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6 STIUCRIC RAENIL .  NON LACIDOIREP TA -  LADIOSUNIS
TNERRUC DNA SEGATLOV S 

6.1. E NOISNAPX  FO CIDOIREP A  OTNI NOITCNUF  EHT SEIRES REIRUOF  
6-1 6( 1. ).  ehT d ecnednepe  u(t) si  nwohs  ni  gif . ,1.6 а dna  ylsuoenatlumis  tes  yb  elbat  1.6 
( tub  rof  eht  tsrif  retrauq  fo  irep do  ,) ti  si rtemmys laci sa   ot drager htob   eht  etanidrooc

t( nigiro ecnedneped eh a )ddo gnieb nd sixa assicsba eht ( )t(u  = – (u – )t  = – t(u +T 2/ )). 

dnapxE  eht  ecnedneped  )t(u   otni  eht  dna seires reiruoF tcurtsnoc  ycneuqerf raenil sti 
murtceps . 

elbaT  .1.6  ehT v  fo seula  eht noitcnuf   )t(u  fo retrauq tsrif eht rof  a ta doirep  Δt 0 = .  5 sm  
n 1 2 3 4 5 6 7 8 9 01  

t  , sm  0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
un  , V 21 . 53  71 . 35  51 . 98  61 . 90  82 . 51  45 . 39  98 . 87  121 .7 241 .7 941 .8 

 

noituloS  . f ehT noitcnu  )t(u  sessessop   ylsuoenatlumis owt  sdnik  fo  yrtemmys  .  si tI  na
s eht ta dna eno ddo  s’tahT .sixa assicsba eht ot drager sa lacirtemmys si ti emit ema

 noisnapxe seires sti yhw  eht elihw ,rebmun laires ddo htiw sdiosunis ylno sedulcni
 rebmun eht fo edutilpma cinomrah eht enimreted ot largetni (2k–1)  eht rof detaluclac si 

 fo retrauq  a doirep  tneuqesbus htiw 4 yb tluser eht fo noitacilpitlum  .  fo eulav eht nehT
 eht edutilpma  Um2k–1 noisserpxe eht rednu denimreted si : 
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00
12 128122 /TT

km td)t)k((nis)t(u
T

td)t)k((nis)t(u
T

U . )1.6(  

 seires reiruoF eht otni dednapxe si ti ,elbat eht yb tes si noitcnuf eht sA  yb  eht
ohparg -  lacitylana  .dohtem elihW   na gnisu etamixorppa  noitargetni  , eht  noitcnuf  doirep  

si  dedivid  i otn  eht  lauqe  slavretni  ( eht ni  nevig  ,elpmaxe rieht si rebmun  N  )04 =  dna
 neht noitutitsbus eht  td  = Т N/  = Т 04/ .demrofrep si  revewoH  , as eht  noitcnuf  h sa  owt  

tnereffid  seulav  ta  eht  sdne  fo  owt  lacirtemmys  slavretni  lauqe  ot   a retrauq  fo   eht  ,doirep
 fo noitasnepmoc ot gniwo tluser retteb eht niatbo ot redro ni neht  eht  ycaruccani evitisop

 yb doirep eno fo  eht  eht lavretni lacirtemmys rehtona fo ycaruccani evitagen
 etamixorppa tahT .doirep flah eht rof demrofrep eb ot si noitargetni ’s yhw  tel ’s dnetxe  

eht  elbat 1.6  flah eht ot  fo doirep . 
elbat fo noitaunitnoC  .1.6 seulav noitcnuf ehT   )t(u 2 eht rof dn  fo retrauq  a doirep  

n 11  21  31  41  51  61  71  81  91  02  
t  , sm  5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 01 .0 
un  , V 241 .7 121 .7 98 . 87  54. 39  82 . 51  61 . 90  51 . 98  71 . 35  21 . 53  0 
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nehT  eht  rettal  noisserpxe  )1.6( weiv gniwollof eht ot decuder si (  eht rof noitammus
doirep flah :)  

02

1

02

1
12 12

01
1

04
124

n n
nnnnkm )t)k((nisuT)t)k((nisu

T
U ,  )2.6(  

erehw   Т 0 = .  20 s   – a noitcnuf fo doirep  )t(u ; 
n   02…1 = –  eht  ta noitargetni etamixorppa eht fo lavretni na fo rebmun  Δt  = T .04/  

elbat morf atad eht gnisU   eht fo edaced tsrif eht fo sedutilpma eht etaluclac ew 1.6
iw ecnadrocca ni )scinomrah ddo eht ylno tnuocca otni gnikat( stnenopmoc cinomrah  ht

tluser eht  eviecer dna ,)2.6( noisserpxe eht : 
Um1  001 = V     ; Um3  = –  04 V     ; Um5 51 =  V    ; Um7  5 = V   ; Um9  = –  91,0 V. 

 dna elbigilgen si cinomrah htnin ehT snoitaluclac rehtruf eht morf dedulcxe eb nac . 
,oS  eulav suoenatnatsni eht  eht fo oisnapxe eht  noitcnuf eht fo n )t(u  reiruoF eht otni 
seires (  scinomrah ddo )9…1 swollof sa si : 

 

9

1k
km )tk(nisU)t(u = 001 is (n )t  – 04 (nis 3 )t 51 + (nis 5 )t 5 + (nis 7 )t V . 

p ehT stol  fo  noitcnuf  )t(u  gif ni era murtceps ycneuqerf edutilpma dna .1.6 .  
 
6-2 6( 2. ).  dnapxE was cidoirep a - 0 lavretni eht ni debircsed egatlov htoot  < ωt < 2  yb  

 noisserpxe eht (u ω )t  = 
2

t seires reiruoF eht otni . 

noituloS  . tceriD - tnerruc  tnenopmoc ( orez  :swollof sa si )cinomrah  

2
1

4
1

2
1 2

0

2

0
20 )t(dt)t(d)t(uU . 

yB  eht  yaw  , yam ti sla  o  dnuof eb morf  eht fo alumrof eht elgnairt a fo aera . 
c ehT stneiciffeo  fo  nis - stnenopmoc  fo  k ht - cinomrah   gniwollof eht yb tes era
noisserpxe : 

k)k(
)k(sock)k(nis)t(d)tk(nistUk

1
2

222
2

1
2

2

0
2 . 

ylralimiS  fo stneiciffeoc eht rof , soc - stnenopmoc : 

0
2

0222
2

1
2

2

0
2 )k(

)(soc)k(soc)k(nisk)t(d)tk(soctUk . 

giF  .2.6 .  fo stolP
 noitcnuf (u ω )t . 

n  1 = – 1 eht ts  
cinomrah  fo  

)3.6( noisnapxe ; 
n  5 = –  5 fo mus

scinomrah ; 
n  05 = –  05 fo mus

scinomrah . 



 231  

oS  , ereht  a er  tub  nis - stnenopmoc  ni  eht  reiruoF  seires  noisnapxe   fo  eht noitcnuf  (u ω )t  ,

weiv a gnivah noisnapxe eht : 
n

k k
)tk(nis)t(u

1

1
2
1 .    )3.6(  

nI  gif .  2.6 ereht  era  stolp  fo   eht noitcnuf  (u ω )t htiw ecnadrocca ni deniatbo  )3.6(  rof
scinomrah fo rebmun tnereffid  . ylsuoivbO  , eht  esaercni  fo  eht  rebmun  fo  scinomrah  

sevorpmi  amrofrep eht  rof ycarucca ecn  eht ro igin noitcnuf la  . revewoH  , ereht  era  
cificeps  sekips  ni  eht  )nonemonehp sbbiG( noitcnuf fo spmuj yranidro . 

 
6-3 6( 5. ). sihT  melborp  setartsulli  eht  

noitacilppa  fo  eht   ,noitcnuf refsnart xelpmoc
 tsrif saw hcihw redisnoc de melborp ni 5 . 31 . 

etaluclaC  dna  tolp  eht  tuptuo  egatlov  u2(t) 
 refsnart xelpmoc eht htiw emehcs eht fo

noitcnuf  Z(j ) =
7666

33338
.j

 О mh   eht rednu

non eht fo ecruos eht taht noitidnoc -
tupni tiucric eht ta stca tnerruc ladiosunis  ,  sti

gif ni detneserp si tolp .6 . 3. 
noituloS  .  eht fo noisnapxe eht mrofrep s’teL

gif tolp .6 . seires reiruoF eht otni 3  . ehT  doirep  dna  ralugna  yticolev  fo   eht f  latnemadnu
era cinomrah : 

T 0 = .  10 s     ,  2 = /T  826 = dar /s. 
T eh   ni tnerruc ecruos  eht egnar   0  t  T eb nac   debircsed yllacitylana :sa  

j(t) ·4 + 10.0 =: t А. 
Let eht  fo ytitnauq  scinomrah  rednu  ot lauqe noitaredisnoc  m =:   ,01  eht snaem ti

 cinomrah ebmun  egnahc sr  ni  eht egnar   k  .. 1 =: m. 

 ehT ydaets si tnenopmoc    :  j0(t) =: 
T
1 ·

T
td)t(j

0
      j0( 10.0  ) ,30.0 =  

.e.i    Вm0 ,30.0 =:   Сm0 .0 =:  
a ehT  eht fo sedutilpm nis -  dna soc - stnenopmoc era : 

Вmk  =: 
T
2 ·

T
td)tk(nis)t(j

0
     Сmk  =: 

T
2 ·

T
td)tk(soc)t(j

0
. 

 

yltnerappA  ,  on era ereht soc - noisnapxe eht ni stnenopmoc . 
T t eh scinomrah eht fo sesahp laitini eht dna sedutilpma lato era : 

0  =: π 2/  

0 500.0  10.0  510.0  

0 

20.0  

40.0  

j t ( ) 

t giF  . .6 3 
s 

А 

mC T 0 1 2 3 4 5 6 7 8 9

0 0 0 0 0 41-01·899.1 0 0 0 41-01·699.1 0

mJ 0 0j 10.0( ) mJ k mB k
2 mC k

2
k fi mB k 0 nata

mC k

mB k
nata

mC k

mB k

mB  
T 0 1 2 3 4 5 

0 0 30.  - 310.0  -3 - 01·663.6  -3 - 01·442.4  -3 - 01·381.3  -3 - 01·645.2   
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laudividni ehT eht dna scinomrah  ecruos  latot tnerruc era : 
j1 )t(  =: mJ 1· (nis  ·t  + 1 j              ) 2 )t(  =: mJ 2· (nis ·2  ·t  + 2   )  
j3 )t(  =: mJ 3· (nis ·3  ·t  + 3 j           ) 4 )t(  =: mJ 4· (nis ·4  ·t  + 4 ) 
j5 )t(  =: mJ 5· (nis ·5  ·t  + 5 j           ) 6 )t(  =: mJ 6· (nis ·6  ·t  + 6 ) 

j(t) =:  j0(t) + 
m

k
kk )tk(nismJ

1
. 

a ehT atad laciremun htiw srewsn era     :  j0(t) 0 = .  30 А, 
j1 )t( 0 = . 310 (nis  ·t 081 +  ) А,  j2 )t( 0 = . 73600 (nis ·2  ·t 081 +  ) А, 
j3 )t( 0 = . 42400 (nis ·3  ·t 081 +  ) А, j4 )t( 0 = . 83100 (nis ·4  ·t 081 +  ) А, 
j5 )t( 0 = . 55200 (nis ·5  ·t 081 +  ) А, j6 )t( 0 = . 21200 (nis ·6  ·t 081 +  ) А. 

p ehT stol  fo  eht  tcerid - tnerruc  c tnenopmo  ,  eht dna scinomrah evif tsrif eht latot  
 eht fo tnuocca htiw tnerruc  tsrif gif ni detneserp era scinomrah 11 .6 . 4. 

htiW  eht  dia  fo  eht  xelpmoc  refsnart  ecnadepmi   ro  eht fo yltcaxe erom  edutilpma
esahp dna ycneuqerf - eniatbo scitsiretcarahc ycneuqerf  d nehw los dev   melborp .5 31  

Z(j  ) =
7666

33338
.j

 mhO ,     Z(  )  = 22

2

7666
33338
.

 mhO     , (  )  =  – gtcra
7666 .

, 

egatlov tuptuo eht fo scinomrah eht enimreted ew : 
u 02 (t)  =: Z(0)·j0(t       ) U2mk =:  Z(k· )· mJ k            u2k : =  k  + (k· ) 

 
 

mJ T 0 1 2 3 4 5

0 30.0 310.0 3-01·663.6 3-01·442.4 3-01·381.3 3-01·645.2

m2U T 0 1 2 3 4 5 6 7 8 9

0 5.73 976.1 224.0 881.0 601.0 860.0 740.0 430.0 620.0 120.0

 
T 

ged  
0 1 2 3 4 5 6 7 8 9 

0 90 081  081  081  081  081  081  081  081  081  
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u 02 (t) 73 = .  5 V, 
u 12 (t) 1 = . 976 nis (  ·t 69 + . 60  ) V         , u 22 (t) 0 = . 224 nis ( ·2  ·t 39 + . 30  ) V, 
u 32 (t) 0 = . 881 nis ( ·3  ·t 29 + . 30  ) V     ,   u 42 (t) 0 = . 601 nis ( ·4  ·t 19 + . 25  ) V, 
u 52 )t( 0 = . 860 (nis ·5  ·t 19 + . 22  ) V      , u 62 )t( 0 = . 740 s (ni ·6  ·t 19 + . 10  ) V. 

laudividni ehT  scinomrah  dna  eht  latot egatlov tuptuo era : 
u 12 )t(  =: U2m1· (nis  ·t  +  u21 u              ) 22 )t(  =: U2m2· (nis ·2  ·t  +  u22   )  
u 32 )t(  =: U2m3· (nis ·3  ·t  +  u23 u           ) 42 )t(  =: U2m4· (nis ·4  ·t  +  u24) 
u 52 )t(  =: U2m5· (nis ·5  ·t  +  u25 u          ) 62 )t(  =: U2m6· (nis ·6  ·t  +  u2 6 ) 

u2(t) =:  u 02 (t) + 
m

k
kk )utk(nismU

1
22 . 

p ehT stol  fo  eht  tcerid - tnerruc  tnenopmoc  , eht  tsrif  ruof  scinomrah  dna  eht  lluf  tuptuo  
egatlov  htiw  tnuocca  fo  eht  11 scinomrah  era  detneserp  ni  gif .6 . .5  

tI  si  nees  morf  eht  hparg  ,  taht edutilpma  fo  eht  tsrif  cinomrah  fo  eht  egatlov  seod  on t 
deecxe 2  V  , naht ssel era scinomrah tneuqesbus eht fo sedutilpma eht elihw 0 .5 V  . suhT  ,

tnacifingis ton era egatlov tuptuo eht fo snoitairav eht  , tooms si ti  eht ot gniwo deh
wol cirtcele na fo noitacilppa - retlif ssap . 

 

.6 2  . ELGNIS - HT FO STIUCRIC ESAHP ERUC LADIOSUNISNON E TN  
6-4 6( 6. ). ehT  seires  tiucric  r = 04  mhO  dna  C = 04  F egatlov eht htiw deilppus si  

 wal eht ot gnidrocca segnahc hcihw ( melborp ees 6 - :)1  
...)t(nismU)t(nismU)t(nismU)t(u )()()( 53 531 ,  )4.6(  

erehw  mU  )1(  001 = V   , mU  )3(  = –  04 V   , mU  )5(  51 = V  , mU  )7(  5 = В   , mU  )9(  = – 0.  91 V. 
 nI  a  eht ,ecnatsiser eht ssorca segatlov eht tolp ,metsys etanidrooc nommoc

enimreteD .egatlov ecruos eht sa llew sa ,ecnaticapac  rieht  evitceffe  seulav  , stneiciffeoc  
fo  noitrotsid  , ecnalab rewop eht yfirev ;scinomrah . 

 .noituloS  eW  syarra :tupni noitamrofnI .DAChtaM fo dia eht htiw melborp eht evlos
 doirep sti ,egatlov ecruos eht fo sesahp laitini dna sedutilpma fo Т  yticolev ralugna , ω  ,

 sretemarap tiucric eht r  , C  dna  a  elbairav deknar k: 
 

 ot redro nI enimreted  eht  syarra  fo  eht  moc xelp  sedutilpma  fo  eht   ,egatlov ecruos
 eht ssorca segatlov dna stnerruc eht fo sedutilpma xelpmoc eht ,secnadepmi tupni

ew ecnaticapac  etaerc  eht  resu  snoitcnuf   taht tnuocca otni gnikat  )4.6( noisnapxe
rebmun cinomrah eht dna scinomrah ddo eht tub sniatnoc  s 2∙k – 1 = ,1  ,3  …,5  

 elbairav eht ot dnopserroc  k  …3 ,2 ,1 = ylevitcepser , : 

2u T

ged
0 1 2 3 4 5 6 7

0 0 750.69 730.39 620.29 915.19 612.19 310.19 868.09
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t giF  . .6 5 
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mU k  =: mU k· kje         Zk  =: r + 
C)k(j 12

1          mI k =:
k

k
Z
mU

  

mcU k =:  mI k · C)k(j 12
1

   
d ehT ata  tuptuo si : 

 
 
 
 
 
 
 

 enimreted ,woN egatlov ecruos eht fo seulav evitceffe eht  U  , tnerruc  I  ,  ssorca egatlov
 rotsiser  I·r  , ecnaticapac eht ssorca egatlov  cU : 

U

1

5

k

mU k
2

2
 

I

1

5

k

mI k
2

2
 

cU

1

5

k

mcU k
2

2
 

nimreteD e  fo srewop laudividni scinomrah  , remusnoc dna ecruos fo srewop  ,  rewop
rotcaf  :  

PEk eR =: kk mImU
2
1   PE =: 

5

1k
kEP   PC I =: 2 r 

 

PЕ 128.14 =  P     C 128.14 =   := IU
PE     135.0 =  

 

nimreteD e eht  noitrotsid  tneiciffeoc  ki scinomrah fo tneiciffeoc dna  kg  rof  eerht
segatlov ( ecruos  , rotsiser ssorca  , ecnaticapac ssorca :)  

dna egatlov tiucric eht fo seulav suoenatnatsnI tnerruc era : 

u t( )

1

5

k

mU k nis 2 k 1( ) t

     

i t( )

1

5

k

mI k nis 2 k 1( ) t gra mI k

 

mU  

001  

04   

51  

5 

91.0   

 
 
 
 
 
 
 

 
 
 
 
 
 
 

 mI  
  

r  

119.44  

633.33  

739.31  

018.4  

681.0  

 
 
 
 
 
 
 

 
 
 
 
 
 
 

 mcU  
   

843.98  

701.22  

545.5  

763.1  

140.0  

 

 

 

 

 

 
 
 

 
 
 
 
 
 
 
 

 

ki

mU 1

U 2

mI 1

I 2

mcU 1

cU 2

kg

U2 mU 1

2

2

U

I2
mI 1

2

2

I

cU 2 mcU 1

2

2

cU

ki

919.0

677.0

969.0

kg

593.0

136.0

842.0

I r  109.04   cU  902.56   U 479.67   I 320.1   

PE = 

401203.4
982.0
824.2
198.31
21.52
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ur t( ) i t( ) r  uc t( ) u t( ) ur t( ) 
T eh  tiucric   segatlov sevruc   era

gif ni detneserp .6 . 6. 
 eht ot stnemmoC evruc  s ni  .gif .6 6: 

.1  rehgiH  scinomrah  gnieb  ni  eht  
noisnapxe  fo  eht  ecruos  egatlov  
ylevisnetni  wohs  sevlesmeht  ni  eht  

ecnatsiser  egatlov ( ecneh  , nerruc eht ni  t
 eht ni elbigilgen era dna )evruc

egatlov ecnaticapac . 
.2  C nirapmo g  noitrotsid eht 

tneiciffeoc s  , ew  ecnaticapac eht ees 
 evruc egatlov (ki 0 = .  )969  si  detrotsid yldrah evruc tnerruc eht htiw nosirapmoc ni  

(ki = 0. .)677  
.3   tneiciffeoc cinomraH kg o ecnedive sevig retcarahc scinomrah rehgih eht f .  ehT

tneiciffeoc  si   eht wol tse  rof  eht  ecnaticapac  egatlov  evruc  (kg = 0. )842  hgih si ti elihw 
 evruc tnerruc eht rof  kg = 0. .136  

noisulcnoC  . tI  si  lacipyt  rof   eht tiucric  r – C taht  eht  tnerruc ( ro  eht  rotsiser  egatlov  )
a sbrosb  eht  hgih - ycneuqerf  snoitallicso  gnikam  eht  ecnaticapac  egatlov  eerf  fo  meht . 

6-5 6( 11. ). N no - tnerruc ladiosunis  i( )t  = 5 – 01 nis t + 7 soc 2 t + 4 nis 3 t A  a ni swolf 
tiucric  r-L ( gif . .6 7,а). 

enimreteD  eht  tnemurtsni  gnidaer s ( rof  А3  fo snoitisop owt rof gnidaer eht dnif ,  eht
tceles dnik tnerruc ro .)  

noituloS  . )1 htoB  А1  dna А3 ”tnerruc tcerid“ noitisop eht ni rotceles eht htiw )=(  tcaer  
pu no  eht  tcerid - tnerruc  tnenopmoc  . g yeht esac siht nI sgnidaer lacitnedi evi  : А1 dna  А3   

 

  → I0  5 = А  .  
 )2 А2 serusaem  eht  evitceffe  eulav  non dna ladiosunis htob fo -  ladiosunis  sti ;stnerruc

si gnidaer    А2    

 

   → I = 
n

k

mkII
1

2
2
0 2 = 2

4
2

7
2
015

222
2

01 = .  43 А. 

 )3 nehW  eht  s si rotcele  ni  noitisop “ gnitanretla  tnerruc ~  ,” А3 setanimile  eht  tcerid -
tnenopmoc tnerruc gniwo  ot  eht  tupni  roticapac ( gif . .6 7, )b tnerruc eht ;   eht hguorht

stnenopmoc gnitanretla tub fo stsisnoc tnemele gnirusaem  
i pni  = – 01 nis  t 7 + soc 2  t 4 + nis 3 A t . 

T sih   tnerruc  evruc  si gif ni detneserp . .6 8  . m ehT stnemo  t1 63 = .  ,°2 t2 341 = . °8  

giF  . .6 6 

V 

sm  

b) 

С pni  

L 

i pni  

i r 

u (t) 

giF . .6 7 

A1 )а  

A2 

A3 

 

 gnirusaeM
sni tnemtnemurt  

A1 – metsys lavnosrA’d , 
A2 – metsys citengamortcele , 
A3 – latigid  tlov - mho -  erepmaillim

retem  
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0 3.0 6.0 9.0 2.1 5.1 8.1 1.2 4.2 7.2 3 3.3 6.3
52

02

51

01

5

0

5

01
01

999.02

i x( )

1i x( )

2i x( )

3i x( )

6.30
x

8.1

t  , dar  

i pni  A 

2π 

5 

01  

0 

–5 

– 01  

–15 

– 02  

giF . .6 8 
 

5.1 π π 

5.0 π 

i pni
)1(  

i pni
)2(  

i pni
 

i pni
)3(  

nehw  eht  tnerruc   sti segnahc ngis   .dohtem laciremun eht yb denimreted era  

egarevA  fo  eht  etulosba     si eulav tnerruc I va pni = 2
1 2

0
td|)t(i| pni 7 = .  235 А. 

retemma ehT  gnidaer  eht ni  si rotceles eht nehw noitisop :)~(  
А3   

 

   → I pni  va ·kf  63.8 = 11.1·235.7 = А, 
erehw    kf 1 = .   11 –  epahs diosunis tneiciffeoc . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
6-6 6( 31. ).  nI gif . .6 9  а,  a si ereht

 fo ecruos a htiw tiucric
egatlov ladiosunisnon  

)t(u = 
n

k

mm
k

tknisUU
12

, 

 ni detneserp gnieb tolp sti
gif . .6 9,b  .  

atad laciremuN  : Um  02 = V, 
 0001 = dar /s,   L1 0 = .  400 H,   L  3 0 = .0 20  H,   R  3  01 = mhO ,   С  2  05 = F. 

ylno gnisU  evif  stnenopmoc  fo  eht  noisnapxe  otni  eht  reiruoF   eht od ,seires
gniwollof : 

.1  wod etirW suoenatnatsni fme eht fo alumrof eht n  gnitutitsbus eulav  edutilpma 
 sti enimreted ;alumrof nevig eht otni cinomrah latnemadnuf eht fo yticolev ralugna dna

eulav evitceffe . 
.2  etaluclaC   eht evitceffe  stnerruc , nwod etirw   eht suoenatnatsni  seulav fo  eht  

tsrif  c tnerru  sti tcurtsnoc dna  tolp . 
.3  rotcaf rewop tiucric eht etaluclaC  .  tuo kroW  dna evitca eht fo ecnalab eht

srewop evitcaer . 
noituloS  .  ehT .1 egatlov suoenatnatsn si : 

Um 

i3 
)а  

giF .6 . 9 

i2 

i1 

C2 

R3 

u (t) 

L1 

L3 

b) 

4  2  

t 

u 
 

0 
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)t(u = ...tnistnistnis
3

0003
2

0002
1

000102
2
02 ≈ 

6 + 01 ≈ . ·663 (nis 0001  t °081 + )  + 3. ·381 (nis 0002  t °081 + ) +  
 + 2. ·221 nis ( 0003 t °081 + )  + 1. ·295 nis ( 0004 t °081 + ) V. 

 .2 e ehT egatlov evitceff si : 

U = 
1

2
20

2k

)k(
m)( )U()U( = )....(. 22222 29512212381366365001 = 

= 11 .  53 V. 
 .3 taluclaC e tcerid eht - stnenopmoc tnerruc : 

i2
0(  )      ;0 = i1

 )0(  = i3
 )0(  = U )0( /R3  1 = 01/01 = A    ; Р  )0(  = U )0( ·i1

0( )  01 = 1·01 = W. 
 

 .4 taluclaC e eht  cinomrah  ealumrof gniwollof eht yb stnenopmoc : 
- secnatcaer   :  x1

(k)
  = k· ·L1    , x2

(k)
  /1 = (k· ·C2),    x3

(k)
   = k· ·L3; 

- secnadepmi       : Z1
(k)  = j·x1

(k);        Z2
(k)  = – j·x2

(k); 
Z3

(k)  = R  3  + j·x3
(k)      ; Z 32

(k)  = Z2
(k)·Z3

(k)/(Z2
(k)  + Z3

(k))      ; Z(k)  = Z1
(k)  + Z 32

(k). 
- xelpmoc  sedutilpma  fo  eht  egatlov ecruos  :     Um

(1) 6 = . ·663 e j °081· ; 
Um

(2) =  3. ·381 e j °081·   ;    Um
(3) 2 = . ·221 e j °081·       ; Um

(4) 1 = . 95 ·2 e j °081· ; 
- xelpmoc  sedutilpma  fo  eht   fo stnerruc  k- ht  cinomrah : 

Im1
)k(  = Um

)k( /Z )k(      ; Im2
)k(  = Im1

)k(
)k()k(

)k(

ZZ

Z

32

3       ; Im3
)k(  = Im1

)k(
)k()k(

)k(

ZZ

Z

32

2 . 

- xelpmoc  rewop  eht rof ecruos eht fo  k- cinomrah ht  : S(k) ½ =  ·Um
(k)· I m1

(k). 
 

 .5 e ehT evitceff  stnerruc  era  detaluclac  yb  alumrof eht   :   

Іq = 
1

2
20

2k

)k(
qm)(

q
)I(

)I( ; 

srewop  ni  tiucric eht fo sehcnarb detarapes era    :  Pq  = Rq· І( q)2    ; Qq
(k)  = xq

(k)· І( q
(k))2. 

ecnalab rewop eht pu kcehC : 
- evitca  , na srewop evitcaer tlov d - ecruos eht fo serepma era : 

Р  = (eR
k

)k(S ) 21 = .  669 W;   Q  = (mI
k

)k(S )  = 0.  987 rAV ; 

S  = U·І  1 11 = . 1·53 . 31 = 71 .  82 AV . 
c ehT noitalucla  stluser  era  elbat ni detalubat s 2.6 4.6 dna 3.6 , . 

 
noitnettA      : S2 671 = .  > 4 P2  + Q2 861 = .8 AV . 

- sremusnoc eht fo srewop evitcaer dna evitca : 
РC  = Р1  + Р  2  + Р  3  31 = 31 + 0 + 0 = W; 

QC  = Q1  + Q  2  + Q  3 2 = .  482 – 2 . 0 + 703 . 0 = 118 .  887 rAV . 
rewoP  ecnalab    Р  = РC    dna  Q  = QC    si    eurt . 

 .6  tnerruc tsrif eht fo eulav suoenatnatsni ehT tolp sti dna ( gif .6 . 01 :)  
i1 )t(  1 = + ·176.0 (nis ·0001 t 471 + .1 ) + ·114.0 (nis ·0002 t  + 1 16 .8 ) + 

0 + . ·692 nis ( ·0003 t 821 + .2 ) ·151,0 + nis ( ·0004 t 201 + .5  ) A. 



 041  

 
elbaT 2.6  
 №  fo

cinomrah  
1 2 3 4 

x1
(k)  , mhO  4 8 21  61  

x2
(k)  , mhO  02  01  76,6  5 

x3
(k)  , mhO  2 4 6 8 

Z1
)k(  , mhO  j 4·  j 8·  j 21·  j 61·  

Z2
)k(  , mhO  –j 02·  –j 01·  –j 6· . 76  –j 5·  

Z3
(k)  , mhO  01 .  2  11 .3  01 .  8  12 .8  11 .  66  13 .0  21 .  18  83 .7  

Z 32
(k)  , mhO  9.  19  – 71 .7  9.  42  – 73 .2  7.  67  – 55 .2  6.  31  86 .0  

Z(k)  , mhO  9.  94  5.9  7.  47  81 .2  7.  61  15 .8  01 .5  6  77 .5  

Um
(k)  , V –6. 663  –3. 381  –2. 221  –1. 295  

Im1
(k)  , А 0. 176   471 .1  0. 114   61 1.8  0. 692   821 .2  0. 151   201 .5  

Im2
(k)  , А 0. 223   – 411 .7  0. 083   – 541 .4  0. 543   1 36 .0  0. 581   – 421 .5  

Im3
(k)  , А 0. 256   41 5.0  0. 353   201 .8  0.  791  24 .0  0.  270  4.2  

S )k(  , VА 2.  + 521 j0. 22  0. 26   + j0. 502  0. 591   + j0. 742  0.  +620 j0. 711  
 

elbaT 3.6  
І1  , А І2  , А І3  , А Р1  , W Р2  , W Р3  , W 
1. 71  0. 54  1. 41  0 0 31 .0 

 

elbaT 4.6  
 № cinomrah fo  1 2 3 4 Q  

Q1  , rAV  0.9 0. 676  0. 625  0. 28  2. 482  
Q2  , rAV  –1. 201  –0. 227  –0. 793  –0. 680  –2. 703  
Q3  , rAV  0. 524  0. 942  0. 611  0. 120  0. 118  

 
 
 
 
 

 
 
 

А 

–0.7 

і1
)4(  

і1
)3(  

і1
)2(  

і1
)1(  

і1
)0(  

і1( )t  

–0.5 

і 
2.0 

1.5 

1.0 

0.5 

0 
t  , dar  1 

2 3 
4 

5 

giF 6 . . 01  

6 
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6-7 6( 41. )  . egatloV  
u = 05  + 002 nis (ωt + °54 ) + 001 nis (3ωt + °06 ) V 

gif tupni tiucric eht ot deilppus si . 1.6 1  .  fo secnadepmI
o stnerruc eht ot stnemele tiucric eht  latnemadnuf eht f

era cinomrah swollof sa    r  1  = r  2  = r  3  8 = mhO ; 

1

1
C

51 =  mhO   ; ωL  2  3 = mhO    ;
3

1
C

 51 = mhO . 

enimreteD  eht  suoenatnatsni  dna  evitceffe  seulav  fo  
lla  eht   segatlov sa llew sa stnerruc u 21  dna  u 32  .  etaluclaC

 tnerruc eht tolp dna rotcaf rewop tiucric eht i1(t)  ,  eht fi
  si ycneuqerf sniam f  05 = цГ . 

noituloS  .  cinomrah hcae rof dohtem noitisoprepus eht rednu demrofrep si noitaluclaC
yletarapes . 

 .1 noitaluclaC  fo  eht  tcerid - tnenopmoc tnerruc  . As 
1

1
C

= 

 

 ,∞  eht fo stnerruc eht

 ecruos eht ,wolf tonnac noitaredisnoc rednu cinomrah  lluf v  ot desserpmi gnieb egatlo
c eht ticapa  ro С1:    .U    ,V U    ,I    ,I    ,I )()()()()( 005000 0

32
0
21

0
3

0
2

0
1  

 .2 cinomrah )latnemadnuf( tsrif eht fo noitaluclaC . 
 dna hcnarb eht enimreteD tupni tiucric secnadepmi  

)(Z 1
1  = r  1 –

1C
j  8 = – j  51 mhO       ; )(Z 1

2  = r  2  + jωL  2  + 8 = j  3 mhO ; 

)(Z 1
3  = r  3 –

3C
j  8 = – j  51 mhO ; 

)()(

)()(
)(

ZZ
ZZ

Z 1
3

1
2

1
3

1
21

1
)1(Z 51 = .  42 – j 51 . 12 = 75 . 97 e –j 54 . °6  mhO . 

segatlov dna stnerruc eht fo sedutilpma xelpmoC :era  

,A e.
ZZ

Z
II

,A e.
ZZ

Z
II

,A e,
e.

e
Z
UI

j
)()(

)(
)(

m
)(

m

.j
)()(

)(
)(

m
)(

m

.j
.j

j

)(

)(
m)(

m

841
1

3
1

2

1
21

1
1

3

656
1

3
1

2

1
31

1
1

2

609
654

54

1

1
1

1

293

87

819
9712

002

 

.V e.ZIU

,V e.ZIU
.j)()(

m
)(
m

.j)()(
m

)(
m

1681
2

1
2

1
32

7821
1

1
1

1
21

766

1651
 

 .3 cinomrah driht eht fo noitaluclaC . 
 dna hcnarb eht enimreteD tupni tiucric  secnadepmi  

)(Z 3
1  = r  1 –

13 C
j  8 = – j  5 mhO       ; )(Z 3

2  = r  2  + j3ωL  2  + 8 = j  9 mhO ; 

C1 

3 

1 
u 21  

u 32  

r1 

r2 

giF . 1.6 1 

i2 i3 

i1 

C3 

u (t) 

L2 

r3 

2 
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)(Z 3
3  = r  3 –

33 C
j  8 = – j  5 mhO ; 

)()(

)()(
)(

ZZ
ZZ

Z 3
3

3
2

3
3

3
23

1
)3(Z 41 = .  9 – j4. 51 = 27 . 16 e –j 71 . °6  mhO . 

segatlov dna stnerruc eht fo sedutilpma xelpmoC :era  

.V e.ZIU

,V e.ZIU

,A e.
ZZ

Z
II

,A e.
ZZ

Z
II

,A e.
e.

e
Z
UI

.j)()(
m

)(
m

.j)()(
m

)(
m

.j
)()(

)(
)(

m
)(

m

.j
)()(

)(
)(

m
)(

m

.j
.j

j

)(

)(
m)(

m

9973
2

3
2

3
32

6543
1

3
1

3
21

9111
3

3
3

2

3
23

1
3

3

613
3

3
3

2

3
33

1
3

2

677
671

06

3

3
3

1

2144

2406

864

663

146
1651

001

 

 .4 segatlov dna stnerruc fo seulav evitceffe eht etaluclaC  

.V .
UU

UU

,V .
UU

UU

,A .
II

II

,A .
II

II

,A .
II

II

)(
m

)(
m)(

)(
m

)(
m)(

)(
m

)(
m)(

m

)(
m

)(
m)(

)(
m

)(
m)(

565
2

5821
2

234
2

16
2

297
2

23
32

21
3220

3232

23
21

21
2120

2121

23
3

21
320

33

23
2

21
220

22

23
1

21
120

11

 

atsnI segatlov dna stnerruc suoenatn :era  
i1(t  ) = i1

)0(   + i1
)1(   + i1

 )3( = 9. 81 nis ( 413 t + 09 . °6 ) + 6. 14 nis ( 249 t + 77 . °6  ) A, 
 

i2 i = )t( 2
)0(  + i 2

)1(  + i 2
)3(  = 7.8 (nis 413 t + 56 . °6 ) + 3. 66 (nis 249 t + 13 . °6 A ) , 

i3 )t(  = i 3
)0(  + i 3

)1(  + i 3
)3(  3 = . 29 (nis 413 t + °841 ) + 4.68 (nis 249 t + 111 . °9 A ) , 

u 21  )t( = )()()( uuu 3
21

1
21

0
21 = 05  + 651 .1 (nis 413 t + 82 . °7 ) + 06 . 24 (nis 249 t + 54 . °6  ) V, 

u 32  )t( = )()()( uuu 3
32

1
32

0
32  = 66 .7 (nis 413 t + 68 . °1  ) + 21.44 (nis 249 t + 97 .9  )º V. 

 .5  ,rotcaf rewop tiucric eht enimreted ot redro nI  s’tel rp  ylsuoive srewop eht etaluclac  
P  = P  )0(  + P  )1(  + P  )3( = 



 341  

= ]IU[eR]IU[eRIU )()()()()()( 3
1

31
1

10
1

0 246 + 0 = . 503 + 1 .3 749 = .  4 W, 

IU = S  1  =
2

232120
)(

m
)(

m)( UUU ·I  1  3131 = AV ,      soc  θ =
S
P 0 = . .227  

 .6 tnerruc ehT   i1(t  )  gif ni dettolp si 1.6 . 2. 

 
.6 3  . EERHT - ON FO STIUCRIC ESAHP N- TNERRUC LADIOSUNIS  

6-8 6( 51. )  . p ehT egatlov esah  fo  eht  Y- detcennoc  rotareneg  rednu  on - daol  noitidnoc  
sniatnoc  eht  tsrif  U1 driht eht dna  U3 .scinomrah  

.1  enimreteD  eht  evitceffe  segatlov  fo  eht  denoitnem  scinomrah  b desa   eht no  nwonk
 egatlov esahp eht fo sretemtlov eht fo sgnidaer U hp  = 521  V enil eht dna  egatlov  

Ul =  012 V. 
.2  tahW  si  eht  noitaluclac  ycaruccani  fi  eht na si er  rah htfif lanoitidda  eht ni cinom

egatlov   hcihw oc esirpm s  naht erom ton  %01 cinomrah latnemadnuf eht fo ? 
noituloS .  .1 ehT  sretemtlov  gnidaer s desserpxe  hguorht  eht  evitceffe  seulav  fo   owt

 cinomrah  stnenopmoc era metsys noitauqe gniwollof eht yb debircsed : 

hpUUU 2
3

2
1     ; lUU13 , 

noitulos sti si      U1 121 = .  2 V   , U3 03 = .  4 V. 
 .2 ehT  sretemtlov  gnidaer s desserpxe  hguorht  eht  evitceffe  seulav  fo   cinomrah eerht

 stnenopmoc era swollof sa : 

hpUU.UU 2
1

22
3

2
1 10       ; lUU,U 2

1
22

1 103 , 
itulos eht si no     U1 021 = .  6 V   , U3 03 = .  4 V. 

C nirapmo g siht  tluser  htiw   eht suoiverp  eno  , ew  edulcnoc   tnemerusaem eht
deecxe ton seod ycaruccani 0 . (  %5  ,eromrehtruf  on si ereht  ycaruccani ni  driht eht 

 cinomrah lla ta .)  
 

6-9 6( 61. ). p eht htiw rotareneg lacirtemmyS egatlov esah  
uA(  )t ·013 = (nis  t – 03  ) ·39 + (nis 3  t 54 +  ) V 

0 

i 1, A  

t, dar  
 4 

 8 

 21  

 61  

–4 

–8 

– 21  

– 61  

i 1( t) 

i 1
)1(  

i 1
)3(  

09  081  

072   063  

 

giF . 1.6 2 

09 °6.  

 7 °6.7  



 441  

seilppus  Y-  secnadepmi esahp gniwollof eht htiw daol decnalabnon detcennoc  dereffo  ot
cinomrah latnemadnuf fo stnerruc eht  ZA

)1(  = 51  mhO  , ZВ
)1(  = j 51  mhO  , ZC

)1(  = – j 51  mhO  
( gif . 1.6 3  ;) uen eht si ecnadepmi lart  ZN

)1(  = 2 + j2 mhO  . enimreteD  eht  sgnidaer  fo  eht  
gnivom -  nori  stnemurtsni sesac eht rof : 

а  ) sehctiws  S1 dna  S2 desolc era ; 
b  ) S1 denepo si  , elihw  S2 desolc si ; 
c  ) denepo era meht fo htob . 

noituloS  . а .)  desolc era sehctiwS . 
1  . C talucla e ht  eht fo segatlov dna stnerruc e

cinomrah tsrif . 
 esahp xelpmoc eht fo seulav evitceffE

 fo segatlov  a era rotareneg  

03
11

1 022
2

j
j)(

mA)(
A e

eU
U V, 

05102111 022 jj)(
А

)(
В eeUU V, 

0902111 022 jj)(
А

)(
С eeUU V. 

a si ereht sA  lartuen  rotcudnoc  , eht on si er  
egatlov  fo  eht  rtuen la  tnemecalpsid  UO1O  s’taht ;

 era remusnoc eht fo segatlov esahp eht yhw
 gnieb stnerruc enil eht ;ecruos eht fo segatlov esahp gnidnopserroc eht ot lauqe

wal s’mhO rednu denimreted : 

,Ae..j.
Z
U

I j
)(

A

)(
A)(

A
03

1

1
1 7641337721  

,Ae..j.
Z
UI j

)(
B

)(
B)(

B
021

1

1
1 7641721337  

.A .
Z
U

I )(
C

)(
C)(

C 76411

1
1  

hT si cinomrah latnemadnuf eht fo tnerruc rotcudnoc lartuen e  
.Ae..j.IIII j)(

C
)(

B
)(

A
)(

N
0511111 470173539  

 .2 C talucla e cinomrah driht eht fo segatlov dna stnerruc eht  .  cinomrah driht ehT
mrof s  esahp rotareneg eht fo sexelpmoc eht neht ,ecneuqes esahp orez fo metsys a 

ra segatlov e: 

.V e.eeU
UUU j

jj)(
mA)(

C
)(

B
)(

A
54

5433
333 6756

2
39

2
 

  dna tnemecalpsid lartuen eht fo egatlov on si erehT  era stnerruc enil eht  denimreted
wal s’mhO rednu : 

,Ae..j.e.
Z
U

I j
j

)(
A

)(
A)(

A
54

54

3

3
3 8341323

51
6765  

S1 
 

ZN 

UO1O 
 

EB 

EC 

EA 

ZA 
 

ZB 

ZC 

O 

IN 

O1 

giF  . 6 1. 3 

IA 
A1 

A2 

A3 

IB 

IC 

V4 

A4 S2 

V3 

V2 

V1 
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,Ae..j.
j

e.
Z
UI j

j

)(
B

)(
B)(

B
54

54

3

3
3 641301301

513
6765  

.Ae..j.
/j

e.
Z
U

I j
j

)(
C

)(
C)(

C
531

54

3

3
3 51313939

351
6765  

si cinomrah driht eht fo tnerruc rotcudnoc lartuen ehT  
.Ae..j.IIII .j)(

C
)(

B
)(

A
)(

N
44113333 94217311715  

 .3 enimreteD  eht  tnemurtsni  gnidaer s. 
l ehT eni  egatlov  fo  eht  rotareneg ( gnidaer  fo  eht  retemtlov  V1  ) si  lauqe  ot (  eht  enil

3 yb elbisivid scinomrah niatnoc ton od segatlov :)  
.VUUU )(

A
)(

BABA 08302233 11
 

p ehT esah  egatlov   UC   fo  eht  eg rotaren ( gnidaer  fo  eht  retemtlov  V2  )  lla sniatnoc  eht

 scinomrah nevig    .V .UUU )(
C

)(
CC 6922

2321  
p ehT esah  egatlov   AU   remusnoc eht fo ( gnidaer  fo  eht  retemtlov   V3  ) si  

.V .)ZI()ZI(U )(
A

)(
A

)(
A

)(
AA 6922233211  

 tnemecalpsid lartuen eht fo egatloV ( aer gnid  fo  eht  retemtlov  V4) si    UO1O .0 =  
e ehT era seriw eht ni stnerruc evitceff  

A .III )(
A

)(
AA 1351

2321  ( gnidaer  fo  eht  retemma  А1 ;)  

A .III )(
B

)(
BB 4741

2321  ( gnidaer  fo  eht  retemma  А2 ;)  

A .III )(
C

)(
CC 791

2321  ( gnidaer  fo  eht  retemma  А3 ;)  

A .III )(
N

)(
NN 7461

2321  ( gnidaer  fo  eht  retemma  А4 .)  
 
b  .) n ehT ecnadepmi eht sniatnoc rotcudnoc lartue   ZN . 

 .1 cinomrah tsrif eht fo segatlov dna stnerruc eht fo noitaluclaC . 
egatlov tnemecalpsid lartuen eht enimreteD  

)(
N

)(
C

)(
B

)(
A

)(
C

)(
C)(

B

)(
B)(

A

)(
A

)(
OO

ZZZZ

Z
U

Z
U

Z
U

U

1111

1
1

1
1

1
1

1
1111

111

1
62 = . 51 e –j 171 . °17  = – 62 .  42 – j3. 28  V. 

ehT  enil  stnerruc  era  wal s’mhO yb denimreted  

)(
A

)(
OO

)(
A)(

A Z

UU
I 1

11
1 1

51
6042 8062 .je. 61 = . 40 e –j 62 . °80 41 = .  14 – j7.  50 A, 

)(
B

)(
OO

)(
B)(

B Z

UU
I 1

11
1 1

51
8491 11741

j
e. .j

21 = . 99 e –j 732 . 11  = – 7.  + 50 j 01 .  19 A, 
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)(
C

)(
OO

)(
C)(

C Z

UU
I 1

11
1 1

51
6422 9238

j
e. .j

41 = . 79 e j 371 . °92  = – 41 .  + 78 j1.  57 A, 

)(
N

)(
OO)(

N Z

U
I 1

1
1 1

54

17171

8282

2562
j

.j

e.

e. 9 = . 83 e –j 612 . °17  = – 7.  + 25 j5.  06 A. 

noitacifireV : 
)(

C
)(

B
)(

A III 111 41 . 14  – j7. 50  – 7. 50  + j 01 . 19  – 78,41  + j1.  = 57 – 7. 15  + j5.  = 16 )(
NI 1 . 

 .2 cinomrah driht eht fo segatlov dna stnerruc eht fo noitaluclaC . 
egatlov tnemecalpsid lartuen eht enimreteD  

)(
N

)(
C

)(
B

)(
A

)(
C

)(
C)(

B

)(
B)(

A

)(
A

)(
OO

ZZZZ

Z
U

Z
U

Z
U

U

3333

3
3

1
3

1
3

3
1111

111

1
401 = .1 e j 101 . °50  = – 91 .  + 69 j 201 .2 V. 

ehT  enil  stnerruc  era  wal s’mhO yb denimreted  

)(
A

)(
OO

)(
A)(

A Z

UU
I 3

33
3 1

51
768 6993 .je. 5 = . 87 e –j 93 . 69 4 = .  34 – j3.  17 A, 

)(
B

)(
OO

)(
B)(

B Z

UU
I 3

33
3 1

54
768 6993

j
e. .j

1 = . 39 e –j 921 . 69  = – 1.  42 – j1.  84 A, 

)(
C

)(
OO

)(
C)(

C Z

UU
I 1

33
3 1

5
768 6993

j
e, .j

71 = . 43 e j 05 . 40 11 = .  + 41 j 31 .  92 A, 

)(
N

)(
OO)(

N Z

U
I 3

3
3 1

62
1401 50101

j
e. .j

61 = . 64 e j 92 . 94 41 = .  + 33 j8.  01 A. 

noitacifireV : 
)(

C
)(

B
)(

A III 333 4.  34 – j3.  17 – 1 .  42 – j1. 11 + 84 . 41  + j 31 . 41 = 92 . 33  + j8. = 01  )(
NI 3 . 

 .3 enimreteD  eht  tnemurtsni  gnidaer s. 
ehT  enil  dna  eht  esahp  segatlov  fo  ht e rotareneg ( sretemtlov eht fo gnidaer  V1 dna   

V2 ,   ylevitcepser  )  emas eht niamer sa esac tsrif eht ni . 
p ehT esah  egatlov  AU   gnidaer( remusnoc eht fo  fo  eht  retemtlov   V3  ) :si  

AU =
2321 )(

A
)(

A UU = 22 7686042 .. 552 = .  7 V. 
v ehT tnemecalpsid lartuen eht fo egatlo ( gnidaer  fo  eht  retemtlov   V4) :si  

2321
111

)(
OO

)(
OOOO UUU = 22 14015162 .. 701 = .  4 V. 

e ehT era seriw eht ni stnerruc evitceff : 
2321 )(

A
)(

AA III 71 = .  50 А (   gnidaer  fo  eht  etemma r   А1 ;)  
2321 )(

B
)(

BB III 31 = .  31 А (    gnidaer  fo  eht  retemma   А2 ;)  
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2321 )(
C

)(
CC III 22 = .  19 А (    gnidaer  fo  eht  retemma   А3 ;)  

2321 )(
N

)(
NN III 81 = .  49 А (   gnidaer  fo  eht  retemma   А4 .)  

 
c .)   si rotcudnoc lartueN detcennocsid . 

 .1 taluclaC cinomrah tsrif eht fo segatlov dna stnerruc eht fo noi . 
egatlov tnemecalpsid lartuen eht enimreteD  

)(
C

)(
B

)(
A

)(
C

)(
C)(

B

)(
B)(

A

)(
A

)(
OO

ZZZ

Z
U

Z
U

Z
U

U

111

1
1

1
1

1
1

1
111

111

1
161 = е j °051  = – 931 .  + 5 j 08 .  5 V. 

wal s’mhO yb denimreted era stnerruc enil ehT  

,Ae..j
Z

UU
I j

)(
A

)(
OO

)(
A)(

A
03

1

11
1 452721221  

,Ae..j.
Z

UU
I j

)(
B

)(
OO

)(
B)(

B
561

1

11
1 5131437211  

.Ae..j.
Z

UU
I j

)(
C

)(
OO

)(
C)(

C
531

1

11
1 13139391  

noitacifireV     : .III )(
C

)(
B

)(
A 0111  

 .2 cinomrah driht eht fo segatlov dna stnerruc eht fo noitaluclaC . 
orez eht esolc ot redro ni sa stnerruc enil on era erehT - esahp -  tnerruc ecneuqes

s ereht )3 yb elbisivid scinomrah eht fo stnerruc(  eb dluoh a :rotcudnoc lartuen  
.III )(

C
)(

B
)(

A 0333  
ehT  lartuen  tnemecalpsid  rotareneg eht fo egatlov esahp eht ot lauqe si egatlov  

.V e.UU j)(
A

)(
OO

5433 6756
1

 
 .3 enimreteD  eht  tnemurtsni  gnidaer s. 
ehT  enil  dna  eht  esahp  segatlov  fo  eht  rotareneg ( fo gnidaer sretemtlov eht  V1 dna   

V2 ,   ylevitcepser  )  emas eht niamer sa esac tsrif eht ni . 
p ehT  egatlov esah AU  remusnoc eht fo  ( gnidaer  fo  eht  retemtlov   V3  ) :si  

AU  = IA
)1( ZA

)1(  083 = V  .  
v ehT ecalpsid lartuen eht fo egatlo  tnem ( gnidaer  fo  eht  retemtlov   V4) :si  

2321
111

)(
OO

)(
OOOO UUU  471 = V. 

e ehT era seriw eht ni stnerruc evitceff  
IA  = IA

)1( 52 = .  4 A  ( gnidaer  fo  eht  retemma   А1 ,)  
IB  = IB

)1( 31 = .  51 A  ( gnidaer  fo  eht  retemma   А2 ,)  
IC  = IC

)1( 31 = .  51 A ( gnidaer  fo  eht  retemma   А3 ,)  
 eht ni  tnerruc on si erehT lartuen  rotcudnoc   IN (  0 = gnidaer  fo  eht  retemma   А4 .)  
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6- 01  6( 71. ). evloS  eht  melborp .6 9 rednu  noitidnoc  mi esahp eht lacitnedi era secnadep  :
Z )1(  = 51  + j 01  mhO  . ehT  rotareneg  segatlov  dna  eht  lartuen   emas eht fo era ecnadepmi

eulav . 
noituloS  . sA  eht  daol  si  decnalab  ,  tub rof demrofrep eb yam noitaluclac eht  a  elgnis

esahp  . v ehT segatlo  dna  stnerruc  fo  eht  tsrif  cinomrah  mrof  eht  cirtemmys  metsys  htiw   a
evitisop  esahp  ecneuqes  , eht yhw s’taht on si er  tsrif eht fo egatlov tnemecalpsid lartuen 

 eht fo stnerruc dna segatlov eht snaem ti ;rotcudnoc lartuen eht fo etats yna ta cinomrah
 cinomrah tsrif no dneped ton od  eht itisop no sehctiws fo  emas eht niamer yeht ,

noitisop sehctiws eht  sseldrager  . s A elgni - enil  margaid  rof  noitaluclac  si  detneserp  ni  
gif . 1.6 4,а  . v ehT  cinomrah driht eht fo stnerruc dna segatlo  eht mrof s  metsys cirtemmy

 taht ,revewoh ,llew sa  gnieb hp orez eht fo ecneuqes esa  . sihT  emit  ,  a elgnis - enil  margaid  
sekat  otni  tnuocca   eht  rotcudnoc lartuen eht fo ecnadepmi elpirt ( ees « eerhT -  esahp

stiucric  . stnenopmoc cirtemmys fo dohteM  .)» ehT gif ni detneserp si emehcs 1.6 . 4,b. 

C talucla  e cinomrah tsrif eht . 

c ehT xelpmo si egatlov esahp ecruos eht fo  03
11

1 022
2

j
j)(

mA)(
A e

eU
U V. 

c ehT si tnerruc enil eht fo xelpmo   
)(

)(
A)(

A Z

U
I

1

1
1 =

0151
022 03

j
e j

21 = . 61 e –j 36 . 96   A. 

n on si erehT cinomrah tsrif eht fo tnerruc lartue . 
C talucla  e eht  driht  cinomrah   tnereffid rof .sesac  c ehT  esahp ecruos eht fo xelpmo

si egatlov   .V e.eeU
U j

jj)(
mA)(

A
54

5433
3 6756

2
39

2
 

s ehT elgni - esahp  ecnadepmi  fo  si cinomrah driht eht fo stnerruc ot daol eht  
Z )3(  + 51 = j3  + 51 = 01 j 33 = 03 . 45 e j 36 . 44   mhO . 

а .)  lartueN  rotcudnoc  si  detcennoc . 
n ehT lartue  depmi ecna  si  orez  ,  on si ereht  tnemecalpsid lartuen egatlov  ,  eht  segatlov

dicnioc sesahp daol eht ssorca e esahp fo tnerruc eht ,emit sihT .ecruos eht fo esoht htiw  

А si wal s’mhO htiw ecnadrocca ni : 
)(

)(
A)(

A Z

U
I

3

3
3 =

4436

54

4533

856
.j

j

e.

e. 1 = . 69 e –j 81 . 44  А. 

ot lauqe si tnerruc lartuen ehT eht stnerruc enil lacitnedi eerht fo mus : 
)(

NI 3 3 = )(
AI 3 5 = . 88 e –j 81 . 44  А. 

 dnif s’teL gnidaer stnemurtsni eht s. 
r ehT retemtlov eht fo gnidae s  V1 dna  V2 ni sa emas eht era .6 melborp 9: 

V1  08302233 11 )(
A

)(
BABA UUU  V; 

V2    UC  = UA =
2321 )(

A
)(

A UU  6,922 = V. 

giF  . 1.6 4 

IA
)1(  

 UA
)1(  

 

Z )1(  

 

b) )а  
IA

)3(  

 UA
)3(  

 

Z )3(  

 3ZN
)3(  

 



 941  

p ehT  egatlov esah AU  retemtlov eht fo gnidaer( remusnoc eht fo  V3  ) eht ni  ecneserp 
 rotcudnoc lartuen eht fo ecruos eht fo egatlov esahp eht htiw sedicnioc , yhw s’taht  

UA   = UA  = 922 .  6 V. 
r ehT gnidae  fo  eht  retemtlov  V4 ( tnemecalpsid lartuen eht fo egatlov  ) orez ot lauqe si . 
e ehT evitceff  stnerruc  ni  eht  enil  seriw  era  lacitnedi  (  sretemma eht fo gnidaer А1 А3 :)  

IA = 
2321 )(

A
)(

A II = 22 6916121 .. 21 = .   23 А. 
 nI  eht rotcudnoc lartuen (  retemma eht fo gnidaer А4)  si ereht , ylno  eht fo tnerruc eht 

cinomrah driht    : IN  = IN 
 )3(  = 5.   88 А. 

b .)  ecnadepmi eht sniatnoc rotcudnoc lartueN  ZN  . P t mrofre  rof noitaluclac tiucric eh
cinomrah driht eht . 

)(
N

)(

)(
A)(

A ZZ
U

I 33

3
3

3
=

8164533

856
4436

54

je.

e.
,j

j
1 = . 62 e –j 12 . 73 1 = .  71 – j0.  64 А. 

)(
NI 3 3 = )(

AI 3 3 = . 77 e -j 12 . 73 3 = .  15 – j1.  73 А. 
etoN  ,  yam cinomrah driht eht fo noitaluclac  eb demrofrep  ot gnidrocca  eht 

llew sa ygetarts desu ylnommoc : 
- :tnemecalpsid lartuen eht fo egatlov  

)(
N

)(

)(
)(

A
)(
OO

ZZ

Z
U

U

33

3
3

3
13

3

1
32 = . 28 e j 05 . 91 51 = .  + 52 j 81 . 03  V. 

- rotcudnoc enil eht ni stnerruc  А wal s’mhO rednu lartuen eht ni dna : 

)(
A

)(
OO

)(
A)(

A Z

UU
I 3

33
3 1

0351
124 6024

j
e. .j

1 = . 62 e –j 12 . 73 1 = .  71 – j0.  64 A. 

)(
N

)(
OO)(

N Z

U
I 3

3
3 1

62
2832 9105

j
e. .j

3 = . 77 e –j 12 . 73 3 = .  15 – j1.  73 A. 

v ehT noitacifire si    : )(
C

)(
B

)(
A III 333 3 )(

AI 3 3 = .  15 – j1.  = 83 )(
NI 3 . 

T gnidaer stnemurtsni eh era s   : V1  UA 083 =  V    ; V2   UC = 922 .  6 V; 

V   3    UA  =
2321 )(

A
)(

A UU = 22 124022 . 322 = .  2 V; 
V   4    U   N  = U  N

)3(
  32 = .  28 V. 

A1   , A2   , A3     I  A =
2321 )(

A
)(

A II = 22 6216121 .. 21 = .  22 A; 

A4     I   N  = )(
NI 3 3 = .  77 A. 

c .)  lartueN  rotcudnoc  si  detcennocsid . 
n on era erehT lartue  stnerruc  esuaceb  orez fo wolf eht -  fo stnerruc( stnerruc ecneuqes

rotcudnoc lartuen a seriuqer )3 yb elbisivid scinomrah :  .III )(
C

)(
B

)(
A 0333  

 ehT d lartuen  tnemecalpsi  egatlov rotareneg eht fo egatlov esahp eht ot lauqe si  



 051  

.B e.UU j)(
A

)(
OO

5433 6756
1

 

gnidaer stnemurtsni ehT era s   : V1  U BA  083 =  V    ; V2    UC = 922 .  6 V; 
V   3   UA   = UA

 )1(  022 = V      ; V   4   OOU
1

= )(
OOU 3

1
56 = .7  6 V. 

e ehT evitceff  stnerruc  ni  eht  enil  seriw   era  A1   , A2   , A3       IA  = IA 
)1(  = 21 .  61 A. 

c on si erehT ru  rotcudnoc lartuen eht ni tner IN (  0 = retemma eht fo gnidaer   А4 .)  
 

 .7  DEPMUL HTIW STIUCRIC RAENIL NI SESSECORP TNEISNART
SRETEMARAP  

1.7  . CISSALC TNEISNART FO DOHTEM S SISYLANA  
.1.7 1  . stneisnarT  htiw stiucric ni  a tnemele egarots elgnis  

7-1 7( 1. ). nI  emehcs  gif . 1.7  eht ssorca egatlov eht etaluclac ,
c ticapa ssecorp tneisnart eht fo stnerruc eht sa llew sa ro  . ehT  

tiucric  retemarap era s  : U = 001  V  , r1 = 06  mhO  , r2 = 04  mhO  ,
С = 01  F  . c eht tolP ticapa egatlov ro . 

noituloS  .  noitauqe gniwollof eht yb debircsed si tiucric eht ,noitatummoc eht retfA
ssorca egatlov dna stnerruc suoenatnatsni eht gninrecnoc swal s’ffohhcriK rednu metsys  

eht c ticapa ro :   i1 – i2 – i  C ,0 =  
i1 r  1  + uC = U , 
i2 r  2 – u  C 0 = . 

a ehT lanoitidd  noitauqe eht si   neewteb noitauqe gnilpuoc  eht  fo egatlov dna tnerruc

 eht c ticapa ro   :  iC = С 

td
ud C . 

ehT  noitauqe  metsys  si  devlos  yb  eht  noitutitsbus  dohtem  –  era stnerruc eht lla
eht hguorht desserpxe c ticapa  fo noitauqe tsrif eht otni detaroprocni era dna egatlov ro

metsys eht  . sA  a tluser  , eht  noitauqe  metsys  si  decuder  ot  eno  raenil  non - suoenegomoh  
tI .stneiciffeoc tnatsnoc htiw redro tsrif eht fo noitauqe laitnereffid   elbasivda si ot  dda  ,

eht  itauqe no  sihT .stnemele egarots tiucric eht fo ytitnauq eht yb denimreted si redro  
emit  , ereht  si  a elgnis   tnemele egarots – c a ticapa  noitauqe laitnereffid eht yhw s’taht ;ro

redro tsrif eht fo sneppah . 

i1 = 
1r
uU C        ; i2 = 

2r
uC         ; iC = С td

ud C         ;
1r
uU C –

2r
uC – С

td
ud C .0 =  

td
ud C +

21

21
rrC
rr uC =

1rC
U . 

 e ehT s noitauq noitulo   gninrecnoc uС(t) si  dnuof  sa  a mus  fo  ralucitrap  noitulos  fo  eht  
non - suoenegomoh  laitnereffid  noitauqe  dna  lareneg  noitulos  fo  eht   gnidnopserroc

yehT .noitauqe laitnereffid suoenegomoh  era  demret  , ylevitcepser  , ydaets - etats   dna
stnenopmoc tneisnart  : uС(t)  = uCs(t) +  uCt(t)  .  hcuS  a em  doht  fo  sessecorp tneisnart eht

 sisylana  dellac si  a cissalc la  me doht  . ehT  weiv  fo  eht  ydaets - etats  tnenopmoc  sdneped  
nI .retcarahc ecruos eht no .e.i ,noitauqe eht fo edis thgir eht fo weiv eht no   eht esac  ni  

noitseuq  , ereht  si  a D-C ecruos  , eht  ydaets - ts eta  tnenopmoc  c eht fo ticapa egatlov ro  is 
c ,llew sa tnatsnoc  evitavired sti ylgnidnopserro is 

td
ud sC :0 =      uCs = 

21

21
rr
rrC

1rC
U =

21

2
rr

r U = 
0406

04  04 = 001 V. 

uC iC 

i2 

i1 

С r2 U 

giF . 1.7  

r1 
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oc tneisnart A f tnenopm mro  eht fo stoor eht fo weiv dna rebmun eht no sdneped 
noitauqe citsiretcarahc  . tahT ’s yhw  ew  noitauqe citsiretcarahc eht evlos dna ward  .  ,ereH

 fo evitavired eht uC yb decalper si  р  , ytitnauq  uC  flesti –  yb  ,1  si edis thgir eht  detauqe

orez htiw :   р + 
21

21
rrC
rr .0 =  

noitulos noitauqe ehT  : р  = –
21

21
rrC
rr  = –

040601
0406

5  = –  7614 s –1. 

I si ereht f  eno  tnenopmoc tneisnart eht ,noitauqe citsiretcarahc eht fo toor evitagen 
sekat eht mrof  : uCt )t(  = А е рt  . i ehT targetn  tnatsnoc noi А  dnuof si hguorht  laitini eht 

.snoitidnoc v ehT c eht ssorca egatlo ticapa erofeb ro si noitatummoc eht  : uC(0-) = U = 
= 001  V  . evah ew ,wal noitatummoc dnoces eht htiw ecnadrocca nI  uC(0+) = uC(0-) = 
= 001  V  . si tnatsnoc noitargetni eht ,suhT  

А  = uCt(0  ) = uC(0  ) – uCs(0  )  001 = – 06 = 04  V. 
evah ew ,yllaniF    : uC(t  ) = 06 + 04 е – 7614 t V. 

stnerruc hcnarb ehT era : i1(t) = 
1r
uU C =

06
0604001 7614 te  1 = – 1 е – 7614 t А, 

i2 )t( = 
2r

uC =
04

0604 7614 te 1 + 1 = .5 е – 7614 t А, 

iC  )t(  = i1 )t(  – i2 )t(  = – 2.5 е – 7614 t А. 
tolp ot redro nI  uC(t) noitidda ni etaluclac s’tel , : 

- it tiucric eht tnatsnoc em  |/1 = p  7614/1 = | s 0 = .  42 sm , 
- ssecorp tneisnart eht fo noitarud lacitcarp  Т pt  3( = )5 4 = 0 = .  69 sm . 

g ehT hpar  uC(t) is nward  eht gnisu  stnenopmoc  : ydaets era nwohs yletarapes -  dna etats
stnenopmoc tneisnart  , yllacihparg dedda gnieb yeht  . hparg ehT gif ni detneserp si .2.7 .  

 
7-2 7( 2. ). ecnatcudni eht ssorca egatlov dna tnerruc lioc eht enimreteD ( gif  ,)3.7 . fi   
U =  002 V  ,  rc  01 = mhO   , L  52 = Hm . 

tolP   i )t(  dna   uL )t( . 
 

srewsna dna stnemmoC . 

giF  . 7 3.  

i 

rc  U  
L 

uL  

х  L = 0 

giF  . 7 4.  

is 

rc  U  

08  

t 

u sC )t(  

06  

04  

uC )t(  

02  

 V u 

2.0  sm  0 4.0  6.0  8.0  

u tC )t(  

 
giF . 7.2 
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 .1 i ehT noitidnoc laitini tnednepedn si    : i(0+)  = i(0-) .0 =  
 .2 s ehT ydaet - no desab si noitatupmoc edom etats gif emehcs eht :4.7 .  

is  02 = А         ; uLs .0 =  
 .3 c ehT toor sti dna noitauqe citsiretcarah era : rc  + рL 0 =  ,  р  = –  004 s –1. 
 .4 T t eh stnenopmoc tneisnar era    : it  = еА tp      ; uLt =  Bе tp . 
 .5 i ehT snoitidnoc laitin era : it(0+) =  i(0+) – is  = –  02 А; 

uLt(0+) = uL(0+  ) = U  – rc (i 0+) 02 =  0 V. 
 .6 i ehT stnatsnoc noitargetn    :era  А = it(0+)  = – 02   ;  B = uLt(0+)  = .002  
 .7 c ehT seititnauq etelpmo era    :  i(t)  02 = – 02 е – 004 t А     ;  uL(t) 002 = е – 004 t V. 
 .8 ehT  tiucric  emit  tnatsnoc  dna  stneisnart eht fo noitarud era : 

 =
|p|

1 =
cr
L 2 = . 01·5  –3 s    ; Т pt ·4 =  0 = .  10 s. 

p ehT stol  i(t)  , uL(t)  era gif ni .5.7 .  

7-3 7( 3. ).  egatlov dna tnerruc eht enimreteD nehw lioc eht fo s  ti gnihctiw  eht ot
 ecnatsiser lanoitidda r da ( gif  ,)6.7 .  fi U = 002  V  , rc = 01  mhO  , L  =  52 Hm  , r da   04 = mhO . 

tolP  )t(i   , uc )t( . 
srewsna dna stnemmoC . 

 .1 i ehT noitidnoc laitini tnednepedn si : i(0+)  = i(0-) = 
cr

U  02 = А. 

 .2 s ehT ydaet - stnenopmoc etats era :  is 0 =      ; u sc  .0 =  
 .3 c ehT toor sti dna noitauqe citsiretcarah era : 

рL   + (r da  + rc) 0 =       , р  = –  0002 s –1. 
 .4 T t eh stnenopmoc tneisnar era    :   it  = еА tp      ; u tc =  Bе tp . 
 .5 i ehT snoitidnoc laitin era :   it(0+) =  i(0+) – is  02 = А; 

uL(0+)  = – i(0+)·(r da  + rc)  = –  0001 V   dna    u tc (0+) = uc(0+)  = rci(0+)  + uL(0+)  = – 8  00 V. 
 .6 i ehT stnatsnoc noitargetn era   А = it(0+) 02 =   ;  B = u tc (0+)  = – .008  

001  
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 .7 c ehT seititnauq etelpmo era    :  i(t) 02 = е – 0002 t А     ;  uc(t)  = – 008 е – 0002 t V. 
 .8 ehT  tiucric  emit  tnatsnoc  dna  stneisnart eht fo noitarud era : 

 =
|p|

1 0 = . 01·5  –3 s 0 = .  5 sm    ; Т pt  2 = sm . 

p ehT stol  i(t)  , uc(t)  era gif ni .7.7 .  

7-4 7( 4. ). nI  gif . ,8.7 а  si ereht a emehcs  ot  etupmoc  eht  stneisnart  , eht   ssecorp tneisnart
eb nac  devresbo henw  si remrofsnart a hctiws de  ot on a - noitidnoc daol  . ,eromrehtruF  

(u )t  = 001 (nis 413 t + u) V  , r = 02  mhO  , L = 0. 951  H  . etupmoC  u  eht hcaer ot
ah“ dr “ eht dna ”tse isae noitidnoc ”tse  . ah“ eht fo tnerruc eht tolP dr noitidnoc ”tse  .

tnerruc egrus eht enimreteD . 
noituloS  .  .1  si ereht ,emit sihT  a itidnoc laitini tnednepedni orez no  –    (i 0+) = (i 0-) .0 =  

 .2  yb noitatupmoc tnerruc eht mrofreP  eht cissalc la  dohtem  . ydaets ehT -  etats
 tnenopmoc ah weiv gniwollof eht s : 

is(t)  = Im nis ( 413 t +  i) = 
Z

Um nis ( 413 t  + u – ). 

ereH   Z = 22 )L(r = 22 951041302 ).( = 22 0502 35 = .  9 mhO , 

  = gtcra
r
L  = gtcra

02
05 86 = .1      , I  m =

Z
Um =

935
001
.

1 = .  68 A. 

suhT  ,      is(t) 1 = . 68 nis ( 413 t +   u – 86 .1 ) A. 
i ehT laitin  eulav  fo  eht  tnerruc ydaets - si tnenopmoc etats  

is(0) 1 = . 68 nis ( u – 86 .1 ) A. 
 .3 c ehT toor sti dna noitauqe citsiretcarah era : 

Lp   + r     ,0 = p  = – r/L = 0/02 .  = 951 – 521 .  8 s –1. 
ehT  tiucric  emit  tnatsnoc  dna  stneisnart eht fo noitarud lacitcarp era : 

 |/1 = p 521/1= | . 0 = 8 .0  80 s   , T pt 3( = )5  42( = )04  sm . 

ydaets ehT - p noitallicso tnenopmoc etats  doire :si      T = 2 02 =  sm . 

 .4  fo esac nI  a  sekat tnenopmoc tneisnart eht ,noitauqe citsiretcarahc eht fo toor elgnis
weiv a  :    it(t)  = А е рt. 

c noitargetni ehT si tnatsno   А  = it(0) =  i(0) – is(0)  = – 1. 68 nis ( u – 86 .1 ). 
 .5 ehT “ ah dr tse  ” tneisnart  ssecorp ( eht  tseggib  eulav  fo  eht  tneisnart  tnenopmoc  ) si  

 ta devresbo  u – 86 .1  = 09   . snaem tI   u 851 = .1   ro   u  = – 12 .9 . 
ehT “ sae tsei  ” ssecorp (  ereht nehw tnenopmoc tneisnart on si ) si     ta u – 86 .1 0 =  ro   

081  . snaem tI  u 86 = .1   ro   u  = – 111 .9 . 
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fI  u – 86 .1 09 =  , neht   u 851 = .1  . swollof sa si tnerruc suoenatnatsni ehT  
)t(i  = is )t(  + it )t( 1 = . 68 (nis 413 t 09 +  ) – 1 . 68 е – 8,521  t А. 

 .6 T eh  aid  eht fo smarg tnerruc  dna  sti  stnenopmoc  gif ni detneserp era ,8.7 . b. 
m ehT  demret si ssecorp tneisnart a gnirud tnerruc eht fo eulav suoenatnatsni mumixa

“ tnerruc egrus si eulav tnerruc tsehgih eht ,margaid eht morf nees si ti sA .”   I us 2 = .  4 А   
ucco ti dna tnemom emit eht ta sr   t 9 = .  7 sm . 

 
7-5 7( 5. ).  ssecorp tneisnart eht fo tnerruc eht etupmoC gnihctiws nehw  lioc eht t  o

egatlov ladiosunis   u(t)  = Um· nis ( t  + u) ( gif .7 . a,8  ,) fi  
Um = 002  V   ,  0001 = dar /s  , u  = –  ,°03 r  01 = mhO   , L  52 = Hm . 

 tolP  i(t). 
rewsnA  : i(t) 7 = . 34 nis ( 0001 t – 89 . °2  ) 7 + . 53 е - 004 t A; 

 evruc eht i(t) i i s gif n .7 . 9. 
 

 
 
 
 
 
 
 
 
 
7-6 7( 6. ). etupmoC  eht  tneisnart  tnerruc  dna  egatlov  ssorca  eht  
c ticapa ro ( gif 1.7 . 0  ,) fi  U  002 = V   , r  001 = mhO   , C  001 = F. 

tolP  i )t(  , uС )t( . 
srewsna dna stnemmoC . 

 .1 i ehT idnoc laitini tnednepedn noit si    : uС(0+)  = uС(0-) .0 =  
 .2 ydaets ehT - c si edom etats tupmo desab de o eht n gif emehcs 1.7 . 1: 

is 0 =         ; uСs  =  U  002 = V. 

 .3 c ehT toor sti dna noitauqe citsiretcarah  era :   r + 
Cр
1      ,0 = р  = –

Cr
1  = –  001 s –1. 

 .4 T t eh stnenopmoc tneisnar era    : it )t(  = еА tp      ; uСt )t( = B е tp . 
 .5 i ehT snoitidnoc laitin era   :  uСt(0+) =  uС(0+) – uСs  = –  002 V. 

it(0+)  = –
r

)(u tC 0  2 = А. 

 .6 i ehT stnatsnoc noitargetn era   А = it(0+) 2 =   ;  B = uСt(0+)  = – .002  
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 .7 T c eh seititnauq etelpmo era    :  i(t) 2 = е – 001 t А     ;  uС(t)  002 = – 002 е – 001 t V. 
 .8 stneisnart eht fo noitarud lacitcarp dna tnatsnoc emit tiucric ehT :era  

 =
|p|

1 0 = .  10 s    ; Т pt 0 = .  40 s. 

 i(t)  , uC(t)  era sevruc ni  gif 1.7 . 2. 
 
7-7 7( .7). enimreteD  eht  tnerruc  dna  egatlov  ssorca  eht  ticapac ro   eht gnihctiws nehw

 ot tiucric eht  lanoitidda  ecnatsiser   r da ( gif 1.7 . 3  ,) fi   
U  002 = V   , r  001 = mhO   , С  001 = F   , r da   004 = mhO . 

  tolP i(t)   , uС(t). 
srewsna dna stnemmoC . .1  i ehT tini tnednepedn noitidnoc lai si : 

uС(0+)  = uС(0-)  = U  002 = V. 
 .2 s ehT ydaet - stnenopmoc etats era     : is 0 =      ; uСs .0 =  
 .3 s ehT toor sti dna noitauqe citsiretcarah era : 

(r da  + r  ) +
Cр
1      ,0 = р  = –

C)rr( da

1  = –  02 s –1. 

 .4 T t eh c tneisnar stnenopmo era : it  = еА tp      ; uСt =  Bе tp . 
 .5 i ehT snoitidnoc laitin era :  uСt(0+) =  uС(0+) – uСt  002 = V; 

it(0+)  = –
rr
)(u

da

tC 0  = – 0.  4 А. 

 .6 i ehT stnatsnoc noitargetn era   А = it(0+)  = – 0.4   ;  B = uСt(0+)  = .002  
 .7 c ehT seititnauq etelpmo era  :    i(t)  = – 0.4е – 02 t А     , uС )t( 002 = е – 02 t V. 
 .8 stneisnart eht fo noitarud lacitcarp dna tnatsnoc emit tiucric ehT :era  

 =
|p|

1 0 = .  50 s           , Т pt 4 =  0 = .  2 s. 

i(t)  , uC(t) i era sevruc n gif 1.7 . 4. 

 

7-8 7( 8. ). rruc eht enimreteD tne  i )t(   ssorca egatlov eht dna
c eht ticapa ro  uС )t( ( gif . 1.7 5  ,) fi  r = 001  mhO  , С = 01  F   ,

E0  003 = V,   e(t  ) 001 = nis ( 0001 t – °09  ) V. 
tolP  i )t( . 

noituloS  .  emehcs eht gnizylanA erofeb  eht  noitatummoc  ,
tel ’s enimreted  eht  c ticapa ro  egatlov  rednu  ffohhcriK ’s 

egatlov  wal   : ir 0 0( -) – uС 0( -)  = E0. 
i0 0( -)  ,0 = ylgnidrocca   , uС 0( -)  = – E0  = –  003 V. 
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wal noitatummoc dnoces eht htiw ecnadrocca nI    uС(0+)  = uС(0-)  = –  003 V. 
 laitnereffid raenil gniwollof eht yb debircsed si emehcs ,noitatummoc eht retfA

   noitauqe ir )t(   + uС )t(  = е )t(   , erehw   uС )t( = 
C
1 tdi , 

 dna sti  si noitulos    : i  = is  + it;      uС  = uСs  + uСt. 
nI  redro  ot  etupmoc  eht  ydaets - etats  edom  xelpmoc eht ylppa ew - dohtem noitaton . 

Еm 001 = е –j º09  V    , хС = C
1 =

010001
01 6

 001 = mhO , 

Z  = r – xj C 001 =  – j 001 = 001 2 е –j °54  mhO , 

Ims = 
Z

E m =
54

09

2001

001
j

j

e

e 0 = .5 2 е –j °54 0 = . 707 е –j °54  A, 

U mC s  = – xj C·Ims 001 = е –j °09 0· .5 2 е –j °54 05 = 2 е –j °531 07 = .7е –j °531  V. 
i ehT ydaets eht fo seulav suoenatnatsn - stnenopmoc etats era : 

is )t(  0 = . 707 (nis 0001 t – °54 A )        , uСs )t( 07 = .7 (nis 0001 t – °531  ) V. 
c ehT  nopu nettirw si noitauqe citsiretcarah noitauqe laitnereffid eht fo dnuorg eht  

 r +
Cр
1      ,0 = р  = –

Cr
1  = –

01001
01 6

 = –  0001 s -1. 

ecneH  ,  eht mrof gniwollof eht fo era stnenopmoc tneisnart : 
it )t(  = еА  – 0001 t        ; uСt )t( = B е – 0001 t. 
i ehT argetn snoitidnoc laitini eht morf denimreted era  stnatsnoc noit . 

tA   t 0 = + evah ew      : it(0+)  = А       ; uСt(0+) = B = u С(0+) – uСs(0+), 
erehw    uСs(0+) 07 = .7 nis (– )°531   = –  05 V, 

uСt(0+) = B  = –  003 – ( –  = )05 –  052 V. 
d ehT snart eht rof noitauqe laitnereffiD ta stnenopmoc tnei   t 0 = +   weiv a sah : 
ir t(0+)  + uСt(0+) .0 =  

it(0+)  = А = 
r

)(u tC 0 =
001
052 2 = .  5 А   , i.е. 

it )t( 2 = .5е – 0001 t А        ; uСt )t( =  – 052 е – 0001 t V. 
weiv lanif a evah seititnauq deriuqer ehT : 

uС )t( 07 = .7 (nis 0001 t – °531 ) – 052 е – 0001 t V, 
)t(i 0 = . 707 (nis 0001 t – °54 ) 2 + .5е – 0001 t А. 

 eht tcurtsnoc ot redro nI margaid s ( gif . 1.7 6  )  tnatsnoc emit tiucric eht enimreted ew

stneisnart eht fo noitarud dna :       =
|p|

1 =
|| 0001

1 0 = .  100 s     , Т pt 4 =  0 = .  400 s. 

 ehT diosunis  doirep si    Т = 2 =
0001

2 0 = .  82600 s 6 = . 82  sm . 

c ehT noitalucla  elbat ni detalubat era stluser .1.7  
elbaT 1.7  

t  , sm  0 0. 57  1.5 2. 52  3 3. 57  4.5 5. 52  6 6 57.  
is  , А –0.5 –0. 20  0. 64  0.7 0. 75  0. 21  –0. 83  –0.7 –0 6. 2 –0.22 
it  , А 2.5 1. 81  0. 65  0. 62  0. 21  0. 60  0. 30  0. 10  0. 600  0. 300  
i  , А 2.0 1. 61  1. 20  0. 69  0. 96  0. 81  –0. 53  –0. 86  –0. 416  –0. 712  
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7-9 7( 9. ). etupmoC  eht  tneisnart  stnerruc  dna  egatlov  ssorca   eht ecnatcudni   emehcs ni
gif 1.7 . 7  , fi   E 51 =  0 V    , r1  = r2  01 = mhO    , r3  = r4  5 = mhO    , L  02 = Hm . 

tolP   i2(t)   , uL(t). 

noituloS  .  .1  emehcs eht gnizylanA erofeb  eht  noitatummoc  , tel ’s  eht enimreted
ecnatcudni hguorht tnerruc eht gnieb ti emit siht ,noitidnoc laitini tnednepedni  –   i2(0-). 

 emehcS  sah noitatummoc eht erofeb  a  weiv  gif 1.7 . 8  . si tnerruc ecnatcudni ehT  

i2(0-) = 
1

32

32 r
rr

rr
E ·

32

3
rr

r =
01

501
501

051 ·
501

5 = 3.  57 А. 

evah ew ,wal noitatummoc tsrif eht htiw ecnadrocca nI    i2(0+) =  i2(0-) 3 = .  57 А. 
 .2 s ehT  noitatummoc eht retfa emehc ekil slool gif ni . .7 91  eht yb debircsed gnieb ti ,

swal s’ffohhcriK rednu snoitauqe laitnereffid raenil eht fo metsys : 
i1(t)  = i2(t) +  i3(t), 

r1i1  + r2i2  + L
td
id 2  = E, 

r1i1  + r( 3  + r4)·i3  = E, 
 dna weiv gnivah noitulos sti  iq(t) = iqs(t)+iqt(t); uL(t) = uLs(t)+uLt(t). 
 .3 ydaets ehT - edom etats si : 

i1s = 
1

432

432 r
rrr
)rr(r

E =
01

5501
5501
051

)(  01 = А; 

i2s =  i1s·
432

43
rrr

rr ·01 =
5501

55  5 = А; 

i3s  = i1s – i2s  01 = –  5 = 5 А         , uLs .0 =  
 .4 stnenopmoc tneisnart eht fo noitaluclaC . 

r1 

i3 

r3 

i2 

i1 

r1 

E 
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r2 

L 

r4 uL 

i3 0( -) 

r3 
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E 
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E 
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 tupni tiucric eht fo noitatneserp eht hguorht noitauqe citsiretcarahc eht ward s’teL

of lanoitarepo ni ecnadepmi  mr 2( dn yaw    :)
Lprrr

)Lpr()rr(
243

243  + r1 .0 =  

revewoH  , a citsiretcarahc  noitauqe  yam   osla eb  nward   eht htiw hcnarb eht gninrecnoc
 ecnadepmi renni sti yb decalper gnieb ecruos eht ,tnemele egarots ( gif . 2.7 0  .)  ,emit sihT

relpmis si noitauqe eht : 

143

143
rrr
r)rr(  + r2  + Lp        ;0 =

0155
0155 )( 01·02 + 01 +  –3·p      ;0 =  p  = –  057 s –1. 

nehT    i1t  = А1е tp =  А1е – 057 t    ; i2t  = А2е – 057 t    ; i3t  = А3е – 057 t    ; uLt =  Bе – 057 t. 
i ehT enimreted era stnatsnoc noitargetn d ta  t 0 = +. 

I ts  yaw  fo  noitulos  
s ehT  tnemom rof noitatummoc eht retfa emehc t = 0+ 

 sah  eht gif weiv 2.7 . 1  . ot gnidroccA  owt fo dohtem eht 
on evah ew ,sed  

u ba 0( + = )

431

21
11

0

rrr

)(ir/E =

55
1

01
1

57301051 ./ 65 = . 52  V. 

c ehT era noitatummoc fo tnemom eht ta stnerru  

i1 0( + = )
1

0
r

)(uE ba =
01

5265051 . 9 = . 573  А, 

i3 0( + = )
43

0
rr

)(u ba =
01

5265 . 5 = . 526  А    ro    i3 0( +  = ) i1 0( +  ) – i2 0( + 5 = ) . 526  А, 

uL 0( + = ) u ba 0( +  ) – r2i2 0( + 65 = )  52. – 01 3. 81 = 57 .  57 V. 
tnemom rof stnenopmoc tneisnart eht nwod etirw s’teL  t 0 = +: 

i1t 0( +  = ) А1  = i1 0( +  ) – i1s 9 = .  573 –  = 01 – 0.  526 А, 
i2t 0( +  = ) А2  = i2 0( +  ) – i2s 3 = .  57 – = 5  – 1.  52 А, 
i3t 0( +  = ) А3  = i3 0( +  ) – i3s 5 = .  526 – 0 = 5 .  526 А, 
uLt 0( + = ) B  = uL 0( +  ) – uLs 81 = .  57 – 81 = 0 .  57 V. 

suhT : i1t(t)  = – 0. 526 е – 057 t А, i1(t)  01 = – 0 . 526 е – 057 t А, 
i2t(t)  = – 1. 52 е – 057 t А, i2(t)  5 = – 1 . 52 е – 057 t А, 
i3t(t) 0 = . 526 е – 057 t А, i3(t) 0 + 5 = . 526 е – 057 t А, 
uL  )t( = u Lt  )t( 81 = . 57 е – 057 t V. 

II dn  yaw  fo  noitulos  
noitargetnI  tnatsnoc  А2 ecno ta denimreted eb yam  ,  tnerruc eht rof i2  tsrif eht syebo

wal noitatummoc : 
А2  = i2 0( +  ) – i2s 3 = .  57 –  = 5 – 1.  52 А, 
i2t )t( =  А2е – 057 t  = – 1. 52 е – 057 t А       , i 2 )t( = i 2s  )t(  + i2t )t(  5 = – 1 . 52 е – 057 t А. 

 s’teL  ssorca egatlov eht enimreted  eht ecnatcudni  

uL(t  ) = L
td
id 2 01·02 =  –3 (· – 1. ()52  – )057 е – 057 t 81 = . 57 е – 057 t V. 

si egatlov noitcnuj ehT  
u ba (t) =  r2i2(t)  + uL(t  )  5(·01 = – 1 . 52 е –7 05 t 81 + ) . 57 е – 057 t 6 + 05 = . 52 е – 057 t V. 

u ba 0( +) 
 b 

a 

i3 0( +) 

r3 
i1 0( +) 

r1 

E 
 

giF . 7 2. 1 

r2 

r4 
i2 0( +) 
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c ehT era stnerru    i3 )t( = 
43 rr
)t(u ba =

55
52605 057 te. 0 + 5 = . 526 е – 057 t А, 

i1 )t(  = i2 )t(  + i3 )t( =  5 – 1 . 52 е – 057 t 0 + 5 + . 526 е – 057 t  01 = – 0 . 526 е – 057 t А. 
 .5 tolp s’teL   i2(t) dna   uL(t)  .  ehT d ssecorp tneisnart si noitaru  

Т pt 4 =  =
|p|

4 =
|| 057

4  s 5 = .  33 sm . 

c ehT elbat ni detneserp era stluser noitalucla .2.7  
elbaT 2.7  

t  , sm  0 1. 33  2. 76  4 5. 33  
i2t, А – 1. 52  – 0. 64  – 0. 71  – 0. 60  – 0. 20  
i2, А 3. 57  4. 45  4. 38  4. 49  4. 89  
uL, V 81 . 57  6.9 2. 45  0. 39  0. 43  

 

 sevruc ehT  gif ni detneserp era 2.7 . 2. 

7- 01  7( 01. ). etaluclaC  i stnerruc tneisnart eht n emehcs  gif . 2.7 3,а cissalc yb la dohtem  .
era sretemarap tiucric ehT   : U 05 =  V  ,  r1  = r3  001 = mhO   , r2  05 = mhO   , С 001 =  F. 

noituloS  .  .1 ehT  tiucric  etats  erofeb  eht  noitatummoc si  : i1(t-) = i2(t-) =  ,0 uC(t-) = U = 
= 05  V  .  laitini tnednepedni eht ,wal noitatummoc dnoces eht htiw ecnadrocca nI

swollof sa si noitidnoc  –     uC(0+) =  uC(0-) 05 =  V. 
 .2 issalc eht htiw ecnadrocca nI c la  era stnerruc tneisnart deriuqer eht ,dohtem 

ydaets fo mus eht sa detneserp - stnenopmoc tneisnart dna etats : 
i1  = i1s  + i1t     , i2  = i2s  + i2t, i     3  = i3s  + i3t. 

 .3 ydaets eht etaluclac s’teL - :stnerruc eht fo stnenopmoc etats  

i2s    ;0 =  i1s =  i3s = 
31 rr

U =
001001

05 0 = . 52  А. 

2 

4 

-2 

0 

 
 

2  3  4  

А 

t 
01  

02  

t 

V uL 

0 

)а  b) i2 i2s 

giF 2.7 . 2 

 
 

2  3  4  

i2t 

i2(t) 

)p(Z  

b) )а  

i3 

uC 
i2 

i1 

С 

r2 
U 

giF . 7 2. 3 

r1 

r3 Cp
1

 

r2 
r1 

r3 
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 .3 eW  ward  eht  citsiretcarahc  noitauqe  hguorht  eht  tupni  ecnadepmi  ni  eht   lanoitarepo

mrof :   Z(p) = 
Cp
1 + r  2 +

31

31
rr

rr .0 =  

 fo toor ehT  eht noitauqe citsiretcarahc si : 

p  = –
)rrrrrr(C

rr
323121

31  = –
)( 001050010010500101

001001
4  = –  001 s –1. 

 .4 T t eh  fo esac ni stnerruc eht fo stnenopmoc tneisnar  a  eht fo toor elgnis
swollof sa era noitauqe citsiretcarahc   :  i1t =  А е рt     , i2t =  В е рt     , i3t =  D е рt. 

 .5 i ehT noitargetn  stnatsnoc  А  , В  , D  ,snoitidnoc laitini eht fo dia eht htiw dnuof era
teL .syaw tnereffid ni deniatbo eb yam ,revewoh ,hcihw ’s redisnoc  emos  fo  meht . 

а  ) eht 1 ts  yaw  . ehT  noitauqe  metsys   eht rof detareneg si swal s’ffohhcriK rednu
tsop - ni eht rof noitidnoc noitatummoc tnemom emit laiti : 

i1(0+) – i2(0+) – i3(0+) ,0 =  
i1(0+) r  1  + i2(0+) r  2  + uC(0+) = U , 
i1(0+) r  1  + i3(0+) r  3  = U. 

 htiW  eht atad laciremun :  i1(0+) – i2(0+) – i3(0+) ,0 =  
i1(0+) 001   + i2(0+) 05  05 +  ,05 =  
i1(0+) 001   + i3(0+) 001  .05 =  

s metsys ehT  noitulo si : i1(0+) 0 = .  521 А   , i2(0+)  = – 0.  52 А   , i3(0+) 0 = .  573 А. 
i ehT era stnatsnoc noitargetn : А  = i1t(0+)  = i1(0+) – i 1s 0 = .  521 – 0 .  = 52 – 0. ;521  

В  = i2t(0+)  = i2(0+) – i 2s  = – 0.  52 –  = 0 – 0. ;52  
D  = i3t(0+)  = i3(0+) – i3s 0 = .  573 – 0 . 0 = 52 . .521  

b  ) eht  2 dn yaw  .  noitaluclaC emehcs tnelaviuqe eht rednu demrofrep si  ,  gnieb ti
ward n tnemom emit laitini eht rof  .  ,emit sihT  esu ew eht  ecneuqesnoc  o  eht f

swal noitatummoc  :  tnemom noitatummoc eht ta ecnatcudni na sa sevaheb  tnerruc a 
ecruos  iL(0+)  ,  ecnaticapac a sevaheb  sa  egatlov a ecruos  uC(0+)  . ylgnidnopserroC  , rof  eht  
laitini  emit  tnemom  , ew  niatbo  a emehcs  gif . 2.7 4,а  .  eht ni taht tnuocca otni gnikaT

 secruos lacitnedi owt era ereht tiucric uC(0+) = U  fo slaitnetop eht taht mialc yam ew ,
 stniop eht а  dna  b lauqe era  ; repmuj a yb detcennoc eb yam yeht yhw s’taht  .  niatbo eW

eht  emehcs  gif . 2.7 4,b;  eht hcihw morf  laitini  stnerruc dnuof era : 

i3(0+) = 

21

21
3 rr

rrr

U =

00105
00105001

05 0 = .  573 А, 

r2 

i3t 0( +)= 
D=  

r2 

c) 

i3 0( +) 

i2 0( +) 

i3 0( +) i2 0( +) 

r2 

b 

а 

r1 i1 0( +) 

U 

F gi . 7 2. 4 

b) )а  

uC 0( +) 

r3 

U 

r1 i1 0( +) 

r3 

r1 

i1t 0( +)=А 

u tC 0( +) 

i2t 0( +)=В 

r3 
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i1(0+) =  i3(0+)
21

2
rr

r 0 = . 573
00105

05 0 = .  521 А, 

i2(0+)  = i1(0+) – i3(0+) 0 = .  521 – 0 .  = 573 – 0.  52 А. 
rehtruF  , eht   era stnatsnoc noitargetni  denimreted ekil 1 eht ni ts yaw . 

c  ) 3 eht dr yaw  .  eht rof emehcs tnelaviuqe eht rednu demrofrep si noitaluclaC
 gninrecnoc tnemom emit laitini ylno  stnenopmoc tneisnart eht ( gif . 2.7 4,c  .)  s’teL

 eht enimreted  deriuqer o tnenopmoc tneisnart eht fo eulav laitini  ssorca egatlov eht f
c ticapa ro  . ydaets ehT - si tnenopmoc etats :   uCs  = i3s r  3 0 = . 52  52 = 001 V. 

 ,nehT  uCt(0+) =  uC(0+) – uCs  05 = –  52 = 52 V. 

i ehT stnatsnoc noitargetn era : В =

31

31
2

0

rr
rrr

)(u tC =

2
00105

52  = – 0. ;52  

А  = В
31

3
rr

r  = – 0. 52
001001

001  = – 0. ,521  

D = – В
31

1
rr

r 0 = . 52
001001

001 0 = . .521  

 .6  nwod etirW stnerruc rof snoisserpxe lanif eht : 
i1 )t( 0 = .  52 – 0 . 521 е – 001 t A     ; i2 )t(  = – 0. 52 е – 001 t A     ; i3 )t( 0 = . 0 + 52 . 521 е – 001 t A . 
 .7 tolp ot redro nI  i1(t) etaluclac s’tel , : 

-    tnatsnoc emit tiucric eht  |/1 = p  001/1 = | s  01 = sm , 
- ssecorp tneisnart eht fo noitarud lacitcarp eht    Т pt  3( = )5 = 4  04 = sm . 

 ehT margaid gif ni detneserp si 2.7 . 5. 

 

7- 11  7( 51. ). i stnerruc tneisnart eht etaluclaC n emehcs  gif . .7 26,а  yb ,  eht cissalc la  
dohtem  . swollof sa era sretemarap tiucric ehT  : r1 = 371  mhO  , r2 = 001  mhO   ,

С = 001  F   , u(t) = 001 nis ( 001 t + 03 ) V. 
noituloS . .1   eht gnizylana yb noitidnoc laitini tnednepedni eht tuo kroW  tiucric  erofeb

noitatummoc eht     : i2(t-)      ;0 = i1(t-)  = i3(t-)  = I1m nis ( 001 t  + i1);  

I1m = 
22

1

1

1
Cr

U m =
22 001371

001 0 = .  5 A, 

i1s )t(  
i 

i1t )t(  

i1 )t(  
1.0  

– 1.0  

 A 

2.0  

t  , sm  
 0 
04  

01  02  03  

– 2.0  giF . .7 25 giF . 7. 62  

uC 

r1 i1t 0( +)=А 

b) 

)а  
i2 

i3 

i1 

С 

)t(u  

r1 
r2 

i2t 0( +)= 
B=  

u tC )0(  

i3t 0( +)=D 

r2 
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i1  = u – gtcra
1

1

r
C 03 =  + gtcra

371
001 06 = , 

UCm = I 1m C
1 5,0 = 001   05 = V     , Cu  = i1 – 09  = – 03 ; 

uC t( -)  = UCm (nis 001 t  + Cu ) 05 = (nis 001 t – 03 ) V. 
i ehT l noitatummoc dnoces eht fo tnuocca htiw noitidnoc laitini tnednepedn  sa si wa

swollof :     uC(0+)  = uC(0-) 05 = nis (– 03 )  = –  52 V. 
 .2 nI  ecnadrocca  htiw  eht  cissalc la evah ew ,dohtem noitaluclac  

uС(t)  = uСs(t)  + uСt(t), 
i1 )t(  = i1s  )t(  + i1t )t(    , i2 )t(  = i2s  )t(  + i2t )t(    , i3 )t(  = i3s  )t(  + i3t )t( . 

 .3 eW  etaluclac daets eht y-  stnenopmoc etats xelpmoc eht yb - dohtem noitaton : 
Um 001 = е j 03  V, 

Z  = r1 + 

C
jr

C
jr

1

1

2

2
+ 371 =

001001
001001

j
)j( 822 = .7 е –j 21 .6  mhO , 

I1sm = 
Z

U m =
621

03

7822

001
.j

j

e.

e 0 = . 734 е j 24 .6  A, 

I2sm  = I1sm

C
jr

C
j

1

1

2

0 = . 734 е j 24 .6

001001
001

j
j 0 = . 903 е –j2.4  A, 

I3sm  = I1sm

C
jr

r
1

2

2 0 = . 734 е j 24 .6

001001
001
j

0 = . 903 е j 78 .6  A, 

UCsm  = I2sm r2 0 = . 903 е –j2.4 03 = 001 .9 е –j2.4  V. 
i ehT seulav tnerruc suoenatnatsn era : i1s(t  ) 0 = . 734 nis ( 001 t 24 + .6 ) А, 

i2s(t  ) 0 = . 903 nis ( 001 t – 2 .4 ) А, i3s(t  ) 0 = . 903 nis ( 001 t 78 + .6 ) А. 
i ehT suoenatnatsn  dna  laitini  seulav  ydaets eht fo -  egatlov eht fo tnenopmoc etats

 ssorca  eht c ticapa era ro : 
uСs )t( 03 = .9 (nis 001 t – 2 .4 ) V      , u Сs(0+) 03 = .9 (nis – 2.4  )  = – 1.  92 V. 

 ssorca egatlov eht fo tnenopmoc tneisnart eht fo eulav laitini ehT  eht c ticapa si ro : 
uСt(0+) =  uС(0+) – uСs(0+)  = – 1 + 52 .  = 92 – 32 .  17 V. 

 .4 noitauqe citsiretcarahc eht evlos dna etareneg s’teL : 

Z(р) = 
Cp
1 +

21

21
rr

rr    ,0 = р  = –
21

21
rrC
rr  = –

00137101
001721

4  = – 751 .  8 s –1. 

era stnenopmoc tneisnart tnerruC    : i1t = А е рt    , i2t =  В е рt    , i3t =  D е рt. 
 .5  eht rof emehcs tnelaviuqe eht rednu denimreted era stnatsnoc noitargetni ehT

i  tnemom emit laitin t rof ylno stnenopmoc tneisnart eh ( gif .7 . 26,b :)  

А  = i1t(0+)  = –
1

0
r

)(u tC  = –
371

1732 . 0 = . ;731  
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В  = i2t(0+) = 
2

0
r

)(u tC =
001

1732 .  = – 0. 732 ; 

D  = i3t(0+)  = i1t(0+) – i2t(0+) 0 = . 0 + 371 .  732 0 = . .473  
 .6   tuo kroW  rof ealumrof lanif eht  eht stnerruc : 

i1  )t(  = i1s  )t(  + i1t )t( 0 = . 734 (nis 001 t 24 + .6 ) 0 + . 731 е – 751 .8t А, 
i2  )t(  = i2s  )t(  + i2t )t( 0 = . 903 (nis 001 t – 2 .4 ) – 0 . 732 е – 751 .8t А, 
i3  )t(  = i3s  )t(  + i3t )t( 0 = . 903 (nis 001 t 78 + .6 ) 0 + . 73 4 е – 751 .8t А. 

 
.1.7 2  . tneisnarT  sessecorp  ni  eht  stnemele egarots owt htiw stiucric  

7- 21  7( 32. ). nI  emehcs  gif . .7 27  , etupmoc   stnerruc tneisnart eht  yb  eht cissalc la  .dohtem 
:era sretemarap tiucric ehT  U = 001  V  , r = 001  mhO  , L = 0.1 H, С 1 = .6 F  tolP  .  ir )t( . 

noituloS  .  tnednepedni orez era ereht ,emit sihT .1
:snoitidnoc laitini  

uC 0( +) =  uC 0( -     ;0 = ) iL 0( + = )  iL 0( - .0 = )  
 .2 ydaets ehT - stnenopmoc tnerruc etats era : 

iСs ,0 =      iLs =  irs = 
r
U =

001
001  1 = А. 

 .3 c ehT rah noitauqe citsiretca si :    
Cp
1 +

Lpr
Lpr    0 = ro    rL С р2  + L р  + r .0 =  

noitauqe citsiretcarahc ehT   stoor era : 

р 2,1 = 
CrL

CLrLL
2

4 22
= 6

622

0161001102
01611000141010

..
.... = 60123

60010 ..  s –1, 

р1  = – 0521 s  –1    , р2  = – 0005  s –1. 
 .4 T t eh  stnenopmoc tneisnar evah gniwollof eht weiv : 
iLt(t)  = A1· tpe 1  + A2· tpe 2    , i rt )t(  = В1

tpe 1   + В2
tpe 2 ,    iСt )t(  = D1

tpe 1   + D2
tpe 2 . 

stnenopmoc tneisnart eht rof snoitidnoc laitini ehT era : 
iLt(0+)  = А1

  + А2,   irt(0+)  = В1
  + В2,   iСt(0+)  = D1

  + D2, 
iLt (0+) = р 1 А1

  + р2 А2;  irt (0+) = р 1 В1
  + р2 В2;  iСt (0+)  = р1 D1

  + р2 D2. 
 .5 nI  redro  ot  enimreted  eht  noitargetni  stnatsnoc , snoitidnoc laitini eht etaluclac ew  .

 rof swal s’ffohhcriK rednu metsys noitauqe eht etareneg ew ,taht roF  a  emit orez
,revoerom ;tnemom   dna tnerruc eht neewteb noitauqe gnilpuoc eht tnuocca otni ekat ew

c eht fo egatlov ticapa ro :  iL(0+) – iС(0+) – ir(0+) ,0 =  
L iL (0+  )  + uC(0+) = U , 
uC(0+) – i r(0+) r  ,0 =  
iС(0+) =  С uC (0+). 

 laitini eht ,ereh morF stnerruc fo seulav era : 
ir(0+) = u C(0+)/r     ;0 = iС(0+)  = iL(0+) – i r(0+) .0 =  
i ehT sevitavired eht fo seulav laitin era    :  uC (0+)  = iС(0+)/С ;0 =  

ir (0+) = uC (0+)/r     ;0 = iL (0+  )  = (U – uC(0+ /)) L 0/001 = .  0001 = 1 А/s; 
iС (0+)  = iL (0+) – ir (0+)  0001 = А/s. 
i ehT stnenopmoc tneisnart rof snoitidnoc laitin :era  

iLt(0+) =  iL(0+) – iLs(0+) =  0 – 1  = – 1 А    , iLt (0+) =  iL (0+) – iLs (0+) =  0001 – = 0   0001 А/s, 
irt(0+) =  ir(0+) – irs(0+  )  0 = –  = 1 – 1 А     , irt (0+) =  ir (0+) – irs (0+  ) ,0 =  

ir 

iC 
uC 

iL С 
r U 

giF . .7 27 

L 
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iСt(0+) =  iС(0+) – iСs(0+  )   ,0 =                   iСt (0+) =  iС (0+) – iСs (0+  )  0001 = –  0001 = 0 А/s. 
suhT  , snoitauqe fo smetsys eerht gniwollof eht evlos dna niatbo ew : 

А1
  + А2  = – ,1    А2  = –  1 – А1

  = – 1 + 1 . 0 = 560 . ,560  

р1 А1
  + р2 А2 ;0001 =   А1 = 

21

20001
pp
p =

00050521
00050001  = – 1. .560  

В1
  + В2  = – ,1    В2  = –  1 – В1

  = – 1 + 1 . 0 = 33 . ,33  

р1 В1
  + р2 В2 ;0 =    В1 = 

21

2
pp

p =
0573
0005  = – 1. .33  

D1
  + D2 ,0 =    D2  = – D1

  = – 0. ,662  

р1 D1
  + р2 D2 ;0 =    D1 = 

21

0001
pp

=
0573
0001 0 = . .662  

 .6 etirW  nwod  eht  lanif  snoisserpxe  rof  stnerruc  ni  
ecnadrocca  htiw  ht e cissalc la  noitaluclac  dohtem : 

iL )t(  = iLs )t(  + iLt )t(  1 = – 1 . 560 е – 0521 t 0 + . 560 е – 0005 t А, 
ir  )t(  = irs  )t(  + irt )t(  1 = – 1 . 33 е – 0521 t 0 + . 33 е – 0005 t А, 
iС  )t(  = iСs  )t(  + iСt )t( = 0 . 662 е – 0521 t – 0 . 662 е – 0005 t А. 

 .7 tolp s’teL  ir(t  ) ( gif . .7 28  .) T eh   tneisnart emit  

tnuocca htiw | p2 | > | p1| si  T pt = 
|p| 1

4 =
0521

4  s 3 = .  2 sm . 

 
7- 31  7( 42. ). C  stnerruc tneisnart eht etalucla ni  

emehcs  gif . .7 92 eht gnisu cissalc la dohtem  .  ehT
 tiucric era sretemarap : U = 001  V  , r = 05  mhO  ,

L = 0.2 H, С 04 =  F   . tolP   i1 )t( . 
noituloS . .1  hT i e snoitidnoc laitini tnednepedn era : 

uC 0( + = ) u C 0( - ;0 = )  

i3 0( +) =  i3 0( - = )
r
U =

05
001  2 = А. 

 .2 s ehT ydaet - stnenopmoc tnerruc etats era :  i2s = ,0   i1s = i3s = r
U
2

=
001
001 = 1 А. 

 .3 c ehT ah noitauqe citsiretcar si : 

Cp
1  + r + 

rLpr
)rLp(r    0 = ro 2   rL С р2  + (L 3 + r 2 С)р 2 + r 0 = , 

ro 2   0.2 05 04 01  –6 р2  + (0. 3 +2 05 2 04 01  –6)р 2 + ,0 = 05  
ro 0   .8 01  –3 р2 0 + .5 р .0 = 001 +  

T eh  noitauqe citsiretcarahc era stoor  :   р 2,1  = – 213 .  5  j 561 .4 s –1. 
 .4 T t eh weiv gniwollof eht evah stnenopmoc tneisnar : 
i1t(t) =  А е – t nis ( t + 1)   ,  i2t(t) =  В е – t nis ( t + 2)   ,  i3t(t) = D е – t nis ( t + 3), 

erehw   si tneiciffeoc yaced eht     | = eR (р1) 213 = | .5 s –1; 
yticolev ralugna si snoitallicso eerf eht fo   = mI (р1) 561 = .4 dar /s –1. 

i ehT stnenopmoc tneisnart eht rof snoitidnoc laitin era : 
i1t(0+)  = А nis 1,  i1t (0+) =  – А nis 1

  + А soc 1; 

ir(t) 
 

1 

0.5 

А 

t 
sm  

ir 
 

giF .7 . 28 
1 2 3 0 

i sr  
 

i2 

uC 

r 
 

r 
i1 

С 

r U 

giF . .7 92  

L 

i3 
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i2t(0+)  = В nis 2,  i2t (0+) =  – В nis 2
  + B soc 2; 

i3t(0+)  = D nis 3,  i3t (0+)  = – D nis 3
  + D soc 3. 

 .5 nI  redro  ot  enimreted  eht  snoitidnoc laitini eht etaluclac ew ,stnatsnoc noitargetni  .
 rof swal s’ffohhcriK rednu metsys noitauqe eht etareneg s’tel ,dne siht drawoT  a  orez

lpuoc eht tnuocca otni ekat ew ,revoerom ;tnemom emit  eht neewteb noitauqe gni
c eht fo egatlov dna tnerruc ticapa ro :  i1(0+) – i2(0+) – i3(0+) ,0 =  

r i1(0+) + r i2(0+) + u C(0+) = U , 
r i1(0+) + L i3 (0+  )  + r i3(0+) = U , 
i2(0+) = С uC (0+). 

 laitini eht ,ereh morF stnerruc fo seulav  era   :  i1(0+) =  i2(0+) ,2 +  

i2(0+) = r
r)(uU C

2
20 =

052
0520001

     ;0 = i1(0+) =   2 А. 

i ehT sevitavired eht fo seulav laitin era    : u C (0+)  = i2(0+)/С ;0 =  

i3 (0+) = L
))(i)(i(rU 00 31 =

20
2205001

.
)(  = –  005 A/s; 

i1 (0+  )  = – i2 (0+)  = i3 (0+) 2/   = –  052 А/s. 
i ehT snoitidnoc laitin stnenopmoc tneisnart eht rof era : 

i1t(0+) = i 1(0+) – i 1s(0+  )  2 = – 1 = 1  А,  i1t (0+) = i 1 (0+) – i 1s (0+  )  = –  052 А/s, 
i2t(0+) = i 2(0+) – i 2s(0+  ) 0 = ,   i2t (0+) = i 2 (0+) – i 2s (0+  )  052 = А/s, 
i3t(0+) = i 3(0+) – i 3t(0+  )  2 = – 1 = 1  А,  i3t (0+) = i 3 (0+) – i 3s (0+  )  = –  005 А/s. 

suhT  ,  evlos dna niatbo ew eht  gniwollof eerht  smetsys noitauqe : 
А nis 1  ,1 =  
– А nis 1

  + А soc 1  = – ;052  

А soc 1 = 1052 nisA =
4561

5213052
.

. 0 = . ,9773  

А = 2
1

2
1 socAnisA = 22 977301 . 1 = . ,960  

gt 1 = 
1

1
socA
nisA =

97730
1

.
2 = .      ,646 1 96 = .3 . 

В nis 2 ,0 =          B 1 = .      ,115   
– B nis 2

  + B soc 2 ;052 =  2 0 = . 
D nis 3 ,1 =  
– D nis 3

  + D soc 3  = – ;005  

D soc 3 = 
4561

5213005
.

.  = – 1. ,431  

D = 22 43111 . = 1.  ,215     gt 3 = 
4311

1
.

=  – 0. ,288  

tub    soc 3    ,0 < s’taht yhw     3 081 =  + gtcra (– 0. 288  ) 831 = .6 . 
 .6 od etirW nw  eht  lanif  snoisserpxe  rof   eht stnerruc  ni  ecnadrocca  htiw  eht  cissalc la  

noitaluclac  dohtem : 
i1  )t(  = i1s  )t(  + i1t )t( 1 + 1 = . 960 е – 213 .5t (nis 561 .4  t 96 + .3 ) А, 
i2  )t(  = i2s  )t(  + i2t )t( 1 = . 115 е – 213 .5t (nis 561 .4 )t  А, 
i3  )t(  = i3s  )t(  + i3t )t( 1 + 1 = . 215 е – 213 .5t (nis 561 .4  t 831 + .6 ) А. 

i1t 

i1s 

2 

1 

0 
t 
sm  2 4 6 8 

А i1 

i1 )t(  

giF 3.7 . 0 
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 .7 tolp s’teL  i1(t  ) (  .gif 3.7 0  .) T eh   tneisnart emit si  T pt = 4 =
5213

4
.

 s 21 = .  8 sm . 

si snoitallicso eerf eht fo doirep ehT  

T0 = 2 =
4561

2
.

0 = .  830 s =  83 sm . 

 
7- 41  7( 03. ). luclaC eht ni stnerruc tneisnart eht eta  

gif emehcs .7 . 31  . atad laciremuN era : 
U 05 =  V   , r  01 = mhO   , L 0 = .1 H    , М 0 = . 50  H. 

noituloS  .  .1  ehT snoitidnoc laitini tnednepedni orez era :   i1(0+  )  = i2(0+  ) .0 =  

 .2 s ehT ydaet - stnerruc etats era : i1s = r
U =

01
05  5 = А     , i2s .0 =  

 .3  eht rof swal s’ffohhcriK rednu metsys noitauqe ehT cric si gnihctiws retfa etats tiu : 

r i  1  + L
td
id 1  – M

td
id 2  = U, 

– M
td
id 1  + L

td
id 2 .0 =  

gnivaH  detneserp  eht  noitauqe  metsys  ni  eht  lanoitarepo  mrof  dna  gnivah  detauqe  sti  
tnanimreted  ot  orez  , noitauqe citsiretcarahc eht niatbo ew : 

(р = )
LpMp
MpLpr

r = р  L  + р2L  2 – р2M  2 .0 =  

 fo stoor ehT  eht noitauqe era    : р1
   ,0 = р2

  = – 22 ML
Lr  = – 22 50010

1001
..
.  = – 331 .  3 s –1. 

 .4 T t eh a evah stnerruc eht fo stnenopmoc tneisnar weiv : 
i1t(t  )  = А1

tpe 1 + А 2
tpe 2 = А 1 + А 2

tpe 2 ; 
i2t  )t(  = В1

tpe 1 + В 2
tpe 2 = В 1 + В 2

tpe 2 . 
 .5 teL ’s etaluclac  eht  tnedneped  laitini  snoitidnoc ( seulav  fo  eht  tnerruc  sevitavired  ta  

eht  laitini  tnemom )  metsys noitauqe eht fo dia eht htiw ni nevig pets   3  evoba  eht rof
tnemom emit   t 0 = +: 

iL 1 (0+) – iM 2 (0+)  =  U – r i1(0+  )    ,05 = ro  0.1i1 (0+) – 0 . 50 i2 (0+) ,05 =  
– iM 1 (0+) +  iL 2 (0+) ;0 =     – 0. 50 i2 (0+) 0 + .1i2 (0+) .0 =  

s metsys ehT  noitulo si   : i1 (0+)  766 = А/s   , i2 (0+)  333 = А/s. 
 .6 i ehT laitin  era sevitavired rieht dna stnerruc tneisnart eht fo seulav : 

- dnah eno eht no ,  i1t(0+  ) = А1 +  А2, i1t (0+)  = А2 р2; 
i2t(0+  ) = В1 +  В2, i2t (0+)  = В2 р2; 

- dnah rehto eht no , i1t(0+  ) = i1(0+  ) – i1s(0+  )  0 = –  = 5 – 5 А, 
i1t (0+  ) = i 1 (0+  ) – i1s (0+  )  766 = А/s, 
i2t(0+  ) = i 2(0+  ) – i2s(0+  ) ,0 =  
i2t (0+  ) = i2 (0+  ) – i2s (0+  )  333 = А/s. 

smetsys noitauqe eht evlos dna niatbo eW : 
А1 + А 2  = –     ,5 А2 р2       ;766 = А2 (/766 = –  = )3,331 – ,5  А1 ;0 =  
В1 + В 2 ,0 =       В2 р2 3 =       ;33 В 2 (/333 = – 331 .  = )3 – 2. ,5  В1  = – В2 2 = . .5  

 .7 evah ew ,yllaniF : i1(t  ) = i1s  + i1t  5 = – 5 е – 331 .3t А      , i2(t  ) 2 = .  5 – 2 .5 е – 331 .3t А. 

i2 

i1 

r 

М 

giF . .7 31 

L L 

* * 
U 
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ehT  tcaf  i2( )  0 si  denialpxe  yb  orez  yradnoces  ecnatsiser  r2 =  ,0  snaem hcihw  eht
 tiucric yradnoces is rotcudnocrepus eht fo edam . 

 
7- 51  7( 13. ).  emehcs ni stnerruc tneisnart eht etaluclaC

gif . .7 32  . atad laciremuN era : Е = 01  V  , r = 1 mhO  ,
L1 = 0.1 H,   L2 0 = . 50  H    , М 0 = . 50  H. 

noituloS  .  .1 i ehT ednepedn orez era snoitidnoc laitini tn :     
i1(0+  )  = i2(0+) = .0  

 .2 ydaets ehT - stnerruc etats era  : i 1s = Е  = 0/    , i2s .0 =  
 .3  eht rof swal s’ffohhcriK rednu metsys noitauqe ehT etats tiucric  si gnihctiws retfa : 

L1 td
id 1  – M

td
id 2  = Е, 

– M
td
id 1  + r i  2  + L2 td

id 2 .0 =  

 sti detauqe gnivah dna mrof lanoitarepo eht ni metsys noitauqe eht detneserp gnivaH
citsiretcarahc eht niatbo ew ,orez ot tnanimreted noitauqe : 

(р = )
2

1

LprMp
MpLp

 = р2L1L2
  + рL1  r – р2M  2 .0 =  

noitauqe fo stoor ehT era   : р1
 = ,0   р2

 = – 2
21

1

MLL
Lr  = – 250050010

101
...

. =  – 04  s –1. 

 .4 T t eh stnenopmoc tneisnar weiv a evah stnerruc eht fo : 
i1t(t  )  = А1 + А 2

tpe 2      ; i2t  )t(  = В1 + В 2
tpe 2 . 

 .5 c laitini tnedneped eht etaluclac s’teL  ta sevitavired tnerruc eht fo seulav( snoitidno
 metsys noitauqe eht fo dia eht htiw )tnemom laitini eht ni nevig pets   3  evoba  eht rof

  tnemom emit t 0 = +: 
L1i1 (0+) – iM 2 (0+)  = Е      ,01 = ro   1,0 i1 (0+) – 50,0 i2 (0+) ,01 =  
– iM 1 (0+) +  L2i2 (0+) ;0 =    – 50,0 i2 (0+) 50,0 + i2 (0+) .0 =  

s metsys ehT  noitulo si   : i1 (0+)  002 = А/s   , i2 (0+)  002 = А/s. 
 .6 i ehT era sevitavired rieht dna stnerruc tneisnart eht fo seulav laitin : 

- dnah eno eht no ,  i1t(0+  ) = А1 +  А2  ,  i1t (0+)  = А2 р2; 
i2t(0+  ) = В1 +  В2  ,  i2t (0+)  = В2 р2; 

- dnah rehto eht no , i1t(0+  ) = i1(0+  ) – i1s(0+  )  = – , 
i1t (0+  ) = i 1 (0+  ) – i1s (0+  )  002 = А/с, 
i2t(0+  ) = i 2(0+  ) – i2s(0+  ) ,0 =  
i2t (0+  ) = i2 (0+  ) – i2s (0+  )  002 = А/с. 

metsys noitauqe tsrif ehT     А1 +  А2  = –     , А1 р1 +  А2 р2 002 =  
tonnac  eb  devlos  , metsys noitauqe dnoces eht evlos ew yhw s’taht : 

      В1 +  В2     ,0 = В2 р2       ;002 =  В2 = 
04
002  = –    ,5 В1  = – В2 .5 =  

 .7 suhT  , si tnerruc yradnoces eht    : i2(t  )  5 = – 5 е – 04 t А. 
eW  niatbo  tnerruc yramirp eht tsrif eht morf  rednu nward metsys eht fo noitauqe 

swal s’ffohhcriK : 

Е 

i2 

i1 
r 

М 

giF . .7 32 

L1 L2 

* * 
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td
id 1 =

1

2

L
td
idME

=
10

04550001 04

.
e)()(. t

001 + 001 = е – 04 t А/s; 

i1  )t( =
t

td
td
id

0

1 =
t

t td)e(
0

04001001 001 = t – 2 .5 е – 04 t – 2 .  5 А. 

nU lausu rof noisserpxe  t eh  yramirp  tnerruc  si   denialpxe  eht fo ecnatsiser orez yb
pool yramirp  r1 =  .0 ereH  ( 001 t – 2.5) si  ton  a ydaets - etats  tnenopmoc  tub  a mus  fo  eht  

ydaets - etats  tnenopmoc  dna  eno  fo  owt  strap  fo  eht  ehT .tnenopmoc tneisnart  tnatsnoc  
tnenopmoc  fo  eht  radnoces y tnerruc 5  = 5 е –0t ydaets a ton si -  fo eno tub tnenopmoc etats

 fo strap owt llew sa tnenopmoc tneisnart eht ehT .  tneisnart  tnenopmoc  fo  eht  noces yrad  
tnerruc  si  ton  deid  yawa  ylniatreC .ytinifni ot pu seog tnerruc yramirp eht esuaceb  , hcus  
noitautis  yam  eb   ni devresbo yletamixorppa tub ecitcarp dna  rof  a trohs lavretni emit . 

 

7- 61  7( 23. ).  stnerruc tneisnart eht etupmoC
gif emehcs ni . .7 33  sa era atad laciremuN .

swollof  : U = 001  V  , r1 = r2 = 05  mhO  ,
L1 = 0.1 H   , L2 0 = .2 H   , М 0 = . 50  H. 

noituloS  .  .1 i ehT tnednepedn  tini lai  
snoitidnoc era : 

i1(0+)  = i1(0-) = 
21 rr

U =
0505

001  1 = А    ,

i3(0+)  = i3(0-) .0 =  

 .2 s ehT ydaet - stnenopmoc tnerruc etats era :   i2s =   ,0 i1s = i3s =
1r

U =
05
001 = 2 А. 

 .3 etsys noitauqe ehT ’ffohhcriK rednu m s wal of s r si gnihctiws retfa etats tiucric eht : 
   i1 – i2 – i3 ,0 =  

r1 i1 + L 1i1   + Мi3   + L2i3   + Мi1  = U , 
r1 i1 +  L1i1   + Мi3   + r2 i2 =  U. 

 .4 ehT  citsiretcarahc  noitauqe  deniatbo  no  eht  dnuorg  fo  eht  snoitauqe  rednu  

ffohhcriK ’s swal si : (р) = 
MprLpr

)ML(p)ML(pr

211

211 0
111

,0 =  

р2(L1L2 – М 2  )  + р(r1L  2  + r2L  1  + r2L  2  + 2r2М  )  + r1r2 ,0 =  
р2(0.1 0.2 – 0. 50 2  )  + (р 05 0.2 + 05 0.1 + 05 0.2 + 2 05 0. 50  ) + 05 ,0 = 05  

р2 0. 5710   + р 03   + ,0 = 0052  
р 2,1  = – 756 .  1 967 .  3 s –1     ; р  1  = – 78 .  8 s –1     ; р  2  = – 6261 .  4 с –1. 

 .5 T t eh stnerruc eht fo stnenopmoc tneisnar era : 
i1t(t  )  = А1

tpe 1 + А 2
tpe 2      ; i2t  )t(  = В1

tpe 1 + В 2
tpe 2     ; i3t  )t(  = D1

tpe 1 + D 2
tpe 2 . 

i ehT sevitavired rieht dna stnerruc fo stnenopmoc tneisnart eht fo seulav laitin era : 
i1t(0+  )  = А1 + А 2              ; i2t(0+  )  = В1 + В 2                ; i3t(0+  )  = D1 +  D2; 
i1t (0+  )  = А1р1 + А  2 р2      ; i2t (0+  )  = В1р1 + В  2 р2        ; i1t (0+  )  = D1р1 +  D  2 р2. 

 .6  orez rof metsys noitauqe detareneg ylsuoiverp eht morf seulav laitini eht niatbo eW
tnemom emit           : i2(0+  )  = i1(0+) – i3(0+)  1 = А, 

giF . .7 33 

* 
i3 

i1 

* 
r1 

U 
r2 

i2 

М 

L1 L2 
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i1 (0+) L( 1  + М  ) + i 3 (0+) L( 2  + М  )  =  U – r1 i1(0+) 0        , . 51 i1 (0+) 0 + . 52 i3 (0+)  ,05 =   
L1i1 (0+)+Мi3 (0+  )  =  U – r1 i1(0+) – r2 i2(0+) 0      , .1i1 (0+) + 0. 50 i3 (0+) = 001  – 05  – 05  = .0  

s metsys noitauqe ehT  noitulo si : 
i1 (0+)  = – 241 .9 А/s      , i3 (0+) 582 = .7 А/s       , i2 (0+)  = i1 (0+) – i3 (0+)  = – 824 .6 А/s. 

i ehT laitin  seulav  tnenopmoc tneisnart eht fo sevitavired rieht dna s era : 
i1t(0+)  = i1(0+) – i1s(0+)  1 = – 2   = –1 А,  i1t (0+)  = i1 (0+)  = – 241 .9 А/s, 
i2t(0+)  = i2(0+) – i2s(0+)  1 = – 0  1 =  А,  i2t (0+)  = i2 (0+)  = – 824 .6 А/s, 
i3t(0+)  = i3(0+) – i3s(0+)  0 = – 2   = – 2 А, i3t (0+)  = i3 (0+) 582 = .7 А/s. 

 .7 smetsys noitauqe gniwollof eht evlos dna niatbo eW : 
А1 + А 2  = – ,1  А1р1 + А  2 р2  = – 241 .9  А1  = – 1. ,051  А  2 0 = . ;051  
В1 +  В2 ,1 =   В1р1 +  В  2 р2  = – 824 .6  В1 0 = . ,877   В  2 0 = . ;222  
D1 +  D2  = – ,2  D1р1 +  D  2 р2 582 = .7  D1  = – 1. ,829  D  2  = – 0. ;270  

8  . yllaniF  , ew  evah : i1(t  )  = i1s(t  )  + i1t(t  )  2 = – 1 . 051 е – 78 .8t +  0. 051 е – 6261 .4  t А, 
i2  )t(  = i2s  )t(  + i2t  )t( 0 = . 877 е – 78 .8t +  0. 222 е – 6261 .4  t А, 
i3  )t(  = i3s  )t(  + i3t  )t(  2 = – 1 . 829 е – 78 .8t – 0. 270 е – 6261 .4  t А. 

 
.1.7 3  . tneisnarT  sessecorp  at eht  tnatsni  egnahc  fo  eht   eht fo sretemarap evitcaer

strap tiucric ( lli - noitatummoc denoitidnoc ) 
7- 71  7( 53. ). melborp fo atad laciremun eht gnisU   ,51.7

 tnerruc eht etaluclac i2 .gif emehcs ni  3.7 4  eht nehw 
hctiws gninepo si . 

noituloS  . c ehT erofeb stnerru noitatummoc eht era : 

i2(t–  =)    ,0  i1(t– =)
1
01 =  01 А. 

e ehT noitauq  rednu  ffohhcriK ’s egatlov  wal  rof  eht  pool yradnoces si  

– M td
id 1  + r i  2  + L2 td

id 2 .0 =  

gniwO  ot  eht  pmuj  egnahc  fo  eht  yramirp  tnerruc  morf 01  А nwod  ot  0 eht  sevitavired  

td
id 1  dna  

td
id 2  ytitnauq eht os ,sgninaem etinifni eht hcaer tnemom noitatummoc eht ta  

r i  2 eb nac detcelgen  . suhT  , ew  evah  na  ytilauqe  idM 1 = L2 id 2  ,  detargetni si hcihw morf  
t = 0–  ot t = 0+  ,doirep siht gniruD .doirep noitatummoc eht gnirud hc stnerruc egna : 

i   1 –    morf  i1(0–  )  =  01 А ot   i1(0+  )  = ,0  
i   2 –    morf  i2(0–  )  =  0    deriuqer ot   i2(0+). 

L2

)(i
id

0

0
2

2
 = M

0

0
1

1 )(i
id    ro     L2i2(0+  )  = – iM 1(0–  )  = – 0. 50  = 01 – 0.  5 bW . 

ereh morF    i2(0+  )  = –
2

50
L
.  = –

500
50

.
.  = –  01 А. 

 ehT si tnatsnoc emit tiucric    =
r

L2 =
1

500. 0 = .  50 s. 

toor ehT si noitauqe citsiretcarahc eht fo    р  = –  –1  = –  02 s –1. 
ehT  deriuqer  tneisnart  tnerruc  si  i2(t) = i2(0) е рt = – 01 е – 02 t А  .  snaem ngis ”suniM“

etisoppo eht  ni nwohs taht htiw nosirapmoc ni tnerruc eht fo noitcerid  eht erugif . 

Е 

i2 

i1 r 

М 

giF . .7 34 

L1 L2 
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7- 81  7( 63. ).  eht fo tnerruc eht etaluclaC
gif emehcs ni lioc tsrif . .7 35  eht htiw

atad laciremun gniwollof  : U = 001  V  ,
r1 = 06  mhO  , r2 = 04  mhO  , L1 = 0.1 H  ,
L2 = 0.2 H  , М = 0. 50  H  . olP  fo tnerruc eht t

lioc tsrif eht . 
noituloS  .  .1 erofeB  eht  noitatummoc  ,

slioc eht ni stnerruc tnereffid era ht :  e

ni tnerruc lioc tsrif eht si  –    i1(0-) =
1r

U =
06
001 = 1. 766  А, 

 tub wolf tnerruc on s lioc dnoces eht hguorht  – i2(0-) .0 =  
suhT  , eht ,noitatummoc eht erofeb  tiucric  xulf  egaknil  tsisnoc s  slioc eht fo mus eht fo 

segaknil xulf :    
(0-) =  1(0-) +  2(0-)  = L1i1(0-)  + Мi2(0-)  + L2i2(0-)  + Мi1(0-) =  

0 = .1 1. 0 + 0 + 0 + 766 . 50 1. 0 = 766 .  52 bW . 
i ehT c laitini tnednepedn si wal noitatummoc tsrif eht htiw ecnadrocca ni noitidno  :

(0+) = (0-) = 0. 52  bW  .  seires eht fo tnuocca htiw ,noitatummoc eht retfa ,revewoH
  swollof sa si egaknil xulf tiucric eht ,ytiralop evitidda htiw slioc eht fo noitcennoc  

(0+) = (i 0+) L( 1  + L2  + 2М)  . ereh morF  

(i 0+) = 
MLL

)(
2

0

21
=

50022010
520

...
. 0 = .  526 А. 

 .2 ydaets ehT - tnenopmoc tnerruc etats si   : is = 
21 rr

U =
0406

001  1 = А. 

 .3 c ehT noitauqe citsiretcarah si   : р (L1  + L2 2 + М)  + r  1  + r2  ,0 =  

р  = –
MLL

rr
221

21  = –
50022010

0406
...

 = –  052 s –1. 

 .4 si tnenopmoc tnerruc tneisnart ehT  it =  А е рt, 
si tnatsnoc noitargetni eht erehw  

А  = it(0) =  i(0) – is 0 = .  526 –  = 1 – 0. .573  
 .5 evah ew ,yllaniF : 

i(t  )  = is(t  )  + it(t  )  1 = – 0 . 573 е – 052 t  А. 
 .6  tnerruc ehT evruc gif ni nwohs si .7 . 36. 

 
7- 91  7( 73. ).  dnoces eht fo tnerruc eht etaluclaC

gif emehcs ni lioc . .7 37  gniwollof eht htiw
atad laciremun  : Е = 11 .7 V  , r1 = 1 mhO  ,

r2 = 9 mhO  , r = 3 mhO  , L1 = 01  Hm  , L2 = 02  Hm  ,
М = 01  Hm . 

noituloS  .  .1 ofeB noitatummoc eht er :  

R  = r + 
21

21
rr

rr + 3 =
91
91 3 = .  9 mhO , 

i1(0-) = 
R
E

21

2
rr

r =
0193
9711

.
. 2 = .  7 А, 

* 

i 

* 
r1 

U 

r2 

М 

giF . .7 53  

L1 L2 

r2 r1 

Е 

i2 i1 

r 

М 

giF . .7 37 

L1 L2 * * 

5 01  0 t  , sm  

1 

2  
giF . .7 36 

і  , A 
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i2(0-) = 
R
E

21

1
rr

r =
0193
1711

.
. 0 = .  3 А. 

 .2 ffohhcriK ot gnidroccA ’s egatlov  e eht wal  noitauq rof  eht  pool  htiw  eht  dnoces  lioc  
rof  eht  noitatummoc  tnemom si : 

r (i  1  + i2) + r 2 i  2  + L2 td
id 2  + М

td
id 1  = Е   ro   L2 id 2 = – M id 1 

ro   L2 (i2(0+) – i2(0-)) =  – M (i1(0+) – i1(0-)). 

tuB    i1(0+)  ,0 = neht     i2(0+) = 
2L

M i1(0-)  + i2(0-  ) =
02
01 2. 0 + 7 . 1 = 3 .  56 А. 

 .3 ydaets ehT - si tnenopmoc tnerruc etats   i2s = 
2rr

E =
21
711 . 0 = .  579 А. 

 .4 fo toor ehT si noitauqe citsiretcarahc eht  р  = –
2

2
L

rr  = –
200
93

.
 = –  006 s –1. 

 .5 si tnenopmoc tnerruc tneisnart ehT   i2t =  А е рt, 
si tnatsnoc noitargetni eht erehw    А  = i2t(0+) =  i2(0+) – i2s 1 = .  56 – 0 . 0 = 579 . .576  

 .6 h ew ,yllaniF eva    : i2(t  )  = i2s(t  )  + i2t(t  ) 0 = . 0 + 579 . 576 е – 006 t  А. 
 

7- 02  7( 83. ). etaluclaC  eht  tneisnart  tnerruc  i1(t  ) gif emehcs ni . .7 38  gniwollof eht htiw
atad laciremun : Е1 = 63  V  , Е2 = 6 V, r1 = 003  mhO  , r2 = r3 = 006  mhO  , С1 = 003  F  ,

С2 = 002  F. 
noituloS  . erofeB  eht  noitatummoc  ,  eht egatlov s c eht ssorca ticapa or  yrammus rieht dna s

era egrahc : 

uС1(0-) = 
31

1
rr

E r3 = 
006003

00663  42 = V       ,

uС2(0-)  = – Е2  = – 6 V. 
q(0-)  = С1uС1(0-)  + С2uС2(0-) =  

= ( 003  42 – 002 6) 01  –6 06 = 01  –4 C. 
 eht ,noitatummoc eht retfA

c ticapa  sro hav egatlov emas eht e  uС(0+) = uС1(0+) = uС2(0+)  . c eht yhw s’tahT ticapa  ro
si noitatummoc eht retfa egrahc  q(0+) = (С1 + С2) uС(0+)  .  htiw ecnadrocca ni ,revewoH

wal noitatummoc dnoces eht   q(0+)  = q(0-)  . ereh morF  

uС(0+) = 
21

0
CC

)(q = 6

4

01002003
0106

)(
 21 = V. 

tnerruc deriuqer eht fo eulav laitini ehT si  

i1(0  ) =
1

1 0
r

)(uE C =
003

2163 0 = .  80 А  08 = Am . 

ydaets ehT - si tnerruc etats    i1s =
31

1
rr

E =
006003

0163 3
 04 = Am . 

ehT  tneisnart  tnenopmoc  si tnerruc eht fo  i1t = А е рt  ,  eht fo toor eht erehw

si noitauqe citsiretcarahc      р  = –
3121

31

rr)CC(
rr  = –

006003002003
01006003 6

)(
)(  = –  01 s –1, 

uС2 Е2 С1 С2 

uС1 

i1 

r3 

r1 

Е1 

giF . .7 38 

r2 



 271  

si tnatsnoc noitargetni eht    А  = i1t(0) =  i1(0) – i1s  08 = – 04 = 04 . 
evah ew ,yllaniF    : i1(t  )  = i1s(t  )  + i1t(t  ) 04 + 04 = е – 01 t   Am . 

 

4.1.7  . S elbairav etat  dohtem  
7- 12  7( 04. ).  eht etaluclaC

 emehcs ni stnerruc tneisnart
gif . .7 93  elbairav etats eht yb  

dohtem  . era atad laciremun ehT   :  
Е = 001  V  , J = 5 A  , r1 = 02  mhO  ,
r2 = 03  mhO  , r3 = 01  mhO  ,
L = 0. 90  H   , C 001 =  F. 

noituloS  . .1 ehT  tnerruc  hguorht  
ecnatcudni  i1(t) dna  egatlov  ssorca   eht

c ticapa ro  uC(t) tes era  sa  eht  etats  
selbairav . selbairav tuptuO era   tser eht  fo

 eht stnerruc   : i2(t)  , i3(t)  , i4(t). 
 .2 i ehT dnepedn snoitidnoc laitini tne  

era :  i1(0+  )  = i1(0-  ) =
1r
E =

02
001  5 = А,    uC(0+  )  = uC(0-  )  = J r3 5 =  05 = 01 V. 

 .3 roF  eht  etats  selbairav , ew   ni snoitauqe laitnereffid eht fo metsys eht etareneg
mrof s’yhcuaC  . d ehT sevitavire  i1 (t) dna  uC (t) ylevitcepser ,deniatbo era  , morf   

uL = Li1 (t)   dna  i4 = uC C (t). nI  redro  ot  if dn  uL dna  i4  eht yb ecnatcudni eht ecalper s’tel
ecruos tnerruc  i1 ecnaticapac eht dna  – ecruos egatlov eht yb  uC  emehcs laitini eht ni  . nI  

 a gif emehcs evitsiser . .7 40 enimreted ew ,  uL dna  i4  seititnauq tuptuo eht sa llew sa i3(t) 
dna  i2(t)  . tI  yam  eb  od en  CD etisopmoc eht fo dohtem yna yb -c stiucri sisylana  .  s’teL

p mrofre  eht  noitaluclac  yb  eht  hsem  tnerruc  dohtem  . eW  evah  eerht  tnednepedni  spool  
htiw  owt  nwonk   stnerruc i  1 dna  J tnerruc nwonknu eno dna  i3  .  na etareneg s’teL

noitauqe   : (r2  + r3) i3  + r2 i1  = uC. 

s noitauqe ehT  noitulo si    : i3 =
32

12
rr

iruC =
32

2
rr

r i1  + 
32

1
rr

uC. 

 tser ehT  eht fo era seititnauq yrassecen : i2  = i1  + i  3 =
32

3
rr

r i1 + 
32

1
rr

uC; 

i4  = С
td

ud C  =  J – i  3 =
32

2
rr

r i1 – 
32

1
rr

uC  + J; 

uL  = L
td
id 1  = Е – r1 i1 – r2 i  2  = – r( 1 +

32

32
rr

rr ) i1 – 
32

2
rr

r uC  + Е. 

owT  tsal  snoitauqe yb dewollof era  eht  aC ni snoitauqe etats mrof s’yhcu : 

td
id 1  = –

L
1 (r1 +

32

32
rr

rr ) i1 – 
32

2
rr

r
L
1 uC  + 

L
1 Е; 

td
ud C =

32

2
rr

r
C
1 i1 – 

32

1
rr C

1 uC  + 
C
1 J. 

 tser ehT  eht fo en era yehT .seno gnilpuoc eht dellac era snoitauqe  yrassec  eht dnif ot
selbairav tuptuo . 

r3 
i3 i2 

i1 

giF  . 7. 93  

uC r2 

r1 

Е 
С J 

L i4 

i4 J 

Е 

uL 

uC 

r3 
i3 i2 

i1 

giF  . 7.40 

r2 

r1 

i1 i3 
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 .4 t evlos eW  yb metsys noitauqe eh  eht cissalc la dohtem : 
i1 )t( = i1s  )t( + i1t( )t ;      u  C )t(  = uCs  )t(  + uCt )t( . 

ehT era er  tcerid - tnerruc  ecruos s ni  eht  tiucric  , taht ’s yhw  eht  ydaets - etats   stnenopmoc
tcerid era - nI .orez ot lauqe gnieb sevitavired rieht ,oot tnerruc  ecnadrocca  htiw  eht  

noitisoprepus  elpicnirp  , eht  etats  noitauqe  tsys me  si  eurt  rof  htob   etelpmoc i1(t) dna  uC(t) 
ydaets eht rof snoitauqe etats eht fo metsys ehT .stnenopmoc rieht dna -  stnenopmoc etats

 si gniwollof eht : 

– r( 1 +
32

32
rr

rr ) i1s – 
32

2
rr

r uCs  = – Е; ro  – 72 .5 i1s – 0. 57 uCs  = – 1 ;00  

32

2
rr

r i1s – 
32

1
rr

uC  s  = – J.   0. 57 i1s – 0. 520 uCs  = –  .5  

s metsys ehT  noitulo si    : i1s = – 1 А     ,  uCs  071 = V. 
 .5 gnivaH  ni snoitauqe etats eht detneserp eht  detauqe gnivah dna mrof lanoitarepo 

mreted metsys eht noitauqe citsiretcarahc gniwollof eht niatbo ew ,orez ot tnani : 

(р) = 
p

)rr(C)rr(C
r

)rr(L
rp

rr
rrr

L

3232

2

32

2

32

32
1

1

1

= 

 = р2  + 
)rr(Crr

rrr
L 3232

32
1

11 р + 
)rr(CL

rr

32

21  = р2 555 + .6р .0 = 009831 +  

 fo stoor ehT era noitauqe citsiretcarahc eht    : р 2,1  = – 772 .  8  j 842 .  5 s –1. 
mrof a evah stnenopmoc tneisnart ehT : 

i1t )t(  = А е – t (nis  t + 1)         ; uCt  )t(  = B е – t (nis  t + u), 
ereH  | = eR (р1)  = | – 772 .  8 s –1 – tneiciffeoc yaced , 

  = mI (р1) 842 = .  5 s –1 – snoitallicso eerf eht fo yticolev ralugna . 
ht fo seulav laitini ehT sevitavired rieht dna stnenopmoc tneisnart e era : 

i1t(0+)  = А nis 1;  i1t  (0+)  = –  А nis 1  +  А soc 1; 
uCt(0+  )  = B nis u;  uCt  (0+  )  = –  B nis u  +  B soc u. 

 .6 i ehT snoitidnoc laitini tnednepedn era   : i1(0+  )  5 = А       , uC(0+  )  05 = V. 
eW  niatbo  sevitavired eht fo seulav laitini eht :snoitauqe etats eht morf  

i1 (0+)  = –
L
1 r( 1 +

32

32
rr

rr ) i1(0+  ) – 
32

2
rr

r
L
1 uC(0+)  + 

L
1 Е =  

 = –
900

1
.

72 .5  5 – 0 . 57
900

1
.

+ 05
900

1
.

 = 001 – 338 .  3 А/s. 

uC (0+  ) =
32

2
rr

r
C
1 i1(0+) – 

32

1
rr C

1 uC (0+  )  +
C
1 J = 

0 = . 57 01 4  5 – 0 . 520 01 4 + 05  01 4 = 5  00057 V/s. 
era sevitavired rieht dna stnenopmoc tneisnart eht fo seulav laitini ehT : 

i1t(0+)  = i1(0+  ) – i1s =  1 + 5  6 = А,   i1t (0+)  = i1 (0+  ) – i1s  = – 338 .  3 А/s, 
uCt(0+  )  = uC(0+  ) – uCs  05 = –  = 071 –  021 V  ,   uCt (0+  )  = uC (0+  ) – uCs   00057 = V/s. 

 eW smetsys noitauqe gniwollof eht evlos dna niatbo : 
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А nis 1 ,6 =      B nis u  = – ,021  
–  А nis 1  +  А soc 1  = – 338 . ;3  –  B nis u  +  B soc u .00057 =  

А 6 = .        ,478 1 06  = .8                    , B 254 = .         ,1 u  = – 51 .4 . 
 .7 f ehT lani  isserpxe sno  rof  eht  etats  era selbairav : 

i1 )t(  = i1s )t(  + i1t )t(  = –  + 1 6. 478 е – 772 .8t (nis 842 .5  t 06 + .8 ) А; 
u  C )t(  = uCs  )t(  + uCt  )t( 071 =  254 + .1 е – 772 .8t (nis 842 .5  t – 51 .4 ) V. 

 .8 seititnauq tuptuo ehT era : 

i2(t) =
32

3
rr

r i  1 +
32

1
rr

uC = 0. 52 i  1 + 0. 520 uC = + 4  11 . 38 е – 772 .8t (nis 842 .5  t – 7 . 92 ) А; 

i3 )t(  =
32

2
rr

r i1 +
32

1
rr

uC =  –0. 57 i1 0+ . 520 uC 11+5= . 52 е – 772 .8t (nis 842 .5  t – 14 . 38 ) А; 

i4(t) = 
32

2
rr

r i1 – 
32

1
rr

uC  + J 0 = . 57 i  1 – 0. 520 uC = 5 +  

11 = . 52 е – 772 .8t nis ( 842 .5t 831 + . 71 ) А. 
 

2.7  . T EHT FO NOITATUPMOC B SESSECORP TNEISNAR  LANOITAREPO Y
DOHTEM  

.2.7 1  . i stneisnarT n htiw stiucric a tnemele egarots elgnis   
7- 22  7( 54. ). v ehT gif tiucric ot desserpmi egatlo . .7 41,а wal eht syebo  

u(t) 03 = t2 +  81 t +   01 V. 
sretemarap tiucric ehT era : 

r1= r2 001=  mhO  , С 01=  F. 
c eht etupmoC oticapa tnerruc r . 

noituloS  . litnU  eht na si er  tupni  
egatlov , eht  tiucric  is ta  tser  . oS  ,

ht e melborp   noitseuq eht rednu
sah  orez  nednepedni t laitini  snoitidnoc  , sti  tnelaviuqe   ni ekil gnieb emehcs lanoitarepo

gif .7 . 24 ,b. 
ehT  egami  fo  eht  desserpmi   fo elbat eht fo dia eht htiw denimreted eb yam egatlov

snoitamrofsnart ecalpaL   :  U(p  ) = 3
203

p
+ 2

81
p

+
p
01 . 

i ehT 1 eht fo segam ts 3 dna dr stnerruc era    :  I1(p  ) =

Cpr
Cpr

r

)p(U

1

1

2

2
1

   ;  

I3(p  ) =

Cp
r

r)p(I
1

2

21 =

12

2
1 Cpr

rr

)p(U
12

2
Cpr

Cpr =
2121

2
rrCrrp

Cpr)p(U = 

=
)rrCrrp(p

Cr

2121
2

206 +
)rrCrrp(p

Cr
2121

281 +
2121

201
rrCrrp

Cr . 

teL ’s evloser  eht   noisserpxe rettal i snoitcarf ragluv eht otn : 

)a  )b  

giF . .7 41 

i2 

r2 
r1 

i1 

С 

i3 

)t(u  
I2 )p(  

r2 
r1 I1 )p(  

/1 Cp  

I3 )p(  

)p(U  
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I3(p  ) =
p
A + 2p

B +
2121 rrCrrp

D . 

gnivaH  ecuder  eht  snoitcarf  ni  eht  noisserpxe  rof  tnerruc  I3(p  )  nommoc eht ot
 dna rotanimoned e gniwollof eht niatbo ew ,srotaremun eht detauqe gnivah tauq noi : 

рА (рr1r2C  + r  1  + r2  + ) B(рr1r2C  + r  1  + r2  + ) pD 2 06 = r2C  + р 81 r2C  + р2 01 r2C. 
eW  etauqe  eht  stneiciffeoc  ta  eht  lacitnedi  stnenopxe  fo  р  noitauqe eht niatbo dna 
metsys : 

c stneiciffeo  ta    p2 :  СА r1r2 +  D 01 = r2C; 
ta    p :   А(r  1  + r2) +  СВ r1r2 81 = r2C; 
ta   : 1   В(r  1  + r2) 06 = r2C. 

ereh morF  В = 
21

206
rr
Cr =

001001
0100106 5

3 = 01  –4; 

А = 
21

21281
rr

rrCBCr =
002

0130181 53
9 = 01  –5; 

D 01 = r2C – СА r1r2 0 = .  10 – 9 01  –5 01  –5 01 4 0 = . .10  
evah ew ,yllaniF : 

I3(p  ) =
p

5019 + 2

4013
p

+
00210

100
.p
. 9 01  –5 3 + 01  –4 t 0 + .1 е – 0002 t А  = i3(t). 

 

7- 32  7( 64. ). C ecnatcudni eht fo tnerruc dna egatlov eht etupmo ni  emehcs  gif . .7 42,а  .
atad laciremuN   : U  42 = V   , L 0 = .  52 H,  R1 =  03 mhO   , R2  01 = mhO . 

noituloS  .  .1  dna noitidnoc laitini tnednepedni eht etaluclac s’teL  nwod etirw  renni eht

FME lanoitarepo : iL(0+)  = iL(0-) = 
2

0
R
U =

01
42 2 = .  4 А, 

iL L(0+) 0 = . 52 2. 0 = 4 .  6 V s. 
 .2 e ehT itarepo tnelaviuq gif ni detneserp si emehcs lano .7 . 42,b. 
 .3  FME lanoitarepo htob sA ni era hcnarb emas eht  ,  enimreted ew egami tnerruc eht  

IL(p) :wal s’mhO yb  

IL  )p( =

21

21

0

RR
RRLp

)(iL
p

U
L

=
)

RR
RRLp(p

)(iLpU L

21

21

0 =
)

)RR(L
RRp(p

)(ip
L
U

L

21

21

0
=

)
.

p(p

.p
.

04520
0103

42
520

42

= 

=
)p(p

,p
03

4269 =
)p(Fp

)p(F
2

1 . 

UL )p(  

iL L 0( +) IL )p(  

R1 R2 

giF . .7 42 

)a  

R1 

iL 

uL )b  

U/p 

L 
 

R2 
U 

рL 
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wal egatlov s’ffohhcriK fo dnuorg eht nO  

UL  )p(  = рL·IL  )p( – iL L(0+) =  рL·
)

)RR(L
RRp(p

)(ip
L
U

L

21

21

0
 – iL L(0+) =  

=

)RR(L
RRp

)
)RR(L

RRp()(iL)(iLpU LL

21

21

21

2100
=

03
03606042

p
)p(..p =

03
6

p
. 

 .4 t enimreted eW nerruc eh t lanigiro   iL(t) meroeht noisnapxe eht fo dia eht htiw : 

iL(t) = 
)(F
)(F

0
0

2

1 +
n

k

tp

kk

k ke
)p(Fp

)p(F
1 2

1 . 

noitauqe fo toor ehT    F2(p)  = p   0 = 03 +   si       p  = –  03 s –1, 
evitavired    F2 (p) 1 = ;    F2(0) ;03 =  F1(0)    ,69 = F1(p)  69 = – 03 2. ;42 = 4  

iL(t) = 
03
69 +

103
42 е – 03 t 3 = .  2 – 0 .8е – 03 t А. 

ehT  egami  fo  eht  egatlov  ssorca   eht ecnatcudni   UL(p) =
03

6
p

   dradnats a si

noitcnuf )ecnerefer(  . tnenopxe na fo egami eht si sihT  , yhw s’taht    uL(t  ) = 6е – 03 t V. 

 

7- 42  7( 74. ). nI  emehcs  gif . .7 43,а, etupmoc  eht  tnerruc  i2(t) t ssorca egatlov dna  eh
c ticapa ro  uС(t)  , fi   U  042 = V   , Е3  001 = V   , R1  = R3  05 = mhO   , С  0001 = F. 

noituloS  .  .1 i ehT noitidnoc laitini tnednepedn si       : uС(0+)  = uС(0-)  = – Е3  = –  001 V. 

i ehT si FME lanoitarepo renn   
p

)(uC 0  = –
p
001 . 

 .2 T e eh gif ni detneserp si emehcs lanoitarepo tnelaviuq . .7 43,b. 
 .3 tnerruc ylno enimreted ot yrassecen si ti melborp nevig eht ni sA  enimreted ew ,  sti

 egami  yb  eht rotareneg tnelaviuqe fo dohtem ( gif . .7 34 ,с  .)  ot gnidroccA  s’ffohhriK
 egatlov wal : 

Uo(р)  + R1·Io(р) =
p

U  – 
p

)(uC 0 =
p

)( 001042 =
p
043 . 

wal s’mhO rednU    Io(р) =
31

3

RR
p

E
p

U

=
)(p 0505

001042 =
p
.43 . 

R1 
Io )р(  

Uo )р(  

Е3/p 

)c  

R3 

uС(0+)/p 
UС )р(  

Е3 

R3 

giF . .7 34  

)a  

i2 

С uС 

)b  

I2 )p(  
R1 /1 Cp  

U/p 

U 
R3 

uС(0+)/p 

R1 

U/p 

Е3/p 
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nehT   Uo(р) = 
p
043  – 05 

p
.43 =

p
071 . 

 ecnadepmi tupni emehcs ehT nrecnoc si slanimret detarapes eht gni  

Z pni (р) = 
31

31
RR

RR =
0505
0505 =  52 mhO . 

i ehT  deriuqer eht fo egam tnerruc I 2 )p( :si  

I2 )p( = 

Cp
)p(Z

)p(U

pni

o
1 =

)
p.

(p
1000

152

071 =
04

86
p

. . 

wal egatlov s’ffohhcriK fo dnuorg eht nO   UС(р) –
Cp
1 I2 )p( = 

p
)(uC 0 . 

ereh morF      UС(р) = 
p

001 +
p. 1000

1 ·
04

86
p

. =
)p(p

p
04

0082001 =
)p(Fp

)p(F
2

1 . 

 .4  lanigiro tnerruc ehT si f uo  dn morf  ecalpaL fo elbat eht smrofsnart : 
i2(t) 6 = .8е – 04 t А. 

eW  dnif  lanigiro egatlov eht meroeht noisnapxe eht fo dia eht htiw : 
noitauqe fo toor eht     F2(p)  = p    0 = 04 + si       p  = –  04 s –1, 

d evitavire    F2 (p)    ,1 = F2(0) ;04 =    F1(0)    ,0082 = F1(p)  = – 001 (– ;0086 = 0082 + )04  

uС(t) = 
04
0082 +

104
0086 е – 04 t  07 = – 071 е – 04 t V. 

 

.2.7 2  . stnemele egarots owt htiw stiucric eht ni stneisnarT   
7- 52  7( 85. ). nI  mehcs e gif . .7 44,а tnerruc eht dnif ,  i3(t) egatlov dna  uС(t)  yb  eht

dohtem lanoitarepo  . era sretemarap tiucric ehT : Е = 003  V  , r1 = r3 = 52  mhO  , L = 0. 20  H  ,
С = 001  F. 

noituloS  .  .1  ot redro nI  tcurtsnoc  tnednepedni eht enimreted ew ,emehcs lanoitarepo eht

tini snoitidnoc lai :  i3(0+)  = i3(0-) = 
21 rr

E =
5252

003 6 =  A, 

uC(0+)  = uC(0-) =  r3·i3(0-) 051 = 6·52 =  V. 
 .2 e ehT tnelaviuq  lanoitarepo  gif ni nwohs si emehcs .7 . 44,b. 
 .3  noitaluclac emehcs eht mrofreP eht gnisu edon owt fo dohtem :s  

U 32  )p(  = UC  )p( =

Lp
Cp

r

Lp
)(iLCp

p
)(u

rp
E C

11

001

1

3

1 = 

uС 0( +)/p 

I2 )p(  

3 

uC 

2 

I3 )p(  

/1 Cp  UC )p(  i3 i2 iL 3 0( +) 

I1 )p(  

giF . .7 44 

)a  

r1 
i1 

)b  

E/p 

L 
 r3 

рL 

E 
 

С 

r1 
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=
1

2
1

311 00
rLppCLr

)(iLr)(uCLprLE C =
)p(F
)p(F U

2

1 ; 

I3  )p( =
Lp

)(iL)p(U 0332 =
)rLppCLr(p

)Cpr(Lp)(i)(uCprE C

1
2

1

131 100 =
)p(F
)p(F I

2

1 . 

 .4 W .meroeht noisnapxe eht rednu slanigiro eht dnif e  
emussA    F2(p  )  = r1 pCL 2  + Lp  + r  1 01·5 =  –5p2 0 + . 20 p ,0 = 52 +  

noitauqe eht fo stoor eht era      р  2,1  = –  002  j  = 876 – 607 . ·9 e –j 37 . °65  s –1; 
F2(0  )      ;52 = F2 (p  ) 01 =  –4p     ;1 + F2 (p1  )  = j0. .8760  

f ehT  ssorca egatlov eht rof alumro  eht c ticapa ro si   : uС )t( eR2 = tpU e
)p(F
)p(F 1

12

11 ; 

F1U p( 1  ) 0·003 = . 52 + 20 (–  + 002 j )876 0. 01·20  –4  051 – 52 0. 20 5 = 6 .3 e j 37 . °65 ; 

uС )t( eR2 = tjt
.j

ee
.j

e. 876002
6537

87600
35 651 = .3e – 002 t (soc 876 t – 61 . °44 ) =  

651 = .3e – 002 t (nis 876 t 37 + . °65 ) V. 

tnerruc eht etaluclaC     i3  )t( =
)(F
)(F I

0
0

2

1  + R2 e tpI e
)p(F
)p(F 1

12

11 ; 

F1I(0  ) =    ;003   F1I p( 1  ) 52 + 003 = (–  + 002 j )876 01  –4 + 051  
6 + (–  + 002 j )876 0. 20 52( (–  + 002 j )876 01  –4 562 = )1 + e j 37 . °65 ; 

i3 )t( = 
52
003 eR2 + tjt

.j

.j
ee

.je.

e 876002
6537

6537

876009607

562 = 

11 + 21 = . 60 e – 002 t nis ( 876 t – 23 . °88 ) А. 

 

7- 62  7( 95. ). nI  emehcs  gif . 4.7 5 tnerruc eht enimreted ,  i2(t)  tiucric gniwollof eht ta
sretemarap : е(t) = Еm nis ( 0t + )  ; Еm = 004  V  , 0 = 001  dar /s  ,  = – ;°54  L = 0. 52  H    ,

С 004 =  F   ,  r1  52 = mhO    , r2  57 = mhO . 
noituloS .  .1 nepedni eht etaluclaC snoitidnoc laitini tned . 

Im =

Cj
Ljr

E m

0
01

1 =

004001
0152000152

004
6

54

j
.j

e j
61 = e –j  °54 А; 

U mC  = Im Cj 0

1 = 61 e –j °54 (–j 52 ) 004 = e –j  °531 V; 

t(i -) 61 = (nis 0t – °54 ) А;  uC t( -) 004 = (nis 0t – °531 ) V; 

uСt 0( +)/p I1t )p(  I2t )p(  r2 

/1 Cp  i 

i2 

iL t 0( +) 
It )p(  

giF . 4.7 5 

)a  

r1 

i1 

)b  

L 
 

рL 

е )t(  
 С 

r1 
r2 
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(i 0+) = (i 0-) = 61 (nis - °54 )  = –8 2 A , uC(0+) = uC(0-) = 004 (nis – °531 )  = – 002 2  V. 
 .2 ydaets eht etaluclaC - stnenopmoc etats  is(t)  , i2s(t) dna  uCs(t) xelpmoc yb -  noitaton

dohtem . 

Ims = 

C
jrr

)
C

jr(r
Lj

E m

0
12

0
12

0 1

1 =

525257
52525752

004 54

j
)j(j

e j
61 = e –j 37 .  °50 А; 

I2ms  = Ims·

C
jrr

C
jr

0
12

0
1

1

1

61 = e –j 37 . °50

52001
5252

j
j 5 = . 94 e –j  °401 А; 

U mC s  = I1ms Cj 0

1  = Ims

C
jrr

r

0
12

2
1 Cj 0

1 61 = e –j 37 . °50

52001
57

j
(–j 52 ) =  

 = 192 .4 e –j 941 .  °50 V; 
i2s t( )  = 5. 94 (nis 0t – °401 ) A     , is )t(  = 61 (nis 0t – 37 . °5 ) A , 
uCs )t(  = 192 .4 (nis 0t – 941 . °50 ) V. 

ydaets eht fo seulav laitini ehT - era stnenopmoc etats : 
is(0+)  = 61 nis (– 37 . °50  )  = – 51 .  3 A     , uCs(0+) 92 = 1.4 nis (– 941 . °50  )  = –  051 V. 

 .3 eW  ylppa  eht  noitarepo la  dohtem  ot   eht fo tnenopmoc tneisnart eht enimreted
tnerruc  i2t(t)  .  eht fo stnenopmoc tneisnart eht fo seulav laitini eht enimreted ew taht roF

egatlov ecnaticapac eht dna tnerruc ecnatcudni : 
it(0+)  = (i 0+) – is(0+)  = – 8 2 51 + . 4 = 3  A, 
uCt(0+) = u C(0+) – uCs(0+)  = – 002 2 51 + 0  = – 331  V. 

o ehT  ni detneserp si stnenopmoc tneisnart rof emehcs tnelaviuqe lanoitarep
gif . .7 45,b. 

 .4 sedon owt fo dohtem eht gnisu deniatbo emehcs eht rof snoitaluclac eht mrofreP . 

U 21 t p(  ) =

Lp
Cp

rr

)
Cp

r(p

)(u
Lp

)(iL tCt

1
1

11

1
00

1
2

1
=

221
2

21

21 001
rp)CrrL(pCL)rr(

r]CLp)(u)(iL)Cpr([ tCt ; 

I2t  )p( =
2

21
r

)p(U t =
221

2
21

1 001
rp)CrrL(pCL)rr(
CLp)(u)(iL)Cpr( tCt =

)p(F
)p(F

2

1 . 

 .5 eW  enimreted eht  tnerruc  lanigiro  i2t(t) meroeht noisnapxe eht fo dia eht htiw . 
 fo stoor ehT  eht noitauqe    F2(p  ) ,0 = .01p2  + p    0 = 57 +  era   р  2,1  = –  05  j 05 2  s –1; 

F2 (p  ) 0 = . 20 p     ;1 + F2 (p1  )  = j 2 . 
F1 p( 1  ) 01( =  –2 (–  + 05 j 05 2 ) + )1 0. 52 01 + 4  –4 (– 05  + j 05 2 ) (– 1 = )331 . 881 e –j 11 . °3 ; 
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i2t )t(  = eR2 tpe
)p(F
)p(F 1

12

11  = eR2 t.jt
.j

ee
j
e. 70705

311

2
8811 = 

1 = . 86 e – 05 t (soc 07 .7t – 101 . °3 )  = 1. 86 e – 05 t nis ( 07 .7t – 11 . °3 ) А. 
evah ew ,yllaniF : 

i2(t)  = i2s(t)  + i2t(t)  = 5. 94 nis ( 001 t – °401 )  + 1. 86 e – 05 t nis ( 07 .7t – 11 . °3 ) А. 
 

7- 72  7( 06. ). C cla etalu  eht  tneisnart  stnerruc  ni  emehcs  gif . .7 46,а  , eht gnisu  lanoitarepo 
era sretemarap tiucric ehT .dohtem : U = 002  V  , r1 = 04  mhO  , r2 = 06  mhO  , L = 0.7 H    ,

С 001 =  F. 

srewsnA  :  eht tnednepedni  laitini  snoitidnoc   era – i1 0( +) = 3. 33  А  , uC 0( +) = 002  V  , t  eh  
gif ni si emehcs lanoitarepo tnelaviuqe . .7 74 ,b  ;  dna egatlov noitcnuj eht fo segami

era stnerruc : U ba )p( = 
)rr)CrrL(prCLp(p

rU)rC)(u)(iL(rp)(urCLp CC

21212
2

21122
2 000 ; 

I1(p) = 
)rr)CrrL(prCLp(p

U)(iLprC)(iLp

21212
2

121
2 00 ; 

I2(p) = 
)rr)CrrL(prCLp(p

U)rC)(u)(iL(p)(uCLp CC

21212
2

11
2 000 ; 

I3(p) = 
21212

2
10

rr)CrrL(prCLp
rC)(uC ; 

slanigiro tnerruc eht era   : i 1 )t( 1 + 2 = . 93 е – 111 .9t (nis 601 .2t 601 + .3 A ) ; 
i2 )t( 1 + 2 = . 639 е – 111 .9t (nis 601 .2t 34 + .5 A )     ; i 3 )t( 1 = . 497 е – 111 .9t (nis 601 .2 A )t . 
 
7- 82  7( 16. ). melborp eht evloS .7 61   yb  eht dohtem lanoitarepo . 

noituloS  .  .1 i ehT snoitidnoc laitini tnednepedn era : 

i1(0+)  = i1(0-) =
21 rr

U =
0505

001  1 = А    , i3(0+)  = i3(0-) .0 =  

 .2 e ehT gif ni detneserp si emehcs lanoitarepo tnelaviuq .7 . 47. 
 .3  eht yb noitaluclac tiucric eht mrofreP c hsem dohtem tnerru  . ehT  noitauqe  metsys  

rof  eht  pool  stnerruc ( uc eht  pool eht eb ot demussa era 3 dna 1 sehcnarb eht fo stnerr
seno  )  sah  eht weiv : 

I1(р r() 1  + Lp 1  + r2  )  + I3(р p() М – r2  ) =
p

U  + L1i1(0+), 

I1(р p() М – r2  )  + I3(р Lp() 2  + r2  )  = iM 1(0+). 

r2 

I3(p) 

/1 )Cp(  

b 
uC 0( + /) p I2(p) 

а 

r1+рL 

r2 

b) )а  

С U 

giF . 7.46 

r1 L Li1 0( +) 
p/U  

I1(p) 

U ba )p(
p 
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dohtem s’remarC yb metsys eht evloS : 

(р  ) =
222

2211

rLprMp
rMprrLp

 = p2(L1L  2 – М2)  + p (( L  1 2 + M)r2  + L2(r1  + r2  + )) r1r2; 

1(р  ) =
221

211

0

0

rLp)(iM

rMp)(iL
p

U
= 

=
p
1 p( 2 L( 1L  2 – М 2 i) 1(0+)  + iM(p 1(0+ r)  2  + LU  2  + L1i1(0+ r) 2)  + rU 2); 

3(р  ) =
)(iMrMp

)(iL
p

UrrLp

0

0

12

11211 =
p
1 i[p{ 1(0+ L() 1r  2  + (M r  1  + r2  )) – ]MU   + rU 2}; 

I1(р) =
)p(
)p(1 =

]rr)rLr)LML((p)MLL(p[p
rU)r)(iLLUr)(iM(p)(i)MLL(p

2112221
2

21
2

22112211
2

21
2

2
000 = 

=
)p.p(p

.p.p
00520357100
000557257100

2

2
=

)p(Fp
)p(F

2

1 ; 

I3(р) =
)p(
)p(3 =

]rr)rLr)LML((p)MLL(p[p
rU]MU))rr(MrL()(i[p

2112221
2

21
2

221211

2
0 = 

=
)p.p(p

p
00520357100

00055
2 =

)p(Fp
)p(F

2

3 . 

 .4 tnerruc eht enimreted eW htiw slanigiro meroeht noisnapxe eht fo dia eht . 
noitauqe fo stoor ehT   F2(р)  = p2 0.  + 5710 p 03   0052 + = :0  

p  2,1  = – 758 .  1 967 .  3 s –1     ; p  1  = – 78 .  8 s –1     ; p  2  = – 6261 .  4 s –1. 
F2(0)     ;0052 = F2 )p( 0 = . 530 p    ;03 + F 2 p( 1) 62 = .     ;39 F2 p( 2)  = – 62 . .39  

c ehT a tnerruc tsrif eht fo noitalucl    : F1(р)  = p2 0.  + 5710 p 72 .5 ;0005 +  
F1(0)     ;0005 = F1(р1)    ;0272 = F1(р2) .5656 =  

i1  )t( =
)(F
)(F

0
0

2

1 +
2

1 2

1
k

k

tp

kk

k ke
)p(Fp

)p(F =
0052
0005 +

3962578
0272

..
е – 78 .5   t + 

+
).(. 396246261

5656 е – 6261 .4  t  2 = – 1 . 451 е – 78 .5   t 0 + . 051 е – 6261 .4  t А. 

c ehT tnerruc driht eht fo noitalucla    : F3(р)  = p 5 ;0005 +  
F3(0)     ;0005 = F3(р1)    ;1654 = F3(р2)  = – .2313  

* * 

iM 1(0+) L2i2(0+) 0=  

pМ 

I3 )р(  I2 )р(  

L1i1(0+) U/р 

I1 )р(  

giF  . 7.47 

r2 

r1 iM 2(0+) 0=  

I3 )р(  
I1 )р(  

Lp 1 Lp 2 
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i3  )t( =
)(F
)(F

0
0

2

3 +
2

1 2

3
k

k

tp

kk

k ke
)p(Fp

)p(F =
0052
0005 +

3962578
1654

..
е – 78 .5   t + 

+
).(. 396246261

2313 е – 6261 .4  t =  2 – 1 . 929 е – 78 .5t   – 0 . 270 е – 6261 .4t А     .  

eW  enimreted  hcnarb dnoces eht fo tnerruc eht wal tnerruc s’ffohhcriK yb : 
i2  )t(  = i1 )t( – i3  )t(  2 = – 1 . 451 е – 78 .5  t 0 + . 051 е – 6261 .4  t – 1 + 2 . 29 9 е – 78 .5  t + 

0 + . 270 е – 6261 .4t 0 = . 577 е – 78 .5t 0 + . 222 е – 6261 .4t А. 
 

3.7  . NOITALUCLAC  FO DIA EHT HTIW SESSECORP TNEISNART EHT FO 
LARGETNI LEMAHUD EHT  

7- 92  7( 17. ). gif tiucric A . .7 48,а egatlov htiw deilppus si  u pni (t  )  ( gif . .7 48,b .)   tiucric ehT
temarap era sre :   r1 = r2 = 01  mhOk  , С = 002  F  , U0 = 001  V  , t1 1=  s. 

etupmoC  eht  egatlov  ssorca  
 eht c ticapa ro  htiw  eht  dia  fo  

ti tolP .largetni lemahuD eht . 

noituloS  .  eht etaluclaC
yb citsiretcarahc tneisnart eht  

cissalc la dohtem  . eht nehW  
gif tiucric . .7 48,а i  ,ecruos egatlov tinu  eht ot detcennoc s evah ew : 

u sptuo  =
21

1
rr

r2 0 = )01+01(/01 = .  5 V,     р  = –
Cr uqe

1  = –
0020005

01 6
 = –  1 s –1, 

u ptuo (0  )      ;0 = u ptuo (t) =  u sptuo   + (u ptuo (0  ) – u sptuo )е рt 0 = .  5 – 0 .5е –t V, 
yllanif   , g(t  ) 0 = .  5 – 0 .5е –t. 

egatlov eht tneserp s’teL  u pni (t) yllacitylana : 

u pni )t( = 
.ttfiVt)t(u
;ttfiVt)t(u

pni

pni

12

11

001001
0001

 

 ehT egatlov d  evitavire si : u     pni  )t( = 
.ttfis/V)t(u

;ttfis/V)t(u

pni

pni

12

11

001
0001

 

o ehT egatlov tuptu  i  n  eht lavretni  0    t  t1: 

u ptuo 1 )t( = u pni 1(0)·  )t(g + d)t(g)(u
t

pni
0

1 + 0 = d)e..(
t

)t(

0
5050001 = 

05 = t – 05 + 05 е –t V. 

0 

u pni  

t1 

t   

r2 

)а  

u pni  

giF . 7.48 

r1 С 

u ptuo  

U0 
b) 

0 5.0 1 5.1 2 5.2 3
0

01

02

03

04

05

06

ÕÛÂu t( )

t

 
giF . 7. 94  

u ptuo )t(
) 
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o ehT  egatlov tuptu i  n  eht lavretni   t t 1: 

u ptuo 2 )t( = u pni 1(0)·  )t(g + d)t(g)(u
t

pni
1

0
1 + 

 + u( pni 2 t( 1) – u pni 1 t( 1) t(g)  – t1  ) + d)t(g)(u
t

t
pni

1

2 = 

 = – 05 + 001 t 05 + е –t 05 + е – t( –1)  = – 05 + 001 t 86 + .4е – t( –1) V. 

suhT    , u ptuo )t( = 
.sttfiVe,t)t(u

;ttfiVet)t(u
)t(

ptuo

t
ptuo

148605001

0050505

1
1

2

11  

nI  ecnadrocca  htiw  eht  rettal  noisserpxe  , eht  hparg  u ptuo (t) gif ni detneserp si .7 . 94 .  

 
7- 03  7( 27. ). ehT  tiucric  

gif . .7 50,а  eht htiw deilppus si
 eslupmi egatlov  u(t) = 004 е – 004 t V noitarud fo  t1 = 2 sm ( gif . .7 05 ,b  .)  tiucric ehT

era sretemarap  r1 = r2 = 001  mhO  , r3 = 05  mhO  , L = 0.1 H  . etaluclaC  eht  egatlov  uL(t) 
largetni lemahuD eht fo dia eht htiw ti tolp dna . 

srewsnA   : g(t  ) 0 = .5е – 0001 t      , no eht lavretni 0     t  t1: 

uL(t) =  u(0)·g(t  ) + d)t(g)(u
t

0
333 = .3е – 0001 t – 331 .3е – 004 t V, 

 no  eht lavretni   t  t1: 

uL(t) =  u(0)·g(t  ) + d)t(g)(u
t1

0
 + (–u(t1))g(t–t1  )  = – 901 .3е – 0001 t – 98 . 78 е – 0001 t 2+  V. 

margaid ehT  uL(t  ) gif ni nwohs si .7 . 51. 
 

7-31 7( 7. 3). htiW  eht  dia  fo  eht  lemahuD  largetni , etupmoc  eht  tnerruc  i2(t  )  tiucric eht ni
gif . .7 52  а,  eht si ereht nehw b ecnabrutsid esuace  egatlov esacriats eht fo u(t) 

( gif . .7 52,b  ,) fi   r1  = r2  02 = mhO   , r3  01 = mhO   ,  С 0001 =  F    , t1  02 = sm . 

srewsnA :    )t(g  52 = – 21 .5е – 05 t Sm   , )t(u = 
.ttfiV)t(u

;ttfiV)t(u

12

11

2
01

 

r2 

b) 

)а  

giF . 7.50 

r1 

uL )t(  
r3 

L 

0 100.0 200.0
0

002

004

u t( )

t

)t(u  

0 100.0 200.0 300.0 400.0 500.0 600.0
051

001
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001

051

002

Lu t( )

t

 
giF . 7.51 
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 no  eht lavretni  0    t t 1:    i2(t) = u1(0)·g(t  )  52 = – 21 .5е – 05 t Am , 
ta   t  t1:    i2(t) = u1(0)·g(t  )  + (u2(t1) – u1(t1))g(t–t1  )  05 = – 21 .5е – 05 t – 21 .5е – 05 t 1+  Am . 

margaid ehT  i2(t  ) wohs si gif ni n .7 . 53. 

7- 23  7( 47. ). C rotsiser hguorht tnerruc eht etupmo  r1 i .gif emehcs n  5.7 4,а.  tiucric ehT
era sretemarap  : r1 = 05  mhO  , r2 = r3 = 001  mhO  , С = 002  F  . v ehT  ecruos eht fo egatlo

 tes si  yb margaid eht  gif .7 . 54,b  . U largetni lemahuD eht es . 
ewsnA sr   : )t(g 0 = . 0 + 76600 . 33300 e – 73 .5t S, 

i1 )t( = 
.s.tfiAe.

,s.t.fiAe..t
,s.tfiAe..t

).t(.

).t(.

t.

2004710
20010043329880331

1000871871331

200573

100573

573

 

tnerruc ehT   margaid gif ni si .7 . 54,c. 

 
.7 4  . NOITACILPPA  FO  EHT  XELPMOC   NOITCNUF REFSNART  NEHW

 GNITALUCLAC SECORP TNEISNART EHT SES  
7- 33  7( 97. ). etaluclaC  eht  tneisnart  egatlov  u2(t) ( tuptuo  ytitnauq  ) nehw  gniylppus  eht  

tiucric  ni  melborp .5 31  htiw  tcerid  ytitnauq tupni( tnerruc  ) J = 0. 50   A  htob yb  eht
cissalc la dohtem lanoitarepo dna s  .  ecnadepmi refsnart xelpmoc eht rof alumroF

 ni deniatbo  eht melborp eht fo noitulos .5 31 wollof sa si s: 
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noituloS  .  .1 ehW n cissalc la  dohtem deilppa si melborp eht evlos ot egatlov deriuqer eht ,  
u2 )t(   dnuof si eht sa ydaets eht fo mus - stnenopmoc tneisnart dna etats : 

u2 )t(  = u2s )t(  + u2t )t( . 
sA D a -  ecruos C  ,desu si ydaets eht -  tnatsnoc si tnenopmoc etats  oot  dna  eb yam

ycneuqerf eht ta ecnadepmi refsnart xelpmoc eht hguorht denimreted  :0 =  

(Z 0  ) =
0

0
a
b =

7666
33338

.
 0521 = mhO ;      u2s  = Z(0)·J 0·0521 = . 26 = 50 .  5 V. 

c A pmo  si noitcnuf refsnart xel  a os -  dellac noitcnuf metsys . ,nehT  ni  redro  ot  niatbo  
eht  citsiretcarahc  noitauqe   ecalper ot tneiciffus si ti j   yb р  eht etauqe ot dna

htiw noitcarf eht fo rotanimoned orez  . evah ew ,yaw siht ni gnioD : 
р  + а0       ,0 = р  = – а0  = – 66 .  76 s –1. 

tA  eht  elgnis  toor  fo  eht  citsiretcarahc  weiv a sah tnenopmoc tneisnart eht ,noitauqe   :
u2t(t) = А·е рt  , tnatsnoc noitargetni eht erehw  А snoitidnoc laitini eht morf dnuof si : 

А = u2t(0) =  u2(0) – u2s(0). 
nI  redro  ot  niatbo  eht  laitini  eulav  fo  egatlov  u2(0)  , ew  niaga  esu   refsnart xelpmoc eht

ecnadepmi  , ytinifni ot lauqe ycneuqerf eht ta emit siht ,revewoh : 

Z(  ) =
1

1
a
b =

1
0 .0 =  

nehT     u2(0)  = Z( ) J   ,0 = dna   А  = – u2s(0)  = – 26 . .5  
evah ew ,yllaniF :   u2(t) 26 = .  5 – 26 .5 е – 66 . 76 t V. 

 .2 nI  redro  ot  etupmoc  eht  tuptuo  egatlov  u2(t) yb   eht lanoitarepo  dohtem  ,  ekam ew
 esu  fo ecnadepmi refsnart lanoitarepo eht  Z(р)  ,  hcihw  xelpmoc eht morf deniatbo si

fo tnemecalper eht hguorht ecnadepmi refsnart  j   yb  р: 

(Z р) =
0

01
ap
bpb =

7666
33338
.p

. 

i ehT egatlov tuptuo dna tnerruc ecruos eht fo segam ( fo noitacilppa htiw )DAChtaM  

era : )s(J  =: J
4,taolf

t,ecalpal
s
e. 10005   , .e.i   (J р) = 

p
. 500    ;  

U2(р) =:  Z(р) J(р    )    U2(р)
4,taolf
yfilpmis

p).p.(
e.
0023
50521 . 

dnif eW  o eht lanigir  fo  eht  deriuqer  egatlov  yb  snaem  fo  noisrevni ecalpaL eht : 

u2(t) =:  U2(р)
4,taolf

p,ecalpalvni
  5.26 – 5.26 е ( – 66 . 76 )·t. 

 

7- 43  7( 08. ). evloS  eht  melborp .7 33  eht gnisu  lartceps  dohtem  no  noitidnoc eht  taht  eht  
ecruos  secudorp   a elgnis  ralugnatcer  tnerruc  eslupmi   fo  eht edutilpma  J = 0. 50  A  dna

noitarud   = а0
 –1 0 = .  510 s. 

noituloS  . i ehT  eht ni detneserp eb yam tnerruc ecnabrutsid eht fo eulav suoenatnatsn

w lacitylana gniwollof ya     : J(t) :  =
esiwrehto
tfi.

0
0500

. 
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 eht tneserp s’tel DAChtaM margorp  eht gnisu mrofsnart ecalpaL mrofrep ot redro nI
 noitcnuf edisivaeH eht fo pleh eht htiw alumrof eno yb tnerruc suoenatnatsni 1(t) hcihw  

is  DAChtaM ni detneserp sa  Ф(t): J(t) :  0.0 = 5 (Ф(t) –   Ф(t– )). 
egami tnerruc ecruos ehT si : 

)s(J :  =  )t(J 
4,taolf

t,ecalpal
s
e. 10005  – 0005.  е- ·1

s
e s)e.( 10051

, 

.e.i     (J р  ) =
p
. 500 (  1 – е –p ). 

s ehT  deniatbo eb yam tnerruc ecruos eht fo ytisned lartcep  egami tnerruc eht morf

 gnicalper  р yb  j    : (J ) =: 
j
. 500 (  1 – е –j· · ). 

s ehT dnuof si egatlov tuptuo eht fo ytisned lartcep  refsnart xelpmoc eht hguorht 
ecnadepmi :   U2( ) =:  Z( ) J( ). 

yllautnevE  , htiw  eht  dia  fo  DAChtaM   eht mrofrep ew  reiruoF eht fo noitaluclac

noisrevni largetni    : u2(t) =: 
2
1 00006

00006
2 de)(U tj . 

tnemom emit yna roF , rewsna eht niatbo ot elbissop si ti  . ecnatsni roF , 
u2( 500.0 )       717.71 = u2( 10.0 )        683.03 = u2( 50.0 ) .311.2 =  
yllautnevE  , eht  egatlov  u2(t) yam  eb  deniatbo  ni  mrof hparg eht   eht hguorht

noitcnuf eht fo noitacilppa  reiruofvni : 

u2(t) =:  U2( )
4,taolf

,reiruofvni
13 . ·42 Ф( .1 t) – ·42.13 Ф ([ –1). t] – 94.26 e(– 76.66 )·t … 

 evruc egatlov ehT u2(t)  ni detneserp si
gif 5.7 . 5. 
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 .8 SRETEMARAP DETUBIRTSID HTIW STIUCRIC CIRTCELE  
 .1.8  EHT TA SRETEMARAP DETUBIRTSID HTIW STIUCRIC CIRTCELE

YDAETS - NOITIDNOC ETATS  
.1.8 1. noitaluclaC  fo  eht  enil  sedom gnikrow sti dna sretemarap  

8-1 8( 1. ). nI  redro  ot  ed nimret e eht  sretemarap  fo  eht  noitacinummoc  enil 061  mk  htgnel  
ta  eht  ycneuqerf 0001  zH  , eht  on - trohs dna daol -  ;demrofrep erew stset tiucric  stluser eht

erew hcihw fo  : Zo = 788 е –j 07 ° mhO , ZS = 045 е j7 °1  mhO  .  enimreteD  eht  dna yramirp
sretemarap enil yradnoces . 

noituloS  . sretemarap enil yradnoces eht enimreteD .1 . 

ZС = So ZZ 296 = е j 5.0 ° mhO      , ht  l = 
o

S
Z
Z 0 = . ·087 е j 5.07 ° 0 = 2.  + 6 j0 537. ; 

lht
lht

1
1

 =
).j.(
).j.(

53706201
53706201 1 = . 993 е j 57 .  = °11 j1.  113 dar  = е 2 αl е j2βl. 

 stilps ytilauqe rettal ehT i otn seno owt      : е 2 αl  = 993.1  
dna 2      βl 1 = 113. 2 + πk  .  

morF  eht  tsrif  ytilauqe , ew  tneiciffeoc yaced eht dnif  
2αl = lп е 2 αl  = lп .1 3 99  = 0 633.       ,  α 0 = . 00 501  pN / mk . 

rebmun eht etamitse ot redro nI  k etelpmoc fo 2 π snaidar  enil elohw eht gnola  ,  s’tel
 yletamixorppa enimreted enil elohw eht gnola tfihs esahp latot eht  deeps eht ta  

v = 51 0 01 3  mk /s: 

2β l 2 = l  ∙
v

2 = 061∙ ∙ 301051
00012  = 4.31  dar  >  4π    , k  = 4.31 6/ .  382  ≈ 2. 

ylgnidroccA 2  : βl 1 = 113. 2 + π∙2    , ereh morf    β 0 = .043 73  dar / mk . 
suhT ,               ZС ·296 = е j 5.0 ° mhO , 

γ  = α +  jβ 0 = . 00 501 +  j0.043 73 0 = .04 33 8е j8 6.8 °1 /1 mk . 
 .2 D  yramirp eht enimrete sretemarap enil : 

Z0  = r0  + jωL  0  =  ZC  = 0.04 33 8е j88.6 °1 296∙ е j0.5°
 = 03 .02е j 98 .11° = 0. 64  + j 03 . 20  mhO / mk , 

Y0  = g  0  + jωC0  =  /ZC  = 0.04 33 8е j88.6 °1 296(/ е j0.5°  ) = 
 = 26 .68 01∙  –6·е j88.11° ( = 2.0  + 6 j 26 .64) 01∙  –6 S/ mk . 

 tnuocca htiW o  f ycneuqerf eht    2 = f  3826 = dar /s evah yllautneve ew , : 
r0  = 4.0 6 mhO / mk ,     g  0  = 0.2 6 01∙  –6 S/ mk , 
L  0  = 20.03  3826/ H/ mk   = 97.4  Hm / mk ,  C  0  = .26 64 01∙  –6  3826/ F/ mk  = 79.9  Fn / mk . 

 
8-2 8( 2. ). on ehT - trohs dna daol -  enil noitacinummoc eht rof stset tiucric l = 021  mk l o gn  

t ta ycneuqerf eh 008  zH  evig  : Zo = 281 е j3. °55  mhO  , ZS = 902 е –j °1,22  mhO  . tI  si  yrassecen  
ot  enimreted  eht  yradnoces  dna  yramirp   enil eht etaluclac ot sa llew sa sretemarap enil

 ecnadepmi tupni  dedaol si ti fi ecnadepmi htiw   Zl 2 = ZС. 
srewsnA   : ZС 591 = е –j9. °82  mhO    , γ 8 = . 39 01∙  –3  + j 81 . 04 01∙  –3 /1 mk ;   r0 2 = .3 mhO / mk , 

g  0 03 = 01∙  –6 S/ mk   , L  0 0 = .  56 Hm / mk   , C  0  02 = Fn / mk ,   Z pni 191 = е –j °5  mhO . 
 
8-3 8( 3. ). S etemarap emo  enil noitacinummoc eht fo sr l = 041  mk   gnol  eht ta gnikrow

ycneuqerf  f = 0051  zH  f erew yllatnemirepxe dnuo  : ZC = 017 e –j9  mhO  , Z0 =  
= 91 .2 e j 07  mhO / mk  .  ,sretemarap yradnoces dna yramirp eht etaluclac ot yrassecen si tI

on ta ecnadepmi tupni eht enimreted ot - trohs dna daol - snoitidnoc tiucric . 
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noituloS  .  ralugnA si yticolev   2 =  f  = 2   5249 = 0051 dar /s. 
esuaceB  Z0 = r0 + j L0 = 6. 75  + j 81 . 40  mhO / mk  ,  lanidutignol eht neht  yramirp

era sretemarap     r0  = eR (Z0) 6 = .  75 mhO / mk      , L0 = 1 mI (Z0) = 
5249
4081 . 1 = . 19 01  –3 H/ mk . 

morf ,rehtruF    ZС = 00 Y/Z dnif ew   

Y0  = g  0 + j C0 = 2
0

CZ
Z = 2

9

07

017

291
j

j

e

e. 83 = .1 01  –6 e j 88  1( = . 33  + j 83 . )80 01  –  6 S/ mk . 

era sretemarap yramirp lasrevsnart eht ,ereh morF  

g0  = eR (Y0) 1 = . 33 01  –  6 S/ mk       , C0 = 1 mI (Y0) = 
5249
8083 . 01  –  6 4 = . 40 01  –9 F/ mk . 

sretemarap yradnoces ehT era : 
-  eht ecnadepmi citsiretcarahc  si   Z  C 017 = e –j9  mhO , 
-  eht tneiciffeoc noitagaporp si  

= 00YZ = 88607 01183291 jj e.e. = 72 .1 01  –3 e j 97  = 5( . 61  + j 62 . )55 01  –3
 1/ mk . 

 ,ereh morF  eht tneiciffeoc yaced si  –     = eR ( ) 5 = . 61 01  –3 pN / mk , 
 eht tnatsnoc esahp   si  –      = mI ( ) 62 = . 55 01  –3 dar / mk . 

snoitcnuf cilobrepyh eht etaluclac s’teL      : l 0 = .  + 227 j3. ;717  
e l 2 = . 950 e j 312   = – 1.  727 – j1.            ;121 e – l 0 = . 684 e –j 312   = – 0.  + 704 j0. ;562  

 hs l ½ = [e l – e – l]  = – 0.  066 – j0. 0 = 396 . 759 e –j 331 .6 ; 
 hc l ½ = [e l  + e – l]  = – 1.  760 – j0. 1 = 824 . 051 e -j 851 .1 ; 
 ht l  =  hs l/  hc l 0 = . 238 e j 42 .5 . 
No- trohs dna daol -  tiucric ecnadepmi era s : 

Z1o  = Z  C /  ht l 017 = e –j9 /(0. 238 e j 42 .5 ) 458 = e –j 33 .5  mhO , 
Z1S  = Z  C  ht l 017 = e –j9 0. 238 e j 42 .5 195 = e j 51 .5  mhO . 

 
8-4 8( 4. ). ehT  yradnoces  f nwonk era sretemarap ro   a owt - eriw  daehrevo  noitacinummoc  

enil  , 5 ycneuqerf eht ta 0 zH :     ZC 044 = e –j 01  mhO        , 4( =  + j )81 01  –3 1 / mk . 
a skrow enil sihT s  eht D-C enil daol eht seilppus dna   rl = 004  mhO  .  egatlov tupni ehT

si   U1 006 =  V  . enimreteD  U2   dna   I1  , si htgnel enil eht fi   l  002 = mk . 
noituloS  . marap yramirp enil eht enimreteD srete  r0 dna  g0  ,  hcihw  a ni egnahc ton od

D- enil C : 
r0  = eR ( · ZC) =  eR ( 81 . 01·44  –3·e j 77 .5 ·044· e –j 01 ) 3 = .  501 mhO / mk , 

g0 = eR
CZ

= eR
01

5773

044

014481
j

.j

e

e. 1 = . 01·628  –6 S/ mk . 

 sretemarap yradnoces ehT D a ni -  C  enil a er : 

Z  C =
0

0
g
r = 6016281

5013
.

. 3031 =  mhO , 

= 00gr = 60162815013 .. 2 = . 01·283  –3 1 / mk . 
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 fo snoitauqe lapicnirp eht fo snaem yb tnerruc tupni dna egatlov tuptuo eht dnif eW
 enil gnol eht ni o tnuocca htiw snoitcnuf cilobrepyh noitalerroc eht f   I2  = U2/rl: 

U1  = U2·  hc l  + I2ZC·  hs l  = U2·  hc l + 
lr

U2 ZC·  hs l  = U2·  hc( l + 
l

C
r

Z  hs )l , 

si egatlov deriuqer eht ,ereh morf  

U2 = 
lhs

r
Zlhc

U

l

C

1 =
).(hs).(hc 46740

004
3031002012832

006
3

 022 = V. 

erruc tupni ehT si tn  

I1 =
CZ

U2 · hs l  + I2· hc l = 
CZ

U2 · hs l + 
lr

U2 · hc l = 
3031
022 0· . + 5494

004
022 1· . 0 = 611 .  796 А. 

 
8-5 8( 6. ).  enimreteD  fo secnadepmi eht Т- dna  П- ht fo semehcs tnelaviuqe  enil gnol e
l =  004 mk    gnol  htiw  eht sretemarap : 

ZС 193 = е –j  °57,3 mhO     dna   γ 0( = .  + 781 j1. )850 01∙  –3 /1 mk . 
srewsnA . Т- emehcs  :   Z1Т = Z2Т = 02 . 47  + j 28 . 96  mhO ,    Z0Т = 29 .4 – j 239 .1 mhO ; 

П- emehcs  : Z0П = 73 .1 + j 851 .9 mhO ,    Z1П = Z2П = 602  – j  1871 hO m. 
 

8-6 8( 7. ). eerhT - esahp  leets -  munimula daehrevo  enil noissimsnart 003  mk  lo  gn
 sretemarap gniwollof eht sessessop (  rep  a esahp :)  

r0 =  0.  80 mhO / mk   , g0 =  3. 57 01  –  8 S/ mk   , L0 =  0.  24 mhO / mk   , C0 =  2.  7 S/ mk . 
sretemarap yradnoces enil eht etaluclaC  , esahp htgnel evaw eht dna yticolev . 

dniF  eht  esahp  egatlov  ,  eht ta rewop dna tnerruc  gnidnes enil eht fo dne  ,  sti
ycneiciffe  ,  eht ta egatlov eht fi  gniviecer si dne 033  Vk  , si rewop 003  WM   daol eht dna

ot lauqe si rotcaf rewop 0 . .29  
 eht etaluclaC  egatlov elpmoc  fo sdne htob ta sevaw detcelfer dna tnedicni eht fo sex

enil eht . 
noituloS  . emussA  ,  si ti dna decnalab si daol enil eht Y- detcennoc  .  ew ,ylgnidroccA

esahp eno tub rof noitaluclac a mrofrep . 
sretemarap yradnoces enil eht etaluclaC : 

-  eht epmi citsiretcarahc si ecnad  

Z  C =
00

00
Cjg
Ljr = 68 017201573

240800
.j.
.j. =

2986

297

0172

8240
.j

.j

e.

e. 893 = e –j5  mhO , 

-  eht si tneiciffeoc noitagaporp  

= )Cjg()Ljr( 0000 = 2986297 01728240 .j.j e.e. = 
= 1. 70 01  –3 e j 48 .2  0( = . 801  + j1. )960 01  –3 1 / mk . 

d eht ,ereh morF tneiciffeoc yace si  –     = eR ( ) 0 = . 801 01  –3 pN / mk , 
si tnatsnoc esahp eht  –     = mI ( ) 1 = . 960 01  –3 dar / mk . 

p ehT era htgnel evaw eht dna yticolev esah : 

v = = 3019601
413

.
492 =   000 mk /s; λ     = 2 = 3019601

2
.

 0885 = mk . 

etaluclac s’teL snoitcnuf cilobrepyh eht      : l 0 = .  + 330 j0. ;123  
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e l 1 = . 330 e j 81 .4  0 = .  + 089 j0.            ;623 e– l 0 = . 869 e -j 81 .4  0 = .  919 – j0. ;503  
 hs l ½ = [e l – e– l] 0 = .  + 130 j0. 0 = 613 . 713 e j 48 .4 ; 
 hc l ½ = [e l  + e– l] 0 = .  + 949 j0. 0 = 10 . 059 e j0. 26 . 

eD imret  eht ta tnerruc dna egatlov esahp eht fo sexelpmoc eht en  gniviecer ne  eht fo d

enil : U2 hp  =
3
2lU =

3
033 091 = .  5 Vk     ; soc 2  0 = . ,29   neht   2  32 = .1 ; 

I2 hp  =
22

2
3 socU

P

hp
=

29050913
003

..
0 = . 175  kА    ; i2  = u2 – 2   = – 2 ; 

I2 hp  = I 2 hp ·e –j  2 0 = . 175 e –j 32 .1  kА. 
lapicnirp eht rednU  etaluclac ew ,snoitcnuf cilobrepyh htiw enil gnol eht fo snoitauqe 

 eht  eht ta tnerruc dna egatlov esahp eht fo sexelpmoc  gnidnes enil eht fo dne : 
U1 hp   = U2 hp ·  hc l  + I2 hp ZC·  hs l =  

091 = . 0·5 . 59 e j0. 26 0 + . 175 e –j 32 .1 893· e –j5 0· . 713 e j 48 .4 922 = . ·3 e j 51 .6  Vk ; 

I1 hp  =
C

hp

Z
U 2 ·  hs l  + I2 hp ·  hc l = 

5893

5091
jе

. 0· . 713 e j 48 .4 0 + . 175 e –j 32 .1 0· . 59 e j0. 26 =  

0 = . 505 e –j6.3  kА. 
a ehT enil eht fo gninnigeb eht ta rewop evitc  

Р1 3 = eR (U1 hp · *
hpI1 ) 922·3 = . 0·3 . ·505 (soc 51 .6 6 + .3 )  223 = WM . 

si ycneiciffe enil ehT     = Р2/Р1 0 = 223/003 = . .39  
citengamortcelE  sessecorp  ni  a gnol  enil  era  deredisnoc  sa  a tluser  fo  eht  

noitisoprepus  fo  eht  tnedicni  dna  detcelfer  sevaw  – 
U  = U lfer   + U cni  = А1e х  + А2e – х, 

I  = – I lfer   + I cni  = –
CZ

A1 e х  + 
CZ

A2 e – х, 

erehw  А1 dna  А2 – ed eb yam hcihw stnatsnoc noitargetni mret atlov eht hguorht deni  eg
 eht ta tnerruc dna  gniviecer enil eht fo dne : 

А1 = 2
22 Chphp ZIU

e – l = 
2

89317505091 5132 j.j еe.. 0· . 869 e –j 81 .4  15 = .9 e j 67 .8 ; 

А2 = 2
22 Chphp ZIU

e l = 
2

89317505091 5132 j.j еe.. 1· . 330 e j 81 .4  902 = .3 e j3.1 . 

gninnigeb eht tA nil eht fo e   х  ,0 = yhw s’taht  
U cni х( 0 = )  = А2 902 = .3 e j3.1  Vk        , U lfer х( 0 = )  = А1 15 = .9 e j 67 .8

 Vk , 
I cni х( 0 = )  = U cni х( 0 = )/ZC 0 = . 625 e j8.1  kA, 
I cni х( 0 = )  = U cni х( 0 = )/ZC 0 = . 31 e j 18 .8

 kA. 
enil eht fo dne eht tA   х  = l   , yhw s’taht  

U cni х(  = l) =  А2·e – l = 
2

22 Chphp ZIU
202 = .6 e –j 51 .3  Vk , 

U lfer х(  = l)  = А1·e l
 = 2

22 Chphp ZIU
35 = .6 e j 59 .2

 Vk , 

I cni х(  = l)  = U cni х(  = l)/ZC 0 = . 905 e –j 01 .3  kA, 
I lfer (х  = l)  = U lfer (х  = l)/ZC 0 = . 531 e j 001 .2

 kA. 
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sA  eno  dluohs  tcepxe  , eht  cni tnedi  evaw  sesaerced  sdrawot  eht  dne  fo  eht  enil  
esuaceb  fo  eht  sessol   dne eht morf noitcerid ni gniyaced evaw detcelfer eht ,enil eht ni

gninnigeb sti sdrawot enil eht fo . 
 

8-7 8( 8. ).  enil eht fo dne eht tA ni debircsed melborp  .8 6  , sneppah gniwollof eht : а)  daol 
noitcennocsid  ; b  ) eerht - trohs esahp - tiucric  .  segatlov enil eht enimreted ,esac hcae roF

 egatlov esahp tupni eht fi ,dne dna gninnigeb enil eht ta stnerruc dna  sa emas eht si
 ni detaluclac melborp .8 6. 

na egatlov fo seulav eht yllanoitidda enimreteD  detcelfer dna tnedicni eht fo tnerruc d
 eht ta sevaw viecer enil eht fo dne gni . 

noituloS  . oT los melborp eht ev ,  htiw enil gnol eht fo snoitauqe lapicnirp eht esu ew 
snoitcnuf cilobrepyh . 

а) noitcennocsid daol eht ta ( on - noitidnoc daol )  eht ta tnerruc eht , si dne enil  
I2 hp   ,0 = yhw s’taht  

U2 hp  = )l(hc
U hp1 =

60

651

590

3922
.j

.j

e.

e. 142 = e j 51  Vk         , U2l = 3 U2 hp  = 3  814 = 142· Vk ; 

I1 hp  =
C

hp

Z
U 2  hs l = 

5

51

893

142
j

j

e

e 0· . 713 e j 48 .4 0 = . 291 e j 401 .4
 kА       , I1l  = I1 hp  0 = . 291   kА. 

tA on - noitidnoc daol  , eht  noitcelfer  tneiciffeoc  si  ,1+  evaw tnedicni eht snaem ti  si
tcelfer de  tuohtiw yletelpmoc  eht egnahc ngis  . yhw s’tahT   U cni (х  = l)  = U lfer (х  = l). 

:tnuocca otni siht gnikaT  
U2 hp   = U cni (х  = l)  + U lfer (х  = l) 2 = U cni (х  = l) 142 = e j 51  Vk , 

ereh morf  U cni (х  = l)  = U lfer (х  = l)  = U2 hp 021 = 2/ .5 e j 51  Vk , 
I cni (х  = l)  = I lfer (х  = l)  = U cni (х  = l)/ZC 0 = . 303 e j 01  kА. 

b) tohs ta - tiucric si egatlov tuptuo eht ,   U2 hp   ,0 = yhw s’taht  

I2 hp  = )l(hsZ
U

C

hp1 =
4485

651

7130893

3922
.jj

.j

e.e

e. 1 = . 718 e –j 36 .8  kА         , I2l  = I2 hp  1 = .  718 kА; 

I1 hp   = I2 hp ·с  h l 1 = . 718 e –j 36 .8 0· . 59 e j0.6 1 = . 627 e –j 36 .2
 kА       , I1l  = I1 hp  1 = . 627   kА. 

trohs eht tA - ot lauqe si tneiciffeoc noitcelfer eht ,noitidnoc tiucric  –  .1 yhw s’tahT  
I cni (х  = l)  = – I lfer (х  = l)  . :tnuocca otni siht gnikaT  

I2 hp   = I cni (х  = l) – I lfer (х  = l) 2 = I cni (х  = l) 1 = . 718 e –j 36 .8  kА, 
ereh morf         I cni (х  = l)  = – I lfer (х  = l)  = I2 hp 0 = 2/ . 909 e –j 36 .8  kА, 

U cni (х  = l)  = – U lfer (х  = l)  = I cni (х  = l)·ZC 263 = e –j 85 .8  Vk . 
 

8-8 8( 9. ). Un red  а  ) on - daol  dna  b  ) trohs - tiucric snoitidnoc  segatlov enil eht enimreted ,
 enil eht fo dne dna gninnigeb eht ta stnerruc dna  ni debircsed melborp .8 6  ,  htgnel sti fi

si 009  mk  , si egatlov esahp tupni eht elihw  U1 hp   = 922 .3 Vk . 
srewsnA   : сh l 0 = .  + 475 j0.    ,080 hs  l 0 = .  + 650 j0. ;428  
 )а U2l  586 = Vk   ; I1 =  128 А     ; b  ) I2 =  796 А     ; I1 =  404 А. 

gnirapmoC  eht  noitaluclac  stluser  rof  owt  ralimis  senil  tub  fo  tnereffid  htgnel ( ni  
melborp .8 6 eht  enil  htgnel  si 003  mk  , elihw  ni  melborp .8 8 ti  is 009  mk  ,) ew  ees  taht  ni  

eht  dnoces  esac  eht  tuptuo  egatlov  dna  eht  tupni  tnerruc  ylprahs evah   desaercni un red  
on -  desaerced ylbaicerppa sah tnerruc eht elihw noitidnoc daol rednu trohs -  tiucric
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noitidnoc  . tI  nac  eb  dedulcnoc  eht  on - daol  noitidnoc  hgih rof -  enil noissimsnart egatlov
trohs naht suoregnad hcum eb yam - noitidnoc tiucric . 

 
.1.8 2  . seniL  htiw  dehctam daol  

8-9 8( 01. ). roF a  eerht - esahp  noissimsnart  enil  htiw  eht  dehctam  daol  , eht  sexelpmoc  fo  
eht  tupni  esahp  egatlov  dna  eht  o tuptu  esahp  tnerruc  era  :nwonk  U1 = 001  Vk ,    

I2 = 091 е –j 09  A  . enimreteD  eht  enil  ycneiciffe  , si ecnadepmi citsiretcarahc sti fi  
ZC = 005 е –j 01  mhO . 

noituloS  .  ot lauqe si ecnadepmi daol ehT  a  enil eht rof eno citsiretcarahc  dehctam htiw
daol  , o eht neht si egatlov tuptu   U2  = I2·Z  C 0 = . 91 е –j 09 005· е –j 01 59 = е –j 001  Vk . 

ytilauqe eht fo esuaceB   U2  = U1e – l si ereht ,enil dehctam eht rof  
e – l =  U2/U1 0 = 001/59 = . .59  

si ycneiciffe enil ehT        = e –2 l =  0. 59 2 0 = . .309  
 
8- 01  8( 11. ). owT - eriw  enil 01 0 mk  ni  htgnel  ecnadepmi eht htiw dedaol si       
ZС = 014 е –j °03  mhO . 

i ehT si egatlov tupn  – u1(t) = 022 2 nis 413( t + )°021  V  , si eno tuptuo eht  – 
u2(t) = 881 .7 2 nis 413( t + 97 . )°9  V  . enimreteD  eht  tnerruc  dna  gatlov e ta  tniop  A 

tautis de  ta a ecnatsid fo   02 mk   ,dne enil eht morf nwod etirw seulav suoenatnatsni rieht . 
noituloS  . melborp eht ni detats si ti sA eht ,  enil  si   eht htiw dehctam   lapicnirp sti ,daol

swollof sa gnieb snoitauqe : U1  = U2∙е γl  = U2∙е l∙е j l; 
I  1  = I2∙е γl  = I2∙е l∙е j l. 

nI  redro  ot  enimreted  eht  tnerruc  dna  egatlov  ta tniop  А  eht wonk ot yrassecen si ti
yleman ,sretemarap enil  :  eht tneiciffeoc yaced    tnatsnoc esahp dna  .  meht dnif eW

enil eht fo noitauqe tsrif eht morf : 
е γl  = U1/U 2 022 = е j1 °02 881/ .7е j 97 . °9 1 = . 661 е j 04 . + = °1 j0.  7 dar ; 
е l 1 = .    ;661 l  = lп1. 0 = 661 .    ;351 0 = .  35100 pN / mk     ; l  = 0. 2 + 7 k dar . 

or = 
v

= 5013
413 01  –  3 dar / mk        ; orl 0 .  1 dar ; 

suht   , k    0 = dna      0 = .  700 dar / mk . 
 egatlov eht nehT ta tniop  А :si    

UА  = U2∙е γl 881 = .7е j 97 . °9 ·е 0 . 35100 02∙ ∙е j0. 700 02∙ 491 = .6е j 97 . °9 ∙е j0.  41 dar 8 = . °20 491 = .6е –j 78 . °29  V. 
ehT  oitar  Z pni  = ZС si  eurt  rof  yna  ssorc -  eht fo noitces enil  ,  tnerruc eht yhw s’taht ta  

tniop  А lac eb yam yaw gniwollof eht ni detaluc  
IА    = UА/ZС 491 = .6е j 78 . °29 /( 014 е –j °03 ) 0 = . 574 е j 711 . °29  А. 

i ehT era tnerruc dna egatlov suoenatnatsn : 
uА )t( 491 = .6 2 nis 413( t 78 + .  )°29 V          , iА )t( 0 = . 574 2 nis 413( t 711 + . °29  ) А. 

 
8- 11  8( 21. ). A enil  52  mk  lo gn   ecruos egatlov eht morf deilppus si е1 = 141 .4 nis 0005 t V 

ecnatsiser renni htiw  r ni  = 001  mhO  . era sretemarap enil ehT  : ZС = 533 .5 – j 794 .4 mhO  ,
γ = 3( . 84  + j 91 . )07 01∙  –3 1/ mk  , Zl = ZС  . enimreteD  eht  stnerruc  , segatlov  , srewop  ta  eht  

ycneiciffe enil eht dnif ,tuptuo dna tupni enil . 
srewsnA : U1 09 = .  6 V,  I  1 0 = .  151 А,  Р  1 7 = .  56 W; 

U2 38 = .  40 V, I  2 0 = .  831 А,  Р  2 6 = .  34 W     ; η 0 = . .48  
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8- 21  8( 31. ). owT - eriw  enil 001  mk  lo ecnadepmi htiw dedaol si gn  ZС = 0141 е –j °03  mhO   .
tA  a ecnatsid fo 02   mk si egatlov eht ,dne enil eht morf  uа(t) = 141 .4 nis 413( t + )°06  V   .
tA  tniop “ b” tautis de   ta a ecnatsid fo 04  mk  nwonk si tnerruc eht ,dne enil eht morf  

i(t) = 0. 461 nis 413( t  )°021 + А. 
enimreteD  t fo seulav evitceffe dna suoenatnatsni egatlov tupni eh . 

rewsnA   : u1(t) 517 = .6 2 nis 413( t  )°081 + V    ; U1 517 = .  6 V. 
 

8- 31  8( 41. ). A enil  l = 02  mk   ni  eht sah htgnel :sretemarap yradnoces gniwollof  
ZС = 0531 е –j °42  mhO  dna  γ = 0. 5710  + j0. 930  /1 mk ,  eht htiw dedaol gnieb ti  ecnadepmi

eno citsiretcarahc eht ot lauqe  . enimreteD  eht  rewop  Р2  sa llew sa daol eht ot dereviled 
rewop eht  Р1 enil eht otni deilppus  , si egatlov tupni eht fi   U  1  01 = V. 

srewsnA    : Р1 76 = .  76 Wm     , Р2 33 = .  6 Wm . 
 

8- 41  8( 51. ). p enil noitacinummoc ria nA sretemarap gniwollof eht sessesso : 
r0 2 = .  48 mhO / mk    , g0 0 = .7 S/ mk    , L0 1 = .  49 Hm / mk    , C0 6  = .  52 Fn / mk . 

enimreteD  )1 :  ta enil eht ni evaw detcelfer on si ereht ecnadepmi remusnoc hcihw ta
008 ycneuqerf detar muidem eht  zH dna tnerruc ,egatlov eht )2 ;  sa ecruos eht fo rewop 

95 enil  eht fo ycneiciffe eht sa llew   mk gnol 02 gnieb egatlov daol eht ,  V  daol eht ,
gnieb ecnadepmi  hpargarap ni sa 1. 

noituloS  . teL ’s etaluclac  eht  enil  yradnoces  ycneuqerf eht ta sretemarap  008  zH : 
2 = f 2 =   7205 = 008· dar /s, 

Z  C =
00

00
Cjg
Ljr = 96

3

0152672050170
014917205482

.j.
.j. =

7886

837

016513

5101
.j

.j

e.

e. = 

765 = e –j7. 64  mhO , 

 = )Cjg()Ljr( 0000 = 7886837 0165135101 .j.j e.e. = 71 .9 01  –3 e j 18 .3
 1/ mk . 

si tneiciffeoc yaced eht ,ereh morF  –   = eR ( ) 2 = . 17 01  –3 pN / mk . 
n si erehT daol dehctam htiw enil eht ni evaw detcelfer o , si ecnadepmi sti snaem ti  

Zl  = Z  C 765 = e –j7. 64  mhO . 
era rewop dna tnerruc ,egatlov tuptuo eht nehT : 

U2 02 =  V      , I2 =
CZ

U 2 =
647765

02
.jе

0 = . 3530 e j7. 64  А, 

Р2 = eR (U2· *I 2 ) 0·02 = . ·3530 soc  (–7. 64 0 = ) .  7 W. 
alumrof eht rednu dnuof eb yam ycneiciffe enil eht ,daol dehctam eht fo esac nI  

η  = e –2 l  = e – 2·2 . 0·17 .  950 0 = . .37  
  si rewop tupni ehT    Р1 = Р2/η 0 = . 0/7 . 0 = 37 .  69 W. 

i ehT lov tupn era tnerruc dna egat  U1  = U2·e l ·02 = e l 02 = e 2 . 0·17 .  950 32 = .  4 V, 
I1  = I2·e l 0 = . ·3530 e 2 . 0·17 . 950 0 = .  140 А. 
 

8- 51  8( 61. ). A D-C rotareneg   htiw egatlov  01  Vk   eht seilppus daehrevo  senil elbac dna 
 ehT .seires ni detcennoc  daehrevo ra sretemarap enil e  : l1 = 02  mk  , r 10  = 4 mhO / mk  ,

g 10  = 01  –6 S/ mk  . sretemarap elbac ehT era  : l2 = 04  mk  , r 20  = 0.5 S/ mk  , g 20  = 0.5 01∙  –6 S/ mk  .
daol dehctam eht htiw detcennoc si elbac ehT  .  dna rotareneg eht fo srewop eht enimreteD
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 eht fo ycneiciffe eht dnif ,remusnoc ehrevo da   fo dna enil elbac eht fo taht sa llew sa ,enil
elohw a sa enil eht . 

srewsnA   : Рg 49 = .  3 Wk    , Рl 28 = .  2 Wk ,   η1  = 0. 709     ; η  2 0 = . ;69      η latot  0 = . .278  
 

.1.8 3. l sselnoitrotsiD  seni  
8- 61  8( 91. ).  nA daehrevo  owt - enil noitacinummoc eriw 001  mk   ni tgnel  eht sessessop h

sretemarap : r0 = 2.8 mhO / mk  , g0 = 0.7 S/ mk  , L0 = 2 Hm / mk  gnikrow ti , a rednu  
ycneuqerf eht ta noitidnoc dehctam   = 0005  dar /s  . tahW  lanoitidda  ecnatcudni  L0   ot si

a snoitrotsid etanimile ot enil eht fo retemolik hcae rep dedda eb dn o eht  egatlov tuptu
 yb eno tupni eht gal dluow 001  esahp ni ? 

noituloS  . si tfihs esahp enil eht ,tnemetats melborp eht htiw ecnadrocca nI  
l 001 = 063 + ·k 1 = . 2 + 547 k dar     , snaem ti     = (1. 2 + 547 k) 01·  –2 dar / mk . 

teL ’s etamitse   .  rof yticolev esahp ehT  eht daehrevo   eht ot lauqe yllacitcarp si enil

deeps thgil  , yhw s’taht     
c

=
000003

0005 1 = . 01·766  –2 dar / mk . 

deniatbo stluser owt gnirapmoC  , taht edulcnoc ew   k .0 =  
evah ew ,yllaniF     0 = .  54710 dar / mk . 

 a roF noitrotsid  ssel eurt era spihsnoitaler gniwollof eht enil  

  =  
000 C)LL(     dna      

00

0
LL

r =
0

0
C
g  

ro    000 C)LL( =      dna    
0

00
C

LL =
0

0
g
r . 

ylpitluM seitilauqe rettal owt gni  , dnif ew  

L( 0  + L0 ) = 
0

0
g
r = 60170

82
0005

547100
.

,. 0 = .  89600 H/ mk . 

evah ew ,yllautnevE   :  L0 6 = .  89 – 4 = 2 .  89 Hm / mk . 
 

8- 71  8( 02. ). A elbac  noitacinummoc  enil   si 051  mk   ni htgnel  w eht dna ecnadepmi eva si  
ZC = 06  mhO  . 1 slangis sekat tI   sm ssap ot  yna tuohtiw enil siht gnola noitrotsid  ,  yeht

 yb gniyaced 11 .  3 Bd  . sretemarap yramirp enil eht enimreteD . 
noituloS  . si yaced enil ehT    l 11 = .3 Bd 11 = . 0·3 . 1 = 511 .  3 pN . 

feoc yaced eht ,ereh morF si tneicif     =
l
.31 =

051
31. 8 = . 01·66  –  3 pN / mk . 

emit emas eht tA  ,  a  sselnoitrotsid  enil snoitalerroc eht ot syebo : 

0

0
C
L =

0

0
g
r    , ZC =

0

0
C
L    ,  = 00gr    , v =

00

1
CL

. 

demussa eb yam ti ,eromrehtruF taht    v 051 =   000 mk /s. 
 eseht morF dnif ew ,snoitalerroc : 

r  0  =  ·Z  C 8 = . 01·66  –3 0 = 06· .  25 mhO / mk , 

g  0 =
0

2

r
=

250
01668 62

.
. 1 = . 01·44  –4 S/ mk , 
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L  0 =
v

ZC = 50151
06

.
0 = . 01·4  –3 H/ mk 0 = .  4 Hm / mk , 

C  0 =
vZC

1 = 5015106
1
.

0 = . 01·111  –6 F/ mk  0 = .  111 F/ mk . 

 
8- 81  8( 12. ). yramirp ehT owt eht fo sretemarap - 4 reppoc eriw mm  enil enohpelet ( ta  
f = 001  zHk ) era  : r0 = 41  O mh / mk  , L0 = 01·2  –3

 H/ mk  , g0 = 01·5  –6 S/ mk , C0 = 6. 63  Fn / mk  .
etaluclaC   hcihw ecnatcudni  L1  eht niatbo ot retemolik hcae rep dedda eb dluohs

 sselnoitrotsid enil  . tahW  era  eht  enil  yradnoces  snoitidnoc eseht rednu sretemarap ? 

srewsnA   : L1 = 
0

00
g
Cr – L  0 51 = . 01·8  –3 H/ mk ,   ZC =

0

10
C

LL  3761 = mhO , 

  =   + j  = 00gr  + j  00CL 8 = . 01·73  –  3  + j6. /1 586 mk . 
 

4.1.8 . oreZ - enil ssol  
8- 91  8( 32. ).  eht ta retemtlov A gniviecer orez eht fo dne - daer enil ssol  s 001  V  .

 detnuom gnieb ti ,gnidaer retemma eht enimreteD ecnatsid ta fo 2  m dne s’enil eht morf  ,
ycneuqerf rotareneg eht dna   ecnadepmi evaw enil eht era  f = 01·3 7 zH  dna  

ZC = 0001  mhO . 
noituloS  . H  ecnadepmi hgi  retemtlov  detcennoc si enil eht ta dne  . rednU  siht  

ecnatsmucric  , eht  enil  skrow  on ni - noitidnoc daol  , dne enil eht ta tnerruc on si ereht dna  
I  2 =  ,0 orez eht fo snoitauqe lapicnirp eht fo eno yhw s’taht - weiv a sekat enil ssol : 

I(y)  = j 

CZ
U 2 nis ( y). 

 fo yticolev esahP na  ehrevo ad nil  ot lauqe yllacitcarp si e fo deeps thgil  с = 01·3 8 m/s  .
si enil eht fo tnatsnoc esahp eht nehT : 

= 
v

=
c
f2 = 8

7

013
0132 0 = .2  dar /m. 

yllautnevE  , si gnidaer retemma eht  

IА | = I(y 2= ) = |
CZ

U2 (nis )y = 
0001

001 (nis 0.2  2· ) 0 = .  1590 A. 

 

8- 02  8( 42. ). A htgnel evaw htiw rotareneg  λ = 02  m orez laedi na seilppus - enil ssol  
l = 5 m  ni .htgnel  tA  eht  enil ’s dne , ereht  si  na  retemma  gnidaer 0 . 71  А  ,  ta ,eromrehtruf

enil eht fo elddim eht , gnidaer retemtlov a si ereht 021  V  . eteD  evaw eht enimr
enil eht fo ecnadepmi  . ekaT   rV  = 

 

  ,∞ rА   .0 =  
noituloS  . oreZ - ssol  enil ’s noitauqe  trohs eht ta - weiv a sah noitidnoc tiucric : 

U(у)  = Zj С I2∙ nis ( у). 

 enil eht  fo ertnec  eht nI       nis ( у)  = nis ( 2 ∙
02
52, λ 0 = . 52 °54 = ) 0 = . .1707  

si ecnadepmi deriuqer eht nehT       ZС 0(/021 = . 71 0∙ .  899 = )1707 mhO . 
 

8- 12  8( 52. ).  eht fo sretemarap eht enimreteD daehrevo orez - enil ssol 03  m l ni  htgne
ecnadepmi evaw eht gnivah 006  mhO ycneuqerf eht ta gnikrow dna 51  zHM .  etaluclaC
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 ecnadepmi daol eht ta ycneiciffe sti sa llew sa enil eht otni dereviled rewop eht
003  mhO  egatlov dna U2 = 021  V. 

srewsnA    : γ =  j  = j0. /1 413 m    , L0  2 = H/m   , С0 5 = .  55 Fn /m,   Р  1  84 = W    , η .1 =  
 
8- 22  8( 62. ).  eht enimreteD  a fo tnerruc reneg egatlov gniylppus rota  Ug = 021  V a ot  

orez -  ecnatsiser htiw dedaol enil ssol rl = 083  mhO  gniwollof eht gnissessop enil eht ,
sretemarap   : l  001 = m    , λ  06 = m   , L0 5 = .  3 H/m. 

srewsnA  : ZС = 0951  mhO  ,  = 0. 7401  dar /m  , Z pni  = 552 .6е j 95 . °96
 mhO , I1 0 = . 740 е –j 95 .  °96 А. 

 
8- 32  8( 72. ). T  daol evitcudni na si ereh L = 71 .3 H  eht fo dne eht ta daehrevo orez -  ssol

 enil l = 21  m  tseraen eht dna dne enil eht neewteb ecnatsid eht enimreteD .htgnel ni
itna tnerruc dna egatlov -  ,sedon si ycneuqerf ecruos eht fi   = 01 8

 dar /s  enil eht elihw
era sretemarap   L  0 = 01  H/m   , C  0 = 1. 11  Fp /m. 

noituloS  . ecnatcaer evitcudnI  L detalumis eb yam  trohs eht fo tnemges eht yb -
orez detiucric -  htgnel fo enil ssol  l1  . htgnel tnemges eht etaluclac s’teL . 

i ehT  evitcudn  ni ecnatcaer  a lpmoc sa detneserp si mrof xe  j L  ,  ecnadepmi tupni eht
trohs eht fo - orez detiucric - si enil ssol   ZS  = Zj  C (gt l1)  ,     snaem ti  L  = Z  C (gt l1), 

era sretemarap yradnoces enil eht erehw Z    C =
0

0
C
L = 21

6

01111
0101

.
 0003 = mhO , 

  = 00CL 01 = 8 215 0111101 . 0 = .  333 dar /m. 

niatbo eW    : l1 = 1 gtcra
CZ
L =

3330
1

.
gtcra

0003
0137101 68 . =

2
 m. 

si htgnel evaw ehT    λ = 2 =
3330

2
.

6 =   m. 

trohs eht fo esac nI - orez detiucric -  ,enil ssol itna egatlov eht -  edon  enil eht ot tseraen
 ta detautis si dne a eht ot lauqe ecnatsid :htgnel evaw eht fo retrauq  

¼λ 1 = .5   m. 
roF  t fo tnuocca htiw noitaredisnoc rednu enil eht  tnemges eh l1: 

1.5  – l1 1 = .5  – 0 .5  = 3 = .  41 m. 
itna tnerruc ehT - itna egatlov eht htiw nosirapmoc ni detfihs si edon -  eht yb edon

htgnel evaw eht fo retrauq  . itna tnerruc eht fo etanidrooc eht yhw s’tahT -  sa si edon
swollof : 1 + .5  2 = .5  7 = .  58 m. 

 
8- 42  8( 82. ). ycneuqerf eht ta daol eht htiw enil eht hctam ot redro nI 001  zHM  ,  si ti

ecnatcaer evitcudni eht dda ot yrassecen  008  mhO  , eb nac hcihw  eht yb detalumis 
orez eht fo tnemges - enil ssol  .  eht enimreteD elbissop tsetrohs trohs eht fo tnemges -

etiucric orez d - ol  fo edam enil ss  seriw reppoc htiw suidar  r = 2 mm  ecnatsid eht ,
gnieb seriw eht neewteb  d = 02  mc  . nepo eht ta tnemges eht fo ecnadepmi eht etaluclaC -

dne enil detiucric . 



 791  

noitceriD  . orez fo sretemarap yramirp ehT -  eht yb detaluclac eb yam enil ssol  gniwollof

ealumrof :    L0 = 0 nl
r
d 01·4 =  –7· nl

r
d  H/m       ; С0 = 

r
dnl
0 . 

rewsnA   : у nim 64 = .  1 mc    , Zo  = – j 183 .  9 mhO . 
 

8- 52  8( 92. ). z A ore - ssol  enil  htiw  sretemarap  l = 03  m  , f = 51  zHM  , ZС = 006  mhO  
daol a seilppus  : U2 = 021  V  , rl = 003  mhO  .  eht enimreteD noitisop  egatlov eht fo 
 dna smuminim mixam enil eht gnola smu . 

noituloS  . nwonk si tI taht   ereht era  ni sevaw gnidnats  a orez - on ni enil ssol -  dna daol
trohs - snoitidnoc tiucric  .  emit siht sA i tneiciffeoc noitcelfer eht s n =  ,1±  dna tnedicni eht

esrever  lacitnedi era sevaw ni itisoprepus rieht ,eulav  no  stluser  dna sedon egatlov eht ni
itna - on ni enil eht gnola detubirtsid sedon - trohs( daol -  ecnadrocca ni noitidnoc )tiucric

snoisserpxe evitcepser eht htiw : 
y edon ( itna - edon ) 2( = k )1 + ∙λ        ;4/ у itna - edon ( edon )  = kλ 2/       ; k ... ,2 ,1 ,0 =  

non yrartibra eht tA - si tneiciffeoc noitcelfer eht daol dehctam  n < ,1 dna   tnedicni eht
sevaw detcelfer dna era  ni noitisoprepus evaw eht fo tluser a sA .rehto hcae ot lauqe ton 

 ereht enil eht smumixam dna smuminim egatlov eht era  . tI  si  suoivbo taht   era yeht
 eht erehw stniop eht ni devresbo  sevaw esrever dna tcerid era  ni  ro )smumixam( esahp 

fo tuo  si tfihs esahp( esahp 081 ) ( smuminim ). 
 .1  tneiciffeoc noitcelfer eht enimreteD n rf a daol eht mo  tcerid eht etamitse dn

evaw esrever dna   segatlov Ud  , U ver . 

n  = 
Cl

Cl
Zr
Zr  =

006003
006003  = – 0.     ,333 snaem ti    U ver  = – 0. 333 Ud. 

egatlov eht dne enil eht tA sa denimreted si  
U2  = Ud  + U ver  = Ud – 0 . ·333 Ud 0 = . ·766 Ud  021 = V. 

sA  n < 0  , neht  ta  eht  enil  dne  ereht  si  muminim egatlov a  U nim  = 021  V   , eromrehtruf :     
Ud  = U nim 0/ . 081 = 766  V ,    U ver  = – 0. 333 Ud  = – 06  V. 

si mumixam egatlov ehT      Um ха  042 = 06 + 081 = V. 
 .2 oS  , nim egatlov tsrif eht  si mumi dne enil eht ta  . rehtruF  , eht  egatlov  smuminim  

yreve ecalp sekat  λ  .2/ htgnel evaw eht etamitsE : 

λ = 2 =
f

003 = 01∙ 3/( 51 01∙ 6  )  02 = m. 

i detfihs era smumixam egatlov ehT a yb smuminim htiw nosirapmoc n  fo retrauq  eht
htgnel evaw  λ 4/  = 5 m htruf dna  yeht re   yreve ecalp sekat osla λ enil eht gnola 2/ . 
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 .2.8 SENIL GNOL EHT NI SESSECORP TNEISNART  
.2.8 1  . noitaluclaC gnisira sevaw fo  

8- 62  8( 03. ). z A ore - sretemarap htiw enil ssol  ZС = 052  mhO  , l = 041  mk  , v = 01·082 3
 mk /s 

D a ot detcennoc si - cruos egatlov C e Е0 = 021  Vk  renni eht gnissessop  ecnatcudni  
L0 = 0. 51  H  . gnivieceR nepo si enil eht fo dne - detiucric ( gif . .8 1,а  .)  tolp ot deriuqer si tI

egatlov eht  u(tf  , у) tnerruc dna  i(tf  , у) stnemom emit owt rof enil eht gnola noitubirtsid  :
t1 = 0. 57 l/v   dna   t2  = 1.5l/v. 

noituloS  .  .1 tA tnemom emit eht  tf = t1 = 0. 57 l/v = 0. 573  cm  ,  tnedicni eht tub si ereht
evaw enil eht ni  . b sretemarap sti etaluclac eW no desa  eht rof emehcs tnelaviuqe eht 

noitces 1“ - ( ”1 gif .8 . 1,b :)  i cni (t)  = is(t)  + еА  tp ; 
i cni 0( +  = ) i cni д 0( -)    ,0 = is(t)  = Е0/ZС 01·021 = 3  084 = 052/ А, 

А  = i cni 0( +  ) – is 0( +  0 = ) –  = 084 –          ,084 р  = – ZС/L0  = – 0/052 .  = 51 – /1 7661 s. 
i cni (t  084 = ) – 084 е – 7661 t А;      u cni (t)  = ZС·i cni (t)  021 = – 021 е – 7661 t Vk . 

 ot redro nI  tnerruc dna egatlov eht niatbo  etanidrooc eht no seicnedneped  gnidrocca

 hcihw ot  eht eb dluohs margaid tcurtsnoc de  tnemugra eht ot ssap ew , t[ f – v
x ]: 

i cni (tf  ; )х  084 = – 084 ]/x.[е
33 010820157307661  084 = – 084 ]/x.[.е 08257307661  А; 

u cni (tf  ; )х  021 = – 021 ]/x.[.е 08257307661  Vk . 
  tA tf 0 = . 573  sm   etanidrooc eht tub rof eurt era snoisserpxe eht   х ≤ v·tf  501 = mk . 

 egatlov ehT
tolp noitubirtsid  u cni (tf; х) 

enil eht gnola   emit rof
tnemom  t1  ni detneserp si

gif . .8 2  . evruc tnerruc ehT  
i cni (tf; х) suogolana si  ,

uaceb es   i cni  = u cni /ZС. 
 .2 tA tnemom emit eht  

tf  = t2 1 = .5l/v 0 = .  57 ms, 
 ereht enil eht ni era  htob 

 detcelfer dna tnedicni eht
sevaw  . si dne enil eht sA  tuohtiw detcelfer yletelpmoc si evaw eht nepo egnahc ngis eht  :

п2  .1 =  tcurtsnoc ot snoisserpxe eht ,suhT  eht stolp era : 
u cni (tf  ; х)  021 = – 021 ]/x.[.е 0825707661  Vk  0          ,  ≤ х  012 ≤ mk , 
i cni t( f  ; х)  084 = – 084 ]/x.[.е 0825707661  А; 
u lfer t( f  ; )y  021 = – 021 ]/у.[.е 0825207661  Vk  0         ,  ≤ у  ≤ 07  mk , 
i lfer t( f  ; )y  084 = – 084 ]/у.[.е 0825207661  А. 

 
giF . 8.2 

v 

u cni  , Vk  

х  , mk  

2 L0 

1 

1 

i cni  

U WS  =E0 
 E0 

 

1 

1 

ZC 

giF . 8.1 

)а  b) 

2 

L0 

u cni  

ZС, l, v  U WS  
 

2 
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 :ecitoN  emitefil evaw tnedicni eht si  t  = t2 = 0. 57  sm  ,  evaw detcelfer eht emitefil si  
t ′′   = t2 – t rt 0 = .  57 – 0 . 0 = 5 .  52 sm . 

c ehT elbat eht ni nwohs era stniop enil etarapes rof sevaw fo seulav detalucla 1.8  
elbaT 1.8  

x  , mk  u cni  , Vk  i cni  , А y  , mk  u lfer  , Vk  i lfer  , А 
012  0 0 53  22 . 75  09 .3 
501  55 . 87  322 .1 71 .5 23 . 12  821 .9 
07  76 . 68  172 .4 0 04 .9 361 .6 
0 58 . 36  243 .5 – – – 

 

p ehT tnedicni eht fo stol  , egatlov eht fo seulav yrammus dna sevaw detcelfer  u dna  
tnerruc  i yletarapes detneserp era ( gif .8 . 3  .) revoeroM :   u  = u cni  + u lfer    ; i  = i cni  – i lfer . 

 

8- 72  8( 13. ). orez A -  gnikrow yllaitini enil ssol rednu  on -  dedaol ylneddus si noitidnoc daol
 htiw Cr - .gif( tiucric  .8 4 er eht fo sretemarap eht enimreteD .) esrev  eht tolp dna gnisira evaw 

noitubirtsid evaw  enil eht gnola  lavretni emit eht sa tf = 051  s  sessap  daol eht retfa
.noitatummoc  :atad laciremuN E0 = 001  V  ,

ZC = 052  mhO  , l = 52  mk  , v = 001 01 3 km/s, 
rl = 051  mhO  , Сl 0 = .  521 F. 

noituloS  .  enil eht gniredisnoC noitidnoc  
eted ew ,noitatummoc eht erofeb  eht enimr

hctiws eht ssorca egatlov : 
i(t-) = 0  , U WS  = u(t-) = U0  = E0  001 = V. 
eW  tuo ward  eht  tnelaviuqe  emehcs  rof  eht  

U WS  

i ver  2 

2 1 

1 
ZС  , l  , v  

Е0 

giF . 8.4 

rl 

Cl 

U0 U0 

 

giF . 8.3 
u = u cni  + u lfer  

i = i cni  – i lfer  

  

u 

i  

 i lfer  
   

u lfer  

  

і cni  
u ni c 

u cni , Vk  і cni , А 

i lfer , А 

i, А u, Vk  
 

u lfer , Vk  
 x, mk  

  

 x, mk  

у, mk   у, mk  

 x, mk  

  

 x, mk  
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noitces 2 -  2 rof  eht  tnemom  nehw  eht  esrever  evaw  sira se ( gif . .8 5  :) fme  Е uqe  = U WS   si
o ytiralop eht htiw detcerid p iralop eht ot etisop hctiws eht ssorca egatlov eht fo yt  ,  enil eht

ecnadepmi evaw sti yb detneserp gnieb . 
gnisU  daol eht etaluclac ew ,emehcs tnelaviuqe eht 

tnerruc . 
uС 0( +  = ) uС 0( -      ,0 = ) р  = – /1 ([ rl +  ZC)·Cl]  = – 01·02 3 /1 s, 

il )t(  = is + it =  + 0 еА рt =
Cl

uqe

Zr
E

e – 00002 t 0 = . 52 e – 00002 t А. 

:swollof sa era evaw esrever eht fo egatlov dna tnerruC  
i ver (t  , у 0 = )  = – il  = – 0. 52 e – 00002 t А, 

u ver (t  , у 0 = )  = ZC·i ver  = – 26 .5e – 00002 t V. 
 ni serupe tnerruc dna egatlov eht mrofrep ot redro nI  eht  fo noitcnuf  a drooc  ew ,etani

tnemugra eht ot ssap  [tf – у/v]. 
i ver у(  ; tf)  = – 0. 52 e – 02

 

0[· .  51 – y ]001/  А              , у  ≤ v∙tf  51 = mk ; 
u ver (у  ; tf)  = – 26 .5e – 02

 

· 0[ .  51 – y ]001/  V. 

ni eht fo serupE laiti er , srev hparg yrammus eht sa llew sa sevaw de s ( u = u(t-) + u ver   
 dna i = i(t-) – i ver .8 .gif ni yletarapes detneserp era ) 6. 

 
8- 82  8( 23. ). nA  daehrevo  enil ( l = 07  mk  , ZC = 004  mhO  ) si  deillpus  morf  eht  rotareneg  

htiw  egatlov  U0 = 001  Vk ( r0 =  ,)0 l eht dna i en  gnikrow neeb sah on rednu -  daol
 noitidnoc  emit gnol a rof . 
eht tolP  noitubirtsid tnerruc dna egatlov tnemom emit eht rof enil eht gnola nehw  

0.2 ms a sessap  retf  a non - evitca deifimar -  daol evitcudni r = 002  mhO  , L = 001  Hm  si 
tcennoc enil eht ot de dne .  
noituloS  .  s’teL ward  eht  dna emehcs laitini  tuo krow  emehcs a t uclac o al et  eht 

.8 .gif( evaw esrever gnisira eht fo sretemarap 7,а  dna b .)  
v ehT era noitatummoc eht erofeb enil eht gnola tnerruc dna egatlo : 

2 

2 
giF . 8.5 

il 
 

Е uqe  

Cl 

i ver  
 

ZC u ver  

rl 

u(t-)  , V 
 

 

02  у, mk  х, mk  

giF . 8.6 
х  , mk  

x у 

у, mk  

0 01  

001  

u ver  , V  

u  , V 
v 

v v 

v 

i(t-)  , Am  

02  у  , mk  х  , mk  0 01  

у x 

х  , mk  у  , mk  

i ver  , Am  

i  , Am  
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u(t-)  = U0 001 =  Vk ,      i(t-) .0 =  
v ehT  hctiws eht ssorca egatlo ta tnemom noitatummoc eht si :   U WS   = U0 001 =  Vk . 

T eh   si evaw esrever gnisira gnisu detaluclac gif emehcs eht . .8 7,b  tnednepedni orez ta
noitidnoc laitini ( i ver (0+) :)0 =  

i ver (t) =
CZr

U0 (  1 – 
t

L
Zr C

e ) =
004002

01001 3
(  1 – 

t
.e 10
006

)  = – ·761 + 761 е – 0006 t
 А, 

u ver )t(  = Z C·i ver  ·004 = (– 1 + 761 ·76 е – 0006 t) 01·  –3  = – 66 . 66 + 7 . ·7 е – 0006 t
 Vk . 

i  , А 

у  , mk  

u  , Vk  

0 

u 

u ver  

001  

05  

– 05  

001  

002  

– 002  

giF . 8.8 

02  04  06  

у  , mk  

0 

02  04  06  

i ver  

i 

– 001  

U0 
 

2  

i ver  
U WS  = U 0 1 

1  

2 

giF . 8.7 

r 

)а  b) 
2 

2  
L L 

r 

ZC u ver  
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ealumroF  u ver (t) dna  i ver (t)  era tnaveler etanidrooc rof  у =  .0 nI  redro  ot  ssap  morf  eht  
snoitcnuf emit   ta snoitcnuf etanidrooc eht ot tf = 0.2 sm  a mrofrep ew , utitsbus noit  

t 

 

→ (tf – у/v): i ver (tf  , у)  = – ·761 + 761 е px [– 0006 ( 01·2  –4 – 5013
y  ]) , 

u ver (tf  , у)  = – 66 . 66 + 7 . ·7 е px [– 0006 ( 01·2  –4 – 5013
y  ]) . 

gniruD  eht  nevig  dexif  emit doirep  tf  , eht  evaw   sessap  eht ecnatsid : 
yf  = v·tf 01·3 = 5 01·2·  –4 = 06  mk  . ealumrof eht yhw s’tahT  u ver (ta  , у) dna  i ver (tf  , у)  eurt era

setanidrroc rof   у ≤ yf  06 = mk  . tA   у >  yf    u ver   dna   i ver   orez ot lauqe era . 
latoT  tnerruc dna egatlov i seulav  dnuof era enil eht n yb  isoprepus ng  noitidnoc eht 
ht erofeb :evaw esrever eht dna noitatummoc e     u  = t(u -)  + u ver     i  = t(i -) – i ver . 

,yllautnevE  

(u у) = 
.mkуmkfiVk

,mkуfiVk))y((pxe..

0706001

060
013

0120006766333 5
4

 

(i у) =  
.mkуmkfi

,mkуfiА))y((pxe

07060

060
013

0120006761761 5
4

 

 tnemom emit eht rof serupe tnerruc dna egatlov ehT tf = 2 cm  ni detneserp era 
.gif  .8 8. 

 
8- 92  8( 33. ). udnI evitc  daol  L = 0. 510  H  detcennoc si ot  eht ertnec enil gnikrow eht fo ( gif . 

.8 9,a) sretemarap eht gnissessop ti ,  ZC = 003  mhO  , v = 01·042 3 mk /s  , l = 021  mk  . T  eh
era fme ecruos eht dna ecnatsiser daol  : r = 006  mhO  , Е0 = 1.2 Vk  . enimreteD  eht  

sretemarap  t fo sevaw tcerid dna esrever gnisira eh  ,  eht gnola tnerruc dna egatlov eht tolp
emit retfa enil  tf  =  002 s   noitatummoc eht retfa despale sah . 

srewsnA   : noitatummoc eht erofeb edom gnikrow : 
i(t-  = ) Е0/r  2 = А    , u(t-  = ) Е0 1 = .  2 Вк    , U WS 1 = .  2 Vk ; 

nelaviuqe gif ni si sevaw esrever dna tcerid eht etupmoc ot emehcs t .8 . 9,b: 
iL(t)  8 = – 8 е – 00001 t А     , id ri (t  , х2 0= )  = i ver (t  , у1 0= )  = – 0.5iL(t)  = – 4 + 4 е – 00001 t А; 

tf 0 = .  2 sm , id ri (tf  , х2) = – 4 + 4 [рхе – 0(·01 .  2 – x2 042/ А ] ,   0  ≤ х2  84 ≤ mk ; 
ud ri (tf  , х2) = – 1. 1 + 2 .2 [рхе – 0(·01 .  2 – x2 042/  ] Vk ,  0  ≤ х2  84 ≤ mk ; 
i ver (tf  , y1) = – 4 + 4 [рхе – 0(·01 .  2 – y1 042/ А ] ,   0  ≤ y1  84 ≤ mk ; 
u ver (tf  , y1) = – 1. 1 + 2 .2 рхе [– 0(·01 .  2 – y1 042/  ] Vk ,  0  ≤ y1  84 ≤ mk ; 

ZC 
 

iL 

i rid  

u rid  

A  

A 

x2 y1 

i ver  

U WS =E0 
 E0 

 

1 

1  

giF . 8.9 

r 

)а  b) 

2 

2  

L 

L 

ZC 
u ver  
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latot  egatlov  dna  tnerruc  seulav  ni  hcae   fo eht  enil  lah sev  era  ed denimret   ecnadrocca ni
ealumrof gniwollof eht htiw : i  1  = i(t-  ) – i ver , u  1  = u(t-  + ) u ver , 

i  2  = i(t-  + ) id ri , u  2  = u(t-  + ) ud ri ; 
eht  egatlov  dna  tnerruc serupe tnemom emit eht rof  tf gif ni detneserp era 1.8 . 0. 

 

 
8- 03  8( 43. ). A annetna n  elbac  htiw  temarap sre  l = 20 m  , L0 = 0.5 H/m  , С0 = 90 pF/m   i  s

gif htiw ecnadrocca ni dedaol . 1.8 1,а  : R1 = 150 mhO  , R2 = 50 mhO  , L = 10.0  Hm  ,  eht
gnieb egatlov tupni  U = 1 V  .  htiw hcnarb eht fo noitcennocsid( noitatummoC R2  sesuac )

ssecorp tneisnart eht elbac eht ni  . tolP  eht  egatlov  u dna  tnerruc  i  eht gnola noitubirtsid
tnemom emit eht rof enil  tf  ,  evaw eht nehw w ih hc esira s  sehcaer  ¾ htgnel elbac eht fo . 

noituloS  . p ehT snoitaluclac yranimiler era : 

0 4,  

0 

u  , Vk  

0 

i(t-) 2 

0 

0 

u  , Vk  

giF . 8.10 

х2  , mk  у1  , mk  

i2 

i  , А 

2 

4 

6 
i1 

06  06  

х2  , mk  у1  , mk  

06  06  

i rid  i ver  

i  , А 2 

-2 

-4 

0 

х2  , mk  у1  , mk  

06  06  

i  , А 

х2  , mk  у1  , mk  

06  06  

1 

-2 

u(t-) 

0 

х2  , mk  у1  , mk  

06  06  

1 

u2 u1 

х2  , mk  у1  , mk  

06  06  

u  , Вк  

0 8,  

2,1  

6,1  

u rid  u ver  

I WS   
 

u ver  

I WS   
 

t(u -) 

t(i -) 

R2 

R1 

i ver  

ZC 
 

giF . 8 1. 1 

)а  b) 

L 
U 
 

R1 

L 
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-  evaw si yticolev esahp     v =
00

1
CL

=
117 019015

1  = 94.1 01 8 m/s; 

-  ecnadepmi citsiretcarahc si    ZС =
0

0
C
L = 11

7

019
015  = 47 . 45  mhO ; 

- rt evaw leva si noitarud     t rt = 
v
l = 801941

02
.

 = 0. 431 01  –6 s  = 0 1. 43  s; 

-   deificeps tnemom emit dexif si   tf  ¾ = t rt  = 1.0  s. 
eW  eht ezylana  tiucric   noitidnoc noitatummoc eht erofeb : 

u t( -)  = U  1 = V      , Rl =
21

21
RR

RR =
05051
05051  = 73 .5 mhO , 

i(t-)  = u(t-)/Rl /1 = 5.73  = 7620.0  А     , I WS =  u t( -)/R2 /1 = 5  = 0 0. 20  А. 
rruc dna egatlov ehT  gnisu detaluclac era evaw esrever gnisira eht fo tne  eht

 tnelaviuqe .gif emehcs  1.8 1,b  noitidnoc laitini tnednepedni orez ta iL 0( +) =  eht ,etoN .0
tipsed orez eb ot deredisnoc si noitidnoc laitini tnednepedni e  eht  a si ereht taht tcaf

uorht gniwolf tnerruc .noitatummoc eht erofeb ecnatcudni eht hg  

i ver (t)  = is  + еА  рt      ; is  = I WS ·
CZR

R

1

1  = 0. ·20
4547051

051
.

 = 0.  63310 А, 

р =
L

ZR C1 = 501
4547051 .  = – .2 542 01· 7 s –1. 

dna tnatsnoc emit tiucric ehT tneisnart eht era noitarud ssecorp : 
 = |р| –1  = 4.4 01·5  –8 s       , T pt 4 =   = 87.1 01·  –7 s  .0  2 s. 

 eulav laitini tnerruc ehT  i ver (0)  tnuocca htiw   iL 0( + 0 = )  :swollof sa si  
i ver (0+  = ) I WS  = 20.0  А. 

 eht nehT   si tnatsnoc noitargetni А = i ver (0+  ) – is  = 20.0  – ,0 10 633  = 6 936, 01  –3. 
:era etanidrroc orez ta emit fo noitcnuf ni evaw esrever eht fo egatlov dna tnerruC  

i ver (t)  = 31 . 6 + 63 . 936 t.e
7015422  А     , u ver (t) = Z С·i ver  = 0. 0 + 699 . 594 t.e

7015422  V. 

evaw esrever eht fo egatlov dna tnerruC  tsniaga  tnemom emit dexif eht ta emit tf: 
i ver (tf  , у)  = 31 . 63  + 6. 936 [рхе –2. 542 01· 7·( 01  –7 – у/v ]) =  

= 31 .  63  + 6. 936 [рхе –2. 542 ·(1 – у/ 41 .9  ]) А, 
u ver (tf  , у)  = 0. 699  + 0. 94 5 [рхе –2. 542 ·(1 – у/ 41 .9  ]) V. 
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5.0

1

5.1

1i x( )

xrboi x( )

x

0 5 01
0

005

0001

0051

1u x( )

xrbou x( )

xgiF . 8.12 



 502  

rof tub eurt era ealumrof rettal ehT   у  v·tf = 15 m  . At у  15 m eht  esrever on si er
evaw . 
eW  dnif  eht  latot  ni egatlov dna tnerruc  eht ealumrof eht htiw ecnadrocca ni enil :  

u = u t( -) + u ver   , i = i t( -) – i ver  . gif ni detneserp era serupe egatlov dna tnerruc ehT 1.8 . 2. 
 

8- 13  8( 63. ). nI  tiucric  gif . 1.8 3,а htiw  sretemarap  Е = 01  Vk  , L = 0. 90  H  , С = 0.4 F   ,
r0 = 001  mhO  , R = 004  mhO  , ZС = 005  mhO  , l = 01  mk  , v = 01·001 3 mk /s  a ,

 noitatummoc ekat s ecalp  . tolP  eht  egatlov  u(tf, х) dna  tnerruc  i(tf, х)  eht gnola noitubirtsid
tnemom emit eht rof enil  tf  , eht nehw ertnec enil eht sehcaer evaw tnedicni . 

srewsnA  . I WS  = i(t-) = 20 А  , u(t-) = 8 Vk  ; gif ni si evaw tnedicni eht etaluclac ot emehcs  .
1.8 3,b   : u cni (t)  = – 01 01 + е – 0005 t Vk     , i cni (t)  = – 2  + 0 20е – 0005 t А; 

tf 0 = . 50  sm , 
u cni (tf  , х)  = – 01 + 01 рхе [– ·5 (0.05 – х 001/  ]) Vk  0       ,  ≤ х  5 ≤ mk , 
i cni (tf  , )х   = – 20 2 + 0 [рхе – ·5 (0. 50  – х 001/ А ]) ; 
u(tf  , х) =  u(t-)  + u cni (tf  , х)      ,  i(tf  , х) =  i(t-)  + i cni (tf  , х); 

gif ni era serupe egatlov dna tnerruc eht 1.8 . 4. 
 

.2.8 2  . C sevaw detcelfer fo noitatupmo   

8- 23  8( 73. ). l A dedao  orez - ssol  enil  htiw  sretemarap  v = 01·082 3 mk /s  , ZС = 052  mhO  ,
l = 041  mk  egatlov tcerid eht fo ecruos laedi na ot detcennoc si  Е0 = 021  Vk ( gif . 1.8 5,a  .)

era sretemarap daol ehT   : Rl  057 = mhO   , Сl 1 = .  660 F   .  tI deriuqer si : 

C 
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giF . 8 1. 3 
r0 

)а  b) 

R u cni  
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-  ot tolp  eht  lov egat  u(tf, у) tnerruc dna  i(tf, у)  emit eht rof enil eht gnola noitubirtsid
tnemom  nehw  tf 0 = .  57 ms sessap   enil eht retfa t nru gni no ; 

-  ot tolp  eht   fo margaid egatlov  uА(t)  noitairav tsniaga noitces ni emit  АА   eht ni
auqe lavretni emit eht rof ertnec enil ot l 2 .  5 rt evaw leva  0  :  ≤ t 2 ≤ .5t rt . 

noituloS  . traP  I  .  evaw ehT  levart si emit  t rt  = l/v = 0.5 sm  . ylgnidroccA  , yb  eht  emom nt 
rednu  noitaredisnoc   tf = 0. 57  sm  detcelfer dna tnedicni eht htob eb lliw ereht enil eht ni ,
sevaw  ,  eht ,eromrehtruf w detcelfer efil eva si emit  t′f = 0. 52  sm  .  eseht etaluclac s’teL
sevaw . 

 .1 sretemarap evaw tnedicni ehT : u cni (t  ; х 0= )  = Е0  021 = Vk , 
i cni (t  ; х 0= )  = Е0/ZC 01·021 = 3  084 = 052/ А. 

 .2  evaw eht sekat tI t rt  = 5.0  sm 2“ noitces eht hcaer ot -  secaf ti erehw ”2  eht
ienegoreteh yt  .  T eh  evaw  ni sessap yllaitrap ot  eht  aitrap dna ,daol l detcelfer s’ti ,yl  .  ehT

egatlov ro tnerruc eht hguorht detaluclac era evaw detcelfer eht fo sretemarap  i 22  , u  22  ni
ssorc - 2“ noitces - ssorc eht rof emehcs tnelaviuqe eht nI .enil eht fo ”2 - noitces 2“ -2  ”

.gif(  1.8 5,b c eht etaluclac ot reisae si ti ,) ticapa egatlov ro  deriuqer eht stneserp hcihw ,
egatlov u 22 : 

u 22 )t(  = uС )t(  = us  + еА tp   = l
lC

cni R
RZ

u2 [ + uС 0( +  ) – us 0( + ]) ∙е tp ; 

uС 0( +  = ) uС 0( -   ,0 = ) us = 057
057052

010212 3
 081 = Vk    , А  0 = – 81  = 0 –  081 Vk , 

Z pni (р) = 
lC

lC
RZ
RZ

Ср
1 =

057052
057052

016601
1

6 р.
      ,0 = р  = – /1 0005 s, 

giF . 8. 61  
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suhT    , u 22 (t)  081 = – 081 е – 0005 t  Vk . 
morF  eht  noitalerroc   u 22 (t)  = u cni  + u lfer   dnif ew ,wal s’mhO rednu neht dna : 
u lfer )t(  = u 22 )t(  – u cni )t(  081 = – 081 е – 0005 t –  06 = 021 – 081 е – 0005 t  Vk , 

i lfer )t(  = 
052

0108106 30005 )e(
Z
u t

C

lfer  042 = –  027 е – 0005 t  А. 

ot redro nI .3  tolp  eht   eht ot ssap ew ,enil eht gnola noitubirtsid tnerruc dna egatlov
   tnemugra [tf – у/v]   :  

u cni (tf  ; )х  021 = Vk ,  i cni (tf  ; )х  084 = А,   0  ≤ х  041 ≤ mk ; 
u lfer (t′f  ; )у  06 = – 081 [рхе – ·5 (0.  52 – y 082/ ])  Vk ,  t′f 0 = .  52 ms, 
i lfer (t′f  ; )у  042 = – 027 [рхе – ·5 (0.  52 – y 082/ ])  А,   0  ≤ у  07 ≤ mk . 

rednU  eseht  snoisserpxe  ,  dettolp si enil eht gnola noitubirtsid tnerruc dna egatlov eht
gif ni . 1.8 6  ehT . latot era tnerruc dna egatlov eht fo seulav  

u  = u cni  + u lfer     dna    i  = i cni  – i lfer . 
traP  II  . nI  redro  ot  tolp  eht  egatlov  uА(t) noitairav  ni  ssorc - noitces  АА   enil eht ni

ot lauqe lavretni emit eht rof ertnec 2 .  5 rt evaw sleva 0  ≤ t ≤ 2.5t rt  ,  eht esu ew  stluser
itulos eht fo trap tsrif eht ni deniatbo o .n  

ssorc eht sehcaer evaw tnedicni eht litnU -   noitces АА emit eht  gnirud si taht  ,     lavretni
t  ≤ t  1 5.0 = t rt  52.0 = sm ssorc eht ni , -   noitces АА     :evah ew uА )t( .0 =  

ht morF  tnemom e t1 = 0. 52  sm mom ot pu  tne t2 = 0. 57  cm  , hw en  evaw tnedicni eht 
detcelfer eht neht dna dne enil eht sehcaer tniop eht sehcaer evaw  А  , egatlov eht  uА(t  )  si

 evaw tnedicni eht fo egatlov eht ot lauqe ylno  uА(t)  = u cni  021 = Vk . 
eht tA  tnemom  t2 eht   tniop eht sehcaer evaw detcelfer А  ,  eht  detcelfer dna tnedicni

 era sevaw repus desopmi o rehtona eno n : 
uА(t)  = u cni  + u lfer  06[ + 021 = – 081 рхе (– 0005 (t – 0 . 01·57  –3)  ] Vk . 

sihT  wal  fo  eht  egatlov  uА(t)  noitairav las  rof st
 lavretni emit eht t rt  ,  evaw detcelfer eht nehw

ninnigeb eht sehcaer g  enil eht fo 0( . 52  sm  )  dna na  
sah hcihw evaw tnedicni sira e tniop eht sehcaer n  А 

 niaga 0( . 52  sm :)    u cni 2  = п1·u lfer . 
p ehT  ni emit ni noitairav egatlov eht fo ssecor

 eht tniop  А gif ni detneserp si enil eht fo .8 . 71 : 
t  0 = – 0 .  52 sm   uА(t) ;0 =  
t 0 = .  52 – 0 .  57 sm   uА(t)  021 = Vk ; 
t 0 = .  57 – 1 .  52 sm   uА(t)  081 = – 081 рхе (– 0005 (t – 0 . 01·57  –3) Vk . 

 
8- 33  8( 83. ). ehT  dedaol  orez - ssol  enil ( Rl = 057  mhO  ) htiw  sretemarap  ZC = 052  mhO    ,
l = 041  mk  , v = 01·082 3 mk /s si  detcennoc  ot  a D-C ecruos egatlov  Е0 = 021  kV  htiw

ecnatcudni renni  L0 = 0. 51  H ( gif . 1.8 8  .) tolP  eht  egatlov  u(tf, у) dna  tnerruc  i(tf, у) 
noitubirtsid  tnemom emit eht rof enil eht gnola   tf 1 = .5l/v. 

srewsnA  : i cni (tf; х)  084 = – 084 е – 57.0[766.1  – x ]082/  А     ; u cni (tf  ; х) =  ZC∙i cni ; 
i lfer (t′f  ; )у   = – 0.5i cni  = – 042 + 042 е – 766.1 52.0[  – y ]082/  А. 

gif ni detneserp era smargaid ehT .8 . 91 . 
 
 
 

giF . 8. 71  

Vk  

t  , sm  
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8- 43  8( 93. ). ehT  dedaol  elbac  enil ( Rl = 522  mhO  )

htiw  sretemarap  ZC = 57  mhO  , l = 05  mk  ,
v = 01·521 3

 mk /s D a ot detcennoc si -  egatlov C
 ecruos (Е0 = 1.2 Vk  , r ni  = 5 mhO   .)  ecnabrutsid eht morf detcetorp si enil eht tupni eht tA

c eht fo dia eht htiw ticapa ro  С = 35 . 33  F ( gif . 2.8 0  .) tolP  eht  egatlov  u(tf, у) dna  
tnerruc  i(tf, у) noitubirtsid  tnemom emit eht rof enil eht gnola    tf = 1.5l/v   .  

srewsnA  : i cni (tf  ; х)  51 = – 51 е - ·4 [0.  6 – x 521/ ] А     ; u cni (tf  ; х) =  ZC∙i cni ; 
i lfer (t′f  ; )у  = – 0.5i cni  = – 7. 7 + 5 .5е –4 .0[ 2 – y ]521/  А. 

 
 

margaid ehT s 
era  ni  gif 2.8 . 1. 

 
 
 
 
 
 

 

8- 53  8( 14. ). ehT  dedaol  orez - ssol  enil  
htiw  sretemarap  ZC = 052  mhO  ,

l = 041  mk  , v = 1·082 03 mk /s  si
D laedi na ot detcennoc -  egatlov C

 ecruos Е0 = 021  Vk ( gif . 2.8 2  .)  ehT
sretemarap daol  : R1 = 005  mhO  ,

L = 73 .5 Hm  , R2 = 052  mhO  . deriuqer si tI : 
-  ot tolp  eht  egatlov  u(tf, у) dna  tnerruc  i(tf, у) noitubirtsid   emit eht rof enil eht gnola

tnemom  w neh   tf 0 = .  9 sm    sessap nrut enil eht retfa gni no ; 
-  ot tolp  eht  egatlov  uА(t) noitces ni noitairav  АА   emit eht rof ertnec enil eht ni

rt evaw owt ot lauqe lavretni leva s  0  :  ≤ t 2 ≤ t rt . 
srewsnA   : i cni (t)  084 = А     , u cni (t) =   021 Vk ; 

u 22 (t) 02 + 061 = е –5 000 t Vk    , i 22 (t)  023 = – 08 е – 0005 t А     , t′f 0 = .  4 sm , 
u lfer (t′f  ; у) 02 + 04 = е –5 4.0[  – y ]082/  Vk      , i lfer (t′f  ; у) 08 + 061 = е –5 4.0[  – y ]082/  А. 

smargaid ehT  ni era  gif 2.8 . 3. 
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8- 63  8( 24. ). ehT  dedaol  orez - ssol  enil  htiw  
sretemarap  v = 01·082 3 mk /s  , ZC = 003  mhO  ,

l = 041  mk  D laedi na ot detcennoc si -  egatlov C
 ecruos Е0 = 021  Vk ( gif . 2.8 4  .)  daol ehT

sretemarap  : Rl  059 = mhO  ,  Сl 0 = .  1 F  . P tol : 
- tnerruc eht  i 22  margaid  ni dne s’enil eht ta 

emit fo noitcnuf ; 
- margaid s fo  eht  egatlov  u(tf  , у) dna  tnerruc   i(tf  , у) noitubirtsid   eht rof enil eht gnola

tnemom emit nehw   tf 0 = .  68 sm   enil eht retfa sessap nrut gni no . 
srewsnA   : i 22 (t) 291 = е – 0008 t А      ; u lfer (t′f  ; у)  021 = – 75 .6е –8 .0[ 63  – y ]082/  Vk , 

i lfer (t′f  ; у)  004 = – 291 е –8 63.0[  – y ]082/  А. 
 

margaid ehT s era  
ni  gif 2.8 . 5. 

 
 
 
 
 
 
8- 73  8( 34. ). eht gnisU  snoitidnoc  fo  melborp 3.8 0  , egatlov eht tolp  u tnerruc dna  i 

 tnemom emit eht rof elbac eht gnola noitubirtsid tf  ,  eht morf detcelfer evaw eht nehw
essap gninnigeb enil s  ½ enil eht fo htgnel . 

noituloS  .  s’teL  fo stluser noitaluclac eht esu 3.8 melborp 0: 
 v  = 94.1 01 8 m/s;    ZС  = 45.47  mhO ;    t rt  = .0 1 43  s  ;   tf )½+1( = t rt  = 2.0  s. 

u(t-)  = U  1 = V      , i(t-)  = 7620.0  А, 
i ver (t)  = 63.31  + 936.6 t.e

7015422  Am      , u ver (t) =  0 699.  + 94.0 5 t.e
7015422 V. 

erruc ehT tn  dna   dexif eht ta setanidrooc eht fo noitcnuf ni evaw esrever eht fo egatlov
tnemom emit  tf :era  i ver (tf  , у)  = 63.31  + 936.6 рхе [–2 542. ·(2 – у 1/ 9.4  ]) Am , 

u ver (tf  , у) 0 = 699.  + 94.0 5 рхе [–2 542. ·(2 – у 1/ 9.4  ]) V. 
orez si ecruos eht fo ecnatsiser renni ehT  ,  eht morf tneiciffeoc noitcelfer eht yhw s’taht

 enil  si gninnigeb n1 =
C

C
Z
Z

0
0 = –  nehT .1  eht  eht fo tnerruc dna egatlov eht fo ealumrof

cnuf ni etanidrooc orez rof evaw tcerid  emit ,eromrehtruf( swollof sa era emit fo noit  si
derusaem :)noitcelfer fo tnemom eht morf  
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i rid (t)  = – 63.31  – 936.6 t.e
7015422  Am      , u rid (t)  = – 699.0  – 94.0 5 t.e

7015422  V. 
 fo noitcnuf ni tub ealumrof esehT   emitefil evaw tcerid eht fo tnuocca htiw etanidrooc

tf – t rt 0 = 660.  s era  : 
i rid (tf  , х)  = – 63.31  – 936.6 [рхе – 2 542. ·(0 66.  – х 1/ 9.4 А ]) , 
u rid (tf  , у)  = – 0 699.  – 594.0 [рхе – 2 542. ·(0 66.  – х 1/ 9.4  ]) V. 

ealemroF  era  eurt  rof    х  v·(tf – t rt )  = 01  m  . tA   х  01  m eht evaw tcerid on si er . 
 ehT latot ealumrof eht rednu dnuof era enil eht ni egatlov dna tnerruc : u = u(t-) + u ver  + 

+ u rid    , i = i(t-) – i ver  + i rid   . gif ni nwohs era serupe egatlov dna tnerruc ehT 2.8 . 6. 

 
.2.8 3  .  evaW  noitaluclac gnissap nehw rht hguo  R,L,С- stnemele  

8- 83  8( 54. ).  htiw evaw tnedicni ehT  a  tnorf egatlov ralugnatcer u cni (t) = 022  Vk  art ev l  s
 na gnola daehrevo sretemarap htiw enil  ZC1 = 022  mhO  , l1 = 051  mk , v1 = 01·003 3 mk /s  ,

 stnemele eht hguorht sessap ti R = 081  mhO  , L = 03  Hm   otni t  eh sretemarap htiw elbac  
ZC2 = 88  mhO  , l2 = 57  mk  , v2 = 01·051 3 mk /s  ,  eht

i dne elbac s denepo ( gif 2.8 . 7 .)  
tI   si ot yrassecen  tolp  tnerruc  i 22 (t) dna  egatlov   

u 22 (t) emit tsniaga enil trsif eht fo dne eht ta  ,  llew sa
t eht sa to al irtsid tnerruc dna egatlov  gnola noitub

tnemom emit eht rof senil htob  tf 0 = .5l1/v1  ,  hcihw
morf derusaem si  tnemom evaw eht nehw ehcaer s 

p eht tnio  fo noitcennoc senil . 
noituloS  .  .1 evaw tnedicni eht fo egatlov dna tnerruc eht enimreteD : 

u cni (t  , х1 0= )  022 = Vk     ; i cni (t  , х1 0= )  = ui cn /ZC1 01·022 = 3  0001 = 022/ А. 
 .2 retfA  emit  t rt  = l1/v1 = 0.5 ms sah  despale  , eht  evaw  sehcaer  eht  noitces 2“ -  ,”2  erehw

 ti caf ytienegoreteh eht se  . ehT  evaw   si aitrap l yl  debrosba  yb  aitrap ,ecnatcudni ti yll s’  
 ,detcelfer yllaitrap dna  ni  eht r eht fo mrof  nI .enil dnoces eht otni sessap evaw detcarfe

 rehtie etaluclac ot yrassecen si ti sevaw detcarfer dna detcelfer eht enimreted ot redro
 tnerruc i 22 egatlov ro  u  22 ssorc ni -  noitces 2“ - ,”2  niatbo ot desu eb yam yeht rehtruf  

 snoisserpxe  u lfer  , i lfer  , u rfer  , i rfer  .  
c ehT tnerru  i 22 (t)  eht yb detupmoc si

noitces rof enil eht fo emehcs tnelaviuqe  
2“ - ( ”2 gif . .8 82  .)  noitaluclac eht mrofrep eW

cissalc eht yb la dohtem : 
iL 0( +  = ) iL 0( -      ,0 = ) i 22 (t)  = is  + еА  tp ; 

2 

2 

R 

2  

2  

1 

3 

3 

cni  
 

1 ZС2  , l2, v 2 

giF . 8 2. 7 

L 

ZС1  , l1, v 1 

i rfer  
2  

2  2 

u 22  

2 i22 

u rfer  ZC2 

ZC1 

giF . 8. 82  

2u cni  

R 

L 

giF . 8 2. 6 
0 01 02

02

01

0

01

02
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i x( )
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0 01 02
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2
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rpu x( )
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is )t( 2 = u cni /ZC1 01·022·2 = 3  0002 = 022/ А, 

i 22 0( +) =
21

2

CC

cni
ZRZ

u =
88081022

010222 3
 209 = А, 

А  = i 22  0( +  ) – is 0( +  209 = ) –  = 0002 –  8901 А; 

рL + 
21

21

CC

CC
ZRZ

)ZR(Z          ,0 = р  = – /1 7204 s      , τ  = – /1 р 0 = .  842 s 0 ≈ .  52 sm . 

suhT    , i 22 (t)  0002 = – 8901 е – 7204 t А. 
v ehT egatlo  u 22 (t) si  s’ffohhcriK rednu dnuof  egatlov wal : 
u 22 )t( 2 = u cni  – ZC1·i 22 )t(  044 = – ·022 (  2 – 1 . 890 е – 7204 t  ) 142 = .6е – 7204 t Vk . 

ehT  esu era snoisserpxe rettal d t o tolp  u 22 (t)  , i 22 (t) .gif ni  .8 92  . esehT  snoisserpxe   era
 lavretni emit tub rof eurt   t 2 t rt 0·2 = .  5  1 = sm . 

 .3 snoisserpxE  rof  eht  detcelfer  dna   dnuof era emit fo noitcnuf ni sevaw detcarfer
 egatlov eht hguorht  u 22 (t). 

evaw detcelfeR :          u lfer (t  , у1 0= )  = u 22 (t) – u cni  = – 142 + 022 .6е – 7204 t Vk ; 
i lfer (t  , у1 0= )  = u lfer /ZC1  = – 8901 + 0001 е – 7204 t А. 

     :evaw dertcarfeR    i rfer (t  , х2 0= )  = u 22 /(R  + ZC2) 109 = .5е – 7204 t А; 
u rfer (t  , х2 0= )  = ZC2·i rfer 0·88 = . 5109 е – 7204 t 97 = . 33 е – 7204 t Vk . 

 .4 gif( senil htob gnola noitubirtsid egatlov dna tnerruc eht tolp ot redro nI . 3.8 0)  ew ,
 snoisserpxe eht etirwer tnemugra fo noitcnuf ni sevaw detcarfer dna detcelfer eht rof   

[tf – у1/v1] ro  [tf – х2/v2]  . sevaw detcelfer dna tnedicni eht era ereht enil tsrif eht nI : 
u lfer [tf  , у1]  = – 142 + 022 . ·6 [рхе – 4. ·720 (0.  52 – у1 003/ ])  Vk , 
i rfer [tf  , у1]  = – ·8901 + 0001 [рхе – 4. ·720 (0.  52 – у1 003/ ])  А       , у1  ≤ v1·tf  57 = mk . 

 si ereht enil dnoces eht nI  ylno evaw detcarfer a : 
u rfer [tf  , х2] 97 = . ·33 [рхе – 4. ·720 (0.  52 – х2 051/ ])  Vk , 
i rfer [tf  , х2] 109 = . ·5 [рхе – 4. ·720 (0.  52 – х2 051/ ])  А                    , х2  ≤ v2·tf 73 = .  5 mk . 

teL ’s t etaluba  eht  stluser  fo  eht  noitaluclac  fo  eht   seulav egatlov dna tnerruc rof  htob 
elbat eeS .senil .2.8  

elbaT 2.8  
у1  , mk  u lfer  , Vk  i lfer , А х2  , mk  u rfer  , Vk  i rfer  , А 

57  +2 .1 56  +9 .8 4 73 .5 97 . 33  109 .5 
06  – 22 . 24  – 101 .9 03 .0 46 . 68  737 .1 
54  – 85 . 64  – 562 .7 22 .5 35 . 30  206 .7 
03  – 78 . 29  – 993 .6 51 .0 34 . 63  294 .8 
51  – 211 .0 – 905 .1 0 82 . 99  923 .4 

0 – 131 .7 – 895 .6 ---  ---  ---  

giF . 8. 92  

u 22  , Vk  i 22  , A 

t  , sm  t  , sm  



 212  

giF . 8 3. 0 
 eeS « mublA » 
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8- 93  8( 64. ). ehT  tnedicni  evaw  htiw   a

ralugnatcer  egatlov  tnorf  u cni  = 022  Vk  sevom  
gnola  na  daehrevo  enil  htiw  sretemarap  

ZC1 = 022  mhO  , l1 = 051  mk  , v1 = 01·003 3 mk /s  .
tI  sessap  hguorht  eht  stnemele  R = 081  mhO  ,

L = 03  Hm   otni  eht  sretemarap htiw elbac
ZC2 = 88  mhO  , l2 = 57  mk , v2 = 01·051 3 mk /s  ,

i dne elbac eht s denepo ( gif 3.8 . 1 .)  
 tI  si deriuqer  :  ot  tnerruc tolp i 22 )t(    egatlov dna u 22 )t(   tsniaga enil trsif eht fo dne eht ta

emit t eht sa llew sa , to al  gnola noitubirtsid tnerruc dna egatllov  emit eht rof senil htob
 tnemom tf = 0. 52  sm  ,  eht sehcaer evaw eht nehw tnemom eht morf derusaem si hcihw

noitcennoc senil fo tniop . 
Ex snoitanalp  . nI  dro re  ot  reffid etaitne  eht  stniop  fo  R,L- noitces  htob ot gnignoleb  

sa emehcs eht ta dekram era yeht ,senil 2 -  2 dna 2 ′-2 .′  
srewsnA :   u 22 (t) 39 = .1 401 + 7 .83е – 0008 t Vk    , i 22 (t) 6751 = . – 674 .е – 0008 t А; 

u lfer [tf  ; у1]  = – 621 . 401 + 8 .8е px [– 0(·8 .  52 – у1 )003/ ] Vk , 
i lfer [tf  ; у1]  = – 675 . 674 + 5 .5е px [– 0(·8 .  52 – у1 )003/ А ]         , у1  ≤ v1·tf  57 = mk . 

2 eht nI dn evaw detcarfer eht tub si ereht enil : 
u rfer [tf  ; x2] 39 = .  81 – 39 . 81 е px [– 0(·8 .  52 – x2 )051/ ] Vk , 
i rfer [tf  ; x2]  9501 = – 9501 е px [– 0(·8 .  52 – x2 )051/ ] А      ,    х2  ≤ v2·tf 73 = .  5 mk . 

margaid ehT gif ni era s 3.8 . 2. 

 

8- 04  8( 74. ). nA  daehrevo  enil  htiw  sretemarap  v1 = 003 01 3 mk /s  , l1 = 051  mk  ,
ZC1 = 004  mhO  si  detcennoc  htiw  rehtona  daehrevo  enil  v2 = 003 01 3

 mk /s, l2 = 051  mk  ,
ZC2 = 052  mhO  tnemele eht hguorht s R = 051  mhO  , С = 2 F  yeht , era  detcennoc  t  na o

 ecruos egatlov laedi Е0 = 1 01  Vk  .gif(  3.8 3  egatlov eht tolp ot deriuqer si tI .) u  dna 
 tnerruc i  tnemom emit eht rof senil htob gnola noitubirtsid tf = 0.4 sm  ,  si hcihw

vaw eht nehw tnemom eht morf derusaem noitcennoc senil fo tniop eht sehcaer e . 
Ll = 02  Hm . 
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noituloS  . .1  L sretemarap evaw tnedicni eht nwod etirw s’te : 
u cni (t  ; x 0= )  = E0  011 = Vk ,      i cni (t; x 0= )  = u cni /ZC1 = 0/011 .4 = 572  А. 

 .2 retfA  eht  emit  t rt  = 0.5 sm  sah  despale  tces eht sehcaer evaw eht noi 2 -  ,2  ti ereh
secaf  dna ytienegoreteh eht  sessap yllaitrap dna detcelfer yllaitrap si ti  evaw detcarfer a sa

enil dnoces eht otni  . tcurtsnoC noitces rof emehcs tnelaviuqe eht 2 -2;  siht fo dia eht htiw
emehcs , tnerruc eht etupmoc ew  i 22 egatlov eht ro  u22 ( gif . 3.8 4  ) cissalc yb la  .dohtem 

sihT  emit  , ti  si  reisae  egatlov eht dnif ot   u 22  = uС: 
  uС      ,0 = )0( р  = – /1 τ; 

τ = 
21

21

CC

CC
ZRZ

)ZR(Z ·С = 
052051004
052051004 )( 01·2·  –6 0 = .4· 01  –  3 s      ; р  = –  0052 s –1. 

uС(t)  = uСs  + А·е tp    ; uСs 2 = u cni ·
21

2

CC

C
ZRZ

ZR ·022 =
052051004

052051  011 = Vk , 

А  = uС  )0( – uСs  = – ;011  
   :evah ew ,yllaniF u 22 t(  ; y 0= )  = uС )t( =   011 – 011 ·е – 0052 t Vk , 

i 22 t(  ; y 0=  ) =
1

222

C

cni
Z

uu =
40

011011022 0052

.
е t

572 + 572 = ·е – 0052 t А. 

rettal ehT  snoisserpxe  a er  eurt  revo 2 t rt  , i.е  . rof  eht  emit  lavretni  litnu  eht  sevaw  hcaer  
eht  sdne  fo  rieht  noitces eht hcaer niaga dna detcelfer era yeht neht ,senil 2 - .2  

 .3 1 eht fo dne eht ta egatlov dna tnerruc fo snoisserpxe eht hguorhT ts  ew ,enil  nac
tuo krow isserpxe eht  rof sno  eht sevaw detcarfer dna detcelfer : 

u lfer (t  ; у1 0= )  = u 22  – u cni  = – 011 ·е – 0052 t Vk      , i lfer (t  ; у1 0= )  = i cni  – i 22  = – 572 ·е – 0052 t А. 

i rfer (t  ; х2 0= ) = 
2

22

CZR
u = 3

0052

01052051
011011

)(
e t

 572 = – 572 ·е – 0052 t А, 

u rfer (t  ; х2 0= )  = ZC2·i fer r 86 = .  57 – 86 . 57 ·е – 0052 t Vk . 
 .4 etanidrooc fo noitcuf ni egatlov dna tnerruc eht tolp ot redro nI ,  eht etirwer ew 

fo snoitcnuf sa evoba deniatbo snoisserpxe  [tf – у1/v1] dna  [tf – х2/v2]: 
u lfer у( 1; tf  = ) – 011 · [рхе – 2. 0(·5 .  4 – у1 )003/ ] Vk     ,  < 0 у1  < v1·tf  021 = mk , 
i lfer у( 1; tf  = ) – 572 · [рхе – 2. 0(·5 .  4 – у1 )003/ ] А; 
u rfer х( 2; tf 86 = ) .  57 – 86 . 57 · [рхе – 2. 0(·5 .  4 – х2 )003/ ] Vk     ,  < 0 х2  < v2·tf  021 = mk , 
i rfer х( 2; tf  572 = ) – 572 · [рхе – 2. 0(·5 .  4 – х2 )003/ ] А. 

elbat eht ni detalubat era stluser noitaluclaC 8  .3. margaid ehT gif ni demrofrep era s  .
.8 53 . 

elbaT .8 3 
y1  , x2, mk  u lfer  , Vk  i lfer  , А u rfer  , Vk  i rfer  , А 

021  – 011  – 572  0 0 
09  – 58 . 76  – 412 .2 51 .2 06 . 38  
06  – 66 . 27  – 661 .8 72 . 50  801 .2 
03  – 15 . 69  – 921 .9 63 . 52  541 .1 
0 – 04 . 74  – 101 .2 34 . 64  371 .8 
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8- 14  8( 84. ). ehT  tnedicni  evaw  U0  = 022  Vk  htiw   a ralugnatcer  tnorf  sevom  gnola  eht  
daehrevo  enil  gif . .8 63 ,а htiw  sretemarap  ZC = 022  mhO  , l = 002  mk . tI  sessap   hguorht

eht  stnemele   r 044 =  mhO   , C 0 = . 554  F    lacitnedi txen eht otni daehrevo enil . 
deriuqer si tI :  )1  ot 1 eht fo dne eht ta egatlov dna tnerruc eht tolp ts  fo noitcnuf ni enil 

emit  )2 ;  ot  eht tolp latot   emit eht rof senil htob gnola noitubirtsid tnerruc dna egatlov
 tnemom tf = 5.0  sm  ,  eht sehcaer evaw eht nehw tnemom eht morf derusaem si hcihw

fo tniop noitcennoc senil . 

srewsnA :  )1  emehcs ot ed mret ni e i2(t) dna  u 22 (t) gif ni detneserp si . .8 63 ,b, 
i2(t) ·002 + 0001 = e – 0004 t A   ,  u 22 (t)  022 = – ·44 e – 0004 t Vk ; 

 )2 u lfer (tf  , у1)  = – ·44 pxe [– ·0004 ( 01·5  –4 – у1 01·3(/ 5 )  ]) Vk , 
i lfer (tf  , у1)  = – ·002 pxe [– 4 ·000 ( 01·5  –4 – у1 01·3(/ 5 ) А ]) , 
u rfer (tf  , х2)  022 = – ·44 pxe [– ·0004 ( 01·5  –4 – х2 01·3(/ 5 )  ]) Vk , 
i rfer (tf  , х2)  0001 = – ·002 pxe [– ·0004 ( 01·5  –4 – х2 01·3(/ 5 ) А ]) , 

u 22  

2  

2 i2 i rfer  

u rfer  ZC 

ZC 

2  

3 

3  

2 

1 

cni  
 

C 

1  
r 

ZС  , l, v  ZС  , l, v  

giF . 8. 63  
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r 2u cni  

)а  b) 

giF . 8. 53  

u, Вк  
i, А  
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v1 

v1 
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v2 
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v2 
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gif ni detneserp era serupe tnerruc dna egatlov eht .8 . 73 . 

 

8- 24  8( 94. ).  evaw tnedicni ehT u cni  = 022  Vk   htiw  a  eht gnola sevom tnorf ralugnatcer
daehrevo gif enil . 3.8 8 sretemarap htiw  l = 051  mk , ZC = 022  mhO stnemele yb sessap tI .  

 r  05 = mhO   , L  02 = Hm  lacitnedi txen eht otni  daehrevo :deriuqer si tI .enil  
-  ot  tnerruc eht tolp i 22 )t(  ov dna  egatl u 22 )t( 1 eht fo dne eht ta ts ;enil  
-  ot t eht tolp to al  egatlov u  tnerruc dna i  emit eht rof senil htob gnola noitubirtsid

  tnemom tf = 0.4 sm  ,  eht sehcaer evaw eht nehw tnemom eht morf derusaem si hcihw
noitcennoc senil fo tniop . 

srewsnA    : u 22 (t)  = 86 . 151 + 57 . 52 е – 0008 t Vk     , i 22 (t)  8861 = – 886 е – 0008 t А, 
u lfer (tf  , у1)  = – 151 . 151 + 3 .3 [рхе – 8 0(∙ .  4 – у1 )003/  ] Vk , 
i lfer (tf  , у1)  = – 886 + 886 [рхе – 8 0(∙ .  4 – у1 )003/ А ]             , у1  ≤ v1·tf  021 = mk ; 
u rfer (tf  , х2) 86 = . 151 + 8 .3 [рхе – 8 0(∙ .  4 – х2 )003/  ] Vk , 
i rfer (tf  , х2) 886 + 313 = [рхе – 8 0(∙ .  4 – х2 )003/ А ]              , х2  ≤ v2·tf  021 = mk . 
 

8- 34  8( 05. ). ehT  tnedicni  evaw  u cni  = 1.2 Vk  htiw   a ralugnatcer  tnorf  sevom  gnola  eht  
ca elb  enil  gif . .8 93  sretemarap htiw  : l = 06  mk  , ZC = 08  mhO  sessap tI . guorht h eht  

noitcerroc tnemele   lacitnedi txen eht otni ca elb  deriuqer si tI .enil ot t eht tolp to al 

i cni  

i 

0 

u  , Vk  
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 egatlov u  tnerruc dna i  tnemom emit eht rof senil htob gnola noitubirtsid tf = 0.3 sm  ,
 senil fo tniop eht sehcaer evaw eht nehw tnemom eht morf derusaem si hcihw

noitcennoc :gnieb tnemele noitcerroc eht ,  
а  )  R  021 = mhO , b  ) L  5 = Hm ,   c) С 6 = .  52 F. 

noituloS .  esaC )a :  R  021 = mhO . 
.1  sretemarap s’evaw tnedicni eht etaluclac eW  

u cni (t  ; х 0= )  0021 = V  = tsnoc , 
i cni (t  ; х 0= )  = u cni /ZC  51 = 08/0021 = А  = tsnoc . 
.2   fI  si daol eht ylerup   detcelfer eht ,evitsiser

 noitcelfer eht fo dia eht htiw evaw tnedicni eht hguorht denimreted eb yam evaw
tneiciffeoc  п tel ,yticilpmis roF . ’  s tcurtsnoc emehcs tnelaviuqe eht  noitces rof 2“ - ( ”2 gif  .

4.8 0 :)  

Rl = 
C

C
ZR
ZR =

08021
08021  84 = mhO       , п =

C

C
ZR
ZR =

0884
0884  = – 0. .52  

 .3 era evaw detcelfer eht fo tnerruc dna egatlov eht nehT : 
u lfer (t  ; у1)  = п∙u cni  = – 0. 52 ∙  = 0021 –  003 V  = tsnoc , 
i lfer (t  ; у1)  = п∙i cni  = – 0. 52 ∙  = 51 – 3.  57 А =  tsnoc               , у1  ≤ v1·tf  54 = mk . 

 .4 1 eht fo dne eht ta tnerruc dna egatlov ehT ts era enil : 
u 22 (t) =  u cni (t)  + u lfer (t)  009 = V       , i 22 (t)  = i cni (t) – i lfer (t) 81 = .  57 А. 

 .5 ehT  egatlov  dna  tnerruc  era evaw detcarfer eht fo ( cs tnelaviuqe eht ees emeh :)  
u rfer (t  ; х2)  = u 22  009 = V  = tsnoc , 
i rfer (t  ; х2)  = u rfer /ZC 11 = 08/009 = .  52 А  = tsnoc              , х2  ≤ v2·tf  54 = mk . 

esac rof senil htob gnola serupe tnerruc dna egatlov ehT  а  ) gif ni detneserp era . 4.8 1. 
 eht tnemele evitcaer a si ereht sA c lucla noita  fo  eht  detcelfer  evaw  ni  sesac  b) dna  c) 

 demrofrep si .mrof lanoitarepo ni tneiciffeoc noitcelfer eht fo dia eht htiw  

 esaC b)   : I cni  )p( =
p
51   ; )p(Z = 

C

C
ZLp
ZLp   ; п  )p( =

C

C
Z)p(Z
Z)p(Z =

0008
0008

p
; 

I lfer  )p(  = п )p( ·I cni  )p( =
)p(p

.
0008

0121 5
;    i lfer (t)  = – 51 + 51 е – 0008 t А, 

i lfer (t  ; у1)  = – 51 + 51 [рхе – 8 0(∙ .  3 – у1 051/ А ]                      , у1  ≤ v1·tf  54 = mk , 
u lfer (t  ; у1)  = ZC ·i lfer (t  ; у1)  = – 1. 1 + 2 .2 [рхе – 8 0(∙ .  3 – у1 051/  ] Vk ; 
u 22 (t) =   u cni (t)  + u lfer (t) 1 = .2е – 0008 t Vk       , i 22 (t) = i cni (t) – i lfer (t)  03 = – 51 е – 0008 t А; 
u rfer (t  ; х2) 1 = .2 [рхе – 8 0(∙ .  3 – х2 051/  ] Vk , 
i rfer (t  ; х2) 51 = [рхе – 8 0(∙ .  3 – х2 051/ А ]                                 , х2  ≤ v2·tf  54 = mk . 

esaC  c)  : I cni (p) = p
51  ; Z(p) =

C

C

ZCp

ZCp
1

1
 ; п(p) =

C

C
Z)p(Z
Z)p(Z =

0004p
p ; 

I lfer (p  )  = п(p)·I cni (p  ) =
0004

51
p

   ; i lfer (t)  = – 51 е – 0004 t А, 

i lfer (t  ; у1)  = – 51 [рхе – 4 0(∙ .  3 – у1 051/ А ]                             , у1  ≤ v1·tf  54 = mk , 
u lfer (t  ; у1)  = ZC ·i lfer (t  ; у1)  = – 1.2 [рхе – 4 0(∙ .  3 – у1 051/  ] Vk ; 
u 22 (t) = u cni (t) + u lfer (t) = 1.2 – 1.2е – 0004 t Вк  ,    i 22 (t)  = i cni (t) – i lfer (t) =  + 51  51 е – 0004 t А; 
u rfer (t  ; х2) 1 = .  2 – 1 .2 [рхе – 4 0(∙ .  3 – х2 051/  ] Vk , 

u 22  

2 

2 i 22  i rfer  

u rfer  

ZC 

ZC 

giF . 8.40 

R 2u cni  



 812  

i rfer (t  ; х2) 51 =  – 51 [рхе – 4 0(∙ .  3 – х2 051/ А ]                       , х2  ≤ v2·tf  54 = mk . 
yB  eht  yaw  , eht  melborp  rof  esac  b  ) ro  c  )  sa emehcs tnelaviuqe eht yb devlos eb yam
 llew ylralimis smelborp ot .8 83  – 4.8 2. 

 
.2.8 4  . snoitcelfer evaw elpitluM  ni  senil  

8- 44  8( 25. ). nA  daehrevo  orez - ssol  enil ( gif . 4.8 2  ) fo  htgnel  l ecnadepmi evaw eht dna  ZC 
ecruos FME laedi na ot detcennoc si  Е0  . C  egatlov eht tolp dna ssecorp tneisnart eht etalucla

tnerruc dna  u 11  , i 11   eht ta gnidnes dna dne  u 22  , i 22  –  eht ta  gniviecer  enil eht fo dne  owt rof
sesac   : Rl 4 = ZC dna   Rl  = ZC .3/  

noituloS  .  .1  eht naht retaerg si ecnatsiser daol ehT
ecnadepmi evaw enil   Rl 4 = ZC. 

mrofreP  emos  yraidisbus  snoitaluclac : 

n  1 =
C

C
Z
Z

0
0  = –        ,1  n  2 =

CC

CC
ZZ
ZZ

4
4 0+ = . .6  

us  = Е0  , is  = Е0/(4ZC) 0 = . 52 I0, 
u1 cni  = Е0  , i1 cni  = Е0/ZC  = I0. 

s ehT elbat ni detalubat era snoitaluclac tneuqesbu  ,4.8 desu si hcihw f ro gnittolp ( gif  .
4.8 3 .)  

morF  elbat  4.8 dna  shparg  gif 4.8 .  yrotallicso sah ssecorp tneisnart eht swollof ti ,3
fer eht esuaceb retcarahc  tnereffid fo era dne dna gninnifeb enil eht ta stneiciffeoc noitcel

ngis ( n1 = –  1 dna  n2 = 0+ .6).  nI siht stsal ssecorp tneisnart eht esac rof  41 -  51  evaw
irt leva s  , i.е   . t pt 51 = t rt . 

 
 

2 

2 1 

1 i 11  

u 11  

i 22  

ZС  , l  , v  

Е0 

giF . 8.42 

Rl u 22  

giF . 8 4. 1 

u, V i, А  
u i 

u lfer , u rfer , V і lfer , і rfer , А 

і cni , А u cni , V 

u lfer  

u rfer  

i lfer  

і rfer  

u rfer  
і rfer   009 V 
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elbaT 4.8  
oN   emiT

lavretni  u 11  i 11  enil ni evaW  u 22  i 22  

1 0 1l/v E0 I0 u1 cni   = E0 

 

→ 0 0 
2 1 2l/v E0 I0 

 

 ← u1 lfer  0 = .6E0 6,1 E0 4,0 I0 
3 2 3l/v E0 –0.2I0 u2 cni   = –0.6E0 

 

→ 6,1 E0 4,0 I0 
4 3 4l/v E0 –0.2I0 

 

← u2 lfer   = –0. 63 E0 46,0 E0 61,0 I0 
5 4 5l/v E0 0. 25 I0 u3 cni  0+ = . 63 E0 

 

→ 46,0 E0 61,0 I0 
6 5 6l/v E0 0. 25 I0 

 

← u3 lfer  0 = . 612 E0 22,1 E0 403,0 I0 
7 6 7l/v E0 0. 90 I0 u4 cni   = –0. 612 E0 

 

→ 22,1 E0 403,0 I0 
51 ht rt leva  u8 cni  [ = –0. ]6 7 u1 cni   = –0. 820 E  0 2 = . %8 us 
71 ht rt leva  u9 cni [ = –0. ]6 8 u1 cni  0+ = . 8610 E  0 1 = . %86 us 

 .2  si ecnatsiser daol ehT    ecnadepmi evaw enil eht naht ssel Rl  = ZC 3/ . 
snoitaluclac yraidisbus suogolana mrofreP : 

us  = Е0       , is  = Е0/(0. 33 ZС) 3 = I0      , u1 cni  = Е0          , i1 cni  = Е0/ZС  = I0, 

giF . 8 4. 3 

 

us 

is іs 

giF . 8. 44  

us 

іs 

іs 



 022  

n  1 =
C

C
Z
Z

0
0  = –         ,1 n  2 =

CC

CC
ZZ.
ZZ.

330
330  = – 0. .5  

detalubat era snoitaluclac tneuqesbuS elbat ni  ,5.8 hw i hc i s esu d rof gnittolp ( gif  .
.8 44 .)  

elbaT 5.8  
oN   emiT

lavretni  u 11  i 11  enil ni evaW  u 22  i 22  

1 0 1l/v E0 I0 u1 cni   = E0 

 

→ 0 0 
2 1 2l/v E0 I0 

 

← u1 lfer  = – 0.5E0 5,0 E0 5,1 I0 
3 2 3l/v E0 2I0 u2 cni  0+ = .5E  0

 

→ 5,0 E0 5,1 I0 
4 3 4l/v E0 2I0 

 

 ← u2 lfer  = – 0. 52 E0 57,0 E0 52,2 I0 
5 4 5l/v E0 5,2 I0 u3 cni  0+ = . 52 E  0

 

→ 57,0 E0 52,2 I0 
6 5 6l/v E0 5,2 I0 

 

← u3 lfer   = – 0. 521 E0 578,0 E0 526,2 I0 
7 6 7l/v E0 57,2 I0 u4 cni  0+ = . 521 E  0

 

→ 578,0 E0 526,2 I0 
11 ht rt leva  u6 cni  [ = n1 n2]5 u1 cni  0 = . 130 E  0 3 = . 31 %us 
12 ht rt leva  u6 lfer  = n2 [n1 n2]8 u1 cni  1 = . 65 %us 

If eht  noitcelfer  tneiciffeoc s era  fo  eht  emas  ngis  (n1 = –  1 dna  n2 = –0.5  )  tneisnart eht
 ssecorp i  s  na fo  cidoirepa erutan  .  nI siht stsal ssecorp tneisnart eht esac rof  11-12  evaw

rt leva s  , i.е   . t pt 21 = t rt . 
 

8- 54  8( 45. ). nA  daehrevo  enil ( l = 003  mk  , ZC = 002  mhO  ) rotareneg a ot detcennoc  
(Е = 001  Vk  , r0 = 05  mhO  neeb sah ) yrrac  daol eht gni R1 = 059  mhO  emit gnol a rof  ehT .

egnahc daol s w neh  eht iser  ecnats R2 = 111 .8 mhO  t lellarap ni detcennoc si  eht o
 ecnatsiser R1 eht tolP .  noitces ni egatlov dna tnerruc eht fo seicnedneped emit А-А  eht ta 
.ertnec enil  

noituloS  .  roF sesoprup evitartsulli  s’tel , ward  dna emehcs laitini eht tuo krow  emehcs a 
t ed o imret ne .8 .gif( evaw esrever gnisira eht fo sretemarap eht 54 ,а  dna b .)  

c ehT rru  egatlov eht sa llew sa noitatummoc eht erofeb enil eht gnola egatlov dna tne
swollof sa era tnemom noitatummoc eht ni hctiws eht ssorca : 

I t( -) = 
10 Rr

E =
05905

01001 3
 001 = А, t(U     -)  = U WS   = R1·I t( -) 0·059 = . 59 = 1 Vk . 

mrofreP  os em  yraidisbus  snoitaluclac : 

-  retfa ecnatsiser daol eht si noitatummoc   Rl =
21

21
RR

RR =
8111059
8111059
.
.  001 = mhO ; 

-  eht :era dne dna gninnigeb enil eht ta stneiciffeoc noitcelfer  

А 

А  

R2 
 

R1 
 

R1 
 

R2 
 

2 

2  
r 0 
 

1 

2  

i ver 1 U WS   
 Е 

 

1  

2 

ZC 

giF . 8. 54  

)а  b) 

u ver 1 
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n1 = 
C

C
Zr
Zr

0

0 =
00205
00205  = – 0.     ;6 n2 = 

Cl

Cl
ZR
ZR =

002001
002001  = – 0. ;333  

-  evaw eht  levart  noitarud is     t rt  = v
l = 5013

003  s  1 = sm ; 

- ydaets -  etats noitatummoc eht retfa enil eht ni noitidnoc si : 

Is = 
lRr

E
0

=
00105

01001 3
 7.666 = А, U     s  = Rl·Is 76.66 = 7666.0·001 = Vk . 

- ydaets eht fo %5 - etats  seulav  fo  enil  tnerruc dna egatlov : 
%5 Is 33 = .  3 А,      %5 Us 3 = .  33 Vk . 

 ehT 1 ts  si evaw esrever ac talucl ht no desab de e .8 .gif emehcs 54 ,b: 

i ver 1 =

C

C

WS

ZR
ZR

R

U

1

1
2

·
CZR

R
1

1 =

002059
0020598111

0159 3

.
·

002059
059  = – 382 .3 А, 

u ver 1 = Z C·i ver 1 (·002 = – 0.  = )3382 – 65 .  76 Vk . 
tnerruc dna egatlov ehT  fo  eht  tneuqesbus  gnisira  tcerid  dna  esrever  sevaw  era  

detaluclac  rednu  eht  ealumrof    :  i rid  q = n1·i ver  q; u rid  q = n1·u ver  q; 
i ver  q+1 = n2·i rid  q; u ver  q+1 = n2·u rid  q. 

lac no peek eW nitaluc g litnu  eht  egatlov  dna  tnerruc  fo  eht  ylwen  gnisira  evaw  
emoceb  ssel  naht  %5 ydaets eht fo - seulav etats  . ehT  t lato   ni seulav tnerruc dna egatlov

tces noi  А-А ealumrof eht yb detaluclac era : 
u  = U(t-)  + Σu ver   + Σu rid     ; i  = I(t-) – Σi ver  + Σi rid . 

mrof elbat eht ni snoitaluclac eht mrofrep ot dednemmocer si tI . 
elbaT 6.8  

 №  fo
rt leva  

 emiT
lavretni  ,

sm  

sevaw gnisira fo sretemaraP  , А dna  
Vk  

 ni tnerruC
itces  no А-А   
i, А 

 ni egatloV
noitces  А-А    

u, Vk  
1 0÷0 .5 i ver 1  = – 382 .    ;3 u ver 1  = – 65 . 76  001  59  

1-2 0. 1÷5 .5 i rid 1    ;071 = u rid 1 43 =  383 .3 83 . 33  
2-3 1. 2÷5 .5 i ver 2  = – 65 .    ;76 u ver 2  = – 11 . 33  355 .3 27 . 33  
3-4 2. 3÷5 .5 i rid 2    ;43 = u rid 2 6 = .8 016  16  
4-5 3. 4÷5 .5 i ver 3  = – 11 .    ;33 u ver 3  = –2. 72  446  76 .8 
5-6 4. 5÷5 .5  556 .3 56 . 35  

yB  atad  fo  elbat  ,6.8 ew  tolp  u(t)  , i(t) ( gif .8 . 64 .)  
 

8- 64  8( 55. ). S evlo  melborp .8 45  eht rednu ht noitidnoc ht ta  hctiws e gnisu snepo  t  eh
atad laciremun gniwollof    : l 3 =  mk ,    ZC 02 =  mhO , 

v 1 = . 01·5 5 mk /s   , Е 6 =  Vk   , r0  2 = mhO   , R1  04 = mhO   , R2  01 = mhO . 
srewsnA    : I(t-)  006 = А,      U(t-) 4 = .8 Vk , 

I WS   084 = А  ;  Is 241 = .  9 А   , Us  6175 = V;  n1  = – 0.     ,818 n2 0 = .   ;333  
 eht 1 eht etaluclac ot emehcs ts  evaw esrever  si ni gif .8 . 74 ; 

eht  tnerruc  dna  egatlov  seulav  sevaw tcerid dna esrever gnisira eht fo era : 
i ver   ;023 = – 78 . 32 ;3 .  ;8 – 6.  5 А;    u ver  = ZC·i ver   ;0046 = –  ;674 ;6471 –  031 V; 
i rid   = – 17 ;262 .  ;3 – 91 .  5 А;            u rid  = ZC·i rid   = –  ;0425 1  ;624 –  093 V; 
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 eht qes  fo ecneu  egatlov dna tnerruc eht seulav  noitces ni  А-А :era  
iА-А  501 ;81 ;082 ;006 = . 671 ;3 . 251 ;6 . 331 ;8 . 931 ;3 .  8 А; 
uА-А   6955 ;6275 ;6116 ;0465 ;4124 ;0695 ;00211 ;0084 = V. 

 
8- 74  8( 65. ). gif ni detneserp si emehcs noitcennoc ehT 4.8 . 8,а  . c ehT ummo  srucco noitat

yb   gnitcennocsid  hctiws eht S  . n ehT atad laciremu  : l = 57  mk  , ZC = 011  mhO  ,
v = 01·3 5 mk /s  , Е = 011  Vk  , r0 = 6. 111  mhO  , R1 = 044  mhO  , Rl = 55  mhO . tolP  eht  emit  

seicnedneped  fo  eht  tnerruc  dna gninnigeb enil eht ta  dne enil eht ta egatlov . 
nA srews  : I WS   2 = Ак   , I(t-) 1 = .  877 kА,   U(t-) 79 = . 87  Vk  ;  Is   ,0 = Us ;0 =  

n1 0 = .    ,6 n2  = – 0.   ;333  eht 1 eht etaluclac ot emehcs ts  evaw tcerid  si gif ni .8 . 84 ,b; 
eht  tnerruc  dna  egatlov  seulav   fo

 tcerid dna esrever gnisira eht
sevaw era : 

i rid   = –1. 0 ;6 .  ;23 –0.  460 Ак ; 
u rid   = – 53 ;671 .  ;2 –7. 40  Vk ; 
i ver  0 = .  ;335 –0.  701 Ак           ;  
u ver  85 = .  ;7 – 11 .  37  Vk ; 

 eht  fo ecneuqes latot eht   tnerruc
 egatlov dna seulav  are: 

i 0 = .  ;871 –0. 0 ;530 .  800 Ak ; 
u 79 = .  ;87 – 91 . 3 ;25 .  ;59 –3.  90 Vk ; 

margaid eht  s  era gif ni .8 . 94 . 

02  

0 

001  

004  

i 

u  , Vk  

001  

002  

007  

05 0 

006  

i  , А 

003  

giF . 8. 64  

08  

06  

04  

№ rt  1 2 3 4 

u 
Us 

Is 

R1 

2  

i ver 1 I WS   

2 

ZC 

giF . 8. 74  

u ver 1 

S 

u rid 1 ZC R1 R1 Rl 
r0 

i rid 1 

Е 

giF . 8 4. 8 

)а  b) 

I WS  

u 

2 
0 

001  

i 

u  , Vk  

001  

002  

i  , А 

08  

06  

04  

02  
№ rt  

1 4 3 
– 02  

giF . 8. 94  
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 .9 NON - A RAENIL - STIUCRIC C  
1.9  . ITRENI HTIW STIUCRIC NON LA - SECNADEPMI RAENIL  

9-1 9( . 43 ). i nA tnecsednacn  pmal  htiw  CAV  U(I) ( ees  
gif . 1.9  htiw deilppus si )  eht egatlov ladiosunis  
)t(u  = 65 .6 nis ( 413 t  ) V. 

enimreteD  eht  evitceffe  tnerruc  dna  ewop pmal eht r. 
rewsnA 0  : .  59 А  83 , W.  

 

9-2 9( . )53 . A tiucric  gnitsisnoc  fo  na  tnecsednacni  pmal  
( gif ni CAV .  )1.9  detcennoc c a htiw seires ni ticapa  ro
хС = 08  mhO  egatlov ladiosunis htiw deilppus si  

u0 )t(  = 311 .1 nis ( 413 t) V. 
enimreteD  eht   ;egatlov dna tnerruc pmal v  eht yfire

ecnalab rewop tiucric . 
noituloS  . a ehT deilpp  egatlov  U0 = 08  V  decnalab si a yb  

 ssorca segatlov fo mus rosahp  eht  pmal U c dna ticapa ro  
(I·хС)  . tI  snaem  eht  noitulos   ot decuder si melborp fo

metsys noitauqe eht fo noitulos lacihparg : 
U  = f(I),                             ( .9 )1  
U = 22

0 )xI(U C (        , .9 )2  
erehw  noisserpxe ( .9  )1 si  CAV  fo  eht  tnecsednacni  pmal  elihw ( .9  )2 si  eht  tiucric  

noitauqe  rednu  ffohhcriK ’s egatlov  wal   hcihw is yb  ecnesse  eht  ecruos  FME htiw CAV  
U0 epmi renni dna  ecnad  хС. 

g ehT metsys eht fo noitulos lacihpar  ( .9 )1 -( .9 )2   si nevig gif ni . .2.9  L eni  1 i  pmal eht s
enil ,CAV  2 is 2 eht fo tolp eht dn  fo noitauqe  eht metsys  .  eht stes tniop noitcesretni ehT

rof noitidnoc eht sa llew sa noitulos metsys a non - tnemele raenil  : U = 53  V  , I = 0.9 А  .
si egatlov dna tnerruc ecruos eht neewteb tfihs esahp ehT  :  = – (gtcra хС·I/U) = – .º46  

era srewop evitcaer dna evitca ecruos ehT  : Р = U0·I· soc  = 13 .5 W  , Q = U0∙I∙ nis  =      
= – 46 .8 AV r  . si rewop pmal ehT  : Р = UI = 13 .5 W    , c eht capa ti si rewop ro   : Q  = –I2·хС =  
= – 46 .  8 AV r. 

 

9-3 9( 3. )6 . nI  eht  o tnemetats  f melborp  2.9 ecnatsiser a yb decalper si ecnatcaer eht  
r = 24  mhO   . enimreteD   ;egatlov dna tnerruc pmal eht ecnalab rewop eht yfirev . 

rewsnA 0  : .  59 А  04  ; V  67  ; W. 
 

9-4 9( . )73 . nI  t eh  o tnemetats p f melbor 1.9  eht htiw seires ni detcennoc si doid laedi na ,
pmal  . enimreteD  eht  evitceffe  seulav  fo  egatlov pmal eht  dna   sti sa llew sa tnerruc

rewop . 
rewsnA 82  : .  3 V 0  ; .  8 А 22  ; .  6 W. 

 

.2.9  STIUCRIC  HTIW  SSELAITRENI  STNEMELE  
 .1.2.9 acihparG sdohtem noitaluclac lacitylana dna l  

9-5 9( . )83 . etaluclaC  eht  egatlov  u( t) ssorca  eht  non - raenil  rotsiser  htiw  lacirtemmys  
citsiretcarahc  u(i) yb  snaem  fo  eht  lacihparg  gif ni tnerruc tiucric eht fi ,dohtem .  3.9
 rednu seirav  eht wal ladiosunis   i  = j(t)  = Im nis ( t  ) 5 = nis ( t) A,  CAV rotsiser eht elihw
elbat yb tes si .1.9  

giF 1.9 .  

U  , V  

giF 2.9 .  

08   
U  , V  
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elbaT 1.9  
u, V 0 3.5 61  64 .5 401  791 .5 633  
i, A  0 1 2 3 4 5 6 

dnapxE  eht  evruc   u( t   ) otni   eht eiruoF  seires , ylno gnisu  eht 
1 ts 3 dna dr scinomrah  . ca egatlov evitceffe eht enimreteD  ssor  eht

ecnatsiser . 
noituloS  . g ehT ar p  si tiucric eht fo noitaluclac lacih nevig gif ni .  .4.9 ehT   eht fo stluser
 egatlov noitaluclac  stnemom tnereffid rof  tp ( pets htiw 51  flah evitisop eht rof - evaw  )

elbat ni detalubat era   .2.9 ov dna tnerruc eht ekam oT tneinevnoc erom nosirapmoc egatl  ,
 evruc tnerruc eht i( t  ) gif ni nwohs si 4.9 . .llew sa  

elbaT 2.9  
p 1 2 3 4 5 6 7 8 9 01  11  21  
tp, ged  51  03  54  06  57  09  501  021  531  051  561  081  

up  , V 5.8 82 .4 37 .6 031 .4 871 .7 791 .5 871 .7 031 .4 37 .6 82 .4 5.8 0 
 

c ehT cla detalu  evruc  u( t  ) steem  owt  rtemmys y snoitidnoc  ,   ton seod ti yhw s’taht
yna niatnoc tnenopmoc tcerid , senisoc dna scinomrah neve  . ,yllaniF  

u( t  )  = U1m nis t  + U3m nis 3 t  + U5m nis 5 t , … +  

erehw    U mk = 
n

p
pp )tk(nisu

n 1

2  , dna    n   21 = eht rof strap flah - doirep . 

nitutitsbus retfA g htiw f atad eht mor elbat 2.9 niatbo ew , : 
U1m 051 = .  7 V    , U3m  = – 64 .  38 V. 

evah ew ,seires eiruoF eht fo smeti owt tsrif eht fo tnuocca htiW : 
(u  )t  = 051 .7 nis ( t) – 64 . 38 nis (3 t) V. 

e ehT si egatlov evitceff  

U  m = 
n

p
pu

n 1

21 =
n

p
)......(

1

222 08548285
21
1 111 = .  6 V. 

 
9-6 9( . )93 .  fo tnerruc eht etupmoC na  laedi  lioc  htiw   a citengamorref  eroc  htiw  eht  dia  

fo   eht lacihparg  dohtem  , eht  lioc  gnieb  detcennoc  ot  a ladiosunis  egatlov  ecruos  
u = Um soc t htiw   na eulav evitceffe  U = 67 .4 V ycneuqerf dna  f = 05  spc  .  eht fo CAbW

elbat yb tes si seulav suoenatnatsni rof lioc .3.9  
elbaT 3.9  

, bW  0 0.1 0. 51  0.2 0. 52  0.3 0. 53  0.4 
i  , A 0 0. 290  0. 113  0. 737  1. 44  2. 74  3. 51  5.9 

 

dnapxE  eht  non - ladiosunis  tnerruc   i( t  )  otni eht  reiruoF  es seir  , gnisu  ylno  eht  tsrif  
owt  smeti  . tnerruc evitceffe eht etaluclaC  I. 

rewsnA   : i( t  ) 2 = . 18 nis t – 0 . 739 nis 3 t А   ; I 2 = .  01 А. 
 
9-7 9( . )14 . non a fo CAV eht etamixorppA - melborp ni nevig rotsiser raenil ( 5.9 elbat  

 )1.9  laimonylop a htiw  u  = a·i  + b·i3  .   eht ssorca egatlov eht etupmoc yllacitylanA
rotsiser  u( t). 
rewsnA :     u 2 =  i 5.1 + i3   erehw , i[A],   u[V]     ;  u 6.051 = nis t – 9.64 nis 3 t V. 

)i(u  )t(j  

i 

giF . 9.3 



 522  

giF . 9.4 
 eeS « mublA » 
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9-8 9( . )54 . ssorc eroc ehT -  fo noitces  na si lioc laedi  S = 01  mc 2  ,  naem eroc eht htgnel si  
l = 05  mc  , fo rebmun si snrut lioc  w =  .001 m ehT  lairetam eroc eht fo evruc noitazitenga

elbat yb tes si  2. 01  . pag ria na sessessop eroc ehT  la ( gif . .9 5,а  .) C etupmo  dna  tolp  
CAbW  fo  eht  lioc   Ф(i   ) pag ria eht fo shtgnel owt rof dna seulav suoenatnatsni rof   :

la = 0.  1 0  dna .  52 mm . 

 

noituloS  . gnikaT   eht tnereffid  seulav  fo  В  , seulav gnidnopserroc eht etupmoc ew  
Ф = ВS   , seulav suoenatnatsni tnerruc eht tes hcihw  

i = 
w

lHlH aa    , erehw    Нa = 
0

В 01·8 = 3В А/сm   , elihw   В[Т]. 

ehT  noitaluclac  luser st  fo  elbat ni detalubat era CAbW  .9 4  ,  rof evruc eht  shtgnel owt
pag ria eht fo  (la  1 0 = .  1 mm   dna   la  2 0 = .  52 mm i )  s nevig gif ni . .9 5,b. 

elbaT .9 4 
Ф, bWm  0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.5 1. 55  1.6 

l(i a1), A  0 0. 92  0. 85  0. 88  1. 22  1.8 3. 92  7. 21  21 .2 71 .7 25.8 
l(i a2), A 0 0.5 1. 50  1.6 2. 81  3 4. 37  8.8 41  91 .6 72 .7 

 

9-9 9( . )64 . ehT  lioc   ni debircsed melborp  .9 8 si  detcennoc  ot  a ladiosunis  egatlov  ecruos  
fo  evitceffe  eulav  U = 13  V dna  ycneuqerf  f = 05  spc  , pag ria na gnivah eroc eht  

la = 0. 52  mm . 
ht etupmoC tnelaviuqe lioc eht sa llew sa seulav evitceffe dna suoenatnatsni tnerruc e  

gnisu ecnatcudni  CAbW fo noitamixorppa lacitylana eht htiw  noisserpxe i = aФ 3. 
noituloS  . emussA   u = Um soc t   , neht   Ф  = Фm nis t, 

erehw   Фm = w
Um =

001413
213 01·41 =  –4 bW . 

 deniatbo eht htiw ecnadrocca nI si eulav tnerruc eht eulav xulf  i = Im = 8.8 А;  eht no
:rotcaf noitamixorppa eht enimreted ew ,seulav owt eseht fo dnuorg  

a = 3
m

m

Ф
I = 340141

88
)(

.  = 23 . 01·70 8  A/ bW 3 . 

ruc ehT  ta eulav suoenatnatsni tner  eht xulf  Ф  = Фm nis t si   

 i  = aФm
3 nis 3 t =

4
3 aФm

3 nis t – 
4
1 aФm

3 nis 3  t 6 = .6 nis t – 2 .2 nis 3 t А. 

S  

i 
l 

la 

)а  

giF . .9 5 

u w 

Ф 

i 

А 0 5 52  

21  

4 

01  –4 bW  

01  51  02  

8 

la 52.0 =  mm  
la .0 = 1 mm  

Ф b) 
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e ehT si tnerruc evitceff  I = )II(. mm
2
3

2
150 = )..(. 22 226650 4 = .  29 А, 

eht  ioc l si ecnatcaer tnelaviuqe  x uqe  =
I

U =
294

13
.

6 = .  3 mhO , 

 si ecnatcudni tnelaviuqe   L uqe  = uqex
=

413
36. 0 = .  20 H. 

 
9- 01  9( 4. )7 .  htiw rotcaer A  a c raenil a dna eroc leets ticapa ticapac fo ro y С = 03  F  era

ecruos tnerruc ladiosunis a ot seires ni detcennoc  i  = Im nis t htiw ycneuqerf  f  05 = spc . 
gnitcelgeN  eht  leets  ssol  , eht  rotcaer  lioc  ecnatsiser  dna  eht  egakael  xulf  ,  eht dnif

 edutilpma tnerruc  hcihw eetnaraug s oitidnoc ecnanoser egatlov eht n tiucric eht ni  ;
 sa llew sa egatlov tiucric evitceffe eht enimreted ,yllanoitidda  eht  ssorca segatlov  a

 dna rotcaer  a c ticapa noitidnoc ecnanoser eht ni ro . 
r ehT  sti dna egaknil xulf rotcaer eht fo seulav suoenatnatsni eht neewteb pihsnoitale

es si tnerruc  yb t  eht noitauqe   = ia  + ib 3  erehw , a = 0.4 bW /A  , b = – 0. 30  bW /A3  , ]A[i  ,
]bW[ . 

noituloS  .  tnerruc rotcaer eht fo eulav gnitimil eht enimreted ,yltsriF I xam   eht hcihw rof
eurt si CAbW fo noitamixorppa nevig  ,scisyhp ot gnidroccA .  yna eb tonnac ereht

gen evita - trap gniog  ni  CAbW )i( s’tahT . enimreted ew ,yhw   I xam   noitidnoc eht morf   

td
d :0 =  a 3 + Ib xam

 2    ,0 = ereh morf    I xam
 =

b
a

3
=

3003
40
.
, 2 = .  11 A. 

suhT  , oitidnoc eht teem ot si noitulos deriuqer eht n   Im
  < I xam . 

 roF  a  s’ffohhcriK htiw ecnadrocca ni ,pool ecnanoser seires  egatlov wal  

uL + uC = u   , elihw   uL = td
d   , uC = C

1 tdi . 

ydaets a nI - eht fi edom lacidoirep etats  tnerruc   si  ladiosunis i = Im nis t si egatlov eht ,    

uC = –
C

Im oc s t. 

f ehT egaknil xul si  =  ia   + ib 3  = (a ¾ + Ib m
3) nis t – ¼ Ib m

3 nis 3 t, 
neht   u  L  =  a(  + ¾ Ib m

3 soc)  t – ¼b 3 Im
3 soc 3 t. 

 ot euD eht  egatlov  ecnanoser  uL + uC =  ,0 hcihw  elbissop si  ylno uqerf sniam ta ycne  :
uL

)1(
 + uC

)1(
 =  ,0 ereh morf dettimo gnivah ,  eht reilpitlum  soc t niatbo ew ,  

(a ¾ + Ib m
3  ) – 

C
Im .0 =  

retfA   htiw gnitutitsbus laciremun  atad noitauqe cibuc a niatbo ew ,  
7. 560 Im

3 601 + .2Im – 521 . ,0 = 6  
eht  mrof lacinonac  hcihw fo is   y3 3 + yp 2 + q    :0 = Im

3 51 + . 30 Im – 71 . 0 = 87 , 
h ere   p 5 = .   ,10 q  = – 8. .98  

d ehT tnanimircsi    D  = q  2  + p3 402 = .    ,0 > 8 D 41 = . .13  
evitisop si tnanimircsid eht fI toor laer eno sah noitauqe cinonac eht ,  ,  dnuof si hcihw

u gnis  adraC ealumrof s’n   y1  = u  + v   , erehw    u = 3 Dq    , v =3 Dq . 
nI  ruo  esac    u = 3 1341988 .. 2 = .    ,258 v =3 1341988 ..  =. – 1. .757  

r ehT deriuqe  eulav  si   Im  = u  + v 1 = .  590 А. 



 822  

ra segatlov suoenatnatsni ehT e 

eht ssorca c ticapa ecnanoser ta ro  uC  = –
C

Im soc t  = – 611 .3 soc t V, 

 ssorca  eht rotcaer     uL 611 = .3 soc t 9 + . 82 soc 3 t V, 
tupni emehcs eht ta    u  = uL  + uC 9 = . 82 soc 3 t V. 

e ehT era seulav evitceff :  UC 28 = .  52 V    , UL 28 = .  5 V   , U 6 = .  65 V. 
 

9- 11  9( . )05 . non A -  htiw seires ni detcennoc si rotsiser raenil  a  ecnatcudni raenil
L = 0.1 H  .  yb detamixorppa si CAV s’rotsiser ehT  a laimonylop  

u = ia  + ib  3 2 = i +  1.5i 3  , erehw   u[V]   , i[A]. 
 deniatbo ehT  tiucric  htiw deilppus si  eht ov ladiosunis egatl  U = 022  V ycneuqerf fo  

f = 05  spc . 
 eht etaluclaC  tsrif  yb cinomrah tnerruc  eht dohtem noitcnuf gnibircsed . 

noituloS  .  s’ffohhcriK rednU  egatlov  rof wal  a tiucric seires , evah ew  

u(i  )  + L
td
id  = Um nis t. 

 deriuqer ehT  tsrif mrah tnerruc si cino  i = Im nis ( t + )  .  eht ,noitutitsbus retfA
mrof a sekat evoba noitauqe : 

Ia m (nis t  + )  + Ib m
3 nis 3( t  + )  + LIm (soc t  + ) = U m nis t         . ( .9 3) 

eromrehtruF  , ytitnedi na si ereht      nis 3 ¾ = nis  – ¼ nis 3 , 
tel ’s om ti  eht  meti  –¼ Ib m

3 nis 3( t + )  ,  elbigilgen a sa ti gniredisnoc  noitaluclac
ycaruccani ; 

(nis t  + )  = soc  · nis t + nis  · soc t   , (soc t  + )  = soc  · soc t – nis  · nis t. 
teL ’s etauqe  eht  tneiciffeoc s ta  nis t dna  soc t  eht fo sedis thgir dna tfel eht ni

 noitauqe ( .9 3) rehto hcae ot  . eW  teg metsys noitauqe eht  
( Ia m ¾ + Ib m

3) soc  – LIm nis   = Um, 
( Ia m ¾ + Ib m

3) nis  + LIm soc  .0 =  
si atad laciremun htiw metsys ehT  

(2Im 1 + . 521 Im
3) soc  – 13 .4Im nis  ,113 =  

(2Im 1 + . 521 Im
3) nis 13 + .4Im soc  ,0 =  

 fo dia eht htiw devlos gnieb ti  a retupmoc    :    mI     1 =:   =: –1 
(    neviG ·2 mI 1 + . ·521 mI 3)· (soc ) – ·4.13 mI · (nis  ) = 113  
( ·2 mI ·521.1 + mI 3)· (nis ) 13 + . ·4 mI · (soc  ) = 0  

tQ =: mI(rrEniM , )         tQ = 
4460

8495
.

.
 

rewsnA   : i )1( 5 = . 849 (nis 413 t – 0 . 446 ) A. 
 

 .2.2.9 Pi esiwece - mixorppa raenil noita m dohte  
9- 21  9( . )55 . flah A - wol a egrahc ot deilppa si reifitcer evaw -  sti ,rotalumucca rewop

gif ni detneserp gnieb emehcs .9 . 6,а  . taht nwonk si tI     Е = 5 V  ;    )t(u  = 01 ∙ (nis 413 ∙ )t  V; 
 r =  2 mhO  , eht  .laedi si doid  

a sti enimreted ;tnerruc eht tolP  mumixam eht sa llew sa seulav evitceffe dna egarev
 ssorca egatlov  eht edoid . 

rewsnA  545.0 : А  40.1 , А  51 , V  ; gif ni si tolp tnerruc eht .9 . 6,b. 
 



 922  

2  1  
0 001 002 003 004

0

02
04
06
08
001

cu tw( )

u tw( )

twt, ged  

u(t) 

uС(t) 

b) 

r 

i 

DV  

giF . 9.8 

u(t) 

)a  

iС 

C 

il 

9- 31  9( . )65 .  A elgnis - esahp flah - ( reifitcer evaw gif . .9 7,а  ) eht seirrac  r–L daol  . nwonK  
era  : r  01 = mhO   , L = 0.1 H  , si egatlov ecruos eht   u(t  ) 001 = ∙ nis ( 413 ∙t   ) V. 

tolP  eht  ;tnerruc  seulav evitceffe dna egareva sti enimreted . 
rewsnA 1 : .  37 А 2  , .  73 А   ; gif ni si tolp tnerruc eht .9 . 7,b. 

etoN  .  tnemom ehT eht nehw  edoid is gnikcolb  t2 = º562  si  enimreted d  hguorht  eht
 eht fo noitulos   noitauqe 3. 530 (nis 413 ∙t2 – 1 . 262 ) 2 + . 298 2001 te .0 =  

 

9- 41  9( . )75 .  A elgnis - esahp flah -
reifitcer evaw htiw   gnihtooms a

c ticapa ro  С = 001  F  dedaol si
ecnatsiser htiw  r = 001  mhO  

( gif . .9 8,а  ,)  egatlov ecruos eht
eb i gn    )t(u 001 = ∙ (nis 413 ∙  )t V. 

tolP  eht  daol  egatlov   uС )t( ; 
 dna egareva sti enimreted

seulav evitceffe . 
rewsnA 75 : .  1 V 26  , .  2 V   ; gif ni si tolp egatlov eht 8.9 . ,b. 

etoN  . 2 =  – gtcra ( Cr ) = 1. 88  dar  = 701 .  .º7 tnemoM  1 = 21 . º6  = 0. 22  dar  ( ro  t1  ) si  
dnuof  orf m eht  noitidnoc  fo  eht  edoid  c no tcud gni  ,  egatlov dna egatlov ecruos eht nehw

c eht ssorca ticapa  emoceb ro lauqe : Um nis ( 1) =  Um nis ( 2)· pxe
Cr

221 . 

sihT   noitauqe latnednecsnart eb nac  yb ro yllacihparg devlos  a  dohtem laciremun
pets .g.e( - yb - )dohtem pets . 

 

9- 51  9( 5. )8 . nI  tiucric  gif . .9 9,а ereht  era  D-C dna  A-C secruos : u(t) = 01 nis ( t) V, 
Е = 5 V  . era secnatsiseR  : r1 = 5 mhO  , r2 = 4 mhO  , r3 = 2 mhO  . edoid eht emussA  DV   ot

stnerruc eht etupmoc ;laedi eb . 

DV  

b) 

r 

)t(i  

giF . 9.6 

E u(t) 

)a  

0 09 081 072 063 054
5.0
0
5.0
1
5.1
2
5.2
3

i tw( )

tw
t1 t2 

 i  = – 5+5.2 nis t 

L DV  

0 03 06 09 021 051 081 012 042 072 003
3
2
1
0
1
2
3
4
5

1i tw( )

2i tw( )

3i tw( )

tw

b) 

r 

i )t(  

giF . 9.7 

u(t) 

)a  
r/L=  ½= T 10,0= c 

530.3 (nis 413  t – º3.27 ) 

298.2 e – 001 t
 )t(i  

t2 º562=  
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noituloS  . nA  laedi  edoid  yam  eb  ni  no e fo  owt  setats  – gnitcudnoc  ro  gnikcolb  ,  hcae
i eno s emehcs tnelaviuqe gnidnopserroc eht yb detneserp  , ylevitcepser  , gif .9 . 9,b dna  

.9 9,c. 

gif tiucric eht etupmoC .9 . 9,b  yb ladon eht - dohtem riap  . si egatlov noitcnuj ehT  

u ba  =

321

21
111
rrr

r
E

r
u

= 111 245
4
5

5
01 )t(nis

2 = . 501 nis ( t) 1 + . 613  V. 

era stnerruc hcnarb ehT : 

i1 = 
1r
uu ba =

5
6131501201 .tnis.tnis 1 = . 975 nis ( t) – 0 . 362  А, 

i3 = 
3r

u ba =
2

61315012 .tnis. 1 = . 350 (nis )t 0 + . 856  А, 

i2  = i1 – i 3 1 = . 975 (nis )t  – 0 .2  36 – 1 . 350 (nis )t  – 0 . 0 = 856 . 625 (nis )t  – 0 . 129  А. 
 denimreted si etats  gnitcudnoc edoid eht fo egnar ralugna ehT  eht noitidnoc eht morf

s’edoid  si tnerruc  syawla evitisop    i3 :0 >  
1. 350 (nis )t 0 + . 856     ;0 > (nis )t  > – 0. ;526  

– 83 .7 <  t 812 < .7 . 
reP mrof  eht  noitatupmoc  tiucric fo  gif . .9 9,c  ,  eht ot gnidnopserroc gnikcolb  fo etats 

 eht edoid : 

i3 =      ;0 i 1  = i2 = 
21 rr

Eu =
45

501 tnis 1 = . 111 (nis )t  – 0 . 655  А, 

u DV  =  u – r1·i1 01 = (nis )t  – 5 . 555 (nis )t 2 + . 4 = 877 . 544 (nis )t  + 2. 877 V . 
 eht fo noitidnoC etats gnikcolb edoid  –  u DV   0 < – ytilauqeni na sevig : 

4. 544 (nis )t 2 + .    ;0 < 877 (nis )t  < – 0. 812      ;526 .7 <  t 123 < .3 . 

evah ew ,yllaniF : i1( t) = 
.t.fiA.tnis.

,.t.fiA.tnis.
,.tfiA.tnis.

063312336209751
3123781265501111

7812036209751
 

i2( t) = 
.t.fiA.tnis.

,.t.fiA.tnis.
,.tfiA.tnis.

063312312906250
3123781265501111

7812012906250
 

r3 
i1 

r2 

u ba  

b 

a 

DV  
 i2 i3 

r3 

giF . .9 9 

Е 

)а  

r1 r2 

)t(u  

Е 

b) 

r1 

(u )t  

Е 

c) 

r1 r2 

)t(u  

i1 

i2 u DV  
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i3( t) = 
.t.fiA.tnis.

,.t.fi
,.tfiA.tnis.

063312385603501
312378120

7812085603501
 

9- 61  9( . )95 . etupmoC  eht  tnerruc  fo  eht  A-C ecruos  ni  eht  emehcs  gif . 1.9 0,а htiw  eht 
sretemarap  – u(t) = 001 nis ( t) V, Е = 05  V, r = 02  mhO  , US = 01  V  .  evitceffe sti etaluclaC

ti tolp dna eulav  .  nortilibats eht emussA laedi si . 
noituloS  . ehT  melborp  si  devlos  yb eht  dohtem  

fo  pi esiwece -  noitamixorppa raenil  ylno  eno rof
egatlov gnitanretla eht fo doirep  .  nortilibatS

CAV   ta eht p i esiwece - os( noitamixorppa raenil -
 fo CAV dellac  na  detneserp si )nortilibats laedi

gif ni 1.9 . 0,b. 

nihtiW  eht  etni lavr 0  ≤ t ≤ t1  ,  si nortilibats eht gniwo gnitcudnoc  ot  noitca eht  fo  
D-C ecruos  Е  , hcihw  skrow ti snaem ni tnemges eht   1 CAV fo  .  tnelaviuqe tiucric ehT

 sah lavretni siht rof emehcs  eht gif weiv . 1.9 1,а  .  siht yb detaluclac stnerruc tiucric ehT
era emehcs swollof sa : 

i = 
r
u =

02
001 tnis 5 = nis ( t) А,    iЕ = 

r
E =

02
05 2 = .5 А, i DV  = iЕ – i 2 = .  5 – 5 (nis )t  А. 

eW  enimreted   morf yradnuob lavretni eht  eht  nortilibats eht noitidnoc gnikcolb si  
(i DV ( t1) =     :)0 2.  5 – 5 nis ( t1)    ;0 = nis ( t1) 0 = .     ;5 t1 03 =  =  6/ dar . 

nI  eht  lavretni  t1 ≤ t ≤ t2  si nortilibats , gnikcolb ( tnemges   2 CAV fo  ,)  emehcs
gif weiv a sekat 1.9 . 1,b  . era nortilibats ssorca egatlov dna tnerruc deriuqer ehT : 

 i = 
r
Eu

2
=

04
05001 tnis 2 = .5 (nis  )t 1 + .  52 А, 

u DV  = – u  + ir  = – 001 (nis )t 05 + (nis  )t  = 52 + – 05 (nis  )t 52 + V . 
yradnuob lavretni eht dnif ot redro nI  ωt2 snoitauqe gniwollof eht evlos ew ,   

u DV ( t2  )  0 = –  noitidnoc nehw rtilibats eht  no gnikcolb si , 
u DV ( t2  )  = – US  –  noitidnoc nehw  nortilibats eht dezilibats semoceb , 

– 05 nis ( t2  ) ;0 = 52 +   nis ( t2) 0 = . ;5  t2 03 =  ro 051 ; 
– 05 nis ( t2  )  = 52 + – ;01   nis ( t2) 0 = . ;7  t2 44 = .4  ro 531 .6 . 
suhT  , ereht  era  tnereffid  fo sgninaem  t2  , na  ot yrassecen si ti d  laminim eht esoohc

eno  . revewoH  , eht  gninaem  t2 = 03  t yfsitas ton seod eh noitidnoc  t2 > t1  ,  s’taht
gninaem eht yhw  t  2 44 = .4 0 = .  577 dar  .nesohc eb ot sah  

 nI eht  lavretni  t2 ≤ t ≤ t3  ,  eht zilibats si nortilibats de ( tnemges  3 CAV fo  .)  kroW
 tuo  eht  noitaluclac gif emehcs 1.9 . 1,с etaluclac dna tnerruc eht : 

–US 

 

u DV  

 

i DV  

 

DV  
 

r 

Е 

)а  

r 

)t(u  

1 

2 

3 

b) 

giF . 1.9 0 

giF . 1.9 1 

iЕ 

 
i DV  

 

i 

 

)а  

r 

Е 

r 

)t(u  

b) 

i 

 

r 

Е 

r 
 

)t(u  u DV  

 
i 

 

r 

Е 

r 

)t(u  
US 

 

i DV  

 

iЕ 

 

c) 



 232  

0 3.0 6.0 9.0 2.1 5.1 8.1 1.2 4.2 7.2 3 3.3 6.3
6

4

2

0

2

4

6
5

5

i x( )

6.30
x

8.1

t 

 

i( t) 

 

t1 

 

t4 

 

t2 

 

t3 

 
ged  

 

 
giF . 1.9 2 
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0 06  09  021  

081  

012  042  072  003  033  

i = 
r
Uu S =

02
01001 tnis 5 = nis ( t) – 0 .5 А      ,  iЕ = 

r
EU S =

02
0501 3 =  А, 

i DV  = iЕ – i 3 = .  5 – 5 (nis )t  А. 
eW  mreted eni   yradnuob lavretni eht t  3  nortilibats eht noitidnoc morf gnikcolb si  

(i DV ( t3) = )0 : 3 .5 – 5 nis ( t3) =  ;0 nis ( t3) = 0.  ;7 t3 = 44 .4  ro 531 .6  . revewoH  , eht  
gninaem  t = 44 .4  sah  ydaerla  dessap neeb  , ekat ot evah ew yhw s’taht  

t3 = 531 .6  =  663,2 ar d. 
nI  eht  lavretni  t3 ≤ t ≤ t4  ,  eht  si nortilibats gnikcolb niaga  ( gif emehcs . 1.9 1,b  .)

si tnerruc deriuqer ehT   i 2 = .5 nis ( t  ) 1 + .  52 А. 
c ehT tnemges eht otno gnissap fo noitidno   1 CAV fo  : u DV ( t4) =  ;0 t4 = 03  ro 051  .

sA   t  4 531 > .6  , lavretni eht si yradnuob  t4 051 = 5 =  6/ dar . 
 tnemom eht morf gnitratS t = t4  dne doirep eht ot pu dna t5 = 063  emehcs eht ,

1.9 .gif 1,а  ereH .niaga skrow  (i t  )  = 5 (nis )t  А. 

,suhT   (i ωt  ) =

.darttfiAtnis

,dartttfiA.tnis.

,dar..tttfiA.tnis
,dar..tttfiA.tnis.

,darttfiAtnis

20635
6

505152152

66326531505
577044452152

6
0305

4

43

32

21

1

 

 tnerruC (i t) gif ni dettolp si 1.9 . 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

alumrof eht rednu detaluclac eb yam eulav evitceffe tnerruc ehT  

I =
2

0

2

2
1 td)t(i . 

 margaid eht sA i( t) si  lacirtemmys  gninrecnoc  eht  lacitrev  sexa ta nward  t = ½  

dna  t =
2

3  , ht tub rof demrofrep eb yam noitargetni eht flah e - doirep : 
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i, Am     
i 

giF . 1.9 5 
0 03 06 09 021 051 081 012 042 072 003 033 063 093

06

04

02

0

02

04

1i tw( )

2i tw( )

3i tw( )

tw

t1 

 

t2 

 

– 61 . 76 5+ 3. 33 nis t 

02 nis t 

53. 33 nis t 
 

t, ged  

I =
23

2

21 /

/
td)t(i 3 = .  63 А. 

9- 71  9( . )06 . tolP  eht  tnerruc  hguorht  a daol  rl = 5 mhOk .gif(  1.9 3,а  eht htiw tiucric a ni )
.gif stnemges eht yb detamixorppa gnieb CAV sti ,ebut edoid  1.9 3,b  deilppus si tiucriC .

 htiw  eht   egatlov u 3 = 02 nis V t   ;  r = 1 mhOk . 
noituloS  .  lavretni eht redisnoc s’teL (t 0 … t1)  ereh , u >  0  dna  eht  skrow edoid ni  eht 
gnippols  egnar tnerruc eht ni CAV fo tnemges i1(0 … IS)  gnikrow elihW . nihtiw  siht 

  ecnatsiser raenil yb detneserp eb yam edoid eht ,egnar r fid  =
S

S
I

U =
10
05
.

= 005  mhO  

emehcs( gif . 1.9 4,а .)  

eht ot gnidroccA 1.9 .gif emehcs 4,а il =

lfid

lfid

m

rr
rr

r

tnisU ·
lfid

fid

rr
r

 = 02 nis  t Am , 

 eht si daol dna edoid ssorca egatlov   ul  = il·rl  = 001 nis t V. 

edoid ehT  detarutas semoceb 
ta  tnemom emit eht t1  eht nehw ,

 eulav eht sehcaer tnerruc IS  ,
 egatlov eht elihw –  eulav US: 

US  = ul( t1)  = 001 nis t1, 
ereh morf  

t1  = niscra
ml

S
U
U  = niscra

001
05 = 

= .º03  
 eht fo tuo si edoid ehT

s detarutas  etat ta   eht tnemom  
t  2  º081 = – t  1 .º051 =  

 elihW eht  edoid  ni si  ,etats noitarutas eht eht  weiv a sekat emehcs noitaluclac 
.gif  1.9 4,b l eht , o   lavretni ni tnerruc da (t t1 …  t2  ) is 

IS 001 =  rl 

ul 
i1 

i1 Am  

US 05 =  V 0 
u1 

giF . 9.13 

)а  
i 

)t(u  

r 

b) 
il 

rl 

ul 
i1 

giF . 9.14 

)а  
i 

)t(u  

r 

b) 
il 

r fid  
rl 

ul 

i 

)t(u  

r 
il 

IS 

c) 

rl 

ul 

)t(u  

r 
il 
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il  = – IS
lrr

r +
l

m
rr

tnisU  = – 61 . 35 + 76 .33 nis t Am . 

 nI  eht lavretni  t(  … 2 ) eht  edoid  si  gnikcolb  ,  eht  .gif ni si emehcs gnidnopserroc

1.9 4,c ereh ;   il =
l

m
rr

tnisU  = 35 . 33 nis  t Am . 

1.9 .gif ni dettolp si tnerruc daol ehT 5. 
 

 .3.9 C NOITALUCLA  SCITSIRETCARAHC YB SEULAV EVITCEFFE ROF  
9- 81  9( . )56 .  era stset owT  tuo deirrac leets eht enimreted ot redro ni -  lioc eroc

sretemarap :  )1 htiw a eroc  : U = 001  V  , f = 05  spc  , I = 1. 52  А  , soc  = 0.  )2 ;2  tuohtiw  a
eroc  : U = 23  V  , I = 4 А  , P = 15 .2 W  . tcurtsnoC emehcs tnelaviuqe na  ,  sti enimreted
arap ssol leets eht sa llew sa sretem . 

noituloS  . A  laer eht fo emehcs tnelaviuqe seires  lioc
htiw a eroc citengamorref  nevig si .9 .gif ni 61 . 

r ehT  tuohtiw tset eht fo stluse  a eroc era : 

х0  ,0 = r0  ,0 = rW = 2I
P 3 = .  2 mhO  , Z = 

I
U  8 = mhO , 

хS = 22
WrZ 7 = .  33 mhO . 

r ehT  htiw tset eht fo stluse  a eroc era : 
Z =  U/I  08 = mhO ,     R =  Z· soc  61 = mhO ,     r0 =  R – rW 21 = .  8 mhO , 

х0 = 22 RZ – хS 17 = .  50 mhO , 
P ts =  r0·I2  02 = W      ro    P ts  = socIU  – rWI2  02 = W. 

 

9- 91  9( . )66 . A leets - eroc  lioc   eht morf deilppus si A-C krowten  , f = 05  spc  .  ehT
era sgnidaer tnemurtsni  : U = 021  V  , I = 4 А  , P = 082  W  , rW = 2.5 mhO  .  eht enimreteD

fles - fme noitcudni   , soc   , ssol leets eht  . elbigilgen si xulf egakael ehT ( хS  = .)0  

noituloS   . R = 2I
P 71 = .  5 mhO   ,  r0 =  R – rW  51 = mhO    , Z = 

I
U  03 = mhO , 

х0 = 22 RZ 42 = .  4 mhO ,    soc = 
Z
R 0 = .     ,385 P ts =  r0·I2  042 = W, 

Е  = U = 2
0

2
0 xr ·I 1 = 51  V. 

 
9- 02  9( . )76 . ta tnerruc ekohc ehT  U = 002  V  , f = 05  spc  ot lauqe si 5  А,  ,eromrehtruf 
P = 003  W  , w =  ,006 rW = 6 mhO  , Фm = 1.2 bWm  .  emehcs tnelaviuqe eht enimreteD

ssol reppoc dna ssol leets eht sa llew sa sretemarap . 

noituloS  . Z = 
I

U  04 = mhO ,    R = 2I
P  21 = mhO  ,  r0 =  R – rW  6 = mhO , 

РW = r W ·I2  051 = Wт     ,  Р ts = r 0·I2  051 = W   , U  = Фm 4· . 44 Wf  061 = V, 

Z0 = 
I

U  23 = mhO , х    0 = 2
0

2
0 rZ 13 = .  4 mhO , 

х = 22 RZ 3 = 8.  2 mhO , х   S = х  – х 0 6 = .  67 mhO . 
 

r0 

I 

U 

giF . 9. 61  

rW хS 

х0 

U  
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9- 12  9( . )86 . ehT  ekohc  citengam  eroc   leets fo edam si Э  ,24 w =  ,014 rW = 51  mhO  ,
хS = 01  mhO  . fo egatlov ylppus eht enimreteD a ekohc ( f = 05  spc )  eht niatbo ot 

 noitcudni citengam Вm = 1.1 Т eulav ni   edisni eroc eht  , rom ,revoe  S = 02  сm2  ,
γ = 7. 01·8  –3 gk /сm3  . tA  Вm = 1.1 Т   Нm = 003  А/m  , Р0 = 1. 64  W/ gk  , Q0 = 6.5 AV r/ gk  ,  eht

si ssam eroc  G = 51 .6 gk  ,  1 = . .50  
noituloS  . Р ts =  Р0·G 22 = .  8 W     ,  Q ts  = Q0·G 101 = .  4 AV r. 

si htgnel eroc ehT    l = 
S

G  1 = m. 

 mumixaM   si tnerruc Im =
w

lHm 0 = .  237 А   si tnerruc evitceffe  ,  I =
2
mI 0 = .  394 А. 

era emehcs tnelaviuqe seires eht fo sretemarap ehT  

r0 = 2I
P ts 39 = .  9 mhO     ,  х0 = 2I

Q ts 714 = .  6 mhO , 

Z = 2
0

2
0 )xx()rr( SW  144 = mhO . 

v ehT    si ekohc eht ssorca egatlo U  = Z·I 812 = V . 
 

9- 22  9( 6. 9).  stset owT  tuo deirrac era leets a htiw - lioc eroc  : D htiw - ecruos C  – 
U- = 02  V   , I- = 01  A   ; A htiw - ecruos C  –   f  05 = spc   , U~ 001 =  V   , I~  5 = A   , Р 001 =  W. 

eD  ,ssol reppoc dna ssol leets eht enimret emehcs tnelaviuqe eht sretemarap  rewop ,
elgna ssol ,rotcaf  . xulf egakael eht tcelgeN ( ФS .)0 =  

 .noituloS rW  = U-/I-  2 = mhO   , Z = 
~

~
I

U  02 = mhO ,   R = 2
~I
P  4 = mhO  , r0  = R – rW  2 = hO m, 

х0 = 22 RZ 91 = .  06 мО   . Р ts =  r0·I~
2  05 = W       , РW =  rW ·I~

2  05 = W, 

soc = 
Z
R 0 = .    ,2 elgna ssol    = gtcra

0

0
b
g = gtcra

0

0
x
r = gtcra

691
2
.

5 = . 38 . 

 

9- 32  9( . 07 ).  fo gnidniw yramirp ehT  a remrofsnart ( gif . 1.9 7  )  htiw deilppus si  eht
egatlov  U1 = 022  V ycneuqerf fo  f = 051  spc  .  eht fo edam si eroc remrofsnart ehT

leets fo steehs detalusni  2151 htiw ssenkciht   = 0.5 mm  ,  eht  fo ssenkciht  na  noitalusni
hs neewteb reyal si stee   = 0. 10  mm  .  sezis eroc ehT

swollof sa era  : а = 005  mm  , b = 05  mm  , c = 06  mm  ,
h = 006  mm  . n ehT snrut gnidniw fo rebmu si  
w1 =  ,57 w2   .53 = a ehT ri  pag  si   la 0 = .  5 mm . 

tI  si  deriuqer  ot  etaluclac  eht  egatlov  ssorca eht  
nepo  yradnoces  gnidniw  sa  ew ll  sa  eht  yramirp  

tnerruc  rednu   eht noitidnoc  eht  egakael  xulf  si   %5
xulf citengam niam eht fo  ,  yramirp eht fo ecnatsiser

 gnieb gnidniw rW  = 0.  164 mhO . 
 dna seires htob fo sretemarap eht enimreteD

seires - lioc eht fo semehcs tnelaviuqe lellarap . 
noituloS  . aC etalucl  eht  naem  htap  htgnel   eht fo

eroc  l ssorc leets eht sa llew sa - noitces  S. 
l = ·2 a(  + )h  = 005(·2  + )006  = 0022  mm  = 2.2 m, 

la 

I 

giF . 9. 71  

w1 w2 

b 

U1 h 

c b b 

a 
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S  = b·с·kf,   erehw  si rotcaf gnillif eht  kf = =
10050

50
..

. 0 = . ;89  

S 0·06·05 = .  1492 = 89 mm 2 = 2 . 01·149  –3 m2. 
ehT  yradnoces  gnidniw  si  nepo  dna  tnerruc  seod  ton  wolf  hguorht  ti  , os  ti  sah  on  

ecneulfni  nopu  eht  yramirp  tnerruc  hcihw  si  detaluclac  yb  eht  pets - yb - dohtem pets . 
emussA  eht  tnenopmoc  fo  egatlov  U1 gnitasnepmoc  f citengam niam eht fo FME xul  
ot lauqe si   U  0 = . 69 U1 112 = .  2 V. 

nehT eht swollof sa era noitcudni citengam dna xulf citengam niam eht fo sedutilpma  

Фm = 
1444 wf.

U =
57051444

2112
.

. 4 = . 01·32  –3 bW ,      Вm = 
S

Фm = 3

3

01492
01324

.

. 1 = .  44 T. 

m ehT  leets fo evruc noitazitenga 2151 elbat(  )01.2   eht fo eulav mumixam eht sevig
ytisnetni citengam  rof Вm 1 = .  44 T: 

Нm 41 = .  62 А/ mc  6241 = А/m. 
 s’ffohhcriK  egatlov sevig tiucric citengam eht rof wal   Нm·l  + Нam·la  = Irm·w1, 

erehw  Нam = Вm / 0 –  lamixam  ni ytisnetni citengam eht fo eulav eht pag ria . 
swollof sa si tnenopmoc evitcaer tnerruc eht fo eulav mumixam ehT  

Irm = 
1w

lHlH amam . 

 esu ew eulav evitceffe sti dnif ot redro nI eht  rotcaf   hcihw kat se  tnuocca otni  eht
nu ruc eht fo ytiladiosunis evruc tner  noitarutas leets eht morf gnitluser  . f ehT  rotca  

 no sedneped  eht  noitcudni citengam  edutilpma  fi dna Вm = 1. 44   Т ot lauqe si ti    1 = . .93  

nehT    Ir =
1

0

2 w

lBlH
a

mm

=
1

7

4

2
014

015441
931

226241

w

.
.

.

62 = .  86 А. 

 evitcA  tnerruc nimreted si tnenopmoc  detaluclac gnieb ti ,ssol leets eht hguorht de

alumrof eht rednu   Р ts   = р 05/1 · 2
mB

31

05

.f М, 

erehw   р  05/1 – ssol cificeps ( rep 1  gk  ) edutilpma noitcudni citengam eht ta  Вm = 1 Т  dna
ycneuqerf  f = 05  spc  ; leets fo esac ni 1  215 ssenkciht teehs eht ta   = 0.5 mm  si ti  

3.3 W/ gk   ;  М – ssam eroc eht . 
 М  = g·S·l,   erehw   g – leets fo ytivarg cificeps  , si hcihw 7 .  8 g/ mc 3. 

 М 7 = . 92·8 .  07405 = 022·14 g 05 = .  74 gk ; Р ts  3 = . 1·3 . 44 2·
31

05
051 .

05· .  6341 = 74 W. 

a ehT  evitc erruc  tn  tnenopmoc si  I  а =
U
P ts =

2112
6341
.

6 = . 08 А . 

latot ehT tnerruc si    I = 22
ra II = 22 8662086 .. 72 = .  35 А. 

l ehT elgna sso si      = gtcra
r

a
I
I  = gtcra

8662
086

.
. 41 = .3 . 

’teL fo ssentcerroc kcehc s  U  . .gif htiw ecnadrocca ni siht roF   eht dnif ew ,81.9
egatlov tupni eht fo eulav detaluclac  
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U clac  = |I(rW  + xj S)  + U    ,| emussa ew ereh  U   = U  = 112 .  2 V. 
 nehT   I  = I·e –j 09(  –   ) 72 = . ·35 e –j 57 .7  А. 

etaluclac s’teL  xS  . occa nI ,ksat melborp eht htiw ecnadr   ФS 0 = . 50 Ф hcus sa ,  

LS = I
Фw S1 =

I
Фw. m

2
500 1 =

35722
0132457500 3

.
.. 4 = . 01·70  –4 H. 

l ehT ecnatcaer egakae  si   xS  = ·LS  = 942·4. 01·70  –4 0 = .  483 mhO . 
evah ew ,yllaniF  

U clac  = |I(rW  + xj S)  + U  = | 2| 7. ·35 e –j 57 .7 0(· .  + 164 j0. )483  112 + .2 422 = | .  8 V. 

c ehT si rorre noitalucla   
U
UU clac = %001·

022
8422022 .  = %001· – 2 .  .% 81  

redisnoc swolla tI gni tcerroc eb ot noitaluclac tnerruc eht . 
 eht enimreteD sretemarap emehcs tnelaviuqe  . F  ro  a  emehcs seires ( gif .9 . 1  )6  

r0 = 2I
P ts = 23572

6341
.

1 = .  98 mhO ,    z0 = 
I

U =
3572
2112

.
. 7 = .  76 mhO , 

x0 = 2
0

2
0 rz = 22 981767 .. 7 = . 34  mhO . 

roF a seires - emehcs lellarap ( gif .9 . 81 :)  

g0 = 
U
Ia =

2112
086
.

. 0 = .  230 S,    b0 = 
U
Ir =

2112
8662

.
. 0 = .  621 S, 

Y0 = 
U
I =

2112
3572

.
. 0 = .  31 S. 

v ehT gnidniw yradnoces eht ssorca egatlo si  

U2 =  w2 td
dФ  ,  revewoh   U =  w1 td

dФ . 

evah ew ,ereh morF  

U2 = 
1

2
w
w ·U = 

57
53 112· . 89 = 2 .  6 V. 

9- 42  9( 7. )1 . ehT  tlov - erepma  citsiretcarahc  fo  a leets - eroc  ekohc  ta  ycneuqerf  f = 05  spc   
rof  evitceffe  seulav  si  detamixorppa  ni  etinifed  egnar  yb  eht  gniwollof  noisserpxe  

UL 002 = I – 51 I 3     , erehw    UL[V]  , I[A], 
 raenil htiw seires ni detcennoc gnieb ekohc eht ticapac ticapac fo ro y 20 F. 

gnivaH  detcelgen  eht  leets  c eht dna ssol reppoc eht ,ssol ticapa ro  eht enimreted ,ssol 
 eulav tnerruc  eht rof gniwollof sesac  : а  ) noitidnoc ecnanoser egatlov eht  , b  )  tupni eht

 elihw eulav mumixam eht sehcaer egatlov  elohw eht  si tiucric evitcudni . 
noitidda ni enimreteD  )1 :  ecnaticapac muminim eht  seod hcihw caer wolla ton h gni  

rav yb ecnanoser eht y ni g tnerruc ro egatlov ecruos eht  )2 ;  mumixam eht  ecnaticapac
 ton seod hcihw su wolla gni  noitamixorppa nevig eht ot  etaluclac  eht .tnerruc ecnanoser  

rewsnA   : а  ) UL – UC 002 = I – 51 I 3  –
Cf

I
2

   ,0 = I 1 = .  56 A; 

b  )  
Id

)UU(d CL 04 = .  8 – 54 I 2     ,0 = I 0 = .  259 A; 

  )1 xL(0) = 
Id

Ud L (0)  002 = – ·54 I 2  002 = mhO  = x xamC    , C nim = 
xamCxf2

1 51 = .9 F; 

g0 

I 

U 

giF . 9. 81  

RW хS 

b0 U  

Ia Ir 
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 )2
Id

Ud L  002 = – ·54 I 2   ,0 = I 2 = .  11 A    , x nimC = x L(2. 11 ) = 
I

U L (2. 11 ) 331 = .  3 mhO , 

C xam = 
nimCxf2

1 32 = . 98  F. 

 
 .01 STIUCRIC CIRTCELE RAENILNON NI SESSECORP TNEISNART  

01 -1 01( 1. ). nI  emehcs  gif .  ,1.01 ereht  era  a ecruos  fo  
ladiosunis  tnerruc  j(t) = 0.5 nis 005( t+ψ) A  ,  lacitnedi owt

iser secnats  r0 = r = 01  mhOk   egatlov( pacirav a dna
)roticapac elbairav  С(u).  sneppah ssecorp tneisnart ehT

rekaerb tiucric eht gnisolc nehw  . c ehT bmoluo - tlov  
 fo citsiretcarahc  eht elbat ni detneserp si pacirav  .1.01  

elbaT 1.01  
q  , Cm  0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0. 59  1 
uC  , V 0 3 7 11  61  02  52  23  5.54  67  341  052  

tI deriuqer si ot  enimreted  gnisu  eht  noitaziraenil  dohtem  woh  m semit yna  eht  egatlov  
ssorca  eht  pacirav  gnirud  eht  tsedrah  tneisnart  ssecorp  sdeecxe  sti  edutilpma  ni  ydaets -

etats  .noitidnoc  
S noitulo  . ehT  tiucric  r  , C(u  ) i noitatummoc eht erofeb tser ta s  ,  htiw laed ew yhw s’taht

snoitidnoc laitini tnednepedni orez   q 0( +    ,0 = ) uC 0( + .0 = )  
 nI  a ydaets -  s’ffohhcriK rednu noitauqe eht ot syebo etats tiucric eht ,noitidnoc etats

 egatlov wal  
is(r  + r0)  + uCs  = rj 0. 

emussA  eht  gniwollof  ytilauqeni  si  eurt  is(r  + r0)  » uCs   (  ew  lliw ti evorp retal  .) nehT  

is =
0

0
rr

r j 0 = . 52

 

ּ nis 005( ψ + t  ) A. 

ydaets ehT - si egrahc pacirav eht fo eulav etats  

)t(soc.)t(soc.tdiq ss 0050150005
005

520 3  C. 

 yB  eht  atad morf elbat .gif( CVC pacirav eht tolp ew ,1.01   enimreted dna )2.01  eht
 tniop А ydaets eht fo -  yb noitidnoc etats  eht  fo eulav edutilpma  eht egrahc  qsm = 0.5 Cm  .

 eht ot gnidnopserroc egatlov pacirav eht fo eulav edutilpma ehT  deniatbo  si tniop
U mC  =  02 V. 

calper s’teL  fo CVC eht e  eht  pacirav htiw  htiw ecnadrocca ni enil tcerid eht  eht
 ,dohtem noitaziraenil  eht  tniop hguorh gnissap enil tcerid A i noitauqe sti , s  

 q  = C

 

ּu )1.01(                                                       ,  

  erehw F.
U
qС

mC

ms 6
3

0152
02
0150 = 52  F  – ticapac pacirav y  tniop ni А  .  

 ehT ticapac  ro r ecnatcae  si  08
0152005

11
6C

xC mhO , 

i.е  . pihsnoitaler   is(r  + r0  » ) uCs    eurt yllaer si . 
 yb debircsed si ssecorp tneisnart tiucric ehT  eht noitauqe  

i(r  + r0  + ) uC  = rj 0,      )2.01(  

r 
r0 

i 

)u(C  

giF  . .01 1 

j uC 
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revoerom  
td
qd

i     , morf elihw     )1.01(   
C
quC .      )3.01(  

itutitsbuS ng niatbo ew ,)2.01( otni )3.01(   .rCjq
td
qd)rr(С 00   )4.01(  

s ehT si )4.01( fo noitulo    ,eB)t(soc.qqq
t

ts 0050150 3  )5.01(  
    erehw   = С(  r  + r0   ) – eht oc emit tiucric tnatsn ; 
В –  eht noitargetni tnatsnoc   noitidnoc eht morf denimreted si hcihw , q .0 = )0(  

)5.01( morF ,   niatbo ew В 0 = .5

 

ּ 01  –3

 

ּ soc ( evah ew yllanif nehT .)  

.e)(soc.)t(soc.qqq )rr(С
t

ts
033 01500050150  )6.01(  

eht taht edulcnoc ew ,)6.01( gnizylanA  tsedrah  tneisnart  ssecorp  si  bo devres  ta   =   0
elihw  eht  mumixam   egrahc fo eulav q xam  retfa srucco ssecorp tneisnart eht gnirud  eht

flah - )6.01( morF .dessap sah doirep , niatbo ew  

)rr(С
xam e.)(soc.q 033 01500150  

= )e(. )( 36 01010101520053 10150 0 . 499

 

ּ 01  –3  C 0 = .  499 Cm . 
gnisU pacirav eht s’ dnif ew ,CVC eht  mumixam  egatlov  ssorca   eht pacirav   gnirud

eulav ot gnidnopserroc stneisnart  q xam :      uC  xam  052 = V. 

oS        ,
02
052

mC

xamC
U
u 21 = . .5  

 deecxe tonnac egatlovrevo mumixam eht tiucric raenil a ni taht etoN .2  
 

052  002  051  001  05  

0.2 

0.4 

0.6 

1.0 

0.8 

q , Cm  

0 

uC, V  

F gi  . 10.2 

 
C=q ·u 

A  
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 3 

 1 

 2 

 

 U – u C 0( +  ) – i 1 0( + r) 2 
 

 U – i 3 t( - r) 3 

03  52  02  5 01  51  

u, V  

 0 

i , A  

 2.0 

1.5 

 1.0 

 0.5 

.2 5 

i1 u( 1) 

giF  . 10 4.  

01 -2 01( 2. ). nI   eht emehcs  gif . 3.01  non a gniniatnoc - ecnatsiser raenil ( EN  ,)  eht
 sneppah ssecorp tneisnart nehw 3 eht ffo gnihctiws dr hcnarb  . c EN  yb tes si citsiretcarah

elbat .2.01  
elbaT 2.01  

u1  , V 0 9 51  5.71  91  02 .5 12 .8 32  42  52  62  72  82  
i1  , A 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.4 2 2.6 

 

gnivaH  detamixorppa  eht  EN  citsiretcarahc  htiw  owt  
 enil thgiarts stnemges  , enimreted  suoenatnatsni eht  tnerruc  

hguorht  EN  c ssorca egatlov eht sa llew sa ticapa ro  С  .  yB  eht
 deriuqer eht fo secnedneped emit eht tolp ,stluser noitaluclac

seititnauq  , fi  U = 001  V  , r2 = 5 mhO  , r3 = 25 .9 mhO  , C = 002  F. 
noituloS .  yB  eht elbat fo atad  2.01 tolp ew ,  u1(i1 ( ) CAV EN  ,)

gif ni detneserp gnieb ti .4.01 .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

erofeB  eht  noitatummoc  i2(t-) = ( 0 c ticapa ro  seod  ton  wolla  eht  tcerid  tnerruc  
gniwolf ,)  ylgnidnopserroc  , i1(t-) = i3(t-)  , tniop eht yhw s’taht  )1( ydaets eht fo -  etats

 htiw ecnadrocca ni yllacihparg denimreted si noitatummoc eht erofeb noitidnoc
noitauqe  u1(t-)   + r3i3(t-)  = U. 

gif morF 4.01 . , niatbo ew  i1 t( -) = i3 t( -) = 1.  4 А      , uС t( -) = r3i3 t( -) = 25 .9·1.4 =  47 V. 
tA  eht  noitatummoc  tnemom  , uС peek s  dnoces eht htiw ecnadrocca ni eulav sti

,wal noitatummoc  i.е   . uС 0( +  47 = ) V. 
nO  nitelpmoc g eht  stneisnart  , ereht  era  on  stnerruc  ni   eht tiucric  esuaceb  fo  eht  c apa -

ic t ;ro  ti  snaem   tniop eht o ydaets eht f -  noitidnoc etats  no EN  CAV   etanidrooc eht ni si
nigiro  ,  elihw ydaets eht -  etats  fo eulav  eht ssorca egatlov  С si  uСs  = U  001 = V. 
tA  eht  noitatummoc  tnemom  , eht  tarepo gni  tniop ( tniop  )2  no EN   CAV tfihs  ni s

 htiw ecnadrocca  eht noisserpxe  
u1 0( +) + uС )0(  + i1 0( +)r2 = U     ro      u1 0( +) + i1 0( +)r2 = .62  

r2 

u1  

i3 i2 

EN  

r3 

i1 

giF  . 3.01  

C 

U 
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gif morF 4.01 . , niatbo ew : i1 0( +  = ) )(i 21 0 = .  76 A         ; u1 0( +  = ) )(u 21 22 = .  7 V. 
 ehT tarepo  fo trap gni EN   owt htiw detamixorppa si CAV hgiarts  t  enil stnemges 2 : -  3

dna 3 - .0  
c ehT tniop fo setanidroo 3 era : )(i 31 0 = .  81 А, )(u 31 51 = .  8 V. 
a ehT  citylan noisserpxe s f ro 2  stnemges - 3  dna  3 - era  0  

u  1 31 = .  + 3 i1r fid 1, u  1  = i1r fid 2, 
  secnatsiser laitnereffid eht erehw r fid   1   dna r fid 2 

810760
851722

3
1

2
1

3
1

2
1

1 ..
..

ii
uu

r )()(

)()(

fid 41 .  80 mhO         ;
810
851

3
1

3
1

2 .
.

i
u

r )(

)(

fid 78 .  8 mhO . 

eht etupmoc ot redro nI   rof snoitauqe laitnereffid tiucric eht etareneg s’tel ,stneisnart
tsop - noitidnoc noitatummoc  

u  1  + uC  + i1r  2  = U       ;
td
ud

Ci C
1     ro   u  1  + uC + .U

td
udrC C

2 )7.01(             

ehW n detarepo EN  ni  tnemges 2 -  ,CAV fo 3  eht weiv a sekat )7.01( noitauqe  

31 .  3 i + 1r fid  1  + uC + i1r  2  = U     ro    ; ..U
td

ud)rr(Cu C
fidC 33112 )8.01(      

s ehT  fo noitulo  eht swollof sa si )8.01( noitauqe  uC  = U – 31 .  3  + А1
tpe 1 , 

 si noitauqe citsiretcarahc eht fo toor eht erehw  

262
0100280415

11
6

12
1 ).(С)rr(

p
fid

 s –1. 

 tnatsnoc noitargetni eht enimreted eW А1 noitidnoc eht morf  ta taht t =   egatlov 0
uС 0( +  47 = ) V .i  , е.  А  1  = uС  )0( – U 31 + .3  47 = – 68 .  = 7 – 21 .7 .V  

f ehT  lani snoitulos  egatlov rof uС  tnerruc tiucric eht dna  i ehw n EN   ni setarepo
tnemges 2 - era 3  uС 68 = .  7 – 21 . ·7 е – 262 t V , 

 i =
td
ud

� C 01·002 =  –6 (· – 21 . (·)7 – ·)262 е – 262  t 0 = . ·76 е – 262 t A     .   )9.01(   

ehW n EN  tnemges ni setarepo  3-0, mrof a sekat )7.01( noitauqe eht  

i1r fid  2  + u  C  + i1r  2  = U     ro    ; .U
td

ud)rr(Cu C
fidC 22 )01.01(          

s ehT  fo noitulo  eht weiv a sah )01.01( noitauqe     uC  = uСs  + А2
)tt(pe 12  ,         )11.01(  

tauqe citsiretcarahc eht fo toor eht erehw  si noi  

935
010028785

11
6

22
2 .

).(С)rr(
p

fid
 s –1, 

 dna t1 – tnemom emit  ,  nehw  eht ssap tniop se  morf tnemges 2 -  3  otno tnemges 3 - .0  
enimreteD  t  1 ta taht noitidnoc a morf  t = t1 noitauqe eht  )9.01( tluser eht evig ot sah     

i )3(  = 0 .  81 А .i  , е.  0. 0 = 81 . ·76 1262 te , 

    ereh morf
262

810
760

1
.
.nl

t 5 . 01·0  –3 s 5 = .  0 sm . 

noitargetni eht enimreted eW  tnatsnoc  А2  ta taht noitidnoc eht morf t = t1  eht
 snoitauqe  )9.01( dna  )11.01( rof   uС   tluser emas eht evig ot evah  , i.е. 
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0 10.0 20.0 30.0 40.0 50.00

02
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06

08

001

Cu t( )

i t( ) 001

t

giF  . 5.01  

68 .  7 – 21 . ·7
3015262e  + 001 = А2, 

morf  ereh             А2 68 = .  7 – 21 . ·7
3015262e –  = 001 – 61 .  7 V. 

f ehT  rof srewsna lani uС tnerruc tiucric eht dna  i ehw n EN  setarepo  tnemges ni 3 - era 0  
uС  001 = – 61 . ·7 )tt(.e 1935 V , 

i =
td
ud

� C 01·002 =  –6 (· – 61 . (·)7 – 35 . ·)9 )tt(.e 1935   = 0. ·81 )tt(.e 1935  A. )21.01(     

stolp deriuqer ehT  era  detcurtsnoc  rednu  )9.01( dna  )21.01( htiw   fo noitacilppa
 margorp htaM gif ni detneserp gnieb yeht ,DAC .5.01 .  

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

01 -3 01( 3. ). gif emehcs ni tnerruc edoid eht fo ecnedneped emit eht enimreteD .  6.01
ssecorp tneisnart eht gnirud  , fi  J = 01  Am  , С = 5 F  yb tes si CAV edoid eht dna

elbat   .3.01 emit eht dnif ,yllanoitiddA  t1  morf  eht noitidnoc   u(t1  ) 0 = .  8 V. 
 elbaT 3.01  

i  , Am  0 0.2 0.6 1 2.5 3.4 6 01  
u  , V 0 0.1 0.2 0.3 0.5 0.6 0.8 1 

 

noituloS  . teL ’s ylppa  eht  lacitylana  noitamixorppa dohtem  ; si taht  edoid eht sserpxe ew 
fo snaem yb citsiretcarahc  alobarap  i = uk 2  . yB  emehcs  , ew  evah  uC = u  .  ecnadrocca nI

 noitatummoc dnoces eht htiw ,wal  uC(0+) = uC(0-) =  .0 yltneuqesnoC  ,  laitini eht
tarepo  fo tniop gni  eht si edoid  u(0+) =  ,0 i(0+) =  0 –  eht nigiro etanidrooc  . laniF  

 gnitarepo tniop  si  is = J = 01  Am  , us = 1 V  . tamixorppA e  eht hguorht ssap ot sah alobarap 
tniop lanif  , i.е   .  

is  = J  = kus
2

       , k  = 2

3

2 1
0101

su
J 01 =  –2 А/V 2 . 

,noitatummoc retfA  

i  C  = C td
ud     ;  J  = i  C  +  i  = C td

ud  + uk 2; 

J 
u 

iC 

C 

 DV  

i 

giF  . .01 6 
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C
ukJ 2

=
td
ud      ;  td = 2ukJ

udC =
J
C ·

21 u
J
k
ud =

J
C · 2

1
su

u

ud =
J
uC s · 2

1
s

s

u
u

u
ud

. 

   kram s’teL uqe  =
J
uC s = 3

6

0101
1015 0 = . 01·5  –3 s. 

 gnikaT        taht tnuocca otni 21 x
xd  = )x(htrA niatbo ew    ,  

 t  = uqe · htrA
su

u    ; u  = u s· ht
uqe

t    ;  i = uk 2  = is · ht 2

uqe

t . 

 dnif eW t1   noitidnoc morf u(t1 0 = ) .  8 V:  t1  = uqe · htrA 0( . 0 = )8 . 01·945  –3 s. 
 

01 -4 01( 4. ). evloS  melborp .01  3 eht gnisu pets - yb - dohtem pets  .  erapmoC  eht wen  yl
deniatbo melborp fo noitulos eht htiw tluser .3.01  
noituloS  . lanigiro ehT  noitauqe si noitatupmoc rof  

Ji
td
ud

C         ro           .)iJ(
Ctd

ud 1  

gnicalpeR  td  htiw  t  ,  eht niatbo ew  ta tnemercni egatlov eht rof noisserpxe k- ht  

lavretni         uk = C
t (J – ik-1). 

 fo gninnigeb eht ta tnerruc eht emussa eW k-  ta tnerruc eht ot lauqe eb ot lavretni ht
fo dne eht  (k–1)-  ot lavretni eno morf gnissap swolla tI .lavretni ht .eno tneuqesbus eht  
emussA  t  .  ni ti ekat ot dednemmocer si tI  eht egnar 0( .1 0. )2 uqe  . emussA  

t = 0.1 uqe  = 01·5  –5 s  05 = s. 
ehT  tiucric  etats  si tnemom noitatummoc eht ni   : u 0( +   ,0 = ) i 0( +  .0 = )  

0 2.0 4.0 6.0 8.0 1 2.1 4.1 6.1 8.1
0

2

4

6

8

01

i t( )

u t( ) 01

Iq

Uq 01

t t Tq Tq

giF . 7.01  

1 
2 

3 
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c ehT noitlucla  stluser  fo  eht  tneisnart  rednu ssecorp  eht  deniatbo  era ealumrof nevig  
.4.01 elbat ni  

B eht no desa  atad ni elbat  .gif ni 4.01   7.01  sevruc eht )t(u  dna )1 evruc(  )t(i  )3 evruc(
nward era   htiw  eht  fo noitacilppa  eht  seicnedneped emas ehT .DAChtaM margorp

,4 dna 2 sevruc( 3.01 melborp ni deniatbo  era )ylevitcepser ereht nevig osla . 
elbaT 4.01  

k t, ms ik-1 , mА uk  , V uk = uk-1+ uk  , V ik, mА 
0 0 - - 0 0 
1 0.0 5 0 0.1 0.1 0.2 
2 .0 1 0.2 0. 890  0. 891  0. 85  
3 .0 15 0. 85  0. 490  0. 292  0. 89  
4 .0 2 0. 89  0. 90  0. 283  1.7 
5 .0 25 1.7 0. 380  0. 564  2.2 
6 .0 3 2.2 0. 870  0. 345  2. 59  
7 .0 35 2. 59  0. 170  0. 416  3.5 
8 .0 4 3.5 0. 560  0. 976  4.1 
9 .0 54  4.1 0. 950  0. 837  4.9 
01  .0 5 4.9 0. 150  0. 987  5.9 
11  .0 55  5.9 0. 140  0. 38  6.5 
21  .0 6 6.5 0. 530  0. 568  7 
31  .0 56  7 0. 30  0. 598  7.7 
41  .0 7 7.7 0. 320  0. 819  8 
51  .0 57  8 0. 20  0. 839  8.4 
61  .0 8 8.4 0. 610  0. 459  8.9 
71  .0 58  8.9 0. 110  0. 569  9.2 
81  .0 9 9.2 0. 800  0. 379  9.4 
91  .0 59  9.4 0. 600  0. 979  9.6 
02  1.0 9.6 0. 400  0. 389  9.7 
12  1.05 9.7 0. 200  0. 589  9. 57  
22  1.1 9. 57  0. 5100  0. 5689  9.8 

 
01 -5 01( 6. ). c A ticapa  ro htiw  

ticapac y С i c s  egatlov ot pu degrah
U  ti neht , is  a ot detcennoc 

.gif( edoid rotcudnocimes  .01 8  .)  ehT
 edoid  si CAV  yletamixorppa

noitauqe yb debircsed  i  = u2. 
 dniF .1  eht  ecnedneped lacitylana

 fo  eht  ssorca egatlov  eht  ro( edoid
 eht  ssorca egatlov  eht c ticapa  no )ro
emit . 
 .2  htiw ti erapmoC  eht  fo noitauqe
c eht ticapa  eht hguorht egrahcsid ro

 ot lauqe ecnatsiser tnatsnoc  eht
0 2 01 5 4 01 5 6 01 5 8 01 5

0

2

4

6

8

01

1u t( )

2u t( )

t

i 

u 
C 

giF . 01 .8 

2 1 
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 laitnereffid ecnatsiser  fo  eht egrahcsid eht fo gninnigeb eht ta edoid  
r fid 0  = ud / id 2(/1 = U .)  

stnemmoc dna srewsnA : 

i = – С ud /dt = u2  ;   ro    – C
2u
ud  = dt;  

t = 
u

C + А =
u

C –
U
C .   ,oS  ni    esac tsrif eht u (1 t = )

C
tU

U

1
. 

 esac dnoces eht nI u (2 t) = U 

t

e = U 
0fidrC

t

e = U 
t

C
U

e
2

 ,  eht  segrahcsid roticapac
egatlov eht htiw sesaercni ecnatsiser edoid eht esac tsrif eht ni esuaceb rekciuq  

.gnisaerced  
sesoprup evitartsulli roF  shparg , u (1 t  dna ) u (2 t .gif ni dettolp era )  .01 8 rof  eht 

eulav gniwollof   :seititnauq eht fo s U 01 = V   ,  0 = . 10  А/V 2   , С 01 =  –  6 F. 
 

01 -6 01( 7. ). yllaitinI  , eht  hctiws  stnuhs  eht  tnerruc  ecruos  J = 002  mА  , neht  ti  nepo s dna  
eht  ecruos   semoceb detcennoc  ni  seires  htiw   eht rotcudnocimes  р-n noitcnuj  

( gif . .01 9,а  ,) laviuqe eht ecnaticapac yb detneserp yletamixorppa si emehcs tne  
С = 002  Fp  , non htiw lellarap ni detcennoc - CAV ecnatsiser raenil ni nevig si hcihw fo  

gif . .01 9,b ( U rid  = 0.5 V  ; r fid  = mr· gt  = 21  mhO  .) dniF  tuo  eht  wal  fo  egatlov  noitairav  
ssorca  р-n   i nehw noitcnuj  eht ni si t noitcerid gnitcudnoc . 

stnemmoc dna srewsnA    : u 0( +    ;0 = ) u

 

∞  = U rid  + r fid ·  J 2 = .  9 V. 
  detaluclac si ssecorp tneisnart ehT  yb  eht esiweceip - noitamixorppa raenil dohtem  . nI  

0  lavretni eht t1 

r fid  = 

 

   ,∞ u  < U rid    , u(t = )
C
1 t

tdJ
0

= 01 9t V     ; u(t1  = ) U rid    , t1 = 901
ridU 0 = . 01·5  –9 s. 

nI   lavretni eht  t  > t1    u(t  = ) u

 

∞  + A )tt(pe 1     , р = 
Cr fid

1  = – 01·714 6 s–1, 

A  = u(t1  ) – u

 

∞  = – 2.        ;4 u(t 2 = ) .  9 – 2 .4 ).t(e
96 015001714 V. 

    :evah ew yllaniF u(t = )
.ttfiVe..

,s.ttfiVt
)tt(

1
01714

9
1

9

1
6

4292
0150001

 

v ehT  tolp egatlo u(t gif ni detneserp si ) 9.01 . ,c. 

i 

EN  

J 

t1 
 

2 

1 

3 

0 2 4 6 8 ns 

)t(u  
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p-  n egassap  i  

giF  . .01 9 
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01 -7 01( 8. ).  nI  eht .gif tiucric  1.01 0,а U = 06  V  , r1 = 03  mhO , r2 = 02  mhO  , L = 0.2 H  ,
 fo CAV EN  elbat yb tes si .5.01  

 eht etupmoC ssecorp tneisnart tiucric eht fo stnerruc . 
stnemmoc dna srewsnA  :  eht  yb devlos si melborp  eht ydaetS .dohtem noitaziraenil -

 retfa dna erofeb noitidnoc etats  eht  yb detupmoc si noitatummoc  eht  fo dohtem  na
 ni rotareneg tnelaviuqe  a  .rennam lacihparg cric ehT l tiu  raeni noitces  decalper si na htiw  

noitatummoc eht erofeb sretemarap gniwollof eht sah hcihw rotareneg tnelaviuqe : 
Uo(t-  ) = U  06 = V     , r uqe (t-  ) = r1  03 = mhO  ,    IS(t-  )  = Uo(t-)/r uqe (t-  )  2 = А. 

tniop roF ( 1 gif 1.01 . 0,b :)   i3(t-)  1 = А,   u3(t-) 03 =  V. 
 nI noitidnoc eht  noitatummoc retfa  

Uo(t+  ) = U 
21

2
rr

r  42 = V     , r uqe (t+  ) =
21

21
rr

rr  21 = mhO       , IS(t+  )  2 = А. 

tniop roF     :2 i3

 

∞ 0 = .  5 А    , u3

 

∞  81 = V. 
stniop hguorht CAV raeniL  1 dna :2  r3 fid  = u/ i  42 = mhO . 

ht roF emehcs noitaluclac e  gif 1.01 . 1,а: i3(t  )  = i3

 

∞  + eA tp . 

 p  = –
L

rr
rrr fid

21

21
3

 = – 081  s –1    ,  i3(0+) =  1 А,       A = i3(0+) – i3

 

∞ 0 = . .5  

suhT ,    i3(t  ) 0 = . 0 + 5 . ·5 e – 081 t A     , uL(t)  = L
td
id 3  = – 81 e – 081 t V. 

 ehT rehto  dna stnerruc era segatlov swollof sa : u EN (t)  htiw yllacihparg denimreted si
 fo dia eht  eht tolp  i3(t  )  dna  EN CAV     ; u2(t)  = u EN  + uL;     i2(t  )  = u2/r2  ; i1(t  )  = i  2  + i3. 

 llA margaid eht gif ni detneserp era s 1.01 . 1,b. 
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iF g  . 1.01 0 

EN  

b) )а  
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U V 
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U0 

elbaT 5.01  
U3  , V 0 81  03  
I3  , А 0 0.5 1 
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