBaTH gBa npaníBHHKH: gonycKae í 

BHKOHaBenb poôíT aôo BHPOÔHHK Í BígnoBígaLbHHH KepíBHHK POÔÍT; oguH 3 HHX, 

HKHH npoHraoB cnen ía rbHe HaBnaHHH, ôe3nocepegHbo n p o K o r o e Kaôerb, a gpy ruH -

cnocTepírae . 

ÍIKIHO BHacrígoK noraKogKeHb K a ô e r o BígKpuTí BCÍ cTpyMOBígHí KHLH, 

BígcyTHícTb Hanpyru MOKHa nepeBípaTH ôe3nocepegHbo noKaKnuKOM H a n p y r u Ôe3 

n p o K o r y K a ô e r o . 

n p u c T o c y B a H H H g r a n p o K o r y n o n e p e g H b o 3 a 3 e M i o o T b n e p e 3 3a3eMLOBan, 

H O 3 a r L H Ô L o e T b c a B rpyHT Ha r r u Ô H H y He MeHrae 0 ,5 M, a ô o n e p e 3 Ô p o m o K a ô e r o 

g o n o M o r o o x o M y r i B . E p o m o n í g xoMyTOM 3 a n u H , a o T b . 

4 . 2 POÔOTH Ha n o B n p H H H x LÍHÍHX e r e K T p o n e p e g a n í 

POÔOTH Ha n J I n o 3aMmi ereMerniB, MOHTaKy í geMOHTaKy o n o p í npoBogíB, 

3aMíHí r ípiHHg í3OLHTopíB BHKOHyoTb n o TexHOLorínHíH KapTí aôo n iTP . 

nígHíMaTuca Ha o n o p y í npanoBaTH Ha HÍH go3BOLaeTbca TíLbKH n í c r a 

nepeBípKH ii CTÍHKOCTÍ Í MÍHHOCTÍ, OCOÔLHBO nígcTaBH. y gepeB'aHux o n o p MínHícTb 

nepeBípaoTb BHMÍPOM 3arHHBaHHH gepeBHHH 3 BígKonyBaHHHM o n o p u Ha rruÔHHy 

He MeHrae 0 ,5 M. y 3arí3OÔeTOHHHx o n o p í npucTaBOK ( n p u n e p e B í p n í TaK caMO 

B í g K o n y o T b r p y H T Ha r r u ô u H y He MeHrae 0 ,5 M) n p o MínHícTb cBígnHTb BígcyTHícTb 

H e n p u n y c T H M u x TpíiHHH B ô e T o m , ocígaHHH a ô o cnynyBaHHH r p y H T y HaBKoro 

o n o p u , pyHHyBaHHH ôeTOHy o n o p u ( n p u c T a B K u ) ; Ha M e T a r e B u x o n o p a x - BígcyTHícTb 

n o r a K o g K e H b (J jyHgaMemiB, HaaBHícTb BCÍX po3KocíB í raHoK Ha aHKepHux ô o r T a x , 

cTaH BígTHKOK, 3 a 3 e M L O o n u x npoBígHHKíB. 

nígmMaTHcH Ha o n o p y go3BOLaeTbca nreHaM Ôpuragu, gonyineHHM g o 

Bepxora3Hux poôíT í MaoTb HacTynHí r p y n u : 

• III - n p u BCÍX Bugax poôíT g o Bepxy o n o p u ; 

• II - n p u poôoTax, BHKOHyBaHux 3 BígKroneHHHM RJI - g o Bepxy o n o p u ; a Ha 

HeTOKOBegyHux nacTHHa He BHMKHeHíH n J I - He ÔLHKne 2 M Bíg roroBH g o HHKHÍX 

npoBogíB. 

n p u poôoTí Ha onop í c r í g KopucTyBaTuca 3anoôíKHHM noacoM, cnupaTuca Ha 

oôugBa KírTH ( ra3y) í He BTpanaTH 3 n o r a 3opy HaHÔLHKní npoBogu, H O 

nepeôyBaoTb n í g H a n p y r o o . 
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n p u BHKOHamri poôíT Ha n J I Ôe3 3HHTTH Hanpyru ôe3neKy n e p c o H a r y 

3aôe3nenyoTb 3a o g m e o 3 gBox cxeM: 

1. n p o B í g n í g H a n p y r o o - Í3OLHHÍH - r o g u H a - 3eMLH. T y T n p u H a n p y 3 í g o 

1000 B poôoTy BupoÔLHOTb B KOHTaKTí 3 gpoTOM í OCHOBHHM 3axucHHM 3acoôoM e 

g í e r e K T p H n H í pyKaBunKH í í3OLbOBaHHH íHcTpyMeHT. n p u H a n p y 3 í BHine 1 0 0 0 B 

p o ô o T y BHKOHyoTb Ha B í g c T a m Bíg n p o B o g y í3 3acTocyBaHHHM OCHOBHHX 

e r e K T p o 3 a x H c H u x 3 a c o ô í B ( í 3 o r o o n í raTaHru, KLÍIHÍ) Í gogaTKOBux 

e r e K T p o 3 a x H c H u x 3 a c o ô í B (g í e r eKTpHnHí pyKaBunKH, ÔOTH, H a K r a g K u ) . 

2 . n p o B í g n í g H a n p y r o o - r o g u H a - Í3OLHHÍH - 3eMLH. n p a n í B H H K TopKaeTbca 

g p o T y , a r e n p u nbOMy BÍH í3OLbOBaHHH Bíg 3 e M r í c n e n í a r b H H M H npucTpoHMH 

B í g n o B í g H o i H a n p y r u í 3 a c T o c o B y e e K p a H y o n u H KOMnreKT. 

npaníBHHKH, HKÍ MaoTb npaBO BHKOHaHHH poôíT n í g noTeHníaroM npoBogy (3 

ô e 3 n o c e p e g H í M goTHKOM c T p y M O B e g y n u x nacTHH) n J I H a n p y r o o n o H a g 1 0 0 0 B , 

noBHHHí MaTH r p y n y IV, a m í m nreHH Ôpuragu - r p y n y III. 

N H He go3BOLaeTbca HaÔLHKaTuca Ha BígcTaHb MeHrae 8 M g o r e K H T b Ha 

3 e M r í n J I H a n p y r o o n o H a g 1 0 0 0 B , a TaK caMO g o 3 H a x o g a T b c a n í g H a n p y r o o 

3arí3OÔeTOHHHM onopaM n J I H a n p y r o o 6-35 KB 3a HaaBHocT O3HaK n p OTíKaHHH 

cTpyMy 3aMHKaHHH Ha 3eMLK>. TaKHMH O3HaKaMH e: nOraKOgKeHHH í3OLHTOpíB, 

goTHK gpoTH g o Tí ra o n o p u , BunapoByBaHHH B o r o r u 3 r p y m y , BHHHKHeHHH 

ereKTpHnHoi g y r u Ha cTíHKax í B MÍCHHX 3aKrageHHH o n o p u B rpyHT Ta ÍH. y HHX 

BunagKax noÔLH3y npoBogy aôo o n o p u c r í g opram3yBaTH oxopoHy, IHOÔ HÍ r o g u , 

HÍ TBapuHH He MoriH noTpanuTH B 3OHy KpoKOBoi Hanpyru í OTpuMaTH TpaBMy aôo 

3aruHyTH. n o MOKLHBOCTÍ c r í g nocTaBHTH nonepegKyBarbHí 3HaKH aôo nraKaTH í 

noBígoMHTH n p o n e BracHHKy B I . 

TaK caMO He MOKHa HaÔLHKaTuca Ha BígcTaHb MeHrae 8 M g o r e K a n o r o Ha 

npoBogax gepeBy (TaKe íHogí TpanraeTbca n p u po3nHineHHH Tpacu n J I ) . 

K o H T p o L b PÍBHÍB e r e K T p u n H o r o í MarHíTHoro n o r í B í 3 a x u c T Bíg HHX 

n p a n o o n u x 3 a ô e 3 n e n y o T b n p u p o ô o T í y B P y Ta Ha n J I H a n p y r o o 3 3 0 KB Í Bum,e. 

B HKOCTÍ 3 a c o ô í B 3 a x u c T y 3 a c T o c o B y o T b e K p a H y o n í n p u c T p o i , cepTH(JHKOBam 

eKpaHyBarbHí KOMnreKTH, c T a n í o H a p H í a ô o n e p e H o c m MarHíTHí eKpaHH. 

y 3a3eMieHHx Kaômax , B ôyg íBrax í3 3arí3OÔeTOHy, n e r r u 3 3arí3OÔeTOHHHMH 

nepeKpuTTHMH aôo 3 3a3eMreHOO MeTareBOO n o K p í B r e o ereKTpunHe n o r e 

BígcyTHe, 3acTocyBaHHH TaM 3acoôíB 3axucTy He noTpíÔHO. 

MarauHH í Mexam3MH Ha nHeBMOKorícHOMy xogy , H O 3HaxogaTbca B 3OHÍ 

BnruBy ereKTpunHoro n o r a , 3a3eMLOOTb. n p u ix nepecyBaHHí g r a 3HHTTH 

HaBegeHoro n o T e m i í a r y g o raací aôo Ky3OBa n p u e g H y o T b MeTareBuH L a H n o r , HKa 

noBHHHa TopKaTuca 3eMrí. 

^ogaTKOBí 3axogu ôe3neKH n p u poôoTí B 3OHÍ BnruBy ereKTpunHoro í 

MarHíTHoro no r íB BígoôpaKaoTb y Hapagí. 
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B H C H O B K H 

B n p o n e c í BHKOHaHHH p o ô o T H Ô y r o n p o B e g e H O po3paxyHOK 3aMKHeHoi 

e r e K T p H n H o i M e p e K í , K O H ^ í r y p a n í a HKOÍ Ô y r a BH3HaneHa 3aBgaHHHM p o ô o T H . 

3 ypaxyBaHHHM 3 a g a H u x n o T y K H o c T e H K m n e B H x c n o K H B a n í B e r e K T p H n H o i 

M e p e K í Ô y r u BHÔpam BígnoBígHí T u n u T p a H c ^ o p M a T o p í B Ha n í g c T a H n í a x , 3 a n a c 

n o T y K H o c T í HKHX 3gaTHuH 3 a ô e 3 n e n u T H ô e 3 n e p e ô í H H e e r e K T p o n o c T a n a H H H 

c n o K H B a n í B HK B HopMarbHOMy TaK í B aBapíHHOMy p e K H M a x . 

,/LTH í c H y o n o i K O H ^ í r y p a n í i 3aMKHyToi M e p e K í Ô y r u p o 3 p a x o B a H í n a p a M e T p u 

cxeMH 3aMíH,eHHH TÍHÍH Í T p a H c ^ o p M a T o p í B , c K i a g e H a po3paxyHKOBy c x e M y 

3aMíH,eHHH M e p e K í Ta BH3HaneHO po3paxyHKOBí HaBaHTaKeHHa By3r íB M e p e K í . 

PeryroBaHHH Hanpyru Ha BHÔpamH cxeMí (3a g o n o M o r o o npucTpoiB P n H 

TpaHc^opMaTopíB) noKa3aro , H O MH MOKeMO nígTpuMyBaTH gonycTHMe B MeKax 

HopMH ( + 5 % ) 3HaneHHH Hanpyru y KmneBoro cnoKHBana. 

y n p o n e c í p o 3 p a x y H K y e r e K T p H n H o i nacTHHH n í g c T a H n í i n C - 2 Ô y r a 

n p o B e g e H a n e p e B í p K a npaBHLbHocTí BHÔopy HOMíHaLbHoi n o T y K H o c T 

BcTaHOBieHHx T p a H c ^ o p M a T o p í B Ta 3gíHcHeHO BHÔíp Ha n ígcTaBí p o 3 p a x y H K y 

cTpyMíB KOpOTKOrO 3aMHKaHHH BHcOKOBOLbTHHx a n a p a T í B P n , BHMípOBaLbHHx 

T p a H c ^ o p M a T o p í B cTpyMy í H a n p y r u . 

n p u BHKOHaHHí p o 3 p a x y H K y p e r e H H o r o 3 a x u c T y TpaHc(j)opMaTopa n í g c T a H n í i 

n C - 2 ôyB n p o B e g e H H H po3paxyHOK n o 3 g o B K H b o r o g u ^ e p e H n í a L b H o r o cTpyMOBoro 

3axucTy Ta MaKcuMarbHoro cTpyMOBoro 3axucTy 3 KOMÔmoBamiM nycKOM n o 

Hanpy3í. 

,/LTH 3axucTy Bíg MíK^a3HHx KopoTKux 3aMHKaHb 3anponoHOBaHO 3axucT 3a 

g o n o M o r o o p e r e THny ,Zľ3T-11, g r a HKoro ÔyB BHKOHaHHH BHÔíp ycTaBOK í 

po3paxyHOK n a p a M e T p í B OÔMOTOK p e r e . 
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9. M e T o g u n m BKa3íBKH g o BHKOHaHHH KypcoBoro npoeKTy Ha TeMy 

„Po3paxyHOK 3aMKHyToi ereKTpHnHoi MepeKí" 3 Kypcy „EreKTpHnm cucTeMH Ta 
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