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КДУ 70( .10.3.126 3.5 ) 
33T  
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D RAENIL .1 - STIUCRIC C  
.1 1 REDNU NOITALUCLAC TIUCRIC . SWAL S’FFOHHCRIK DNA S’MHO  

1-1 )1.2( . nI  tiucric  gif . .1 1,а  ,  rof stnerruc enimreted
hctiws fo snoitisop owt  S  , revoerom  R1 = 4 mhO  ,

R2 = 1 mhO  , R3 = 2 mhO  , R4 = 6 mhO  , R5 = 6 mhO  ,
U = 63  V. 

noituloS . .1   emussA  eht stnerruc fo snoitcerid evitisop  
( gif . .1 1,а  .)  denepo ta noitaluclac tiucric eht mrofreP

hctiws  S  . R  srotsise R2 dna  R3  ni detcennoc era ;seires  
 yb meht etutitsbus s’tel na rotsiser tnelaviuqe  R 32 : 

R 32   = R2  + R3  3 = 2 + 1 = mhO . 
gif ni si emehcs tnelaviuqE . .1 1,b. srotsiseR  R 32  dna  

R4 era  lellarap ni detcennoc  yb meht etutitsbus s’tel , na  
rotsiser tnelaviuqe  R 432 : 

R 432  = R 32 R4/(R 32  + R4) 3 =  2 = )6+3(/6 mhO . 
r fo noitcennoc seires htiw tiucric a evah eW srotsise    

R1-R 432 -R5.  eht fo ecnatsiser tupnI  deniatbo  tiucric si : 
R pni  = R1  + R 432  + R5  21 = 6 + 2 + 4 = mhO . 

:wal s’mhO rednu tnerruc tupnI  
I1  = I5  = U/R pni  3 = 21/63 = А. 

rehtO  stnerruc  era   fo elur eht rednu denimreted
fo noisrepsid :sehcnarb lellarap otni stnerruc  

I2  = I3  = I1 R4 (/ R 32  + R4 3 = )  2 = 9/6 А; 
I4  = I1 R 32 / R( 32  + R4) 3 =  1 = 9/3 А. 

 .2 hctiws desolc ta noitaluclac tiucric eht mrofreP  S 
( gif .1 . 2,а .)  

teL ’s e un m etare  eht  stniop  htiw  tnereffid  slaitnetop  
( ees  gif . .1 2,а  ,)  tcurtsnoc ni emehcs eht a  tneinevnoc 

mrof ( gif . .1 2,b  .) owT  sedon  era  dekram  htiw  erugif  
 ,»3« esuaceb  yeht  era   dna dael pmuj hguorht detcennoc

srotsiseR .laitnetop emas eht evah yeht  R3 dna  R5 a er  
detcennoc  yhw s’taht ,lellarap ni  

R 53  = R3 R5/(R3  + R5) 2 = 1 = )6 + 2(/6 .  5 mhO . 
 ecnatsiser weN R 53  htiw seires ni detcennoc si  R4: 

R 453  = R 53  + R4 1 = . 7 = 6 + 5 .  5 mhO . 
da ew nehT o noitcennoc lellarap eht tp  R 453 || R2: 

R 2453  = R 453 R2/(R 453  + R2) = 7.5 (/1 7.5 + 0 = )1 .  288 mhO . 
ecnatsiser tupni tiucriC : 

R pni  = R1  + R 2453 0 + 4 = . 4 = 288 .  288 mhO . 
 etaluclac s’teL  eht stnerruc : I1  = U/R pni  473.7 = 288.4/63 = А; 

I2  = I1 R 453 / R( 453  + R2) 7 = . 473 7. 8/5 . 6 = 5 .  605 А; 
I4  = I1 R2/ R( 453  + R2) 7 = . 473 8/1 . = 5  0.  868 А; 
I5 =  I4 R3/ R( 3  + R5) 0 = . 868 = )6 + 2(/2  0.  712 А;   I3  = I5 – I4 0 = .  712 – 0 .  = 868 – 0.  156 А. 
 

1-2 )2.2( .  fo slaitnetop edoN  a trap tiucric  gif . .1 3 em era  htiw derusa  a retemtlov  V  dna
ot lauqe era :  1  = –  51 V   ,  2  25 = V   ,  3  46 = V. 
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htiW  eht  dia  fo  mhO ’s wal  dna  ffohhcriK ’s tnerruc  
wal  , enimreted  lla  gif ni nwohs stnerruc eht . 3.1 i f   

R1 = 5 mhO  , R2 = 01  mhO  , R3 = 21  mhO  , Е1 = 08  V, 
Е3  07 = V. 

noituloS  .  ni wal s’mhO htiw ecnadrocca nI
:etaluclac s’tel ,mrof dezilareneg  

I1  = (  1 –  2  + Е1)/R1 ( = –  51 – 2 = 5/)08 + 25 .  6 А; 
I2  = (  3 –  2)/R2  46( = – 1 = 01/)25 .  2 А; 
I  3 = (  1 –  3 + Е3)/R  3 = (– 51  –  = 21/)07 + 46 – 0.  57 А. 

 s’ffohhcriK rednU  tnerruc al  enimreted ew w  eht
rehto :stnerruc  
I4  = – I( 1  + I3)  = – 2( .  6 – 0 .  = )57 –1.  58 А; 
I5  = I1  + I2 2 = . 1 + 6 . 3 = 2 .  8 А; 
I6  = I3 – I2  = – 0.  57 – 1 .  = 2 – 1.  59 А. 

 
1-3 ( 3.2 ).  roF  a gif emehcs . .1 4,  enimreted

slanimret neewteb secnatsiser tnelaviuqe   a dna  b   ,
c dna   d   , d   dna  f  , fi  R1 = 6 mhO  , R2 = 5 mhO  , R3 = 51  mhO  ,  R4 =  03 mhO   , R5  6 = mhO . 

srewsnA :         R fd  =
11

32
1

5
1

4 )RR(RR  4 = mhO , 

R ba    = R1 + 

54

54
23

54

54
23

RR
RRRR

RR
RRRR

 21 = mhO        , R dc  =

54

54
32

54

54
32

RR
RRRR

RR
RRRR

 4 = mhO . 

 

1-4 ( 4.2 ). enimreteD  eht  iucric t ecnatsiser  neewteb   eht
stniop  a dna  b hctiws desolc ta dna denepo ta  S ( gif . .1 5  )

fi  R1  = R2  = R3  = R4  = R5  = R6  = R7  01 = mhO . 
rewsnA : hctiws denepo ta  – 21 .  1 mhO , 

eno desolc ta  –  8.  33 mhO . 
 

1-5 ( 5.2 ).  detneserp hcae fo ecnatsiser eht enimreteD
iucric t gif . .1 6  slanimret neewteb 1-1  on ta -  daol

noitidnoc ( stniop  2 dna 2  detalusni era  ) trohs dna - noitidnoc tiucric ( stniop  2 dna 2   era
denioj  .)  ni secnatsiseR smhO  ni nevig era  eht emehcs . 

srewsnA : а) R1O = 021  mhO  , R1S = 27  mhO  ; b  ) R1O = 02  mhO  , R1S = 81  mhO ; 
c) R1O = 838  mhO   , R1S  002 = mhO . 
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1-6 )6,2( . gnidaoL  citsiretcarahc  fo  D-C rotareneg  si  nekat  yllatnemirepxe  gnidrocca   ot
eht  emehcs  gif . .1 7,а  , ti  gnieb  nwohs  ni  gif . .1 7,b  . s A putrat  trap   fo  eht  si citsiretcarahc

ycarucca tneiciffus htiw debircsed noitauqe enil tcerid eht yb   U =  011  – 0. 52 I   , erehw   
U[V]   , I[A]. 

n ehT lanimo  tnerruc  fo  rotareneg  si   I mon  = 04  А   ,  eht  si noitcetorp tnerruc mumixam
ot detsujda   I xam  06 = А   ,  eht trohs laer - si tnerruc tiucric   IS  002 = А. 

mehcs tnelaviuqe eht mrofreP fo se a sretemarap sti enimreted dna rotareneg . 

noituloS  . rotareneG  fme  E = UO = 011  V  , ecnatsiser renni sti  ri = 0. 52  mhO  ,  detaluclac
trohs -  rof tnerruc tiucric  a  si citsiretcarahc gnidaol eht fo trap gnikrow

J =
ir

E =
520
011

.
= 044  А   . e nA iuq tnelav  emehcs  fo  rotareneg  htiw  seires  noitcennoc  fo  fme  

ecruos   E = 011  V ecnatsiser dna  ri = 0. 52  mhO  gif ni detneserp si . .1 8,а  ;  a  htiw emehcs
gif ni nevig si ecnatsiser dna ecruos tnerruc eht fo noitcennoc lellarap .1 . 8,b. 

t redro nI o iatbo n  eht tnelaviuqe  semehcs   ew tuo krow   noitauqe eht  ecnadrocca ni
 s’ffohhcriK htiw  egatlov wal    I rl  + I ri  = Е. 

 tnerruc tiucric eht yb noisserpxe siht ylpitlum s’teL  I  niatbo dna  
I 2 rl  + I 2 ri  = Е I.      )1.1(  

eluoJ htiw ecnadrocca nI s’  wal  
I 2 rl  = Рl   – oc rewop sn  demu daol yb , 
I 2 ri = Рi – rewop  id detapiss  ni  taeh  mrof  ni  rotareneg a fo ecnatsiser renni , 
Е I  = РG    – ecruos fme( rotareneg yb decudorp rewop .)  

noisserpxE   )1.1( stcelfer  eno  fo  eht  lapicnirp  serutaef   yrammus :tiucric cirtcele na fo
wop  eht yb demusnoc rewop yrammus ot lauqe si secruos ygrene eht yb detareneg re

sihT .daol tiucric  erutaef  yam  eb  detalumrof  ni   eht :yaw rehtona ecnalab rewop  eurt si 
.tiucric cirtcele yna rof  

 roF  a  ecnadrocca ni emehcs tnelaviuqe lellarap gif htiw . .1 b,8   no t fo dnuorg eh  
 s’ffohhcriK  tnerruc wal , niatbo ew    I  + Ii  = J.     )2.1(  

nI  siht  emehcs , eht  egatlov  UJ ssorca  ecruos tnerruc eht fo slanimret   egatlov eht dna
U noisserpxe deniatbo eht ylpitlum s’teL .lacitnedi era secnatsiser ssorca  )2.1( yb   
UJ = U   dna tuo dnif   : U I  + U Ii  = UJ J . 

I xam  0 IS I mon  giF . .1 7 

E 
 

I 
A J 

011  
U   V  b) 

r  l ..0(= ) 

I 

U 

)а  

G 

A 

V1 

ri 

Ii 

UJ 
Е 

ri 

I 

giF . .1 8 

J 
U rl 

b) )а  
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revewoH  , mhO ’s wal  sevig   U  = I rl   , U  = Ii ri   dna   ecnalab rewop eht ot emoc ew
:ecruos tnerruc eht htiw emehcs rof noisserpxe  I 2 rl  + Ii

2 ri =  РG  = UJ J.  )3.1(  
 

1-7 )7.2( . roF  cirtcele  tiucric  gif . .1 9, eht  secnatsiser   r1 = 001  mhO   , r2 = 051  mhO   ,
r3 = 05  mhO   dna  egatlov   U = 051  V .nevig era  hctiws denepo ta stnerruc eht etaluclaC  
S  .  woH  hcum desolc si hctiws eht fi egnahc stnerruc od ? 

noituloS  . tA  denepo  hctiws  S eht   denimreted era stnerruc
wal s’mhO rednu : 

I3 =  ,0 b denepo si hctiws eht esuace ; 

I  1 =
1r

U =
001
051 1 = .  5 A         ; I  2 =

2r
U =

051
051 1 = .  0 A; 

tupni  tnerruc  fo  eht   ni dnuof si noitcennoc lellarap
 s’ffohhcriK htiw ecnadrocca  tnerruc wal       I  = I  1  + I  2  + I  3 2 = 0 + 1 + 5,1 = .  5 A. 

era stnerruc eht ,hctiws desolc tA  I  1 =
1r

U =
001
051 1 = .  5 A   – eulav remrof , 

I  2 =
2r

U =
051
051 1 = .  0 A   – egnahc t’nseod , 

I  3 =
3r

U =
05
051  3 = A   .  

segnahc trap tiucric nommoc eht fo tnerruC : I  = I  1  + I  2  + I  3 = 1.5 + 1 + 3 = 5.5 A. 
 

1-8 )8.2( . roF  tiucric  gif . 1.1 0, eht  stnemurtsni  ’ nwonk era sgnidaer  :  retemtlov V sdaer  
021  V   , retemttaw  W sdaer 042  W  . g era secnatsiseR  nevi r1 = 61  mhO  , r2 = 04  mhO   .

 enimreteD  eht ecnatsiser ,stnerruc  r3  , egatlov  U  . kcehC  a rewop  ecnalab . 
noituloS  . retemtloV  V serusaem  egatlov    

U 32  = 021  V ssorca   eht noitces  htiw   lellarap
secnatsiser fo noitcennoc   r   2 dna   r3  .  rednU

wal s’mhO , rruc eht si tne  

I  2 =
2

32
r

U =
04
021  3 = A. 

retemttaW  serusaem   eht rewop  
ecnatsiser yb demusnoc  r3 

P  3  = I3
2 r3  = U 32 I3, 

taht ’s yhw   I  3 =
32U

P =
021
042  2 = A    , wal s’mhO rednu dna   r3 = 

3

32
I

U =
2
021  06 = mhO . 

 ehT c tnerru  hguorht  ecnatsiser   r   1  s’ffohhcriK htiw ecnadrocca ni  tnerruc si wal  
I  1  = I  2  + I  3  5 = 2 + 3 = A. 

nI  ecnadrocca  htiw  ffohhcriK ’s egatlov  wal  rof  a pool  r1-r2-U  ,  tiucric tupni eht
gif ni egatlov . 1.1 0 si   U  = I1 r1  + U  32 5 =  002 = 021 + 61 V. 

g ehT si rewop rotarene  PG  = U I1 002 =  0001 = 5 W. 
si rewop demusnoc yrammuS  

 PC  = I1
2 r1  + I2

2 r2  + I3
2 r3 5 = 2 3 + 61 2 2 + 04 2  0001 = 042 + 063 + 004 = 06 W. 

sA  rewop  ecnalab  PG =  PC si  eurt  devlos si melborp eht yltcefrep . 

I3 

S 

I1 

giF . 1.9 

r1 
I 

U 

I2 

r2 r3 

* 
* 

U23 U 

I3 

giF . 1. 01  

r1 I1 

I2 

r2 r3 V 

W 
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1-9 )9.2(  . nI  emehcs  gif . 1.1 1 a 
tnerruc  I4 =  8 A  yb derusaem si  na

 .metsys lavnosrA’D fo retemma
nwonk era sretemarap tiucric emoS : 

E1 = 021  V  , E4 = 08  V  , E5 = 6 V   ,
r2 = r4 = 6 mhO  , r3 = r5 = 2 mhO  , r6  =
=  3 mhO . 

enimreteD eht  rehto stnerruc  dnif ,
 eht ecnatsiser  r1  . tcurtsnoC  CP  rof  

.pool retuo  
noituloS  . nI  ecnadrocca  htiw  ffohhcriK ’s egatlov  pool thgir eht rof wal , si ereht  

I4 r4  + I3 r3  = Е4   ,    erehw morf I  3 =
3

444
r

rIE =
2

6808 =  61 A. 

 s’ffohhcriK rednU  tnerruc edon rof wal   a  ,   niatbo ew   I3 – I5 – I  4 ,0 =  
edon rof   b                   I6  + I4 – I  3 ,0 =  

 morf w ereh     I5  = I  6  = I3 – I  4  61 = –  8 = 8 A. 
rednU  riK ffohhc ’s egatlov  wal  pool elddim eht rof , si ereht  

I6 r6 – I2 r2  + I5 r5  + I3 r3  = –Е5    ,  morf w ereh  

I2 = 
2

5335566
r

ErIrIrI =
6

62612838  31 = A. 

 s’ffohhcriK rednU  tnerruc edon rof wal   d, si ereht  
I1  = I2  + I6  12 = 8 + 31 = A. 

rednU  fohhcriK f’s egatlov   wal pool tfel eht rof , si ereht  

I2 r2  + I1 r1  = Е1   ,  morf w ereh   r1 = 
1

221
I

rIE =
12

631021  2 = mhO . 

p A laitneto  elcric  si  a tolp  fo  eht  pool slaitnetop tniop   tsniaga  eht  eht fo secnatsiser
 .pool nI   na retuo  pool  tel ’s kram   stniop lanoitidda n  , m  , p denifed si tnemele yna taht os  

emussA .stniop owt htiw  laitnetop  fo  pool a   ecnatsni rof ,orez ot lauqe eb ot tniop  
d =  .0  ni ecnatsni rof ,pool fo noitcerid evitisop eht emussA  a kcolc - noitcerid esiw ,  dna 

aitnetop etaluclac ls fo eht  stniop  txen tniop eht ot  d: 

I4 b 

Е4 
p 

a 
r5 I5 n Е5 

m 

r6 
I2 

I6 d 

c 

r2 

I1 

Е1 

giF . 1 1. 1 

r1 

r4 

A 

I3 

r3 

d 

r6 

r 

mhO  

b 
r4 

E4 

r5 r1 

p  xam  401 = V 

a 

n 

E1 

c 

m 

d 

0 

giF . 1. 21  

 

4 6 8 01  21  41  2 

– 04  

04  

08  

021  

V 

 nim  = –  24 V 

E5 
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 m  =  d – I1 r1  0 = – 12  = 2 –  24 V;      c  =  m  + Е  1  = -  87 = 021 + 24 V; 
 n  =  c – Е  5  87 = –  27 = 6 V;              a  =  n – I5 r5  27 = – 8  65 = 2 V; 
 p  =  a  + I4 r4 8 + 65 =  401 = 6 V;      b  =  p – Е  4  401 = –  42 = 08 V; 
 d  =  b – I6 r6  42 = – 8 .0 = 3  
m ehT mumixa  laitnetop  si  xam  = 401  V, uminim m laitnetop  si  nim  = – 24  V  ,  latot

si noitaredisnoc rednu pool eht fo ecnatsiser  
r  = r1  + r5  + r4  + r6  31 = 3 + 6 + 2 + 2 = mhO . 

sexa eht esoohc s’tel ,tnuocca otni siht gnikaT ’  .selacs p A  detneserp si elcric laitneto
gif ni 1.1 . 2. 

 
.1 2  .  TCERID FO DOHTEM SWAL S’FFOHHCRIK FO NOITACILPPA  

1-10 )31.2( .  ni stnerruc etaluclac ,swal s’ffohhcriK gniylppA
gif emehcs . .1 31  sretemarap htiw  : J = 3 A  , E = 03  V  ,

r1 = 01  mhO  , r  2  5 = mhO . 
noituloS  . ylirartibrA  demussa  evitisop  snoitcerid  fo  stnerruc   

I  1 dna  I2  sa llew sa  tnerruc eht fo slanimret ssorca egatlov eht
ecruos   UJ  .emehcs ni nwohs era  

 )1 tiucriC  sisylana   : rebmun  fo  sedon  – Y =  ;2 sehcnarb  – 
В =  ;3 tnerruc nwonknu htiw sehcnarb  – ВТ .1 =  

rebmuN  fo  yb snoitauqe   s’ffohhcriK  tnerruc wal : 
NI = Y – ;1 = 1  

rebmun  fo  snoitauqe  yb   s’ffohhcriK  egatlov wal  : N II  = В – NI – ВТ .1 =  
 )2  metsys noitauqe eht swollof sa si :  I  1  + I  2 – J ,0 =  

I2 r  2 – I1 r  1  = E. 
 )3 retfa  elpmis  snoitamrofsnart  niatbo ew : I  1  + I  2 ,3 =  

– 01 I  1 5 + I  2 .03 =  
noituloS  fo  eht  noitauqe  metsys :   I  2 4 =  A  ,   I  1  3 = – I  2  3 = –  = 4 –1 A. 

 )4 rednU   s’ffohhcriK egatlov  gnidulcni pool rof wal  UJ dna  r2, niatbo ew : 
UJ – I2 r  2    ;0 = UJ  = I2 r  2 4 =  02 = 5 V. 

 )5 ecnalab rewop eht warD  
UJ J – Е I  1 = I1

2 r  1  + I2
2 r2; 

02  3 – 03 (– 1 = )1 2 4 + 01 2   5 ro  09   (W = )  + 01  08 (W). 
evitaleR  rorre  si   ,%0 la esuaceb l dnuor tuohtiw tcirts era snoitaluclac - pu s. 

 
1-11 )41.2( . gif emehcs ni stnerruc etaluclac ,swal s’ffohhcriK gniylppA . .1 41 ,а  htiw

sretemarap : J1 01 =  А   , E2  001 = V   , E6  003 = V   , r  3  = r  4  = r  5  = r  6  02 = mhO . 
ituloS no  . ylirartibrA  demussa  evitisop   fo snoitcerid  UJ  ,  I2   , I3   , I4   , I5   , I6  ni nwohs era 

.emehcs  :emehcs siht roF  B   ,5 = Y .4 =  
htiw ecnadrocca nI   s’ffohhcriK tnerruc   wal  snoitauqe eht sedon rof  ,»3« ,»2« ,»1« 

ylevitcepser  , :swollof sa era  
   J  1 – I  2  + I6 ;0 =   I  3  + I   5 – J  1 ;0 =  – I  3 – I  4 – I  6  .0 = )4.1(        

oT  etareneg  snoitauqe  rednu  riK ffohhc ’s egatlov  wal  ew  esu  eht  detcerid  hparg  fo   eht
cirtcele  tiucric  gif . .1 41 ,b  . ereH  eht  erutaef gniwollof   eht fo cirtcele  tiucric  si  nekat  otni  

si ereht :tnuocca ecruos tnerruc htiw hcnarb a  J1  , eht ecnatsiser renni hcihw fo si  ri =  
fme dna si  Еi =  . tahT ’s yhw  ti  si  elbissopmi  ot  ward  na   s’ffohhcriK yb noitauqe

UJ 

J 

a 

E 

r1 

b 

r2 

giF  . 1 1. 3 

I1 

I2 
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 egatlov  rof wal  a  htiw pool  a  ni ecruos tnerruc  eht mrof   I r =  Е,  esuaceb  strats ti
dni gnimoceb etinife : I5 r5  + J1 ri  = E  2  + Ei o  r  I5 r5  +  = E  2  + . 

eK ep ni  dnim  eht  seitinifni  ni  tnereffid  strap  fo   eht noitauqe  yam  eb  denioj  ni   eht tfel  
trap  fo   eht noitauqe  dna  rieht  ecnereffid  sevig   eht etinif  ytitnauq  UJ, hcihw  wollof s morf  
 eht ward noitauqe  s’ffohhcriK rednu n  egatlov  rof wal  a  egatlov gnidulcni pool       

UJ = –Ei + J1 ri daetsni fo   eht ecruos tnerruc eht fo tiucric renni   : I5 r5  + UJ  = E2. 
suhT  , denoitnem  evoba  pool  si  desu  ot  enimreted  eht  atlov ge UJ = E2 – I5 r5 ssorca  

uc eht fo slanimret nehT .ecruos tnerr , ot  ward  eht  noitauqe  metsys , ew  esu   eht rehto  
tnednepedni  spool . 

roF   eht sehcnarb htiw pool  5 ,4 ,3   niatbo ew      I3 r3 – I4 r4 –  I5 r  5 ,0 =   )5.1(  
rof   eht sehcnarb htiw pool    2 ,4 ,6                       I6 r6 – I4 r4  = – E6  + E2.  )6.1(  
ehT  noitauqe  metsys  )6.1( ,)5.1( ,)4.1( sedulcni  5 snoitauqe  .  fo dohtem a ylppA

noitutitsbus  . morF  )4.1( snoitauqe : I  2 = J  1  + I6         ; I   5  = J  1 – I3       ; I  4  = – I  3 – I6. 
tresnI  meht  otni  )5.1( dna )6.1( :  I3 r( 3  + r4  + r5)  + I6 r4 – J1 r5 ,0 =  

I6 r( 6  + r4)  + I3 r4  = – E6  + E2. 
06 I3 02 + I6 ,002 =  
02 I  6 04 + I3  = – .002  

 yb metsys eht evloS dohtem s’remarC    :  =
0402
0206

06 =  04 – 02 .0002 = 02  

3 = 04002
02002

002 =
041
021

002 = ,00021 = )02 + 04(  

6 = 00202
00206

002 =
102

106
002 = (–  06 –  = )02 – .00061  

stnerruC era      I3 = 3 =
0002
00021  6 = A       , I6 = 6 =

0002
00061  = –  8 A. 

I  2 = J  1  + I6  01 = –  2 = 8 A, 
I  4  = – I3 – I6  = –  6 – ( –  2 = )8 A, 
I   5  = J  1 – I3  01 = –  4 = 6 A      .  

v ehT  ssorca egatlo  eht ecruos tnerruc eht fo slanimret si  
UJ  = – E2  + I5 r5  = – 4 + 001  = 02 –  02 V. 

giF . 1. 41  

1 

)a  

J1 
r3 

I4 

r4 

I6 

I2 

I3 

r5 

r6 

UJ 

E6 

I5 E2 

1 

2 

3 

4 

4 

6 

2 

3 

5 

1 

2 

3 

4 

b) 
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ecnalab rewoP si        U J J  1  + E2 I  2 – E6 I  6  = I3
2 r3  + I4

2 r4  + I5
2 r5  + I6

2 r6. 
– 02  + 01 001  2 – 003 (– 6 = )8 2 2 + 02 2 4 + 02 2 8 + 02 2 ,02  

 0042 W 02 = 02 = )46 + 61 4 + 63(  0042 = 021 W. 
noitoN  .

 noitutitsbuS
m dohte  ot  

ecuder  eht  
rebmun  fo  

snoitauqe  si  
 evorp ot desu

 eht hsem  tnerruc 
dohtem . 

 
 
 
 
1-12 )51.2( . egdirB  emehcs  gif . .1 51 ,а si  deilppus  htiw  ygrene  morf   a laer  ecruos  gnivah   
E = 004  V   , ecnatsiser renni   r = 01  mhO  . era sehcnarb egdirb eht fo secnatsiseR  
r1 = 02  mhO  , r2 = 04  mhO  , r3 = 06  mhO  , r4 = 03  mhO  . ecnatsiser htiw dedaol si egdirB  
r5  03 = mhO . 

etaluclaC  stnerruc  ylppa swal s’ffohhcriK gni . 
noituloS  . teL ’s  hparg tiucric eht tcurtsnoc dna stnerruc fo snoitcerid evitisop esoohc

( gif . .1 51 ,b  .) ereH  sehcnarb  5 ,4 ,3 era   sehcnarb dna seno eert eht  0 ,2 ,1 era   eht
seno gnilpuoc  , spool 1 -5- 2 ,3 -4- 0 ,5 -3-  4 seno niam eht era . 

muN stnerruc nwonknu fo reb  В =  ,6 sedon fo rebmun  У =  ,4  tnednepedni fo rebmun
spool  K .3 =  

metsys noitauqe s’ffohhcriK ehT  
edoN :1    I  3  + I   1 – I  0 ;0 =    .1( 7) 

:2   I  0 – I   2 – I  4 ;0 =    8.1( ) 
:3   I  2 – I   5 – I  1 ;0 =    9.1( ) 

pooL :I    I1 r1 – I5 r5 – I3 r3 ;0 =   1.1( 0) 
:II   I2 r2 – I4 r4  + I5 r5 ;0 =   11.1( ) 
:III   I0 r0  + I3 r3  + I4 r4  = E.  21.1( ) 

 
t redro nI o ecuder  eht  rebmun  fo  snoitauqe  ew  esu   noitutitsbus eht dohtem  : morf  

.1( 7)- .1( 9  )  dna stnerruc hcnarb gnilpuoc eht hguorht stnerruc hcnarb eert eht sserpxe ew
tresni otni meht ( 1.1 0)- 1.1( 2  .) snoitauqe eerht fo metsys a niatbo eW : 

  I1 (r1  + r5  + r3) – I2 r5 – I0 r3 ,0 =   011 I1 – 03 I2 – 06 I0 ,0 =  
I2 r( 2  + r4  + r5) – I1 r5 – I0 r4 ,0 =  ro  – 03 I  1 001 + I2 – 03 I0 ,0 =  
I0 r(  + r3  + r4) – I1 r3 – I2 r4  = E.  – 06 I  1 – 03 I2 001 + I0 .004 =                                               

:dohtem s’remarC yB  

 = 
0010306
0300103
0603011

01 = 3 11( 01  01 – 3 3 6 2 – 6 01  6 – 3 3  11 – 3 3 344 = )01 01 3; 

r 

r3 

giF . 1. 51  
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r4 

I2 

r2 

I0 

I1 

I4 

r5 
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I5 
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1 =
00103004
030010
06030

004 = 03( 06 + 03 672 = )001 01 4; 

2 =
00100406
03003
060011

 = – 004 (– 03  011 – 03 402 = )06 01 4; 

0 =
0040306

000103
003011

004 = 011(  001 – 03 404 = )03 01 4. 

c ehT sehcnarb gnilpuoc fo stnerru era  I1 = 1 = 3

4

01344
01672 6 = .  32 A; 

I2 = 2 = 3

4

01344
01402 4 = .61 A;    I0 = 0 = 3

4

01344
01404 9 = .  21 A. 

c ehT sehcnarb eert eht fo stnerru era  I  3 = I 0 – I1 9 = .  21 – 2 = 32,6 .  98 A; 
I  4  = I  0 – I 2 9 = .  21 – 4 . 4 = 506 .52 A; 
I   5  = I  2 – I1 4 = .  506 – 6 .  = 32 – 1.63 A        .  

p ehT ecnalab rewo si        E I  0 =
5

0

2

k
kk rI . 

004 9. 9 = 21 . 21 2 6 + 01 . 32 2 4 + 02 . 16 2 2 + 04 . 98 2 4 + 06 . 25 2 1 + 03 . 36 2 ,03  
РG  8463 = W     ; РC  8463 = W. 

p ehT  devlos si melborp ehT .eurt si ecnalab rewo
.yltcerroc  

 
1-13 ( )81.2 .  s’ffohhcriK rednu stnerruc enimreteD

gif emehcs a fo sehcnarb eht ni swal . .1 1  6  dna
ecnalab rewop eht yfirev  , fi  : E1 = 021  V  , E2 = 06  V, 

J = 4 A  , r1 = r2 = 02  mhO  , r3 = 5 mhO  , r4  51 = mhO . 
srewsnA  : I1 = 2 A, I 2 = – 1 A, I 3 = 1 A, I4 = 5 A, 

P = 084  W. 
.1 3  . HSEM ( DOHTEM TNERRUC POOL )DOHTEM TNERRUC  

1- 41  )02.2( . gif emehcs roF . 1.1 1, nwonk si ti  : E1 = 021  V  , E4 = 08  V  , E5 = 6 V  ,
r1 = r3 = r5 = 2 mhO  , r2 = r4 = 6 mhO  , r6 = 3 mhO  , I4 = 8 A  . dniF   eht rehto  stnerruc  yb  
M MC  dna  ecnalab rewop eht pu kcehc . 

noituloS  . hparg tiucric eht tneserp s’teL  
( gif . .1 71  ,) hcnarb eht  4  tnerruc nwonk htiw

hcnarb gnilpuoc eht sa nekat gnieb  .  eht nehT
 tnerruc pool III oceb strats  gnim nwonk : 

IIII  = I4  8 = A. 
era stnerruc pool nwonknU   II=I1   , I II =I5. 

snoitauqe pooL :  I1 (r1  + r2) – I5 r2  = E1, 
I5 r( 5  + r3  + r  6  + r2) – I1 r2  + I4 r3  = – E5. 

4 
3 

5 

6 

2 
1 
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II=I1 I II =I5 I III =I4 

E1 

I3 

I2 I4 I1 

r4 
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r1 

E2 

r2 

r3 
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htiW  gnikat  otni  noitaredisnoc   I4 r3 8 =  61 = 2 V,    niatbo ew : 
8 I1 – 6 I5         ,021 =   
– 6 I  1 31 + I5  = – ,22  

 morf w ereh   I5  8 = A    ; I1  12 = A. 
I  2 = I 1 – I5  12 = –  31 = 8 A     ; I  6  = I5  8 = A     ; I   3  = I  5  + I4  61 = 8 + 8 = A. 

ecnalab rewop eht fo noitauqE si  
E1 I  1 – E5 I  5  + E4 I  4  = I1

2 r1  + I2
2 r2  + I3

2 r3  + I4
2 r4  + I5

2 r5  + I6
2 r6, 

021 2  1 – 6 08 + 8 12 = 8 2 31 + 2 2 61 + 6 2 8 + 2 2 8 + 6 2 8 + 2 2 ,3  
 2113 W  2113 = W. 

yltcerroc devlos si melborp ehT .eurt si ecnalab rewoP . 

 

1-15 )12.2( .  gniwollof ehT  sretemarap  nevig era f eht ro   ni emehcs gif .1 . 81 ,а: 
J  1  4 = A    , E1  061 = V    , E2  001 = V    , E5 21 = 0 V   ,  E6  06 = V, 

r1  05 = mhO    , r3  04 = mhO    , r4  06 = mhO    , r5  03 = mhO    , r6  02 = mhO . 
etaluclaC  stnerruc . 

noituloS  . demussA  tnerruc  noitcerid s era  nwohs  ni  gif . .1 81 ,а  . peeK  ni  dnim  :  era ereht
sehcnarb laiceps owt . 

ehT  tsrif  eno  sniatnoc  eht  ruc tner  ecruos  J1  . oT  krow  , ti  sdnamed  a elgnis  noitidnoc  :
 a fo ecneserp htap   rof ot tnerruc eht  wolf   segnahc ro snoitamrofsnart tiucric yna ta  a sa

tluser snoitatummoc fo . 
ehT  tsrif  hcnarb  ecnatsiser si   rb1  = r1  + rJ  + 05 =  = , erehw   rJ  =  – aciteroeht l 

eulav  ecruos tnerruc eht demret ecruos ygrene dezilaedi fo ecnatsiser renni fo . 
 siht fo ecnatcudnoC hcnarb si   gb1 = rb1

–1 = –1 .0 =  
ehT  dnoces  emehcs  orez htiw ylno ecruos fme dezilaedi eht sniatnoc hcnarb   renni

 ecnatsiser rE =  ,0 tsiser eht yhw s’taht si hcnarb dnoces eht fo ecna  rb2 =  ,0  dna
ecnatcudnoc si   gb2 = rb2

–1  = . 
reilraE  ti  saw  dias  eht  hcnarb  htiw  eht  tnerruc   ecruos ha hcnarb gnilpuoc eht eb ot s  ,

hcihw gif hparg emehcs eht ni tnuocca otni nekat si .1 . 81 ,b. 
gniylppa nehW  M MC  ni  eht  pool  auqe snoit  eht  smeti  I r raeppa  , r gnieb   ecnatsiser

 fo  a oS .hcnarb nommoc  , ti  si  htrow  gnidda  eht  sehcnarb  htiw  laedi  fme  secruos   eht ot
nehT .sehcnarb eert  eht  tcudorp  si  I r =  0 esuaceb  r =  .0 sihT  si  osla  nekat   tnuocca otni

hparg tiucric eht ni . 
suhT  , reht e era  eerht  pool  stnerruc  , eno  wolf s 1 sehcnarb gnola -6- lauqe dna 5 s t eh  

ecruos fo tnerruc  II  = J  1  4 = A. 

I6 

UJ 

5 

6 
3 

4 

E5 I5 

I4 
r4 

2 

E1 

I2 

E2 
r1 

J1 

I1 

2 

b) 

I3 
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ehT  dnoces tnerruc pool  I II   = I  3 sehcnarb gnola swolf 3 -2-5-  6 nwonknu si dna  . ehT  
driht  tnerruc pool  I III  = I4 sehcnarb gnola swolf  4-2-5  dna onknu si oot nw . pooL  

snoitauqe  rof  nwonknu  stnerruc ( revoerom  r2 = )0 :era   
I II (r3  + r  5  + r  6 )  + I III r5 – J1 (r6  + r  5 )  = – E  2 – E5  + E6, 
I III (r4  + r5)  + I II r5 – J1 r5  = – E  2 – E5. 

slaremun htiW : 
09 I II 03 + I III ,04 =  
03 I II 09 + I III  = –  ,001 ereh morf    042 I II     ,022 = I II 0 = .  719 A     , I III  = – 1.  714 A. 

era stnerruc hcnarB swollof sa  
I3  = I II 0 = .  719 A     , I4  = I III  = – 1.  714 A     , I2  = – I II  – I III  = – 0. 1 + 719 . 0 = 714 .  5 A, 
I5  = – I II  – I III  + II  = – 0. 1 + 719 . 4 = 4 + 714 .  5 A, 
I6  = II – I III  4 = – 0 . 3 = 719 .  380 A. 

v ehT egatlo  ssorca   eht slanimret  fo   s’ffohhcriK yb denimreted si ecruos tnerruc eht
 egatlov pool rof wal 1 -4- :2  UJ – I3 r3 – I1 r1  = E  1 + E2, 

ereh morf   UJ  = E  1 + E2 + I1 r1 + I3 r3  061 = +  001 + 4  05 + 0 . 719 694 = 04 .  7 V. 
P ecnalab rewo uqe si noita : 

UJ J  1 – E1 I  1  + E2 I  2  + E5 I  5 – E6 I  6  = I1
2 r1  + I3

2 r3  + I4
2 r4  + I5

2 r5  + I6
2 r6. 

secruos fo rewop yrammuS :si  
 PG 694 = .7  4 – 061 001 + 4 0. 021 + 5 4.  5 – 06 3.  2571 = 380 W. 

yrammuS  rewop  fo  sremusnoc :si  
 PC 4 = 2 0 + 05 . 719 2 1 + 04 . 714 2 + 06 4 .52 3 + 03 . 380 2  8971 = 02 W. 

srewop fo eulav egarevA :si  

 P va  =
2

CG РP =
2

89712571 =  5571 W. 

ecnegreviD ( rorre etulosba ) :si  
Р | =  PG –  P va | = |  PC –  P va  8971 = | –  32 = 5571 W. 

snoitaluclac fo rorre evitaleR :si      = %
PCP

P = 001
5571

00132 1 = . ,%13  

ht ssel ylbaicerppa si ti a dewolla n  .%3 erroc devlos si melborp ,ecneH c ylt . 
 

.1 4  . EDON  ITNETOP LA  )MPN( DOHTEM  
1- 61  .2( 72 ). melborp ni stnerruc enimreteD 1.1 0 MPN yb . 

noituloS  . gif emehcs nI . 1.1 3  era ereht  ylno sedon 2  . emussA    b =  .0  egatlov noitcnuJ

edon rof   а   mrof a sekat :   а
21

11
rr

 = J +
1r
E . 

htiW  aremun sl , ew  niatbo   а 5
1

01
1 3 =  +

01
03    ro      а ,06 = 3  

  ereh morf   а  02 = V. 

Cu stnerr :  I1 = 
1r

Eba =
01

03002  = –  1 А, 

I2 = 
2r

ba =
5

002  4 = А. 
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noitacifireV  fo  eht  noitulos  si   yb dezilaer  s’ffohhcriK  tnerruc   edon rof wal а: 
J  = I1  + I2:  = 3 –   .4 + 1  devlos si melborP .eurt s’tI yltcerroc . 

 
1- 71  .2( 82 ). melborp fo emehcs egdirb eht fo stnerruc etaluclaC 1.1 2 MPN yb . 

noituloS  . edon redisnoC  »2« no ecnerefer sa e  , emussa   2 .0 =  
roF  sedon  htiw  nwonknu   slaitnetop  1  ,  3  ,   4  noitcnuj eht fo metsys a ward s’tel

snoitauqe : 

 1
31

111
rrr

–  4
1

1
r

–  3 r
1 =

r
E , 

 3
24

111
rrr

–  1 r
1 –  4

2

1
r

 = –
r
E , 

 4
215

111
rrr

–  1
1

1
r

–  3
2

1
r

.0 =  

     slaremun htiW          1 06
1

02
1

01
1 –  4 02

1 –  3 01
1 =

01
004 , 

 3 04
1

03
1

01
1 –  1 01

1 –  4 04
1  = –

01
004 , 

 4 04
1

02
1

03
1 –  1 02

1 –  3 04
1 0 = . 

  rO        1  01 –  3  6 –  4 ,0042 = 3  
–  1  + 21  3  91 –  4  = 3 – ,0084  
–  1  6 –  3  + 3  4 .0 = 31  

stnanimreteD     : = 
3136
39121
3601

    ;688 = 1 = 
3130
3910084
360042

;006351 =  

3 = 
3106
3008421
3004201

 = –      ;000021 4 = 
036

00849121
0042601

.00234 =  

slaitnetop edoN :   1 = 1 =
688

006351 371 = .  4 V, 

  3 = 3 =
688

000021  = – 531 .  4 V,   4 = 4 =
688

00234 84 = .  8 V. 

 etaluclaC  eht dnu stnerruc :emehcs egdirb eht fo sehcnarb ni wal s’mhO re  

I0 = 
r

E13 =
01

00443714531 .. 9 = .  21 А     , I 3 = 
3

1
r

=
06

4371 . 2 = .  98 А, 

I1 = 
1

41
r

=
02

8844371 .. 6 = .  32 А                           , I4 = 
4

3
r

=
03

4531 . 4 = .  25 А, 

I2 = 
2

34
r

=
04

4531884 .. 4 = .  16 А                         , I 5 = 
5

4
r

=
03

884 .  = – 1.  36 А. 
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ehT  tnerruc  eulav s gnieb  deniatbo  , yeht  edicnioc  htiw  reilrae   yb seulav detaluclac
swal s’ffohhcriK fo noitacilppa . 

 

1- 81  .2( 92 ).  stnerruc etaluclaC melborp fo .1 15 MPN yb . 
noituloS  . nI   eht nevig  melborp  ereht  si  a hcnarb 2№   eht  ecnatsiser  hcihw fo si  r2 = 0 

ecnatcudnoc dna  g2 =  . oS  , rof  sedon  »1« dna  ,»4«  era hcihw  eht hcnarb fo stniop dne  
 ,2№  era snoitauqe noitcnuj llof ti meht morf ,seno tneulfnoc gniwo   4 –  1  = E2. 

edon rof emussA    »1«  1  ,0 = neht     4  = E  2  001 = V. 
roF  sedon  htiw  nwonknu  slaitnetop , snoitauqe noitcnuj eht fo metsys a ward s’tel : 

 2
63

11
rr

–  3
6

1
r

–  4
3

1
r

 = J1 + 
6

6
r
E , 

 3
546

111
rrr

–  2
6

1
r

–  4
4

1
r

 = –
6

6
r
E  –

5

5
r
E . 

htiW  slaremun  dna  retfa  snoitacifilpmis , ew  niatbo : 

 2 02
1

04
1 –  3 02

1 + 4 =
02
06 +

04
001                ,    ro        2  3 –  3 ,083 = 2  

 3 03
1

06
1

02
1 –  2 02

1  = –
02
06 –

03
021 +

06
001              , –  2  + 3  3 = 6  – 023 , 

 

ereh morf      3  51 = V    ,  2 631 = .  7 V. 
 

gif emehcs fo stnerruc hcnarb ehT .1 . 81  :wal s’mhO yb detaluclac era  

I3 = 
3

42
r

=
04

0017631 . 0 = .  719 А, I4 = 
4

43
r

=
06

00151  = – 1.  714 А, 

I5 = 
5

513
r

E =
03

02151 4 = .  5 А, I6 = 
6

632
r

E =
02

06517631 . 3 = .  580 А, 

I2 = 
2

241
r

E =
0

0010010 =
0
0  – ytniatrecnu  hcihw  si   fo dia eht htiw devomer

 s’ffohhcriK  tnerruc edon rof wal »1« :ecnatsni rof ,  I2 =  I5 – I1 4 = .  5 – 0 = 4 .  5 А. 
ehT  tnerruc  eulav s gnieb  deniatbo  , yeht  edicnioc  htiw  reilrae   yb seulav detaluclac

CM M deen si ecnalab rewop eht yhw s’tahT . .ssel  
 

1- 91  .2( 03 ). gif emehcs ni stnerruc etaluclaC . .1 91  fi MPN yb  E1 = 021  V  , E2 = 08  V  ,
J5 = 8 A  , r1 = 02  mhO  , r2 = 04  mhO  , r3 = 52  mhO  , r4 = 51  mhO  , r5 = 08  mhO  .  pu kcehC

ecnalab rewop eht . 
noituloS  . emussA   eht evitisop  snoitcerid   eht fo

erruc hcnarb  stn I1  , I2  , I3  , I ba  , I cd  ,  ssorca egatlov
ecruos tnerruc eht fo slanimret  UJ egatlov dna  U da  .

tI  si  ysae  ot  ees  , ni   eht emehcs  rednu   yduts eht  
eriw  secnatsiser  strap fo   ba   dna   dc    ot lauqe era
 orez – r ba  = r dc  =  ,0  ni stnerruc yna ta yhw s’taht
 pmuj dael s ba  , cd  eht yna ton era era  segatlov 

 meht ssorca – U ba  = I ba r ba  = U cd  = I cd r dc  =   ,0

b a 

r5 

UJ 

сиР . 1. 91  
d c 

I cd  

I ba  

U da  

I3 

E1 

r1 
E2 

r2 

I2 I1 

r3 

J5 

r4 
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yltneuqesnoc  ,  a =  b  ,  d =  c dna eht  tnereffid owt tub sah yduts rednu emehcs 
hw slaitnetop eso  demret si ecnereffid egatlov noitcnuj  U da  =  a –  d, ti  gnieb  clac detalu  

sa  ralucitrap  esac  laitnetop nwonknu htiw edon rof noitauqe noitcnuj eht fo   a ta   d = :0  

U da = 
g

JgE
aa =

4321

5
2

2
1

1

111

11

rrrr

J
r

E
r

E
=

5152
1

04
1

02
1

8
04
08

02
021

 04 = V. 

wal s’mhO rednu detaluclac era stnerruc hcnarb ehT : 

I1 = 
1

1
r

EU da =
02

02104  = –  8 А, 

I2 = 
2

2
r

UE da =
04

0408  1 = А               , I3 = 
43 rr

U da =
5152

04  1 = А. 

 si noitacifireV dellifluf  gnisu  s’ffohhcriK  tnerruc wal  
I1  + I2  + J  5  = I  3          : –  + 1 + 8   1 = 8 – eurt si ti . 

pmuj eht ni stnerruC l ae d  s’ffohhcriK rednu dnuof era s  tnerruc wal : 
I ba  = I1 + I 2  = –  = 1 + 8 –  7 A         , I cd  = I  3 – J  5  1 = –  = 8 –  7 A. 

oT  ward  eht  rewop  ecnalab , ew  enimreted   egatlov UJ  ssorca  eht  eht fo slanimret
nu ecruos tnerruc  s’ffohhcriK red  egatlov wal : 

UJ  + I3 (r3  + r4  )  + J5 r5   ,0 = ereh morf   UJ  = – 1  )51+52( – 8  = 08 –  086 V. 
p ehT noitauqe ecnalab rewo :si  

– E1 I  1  + E2 I  2 – UkJJ  5  = I1
2 r1  + I2

2 r  2  + I3
2 (r3  + r4)  + J5

2 r   5  ro  
– 021 (– 08 + )8  1 – ( – )086 8 = 8 2 1 + 02 2 04 1 + 2 8 + )51+52( 2 08  

 0846 W  0846 = 0215 + 04 + 04 + 0821 = W. 
 

.1 5  . STIUCRIC CIRTCELE NI SNOITACIFILPMIS TNELAVIUQE  
1- 02  .2( 53 ). melborp fo emehcs egdirb eht fo stnerruc eht etaluclaC 1.1 1 ( gif . .1 51 )  yb

snaem snoitacifilpmis tnelaviuqe fo . 
noituloS  . ’teL :noitidnoc muirbiliuqe egdirb eht pu kcehc s  

r2 r3 04 =      ;0042 = 06 r1 r4 02 = .006 = 03  
esuaceB  fo  r1 r4 r2 r3 eht  egdirb  si  ton  orez morf gnireffid stnerruc sti lla ,decnalab . 

teL ’s etutitsbus  - secnatsiser fo noitcennoc  r2-r4-r5  tnelaviuqe yb Y- nnoc  dna noitce
 niatbo eht gif emehcs . .1 02 : 

ra = 
254

54
rrr

rr =
040303

0303  9 = mhO , 

rb = 
254

24
rrr

rr =
001

0403  21 = mhO , 

rc = 
254

52
rrr

rr =
040303

0304  21 = mhO . 

tupnI  tiucric  ecnatsiser  sa  drager  ot   eht
si ecruos fme eht fo slanimret  

r pni   = r +
ca

ca
rrrr

)rr()rr(

13

13  + rb = 

rb 

U 34  

r3 

giF . 1. 02  

ra 

I0 

I1 

r E 

1 3 

4 

I3 

r1 
rc 

2 
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+ 01 =
2102906
2102906 )()( = 21 + 34 .  68 mhO . 

i ehT  emehcs egdirb eht fo tnerruc tupn       si I0 = 
pnir

E =
6834

004
.

9 = .  21 А. 
 

.1 .gif emehcs fo sehcnarb lellarap eht fo stnerruC 02 era  

I1  = I0
ca

a
rrrr

rr

13

3 9 = . 21
101
96 6 = .  32 А, 

I2  = I0
ca

с
rrrr

rr

13

1 9 = . 21
101
23 2 = .  98 А. 

  egatloV U  34  = I1 rс  + I0 rb 6 = . 32 9 + 21 . 21 1 = 21 48 .  2 V. 
teL ’s emoc  kcab  ot   eht laitini  emehcs  dna   eht fo stnerruc eht etaluclac - ecnatsiser s: 

  I2 = 
2

43
r

U =
04

2481 . 4 = .  16 А, 

I4  = I0 – I2 9 = .  21 – 4 . 4 = 16 .  15 А, I5  = I2 – I1 4 = .  16 – 6 .  = 32 – 1.  26 А. 

1- 12  2( 63. ). nimreteD e stnerruc  ni  emehcs  gif . .1 12 ,а htiw  eht  dia  fo  tnelaviuqe  
snoitacifilpmis  fi  eht  tupni  tiucric  egatlov  si  U = 004  V  , era secnatsiser  r1 = 01  mhO  ,

r2 = 06  mhO  , r3 = 02  mhO  , r4 = 001  mhO  ,  si emehcs eht fo tuptuo eht ta ecnatsiser daol   
r5 = 05  mhO . 

luclaC eta   rotcaf refsnart egatlov eht kU rotcaf refsnart tnerruc eht dna  kI. 
noituloS . tnairaV 1  . teL ’s etutitsbus  eht  seires - lellarap  noitcennoc  secnatsiser fo  r3  , r4  , r  5

eno tnelaviuqe yb ( gif .1 . 12 ,b   ) r ca : 

r ca   = r  3 +
54

54
rr
rr + 02 =

05001
05001 ,35 = .  33 mhO . 

i ehT ecnatsiser emehcs tupn si : 

r pni   = r  1 +
ca

ca
rr
rr

2

2 + 01 =
333506
333506

.
. 83 = .  42 mhO . 

i ehT  emehcs tupn tnerruc si   : I pni   = I  1 =
pni

pni

r
U

=
4283

004
.

01 = .  64 А. 

v ehT  egatlo gif gnihcnarb emehcs eht ssorca .1 . 12 ,b si : 

U da  = I1
ca

ca
rr
rr

2

2 01 = . 64
33311

333506
.

. 592 = .  4 V, 

 eht stnerruc era    I  2 =
2r

U da =
06

4592 . 4 = .  29 А     , I  3 =
ca

da
r

U =
3335
4592

.
. 5 = . 45  А. 

d giF  . 1. 12  2  
1  d c 

2 

I3 
U da  

I3 r1 

I pni =I1 

)а  

1 

U pni  

b a 

I2 

r2 

r3 

I4 

r4 
U ptuo U= cb  

I ptuo I= 5 
r5 

r ca  

U da  

I3 r1 

I pni =I1 

b) 

U pni  

a 

I2 

r2 
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v ehT egatlo  ssorca  gif ni gnihcnarb emehcs trap thgir eht .1 . 12 ,а si  

U cb U = ptuo  I = 3
54

54
rr
rr 5 = . 45

051
05001 481 = .  6 V, 

 eht sehcnarb lellarap fo stnerruc era  I  4 =
4r

U cb =
001
6481 . 1 = .  58 А, 

I  5  = I ptuo  =
5r

U cb =
05

6481 . 3 = .  96 А    .  

v ehT rotcaf refsnart egatlo si   kU =
pni

ptuo

U
U

=
004
6481 . 0 = . .264  

c ehT  rotcaf refsnart tnerru si   kI =
pni

ptuo

I
I

=
6401
963

,
. 0 = . 353 . 

noituloS . tnairaV 2  . tI  si  tneinevnoc  ot  etupmoc  a emehcs  htiw   a elgnis  ygrene  ecruos  
yb  dohtem  fo  seititnauq lanoitroporp  . tsriF  , emussa  eht  yrartibra  eulav  fo  tnerruc  ro  

ew esac ruo ni ;ecruos ygrene eht morf trap etomer tsom eht fo egatlov tnerruc a emussa         
I5 = 01  А.   nehT  htiw  eht  dia  fo  ffohhcriK ’s swal  ew  etaluclac  eht  tupni  egatlov ( os  

 dellac ecneulfni )  tuptuo eht ta setaerc hcihw eht tnerruc  I  5 ( dellac os  noitcaer tiucric  )
eulav demussa ot lauqe si hcihw : 

U  5  = I5 r  5 01 =  005 = 05 V, 

I4 = 
4

5
r

U =
001
005  5 = A      , I3  = I  5  + I4  51 = 5 + 01 = A, 

U da   = I3 r  3  + I5 r  5 51 = 008 = 005 + 02  V, 

I2 = 
2r

U da =
06
008 31 = .  33 A       , I1  = I  2  + I3 31 = . 82 = 51 + 33 .  33 A, 

U pni   = I1 r  1  + U da  82 = . 33  3801 = 008 + 01 V. 

ytilanoitroporP  denimreted si tneiciffeoc  k =
'U

U

pni

pni =
3801
004 = 0. ,963  evoba lla -  dnuof

 ta seititnauq thguos niatbo ot ti yb deilpitlum gnieb snoisserpxe  eht  egatlov tupni nevig
U pni  = 004  V.   nehT     I1  = I1 k 82 = . 33 0.  963 01 = .  64 А, 
I2  = I2  k 31 = . 33 0. 4 = 963 .  29 А, I          3  = I3  k 51 = 0. 5 = 963 .  45 А, 
I4  = I4  k 5 = 0. 1 = 963 .  58 А, I                 5  = I5  k 01 = 0. 3 = 963 .  96 А, 
U  da U = da  k 008 = 0. 592 = 963 .  4 V      , U5 U = ptuo  U = 5  k 005 = 0. 81 = 963  5 V      ,  
 a dn  ht  si tnairav ni rewsna htiw sedicnioc .1  
 

1- 22  2( 3. 8). narb tiucric eht ni stnerruc enimreteD -
gif( sehc . .1 22 ) etutitsbus gnivah d  ecnatsiser eht 

elgnairt  r ba -r cb -r ac   yb  na  laciremuN .rats tnelaviuqe
atad    : EA  05 = V   , EB  03 = V    , EC   001 = V, 

rA 3 = .  5 mhO    , rB  2 = mhO    , rC  7 = mhO , 
r ba  6 = mhO     , r cb  21 = mhO     , r ac  6 = mhO . 

srewsnA   : IA  = – 0.  4 A    , IB  = – 4.  4 A, 
IC 4 = .  8 A,   I ba 2 = .  1 A  , I cb  = – 2.  3 A  , I ac 2 = .  5 A. 

 

О 
b 

c 

a 

I cb  

I ba  
r ac  

r cb  

r ba  rA 

EA 

IA 

giF  . .1 22  

rB 

EB 

IB 

rC EC 

IC 

I ac  
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1- 32  2( 93. ).  ni stnerruc etaluclaC  eht  emehcs
gif . .1 32   yb  eht ev ,dohtem noitacifilpmis  eht yfir

fi ,ecnalab rewop : r  1  = r  2  6 = mhO ,    r  3  3 = mhO , 
r  4  21 = mhO    , r  5  4 = mhO    , J  6 = А. 

srewsnA   : I1  1 = A   , I2  1 = A   , I3  2 = A, 
I4  1 = A   , I5  3 = A. 

 
woleb fo puorg A - 1 smelborp detneserp - 42  – 1- 72  si  lacipyt  ni  sesruoc  

“ citengamortcelE  eisnart tn  sessecorp  ni   dna smetsys cirtcelE“ ,”skrowten cirtcele
”skrowten  , trohs eht fo noitatupmoc eht ta ”gniyaleR“ -  eseht ,revewoH .stnerruc tiucric

yltneuqerF .EEFT fo sdohtem eht yb devlos era smelborp  , eseht  snoitaluclac  era  
demrofrep  ni  evitaler  stinu  htiw  eht htiw seititnauq eht lla fo snoitaluclacer tneuqesbus 

seulav cisab rieht fo dia . 
 

1- 42  )24.2( . gif tiucric cirtcele na nI . 
1 42. nwonk si ti ,  : E3 = 1.  ;1 E4 = 1.  ;80
r3 = 0.  ;1 r4 = 0.  ;2 r5 = .1  

gniwollof eht oD : 
 .1 enimreteD  eht  trohs - tiucric  tnerruc  

p ni tnio  K ( 1 sehctiws  S  1 dna  S  2  era
nepo )  eht sa llew sa rehto  stnerruc tiucric 

yleman ,sesac gniwollof eht rof : 
а  ) E1  = E2   ;1 = r1  = r2 ;3,0 =  
b  ) E1  = E2   ;1 = r1  ;3,0 =  r2 ;4,0 =  
c  ) E1   ;1 = E2   ;50,1 = r1  ;3,0 =  r2 .4,0 =  

 .2 enimreteD  eht  trohs - tiucric  c tnerru  ni  tniop  K ( 2  sehctiws S  1 dna  S  2 desolc era )  sa 
 eht sa llew rehto stnerruc tiucric  , fi  E1   ;1 = E2   ;50,1 = r1  ;3,0 =  r2 .4,0 =  

noituloS  .  .1 nI  eht  tsrif  esac ( trohs - tiucric  ni  tniop  K  ,)1 rotsiser eht  r5  ecneulfni on sah
 detnuocca ton si dna ud rof gnir noitaluclac . 

а  ) mrofreP  na  tnelaviuqe  noitacifilpmis  –  noitutitsbus
sehcnarb eht fo 1 -  2 eno elgnis yb ( gif . .1 25  .) fo esuaceB  

E1 = E2 dna  r1 = r2  ,  rucco ereht E 21  = E1 =  1 dna  
r 21  = ½r1 = 0. .51  

r ehT trohs deriuqe - wal s’mhO rednu dnuof si tnerruc tiucric : 
IS  = E 21 /r 21 = 0/1 . 6 = 51 . .766  

sehcnarb eht fo stnerruC  1 dna :2  
I1  = I  2 ½ = IS 3 = . .333  

b fme eht elihw tnereffid era secnatsiser hcnarb eht emit siht sA ) s’ neht ,lacitnedi era  

E  21  = E1   dna  1 = r 21 = 
21

21
rr

rr =
4030
4030
..
.. 0 = . .4171  

S troh - iucric :era stnerruc hcnarb eht dna tnerruc t  
IS  = E 21 /r 21 0/1 = . 5 = 4171 . ,338  

I1 = E 1/r1 0/1 = . 3 = 3 . ,333    I2 = E 2/r2 0/1 = . 2 = 4 . .5  
c ht no demrofrep si noitacifilpmis a ,noitaredisnoc rednu esac tsal eht nI )  fo dnuorg e

 ealumrof eht sedon owt fo dohtem : 

r3 

iF g. 1. 32  

r1 r5 

J 

r4 r2 

S1 

giF . 42.1  

E1 I1 
r1 

E2 r2 I2 

E3 r3 I3 

S2 
E4 r4 I4 

r5 I5 

K2 

K1 

a 

giF . 52.1  

E 21  r 21  IS 

K1 

a 
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E  21 = 1
2

1
1

2211

rr
r/Er/E = 11 4030

40501301
..

./../ 1 = .    ;120 r 21 = 
21

21
rr

rr =
4030
4030
..
.. 0 = . .4171  

S troh - era stnerruc hcnarb eht dna tnerruc tiucric : 
IS  = E 21 /r 21 1 = . 120 0/ . 5 = 4171 . 59 ,8  

I1 = E 1/r1 0/1 = . 3 = 3 . ,333     I2 =  E2/r2 1 = . 50 0/ . 2 = 4 . .526  
 .2 lla nehW  eht  secruos  fo  emehcs  gif . 1 42.  

 evitca era  dna  a si ereht trohs - tniop ni tiucric  
K2  tnelaviuqe yranimilerp a mrofrep niaga ew ,

noitacifilpmis  dnuorg eht no  sedon owt fo
 dohtem gif emehcs a niatbo dna . 62.1 . 

E  = 1
4

1
3

1
2

1
1

1
44

1
33

1
22

1
11

rrrr
rErErErE = 1111 20104030

20801101140501301
....

,/../../../ = 

1 = . ;370  

r = 
11

4
1

3
1

2
1

1 rrrr =
11111 20104030 .... 0 = . .840  

ehT trohs - si tnerruc tiucric : IS  = I5 =  E  /(r  + r5) 1 = . 0(/370 . 1 = )1 + 840 . .420  
tniop fo laitnetop a etaluclac s’teL  a: a  = I5r5 1 = . 420 1 = 1 . .420  

 ehT ot reh wal s’mhO dezilareneg yb denimreted era stnerruc tiucric : 
I1 = E( 1 – a)/r1  1( = – 1 . 0/)420 .  = 3 – 0. ,80  

I2 = E( 2 – a)/r2 1( = .  50 – 1 . 0/)420 . 0 = 4 . ,560  
I3 = E( 3 – a)/r3 1( = .  1 – 1 . 0/)420 . 0 = 1 . ,67  

I4 = ( E4 – a)/r4 1( = .  80 – 1 . 0/)420 . 0 = 2 . .82  
fireV noitaci   : I1  + I2  + I3  + I4  = – 0. 0 + 80 . 0 + 560 . 0 + 67 . 1 = 82 .  520  IS. 

 
1- 52  ( .2 .)34  gif emehcs a nI . 72.1  nwonk si ti  : E1 = 1.  ;1 E2 = 1.  ;50 r1 = 0.  ;1 r2 = 0.  ;2
r3 = 0.  ;8  r4 0 = .   ;5 r5 0 = .   ;6 r6 .1 =  

gniwollof eht oD : 
 .1 enimreteD  eht  trohs - tiucric  uc tnerr  tniop ni  K  1  eht sa llew sa rehto stnerruc tiucric . 
 .2 enimreteD  eht  trohs - tiucric  tnerruc  tniop ni  K2  eht sa llew sa rehto stnerruc tiucric . 

noituloS  . elgnairt ecnatsiser eht etutitsbuS  r3-r4-r5 rats tnelaviuqe eht yb  ra-rb-rc: 

ra = 
543

54
rrr

rr =
605080

6050
...

.. 0 = . ,9751  

rb = 
543

43
rrr

rr =
605080

5080
...

.. 0 = . ,5012  

giF . 62.1  

E  r  I5 

K2 
a r5 

giF . 72.1  

E1 I1 
r1 

E2 r2 I2 

r6 I6 

K2 

K1 

a 

I4 

r5 I5 

r4 

r3 

I3 

b 

c 
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rc = 
543

53
rrr

rr =
605080

6080
...

.. 0 = . .6252  

 eW  evah niatbo de  eht gif emehcs . 82.1  , suogolana gnieb ti gif emehcs ot . 1 42.  ni  
melborp 1 - 42 . selpicnirp emas eht rednu depoleved si noitatupmoc stI . 

E  = 1
2

1
1

1
22

1
11

)rr()rr(
)rr(E)rr(E

cb

cb = 11 62520205012010
6252020501501201011

)..()..(
)..(/.)..(/. = 

1 = . ;080  

r = 
11

2
1

1 )rr()rr( cb =
111 62520205012010 )..()..( 0 = . 2481 . 

.1  trohs A - tniop ni tnerruc tiucric  K  1 dna era stnerruc hcnarb eht : 
IS1  = E  / r(  + ra) 1 = . 0(/080 . 0 + 2481 . 3 = )9751 . ,751  

I1 = E( 1 – IS1 ra)/ r( 1 + r b) 1( = .  1 – 3 . 751 0. 0(/)9751 . 0 + 1 . 1 = )5012 . ,739  
I2 = E( 2 – IS1 ra)/ r( 2 + r с) 1( = .  50 – 3 . 751 0. 0(/)9751 . 0 + 2 . 1 = )6252 . .812  

stniop fo slaitnetop eht etaluclac s’teL  b dna  с: 
b  = E1 – I1 r1 1 = .  1 – 1 . 739 0. 0 = 1 . ,3609  

с  = E2 – I2 r2 1 = .  50 – 1 . 812 0. 0 = 2 . .4608  
ehT  rehto  stnerruc  fo  emehcs  gif . 72.1   dna wal s’mhO rednu denimreted era

 s’ffohhcriK  tnerruc wal : I3 = ( b – с)/r3 0( = .  3609 – 0 . 0/)4608 . 0 = 8 . ,9421  
  I4 =  I1 – I3 1 = .  739 – 0 . 1 = 9421 . ,218  
  I5 =  I2  + I3 1 = . 0 + 812 . 1 = 9421 . .343  

.2  A trohs - tniop ni tnerruc tiucric  K2 era stnerruc hcnarb eht dna : 
IS2  = E  / r(  + r  a  + r6) 1 = . 0(/080 . 0 + 2481 . 0 = )1 + 9751 . ,7408  

I1 = E( 1 – SS2 r(  a  + r6 )) / r( 1 + r b) =  1( .  1 – 0 . 7408 0( . )1 + 9751 0(/) . 0 + 1 . 0 = )5012 . ,8145  
I2 = E( 2 – IS2 r(  a  + r6 )) / r( 2 + r с) = 1( .  50 – 0 . 7408 0( . 0(/))1 + 9751 . 0 + 2 . 0 = )6252 . .2162  

stniop fo slaitnetop eht etaluclac s’teL  b dna  с: 
b  = E1 – I1 r1 1 = .  1 – 0 . 8145 0. 1 = 1 . ,640  

с  = E2 – I2 r2 1 = .  50 – 0 . 2162 0. 0 = 2 . .8799  
ehT  rehto  stnerruc  ni  emehcs  gif . 72.1  dnu denimreted era  dna wal s’mhO re

 s’ffohhcriK  tnerruc wal : I3 = ( b – с)/r3 1( = .  640 – 0 . 0/)8799 . 0 = 8 . ,3060  
  I4 =  I1 – I3 0 = .  8145 – 0 . 0 = 3060 . ,5184  
  I5 =  I2  + I3 0 = . 0 + 2162 . 0 = 3060 . .5123  
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giF . 03.1  E1 

I12 

r cb  

E2 r2 

I2 

a I ba  
r ba  b 

c 

I11 

rca 

E1 
c 

giF . 13.1  

E 21  r2 cb  
a I ba  

r ba  b 

I11 r ac  E1 
c 

1- 62  )44.2( . gif emehcs a nI . 92.1  nwonk si ti  : E1 = 1.  ;1 E2 = 1.  ;50 r1 = 0.  ;1 r2 = 0.  ;2
r3 = 0.  ;8 r4 =  .1 trohs a enimreteD -

tniop ni tnerruc tiucric  a  sa llew sa 
 eht rehto stnerruc tiucric . 

noituloS  .  ecnatsiser a etutitsbuS
rats   r1- r3-r4  tnelaviuqe na yb

elgnairt   r ba -r cb -r ac : 

r ba  = r3  + r4  + 
1

43
r

rr = 

= 0 . +1+ 8
10
180

.
. 9 = . ,8  

r cb = r 1  + r3  + 
4

31
r

rr 0 = . 0 + 1 . + 8
1

8010 .. 0 = . ,89  

r ac = r 1  + r4  + 
3

41
r

rr 0 = . + 1 + 1
80
110

.
. 1 = . 522 . 

 daetsni secruos owt enigami ot elbissop si tI  a fo edi elgnis ecruos la  Е1  .  ,tluser a sA
gif emehcs tnelaviuqe na evah ew . 03.1  . sehcnarb eht etutitsbus ,woN  2 dna  cb   elgnis yb

eno  .  eW niatbo gif . 13.1 : 

E  21 = 1
2

1

1
22

1
1

rr
rErE

cb

cb = 11 20890
2050189011

..
,/../. 1 = . ;850  

r2 cb = 
11

2
1 rr cb =

111 20890 .. = 0 . .1661  
wal s’mhO yb detaluclac era stnerruc ehT : 

I  ba  = E 21 / r( 2 cb  + r ba ) 1 = . 0(/850 . 9 + 1661 . 0 = )8 . ,2601  
I 11 =  E1/r ас 1 = . 1/1 . 0 = 522 . .0898  

 
 

 
trohs A - si tnerruc tiucric : IS  = I4  = I ba   + I 11 0 = . 0 + 2601 . 1 = 0898 . .2400  

semehcs fo stnerruc eht enimreteD gif . 3.1 0 dna  .1 92 : 
I2 = E( 2 – I ba r ba )/r2 1( = .  50 – 0 . 2601 9. 0/)8 . 0 = 2 . ,2640  

I 21 = E( 1 – I ba r ba )/rbс 1( = .  1 – 0 . 2601 9. 0/)8 . 0 = 89 . ,4060  
I1  = I 11  + I 21 0 = . 0 + 0898 . 0 = 4060 . .4859  

 

1- 72  )54.2( . gif tiucric cirtcele na nI . 23.1  ti , yrassecen si uclac ot trohs a etal -  tiucric
stniop ni tnerruc  K  ,1 K  ,2 K3  eht sa llew sa rehto stnerruc hcnarb  . era atad laciremuN  :  

E1 =   ;1.1 E2 =  ;50.1 E3 =  ;8.0 E4 =  ;7.0 r1 =  ;50.0 r2 =  ;1.0 r3 =  ;2 r4 =  ;5.2 r5 =  ;2.0  
r6 =  ;2.0 r7 =   ;4.0 r8   ;6.0 = r9   ;1.0 = r 01   ;5.0 = r 11 .1 = 

giF . 92.1  E1 

I1 

r1 

E2 r2 

I2 

a I4 
r4 r3 b 

c 
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 52  

 .noituloS 1 melborp ot ylralimiS - .gif emehcs eht yfilpmis s’tel ,42   niatbo dna 23.1
.gif emehcs  :33.1  

-  srotsiser lellarap etutitsbus r5  eno elgnis a yb r 31  = ½r5 = ;1.0  
-  sehcnarb lacitnedi eerht fo puorg E1-r1  eno tnelaviuqe na yb detneserp si E1-r 21  :

r 21  = r1 ;7610.0 = 3/  
-   spuorg htiw enod si emas eht E2-r2  , E3-r3  dna E4-r4: 
r 41 ½ = r3    ;1 = r 51  = r4    ;3338.0 = 3/ r 61 ½ = r2 .50.0 =  

.1   htiw laed s’teL t eh .gif emehcs ni snoitacifilpmis  33.1  eht htiw trohs - tiucric  ni 
tniop  K  sehcnarb ehT .1 r 11 –(r 01 +r 61   eno elgnis yb detutitsbus era ) E5-r 32 : 

r 32 = 
610111

610111
rrr

)rr(r =
500501

50501
..

)..( ;8453.0 =  

E  5 = 1
11

1
6101

1
61012

r)rr(
)rr(E = 11 1550

550501
.

./. 4776.0 = . 

ehT  ecnatsiser  srats   r6-r7-(r8+r 41   ) dna   r6-r7-(r8+r 51   )  era ecalper  tnelaviuqe eht yb d
selgnairt   r 71 -r 91 -r 02   и   r 81 -r 12 -r 22  , ylevitcepser : 

r 71  = r6  + r( 8  + r 41 ) + 
7

4186
r

)rr(r + 1 + 6.0 + 2.0 =
40

16020
.

).(. ,6.2 =  

r 91  = r6  + r7 + 
418

76
rr
rr + 4.0 + 2.0 =

160
4020

.
.. ,56.0 =  

r 02 = r 7  + r( 8  + r 41 ) + 
6

4187
r

)rr(r + 6.1 + 4.0 =
20

16040
.

).(. ,2.5 =  

r 81 = r 6  + r( 8  + r 51 ) + 
7

5186
r

)rr(r 0 = . 0 + 2 . 0 +6 . + 3338
40

333806020
.

)..(. 2 = . ,53  

r 12 = r 6  + r7 + 
518

76
rr
rr 0 = . 0 + 2 . + 4

3338060
4020

..
.. 0 = . ,8556  

r 22 = r 7  + r( 8  + r 51 ) + 
6

5187
r

)rr(r 0 = . 1 + 4 . + 3334
20

333806040
.

)..(. 4 = . .07  
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 62  

ot ralimiS 1 melborp ni desu yaw eht - .gif( 62  .gif emehcs niatbo ew ,)92.1   ,43.1
 hcihw ew ek pe  no  filpmis gniy .gif emehcs otni  1.3 .5  

r24 = 
1291

1291
rr
rr =

85560560
85560560

..
.. 0 = . ,4623  

E  6 = 1
932

1
22

1
02

1
9325

1
224

1
023

)rr(rr
)rr(ErErE = 

= 111 845407425
10845304776074702580

...
)..(/../../. 0 = . ;3886  

r 52 = 
11

932
1
22

1
02 )rr(rr =

1111 845407425 ... 0 = . .0483  
stnerruc eht etaluclaC .gif semehcs eht rednu  33.1 - 53.1 : 

I 51   = E1/ r( 21   + r 31 ) 1 = . 0(/1 . 0 + 7610 . 9 = )1 . ,624  
I 71 = E 3/r 71 0 = . 2/8 . 0 = 6 . ,7703  
I 81 = E 4/r 81 0 = . 2/7 . 0 = 53 . ,9792  

I 42  = – E6/ r( 42  + r 52 )  = – 0. 0(/3886 . 0 + 4623 .  = )0483 – 0. ,9869  

I 91 = I 42
1291

12
rr

r  = – 0. 9869
85560560

85560
..

.  = – 0. ,6684  

I 12 = I 42
1291

91
rr

r  = – 0. 9869
85560560

560
..

.  = – 0. ,3284  

I 02  = –   E( 3  + I 42 r 42 )/r 02  = – 0( .  8 – 0 . 9869 0. 5/)4623 .  = 2 – 0. ,0390  
I 22  = – E( 4  + I 42 r 42 )/r 22  = – 0( .  7 – 0 . 9869 0. 4/)4623 .  = 7 – 0. ,6180  

I9  = – E( 5  + I 42 r 42 )/ r( 32  + r9  )  = – 0( .  4776 – 0. 9869 0. 0(/)4623 . 0 + 8453 .  = )1 – 0. ,1497  
а  = – I 42 r  42 – I9 r  9 0 = . 9869 0. 0 + 4623 . 1497 0. 0 = 1 . ,7593  

giF . 1 43.  
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 72  

I 11  = а/r 11 0 = . 0 = 1/7593 . ,7593  
I 01  = – E( 2 – а)/ r( 01  + r 61  )  = – 1( .  50 – 0 . 0(/)7593 . 0 + 5 .  = )50 – 1. ,091  

I2  = – ½I 01  = 0. 1·5 . 0 = 091 . ,595  
I8  = I 02  – I 71  = – 0.  390 – 0 .  = 7703 – 0. ,7004  

I 41  = I22 – I 81  = – 0.  6180 – 0 .  = 9792 – 0. ,5973  
I6  = – E( 3  + I8 r(  8  + r 41 )) /r6  = – 0( .  8 – 0 . 7004 0( . )1 + 6 ) 0/ .  = 2 – 0. ,4497  

I7  = I6 – I8  = – 0. 0 + 4497 .  = 7004 – 0. ,7393  
I 21  = – E( 4  + I 41 r(  8  + r 51 )) /r6  = –  0( .  7 – 0 . 5973 0( . 0 + 6 . )3338 )  = 2,0/ – 0. ,3087  

I 31  = I 21  – I 41  = – 0. 0 + 3087 .  = 5973 – ,8004,0  
I1  = I 51 9 = 3/ . 3 = 3/624 . ,241  
 I5 = I 51 9 = 2/ . 4 = 2/624 . ,317  

I3  = I8  = 2/ – 0.  = 2/7004 – 0. ,4002  
I4 = I 41  = 3/ – 0.  = 3/5973 – ,5621,0  

I ЗК 2 = I5 – I6 – I 21 2 = 4. 0 + 317 . 0 + 4497 . 11 = 3087 .  .0  
noitacifireV  : IS1  = I 51  + I 71 + I 81  – I 42 9 = . 0 + 624 . 0 + 7703 . 0 + 9792 . .11 = 9869  

 

noitaluclac tiucriC  htiw  trohs eht - tiucric s  stniop ni K  2  dna K  3 dellifluf si   eht ni
w s’taht ,evoba deredisnoc yaw  s’tel yh wohs ylno  dna semehcs yrassecen eht 

.stluser noitaluclac  
.2   emehcs eht gnitaluclac elihW iw th trohs -  tniop ni tiucric K .gif fo 2   eht ,33.1

 semehcs .gif   eht evah ew ,semehcs eseht roF .desu era 73.1 dna 63.1 :gniwollof  
r 71 2 = . ,6  r 91 0 = . ,56  r 02 5 = . ,2  r 81 =  2. ,53  r 12  = 0 . ,8556  r 22 =  4. 07 , 

r 32 0 = . 8453  , E  5 0 = . ;4776  

E  6 = 1
932

1
22

1
02

1
9325

1
224

1
023

)rr(rr
)rr(ErErE 0 = . ,3886  

r 52 = 
11

932
1
22

1
02 )rr(rr 0 = . ,0483    r 42 = 

1291

1291
rr
rr 0 = . ,4623  

E  7 = 1
3121

1
81

1
71

1
31211

1
814

1
713

)rr(rr
)rr(ErErE 1 = . ,5960  

r 62 = 
11

3121
1

81
1

71 )rr(rr 0 = . 01 .66  
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 82  

s ehT .gif semehc   evig 73.1 ,63.1 ,33.1  eht :stnerruc eht etaluclac ot ytilibissop  
I 42   = E7/(r 62  + r 42 ) 2 = . ,074   I 52 =  – E6/r 52  = – 1.7 429 , 

I 02 =  – E3/r 02  = – 0. 8351 ,   I 22 =  – E4/r 22  =  – .0 9841 ,   I9 =  – E5/ r( 23  + r9)  = – 1. 84 94, 

I 91 = I 42
1291

12
rr

r  = 1.24 50 ,   I 12 = I 42
1291

91
rr

r  = 1. 5922 , 

I 51  = E( 1 – I 42 r 42 )/ r( 21  + r 31 )  = 2. 5715 , 
I 71  = E( 3 – I 42 r 42 )/r 71  = – ,0 00 42 ,   I 81  = E( 4 – I 42 r 42 )/r 81    = – 0.0 254 , 

а  = – I9 r  9 0 = . 841 ,9   I 11  = а/r 11 0 = . 841 ,9  
I 01  = – E( 2 – а)/ r( 01  + r 61 )  = – 1. 4836 ,   I2  = – ½I 01  = 0.  ,2918  

I8  = I 02  – I 71  = – 0. 4151 ,   I 41  = I 22  – I 81  = – 0. 01 ,73  

I7  = E( 3  + I8 r(  8  + r 41 )) /r7  = 1. 4493 ,   I6  = I7 + I8  = 1.243, 
I13  = E( 4  + I 41 r(  8  + r 51 )) /r7  = 1.3 87 4,   I12  = I13 + I 41  = 1. 72 47, 

I1  = I 51  = 3/ 0. 2938 ,    I5 = I 51  = 2/ 1. 8872 , 
I3  = I8  = 2/ – 0.0 757 ,   I4 = I 41  = 3/ – 0. 430 ,6  

IS2  = I7  + I 31  – I9 4 = . .2262  
.3   emehcs eht gnitaluclac elihW iw th trohs -  tniop ni tiucric K .gif fo 3   eht ,33.1

gif semehcs . 83.1 - :gniwollof eht evah ew ,semehcs eseht roF .desu era 14.1  

r 71 2 = . ,6  r 91 0 = . ,56  r 02 5 = . ,2  r 81 =  2. ,53  r 12  = 0 . ,8556  r 22 =  4. 07 . 

r 42 = 
1291

1291
rr
rr 0 = . ,4623   E  7 = 1

3121
1

81
1

71

1
31211

1
814

1
713

)rr(rr
)rr(ErErE 1 = . ,5960  

r 62 = 
11

3121
1

81
1

71 )rr(rr 0 = . 6601 , 

E  8 = 1
6242

1
22

1
02

1
62427

1
224

1
023

)rr(rr
)rr(ErErE = 1 . ,4120  

giF . 1 73.  
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r 52  I 52  
E7 I 42  

r 62  E6 

giF . 1. 83  
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 92  

r 72 = 
11

6242
1
22

1
02 )rr(rr 0 = . 4863 , 

E  9 = 1
972

1
11

1
9728

)rr(r
)rr(E 0 = . ,6596   r 82 = 

11
972

1
11 )rr(r 0 = . .0913  

.gif semehcs ehT  83.1 ,33.1 - :stnerruc eht etaluclac ot ytilibissop eht evig 14.1  
I 01   = E9/(r 82  + r 01 ) 0 = . 48 ,39   I 61 =  E2/r 61  = 21, 

a  = I 01 r 01  0 = .4 742 ,   I 11 =  a/r 11 0 = . 7424 ,   I9 =  I 01   + I 11  = 1. 72 4, 
b  = a  + I9 r9 0 = . 1255 ,   I 42  = E( 7 – b)/ r( 62  + r 42 )  = 1. 9491 , 

I 02  = – E( 3 – b)/r 02  = – 0.0 774 ,   I 22  = – E( 4 – b)/r 22   = – 0.0 513 , 

I 91 = I 42
1291

12
rr

r  = 0. 1006 ,   I 12 = I 42
1291

91
rr

r  = 0. 8495 , 

d =  b + I 42 r 42  = 0. 1249 ,   I15  = E( 1 – d)/ r( 12  + r13  ) 1 = . 353 , 
I17  = E( 3 – d)/r17  = – 0. 7450 ,   I18  = E( 4 – d)/r18  = – 0, 0301 , 

I8  = I 02  – I 71 0 = . 700 ,   I 41  = I 22  – I 81 0 = . 70 15, 
I7  = E( 3  + I8 r(  8  + r 41 ) – b)/r7  = 0. 8746 ,   I6  = I7 + I8  = 0. 8456 , 

I13  = E( 4  + I 41 r(  8  + r 51 ) – b)/r7  = 0. 0626 ,   I12  = I13 + I 41  = 0. 5796 , 
I1  = I 51  = 3/ 0. 154 ,   I5 = I 51  = 2/ 0. 5676 , 
I3  = I8 0 = 2/ .0 530 ,    I4 = I 41 0 = 3/ . 8320 , 

I2  = I 61  = 2/ 01 .5,   IS3  = I 61  + I 01  = 12 . 48 39 . 
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.1 6  . TNELAVIUQE  ROTARENEG  DOHTEM  
1- 82  2( 4. )6 . enimreteD  tnerruc  I  4  ni  eht gif emehcs . .1 81 ,а ( melborp  1-15  )  yb  eht

dohtem rotareneg tnelaviuqe . 
noituloS  .  yltsriF  , ew  niojsid  hcnarb  htiw  ecnatsiser  r4 dna  niatbo  eht  on - daol  noitidnoc  

fo  eht  tnelaviuqe  rotareneg  sa  sdrager  ot  eht  slanimret  »3« dna »4«  , ti  gnieb  nwohs  ni  
gif . 4.1 2,а  . gif nI . 4.1 2,b er eht fo trap evissap eht gniniam emehcs nwohs si  , si hcihw  

tius elba  for taluclac fo noi rotareneg tnelaviuqe eht fo ecnatsiser renni eht . 

rednU  ffohhcriK ’s ov egatl   fo pool mottob eht rof wal  eht gif emehcs 4.1 . 2,а,  ew
evah :    Uo  = – Е2 – E5  + I5o r5. 

tnerruC   I5o  yam  eb  detaluclac   eht yb hsem dohtem tnerruc  
I5o r( 5  + r3  + r6  ) –  J1 r3  = E5  + Е2 – E6, 

ereh morf    I5o = 020403
04406001021 3 = .  655 А, 

dna   Uo  = –  001 – 3 + 021 . 655  = 03 – 311 .  3 V. 
nI  ecnadrocca  htiw   eht gif emehcs . 4.1 2,b slanimret gninrecnoc ecnatsiser tupni eht ,  
 »3« dna »4« si  

r 43 pni   = r uqe  =
563

563
rrr
r)rr( =

030204
030204 )(  02 = mhO . 

deriuqeR si tnerruc   I4 =
4rr

U

uqe

o =
0602
3311 .  = – 1.4  71 А, 

hcihw dicnioc se  htiw  eht evoba - tluser deniatbo . 

 

I6o 

I1o 

r uqe =r pni  

I5o 

Uo 

 

E5 

2 

E1 

I2o 

E2 

r1 

J1 

b) 

I3o 

giF . 1 4. 2 

r3 

1 

E6 

r6 

4 3 
r5 

a) 

r3 r6 tupnI  tuptuO  

r5 
4 3 1 

2 

Е r6 r5 

r3 r2 

r1 

I4 

giF . 1. 44  

r4 

E2 

E1 r4 r3 

r5 

giF  . 1. 34  

r1 

r2 r6 
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1- 92  2( . )05 . nI  emehcs  gif 4.1 . 3 tnerruc eht enimreted ,  hguorht ecnatsiser  r2  , fi : 
E1  27 = V   , E2  41 = V   , r1 =  r6  01 = mhO ,   r2 =   52 mhO   , r3  = r5 =   04 mhO   , r4 =   02 mhO . 

srewsnA :   Uo  05 = V   , R pni =  2  5 mhO ,   I2 =   1 A. 
 

1- 03 . tnerruc eht enimreteD  I4 lanogaid egdirb eht ni ( gif . 4.1 4  ,) fi  E = 04  V  ,
r1 = 08  mhO   , r2 =   001 mhO ,   r3  = r6  06 = mhO   , r4 =   5,94 mhO ,   r5  02 = mhO . 

srewsnA :   Uo  02 = V   , R pni =  05 .  5 mhO ,   I4 =  0.  2 A. 
 

.1 7  . EHT  NOITISOPREPUS  M DOHTE  
1- 13  2( . )15 .  ni stnerruc hcnarb eht enimreteD  eht

gif emehcs .1 . 4  ,5 fi   E1  61 = V, 
J  1 = A   , r1 =  r2 =  r3  = r4  = r5  6 = mhO . 
noituloS  .  .1  eht fo snoitcerid evitisop eht emussA

stnerruc hcnarb . 
 .2 enigamI  eht tiucric eht ni taht ylno si er   eno
gnitca s fme fo ecruo  E1 ( gif . .1 64 )  eht enimreted ,

stnerruc hcnarb : 

I5  = I1  =

342

342
51

1

rrr
)rr(rrr

E =

666
66666

61
)( = 1 A. 

tnerruC  I2  eht rednu denimreted si tnerruc  sid rep -

 nois :elur  I2 =  I1
234

34
rrr

rr 1 =
81
21 0 = .  766 A. 

tnerruC  I3   s’ffohhcriK rednu denimreted si
 tnerruc wal  
I4 =  I3 =  I1  – I2  1 = – 0 . 0 = 766 . 333  A. 

 .3 yldnoceS  , enigami  taht  ni  eht  tiucric  eht  si er
gnitca eno ylno  ecruos  fo  tnerruc  J ( gif . .1 74 )  ,

stnerruc hcnarb eht enimreted . 
hcs ni stnerruc dnif oT gif eme . .1 74 elgnairt ecnatsiser eht mrofsnart ew ,   r2-r3-r4   

rats tnelaviuqe eht otni . a otni ekaT  secnatsiser elgnairt eht tnuocc era :lacitnedi  

r 32 =  r 42 =  r 43 = 
432

32
rrr

rr =
81
63  2 = mhO . 

noitamrofsnart fo tluser a sA , ereht  emehcs a si 
gif . .1 84  ,  morf w stnerruc eht dnif ew ereh  I1  dna  I5 : 

I1  = J
132542

542
rrrr

rr 1 =
6262

62 0 = .  5 А, 

I5 =  J – I1  1 = – 0 . 0 = 5 .  5 A. 
morF  emehcs  gif . .1 74  ot gnidrocca  ffohhcriK ’s 
egatlov  wal  rof  a pool   r1-r2-r5 tnerruc eht enimreted ew ,  I2 : 

r1 I1  + r2 I2  – r5 I5    ,0 = ereh morf   I 2 = 
2

1155
r

"Ir"Ir .0 =  

 rednU  s’ffohhcriK tnerruc  er eht enimreted ew wal gniniam stnerruc : 

I5  

I1  

r5 

r 32  

r 43  

J 

giF . 1. 84  

r 42  
r1 

r3 

I5  

I1  I2  I3  

r5 r4 

giF  . 1. 64  

r2 

I4  

r1 

E1 

I5  

I1  I2  I3  

r5 r4 
r3 

J 

giF  . 1. 74  

r2 

I4  

r1 

I5 

I1 I2 I3 

r5 r4 
r3 

J 

giF . 1.45 

r2 

I4 

r1 

E1 
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I4 =  I2  + I5 0 = .  5 A        , I3 =  I1  – I2 0 = .  5 A. 
 )4 nI   ew ,elpicnirp noitisoprepus eht htiw ecnadrocca

sehcnarb tiucric eht ni stnerruc lluf enimreted  
I  1  = I1  + I1 ,0 + 1 = . 1 = 5 .  5 A       , I  2  = – I2  – I2 ,0 = .  76 A, 

I  3  = I3  + I3 0 = . 0 + 333 . 0 = 5 .  338 A, 
I  4  = I4  – I4 0 = .  333 – 0 .  = 5 – 0.  761 A, 
I  5  = I5  – I5  1 = – 0 . 0 = 5 .  5 A. 
 

1- 23  2( . )25 . eht gnisU noitidnoc s melborp fo  1.1 3 ( gif . .1 1 )6  ,
 noitisoprepus eht yb stnerruc eht enimreted dohtem . 

noituloS  .  )1  stnerruc eht enimreteD morf ecruos eht  E1  noitca
( gif . .1 49 :)  

I1 = 
1

243

243

1

r
rrr
r)rr(

E =
02

02515
02515

021
)(  4 = A, 

I3 = I 4  I = 1
432

2
rrr

r 4 =
51502

02  2 = A, 

I2 = I 3  – I1  2 = –  = 4 –  2 A. 
 )2 ht enimreteD  stnerruc e  morf ecruos eht  E2  noitca ( gif . 5.1 0  .) ecniS  r  1  = r2  , eht  

semehcs  ni  gif . 4.1 9 dna  gif . 5.1 0 era  lacitnedi , fo esuaceb dna  E2 = 0.5E1  ,  eht
gif emehcs fo stnerruc tnenopmoc . 5.1 0  stnerruc gnidnopserroc naht ssel semit owt era

gif emehcs fo . 4.1 9: 
I2 0 = .5I1  2 = A       , I 1 0 = .5I2  = –  1 A, 

I3 = I 4   = 0.5I3  1 = A. 
 )3  stnerruc eht enimreteD  morf  ecruos tnerruc eht J 

 noitca ( gif 5.1 . 1 :)  

I4  J =

21

21
34

21

21
3

rr
rrrr

rr
rrr

4 =
202551

2025
/

/  2 = A, 

I3  I = 4  – = J  2 –  = 4 –  2 A. 
sA   r  1  = r2   , neht    I1  I = 2  = 5,0 I3   = –  1 A. 
 )4 elpicnirp noitisoprepus eht htiw ecnadrocca nI era stnerruc lluf eht , : 

I1 I = 1 I + 1 I + 1  =  4 –  1 –  2 = 1 A           ,  I3 I = 3 I + 3 I + 3  =  1 + 2 –  1 = 2 A, 
I2 I = 2 I + 2 I + 2  = –  2 + 2 – = 1  –  1 A      , I4 I = 4 I + 4 I + 4  =  5 = 2 + 1 + 2 A. 

 

I3 I= 4  I1  

I2  r4 

E1 

r1 r2 

r3 

giF . 1. 94  

I2  I3 I= 4  

I1  r4 

r1 

E2 

r2 

r3 

giF . 1. 05  

giF  . 1. 15  

I3  

I2  

I4  
I1  

r4 

J 
r1 r2 

r3 
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D CITENGAM DNA CIRTCELE RAENILNON .2 - STIUCRIC C  
 .1.2 RAENILNON  CIRTCELE  STIUCRIC  

2-1 (9 1. ). nI  gif . ,1.2 а ereht  si  a tlov - erepma  pmal tnecsednacni na fo citsiretcarahc  ,  ni
gif . ,1.2 b –  fo taht  a libats norti  , gif ni . ,1.2 c – edoid lennut a fo taht  .  stniop gnikrow roF

A  , B  , C stnemele eht fo secnatsiser laitnereffid dna citats htob enimreted , . 
noituloS  . ( tnaces eht ward s’teL ces ( tnegnat dna )nigiro etanidrooc eht morf( ) gnat  )

iop nevig eht hguorht senil gif roF .stn ,1.2 . а evah ew , : 

r ts А = 
A

A
I

U =
10

3
.

 03 = mhO ,  rdА = AId
Ud mil =

I
U =

220
01

.
54 = .  5 mhO ; 

r ts В = 
B

B
I

U =
420

02
.

38 = .  3 mhO ,  r Вд = BId
Ud =

610
04

.
 052 = mhO ; 

r ts С = 
C

C
I

U =
230

05
.

651 = .  3 mhO ,  r Сд = CId
Ud =

310
05

.
 583 = mhO . 

gif roF ,1.2 . b evah ew , : 

r ts А = 
40
52

.

. 6 = .  52 mhO ,   rdА = 
40
10

.

. 0 = .  52 mhO ; 

r ts В = 
0
5  =  mhO ,   rdВ = 

0
5  =  mhO ; 

r ts С = 
40
01
.

 52 = mhO ,   rdС = 
40

0
.

 0 = mhO . 

gif roF ,1.2 . c evah ew , : 

r ts А = 3013
400. 31 = .  3 mhO , rdА = 3013

400. 31 = .  3 mhO >  ;0  

r ts В = 3012
30.  051 = mhO , rdВ = 

I
U = 301250

0050
).(

.  = – 69 .  2 mhO  < ;0  

r ts С = 30130
80

.
.  762 = mhO , rdС = 3013

30.  001 = mhO  > .0  
 

etoN  , ni  eht  evitagen - tlov eht fo trap gniog - ahc erepma  laitnereffid ,citsiretcar
.evitisop syawla si ecnatsiser citatS .evitagen si ecnatsiser  

 

UВ 
 

1 

2 

3 

4 

5 

U 
 V 

I А 

В 

c) b) С 

В 

10 

02  

03  

04  

05  

V 

0 

)а  

I 

0.1 0.3 А 0.2 

U 

ces  

gnat  
gnat  

ces  

ces  

U 

0 5 –5 

– 01  

0.2 

0.4 

-0.2 

-0.4 

А 

С 

V 

0 0.2 0.4 0.6 0.8 

gnat  

I mА 

А 

В 
 

С 

giF . 1.2  

IВ 
 

IВ 
 

UВ 
 

А 
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2-2 (9 2. ). alumrof eht yb tes si rotsiser raenilnon a fo CAV  
I 0 = . ·1 U 0 + . ·510 U 3   , erehw   U [V]   , I [A]. 

 laitnereffid dna citats enimreteD egatlov ta ecnatsiser   U =  1 V. 

srewsnA    : R ts = 
I

U =
5110

1
.

8 = .  7 mhO      ;
Ud
Id 0 = . 0 + 1 . ·540 U 2 , 

R fid = 
Id
Ud = 2540010

1
U..

=
5410

1
.

6 = .  9 mhO . 

 
2-3 9( . )3 . etaluclaC  eht  tiucric  tnerruc  fo  gif .  ,2.2 ecnalab rewop eht pu kcehc  , fi  

U  001 = V    , r2  02 = mhO , 
tlov - erepma   stnemele raenilnon fo scitsiretcarahc era selbat eht yb tes : 

elbaT                                         1.2                 elbaT 2.2  
U1  , V 0 51  02  32  03  U3  , V 0 5 51  04  80 
I1  , A 0 0.5 1 2 4 

 
I3  , A 0 1 2 3 4 

 

noituloS  . teL ’s yolpme  eht  margaid  dohtem  fo  noitaluclac  fo  a raenilnon  cirtcele  tiucric  ,
 gnisu detareneg metsys noitauqe eht dnaherofeb : 

u  s’ffohhcriK redn  egatlov wal     U  1  + U  2  + U3  = U; 
revoerom   stnerruc rieht ra e emas eht  I  1  = I  2  = I  3  = I,  sa 

eht  secnatsiser  era  ni detcennoc  ;seires    
snoitalerroc   tiucric eht fo segatlov dna stnerruc neewteb

 era secnatsiser raenilnon htiw strap nevig  ni :selbat eht  
U1  = f1(I1  )  – elbat        ,1 U3  = f2(I3  )  – elbat ,2  

of ,revewoh  s’mhO htiw ecnadrocca ni ecnatsiser raenil r
wal , ecnedneped lacitylana evah ew    U  2 = I2 r2. 

d ehT margai  snoitcurtsnoc  gnidnopserroc  ot  evoba -
denoitnem  noitauqe  metsys  era  .gif ni nwohs   era dna 3.2 p  eht ni detneser naisetraC  

metsys etanidrooc  I(U .)  
tirweR e eht  laitini   noitauqe saw hcihw  s’ffohhcriK rednu nettirw  egatlov  ,wal  gnivael

 dna noitauqe eht fo edis tfel eht ni stnemele raenilnon ssorca segatlov eht  gniyrrac  eht
 noitalerroc raenil U  2 = I r2 :noitauqe eht fo edis thgir eht otni     

U  1  + U3  = U – I r2. 
secnedneped yrailixua tcurtsnoC  

( gif )3.2 .  
(U  1  + U3 () I   )  dna     (U – I r2 () I), 

noitcesretni  tniop  А vig se  eht 
noitulos melborp : 

I 2 = .  5 А    , U  1  52 = V    , U  3  52 = V. 
ecnalab rewop eht fo noitacifireV : 

- rewop ecruos eht  
РG  = U I 001 = 2.  052 = 5 W; 

- secnatsiser fo rewop yrammus  
РC  = U1 I  + U3 I +  I 2 r2 =  
= 52 2. 52+ 5 2. 2 + 5 .52  052 = 02 W. 

rewoP  nalab ec  РG = РC  ,eurt si

U3 I( 3) 

U1 I( 1) 

U3 

U2 

I 

U 

U1 r2 

giF . 2.2  

А 

4 

U 

V 

1 

2 

3 

I А 

0 02  04  06  08  

U1=U3  52= V 

I 2= .  5 А 

U1 I( 1) 
U3 I( 3) 

U( 1+U3 )I()  

U( –I r2 )I()  

giF . 3.2  
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 melborp eht neeb sah yltcerroc devlos . 
 

2-4 9( . )4  . etaluclaC   eht stnerruc  ni   eht emehcs  
gif .  4.2 yb  eht  margaid  dohtem  sa  llew  sa  eht  

ecruos  egatlov  ; yfirev  eht  rewop  ecnalab  ; fi   
I 31  5 = А,     r3  41 = mhO , 

tlov - erepma  scitsiretcarahc  fo  eht   raenilnon
 era srotsiser nevig  ni selbat .4.2 dna 3.2  

elbaT                                               3.2          4.2 elbaT  
U1  , V 01  02  03  04  05  07  U2  , V 01  02  04  06  08  
I1  , A 2 3 2 1 2 4.8 

 
I2  , A 1. 52  2 2.5 3 3.3 

noituloS  . roF  esac  fo  ellarap l noitcennoc  , tel ’s etirwer  eht  laitini  snoitauqe  rednu  
ffohhcriK ’s tnerruc  wal  ,  gnidda noitauqe gnilpuoc eht segatlov dna stnerruc neewteb s : 

I 31 =  I1 +  I3       , I =  I2 +  I 31 , 
I1 = f 1 U( 1     ,)  I2 = f 2 U( 2     ,)  U  3 = I 3 r3   , revoerom   U = U  1 = U  2 = U 3. 

ehT  f tsri  fo  eht  evoba -  devlos si snoitauqe nettirw yb tneserp yltsrif ti gni  eht ni 

mrof gniwollof                 I1 =  I 31  – 
3r

U , 

ht  fo trap tfel e w hcih  si  tnemele raenilnon eht fo tnerruc eht   I1 =  f1(U  )  tes ni elbat  ,3.2 

thgir eht dna   trap p eht stneser  egatlov no ecnedneped raenil   U      : I 31  – 
3r

U  =  5 – 41
U . 

evoba llA - .gif ni detneserp era secnedneped denoitnem  ,5.2 а  htiw rehtegot  eht
snoitauqe detneserp eht fo tsrif eht fo noitulos . 

 yb tluser eht yfirev s’tel ,ycaruccani elbaicerppa sessessop dohtem margaid eht ecniS

ytilauqe     I1 =  I 31  – 
3r

U . 

1.  6
?

 5( –
41
574 .  5( = ) – 3 . 393 1 = ) . ,706   erehw    I3 3 = .  393 А. 

stluseR  reffid  ni  eht 4 ht d gi ti  , hcihw naem s noitulos eht fo ycarucca tneiciffus eht . 
nI  gif ,5.2 . b ed eht animret tnerruc fo noit  I2 .detneserp si  

 ehT rotareneg si tnerruc  I =  I2 +  I 31 2 = . 7 = 5 + 7 .  7 А. 

I1 
I3 

U1 I( 1) 

I 

U r3 

giF . 4.2  

I 31  

U2 I( 2) 

I2 

U U 

4 

1 

2 

3 

I 2 )U(  

А 
4 

1 

2 

3 I 1 )U(  

V 

)а  I А 

0 02  04  06  
giF . 5.2  

U 74= .  5 V 

I1 1= .  6 А 

(5-U/ 41 ) )U(  

V 0 02  04  06  

b) I 

U 74= .  5 V 

I2 2= .  7 А 
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 ehT si rewop rotareneg  РG  = U I 74 = .5 7. 563 = 7 .  8 W. 
sremusnoc fo rewop yrammuS  si  

РC  = U I2 +  I3
2 r3  + U I1 74 = .5 2. 3 + 7 . 393 2 74 + 41 .5 1. 563 = 6 .  4 W. 

РG  РC –  si dellifluf . 
 

2-5 9( . )5 . stnerruc eht etaluclaC  ,  ni ecnalab rewop eht yfirev  eht gif emehcs .  ,6.2 fi  
U = 08  V, r2 = 01  mhO , tlov -  tes gnieb srotsiser raenilnon eht fo scitsiretcarahc erepma
ni selbat 6.2 dna 5.2 : 

elbaT 5.2  
U1  , V 02  53  64  05  35  45  
I1  , A 2 4 6 8 01  21  

elbaT 6.2  
U3  , V 0 5 02  04  06  09  
I3  , A 0 2 4 5.2 6 6.5 

 

noituloS  . nI  anidrooc et  metsys  U(I  )
( gif . 7.2  ,) ew  tcurtsnoc  tlov - erepma  

scitsiretcarahc  fo  eht  stnemele  
detcennoc  ni  lellarap  I3(U3) dna  

U2 = I2 r2  yrailixua na sa llew sa 
citsiretcarahc  I( 2 + I3 U() 32 ) = I( 1 U() 32 )       ,

esuaceb  I 1  = I( 2 + I3). 
 s’ffohhcriK rednU  egatlov wal  

U1+U 32   = U     ro     U 32   = U – U1. 
 eW rehtona ward   yrailixua

citsiretcarahc  
U – U1  = U – f1(I1), 

gnivah  demussa   fo seulav fo rebmun a
 tnerruc eht I1  .  era stluser noitaluclac ehT

elbat ni detalubat .7.2  
elbaT 7.2  

I1  , А 0 2 4 6 8 01  21  
U1  , V 0 02  53  64  05  35  45  
U – U1  08 = – U1  , V 08  06  54  43  03  72  62  

tnioP  А noitulos melborp eht stes sevruc yrailixua owt fo noitcesretni fo : 
I1 7 = .  57 А     , U 32   03 = V    , I2  3 = А     , I3 4 = .  57 А     , U1  05 = V. 

ecnalab rewop eht fo noitacifireV   :  РG  = U I1 08 = 7.  526 = 57 W; 
РC U = 1 I1 + I 2

2 r2  + U 32 I3 05 = 7. 3+57 2 03+01 4.  026 = 57 W. 
 

2-6 9( . )8 . nI  gif . .2 8,а  rieht ,stnemele raenilnon lacitnedi eerht htiw emehcs a si ereht ,
tlov -  tes gnieb scitsiretcarahc erepma ni elbat .2 8  . FME  fo  eht  egatlov  secruos  era  

Е1 = 001  V  , Е2 = 10 V  , Е3 = 02  V  . stnerruc hcnarb eht lla enimreteD  ,  ton od  otni ekat
secruos eht fo secnatsiser renni eht tnuocca . 

.2 elbaT 8 
U  , V 0 5 02  03  05  07  001  
I  , mА 0 01  03  93  05  55  06  

r2 U 32  
U1 I( 1) 

I3 
I2 

U3 I( 3) 

I1 

U 

giF . 6.2  

А 

giF . 7.2  

I 

А 

08  

04  

02  

06  

V U 

0 5 01  

U23  03= V 

I3 I2 
I1=7. 57  А 

U1=5  0 V 
I2 

I3 

I( 2+I3 U() 32 ) 

U( –U1 I() 1) 
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noituloS  . ecniS  eht  sehcnarb  fo  emehcs  era  detcennoc  ni  lellarap  ot  owt  sedon  А dna  В  ,
 demussa gnivah ,egatlov noitcnuj eht fo dohtem eht yolpme s’tel  fo snoitcerid yrartibra

 egatlov noitcnuj eht dna stnerruc hcnarb eht U ВА ( erugif fi nwohs .)  
roF  spool  gnidulcni  egatlov  U ВА  sehcnarb eht fo eno dna  ,  htiw ecnadrocca ni

 s’ffohhcriK ov  egatl  snoitauqe eerht gniwollof eht wal rucco : 
U ВА   + U  1  = Е1     , U ВА   + U  2  = Е2     , U ВА  – U  3  = – Е3. 

egatlov eht sserpxe ew snoitauqe eseht morF  U ВА : 
U ВА   = Е  1 – U1     , U ВА   = Е  2 – U2     , U ВА   = – Е  3  + U3. 

nO  eht  dnuorg  fo  eht  rettal  inevnoc si ti snoisserpxe  tnerruc eht etupmoc ot tne
redro gniwollof eht ni egatlov noitcnuj eht no hcnarb etarapes eht fo ecnedneped : 

- tlov htiw ecnadrocca ni dna tnerruc hcnarb eht fo eulav yrartibra na emussa -  erepma
 enimreted ew tnemele eht fo citsiretcarahc  ssorca egatlov eht  tnemele raenilnon eht

 eulav siht ot gnidnopserroc ; 
- egatlov  U ВА  gnidnopserroc  ot   eht nesohc  tnerruc  eulav  si  detaluclac  rednu   eht

idnopserroc  htiw ecnadrocca ni noitauqe gn  s’ffohhcriK  egatlov wal . 
secnednepeD    I1(U ВА )    , I2(U ВА )    , I3(U ВА )    gif ni nwohs era .2 . 8,b. 

 htiw ecnadrocca nI  s’ffohhcriK  tnerruc  ereht wal  noitauqe na si I1 + I2 = I3  ,  ot si hcihw
eulav egatlov elgnis ta noitaredisnoc rednu emehcs eht rof eurt eb  U ВА  . teL ’s ward  eht  

yrailixua  evruc  (I1+I2 () U ВА  ) tniop eht dnif dna  F  htiw evruc siht fo noitcesretni fo
ecnedneped   I3(U ВА ). 

tnioP  F lborp eht stes noitulos me : 
U ВА  81 =  V     , I1  85 = mА     , I2  = –  51 mА     , I3  34 = mА, 

stnemele eht ssorca segatlov era     U1 28 =  V     , U2  = – 8 V     , U3 83 =  V. 
srotareneg eht fo srewop fo mus ciarbeglA :si  

РG  = Е1 I1  + Е2 I2  + Е3 I3 001 = 01+85 (– 02+)51  0156 = 34 Wm ; 
srewop remusnoc eht fo mus :si  

РC  = U1 I1 +  U2 I2  + U3 I3 28 = ( + 85 – )8 (– 83 + )51  0156 = 34 Wm . 
eurt si ecnalab rewoP . 

mА 

I1 

F 

r1 I( 1) 

I2 

E3 E2 E1 

B 

A 

r2 I( 2) 

r3 I( 3) 

I3 I1 

U3 

U2 

U1 

U BA  

)a  

U ВА  
 V 

08  

04  

02  

06  

I 

0 04  01 0 

I3 

I2(U ВА ) 

08  –20 

– 02  

I3(U ВА ) 

I2 

I( 1 I+ 2 U() ВА ) 

b) 

giF . .2 8 

I1(U ВА ) 
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2-7 9( 1. )1 . nI  gif . .2 9,а ereht  si  a emehcs  htiw  a raenilnon  tnemele  ( EN )  , tlov sti -  erepma
 tes gnieb citsiretcarahc ni elbat .2 9. 

baT el .2 9 
U4  , V 0 02  04  06  08  001  
I4  , А 0 2.8 4 4.9 5.4 5.7 

sretemaraP  swollof sa era stnemele raenil eht fo  
r1  = r2  = r3=  01 mhO    , Е5  05 = V    , J  5 = А. 

enimreteD  lla  eht  hcnarb  stnerruc  dna  ecnalab rewop eht yfirev . 

noituloS  . yltsriF  , ew  etaluclac  eht  uc tnerr  I  4 fo  eht  raenilnon  tnemele  , ylsuoiverp  gnivah  
etutitsbus d eht   emehcs eht fo trap raenil  tnemele raenilnon eht fo slanimret gninrecnoc

1( - yb )4 eht  rotareneg tnelaviuqe . 
eromrehtruF  Uo = Е uqe  = I3o r3 + I1o r1  , erehw  eht  stnerruc  htiw   tpircsbus o ( on -  daol  ro

nepo -  tiucric noitidnoc  )  retfa rucco hcihw stnemele emehcs eht fo stnerruc eht era
nI .tnemele raenilnon htiw hcnarb eht fo noitcennocsid   a wen  relpmis  emehcs  ereht  si  

I1o = J = 5 А  ,  eht htiw ecnadrocca ni dna hsem dohtem tnerruc  

I3o = 
32

25
rr

rJE =
0101

01505  5 = А, 

dna    Uo 5 = 5 + 01  001 = 01 V. 
rennI  ecnatsiser  fo  eht  tnelaviuqe  rotareneg  si  lauqe   ot  eht  eht fo ecnatsiser tupni

slanimret gninrecnoc emehcs raenil evissap gnidnopserroc 1 - :4  

r uqe  = r 41 pni  = r  1 +
32

32
rr
rr + 01 =

0101
0101  51 = mhO . 

roF   na tnelaviuqe  emehcs ( gif . .2 9,b  ,) dnah eno eht no  , U4(I4)  fo CAV eht si EN  ,  no
dnah rehto eht   , U4 =  Е uqe  – I4 r uqe   owt evitca fo CAV si - krowten elop . 

noituloS  fo  eht  metsys  fo  owt  rettal  neserp si snoitauqe gif ni det . .2 9,c  ,  morf w ereh     
U4  04 = V    , I4  4 = А. 

gif emehcs laitini ot rucer s’teL .2 . 9,а  eht etaluclac dna ot reh stnerruc : 
I1 = J – I4  5 = – 1 = 4  А, 

I3 =
3

114
r

rIU =
01

01104 3 =  А, 

I5 = I3  + I4 7 = 4 + 3 =  А, 
I2 = I1 – I3 =  1 –  = 3 – 2 А, 

giF . .2 9 

r1 

I3 

1 

2 3 
4 

I4 

EN  

r2 

)a  

I2 

J 

E5 

I1 
Uo 

r3 

I5 

UJ 

4 

1 

I4 

U4 

EN  

Е uqe  

r uqe  

b) 

Е( uqe –I4r uqe () I4) 

I4 

U4 

 

Uo Е= uqe  

IS 

0 

I4 

U 
 

V 

А 

04  

08  

2 4 6 8 

c) 
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swollof sa si ecruos tnerruc eht fo slanimret eht ssorca egatlov  
UJ =  I2 r2  + I1 r1  = – 2 1+ 01  = 01 – 01  V. 

:ecnalab rewop eht fo noitacifireV  
РG  = U  J J  + Е5 I  5  = – 01 05+5  003 = 7 W; 
РC I = 1

2 r  1  + I2
2 r  2  + I3

2 r  3 + U 4 I4 = 1 2 2 + 01 2 3 + 01 2 04 + 01  003 = 4 W. 
 

2-8 ( 61.9 )  . tiucriC  sretemarap  fo  gif . 2 1. 0  а, era  sa  swollof : r1 = 01  mhO  , r2 = 02  mhO   ,
tupni  egatlov  U1 = 42  V  , CAV  fo  reneZ  edoid  si  detamixorppa  htiw  eerht  thgiarts  

stnemges  ( gif ees . 2 1. 0,b  .) neviG  emehcs  si  eht  tselpmis  v egatlo  rezilibats  U2  eht rof
daol  r2  . enimreteD  eht  stnerruc  dna  daol  egatlov  , etaluclac  eht  egatlov  noitazilibats  

rotcaf . 

noituloS  . ,tsriF   edoid fo ecnatsiser laitnereffid eht etaluclac ni  tnemges gnikrow eht СВ : 

r fid  = 40
20
.
. = 0 .  5 mhO . 

eH er , eht  egatlov  ssorca  edoid  si  evitagen  dna  fi  ti  si  ssel  naht  01  V, eht on si er  edoid 

 tnerruc I  .0 = nehT   I1  = I2 = 
21

1
rr

U    , U  = – U2  = – 
21

1
rr

U r  2 < –  01 V  = U0. 

morF  ereh  , ew  dnif  muminim  tupni  egatlov  nehw  emehcs  krow s sa  eht  egatlov  
rezilibats : 

U1 nim  = – U0
2

21
r

rr 01 =
02

0201 51 =  V. 

g ehT nevi  egatlov  si  U1 = 42  V > U1 nim  neht  
reneZ  edoid  skrow  ni  eht  tnemges   СВ  , eht  
tiucric  fo  gif . ,11.2 a gnieb  sti  tnelaviuqe  
emehcs   ni sa si emehcs noitaluclac eht elihw

.gif   owt fo dohtem yb detaluclac si tI .b,11.2
:sedon  

U  2 =

21

1

1

111
rrr

r
E

r
U

fid

fid =

02
1

50
1

01
1

50
01

01
42

.

. 01 = . 24  V, 

I1 = 
1

21
r

UU =
01

240142 . 1 = .  853 А, I2 = 
2

2
r

U =
02

2401 . 0 = .  125 А, 

E= –U0 

r fid 3 

E 

F 
r fid  I Н 

b) 

F 

+ 
I2 

U2 

I 

r1 I1 

giF . 2. 11  

)a  

Н 

r2 U1 

- 

A 

C 
F 

+ 
I2 

U2 
I 

U 

r1 I1 

giF . 2. 01  

)a  
Н 

r2 U1 

- 

– 2.0  

2.0  

U, V 0 4,0  – 4.0  – 2.9  – 01  

I  , A 
b) 

B 

– 4.0  

– 01 .4 
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I  = I2 – I1  = – 0 .  738 А. 
p A evissa  rezilibats  emehcs  rof  snoitatnemgua  si  detneserp  ni  gif . 21.2  ,  sti

vig noitaluclac se  

U2 = 

fid

fid

rr
rr

r

U

2

2
1

1 ·
fid

fid

rr
rr

2

2 = 

 = U1
fidfid

fid

rrrrrr
rr

2121

2 = 

 = U1 500250010201
5002

..
.  = U1 0. .5640  

egatloV  noitazilibats  rotcaf  si  

k ts  =
22

11
U/U
U/U =

240156400
42

1

1
./U.

/U  = 9. 43 . 

 .2.2 D- STIUCRIC CITENGAM C  
2-9 9( 1. )9 . nI  gif . .2 13,а ereht  si  a ekohc - lioc  htiw  eht  nrut  rebmun  w =  ,005 eht  eriw  

gnieb  dnuow  dnuora  eht  eroc  edam  fo  leets cirtcele  ,2151  eht  evruc noitazitengam  fo
 hcihw elbat ni detneserp si  1.2 0  . ehT  eroc  naem  htgnel  si  l = 001  сm   , ssorc leets - noitces  

S = 61  сm2  . tnesba si pag riA  la =  .0  eht tcurtsnoc dna etaluclaC rebeW -  erepma
lioc eht fo citsiretcarahc . 

elbaT 1.2 0  . 2151 leets fo evruc noitazitengaM  
В  , Т 0.2 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 
Н  , с/А m 0. 52  0.5 0. 56  0.8 0. 59  1. 51  1.5 2 3 

elbat fo noitaunitnoC 1.2 0 
В  , Т 1.2 1.3 1. 53  1.4 1. 54  1.5 1. 55  1.6 1. 56  
Н  , с/А m 4.65 7.4 9 21  51  22  33  94  09  

 
noituloS  . rebeW - erepma  citsiretcarahc  fo  eht  lioc  Ф(I) si  detaluclac  no  eht  dnuorg  fo  

eht  noitazitengam  evruc  dna  lacirtemoeg  ezis  fo  eht  citengamorref  eroc  : gnivah  
 ,ecnatsni rof ,demussa В 1 = .  2 Т  htiw  eht eulav gnidnopserroc  Н 4 = .  56 А/сm  , niatbo ew  

w 

S  

I 
l 

la 

)а  
1 

I 

А 0 2 01  

02  

01  

01  –4 bW  Ф 

4 6 8 

2 

b) 

giF . .2 31  

giF . 2. 21  

r fid 3 

I2 

U2 

r1 

I1 

r2 U1 
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Ф  = В S 1 = .2 61 01  –4 91 = .2 01  –4 bW             , = I
w

lH =
005

001564.  = 0.  39 А. 

stluser noitaluclac eht etalubaT ( elbat .2 11 .)  
elbaT .2 11  

В  , Т 0.4 0.6 0.8 1 1.1 1.2 1.3 1.4 1.5 1.6 
Н, с/А m 0.5 0.8 1. 51  2 3 4. 56  7.4 21  22  94  
Ф, 01  –4 bW  6.4 9.6 21 .8 61  71 .6 91 .2 02 .8 22 .4 42  52 .6 
I, А  0.1 0. 61  0. 32  0.4 0.6 0. 39  1. 84  2.4 4.4 9.8 

rebeW - erepma  citsiretcarahc  fo  eht  lioc  gif ni detneserp si pag ria eht tuohtiw . .2 13,b  ,
evruc  1  .  

 

2- 01  9( . )02 . ht nI  eroc e  lioc eht fo ni deiduts 2 melborp -9 eht  pag ria la = 1.2 mm  gnol   si
 eht tcurtsnoC .edam W rebe - erepma  citsiretcarahc  fo  eht  lioc  pag ria htiw . 

noituloS  . nI  nosirapmoc  htiw   eht  segnahc tnerruc lioc eht ,melborp suoiverp  htiw neve
emas eht  esuaceb seulav xulf  htiw ecnadrocca ni s’erepmA  wal  si eulav tnerruc wen eht

swollof sa   I = 
W

lHlH aa . 

si pag ria eht ni ytisnetni citengaM  

Нa = 
0

B = 7014
B 0 = .8 01 6 В     , erehw    Ha А[ /m]  , ]Т[В  

ro      Н a 0 = .8 01 4 В     , erehw    Ha А[ /сm], ]Т[В  . 
elpmaxe roF  , noitcudni rof   В 1 = .  2 Т    Н 4 = .  56 А/сm, 

Нa 0 = .8 01 4 1. 9 = 2 .6 01 3 А/сm, 
tnerruc wen  

= I
W

lH +
W

lH aa I = I + = 
005

001564. +
005

01210169 13 ..  = 0. 39  + 2. 3 = 403 .  423 А. 

rebeW - mrof elbat eht ni lioc eht fo citsiretcarahc erepma  elbat eht fo weiv steg .2 1 .2  
elbaT .2 12 

Ф, 01  –4 bW  6.4 9.6 21 .8 61  71 .6 91 .2 02 .8 22 .4 42  52 .6 
I, А  0. 78  1. 13  1. 77  2. 23  2. 17  3. 23  3. 89  5. 90  7. 82  21 .9 

sihT  W rebe - erepma  citsiretcarahc  si  detneserp  gif ni .2 . 13,b  , evruc  2. 
 elihW nitaluclac g  citengam eht fo trap eht fo ecnatculer a ,stiucric citengam eht 

devlovni yllausu si tiucric  

Rm = Ф
Um =

SB
lH =

SH
lH

0
=

S
l
0

[ /1 H]. 

fo ecnatculer eht ,noitaredisnoc rednu elpmaxe eht nI eht  eroc citengam eht fo noitrop 
 htgnel fo   l  001 = сm  , ssorc - noitces    S  61 = сm  2  ta    В 1 = .  2 Т,    Н 4 = .  56 А/сm    si  

RmС = 4016121
001564

.
.  = 42 . 22 01 4 /1 H, 

htgnel fo pag ria eht fo ecnatculer eht dna l a = 1.2 mm  , ssorc - noitces  S = 61  сm2 ta  
В = 1.  2 Т 

Rma = S
la

0
= 47

3

0161014
0121. = 95 . 17 01 4 /1 H. 
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suhT  , ta  В = 1.2 Т natculer eht  htgnel fo pag ria eht fo ec 1.2 mm   naht retaerg si

 htgnel fo eroc eht fo ecnatculer 1 m  yb   
См

aм
R
R =

2242
1795

.

. 2 = .  5 semit . 

 

2- 11  9( 2. )1 .  nI  eht tengamortcele eht fo pag ria  ( gif . .2 14  ) ti  is 
yrassecen  ot  etaerc  a citengam  dleif  htiw  citengam  noitcudni  

В = 1.1 Т  . eroC  dna  erutamra  era  edam   ,2151 leets cirtcele fo
 eht  evruc noitazitengam  hcihw fo  ni detneserp si elbat  1.2  ,0

ssorc lacitnedi evah yeht - noitces   SС = S ma  = S = 02  сm2,  eht
htgnel eroc   si lС = 08  сm  , htgnel erutamra eht  si  l ma  = 03  сm  .

o rebmuN lioc eht fo snrut f si  w = .008   ria eno fo htgnel ehT
si pag  la = 0.4 mm   . enimreteD : 

-  tnerruc hguorht   eht lioc ; 
- ecnatcudni lioc eht ; 
- noitcartta  ecrof  neewteb  erutamra dna eroc eht ; 
- .noitarapes fo ecrof tengamortcele eht  
noituloS  . htiw ecnadrocca nI  s’erepmA  eht fo ecrof noitazitengam yrassecen eht ,wal 

si lioc    Iw  = HС lС  + H ma l ma +  2 Ha la . 
si xulf citengam lioc ehT    Ф = В Sa. 

ecniS   Sa = SС = S   , neht   Вa = ВС = В   ta evruc noitazitengam eht yb dna   В = 1.1 Т    
dnif ew   НС  = Н ma  3 = А/сm, 

Нa 0 = .8 01 4 В 0 = .8 01 4 1. 8 = 1 .8 01 3 А/сm, 
Iw 3 = 3 + 08 2 + 03 8.8 01 3 0.4 01  –1 4301 =  А, 

ehT  lioc f  tnerruc llu si    I =
w
wI =

008
4301 1 = . 92  А. 

f lioc ehT xul - si egaknil   = В S w  = 1.1 02 01  –4 1 = 008 .  67 bW , 

eht  lioc  ecnatcudni  si   = L
I

=
921
671

.

. = 1 .  63 H. 

lac eW  eht etaluc a evitcartt  ecrof  fo  eht  tengamortcele  rof   a  eht yb pag ria elgnis
 stfihs elbisaef fo dohtem ( ees  tcejbus « scinahcem deilppA  .)»  dleif citengam eht ygrene  

si pag ria eht ni   Wa = 
2

aa HB Va = 
2

aa HB Sa la. 

isetinifni tA pag ria eht ,erutamra eht fo tnemecalpsid lam  htgnel  segnahc  ta  tnatsnoc  
seulav  fo  Вa  , Нa  . f ehT rep eroc eht ot erutamra eht fo noitcartta fo ecro a  pag ria elgnis 

si     F1  = –
a

a
ld

Wd  = –
2

aa HB Sa. 

tengamortcelE a evitcartt  ecrof  si spag ria owt rof  

 = F 2| F1|  = Вa Ha Sa = 
0

2
aB Sa 0 = .8 01 6 Вa

2 Sa. 

noitaredisnoc rednu elpmaxe nI  
F  = 0.8 01 6 1.12 02 01  –4  6391 = N  891 Fgk . 

t enimreted s’teL noitarapes fo ecrof tengamortcele eh  on si ereht nehw  pag ria la  =  0
a  dn ecrof noitazitengam eht si   Iw = 4301  А. 

 ta nehT  SС  = S ma   =  S  etam suoenegomoh dna eroc eht fo lair  

Ф 

I 

w 

la 

lС 

l ma  

giF . .2 41  
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HС  = H ma = 
Сma ll

wI =
0308

4301 9 = .4 А/сm. 

yB  eht  noitazitengam  evruc  , eht  gnidnopserroc  citengam  noitcudni  si  В = 1. 753  Т  ,  eht
noitarapes fo ecrof tengamortcele  si  

F = 0.8 01 6 1. 753 2 02 01  –4  6492 = Н  003 Fgk . 
 

2-12 9( 2. )2 . eroc citengam tfeL ( gif . .2 15  )
pag ria eht sessessop  la = 0. 11  сm  ,  thgir eht

eno  si  pag ria eht tuohtiw  .  naem eroc ehT
si htgnel  l1 = l2 = 06  сm  , ssorc -  noitces

S1 = S2 = Sa = 6 сm2  .  xulf citengaM
si eroc tfel eht hguorht  Ф1 = 6.6 01  –4 bW  .

taM leets cirtcele si seroc eht fo laire  ,2151 
engam sti  yb tes gnieb evruc noitazit  elbat

1.2 0. 
xulf citengam dna lioc eht fo fmm enimreteD  Ф2. 

srewsnA : Iw = 8411  А, Ф2 = 8. 88 01  –4
 bW . 

 

2-13 9( 2. )4 . A eroc  fo  a dehcnarb  gif tiucric citengam . .2 16,а fo edam si  cirtcele eht 
leets  .2151  era sezis eroc ehT l1 = 06  сm, S1 = 6 сm2, l2 = 02  сm  , S2 = 21  сm2  , l3 = 04  сm  ,

S3 = Sa = 8 сm2, la = 1 mm  .  fo rebmuN  lioc eht si snrut  w =  .004 tI  is yrassecen  etaerc ot 
ieb noitcudni citengam sti ,pag ria eht ni dleif citengam a  gn Вa = 1.1 Т  .  eht enimreteD

.tnerruc lioc  

noituloS  . emehcs tnelaviuqe cirtcele eht ward s’tel ,noitanigami reisae roF ( gif . .2 16,b .)  
si xulf citengaM   Ф3  = Вa Нa 1 = .1 8 01  –4 8 = .8 01  –4 bW , 

si egatlov citengam  Um ВА   = Н3 l3  + Нa la. 
yB noitazitengam eht evruc dnif ew , ecnis :   В3  = Вa 1 = .  1 Т   neht   Н3  3 = А/сm, 

Нa 0 = .8 01 4 Вa 0 = .8 01 4 1. 0 = 1 . 88 01 4 с/А m, 
Um ВА  3 = 0 + 04 . 88 01 4 0.  0001 = 1 А. 

T eh   dleif citengam i  ytisnetn if eht ni r si hcnarb ts  

Н1 = 
1l

U BAm =
06
0001 = 61 .  7 А/сm, 

 eht citengam  noitcudni   si ytisnetni taht ot gnidnopserroc    В1 1 = .  264 Т, 
 eht si gel tsrif eht hguorht xulf citengam          Ф1  = В1 S1 1 = . 264 6 01  –4 8 = . 77 01  –4 bW . 

m ehT si gel elddim eht hguorht xulf citenga  
Ф2  = Ф  1  + Ф  3 8( = . 8+77 . )8 01  –4 71 = .57 01  –4 bW , 

)а  b) 
Ф3 Ф1 

В 
Um ВА  Ф3 Ф1 

Ф2 

А 

R am  

Rm2 

Rm1 
wI  

I la 

l1, S 1 
l2, S 2 

giF . .2 61  

w 

l3, S 3 
Rm3 

Ф2 

w 
I la 

Ф1 

Ф2 

l2, S 2 l1, S 1 

giF . .2 51  
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si noitcudni citengam sti     В2 = 
2

2

S
Ф

= 4

4

0121
017571 . = 1.  464 Т, 

si ytisnetni citengam gnidnopserroc    Н2 61 = .  69 А/сm. 
 rednU s’erepmA wal  Iw = H2 l2 +Um ВА ,  

ereh morf     I =
004

0001026961 . = 3.  53 А. 
 

2-14 9( 2. 7). citengaM  tiucric  gif . .2 17,а  fo edam si leets  2151  gniwollof eht sah dna
sezis  : l1 = 04  сm  , l2 = 21  сm  , l3 = 03  сm  , S1 = S3 = 4 сm2, S 2 = 2 сm2  . si ecrof gniticxE  

Iw = 0081  А  ,  si gel tsrif eht hguorht xulf eht Ф1 = 5.8 01  –4 bW  .  fo htgnel eht enimreteD
pag ria eht  la. 

noituloS  . T eh  citengam  tiucric  emehcs  seires ot sdnopserroc -  fo noitcennoc lellarap
 sehcnarb ( gif . .2 17,b  .)  s’ffohhcriK fo dnuorg eht nO  egatlov wal , nwod etirw ew  

Um 32   = Iw – Н1 l1. 
oT  dnif  Н  1  eht yb evruc noitazitengam , dluohs eno nimreted e 

В1 = 
1

1

S
Ф

= 4

4

014
0185. 1 = .  54 Т, 

  dna Н  1  51 = А/сm dnopserroc ti ot s  , neht   Um 32   0081 = – 51  0021 = 04 А. 

dnah rehto eht nO   , Um 32   = Н2 l2  , ereh morf   Н2 = 
2

32
l

Um =
21
0021 001 =  А/сm, 

dna  no  eht  dnuorg  evruc noitazitengam eht fo , niatbo ew   В  2 1 = .  66 Т. 
m ehT si xulf citenga   Ф2  = В2 S  2 1 = . 66 2 01  –4 3 = . 23 01  –4 bW . 

 s’ffohhcriK fo dnuorg eht nO  tsrif wal  
Ф3  = Ф  1 – Ф  2 5( = .  8 – 3 . )23 01  –4 2 = . 84 01  –4 bW , 

noitcudni dna    В3  = Вa = 
3

3

S
Ф

= 4

4

014
01842. 0 = .  26 Т, 

 hcihw gal driht eht ni ytisnetni citengam eht  dnopserroc s ot   
Н3 0 = .  38 А/ мс , 

 si pag ria eht ni taht dna   Нa 0 = .8 01 4 В. 0 = .8 01 4 0.  0694 = 26 А/сm. 
si pag ria eht fo ecnatculer eht ssorca pord egatlov citengam ehT  swollof sa  

Нa la = U m 32  – Н3 l3  0021 = – 0 . 38 5711 = 03  А, 

ereh morf  si htgnel pag ria eht   la = 
a

aa
H

lH =
0694
5711 0 = .  732 сm. 

 

Ф3 Ф1 

Um 32  R am  
Rm2 

Rm1 

wI  
I la 

)а  
l1, S 1 

l2, S 2 
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w 

l3, S 3=Sa 

Rm3 

Ф2 

b) 
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2-15 9( . )03 . A citengam   tiucric eroc   
( gif . 1.2 8  ) leets cirtcele fo edam si  

 ,2151 itazitengam sti  gnieb evruc no
 ni nevig elbat  1.2 0  . T eh  era sezis eroc   

l1 = l3 = 33  сm  , l2 = 11  сm  , la = 0.1 сm  ,
S1 = 21  сm2  , S2 = 42  сm2  , S3 = 61  сm2. 

 era secrof gniticxE I1w1 = 005  А  ,
I2w2 =  0001 А   , I3w  3  057 = А. 

enimreteD  citengam  sexulf  fo   lla
strap eroc eht . 

ituloS no  . emussA  yrartibra  snoitcerid  
fo  eht  citengam  sexulf  dna  eht  noitcnuj  egatlov  dna  etareneg  eht  snoitauqe  yb  eht  

dohtem  fo  owt  sedon : Um  = I1w1 – Н1 l1, 
Um  = – I2w2  + Н2 l2  + Нa la, 
Um  = I3w3 – Н3 l3. 

 etalubat eW eht o seicnedneped xulf eht fo noitaluclac egatlov noitcnuj eht n ( elbat  
.2 1 )3 . 

elbaT .2 13 
В Н Нa Н1 l1= 

=Н3 l3 
Ф1 Um  =

I1w1 – 
– Н1 l1 

Ф2 Um  = –I2w2 
 + Н2 l2 +  
 + Нa la 

Ф3 Um  =
I3w3 –  
– Н3 l3 

Т А/сm 01 3 
А/сm 

А 01  –4 
bW  

А 01  –4 
bW  

А 01  –4 
bW  

А 

0.4 0.5 3.2 61 .5 4.8 484  9.6 – 476 .5 6.4 437  
0.8 1.15 6.4 83  9.6 264  91 .2 – 743  21 .8 217  
1 2 8 66  21  434  42  – 871  61  486  

1.1 3 8.8 99  31 .2 104  62 .4 – 78  71 .6 156  
1.2 4. 56  9.6 351 .5 41 .4 643  82 .8 11  91 .2 795  
1.3 7.4 01 .4 442  51 .6 652  13 .2 121  02 .8 605  
1.4 21  11 .2 693  61 .8 401  33 .6 252  22 .4 453  
1. 54  51  11 .6 594  71 .4 5 43 .8 523  32 .2 552  
1.5 22  21  627  81  – 622  63  244  42  42  
1.6 94  21 .8 7161  91 .2 – 7111  83 .4 918  52 .6 – 768  

 
lacihparG  noitaluclac  fo  eht  citengam  tiucric   otni gnikat tnuocca  ffohhcriK ’s tsrif  al w  

Ф  1  + Ф  3  = Ф   2 fo eulav elgnis ta  Um gif ni detneserp si .2 . 19. 
i ehT tniop noitcesretn  А (  Ф1+Ф3 () Um) = Ф2(Um  )  egatlov noitcnuj eht fo eulav eht stes  

Um  xulf citengam sa llew sa  Ф2  , stniop dna  В dna  С sexulf evig  Ф  1 dna  Ф3: 
Um  004 = А   , Ф  2 53 = .6 01  –4 Wb   ,  Ф  1 31 = .2 01  –4 bW   , Ф  3 22 = .4 01  –4 bW . 

era secnatculer hcnarb eht ssorca segatloV : 
Um1  = Н1 l  1 = I1w1 – Um  005 = – 001 = 004  А, 
Um2  = Н2 l2  + Нa la  = I2w2  + Um 0041 = 004 + 0001 =  А, 
Um3  = Н3 l  3 = I3w3 – Um  057 = – 053 = 004  А. 

e eht fo noitacifireV ecnalab ygren : 
 Iw Ф 005( = 31 .2 + 0001 53 .6 + 057 22 . )4 01  –4 5 = .  9 J, 

Um 

la Ф1 

Ф3 I1 

l1, S 1 l2, S 2 

giF . .2 81  

w1 

l3, S 3 

w2 

I2 
Ф2 

I3 
w3 
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Um Ф 001( = 31 . 0041+2 53 . 053+6 22 . )4 01  –4 5 = .  9 J. 
ecniS    Iw Ф  = Um Ф   , yltcerroc devlos si melborp eht neht . 

 
2-16 9( 3. )1 . A citengam  tiucric  gif . .2 02  leets fo edam si  .2151 T era sezis eroc eh  
l1 = l3 = 44  сm  , l2 = 22  сm, la = 0.4 mm  , S1  = S3  02= сm2  , S2  01 = сm2. 

era secrof gniticxE  I1w1 = 004  А  ,
I2w2 = 002  А   , era sexulf elihw  Ф  1  = Ф2. 

dniF  eht  xulf  Ф  3  gniticxe eht sa llew sa
ecrof  I3w3  .  

snoitcurtsni lacidohteM  .  eht gnisU
m i sedon owt fo dohte  dednemmocer si t

 eht tcurtsnoc ot dna etaluclac ot
 secnedneped  Ф1(Um ВА  ) dna  Ф2(Um ВА  ,)

 eht senimreted tniop noitcesretni rieht
fo seulav  Um ВА  , Ф  1 dna  Ф2  ,  si ti neht

 dnif ot elbissop I3w3  fo dia eht htiw
 s’ffohhcriK  egatlov  wal ( gif ees . .2 12 .)  

U ВАм   = I1w1 – Н1 l  1 – НВ lВ     , Um ВА   = – I2w2 – Н2 l2       , I3w3  = Um ВА  – Н3 l3. 
srewsnA : Ф  1 = Ф  2 = – 5,51 01 -4 bW   , Um ВА  096 = А  , Ф  3  = – 13 01 -4 bW  , I3w3  0412 = А. 

D 

I3w3 

Ф1 

Ф3 
02  

01  

03  

04  

05  

Um 

А 0 2 00  4 00  6 00  8 00  
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Ф3 

I1 
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w1 
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w2 

I2 
Ф2 

I3 
w3 

В 

Ф1 
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– 02  
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01  
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Um 
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 .3 A RAENIL - STIUCRIC C  
.3 1  . MIS FO NOITALUCLAC P STIUCRIC EL  

 
3-1 3( 1. ). gif nI . 3.1  dna egatlov eht

detneserp era smargollicso tnerruc  .
tI  is  yrassecen ot  eht nwod etirw  

 fo snoisserpxe rieht  suoenatnatsni  
 seulav  sa llew sa  enifed ot  eht

seulav evitceffe . 
noituloS  .  ew ,margollicso yB

 doirep eht enimreted Т = 02  sm   ,
ycneuqerf eht ,ecneh si  

f = 1/T = 05  zH  ,  ralugna dna
si yticolev   = 2 f = 413  dar /s. 

laitinI  sesahp  fo  egatlov  dna  
eerged ni tnerruc s era ,ylevitcepser , : 

ψu = – t1 ( 063 /T) =  1. 76 03 = )02/063(     , ψi  = – t2 ( 063 /T  )  = – 5,2  = )02/063( – 54 . 
sedutilpmA :  U  m  = 004  V,   I  m  = 1.  5 A. 

yllaniF ,     )t(u  = 004 (nis 413 t + 03  ) V, t(i    = ) 1.5 (nis 413 t – 54 A ) .    

seulav evitceffE :  U =
2
mU =

2
004 =  282 V  ,  I  =

2
mI =

2
51. = 1. 160 A . 

 
3-2 3( 2. ). A tiucric  r  , L htiw  p sretemara  r = 53  mhO  , L = 08  Hm  deilppus si   a morf

 ycneuqerf fo egatlov ladiosunis fo ecruos f  = 05  zH  . T eh   egatlov ecruos  edutilpma si  
Um = 002  V  , gnieb esahp laitini sti  ψu = – 02  .  evitceffe dna suoenatnatsni etupmoC

 dna srewop evitcaer ,evitca dniF .margaid rosahp tiucric eht warD .tnerruc eht fo seulav
tlov - elgnairt rewop eht warD .tiucric eht fo serepma . 

noituloS  . tiucric eht fo emehcs noitaluclac eht enigami s’teL ( if g .3 . 2,а .)  
egatlov tiucric eht fo eulav suoenatnatsni eht nwod etirW : 

 )t(u  = Um (nis  + t ψu) = 002 (nis  t – 02 V ) . 
yticolev ralugnA si    = 2 f = 2 413 = 05  dar /s. 

ehT  tiucric  ecnatcaer si  xL = L 413 = 08 01  –3 52 = .  21 mhO . 
ffohhcriK htiw ecnadrocca nI  s’  egatlov  evah ew pool tiucric eht rof wal u = ur + uL  ro

mrof rosahp ni  U = Ur + UL  .  si margaid rosahp eht ,noisserpxe siht fo dnuorg eht nO
 nward ( gif .3 . 2,b .)  

t1 t2 

)t(i  

)t(u  

giF . .3 1 

sm  
t 

0 

U  , V I  , A 

2 00  

004  

- 004  

-1 

1 

-5 5 

01  51  
02  

40 V  

 

U 

UL 
Ur 

b) 

i 
ur 

u 

uL 

r 

L 

)а  

01 mhO  

 

Z хL 

r 

c) 

521 AV  

 

S 
Q 

P 

d) 

giF . .3 2 
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ehT  tiucric  ecnadepmi  elgnairt  si  .gif ni detneserp  .3 2,c  si sihT .  a  ti ,elgnairt thgir
wolla :gniwollof eht niatbo ot gni  

        ecnadepmi tiucric eht  Z = 22
Lxr = 22 215253 . = 34 .  1 mhO , 

 eht egatlov dna tnerruc eht neewteb tfihs esahp      = gtcra
r

xL gtcra =
53

2152 . = 53 . 76 . 

al s’mhO rednU sedutilpma rof w ,     dnif ew I m=
Z

Um =
134
002
.

= 4.  46 A. 

i ehT diosunis tnerruc eht fo esahp laitin si  ψi = ψ  u –   = – 02  – 53 . 76  = – 55 . 76 . 
si eulav tnerruc suoenatnatsni ehT  )t(i = 4 . 46 (nis 413  t – 55 . 76 A ) . 

vitceffe ehT si eulav tnerruc e   I =
2
mI =

2
464. = 3.  82 A. 

e ehT :era tiucric eht fo snoitrop tnereffid ssorca segatlov evitceff  
- ecnatsiser ssorca       Ur = I  r  = 3. 82  511 = 53 V; 
- ecnatcaer ssorca      UL  = I  xL = 3. 82 52 . 28 = 21 .  4 V; 

- ta  eht   tupni tiucric ( egatlov krowten )  U =
2
mU =

2
002 = 141 .  4 V. 

si rewop evitca tiucric ehT  P = U I soc  = I 2 r =  3. 82 2 673 = 53 .  5 W. 
r ehT  rewop evitcae si   Q = U I nis  = I 2 xL = 3. 82 2 52 . 072 = 21 .  2 rAV . 

cric ehT tlov tiu - serepma si  S = U I = 141 .4 3.  464 = 82 AV . 
gif ni nwohs si elgnairt rewop ehT .3 . 2,d. 

 yna fo dnuorg eht no ,etoN .gif fo elgnairt  .3 2  rewop eht etupmoc ot elbissop si ti 

rotcaf    soc  =
Z
r =

U
Ur =

S
P =

464
5673 . = 0 .  = 118 soc 53 . 76 , 

reilrae  ti  gnieb  detaluclac  no  elgnairt ecnadepmi tiucric eht fo dnuorg eht . 

3-3 3( 3. ). ladiosuniS tnerruc   i(t) = 01 nis ( t + 51 ) A ycneuqerf fo  f = 004  zH   ni swolf
gif tiucric . .3 3,а  .  era secnatsiseR r1 = 01  mhO  , r2 = 02  mhO  , ecnaticapac si  С  01 = F. 

enimreteD  eht  suoenatnatsni  krowten  egatlov  u(t)  dna  eht  ssorca egatlov  a c ticapa ro  
uС(t)  . margaid rosahp tiucric a tcurtsnoC .sgnidaer retemttaw dna retemtlov eht dniF . 

 .noituloS tcaeR swollof sa si ecna  xС = 
C
1 =

010042
01 6

.mhO 18.93 =  

a  egatloV ecnaticapac eht ssorca edutilpm si  
U mC  = Im  xC  = 01 93 . 893 = 18 .  1 V. 

seulav evitceffE  era   I =
2
mI =

2
01  = 7.  70 A, UC =

2
mCU =

2
1893 .  = 182 .5 V. 

 

C 

* 
* 

r1 
i 

uC V 

W 
r2 

u2 u 

)а  

UC U2 

Ur2 Ur1 

U 

I b) 

001 V  

 2 
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secnatsiser ssorca segatlov evitceffE era : 
Ur1= I  r1 = 7. 70 07 = 01 .  7 V,       Ur2 = I  r2 = 7. 70 141 = 02 .  4 V. 

 s’ffohhcriK  egatlov  ni wal  a  tnerruc elgnis a ta mrof rosahp I weiv a sah   
Ur1+Ur2+UC  = U  , i  margaid rosahp tiucric eht ti htiw ecnednopserroc n nac  eb 

detcurtsnoc ( gif .3 . 3,b .)  
dnif ew )elgnairt roiretxe( elgnairt thgir egatlov eht morF  

U = 22
21 CUrIrI = 22 51824141707 ... =  253 V, 

   = gtcra
21 rr

C
UU

U  = gtcra
2212
5182

.
. = – 35 . 

si egatlov tiucric eht fo eulav suoenatnatsni ehT  
U =)t(u m (nis +t ψi+ )  = U 2 (nis +t 51 +(– 35 ))   = 253 2 nis ( t – 83  ) V. 

v ehT egatlo  ssorca  roticapac a   yb tnerruc eht sgal 09  , oenatnatsni sti gnieb eulav su    
uC(t =) 893 .1 nis ( t – 57  ) V. 

v ehT noitrop ssorca egatlo  r2-C  ,  ot deilppus  a retemttaw dna retemtlov  ,  detaluclac si
elgnairt egatlov eht yb   U2-Ur2-UC: 

U  2 = UW = 22
2 Cr UU = 22 51824141 ..  513 = V. 

ehT mehcs fo retemtlov gif e . .3 3,а egatlov evitceffe eht serusaem U   2  =  513 V. 

gnidaer s’retemttaw ehT si    P  W = U  W I  W soc WW I,U . 

elpmaxe ruo nI   IW    = I   , yhw s’taht  
PW  = U2 I soc  2 = I (U2 soc 2 =)  I Ur2  = I I r2  = I2 r2  = P2   – rewop evitca  ,  yb demusnoc

ecnatsiser  r2   , dna     P2 7 = . 70 2  0001 = 02 W. 
 

3-4 3( 4. ). enimreteD  eht  tnerruc  dna  segatlov  ni   na cirtcele  tiucric  gif . .3 4,а  , fi  : eht  lioc  
ecnatsiser  si  rc = 4 mhO  , eht  lioc  ecnatcaer  si  хc = 6 mhO  , eht  tatsoehr  ecnatsiser  si  

R = 2 mhO  ,  eht ecnaticapac si  хС = 41  O mh  , A-C si egatlov krowten  U = 05  V. warD  eht 
margaid rosahp tiucric . 

noituloS  . tnerruc tiucric ehT  I retemma yb derusaem si  А: 

 I =
��Z

U =
22

Ccc xxRr

U =
22 41624

05  5 = А. 

si tfihs esahp tiucric ehT      = gtcra
Rr
xx

c

Cc  = gtcra
24

416 = – 35 . 31 .0 <  

V retemtlo   V egatlov tupni eht serusaem    U  05 = V. 
 retemtlov yb derusaem si egatlov lioc ehT  V1: 

Uc = 22
cc IхrI = I Zc = I 22

cc хr = 5 22 64  63 = V. 
hT egatlov tatsoehr e :  U  R = I R  = 5  01 = 2 V, 

 eht oticapac egatlov r :  UC = I хС  = 5  07 = 41 V. 
 enO  nac eht ees  tiucric  rosahp  margaid  gif ni  . .3 4,b. 

ehT rewop evitca tiucric eht serusaem retemttaw  
Р  = U I soc  = I2

2 (rc  + R  = ) 52  051 = )2 + 4( W. 
 



 05  

yaP  noitnetta  , ni  seires  A-C tiucric  ralimissid htiw na evitcudni( stnemele evitcaer  d
 ssorca egatlov eht ,)eviticapac eht egatlov tupni naht retaerg eb yam ecnatcaer : 

UC =  07 V  > U  05 = V. 

 

3-5 3( 6. ). gif emehcs ni gnidaer ’stnemurtsni eht enimreteD . .3 5,а  eht sa llew sa
eulav tnerruc suoenatnatsni  i  1 emehcs eht fo trap nommoc ni  , rtsnoc tcu  rosahp a 

margaid  , fi    )t(u   = 002 (nis t + 52 V )    , r  =  05 mhO     , хС  =  05 mhO . 
noituloS  . stnemurtsnI  tcaer  seititnauq eht fo seulav evitceffe eht nopu . evitceffE  seulav  

fo  eht  swollof sa era sehcnarb lellarap ni stnerruc  

I2 =
Cx
U =

C

m

x
U
2

=
052

002  = 2 2 2 = . 38  А, 

I3 =
r
U =

052

002  = 2 2 2 = . 38  А. 

sA  eht  tnerruc  ecnatsiser eht hguorht  i3  dna ,egatlov htiw esahp ni si eht  tnerruc 
orht  ecnaticapac eht hgu i   2  yb egatlov eht sdael 09  ,  s’ffohhcriK htiw ecnadrocca ni dna

 tnerruc  si ereht wal eht noisserpxe  i1 = i2 + i3,  .e.i I  1 = I  2 + I 3,  ta elgnairt tnerruc eht neht
osahp eht  si margaid r  a  eno thgir ( gif . .3 5,b) ereh morf ;  

I1 = 2
2

2
3 II =

22
2222 = 4 А, 

 eht esahp  tfihs  neewteb  tnerruc  i  1 egatlov dna  u i tupni tiucric eht ta s  lauqe dna evitagen 

ot       = – gtcra
3

2
I
I  = – gtcra 1  = – 54 . 

хС 

R 

xI c 
Uc 

rI c 

UC xI= C 

RI  

c 

 0<  

U 

I 

b) 

01 V  
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i ehT eulav tnerruc suoenatnatsn si  
i1(t  = ) I1m nis ( t + u – )  = 4 2 nis ( t  + 07  ) A. 

era sgnidaer sretemma ehT  
A1      I1  = 4 А           , A2      I2  = 2. 38  А          , A3      I3  = 2. 38  А. 

si gnidaer retemttaw ehT  

PW  = UW IW soc WW I,U  = U I1 soc = 
2

002 4 soc 54   =  004 W. 

etoN  , ni  emehcs  gif . .3 5,а ht e retemttaw  serusaem   trap tiucric eht fo rewop evitca eht
 detautis t  tiucric siht ni tceffe s’eluoJ htiw ecnadrocca nI .retemttaw morf thgir eht o

 ecnatsiser eht ni tneps si rewop eht ,trap r3 eromrehtruf ,ylno  
Р3  = I3

2 r3 = 2
22  004 = 05 W   , gnidaer retemttaw eht htiw gnidicnioc ti . 

 

3-6 3( 7. ). dniF  eht  stnemurtsni  ’ gnidaer  ni  emehcs  gif .3 . 6,а  , tcurtsnoc  rosahp a 
fi ,margaid    U  =  002 B   , r1  =  03 mhO    , х1  =  04 mhO    , r2  =  05 mhO . 

srewop evitcaer dna evitca fo secnalab eht pu kcehC . 
uloS noit  . eW  enimreted  c eht stnerru  fo  lellarap  sehcnarb  yb  mhO ’s wal  dna  dnif  

gnidaer ’sretemma gnidnopserroc : 

I2 =
2Z

U =
2r

U =
05
002 = 4 А  ,       А2,  

I1 =
1Z

U =
2
1

2
1 xr

U =
22 0403

002 4 =  А  ,    А1. 

C tnerru   i   2 ni  eht  ecnatsiser  si  ni  esahp  htiw  egatlov  u  , tnerruc   i   1 sgal ti  yb  eht  elgna  
1  esuaceb  hcnarb siht ni ecnatcudni na si ereht  , elgna eht dna   1  denimreted si flesti

 siht rof elgnairt ecnadepmi eht morf hcnarb  

 1 = gtcra
1

1
r
x  = gtcra

03
04 = 35 . 31 . 

eromrehtruF    soc  1 =
1

1
Z
r =

05
03 = 0 .       ,6 nis  1 =

1

1
Z
x =

05
04 = 0 . .8  

t si evoba  denoitnem gnihtyrevE  gnitcurtsnoc nehw tnuocca otni neka  tiucric eht
margaid rosahp ( gif . .3 6,b .)  

1  

U 

I1 I1r 

I1a 
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I2 
  

b) 

1 A  
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nI  elpmaxe  rednu  noitaredisnoc  eht  tnerruc  weks - ralugna  elgnairt   I1  , I2  , I aeppa rs  .
p ehT melbor  fo  eht  weks - ralugna  elgnairt  noitaluclac  si  decuder  ot  eht  thgir  elgnairt  

taluclac noi  fi  ot  tcejorp  eht  tnerruc  rosahp  metsys  otno  owt   detaler yllanogohtro
( rosahp egatlov eht ot lellarap gnieb meht fo eno :snoitcerid eseht  stnenopmoc tnerruc 

 eht dellac era evitca  eht dna )seno rehto  rosahp egatlov eht ot ralucidneprep gnieb eno 
 eseht(  eht demret era stnenopmoc evitcaer )seno . 

eromrehtruF  I2a  = I  2  4 = A     , I2r ,0 =  
I1a  = I1 soc 1 = 4 0. 2 = 6 .  4 A     , I1r  = I1 nis 1 = 4 0. 3 = 8 .  2 A. 

morF  eht   si sehcnarb lellarap eht fo tnerruc yrammus eht ,elgnairt thgir roiretxe
 gnieb ti ,denimreted saem retemma yb deru  А: 

I = 22
ra II = 22 23424 .. 7 = . 61  А. 

 nehT     = gtcra 
a

r
I
I  = gtcra

46
23
.
. = 62 . 75 , 

soc  =
I
Ia =

617
46

.
. = 0.     ,744 nis  =

I
Ir =

617
23

.
. = 0.   .422  

si gnidaer retemttaw ehT   PW = U I soc  = U Iа = 002 6.4 = 0821  W   –  eht si siht
rewop evitca ecruos  РG. 

s ehT c si sremusnoc eht fo rewop evitca yrammu  fo alumrof eht rednu detalucla  eluoJ
tceffe       : РC I = 1

2 r1 + I 2
2 r2  = 42 4 + 03 2  0821 = 05 W. 

ehT  ytilauqe  РG  = РC dehcaer gnieb ecnalab rewop evitca eht ,eurt si . 
srewop evitcaeR : 

- rotareneg fo taht          QG  = U I nis   = U Ir = 002 3.  2  =  046 rAV ; 
-   sremusnoc fo taht     QC I = 1

2 х1  = 42  046 = 04 rAV , 
 hcihw naem s eht evitcaer eht fo tnemllifluf ecnalab rewop . 

 
.3 2  . NOITALUCLAC  FO  EHT  SEIRES -  FO NOITCENNOC LELLARAP

EMELE N  ST YB  EHT ROSAHP - DOHTEM MARGAID  
3-7 3( 91. ). gif tiucric A . 7.3  htiw deilppus si 

egatlov  U = 022  V  . nehW  c ticapa ro  С  ton si 
,detcennoc  eht  stnemurtsni  daer  : А  I = 2 А  ;

W  P = 04  W  .  tI i  s  deriuqer  eht enimreted ot
 elbissop minim mu   eht retfa gnidaer s’retemma

c ticapa  eht sa llew sa noitcennoc ro  roticapac
ticapac y. 

 .noituloS roticapac  eht nehW detcennoc ton si  ,
morf enimreted ew gnidaer ’stnemurtsni eht  eht 

 eht fo ecnatcaer dna ecnatsiser ,ecnadepmi
  hcnarb r  , L: 

 Z =
I

U =
2
022  = 011  mhO ;  r     = 2I

P = 22
04  = 01  mhO ; 

 xL = 22 rZ = 22 01011 = 901 .5 mhO . 
ehT  minim mu  tnerruc  eulav  ni  eht  nommoc  trap  fo  a tiucric  sneppah   nehw eht a si er  

 ecnanoser tnerruc tiucric retfa c eht ticapa  ro detcennoc neeb sah nI .  siht  esac  , eht  tnerruc  

C 

I 

r 

* 
* 

giF . 7.3  

U 
L 

S 

A W 
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I sessessop  eht  evitca  tnenopmoc  ylno   : I =  Ia = U g   ,   erehw g – atcudnoc tiucric eht ecn  ,
hcnarb eht fo ecnatcudnoc eht ot lauqe gnieb ti  r  , L  , yleman : 

= g 2Z
r = 2011

01 = 2. 62 01  –4 S. 

nehT     I = U g = 022 2. 62 01  –4  = 0. 281  А. 
ticapac fo eulav a enimreted eW y  ecnatpecsus sti taht noitidnoc eht morf dluohs  eb 

 hcnarb eht fo ecnatpecsus eht ot lauqe  r  , L  , i.е. 

С = 2Z
xL ,    ereh morf    С = 2Z

xL = 2011413
5901 . = 2. 88 01  –5 F =  82 .  8 F. 

 
3-8 3( 02. ). nI  eht  emehcs ( gif . .3 ,8 а), llew sa stnerruc hcnarb eht lla enimreted  eht sa 

 ,strap tiucric eht lla ssorca segatlov pu ekam  ,srewop evitcaer dna evitca eht fo ecnalab a 
 ,margaid rosahp etelpmoc tiucric eht ward nwod etirw  ,seulav tnerruc suoenatnatsni eht 

fi  u(t  )  = Um nis ( t + u);    
Um  006 = V;   u = – 09    ; r1  =  01 mhO  ,   r  3 = x2 = x  3 =  02 mhO ,   x4 =  02 mhO . 

noituloS  .  etutitsbuS eht  hcnarb tnelaviuqe na yb emehcs laitini eht fo trap dehcnarb 
 sretemarap htiw r 32  , х 32 ;  htiw( ecnatpecsus dna ecnatcudnoc etaluclac ew taht rof

sehcnarb lellarap eht fo )retcarahc ecnatcaer eht fo tnuocca : 

g2 = 2
2

2
2

2

xr
r = 2020

0 ;0 =       b2 = 2
2

2
2

2

xr
x = 2020

02 0 = .  50 S ( dni .); 

g3 = 2
3

2
3

3

xr
r = 22 0202

02 0 = .  520 S;         b3 = 2
3

2
3

3

xr
x = 22 0202

02 0 = .  520 S ( pac .); 

g 32  = g  2  + g3 0 + 0 = . 0 = 520 .  520 S;         b 32 | = b2 – b3 0 = | .  50 – 0 . 0 = 520 .  520 S ( dni .); 

r 32 = 2
32

2
32

32

bg
g = 22 52005200

5200
..

.  02 = mhO ; 

 x 32 = 2
32

2
32

32

bg
b = 22 52005200

5200
..

.  02 = mhO ( dni .). 

e ehT  etaluclac ot emehcs tnelaviuq eht tnerruc  hguorht  eht  nommoc  noitrop  fo  eht  
tiucric  gif ni detneserp si ,8.3 . b      : i1(t  = ) I1m nis ( t + u –  pni ); 

erehw      I1m = 
2

432
2

321 xxrr

Um =
22 05020201

006 01 = 2  А; 

 pni  = gtcra
321

432
rr
xx = gtcra

0201
0502 = – 54 . 

giF  . 3 8.  

U db  

x3 

I2 

b 

d 
e 

a 

c 

I1 r1 

U 

x4 

x2 

r3 

I3 

U db  

b 

d 
e 

a 
I1 r1 

U 

x4 

x 32  

r 32  

)a  )b  
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ecneH  , swollof sa si eulav tnerruc suoenatnatsni eht  
i1  )t(  = 10 2 (nis  t – 09  + 54  ) = 01 2 (nis  t – 54  ) А, 

gnieb eulav tnerruc evitceffe eht    I1 = 
2

1mI  01 = А. 

v ehT si sehcnarb lellarap eht ssorca egatlo    u db  )t( = U mdb (nis + t u –  pni  + 32 ); 
erehw      U mdb  = I1m

2
32

2
32 xr 01 = 2 22 0202  004 = V; 

 32  = gtcra
32

32
r
x  = gtcra

02
02 = 54 , 

       ro      u db  )t( = 004 (nis  t – 09  + 54  + 54  ) = 004 (nis  )t V. 
seulav evitceffE eht fo eht ssorca egatlov  fo stnerruc dna noitrop tiucric tnelaviuqe 

era sehcnarb lellarap eht  

U db  = 
2
mdbU =

2
004  282 = V; I       2 = 

2x
U db =

02
282 41 = .  1 А; 

I3 = 
2
3

2
3 xr

U db =
22 0202

282  01 = А. 

p ehT esah  stfihs  rof  eht  dnoces  era sehcnarb driht eht dna  

 2 = gtcra
2

2
r
x = gtcra

0
02 = 09 ,    3 = gtcra

3

3
r
x = gtcra

02
02 = – 54 . 

i ehT era sehcnarb lellarap eht fo seulav tnerruc suoenatnatsn  
i2  )t(  = I2 2 (nis +t dbu  –  2  ) = 02 (nis  t – 09  ) А; 
i3  )t( = I 3 2 (nis +t dbu  –  3  ) = 01 2 (nis  t + 54  ) А; 

erehw      dbu  = u –   pni  –   32  = – 09 54 + 54 + .0 =  
ecnalab rewop evitca eht yfirev s’teL    : U I1 soc  pni  = I1

2 r1  + I3
2 r3. 

2
006 01 soc (– 54  ) = 01 2 01+01 2     02 ro  0003     W  0003 = W. 

ecnalab rewop evitcaer eht yfirev s’teL : 
U I1 nis  pni   = I1

2 (– x4 I + ) 2
2 x  2 I + 3

2 (– x3). 

2
006 01 nis (– 54 ) = 01 2 (– )05  + 01( 2 )2 02  + 01 2 (–    )02 ro   – 

 0003 rAV  = –  0003 rAV . 
noisulcnoC  : secnalab  fo  eht  evitca  dna  evitcaer  srewop  era  

 eurt hcihw naem s  melborp eht ,yltcerroc devlos si   gniwolla ti
 ot ward margaid rosahp etelpmoc eht .gif(  )9.3 . 

 tiucric tnereffid ssorca segatlov nwonknu eht etaluclaC
stnemele : 

U ba  = I1 r1 01 =  001 = 01 V; U    cb  = I3 r3 01 =  002 = 02 V; 
U ac  = I3 x3 01 =  002 = 02 V; U    ed  = I1 x4 01 =  005 = 05 V. 

 snigeb noitcurtsnoc margaid rosahP  htiw a eciohc   .selacs tnerruc dna egatlov eht fo
nehT  , a egatlov  rosahp  ssorca  eht  lellarap  sehcnarb  U db  si  nward   tnerruc eht ,ylirartibra

 srosahp I2  , I3 dna  I1  selgna yb nward gnieb  2  ,  3  ,  32  lov eht ot  ,rosahp egat
 .ylevitcepser  otni ekat siht gnioD tnuocca  eht  noisserpxe  I1 = I  2  + I3. 

I1 x4 

I2 

I3 
I3 x3 

U db  

U 

I1 

I3 r3 

1 00 V  

10 А 

I1 r1 

giF  . 9.3  
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 ehT rehto opserroc ni nward era srosahp egatlov rednu snoitauqe eht htiw ecnedn  
 s’ffohhcriK  egatlov  ni noitacol tnemele eht fo redro eht fo tnuocca htiw dna wal  a

 emehcs (s gif ee . ,8.3 b :)   U ba  + U db  + U ed  = U. 
 

3-9 3( 12. ). enimreteD  eht  evitceffe  seulav  fo  lla  segatlov  dna  stnerruc  ni  emehcs  
gif . .3 1 ,0 а  , od  noitacifirev  fo  eht  evitca  dna  evitcaer  rewop  ecnalab  , tcurtsnoc  tiucric eht 

margaid rosahp etelpmoc  , fi  : U = 003  V; r2 = 03  mhO  , x2 = 01  mhO  ; x3 = 33 .  33 mhO  ;
x4 = 2 mhO ; x5 = 02  mhO ; r6 =  01 mhO  ;  x  1 =  8 mhO  ; r  1 =  4 mhO . 

noituloS  . nI   eht emehcs  dnu re  
noitaredisnoc  ereht  era  owt  tiucric  

skrof  : eht  dnoces  dna  eht  driht  
sehcnarb  era  detcennoc  ni  lellarap  

ni  eht  noitrop  cb  yeht , nac  eb 
hcnarb tnelaviuqe na yb detutitsbus  

r 32 -x  32 ( gif . .3 1 ,0 b  ;) ni noitrop eht  
ed   era ereht  owt  lellarap  sehcnarb – 

5 ht  dna 6 ht   nac hcihw  detutitsbus eb
tiucric tnelaviuqe na yb  r 65 -x 65  .  ehT

 si noitutitsbus mrofrep de  eht no 
 snoitalerroc eht fo dnuorg  neewteb

 fo ecnatpecsus dna ecnatcudnoc eht
sehcnarb lellarap eht : 

g2 = 2
2

2
2

2

xr
r = 22 0103

03 0 = .  30 S;         

b2 = 2
2

2
2

2

xr
x = 22 0203

01 0 = .  10 S ( dni .); 

g3                                                     ;0 = b3 = 
3

1
x

=
3333

1
.

0 = .  30 S ( dni .); 

g 32  = g  2  + g3 0 = . 0 = 0 + 30 .  30 S  ;          b 32  = b2  + b3 0 = . 0 + 10 . 0 = 30 .  40 S ( dni .); 

r 32 = 2
32

2
32

32

bg
g = 22 400300

300
..

.  21 = mhO ; 

x 32 = 2
32

2
32

32

bg
b = 22 400300

400
..

.  61 = mhO ( dni .). 

g5     ;0 =     g6 = 
6

1
r

=
01
1 0 = .  1 S;     b5 = 

5

1
x

=
02

1 0 = .  50 Cм ( pac .)        ; b6 ;0 =  

g 65  = g  5  + g6 0 + 0 = . 0 = 1 .  1 S           ;       b 65  = b5  + b6 0 = . 0 = 0 + 50 .  50 S ( pac .); 

r  65 = 2
65

2
65

65

bg
g = 22 50010

10
..

. =  8 mhO ;  x  65 = 2
65

2
65

65

bg
b = 22 50010

500
..

. =  4 mhO  ( pac .). 

tnelaviuqe eht yb dnuof ecnadepmi tupni tiucric ehT emehcs ( gif . .3 1 ,0 b) si  
Z pni  = 2

654321
2

16532 xxxxrrr = 

= 22 426184821 =  03 mhO ; 

x 32  

giF . .3 10 

)b  

e 

I4 

I5 

b d 

f 

a 
I1 

r1 

U 

x4 

r6 

)a  

m x2 

x1 

r2 

x3 

c 

x5 
I3 

I2 
I6 

f 
U ed  

r1 

c 

U cb  

b 
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a 
I1 

r5

6 

U x4 

r 32  

x1 
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soc  pni  =
pniZ

rrr 16532 =
03

4821 = 0. ;8  

nis  pni = 
pniZ

хххх 654321 =
03

42618  = 0. .6  

c ehT tnerru si trap tiucric nommoc eht fo    I  1  = I  4 =
pniZ

U =
03
003 =  01 A, 

 eht era skrof eht ssorca segatlov  U cb   = I1
2
32

2
32 xr 01 = 22 6121 002 =  V, 

U ed   = I1
2
65

2
65 xr 01 = 22 48 04 = 5  V, 

 eht hguorht stnerruc rehto era sehcnarb  

I  2 =
2
2

2
2 xr

U cb =
22 0103

002 2 = 01  A,              I  5 =
5x

U ed =
02

504 2 = 5  A, 

I  3 =
3x

U cb =
3333

002
.

 6 = A,                                          I  6 =
6r

U ed =
01

504 4 = 5  A. 

rewop eht pu kcehc s’teL gif emehcs rof ecnalab rewop evitca ehT .ecnalab . .3 1 ,0 а  si
tauqe na yb debircsed noi   U I1 soc  pni  = I1

2 r1 I + 2
2 r2 I + 6

2 r6,  
003 01 0.8  = 01 2 +4

2
012 +03

2
54     03  

 ro  0003     W  0003 = W  – eurt s’ti . 
ehT  tiucric evitcaer  rewop  ecnalab  swollof sa si  

U I1 nis  pni   = I1
2 x1 I + 2

2 x  2 I + 3
2x3 – I 4

2 x4 – I 5
2 x5, 

003 01 0.  6  = 01 2 + 8
2

012 6 + 01 2 33 .  33 – 01 2  2 – 
2

52     02  
 ro  0081    rAV  0021 + 004 + 008 = –  002 –  004 rAV   – t s’ti eur . 

 ot gniwolla ti ,yltcerroc devlos si melborp eht eurt era secnalab rewop htob ecniS
ward margaid rosahp a . 
sA  ni  emehcs  gif . .3 1 ,0 а ereht  era  owt  skrof  , yllaitini  eht  rosahp  margaid  si  nward  rof 

 seires eht gif tiucric tnelaviuqe . .3 1 ,0 b  noitcurtsnoc sti dna b ge ins morf  yrartibra eht 
rosahp tnerruc eht fo noitcerid eht fo eciohc   I1    eht ot ,yllatnoziroh( tiucric seires eht fo

thgir  ) ( gif .3 . 1 .)1  
’teL  rednu noitauqe na nwod etirw s  s’ffohhcriK  egatlov  ni wal  a  mrof rosahp
ivresbo n ht g e elpicnirp  : emehcs eht ssorca spord egatlov eht  eht wollof yltcirts stnemele 

serroc tpircsbus a htiw deilppus si rosahp egatlov hcae dna noitacol stnemele  ot gnidnop
stniop emehcs eht : 

baU  + 1I r 32   + 1I x 32   + dcU  + 1I r 65   + 1I x 65   + feU =U  = faU . 
tA  eht  emas  emit   baU = 1I x1 = 01 08 = 8  V   tnerruc eht sdael rosahp egatlov siht dna  

1I   yb 09 ; 
I1 r 32  01 =  021 = 21 V  , I           1 x 32  01 =  061 = 61 V, 
U dc  = I1 x4 01 = 2  02 = V, I       1 r 65  01 =  08 = 8 V, 
I1 x 65  01 =  04 = 4 V,                I1 r1  = U fe 01 =  04 = 4 V. 

nI  gif . .3 11,  srosahp pord egatlov eht  1I r 32  , 1I x 32  , 1I r 65  , 1I x 65  a  hsad yb nwohs er
emehcs laitini eht ni tnesba era segatlov eseht esuaceb ,sworra . 
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nehT ssap , no srosahp tnerruc eht fo noitcurtsnoc eht ot  I2 dna  I3  . C tnerru  I3  si
 egatlov eht ot ralucidneprep  U cb  ,  elihw   2I = 1I - 3I . 

C tnerru  I6 si  tes  ni  lellarap  ot  rosahp  U ed  tnerruc elihw , 5I = 1I – 6I   ni tes si
 s’ffohhcriK htiw ecnednopserroc  tnerruc wal . 
 srosahp pord egatlov eht ,nehT mbU = 2I x2   dna   cmU = 2I r2  eht ot drager sa tes era 

 tnerruc  I2. 
gif ni margaid rosahp eht fo weiv etelpmoc a ees yam enO . .3 1  .1 nI  siht  margaid  , eht  

egatlov  rosahp  dmU  .nwohs osla si  

 

3- 01  )52.3(  . gif emehcs nI . .3 12, nwonk si ti : 
U  = 3  00 V;   r  1 = 61  mhO ;     x  1 = 42  mhO ; 

r  2 = 1 76.6  mhO  ;  r  3 =  5 mhO  ;   x  3 =  51 mhO . 
gnidaer tnemurtsni eht enimreteD s. 

noituloS .  .1 etutitsbuS  na  tnelaviuqe  ecnadepmi  noitcennoc  r 32  dna  x 32  lellarap rof 
 sehcnarb eht fo noitcennoc  2 3 dna : 

g2 = 
2

1
r

=
7661

1
.

0 = 60.  S     ; b2  = 0;       Z3 = 2
3

2
3 xr = 22 515 = 052 5 = 01  mhO ; 

g3  = 2
3

3

Z
r =

052
5 0 = .  20 S                   ; b3 = 2

3

3

Z
x =

052
51 0 = .  60 S; 

g 32  = g  2  + g3 0 = 60. 0 + . 0 = 20 .08 S;     b 32  = |b2 – b3|  = |  0 – 0 . 60 | 0 = .06 S ).pac(  

Y 32 = 2
32

2
32 bg = 22 600800 .. 0 = .1 S    ;   Z 32 = 

32

1
Y

 = 01  mhO ; 

r 32 = 2
32

32

Y
g = 210

800
.
.  = 8 mhO ;                            x     32 = 2

32

32

Y
b = 210

600
.
.  = 6 mhO ).pac(  

 .2 dna ecnadepmi tiucric tupnI tcaf rewop sti era ro : 

U ed  

U 

I1 r1 

 65  
I5 I6 

I1 

I3 x3=U cb  

I1 x4 

I2 r2 

I2 x2 

I1 x 32  

I1 r 32  

 23 

I1 x1 

U dm  

52 V  

5.2  А 

giF  . .3 11 

I2 
I3 

I1 

I1 r 65  

I1 x 65  

* 

I1 r1 

U 

r3 x3 

I2 

I3 * 

r2 

A3 

A2 

A1 

x1 

W 

giF  . .3 12 
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Z = 2
321

2
321 xxrr = 22 642861 = 3  0 mhO ; 

soc  =
Z

rr 321 =
03
42  = 0. .8  

e ehT  noitrop tiucric nommoc eht hguorht eulav tnerruc evitceff (  s’retemma tsrif eht

gnidaer     :) I1 = 
Z
U =

03
003  = 01  A. 

v ehT egatlo si sehcnarb lellarap eht fo slanimret eht ssorca  
U 32  Z = 23 I1  = 01 01   = 01  0 V. 

era sretemma driht eht dna dnoces eht fo sgnidaer ehT  

I2 = 
2

32
r

U =
7661

001
.

 = 6 A;           I3 = 
3

32
Z

U =
015

001  = 2 01  A. 

 .3 si gnidaer stI .rewop evitca tiucric eht erusaem ot si retemttaW  
P  = U I1 soc =  3 00 01 0.  = 8 240  0 W. 

rewop evitca srotsiseR  
PR  = r1 I1

2  + r2 I2
2  + r3 I3

2 =  61 01 2  + 76.61 62 5 + 
2

012  = 2400 W 
si  lauqe  eurt si ecnalab rewop evitca eht snaem ti ,rewop evitca ecruos eht ot . 

 

3- 11  3( 2. 2). gif emehcs nI . .3 1 ,3 а nwonk si ti :   u(t) = 001 2 nis ( t+ 03 ) V; 
r  1  =  5 mhO ;   xC  1 =  8 mhO   ; r  2 =  3 mhO  ;   xC  2  =  01 mhO ;   xL  =  4 mhO . 

 ,rotcaf rewop tiucric eht sa llew sa stnerruc eht enimreteD  tcurtsnoc  tiucric eht
 lanoitroporp fo dohtem eht yb devlos eb ot si melborP .margaid rosahp etelpmoc

nI .seititnauq  noitidda  , dluohs uoy  a rewsn  eht   tahw :snoitseuq em  eht eb dluohs fo gnina  
xC2 ecnanoser tnerruc eht hcaer ot  ?  tahW gninaem eht eb dluohs   fo xC1  eht hcaer ot

ecnanoser egatlov ? 

noituloS  .  .1  margaid rosahp a hcteks s’teL ( gif . .3 1 ,3 b  .)    eht trats ot yrassecen si tI
htruf eht si hcihw noitrop tiucric eht htiw noitcurtsnoc  eht si taht( ecruos eht morf tse

 tnerruc eht ward ew yllaitini ,noitcennoc ecnadepmi seires a si ereht sA .)hcnarb driht
 rosahp I3  emehcs eht morf :noitcerid drawkcab eht ni detcurtsnoc si margaid  eht nehT .

al s’ffohhcriK dnim ni gniraeb ecruos eht ot dne  margaid eht fo selur dna sw
.noitcurtsnoc  

 .2  si margaid rosahp eht sa redro emas eht ni demrofrep era snoitaluclac ehT
detcurtsnoc . 

 teL  I  3  1 = A   , i.е   . i3 )t(  = 2 (nis )t  A   . nehT  

Ur  2  = r2 I  3  3 = V     , U Lx   = xL I  3  4 = V     , I  2 =
2

32

Cx
U =

01
5 0 = .  5 A. 

 sexa otno snoitcejorp rosahp tnerruc ehT х dna  у :swollof sa era  

U 32  

xC1I1 
r1I1 

 3 
r2I3 

xLI3 

I3 

I1 
I2 

U 

)a  1 2 

3 

xC2 

r1 
I1 

I2 

r2 

U 

xC1 
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xL 

I3 

y 

x 
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I3x  = I  3  1 = A     , I3y     ;0 =  3  = gtcra
2r

xL = gtcra 
3
4 = 35 .1 , 

I2x  = I2 (soc  3  + 09 )= 0 .5 (– 0.  = )8 – 0.  4 A     , I2y  = I2 (nis  3  + 09 ) = 0 .5 0. 0 = 6 .  3 A. 
snoitcejorp sti yb tnerruc tsrif eht enimreteD : 

I1x  = I2x  + I3x  = – 0. 0 = 1 + 4 .  6 A        , I1y  = I2y  + I3y 0 = .  3 A, 
 I  1 = 2

1
2
1 yx II = 22 3060 .. 0 = .  176 A. 

si esahp tnerruc tsrif ehT     i  1  = gtcra
x

y

I
I

1

1 = gtcra 
60
30

.

. = 62 .6 . 

itcejorp sti yb egatlov tupni eht fo eulav detaluclac eht enimreteD sno : 
U Cx 1 = x C1 I1 = 8 0. 5 = 176 .  63 V    ; Ur1 = r 1 I1 = 5 0. 3 = 176 .  53 V, 
Ux  = U Cx 1  (soc 09  – i1 U + ) r1 (soc i1 U + ) r2 =  

5 = . 63 (soc 09  – 62 .6  ) + 3. 53 (soc 62 .6 + ) = 3  8.  04 V, 
Uy  = U Cx 1 (nis i  1 – 09  ) + U r1 (nis i1 U + ) Lx =  

5 = . 63 (nis 62 .6  – 09  ) + 3. 53 (nis 62 .6 + ) = 4  0.  707 V, 
U clac  = 22

yx UU = 22 7070048 .. 8 = .  34 V, 

U clac   = gtcra
x

y

U
U

= gtcra 
348
7070

.
. = 4.8 . 

 .3 era stneiciffeoc noitaluclacer ehT : 

k = 
clacU

U =
348
001

.
= 11 .      ;68 = U – U clac = 03  –  4.8 52 = .2 . 

 .4 o ehT niatb de  srewsna era   i1(t) 7 = . 69 2 nis ( t  + 15 .8 ) A; 
i2 )t(  5 = . 39 2 (nis  + t 861 .4 ) A; 
i3 )t(  11 = . 68 2 (nis  + t 52 .2 ) A. 

 .5 uc ehT noitidnoc ecnanoser tnerr si       : b2  = b3. 

b2 =
2

1

Cx
     ; b3 = 22

2 L

L

xr
x =

52
4  S  ;     хС  2 =

2

1
b

=
3

1
b

=
4
52 6 = .  52 mhO . 

 .6 noitidnoc ecnanoser egatlov ehT si    хС1  = х 32 , 

revewoh     Z 32  =
1

32
I

U =
1760

5
.

7 = .  64 mhO , 

х  32  = Z 32 nis (  3 – i1  ) = 7. 64 nis ( 1,35  – 62 .6 = ) 3 .  33 mhO . 
suhT  ,  devresbo si ecnanoser egatlov eht

 fo noitidnoc ta   хС1 3 = .  33 mhO . 
 

3- 21  3( 2. )4 . enimreteD  eht  stnemurtsni  ’
gnidaer  yb  dohtem  fo  rosahp  smargaid  ni  
emehcs  gif .3 . 41  , fi : 

U  002 = V    ; х  1  8 = mhO ; х    2  01 = mhO ; 
r  3  5 = mhO    ; х  3  51 = mhO ;    r  1  6 = mhO . 

 tcurtsnoC a margaid rosahp tiucric . 
srewsnA : A  1 01 A ;  V  422 V ; 

A  2 4,22 A ; A   3 41,41 A ;   W 0001 W . 

* 

r1 

* W 

giF  . .3 41  

A1 

r3 

V 
x3 

x1 

U 
x2 

A3 A2 
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.3 3 XELPMOC . -  NOITATON  )CILOBMYS( DOHTEM  
3- 31  3( 92. ).  evloS eht xelpmoc yb 2.3 melborp - .dohtem noitaton  

noituloS  . tad laitinI  detneserp era a  yb  xelpmoc srebmun : 
 eht  xelpmoc edutilpma egatlov tiucric si     Um  = Um e j  u 002 = e – j 02 V ; 

 eht  xelpmoc  tiucric r-  L   si ecnadepmi  
Z j + r = = L  + 53 j2 05 08 01  –3  + 53 = j 52 . 34 = 21 .1 e j  53 . 76 mhO . 

 eht etaluclaC  xelpmoc pma tnerruc wal s’mhO yb edutil  

Im = 
Z

U m =
7653

02

134

002
.j

j

e.

e 4 = . 46 e –j 55 . 76  А. 

eulav suoenatnatsni tnerruc ehT si  

 )t(i mI = tj
m eI mI = tj.j ee. 7655464 = 

= mI ).t(je. 7655464 = 4. 46 (nis  t – 55 . 76 A ) . 

c ehT op xelpmo si tupni tiucric eht ta rew  

S = 
2

mm IU =
2

464002 765502 ,jj e,e 464 = e j  53 . 76  773 =  + j 072 .  5  АВ  = Р  + Qj . 

 
3- 41  3( 03. ). nI  emehcs  gif . .3 51  , etaluclac  eht  evitceffe  dna  suoenatnatsni  

 fo seulav eht c eht ssorca egatlov ticapa ro  , fi  
U 083 =  V;    r  1 = mhOk ;   С  2 = F. 

noituloS  . teL ’s enibmoc  eht  tupni  egatlov  rosahp  htiw  eht  laer  sixa  . nehT  
U  = U 083 =  V. 

 ehT  xelpmoc si ecnadepmi tiucric  

Z  = r – jхС  = r – j
C
1  =  0001 – j 6012413

1 =  0001 – j 0881 = 2951 e –j 75 . 78  mhO . 

xelpmoc tnerruc tiucric eht enimreted ew ,wal s’mhO rednU  

I = 
Z
U =

78750881

083
.je

0 = . 202 e j 75 . 78  А. 

 ssorca egatlov xelpmoC eht ecnaticapac si  
UС =  I (–jхС  ) = 0. 202 e j 75 . 78 (– j 2951  ) = 123 .8 e –j 23 . 31  V. 
i ehT tnatsn suoena  eulav  fo  eht  egatlov  ecnaticapac eht ssorca si  

uС(t  ) mI = tj
C eU2  = 554 .1 nis ( t – 23 . 31  ) V. 

 

3- 51  3( 13. ). gif emehcs nI .3 . 61 gnidaer retemma eht enimreted , , fi  
u(t  )  = 003 nis ( t – 23 . 31  ) V;    r  1  21 = mhO ;   r  2  = хL  1  61 = mhO ;   хL  2  02 = mhO ; 

хC  2  23 = mhO ;   r  3  = хL  3  001 = mhO ;   хC  1 21 = .  5 mhO . 
noituloS  . :sehcnarb lellarap eht fo secnadepmi xelpmoc eht enimreted s’teL  

Z1  = r1 + jхL1 =  + 21 j 61  mhO  ;       Z2 = r2 + j(хL  2 – хС2  )  =  61 – j  21 mhO ; 
Z3  = r3  001 = mhO ;      Z4  = – jхС1  = – j 21 .  5 mhO ;      Z5  = jхL3  = j  001 mhO . 

 ehT  xelpmoc si ecnattimda tiucric  

Y =
1

1
Z

+
2

1
Z

+
3

1
Z

+
4

1
Z

=
6121

1
j

+
2161

1
j

+
001

1 +
521

1
,j

+
001

1
j

= 

giF  . .3 51  

C U 
r 
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= 0 .  + 80 j0. 0 = 60 .1 e j 63 .9  S. 
ehT  xelpmoc  tupni   gnidnopserroc egatlov

swollof sa si diosunis sti ot    U = 
2
003 e –j 03  V. 

 enimreted eW eht  eht hguorht tnerruc 
wal s’mhO yb trap tiucric nommoc  

I =  Y U = 0.1 e j 63 .9

2
003 e –j 03  12 = . 12 e j 6.9  А. 

yllaniF  , sdaer retemma 12 .  12 А. 
 

3- 61  3( 23. ). melborp eht fo noitidnoc nI  .3 12  ,
xelpmoc eht fo dia eht htiw gnidaer tnemurtsni eht enimreted - dohtem noitaton . 

noituloS  . teL ’s enibmoc  na  tupni  egatlov  rosahp  htiw  eht  laer  sixa  , snaem ti  
U  = U 002 =  V. 

teD  eht enimre  xelpmoc secnadepmi hcnarb  
Z1 = r1 – jх1 =  6 – j8 mhO ;        Z2 = jх2 = j  01 mhO  ;       Z3  = r3 – jх3 =  5 – j 51  mhO . 
 ehT  xelpmoc swollof sa si ecnadepmi tiucric  

Z = Z1 +
32

32
ZZ
ZZ =  6 – j + 8

51501
51501

jj
)j(j  61 =  + j  21 мО . 

uos ehT si tnerruc ecr      I1 = 
Z
U =

2161
002
j

 8 = – j 01 = 6 e –j 63 .9  А. 

era sehcnarb lellarap eht hguorht stnerruc ehT  

I2  = I1
32

3
ZZ

Z 01 = e –j 63 .9

55
515

j
j  01 = – j 22 = 02 . 63 e –j 36 .4  А; 

I3  = I1
32

2
ZZ

Z 01 = e –j 63 .9

55
01
j

j  = –  2  + j 41 = 41 . 41 e j 89 .1  А. 

 ehT egatlov  ssorca  eht  lellarap  sehcnarb   yb derusaem si  a ot deilppus si dna retemtlov  
 a gnieb ti ,retemttaw  

UW  = I2 Z2 22 = . 63 e –j 36 .4 ·j 322 = 01 .6 e j 62 .6  002 =  j +  001 V. 
si gnidaer retemttaw ehT  

PW [eR = U  W 1I [eR = ] 6,322 e j 62 .6 01 e j 63 .9 ]  =  0001 W. 
ecneH  , tnemurtsni eht gnidaer s era : 

А1  01 А;     А2 22 .  63 А;     А3 41 .  41 А;    V 322 .  6 V;    W  0001 W. 
 
3- 71  3( 33. ). nI  emehcs  gif 3 . . 71 ,a ti  si  nwonk  : Е1 = Е2 =  001 V  , eromrehtruf , Е2 sdael  Е1 

yb 09   ; J =  5 A   , ot esahp etisoppo ni si ecruos siht fo tnerruc eht ,eromrehtruf  Е2   ;
r = хC = 01  mhO ;    хL = 02  mhO . 

 enimreted ot yrassecen si tI  ni stnerruc eht  lla  eht hcnarb se ht sa llew sa  retemttaw e
 ,gnidaer wo tuo kr ecnalab rewop evitcaer eht dna  rof margaid cihpargopot eht tcurtsnoc 

 pool 1-2-3- .1  
noituloS  . teL ’s enibmoc  eht  rosahp  Е1  era sexelpmoc ecruos eht neht ,sixa laer eht htiw 

swollof sa : 
Е1  =  001 V;    Е2  = 001 e j 09   = j 001  V;    J  = 5 e –j 09   = – j5 A   .  

u 

xC2 

r2 

r1 

r3 

giF . .3 61  

A 

xL1 

xL2 

xC1 

xL3 
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ecniS  ereht  era  owt  sedon  ni  eht  emehcs  enimreted ot dohtem lanoitar a neht ,  eht

:sedon owt fo dohtem si stnerruc     U 21 = 
321

2211
YYY

JYEYE , 

erehw  era secnattimda xelpmoc hcnarb eht     Y1 = 
r
1 =

01
1 0 = .  1 S; 

Y2 = 
CL xjxj

1 =
0102

1
jj

=
01

1
j

 = – j0.  1 S;        Y3 = 
Cxj

1 =
01

1
j

 = j0.  1 S. 

nehT     U 21  =
101010

51000110001
,j,j,

j),j(j, = j  05 V. 

wal s’mhO yb stnerruc eht enimreteD :    I 1 = 
r
UE 211 =

01
05001 j  01 = – j  5 А; 

I 2  = (Е  2  + U 21 ) Y2  = j(  001 j + 05 ) (–j0.1)  51 = А; 
I 3 =  U 21 Y3 =  j 05 j0.  = 1 –  5 А. 

enO  yam  yfirev  eht  ssentcerroc  fo  eht  tnerruc  ed mret ni a noit   s’ffohhcriK yb  tnerruc
 edon rof wal   :1 – I 1  + I 2  + I 3  + J    0 = ro    –  + 01 j  51+ 5 –  5 – j .0 = 5  

si gnidaer retemttaw ehT    : PW [eR = U 41 (– 1I )]. 
 s’ffohhcriK rednU  egatlov dnif ew wal  

U 41  = – Е2  + I 2 (–jхС)  = –j 51 + 001 (–j 01 )  = –j  052 V. 
nehT     PW [eR = – j 052 (– 01  – j5)  = ] –  0521 W. 

ecnalab rewop evitcaer ehT : 
si rewop evitcaer ecruos eht  

QG = [mI Е1 1I  + Е2 2I + ( – U 21 ) J ] = [mI 001 01(  + j )5  + j 001  51 – j 51 j5]  =  0002 rAV ; 
t si rewop evitcaer remusnoc eh  
QC = I2

2 (хL – хС)  + I3
2 (– хС  ) = 51 2  01 – 5 2  01 =  0002 rAV . 

 ecnalab rewop evitcaer eht ,oS QG = QC eurt si . 
margaid cihpargopot eht gniward elihW  emussa ,   2  ,0 = neht  

 1 = I3 (– jхС) = U  21  = j  05 V;      3  =  1 – Е1 = –  + 001 j  05 V;      2  =  3  + I1 r .0 =  
nI  if g 1.3 . 7,b  eht si ereht margaid deriuqer . 

etoN  , eht  tnerruc  noitaluclac  m ya  eb   eht yb dellifluf hsem  dohtem tnerruc  gnivah
evlos d metsys noitauqe gniwollof eht   II (r – jхС  ) – I II (–jхС  ) – J (–jхС)  = Е1; 

–II (–jхС  + ) I II (jхL – 2jхС  + ) J (–jхС)  = Е2. 

xC 

I3 

b) * I2 
E2 

I III  

* 

)a  

3 

I1 

U 21  J 

II 

r 

E1 
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3- 81  3( 43. ). gif emehcs nI . .3 81  nwonk si ti  : Е1  =  083 V,   Е2  = j  001 V,    J  = 01 е j 54  A, 
r1 = 01  mhO ,    х1  = 41 .  92 mhO , 

r3 = 6  mhO   , х2 = 3 .  3 mhO . 
etaluclaC  eht  stnerruc  yb  eht  dohtem  fo  

owt  sedon  , ekam  eht  gnikcehc  noitaluclac  yb  
eht  hsem  tnerruc  dohtem  , row tuo k  eht  

rewop  ecnalab  ,  tiucric eht tcurtsnoc
 eht htiw denibmoc margaid cihpargopot

 tnerruc margaid rosahp . 
noituloS  .  .1  ehT  xelpmoc epmi hcnarb -

secnad era : 
Z1 = r 1 – j х1 =  01 – j 41 . 92  mhO ; 
Z2 = j х  2 = j 3.  3 mhO ;        Z3 r =  3 = 6  O mh . 

 .2 luclac tnerruc ehT sedon owt fo dohtem eht yb noita si : 

U ba  = 1
3

1
2

1
1

1
22

1
11

ZZZ
JZEZE = 

= 111

11

633924101
70770733001924101083

).j().j(
.j.).j(j).j( = 

= 38 . 06 е j 561 .4  = – 08 .  + 98 j 12 .  90 V. 

I1 = 
1

1
Z

UE ba =
924101

90129808083
.j

.j. 62 = . 54 е j 25 .4 = 61 .  + 41 j 02 .  69 А; 

I2 = 
2

2
Z

UE ba =
33

90129808001
.j

.j.j 44 = . 31 е j 33 .7  = 63 .  + 07 j 42 .  15 А; 

I3 = 
3Z

U ba =
6

90129808 .j.  = 31 . 39 е j 561 .4  = – 31 .  + 84 j3.  25 А. 

 .3 stnerruc pool eht rof metsys noitauqe ehT si : 
(Z1  + Z3) I  I  + Z3 I II   = Е  1 – Z3 J; (         01  – j 41 . 92 +6) I  I  + 6 I II  083 =  – 6 (7. 70  + j7. 70 ); 
Z3 II ( + Z2  + Z3) I II   = –Е  2 – Z3 J 6       . II j( + 3.  3  + 6) I II   = –j 001  – 6 (7.  + 70 j7. 70 ). 

s ehT metsys eht fo noitulo si :   II = 62 . 54 е j 25 .4  А  ;   I  II  =  – 44 . 31 е j 33 .8  А. 
pool eht hguorht denimreted stnerruc hcnarb ehT ra stnerruc swollof sa e : 

I1  = II = 62 . 54 е j 25 .4  А;   I2  = –I II  = 44 . 31 е j 33 .7  А; 
I  3  = II  + I II   + J =  61 .  + 41 j 02 . 69  – 63 .  07 – j 42 . 15  + 7.  + 70 j7. 70  = – 31 .  + 94 j3. 25  А. 

 .4  ehT  xelpmoc si rewop ecruos : 
SG = Е1 1I  + Е2 2I + U ba J = 

= 083 61( .  + 41 j 02 .  + )69 j 001 63( .  + 07 j 42 . ( + )15 – 08 .  + 98 j 12 . )90 7( .  70 – j7. )70  = 
=  2618 – j  3753 AV . 

sremusnoc fo rewop evitcaer dna evitca ehT era : 
PC = I 1

2 r1 I + 3
2 r3 = 62 . 54 2 31 + 01 . 39 2 0618 = 6  W; 

QC I = 1
2 (–х1  )  + I2

2 х2 = – 62 . 54 2 41 . 44 + 92 . 31 2 3.  3  = –  1753 rAV . 
ecniS  P  C  eR (SG  ) dna  Q  C mI (SG)  , eurt si ecnalab rewop eht snaem ti . 

 .5 stniop tiucric tnereffid eht fo sexelpmoc laitnetop eht etaluclac s’teL  . emussA  
 b =  ,0 neht    a = U ba  = – 08 .  + 98 j 12 .  90 V. 

r3 
I II  

I3 

E2 I III  

I2 

e 

I1 

J 

II 

r1 

E1 
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 ehT ot reh top era slaitne  
 c =  a + Е2 = – 08 . +28 j  90,121 V; 
e  = a  – E1 = – 064 . 98  + j 12 .  90 V; 

 d  = –I1 (–jх1  ) 873 = .0 е j 241 .4  V. 
 ni margaid eht ees yam enO

gif . .3 91 . 
 
 
 

.3 4  . ECNATCUDNI LAUTUM HTIW STIUCRIC  
3- 91  3( 74. ). ralimis kraM  gif emehcs ni slanimret .3 . 02 ,а. 

noituloS  . kram s’teL  gnissessop lioc tsrif eht fo lanimret reppu eht w1  snrut fo rebmun
 yb  eht ngis  ,* lanimret mottob eht ngis a tuohtiw tfel gnieb  . rehtruF  , ew  esoohc  eht  

yrartibra  noitcerid  fo  eht   tnerruc lioc tsrif i1 (  ni  eht  eht edisni detcerid si ti erugif
htiw lanimret ngis .)*  

htiW  eht  dia  fo  
eht  thgir  dnah  elur  

( ro  eht  thgir -  dnah
)elur wercs  ,  ew

 noitcerid eht dnif
 citengam eht fo

xulf  Ф 11  fles fo -
 eht fo noitcudni

lioc tsrif  . At eht  
emit emas  ew  wohs   ecnatcudni lautum fo xulf citengam eht fo noitcerid eht Ф 21  

( tpircsbus  »1« – dleif  tnerruc eht yb  i1  , tpircsbus  »2« – lioc dnoces eht nopu noitca .)  
t redro nI o dnif  ralimis eht  lanimret   )*( fo  eht  dnoces  lioc  ,  yrartibra eht esoohc ew

tnerruc lioc dnoces eht fo noitcerid  . roF  ecnatsni , eht  tnerruc  i2 sretne   mottob eht otni
lanimret  , sexulf fo snoitcerid eht dnif ew neht  Ф 22  dna  Ф 12 . 

nI  emehcs  gif . 2.3 0,а fles fo sexulf citengam eht sneppah ti -  lautum dna noitcudni
lioc hcae ni )noitcerid etisoppo ni wolf( detcartbus era noitcudni . oS  , eht  stnerruc  i1 dna  

i2  eht sdrager sa yltnereffid detcerid era ralimis slanimret  , lanimret eht  )*(  dnoces eht fo
daehrevo detautis gnieb lioc . 

etoN  , o noitisop eht f ralimis  fo snoitcerid nesohc eht no dneped ton seod slanimret 
 stnerruc eht gnikram elihw  ,eromrehtruf ,  ylno deificeps si noitisop rieht  citengam eht yb

htap gnidniw eht dna noitcurtsnoc eroc . 
tA  rehtruf  noitagitsevni  fo  eht  emehcs  gnidulcni  sgnidniw  w1 dna  w2  emehcs eht ,

gif . 2.3 0,а  si ecalper  yb d eht gif emehcs 2.3 . 0,b. 

* 
xM xM i2 
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V 
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3- 02  3( 84. ). gif nI . .3 12 ,а  a ni detcennoc era hcihw slioc delpuoc ylevitcudni era ereht
 htiw edon ralimis slanimret  , gif ni elihw .3 . 12 ,b  edon a ni detcennoc era slioc emas eht

nu htiw s ralimi slanimret  . sesac htob ni gnidaer retemtlov eht enimreteD  , fi  :
x1 = 02  mhO  , x2 = 01  mhO  , tneiciffeoc gnilpuoc lioc eht si  k = 0.  ,5  ecnatcaer eviticapac
si   x3 01 =  mhO   , fme   e(t) 001 = 2 nis ( t  ) V. 

noituloS  . italuclac eht mrofreP ehT .mrof xelpmoc ni sno  ecruos   htob ni fme xelpmoc
si semehcs   E  = E e j e 001 =  V. 

 yhw s’taht ,etinifni si ecnadepmi retemtlov ehT eht  semehcs htob ni tnerruc retemtlov 
si   i  2  ,0 = era sexelpmoc tnerruc eht elihw  

I1  = I3 = 
31 xjxj

E =
0102

001
jj

 = – j  01 A. 

V egatlo  UM  = I1 xj M  , decudni  ni  eht  dnoces  lioc  yb  eht  gnitanretla  tnerruc  I1, ah s eht  
emas  noitcerid  sa  eht  tnerruc  I1  sa drager ot  eht  ralimis  slanimret si hcihw ,  ni detcelfer 

semehcs htob  gif . .3 12 ,а dna .3 12 ,b  . udni lautum ehT swollof sa si ecnatcaer evitc  
xM  = k 21xx 0 = .5 0102 5 = 2  mhO . 

enO  c na  etaluclac  a egatlov  ssorca   s’ffohhcriK fo dia eht htiw slanimret retemtlov eht
 egatlov gif emehcs nI .wal .3 . 12 ,а    UV – I3 (– jx3) – UM  ,0 =    ereh morf  

UV  = (– j 01 ) ( – j 01 )  + (– j 01 ) j5 2  = – 01 + 001 7.  = 70 – 92 .3 V, 
si gnidaer retemtlov eht elihw     UV 92 = .3 V. 

gif emehcs eht nI .3 . 12 ,b         UV – I3 (– xj 3)  + UM   ,0 = ereh morf  
UV  = (– j 01 ) ( – j 01 ) – (– j 01 ) j5 2  = –  001 – 01 7.  = 70 – 071 .7 V, 

 si gnidaer retemtlov eht elihw     UV 071 = .7 V. 
etoN  , siht   eht eulc ot yaw lacitcarp eht setartsulli melborp ralimis  eht fo slanimret 

tI .sgnidniw remrofsnart  si  tneiciffus  tsuj  ot  erapmoc  b  owt rof gnidaer retemtlov eht tu
edulcnoc ot dna noitcennoc gnidniw yradnoces remrofsnart eht fo sesac . 

3- 12  3( 94. ). ehT  emehcs  sretemarap  gif . .3 22 ,а era  r1 = 01  mhO  , x1 = 02  mhO  ,
r2 = 04  mhO  , x2 = 03  mhO , xM = 02  mhO  ,  si egatlov ylppus eht U = 022  V  . iF  dn  eht

 .sgnidaer tnemurtsni tcurtsnoC  ecnalab rewop a nwod etirW .margaid rosahp tiucric eht 
enimreteD .noitauqe  eht  evitca  rewop  dettimsnart   eno morf dleif citengam eht hguorht
.rehtona otni hcnarb  

noituloS  . emussA  U 022 =  V.  ehT  xelpmoc secnadepmi hcnarb era  

b) 

giF  . .3 22  

xM 

* 

* 

* 

* 

)а  
I 

r1 

U 

I2 

x2 

r2 

W A 

x1 

A1 
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– I1 xj M 

– I2 xj M 

I1 r1 
I2 r2 I 
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Z1  = r  1  + xj  1  + 01 = j  02 mhO    , Z2  = r  2  + xj  2  + 04 = j  03 mhO    , ZM  = xj M  = j 02  mhO . 
teL ’s yolpme  eht  :stnerruc eht etaluclac ot metsys noitauqe s’ffohhcriK  

I  = I  1  + I2      ; I1 Z1 – I2 ZM  = U      ; I2 Z2 – I1 ZM  = U. 
l owt fo metsys noitauqe eht gnivloS snoitauqe retta niatbo ew , : 

I  1  = U 2
21

2

M

M

ZZZ
ZZ = 20203040201

020304022
)j()j()j(

)jj( = 21 .6 e –j 82 . 63 = 11 . 90  – j5.  99 A; 

I  2  = U 2
21

1

M

M

ZZZ
ZZ = 20203040201

020201022
)j()j()j(

)jj( 8 = . 11 e –j3. 47 = 8. 90  – j0.  35 A; 

I 11 = .  90 – j5. 8 + 99 .  90 – j0. 91 = 35 .  81 – j6. = 25 02 . 62 e –j 81 . 77  A. 
ecnalab rewop eht yfireV  . si rewop ecruos ehT  

SG  = PG  + Qj G  = U I 022 = ( 91 .  + 81 j6. 25  )  + 0224 = j  4341 AV . 
latoT si sremusnoc eht fo rewop evitca  
РC  = I1

2 r1  + I2
2 r2 21 = .62 8 + 01 . 11 2  9124 = 04 W, 

latot si rewop evitcaer  
QC I = 1

2 x1  + I2
2 x2 – 2 I1 I2 xM (soc i1 – i2) =  

21 = .62 8 + 02 . 11 2  03 – 2 21 .6 8. 11 02 soc (– 82 . 63  + 3. 47 )  3341 = rAV . 
los si melborp eht ,eurt era secnalab rewop htob ecniS yltcerroc dev . 

etoN  ,  eht tnenopmoc rewop evitcaer eht fo       – 2 I1 I2 xM soc ( i1 – i2)  = –  6173 rAV  
oned tes eht  evitcaer  rewop  dnamed  ot   evitca eht rof yrassecen xulf citengam eht etaerc

noissimsnart rewop  , ngis a elihw « sunim  » t ot stniop rewop siht fo  gninekaew lautum eh
fles eht fo )noitazitengamed( -  sexulf noitcudni lautum eht yb sexulf noitcudni (  ees

gif . .3 02 .)  
si gnidaer retemttaw ehT    РW =  eR (U 2I ) = [eR 022 (8. 90  + j0. 35  = ])  0871 W. 

w ehT etemtta  eht yb hcnarb dnoces eht ot dereviled rewop evitca eht serusaem r
« rennam cirtcele       :» Р2 pni  eR = (U 2I )  =  0871 W. 

es eht yb demusnoc rewop evitca ehT  htiw ecnadrocca ni denimreted si hcnarb dnoc
eluoJ wal s’   Р2C = I2

2 r2 8 = . 11 2  1362 = 04 W. 
ecnereffiD  fo  t eseh  srewop  rb tsrif eht otni dereviled si  citengam eht hguorht hcna

dleif    Р2 1  = Р2 pni  – Р2C    0871 = –  = 1362 –  158 W. 
A ngis « sunim  » ni  eht  tluser  deniatbo  setacidni  taht  ni  ytilaer  ereht  si  na  evitca  rewop  

noissimsnart  morf  eht  tsrif  hcnarb  otni  eht  dnoces  eno  (Р1 2  158+ = W  )  eht revoc ot
gnireviled naht retaerg noitpmusnoc( egatrohs rewop .)  

etoN  , ereht  si  rehtona  rewop evitca siht etaluclac ot yaw dettimsnart : 
Р1 2  = – I1 I2 xM (nis i1 – i2)  = – 21 .6 8. 11 02 (nis – 82 . 63 3 + . 47 )  158+ = W. 
oT  tcurtsnoc  a rosahp  margaid  , yllaitini  ew  ward  )sexelpmoc( srosahp tnerruc eht  I1 

dna  I2
  ( gif .3 . 22 ,b  .) detaluclac era spord egatlov eht nehT  

I1 r  1 21 = .6  01  621 = V,      I1 x  1 21 = .6  252 = 02 V     ,  I2 xM 8 = . 11 261 = 02 .  2 V, 
I2 r  2 8 = . 11 423 = 04 .  4 V,    I2 x  2 8 = . 11 342 = 03 .  3 V    , I1 xM 21 = .6  252 = 02 V. 

 noitidda rosahp eht fo snoitarepo eht mrofrep ew ,nigiro etanidrooc eht morf gnitratS
tiw ecnadrocca ni metsys noitauqe s’ffohhcriK laitini eht h : 

I1 r  1  + I1 xj 1 – I2 xj M  = U, 
I2 r  2  + I2 xj 2 – I1 xj M  = U. 
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gif ni detneserp si margaid rosahp ehT .3 . 22 ,b. 
 

3- 22  3( 05. ). nehW  hctiws  Р ,nepo si  
eht  emehcs ni gnidaer retemtlov 
gif . .3 32 si 051  V  .  emehcs ehT

era sretemarap  U = 003  V, 
r1 = 21  mhO , x1L = 01  mhO , 
x1C = 62  mhO , r2 4 =  mhO , 
x2 02 =  mhO   , r 21 =  mhO   ,  

 stnerruc emehcs eht dniF w desolc si hctiws eht neh  , tcurtsnoc ahp tiucric a  ros
margaid . 

noituloS  . enimreteD  xM morf  no- daol  noitidnoc  fo  eht  elgnis - esahp   remrofsnart I2o =  0  
nehw hctiws eht nepo si . 

I1o =
CL xjxjr

U
111

=
)(j 620121

003 51 = e j 35 . 31  A; 

U2o  = I1o xM – eht  gnidaer retemtlov  ,  morf ereh    x  M =
o

o
I

U

1

2 =
51
051 01 =  mhO . 

 pihsnoitaler a pu kcehc s’teL morf gnitluser lautum eht nonemonehp noitcudni  
xM  21хх < 01   : 0201  –   eurt s’ti . 

neht ,desolc si hctiws eht nehW iK htiw ecnadrocca ni  s’ffohhcr  egatlov  eht rof wal
evah ew ,remrofsnart eht fo spool yradnoces dna yramirp  

I1 Z1 – I2 ZM  = U          ; I2 Z2 – I1 ZM ,0 =  
si pool yramirp eht fo ecnadepmi xelpmoc eht erehw  

Z1  = r  1  + xj 1L –  xj 1C  21 = – j  61 mhO , 
si pool yradnoces eht fo taht  Z2 =  r  2  + r  + xj  2  + 61 = j  02 mhO , 

i ecnadepmi lautum s  ZM  = xj M  = j 01  mhO , 
si egatlov xelpmoc eht   U 003 =  V. 

metsys noitauqe eht gnivloS  , dnif ew : 

I  1 = 2
21

2

MZZZ
ZU = 20102616121

0261003
)j()j()j(

)j( 21 = . 55 e j 25 . 38 7 = .  + 285 j  01 A; 

I  2 = 2
21 M

M

ZZZ
ZU = 20102616121

01003
)j()j()j(

j 4 = .9 e j 19 .5  = – 0.  + 821 j4.  9 A. 

snoitaluclac tnerruc eht fo dnuorg eht no ecnalab rewop eht pu kcehc s’teL . 
SG = PG  + Qj G  = U 1I 003 = (7.  285 – j 01  )  5722 = – j   0003 AV . 
latoT si sremusnoc eht fo rewop evitca  
РC = I1

2 r1  + I2
2 (r2  + r  )  21 = . 55 2 4 + 01 .92  4722 = 61 W  PG. 

latoT si sremusnoc eht fo rewop evitcaer  
QC = I1

2 (x1L – x1C)  + I2
2 x2 – 2 mI (I2 xj M 1I ) =  

21 = . 55 2 (  01 - 62 ) 4 + .92  02 – 2 mI (4.9 e j 19 .5 01 e j 09 21 . 55 e –j 25 . 38 ) = 
= –  0402 – 2 mI ( 516 e j 821 . 76 ) = –  0402 –  = 069 –  0003 rAV  = QG. 

r2 * * 

x2 

Р r1 

giF  . .3 32  

U r V x1L 

I1 

x1C 

I2 

xM 
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etoN  , a remrofsnart  sah  on “ cirtcele  ” yaw  ot  timsnart  ygrene  morf  eht  yramirp  lioc  
otni  eht  yradnoces  eno  , taht ’s yhw  eht  evitca  rewop   si noissimsnart tucexe  tub de

leif citengam eht hguorht tpek gnieb ytilauqe gniwollof eht ,d  
Р1 2  = – eR (I2 xj M 1I  ) = I2

2 (r2  + r). 
erus ekam s’teL : 

Р1 2  = – eR (4.9 e j 19 .5 01 e j 09 21 . 55 e –j 25 . 38  )  = – eR ( 516 e j 821 . 76 ) = 483 .  3 W  
 4.92 483 = 61 .  2 W. 

olc eht ta gnidaer retemtlov ehT si hctiws des  
UV =  I2 r  4 = .9 85 = 21 .  8 V. 

 oT tcurtsnoc spord egatlov eht etaluclac ew ,margaid rosahp a : 
I1 r1 21 = . 55 051 = 21 .  6 V;  I1 x1L 21 = . 55 521 = 01 .  5 V; 
I1 x1C 21 = . 55 623 = 62 .  3 V;  I2 xM 4 = .9  94 = 01 V; 
I2 r2 4 = .9 91 = 4 .  6 V;   I2 x2 4 = .9  89 = 02 V; 
I2 rН 4 = .9 85 = 21 .  8 V;  I1 xM 21 = . 55 521 = 01 .  5 V. 

gnitcurtsnoc trats eW  a  eht htiw margaid rosahp  srosahp tnerruc I  1 dna  I2  eht no
 htiw ecnadrocca ni enalp xelpmoc detaluclac eht   sexelpmoc ( gif .3 . 2 .)4  

mrofrep era srosahp pord egatlov ehT de w ecnadrocca ni hti   s’ffohhcriK  egatlov  wal
 spool rof           I1 r1  + I1 xj 1L – I2 xj M  + I1 (- xj 1C)  = U; 

I2 rН  + I2 r2  + I2 xj 2 – I1 xj M .0 =  

 

 

I2 r2 

-I1 xj M 
I2 r 

I1 (- xj 1C) 

giF . .3 42  
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3- 32  3( 15. ).  eht ezylanA  eht fo etats remrofsnartotua na htiw tiucric ( gif . .3 52 ,а  ,)  dnif
orht dettimsnart rewop evitca eht  ,dleif citengam eht hgu tcurtsnoc  rosahp tiucric a 

fi ,margaid  x1 = 04  mhO  , x2 = 08  mhO  , xM = 05  mhO  , r3 = 04  mhO  , x3 = 02  mhO   ,
E = 022  V. 

noituloS  .  htiw dekram  neeb evah slanimret ralimis eht  nehW  citengam eht fo dia eht
 sexulf Ф  11 dna  Ф 22 irtcele eht ,  seriuqca noitaluclac rof emehcs tiucric c eht mrof ni  

gif . .3 52 ,b  ,  etats sti  yb denifed si metsys noitauqe s’ffohhcriK  
I1  = I2  + I3; 
I1 xj 1  + I2 xj M  + I3 (– xj 3)  + I3 r3  = E; 
I2 xj 2  + I1 xj M – I3 (– xj 3) – I3 r3 .0 =  

 eb lliw margaid rosahp tiucric ehT tsnoc tcur  noitauqe siht htiw ecnadrocca ni de
metsys . 

 lautum eht etanimile ew ,evoba nevig metsys noitauqe eht fo gnivlos diova oT
.gif emehcs tnelaviuqe eht niatbo  ew yaw siht ni  dna ecnatcudni  ,62.3 а  eht dna 

b,62.3 .gif ni nwohs ti ot gnidnopserroc emehcs tnelaviuqe xelpmoc . 
noitanimile ehT  si irrac  de  tuo elur gniwollof eht htiw ecnadrocca ni  :  ylevitcudni eht fi
stnemele delpuoc  x  1 dna  x  2 egrevnoc don ni e b rieht htiw nu ralimis  eht neht slanimret 

sop taluclac eviti de  secnatcaer +xM + = M  eht ot dedda era  evitcudni e tnemel s   x   1 dna   
x2  ecnatcaer evitcudni detaluclac evitagen eht saerehw –xM = – M  eht otni decudortni si 

 stnemele evitcudni htob rof nommoc si hcihw trap tiucric x1  dna x2  melborp eht ni(
u hcnarb si siht noitaredisnoc redn  )3№ . 

eht emussA gif fme xelpmoc tiucric . .3 62 ,b   ot lauqe eb ot  
E  = E Eje  022 = V. 

 ehT  xelpmoc era secnadepmi hcnarb  
Z1  = xj 1 +  xj M  = j  + 04 j  = 05 j  09 мО , 
Z2  = xj  2 + xj M  = j  + 08 j  = 05 j  031 мО , 
Z3  = r  3 – xj 3 – xj M  04 = – j  02 – j  04 = 05 – j 08 = 07 . 26 e –j 06 . 52  мО . 
 ehT  tupni si ecnadepmi tiucric  

Z pni =  Z1 + 
32

32
ZZ
ZZ  = j + 09

0704031
2608031 5206

jj
e.j .j

231 = .4 e j 01 . 98  mhO , 

gnieb ecnadepmi krof eht  

Z 32 = 
32

32
ZZ
ZZ =

0704031
2608031 5206

jj
e,j .j

541 = .3 e –j 62 . 65  mhO . 

)а  

Z2 

Z3 

Z1 

U 32  

giF  . .3 62  
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uc tupnI si tnerr    I1 = 
pniZ

E =
98014231

022
.jе.

1 = . 266 e –j 01 . 98  А, 

gnieb egatlov krof eht   U  32  = I1 Z 32 1 = . 266 e –j 01 . 98 541 .3 e –j 62 . 65 142 = .5 e –j 73 . 54  V, 
gnieb sehcnarb lellarap eht fo stnerruc eht  

I2 = 
2

32
Z

U =
031

5142 5473

j
e. .j

1 = . 858 e –j 721 . 54  А, 

I3 = 
3

32
Z

U =
5206

5473

2628

5142
.j

.j

e.

e. 3 = .0 e j 22 .8  А. 

laitini eht fo stnerruc eht erus ekam oT  emehcs  gif .3 52 ,a era  detaluclac  yltcerroc  ,
tel ’s kcehc  pu  eht  rewop  ecnalab : 

- si rewop rotareneg eht  
SG  = Е 1I 022 = 1. 266 e j 01 . 98  + 953 = j 96 .  1 AV  = PG  + Qj G. 
- si rewop evitca remusnoc eht  

РC = I3
2 r3  3 = 2  063 = 04 W  PG, 

- si rewop evitcaer remusnoc eht  
QC = I 1

2 x1  + I2
2 x2 2 + I1 I2 xM (soc i1 – i2) – I3

2 x3 =  
1 = . 266 2 1 + 04 . 858 2 2 + 08 1. 266 1. 858 05 soc (– 01 . 98  + 721 . 54 ) – 3 2  02 = 

= 011 . 672 + 5 .  2 – 831 .  1 – 86 = 081 .  6 rAV   QG. 
si eno dnoces eht otni hcnarb tsrif eht morf dettimsnart rewop evitca ehT  

Р1 2  = eR (I2 xj  M 1I ) = I 1 I2 xM (nis i1 – i2) = 
1 = . 266 1. 858 05 nis (– 01 . 98  + 721 . 54  ) 831 = .  1 W. 

noitnetta yaP  , on  srewop evitca  era  fo sehcnarb dnoces eht dna tsrif eht ni demusnoc
htiw emehcs eht na remrofsnartotua , Р1C = Р2C =  ,0 on si ereht sa  ecnatsiser  eht ni

 sgnidniw remrofsnartotua (r1 = r2 = 0) eht ,ylgnidnopserroc , on si er  ssol taeh rehtie . 
ehT noitrop eht ssorca egatlov  ba  gif emehcs fo . .3 52 ,b si  

U ba  = I1 xj 1  + I2 xj M 1 = . 266 e –j 01 . 98 04 e j 09 1 + . 858 e –j 721 . 54 05 e j 09 = 68 . 67 e j5. 38  V, 
 taht dna ssorca noitrop eht   db  

U db  = I2 xj 2  + I1 xj M  = I3 r(  3 – xj 3 = ) 3 e j 8,22 (  04 – j 02  ) 431 = .2 e –j3. 77  V. 
noitrop( lioc tsrif eht ot dereviled rewop ehT  ba ) si  

S1 pni  = U ba  1I 68 = . 67 e j5. 38 1. 266 e j 01 . 98 831 = .  + 1 j 14 .  5 AV  = P1 pni  + Qj 1 pni . 
ecniS  eht on si er  taeh  ssol  ta  siht  noitrop  ,  eht neht to at  dereviled rewop evitca l P1 pni   si

hcnarb dnoces eht otni dettimsnart eb ot  
Р1 2  = P1 pni  – I1

2 r1  831 = .  1 – 831 = 0 .  1 W, 
 tcaf siht drkcehc si yaw gniwollof eht ni : 

S2 pni  = U db  2I 431 = .2 e –j3. 77 1. 858 e j 721 . 54  = – 831 .1 + j 702 .   5 AV  = P2 pni  + Qj 2 pni . 
sA   P2C  = I2

2 r2 =  ,0 neht  eht  evitca  rewop  dettimsnart   eht otni hcnarb dnoces eht morf
swollof sa si eno tsrif   Р2  1 = P2 pni  – P2C   = – 831 .  1 –  = 0 – 831 .  1 W; 

:orez ot lauqe si mus eht ,revewoh    Р1 2  + Р2 1 831 = .  1 – 831 . .0 = 1  
 oT tcurtsnoc :spord egatlov eht dnif deen eno ,margaid rosahp a  
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I1 x1 1= . 266 66 = 04 .  5 V; 
I2 xM 1= . 858 29 = 05 .  9 V; 
I2 x2 1= . 858 051= 08 .  6 V; 
I1 xM 1= . 266 38 = 05 .  1 V; 
I3 x3 3 =  06 = 02 V; 
I3 r3 3 = 91= 04 .  6 V, 

 gnieb stnerruc eht
 ciarbegla na ni detneserp

mrof  
I1 1 = .  36 – j0.  13 A; 
I2  = – 1.  31 – j1.  74 A; 
I3 2 = .  + 67 j1.  61 A. 

nO   eht xelpmoc  enalp  
( gif . .3 72 )  , ew  tcurtsnoc  

eht  tnerruc  srosahp  ni  ecnadrocca  htiw  ffohhcriK ’s tnerruc  wal  , siht  noitauqe  is nekat  
morf  eht  laitini  noitauqe  metsys ;  ecnadrocca ni srosahp pord egatlov eht ward ew neht

 s’ffohhcriK rednu snoitauqe laitini eht htiw  egatlov wal . 
 

3- 42  3( 25. ).  nI gif emehcs . .3 82 ,а stnerruc eht etaluclac ,  , fi  U = 001  V  , R1 = 5 mhO  ,
R2 = x1  = 51  mhO   , R  3  = xM  = 01  mhO   , x2 52 =  mhO . 

noituloS  .  evlos s’teL  eht  eht yb melborp hsem dohtem tnerruc  ,  detanimile gnivah tsrif  
stnemele delpuoc ylevitcudni eht ( gif . ,05.3 b  .) :si metsys noitauqe ehT  

II (R1  + xj 1 – xj M + xj M  + R3  ) – I II (R3  + xj M  )  = U; 
–II (R3  + xj M  )  + I II (R3 + xj M – xj M  + xj 2  + R2) .0 =  

 

II ( 51 j + 51  ) – I II ( 01 j + 01  ) ;001 =  
–II ( 01 j + 01  )  + I II ( 52  + j 52 ) .0 =  

 
 
 
 
 
 
 
 
 
 
 
 
 

 noitulos metsys ehT swollof sa era stluser : 
II  = I/ 6 = . 34 e –j 54  A       ; I II  = II / 2 = . 75 e –j 54  A. 

ehT  hcnarb  stnerruc  era   eht hguorht denimreted  noitisoprepus eht yb stnerruc pool
:elpicnirp  I1  = II 34,6 = e –j 54  A; 

I2  = I II 75,2 = e –j 54  A; 
I3  = II – I II 78,3 = e –j 54  A. 

+1 

I2 
I2 xj M 

I3 

I1 xj M I3 (- xj 3) 

I3 r3 
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3- 52  3( 35. ). nI  emehcs  gif . .3 92 ,а, enimreted   eht stnerruc  , tcurtsnoc  a rosahp  margaid  ,

dnif  eht  evitca  f dettimsnart rewop  eht sa llew sa eno dnoces eht otni lioc tsrif eht mor
gnidaer retemtlov  . D  enimrete eht  tiucric   ecnadepmi tupni fo pleh eht htiw  wal s’mhO 

ecnatcudni lautum fo snaem yb dna noitanimile  . era atad laciremuN  : U = 001  V  ,
xС = x1 02 =  mhO   ,  x2 01 =  mhO   ,  r 01=  mhO  ,  xM 21  = xM 32 01=  mhO  ,  xM 31 5 =  mhO . 

noituloS  . enimreteD  eht  ralimis   rof emehcs a tcurtsnoc dna slioc eht fo slanimret
noitaluclac ( gif . .3 92 ,b  .) dohtem noitauqe s’ffohhcriK yb melborp eht evlos s’teL  . As 

retemtlov eht fo ecnadepmi etinifni eht  ZV =  , on si ereht  lioc driht eht hguorht tnerruc  
I3 =  .0 suhT  , tnerruc eht  I3  tnuocca otni nekat ton si dna ecneulfni on sah elihw   gnivlos

snoitauqe eht  . weiv a sah metsys noitauqe ehT : 
I  = I1 +  I2;        ( .3 )1  
I1 (– xj  C + xj 1  + ) I2 xj M 21   = U;     ( .3 )2  
I1 jxM 21   + I2  r( + xj 2)  = U;      3( 3. ) 
I1 xj M 31   + I2 xj M 32   = U  V .      ( .3 )4  

snoitauqe eht evloS ( .3  )2 dna ( .3  )3 gninrecnoc   I1 dna  I2: 
I1 0  + I2 j 01                                       ;001 = I2 /001 = j  = 01 –j  01 A; 

I1 j 01  + I2 (  + 01 j 01  ) =             ;001           I1 = 
01

010101001
j

)j(j  01 = A. 

 morF ( 1.3 ) i t swollof  taht   I  + 01 = (– j 01 ) 41,41 = e –j 54  A. 
oT  tcurtsnoc  a rosahp  margaid ( gif . .3 03 ,а)  eht lla ssorca spord egatlov eht dnif s’tel ,

stnemele : 
U  C  = I1 (– xj C) 01 = (– j 02 )  = – j  002 V;   U  r  = I2 r  = – j 01  = 01 – j  001 V; 
UX1  = I1 xj 1 01 = j  = 02 j  002 V;    UX2  = I2 xj 2  = – j 01 j  001 = 01 V; 
U MX 21   = I2 xj M 21  = – j 01 j  001 = 01 V;   U MX 12   = I1 xj M 21 01 = j  = 01 j  001 V. 

evitcA  rewop  demusnoc  yb  swollof sa si hcnarb tsrif eht  
P1 eR = (U 1I  )  = (eR 001 01 )  0001 = W. 

:tnesba si hcnarb tsrif eht ni ssol rewop ehT    P1 = r1 I1
2 .0 =  

a ehT tni hcnarb tsrif eht morf dettimsnart rewop evitc  eht hguorht eno dnoces eht o
 citengam  swollof sa si dleif    Р1 2  = P1 – P1  0001 = –  0001 = 0 W. 

v ehT egatlo htiw ecnadrocca ni retemtlov eht ssorca ( .3 )4 si  
UV  = – 01 j5 – (– j 01 ) j  = 01 – j 05  – 111 = 001 .8 e j 6,62  V. 

* I2 

xM 31  

xM 21  

I3 
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I1 
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si gnidaer retemtlov ehT      V   UV 111 = .  8 V. 

si wal s’mhO yb dnuof ecnadepmi tupni ehT   Z =
I

U =
544141

001
je.

7 = . 70 e j 54  mhO . 

gif emehcs a niatbo ew ,ecnatcudni lautum eht fo noitanimile eht retfA . .3 03 ,b  . ereH  
ZM = xj M 21  = j  01 mhO . 

si ecnadepmi tupni tiucric ehT  

Z  = ZM +
MMC

MMC
ZxjrZxjxj

)Zxjr()Zxjxj(
21

21 = 

 = j + 01
0101
0101

j
j  = j  5 + 01 – j 7 = 5 . 70 e j 54  mhO . 

O en   eht ta sa emas eht si rewsna eht ees yam
’mhO yb noitaluclac wal s . 

 
3- 62  3( 45. ). nI  emehcs  gif . .3 13 , ti deriuqer si  ot 

hsilbatse  metsys noitauqe na gnisu swal s’ffohhcriK  
dohtem . etaluclaC c eht stnerru em yb  eht fo sna

noitanimile ecnatcudni lautum  .  eht enimreteD
 eht yb stnerruc hsem dohtem tnerruc  .  eht enimreteD

 dnoces eht otni lioc tsif eht morf dettimsnart rewop
dleif citengam eht hguorht eno  . swollof sa era atad laciremuN : U = 022  V  , r1 = 6 mhO  ,

x1 = 01  hO m, r2 = 21  mhO  , x2 = 81  mhO  , r3 = 81  mhO , x3 = 02  mhO   ,  xM 8 =  mhO . 

U CX  
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noituloS  .  .1  s’teL emehcs  noitatupmoc a  hsilbatse ( gif . .3 23 ,a  .)  ot metsys noitauqe ehT
si swal s’ffohhcriK yb stnerruc eht dnif : 

  I1 – I2 – I3 ;0 =  
r1 I1+ xj 1 I1 xj+  M I2+r2 I2+ xj 2 I2+ xj M I1  = U; 
– r2 I2 – xj 2 I2 – xj  M I1  + r3 I  3 – xj 3 I3 .0 =  

 .2  etanimilE  ecnatcudni lautum eht ( gif . .3 23 ,b  ) etupmoc dna  deniatbo tiucric eht . 
Z  1  = r  1  + xj 1 + xj M  + 6 = j = 81  81 . 79 e j 17 .6  mhO , 
Z  2  = r  2 xj +  2 + xj M =   + 21 j 82 = 62 . 46 e j 56 .2  mhO , 
Z  3  = r3 – xj 3 – xj M =   81 – j 33 = 82 . 92 e –j 75 .3  mhO . 

Z  32 =
32

32
ZZ
ZZ =

82816221
92334682 375256

jj
e.e. .j.j

13 = . 07 e j 11 .8  13 = .  + 40 j6. 74  mhO . 

 ecnadepmi tupni tiucric ehT era stnerruc dna  
Z pni  = Z1  + Z 32  + 6 = j 13 + 81 .  + 40 j6. 74  73 = .  + 40 j 42 . 74  44 = . 93 e j 33 .5  mhO . 

I1 = 
pniZ

U =
5339344

022
.jе.

4 = . 69 e –j 33 .5  А, 

I2  = I1
2

32
Z
Z 4 = . 69 e –j 33 .5

256

811

4682

713
.j

.j

e.

e. 5 = . 94 e –j 68 .9  А, 

I3  = I1
3

32
Z
Z 4 = . 69 e –j 33 .5

375

811

9233

713
.j

.j

e.

e. 4 = . 27 e j 53 .6  А. 

 .3  eht yb metsys noitauqe ehT hsem swollof sa si dohtem tnerruc : 
(r  1  + xj 1 +  r  2  + xj  2 + j2xM) II – (r  2  + xj  2 + xj M) I II  = U; 
– (r  2  + xj  2 + xj M) II (+  r  2  + xj  2 + r  3 – xj 3) I II ;0 =  
( 81 j + 44 ) II – ( 21 j + 62 ) I II ;022 =  
– ( 21 j + 62 ) I  I (+ 03   – j 2) I II .0 =  

tI si noitulos s    II = 4. 69 e –j 33 .5  А     , I II 4 = . 27 e j 53 .6  А. 
era stnerruc hcnarb ehT     : I1  = II = 4. 69 e –j 33 .5  А     , I3  = I II 4 = . 27 e j 53 .6  А, 

I2  = II – I II 4 = . 69 e –j 33 .5  – 4 . 27 e j 53 .6  = 5. 94 e –j 68 .9  А. 
 .4 a ehT evitc  rewop  dettimsnart  morf  eht  if r ts   eno dnoces eht otni lioc b  y  a  citengam

dleif swollof sa si : 
Р1 2  = x  M I1 I2 (nis i1 – i2) 8 = 4. 69 .5 94 (nis – 33 .5  + 68 .9  ) 471 = .  9 W. 

 
3- 72  3( 65. ). kraM  ralimis  fo slanimret  eht  slioc

.gif  .3 33 . 
rewsnA  :  era erehT eerht   fo sriap ralimis  

yleman ,slanimret : 
 eht fo lanimret reppu 1 ts  fo eno mottob dna lioc 

2 eht dn ; 
2 eht fo lanimret reppu dn   fo eno mottob dna lioc

3 eht dr ; 
1 eht fo lanimret reppu ts  fo eno mottob dna lioc 

eht  3 dr . 
 

w1 

w3 

giF  . .3 33  

w2 
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 .4 EERHT - STIUCRIC ESAHP  
.4 1  . EERHT LACIRTEMMYS EHT FO NOITALUCLAC - STIUCRIC ESAHP  

4-1 4( 1. ). rtemmys A eerht laci -  egatlov fo krowten esahp U = 083  V  htiw seilppus
hw daol decnalab a ygrene eso  rats ni detcennoc era sesahp ( gif . ,1.4 а  ,)  sti  esahp

gnieb ecnadepmi   r 21 =  mhO   , х 61 =  mhO . 
 ,sgnidaer tnemurtsni eht dniF tcurtsnoc margaid rosahp a fo . 

noituloS  . nehW  eno klat s eht tuoba eerht a fo egatlov -  tluafed no snaem ti ,tiucric esahp
enil eht - ot - egatlov krowten enil  . nehW  enil - ot - uen egatlov esahp ylpmis ro lart nevig si  ,

ylsserpxe si ti detats . 
noitidnoc nI s si egatlov krowten eht ,melborp tneserp eht fo  U = 083  V  ,  ,revoerom

yrtemmys eht fo esuaceb :   U ВА =  U СВ =  U АС =  U 083 =  V. 
 era segatlov esahP 3  ht ssel semit segatlov enil na : 

UА =  UВ =  UС =  U/ 3 /083 = 3 022 =  V. 
 era sesahp rotareneg eht emussA Y- detcennoc  , era segatlov esahp rotareneg eht neht      

ЕА =  ЕВ =  ЕС =  U hp 022 =  V. 
metsys lacirtemmys a nI  Y-Y  , eht v noitcnuj egatlo  tnesba si  UN = 0  tiucric eht dna

 si noitaluclac etats edam  tub rof emehcs tnelaviuqe eht yb  a esahp elgnis ( gif ,1.4 . b .)  
emussA  ЕА 022 =  V  , si emehcs tnelaviuqe eht ni tnerruc eht  

IА = 
A

NA
Z

UE =
6121

022
j

11 = e –j 35 . 31  A, 

eromrehtruf  , si egatlov esahp remusnoc eht    
1OAU  = ЕА – UN  = ЕА =  UА. 

stluser eht nwod etirW   sesahp rehto fo noitidnoc gnikrow eht fo noitatupmoc fo (В 
dna  С  ) eerht lacirtemmys eht fo aedi eht fo dnuorg eht no - tcerid eht fo metsys esahp  

neuqes lait   fo redro esahp s  
ЕВ  = 

1OBU  = UB  = ЕА e –j 021 022 = e –j 021  V; 
ЕC  = 

1OCU  = UC  = ЕА e j 021 022 = e j 021  V; 
ylralimis  stnerruc rof   IВ  = IА e –j 021 11 = e –j 371 . 31  A; 

IC  = IА e j 021 11 = e j 66 . 78  A. 
ehT  tiucric  rosahp  margaid  si  detneserp  ni  gif . 2.4 ;  rotareneg eht fo laitnetop eht

  orez si tniop lartuen  O 0 =  ( gif ,1.4 . b)  era sgnidniw rotareneg eht ; Y- detcennoc . 
A  = ЕА 022 =  V     ; B 022 = e –j 021  V     ; C 022 = e j 021  V      ;

1O  = O  + UN ;0 =  

)b  
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U OA  = A  – O  = ЕА  = 
1OAU  = A  – 

1O  = UA 022 =  V     ;  

ralimis yl     UB  = B  – O 022 = e –j 021  V   ; UC  = C  – O 022 = e j 021  V; 
v esahp rieht gninrecnoc detneiro eb ot era stnerruc esahp eht  segatlo (  yb detfihs era yeht

elgna eht  =  gtcra
r
x  = gtcra

21
61 35 = . 31 .)  

era segatlov eniL : 
UAВ  =  A –  В =  UA 3 e j 03 083 = e j 03  
V; 
U СВ =  UAВ e –j 021  083 = e –j 09  V; 
UСA =  UAВ e j 021  83 = 0 e j 051  V. 

segatloV sretemttaw eht fo stnerruc dna  
era slioc : 

UW  1  = UAВ 083 = e j 03  V; 
IW  1  = I  A 11 = e –j 35 . 31  A; 
UW  2  = – UВC 083 = e j 09  V; 
IW  2  = I  C 11 = e j 66 . 78  A. 

sgnidaer tnemurtsni ehT : 
- retemma  A  serusaem eht tnerruc enil  IB, 

nieb gnidaer sti g    IB =  11  A; 
- retemtlov  V1  serusaem eht    egatlov enil  
UAВ = 083  V; 

- retemtlov  V  2  serusaem eht remusnoc eht fo egatlov esahp   UA 022 =  V; 
- gnidaer sretemttaw eht era s : 

PW  1  = eR [UW1 1WI ]  = eR [U BA AI ]  = UAВ IA c so (  + 03 )= 
= 083 11 soc ( 35 . 31 + 03 ) =  005 W; 

PW  2  = eR [UW2 2WI ]  = eR [U ВС CI ]  = U ВС IС soc (   – 03 ) = 
= 083 11 soc ( 35 . 31  – 03 =)  6483 W. 

teL ’s yap  noitnetta  ot  eht  eht fo mus owt es gnidaer sretemttaw s: 
PW  1  + PW  2  = U I (soc +  03 U + ) I (soc  – 03  ) = 

= U I soc 03 soc   – U I nis 03 nis  + U I soc 03 soc  + U I nis 03 nis  = 

= 2 U I soc 03 soc  = 2 U I
2
3 soc  = 3 U I soc  =   P –  eht fo rewop evitca

decnalab remusnoc  .  nI t nevig eh si ti ,elpmaxe  
3 U I soc  = 3 083 11 soc ( 35 . 31 ) =   6483 + 005 = 6434 W. 

 
4-2 4( 2. ). rats eht fo edom lacirtemmys eht ezylanA - noitcennoc ( .gif  .4 ,)3 fi  
r = 04  mhO   , х 08 =  mhO ,  egatlov krowten a  U 083 =  V. 

tcurtsnoC margaid rosahp tiucric a . 
srewsnA :    IС 2 = .  64 А;      UВ 022 =  V       ; U СВ 083 =  V; 

PW  1  = –  65 тВ   ; PW  2  087 = W;     PW  1  + PW  2 3 = I2 r  627 = W. 
 
 

 - 03  

C B 

IA 

U AC  

UW2 

U BA =UW1 

IB 

IC 

O=O 1 

UC UB 

A 

+ 03  

 
 

 

UA 

1+  

сиР . 4.2 

U CB =-UW2 



 77  

 
 
 
 
 
 
 
 
 
 
 
 

4-3 4( 3. ). ehT  sesahp   remusnoc eht fo
ht fo melborp e  2.4  era -  detcennoc

( gif .  .)4.4  emehcs eht ezylanA
edom gnikrow  . r eht dniF oita  neewteb  

 stnerruc enil eht I  gif emehcs fo .  4.4
dna stnerruc enil eht   IY  gif fo .3.4 .  

noituloS  . tA  - noitcennoc  fo  eht  
remusnoc  , sti  enil  segatlov  era  lauqe  ot  

eht  esahp  segatlov  . emussA  UAВ = U  =
= 083  V  . nehT  

UAХ  =  UAВ =  083  V         ; UВY =  083 e –j 021  V           ; UСZ =  083 e j 021  V. 
wal s’mhO yb denimreted era stnerruc esahP : 

I xa = 
Z

U XA =
0804

083
j

4 = . 52 e j 36 . 44 A ; 

I yb = 
Z

U YB  = I xa e –j1 02  4 = . 52 e –j 65 . 65 A ; 

I zc = 
Z

U ZC  = I xa e j 021  4 = . 52 e j 381 . 44 A . 

 s’ffohhcriK rednu dnuof era stnerruc eniL  tnerruc wal : 
IA  = I xa  – I zc = 3 I xa e –j 03  7 = . 63 e j 33 . 44 A ; 
IB  = I yb  – I xa = 3 I yb e –j 03   = I  A e –j 021  7 = . 63 e –j 68 . 65 A ; 
IC  = I zc  – I yb = 3 I zc e –j 03   = I  A e j 021  7 = . 63 e j 51 3. 44 A . 

A rosahp  margaid  fo  eht  segatlov  dna  stnerruc  fo  eht  -  si noitcennoc  ni detcurtsnoc
sa yaw a hcus  noitalerroc eht tneserp ot  stnerruc esahp eht dna stnerruc enil eht neewteb

rennam tneinevnoc a ni  . roF  taht  , eht  esahp  egatlov  srosahp  fo  - noitcennoc  era  nwohs  
tanigiro gni tniop emas eht dna eno morf ( gif . ,5.4 а ,)  eb ot era stnerruc esahp eht 

ht ,segatlov eseht gninrecnoc detneiro ra stnerruc enil e htiw ecnadrocca ni denimreted e  
 s’ffohhcriK  tnerruc wal  .  neewteb snoitalerroc eht fo dnuorg eht nO  eht  stnerruc

evoba eht niatbo ot elbissop si ti ,margaid rosahp eht ni detneserp -  snoitalerroc nettirw
noitaluclac tnerruc enil eht rof . 

toN e  , eht  lanoitidart  yaw  fo  eht  rosahp  margaid  noitcurtsnoc  si  elbawolla ( eht  rosahp  
margaid  edam eb nac  ni  eht  mrof  fo  eht  xelpmoc  laitnetop  margaid ) ( gif .  ,)2.4  eht
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 era hcihw ,segatlov enil krowten eht gninrecnoc detneiro gnieb stnerruc esahp elgnairt
auqe gif ni nwohs si ti sa segatlov esahp elgnairt eht ot l . ,5.4 b  .  hcus ,revewoH

 elihw ngis etisoppo eht htiw stnerruc esahp eht tropsnart ot sdnamed noitcurtsnoc
tcurtsnoc t gni stnerruc enil eh . 

nO  eht  dnuorg  fo  eht   ew ,snoitaluclac nwod etirw aer sretemma eht gnid s: 
- enil  tnerruc   IA 7 = . 63  A   retemma yb derusaem si  А1; 
- esahp  tnerruc  fo  eht  - noitcennoc   yb derusaem si  eht retemma  А2  , gnieb gnidaer sti  

I zc  = 4. 52  A. 

tA  eht  rats - noitcennoc   era stnerruc enil eht ,secnadepmi emas eht fo  IY 2 = . 64  A 
( melborp  .)2.4 suhT  , nehw  nitcennocer g f secnadepmi eht eht mor i rats otn atled  eht ta 

esaercni tnerruc enil a ,egatlov enil emas s yb    
YI

I =
642
637

.

. =  3 semit . 

 ehT gnidaer sretemttaw s gif emehcs ni 4.4 .  era : 

PW  1  = [eR UAС AI  ]  = [eR – 083 e j 021 7. 63 e –j 33 . 44  ]  = –  861 W; 

PW  2  = [eR U СВ  BI  ]  = [eR 083 e –j 021 7. 63 e j 68 . 65 ] =  4332 W. 
s ehT owt fo sgnidaer eht fo mu  sretemttaw  PW1 + PW2 = 7612  W  si  evitca eht ot lauqe

eerht eht fo rewop - :remusnoc esahp   P  = 3 I hp r hp 3 = 4. 52 2  7612 = 04 W. 
 

4-4 4( 4. )  . F gnidaer tnemurtsni eht dni s gif emehcs ni ,6.4 . а  , fi  
r 67 =  mhO ,     x  44 = mhO ,     U 083 =  V. 

noituloS  . esopmoC  na  tnelaviuqe  emehcs  eerht eht fo -  noitaredisnoc rednu tiucric esahp
 rof tub  a  esahp elgnis (А) ( gif ,6.4 . b  ) sretemarap sti enimreted dna : 

- hp a ecruos eht fo egatlov esa      UA =
3

U =
3
083 022 =  V, 

- elgnairt eht ot tnelaviuqe ,rats eht fo ecnadepmi esahp a     rY = 3
r =

3
67  mhO . 

1+  a) 

I zc  

I yb  

I xa  

U CB  

IA 

U AC  

U BA  

IB 

IC 

 

 

 

b) 

giF  . 4.5 

-I xa  

-I zc  

-I yb  

I yb  

I xa  

I zc  

IC 

IB 

IA 

U AC  

U CB  

B 

EA 

03  

O 
EC 

EB 

C 

1+  

A 
 

U BA  
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f ehT rehtru lpmoc ni demrofrep si noitaluclac  gnieb egatlov ecruos eht ,mrof xe
 demussa  UA = 022  V: 

- 1 eht fo tnerruc esahp a ts  remusnoc Y- si detcennoc      I1A = xj
U A =

44
022

j
 = – j  5 A; 

-  eht fo tnerruc enil a - noitcennoc si        I2A =
Y

A
r

U =
67

3022 =
67

3083 5 = 3  A. 

ehT  tnelaviuqe  emehcs  gif . ,6.4 b  ton seod
 eht fo tnerruc esahp eht etaluclac ot wolla

 gnieb ti ,elgnairt lacirtemmys 3   ssel semit
ton gnieb dna tnerruc enil a naht  htiw esahp ni 

ti ( melborp eht fo noitulos ees :)3.4  

I  ba =
3

2AI e j 03  =
3
35 e j 03  5 = e j 03 A ; 

I  cb  = I ba e –j 021
 5 = e –j 09 A ; 

I  ac  = I ba e j 021
 5 = e j 051 A . 

si tnerruc enil rotareneg ehT  
I  A  = I1  A  + I2  A  = – j  + 5 5 3 01 = e –j 03 A , 
c ehT  si lioc tnerruc retemttaw eht fo tnerru       
IW  = IB  = IA e –j 021  01 = e –j 051  A. 

V si lioc laitnetop retemttaw eht ssorca egatlo  
UW  = U CA  = 3 UA e –j 03  083 = e –j 03  V. 

aer retemttaw ehT si gnid  

PW  = [eR U  W WI  ]  = [eR 083 e –j 03 01 e j 051 ]  = –  0091 W. 
gnidaer sretemma ehT s era : 

A1   I1  A 5 = A       , A2   I2  A 5 = 3 A       , A3   I  AC 5 = A . 

giF  . 4.6 

* 

x x x 

I1C 

I2C 

I2B 

I2A 

I ac  

)а  

I cb  

I ba  

IC 

IB 

IA 

C 

B * 

r 

r 

A 

r 

U A3 

A2 

W2 

I1B I1A 

A1 

I1A 

I2A 

b) 

rY 
x 

IA 

UA 

Z  

giF  . 4.7 

I2A I ba  IA 

C 

B r 

r 

A 

r 

I1A 

I xa  
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etoN  , rof  emehcs  gif . ,6.4 а rehtona  emehcs tnelaviuqe ( gif . )7.4 elbissop si  ,  erehw
rats - 1 eht fo noitcennoc ts  si remusnoc decalper  tnelaviuqe eht yb -  ,noitcennoc

,eromrehtruf   Z  3 = ZY 3 = j  = 44 j 231  mhO . 
gnikroW  edom  fo  hcae  elgnairt  si  detaluclac  yletarapes  : atlov esahp eht ta eg  

UA = 022  V   eht si egatlov enil    U BA  = UA 3 e j 03  083 = e j 03  V. 

era stnerruC      I ba = 
r

U BA =
67

083 03je 5 = e j 03 A , 

I2  A  = I ba 3 e -j 03  5 = 3 A       , I  xa =
Z

U BA =
231

083 03

j
e j

=
3

5 e –j 06 A , 

I1  A  = I xa 3 e –j 03  5 = e –j 09   = – j5 A  
evoba txet eht ni sa no os dnA . 

 
4-5 4( 5. ). A ecruos  fo  eht  enil  egatlov  U = 066  V ( gif . ,8.4 а) seilppus  emos  sdaol  

hguorht  eht  srotcaer  x0 = 52  mhO  , yleman  : a Y- detcennoc  rotom  hcae  esahp  fo  hcihw  
sessessop  eht  ecnadepmi  r = x = 05  mhO  ; eerht - esahp  lio - dellif  c ticapa ro  desu  to 

evorpmi   gnieb sesahp sti ,rotcaf rewop noitallatsni eht - na detcennoc  eht gnissessop d
ecnatcaer   xC  003 = mhO . 

enimreteD  eht  dniF .rewop sti dna slanimret rotom eht ssorca egatlov  tuo  eht  egatlov  
ssol . 

noituloS  . C etalucla  eht  eerht - esahp  metsys  yb  eht  elgnis tnelaviuqe - esahp  margaid  ( gif  .
8.4 b .)  

A rotareneg  esahp  egatlov  is    UA = 
3

U =
3
066  083 = V. 

ecnadepmI rats eht fo -  eht ot tnelaviuqe noitcennoc - si noitcennoc  

xY = 
3
Cx =

3
003  001 = mhO . 

emussA   UA = UA =  083 V  , neht  

I1A 

A1 

B1 

C1 
x0 

x0 

x0 

xC 

I2A 
xC 

xC 

)а  b) 

x 

r 

giF  . 4.8 

C 

B 

A 

U 

x 

r 

x 

r 

IA 

x  C 3/  x 

r 

x0 

I1A 

I2A IA 

UA UA1 
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IA =

Y

Y

A

xjxjr
)xj()xjr(xj

U

0

=

0010505
001050552

083

jj
)j()j(j

=
00152

083
j

3 = . 786 e –j 41 . 40  A, 

eht si egatlov esahp rotom  

UA1  = IA
Y

Y
xjxjr

)xj()xjr( 3 = . 786 e –j 41 . 40 863 = 001 .7 e –j 41 . 40  V. 

 slanimret rotom eht ssorca egatlov enil A ( gif ,8.4 . а) si  
UA1B1 = 3 UA1 = 3 863 . 836 = 7 .6 V. 

si ssol egatlov ehT  U = U BA  – UA1B1 = 066  – 836 .6 = 12 .4 V  , slauqe hcihw  a ni 
 egatnecrep mret egatlov krowten eht morf  

U% =
BAU

U 001  = 066
412 . 3 = 001 . .%42  

ot gnidrocca ,etoN  eht  snoitallatsnI lacirtcelE remusnoC fo noitarepO rof snoitalugeR
( ЭТП ,)  enifnoc ot srotcaer gnisirpmoc emehcs a ,oS .%5 deecxe ton tsum ssol egatlov a 

trohs eht - htiw seilpmoc slanimret remusnoc eht ta stnerruc  ЭТП  gnirrefer  elbawolla eht
ssol egatlov . 

si tnerruc rotom A     I1A = 
xjr

U A1 =
0505

7863 4041

j
е. .j

5 = . 512 e –j 95 . 40 A . 

si rotom eht fo rewop evitca ehT  
    Р = 3 UA1B1 I1А ос s( 1) 3 =  I1А

2  r 3 = 5. 512 2  9704 = 05 W. 
 

4-6 4( 6. )  . eerht lacirtemmys eht fo egatloV -  si krowten esahp U = 083  V ( gif .  .)9.4  ehT
 fo sretemarap eht cric era yduts rednu tiu  Z1 = 1.5 mhO  , Z2 = 1 + j2 mhO  , Z3 = – j6 mhO    ,

Z4 = 12  + j 21  mhO  . enimreteD  eht  enil  dna  esahp eht  sremusnoc eht fo stnerruc  .  dniF
 dna enil eht tuo remusnoc hcae fo segatlov esahp . 

srewsnA : I 3А = 23 .  4 A  ;   I4 ас  = 11 .  32 A    ; I2А 91 = . 54  A    ; I1А 52 = .  39 A  ;  
U hp 3 491 = .  5 V    ; Uа1b1  733 = V    ; Uа2b2  = U hp 4  272 = V. 

 
4-7 4( 7. )  . ehT  cirtcele  ygrene  si  dereviled  yb  owt  noissimsnart  senil  LT  1 dna  LT  2 ot  eht  

tnalp  noitatsbus  morf  owt  eerht - esahp  secruos  detacol  ni  eht  tnereffid  lacihpargoeg  
iop stn ( gif .)01.4 .  

U hp 3 
Z3 Z3 Z3 

Uа2b2 

Z2 

Z2 

Z2 

b2 

с2 

а2 

Z4 

Z4 

U hp 4 

Z4 

giF  . 9.4  

а1 

b1 

с1 
Z1 

Z1 

Z1 I2A 

I3A 

C 

B 

A 

U 
I1A I4 ac  
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segatloV  ta  eht  enil  tupni  era  lauqe  ot  hcae  rehto  dna  era  6.3 Vk  ,  esahp ni era yeht ni  
on eht - esahp laitini emas eht dna eno evah yeht( noitidnoc daol .)  

esahP  ecnatsiser  dna   tsrif eht fo ecnatcaer
:ylevitcepser ,era senil dnoces eht dna  

r1 = 0.5 mhO  , х1 = 0.3 mhO , r2 = 0.4 mhO  ,
х2 = 0.  6 mhO . 

lanimoN  egatlov  ta  eht  noitatsbus  sub -
srab  si  Un = 6 Vk  ,  eht fo rewop dellatsni

si srotom  Рn = 0004  Wk  ta  soc  n = 0.  8
(  n > 0)  ,  citats eht fo rewop evitcaer
c ticapa si sro  Qn 0052 =  rAVk . 

enimreteD  eht  egatlov  rca sso  eht  
noitatsbus  sub - srab  , eht  enil  stnerruc ,  evitca 

 sa llew sa secruos eht fo srewop evitcaer dna
tlov rieht - serepma . 

noituloS  . teL ’s ward  na  tnelaviuqe   emehcs
eerht eht fo -  rof metsys esahp  a esahp elgnis ( gif .  .)11.4 esahP  fme  era  detaluclac  

hguorht  t eh   senil noissimsnart eht fo sgninnigeb eht ta segatlov enil nevig U1 = U2  :

Е1 = Е2 =
3
1U =

3
0036  8363 = V. 

sA  eseht  egatlov s era  ni  
esahp  ot  hcae  rehto  ta  eht  

lellarap  secruos fo krow   neht
 laitini lacitnedi evah yeht
 gnidnopserroc eht ta sesahp

sesahp  . emussA  е1 = е2 =  ,0
neht  eht  sexelpmoc fme era  

Е1 = Е2 = Е1  =  8363 V. 
 eht fo secnadepmi xelpmoC

era esahp rep senil    Z1  = r  1  + xj 1  = 0.  + 5 j0.  3 mhO    , Z2  = r  2  + xj 2  = 0.  + 4 j0.  6 mhO . 
ehT  sretemarap  fo  eht  atad lanimon rieht yb detaluclac eb yam spat tnereffid . 

pat roF 3 , evah ew  Рn = 3 Un In soc  n  , ereh morf  

In =
nn

n

soсU
P

3
=

8063
0004

.
 184 = A; 

 eht ta ecnadepmi esahp Y- si daol detcennoc    Z3 = 
n

n

I
U
3

=
1843

0006 7 = .  2 mhO ; 

i ecnatsiser sti s   r  3  = Z3 soc n 7 = .2 0. 5 = 8 .  67 O mh ; 

 ecnatcaer sti is   х  3 = Z3 nis n = Z3 nsoc 21 7 = .2 0. 4 = 6 .  23 mhO ; 
si ecnadepmi xelpmoc sti   Z3  = r  3  + xj  3 5 = .  + 67 j4. 7 = 23 .2 e j 63 . 78  mhO . 

c roF ticapa ro s evah ew ,  Qn 3 = I4n x  4 = 3 Un I4n, ereh morf    

I4n = 
63
0052  = 042 .  6 A;   х  4 =

n

n

I
U

43
=

60423
0006

.
41 = .  4 mhO ;   Z4  = – xj  4  = – j 41 .  4 mhO . 

saB - srab  Un = 6 Vk  

U2 3.6= Vk  

Рn 
soc n 

2 

giF  . 01.4  

r2 
x2 

 r 0 =  
x 0 =  

Q 

LT 2 

M 
 

sroticapaC  

 r 0 =  
x 0 =  

r1 
x1 

LT 1 

1 

U1 3.6= Vk  

E2 E1 

r3 

r1 
I3 I1 

giF  . 11.4  

x1 

x3 

x4 

I4 

r2 x2 I2 

U12 
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taluclaC  e gif  emehcs eht  11.4 . fo dohtem yb sedon owt . 

U  21 = 1
4

1
3

1
2

1
1

2

2

1

1

ZZZZ
Z
E

Z
E

= 

8363 =

234675
1

441
1

6040
1

3050
1

6040
1

3050
1

.j..j.j..j.

.j..j. = 

 0353 = – j 27 . 1353 = 8 e –j1. 81  V; 

I  1 =
1

211
Z

UE =
3050

82703538363
.j.

.j 322 = . + 1 j 11 . 322 = 77 .4 e j 3. 20  A; 

I  2 =
2

212
Z

UE =
6040

82703538363
.j.

.j 661 = .  8 – j 56 . 081 = 5 .3 e –j 22 . 32  A; 

I  3 =
3

21
Z

U =
234675
8270353

.j.
.j 683 = .  2 – j 203 . 094 = 2 .4 e –j 83 . 50  A; 

I  4 =
4

21
Z

U =
441

8270353
.j

.j + 5 = j 542 542 = .1 e j 88 .1  A. 

l ehT sub noitatsbus eht ta egatlov eni - si srab  
U 21 l = 3 U  21 = 3 5116 = 1353 B 6 = .  511 Вк . 

era senil ni stnerruc ehT     I  1 322 = .4 A   ; I  2 081 = .3 A. 
c ehT era )tupni enil eht ta( secruos eht fo srewop xelpmo  

S  1 3 = E1 1I 3 = 8363 ( 322 .  1 – j 11 . 87 ) 01  –3  5342 = – j 821 .  5 AVk , 

S  2 3 = E2 2I 3 = 8363 ( 661 . + 8  j 56 .5) 01  –3  + 5861 = j 747 .  5 AVk  ,  
ereh morf     P  1  5342 = Wk , Q  1  = – 821 .  5 rAVk ,  S  1  8342 = AVk ; 

P  2  5861 = Wk , Q  2 747 = .  5 rAVk ,  S  2  3481 = AVk . 
 

.4 2  . U EERHT DECNALABN - STIUCRIC ESAHP  

UN 0 =  
09  

09  

IN 

L 

C 

О1 

О1 IN 

)a  b) 

giF  . 4 1. 2 

О IB B 

EA IA 

U 

А 
r 

EB 

EC IC C 

O 

ZN 0 =  

O O= 1 

С В 

А 

EB=UB 

IA 

EC=UC 

EA=UA 

IB 

IC 
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4-8 4( 1. 3). ruof eht fo stnerruc eht enimreteD - tiucric eriw ( gif . 1.4 2,а  )  eht sa llew sa
 lacirtemmys eht morf deilppus remusnoc decnalabnu eht fo sesahp eht ssorca segatlov

eerht - egatlov fo krowten esahp  U  083 = V  , fi   r  = L = 
C
1  44 = mhO . 

,remusnoc decnalabnu eht fo srewop evitcaer dna evitca eht tuo dniF  tcurtsnoc  a 
margaid rosahp . 

noituloS  . nO  tluafed  , eno  yam  emussa  eht  sesahp  fo  eht  lacirtemmys  rotareneg  era  Y-
detcennoc  htiw  eht  lartuen  tniop  О thguorb  tuo  ( gif ni . 1.4 2,а senil hsad yb nwohs si ti  .)

ecniS  eht  lartuen  rotcudnoc  ecnadepmi  si  orez  ZN = ,0  era slaitnetop eht neht  
 0 =  10  =   0 dna   UN  =  0 -   10 .0 =  

nI  siht  esac   fme esahp eht ot lauqe era remusnoc decnalabnu eht fo segatlov esahp eht
rotareneg lacirtemmys eht fo    UA  = EA – UN   = EA    , ralimis yl   UB = EB    , UС = EС. 

si fme esahp ehT     E =
3

U =
3
083  022 = V. 

 demussa gnivaH  EA = 022  V  , niatbo ew   ЕB = 022 e –j 021
 V   , ЕС = 022 e j 021

 V. 

era stnerruc eht ,wal s’mhO rednU    IA = 
A

A
Z
U =

44
022  5 = А; 

IВ = 
B

B
Z
U =

09

021

44

022
j

j

e

e 5 = e –j 012  А;    IС = 
C

C
Z
U =

09

021

44

022
j

j

e

e 5 = e j 012  А, 

 s’ffohhcriK htiw ecnadrocca ni ,eromrehtruf  tnerruc  wal evah ew  
IN  = IA  + IВ  + IС 5 = (  + 1 e –j 012  + e j 012 ) 5 = (  1 – 3 ) =  – 3.  46 A. 

si rewop evitca remusnoc ehT  

Р  = РА  + РВ  + РС = 
3

1

2
qq rI  = IA

2 r 5 = 2  0011 = 44 W. 

 remusnoc eht fo srewop eht fo mus ciarbegla eht sa denimreted si rewop evitcaer ehT
:sesahp eerht  

Q  = QА  + QВ  + QС = 
3

1

2
qq xI  = IB

2 L - IC
2

C
1 5 = 2  44 – 5 2 .0 = 44  

gif ni detneserp si margaid rosahp tiucric ehT .4 . 21 ,b. 
 

4-9 4( 1. 4). melborp eht evloS 8.4  nepo eht rof rotcudnoc lartuen . 
noituloS  . noitaluclac rof noitallatsni fo emehcs a mrofrep s’teL ( gif 1.4 . 3,а .)  

moC  etup eht egatlov noitcnuj ( tnemecalpsid lartuen eht fo egatlov ) 

UN =

CBA

C

C

B

B

A

A

ZZZ

Z
E

Z
E

Z
E

111 022 = (  + 1 e –j 012  + e j 012 )  = –  061 V. 

era segatlov esahp remusnoc ehT  
U  A  = E  A – U  N  061 + 022 =   083 = V,   U  A  083 = V; 
U  B  = E  B – U  N  022 = e –j 021  061 +  05 =  – j  091 V, U  B 691 = .  5 V; 
U  C  = E  C – U  N  022 = e j 021  061 +  05 =   + j  091 V, U  C 691 = .  5 V. 

:stnerruc enil eht ot lauqe era stnerruc esahp remusnoc ehT  
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IA = 
A

A
Z
U =

44
083 8 = .  46 A,     IA 8 = .  46 A; 

IB = 
B

B
Z
U =

44
09105

j
j  = – 4.  23 – j1.  41 A,  I  B 4 = .  74 A; 

IC = 
C

C
Z
U =

44
09105

j
j  = – 4.  + 23 j1.  41 A,  IC 4 = .  74 A. 

aluclaC noit s era  kcehc de  htiw ecnadrocca ni  s’ffohhcriK  tnerruc wal : 
IA  + IВ  + IС  ,0 = i.e  . eurt s’ti . 

wop evitca remusnoc ehT si re    Р = 
3

1
qP  = IA

2 r 8 = . 46 2  5823 = 44 W. 

si rewop evitcaer ehT   Q = 
3

1
qQ  = IB

2 L - IC
2

C
1 4 = . 74 2  44 – 4 . 74 2 .0 = 44  

4- 01  4( 1. 5). elgnairt decnalabnu eht fo stnerruc eht etupmoC ( gif . 1.4 4,а  ,) noc tcurts   a
margaid rosahp  , fi   U  083 = V  ,  r =  xC =  001 mhO   , xL = 001 2  mhO . 

* 

* 

* 
* 

a) 

giF  . 1.4 4 

I xa  

I zc  

C 

B 

А 
r 

xL 

xC 

IB 

IA 
U 

IC 
I zc  

I yb  

I xa  

U CB =U YB  

IB 
IA 

U AC =U ZC  

U BA =U XA  

IC 

b) 

W1 

W2 

UW1 

UW2 

I yb  

В 

IA 

IB 

09  

EC EB 

O1 

UA 

UB  

UC  – 09  

L 

C 

О1 

)a  b) 

giF  . 4 1. 3 

О IB B 

EA IA 

U 

А 
r 

EB 

EC IC C 

UN  

O 

С 

А 

UB UC 

UA 

IC 

EA 

I  B + IC 

UN 
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dnifeD  eht  sretemttaw  gnidaer s  erapmoc , meht  eht fo rewop evitca eht htiw 
eerht decnalabnu - remusnoc esahp . 

noituloS  . ecnadepmi na nehW  elgnairt  detcennoc si ot eerht a -  eht ,rotareneg esahp
segatlov esahp daol eht ot lauqe era segatlov enil rotareneg  . emussA  

U BA   =  083 V  = U XA   , neht  
U YB   = U CB   = 083 e –j 021  V      , U ZC   = UСA  = 083 e j 021  V. 

:wal s’mhO yb stnerruc esahp elgnairt eht dnif eW  

I xa = 
XA

XA
Z
U =

001
083 3 = .  8 А     ; I yb = 

YB

YB
Z
U =

09

021

2001

083
j

j

e

e 1 = .9 2 e –j 012  А; 

I zc = 
ZC

ZC
Z
U =

09

021

001

083
j

j

e

e 3 = .8 e j 012  А      .  

 s’ffohhcriK yb stnerruc enil eht dnif eW  tnerruc wal  
IA  = I xa  – I zc 3 = .  8 – 3 .8 e j 012  3 = . 3 + 8 .  + 3 j1. 7 = 9 .  + 1 j1. 7 = 9 . 53 e j 51  А; 
IВ  = I yb  – I xa  = – 2.  + 3 j1.  43 – 3 .  = 8 – 6.  + 31 j1.  = 43 – 6. 82 e –j 21 . 33  А; 
IС  = I zc  – I yb  = – 3.  3 – j1. 2 + 9 .  33 – j1.  = 43 – 0.  79 – j3.  = 42 – 3. 83 e j 37 . 33  А      .  

gif ni detneserp si elgnairt ecnadepmi eht rof margaid rosahp A 1.4 . 4,b. 
gnidaer sretemttaw ehT s era  

PW  1  = [eR U BA AI  ] = [eR 083 (7.  1 – j1.9  ])  8962 = W, 

PW  2 = [eR UСB CI  ] = [eR – 083 e –j 021 (– 3. 83 e –j 37 . 33 ])   = –  0521 W. 
si daol decnalabnu eht fo rewop evitca ehT  

Р  = Р ХА  + РВY  + РСZ  = I ха
2 r 3 = .82  4441 = 001 W. 

muS  fo  sgnidaer  fo   owt  eht ni sretemttaw si emehcs  
PW  1 + PW  2  8962 = – 8441 = 0521  W  = Р. 
suhT  ,  erusaem ot emehcs a si noitcennoc sretemttaw owt fo emehcs deredisnoc eht

 ni rewop evitca eht a eerht - eerht esahp -  htruof eht ni ecnereffid eht ,metsys eriw tigid  fo 
i rewsna s pu gnidnuor rebmun eht fo tluser eht . 

 
4- 11  4( 1. )6 . ehT s  emehc ni nevig melborp 1.4 0  ,ecruos lacirtemmys eht morf deilppus si

 era hcihw fo sesahp eht - detcennoc  . A muss laedi eb ot ecruos eht gni ( gif . .4 51 ,а  ,)  a
  ot lauqe eb ot fme esahp Е ХА  083 =  V  , stnerruc esahp rotareneg eht enimreted . 

noituloS  . ecniS  eht  renni  ecnadepmi  fo  eht  sesahp  fo  eht  eerht - esahp  ecruos  si  lauqe  ot  
orez  , ,neht  tnerruc daol yna ta  , :swollof sa era segatlov enil eht  

I YB  Е YB  

Е ХА  

Е ZC  

С 

I yb  IB B 

U ВА  

I ВА  

I АС  

I СВ  

a) 

giF  . .4 51  

I xa  

I zc  

А 

r 

xL 

xC 

IA 

IC 

I ZC  

I XA  

Е YB =UBС 

IB 
IA 

Е ZC =U AC  

Е ХА =UAВ 

IC 

b) 
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UAВ  = Е ХА  083 =  V   , U СВ   = ЕВ  Y 083 = e –j 021  V    , U АС   = ЕС  Z 083 = e j 021  V    ;  
hcihw  dicnioc se  htiw  eht  enil  segatlov  i eht n  emehcs  ni nevig  melborp 1.4 0  ,  noitulos eht

stnerruc enil eht evag hcihw fo  
IA 7 = .  + 1 j1.  9 А        ; IВ  = – 6.  + 31 j1.  43 А       ; IС  = – 0.  79 – j3.  42 А. 

oT  etupmoc  eht  rotareneg  esahp  stnerruc  , tel ’s hsilbatse  ffohhcriK ’s noitauqe  metsys  .
 yB ’ffohhcriK  s  tnerruc :sedon rof wal  

А  ) I ВА  – I АС   = IА       ; В  ) I СВ  – I ВА   = IВ. 
e ehT noitauq  yb  ffohhcriK ’s egatlov  wal  rof  a pool  gnitsisnoc  fo  eht  rotareneg  sesahp  

si  nettirw  otni gnikat  tnuocca  ht ht ta e renni  ecnadepmi  fo  a rotareneg  esahp  Z eb nac  fo 
oh ,eulav yna  snaem ti ,esahp hcae rof emas eht dna eno si ti ,revew  si rotareneg eht taht
 lacirtemmys  . niatbo eW      I ВА Z  + I СВ Z  + I АС Z  = Е ХА  + Е YB  + Е ZC . 

 roF  a ytitnedi na si ereht ,rotareneg lacirtemmys  Е ХА  + Е YB  + Е ZC    ,0  yhw s’taht
Z (I ВА  + I СВ  + I АС )  0  ta ecnadepmi renni yna  Z. 

suhT  ,  noitauqe na evlos ot yrassecen si ti ,stnerruc esahp ecruos eht etupmoc ot
metsys  I ВА  – I АС   = IА;  

I СВ  – I ВА   = IВ; 
I ВА   + I СВ  + I АС  ;0 =  

ereh morf  otni gnikat tnuocca   IА  + IВ  + IС 0 = evah ew , : 

I ВА  =
3

BA II    ;   I СВ  =
3

CB II      ; I АС  =
3

AC II    .  

evah ew ,noitaredisnoc rednu elpmaxe na roF : 

I ВА  =
3

4313169117 .j..j. 4 = .  + 14 j0. 91 А ,  I ВА  = 4. 14 А ; 

I СВ  =
3

423790431316 .j..j.  = – 1.  + 17 j1. 35 А , I СВ  = 2.3 А ; 

I АС  =
3

9117423790 .j..j.  = – 2.  96 – j1. 17  А, I АС  = 3. 91  А. 

etoN  , stnerruc esahp ecruos eht  reffid  morf  eht  daol  esahp  stnerruc  hcihw  era  ni  
ecnadrocca  htiw  melborp 1.4 0:    I xa 3 = .  8 А      ; I yb 2 = .  7 А      ; I zc 3 = .  8 А. 

A rosahp  margaid  fo  eht  ecruos   detneserp si stnerruc gif ni . .4 51 ,b. 

 

4- 21  4( 1. )7 . ehT  eerht - esahp  metsys  - ( gif . .4 61  ) si  deilppa  rof  eht  ygrene  ylppus  fo  
eht  gnithgil  ni  suoregnad  smuidem ( laoc  tsud  dna  kcals  ro  enahtem  ni  senim  , ruolf -

gnillim  tsud  , spohs gnikrowdoow  , tniap - dna - ).cte ,yrtsudni reuqcal . 

r3 

r2 

C 

x 

x 

EСZ 

Е ХА  

IB B 

I ХА  IСZ 

IВY 

giF  . .4 61  

I ba  

А 

r1 x 

IA 

IC 

EВY I ac  
I cb  



 88  

T  eh lacirtemmys si rotareneg  , gnieb fme esahp sti  Е ХА  = EВY = EСZ = 721  V  ,  renni
gnieb ecnadepmi esahp  x = 9 mhO . l ehT dao  ,eromrehtruf ,decnalabnu si  r1 = 02  mhO  ,

r2 =  03 mhO  , r  3  05 = mhO  . etats tiucric eht ezylanA . 
noituloS  . eht mrofsnart s’teL eerht evitca -  otni krowten elop  na rats tnelaviuqe -

oitcennoc n ( gif .4 . 71 :)     ЕА  = EВ  = EС = 
3
XAE =

3
721 37 = .  3 V,     xY = 

3
x =

3
9  3 = mhO . 

t oD daol eht htiw emas eh  . era rats tnelaviuqe eht fo secnadepmi ehT  

rA = 
321

31
rrr

rr =
050302

0502  01 = mhO ; 

rВ = 
321

21
rrr

rr =
001

0302  6 = mhO ; rС = 
321

32
rrr

rr =
001

0503  51 = mhO . 

emussA  ЕА 37 = .  3 V  , neht    ЕВ 37 = .3 e –j 021  V,    ЕС 37 = .3 e j 021  V. 
si egatlov noitcnuj ehT  

UN = 

YCYBYA

YC

C

YB

B

YA

A

xjrxjrxjr

xjr
E

xjr
E

xjr
E

111 =

351
1

36
1

301
1

351
337

36
337

301
337 021021

jjj

j
e.

j
e.

j
. jj

= 

 = – 71 . 50 e j 16 . 99   = –  8 – j 51 . 50  V. 
era stnerruc enil ehT  

IА = 
YA

NA
xjr

UE =
301

50518337
j

.j. = 

= 7 .  78 – j0.  758 A; 

IB = 
YB

NB
xjr

UE = 

=
36

5051884365663
j

.j.j. = 

= – 7.  740 – j4.  545 A; 

IC = 
YC

NC
xjr

UE =
351

5051884365663
j

.j.j.  = – 0.  + 928 j5.  793 A. 

si egatlov enil daol ehT  
U BA  = IА rA – IB rB  = (7.  78 – j0. 758 )  01 – (– 7.  740 – j4. 545 ) = 6  

 + 121 = j 81 . 221 = 7 .4 e j 8. 97  V. 
era daol gnithgil eht fo stnerruc esahp ehT ( gif .4 . 61 ) 

I ba = 
1r

U BA =
02

781121 .j 6 = .  + 50 j0. 6 = 539 . 221 e j 8. 97 A ; 

I ac  = I ba  – IА 6 = .  + 50 j0.  539 – 7 .  + 78 j0.  = 758 – 1.  + 28 j1. 2 = 297 . 455 e j 531 . 44 A ; 
I cb  = I ba  + IB 6 = .  + 50 j0. 539  – 7 .  740 – j4.  = 545 – 0.  799 – j3. 3 = 16 . 547 e –j 501 . 44 A . 

era segatlov enil ehT  
U CB  = I cb  r  2 211 = .4 V     , U AC  = I ac  r  3 721 = .7 V. 

ehT  evitca  rewop  fo  eht  gnithgil  si rotareneg dna daol  
P  = PАB  + P CB  + P AC  = I ba

2 r  1  + I cb
2 r  2  + I ac

2 r  3 = 

rA 

О1 

UN 

EB 

EC 

rB 

xY 

giF  . 4. 71  

О 

EA IA А 

U ВА  
xY IB B 

rC xY IC C 
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6 = . 221 2 3 + 01 . 547 2 2 + 03 . 455 2  2211 = 05 W 1 = .  221 Wk . 
tnerruc esahp ehT ecruos eht fo s ( melborp ees 1.4 1) 

I ХА  =
3

BA II 4 = .  + 279 j1. 5 = 922 . 221 e j 31 . 88 A ; 

IВY =
3

CB II  = – 2.  370 – j3.  = 413 – 3. 19 e j 75 . 79 A ; 

IСZ = 3
AC II  = – 2.  + 9 j2.  = 580 – 3. 275 e –j 53 . 17 A    .  

p evitcaer ehT tiucric elohw eht fo dna( rotareneg eht fo rewo ) si  
Q  = QАX  + Q YB  + Q ZC  = IАX

2 x  + I YB
2 x  + I ZC

2 x = 
9 = (5. 221 2 3 + . 19 2 3 + . 275 2) 884 = .  5 rAV 0 = .  5884 rAVk . 

tlov ecruos ehT - era serepma  
 S = 22 QP = 22 588402211 .. 1 = .  422 AVk . 

os ehT si rotcaf rewop ecru   soc = 
S
P =

4221
2211

.

. 0 = . 719 . 

 

1.4 3 )81.4( . A eerht - esahp  tiucric ( gif . .4 81  )  fo rotareneg lacirtemmys a ot detcennoc si
 egatlov  U  066 = V  . T era sretemarap tiucric eh  

r  = L =
C
1  =  01 mhO ,     r  1  = L1  5 = mhO . 

etupmoC  eht  enil  dna  esahp  .strap tiucric eht lla fo stnerruc  
noituloS  . teL ’s yfidom  eht  emehcs   tnelaviuqe fo dohtem eht fo snaem yb

snoitacifilpmis . non eht rof elgnairt ecnadepmi tnelaviuqe eht etutitsbus ,yllaitinI -
s decnalab  tuohtiw rat  a rotcudnoc lartuen : 

Z ba 1  = j  L  + r + 

C
j

Ljr
1  = j + 01 + 01

01
0101

j
j  = j  01 mhO , 

Z cb 1 = r  – j
C
1 +

Lj
C

jr 1

 01 = – j + 01
01

0101
j

)j(  = – j  01 mhO , 

C I ba  

I cb  

L 
r 

c 

Ib1 Ia1 

C r 

r 

giF  . .4 81  
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L1 

r1 
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IC 
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Ia 

Ib 

Ic 



 09  

Z ac 1 = j L – j
C
1 +

r
C

jLj 1

 = j  01 – j + 01
01

0101 )j(j  = j  01 mhO . 

drawrofecneH  , owt   lellarap ni detcennoc era selgnairt ecnadepmi ( gif .4 . 91 ,а .)  

esehT  owt  selgnairt  yam  eb  decalper  yb   esahp gniwollof eht htiw eno tnelaviuqe eht
secnadepmi  

Z ba  =

C
jZ

C
jZ

ba

ba

1

1

1

1
=

0101
0101

jj
)j(j =  , yltneuqesnoc  , ht  ere si  eht  tnerruc   ni ecnanoser

 siht lellarap  sselssol  pool  , ( etinifni gnieb ecnadepmi tupni sti nepo  ot sdrager sa tiucric 
 tser eht  eht fo emehcs ;)  

Zbс = 
rLjZ
rLjZ

cb

cb

1

1 =
010101

010101
jj

)j(j  01 = – j  01 mhO ; 

Z ас = 
rZ
rZ

ac

ac

1

1 =
0101
0101  5 = mhO . 

sA  a tluser  , ew  evah  na  tnelaviuqe  
emehcs  fo  eht   eht ot detcennoc daol

slanimret   a-b-с  ,  ni detneserp gnieb ti
gif .4 . 91 ,b. 

enigamI  ,  fo slioc eht eht  
t lacirtemmys eerh -  era ecruos esahp

Y- fme htiw detcennoc  

Е =
3

U =
3
066  083 = V  = ЕА. 

 niatbo eW eht gif emehcs demrofsnart 2.4 . 0  . emehcs siht roF  

UN =

111

111
111
LjZLjZr

Lj
E

ZLj
E

Zr
E

cbac

C

cb

B

ac

A

=

5
1

01015
1

55
1

5
083

01015
083

55
083 021021

jjj

j
e

jj
e jj

= 002  + j 522  V. 

erruc enil rotareneg ehT stn era  

r 

c 

Z ac 1 

L 

)а  

C 

r 

giF  . .4 91  

I ba  

c 

b 

a 

Z ba 1 

Z cb 1 
I cb  I ac  

Z ac  

b) 

b 

a 

Z cb  

Z ac  

U ac  

EB 

EC 

Z cb  

r1 

c 
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IА = 
ac

NA
Zr
UE

1
=

55
522002083 j  81 = – j 22 .  5 A; 

IB = 
cb

NB

ZLj
UE

1
=

01015
522002033091

jj
jj  = –  93 – j 55 .  5 A; 

IC = 
1Lj

UE NC =
5

522002033091
j

jj  + 12 = j  87 A. 

ehT  enil  segatlov  ssorca  eht  remusnoc  ht no slanimret gif emehcs eht fo dnuorg e  .
.4 20 era : 

U ba  = IА Z ac  – IB Z cb  = (  81 – j 22 .5)  5 – (–  93 – j 55 .5) (  01 – j 01 )  + 5301 = j 25 .5 V; 
U cb  = IB Z cb  = (–  93 – j 55 .5) (  01 – j 01 )  = –  549 – j 561  V; 
U ac  = – IA Z ac  = – (  81 – j 22 .5)  = 5 –  + 09 j 211 .5 V. 

 ,rehtruF eht ot rucer gif emehcs laitini . .4 81   dna krow  eht fo stnerruc esahp eht tuo 

elgnairt             I ba = 

C
j

U ba
1 =

01
5255301

j
.j  = – 5.  + 52 j 301 .5 A ; 

I cb = 
Ljr

U cb =
0101

5561549
j
j  = – 55 .  + 5 j 93 A ; 

I ac = 
r

U ac =
01

521109 .j  = –  + 9 j 11 . 52 A . 

era elgnairt eht fo stnerruc enil ehT       Ia  = I ba  – I ac 3 = .  + 57 j 29 . 52 A ; 
Ib  = I cb  – I ba =  – 05 .  52 – j 46 .5 A ; 
Ic  = I ac  – I cb 64 = .  5 – j 72 . 57 A . 

 eht fo stnerruc ehT Y-  s’ffohhcriK rednu detupmoc era remusnoc detcennoc c  tnerru
law:     Ia1  = IA – Ia 41 = .  52 – j 411 . 57  A; 

I 1b  = IB – Ib 11 = .  + 52 j9 A ; 
I 1c  = IC – Ic  = – 65 .  + 5 j 501 . 57 A . 

 
.4 3. LAICEPS  SESAC  EERHT NI DAOL DECNALABNU FO - STIUCRIC ESAHP  

EA=UA 

O O= 1 

С В 

А 

EB=UB 

IA 

EC=UC IB 

IC 

 

 

 

b) 
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О О1 
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UB 
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EB 

EC IC C 
x r 
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4- 41  4( 2. )0 . roF   a lacirtemmys  eerht - esahp  metsys “ rats - rats  tuohtiw   a tuen lar  
rotcudnoc  ” ( gif . 2.4 1,а)  sedom gnikrow eht etupmoc , rof sesac gniwollof eht : 

- edom lacirtemmys ; 
- rotcudnoc enil eht  А ;nekorb si  
- trohs eht - esahp ni tiucric  А. 

era sretemarap emehcs ehT  : U  083 = V,    r  = x =  02 mhO . 
noituloS  . nI  gif . 2.4 1,b, osahp a  eht fo margaid r edom lacirtemmys metsys eht fo  Y-Y 

tnesba si tnemecalpsid lartuen eht fo egatlov eht ,eromrehtruF .detneserp si  UN .0 =  
segatlov esahp remusnoc eht dna fme esahp rotareneg ehT  

 EA  = UA =
3

U =
3
083  022 = V    ; EB  = UB 022 = e –j 021  V     ; EC  = UC 022 = e j 021  V; 

    stnerruc eht sa llew sa   IA = 
Z

U A =
0202

022
j

7 = . 87 e –j 54  А; 

IВ  = IA e –j 021  7 = . 87 e –j 561  А      ; IС  = IA e j 021  7 = . 87 e j 57  А 
s cirtemmys rosahp eht mrof smetsy . 

ehW n rotcudnoc enil eht  А kaerb s  , ti  si  elbawolla  ot  esoppus   lanoitidda eht taht
 kaerb eht fo ecnadepmi Z rb  = ecnadepmi esahp eht htiw seires ni detcennoc si  

Z = r + xj  = 02  + j 02  mhO  , hcnarb eht fo ecnadepmi eht  А ot lauqe gnieb  
ZА = Z rb  + Z =  . ehT  noitcnuj  egatlov ( ti  si  demret   a  lartuen eht fo egatlov

tnemecalpsid ) swollof sa si  

UN =

ZZZ

Z
E

Z
E

Z
E

A

CB

A

A

111 =

Z

)EE(
Z CB

2

1

 = –
2

AE  = –
2
022  = –  011 V. 

otni ekat ew gnitaluclac nehW  tnuocca  , taht  eht ta  b kaer  fo  eht  eriw  А  ecnatcudnoc sti

orez si  
AZ

1 = 1 0 =  dna oitar eht  
A

A
Z
E = AE 0 = ; s  na si ereht metsys lacirtemmys eht ni ,o

ytitnedi  
EA  + EB  + EC     ,0 ereh morf    EB  + EC  = – EA. 

ecnadepmi eht ssorca egatlov ehT   ZА     UA  = EA – UN  1 = .5 EA    033 = V 
si  eht  egatlov  neewteb  eht  kaerb  stniop  fo  eht   eriw А  ,  on si ereht tub tnerruc  

IA = 
A

A
Z
U = AU .0 =  

tluaf eht fo stnerruc dna segatloV - sahp eerf era se  

UB  = EB – UN  022 = e –j 021  + 011    = –j  091 V;  IB = 
Z

U B =
0202

091
j

j 6 = . 27 e –j 531  A; 

U  C  = E  C – U  N  022 = e j 021  011+    = j  091 V;  IC = 
Z

U C =
0202

091
j

j 6 = . 27 e j 54 A . 

etoN  , nil eht nehw skaerb rotcudnoc e  eerht a -  otni snrut tiucric esahp  a elgnis -  esahp
eno  ,  eht fo stnerruc eht yhw s’taht tluaf - eerf   relpmis a ni denimreted eb yam sesahp

yaw :   IB  = – IC = 
Z

U CB
2

=
Z

EE CB
2

. 
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A rosahp  margaid  fo  eht  nevig  metsys  Y-Y  rotcudnoc lartuen eht tuohtiw  nehw  eht
rotcudnoc enil  А  si  si nekorb gif ni detneserp 2.4 . 2,а. 

gnirapmoC  eht  segatlov  ssorca  tluaf -  eerf sesahp  ta  eht  kaerb  rotcudnoc enil eht fo  А   
(UB = UC = 091  V  ) gatlov eht lla nehw noitidnoc lacirtemmys eht ta dna era se   
UA = UB = UC = 022  V  , yb esaerced egatlov eht eton yam eno 31 .  ,%7 hw i si hc  

ylppus gnithgil eht rof elbissimdani . 
 a si ereht nehW trohs - esahp fo tiucric  А  ekil  detaluclac si emehcs eht  dehcnarb eht

egassap timil eht fo ecnamrofrep htiw tiucric   ZA :0  

UN =

ZZZ

Z
E

Z
E

Z
E

A

CB

A

A

111 =

A

A

A

Z

Z

Z
E

mil
A 10

 = EA. 

 eht fo stnerruc dna segatloV tluaf -  eerf era sesahp  
U  B  = E  B – U  N   = E  B – E  A  = – U BA  = – 083 e j 03  083 = e –j 051  V; 

IB = 
Z

U B =
0202

083 051

j
e j

31 = . 44 e –j 591 A ; 

U  C  = EC – U  N   = EC – E  A  = U BC 083 = e j 051  V; 

IC = 
Z

U C =
0202

083 051

j
e j

31 = . 44 e j 501  A. 

trohs eht fo tnerruc A - si esahp detiucric  

IA = 
A

A
Z
U =

A

NA

Z
UE =

0
0  = – (IB  + IC)  = – 3 I  C e j 03   = – 32 .3 e j 531  32 = .3 e –j 54 A . 

ehT tnerruc eht rof noisserpxe  IA eerht eht fo noitidnoc eht swollof - metsys eriw  
IA  + IB  + IC .0 =  

trohs eht ta margaid rosahp tiucric A - esahp ni tiucric  А gif ni detneserp si 2.4 . 2,b. 
 

UC UB 

UA 

O1 

O 
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4- 51  4( 2. )1 . roF  eht  cirtemmys  metsys “ rats - rats  htiw  a lartuen  rotcudnoc ” ( ZN ( )0 = gif  .
2.4 3,а)  , ac ekam l uc l eerht rof snoita sesac : 

- edom lacirtemmys ; 
- rotcudnoc enil eht  В ;nekorb si  
- trohs - esahp detiucric  В  , fi  :   U  022 = V    , Z  = r =  02 mhO . 

noituloS  . i erehT  rof margaid rosahp a s edom lacirtemmys gif ni emehcs fo . 2.4 3,b  ,
emit siht ,eromrehtruf  si ereht  UN  0 = ecnadepmi orez eht fo esuaceb  ZN . 

nehT  , eht  esahp  segatlov  fo  eht  rotareneg  dna  daol  era dna rehto hcae ot lauqe era  3  

sel semit segatlov enil eht naht s     : U hp    = E =
3

U =
3
022  721 = V. 

emussA  EA  = U hp   721 = V  , neht  EB  = 721 e –j 021  V   , EС  = 721 e j 021  V; 

 IA = 
Z

U A =
02
721 6 = . 53  А   ; IВ  = IA e –j 021  6 = . 53 e –j 021  А    ; IС  = IA e j 021  6 = . 53 e j 021  А      .  

 a si ereht nehW rotcudnoc enil eht fo kaerb  B  kaerb eht esoppus ot elbissop si ti ,
 ecnadepmi Z rb  =  ecnadepmi ot seires ni dedda si  Z esahp ni  B  hcnarb eht neht ,

emoceb sah ecnadepmi  ZВ  = Z  + Z rb  =   .  
U  s’ffohhcriK redn  egatlov  spool rof wal  hcnarb a“ –  si ereht nehw ”rotcudnoc lartuen 

 a  rotcudnoc enil eht fo kaerb B :evah ew ,  

IA = 
Z

UE NA =
Z

E A =
02
721 6 = . 53  А   –    eulav emas eht sa edom lacirtemmys eht ni , 

IВ = 
B

NB

Z
UE =

B

B
Z
E = BE ;0 =  

IС =
Z

UE NC =
Z

EC =
02

721 021je = 6. 53 e j 021  А –  eulav emas eht sa  lacirtemmys eht ni 

edom . 
si tnerruc rotcudnoc lartuen ehT  

IN  = IA  + IВ  + IС 6 = . 53  6 + 0 + . 53 e j 021   = – 6. 53 e –j 021  6 = . 53 e j 06  А   .  
etoN  , IN = – IВ mys  . dias si ti ,esac siht fo esuaceB   eht sekat rotcudnoc lartuen eht

flesti nopu esahp tluaf eht fo tnerruc  .  enil eht fo kaerb eht ta margaid rosahp tiucric A
rotcudnoc  B gif ni detneserp si .4 . 42 . 

О1 IN 

)a  b) 

giF  . 4. 32  

О О1 

IB B 
Z 

UB 

EA IA 

U 

А 
Z 

UA EB 

EC IC C 
Z 

UC O ZN 0 =  
UN 0 =  

O O= 1 

С В 

А 

EB=UB 

IA 

EC=UC 

EA=UA 

IB IC 
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I zc  

I yb  

I xa  

U CB =U YB  

IB 

IA 

a) 

giF  . .4 52  U AC =U ZC  

U BA =U XA  

IC 

 

 

+1 
 

b) 

I xa  

I yb  

I zc  

C 

B 

А 

x 

x 

x 

IB 

IA 

U 

IC 

tA  eht  trohs - esahp detiucric  B  a ni
ruof - trohs eht fo tnerruc eht ,metsys eriw -

pool detiucric   EB - ZB - ZN    lla dnoyeb sesir
sdnuob  . sihT  si  a noitcnuflam  . oT  tcetorp  
tsniaga  hcus   a noitcnuflam  , a esuf  si  desu  

ni  eht  enil  dnoc rotcu  B ( sa  llew  sa  ni  eht  
tser  enil  srotcudnoc )  ,  ti  tuo stuc  eht

sesuf ti( esahp detluaf  ,)  eht nopuerehw
 nekorb htiw edom eh otni sessap emehcs

esahp  B ( gif 2.4 . 3 .)  
 
 
 
4- 61  4( 2. )2 .  eht fo edom gnikrow a etupmoC decnalab  elgnairt ( gif . .4 52 ,а  ) ta  
U = 066  V  ,  xC =  001 mhO  yleman ,sesac ruof gniwollof eht rof : 

- edom lacirtemmys ; 
- rotcudnoc enil eht  С ;nekorb si  
- esahp eht  СZ ;nekorb si  
- esahp eht  СZ trohs si - .detiucric  

noituloS  . emussA   U BA   = U  066 = V. 
fI  eht  daol  sesahp  era  - detcennoc  , eht  daol  enil  v segatlo  dna  esahp  segatlov  era  eht  
emas  . nI  eht  edom lacirtemmys  , ew  evah  

U XA   = U BA   066 = V,    U YB   = U CB   = 066 e –j 021  V,   U ZC   = UСA  = 066 e j 021  V. 
era elgnairt fo stnerruc esahp ehT  

I ха = 
Z

U XA =
001

066
j

 = j6.6 6 = .6 e j 09  А; 

I yb = 
Z

U YB  = I ха  e –j 021  6 = .6 e –j 03  А      ; I zc = 
Z

U ZC  = I ха  e j 021  6 = .6 e j 012  А      .  

era elgnairt fo stnerruc enil ehT  
IA  = I ха  – I zc = 3 I ха  e –j 03  11 = .4 e j 06  А; 
IВ  = IA e –j 021  1 = 1.4 e –j 06  А      ; IС  = IA e j 021  11 = .4 e j 081   = – 11 .  4 А      .  

giF  . 4. 42  

O O= 1 

С В 

А 

EB=U rb  

IA 

EC=UC 

EA=UA 

IN 

IC 
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A rosahp  margaid  fo  eht  decnalab  elgnairt  si  detneserp  ni  gif . .4 52 ,b. 
 eht tA rotcudnoc enil nekorb  С  era daol eht fo segatlov eht dna stnerruc eht lla ,

 egatlov enil eht tub yb decrof  U BA . 

tnerruc ehT   I ха = 
Z

U XA =
001

066
j

 = j6.6   А   – eulav suoiverp sah . 

ehT  tnerruc   IС  ,0 = rotcudnoc eht esuaceb  С ;nekorb si  stnerruc eht ,os  

I yb  = I zc  = –
Z

U BA
2

 = –
2

xaI  = – j 3,3   А, 

rca segatlov era sesahp eht sso      UВY  = UСZ  = I yb  Z  = –
2

BAU  = –  033 V. 

era stnerruc enil ehT    IA  = I xa  – I zc 1 = .5 I xa
  = j9.  9 А; 

IВ  = I yb  – I xa  = – 1.5 I xa
  = – j9.  9 А. 

rotcudnoc enil eht fo kaerb eht ta elgnairt ecnadepmi eht fo margaid rosahp A  С  si
gif ni detneserp .4 . 62 ,а. 

 eht tA esahp eht fo kaerb  СZ, si tnerruc sti  I zc  =  ,0 stnerruc esahp eht elihw  
I xa  = j6.6 А   ,   I yb 6 = .6 e –j 03  А     emas eht era ni sa .edom lacirtemmys eht  

tnerruc enil ehT  IA = I xa  – I zc  = I xa  = j6.6 А  ,  tnerruc enil txen IВ = I yb  – I xa  = 11 .4 e –j 06  А  si
 emas eht ni sa edom lacirtemmys eht  , tnerruc enil eht tsal ta  IС = –I yb  = 6.6 e j 051  А. 

esahp eht fo kaerb eht ta margaid rosahp tiucric A  СZ .gif ni detneserp si .4 62 ,b. 
tA  eht  trohs - detiucric  esahp  СZ ni  pool « А – trohs - detiucric  esahp  СZ – В – ecruos », 

secnadepmi on era ereht  , sdnuob eht lla dnoyeb gnisir tnerruc eht  ,  noitcnuflam a
 ti ;gnirrucco t tcennocsid ot yrassecen si seriw eh  А ro  С .krowten eht morf  

 
.4 4  . STNENOPMOC CIRTEMMYS FO DOHTEM  

4- 71  4( 2. )5 . itcennoc elihW  fo sgnidniw yradnoces eht  gn
 hsinif eht dna trats eht ,remrofsnart sniam eht eht  

gnidniw  YB denimreted erew yltcerrocni sA .  a tluser  ,
retfa  eht  slioc  era  Y- detcennoc ( gif . .4 72 ,а)  rosahp a ,

t fme fo metsys ak se gif mrof a .4 . 72 ,b. 

IB 

U YB =U ZC  

IB 

IA 

giF  . .4 62  

U CB  U AC  

U BA =U XA  

 

 

a) 

I yb =-IC 

I xa =IA 

U CB =U YB  

U AC =U ZC  

U BA =U XA  

  

b) 

I xa  I yb =I zc  

B 

)а  

06  

06  
EB 

EA 

giF  . 4. 72  

EB 

EC 

EA 
b) 

A 

EC 
C 
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dniF  eht  cirtemmys  nopmoc evoba eht fo stne - non detneserp - metsys cirtemmys  , fi  
EA = EB = EC = 022  V. 

noituloS  . emussA  EA  022 = V ( gif .4 . b,72  ,) neht  
E  B 022 = e j 06  V    , E  C 022 = e j 021  V. 

si tnenopmoc ecneuqes oreZ  

E0 = 3
1 (EA  + EB  + EC) = 

3
1 ( 022 + 022 e j 06

 022 + e j 021 ) = 
3

044 e j 06 641 = .7 e j 06  V 

si tnenopmoc ecneuqes evitisoP  

E1 = 3
1 (EA  + a EB  + a2 EC)   , erehw   a  = e j 021   , ereh morf  

E1 = 3
022 (  + 1 e j 021 e j 06

  + e –j 021 e j 1 02 ) = 
3

022 37 = .  33 V. 

si tnenopmoc ecneuqes evitageN  

E2 = 3
1 (EA  + a2 EB  + a EC  ) =

3
022 (  + 1 e –j 021 e j 06

  + e j 021 e j 021 ) 641 = .7 e –j 06  V. 

teL ’s yfirev  eht  tluser  fo  eht  rosahp  tno noitisopmoced stnenopmoc cirtemmys eht o : 
EA  = E0  + E1  + E2 641 = .7 e j 06  37 + . 641 + 33 .7 e –j 06  022 = V; 
EB  = E0  + a2 E1  + a E2 641 = .7 e j 06  37 + . 33 e –j 021  641 + .7 e –j 06 e j 021 022 = e j 06  V; 
EC  = E0  + a E1  + a2 E2 641 = .7 e j 06  37 + . 33 e j 021  641 + .7 e –j60 e –j 021 022 = e j 021  V. 

 
4- 81  4( 2. )6 . eerht eht fo dne eht ta daol  eht sA -

eerht esahp - decnalabnu si enil eriw ( gif . .4 82 ,а  ,)
eht  enil  egatlov  srosahp  mrof  a thgir  elgnairt  

( gif .4 . 82 ,b  ,) sti  gnieb sgel  U BA  = U CB  = 063  V  ,
diosunis eht ,eromrehtruf egatlov enil eht fo  U BA  

 diosunis egatlov eht sdael U CB  yb  2 . 
 eht fo stnenopmoc cirtemmys eht enimreteD

non - dniF .segatlov enil eht fo metsys cirtemmys  eht  ecnalabnu  rotcaf . 
noituloS  . emussA  U BA   = U BA  063 = V  , f fo dnuorg eht no neht gi .4 . 82 ,b 

U  CB  = U BA e –j 09  063 = e –j 09  V. 
ecniS  eht  enil  egatlov  srosahp  neht ,pool desolc a mrof  

 U  BA  + U  CB  + U  AC   ,0 dna   U  AC  = – (U  BA  + U CB  )  = – ( 063  063 + e –j 09  ) = 
 = – 063 (  1 – j) 063 = 2 e j 531  V. 

orez on si erehT  cneuqes e tnenopmoc  segatlov enil eht ni  , esuaceb  

U0 = 3
1 (U BA  + U CB   + U AC ) = 

3
1 .0 = 0  

p ehT si tnenopmoc ecneuqes evitiso  

U1 = 3
1 (U BA  + a U CB   + a2 U AC ) = 

3
1 (  + 063 e j 021 063 e –j 09

  + e –j 021 063 2 e j 531 ) =  

 + 883 = j 204 = 401 e j 51   V. 
n ehT si tnenopmoc ecneuqes evitage  

U2 = 3
1 (U BA  + a2 U  CB  + a U AC  ) =

3
063 (  + 1 e –j 021 e –j 09

  + e j 021 2 e j 531 ) =  

U BA  U AC  

A 

U AC  

U BA  

U CB  

giF  . 4. 82  

)а  b) 

B 

C 
U CB  

C 

B 

A 
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 = –  82 – j 801 = 401 e –j 501  V. 

ecnalabnu ehT si rotcaf     k = 
1

2
U
U =

204
801 = 0 .    962 ro    k = 62 . .%9  

 eht ot gnidrocca ,etoN noC fo noitarepO rof snoitalugeR  lacirtcelE remus
snoitallatsnI ,  tsum rotcaf ecnalabnu eht  deecxe ton .%4  

 
4- 91  4( 2. )7 . Y- eerht detcennoc -  egatlov eht morf deilppus si rotom noitcudni esahp

 ni debircsed metsys melborp  .4 81  , hcae  esahp  sah rotom eht fo  eht  gniwollof  
ecnadepmi  :  ecneuqes esahp evitisop eht ta Z1 = 8 + j6 mhO  ,  esahp evitagen eht ta

si ti ecneuqes   Z2 4 = .  + 5 j  1 mhO  . dniF  eht  rotom  esahp  stnerruc . 
noituloS  . esoppuS  , eht  rotom  non a ot detcennoc si -  gnidniw sti ,rotareneg cirtemmys

 gnieb Y- detcennoc ( gif . .4 92 ,а .)  

teL ’s etupmoc  eht  cirtemmys  stnenopmoc  non eht fo fme esahp eht fo -  cirtemmys
w rotareneg evoba eht fo dia eht hti - segatlov enil eht fo stnenopmoc cirtemmys dnuof  U1 

dna  U2 smargaid rosahp eht ni detneserp snoitalerroc rieht dna  gif .4 . 92 ,b dna .4 92 ,c: 

E  1 =
3
1U e –j 03

 =
3

204 51je e –j 03
 232 = e –j 51  V; 

E  2 =
3
2U e j 03

 =
3

801 501je e j 03
 26 = .4 e –j 57  V. 

non eht fo FME -  cirtemmys rieht hguorht desserpxe era rotareneg cirtemmys
swollof sa stnenopmoc     : EА  = E  1  + E  2 232 = e –j 51  26 + .4 e –j 57  862 = .7 e –j 06,62  V, 

EВ  = a2 E  1  + a E  2 232 = e –j 531  26 + .4 e j 54  961 = .6 e –j 531  V, 
EС  = a E  1  + a2 E  2 232 = e j 501  26 + .4 e –j 591  862 = .7 e j 6,611  V. 

sA  a tluser  fo   eht htiw demrofrep noitamrofsnart eht ecruos  fme   a sa detneserp si ti(
 smetsys cirtemmys owt fo noitcennoc seires – isop  evitagen dna ecneuqes esahp evit

eno )  dna stnenopmoc cirtemmys eht ot tcepser htiw eno cirtemmys semoceb emehcs a ,
dohtem noitisoprepus eht yb dezylana si ti neht . 

 eht fo noitatupmoC  evitagen dna evitisop tnerruc ecneuqes esahp si : 

I  1 =
1

1
Z
E =

68
232 51

j
e j

 32 = .2 e –j 15 . 78  А     , I  2 =
2

2
Z
E =

154
426 57

j.
e. j

 = 31 . 45 e –j 78 . 35  А. 

 eht ni taht nonemonehp eht fo tnuocca htiw denimreted era stnerruc esahp rotom ehT
eerht - eerht esahp - eht metsys eriw on era er rruc ecneuqes orez fo stne  (I  0 = 0): 

IА  = I  1  + I  2 32 = .2 e –j 15 . 78   + 31 . 45 e –j 78 . 35   = 53 . 01 e –j64.86  А, 

03  IA Z 

giF  . .4 92  

EB 

EA 

EC 

)а  

IB Z 

IC Z 

b) 

U1 AC  

U1 CB  

U1 

03  

E1B E1C 

E1 

c) 

U2 

U2 CB  
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IВ  = a2 I  1  + a I  2 32 = .2 e –j 171 . 78   + 31 . 45 e j 23 . 74  1 = 2. 22 e j 61 0.95  А, 
IС  = a I  1  + a2 I  2 32 = .2 e j 86 . 31   + 31 . 45 e –j2 70 . 35  2 = 7. 99 e j 96. 09  А.  
 

4- 02  4( 2. )8 . ehT  rotom  ni debircsed  melborp  
.4 91  eerht cirtemmys eht ot detcennoc si -

egatlov fo metsys esahp  U = 083  V  .  si erehT
a rotcudnoc enil eht fo kaerb  С  ylppus eht ni 

.tiucric  
 tuo yrraC  emas eht noitaluclac  sa  ni 

melborp .4 91   rof  a  gnikrow wen  fo noitidnoc
rotom eht . 

noituloS  .  lanidutignol a srucco erehT
 ylsuoiverp a ni gnikaerb yrtemmys

eerht lacirtemmys - deterpretni eb nac hcihw ,tiucric esahp  sa  a seires  lanoitidda  
noitcennoc  fo   segatlov nwonknu htiw remusnoc a UА  , UВ  , UС stnerruc dna  IА  , IВ  , IС  .  A

gif ni detneserp si rotom eht fo noitidnoc gnikrow wen eht fo noitaluclac rof emehcs  .
3.4 0. 

etoN  , ni  eht  sesahp  fo  llit  nwonknu  noitcennoc   ereht  dna evissap htob eb nac  evitca
stnemele tiucric . 

yrraC   tuo a lamrof  noitisopmoced  non eht fo - ys cirtemmys  dna segatlov fo smets
stnenopmoc cirtemmys eht otno stnerruc . 

U0 = 

 

⅓ (UA  + U  B  + UC),   I0 = 

 

⅓(IA  + I  B  + IC), 
U1 = 

 

⅓(UA  + a U  B  + a2 UC),  I1 = 

 

⅓(IA  + a I  B  + a2 IC),   )1.4(  
U2 = 

 

⅓(UA  + a2 U  B  + a UC),  I2 = 

 

⅓(IA  + a2 I  B  + a IC). 
yltsiF  , enimreted  eht  temmys cir  stnenopmoc  fo  eht   fo metsys fme nevig  eht

rotareneg  : eht rednu noitidnoc melborp eht fo s t , eh   metsys  sniamer  dna cirtemmys
ylno sedulcni  evitisop  ecneuqes esahp  stnenopmoc  eht fo noitaloiv eht ta neve

.emehcs eht fo noitidnoc gnikrow cirtemmys  irtemmyS c fme  metsys  seod  ton  niatnoc  
secneuqes evitagen dna orez fo stnenopmoc eht  , .e.i  

E2  = E0      ;0 = E1 =
3

U =
3
083  022 = V. 

htiW   cirtemmys a semoceb emehcs elohw eht ,stnenopmoc cirtemmys eht ot tcepser
 ti dna  eb nac clac talu gnisu de  rof semehcs tnelaviuqe eht  a lgnis  ecnerefer htiw esahp e

 hcae ot metsys . 
nA  tnelaviuqe  emehcs  fo  eht  evitisop  esahp  ecneuqes  si  detneserp  ni  gif . 3.4 1,а  ,  taht

gif ni si ecneuqes evitagen eht fo eno . 3.4 1,b  , i ecneuqes orez eht fo eno taht dna  ni s
gif . 3.4 1,c. 

giF  . 4 3. 0 
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nI  ecnadrocca  htiw  ffohhcriK ’s swal   niatbo ew ,semehcs tnelaviuqe rof  3  ot snoitauqe
tnerruc dna egatlov fo stnenopmoc cirtemmys nwonknu 6 dnif : 

I1 Z1  + U  1  = E1       ; I2 Z2  + U  2       ;0 = I  0 (                             .0 = .4 )2  
eved eW snoitauqe gnissim eht pol  , non eht fo scitsiretcarahc eht gniwonk -

 tiucric lacirtemmys  noitces gif htiw ecnadrocca ni . 3.4 2  nehw  eht enil rotcudnoc  С 
:skaerb  

0AU    ; 0BU    ; UС   ;0  
IА          ;0 IВ        ;0 0CI . 

 eerhT  denilrednu etanimreted era snoitauqe  . teL ’s 
etirwer  meht  , gnivah  calper de  UА  , UВ  , IС  rieht yb

nwonknu( stnenopmoc cirtemmys tey :)  
UA  = U0  + U1  + U2 ;0 =  
UB  = U0  + a2 U1  + a U2 (                 ;0 = .4 )3  
IC  = I0  + a I1  + a2 I2 .0 =  
morF   eht metsys ( .4  )1 taht gniredisnoc  UА =  ,0

UВ = 0  ,  niatbo ew  

U0 = 3
1 UС    , U1 = 3

1 a2 UС   , U2 = 3
1 a UС    , ereh morf    

2

1
U
U  = a        .   ( .4 )4  

tnuocca otni ekaT   I0  .0 = t nO fo dnuorg eh (  .4 )3 niatbo ew ,  
a I1  + a2 I2  ,0 = ereh morf     I2  = – a2 I1 (                 .4 .)5  

 ehT rehto snoitauqe ( .4  )2  ni detneserp era  eht mrof  
U  1  = E1 – I1 Z1    , U  2  = – I2 Z2    ,  ereh morf  otni gnikat tnuocca ( .4 )4 , evah ew  

2

1
U
U =

22

111
ZI

ZIE   = a    ,  ,revewoh otni gnikat tnuocca ( .4  )5 si ti   
21

2
111

ZIa
ZIE   = a. 

 sA  a3  ,1 = neht    E1 – I1 Z1   = I1 Z2    , ereh morf  

I1 =
21

1
ZZ

E =
15468

022
j.j

51 = .4 e –j 92 . 52  А, 

I2  = – a2 I1  = – e –j 021 51 .4 e –j 92 . 52 51 = .4 e j 03 .75   А, 
I0 .0 =  

era stnerruc esahp rotom ehT : 
IА  = I  1  + I  2 51 = .4 e –j 92 . 52   + 15.4 e j 03 .75  62 = .6 e j0. 57  А, 
IВ  = a2 I  1  + a I  2  = 51 .4 e –j 941 . 52  1 + 5.4 e j 051 .75   = 62 .6 e –j1 97 .25  А, 
IС  = a I  1  + a2 I  2  = 51 .4 e j 09 . 57  1 + 5.4 e –j 98 .25   = 0. 

 
4- 02  4( . )92 .  era rotareneg a fo sesahp owT desolc  na hguorht 

retemma ( gif . 3.4 3  .)  ecneuqes evitisop fo stnerruc ot ecnadepmi sti
si  Z1 = j8 mhO  , si ecneuqes evitagen fo eno taht  Z2 = j2 mhO  ,  eht

si fme esahp   Е 001 =  V   . t enimreteD sni eh tnemurt gnidaer s. 
rewsnA :  on si ereht sa  rotcudnoc lartuen U0 =  ,0 I0 = ;0    eht

metsys noitauqe  U  1  + I1 Z  1  = Е, 
U  2  + I2 Z  2 ,0 =  
a2 U  1  + a U2  = a U  1  + a2 U2, 
I1  + I  2 ,0 =  

I  С 0 =  

С 

В 

А 

giF  . 4 3. 2 
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IВ U  В 0 =  

U  С   0 

A 

B 

C 

O 

V1 

V2 

A 

V3 

giF  . 4 3. 3 



 101  

metsys eht morf    U  1  = U  2 02 =  V    , I1  = – I  2  = – j  01 А. 
gnidaer tnemurtsni ehT era s  : V1  UA = 04  V, V2  U BA  = 06  V  , V3  UB = 02  V  ,

A  IB = 71 .  3 A. 
 

4- 12  4( 13. ). oT  timil  eht  gnitrats  stnerruc  fo  a rotom  М 
( lanimon  enil  egatlov  si  U = 083  V   , ecnadepmi  fo  eht  

evitisop  ecneuqes  si  Z1 = 1 + j 22  mhO  ,  eht fo eno taht
 si ecneuqes evitagen Z2 = 1 + j8 mhO )  eerht ,

 )srotcaer( secnadepmi Z = j 02   mhO  ni detcennoc era
,ti ot seires   yeht eb dluohs trohs -  eht retfa detiucric

 rotom trats - pu . 
esuaceB  fo  eht  hctiws  noitcnuflam  ,  secnadepmi eht fo eno retfa evitca sniamer eht  
trast rotom - pu gif( .4 . 3  .)4  stnenopmoc tnerruc eht fo oitar eht enimreteD  I2/I1 (  evitagen

secneuqes evitisop dna .)  
rewsnA :  on si ereht sa rotcudnoc lartuen    I  0 ;0 =  

metsys noitauqe eht si  U  1  + I1 Z  1  = U/ 3 , 
U  2  + I2 Z  2 ,0 =  
a2 U  1  + a U2  + U  0 ,0 =  
a U  1  + a2 U  2 + U  0 ,0 =  
(I1  + I2) Z  = U  1  + U2  + U0, 

metsys eht morf     U  1  = U  2  = U  0 13 = . 23 е –j0. 35  V, 

I1 8 = . 75 е –j 78 . 13  А  ,      I  2 3 = . 98 е j 69 . 95  А;       I2/I  1 =
ZZ

Z
23

0 = . 354 е –j 671 . 01 . 

4- 22  4( 3. )4 .  ot ecnadepmi gniwollof eht htiw rotareneg A secneuqes tnereffid eht   
ZG1 = j8 mhO  , ZG2 = j2 mhO  , ZG0 = j0.5 mhO  ,  ni detcennoc era hcihw fo slioc eht a  rats

 htiw  eht ecnadepmi eht hguorht dehtrae lartuen  Z Gg  = 1 + j2 mhO  ,  esahp eht setareneg
segatlov  U hp  = 022  V mrof gni   eht eerht cirtemmys - tsys esahp ;me   eht rotareneg  seilppus 

rotom suonorhcnys a  secnadepmi htiw enil a hguorht  Zl1 = Zl2 = 1 + j2 mhO  ,
Zl0 = 1 + j4 mhO  fo slioc eht , rotom eht  era Y- t sessessop dna detcennoc h  ecnadepmi e
ZM1 = j 21  mhO  , ZM2 = j4 mhO  , ZM0 = j1 mhO  ,

 dehtrae gnieb lartuen sti  eht hguorht
ecnadepmi  Z Mg  = 2 + j1 mhO ( gif .4 . 53 .)  

enimreteD  eht  enil  stnerruc  ni   a
lacirtemmys  edom  , eht   eht fo stnerruc

 srotcudnoc В dna  С nehw rotcudnoc eht  А  si
a nekorb  eht ni egatlov eht sa llew s  fo tniop

kaerb . 
noituloS  . nI  eht  cirtemmys  edom  , eht  lartuen  

sah  on  ecneulfni  pu no  eht  tiucric  ,  yhw s’taht
eht  noitaluclac  nac  eb  demrofrep  a gnisu  

elgnis - esahp  margaid  .  enil ,lioc rotareneg ehT
 ni seires ni detcennoc era lioc rotom eht dna

 ylno dna esahp eno  ecneuqes evitisop eht
a otni nekat era secnadepmi swollof sa si ecnadepmi esahp latot ,suhT .tnuocc  

Z hp  = ZG1  + Zl1  + ZM1  = j  + 1 + 8 j  + 2 j  + 1 = 21 j  22 mhO . 

Z 

С 

В 

А 

giF  . 4. 43  

M 
Z 

Z 

Z Mg  

Z Gg  

eneG rotar  

giF  . .4 53  

Zl 

MS  

ecalp kaerB  
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wal s’mhO yb dnuof si tnerruc enil ehT : 

IA  = IB  = IC =
hp

hp

Z
U

=
22 221

022 = 9 .  99 А. 

nehW rotcudnoc enil eht  А ,sekarb eht non semoceb tiucric - cirtemmys  . eW   etatimi
 eht  fo tops segatlov htiw secruos eht gnivlovni eht fo snaem yb kaerb  UA  , UB  , UC  ,  eht

stnerruc  IA  , IB  , IC gif( meht hguorht gniwolf . .4 63  .) evobA -  dna segatlov denoitnem
non eht mrof stnerruc - etsys rosahp cirtemmys  eb nac dna enalp xelpmoc eht no sm

 otni desopmoced cirtemmys  stnenopmoc  . sA  a tluser  , ni  ecnadrocca  htiw  eht  
noitisoprepus  elpicnirp  , eno  non - lacirtemmys  eerht - esahp  tiucric  gif  24.4 . stilps  i otn  

eerht  lacirtemmys  seno  fo  eht  
evitisop  , evitagen  dna  orez  

es secneuq  ( gif . .4 73 ,а, b, c);  no
 s’ffohhcriK fo dnuorg eht  egatlov

 rof snoitauqe eerht era ereht ,wal
meht : 

U  1  + I1 Z  1  = UФ, 
U  2  + I2 Z  2 ,0 =  
U  0  + I0 Z  0 ,0 =  
erehw    Z  1  = ZG  1  + Zl  1  + ZM1, 
Z  2  = ZG  2  + Zl  2  + ZM2, 

Z  0 = ZG0 + Zl0 + ZM0 + 3Z Fg +  3Z Mg  .  
 

ssim eerhT  era snoitauqe gni
non ralucitrap eht ni noitidnoc eht htiw ecnadrocca ni detareneg -  eht( ecalp lacirtemmys

)ecalp kaerb : UВ  = a2 U  1  + a U2  + U  0 ,0 =  
UС  = a U  1  + a2 U  2  + U  0 ,0 =  
IА =  I1  + I  2  + I  0 .0 =  

 dia eht htiw metsys eht gnivloS irtam fo c se  , w t niatbo e  cirtemmys deriuqer eh
 lla dnif ew neht ;stnenopmoc  seititnauq eht  era hcihw  yrassecen melborp eht ni dnif ot . 

fo txet ehT  DAChtaM - woleb detneserp si margorp . 
NIGIRO       1 =:  j =: 1  – tinu yranigami         a  =: e j 021 ged  

i ehT ad laitin at            U hp    022 =:  ZG  =:1 j        8  ZG  =:2 j         2  ZG  =:0 j 5.0  
ZM  =:1 j     21  ZM  =:2 j     4  ZM  =:0 j    1 ZL +1 =:1 j     2  ZL +1 =:2 j    2  ZL +1 =:0 j 4 
Z Gg +1 =: j     2  Z Mg +2 =: j 1 

UС 

UВ 

UА IA 

IB 

IC 

Z Mg  

Z Gg  

rotareneG  

giF  . .4 63  

Zl 

MS  

giF  . 4 3. 7 

a) 

Zl1 U1 U hp  

 ZG1 

I1 

ZM1 

b) 

Zl2 U2 
 ZG2 

I2 

ZM2 

3Z Gg  3Z Mg  

c) 

Zl0 U0 

ZG0 

I0 

ZM0 
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c ehT ecneuqes tnereffid fo semehcs eht fo secnadepmi eht fo noitalucla s 
Z  =:1 ZG +1 ZL +1 ZM      1 Z +1 =1 j       22 Z  =:2 ZG +2 ZL +2 ZM      2 Z +1 = 2 j    8   

Z  =:0 ZG +0 ZL +0 ZM 3+0 Z Gg 3+ Z Mg         Z +01 = 0 j 5.41  
 

e ehT noitulos sti dna metsys noitauq  

K =:

111000
0001
0001
000100

020010
001001

2

2

aa
aa

Z
Z

Z

     L =:

0
0
0
0
0

hpU

         K =:X  –1 L 

 

emmys deriuqeR stnenopmoc cirt  
U  1 = X       1 U2 =  X  2       U  0 = X        3 I1 =  X       4 I  2  = X        5 I  0  = X6 

|X| =

652
15
897
4254
4254
4254

.
.

.
.
.
.

       
ged

)X(gra =

2411
768
748
401
401
401

.
.
.
.
.
.

 

IВ  =: a2 X  4  + a X5  + X             6 |IВ |     86.31 = )BI(gra    = 7.661   
CI  =: a X  4  + a2 X5  + X             6 | CI |     78.01 = = )CI(gra    9.02  
AU  =: X  1  + X  2  + X                       3 | AU |     7.531 = = )AU(gra    – 4.01  

 
4- 32  4( 3. )5 . esahp ehT  А a dehtrae si dne eht t   enil eht fo ( gif . .4 83  .)  esahp rotareneg A

si fme  Е = 02  Vk  , swollof sa era secneuqes tnereffid eht fo secnadepmi eht  : rotareneg  
ZG1 = j9 mhO  , ZG2 = j1 mhO  , ZG0 = j0.5 mhO  ; enil  Zl1 = Zl2 = j1 mhO  , Zl0 = j2 mhO  ; daol  
ZL1 = j 01  mhO  , ZL2 = j2 mhO  ;  lartuen rotareneg eht fo ecnadepmi rotcudnoc gnidnuorg   
ZN  = j0.  5 mhO  . enimreteD : 

 )1  eht fo stnerruc esahp eht lla
daol dna rotareneg ; 

 )2 segatlov  fo  eht  rotareneg  dna   daol
slanimret  gninrecnoc  dnuorg eht . 

noituloS  . nI  eht  melborp  rednu  yduts  ,
ereht  si  a os - dellac  lasrevsnart non -

yrtemmys non fo ecalp A . - si yrtemmys  
 segatlov htiw secruos eht fo gnivlovni eht yb detatimi Uа  , Ub  , Uс  , stnerruc eht  IA  , IB  , IC 

.gif( meht hguorht gniwolf  .4 93  .) evobA - denoitnem  segatlov  dna  stnerruc  mrof  eht  
rosahp  non - cirtemmys  smetsys  no  eht  xelpmoc  enalp  nac dna  eb  desopmoced  i otn  eht  

ys cirtemm  stnenopmoc  . sA  a tluser  , ni  ecnadrocca  htiw  eht  noitisoprepus  elpicnirp  ,  a
elgnis  non - lacirtemmys  eerht - esahp  tiucric  gif . .4 93  stilps  i otn  eerht  lacirtemmys  seno  

fo  eht  evitisop  , evitagen  dna  orez  secneuqes ( gif . .4 40,а, b, c  yfilpmis s’teL .)  eht

CS  
 

O 

а A 

ZL 
 

giF  . 4. 83  

В 

С 

b 

c 
ZN 
 

Z,E G 
 

Zl 
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.gif semehcs  4.4 0а, b, c .gif semehcs ot decuder gnieb yeht ,  4.4 1а  , b  , c  sretemarap ehT .
 fo  eht .gif semehcs wen  4.4 1 ealumrof eht rednu denimreted era : 

Z  1 =
111

111

lGL

lGL
ZZZ

)ZZ(Z    ; Z  2 =
222

222

lGL

lGL
ZZZ

)ZZ(Z ;    Z  0  = ZG  0  + Zl  0 3 + ZN ; 

Е  1 = 1
1

1
11

1
11

LlG

lG

Z)ZZ(
)ZZ(E ( ni  ecnadrocca  htiw  sedon owt fo dohtem eht .)  

 s’ffohhcriK fo dnuorg eht nO  egatlov  rof wal  eht gif semehcs . 4.4 1  eerht evah ew ,
:snoitauqe    U  1  + I1 Z  1  = Е1      , U  2  + I2 Z  2      ,0 = U  0  + I0 Z  0 .0 =  

eerhT  gnissim  snoitauqe  occa ni detareneg era  eht ni noitidnoc eht htiw ecnadr
non ralucitrap - )ecalp kaerb eht( ecalp lacirtemmys :   IВ  = a2 I  1  + a I2  + I  0 ,0 =  

IС  = a I  1  + a2 I  2  + I  0 ,0 =  
Uа =  U1  + U  2  + U  0 .0 =  

metsys eht gnivloS  ,  lla dnif ew neht ;stnenopmoc cirtemmys deriuqer eht niatbo ew
tnauq eht  seiti  yrassecen ni etaluclac ot melborp eht . 

fo txet ehT  DAChtaM - woleb detneserp si margorp . 
NIGIRO       1 =:  j =: 1  –  tinu yranigami         a  =: e j 021 ged  

IC IB IA 

ZN 
 

Uс Ub Uа 

I GA  

I GB  

I GC  

giF  . .4 93  

Zl 

а A 

ZL 
 В 

С 

b 

c 

Z,E G 
 

IаL 

I Lb  

IсL 

U2 

Е 
IG1 

I1 

giF  . 4 4. 0 

a) 

Zl1 

U1 ZG1 ZL1 

b) 

Zl2 

ZG2 

IG2 

3ZN 

c) 

Zl0 

U0 
ZG0 

IG0 IL1 

I2 
ZL2 

IL2 

I0 

giF  . 4.4 1 

I0 

U1 

)а  

Z1 

E1 

I1 

U2 

b) 

Z2 
I2 

U0 

c) 

Z0 
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ehT  resu  noitcnuf     tluser tuptuo eht tneserp ot   f(x) =:
ged

)x(gra|x|x  

i ehT atad laitin             E    02 =:  ZG  =:1 j       9  ZG  =:2 j          ZG  =:0 j 5.0  
ZL  =:1 j     01 ZL  =:2 j    2 Zl  =:1 j     Zl  =: j     Zl  =:0 j     2   NZ  =: j 5.0  

secneuqes tnereffid fo semehcs eht fo secnadepmi eht fo noitaluclaC  

Z =:1
111
111
lZGZLZ

)lZGZ(LZ       Z 5 =1 j    Z =:2
222
222
lZGZLZ

)lZGZ(LZ    Z  =2 j      

Z  =:0 ZG +0 Zl 3+0  NZ        Z 4 =0 j 

E =:1
11

1

111
11

LZ)lZGZ(
)lZGZ(E      E    01 =1   

e ehT noitulos sti dna metsys noitauq  

K =:

1000
1000
000111
000100

020010
001001

2

2

аа
аа

Z
Z

Z

     L =:

0
0
0
0
0
1Е

          X  =: K –1 L 

 

r ehT deriuqe stnenopmoc cirtemmys era  
U1 =: X       1 U  =: 2 X  2       U0 =:  X        3 I =: 1 X       4 I2  =: X        5 I0  =: X6 
U1      5 = U  = 2 – 1 U       0  = –     4 I  = 1 – I     j 2  = – I     j  = 0 – j 

s ehT dnuorg eht no stnerruc daol dna rotareneg eht fo stnenopmoc cirtemmy  .gif fo 
04.4 era  

IL =:1
1
1

LZ
U     I L  =1 – 5.0 j      IL =:2

2
2

LZ
U     I L 5.0 =2    j I L 0 =:0  

IG =:1
11

1
lZGZ

UЕ     I G  =1 – 5.1      j IG =:2
22

2
lZGZ

U     I G  =2 – 5.0 j 

IG =:0
003

0
ZЛZГNZ

U      IG  = 0 – j 

ehT g stnerruc daol dna rotarene  trohs eht ni esoht sa llew sa -  ecalp tiucric (kА) era  
IaL  =: IL +1 IL +2 IL0   IaL 0 =  
IbL  =: a2 IL +1 a IL +2 IL0   IbL  = – 668.0  
IcL  =: a IL +1 a2 IL +2 IL0   I Lc 668.0 =  
IAG  =: IG +1 IG +2 IG0   IAG  = – 3j 
IBG  =: a2 IG +1 a IG +2 IG0  IBG  = – .0 668  
ICG  =: a IG +1 a2 IG +2 IG0  ICG 668.0 =  
IA  =: I +1 I +2 I0    IA  = – 3j 
IB  =: a2 I +1 a I +2 I0    IB 0 =  
IC  =: a I +1 a2 I +2 I0    IC 0 =  

ehT  daol  segatlov ( trohs eht ni - ecalp tiucric  ) rotareneg eht ssorca esoht dna  slanimret  
( Vk ) era  aU  =: U +1 U +2 U0   Ua 0 =  

Ub  =: a2 U +1 a U +2 U0  )bU(f  = (– 6 – 691.5 j   739.7  – 701.931 ) 
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cU  =: a U +1 a2 U +2 U0   )cU(f  = (– 6 + 691.5 j 739.7   701.931 ) 
UG =:1 U  +1 IG1 Zl1   UG 5.6 = 1  
UG =:2 U  +2 IG2 Zl2   UG  = 2 – 5.0  
UG =:0 U  +0 IG0 Zl0   UG  = 0 – 2 

AU  =: UG +1 UG +2 UG0   UA 4 =  
UB  =: a2 UG +1 a UG +2 UG0  )BU(f  = (– 5 – 260.6 j   858.7  – 515.921 ) 

CU  =: a UG +1 a2 UG +2 UG0  )CU(f  = (– 5 + 260.6 j 515.921  858.7  ) 
 

4- 42  4( 3. )6 . esahp elgnis a srucco erehT - ot -
trohs dnuorg -  ecnadepmi eht hguorht tiucric

Z = 56.4  mhO sub rotareneg eht no -  srab
 eht gniylppus Y- aol detcennoc  d ( gif . 4.4 2  .) T  eh

secnadepmi rotareneg (  ni mhO ) :era  ZГ1 = j  ,01
ZГ2 = j  ,1 ZГ0 = j  ;01  eht si ecnadepmi daol eht

secneuqes lla rof emas  : ZL = j 001  mhO  .  ehT
 lartuen rotareneg eht fo ecnadepmi  gnidnuorg

rtocudnoc si  ZN = 2 mhO  .  esahp rotareneg ehT
si fme  Е = 02  Vk  .  rotareneg eht lla enimreteD

stnerruc esahp . 
noituloS  .  melborp eht nI

 a si ereht ,yduts rednu
non lasrevsnart -  .yrtemmys

non A -  yrtemmys ol c noita  
 detatimi si  fo gnivlovni yb

 segatlov htiw secruos eht
UА  , UB  , UС  , stnerruc eht  IA  ,
IB  , IC  hguorht gniwolf  meht

.gif(  4.4 3)  . evoba ehT -
 denoitnem segatlov  dna  

stnerruc  mrof  eht  rosahp  non - cirtemmys  smetsys   nac dna eb  desopmoced  i otn  eht  
cirtemmys  stnenopmoc  . sA  a tluser  , ni  ecnadrocca  htiw  eht  noitisoprepus  elpicnirp  ,  a

elgnis  non - lacirtemmys  eerht - esahp  tiucric  gif . 4.4 3 stilps  i otn  eerht  lacirtemmys  seno  
fo  eht  evitisop  , evitagen  dna  orez  secneuqes ( gif . .4 44 ,а, b, c)  yfilpmis s’teL .  eht

gif semehcs . .4 ,44 а, b, c  ,  ot decuder gnieb yeht  eht .gif semehcs  .4 41,а, b,  ehT .c
fo sretemarap  semehcs .4 .gif 41 reted era ealumrof eht rednu denim : 

Z  1 =
1

1

GL

GL
ZZ
ZZ    ; Z  2 =

2

2

GL

GL
ZZ
ZZ    ; Z  0  = ZG  0 + 3 ZN    ; Е  1 = 11

1

1
1

LG

G

ZZ
ZE . 

 eht nO  s’ffohhcriK fo dnuorg  egatlov .gif semehcs rof wal  .4 4  eerht evah ew ,1

Z 
 

E 
 

ZN 
 

I GA  

I GB  

I GC  

giF  . 4.4 2 

ZG 

A 

ZL 
 В 

С 

IC IB IA 

ZN 
 

UС UВ UА 

giF  . 4.4 3 

ZL 
 

IаL 

I Lb  

IсL 

E 
 

I GA  

I GB  

I GC  

ZG 

A 

В 

С 

ZG0 ZG2 

U2 Е 

IG1 

I1 

giF  . 4. 44  

a) 

U1 

ZG1 

ZL 

b) 

IG2 

3ZN 

c) 

U0 

IG0 IL1 

I2 
ZL 

IL2 

I0 
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snoitauqe :     U  1  + I1 Z  1  = Е1      , U  2  + I2 Z  2      ,0 = U  0  + I0 Z  0 .0 =  
 eht ni noitidnoc eht htiw ecnadrocca ni detareneg era snoitauqe gnissim eerhT

non ralucitrap - ecalp kaerb eht( ecalp lacirtemmys :)  IВ  = a2 I  1  + a I2  + I  0 ,0 =  
IС  = a I  1  + a2 I  2  + I  0 ,0 =  

UА  = IА    Z ro    U1  + U  2  + U  0  = (I1  + I2  + I0) Z. 
metsys eht gnivloS ,  lla dnif ew neht ;stnenopmoc cirtemmys deriuqer eht niatbo ew 

 seititnauq eht  melborp eht ni yrassecen . 
DAChtaM fo txet ehT - woleb detneserp si margorp . 

NIGIRO       1 =:  j =: 1  – tinu yranigami         a  =: e j 021 ged  

tluser tuptuo eht tneserp ot noitcnuf resu ehT     f(x) =:
ged

)x(gra|x|x  

i ehT atad laitin        E    022 =:  ZG  =:1 j       01  ZG  =:2 j          ZG  =:0 j 01  
ZL  =: j      001 Z     56.4 =:   NZ 2 =:  

c ehT  fo semehcs eht fo secnadepmi eht fo noitalucla secneuqes tnereffid  si  

Z =:1
1
1

GZLZ
GZLZ       Z 190.9 =1 j    Z =:2

2
2

GZLZ
GZLZ    Z 99.0 =2 j 

Z  =:0 ZG 3+0  NZ        Z(f 0)  = ( 01+6    j  266.11  630.96 ) 

E =:1
LZGZ

LZE
1

 E 002 =1  

e ehT noitulos sti dna metsys noitauq era  

K =:

1000
1000

111
000100

020010
001001

2

2

аа
аа

ZZZ
Z

Z
Z

     L =:

0
0
0
0
0
1Е

         K =:X  –1 L 

r ehT stnenopmoc cirtemmys deriuqe era  
U1 =:  X       1 U  =: 2 X  2       U0 =:  X3        I =: 1  X4       I2  =: X5        I0  =: X6 

|X| =

6607
6607
6607
89328
6996
139061

.

.

.
.
.
.

       
ged

)X(gra
=

88154
88154
88154
151661
881531

83361

.

.

.
.
.

.

 

era 44.4 .gif fo dnuorg eht no stnerruc rotareneg eht fo stnenopmoc cirtemmys ehT  

IG =:1  I + 1
LZ

U1         IG  =:2 I + 2
LZ

U 2        IG  =:0 I0 

stnerruc rotareneg ehT  (kА) era  
IAG  =: IG +1 IG +2 IG0  f(IAG)  = ( 734.41  – 235.61 j   949.12  – 78.84 ) 
IBG  =: a2 IG +1 a IG +2 IG0 (f IВG)  = (– 921.1  + 790.1 j 248.531    475.1   ) 
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ICG  =: a IG +1 a2 IG +2 IG0 (f IСG)  = ( 136.1  + 893.0  j 17.31    976.1  ) 
4- 52  4( 3. )7 . eerht lacirtemmys ehT - hcnys dna noitcudni seilppus rotareneg esahp  suonor

 srotom ( gif . .4 4  .)5 si fme esahp rotareneg ehT  Е = 022  V  ,  eht fo secnadepmi eht
era secneuqes tnereffid  :  a rotareneg  ZG1 = j0.6 mhO  , ZG2 = j0.1 mhO  , ZG0 = j0. 50  mhO  ;

 na rotom noitcudni  ZM1 = 3 + j0.4 mhO  , ZM2 = 0. 50  + j0.1 mhO   ;  a rotom suonorhcnys  
ZS1 = 4 + j0.5 mhO  , ZS2 = 0.1 + j0.2 mhO  , ZS0 = 0.1 + j0.1 mhO  ;  eht fo ecnadepmi eht

si gnihtrae lartuen rotom suonorhcnys dna rotareneg  – ZNG = ZNS = 0.1 mhO  . enimreteD  :
eht  stnerruc  fo  eht  elbuod - esahp - ot - dnuorg  cillatem  trohs - tiucric  fo  eht  enil  tcudnoc sro  

В dna  С  , ten  trohs - tiucric  tnerruc  ,  egatlov eht no  esahp yhtlaeh eht А  .  ,yllanoitiddA
 gnisu  ”stneisnart citengamortcelE“ tcejbus eht ni deilppa metsys deifilpmis eht

 enimreted  eht  fo stnenopmoc cirtemmys tnerruc s egatlov dna s trohs eht ni devlovni -
cric EEFT fo sdohtem eht yb deniatbo esoht htiw seulav rieht erapmoc dna ecalp tiu . 

noituloS  . melborp  gnivlos elihw saw ti  sa yaw emas eht nI  .gif( 42.4   metsys eht ,)34.4
 segatlov htiw secruos fo UА  , UB  , UС  tluaf fo tniop eht  otni decudortni si dna  rruc eht stne  

IA  , IB  , IC meht hguorht wolf  . elgnis eht niatbo ew yletarapes ecneuqes hcae gniredisnoC -
 noitaluclac rof semehcs esahp ( gif . .4 64  .)  .gif esoht ot semehcs eseht yfilpmis s’teL

.4 4 ereH .1   
Z  1  = (ZG1

–1  + ZM1
–1  + ZS1

–1) –1    ; Z  2  = (ZG2
–1  + ZM2

–1  + ZS2
–1) –1; 

Z  0 =
SNSGNG

SNSGNG
ZZZZ

)ZZ()ZZ(
33
33

00

00      ; Е  1 = 1
1

1
1

1
1

1
1

SMG

G

ZZZ
ZE . 

nO  dnuorg eht  s’ffohhcriK fo  egatlov .4 .gif semehcs rof wal 4  eerht evah ew ,1
snoitauqe      : U  1  + I1 Z  1  = Е1      , U  2  + I2 Z  2      ,0 = U  0  + I0 Z  0 .0 =  

 ni detareneg era snoitauqe gnissim eerhT  eht ni noitidnoc eht htiw ecnadrocca
non ralucitrap - )ecalp kaerb eht( ecalp lacirtemmys :    UВ  = a2 U  1  + a U2  + U  0 ,0 =  

UС  = a U  1  + a2 U  2  + U  0 ,0 =  
IА  = I1  + I  2  + I  0 .0 =  

Z Mg  Z Gg  

С В 

А 

M K )1,1(  

 

,Е ZG 
 O 

giF  . 4.45 

ZM 
 

ZS0 

3Z SN  ZM1 

ZG0 ZG2 

U2 

Е I1 

giF  . 4. 64  

a) 

U1 ZG1 

ZS1 

b) 

3Z GN  

c) 

U0 

I2 ZS2 I0 ZM2 
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 lla dnif ew neht ;stnenopmoc cirtemmys deriuqer eht niatbo ew ,metsys eht gnivloS
 eht melborp eht ni yrassecen seititnauq . 

 fo tsrif ,”stneisnart citengamortcelE“ tcejbus eht ni deilppa sdohtem  eht ot gnidroccA
eerht eht fo tnerruc a lla - trohs esahp - eerht a ;denimreted eb dluohs tiucric - trohs esahp -

emehcs eht ylno dna lacirtemmys si tiucric  deriuqer si ecneuqes esahp evitisop eht fo 

noitaluclac sti rof  . gif ,oS .4 . 4 ,1 а gif otni snrut .4 . 74 ,а  . yltnedivE  , IK )3( =:
1GZ

E =
1

1
Z
E  .  A

 ecneuqes evitisop eht fo tnenopmoc cirtemmys  eht fo trohs - tnerruc tiucric  I  1 si  of dnu  ni  
ecnadrocca  htiw  a elur  fo  N. nirdehchS  , hcihw  tats taht se  eht  eerht -  esahp trohs - tiucric  

tniop   yb devomer si  eht  ecnadepmi lanoitidda Z  ,  eht no dneped ton seod hcihw
trohs eht fo dnik hcae rof dna emehcs ecneuqes evitisop eht fo sretemarap - i tiucric  s

 orez dna emehcs ecneuqes evitagen eht fo secnadepmi tnatluser eht yb denimreted
 eht gninrecnoc emehcs ecneuqes  emehcs  emehcs eht snaem ti ,noitaredisnoc rednu tniop

gif . .4 74 ,а gif emehcs eht otni snrut . .4 74 ,b  . owt eht fo esac nI - esahp - ot - trohs dnuorg -

c si ti tiucri  11,Z =
02

02
ZZ
ZZ  . eW  niatbo  a emehcs  gif . .4 74 ,c  , morf  hcihw  ew  dnif  lla  

assecen stnenopmoc cirtemmys yr : 

I1 = 11
1

1
,ZZ

E    ; I2  = – I1
02

0
ZZ

Z    ; I0  = – I1
02

2
ZZ

Z    ; U1  = U2  = U0  = I1
11,Z . 

sA  ti  si  nees  morf  eht  noitaluclac  stluser ( ees  txet  fo  DAChtaM - margorp  ,)  yeht
EEFT fo sdohtem eht yb deniatbo seulav eht htiw edicnioc yleritne . 

DAChtaM fo txet ehT - woleb detneserp si margorp . 
NIGIRO       1 =:  j =: 1  – tinu yranigami         a  =: e j 021 ged  

tluser tuptuo eht tneserp ot noitcnuf resu ehT     f(x) =:
ged

)x(gra|x|x  

i ehT atad laitin era      E    022 =:  ZG  =:1 j       6.0  ZG  =:2 j         1.0  ZG  =:0 j 50.0  
ZM  + 3 =:1 j       4  ZM 0 =:2  + 50. j     1.0 ZM  + 50.0 =:0 j 50.0  
ZS  + 4 =:1 j    5.0   ZS  + 1.0 =:2 j   2.0       ZS  + 1.0 =:0 j 1.0  

NZ G            1.0 =:  NZ S 1.0 =:  
c ehT secneuqes tnereffid fo semehcs eht fo secnadepmi eht fo noitalucla si  

Z =:1 (ZG1–1+ZM1–1+ZS1–1) –1                            f(Z1)  = ( 815.0+171.0 j     645.0  467.17 ) 
Z =:2 (ZG2 –1+ZM2–1+ZS2 –1) –1                          f(Z2)  = ( 240.0+210.0 j     440.0  547.47 ) 

Z  =:0
SNZSZGNZGZ

)SNZSZ()GNZGZ(
3030
3030

     
Z(f 0)  = ( 530.0+271.0   j  571.0  404.11 ) 

U1 
I2 

Z0 

Z2 U1=U2=U0 

E1 

E1 E1 

giF  . .4 74  

I1 
)а  

Z1 
I1 

b) 

Z1 
I1 

c) 

Z1 
Z  

I0 
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E =:1 111

1

111
1

SZMZGZ
GZE

            
(f Е1)  = ( 79.981 1– 295.26   j  710.002  – 632.81 ) 

 

e ehT noitulos sti dna metsys noitauq era  

K =:

111000
0001
0001
000100

020010
001001

2

2

aa
aa

Z
Z

Z

     L =:

0
0
0
0
0
1Е

         K =:X  –1 L 

 

r ehT stnenopmoc cirtemmys deriuqe era  
U1 =:  X       1 U  =: 2 X  2       U0 =:  X        3 I =: 1  X       4 I2  =: X    5     I0  =: X6 

(f U1)  = ( 598.11  – 128.5 j    342.31   – 470.62 ) 
(f U2)  = ( 598.11  – 128.5 j    342.31   – 470.62 ) 
(f U0)  = ( 598.11  – 128.5 j    342.31   – 470.62 ) 
I(f 1)  = ( 113.3  –  716.243 j    336.243   – 644.98 ) 

f(I2)  = ( 686.65  + 616.692 j 181.97   489.103   ) 
f(I0)  = (– 95 799.  + 100.64 j 225.241   206.57   ) 
r ehT egatlov dna stnerruc deriuqe era s  

IВ =: a 2 I +1 a I +2 I               0 (f IВ)  = (– 622.511+785.346 j 58.961    128.356    ) 
I  C  =: a I +1 a2 I +2 I             0  (f IС)  = ( 777.22+795.364  j 318.2    651.464   ) 
I  N 3 =: I            0                  (f I )N  = (– 300.831+99.971  j 225.241    608.622  ) 
UA  =: U +1 U +2 U                0  (f U )A  = ( 586.53  – 264.71 j    927.93   – 470.62 ) 
c ehT  metsys deifilpmis eht yb snoitalucla  eht ni deilppa  citengamortcelE“ tcejbus

”stneisnart   
1GZ

E  = – 766.663  j       
1
1

Z
E  = – 766.663 j 

Z =:
02
02

ZZ
ZZ              Z(f )  = ( 530.0+710.0 j 273.36    930.0    ) 

I =: 1  
ZZ

E
1

1 I(f             1)  = ( 113.3  – 716.243 j    336.243   – 644.98 ) 

I  =: 2 – I1
02

0
ZZ

Z I(f       2)  = ( 616.692+686.65 j 181.97   489.103   ) 

I  =: 0 – I1
02

2
ZZ

Z I(f       0)  = (– 100.64+799.95 j 225.241   206.57   ) 

U1  =: I1 Z                  f(U1)  = ( 598.11 - 128.5 j    342.31   – 470.62 ) 
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 .5 RUOF EVISSAP - SKROWTEN LANIMRET  
.5  .1 SAP EHT FO SNOITAUQE RUOF EVIS - IW SKROWTEN LANIMRET  HT

STNEICIFFEOC  
5-1 5( 1. ).  etaluclaC DCBA – fo stneiciffeoc   tnelaviuqe eht Г-  fo emehcs eht ruof -  lanimret

krowten ( gif . .5 1,а  ,) fi  r = 01  mhO  , xС = 01  mhO  , xL = 02  mhO  .  eht fo dia eht htiW
oitauqe lapicnirp 4 eht fo sn -  ecnadepmi tupni eht enimreted ,krowten lanimret Z1  eht ta

daol  Z  2  = r2  02 = mhO . 

noituloS  . yaW 1  . A emehcs  dedaol  htiw  yrartibra  ecnadepmi  Z2 deredisnoc si  ,  nehw
egatlov  U2 tnerruc dna  I  2 orez morf reffid  .  ehT  deniatbo  emehcs yb debircsed si  

K yB .metsys noitauqe s’ffohhcri  eht  noitutitsbus  dohtem  , ti  si  elbissop  ot  fo dir teg  eht  
weiv a ot decuder gnieb metsys noitauqe eht ,segatlov dna stnerruc etaidemretni : 

U  1  = А·U  2  + В·I2;      I  1  = С·U  2  + D I2. 
daol yrartibra eht tA wonknu eerht era ereht , gif emehcs eht ni stnerruc n . 1.5 ,а  : I1  , I2  ,

IL  .  s’ffohhcriK rednU  tnerruc wal   I  1  = IL  + I2, 
u  s’ffohhcriK redn  egatlov wal    U  2 – IL xj L ,0 =  

I1 (r – xj С )  + U  2  = U1. 

evah ew ,snoitauqe eseht morF   :  I  1  = I2 + 
Lxj

U 2  = С·U  2  + D·I2, 

morf  reh e    С = 
Lxj

1 =
02

1
j

 = – j  50,0 S    , D ;1 =  

U1  = U2 ( + 1
L

C
xj

xjr )  + I2 r(  – xj С )  = А·U  2  + В·I2, 

morf  ereh    А + 1 = 
L

C
xj

xjr + 1 =
02

0101
j

j 0 = .  5 – j0. 0 = 5 .5 2 ·е –j 54· , 

В  = r – xj С  01 = – j 01 = 01 2 ·е –j 54·  mhO . 
yaW  2  . stneiciffeoC  era  detaluclac  yb  ffohhcriK ’s snoitauqe  rof  on - daol  dna  trohs -

tiucric  snoitidnoc  fo  eht 4 - lanimret  krowten  , mrof a gnikat snoitauqe lapicnirp eht : 
on - daol  dnoc noiti     U1o    = А·U2o ; trohs - noitidnoc tiucric  U1S    = В·I2S ; 

I1o    = С·U2o ;     I1S    = D ·I2S . 
yB  emehcs  gif .5 . 1,а  , niatbo ew  :  

I1o =
L

o
xj

U 2  = С·U2o       ; U1o  = I1o (r – xj С)  + U2o  = U2o ( + 1
L

C
xj

xjr )  = А·U2o    ;  

I1S  = I2S  = D ·I2S           ; I1S (r – xj С)  = U1S    = В·I2S  = I2S (r – xj С)  .  
ehT  stluser  fo  eht  tneiciffeoc  noitaluclac  deniatbo esoht htiw edicnioc   suoiverp eht ni

snoitaluclac . 

b) 
 < 0 

U1o 

I1o (– xj C) 

rI1o 

ILo =I1o 

U2o )а  I2 

U2 

I1 

2 

2  

1 

1  

r xC 
xL 

giF .5 . 1 
IL 

U1 
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yaW  3. ehT  tneiciffeoc  noitaluclac  si  demrofrep  yb  eht  secnadepmi  fo  eht  on - daol  
na d trohs - tiucric  snoitidnoc  fo  eht 4 - lanimret  krowten  ( gif .5 . 1,а :)  

Z1o  = r – xj С  + xj L  01 = – j  + 01 j  + 01 =  02 j 01 =  01 2 ·е j 54·  mhO ; 
Z1S  = r – xj С  01 = – j 01 = 01 2 ·е –j 54·  mhO ; 
Z2o  = xj L  = j 02 = 02 е j °09·  hO m; 

Z2S =
CL

CL
xjrxj

)xjr(xj =
54

5409

201

20102
j

jj

e

ee  02 = mhO . 

on eht ta snoitauqe lapicnirp eht morF - trohs dna daol - evah ew ,snoitidnoc tiucric  
Z1o  = А/С, Z2o  = D/С, Z1S  = В/D, Z2S  = В/А. 

 tnuocca otni gnikat dna spihsnoitaler eerht yna nesohc gnivaH eht  tneiciffeoc 
treporp y А∙D – В∙С  = 1  ,  ,yltsrif  eerht rehto neht dna stneiciffeoc eht fo eno niatbo ew

ht hguorht seno e tsrif eno  . elpmaxe roF     , А = 
So

o
ZZ

Z
22

1 =
0202

201 54

j
e j

. 

ni gniyats rebmun xelpmoC  eht  rotanimoned  ni nettirw eb yam  mrof laitnenopxe eht 
syaw owt ni :   )1 j  02 – 02 = 02 2 ·е j 531· ;  )2 j  02 – 02 = 02 2 ·е –j 522· . 

ylevitcepseR  , niatbo ew  2 seulav tneiciffeoc eht fo  А: 

А1 = 
2

1 е –j 54· ;   А2 = 
2

1 е j 531· . 

 esac lareneg eht nI c tneiciffeo  А  si  rebmun xelpmoc a ni dna  mrof laitnenopxe  sah ti
weiv a   А  = а·е j . 

a ehT tneiciffeoc eht fo eulav etulosb  а =
2

1  ylsuougibmanu denimreted si  .  ,revewoH

tnemugra eht rof     owt era ereht av seul : 
eno evitagen      = 1  = – 54    , eno evitisop dna       = 2 531+ = . 

T eh  elgnis  eulav fo   detceles si  margaid rosahp tiucric eht fo dnuorg eht no 
( gif . .5 1,b  ) on eht rof - 4 eht fo noitidnoc daol - nehw ,krowten lanimret  

U1o    = А·U2o  = а·е j ·U2o. 

nI  htiw ecnadrocca eht  rosahp  margaid  , niatbo ew    ,0 < neht    А = 
2

1 е –j 54· ; 

В  = Z2S∙А = 
2

1 е –j 54· 01 = 02 2 ·е –j 54·  mhO ; 

С = 
oZ

A
1

=
2

1
54

54

201 j

j

e

e = – j0. 50  S;  D  = Z2o∙С 02 = ·е j 09· (– j 50,0 ) .1 =  

ehT  tupni   eht ta ecnadepmi nevig daol  Z2 si  :swollof sa  

Z1 =
1

1
I

U =
22

22
IDUC
IBUA =

DZC
BZA

2

2 =
102500

0101025050
.j

j).j.( =
j
j

1
0202 02 =  mhO . 

 
5-2 5( 2. ). eD  enimret DCBA - stneiciffeoc  non eht fo - 4 lacirtemmys - krowten lanimret  , Т-

detcennoc ( gif .5 . 2  ,) fi  х1  04 = mhO  ,   r2  01 = mhO  ,   r0  = х0  04 = mhO . 
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oitauqe lapicnirp eht fo dia eht htiW  fo sn eht 4 -  lanimret
f ni krowten orm А  ,  enimreted eht tnerruc tupni  I1S a  eht t

trohs - tiucric slanimret tuptuo de  , fi  U1  001 = V. 
rewsnA    : А =  –j     ; В  = –j 05  mhO ; 

С  = 0.  520 – j0.  520 S    ; D  = 1.  52 – j0.    ;52 I1S 2 = .  55 А. 
 

5-3 5( 3. ).  xirtam eht dniF [H] non eht fo stnemele -
4 lacirtemmys - krowten lanimret  , П- detcennoc ( gif .5 . 3 ,)  fi  :

r1 = 01  mhO  , r2 = 02  mhO  , x2 = 02  mhO  , х3 = 04  mhO  .  htiW
4 a fo snoitauqe lapicnirp eht fo dia eht -  lanimret

mrof ni krowten  [H]  ,  ta egatlov tupni na enimreted
 eht nepo slanimret tuptuo  , fi  U2o =  001 V. 

rewsnA : H 11 = 7 .  + 96 j1. 45  mhO ; 
H 21  = –H 12  = 0. 32  1 – j0. ;51  

H 22  = –  1320,0 – j  26900,0 S    ; U1o 05 = 2  V. 
 

5-4 5( 4. ). tuo krow oT  na  tnelaviuqe  П- emehcs  fo  eht  
noissimsnart  enil ( gif . .5 4  )  tupni sti enimreted dna

 eht ,ecnadepmi  gniwollof on - trohs dna daol - stset tiucric era  
irrac de tuo  : U1o = 03  Vk  , I1o = 6 А  , Р1o = 72  Wk  , φ1o <  ;0

U1S = 4.5 Vk  , I1S  03 = А  , Р1S  96 = Wk   , φ1S .0  >   
enimreteD  eht  enil  ecnadepmi tupni  Z pni  daol eht ta  

Rl =  0001 mhO  , Сl  01 = F. 
rewsnA    : A =  D 0 = . 5889 е j0. 35   ; B 841 = .3 е j 95 . 08  mhO ;   C 0 = . 891 01∙  –3 е j 18 . 19  S  ;  

Z1П  = Z2П  = 01 4 е –j 18 . 46  mhO   ; Z0П  = 841 .3 е j 95 . 08  mhO ;    Z pni  = 689 е –j 91 . 57  mhO . 
 

5-5 5( 5. ).  fo snoitauqe lapicnirp ehT А- epyt  4 eht fo - nevig era krowten lanimret : 
U1  = –j 05 I2 1 + . 57 U2;    I1 0 = .5 I2 – j0. 5200 U2. 
ow ot si ksat ehT  tuo kr na  tnelaviuqe  Т- emehcs   eht nwod etirw ot sa llew sa

ni snoitauqe  Н- mrof . 
rewsnA    : Z1T =  j  003 mhO        , Z2T  = –j  002 mhO        , Z0T  =  j  004 mhO ; 

H 11   = –j  001 mhO      , H 21    ,2 = H 12  = –   ,2 H 22  = –j0.  500 S. 
5-6 5( 6. ).  eht enimreteD DCBA - stneiciffeoc  o non eht f - 4 cirtemmys -  krowten lanimret

gif .5 . 5,а  , fi   хL  08 = mhO   ,  хC  04 = mhO    , r3  = r4  04 = mhO   .  
4 eht fo snoitauqe lapicnirp eht fo dia eht htiW - tnerruc daol a etupmoc ,krowten lanimret  

I2  , si ecnadepmi daol eht fi  Z2  =  + 06 j  03 mhO  ,  dna tupni eht i egatlov s   U1  022 = V. 
noituloS  . secnadepmi tupni eht fo dia eht htiw noitaluclac tneiciffeoc eht mrofreP . 

Z1o  = r  4 +
CL

CL

xjrxj
)xjr(xj

3

3 + 04 = 
040408

040408
jj

)j(j 021 = 08 + 04 =  mhO , 

2  1  

1 r2 

U1 

r0 

giF  . .5 2 

х1 

х0 

2 

I1S 

1 2 

U2 

2  1  

r2 r1 

giF  . .5 3 

x3 

x2 
U1 

ZС  , l, v 
U1 

I1 I2 

Zl 

giF  . 5.4 

U2 

 

U2o 

U1o 

I oL  

I  oC xC 

I4o 

I oC  IL 

I4 

IC 

U2 U1 

2  

2 

1  

xC 

r3 r4 

giF  . 5.5 

1 
xL 

UL 

)a
f 

)b
f 

U oL  I4  o r4 

I  oC r3 
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Z2o  = r  4 +
CL

CL

xjxjr
)xjxj(r

3

3  + 06 = 
040804

040804
jj

)jj(  + 06 = j 36 = 02 . 52 e j 81 . 44  mhO , 

Z2S =

L

L
C

L

L
C

xjr
xjrrxj

xjr
xjrrxj

4

4
3

4

4
3

=

0804
08040404

0804
08040404

j
jj

j
jj

 02 = – j 33 . 83 = 33 . 78 e –j 95 . 40  mhO . 

А  =
So

o
ZZ

Z
22

1 =
3333020206

021
.jj

= 1. 243 e –j 62 . 75  = 1( .  2 – j0. .)6  

 niam owt evah eW seulav tneiciffeoc eht fo    А  = еа  j : 
А1 1 = . 243 e –j 62 . 75     ; А2 1 = . 243 e j 351 . 34 . 

T eh  ngis  fo  elgna   si  tceles de  htiw  eht  dia  fo  eht 4 - lanimret  krowten  rosahp  margaid  
rof  on - daol   noitidnoc ( gif . .5 5,b  ,) noitauqe lapicnirp eht fo dnuorg eht no ,hcihw   

U1o = А U2o  = аU2o е j yb swollof ,  < 0  , .e.i    А 1 = . 243 e –j 62 . 75 1 = .  2 – j0. .6  
rehtruF  В = Z2S А  = 83 . 78 e –j 95 . 40 1. 243 e –j 62 . 75 25 = . 61 e –j 58 . 16   4 = – j  25 mhO , 

С =
oZ1

1 А = 021
2431 7565 .je. 0 = . 2110 e –j 62 . 75  = 0 .  10 – j0.  500 S, 

D = 
o

o
Z
Z

1

2 А = 021
5236 4481 .je., 1. 243 e –j 62 . 75 0 = . 707 e –j8. 31  = 0 .  7 – j0. .1  

si noitauqe lapicnirp tsrif ehT    U1  = А U2  + B I2  = А I2 Z2  + B I2    , ereh morf  

I2 = BZA
U

2

1 =
25403066021

022
j)j().j.(

 = 2. 50 e j 92 .0  А, 

c evitceffe eht si eulav tnerru   I2 2 = . 50  А. 
 

5-7 5( 7. ). T eh  noitagitsevni 4 a fo tset - krowten lanimret  stluser gniwollof eht sevig : 
Z1o   0001 = 2 e –j 54  mhO    , Z1S   005 = 2 e –j 54  mhO    , Z2o   0001 = 2 e j45  mhO . 
tA  eht  on - daol  noitidnoc ,  erew segatlov tuptuo dna tupni eht fo smargollicso eht 

gif ni detneserp gnieb yeht ,nekat .5 . 6,а  . ot yrassecen si tI : 
 .1  enimreteD DCBA - stneiciffeoc . 
 .2 tnelaviuqe eht fo sretemarap eht etaluclaC  П- 4 eht fo emehcs - lanimret  krowten 

 sa llew sa dezilaer yllacisyhp eb nac emehcs eht fi ezylana . 
 .3 enimreteD  eht  ecruos  egatlov  sa  llew     fi ,egatlov dna tnerruc remusnoc eht sa

i1(t  ) 02 = nis ( t 09 +  ) Am  , si ecnadepmi remusnoc eht dna   Z2   005 =  mhO . 
 .4 4 eht enimreteD - n lanimret ycneiciffe krowte . 

u1o u2o 
t 

0 dar  

giF  . .5 6 

xС 

b) 

2  

r 2 
xL 

1  

1 

u )а  

- /4 /4 /2 3 /4 
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noituloS  .  dniF eht tneiciffeoc    А  = )ZZ(Z
ZZ

SoS

So

112

11 . 

si ecnadepmi nwonknu ehT  

Z2S     = Z2o 
o

S
Z
Z

1

1 0001 = 2 e j 54  

54

54

20001

2005
j

j

e

e 005 = 2 e j 54  mhO , 

ffeoc eht neht si tneici  

А  =
)jj(e

ee
j

jj

005005000100012005

200520001
54

5454
 = 2 e j 54   = еа  j . 

 niam owt evah eW seulav ytitnauq xelpmoc eht fo      
А1 + = 2 e j 54       ; А2  = – 2 e j 54  = 2 e j 531 . 

nemugra nA gif margollicso eht fo dia eht htiw dnuof si rebmun xelpmoc eht fo ngis t  .
.5 6,а  , on eht ta taht gnirebmemer - si ereht noitidnoc daol  

U1o  = А U2o    dna    А  =
o

o
U
U

2

1 =
o

o
U
U

2

1 e (j u1o – u2o)  = еа  j . 

morF  eht rgollicso nevig ma suoivbo si ti ,  u1o  ,0 = u2o + = 
4

54+ = . 

hT us,         = u1o – u2o  0 = – 54  = – 54  
dna  a elgnis   tneiciffeoc rof eulav   eht nevig 4 - lanimret  krowten  si    А + = 2 e j 54  1 = – j. 

etoN  , eht  etulosba  eulav  fo  ht e tneiciffeoc | А| = а c dluo  eb   osla denimreted  yb na  
margollicso  : а = U1o m/U2o m  . ed eulav eht fo ycarucca eht ,revewoH animret  stolp yb noit

wol si . 
 tser ehT  eht fo era stneiciffeoc  В = Z2S А  = 005 2 e –j 54 2 e j 54  0001 = mhO , 

С =
oZ1

1 А =
54

54

20001

2
j

j

e

e 0 = .  100 S, 

D = 
SZ

B
1

=
542005

0001
je

= 2 e j 54 =  + 1 j. 

tnelaviuqe eht fo sretemarap ehT  П- 4 eht fo emehcs -  yduts rednu krowten lanimret

 era swollof sa : Z1П = 1D
B =

11
0001

j
 = –j  0001 mhO  – ecnatcaer eviticapac ; 

Z2П = 1A
B =

11
0001

j
 = j  0001 mhO  – ecnatcaer evitcudni ; 

Z0П    = В =  0001 mhO    –    ecnatsiser . 
epmi emehcs tnelaviuqe eht llA gif fo secnad .5 . 6,b dezilaer yllacisyhp era . 

si xelpmoc tnerruc tupni ehT   I1  = I1 e j i = 
2
02 e j 09  mA = 01  –2 2 e j 09  A.  

ehT  tupni  ecnadepmi  fo  eht 4 - lanimret  krowten  rehtegot  si daol eht htiw  

Z1 = DZC
BZA

2

2 =
j,

)j(
10051000

00010051 778 = e –j 25 . 31  mhO . 

si egatlov tupni ehT   U1  = I1 Z1 01 =  –2 2 e j 09 778 e –j 25 . 31  = 21 .4 e j 73 . 78  V. 
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noitauqe lapicnirp eht morF   U1  = А U2  + B I2  = U2 (А + 
2Z

B ) evah ew ,  

U2 =

2

1

Z
BA

U =

005
00011

421 7873

j

e. .j
= 3. 29 e j 65 . 13  V. 

si tnerruc eht ,wal s’mhO rednU   I2 =
2

2
Z
U =

005
293 1365 .je. 7 = . 48 01  –3e j 65 . 13  A. 

swollof sa era srewop evitcA : 
- 4 eht fo tupni eht ta - krowten lanimret  
P1  = eR (U1 1I  )  = eR ( 21 .4 e j 73 . 78 01  –2 2 e –j 09  ) 701 = .7 01  –3 W; 
- 4 eht fo tuptuo eht ta - krowten lanimret  
P2  = I2

2r2 7( = . 48 01  –3)2 03 = 005 . 37 01  –3 W. 

 si ycneiciffe ehT    = 
1

2
P
P =

7701
3703

.
. 0 = . 682 . 

 

5-8 5( 8. ).  oT ssap  morf  eht  daehrevo  enil  otni  eht  elbac  eno  , eht  remrofsnartotua  
emehcs  gif ni detneserp . .5 7,а si  deyolpme  . era sretemarap emehcs ehT : 

xС  53 = mhO   , x  1  02 = mhO   , x  3  06 = mhO  ,  xМ  01= mhO . 
 eht enimreteD СВА D- stneiciffeoc   4 eht fo - krowten lanimret . 

tA  eht  daol  Z2 = r = 05  mhO  , sti  rewop  si  Р2 = 054  W  . ,snoitauqe lapicnirp eht gnisU  
rewop evitca tupni eht etaluclac . 

noituloS  . tnelaviuqe na niatbo dna noitcennoc evitcudni eht etanimile s’teL  Т-  emehcs
4 fo - krowten lanimret ( gif .5 . 7,b  ,) vah gni  

Z1  = – jхС  + j(х1 + хМ  )  = – j  + 53 j( 01 + 02 )  = – j  5 mhO , 
Z2  = – jхМ  = – j  01 mhO , 
Z0  = j(х2 + хМ  )  = j( 01 + 06 )  = j  07 mhO . 

roF  Т-  fo emehcs  a 4-  eht neewteb pihsnoitaler tcirts a si ereht ,krowten lanimret
secnadepmi dna stneiciffeoc : 

A 1 = + 
0

1
Z
Z  + 1 = (– j5)/ j( 07 ) 0 = . ;829  

B  = Z1    + Z2   +
0

21
Z

ZZ  = – j  5 – j + 01
07

015
j

)j(j  = – j 51 .  07 mhO ; 

C = 
0

1
Z

=
07

1
j

 = – j0.  3410 S; D + 1 =
0

2
Z
Z + 1 =

07
01

j
j 0 = . .758  

I2 I1 
r 

Z2 

2  

2 

1  

хС 
1 

x1+xМ 

x2+xМ 

–xМ 

U1 Z1 Z0 U2 

b) )а  

2  

2 

Z2 
х2 

х1 

* 

* хС 

хМ 

giF  . .5 7 1  

1 
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si tnerruc daol ehT    I2 = r
P2 =

05
054  3 = А. 

emussA  I2  3 = А  , wal s’mhO rednu     U2  = I2 Z2   3 =  051 = 05 V. 
rehtruF  U1 = А U2  + B I2 0 = . 829  + 051 (– j 51 .7) 741 = 3 e –j 81 .7  V, 

I1 = С U2  + D I2  = – j0. 3410 0 + 051 . 758 3 = 3 . 53 e –j 93 .8  А, 
P1  = eR (U1 1I  )  = eR ( 741 e –j 81 .7 3. 53 e j 8,93  ) 954 =  W  P2 054 =  W. 

P ya  noitnetta  , 4 eht -  emehcs sselssol a si yduts rednu emehcs krowten lanoimret
)secnatsiser tuohtiw(  , ,ylgnidnopserroc  P1 = P2  . ycaruccanI  fo 9  W  eht yb denialpxe si

stigid tnacifingis eerht ot pu dnuor tluser  . eromrehtruF  , eht  evitaler  ycaruccani  saw  sa  

hcum  sa    % =
P
P 001  =

054
9 001  =  ,%2 hcihw i s  elbawolla 

elihw nitaluclac g. 
 

5-9 5( .9). enimreteD  А- stneiciffeoc fo  Х- emehcs (  egdirb a
emehcs  ) 4 a fo - gif ni detneserp krowten lanimret .5 . 8  , fi  

r  = xL  = xС  01 = mhO . 
noitceriD  . elihW nitceles g  eht fo gninaem elgnis eht 

tneiciffeoc  А  ot dednemmocer si ti , tcurtsnoc  rosahp a  margaid
oc eht fo 4 eht fo slaitnetop xelpm - on eht ta krowten lanimret -

noitidnoc daol  , mussa ni g    1 .0 =  
srewsnA    : А 0 = .  + 6 j0.   ,8 В  = j 02  mhO   , С 0 = . + 1  j0.  1 S   , D  + 1 = j .2  

 
5- 01  5( 01. ). а) A daol  Zl = rl = 9 mhO   eht fo slanimret eht ot detcennoc si A-C  egatlov 

ruos fme htiw ec  Е = 001  V ecnadepmi renni dna  Zi = ri = 1 mhO  ( gif . .5 9,а  .)  enimreteD
rewop evitca remusnoc eht  Рl. 

b  ) t redro nI  ot( daol eht otni rotareneg eht morf dereviled rewop evitca eht esaercni o
4 a ,)daol eht htiw rotareneg eht hctam - rowten lanimret  eht neewteb decalp si k

 daol eht dna rotareneg ( gif . .5 9,b  .) 4 siht fo sretemarap eht enimreteD -  krowten lanimret
ecudorp ot  eht  rewop elbissop mumixam noissimsnart  Р2 xam   eht otni rotareneg eht morf

daol . 

 noituloS ksat eht fo  а  .) gif ni tnerruc tiucric ehT . .5 9,а si     I =
li rr

E =
91
001 =  01 А, 

gnieb rewop evitca remusnoc eht    Рl  = I 2 rl 01 =  2  009 = 9 W. 
noituloS  ksat eht fo  b  .) ehT  rotareneg  ni  emehcs  gif . .5 9,b 4 eht htiw dedaol si -  lanimret

aol nrut sti ni si hcihw krowten ecnadepmi eht gnissessop remusnoc a htiw ded  
Zl = rl = 9 mhO  . eW ’ ll  evlos  eht  melborp  fo  eht  mumixam   eht morf noissimsnart rewop

4 eht hguorht rotareneg - spets owt ni remusnoc eht otni krowten lanimret : 

1  

1 

rl 
Z2 Z1 

I1 
ri 

Е 

I 

ri 

giF .5 . 9 
Е 

rl 

)a  b) 

1  

1 
 
 
 

П 

2  

2 I2 

r 

r 

1 

1  

2 

2  

xL 

xC 

xL 

giF  . .5 8 
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 .1 dniF   hcus  a  rof ecnadepmi daol  a rotareneg  Z1, cihw  mumixam eht seetnaraug h
 rewop elbissop Р1 xam 4 eht fo tupni eht ot dereviled - krowten lanimret . 

4 eht fo noitauqe lapicnirp eht fo dnuorg eht nO -  daol eht ta krowten lanimret Z2 = rl  ,

si ecnadepmi tupni sti   Z1 = 
DZC
BZA

2

2 . 

esuaceB  eht 4 - nimret la  krowten  sah  ton  neeb  dnuof  tey  , ti  si  elbissop  ot  ekat   yna
eulav s  sti rof daol rotareneg eht yaw a hcus ni gnignahc ,stneiciffeoc . 

etoN  , eht  ecived  gniwolla  ot  egnahc ( mrofsnart  ) eht  daol  ecnadepmi  si  demret   na
remrofsnart ecnadepmi o melborp eht elihw ,  eht htiw emehcs a fo gnihcraes eht f

 si siht ,yduts rednu melborp eht ni( seitreporp deriuqer  a 4-  a demret si )krowten lanimret
 melborp sisehtnys tiucric cirtcele eht fo . 

nI  eht  trap esruoc s “ raeniL  CD - stiucric “ ,” raeniL  CA - stiucric  ” eht   eht fo melborp
noc owt evitca morf noissimsnart rewop elbissop mumixam eht fo snoitid -  krowten elop

deiduts si eno evissap eht ot sliated ni  . nehW  rewop evitcaer eht  detasnepmoc ylluf si  ni
 si siht( tiucric renni rotareneg eht esac eht  fo  eht duts rednu melborp eht fo )a ksat  eht ,)y

 ytilauqe eht yb desserpxe si tnemeriuqer evoba ri =  rl. 
suhT  , eht  tsrif  noitauqe  ot  4 a ezisehtnys - weiv a sekat krowten lanimret : 

Z1 = 
DZC
BZA

2

2  = ri                 .           (               .5 )1  

 .2 redisnoC gni  eht  tfel  trap  fo  eht  hcs eme  gif . .5 9,b ot drager htiw  eht  tuptuo  
slanimret 2 -2  fo  eht 4 - lanimret  krowten  sa  eht  tnelaviuqe  rotareneg  htiw  eht  renni  

ecnadepmi  Z2 eht fo noitidnoc eht nwod etirw ew ,  mumixam   morf noissimsnart rewop
 remusnoc eht otni rotareneg tnelaviuqe eht rl f sa :swollo  

Z2 = АrC
BrD

i

i = rl. (                                            .5 )2  

oT  ed enimret  ruof  stneiciffeoc  А  , В  , С  , D,  tnednepedni raenil ruof fo metsys eht 
 ytreporp laitnesse eht yb tes si noitauqe yrassecen driht ehT .deriuqer si snoitauqe  eht fo

4- stneiciffeoc krowten lanimret    АD – СВ   .1 =            (                            .5 )3  
 gnissim si noitauqe htruof eht taht tcaf ehT  esoohc ot modeerf eht su sevig a 

neve ,tneiciffeoc  ot  ekat  yna  xelpmoc  rebmun  daetsni  fo  oS .ti  , eht  melborp  fo 4 -
lanimret  krowten  sisehtnys  sah  etinifni  snoitulos fo rebmun . 

T eh  htruof  noitauqe dnuof eb nac  syaw owt eht fo eno ni : 
 .1 ezisehtnyS  a lacirtemmys 4 - lanimret  krowten  erehw  А = D dna   eht ekat

noitazilaer eht rof emehcs tselpmis  : Т- emehcs  ro  П- emehcs gif( 1.5 . )0 ; 

 .2 emussA  D =  ,1 dna  neht  htob  Т- a dn  П- emehcs  non eht otni nrut -  cirtemmys Г-
 mrof fo emehcs b ro a,11.5 .gif . 

stnairav htob fo noitulos eht tneserp s’teL . 
 .1 4 cirtemmys eht fo sisehtnyS - krowten lanimret . 

giF  . 5 1. 0 

)a
f 

3 3 

3 
)b

f 

3 

3 3 3 
)c
f 

3 3 

3 
)d

f 
3 

3 
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auqe gniwollof eht yb tes era stneiciffeoC metsys noit : 

DrC
BrA

l

l  = ri    ;
АrC
BrD

i

i  = rl     ; АD – СВ     ;1 = А  = D. 

s deliated ehT swollof sa si metsys eht fo noitulo : 
А rl  + В  = С ri rl  + D ri,  taht tnuocca otni ekat    А  = D tcartbus neht dna   
D ri  + В  = С ri rl  + А rl.   eht  noitauqe dnoces morf  eht  tsrif  eno . niatbo eW : 

А (rl – ri  )  = А (ri – rl)    , ereh morf    А  = 0 = D. 
t redro nI ed o enimret   rehto eht w metsys noitauqe na evlos ew ,snoitauqe owt ereh  

А = D 0 = tnuocca otni nekat si : 

В  = С ri rl       ; – СВ    ,1 = morf  ereh    В  = j lirr    , С  = j
lirr

1 , 

a ,eromrehtruf s    – СВ 1 = fo sngis eht ,   В  dna  С .lacitnedi eb ot era  
noitulos eht fo stnairav owt era erehT : 

  )а А  = D                                      ;0 = b   ) А  = D ;0 =  
В + = j lirr  = j 91  = j  3 mhO          ; В  = – j lirr  = – j 91  = – j  3 mhO ; 

С  = +j
lirr

1  = j
3
1  S   .                         С  = – j

lirr
1  = – j

3
1  S. 

 eht fo sretemarap eht etaluclaC Т- dna  П- nwonk eht yb semehcs stneiciffeoc : 

- Т- emehcs      Z1Т  = Z2Т = C
A 1  =  j  3 mhO     , Z0Т = 

C
1  = j  3 mhO . 

- П- emehcs      Z1П  = Z2П = 1D
B  = j  3 mhO     , Z0П   = В  =  j  3 mhO . 

nI eht tnairav eht ot gnoleb sngis pot eht ,srewsna  а  ,) seno mottob eht  – tnairav eht ot  
b  .) c ehT htiw semehcs gnidnopserro  secnadepmi  nevig  ni  mhO   ni detneserp era

gif . 1.5 0. 
 yna nI emehcs    Z1  = ri  1 = мО , 

eht  rotareneg   si stnerruc     I1 = 
1Zr

E
i

=
11
001 =  05 А, 

eht  evitca  rewop  ta  eht  4- si tupni krowten lanimret    Р1 xam   = I 2 Z1 05 =  2  0052 = 1 W. 
ecniS  eht 4 - lanimret  krowten  sah  on  ssol  , eht  remusnoc  a evitc  rewop  si  

Р2 xam   = Р1 xam   0052 = W 
daetsni  fo    Р2  009 = W   gif emehcs laitini eht ni .5 . 9,а. 

 .2  eht fo sisehtnyS Г- emehcs . 
r ehT  stneiciffeoc deriuqe :metsys noitauqe gniwollof eht morf denimreted era  

DrC
BrA

l

l  = ri       ;
АrC
BrD

i

i  = rl       ; АD – СВ       ;1 = D .1 =  

 dnA  niaga t  era ereh stnairav owt noitulos eht fo : 

   )а А =
9
1    ; В  = j2 2  mhO ; С  = j

9
22  S; D ;1 =  

b    ) А =
9
1    ; В  = – j2 2  mhO ; С  = – j

9
22  S  ;  D 1 = . 
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ylnO  owt  Г- gif ni detneserp semehcs . 1.5 1  ehT .snoitulos eseht ot dnopserroc 
gif ni stnemele eviticapac dna evitcudni eht fo secnadepmi . 1.5 1 ni nwohs niaga era  

mhO  . ereH  , gif fo esac ni sa 1.5 . 0  ereht , era  

Р1 xam   = Р2 xam   =  0052 W      , I1 =
ir

E
2

=
12
001  05 = А. 

alumrof eht rednu denimreted si tnerruc daol ehT    I2 = DrC
I
l

1 . 

ecnatsni roF  , gif emehcs a ni 1.5 . 1,а si ti    I2 =
19

9
22

05

j
=

3
05 e –j 07 . 35  А. 

5- 11  5( 11. ).  lla fo secnadepmi ehT  eht gif semehcs ni stnemele 1.5 . 2 ni era  mhO . 
 eht taht evorP  nevig 4-  lanimret

tnelaviuqe era skrowten . 
snoitceriD  . As eht 4 - lanimret  

skrowten  era  elbisrever  ,  etiuq si ti
pmi eht erapmoc ot hguone  secnade

Z1o  , Z1S skrowten htob fo . 
rewsnA   : Z1o + 001 =  j  002 mhO , 

Z1S  001 = – j  002 mhO , 
Z2o = j  001 mhO  , Z2S  08 = – j  06 mhO . 

ehT  secnadepmi  sa  c eht rof tub detneserp era slanimret yradnoces eht sdrager kceh . 
 

2.5  . 4 fo snoitcnuf refsnarT - skrowten lanimret  
5- 21  5( 73. ). roF  Г- emehcs  fo   eht 4- lanimret  krowten  gif . .5 31 ,а  , etaluclac  dna  tolp   eht

 eht fo scitsiretcarahc ycneuqerf  egatlov on eht ta noitcnuf refsnart - noitidnoc daol  , fi   
r =  05 mhO   , С  =  04 F. 

noituloS  . w dnuof eb yam noitcnuf refsnart deriuqer ehT  lapicnirp eht fo dia eht hti
 snoitauqe lapicnirp eht fo dia eht htiw sa llew sa mrof yna fo stneiciffeoc htiw snoitauqe

.sretemarap citsiretcarahc htiw   fo semehcs elpmis fo esac ni ,revewoH  a 4-  lanimret
t retteb si ti ,krowten  o esu  gnivah ,swal s’ffohhcriK  ni nettirw  a  eht mrof xelpmoc
 tnerruc rof snoisserpxe I1o  egatlov dna  U2o   fo noitcnuf ni  : 

U2o  = I1o · Cj
1    , tub    I1o   =

Cj
r

U o
1

1    , neht  

j(W  ) =
o

o
U
U

1

2 =

Cj
r 1

1 ·
Cj

1 =
Crj1

1 =
j1
1 , 

erehw    = Cr  = 01·04·05  –6 = 01·2  –3 s – si  demret  eht  emit  tnatsnoc  fo  eht  noitces  rednu  

giF  . 5 1. 1 

)a
f 

2 2  
)b

f 22
9   22

9   
2 2  

004  

001  001  

giF  . 1.5 2 

001  

002  002  

002  
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yduts ( ees  hpargarap « tneisnarT  sessecorp  ni  eht  raenil  cirtcele  stiucric  ,)» elihw  a 

refsnart  noitcnuf  fo  weiv eht   W(j ) =
j1
1    eht fo eno fo noitcnuf refsnart a si

 cidoirepa“ dellac gnieb noitces a hcus ,metsys lortnoc citamotua eht fo snoitces dradnats
”noitces . 

 ehT tsiuqyN ’s tolp  gif ni detneserp si noitcnuf refsnart siht fo . .5 31 ,b dna  tneserper  a s
 suidar fo elcricimes R = ½  . i ehT egam  tniop  М  dne rosahp eht fo noitisop eht stes  

W(j   ) seicneuqerf dexif eht ta enalp xelpmoc eht no : 
ta  orez  ycneuqerf   0 = ,   tniop fo setanidrooc eht  М ;)0 ,1( era  

ycneuqerf eht ta   0 = . ·5  –1 = 3012
50.  052 = s

1    

j(W  ) = 1501
1
.j

=
501

1
.j

0 = .  8 – j0. ,4  

(W  ) = 22 4080 ,. 0 = .    ,498 (  ) = gtcra 
80
40

.
.  = – 62 . 65 , 

 tniop siht  М if ni nwohs si g .5 . 31 ,b. 
tniop fo noitisoP  М1 roc ycneuqerf ot sdnopser    =  –1 = 005  s –1   , ta elihw   =    

(W  )  ,0 = (  )  = – 09  = – ½   tniop  М srucco nigiro etanidrooc eht ni . 
etoN  , ta  eht  ycneuqerf  noitairav  (0 … )  ,  eht egami  tniop  sevom  ni  eht  esiwkcolc  

 elgna esahp eht dna noitcerid a ni mehcs  htiw e  a  tnemele egarots ygrene elgnis irav  se yb  
09  . sihT  si  lareneg  ytreporp  fo   s’tsiuqyN stolp rav elgna esahp eht ,revewoh , sei ot pu  

(–n·½ )  , erehw  n – egarots tnereffid fo rebmun  stnemele . 

edutilpmA  ycneuqerf  citsiretcarahc  W( ) =
21

1

)(
 cnuf ycneuqerf neve na si -

noit  ,   citsiretcarahc ycneuqerf esahp eht elihw ( ) = – gtcra ( ) noitcnuf ddo na si   ,  
 eht tinu fo   (  ) naidar gnieb . 

 eht htiw ecnadrocca ni demret era scitsiretcarahc ycneuqerf yranigami dna laeR
pihsnoitaler gniwollof  

W(j  ) =
j1
1 ·

j
j

1
1 = 21

1
)(

 – j 21 )(
, 

erehw  B(  ) = 21
1

)(
 –  a laer  citsiretcarahc ycneuqerf  , noitcnuf ycneuqerf neve , 

M( ) = – 21 )(
 –  na yranigami  ycneuqerf citsiretcarahc  , noitcnuf ddo . 

( ) 

b) 

 =  0 =  

M 
052 =  

M  1  : 1 005 =  

1 1+  

U2o 
 

U1o C 

I1o 
)a  r 

1 

1  

2 

2  

giF  . 5. 31  

0 +j 

j(W ) 

½ 
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etoN  , ti  si  elbissop  ot  niatbo  eht  alumrof eht yb citsiretcarahc ycneuqerf esahp   

( ) = gtcra
)(B
)(M .llew sa   

d ehT lebice - si esnopser ycneuqerf gol  
L(  ) 02 = Wgl (  )  = – 02 gl 21 )(  = – 01 gl 21 )( . 

elbat eht ni scitsiretcarahc noitcnuf refsnart eht fo stluser noitaluclac eht etalubaT .1.5  
ehT  ecarb  ni  eht  elbat  1.5 skram  eht  ycneuqerf  naps  gnidnopserroc  ot  edaced  ,  ni

ycneuqerf eht hcihw   yb seirav   01 dna semit  ,  ,ylgnidnopserroc  mhtiragol eht gl (  )
ecnereffid  1 yb . 

c ehT scitsiretcarah  W( )  , B( )  , -M( )  , ( ) gif ni detneserp era .5 . 41 . 
lebiceD - gol  ycneuqerf  sesnopser  gif ni detneserp era . .5 51 ,а ( senil dilos  ,)  rieht elihw

era scitsiretcarahc citotpmysa  nemges enil eht yb demrofrep st ( senil hsad  .) ehT  gnilpuoc  
ycneuqerf  fo  eht  si stnemges enil   0 =  –1  ;  edutilpma eht fo noitaived mumixam eht

si eno laer eht morf citsiretcarahc citotpmysa ycneuqerf 3 .  10 Bd  ,  eht fo elgna epols eht
 si enil thgiarts 02  Bd / edaced  , kram yllausu gnieb ti sa de ( – ( )1 ylgnidrocca  ,  ta  04

Bd / edaced  si ti ( –  ,)2 ta  06 Bd /  edaced – ( –  )3 no os dna  .) esahp ehT - lebiced ycneuqerf -
gif ni detneserp si esnopser gol . .5 51 ,b. 

elbaT 1.5  
 , s –1  +1 ( )2 W( ) ( )  , dar  L( )  , Bd  gl ( ) B( ) – M( ) 
0 0 1 1 0 0 –  1 0 

¼  –1 521=  0. 52  1. 360  0. 79  – 0. 542  – 0. 462  2. 90  0. 49  0. 532  
½  –1 052=  0.5 1. 52  0. 498  – 0. 464  – 0. 379  2.4 0.8 0.4 
1  –1 005=  1 2 0. 707  – 0. 587  – 3. 10  2.7 0.5 0.5 
5,1  –1 057=  1.5 3. 52  0. 555  – 0. 389  – 5. 21  2. 88  0. 13  0. 264  

2  –1 001=  2 5 0. 744  – 1. 11  – 6. 99  3 0.2 0.4 
3  –1 0051=  3 01  0. 613  – 1. 52  – 01  3. 81  0.1 0.3 
4  –1 0002=  4 71  0. 342  – 1. 33  – 21 .3 3.3 0. 60  0. 532  
5  –1 0052=  5 62  0. 691  – 1. 73  – 41 .1 3.4 0. 40  0. 291  
01  –1 0005=  01  101  0. 10  – 1. 74  – 02 . 40  3.7 0. 10  0. 90  

 

 

gniwO  ot  eht  dipar  tnempoleved  fo  eht  upmoc ret  gnireenigne  , eht   fo noitacilppa ediw
 nwonk yb esnopser tiucric eht etupmoc ot scitsiretcarahc dna snoitcnuf refsnart eht

lautca ylemertxe semoceb mrof yrartibra eht fo tceffe  .  smelborP .5 31  dna .5 41   etartsulli
 snoitcnuf refsnart eht fo noitacilppa eht 4 elpmis a gnisu -  na sa krowten lanimret

 saw DAChtaM margorp lacitamehtam retupmoc eht ,gnitupmoc elihW .elpmaxe
  woh yaw eht neewteb secnereffid emos era ereht ,yletanutrofnU .deyolpme ylevisnetni

ezilobmys dna delebal era srebmun dna snoitcnuf ,seititnauq DAChtaM ni d -  margorp
xelpmoc eht ,elpmaxe rof ,suhT .gnizilobmys dna gnilebal detpecca yllareneg dna  
 ni detneserp era srewsna eht ni 01 rebmun fo srewop eht ,denilrednu ton era seititnauq

rra atad eht sezilobmys stpircsbus eht fo noitacilppa ,yaw tnereffid  nehw ,yhw s’tahT .ya
DAChtaM dna weiv detpecca yllareneg a ni ealumrof eht htob ,smelborp eht gnivlos -

noinipo ruo nI .detneserp era stnemges margorp  , eseht  secnereffid  era  ton  lapicnirp  seno  
dna  eht  noitulos  ap sihT .detceffa ylesrevda ton si noisneherpmoc  ot detacided si hpargar

 ecneulfni cinomrah eht ta snoitcnuf refsnart eht fo egasu dna gnitteg eht fo snoitseuq eht
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31.5 smelborp( -  eht fo esac ni won deniatbo scitsiretcarahc eht fo noitacilppA .)41.5
 ni deredisnoc eb lliw smrof rehto eht fo secneulfni non ehT« snoitces txen eht -

non eht ta( stiucric tnerruc ladiosunis -  ni sessecorp tneisnarT« dna »)ecneulfni cinomrah
33.7 ,3.6 smelborp( »stiucric cirtcele raenil eht - .)43.7  

4  fo tiucric denibmoc eht ni seititnauq tnereffiD - t morf deilppus krowten lanimret  eh
fme htiw ecruos  Е ecnadepmi renni dna  Z1 ecnadepmi eht htiw dedaol dna  Z2  eb yam

eht hguorht denimreted  А- stneiciffeoc : 
- egatlov tupni   U1  = Е(А 11 Z2  + А 21 )/НA; 
- tnerruc tupni   I1  = Е(А 12 Z2  + А 22 )/НA; 
- egatlov tuptuo   U2  = Е·А 21 /НA; 
- tnerruc tuptuo   I2  = – Е/НA. 
ereH  НA = А 11 ·Z2 + А 22 ·Z1 + А 21  + А 12 ·Z1·Z2 na si  yrailixua  ycneuqerf  citsiretcarahc  

desserpxe  hguorht  eht  А- 4 eht fo stneiciffeoc - krowten lanimret  . etoN  , stnemele eht  Е-Z1 
detcennoc  ni  seires  stnemele eht yb detutitsbus eb nac  J-Z1  detcennoc  hcihw ,lellarap ni

egatlov a fo mrof eht ni htob eb nac ecneulfni eht snaem  Е tnerruc a fo mrof eht ni dna  
J = Е/Z1  .  ealumrof nevig eht ,esac siht nI

yaw gnidnopserroc a ni detcerroc era . 
 

5- 31  5( 24. ). A ecruos  detneserp  yb  na  
tnelaviuqe  emehcs  j(t)-R1 us seilpp  eht  daol  

R2 htiw  ygrene  hguorht  Г- depahs  
evitcudninon  wol - ssap  retlif   evissap a gnieb

4- krowten lanimret ( gif . .5 1  .)6  laciremuN
era atad :   R1  0005 = mhO   , R2  0002 = mhO   , R  0001 = mhO   , С  01 = F. 

)1 :gniwollof eht tuo yrraC  4 etaluclac - ten lanimret  mrof fo stneiciffeoc krow А  ;
)2  )3 ;knil eht fo secnadepmi refsnart xelpmoc tuo krow   esahp dna edutilpma eht tolp

)4 ;scitsiretcarahc ycneuqerf  )5 ;tolp tsiuqyN eht tcurtsnoc   xelpmoc eht fo dia eht htiw
 egatlov tuptuo eht enimreted ,ecnadepmi refsnart u2 f  sesac gniwollof eht ro – 

j(t)  50.0 = А,    j(t) ·50.0 = nis ( 001 t 54 + ) А, 
)t(j ·50.0 = (nis 0001 t – 001 ) А,  )t(j ·50.0 = (nis 00001  t 001 + ) А. 

noituloS .  .1 4 eht fo secnadepmi hcnarb eht kraM -  lanimret  sa yduts rednu krowten

Z1 = R dna   Z2 = Cj
1   .  enimreteD А-  fo ealumrof nwonk eht yb stneiciffeoc Г-  depahs

4- krowten lanimret : А  11 + 1 =
2

1
Z
Z    ; А  21  = Z1    ; А  12 =

2

1
Z

   ; А  22 .1 =  

snoitcnuf ycneuqerf eht sa detneserp era stneiciffeoC : 

Z1(j ) =:  R    Z2(j ) =:
Cj

1  

А 11 (j ) +1 =:
)j(Z
)j(Z

2
1   А 11 (j )

4,taolf
yfilpmis

0001.+.1 е- ·1 j  

А 21 (j ) =: Z1(j )   А 21 (j )
4,taolf
yfilpmis

0001  

R2 u2 
 

i1 R 
u1 R1 

j )t(  

C 

P 

i2 

giF . .5 16 
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А 12 (j ) =:
)j(Z 2

1   А 12 (j )
4,taolf
yfilpmis

0001. е- ·4 j  

А 22 (j ) 1 =:    А 22 (j )
4,taolf
yfilpmis

 1 

noitacifireV :   А 11 (j )·А 22 (j ) – А 21 (j )·А 12 (j ) 
4,taolf
yfilpmis

.1  

yllaniF  , swollof sa era stneiciffeoc eht : 
А  11  = ·10,0 + 1 j     ; А  21  0001 = mhO   ; А  12 01 =  –5·j   S     ; А  22 .1 =  

 .2 ehT  tupni  ytitnauq ( ecneulfni  ) ni si melborp tneserp eht  j(t),  eno tuptuo eht
( ecnopser ro noitcaer  ) egatlov daol eht si  u2(t)  . tahT ’s ,emit siht ,yhw  eht  xelpmoc  

refsnart  noitcnuf   Н(j ) = Х ptuo (j )/Х pni (j )    si hcihw ecnadepmi refsnart xelpmoc eht si
sa detneserp    Z(j )  = U2(j )/J(j ). 
etupmoC  Z(j ) syaw owt ni  . T eh  rennam tsrif   fo noitacilppa eht sevlovni eht  A-
stneiciffeoc  deviecer neeb evah hcihw  . c ew yllaitinI f yrailixua eht etalucla  ycneuqer

noitcnuf   НА(j )  =: А 11 (j )·R  + 2 А 22 (j )·R  + 1 А 21 (j )  + А 12 (j )·R ·1 R2 

НА(j )
4,taolf
yfilpmis

 
·.021 + .0008 j , 

si ecnadepmi deriuqer ehT  

Z(j  ) =:
)j(AH

RR 21          Z(j )
4,taolf
yfilpmis

j..
e.

3002
60052 . 

mrofreP  eht  gnikcehc  noitaluclac  yb rennam dnoces eht  , tuo eht demussa gnivah  tup
ot lauqe eb ot egatlov   U2 =  1 tnerruc tupni eht denimreted gnivah dna  J  fo dia eht htiw 

 s’mhO  swal s’ffohhcriK dna : 

I1 j(  ) =:
2

1
R

+ j  · U      C 1 j(  )  + 1 =: R·I1 j( j(J      )  ) =: I 1 j(  ) +
1

1
R

)j(U  

Z(j  ) =:
)j(J

1         Z(j )
4,taolf
yfilpmis

j..
e.

3002
60052 . 

suhT  ,  eht rof rewsna eht swollof sa si ecnadepmi refsnart xelpmoc : 

Z j(  ) =
0

01
aj

bjb =
0023

000052
j

=
7666

33338
.j

 mhO . 

era melborp siht ni stneiciffeoc eht fo seulaV : 
b1  =     ,0 b0     ,33338 = a0 66 = . .76  

 .3 A  edutilpm scitsiretcarahc ycneuqerf esahp dna  ni dettolp era knil eht fo 
ealumrof gniwollof eht htiw ecnadrocca : 

(Z  ) | = Z j( ) = | 2
0

2

2
0

2
1

a
b)b( = 22

2

7666
33338
.

; 

(  )  = (gra Z j(  ))  = gtcra
0

1
b

b  –   gtcra
0a

= gtcra 0  –   gtcra
7666 .

. 

ehT  pl sto  fo  eht  a edutilpm  dna  esahp  ycneuqerf  scitsiretcarahc  ni detneserp era 
gif . .5 71 ,а dna  b .ylevitcepser ,  



 621  

– 51  

– 03  

002  004  006  008  0001  0021  
Z, mhO  0 

– 54  – 06  – 57  

– 09  

giF . 5 1. 8 

 
 
 
 
 
 
 
 
 
 
 
 
 

 .4 tolp tsiuqyN ehT  si  a ecnedneped  Z( ) = f( (  ))  ni  a etanidrooc ralop  .metsys  ehT
c  snoitalucla rof elbat ni detalubat era gnittolp   .2.5  ehT lesti tolp gif ni detneserp si f  .

.5 1 .8  
elbaT .5 2 

 , s -1 0 01  05  001  051  002  005  0001   
 , ged  0 – 8.5 – 63 .9 – 65 .3 – 66 .0 – 17 .6 – 28 .4 – 68 .2 – 09  

Z  , mhO  0521  6321  0001  096  705 .7 3 59  561 .2 38 .1 0 

b) 

giF . .5 17 
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1 01 001 1 01 3 1 01 4
0
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0001

0051
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1 01 001 1 01 3 1 01 4

08

06

04

02

0

( )
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 .5 seulav ehT  fo  eht  xelpmoc  refsnart  ecnadepmi   sa era seicneuqerf nevig eht ta
swollof : Z(0  )  0521 = mhO                         , Z(j 001  ) 396 = . ·4 е –j 65 . 13  mhO , 

Z(j 0001  ) 38 = . ·51 е –j 68 . 91  mhO     , Z(j 00001  ) 8 = . ·33 е –j 98 . 26  mhO . 

ulfni ehT sedutilpma xelpmoc ecne    J(j ) 
ht dna eso esnopser fo t    U2(j )  = Z(j )·J(j )    era seicneuqerf emas eht ta : 

J(0) 0 = . 50 А ,    J(j 001 ) 0 = . ·50 е j 54 А , 
J(j 0001 ) 0 = . ·50 е –j 001 А ,   J(j 00001 ) 0 = . ·50 е j 001 А , 
U2(0) 26 = .5 V,    U2(j 001 ) 43 = . ·7 е –j 11 . 13  V, 
U2(j 0001 ) 4 = . ·61 е j 371 . 18  V,  U2(j 0001 0) 0 = . ·24 е j 01 . 83  V. 

:era egatlov tuptuo eht fo seulav suoenatnatsni ehT  
u2 )t(  5.26 = V,    u2 )t( 43 = . ·7 (nis 001  t – 11 . 13 ) V, 
u2 )t( 4 = . ·61 (nis 0001 t 371 + . 18 ) V, u2 )t( 0 = . ·24 (nis 00001  t 01 + . 83 ) V. 

tnetta yaP  egatlov tuptuo eht fo sedutilpma eht ,noi u2  eht ta ylprahs esaerced 
 eht elihw esaercni ycneuqerf  edutilpma ecneulfni sniamer 50.0 elbairavni  А eht ereH .  

4 eht fo serutaef -  krowten lanimret  ylraelc era retlif a sa .nees  
 

5- 41  5( 34. ). melborp evloS  .5 13 tfa  eht re
rotsiser fo noitutitsbus  R  ecnatcudni yb

L = 01  H ( gif . .5 1  .)9  A  ecnaticapac  si
 nekat ot lauqe  С = 1 F. 

noituloS  . fo redro ehT  si noitulos eht  yrev
eht melborp eht fo taht sa emas .5 31  .

 ,yhw s’tahT ylno  era srewsna eht nevig . 

 .1 Z1(j  ) =:  j  ·L   Z2(j  ) =:
Cj

1  

А 11 (j ) +1 =:
)j(Z
)j(Z

2
1

  
А 11 (j )

4,taolf
yfilpmis

0001.+.1 е-4·(j )2 

А 21 (j ) =:  Z1(j )   А 21 (j )
4,taolf
yfilpmis

01 ·. j  

А 12 (j ) =:
)j(Z 2

1   А 12 (j )
4,taolf
yfilpmis

0001. е-5·j  

А 22 (j ) 1 =:    А 22 (j )
4,taolf
yfilpmis

 1 

noitacifireV   : А 11 (j )·А 22 (j ) – А 21 (j )·А 12 (j ) 
4,taolf
yfilpmis

.1  

yllaniF  ,  eht swollof sa era stneiciffeoc : 
А  11 1 + 1 = 0 –5·(j )2

    ; А  21 01 = j  мО   ; А  12 01 =  –6·j мС      ; А  22 .1 =  
 .2 yaw tsrif ehT  etaluclac ot  Z(j ). 

НА(j )  =: А 11 (j )·R  + 2 А 22 (j )·R  + 1 А 21 (j )  + А 12 (j )·R ·1 R2 

НА(j )
4,taolf
yfilpmis

 
7  + .000 0002. е- ·1 (j )2  + ·.02 j , 

R2 u2 
 

i1 

u1 

R1 

j )t(  

C 

P 

i2 

giF  . .5 91  

L 
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Z(j  ) =:
)j(AH

RR 21   Z(j )
4,taolf
yfilpmis

j)j(e.
e.

000160053
90005

2 . 

yaw dnoces ehT  etaluclac ot  Z(j ). 

I1 j(  ) =:
2

1
R

+ j  · U      C 1 j(  )  + 1 =: Z1(j )·I1 j( j(J      )  ) =: I 1 j(  ) +
1

1
R

)j(U  

Z(j  ) =:
)j(J

1   Z(j )
4,taolf
yfilpmis

j)j(e.
e.

000160053
90005

2 . 

suhT  , swollof sa si ecnadepmi refsnart xelpmoc eht rof rewsna eht : 

Z(j  )  = 52

8

01530001
015

,j)j(
мО . 

 

 .3  ni dettolp era knil eht fo scitsiretcarahc ycneuqerf esahp dna edutilpmA
ealumrof gniwollof eht htiw ecnadrocca : 

Z(  ) =: 52

8

01530001
015

.j)j(
; 

(  )  =: gra 52

8

01530001
015

.j)j(
. 

 ni detneserp era scitsiretcarahc ycneuqerf esahp dna edutilpma eht fo stop ehT
.gif  .5 02 ,а  dna b ylevitcepser , . 

 .4 c ehT  snoitalucla  tolp tsiuqyN eht gnitcurtsnoc rof yrassecen  elbat ni detalubat era
 ehT .3.5 tolp i .5 .gif ni detneserp si flest 21. 

elbaT .5 3 
 , с –1 0 50 01 0 2 00  500 01 00  02 00  5 000   
 , ged  0 – 8. 91  –16.39 – 23 .83 – 87 . 96  –1 32 .0 – 151 .3 – 861 .5 – 81 0 

Z  , mhO  1 924  4241  1 114  5531  189  914  021  91 .9 0 
 

 .5 v ehT vig eht ta ecnadepmi refsnart xelpmoc eht fo seula  sa era seicneuqerf ne
swollof : 
Z(0  )  9241 = mhO                          , Z(j 001  ) ·1141 = е –j 61 . 93  mhO , 
Z(j 0001  ) 914 = . ·2 е –j 321 . 20  mhO     , Z(j 00001  ) 4 = . ·99 е –j 471 . 72  mhO . 

   sedutilpma xelpmoc ecneulfni ehT j(J ) 
ht dna eso    esnopser fo U2 j( )  = j(Z )· (J j ) era seicneuqerf emas eht ta   : 

J(0) 0 = . 50  А  ,     J(j 001 ) 0 = . ·50 е j 54  А, 
J(j 0001 ) 0 = . ·50 е –j 001 А  ,   J(j 00001 ) 0 = . ·50 е j 001 А , 
U2(0)  = 17 . 34  V    ,     U2(j 001 )  = 07 . 45 ·е j 82 .61  V, 
U2(j 0001 )  = 02 .9 ·6 е j 31 6.98  V,  U2(j 001 00) 0 = .25·е -j 47 . 72  V. 

T :era egatlov tuptuo eht fo seulav suoenatnatsni eh  
u2(t) 17 = .  34 V     ,      u2(t) 07 = . ·45 nis ( 001 t 82 + . 16 ) V, 
u2 )t(  = 02 .9 ·6 (nis 0001 t 31 + 6.98 ) V,  u2 )t( 0 = .25· (nis 00001  t – 47 . 72 ) V. 
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