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Fanni o’rganishda qoidaga qaraganda
misollar foydaliroq bo’ladi.
Isaak Nyuton.

Muqgaddima

Mamlakatimiz sanoatining salohiyatini rivojlanishida elektro-
energetika sohasining ahamiyati beqiyos bo‘lib, uning ilmiy-nazariy asosi
bo*Imish nazariy elektrotexnikasiz tasavvur qilib bo*Imaydi.

Umuman olganda, elektrotexnika hamma zamonaviy elektrotexnik
soha yo‘nalishlari (energetika, avtomatika, elektronika, radiotexnika,
aloga, telekommunikatsiya, informatika va hokazo) uchun fundamental
fan tarmog‘i hisoblanadi.

O’zbekiston Respublikasi oliy va o’rta maxsus ta'lim vazirligi
tomonidan tasdiqlangan o’quv dasturiga asosan «Nazariy elektrotexnika»
fanidan ma’ruza amalyot darsi va labarotoriya ishlari rejalashtirilgan
bo’lib, talabalar nazarya qismidan olgan bilimlarini chuqurroq
o’'zlashtirish uchun amaliyot darsida mustaqil masala yecha bilish, hisob
grafik ishlarini bajarish va test savollarini yechish natijasida amaliy
ko’nikmalarga ega bo’lishadi.

Ushbu o‘quv qo‘llanma «Nazariy elektrotexnika» fani dasturi
asosida tuzilgan bo‘lib, chizigli elektr zanjir qismiga doir talabalar
mustaqil yechish uchun misol va masalalar berilib na’muna sifatida
yechimlari ko’rsatilgan hamda nazariy bilimlarini sinab ko;rish uchun
savollar ham berilgan.

Har bir bobga oid fanning nazariy qismidan elektr zanjirni hisoblash
uchun zarur bo*lgan qonun-qoidalar, atamalar, formulalar, tenglamalar,
analitik, grafik, kompleks usullar, vektor ifodalari va hisoblash usullari
bo‘yicha qisqacha asosiy tushunchalar o‘z ifodasini topgan.

O°*quv go‘llanma elektroenergetika, elektrotexnika, elektro-
mexanika, elektrotexnologiya, avtomatika, radioelektronika, telekom-
munikatsiya va axborot texnologiya soha yo‘nalishlari bo‘yicha ta’lim
olayotgan bakalavr talabalarga mo‘ljallangan bo‘lib, undan soha
mutaxassislari, magistr va doktorantlar ham foydalanishlari mumkin.

O‘quv  qo‘llanma talabalarga amaliy —mashg‘ulot darsini
o*zlashtirishda mustaqil masalalar yechish, hisob-grafik ishini bajarish,
test savollarini yechish va nazariy bilimlarini amalda sinab ko‘rishlarida
yordam bo‘ladi degan umiddamiz. Mualliflar o‘quv qo‘llanmani nashga
tayyorlashda yordam bergan baka'ammw;a
samimiy minatdorchiligini bildiradi. VA PEDAGOGIKA
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1. O‘ZGARMAS TOK ELEKTR ZANJIR

L1. Umumiy tushunchalar

[1
. O‘zgarmas tok — vaqt bo‘yicha o‘zgarmas bo‘lib
_q Kulon
O%zgarmas tok manbalari- t ~ sek
galvanik  elementlar foti arl: 0°zgarmas tok generatori, akkumulator

10 I-tok
E- & U—istemolchj s
k I manba EYK chi kuchlanighj
= R

~ iste’molchj qarshiligj
. gl.
| Ro-manba ich; qarshilig;
‘ Ste’molchjla
0 Zgartiriladj o e
) Elektr
Iste’molchilg
o‘p shoxob

Slﬁ(tll'_kenergiyasi energj
QlIk, yorug‘lik, kimyoviy va hakozolarr%{lwga

tar
moglangan v tarmoglanmagan bo‘lib

rni birlashtiruych; g
chani by Isimlar tarmogq (shoxobcha) va uchtadan

. Ugun deb atg|aq;

P

faarmec

mumkin, q 1 elektr zanjir akty yoki

boshqa Xildagi

dlanyotgan ¢ shdap S0s

quvvatip; hlsobl;z;bk: chlanish arf ¥ bm?q ad, ISte’ molchjjy

foydalaniag; OPishdan jpqpy boclib, ladigan eep, ener e
' ) ; rgiyasi

"™gof’ qonunidan

Passiv elektr zanjir parametrlari o’zaro ketma-ket, parallel,
aralash yoki murakkab sxemalar ko’rinishida ulanishi mumkin:
Masalan: a) zanjirning R qarshiligi sxemada ketma-ket ulangan
bo’lsa, (ekvivalent) umumiy qarshiligi: R,y = Ymzy Rn —ya'ni
garshiliklari qo’shiladi:
; - 1
b) parallel ulangan holda ekvivalent qarshilik Gy, ==
ekv
2=y G, bo’lib, o’tkazuvchanliklari qo’shiladi:
¢) qarshiliklar o’zaro uchburchak (rasm) yoki yulduzcha
shaklidagi sxemalarda ulangan yoki aksincha bo’lsa ekvivalent
qgarshiliklarini topishda quyidagi formulalardan foydalanish mumkin.
Yulduzcha va uchburchak tarzida ulangan tarmogqlarni o°zaro
almashtirish (ekvivalent parametrlar):
a) uchburchak shaklida ulangan qarshiliklarni yulduzcha shaklida

almashtirish tenglamalari:

_ Z31°Z12 | _ Zy2Z33 . ZazZzy |
Zl - E ’ 2= F ’ 3 — )
Zi2+Z31+223 Z12+Z23+23, Zyo+Za3+Za,
b) yulduzcha shaklidan uchburchak shakliga almashtirish teng-
lamalari:

Z]_'Zz ’ 22'23
Zip =21+ 77+ 7 Zy3 =123t Z3+ 7
3 1
Zy+Z3
231223+Z1+ 3
Z,

d) Murakkab sxemalardagi ekvivalent qarshiliklarni hisoblashda
ketma-ket soddalashtirish usulidan foydalaniladi.

2. Elektr kuchlanish yoki potensiallar farqi deb, elektr maydon
E (manba) ta’sirida biror musbat g zaryadning [ masofaga ko*chirilishida
bajarilgan ishga aytiladi va Vel da o‘Ichanadi.

U === [ Edl = pa—0pp (V) (1.0
5
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Masalan: R — garshilikdagi i i
j gi kuchlanish irmasig
yoki manba kuchlanishiga teng: pocnsislar syirmastes

a I R E
— 33 g @ g
T
Ua b -—

u
Bl.mda: ba

a9 =Uay =IR; yoki g, — ¢, = y,, = ES Upg = —Upp
iklf'lel;atr zanjir uchun Om qonunj
lv 2 B - ¢ e - .

qarshiligi bo‘Igan zanjirning bir gismi uchun Om i:

Uba =U=RI(V)yokis =Y (o iy

Bundan: § @

R =y_(0m) . 1
yokig= = 1/ 1 .
’ 9= %= 3" Simens ) (1.3)

Uholda qarshiljk (A)
0°zgaradi, vole— Qmper Xarakteristikasj ] — f(U) chiziqli
= chizigli
1
Lo L, .
a L; b c = d
Elektr zan U .
s JIrga manbg yy 9
quyidagicha (o a ulangan holda butyp 5
250, Nglama bilap ifodalanagj POtzan?IZI;JChun Om qonuynj
ar tengla ;
(Pd“ﬁoz"rRI g masiga
3:Pc=9,+E
2, (Pv =
L0 =g, L P Ral gy = g
yoki:
(pl“(P2+R1[+EI+R I
12 = & R
B 2 (R1+R2+R3)1 E -E‘I'(p1h(p2"u1z
undan 2
[ = 5By
FaFtarr = E:i‘%ﬂ‘ (1
m 4)

6

frTe-.-. @ LIS

4. Elektr manbalar ekvivalent o’xshashlik sxemalari.
Amalda elektr zanjir tashqi Volt-Amper xarakteristikasi U (/)
quyidagicha ifodalaniladi:

Ushbu zanjirdan o*tuvchi tok: [ = : yoki: U = RI
Ro+R
Kirxgof 2-qonuniga asosan:
Rol+RI=E yoki U=E-—Ryl (1.5)

Volt — Amper xarakteristikasidan, ya'ni (1.5) tenglamadan: E =
const va Ry = const xarakteristikasi to‘g‘ri chizigli bo‘lib, kuchlanish
manbai tashqi xarakteristikasini U (/) ifodalaydi:

a) salt holatda: R =00, =0 bo'lib: U =Uy =E (1.6)

b) qisqa tutashtirilganda: R = 0,U = 0 bo'lib: I = Iy = REO (1.7)

R, = 0 bo‘lganda esa ideal kuchlanish manbai bo‘lib:

U =E = const

Ushbu sxemani iste 'molchi garshiligiga nisbatan boshqa ko‘rinishga
keltirish mumkin. Buning uchun (1.5) tenglamadan manba ichki qarshiligi
Ry ga bo‘lib yuborilsa:

Y =2
e=e—1 (1.8)

(1.7) tenglamaga asosan:
!K:Fu-zjva-g—=lo yoki Ip=j—1I (1.9)

0 0

Bundan: J =1Io+1 tok manbaiboladi, yoki: I = j — = (1.10)

(1.10) tenglamaga asosan tok manbai (energiya) ekvivalent sxemasi
va tashqi xarakteristikasi quyidagicha ifodalanadi:

v ' R=a
1
1
1
R E/Idmll
|
real :!K
T =1 —>E 1(4)




Tok manbai tashgj xarakteristikasi:
a) salt holatda: R = o0, ] = yoki J

u.
X
=0 U=0 yokif=[, ==L

— . . Ry’
©, (go = 0) bo Isa, ideal tok manbaj bo‘ladi: j = [0= const.

b) qisqa tutashuvda: R
Agar Ry =

Natija
bo‘ladi.

Masalan; berj]
Ry=20m. Tok ma

()

nbaini yop; gyc Olamiz (R, = o i darshiligi yoki

n manbadana ashtirilgan g, ) EYK manba

: _ tashe i ili
chiquvch; elektr ql?vvgil riﬂ:*lllllc(:lga
a

Masalan: [kkita EYUK bo’lgan parallel zanjirni, yoki tok
manbaidan iborat zanjirlarni ekvivalent sxema bilan almashtiramiz:
! I |

Y

Ch 9z l I
l,-i D[ ®[ verids[] v
I

JI |

Eyyi+E ¥y

a) E =%; z=lyy+y. b)J=/1+), g=0g1+92
Bunda: I = % = %%:23 yokil =1, +1, = E g, + E;g, = X Eg

£ &= !1 — o'tkazuvchanlik. Demak EYUK manba bilan tok

A4

manbai bo’lgan sxemalarning ekvivalent o’xshashlik tenglamasi:

+ E + E n_ELqgr
5 :J_: S+ /2 _Eg 292 =ZAT—11 kgk; (1.11)
g g1t39: g1+ 92 =19k
1

qarshilik Ry, =

g1t3g2

5. Elektr zanjirni hisoblashda Kirxgof qonuni.

Kirxgof qonun elektr zanjirni hisoblashda asosiy qonun bo‘lib,
barcha hisoblash usullarining negizi hisoblanadi.

Kirxgof qonuniga asosan p-tarmoq g-tugundan tashkil topgan elektr
zanjirni hisoblab, tarmoqdagi tok uchun K =p-(gq — 1) tuzilgan
tenglamani yechish bilan bajariladi.

Kirxgof I-qonuni: %3_;[, =0 - tarmoqdagi toklar algebraik
yig'indisi nolga teng.

Kirxgof II-qonuni: }.}_; E;, = ;=1 R~ kontur EYK algebraik
yig‘indisi shu konturga kiruvchi qarshilikdagi kuchlanishlarning
algebraik yig‘indisiga teng.

6. Elektr zanjirlarida quvvat muvozanat tenglamasi.
Elektr zanjirda energiya muvozanatlanishi qonuniga asosan: manba

elektr quvvati iste’molchilarda sarf bo‘ladigan elektr quvvatga teng
bo‘ladi.

n

n
z Peen = Z Pyanb (1.12)
k=1 k

=1




YOKi Xz Epn Iy + By J Uy = S0, 12 Ry, = U2G,
Bunda: m - EYK manbalar soni,

I : _ n — tok manbalari soni k -
1ste’molchilar soni, U, I - bjr xi| yo‘nalishd

agi tok va kuchlanish.

7. Murakkab elektr zanjirlarni matritsa usulida hisoblash.

asosa?ﬁﬂ‘?n t:)k zanjirlari. uchun Kirxgof va Om gonunlariga
qo’llash hisogblashe?agr]:;clfrllliar'm YZChiShda - Seolk mametsR snli
; : [ NI ancha soddalashtiradi. ayni Al

hisoblash mashinalaridan foydalanilsa oson ke:l?a(li!i RES SRS

iborat zanjir tenglamasi:

......... +Ripl, = E

Roaly + Rl +... +R,;I?1 = El,clk

Fraly 4 Regly 4. {7
nn

%zl:df.sﬁalfha: Zi1 Rl = B (k 21 + n)

2, @ p,{—lrontur toklar qiymatlari £, - EYUK qiymatlari

et )lzori ametrlar giymatiqri n —tengl - oni
y SON - qiymatlardan iborat gtamalar soni

(beri]gan yoki noma’lum

matritsayj :
ifodalaymiz Y ustunli tenglama  ko’rinishida
I E,
I=]: va F- .
I,] Yyoki
n
M B
...... Z
Z=|"Zn+ g, i
2n
Z ~kvadrat] m =z
| Matritsg o il £
Zanjlruelﬁmenﬂandan tarkib ?stZTmam tenglamagy 0’xshash bo'lib
Shbu kvadrat n. ash bo’lib,
Zots maZtrltja Zni [ tok Ustuniga |
_ 1202000, payt
Z] = 22111 + Zzzfz ) Zlnin Ytirsak
Zyily— 7 7 nnl=|E .
Tenglamap; fnaly ... ., Zynl | Yok Z-1<E
Matritsy -1 g; {(e?hlsh uchun o LEn
birl ] O paytirish .. = Va chy . .
amchyi Matritsq A tenglaml;at'JaSlda 7. Zp_1 t3“‘0*f111n| teskari
hosj] qilamiz; - =1 =

10

1 AII Azl ------ Anl
Z_l — AZI AZZ ...... ATIZ
A ............ ese aas
Aln AZn ------ Ann . . .
Bu oldingi matritsaning determinant A - tenglamasi bo’lib, buning
I By _ E i
A ;i —algebraik to’ldiruvchisi: Z71-ZI=11=1= ~= E:7=1

Demak tok matritsasini hosil gilish uchun Z~'ni E ustuniga
ko’paytirish kifoya qiladi:

[l AllE'l + AZIEZ ...... + AT!IETI
I| o1 |80E  + AgEs...... + Ay
5 Al eereee e e

In AlnEl + AZHEE wowes AnnEn

Bundan kontur tok qgiymatlari ustun qatorlariga mos ravishda:
1
[1 = "'A‘ (AllEl + AZlEZ ...... + AI!IEII)

Tugun kuchlanish usuliga asosan tuzilgan tenglamalari huddi shu
ko'rinishdagi matritsaviy usulda yechish bilan tarmoq toklarini topish
mumkin.

g-U =1 Kirxgof qonunlariga asosan tuzilgan tenglamalarni
yechishda ham matritsa usulidan foydalanish mumkin. Bunda kvadrat
matritsa [-qatori Kirxgof qonuniga asosan toklar ustuniga mos elementlar
0,+1 yoki -1 deb olinadi. Keyingi ustunlari Kirxgofning /I qonuni asosida
tuzilgan tenglama mos tarmoq qarshiliklar koeffitsientini ifoda giladi.

Misol: 5-tarmoq 4-tugun 2-konturdan iborat elektr zanjiri Kirxgof
qonunlariga asosan tenglamasini tuzib, matritsa ko’rinishida ifodasini
yozing.

Kirxgof qonunlariga asosan tenglama tuzamiz:

D —L+L—]=0
D=l —1,—lg=0
3) L+ls+]=0
4) LRy + I14Ry —I3R3 = E; — E3
5) ]3R3"'15R5+[2R2 :E2+E3




Matritsa ko’rinishidagi ifodasi:

- '*"""-\

0 1 01 (h J
=1 =1 -1 |& 0

=
o

Ry Ry O |1,| |E, —E;
2 R; 0 Rs Ig By .Eg

o

b) Zanjir topologik sxemasi

L2. Masalalar yechish va uslubiy ko‘rsatmalar

| kl.l-Masala. Akti\.’ quvvati P = 40 Wt va kuchlanish U = 220V

:irenrfirndga}Z(rer;?lga uzun'h? l=10m g po’lat sim sarflangan. Po’lat
. e KESIM yuzasi S ya o) zichligi J topilsi imni

solishtirma Qarshiligj P=02-10-6 o punda S

- om-m
hish: i -7 _P 40
vehish ok qiymati: 1 < 7= 3= 1824
Aktiv Qarshiligi : p = U _ U% _ 2302
]

—_-—_ = = 2
Teleltapemicy 'y R~ 12110=¢ = 0.0165 mm
Blif=o=2 1104 /mm?
1.2-Masala. Ket o

¢l ulangan o ji =
4V, E, = Vv, qarshilig; = zkz 6 ?)arlglrd;()k E;;)IfmatiEl v_a

e

2
R1+R2 10024

) Bunds.
Soat strelka51ga mos yo‘nalgan borz(li:c'li Gk 2

bo‘lganie; '
- 81 uchun tok
Potensia]|ay farqinj aniqlash uchuyp

@ = 0.deb olam;,
12

Bunda: ¢, — ¢, = RyIyokip, = @, + IRy =04+ 0,2-4 =

0,8 (V)

g - v
Pq—potensiali: oy — @y = E, voki Pa = ¢p + E, 2_,80(2 .)6 ~
®e — potensiali:p, — @4 = IR, yoki @, = IR, + ¢4 = 0,

2,8 =4 (V)

1.3-Masala. Berilaga

Pa — Pe = —E; yoki: ¢, =_.E1+Cp°’ —4—4=0
Potensial diagramma chizamiz.

A

(V)
4 4 [
4 d
3l
2.4
b
11 R(Om)
! } | ! —
0 2 4 6 8 10

M sXxema parametrlari: E, = 10V: E, =30v:

Ry =5o0om; R, =30om: R3; = 120m bo’lganda potensial diagramma
tuzulsin.
R, |
v d
E, E,
b g
Ri a Ry

Yechish:

Pa=p bo’lganda:

Tok giymati Om qonuniga asosan:
Ey = Ey 30-10
RiiR; + Ry 20

Yy — @y = IRy; Dy

=PatIR =0+1x5=5yp
Do =@p = Ey; ¢,

=P +E =5+10= 151
(Pg"“(Pv:IRz; QOQ=(P,,+IR2=15+1*3=18V
g = 0y Seay Pa =@y -E, =

18-30=—-12v
Pg 35 Y =@ +1R=~12+1*12=0
slatma: Tugunlarda et 4 ;

a kuchlanishiga teng.
U=oy—o_=F1g

vm




_ Buyerda: minus (-) ishora istemolchi ekanligini bildiradi. Plyus(+)
ishora generator ekanligini bildiradi .

(V) d

v

18}
151
124

R(Om)

2
L 2 4 6 3 1012 14 45 18 20

r zanjir parametri R, =40 0m,
=600m,R, = 99 Om,Rs = 10 Om, R, = 10 Om

bo'lib, U = 120y 4 : "
hamda tarmoqdag; toii?rmas kuchlamshga ulangan. Ekvivalent qarshilik

aniglang,

" ab U d U ¢
Zanj.lrmng kvivalent yoki y i
uning uchyy RizvaR b

45 qarshyjl Jershiligini ‘opamiz.
N IKnl para]e] hold ‘st 1Z:
R —4+1 1 1 a qo‘shamiz:
3 R Rpt—=1 1 1 6
2 R; 40 + -i_'—' + == i
R.. — 120 22" g

6 Om
Ry = Rar

Wisrs 45 F-.._Eé_ = _39_:_1_9__
miy eleVa]ent qarshifi';:?s 1049q = 9 Om

13+ 45+R6=~.20+9+11‘
14

Bundan;

40 Om

r 5 i g u _ 120 34
Umumiy tokni aniqlaymiz: [ = o

Tugun potensiali yoki kuchlanishni aniglaymiz:
Up=1-Ri3=3-20=60V; Upg=1c=3-9=27V
Uj=1Rg=3-11=33V
Endi tarmogdagi tokini topamiz:

U 60
11 = b —t—— 115 A
R, 40

60
R, 120
U 60
I3= RabZE-:lA
3
=20 27 _ g3 4
14_;31_'90 ’
U 27
[s:?bi:1—0=2,7/4
5

Masala yechimini tekshirib ko‘ramiz:
U=Ugp + Upyg + Uy =60+27+33 =120V
1:11+!2+!3=1,5+0,5+1=3A
Quvvat muvozanati tenglamasiga asosan:
Pranp = Pise = Iile * I%RZ + IngS + ]ER,;, + ISZRS +
IERs = (1,5)% - 40 + (0,5)%-120 + (0,3)2- 90 + (2,7)%-10 + (3)2 -

10 =351 VT = 360VT
Hisoblashdagi xatolik-

Pgen—Pis 360-3
}; — -g—!;l__i. 1000/0 = —6035_15£' 1000/0 = 2,7%
Lst
L.5-Masala  Elek¢r zanjir - parametrlari: R, = R, = Ry =
4om |, Ry =R = R¢ =50m R; =10 om bo’lib. ampermetr | = 24

tokni ko'rsatsa, masalani Om va Kirxgof qonunlariga asosan yechib
E(EYUIK) topilsin.

Om qonuniga asosan: Ur=] R, =2-10=20V
Bundan: 162_[{2__“'2_0:4‘14 14=]5=16+]:4+2:
64 fo 8

Potensial: U, = [,R, =6.5=30y, Uca = I4Ry + IgRs + IsRs
YokilUeq = U, + U, + Urq =30+ 20 + 30 = 80V

U 80
11=12=f3+14: RCd+]4=T+6=26A
3




Demak: E = IRy + ,R, + I;Ry = 426 + 4 20 + 4 - 46 =
368V

Tekshiramiz: g =

CIRE L TN S —
20+30+ 144 = 368V B ef T Urqa db
Ushb Hirni
tUZi]Sliln_ Zanjirning g, ¢, d, b — kontuyr uchun  potensial

diagrammasi
Yechish: Agar @, = ( desak:
Pe =@, + IiRy
Pa =@+ I3R,
b =94+ 1R,

Pa =9y ~E =368y
=—368+ 104 = -264V

==264+ 120 = —144 y
=—144 + 144 = 0

(V)

A

R(om)

Eslatma | ~ yuqori
. t : ;
potensia] Kirishda pl?;s_ Potensig] Chlunchl plusdan B

= ji parametri:
% = Oy Rs =06 Om bo‘lib

3

|
Yechish. R, - qarshilikdan o‘tuvchi I, tokni topamiz:

Py _ (32 _
12_\/;2_ {2 4 A

a va b potensial kuchlanishni aniglaymiz:

R4 qarshilikdan o*tuvchi tok-:

; 3
Umumiy tok: [, = L+L=4+6=104
Zanjirning umumiy qarshiligini aniqlaymiz:

_ Ra(Ry+Ry) N 4(2+4) _
Rum = Ry + Ry+RytR, T N5 =19+ +06=19+

44244
0,652 99 s
10

U=1LRyn=10 - 22 =220y
P=U-1, =220 -10 = 2200 VT,

Manba kuchlanishj:
Manba quvvati:

1.7-Masala. 1kki konturli clektr zanjir manba kuchlanishi: £, =

8V.E,=6V,E, =36 qarshiliklari: R, =3 Om,R, = 1 Om,R; =
2 0m, Ror = 1,30m, Rozs =1,20m,R, = 6 Om,Rs =80m konturli
tok usuli vg tugunlararo kuchlanish usuliga asosan tarmoqdagi tok,

Voltmetr kuchlanishj va quvvatlar balansi aniglansin.

E_\? Rl)l R.‘

K_echiSh- Mustaqil konturdagi tok Iq, Iy, yo*nalishini belgilaymiz.

. I’Xgof  2-gonunigs 2 i
gicha bo lad;. qonuniga asosan k NYEIQZY

A RLIK
VA PEDAGOGIK
INSTITUT) ARM
NQ \—')1 5 3 9\5




= E.
Ru']a“Rm'fb=E11—R12"'a_+R221'l]{b.+R22 22
Bu yerda: Ry, R,, - konturning xususiy qarshi 1gl. .
R11=R1+R01+R2+R4,R22=R1+R01+R3+R03; 5
Ri2 = R,y —konturlararo qarshilik: Ry, = R,; = R, o+ 1:0Y1Kniﬂﬂ
Eiq va E;5 — mos konturga aloqador bo‘lgan manbaning I S
algebraik yig‘indisi. ——
Bu holda, agar manba Eyk yo‘nalishi bilan kf)murda:l’mlgv
yo‘nalishi mgog bo‘lsa, uning ishorasi musbat  yoki aksincha, manfi
olinadi,

Bunga asosan: F,, =
Tenglamaga ani

{ 3+1346+2)\1, - (3 43

oki: { a ) a
’ 431, + 145.

T [q = _"28
englama K rame, usulida yechiladi-
A< |123 =43
~43 14‘5| =178,35 ~ 18,49 = 159 86
A= =2 —4.3
<78 14‘5| =29~ 1204 = —faga
Ay 123 -2
=43 —og|=-3444_ 8,6 = —353,0
Bundan 3 28 35
lo= 21 = ~l494
End_“ D " 15986 = ~0,93 4. Iy =22 _ =3530 _ —2.91 4
Hlarmoqdagi oy aniglaymi,. P 15986
=ik - )
1 b IQ :“' 2,21 - 0‘93 = 1,28 A,
L =g

L= 2, T0934;
I1Va12tokni : 2':“b==221,q.
¢ <. e n - & .' ’ .
YO nalishj_ biz qabulgqri?mus lsh_orah bD‘ilShi, Ularning zanjirdagi haqiqiy
anga Nisbatay, teskarj ckanligin; ifodalaydi.
Tarrnoqda : . Potensijy '
; £l tok; 122 asogy

POtensialpj 5 sk umh un Potengiaj; N hisoblash.
potensiali « 3 c n

ma’] a _Olrlqaii fodalaymiz, Noma’lum

2y U yok; Sh kerak, yqor: - votio taeul

Szima ikk tugundan iboia;m()l» B2 teng oy qabzl n‘ll_lx g'orgerilivaﬂ
fabut Qilgan holda tenglama’ dem qulinadi.

Wzami, ¢ tugun Potensialini «noly, deb

Gob Py = Jp ensiali
Buyerda: ¢,— aniqlash kerak bo*lgan tugun potensiali.

i i i ‘tkazuvchanlik yig‘indisi.
9bp — «b» tugunga kiruvchi tarmoqning o*tkazt

Jo— EYK ga ekvivalent bo‘lgan tok
yigtindisi.

i ishi ) an bo‘lsa,
Bunda, agar tok manbai yo‘nalishi tugunga yo‘nalgan t

musbat va aksincha manfiy ishora bilan olinadi.
Demak:

= f]
9oy = Ra+R, + Ri+Rgy = R3+Rgs+Rs’ \Om

Es Es
Jp =t el [ A
b T Ri*Re; | Ry+R, R3+Ro3+Rg

Son giymatlari qo‘yilsa:

36
1 1 1 ) 8 6
(2+6+ 3+1,3+ 1+1,2+8/) ¥b 3+13 ' 246 ' 1+1.2+86

yoki: g, = 13,49 (1)

Tarmogqdag;i tok:

= . —13,4948 —-5,49
[ - (f)h+L1 R ik O - —1,28 A;
U7 Rk, 341,3 43
- +E —13,49+6 -7.49
Iy =2b "z _ 134946 = —0,936 A:
Ry+R, 2+6 8
—Pp+E; —13,49+36 22,51
e el R

= =T = 2,206 A;
R3+Rg3+Rg 1+1,2+8 10,2

I. Voltmetr ko‘rsatishini aniql

Up = —l Ry + LRy =

2. Quvvatlar balansi ten
manba quvvatj-

Pman = E; L + E, I, + Es I; =8 (—

36 2,21 =—10,24 - 558 + 79,56 =
Iste’molchilarda sarf bo*ladigan quvvat:
Pm=lf‘-(R1+Rm)+122'(R2+R
1,282 3 + 1.3) + 0,934(2 4 6) + 2,21

aymiz:
—={=093)6 4 (—1,28) 3

glamasiga asosan | -

63,74 V¢t

2(1+12+8). 7,045 +

6,91+ 4981 = 63,76 Vt
Hisoblashdagi xato

f% — Ipist"Pmanl y 1000/0 o 63,76-63,74

6376 100% = 0,039,

|Pis£|

manbaining algebraik

= 1,74vVv
ist teng bolib,

1.28) +6 (- 0,93) +

4) + 15 (R, + Ro3 + Rs) =



(1) tenglama

. . Yechish. ) VR hda
g2 asosan determinant usuliga asosan tenglama I)  tugun potensiallar usuli murakkab elektr zan_]lrinallll:rsii?labimn
esi R qulay bo‘lib, i'\'irxgoi'\’ﬂ Om qOﬂU_“iga gapsan wg-u;:)EOt;:izlaﬂadi. Bunda
B 1;1 “Riz =Ry 0 ~1p =5 — 1900 (Om) tuzilgan tenglamalarni yechish bilan tarmoqdag[l)_lan e laralar ot
TR TR Ral=l-10 20 —of 1900 ixtiyoriy tugun potensialini «nol» ga tenglash bilan teng
: 31_};}?32 _;—R33 =5 -—105 8 (g - 1) kamaytirish mumkin. . ‘rtinchi tugunni «nol» ga
4g= Ea +R12 -—R13 e - B o 00 (Vv Berilgan sxemada 4 ta tugun bo'lib, to sosan tugunlar uchun
’ En R22 +R23 ) ig 2?) —80 R tenglaymiz. (¢, = 0) va Kirxgof 1-qonuniga a z
c Thiap 33 = o A
i tenglama tuzamiz: =
& = B Ry 20 55 -5 : 1—tugun Iy—J—L =0 )
= |"Ry E, —Ry3| = =10 20 —-0|= 7600 (V) 2 — tugun Iy +1s — I;=0
—R3; E, +R3, =5 10 8 tugun J—L—1=0 J = asi
Rii =Ry, E, 20 —10 55 S v gun potensiallari ayirm
4. =|-R Om gonuniga asosan tok ifodasini tug
¢ a4 Ry Bi=|-19 25 20| = 9500 (V) .. donuniga asos
-—,R31 _.R32 Ec 2 -0 10 orqali ldea]a_\'m]z
Konturdagj tokp; aniglaymiz:

- E.
P1—@2+Es -] - Pam@ites o

Ry
R, ek ;
Pa—@3+Es | @2—¢atEs _ @17¢2%Es _ ()
Rg R3 ;4

j 0)4—(JJ3+EZ _ (Pz—q’:i"' 5 = 0

- ‘ i idagicha
" sl fe ani quyidagi
Potensial ¢, = 0 ekanligini inobatga olib, tenglamant quy

Yozamiz: 1 1 ;o
— s i —
fl’1(%+":—)—§02§;"51m J 4R41 ) 3)
11,1 1k i—Esg-'Es;g
"9’1;1‘+§02(E‘+R—3+R_5)_‘p335 * Re . 3
4 E 1 o
® 1+§03(_1'+_1-):EZE+ESR5 ]
e i - : riga
ili iy =9 o‘tkazuvchanlik parametrlarig
Qarshiliklar parametrini ==

ioni ani miz:
almashtirish bilan tarmoq o‘tkazuvchanligni amq_l_a)(; i
g1 =03 =95 =02sim, g, =9ga =

Tugunlararo tarmoq o‘tkazuvchanligini topamlz-
911 =91+ ga = 045 S i
922 = g4+ g3 + g5 = 0.6
g3z =05+ 92 = 0‘,45 sim NEP——
Tugunlarni bog*lovchi tarmoqdagi o tkazu.vc
912 = g21 = g4 = 0,25 s,
923 = g3z = gs = 0,2 s1m

22

23




(3 ten ing o‘ng 5 i . . . s
aniqla},r)niz glamaning o‘ng tomoni ifodalaridan tugundagi tok qiymatint
1~ -

3 —-g;:un d =Eq8s —E3g; — Egps = —4.75 A (@)

(4)tengla§nuan le = Esgs —Epg, —] = 5.75A
> t ¢ ,‘ “tkaz 2 . . - i
potensiallar tenglaiasa;?(;?i‘rilig tkazuvchanlik giymatini qo*yib. tugun
=5 0.45¢, - 0,259, = 2,75

259, + 0,65¢0, — 0,2, = —4,75 )

oG ‘eﬂglamaTa?’z% +0,45¢4 = 5,75 .

qiymatini topamiz: sistemasini - yechish bilan tugun potcnsialh

g P2 =1,6V,¢p, =12,08V “

uniga :
topamiz- £a asosan tuy o
s tuzilgan (2) tenglamadan tarmoqdag! toknt

ly =

L E‘(‘;O: @1 +Ey)g; = 0,95 4

la = (o P3 + E3)g, = 0,73 A

1= ((pz ~ @0 +Ej)g; =1,684
P1= @3 +Ey)g, =296V

(7)

2 le =
) quyvatlay musvo;;( P2~ @3+ E5)gs = 1,274 :
Zanati tenglamasi . . Aalanadl:
glamasi quyidagicha ifodala
4 Berilgap oxen El + 2][} = z 2R
TRy 12 2 & uchup =
1 Tok za:b? 3+ IER, + IZRE1I1 + Ealy + Egly + Bl ~]’]Uﬁ(S’)—
Va3 gy €2/ ulangap | '
BUN potengjq; &an konturdagj o h uchun
Py=itp 8a nisbatap e 13 kuchlanishni topish U
B Y=g, _ Englama tuzamiz:
wata 127 4 4. §+I4R4+'5R5=—5"20+5.
qiy Chlan; P ==6,84 1

6 '%lgisa:iq‘aymi;?h diymat
184 3 ) 15 . .

) (0,95)2.5173+10.168+5 ).
emak (0,73)2 . 2,95 +20-1,27 +

4
Aty (1,272 T8 5+ (295) 4 F

Natj:

larini (8) tenglamaga qo‘yish pilan

=63,8yT

1.11-Masal: el
R, = R, = R.lbdld. Ko*prik sxemada ulangan elektr zanjir parametri:
manbani il ?,,_ 50 0m,R, = Ry = 4 Om bo'lib, E = 30 V o'zgarmas
ga ulangan. Uchburchak sxemadan ekvivalent yulduzcha sxemaga

o‘tish bilan ta .
: an tarmoqdagi tok va sarf bo‘ladi ey _ :
aniqlansin. N sarf bo‘ladigan elektr tok quvvati

Yech ish,

Beril y e -
L‘kviV"tIemEan sxemadan b,c,d uchburchak sxema potensialini
yulduzcha sxemaga o‘tish ifodasidan foydalanamiz:

R>°R 80120
I{(J:—-z—_‘} :‘—_-'=30 Om
Ro+R4+Rs 320
R-'R 120-120
Ro+Ra4+Rs 320
4R 80-120
Rg _ _ReRs 80TS0 _ 30 Om

uzilgan yulduzcha sxemadan garshilikni ketma-ket va parallel

qo°shish bilan 7ani: . et i
ish bilan zanjir umumiy qarshiligini aniqlaymiz:
R3+R +R 210-105 _
Rym = Rg +(_3__B_)_(_’“._Il=_— 0 +——= 30 Om

T Ry+Rg+Ry+R7 315
armoqdagi tok: I = RE = 3% — 034
10
Par: . . um : .
arallel tarmoqdagi tokni aniqlaymiz:
3 10-0,3
R, = [—Feths _ _Z2==024
Rs+Rg+R1+R7 315
540,
Rsg =1____*’?1_+§?_.___-£_._=0,1A
Rs+Rg+R +R7 315

1=0 ;31: yerda: Ry = Ry ga teng bo‘lganligi uchun aniglangan li7 =
I:-ie _.1Va 138 = 13 .= 0,1 A ga teng.
Uchun ¢ uu gan Sxemaning qolgan tarmoqlari .
gun potensialiga asosan tenglama tuzamiz:
Upe = IR + 1;R; = 0,330 +02°45= 18V
Uba = IRs + 13Rg = 03-30+0,1-30= 12V
Uge = Uy — Upg = 18 —12=6V

I
dan o*tuvchi toklarni aniqlash

25
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Tarmoqdagi tok: I, =’%°= = =0225A,1, = 22014,
_ Vew _ 6 _ '
Iy ="et = % = 0,05

Masalaning yechimini tekshirib ko‘ramiz.
Bunda: a — tarmoqdagi tok:
b Idz 11+l3=0,2+0,1=0,3A
—tugundagi tok: [ =1, + 1, = 0,1 + 0225 = 0
Zanjirda sarf bo‘ladigan quvvat: ’ 2

P=Ul=1%R,,, =30- 03=9VT

Boml};Zi\d;s(;nla. B_e_rllgan elektr tok SXemasining parametri: R, =

EYE lo - _"31- Ry =40m,R, = 6 om, R = ¢ Om,Ry =7 Om,

tok mantat & VB2 =30 V.Ey = 30 V,E, = 40V,E, = S0V
1] =44 va birinchj tarmogqdagi tok [, = 2 A bo"]itsa, konturli

tok usulj -
82 asosan tarmoqdagi tok, Eix - EYK giymati va ekvivalent

generator usuliga asosan

1 * .
Yechish, 2 tarmoqdagi tok aniglansin.

Konturli tok usuliga asosan konturdagi tok [, I, I yo‘nalishlari
bo*yicha Kirxgof 2-qonuniga asosan tenglama tuzamiz:
Riila = Ryzlp = Rysle = Eq
—Ra1la + Razlp = Rysle = EbI
—R31lq = Raaly + Razle = E¢
Endi konturga kiruvchi qarshilikni aniqlaymiz:
Ry; =Ry +R; +R3 =17 Om
R, =R; + Ry +Rs =17 Om
R33 :R3+R4+R6: 17 Onl
Konturni bog*‘lovchi konturlararo qarshilikni aniglaymiz:
Ri2 =Ry = R, =50m}

(M

Rs; =R;3=R3 =4 Om
R,3 =Rz, =Ry =6 Om
Konturni tashkil etuvchi EYK ni aniqlaymiz:
E,=E X+ E,—E;=(E, X—-17)V
Eg=E,+E,+E; =140V
Ec=Ef —E;—E3=—68V
1- konturdagitok: I, =1;, =2 A4
Aniglangan giymatni (1) tenglamaga qo‘yamiz:
2:17=5I,—4-1.=E 43— 20
—2-5+17-1b——6-lc=1401 (2)
—2-4—6-1,+17-1. = —68
Ushbu tenglamadan noma’lum konturdagi tok (I, /. )ni
aniqlaymiz:
yoki:
171, — 61, = 150
—6l, —171. = 160]
Bu tenglamani Kramer usuliga asosan yechamiz:

d.=|17 73| =289-36 =253

150 -6
_ = — 360 = 2190
Ay i 15107 2550 -3
17
L = —1020 + 900 = —120
¢ l—-6 —60 .
Bundan:
_ 2190 ... SO
[b = —2—— = 8,65 A, IC - 253 0'475

(2) tenglamadan E,, - EYK giymatini aniglaymiz:
Eix = 54-5-8,65 + 4-0,475 = 12,65V

27



Tarmoqdagi tokni aniqlaymiz;
11'—=2A, Izzla—lb=2-8,65=_6,6514
li=0L-1.=2 + 0475 = 2,475 A
Iy = 1,- I, = 865 + 0475 = 9,125 4

[Is =1, = 8654
6 = —I. =
qu;rat muvozanat tenglamacsini tl?:‘:z;?zjq

1151?11+ I3R, + I2R, IRy + 2R + (I — I,)Re =
i 1h t B+ Byl + Egy + Egls + Ec (I — I)

undan: - 13335.86 ~ 13337 v °
Hlsobiashdagi xatolik 0,029 g

a teng.
nt generator usulig

4 asosan I, tarmoqdagi tokni anig-

Bunda:  f, = Yabe X

R0+R2 (_))

Ekvivalent sXemasinij chizamiz:

ayirmasi bilar ‘lganda elektr sx

ema ikki tugunli potensial
N lanr 0p — gunli potensia
asi . C=¢p)t : : :
£a asosap: B) tugunlarare potensiallar ayirmasi
o 5
UCd = —7.,_17_1‘;2511_.211 - (ES+E1x)T?_‘-:.-—}‘(—'_(E4+E ) 1 1
m=19n 17%s 3 R3+R4_EG R_(.
. 1 =
6265 75 _, R1+Rs++R3+R4+E1;
~—1-‘]‘L—-_.1_0___2:

T T =895y

14 19 '-;

tarm :

h=p < (ES+Elx)—ucd0qdagl toklarnj aniglaymiz:

Ri+R = (62'6 1
13::142% 70589554-8,95).12____5'2{4

Om 9onuniga agogy;,

E! 10 =
Ig = SetlUey 2-8,95 10 6,14

Potensial qiymatni aniglaymiz:
q)a:(Pd+Es+15Rg =0+50-52-6=193V
0p =@q—Es +14,R,=0—40+6,1-6=-337V
@y =@y + E; =—3,37—50 =-53,37V
Uabo = Qa — @y = 19,3+ 53,37 = 72,67V
Endi (3) tenglamadagi R, — ichki ekvivalent qarshilikni aniglaymiz.
Buning uchun b,c,d potensiallarni birlashtiruvchi qarshilikni uch-
burchak sxemadan yulduzcha sxemaga keltirish formulasiga asosan
ekvivalent sxemasini chizamiz:

R3R 24
 p, = —Refe_ 24 5
R3+R4+R5 17 .
; R3R 28
“Rp = —22— == (0m)
RetR +Rg 17
R4R 42
R, =—+*—=—=(0Om)
Ry+Rs+Rg 17

R. qarshilikni Rg bilan va Ry qarshilikni R, qarshilik bilan
qo'shib ikkita parallel ulangan sxemaning umumiy qarshiligini topamiz:

_ (Rct+Rs)(Rp+Ry)
Re+Rg+Rp+R,

5,95 (Om)

Rum = RO + Ra =

Uzilgan 2-tarmoqgqga nisbatan ekvivalent sxemasini tuzamiz hamda
aniglangan giymatni (3) tenglamaga qo‘yish bilan I, tarmoqdagi tokni
aniqlaymiz:

R,

|
|
| _ Uaps _ T2E
Bt = Ro+R,  595+5 6,6514)
1
1

i i il

1.13-Masala. Murakkab elektr zanjir tarmoqlaridagi garshilik:

Ry =R, =R;=20m, R, = Rs = Ry = 6 Om va elektr yurituv-
chi kuch E; = 68, E, =12 V bo‘lib, tok manbai / = 94 ga teng.
Konturli tok va tugun potensiallari usullariga asosan tarmoqdagi tokni
aniglang.




- ;
- . h)

¢ .

;:k {napbam{ elektr yurituvehi kuchlar manbai bilan

oima €yingi ekvivalent sxem

14 asosan tenglama uzamiz: £, = J*R3=9.2=18V

3= . — .

[a(R:{ + RS + Rz) + IbRG + ICRZ = El - F

[ RIQR6+[b(R4+R5+R6)-—]CR5 =0 i

aft2— _'IbRs + [C(RZ + R3 + Rs) = E3 = EZ

Yechish, a)
almashtirilgandan

10[:1 + 6l + 2L =
8la +181, — g1 =
2la =61, + 107, = ¢
Tenglamalar sigtemgs:
S Stemasinj ish hi
lo=1 = ~154; 1, <7 _, 0 konturdagi tokni aniglaymiz:

. b
Tarmoqdagi tokni aniglay ;- Gle=l =154
I, = :
6 Ia+§b=-—0,5A; IS:’c“h,:OSA-
?ﬁﬁhmkdagi tok 7y et I°)1= o
1 . c — = P
ifodalayg;, © " tokning haqiqiy'sqi—yt?ﬁst'A el
b) tugun _ att teskari ekanligini
Potensijg] ;
P2 = 0 deb olam; Usuliga asog
m an s ¢ mn
Bunda: Xemadan 2-tugun potensialini

393 - ¢
el 492 =—E, g -
n %gi - 23(93 t 94+ g5y - cpliil E’;gz o
e
ol 395 + P4(9; + g, 4 ) -
" % L Py — 4= —3 5 ge) = Ezgz
3<P1 * 3 ~5 P4 =36
% 4 =
Te 01+ 5¢, ==
Nglamap; yechish %ilanﬁtgﬁ "
| un i
Py = —g . 24N Potensigjyy ini i
ET 3 (93 = 6 V q ymatlnl topalnlz:

¥

\ g
) ‘ 30 4+=3V.

.

Bundan, tarmoqdagi toklarni Om qonuniga asosan aniqlaymiz:
= (p2— 1 —Eg, = (0+9—6)§= 154
L=(p1—@s+E)g, = (—9—3"'12)%:0

] — I3 = (¢35 —@)gs = (6‘*‘9)%:7:514
Iy = (@3 — @2)gs = (6—0)é= 14
Is = (93— 9a)gs = (6 —3)< = 0,5 4

lo = (94— 92)ge = 3—0)z=054.

Quvvat muvozanat tenglamasiga asosan:

E Pmmlba = E Piste‘molchi

Eyly + Exlp + Esly = IFRy + I3Ry + I3R5 + 17 - Ry + 12Rs + I2R,.
Demak: Prunps = 36 VT = Pigans =36 VT,

1.14-Masala. Zanjir parametrlari: Ri1=R,=4 Q R3=6 Q R4=Rs=12Q
Re=4 Q va Ig=2 A ga teng bo’lganda tarmoq toklari topilsin.

Yechim: [-3 tugun potensiallariga nisbatan ekvivalent qarshilik

topamiz:
Riw=="=+Rg=100m  Rly,= Ry + R;=8 om
5

Bunda ekvivalent sxemasi b -rasm ko’rsatilgan. Shunga nisbatan
kuchlanish:

Us1= Rl - 1s =102 =20V demak, I, =2 =2=25A

31 Ropyy = I =10-2 =20 emak, Iy = 7—="7=2,

ekv

Kirxgofning 1- gonuniga asosan: I;=1I; + [g=2+2,5=4,5 A
I _

2-tugun uchun: Ig=1I; +Is  Ry=Rs bo’lib, tok I;=Is=2=1A
demak E=Us;+R3-13=20+6 45=47V
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1.15-Masala. Beril
toki [ =14 bo’lganda,

" ¢ 6
Yechish: a-b : .
: potensial orasidagi kuchlanichu:

- anish iz
Usi=1:(646) =12V Bundan; 1 < Va6 _ 12 T

Ki“‘gofning 1- . 12 E = 1A
qonuniga as S 2.
"xgofhing 2-qonuniga asosan a-

Unﬁ_—' U35+ Uaﬁr'] 2+1 2=
unda: [; = 1" +H,=2+4=g A
Qarshilik Parametrlari bir x;

Masalaning yechiminj

| bo 1ganligi uchun I, = [, e s _ 6
-._l — II - l

a—tugunga nishaty

. 2+t +, = _ n tekshiramiz:
z 570 1-1-
Pu = PTJ};{(}?PS"?[-T‘ bO ]adigan umumiy z:_ 3 TR= 0
m +p _ vvat:
2¥124244 9164104, 1081%6 .
1 16-Masala K =576 Wt
L €tm .
cfl =E, =29 V: E =alket Zanjir Paramety i .
lagrammag; tuzilsin3 ov; bo’lganda qtymatlari R = 2 om ;

tok I aniglanib, potensial

Sa" elektr zanjir aktiv qarshiliklari va tarmogq
; 6 potensial k i At
nimaga teng? % P I' kuchlanish va tarmoq toklari

. . —Ey+E;+Ey _ —20+30420 _ 30 _
Yechish: Tarmoq toki: [ =— 3; S e w2 B
Zanjir potensiali ¢, = 0 deb potensiallar fargini quydagicha

ifodalaymiz:

O —@e =IR => @y, =5-2=10
Pa—@r =E; => @q=E; + o5 =20+10=30
@p—Pa =IR => @, =IR + ¢, =10+30=40
0. —@p =—Ey, => @, =—E;+¢,=-30+40=10
©q—@:=1IR=> @4 =IR+ ¢, =10+ 10 =20
Yo — Qg =—E3=> @, =—E3+¢@s=—-20+20=0
Izoh: I —chiquvchi yuqori potensial (+) E — chiquvchi yuqori
potensial (-)
Potensial qiymatlarga asosan diagramasini tuzamiz.

=)
Y
-
o

1.17-Masala Sxemada avtomobil elektr ta’minot qismidagi
generator  bilan  akkumulyator ulangandagi ekvivalent zanjir
parametrlari: E; = 144V; E=12V; Ry =0.01om; Ry = 0.19 om;
R,=020m; [, =114; I,=1A teng U;; = ¢, — @, potensial
kuchlanish topilib, diagrammasi tuzilsin.

3 L Ry 1 Iz Ry 5




Yechish: Kirxgofning 2-qonuniga asosan tenglama yozamiz:

8) Ei—E=Roly+Rl; + Ry, = 144 — 12 = 0.01 - 11 +
019-11402-2 =24y

b)  1-2 potensial kuchlanish:

Ui2 =By = Ry + Ry) - I; = 14.4— (0.01 + 0.19) = 12.2 V.
Potensial diagramma tuzish uchun @, = 0 tenglaymiz, bunda:
Pa=@2—Ry-1; =0-0.01-11 =-=0.11V

P3=@s+E =-011+ 144 = 1429y

P1=¢3—R, Iy =1429 — 0.19-11=122v
fP5=q01'-R2-12 =122-02-1= 12V
¢2=(P5‘Ez=12-—12=0

Masshtab tan]ash bilan potensial diagrammasini tuzamiz:

uev
3
14 4 1
i o 3
10 1
g L
6 -
4 J
2 4
1 2
g R(Om)
fohaamg : 02 03 04
-16-Masa] i
3=lom R a_a oianj;gr Daremetrlari: £, < gy Es=12v R, =
= =R, — . 5 = 1=
Matritsa usuliday, foydalanibztOpilgin 2om o lganda tarmoq toklari
Yechish: ;
* AMrxgof qonun]ar
D~k +1, + Iy = 41ga asosan tenglama yozamiz

Rg IlRl * I3R3 = El
feRe~ LRy 4 1,R, = 0
® 5 IRy =

34

-1 1 10 0 Iy 0
0 -1 0 1 -1 I, 0

Matritsali ifodasi: R, 0 R3 0 0 =| 5 |=|E
0 RE —'Rz R4 0 14 0

0 0 0 —-Ry —Rsl Ll-I]l Ll=Es

DKonturli tok usuliga asosan matritsa tenglama ifodasi:

IaR11 + IRy + IcRy3 Eyy

[IaRm + IRyt IcR23] = [522]

lqR31 + I,R32+ I.Rss E33

yoki matritsa tenglamaning chap tomonini ikkita matritsaning
ko’paytmasi ko rinishida ajratib yozamiz:

211 Ziz Zy3 Iq Eyq _
Zy1 Zyp Zy| ] = E>; yoki [Z] : U] = [E]
Z31 Zzp Z33 I E3;

Endi [Z] matritsa tenglamaning har ikki tomonini [Z]7! ga
ko’paytiramiz:
[Z]71 (2] - ] = (2171 - [E]
Bunda [Z] matritsa determinantini [A,] — algebraik qo’shimcha
element bilan to’ldiramiz.

2)Ya'ni Ay, | —matritsani [Z] matritsa determinantiga bo’lamiz:
Zyy Zyp Iy
A= [221 Z22 223]
Z31 Zzp I3z

3) [Ag,, ] matritsani ., Iransponirovat™’ qilish uchun matritsa qatorlari
mos ravishda ustunlari bilan almashtiramiz ya’'ni:

1 All AIZ A13

(2]t = A Ayy Ayy Aps

Azy Dz Asg

yoki [Z]™1 - [Z] =1 bo'lib [1]-[1] = [1]
lq Ay Az D3] [E1n
(1] =[2]"'-[E] yoki l[b]:%[/;m Bss  Basl s |8
Ic Asy Azp Azl LEzs

Kontur toklar I , I, , I, yo'nalishini soat strelkasi bo’yicha olamiz:

2 =1 0 Iy 8 2 =1 0
-1 5 _2] ; l]b] — [ 0 ] : A= [—1 5 =2|=37
0 -2 5 I —12 0 -2 5



1.20-Masala. Elektr energiyani iste'molchilarga gza.tish‘ [mlyq
=1 i L s oo shiliei Ro=0.2 Om bo'lib. iste’'molchi
A= [ ; _2] =21 Ay, = Ay, = [ =5 kuchlanishi U=230 V ichki qarshiligt ko= U,z . P=f(R/Ry)
"l s Tl 5 qQarshililigi: Ri=0-2 Omga o'zgarganda elektr quvvati C
Shunga o’xshash: Ai3=A3;,=2, A,y=10: Ay3= A= 4,033=9 grafigini chizing. . -
Demak: Yechish. Uzatish linivadan oqadlgazn“t,ok- .
21 5 21 I, 21 5 2] [8 I = =~ = 1150 —
21 :517 [5 10 4]; [1"‘ -5 5 10 4] ' [ 0 R¥Ra Ro (147)  0.2(z0)+1 )
2 4 9ol U] 375 4 o] |12

Algebraik matritsalarni ko’

£, ou grashilik qiymatlariga nisbatan I-tokni aniqalaymiz.

paytirish usuliga asosan: Ro 1-jadval

] 18+ 5.0_ 212 144] [ 39 | ; - T
ib TH|28+ 10,0~ 4.qp{=1| g]|_ —0,216 0 ] 05 ‘ : ’ )

c 2:8+ 4.0-— 9.121 ¥ [_gy —2,49 02 0.4 0.6 1 2
Demak kontur toklar giymati- ‘—I{I(T(/)\l;l——l lnm ;)Gl, 5—}5 383 287 191 104
e i la=394, |, = —0216 4, 1. =-249 4 .

m}oq—toklanm topamiz; Tok qiymatlari asosida iste'molchidagi quvvati P=I’R shunga
ok 12394 L=_02164 Is=2,49 A
33940216 = 4,116 A .

Iy= Iy - le =-0,216 + 2,49 = 2,384
a tugunda tekshiramiy: —

asosan: P=t‘(§) hisoblab (tabl.2) grafigini tuzamiz.
0
hth+l=-39_0216+411=0

L 0 0,5 1 :

R

P 0 59 66 59 50 37
Foydali ish koeffisienti:
Pise _ 1R

Py IZ(RD‘Fi)
Ro

1.19-Masala. Z
Potensialj ygy

2-jadval

|

anjir

tugun

: Parametr|ar berilg
182 asosan yechilsin,

g

(%]
n
—_—
o

an bo’lganda tarmoq toklar!

[§9]
o

— & =0,5-100% = 509

RO+}§
Ya'ni R=R, bo'lganda iste’'molchiga uzatiladigan quvvat

1

Pige = =P

Ist 2
]J
60
50
40
30

20

R/Ro
— "
0 1 23 4 5 6 78 910
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1.3. Mustaqil yechish uchun masalalar

1.1-Masala, Ketma-ke
E1 = 20 V, Ez = 12V, Rl

Tarmoqdagi tok va pote
tuzilsin,

t sxemada ulangan elektr zanjir parametri:
=5S0mR, =60m,R; =90m ga teng.
nsiallari aniglanib, potensiallar diagrammasl

Javob:] = 0,4 4, Pq =0,
E, q)b = 2,4 V, (pd =- 14,4 V,
Pe =—18V, P = 2V

1.2-Masala, e T
tugun PmenSiallaridagi . _ gan elektr zanjirning a va b

tarmoqdagi (o) uchlanish Uy, = 60V botlib, kiruvehi
armoqdag;j tok h-z- 1.’5A va  qarshilik R, =1200m ga teng.
Javobs ffirzolhgl va ekvivalent Qarshiliginj aniglang
1 Om, ekv =40 0m, [, = 1 »4 I, =0,5A4
L.3-Masalq,

Elektr zap:;
Jir U = =
ernUth) QuVVat sarflang; Qarshilik palfl?ﬂl; el
& 00"lgandy, Ry qarshilik qQiym o

atl vg tarmo
vt R

ga ulanganda P =
2=150m,R, = 5 0m ga
qdagi tokni aniqlang.

Javob: R, = 8,250m, I, = 3,75 4,

R, 12‘:1,25,4,]:5,4’
L4-Magy], o
Ry = 1h Om R - Koprik SXemady ulangy
] = n
Kuchlanishgg 2 20 O, Ry = i

Zanjir - qarshilik parametri

Ry =4 p

Shga ulanggy, U, ~3p0ter?si(;r}1é 4hl: 30 0m bo‘lib, y = 210 V
Uchlanijgh;j aniglansin

38

L.5-Masala. Keltirilgan sxemada E; = 12V, E, = 24V,

Ry =R, =20m,R; =100m bo'lsa, @a Va @ tugunlar orasidagi

kuchlanish necha voltga teng.

g Javob: Uy, =9 V.
v I‘

1.6-Masala. Aralash sxemada ulangan elektr zanjir parametri: R, =

50 0m,R, = 80 Om,R; = 20 Om, Ry =300m,R; = 60 Om
to*rtinchi tarmoqdan o*tuvchi tok I4 = 0,2 A ga teng.
zanjir umumiy kuchlanishi va sarf bo‘ladig

L.7-Masala. Zanjir q

6om, Rg=3o0m ga teng bo’lib. EYUK E, = 120V, E, = 6 V,
E3 =80V va ampermetr 8 A

Kirxgof va om

tenglamas;i tuzilsin,

3112 Wt.

Masala. | 6 masal

v Kuchlanishga ulangan. I, tarmoqdagi tok va sarf bo‘ladigan
quvvat aniqlansin.

1.8-
U =50
Javob: p = 325V, Iy =290 mA

39

Tarmoqdagi tok,
gan elektr quvvat aniqlansin.

Javob: U = 34,5 V,P = 15,5Vt

arshiliklari: R, = R, = Rs=2om,R; =R, =

tokni ko'rsatsa, tarmoq toklar
qonunlariga asosan hisoblanib, quvvatlar balans

Javob: I; = 21 4, I, =8A,
Iy, =134, =164, P =

ada berilgan sxema parametri qiymati bo‘yicha



1.9-Masala. Zanjir qarshilik parametrlari R, = 120m, R, =
100m, Ry =16 om, R, =400m, Rs =60 0m,bo’lib J =014

tok manbaiga ulangan, Tarmogq toklari, U, — kuchlanish va sarf
bo’ladigan elektr quvvat P —topilsin.

[] : Javob: I, = 0,08 4 I;=0,02A
RU l4=10,01241. = 0,008 4
Uy =2V P =02Wt

1] =50mA, F =60 V, Ry =
=2 kom, Rs = 8 kom.
osida, matritsa usulida tarmoq

| Javoh: h =<39. 10734, 1, = 3010734,
D I Iy =—49. 10734, 1, = 40 - 10734,

Is =10 - 10734,

yD’n‘altiri]gan grafik sxema tuzilib,
Slamani mayjgg, usulida yechish bilan

_-1=2V, }5'2:121/, E: =16V,
3‘R5=40m,R4:10m’

J ;
avob.‘rf1 =14, Lh=0 ILb=14,
4

S2405=14 I, =2 A.

1.12-Masala. Berilgan elektr sxemaning qarshilik parametri:

Ry =40m, R, =6 0m,R; =3 Om,Ry =20m,Rg = 2._5 om.
EYK E =24V. Konturli tok va ekvivalent generator usuliga asosan
beshinchi tarmogdan o*tuvchi I5 tok aniqlansin.

Javob: Is =24

1.13-Masala. Berilgan elektr zanjir qarshilik parametri:
R1=R3=R6=3Om,R2=R4=R5= 10m,EYK E, =E, =
E3 = 48V. Konturli tok va tugunlararo kuchlanish usuliga asosan
tarmoqdagi tok aniglansin.
L R,

Javob: [, = 8 Al; =5334,
X [2 = SA, ]3 = 13,33 A, [5 = 0,
| T Ay A,

1.14-Masala. Berilgan elektr sXemaning parametri: Ey=40V,E, =
SV, E; = 30 V. Ry =5 Om, R, =10m, Ry =30m. Ikkita tugun

orasida  potensiallar kuchlanishi va ustma-ustlik usuliga asosan
tarmoqdag;j 1ok aniglansin.

O ® @)

l l I_ Javob: Iy = 5A I, =104, I =5A
L15-Masal, Elektr isitg = : ishga mo‘lj
botlib, p ey risigich U = 220y kuchlanishga mo ljallangan

lektr sarflaydi. Agar shu elektr isitgich U = 110 v
da qancha qu

vvat sarflanadi.
avob: p — 150 v¢




1.16-Masala, Berilgan sxema parametri: Ry = 1 Om, Ry =10 Om,

=100V, E; =80V bo'lganda,
armogqdagi tok aniglansin.

R, =2 Om,R; = 4 o, E, =20v,E,
tugunlararo kych]

anish usuliga asosan t

Javob: I, = —3,44,
I =23A4,1, =6,5 4,
lo=544,0, =54V

Zanjir parametri- Ri=R,=R;=

Rc =50 Om b()‘]”), El = EZ =
tok Mmanbaga ulangan, Ka]it (K) ulangan holat uchun
1qlansin,

Javob:1, = 2.4 4. Iy = -2,854,
lc = 1,654

zanjir  qarshilik
; 625V kuchlanishga
32,25 gy bo‘lgan holatda Ry —

2 Ry darshiliklarda sarf bo*ladigan

m bO‘]ib U=

—_

Javob: 1, = 3 Al =24,

Ri=113 Om, P, = 180 Vt,
R’ Py =120y, ‘

da bey;
k yo ]l_lg]f_n SXema shapy bo‘yicha I; =
kUChlanishlalS'] strelka kﬂ‘rsatishiga mos)
L ~150p | Malansin

1.20-Masala. Berilgan elektr zanjirning parametri:

Ry =60m,R, = 20m, Ry = 2 Om, Ry = 60m, Rs = 2- Om: o
Rs =6 0m, EYK E\=80V,E, =6V, E3 = 120V bo'lib, birinchj

tarmoq toki I, = 8 A4 ga teng. Om va I\'irxgoi'qonungu asosan tarmoqdagi
tok aniglansin.

)R E

a

Javob: I, = g Al =214,
I =134,1: =164

1.21-Masala. Elek(y zanjir par
El = 24'V, EZ =

= 18V bo'lganda.
usullariga asosan

qlymati topilsin;

ametri: Ry = R, = Ry =2o0om, EYK
Kirxgof qonuni vy ustma-ustlik
tarmoqdagi tok hamdy sarf bo*ladigan elektr quvvat

Javob: Iy = 54, I, = 24, I3 =74

1.22-Masala, Elektr Zanjir manba Qiymatlari: £ — 32V,] =18 A,
qarshiligj Ry =10m, Ry =60m, Ry =2 0m £4a teng. Konturlj tok,
lUgUn Potensiali va ustma-ustlik usullarig
aniglansip.

a asosan larmoqdagi tok

£

Javob: [, = 24, =5 4, by=18 4,

lampochka
ida sarf bo‘ladigan elektr energiyasi
Usoat eneros 1s
n.

ganda, bir oylik Xarajat

sarf puli: 9720 so'm.




— — = Om,
1.24-Masala. Elektr zanjir qarshiligiRy = R, = R; = Ry = 5,5

Ri=120m, R, =375 Om  bo‘lganda, umumiy qarshilik Rym
aniqlansin,

Javob: R, = 15 Om.

1.25-Masala, Elektr zanjir qarshi-ligi: R, = R, = 60 Om, Rg S_I:
Rs = 40 om, Ry =10 0m, Rs =80 om bo‘lganda, umumiy qarshili
(um) aniqlansin,

Javob: R, = 20 om.

Ry =
5s=360m bo'lib, U = 120V
okni aniglang.

Om, R
moqlardagi t

k t é;enerator usuliga asosan, elektr zanjir
dMpremety 4ancha tok satady

e : ] =1V, 1=124 bo‘lganda

a4

L - ZOOm' }?2 =
1.28-Masala.  Ko'prik sxema parametri: RlR :15()0771, i
1800-m Ry =1200m, Ry = 800m, Rs = 800m, Rs
E =12 V.5-tar-moqdagi tok I aniglansin.

Javob: [ =—0,00844

Sk l 1-11 dll ch“lala u u o

o
ckvivalent qarshilik topilsin.

Javoblar: a) 6.5; b) 1.6; v) 2: ¢) 4: d) 2;
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1.30-Masa S .
elektr sxemasi I:J-Zlﬁlf_itl)tlrllgan PO'tenSIal diagramma uchun ekvivalent
lib, tok va aktiv quvvat qiymatlari aniglansin.

R (om)

1.31-Masalq :
Zanji
10 om bo’ AT parametriari:
topilsin, ganda ekvivalent o’ xshashiik S;e - 807 =24 R=

B . O

i

Nazorat savollari

. Elektrotexnika fani nimani o‘rgatadi?

% Coaled T .. . .
il = O*zbekiston energetikasining rivojlanish tarixidan nimalarni
bilasiz?

3. Elektr zanjir ganday qismlardan iborat?

L}. O*zgarmas tok manbalarini bilasizmi?

>. EYK va tok manbai nima?

6. Elektr zanjir asosiy elementlari hagida ma’lumot bering.

7. Tarmoglangan elektr zanjirlarni chizib, tarmog, tugun, kontur

nima ekanligini izohlab bering.
8. Elektr maydon kuchlanganligi nima?
9. Elektr sig*imni izohlab bering va o‘lchov birligi nima?
10. " Elektr maydonining kuch chiziglari ekvipotensial sirtga

nisbatan qanday yo*nalgan?

) L. Sig*imi € = 0,1 mkF bo‘lgan havoli kondensator qoplamalari
orasidagi masofa 0,5 mm ga teng bo‘lsa, qoplamaning yuzasi (S) qancha
bolishi kerak? N -
kondch. Kuchlanish U = 1kV, sig'imi :

llsat01'cla qancha migdorda energiya to*planadi?
lJlaniqth'l Kondensatorlarning ~ ketma-ket yoki
shidan maqsad nima?
qaysiM. Nugtaviy zaryadlangan zarrach
qonunga asosan aniqglanadi?
ib I5. Potensiallar fargi, kuchlani
orat? _

16. Zanjirning bir qismi va butun zanjir uchun Om qonunini

onlng_
17.  Elektr zanjiri uchun Kirxgof gonuni
l1imad]ﬂ,8'= Elektr .tok quvvati, (aktiv quvvat
a o‘lchanadi?
eleklrls(i.e Elektr o‘lchov asboblari:
maga qanday ulanadi?
iSqaz?l-J[ Elektr manbai tashqi xarakteristik ing
ashuv va salt holat deganda nimani tushunasiz=, .
21 Murakkab elektr zanjirni hisoblash usullarigd 129‘51 bering-
22, Potensial diagramma nima va u qanday chiziladi’
23. Quvvat balans tenglamasini yozing:

C = 0,1 mkF bo‘lgan
parallel sxemada

alarning o°zaro ta’sir kuchi

sh nima va o‘lchov birligi nimadan

ni ifodalab bering.
) qanday ifodalanadi va

ampermetr, voltmetr va vattmetr

kasini chizing va izoh bering.
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24 Qaysi holatda ekvivalent generator usulidan fovdalanish qulay

hisoblanadi va qanday amalga oshiriladi?
25.  Aktiv va passiv ikki qutbli zanjir nima?

26.  Elektr va magnit maydon energiyasi ifodasini yozing.
27. Ikkita potensialdan iborat bo‘lgan sxen
usuliga asosan tenglama tuzing.

28.  Ustma-ustlik usulini izohlab bering.

29.  Yulduzchadan uchburchakga o*tish
almashtirish formulasini yozing.

30. Ikki qutbli liniyadan iste’'molchiga maksimal quvvat uzatish
shartini tushuntiring va tenglamasini yozing.

31 Aktiv qarshilik yoki o'tkazuvchanlik qanday ifodalanadi?
32. Manbaning ichkj Qarshiligi deganda nim

33. Elektr tok energiyasi
ifodalanadi?

34. Kuchlanishi 24 1/ bo‘lgan manbaga ikkita qarshilik — R, =
m; R, = _28 Om ke_trpg—ket ulangan. Tok necha amperga teng?

3.5. Ikk}tg Qarshiligi bo‘lgan ok zanjiri paralle] ulanganda,
umumiy qarshiligip; ifodalang,

36.

1a uchun tugunlararo

va aksincha holat

ani tushunasiz?
bajargan ish tenglamasi ganday

arallel zanjirda f _ kalit ulangan gy tok qanday o*zgaradi?
| R

Wirdagi tok [, =5, ;=84

th g Qarshilik qanchaga teng?

. . ish ifodasiga asosan
40.  Parallel zanjir uchun ekvivalent kuchlanish ifodasig
ekvivalent tok manbai sxemasi chizilsin .

._
04— — 0
™
_:,'l:
=+ =
=

b

.s 1io1 :100m3R2=
41.  Aralash sxemada ulangan zanlju‘ qarshlhg(:afl?]éa qancha akiv
Ry =4 0m bo'lib, U =40V kuchlanishga ulang
quvvat sarflanadi?
R,

- [

42 — iecialik anbai (peChkﬂ)
5 Elekt ti P 600 bo‘lgan lSSlqllk m
s CIEKLr quvvati = |/-'i -

Soat davomida qancha elektr energlya sarﬂayd !

49




2. SINUSOIDAL TOK ELEKTR ZANJIR Sinusoidal o‘zgaruvchan elektr zanjir uchun Om qonuni:

S, deniigie s I =2 = Uy () (2.5)
-1. Asosiy nazariy tushunchalar : o ; R_ g i x _ b
yoki burchak koeffitsientlari: cosg = 2=y SW@EUS
Sinusoidal davriy o‘zgaruvchan t 3 s , ’ ;
: o A . ok, kuchlanishi va EYK oni tgp=2=2. = ureches = o 2.6
qiymati quyidagi funksiya ko‘rinishda ifodalanadi. ’ | k " VTR ’ q; (Om) v ((2 7))
To'la qarshilik:  Z = +:% m); ’

L= I sin(wt +¢;); u=U. si
) = S ; . . : " s
l m SN + @y); Ketma-ket ulangan R — aktiv; L — induktiv; C — sig‘im qarshiliklar

Grafik ifoii;sfm (et g0 (2.1) bo‘lganda, reaktiv qarshilik:
X =X, - Xc=wl —i (om) (2. 8)
Elektr zanjir induktiv xarakterga ega bo‘lganda: wL > ﬁ; >0
Sig‘im xarakterga ega bo‘lsa: wl < i; @ <0.
Agarda wl = ﬁ bo’lib x = 0 bo‘lsa rezonans holat yuzga keladi
) Parallel zanjirning to‘la o‘tkazuvchanligi:
B}mda'qj T Pu— @ —faza farqi y = 1/ng + b? bunda g = %:b =b, —bc = xiL“i' 2.9

Im-—amplituda, yoki maksima] qj Ekvivalent parametr o‘xshashlik tenglamalari:
®; —boshlane*; qiymat R x 1
m—burchakgh[(:h oza (grad) g=z b=z ¥y=g (2.10)
chastota (rad/sel g b 1,
; ~chastota (Gg) ) =L x=2 2=y Q. 11)
Si _da‘g (sek) Iste’molchi ketma-ket ulangan elektr zanjirlarda ekvivalent
nusoidal o Zgaruvcha arshilik:
n tokn q :
e effekdv B =YiRy Ke=piXoZe=Ttals (1D
Parallel ulangan holda:
e =Xp=19ni be =Xi=1bmis ¥ = k=1Yn (2..13)

Tok va kuchlanishning aktiv va reaktiv tashkil etuvchilari:
U, = IR = Ucosep, I, =Ug=lIcose;
U,=1-x = Using; I, =U-b = Ising; (2. 14)

U = Ua®+lp?; [ =./la?+ Ip?
1. Sinusoidal o‘zgaruvchan tokning quvvat ifodasi:
Sinusoidal o‘zgaruvchan tokning oniy quvvati:
P = ui[cos ¢ — cos(Rwt — @)] (2. 15)

Aktiv quvvat:
P =U cosp = LR = Uyg = Ul, = Ugl[Vt,kVt] (2.16)
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Reaktiv quyvat:

Q=Ussing=Lx =U,b =U I, = Uyl[Var,kVar]  (2.17)
To‘la quvvat:

2. Sinusoidal o‘zgaruvchan tok, kuchlanish vaEYK:
Faza fargi: ¢ = Py — @; (2.19)

3. Sinusoidal o‘zgaruvchan tokn
diagrammasini tuzishda quyidagilarga
b a) aktiv qarshilikda tok va kuchlan

ing vektor ifodasi yoki vektor
e’tibor berish zarur:
ish vektori ustma-ust tushadi (p =

b) induktivlikda kuchlani iU
: du ish vekto
90°farq qilib, oldinga ketadji (¢ > 0): e

d) sigim qarshilikda k ish U
hl
orqada qoladi (¢ < 0). e U

e)- elektromagnit induksi

tok vektori I ga nisbatan

» I tok vektoriga nisbatan 90°

ordada qoladi (p = —ggey oaim vektori ¢ nisbatan 90°farq gilib,

f) induktivlik kuchlanish U, vektori
Va qarama-qarghj

180°farg qilib, teng ga nisbatan EYK vektori E

yo‘nalishda ifodalanad;. f = -U,

22, Masalalar :
Yechish va ygjyp;
Y ko‘rsatmal
‘ 2.1-Masala, "
bo _llb, chulg’am]
lanish; natijasida

2 igizu;;hinsanai)gr:it ogimi ¢ = 0,01sin314t (vbh)
hosi] bo‘ladigan EYcl){lngia;ialg‘altak aylanma harakat-
Y?chish. o
rd s(;jna::ltakning ilashgap Mmagnit 0qimi:

Szifl(igllgsiya qonunj

157 )
EYK effektiy diymati: g —

VY =wp = 0,5sin 314t =

82 asosap:
-CE- = mlpm COS wt =
=F si
m ln(wt . 900) ‘
YOkltEm = w,, =
m
Em

2 =90 ()
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2.2-Masala. O‘ramlar soni W = 20, yuzasi § = 100(sm?) bo‘lgan
halga, magnit induksiyasi B = 2 (vb/m) teng bo‘lgan magnit maydon
ichida n = 6000 (ayl/min) tezlik bilan aylanganda, halqada hosil
bo‘ladigan magnit oqim, oniy gqiymat, EYK amplitudasi, davri va
chastotasi aniqlanib, vektor ifodasi va vaqtga nisbatan o‘zgaruvchan
diagrammasi tuzilsin.

Yechish. Halganing boshlangich holati @ = 0, @ = wt bo‘lib, halqa
aylanishi natijasida kesib o‘tuvchi magnit oqimning oniy qiymati:

® = BScosa = ¢, coswt
Pn 1-6000

f=5= i 100 Hz
Halgada hosil bo*ladigan ilashgan magnit oqim oniy qiymati:
Y =OW =Wd,, coswt = WBScoswt =1, coswt=20-2-
100 - 10~* cos 628t = 0,45in(628t + 90°)

Bunda:
w = 2= = 23148000 628(—1—) - burchak chastota
60 60 sek”
Halgada hosil bo*ladigan EYK oniy qiymati:
Ay d : :
e=- % i (Y cos wt) = wYPy,sinw t = E,, sinwt =

251,2 sin 628t




Halqa T davrda bir marotaba aylanadi: wT = 27
Bundan: T = 2% = 0,01 (sek)
w

O‘zgaruvchan tok chastotasi: f = %: ﬁ; = 100(Gs)

Vektor ifodasi va davriy o’zgaruvchan EYuK grafigi chizmada

keltirilgan.

bo‘li s A npulsli formaga ega
o‘nalgl’xf \Ji{ :gfﬁif:d:f;mi? =10 (V) va f = 50 (Gs) ga teng. éDlebE
magnit oq}mi giymatini aniqllénagTPMUda va forma koeffitsienti hamda
Yechish. EYK o‘rta chagiymati:
T
A
E, == 2 T
= dt = = —
o'r . edt Em§~5m=10(1/)

T T
Effektiv qiymat: g J-;T\
z = |= 2 - |1
Tf{) o = FE%T = Em =10 (V)
1

Amplituda va forma koeffitsien;:
O‘zinduks;j ‘
Keltirilgan
0°zgaruvchan bo

Ka = En-l — 1 l( e E _
Y2 qonuniga asosap; Y=—7 :dt TR T

funksiyada s
lib, T = (].OgJ ste(;Cg___rlztl;)urChakli uchburchak shaklida
Alpm sek teng, yoki:

: et O'_rdthamdaﬁlb =2y, At =T
M ¥ qiyma;: m> 8L= = bo‘lganligi uchun

1
g wry S 10-002
S 2 2 0.05 vh = SO(me)

2.4-Masala. Elektr o‘lchov asboblari yordamida aktiv va induktiv
qarishilik bo‘lgan elektr zanjirining kuchlanish, tok va chastotasi: Ug =
20V,U, =30V, I =5A4,f=50gs bo‘lganda, umumiy kuchlanish,
parametrlari, quvvat va magnit maydon energiyasi aniqlansin.

Yechish. (2. 14)tenglamaga asosan:

U=.,U% +U?, =400+ 900 =+1300 =36V

Umumiy qarshilik:z = 7= 2 =7,20m

2

T
Aktiv qarshilik: R = % =2 = 40m.

2

Induktiv (reaktiv) qarshilik: X; = % = 3—50- = 60m
(2. 6) tenglamaga asosan:

cos @ =§=-7%: 0,55;sinp = - = _/% = 0,8
(2.16, 2.18) tenglamalarga asosan:
Aktiv quvvat: P = I?R = Ul cos @ = 25-4 = 100 It
Reaktiv quvvat: Q, = I?°X, = Ulsing = 256 = 150 VAR
To'laquvvat: S= Ul = I?Z = (P2 + Q2 =36-7,2=260VA
Induktivlik:L = =t = = = 0,18GN = 18MGN
Magnit maydon energiyasi:

. - —3
Wi, =L_2’2.=i?“’2L= 225:1073 = 0.225- D]

X
Z

2.5-Masala. Sinusoidal o‘zgaruvchan elektr kuchlanish u =
120sin 1000t bo‘lgan generatorga induktiv qarshilik ulangan bo‘lib,
sinusoidal tok o‘tadi:i = 8sin(1000t — 53°).

O‘zgaruvchan kuchlanish chastotasi ikki martaga kamayganda:
induktiv g'altakning aktiv qarshiligi, induktivligi, tok qiymati va faza
burchagi aniqlansin.

Yechish. Masalaning sharti bo‘yicha umumiy qarshilik:

Z= % = 15 (Om) bo‘lib, faza burchagi ¢ = ¢, — ¢; = 53°

Qarshilik uchburchak ifodaga asosan:

R =Zcos@ = 15c0s53° =9 (0m)

X =Zsing = 15sin53° = 12 (Om)
Induktivlik: L = % = %ﬁ = 0,012 gn = 12 (mGn)
Kuchlanish chastotasi ikki martaga kamaytirilgan holda induktiv

qarshilik ham ikki martaga kamayadi: x; = 6 Om




Faza farqi:p’ = arctg % = g = 33°40’
TO‘] ilil-- 7! p x;. s

a qarshilik:Z sing’ — 10,8 (0m)
Tok amplitudasi: I}, = “n — 17 g9 (4

- - - - - z
Tokning oniy qiymati: i = 11,09 sin(500t — 33°40")

2.6-Masala, Oniy quvvat
quvvati va cos ¢ burchagini

100

Yechish: Keltirilgan grafikdan p — P,,, = 200-100
olr — —/—/——

Bunda to’la 500
Quvvat: § — 290+100
> —=300B4

P 200
COS(pE == EBB = 067

= 200 BT
Demak quvvat koeffitsen;-

2.7.Masala, O¢
E€neratorga, akijy
O‘t‘uvchi tokning
aniqlanib, vaqt bo

Zgaruvcha ;

Qarshiligj Igl::tO]; 0 " u =283 sint bo'lgan

effekiiy  opiy o1 ™) reostat ulangan, Reostatdan

Yicha o*zgq qumf}l’l Va o‘rtacha quvvat giymati
Saruvehan diagrammgg; chizilsin.

kuchlanjs

grafigidan passiv ikki qutubli zanjir aktiv
toping.

Quvvatning oniy giymati:
P =iu=Ul+ uisin(wt —90) = [4 + 4 sin(wt —90)] (kV?)
Elektr energiyasining oniy qiymati:
W = [ Pdt = uit — 2= sin 2wt = 4000t — > sin wt = (4000 —
6,37 sin 2wt) ()

Demak Djoul-Lens qonuniga asosan aktiv qarshilik (reostatda)da
o‘zgaruvchan elektr tok energiyasi issiqlik energiyasi ajralib sarf bo‘ladi.

Aktiv quvvat vaqt bo'yicha o‘zgaruvchan diagrammasi chizmada
keltirilgan.

Bunda tok va kuchlanish orasidagi burchak ¢ = 0 bo‘lib, I,,, va U,,
vektor ifodasi ustma-ust tushadi.
| u

u Al

|
I
|
|
|

W= [Unit
*Jl'“
P.=lU=I"R
0 y oty
2.8-Masala. Tok va  kuchlanish only  qiymatlari u =
141sin(314t + 60°) i = 14.1sin314¢ bo’lganda, quydagi

qiymatlar topilsin: @ — faza farqi, f — chastota, Z —to’la qarshilik,
R — aktiv qarshilik, X — reaktiv qarshilik, § — to’la quvvat, P — aktiv
quvvat, Q —reaktiv quvvat.

-
£
Ju

Yechish: To’la qarshilik: Z = % -

g

=10 om

-
-
s

ok

Faza fargi: ¢ = ¢, — ¢, = 60°

Chastota: f = 2(—” = :—124- =50Gs
T .28

AKktiv qarshilik: R = Z cos¢ = 10cos60° = 10 - % =5om
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Reaktiv qarshilik: X = Zsing =10sin60° = 19. Y2 = 53 om 2.10-Masala. Induktivligi L = 0,27 (Gn), aktiv qarshiligi

To’laquvvat: §=yj =2 7 e 2 R =49 (Om) bo‘lgan reaktiv g‘altak, sit1u§oidal o‘zgaruvchan Fok
: C T UE=EIT2=100-10 = 1000 Wt = 1 kWt chastotasi f = 50(Gs),U =220 V kuchlanishga ulangan. Tokning
Aktiv quvvat: P = § cos¢ =1000cos60° = 1000 -2 = 500 Wt effektiv giymati /, tok va kuchlanish orasidagi burchak ¢ aniqlanib vektor
Reaktiv quvvat: . ifodasi tuzilsin.
Q =Ssing = 1000 sin 60° = 1000 V3 = 500V3 VAR Yechish. Om ct:lfonumgfzz;sosan: 120 s
I R L : = z JRZ+(wl)? - J#92+(314027)2 '

Bunda: w = 2nf = 314-2-50 = 314 (rad/sek)
— v, Burchak fazasi:p = arctg-;— = 1712 =2 =060°

yoki fazadagi farq: ¢ = ¢, — @; = 0 — 60°

Tokning oniy qiymati: i = V2 I = 3,16sin(wt — 60°) (4)
Kuchlanish oniy giymati: u = v2U = 310 sin wt V)

g Masshtab tanlab, tok va kuchlanish vektor ifodasini hamda vaqt
chlanishga ulangan. Sig‘imdagi tok i, bo'yicha o*zgaruvchan diagrammasini tuzamiz.

De o . ;
mak zanjir ekvivalent Sxemasi R,L zanjirdan iborat ekan.

2.9-Masala, Sig‘imi € = 41,6

(mkf) bo‘lgan kond
Un = 1205in (3147 +5 ku =L Rensaty

c r maydop energiyasi W, aniqglansin. Bunda R va x; qarshilikdagi kuchlanish:
' Ug = IR = 2,24 - 49 = 115(V);
:“j-c Uy =1 X, = 2,24 -100 = 224(V)
UAi
Yechish, Sjo<: o PR i )
g'm qarSh[llglnl aniq]aynjiz' Uy : 1§,

Xc =y = 1 ’ 1

Tokning amp); ©C 318416105 = 76,6 Om i U
Plituda qiymagi; - Um _ 1.5% o I Y-

Tok va kuchlanish orasi qac: e ~7(4) ! = itk

= OraSIdagl faza fargi- U 10 T
Tokning onjy o MMo=¢, 49 T 7n_3 ' o |
< § only qiymatj:; < 157 sin(314 U=z o = g
qxg tcmdagl Zaryadning opjy a: L+ 2m) (4)

=CU, = 4 . i . T
quva;in éxﬁ_ 107120 gin 314t+£):5 ; . >
P = Ug nleOQIyman; 4 Sm(314t+-4-) (feulon) 2.11-Masala Parallel da ul
m S¢p — il ala. Parallel sx y S e b 1] —

Bunda: = '~ ¢ €05Qut 4 3, _ ) = —yi 150 (V),I = 5(4), 1, = 3 Aema aiu e elektr zanji leuchlarishi I/ =

229y == bo‘lga 1'C [ o = Tuicos 2m parametri ¢ g = ) vachastotasi f = 50 (Gs) ga teng. Sig'im

P < 2045, " nligi yehyy: 1 €, hamda zanjirda sarf bo‘ladigan to‘la quvvat aniqlansin.

Sig‘imda hog; 520t = I




Yechish. Pifag

ifodasidan: E=1P-12=\{25-g-4 A
Sig‘imdagi kuchlanish: Ue=U= 150; “

Sig‘im parametri: ¢ = fc_ _

4
Usm 1onans =85 (mikP
Elektr zanjir tola s c®w  150-314 ( )

. . vati: § = yJ = .c j
g_kt‘l‘\'qarshlllk quvvati: P = yy. — igg S = TR0V
181m qarshilik reakjy quvvati: . 3 =450 (Vy)

Qc=+s2 _p7 _
¢ =VS* = P2 = V7507 Z 250 = ¢ (Var)

2.12-Masa
elektr zaniioq. o n tok chastotasi _ .
1(KVTZ)agjiiiztmdL;1kmhgi L =5(MGn) Otzi_] If ——13(()2)(??)]'[;)0 ;?zm
sar a 1 ¥ ’ —_ ho'li . =

€Os ¢ aniglangin nadl,Umuml}' Kuchlanish ¢/ va qiivvat koefFitsieriti

Vockh y

echish, 2]{2\?3\?&2 lenglamasidan; p = 25

(;‘alztak t(z)‘la q;shi]ié?: i

Kﬁch]\;ﬁisl—: (CJL)Z =41002 & (6,28 -500- 5:10-3

Quvvat - flz'k et —
oeffitsient;: cos e 1

la. O*zgaruycha

P = ; ==Y
2.13-Masg],,

Parametr J, — sh u = 283;
bo'lib, shy geqpc 7 Om b

U, u ), t
’ pJt 0 la z
chizilshn, quvvat aniqlanib, kuchlanish uchb
' Chburchak vektor ifodasi
Yechish, Induktjy Qarshilik. x ektor ifodasi
. . L =
- = a?‘ctg * — 8

To‘la . st s L A
Qarshilik: 7 — \/}WRXZ i ' P =@y -¢@; = —=53°

Fazadagi farq

Tok ampji .. 5
- arr.lphtudasnz Iy = Ym _ 283 *+82< 1 (Om)
AE[:.Y Qlymat: b & S, . 1B =283 (4)
tiv vg reaktjy kuchla;{;sifn(SOOt =539
ma = U Cos ;
Tot mESQ =170
0 la quvvat: S = UI s yln._ anV) Ump =

Aktiv quvvat: p — Sec V2 5 =400y o

eaktiy qQuvvat: Q= SO:in =4 . 0,6 =
(p = 4. . 0 8

6o 2 (kVar)

" )
I' teoremasiga asosan tok uchburchak vektor

Vektor ifodasini chizamiz.

Aktiv qarshilikdagi kuchlanish vektori
(U,) tok vektori bilan ustma-ust tushadi, shu sababli
@ua = —53° ga teng.
Up — kuchlanish esa tok vektoriga nisbatan 90°
" farq qilib Yup = 37°ga teng.
Ya'ni: U, = 170sin(500t — 53°) V,

U, = 226sin(500t — 37°) V

2.14-Masala. Berilgan elektr elektr zanjirga ulangan elektr
asboblarida: ampermetr toki [ = 20 A, voltmetrdagi kuchlanish U =
100 V va vattmetr quvvati P = 1200 Vt ga teng. Elektr zanjir induktiv
(¢ > 0) xarakterga ega bo‘lgan holat uchun o‘xshashlik ekvivalent
sxemasi tuzilib, qarshilik parametri aniglansin hamda uchburchak vektor
ifodasi tuzilsin.

@@

U Z
Yechish. To‘la qarshilik: Z = % =5 (0m)
Aktiv qarshilik: R = & =222 = 3 (0m)

Induktiv garshilik: x, = Vz? — R? = 4 (Om)
Aktiv garshilik kuchlanishi: Ui = U, = IR = 60 (V)
Induktivlik reaktiv kuchlanishi: U, = Up = Ix; = 80 (V)

Aktiv o‘tkazuvchanlik (2.10) ifodaga asosan: g = R = 0,12 (Oim)

z2
Induktiv o‘tkazuvehanlik: b, = £ = 0,16 (=)
To'la o‘tkazuvchanlik:
y=i= TR =02 ()
El;:ktr o‘lchov asboblari ko‘rsatgan qiymatlari bo‘yicha:

_ 1 [
I ST e o 1 — I
U By s =203 —3 b = vt =18 =
2 Om U (Om) 1 ye=g 0,16 (()m)




Aniglan

gan qiymatlar i T ‘ - s
it qry asosida ekvivalent o xshashlik sxemasini

Bundan aktiy
Induktivlikda

! Qarshilik \Y
(0*xshashlik) ve

qarshilikdagj tok- Iy

5 = ] = =
gl reaktiv tok- I Il el

=le =Uy, =16 (4)

; lpl_( va kuchlanish ekvivalent
g1 ko‘rinishda bo‘ladi.

a c;‘tkazuvchan[ik,
ktor ifodas; quyida

ing ko‘rsatishi: [ =
= 50 (Gs) ga teng
an aktiv quvvat (P)

yoki:
I1? = (I3 + lycosg,) + [2sin?py = IE + 12 + 21 ,cos0,
2_g2_;2
Birinchi tarmoq burchagi: cos@, = {—2% = 0,538
142
To'la qarshilik: z, = — = = = 22,2 (Om)
I, 13,5

Aktiv qarshilik: R, = z;cosp, = 11,9 (Om)
Sig'im qarshiligi:x; = \/zf — Rf = 18,8(0m)

Sig‘im parametri: C; = ﬁ =169-107%® = 169(mkd)
1

Elektr zanjirning quvvat koeffitsienti:

Iq I, +1,c05¢

COSP=T="T

Zanjirda sarf bo‘ladigan aktiv quvvat:
P =Ulcosep =300-25-0,89 = 6680 VT = 6,68 (kVt)

= 0,89

2.16-Masala. Chizmada keltirilgan sxemaga ulangan elektro-
dinamik asboblarning ko‘rsatishi: U = 120V, = 10 4,1, = 6 A bo‘lib,
chastotasi f = 1 kGs bo‘lganda, tok I, aktiv qarshilik R va induktivlik
L aniqlansin.

Yechish. O‘zgaruvchan tok burchak chastotasi:

1
w = 2nf = 6280 (E)

Induktiv qarshilik: x; = - = =% = 20 (0m)
2
Induktivlik: L = ’;—" = 3,18 (mGn)

Aktiv garshilikdan o‘tuvchi tok:

e . U
Qarshiligi: R = 5 =15 (0m)
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Up=Using =100-0,8 =80V
aktiv qarshiligi R =

2.17-Masala. Induktivligi L = 0,18 (Gn), aktiv qarshilig

300m ga teng bo‘lgan induktiv

Tok giymatini aniglaymiz: L =20-08 =164
. ig'imi C = 40 (mkf) bolgan la =1lcosgp =20-06 = -12 A-; . I]J :]?:.I:}i{:nnihnn“k parametri:
g alak, sig “c:“ biriktirilib,  u,, = Aniglangan tok va kuch]amsil Lll_\_'}:]d“ g e
: -ket  sxemada ’ i i » _ ke y =5 = 20 _ 0.2 sim.
kzosn((]iel'jsaggz)t (Il/)l)]ar;nané(;m}](ichelanishiga ulangan. Tok (]m),’r IdL:: To'la o*tkazuvchanlik: Y=3 100 _ e L
burchsa:gi (), induktivlik va sig‘im kuchlanishi aniglanib vektor ifo Aktiv o‘tkazuvchanlik- E=Ycosp =0,2-0,6 = "% om 1
tuzilsin. : 5 Reaktiv o*tkazuvehanlik - by =ysing =032- 08 = O'IGE
; . SR san: ‘s - 2

Yechish. Reaktiv qarshilik ifodasiga aso . - = 50 (Om) Masshtab tanlash bilan vektor ifodasini tuzamiz,

L =wl =500-0.18 = 9q (Om); x, T @C 500440 5 gy

X=X — %0 = 40 (Om) £ @

To'la qarshilik: , — VR? + ¥ = 5 (Om)

Tok amplitudasi ; /- e = =50

x o/
Tok va kuchlanish orasidagi faza farqi: ¢ = arctg - = 53°8
Sig‘imdagi kuchlanish: Uom = xclpy = 5.50 = 250V
Induktiviikdagi kuchlan

R

&
ish: U = X.hn =905 =450V 2.19-Masala. Chizmada kclliri[gan SXemada O"Zgaruvehan Kuch-
Aktiv qarshilikdag; kuchlanish: Urm = Rl =305 = 150V lanish chastotas; f =50Gs bo*lgan Seneratorning gk quvvati p =
Gtaltakdag; umumiy kuchlanjgp. Un = JUZ ¥ Ul =470V 31,25(kvy), zanjir qarshiligj R, =2 Om,x, =3¢ (Om),R, =
Aniglang qiymatlar bo‘yicha mashtab m;,m, tanlanib vektor 75 Om,x. = 199 (Om) gy teng. Elekg
diagrammasini tuzamiz, hisoblansin.

U zanjirdagi ok va Kuchlanish

chhish. P
reaktiv, to‘la

aralle] ulangap tarmoq o‘ll\'azuvclmnligi:
10 g=~—=1,-~2~_- S :
; o ok qiymati aniqlanib, = i 33-10 0"1)' bay = xc ‘0'01(‘5;;)
Yed s ‘lrlfodalz!r! chizib kofrsaulsin. Umumly O"tkazuy, lik: S : 2 (<
chish, T, a qarshilikp; topamjz- Ik M el = i b Pas = 67107 (m)

Z =[R2 + X2 =5 +16 =504, 2.1 ])_k' Qutbl elektr zanjirlar ekvivalent O'Xshash]jk teng]
Om Qonunjgy asosan tokning haqiqiy Qiymati: y — U =100 _ 20 A. .
Qarshilik Uchburchay vektor ifodasidan' coe

=R _3 '

CUS(P-Z-E~—0,6 Sing =21

Shunga 4s0san: U, = Ucos Q=

glamasidan




To'la qarshilik: Z = VRZ + xZ = 50 Om

Birinchi tarmoqdagi tok: I = \E = ’3152050 =25 (4)

Umumiy kuchlanish =
@ =0,

Birinchi tarmoq kuchlanishj Uia = Ry 1

hiz = 1250 (B) bo‘lib, faza burchagi

L =25-2 =50 (V).

luz, + Upy =900 (V)

Up=x, 1 =25-36 =900 ) U, =
Paralle] ulangan tarmoqdagi kuchlanish:
Upp=-1 - _ 25 _

Tarmogqdagi tok: | gﬂ”b T
oK: [, = 2ab _
2= %, S20(A) ;=12 15 ()

2.20-Masa)
40 om amper;
kuchlanishj

a. Zanjir parametr|ar
MElr 1) =44 pjky
U topilib, vektor diagr

L Xc=200m, X, =300m, R=
rsalsa, tarmoq toklari / va voltmetr
ammasi qurilsin.

Krlxgofning l-qonumg aSOSaRn. = %0 =34

I~ = 2
‘ o Lo ] c m — 2z
Sig Imdag; kuchlanis : m =54

| Und h: U =
‘ a Voltmetrdy kuchlanigh. le-Xc < 5-20 =199 74

2.21-Masala. Kuchlanish U = 120 V chastotasi f = 50 Gs bo‘lgan
elektr zanjir parametri: R, =40m,L, = 0,6 MGn,R, = 60m,L, =
25,5 MGn bo‘lgan ikkita induktiv g’altak parallel ulangan. Tarmoqdagi
tok, zanjirning quvvat koeffitsienti va iste’molchilarda sarf bo‘ladigan
aktiv quvvat aniglansin.

Yechish. Birinchi g*altak induktiv garshiligi:
x,, = 2nfL, =2-3,14-50-0,6" 10°% = 3.0mi

Birinchi g*altak to*]a qarshiligi: Z; = JEZ:E = s S

N 120
Birinchi tarmoqdagi tok: L = = =244
& z

5
.o & 5 o Rl = i =
Birinchi g-altak quvvat koeffitsienti: OS¢ = - =35~ .

(burchak ¢, = 36°50 bo‘lganda sin@; = 0,6)
Bunda birinchi tarmoqdagi tok aktiv tashkil etuvchisi:
lo, = I cospy = 24-0,8=1924
Reaktiv tashkil ctuvchisi: Ip, = I singy = 2406 = 14,4 A
Ikkinchi g*altak induktiv qarshiligi:
Xy, =2nfl, =2-3,14-50-25" 1073 =100m
Ikkinchi tarmoqdagi to’la qarshilik:

Z; = fR% +xz = 362 + 1002 = V136 = 12

o 120
Ikkinchi tarmoqdagi tok: I, = Zi’z_ =1z e 6
R _ 2 =0,6

Ikkinchi galtak quvvat koeffitsienti: cOS@2 = 7, = 1o

(burchakg, = 52°10’ bo*Iganda sin ¢, = 0.8)
Ikkinchj tarmoqdagi tok aktiv tashkil etuvchisi:

lo, = cOSP2 = 12-06 =724 g=964
Reaktiv tashkil etuvchisi: Ip, = Izsin@z = 12-0,9=">
Umumiy tok aktiv tashkil etuvchisi gismi:

o = Io, + g, = 192+ 7.2 = 2644
Reaktiv tashkil etuvchisi: s
Ip = Ip +1p, =144+ 965

67

B




Umumiy tok qiymati: | = VIE+1:2=364

. la _ 264
Zanjirdagi quvvat koeffitsienti: cos ¢ = 4 =5-=10733

36
Birinchi g*altakda sarf bo‘ladigan aktiv quvvat:
P, =0l cosp, =120-24-0,8 = 2304 Vt
Ikkinchi géaltakda sarf bo‘ladigan aktiv quvvat:
P, =UlL cosp, = 120-12 - 0,8 =864Vt
Iste’molchilarda sarf bo‘ladigan aktiv quvvat:
P=P1+P2=2304+864=3168Vt _
Q=01 +Q, = Ul sing, + Ulsing, = 120 14.4 + 120 - 9.6 = 2880(VAr)
2.22-Masala, Parallel sxemada ulan
bolib, parametri Ri=30m, X
teng. Umumiy kuchlanish {/ , tarm

quvvat qiymatlari aniqlanib vekto

gan zanjirga kiruvchi tok I = 2 A
=40m, R, =60m, X, =80m .gd
oqdagi tok I, I aktiv, reaktiv va to'la
r ifodasi tuzilsin:

Yechish, Birinchj

. tarmoq  to‘| Qarshiligi: 7z, = m :
S=V344+42 ¢ Om. Ekvivalent Parametr tenglamasidan (2.10) akuv
otkazuvchan]j- OS5 e 8

—_ =

_ €
2= = 0,12 ey
Reaktiy o‘tkazuvchanli- b, =X

4 1
“iom = 0,16 —
: . 72 .
Ikkinchj tarmoq to‘[a qarshilik: “ om

yoki o 2 S VRS XE < 36 +64 = 10 0m
0 1. 92:—..

= oe—

— 1
z, 102 =~ 0,06 =3 &

=b, = < W - 0,08 1
. Om € .—T-_-_--_—':-‘_, om
Zanjir to‘|y aktiv o‘tkazuvchanligi: K " "
g=91+gz=0,12+006=0 . g
Tola reaktiy o‘tkazuvchanlik: e om
_ b=b1+bz=0,16~0,08:008 2.
Umumly o‘tkazuvchanlik: " om
] 2
o Y=Vg b < V01877 (0,18) = g 197 1
qonunigy asosan zanjirdagi kUChlanish- U=1_ =2 Oﬂl 10V

‘|ib, parametr qi
bo‘ladigan aktiv quvvat P = 1,2 (kVt)) ::0 lib, p
O I¢ ) '
2(0m),x, = 26 (Om)fRz =‘1110n(it59hmu tazmqoq
teng. Zanjirdagi umumiy kuchia skl
qu\r\.fati (Q) aniglanib vektor diagrar

-y
Tarmogdagi tok: [y =5 =5 =24 b=7 =3 =1"
armoqdagi 157 755 ) 008 _ o4
- iz: @ = arctg—= arctg 0,18
Faza burchagini topamiz: ¢ S Ege
¢, = arctg % = 53° @, = arctgz;

5 . -0,18 = 18Vt _ A
Quvvat ifodasidan: P = U*g ‘;EOUZy —100-0,197 =197V
Q =U?h»=100-0,08=8var; 5= 2 p___gﬂzo'zs

. . 3 . === 855
Quvvat koeffitsienti ifodasida: CO:"“P _ Ps2 . éz g2 _T?
Quuvvat siljish koeffitsienti ifodasidan:

bundan:

5 _ /G557 — (2107 + 87) = 8287
T=,/52-(P>+Q»)=

r zanjirda sarf
ymati: Ry =
=10,x3 = —10 (O?Tl)- akt%i
dagi tok Iy, Iz, I3, 1

elekt
- a ulangan
2.23-Masala. Qarshiligi aralash sxemad

<<J-lvlasala, 4

; i arshiligini,_ ;
Yechish. Zanjirning aktiv va reaks;’ag (2. 10) aniglaymiz:

aas 2
ik tenglamasig
parametr o‘xshashlik teng i o 05 i
= RE+xZ 20 !
92 = Rz4x} T |
g —0. — Xl oM 1
b, RZ+x% 2 0,by=—= 0,1 -
L = U, X3
hinchi tarmoq o‘tkazuvchanligl: g3
Uchinchi

" »



1
Tarmog parallel ulangan qismi uchun: Ya3 = g, + g3 = 0,05 o

bas = by + by = 0.05 — 0.1 = —0.05 —

m
Umumiy o‘tkazuvchanlik: Y23 =/ g%; + b%, = /0,005
O*xshashlik ekvivalent parametrlar tenglam

| Qarshilik: R,, =92z _ 0.05

1
om )
asiga asosan (2.11) aktiv

vz, 0005 10 Om
| Reaktiv qarshilik: .., = P22 .
| t 237 32~ Goos 10 Om

Tola qarshilik: z,, = VR + 22, = 14,1 Om

Zanjim_ing umumiy aktjy qarshiligi: R = Ri+R,;=120m
Umgmly reaktiv Qarshiligi: x = X1+ X33 =16 Om
Aktiv quvyat tenglamasiga

asosan: P = [?R (Vr)

0 J; o =104

Burchak fazas;- = £ 16  E0q
_ P=arctgt =—==133 < 53°10

Umumiy kuchlanish: ¢ = P _" 1200

=TT =200V
To'la quyvat: 5 = Ul 1050 1006

‘ =200~10=2000VA=2KVA
To‘la qarshilik: 7 = 5 _ 2000 _ 20
2 100 — <0 0m
Burchak- Sinp =X _16 _ 08
Reaktiy quvvat: ke S o :
rvdl = smqo:z-o, = =
T;mOQdagl kuchlanishlari: 8= 1600V4R = e
152h =262.1¢ - 262
. - V, U = — - - V
Tarmoqdagi tok: J, = Uza _ i ._zio Fash 02134'1 14110 141A
VEktor diagramma ChlzzziBh 14,1 A, [3 = —2-3— = -H = 14,1 '
tanlanadi- S uchun tok va kuchlanish masshtablari
fma =5 Afsm,my < 25 Vismm, =gy _1 o
U ¢ T omsm M2 =5 )

sm

2.3. Mustagqil yechish uchun masalalar

: eneratorning
2.1-Masala. Qutblar soni P =3 bo’lg_an émxr(;nla%‘gr;r;;oﬁosﬁ
magnit maydonida n = 1000 ayl/.min tezlik bilan ay
bo‘ladigan EYK chastotasi aniglansin.
Javob: f = 50 Gs.

i igi
oeneratorining yakor aylanish tezlig

2.2-Masala. O*zgaruvchan tok EYK hosil qilganda

1 b li
n =500 ayl/min bo‘lib, f =50Gs chastotall
qutblar soni nechta bo*ladi?
Javob: P = ¢

) . i E :120-V
2.3-Masala. O‘zgaruvchan EYK amplltu:ae?fly\rfz:;tlda TEYK onty

chastotas;j f =100 Gs bo‘lganda, t = 0,0075s

qiymati aniqlansin.

=-—120V
Javob: e = 1205in270°; e = Em = —1 ]
‘ i W=40 ga t<'3n=.,
2.4-Masala. Magnit maydonida -O.mml?[rdsig:;; magnit  0qimi
bo‘lgan g altak atvlanganda hosil ~ bo‘ladig EYK oniy

! e 2 adif’an
®=10,02sin314¢ bo'lib, g‘altakda induksiyalanadig
Qiymatj aniqlansin.

Javob: e = 250 sin(314t — 90°) B
funksiya uchun analitik

s i idal :
2.5-Masala. Rasmda keltirilgan sinusol k ¢ aniglansin.

" . . . I a
ifoda yozilib, tok va kuchlanish orasidagi burch

e e zanjir
2.6-Masala. Aktiv qarshiligi R - 44 O?;ngarjl.
U = 155,2 sin 1256t kuchlanlshg;'\lflquwat P
qiymati U, tok I, chastota f, davr T, akti
elektr energiya W topilsin. _
Javobi:  y=110V,I=25Af=
275Ve,w = 1,375/

ish haqigiy
uchlanish haq
Kva sarf bo’ladigan

200 Hz, T = 0.0005s,P =

71

A




2.7-Masala. Kuch|
45°)i =10 sin(wt —
= 0 bo‘lganda oniy qi
Javob: U,

anish va tok oniy qiymatlari u = 170 Sln({tl{it
45°) bo‘lganda, ular orasidagi burchak ¢ topilib,
ymati aniglansin.

=120V, 1, =74, ¢ = 9¢°

2.8-Masala. A
elektr Zanjirga U
45°)tok o‘tadi.

o ¢ -1 10 - trOr VChﬂn
ktiv qarshilikga ega bo lgan sinusoidal o*zgaru

= 141 sin wt kuchlanish ulanganda, i = 7,95sin(w
Elektr quvvat Py

= O'rtacha giymati va R garshiligt

aniqlansin,

Javob: P, = 750y p 70(0m)

2.9-Masala, O'zgaruvchan (o chastotasi f = 160 Gs,.lf' d?
220Vkuchlanishga ulangan botjp glaltakdan I =4 A tok o'tadi.
Galtak induktiv]igi aniqlansin,

Javob: | = 30 MGn

2.10-Masalg,

R=440m  bolgan zanjir
U=1552sin1256 ¢ :

, In125 chlanishg, ulangan. Kuchlanish va tok hﬂqiq.i}i’
°.1tacha giyme chastotasi, davri, aktiy quvvat va elektr energiya
qlymatlarin; toping,
Javob: i = 11 ViUg, =2, 1552, 1 = 2,5 4, f = 200Gs;
T
T'=0,0005 sek; P = 27¢ we, w= 1,375 Joul.
2_.1.1—Masala. Tannoqdagi tok | = 14 A4 L= 8934,1, =10A va
Eafsfhllllf R, =20m bo‘lgandy Py akiiy quvvat, cosg; quvvat
octfitsienti va Ry, X, Qarshilik Parametr|ari aniglansin,
! I

1 =810 Vt, cos ¥, = 0,446,
P Ay = 6.80m,U =200V

2.12—Masala. Paramety; =
chastotasj £ _ TS o

=50Gs bo‘] =
kuchlanishga ulangan i
aniqlansip,

Javoh:

=25 MGn bo‘lgan g‘altak
sinusoida] o‘zgaruvchan
t1

Va aktiv, reaktiv quvvat
cos g

== 0l6, —
=864y, Q= 1152 y4p

72

—

L

R, =
i = 10 om, 2
i etrlari: Ry ]
-Masala. Zanjir parametrl: B e .o
20 27'113 )1:11-5-‘120 om, X3 =400m, E =120sinw

om, X, = : T
bo’lsa, vattmetr quvvati qancha bo’ladi

Javob: P = 289 Wt

2

e ] — B,I =
Lo hi: U = 200 e
. ; asboblari ko‘rsatis (tiv va sig‘im
4-Masala. Elektr o‘Ichov as oa teng. Aktiv 8
24 13'1—42T381/l:dbo*1:b, chastotasi f = 50 Gs ga feng
qarshilik parametri aniglansin.

Javob: R =600m,C = 40 mkF

ctr zanjir parametri: Ry =
i idal o‘zgaruvchan ele}xtf ZﬂILUE%S MGn bo'lib,
= o asiil Sl;;usmw Omh va induktivligi ]——ZA ok o‘tadi.
40m,R, = 10 0m,R; = e bo‘lgan I = oty
R, Clarslzlilikdan chastotasi f t— Sb?!,f;liak koeffitsienti cos¢ va
: iymati,
Umumiy kuchlanish U qiym

quvvat P aniglansin.

Ry 1, .U =100V, Ve
e Javob: 1 p=160
— 36°501,P
R [‘E @ =36 5
g R, 1 %L

R=X.=20 Om bo'lib

) - etl'lal'i . i i Va
2.16-Masala. Induktiv g'altak parametriart "= 2G0T

. t=0 vaqt
U = 100v2 sin(103t + 15°) V ulangan

i i i topilsin.
I —maksimal giymati topi .
" Javob: i = 5sin(10%t + 15°)
1,29 4

_ . 150 =
yoki t=0 da Im = =

73

e R



SQBZAI}I-I\:I_asaIa. Elektr zanjir tarmoq toklari I=16A1; =
73 A, 1 =10 A bo’lib aktiv qarshiligi R, = 2 Om bo’lganda, aktiv

quvvat P ,COS : : . . .
ariglansin, 1 ®,Ry,x;  aktiv va reaktiv qgarshiliklar qiymatlari

, % Javob: P, = 810 vt, cos ¢ = 0,446,
Rl = 10 Om,xl = 6:8 Om

Xy

2.18-Masala. Sinusoidal o
Ri=R, =100 Oilr}l?uso_'d;loo zgaruvchan elektr zanjirning qarshiligi:
g'aliakdagi kuchlanisk 11 - ¢ = 100 0m, X, = 40 Om  bo'lib.
Zanjirdan o*tuych; tloskni;g(hz 100V chastotasi f=50Gs ga teng
Ig' aqiqiy qiymati [, umumiv kuehloaichi [/
tri L, C, aktiv ,» umumiy kuchlanishi U,

lari aniqlansin.

Rl
R L
U _JI: )((__ L=0;127MGII C =32 mkF,
W, = 0,5 p; '
2.19-Masg o >
240m, x, =anganrbShfl'k Parametri: R, = 17
sinusoidal kuchlanisho Igan elekty Zanjir f = SOnGL Rz‘ = 100, ae =
T %Ok dulyly hagialy
U Javoh:
R, ob: [, =
I L 4 7A’[2 :'4,4'/1,
I3 =57254

2.20-Masaly
induktiy gegpay - - Arametri
galtak 4 Ri=1600
m,[ = 0

s ti ST
bO llb para“el sXem v qarSh111g1 RZ 2 :04‘ MGn b0‘1g3n

ad 3 L o
tarmV'dchastotasi - ;(l)angan. 0 garugc?\m’ Sig'imi C = 50 mkF
e s =
qdagi tok v, O‘tkazuvccs bo‘lgang, ua“ ok kuchlanishi U =
hanlig; aniglapg, Y 0‘tkazuvchanlik
si ?

1 1
. QRI Javob: y; = 0,03(; 5 ¥2 = 0,0316 -,
= i =0,036 —, [ =396A4,
A —{ C y 0 O?n
1, I L=114, I, =35A

2.21-Masala. Parallel zanjir parametri: R; = 1000m, R, =
2000m, L =0,276gn, f=100gs bo‘lib, I, = 1A ga teng. Elektr
o‘lchov asboblari ko‘rsatish qiymati topilsin.

Javob: U =200V,
[ =1,73 A, P =300Vt

2.22-Masala. Kondensatorli ¢, = C, = C; = €y = 10 mkf C, teng
zanjir U = 100 V kuchlanishga ulangan. Umumiy sig’imi Cum, zaryad q
va elektr maydon energiyasi W, topilsin.

. i
—{ |—~ Javob: Cum = 4 mkf
__{ ,Cz_ q=4-10"* kulon

- w,=2-10"2DJ
| s

2.23-Masala. Zanjir ekvivalent sig’im qarshiligi topilsin, agar
chastota f = 10°Gs bo’lsa.
3

—

Javob: X, = 53,10m

!

|1
|
3=}
11
§]
I
11
|
w




Nazorat savollari 22.  Quvvat koeffitsienti cosp nima va qanday amaliy ahamiyatga

1 . ega?
N gfnusoﬂai o°zgaruvchan tok xususiyati nimadan iborat? 23. O‘zgarmas tokga nisbatan induktiv va sig'im qarshiligi
: musoidal o‘z o e : i
g garuvchan tok qanday hosil gilinadi, manbai inace teng? " Lo
3 S idal 24.  Nima uchun sig‘imdan o‘zgaruvchan tok o‘tadi, o‘zgarmas tok
g, T Inusoidal o‘zga : ; . L. L T
nimada? garuvchan tok bilan o‘zgarmas tokning fargi Gd. O Emd)d‘- - .
4 Si 25.  Ketma-ket sxemada ulangan R, L elektr zanjir qarshiligidagi
. inxr : - ‘i _ : .
5 ‘tkazréi%ineraton.nngtuzmshl vaishlash prinsipini bilasizmi? : kUChlamSh' Uy = 60V,U, =80V ga teng bo’lganda umumiy @
bo‘ladigan EYK 1 Magnit maydonda harakatlanganda unda hosil 1 kuchlanish nimaga teng? ) .
maga teng? - ‘ 26.  Parallel sxemada ulangan R, C elektr zanjirda o‘tuvchi tok

I, = 3A,1. = 4A bo‘lganda, umumiy tok (/) ganchaga teng?
27. R,L,C ketma-ket ulangan zanjirming to‘la qarshiligi Z =
1000m,R = 800m,X, = 400m bo‘lsa, g‘altakning induktiv

6. Elektr mashj
inavaa : _— )
qanday magsad uchun xizmat qﬁi’;&?‘;ﬁlanda magnit o*zak (ferromagnetik)

Magnit doim;j

lioi o
8. Induktivlik niy ‘g1 deganda nimani tushunasiz?

9. Ot - iMa va - qanday birlikda o*lchanadi? ‘ garshiligi X; necha Om ga teng?
EYK yo‘nalisilindUkSlya qonuniga asosan induiliz!l]i:(r:jzdl]:, ‘1 bo‘lean 28. Agar C =20mkf bo‘lgan sig‘im parametri U =
10. qanday aniqlanadj va haqiqiy qiymati nimag(.;s:engg & 220(sin 314t - 60)V kuchlanishga ulanganda tokning oniy giymati (i)

i .
nusoidal o‘zgaryych

1L Sinusoidal O‘Zgaruvchan tok qanday qiymatda ifodalanadi? ni aniglang.

ifodalarinj o an tok cf : ; S 29, Kuchlanish U = 100V, tok kuchi I = 54 va faza burchagi
. yozing. astotasi, davr c . ; : .
\l : Sinuzglda] ) avrt va oniy qiymt @ = 60° bo‘lgan zanjirning aktiv quvvati necha vatt bo‘ladi?
E s Zgaruy - srar P :
le t1r3zaﬂjlsl: uchun vektor diagt;}:s[r;;oqka:c‘; < fodasiga ta’rif bering cos (;O-Sin Euilg] (?)artsel:gllz;t:lg ?5;:1? uciburchak vektor odusiga ssosen
¥ 1Inus 1 ‘ ay tu .] 19 ) ’ . .
fazasi vy faza faroiidal 0 2gargvchan tok V]:l kzl:c?c:l' . y . 31.  Qarshilik va quvvatlar uchburchak vektor ifodasidan, aktiv va
14. 4! anday aniglanadio Manish boshlang'ich reaktiv tashkil etuvchi vektor ganday ma’noni bildiradi?

e ; tivlik e s
| %nu{n; ifodasini yozing, Va sighim qarshi)ik parametri uchun Om
- Ketma-ket vy

32.  Sinusoidal elektr zanjir kuchlanishi u = 141sin(314 + 80°)
va tok i = 14,1sin(314 + 20°) bo‘lganda, aktiv quvvat necha vart ga
teng. (Javob: P = 500Vt).

| englamasin a ulangg
] .16- Ikki qutblj z;r}gi)fmg 8 R, L, C zanjir uchun 33.  Sinusoidal elektr zanjirda kuchlanish
| yozing uchun ekvivalent 0*xs} - - u = 28,2sin(628 + 80°) va tok i = 2,82 sin(628 +
| Zanjilx-7 Ketma-ket ulangan gk ) shashlik tenglamasini 50°) bo‘lganda, reak-tiv quvvat qancha bo‘ladi? (Javob: @ = 20 VAR).
| uchun vektor ifodasip; tuziblvtva: Induktjy qarshiligi bo*lgan elektr 34.  Elektr zanjir to‘la quvvati S = 1000 bo‘lib cos¢ = 0,8
{| s : tiv : » 10°la . Y Jo . . " .

| ifoda tuzib, to‘|a ;:é;lgn.l;n Qarshilig; bo‘?ga;ihl];k ifodasini yozing bo I'"z,f;]da a}l(ltll quvvgt_ qukmaE;u t_o;ln.n%. — 220V, tok I =10 A, aktiv
19, Ketma X tenglamas; yozilsi elektr zanjir uchun vektor o SRS GAIGLE  SBRRISIRI, 52 “as ¢ 5 ’
| X5 X, = Xg bo'] et blrlktin']gan lsin, quvvat P = 1,1 kvt ga teng bo‘lganda cos ¢ nimaga teng:

§ P0'lgan hola L 36.  Tok amplitudasi I, = 4 A fazasi ¢; = 30% bo’lsat = 0,
i

;. P ' )C v
| ekanligin; tshuntiripg_ tuchup vektor ifoq “Anirida X, > x¢ X, <

! 0da tugj :
| 20. tuzib, qays; Xarakterga ega

Akt; t = 60° ga oniy, effektiv va o’rtacha giymatlari nimaga teng?
2 1V, reaktiy va to*

37. Ketma-ket ulangan R,L,C zanjirning to‘la qarshiligi Z =

tiv 'ato'la quy 5 e _
9anday sarﬂanadiza reaktiv elemgntl;?étenglamasini yozing 100 Om, aktiv qarshiligi R =300m va sig'im qarshiligi Xc =
: a elekqr energiyasi 'qayerda va 40 Om bo'lsa, induktiv qarshilik necha Om bo‘ladi?
76 77
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38. 4 .
30V, U, =I:8t&n;ke_t 4‘g;"ga'3 R,L,C zanjirdagi kuchlanish Uy =
bo‘ladi? PR bo‘lganda umumiy kuchlanish (U) qancha
39.  Induktiv

9. g'altakning to‘la qarshiligi Z = 1 '

. . - . - 0 ’ E '

Ezt"sl‘.hlhl; qlsmtdggl kuchlanish Up =30V, inguktivlikda (l)lm= ‘;]B“‘\;
ganda, umumiy kuchlanish U va tok [ nimaga teng? '

40.
0. Parallel sxemada ulangan R, C zanjirdagi tok Ip =4A, I, =

3A bo'lib, U = 100V k -
o uchlanishga ulangan. To‘la otkas e
va tola quvvat (S) qiymati qancha bo‘lad%? "8 Dl O

41. T . . o
141 sin(wt ik3‘6a)kli;zh:22:; oL diymati: u = 282 sin(wt + 60°); { =
a .
quvvat gancha bo‘ladj? » faza burchagi @, to‘la, aktiv va reaktiv
ti cos =0
hga ulangan bo‘lib, | =
dqiymatini aniglang,

85 bo‘lgan elektrodvigatel U =

reaktiv quvvat 2A tok sarflaydi. To*la, aktiv va

43. Induktiy g :
ampermetr—SAvavolgnsletfk e _darshiligi R =150m  bo'lib
reaktiv quyvati, iNdUktivr;Ezh(-)l-v.m ko*rsatadi. Zanjirning to‘la aktiv’
burchak cos ¢ nimaga teng?q shtfigt, qarshiliklardag; kuchlanish va

44, Induktivligi

L=
120V2sin314¢ kyehian 0003 Gn o

lgan  g’altakga U =

T il ishga u]
qunl,a;“ toApllsm_ gd ulangan, x, qarshiligi va tokning oniy
itk mpermetrdapi
toknlng t = 0- - agl [71'1 = 4 A: faz,a 1 — o
46 S P; = 60° : S1¢; = 30° bo’lgan sinusoidal

a oniy qj i
Ketmadket yoki 1Y qlymatj qanchaga teng.

Xemada ”
Munosabatda bo’lg?j?day holat yuzags kel g :la“gan R,L,C zanjirlarda

46.  Agar P areaktiv qarshilik qanday

X oki

arai&(l?rga CAga bo’ladi? YR e <o bo’lganda zanjir qaysi

Bl Bl ysi
bo’ladi va ? =0 reaktiy ”
qanday hod; qarshilik]q

bo’ 48. Agar Eyuy e‘siyumga keladj? " 9anday munosabatda

0’lsa 1=120

Sin(wt 4 450
cha bo’lag vy b s 3'82: 120 sin(wt — 15°),
y Wt = 300

( @ burchak
Qtymatlarini ham tog?r?

g?
e, e, —onty

3. SINUSOIDAL O‘ZGARUVCHAN ELEKTR ZANJIRNI
KOMPLEKS (SIMVOLIK) USULDA HISOBLASH

3.1. Asosiy nazariy tushunchalar

1. Kompleks son.

Kompleks son Eyler formulasiga asosan et = cosp +j sing
ifodalanadi, kompleks tekislikda vektor ko‘rinishda tasavvur qilish
mumkin bo‘lib, kompleks son uch xil ko‘rinishda ifodalanadi.

A = a; + ja, — algebraik

A = a(cosa + jsina) - trigonometrik

A = ae/® —ko‘rsatkichli

Bunda:

a, = acosa = ReA —haqiqiy son gismi.

a, = asina = JmA —mavhum son qismi.

A — kompleks son moduli:

|A| = Ja? + a3 a— kompleks son argumenti: @ = arctgz—i
Shuningdek: etz = +j; ;l_= —ji j2=-1j=v-1j3 =jvaj*=1

Kompleks sonlarni qo‘shish yoki ayirish amalini bajarishda
algebraik ko‘rinishda, ko‘paytirish va bo‘lish amalini bajarishda esa
ko‘rsatkichli ifodasidan foydalaniladi.

Sinusoidal o‘zgaruvchan tok, kuchlanishlar va EYK funksiyasini
kompleks ko‘rinishdagi ifodasi:

i = I sin(wt + @i) = [,/ - [,e/? = i,e/®t

u = Uy, sin(wt + gu) = Upel®t - Upel? = Upne/®

e = E,, sin(wt + ge) = Epe/®t - Imee/?¢ = Eel®t

Bunda: I, Up, E — sinusoidal o‘zgaruvchan tok, kuchlanish, va
EYK kompleks amplitudasi.

Elektr zanjirni kompleks usulda hisoblash jarayonida faqatgina vaqt
funksiyasi tarzida emas, balki uning hosilasi yoki integral tarzida ham

uchrashi mumkin.
4
d—; = wlpy, sin (mt + 1 + g) = wlye’

e/t = jwl, el®t

(mt+cpi+§) :jwl‘mejm ;

. Lii . T im jwt+ei-= Im _jgi . pjwt —
f:dt=ﬂsm(wt+<pl——)$—’“-e’(“’ #i73) = Imglot . Jet =
w 2 w jw
I’ 3
= m g jwt
jw
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‘ D;mak, kompleks shaklda beri]
tasviri Ime/® bo‘[sa, by fiy

yoki integrallash esa « Jjw

: gan har qanday sinusoidal funksiya
nksiyadan hosila olish « Jw > ko*paytirish
> ga bo‘lish bilan barobar ekan.

2. Sinusoidal 0‘zgaruvchan

hisoblash. elektr zanjirni kompleks usulda

Om qonunining kompleks ifodasi: j = ¥ — YU (A)
< R Bl Z -

To‘la qarshilik- Z=R+jx=7eiv (07;1)

To'la o*tkazuvchanlik; y = 1= , _; ;

To‘la - Z"g_-jbzye "

- quvvat kompleks ifodas;-

=Ul" = [Jejoi . i Tice

s eri‘F" Ie/% = Ujcosy +jUlsing = p + Q (VA)
pleks tokning burchak fazasini teskar 1

giymati. lishorasi bilan olingan
Murakkab s : ¢
va Kirxgof qonui[in;ﬁ::ldsilro Zgaruvch.an elektr zanjirni hisoblashda, Om
tok usuli, tugyp Kuch qatorda Kirxgof qonunini tatbiq etish konturli
mutanosiblik prinsip; ka-mShlar’ ustma-ustlik (superpozitsi a) usuli
Iste’molchilar ];;]:’;v?l(;nt [generatol" usullaridan foygia]a)r/liladi ’
T gt -ket ulanga : . . '
umiy bo‘lib O, qonuniga aSosané N oddiy elekir zanjirlarda tok
l=2.
z’ bunda zZ= z; + Zsb, -
Iste:molchilar para“ l "'"'""""'.‘.Z_i'l = Zb':"l _Z_n
bolib j = 5 el ulangan elektr zaniirg
Y bunda y = Y1+ y,t Jirda kuchlanish umumiy
Afa.lash Sxemada u1ar_1__gan __] ............... Xn = g;ll’ yn
Ly =8% elektr Zanjir uchup ko

ez bo‘lib, tarmoqdagj tok:

: I, = % .
— Umumiy ¢ - 5 _ &
ifodasi ¥ tekiing kompleks qiymatj Kirfl %2 4 21+§2[
. o 5
I-qonun; 0 P £01 qonunining kompleks
2_ . = ! =
qonun; E:lEk =yn_ 7.0
= k
3. Murakkap ... .
usuldahisob]ash_ SIusoida] 0‘zgaryy,.

Murakkab elektr zanjirni Kirxgof qonuniga asosan hisoblashda
berilgan zanjir uchun elektr muvozanat tenglamasi tuziladi. Tuzilgan
tenglama soni tarmoqdagi tok soniga teng bo‘lishi kerak. Agar zanjirning
tarmoglar soni R, tugunlar soni g ga teng bo‘lsa, u holda Kirxgof 1-
gonuni (p — g + 1) tenglamasi tuziladi. Tenglamalar sistemasini yechish
bilan I}, I5,.......+ [, tarmoqdagi tok aniglanadi.

b) konturli tok usuli.

Konturli tok usuli Kirxgof 2-qonuniga asoslangan bo‘lib, berilgan
zanjirning kontur uchun tuzilgan tenglamalar sistemasini yechish bilan
konturdagi tok va tarmoqdagi tok aniqlanadi.

Umumiy holda konturdagi tok tenglamalar soni (p —q + 1) ga
teng bo‘ladi.

q — zanjirdagi tugunlar soni

p — tarmogqlar soni

Agar zanjir n ta kontur toklariga ega bo‘lsa, uning tenglamasi
quyidagicha tuziladi:

iklg_‘ll =+ [;(25124‘ + ianln = Ell
Iklg]_z + [Azgzz‘*‘ + Jrkngz“ = Elz
Ikl___z_nl + Ikzgnz A s Iklgnn = Enn

Bunda: Z,,,, — n —konturning xususiy garshiligi Zys— qvaS—yon
konturning o‘zaro qarshiligi.

Agar yondosh konturdagi tokning I, va fis yo*nalishi mos bo‘lsa,
tarmoqning qarshiligi tenglamalar sistemasiga (+) ishora, qarama-qarshi
bo‘lsa, (=) ishora kiritiladi. E,;,, — n— konturning xususiy EYK

d) tugun potensiallar usuli.

Tugunlararo kuchlanishlar usulidan foydalanish asosan ko’p
clementlardan tarkib topgan tarmoqlangan murakkab elektr zanjirni
hisoblashda ancha qulay bo‘lib, ixtiyoriy elektr zanjiridagi ¢ = (n + 1)_
tugundan bittasini nisbiy kuchlanish (potensiali) nolga teng deb _olinadl
®n = 0. Qolgan barcha tugun potensial tenglamasi shunga nisbatan
tuziladi.

leglﬂ + 212U20+-}_11kUk0 = ]11
yZIUlo + Y22 Uzg +ZZR Uko = 122
Yn1Uio + Yi2 UZO+'"--"----“----------'Znn Uko = Inn
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Bunda:
e )
Znn = Z zpn
p=1
np-n |
jnn = Z Ypn Epn

p=1

p*n J

Tenglamalar sistemasini ye
Uso, Uz, Uy (04

~ 90 92 =9 3 — @, )
Va tugunlar orasidagi kompleks k

uchlanishlar aniqlanadi.

Zg:l ZTLEI'l
B Zg:l XT!

lari chis D oTPOZtsiya) ygy i
O‘tuvehi tok g a:l Zcézlz_qu_l bo‘lgfm clektr Zanjirning birer K tarmog‘idan
Yigindisidan ihorag pay o oKl Cluvehi By hosil giladigan tokning
hisoblashdy. o 0 DE 3 Kl Slzu_s_ababli chiziqj Murakkab elektr zanjirni
alohida anicilanadi (qolgan éﬁ};“da Zanjir tarmoglaridan o‘tuychi tok
qarshilig; Saqlanady), Natijady harng-ga teng dep olinib, za
tokning algebraik yig ir EYK

njirning ichki
i ta’sirida ¢ dan o‘tuvchi
indisj Umum; \ ! armoqdan o
i=je + j W Qiymatigy teng bo‘ladj:
Ustma—ustlik usulj

! Yordamigy . -+ i
vatnj hisob]ashda taa faqatgiy,

4 Zanjirdagj hlanish

aniglanip, quy
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chish bilan tugun kompleks kuchlanishi:

.. idan taklif
anosiblik prinsipi. svell tomonldan_ .
f) mul-angsﬂ?ll]lil\?ilzl‘“ elgktr zanjir uchun Mﬂ:{i};rnil1g (K) tartibida
B pl‘lll']lmpl:"n' dnl'mdav murakkab  elektr 1Zr ljo‘lmaganholda), shu
o o E”- :L"EYK manba (boshqa manba.-il iloan bo‘lsa, shu EYK
joylashgan Ey = E E ida i = I tok hosil gilgan ‘ gi
J?'E:{*l'irnihnﬂ i\’:‘;yﬂri)’ p tarmog’ida 11-2 o : t?}\lda Ex=E &) MRS
I:l;'lljm'mi:" '0‘7i n tarmoqqa ko*chirilgan ho jirining ¢
Loy ; moq zanjirt
e qllad[l\‘; turli tok usuliga asosan hb faf;;[ qi&miz. Bu holda
acalan- ntu e . ¥ .
Mdhaldn'[ar;on‘i S konturiga l\'l‘l"gan‘dedi va EYK qaysi tarmoqqa
konturiga, n o i val=I;bo'la . Bas' i L= =
konturda kontur toklari Iy a Iy = ET va i

_ ning giymati I =
ulanganidan qat’i nazar, ularning qiy

Eaﬂ-ﬁga teng bo*ladi. b _E;E:E.’—‘--‘:?:Z qs
. . = Agq bOTIID, 5 Ix Ining
i P— ~ da A s sq L usu =}
Demak: J, = I, = I, chunki Ag o BEHE bo‘lib, ushbu
1L —qs g
konturlararo qarshilik Z —@

Mmutanosibligini tasdiqlaydi. . 100t tarmoq tokini
g) ekvivalent gcnerato}n; usualxlq'jirining biror qlsm}\l_dii;lgzh (salt holat)
=2 1 ol (& ’t 7. e - {1 .-
- Bludusul Imu:ak‘l\]_ag) ;E;"il;a qisqa tutasljtll”u]" i)lf{(lii qutbli ele_}‘{tr zan{)l:;
?n.'?basl;_.a q.tlkay~}x;i‘ Elektr energiyasi bo ‘fﬁlladi- Bunda zanjir ma I:]ki
e?:f' al “10 aﬁl ; a.parametr bilan almasll; ]‘Iadi E=Uy=Ua 1
Vivalent manba v Ak > bo‘ladl.
kuchlanish salt holat kuclala:;l_slllgiefg";o = B
qQarshilik esa ekvivalent qa::shl'lllxga_ or (K) tarmo
Ikki qutbli aktiv zanjirning o san.
a,
aniqlash zarur bo‘lsa, Om e

qdagi R qarshilik tokni




4. EYK manbainj tok
Amalda EYK vj tok
noldan farq qiladigan ichkj
0°zaro almashtirigh mumkin

manbaiga almashtirish.
manbaini
parametrlar R # @ v
- (a) manba kuchlan;
oy = B Zol

Ba’zi hollarda manpg kuchlanishi paralle] sxema bilan almashtirilib
tok manbai ko‘rinishida ham ifodalanadi (b).

a g # 0 mavjud; ularni
sh tenglamasi:

a)

b)
_ Bunda kuchlanjsp, Muvozanat tenglamas; manba qarshiligi Zo ga
bo‘linsa
g_ﬂ_fi e _E_ -
: Zg Zp 2
j:'.—E.. Y — 1 e e ¥ . .
z o= Zteng ekanllgidan fg=i ]

Yulduzchg

Z23'Z3; |
_‘_‘—‘—I__—
La2tZy3+25, 7

almashtirishga imkon beruvchi,

k

i i ‘rsatmalar
3.2. Masalalar yechish va uslubiy ko‘rs

T
A= in(wt +=) (V).
3.1-Masala. Berilgan kuchlanish va tok u = 100 sml\( 1 leﬁg o
- L2 I . = ’ ) . ) []
=5 sin(mt + H/ﬁ) funksiyalarining kompleks 1fod;SI, i:la:;in
- B an .
qarshilik , Z to‘la o*tkazuvchanlik ¥ vato‘la quvvat
isk —j30°
Yechish: o . _30°) + 5e
U= 100sin(wt +30°) + 100e/**" i = 5sin(wt
Kompleks to*la garshilik:

Z Uﬂl _ 100(31300 _ 208}605 = 10 +117,3 (Om)

i -j30° "
lm Se e o 1_ 0,1 + 0,06 (Om)
Kompleks to‘la o*tkazuvchanlik: Y = 7

j&DU =
5 _ g7 — [J - je/@u—®) = 500e
Kompleks to‘'la quvvat: S=UI"=U"-le

) ‘ VA) v =
500 cos30° + j500 sin 60° = 250 + j430 V(t' Reaktiv quvvat: @
Bundan aktiv quvvat: P =250VE
430 (VAR).

+4 O.rn bo‘lgan GIERU'

3.2-Masala. Qarshiligi R = 30mX = leks giymatl

Y ‘la quvvat komp
zanjir kuchlanishi / = 100 V. Tok va to‘laq
hisoblab topilsin, . .
Yechish. To‘la qarshilik komplel\s. ifodas -
Z=R+jx=3%j4=>5€
100/ — 90et/53° =121 /16
T Seriw 00
To‘la quyy; t kompleks ifodasi: .
§= U(}*V;dmo : EOSeifSE‘“ = 2000 cos 53
1200 + j1600 (BA)

TOk: [ =

u
Z . 0 o=
+j20005sin 53° =

tok 1= (24—J7)

3.3-Masala. Kuchlanish U = (80 +j60) mati aniqlanib, t0

: : hilik qiy
kompleks ifodalari uchun aktiv Y?l_lr‘faktw qars
va kuchlanish vektor ifodasi chizi sm-‘ «ichli ifo
Yechish. Tok va kuch]anl;sh ko .rsatlxlzc;iﬂ)
U = (80 + j60) = 100e/36°5° w1 =f 1 13,2) (Om)
oy _£=4ej53 :(2J4‘_1 J — 320m'
Kompleks 1o‘]a qarshilik: Z = F hilik X = 9

. di
dasi aniglana )
_ 2507115 (A)

. reaktiv qars
Bundan aktiy qarshilik R = 2,4 Om; f“:al_\ 0= Pu
Kuchlanish va tok orasidagi fazadagi farq:

— ¢ =53°
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|
|

; . P
Kompleks tekislikda tok va kuchlanishlar vektor ifodasini tuzam

U

4

Vektor diagrammadan: _
Uq = Ucosg

lo = Icosg
Up = Using; U = }Uﬁ +:l

3.4-Masala, Zanjir
u=100sin et sinusoidal
quvvat qiymatlari aniqla

qarshiliklari x, = Xc=R=
kuchianishga ulang
nib, vektor ifodas;i t

10 2 teng bo’lib

an. Kompleks tok va to’la
uzilsin .

2= 100 R—jx
RiX. = — (R—j c)

— _1000-j1000
o 00
Y RJXL-XLXC—R1XC

j100—100—j100

5 —jarc0
Klrxgofning I qonunigy asosan: |° R=ixe  "To 10
L=j . Xe _ 10277450, 4 neJog0 o
" i g ——= 1?38 :‘135 =10 e~i9°= 1o
TO la qUVVat' S = U!a: . 1 2 oo e~Jas
. = 1000gi459_ ¢ _
emak, aktjy quvvat p :10008 1000 +j1000 = P +jQ
Vektor ifodag; b

U reakt; s
) rasmda Chizilgay, KV quyva Q=1000 VAR
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2
I, = Ising; | = \/l_g-}-/l,,

’

= U=100sin wt = =100 e/?

=_10

= -
= —_ 71' Z —_— 5 OT.TlJ .3
3.5-Masala. Zanjir parametrlari: _Z1 = 1?407b0’[i2b’ ok | B
- Zi=Som E=i5mb, j=Sm toklari topilsin.
10 om, Z-'r_ ? ? On;p _1900 orqada qoladi. Tarmog
EYUK ga nisbatan =

i a |,
i a I, » ) K
L 8 J_” 7
lf, Zs Z, A 7,
al
Z4 : ’
. E' Ez
E, Cﬁ 7z, I
l b
b b
a)

: - Imashtirarr}lz-
Yechish: Tok manbai j ni EYUK m;nlz:l Ege:t‘;‘ aE.Z - 2=
o : | = —j5m4,
Masalaning shartiga asosan; {';)-jrasm.
—=Jj25 my Bo-lih. ekvivalen% s.\'emaslr | |
Ikki tugun potensiallar usuliga aSOS;;_-. 01—j25 (=j02) _ i« +j25
! b En Yu Elyi — B>V, — 5 i -—jO.Z +j'011
Vb = YV, YtV +Ys :

I
= (sim), ¥3= o
1.2 (sim), Y2=Ys+ = 10 (s
}/1:'2—1—5 . —' i :—'jZ'SmA. mA
Tarmoq toklari: I = (E - Uab,) 7 = [-25%4)

I = (—E; = Uap) - ¥2

, A
. — 2,5 —-'1115) m
Iy = (=Upp) ¥ = (

bunda

m
R_':XL:xC:lOO

. lart:
3.6-Masala. Elektr zal”ljiro p?{ra;}:l:;;ishga v

bo’lib 4 = 282 sin(314t + 60 )‘ . uimati i, to’la q

UMumiy qarshiligi Z, tokning oniy q

topilsin.

leks
da. Komp
[ngj\?a[i § xisoblab
u




Yechish: Zanjir to’la kompleks qarshiligi:

; i10 = 10 Om
R-jx, i10 + j100 =—j10+ 10+ ,10=1
Rjxe 7 Tox10

Z=~jxc+

/ [60° s o . 4 (/1)
i = U _ 282eJ50" 160° = 14.1 + j31.
Kompleks tok: j = 7= 5o = 282e
Tokning oniy qiymati: | = 282 sin(314t + 60°)
Kompleks
79524 BA

Demak:§:-_p+jQ=p

quvvat:  S= (7. 1* = ei60. [e—160° = 282

1ar ekan.
= 7952.4 Vt aktiv quvvatga teng bo’lar
bo'lib.
- = 1
3.7-Masala, Parametrlari R=X,;=10 On
€=100VZ sin (¢ v,

‘leganda i
va f= 10V2 sin(wt + 90°)A ulangan bo’lgar
va iy toklarning oniy giymatlar; topilsin.

amiz;
ik usulidan foydalana
aini uzatamiz -

Zanjir

_ Yechisgh: ani yechishdy ustma-ust|
I'- tokn; topish €=0 desak j_to) manb
i B 100 eJo —jas0
I!=II__ = = e ]
) 1 R+ix ~ 10410 5V2
J-tok Manbaj ta‘siridagi toklar:
L s ix ; joo0 — 450
e - M o = 5yZemi5
R+jx 10+j10
on . X o
12:_"_‘}“?- = 108"900 . ____i()___
R+ jx 10+/10

atlarj-

Masa]
uchup

- Sejfl-So

2 0
+I +5VZemits _ 10 /5 e/
Ly=jyy L" = 53 g~jaso + 5v/Zia50 _ 102 e/
Toklaming onj

Y iymatigy;.
“= 1042 515

af ~ ¥5°; = 10vZ sip wt .

38

A

X1 =
. R, =300m,

H arametri: 1 — 50 0m ga
sl “lektr zanjir  p = Om, X3 =->00Um;
3.8-Masala. E;- = —100 0m,R; = 10?}ilik qiymati topilsin.
e - R0 lent to*la, aktiv, reaktiv qars

teng bo*lganda, ekvivale

R, X

J Z0m leksto;la
Zanjirnine parallel ulanlgan gismi uchun komp _i37°
Yechish.  Zanjirning p: -j63°  12250e~/ ;
qQarshilik: - 11262630 . 112e = W
(Rs + jx;) (R, +jx5)
Zy3 =

— = 150 — j50 |
X3+ Ry — jx; . . houn la
R3 + jxq j128°26' = 75,2 —j25,3 shilikni topish uch
= 79,5€ Vel ckvivalent qar
Endj umumiy komple

; 5—/5.3
PRt . 0 F; IZ . 3 —_ 105' et —
kompleks qarsl_nl[km qo i}];g +j20+ 75,2 —eri’aktiv qarshilik X¢
S Pt it gzg:s_hilik = 105500 T
akti ar i
53 I(S)undanm:l]kllb\’oilib sig'im parametriga I
79,3 0m ga teng ¥

bo‘lgan
= 500m |

= 100m Xy = 2 et

ilio1 R1 =1 igtim qars 27V
-Masala. Q.’J,['Shl]l::u.l — 10m va 5’:? . = 1

. 3.'9 s l_h tiv qarshiligi R, = 1 biriktirilib Va hlanish va
Induktiv g*altak, ﬂ‘\_“‘ 9 ketma-ket sxemaga o¢altakdagi kuc

X2 = —30 OT bl!f«:nZa;jir dan o‘tuvchi tok, g

kuchlanishva ulanga . 43 x

Sig‘im kuci?—lanish[an aniqlansin.

- R, R j
154 |

_JW\..—-’_‘E-:_-__{
9 -j.'
Ul —_— S =

U - Zan]iZ: :2g°
. e et v -j8
b Qrdtifiing kompeks L0 T 3 et (Om)
Yechish. Qa'ls{) - Sleﬂsoam’ Z, = 114)20= 22,
mun%ily:l;olxgp;reﬂs qarshilik: Z =2y + 22 =

3 U 127 = 5,568_]61 ' e = "'17030
Kompleks tok: j = Z = 2z800T  _ 2g4e17°30" yoki ¢1
Graltak dagj kuchlanish: U, = Z,I =

T V.1 o
—j149% p =
i i : . o e 3 I
Sxem?'fdagi }z(uf hlaglgz'—f%" -5,56e 7/ = 19?7— (,166°30
2 = = . - =
Kuchlanishra?' orasida fazadagi farq: ¢
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3.10-Masala,
foydalanib tarmoq tok

; sks usuldan
223-masala shartiga asosan kompleks t
lari aniglansin.

Yechish. Kompleks  to']a
Bunda: 7, = (2+,26) Oom
Zanjirning q

qarshilik:

; e s n
Z; = (10 +j10) Om Z = —j26 O
arshiliklari paralle] ulangan qismi uchun:

Z ,

LL _ (10 - j10) (Om)

L+Z;
pleks qarshiligi _
2=Zi+Zyu =2 FJ26) + (10 - j10) = (12 + j16) Om
Aktiv quyvat ifodasidan p = L*

R, zanjiriga kiruvehi tok:
= B _ 1200 _ - .
G—J;—— ‘-ﬁ———mﬁ., yam [, =104

teng va haqiqiy
qiymatga ega. Zanjirdagi umumiy kuchlg

U=1z= (12 +j16) - 10
Bundan: ¢ = 1202 + 1607 = 200V
Parametrlar ketma-ket ulangan qismdag;i

1=245 = (2 +j26) -1
Yoki: U, =

Zy3 =

Zanjirning umumiy kom

nish:
= (120 +j160) vV

kuchlanish:

&1 kuchlanjsh
Uzz = iZ,4(10 +j10)- 10 = (100 + j100)v
yoki:  U,, = 1002 + 100z — 100V2 v
e . u 100e—Jj45° e
Tarmoqdagl tok: [, = éi = -—%%?;_ = 10e—Jj90° _ (—=j10) A
yoki: I, = 104

i — Us,s 100e-jas _
L o = g
yOki: I3 == -\[m = 14,1 A

To’la quyvar ¢ Ureioi _ 12000 + J1600 B,

hiramiz:

= (10 +10) 4

Masalaning Yechimipj teks

't 2”3:“‘1"10+10+110=10A
90

, ks aarshiliklari: . (tr zanjir
3.11-Masala. l\onlplt(kifi :,I;,'tl]) 7, = —j80 bo lganl\clﬁ];r:]ati Jva
= 4): 7, = oan bo'lib, tok
k gﬁ t (3 ;idf)n il\_'llcil'l generatorga ulangan bo
‘etma-ket sxemad: e
voltmetr kuchlanishi aniglansin.

=220
b - 7 ‘r'? 1
=220 Z “9

o o 220+/220 =
b1+E2 = (6+}8)+{44+J‘74)+(_1
2&0-5-_2_1'*'&

Yechish. Zanjirdagi tok: [ =
oo == 4,4e/% = (4,4 + j4,4)
5[]-}.]'2 ’

~ . amasidan:
o d . . . ki ) .
Voltmclrdagl kuchlanish: l. ; D+@+/79] _ 335 — j547
Eitly(Z,+2:) _ 22047220134 +(-/80)
Uap = T 2+;0+7_ T eja) (44474
2Z \tZyi+2Zy

Bundan: u,,, = V3352 — 54

- <hiliklari:
3.12-Masala. Elektr zanjir qarshilikla

Ri=R;= 250m, X, =
L =

L lanﬂ'an.
. hga —uians
Om bo'lib, U =320V 1kmgxmnm
3330m,x, = — 33,30m va toklari aniglansin.
To'la q;u'shiclik Z, burchak cos ¢ va toklar
; hiligi:
; to‘la qars
ish: llel ulangan birinchi kontur i12 Om
Yechish: Paralle ot j37° = 16 +J
7 33,3/90°H¢ _ 830L’j53° = 20e
=L = 25+j33,3  41,5¢ — ‘
Ikkinchi kontur to‘la qarS‘L‘lgall{;.l- _j37° = 16— j12 Om 7 =
33,3e490°55 _ 830e"f. _ = 20e 12 + 16 —J
= 25-j333 41,5753 7 42y = 16 +J
To‘la kompleks qarshiligi: Z = £1
32 0m
i U _320_ 404
Umumiy ok I's 7° 3z 10 = 3200 VA
To'la quyvat: $=ur =320
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Aktiv quvvat: P =RI,*=32-102 = 3200 V't |
Zanjiming  quvvat koeffitsienti: cos ¢ = IS—’ =1 bo'lib, aktiv
qarshilik xarakteriga ega.
Birinchi va ikkinchi kontur kuchlanishlar:
Uy =12, =10-20e/37 = 200¢/37°(V)

UZ = ]_Z_Z =10-20e-/37° = 2008—j37”(V)
Tokni aniglaymiz:
i . 01 _ 200e~/37°
G =it

. : . g 200 ,jli',?" _ Sjn

S5 =8ePTA Ui 200687 . -i55A
1 25 Xy 33,3e¢/90

Ikkinchi konturdagi tokni aniglaymiz;

.G ~ja7® , - ,~ja7" i53°

]2:%_2____200;3 =8e~37°A | _ Uc _ 200e7) = 6el53A

Xc  33,3e¢—J90°

Kompleks tekislikda tok va kuchlanish vektor ifodasi:

B |

Y — anjir parametri: Ry =500m,X; =
1 Om,XS = -2 0m 143 =10 Om,R4 =25 Om,X4 = —50m,Rs =

A6 =2 0m bo‘lib, U=100 V
I3 va I, kompleks tok

Yechish. Tarmoq komplckgqarshiligi anic}lanadr: o g
Ze=Re+jXe=1+j2=0e/% Zs =R —]XS =1-y
Parallel ulangan tarmoq kompleks qarshiligt:
7o, =25 _ 250m
=56 7 Zo+zs o
Tortinchi tarmoq kompleks qarshiligt: o 45" O
£4=Ry—jX, +Z5s=25-j5+25=5-j5=71¢
Uchinchi tarmoq kompleks qurslhllwlgl: .
Z4'Z'§ 71&1—J45‘ * 1081
= :g—t'*'jx‘% - 5_]5+110 arshiligi:
Parallel ulangan birinchi kontur kompleks qarshiligt:
Ri(Ry —jX,)
R1+R2_jX2 I-l .
szjiming kompleks to*la qarshiligi: . B 12 om
£=Zi+2,=206+,103 + 10 = 30,6 — j10,3 = 32,4¢
Zanjirga kiruvchi tok qiymati:
U 100

Tarmoqdaai kuchlanish: S _ 105V
UR] = fRI., ::3,19;'18“ . 23¢-/26°30" = 71 Ge~/® '30 = 30351 5;’}_19;30' 7
U = 0 ~ Uy = 100 70,5 + j10,5 = 29,5 +j10,5 = 3L,
Tarmoqdagi tok -
; 119°30
jX3 10e/90 e 4 A
iy=i +iy=3+j—-1+3=21]

=100m

i a30-’
Z,; = = 20,6 —j10,3 = 23e7/2¢°Y Om

=318 =34jA

-j70°30' = —j3+ 14

irga ichki qarshiliklari Zl’.s
iy 15V ga teng. [kkita
i ; ngan.

P 3-14~Masala. Ikki konturli elektr zanj
2 =1 ¥ 12 Om; EYK E, = 120V, By = sote’molchi ular

8Cneratqr O'rtasidagi qarshililgi Ry =10 Om bo‘lgan;tiilc1i1aohisoblansin.
“Moqdagi tok va kuchlanishlari har xil usullar yordat




Yechish.

1. Konturli tok usuli.

i i - a konturdagi
Berilgan zanjir ikkita konturdan iborat bo‘lib. tar moq va kontt
tok  yo*nalishinj

shartli ravishda belgilab olamiz. EYK
hisobga olgan holda Iq, I, konturlar u

lo(Z1 + 25) |,

Tenglamalar sjst

yo*nalishini

chun ikkita tenglama lugumiz.

iz = El lb(gz +Z__3) - [{1.2_2 = E; ——

emasini yechish bilan konturdagi tok aniqle

: _ 5

la(11+j2) - 1,10 = 120 ]1
_ Ip(11 2y~ 1,10 = —118 ——
(11 +2)(11 +J2) =100/ = 1200 — 115(11 +j2)

Bundan: Ib(‘5,04-j0,47) A

Birinchj tenglamadan- i, = 120+ip10

Birinchi generatordagi tok

: onturdagi tok qiymatiga teng:
h =1 = (6,05 - j153)4 yo; I = J(6,05)% + (<1,53)% = 6,24 A
I!-d(mchl generatordagj (o -
2 =1 = (=504~ j0.47)4 yori b, = \[(=508)7 ¥ (0,47)? = 5,28 4
I_ste’r_nolchidagi tok:
I = L'T = I - I; = (6,05 - j1,53) — (5,04 - j0,47) = (11,09 + jl,ﬂ())
yoki [, = (11,09)2 1 (1,06)2 — 11,14 4
Iste’mo[chidagi

U3 = [3R3 =

‘i uzilgan bo‘|sa.

120 — 115
_-—-—-—-—-—'—‘- —
Zit+z, &= 120_—2Ei_:j_?_)_(1 +j2) =117,5V

1175 '
WWSE;:‘,-;; = (11,09 — j1,06)A

Rytz, =

. . e

3 = Y (11,09) + (1.06)* = (111i1§9v— j1,06) V:
Iste’molchidagi kuchlanish: U = 13R34; '
yoki: Uy = /(11,09)2 — (j1,06)% = 111,4

3. Tugun kuchlanishlar usuli.
7 E,

a

b -
s1aai k ish:
i agi kuchlan
Zanjirning a va b tugun polcnsmllarlday

. | )
QL MR — 3 02 = (2,36 —jO,ZZS)
ThihL+Y lﬁﬂlﬂv
Uﬂb = \/(2,36)2 == (0‘225)" =2
- - R .‘ ) ) . k:
Birinchi Ei generatordagi to _ |
mchi E b_ U,, 120-(2,36 +j0,225) _ (23,6—;47)
- ab .
A 1+2
o |
yoki: L = \/(23,6)2 _ (_47)2 =z 5.2,6 Ahi .
Ikkinchi E2 generatordan o'tuve

2=5254
2= 47) yoki I = /(23.6) = (=47
I, = ZEz2=Vab _ (23,41 — j47) yoki I
z,

i A
Uisss 2'36...]'0,225 _ (0,24 10,023)

i P a e —
lstc‘molchidagi tok: I3 = Z 10

U(l b

fy =

Bundan: I; = 0,24 A v tole U 100 +

L ishdagi o in.
3.15-Masala. Elektr zanjir kuchlanish satishi aniqlans!

tr ko'r
J200V, 1ok j = 8 + j2,5 A bo‘lganda, vattme

aniqlanadi:
j=8+j257

‘ M 1 P
Yechish. Birinchi vattmetr lz.(_)é ;Sﬁ;tlsm 1
U =100 + 200 = 223,6eU%*
YOki | = g8 4p-i17° 4 e ra74
R.[U - 1'] = 223 6el634° . 84e”1V = Re|
e = ’ ”

848j17° (A)

| T
ej4s]=130V
Pz"«——..

A,




Ikkinchi vattmetr ko*rsatishini P, aniqlanadi.

U =100 +j200 = 223,62U63.4) j= —[8,48‘”"] T_BFBCHM gVT
P2 = Ro[U 1] = R[223,6%%% . 8. 38¢1163"] = Ry|1873¢/5] = 13 n
Bunda minus ishora birinchi vattmetr elektr energiyasiga nisbata
ikkinchi vattmetr energiyasiga qarama-qarshi ek ini ify je I
Agarda vattmetr, ampermetr va voltmetr ko‘rsatish ql}"lﬂilll m.ﬂ_
bo‘lsa, ikki qutbli passiv parametrni hisoblab topish mumkin bo*ladi.
Ya'ni: Z =% R=1Ulcosg; yokicosgp = %; R = Zcos ¢:
X=+v7Z Rz

; : i S, . ‘rniga
Eslatma: [kki qutbli zanjir parametrin; aniglashda vattmetr o*rnig
fazo metrdan ham foydalanish mumkin.

anligini ifodalaydi.

ulangan elektr zanjirdan | = 5A tok o*tadi.

batan ayrim qismlardagi kuchlanishlar: Uy, U,, Us va cos gy =
+ COs@, = 0.8,

: C0S93 = 0,6 burchakka farq qilib, aktiv
qarshlikdagi quyvat qiymati P, = 250 VT, P, = 200 VT, P, = 300 VT
bo‘lganda, zanjir param

) : etri va kuchlanish qiymati aniqlanib, vektor
ifodasi tuzilsip,
R, MR,
R s Ry S
v Ty —
X, R, 2 /

Yechish,  Aly E[_j‘_—— l
_ Cechish, Uv  qarshilik iymatini aniglashda quvvatlar
ifodasiga asosan: Py = R, J2, B, = g ]2‘.13; a_lf}l?l Ia;mq ashda q

Bundan: 22 T3 =Ry

=P _ 250 _ .

RlR_rzk; 2t —IOhOm: RZ:%=2‘—;‘SE=BOm; R, =f‘1=ﬂ: 12 Om;
caktiv  garg ilik qiymatip; . S dan

foydalanamiz: tgpy = %1, oo :lhllk.anlqlashdg3 quyidagi ifoda

Bundan; X =1 le. ¥ 2__ 6R20, 903 = Ry

If\uchlaFish kompleks ifo?iasi esa-m' X3 =16 Om.

Uy = R1+ij I = ot o

U= (R, — ; ‘.)_ (10,+J10)5 =150 + j50 v

B 2 -’xr_‘)[ = (8 "'j6)5 — ;

Us = (Rs + j; I= (12 0= j30 v

Umumiy kuchianish: 116)5 = 69 +j80Vv

PPV 40y < g5 + /100

} dslikda vektor ifodasini
Masshtab tanlash bilan kompleks tekislikda
tuzamiz.

v 1t
/
IR, U, .
i 3 Jxyd
R @
o o, —ix 1
1,
j.—f] I (fai
@ IR,
@
> > 1
I

iR,

=50m,
3.17-Masala. Ketma-ket ulangan zallill‘ I?fli_l;m;e“:"?ggm(gm_{_
2 =180m, | = 50-10-3gn, C= 30 10"* bo'li To‘la qarshilik. tok
15% sinusoic,ial o‘zgaruvchan kuchlanishga U]m};gac;li.oan quvvat balans
Va Kuchlanish haciiqi_\' qiymati va sarf bo‘ladig
tenglamas; va vektor ifodasi tuzilsin. N .
Yechish, Reaktiv qarshilik qiymatini IOPﬂml'g_g — 98 Om

X.=wlL =2nfL=2-314-80-50"

1 1 = 66 0m
_ - =
Xe = 2n fC  502-30-10

-j60°

K()mpleks qarshilik: 66 = 23— j41 = 47e .

Z = Ry +jx, + Ry —jx.=5+j25+18 J' 52,0011 _ 1'2€+}75
B . g 0 I

L Okning haqiqiy qiymat kompleks ifodasi: [

47e;j60
2 ° = -—60

Faza Ihrqi: ®=¢,—@; =15 — 7'5 41)

Uvvat balang tenglamasiga asosan: o _ j2z =1,22(23-J
P SUI' = 52,90115 .1 975 — g5~ = I°Z lanish

' ' /60° cuchlan
=32~ j57 = 65e7/%"(VA) kompleks kueh
Vektor

. i (R
ifodasini tuzish uchun qarshilikdag
amiz;

Qiymatini top
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U= Up, +lJ.'L1 + Ug, + U, =[_§+]—jXL + T, _].[_XC _
= 6e/75 + 30e/165" 4 22075 | 7g,-i15°
Tok va kuchlanish masshtabini tanlash bilan kompleks tekislikda

moduli va faza b :
urch i . . )
itz aklari bo‘yicha vektorni vo‘naltirgan holda

3.18-Masala, My N
. akk i :
€1 =212 sin(wt + 3;:)) ell/ektr o perametri;

— e, = i

10 0m, R, = 7 Om, L, 2 =212sinwt (V), R, =80m,

chastota f = 212 mkF,

gl tok aniglansin
Yechi
E, ‘-lzs:lz. i\gK kompleks ifodasini yozamiz
Tz & =150ei30° )
T ; = (130° + j7cy. = _ 212
amoqdagi kompleks qarghific. 0 2 = v5 = 150V
Zi=Ri—-_g_ 105
Jwc A T—— = ;

Zy=R,+; _ L JB1a21y T 8—j15 17e-J62°

10v3, j45° Ozm JwL2 = 19 +j314-3;. 107 14 m.
: =10+ 10 =

12,2v§efssu30m’“’L3 = 7+j314-32 . 193 _ gt

kK tup, L j10 =

8Un orasidag; Potensiallay usul
Ugp = Eitlyy,  £y(2 uliga asosan
w =Dt BE)in) s
53,7 Tty TTI TS s bt s
est , Tty T 14,145
434 +j3Ley. m+m+—-_.§§ =
L 12,2eJ

Tarmoqdagi tok:
Ey — Uy 130+j75—43,4—/316 _ 97eJ26

I = : = = 5,7¢/88
Zy 17e-762 17a-162
i Ey —Uap _ 150 - 43,4 —j31,6 _ 111e~ 6 7 06LS
2 Z, 14,145 14,145
jo = ZYan _ —53,7e _ _4 4019
3T 12,2755° ’

S=8 +8, =E I'y + B, I", = 150e/3%" - 5.7¢7/8%° + 150 -
7.9¢~J615 = 8557/58° . 1195¢7/615° = 855(cos 58° — j sin 58°) +
1995(cos 61.5° — j sin 61.5°) = (427 — jv/3 - 427) + (600 — jv/3 -
600) = (1027 — jv3-2-1027) VA

Demak P = 1027 Vt Q = /3 - 2054 VAP

3.19-Masala. Murakkab elektr zanjir parametri: £, = 2009 v;
£, = 240e/°V; R, = 120m; L, = 2+ 1073 gn; €, = 20 107f; R, =
14 0m; L, =8-1073gn; C, =100-107°f; Ry =40m; L3 =5"
10~ 3gn; C; = 50-107%f; f=500gs gateng.

Tarmoglardagi tok, vattmetr ko‘rsatish qiymati aniqlanib, quvvat
muvozanat tenglamasi tuzilsin.
Yechish. Ikki tugunlararo potensiallar usuliga asosan:
Uab s E1y1+EzY2 (1)
YitYa2+ys 1
! L _0,13e/* = 0,13 — 0,009 —

Bu yerda: Y1 = 2_1 = W

yoki: 2, = z} + joL = RXe 4 jul, = (7,67 - j5,75) +6.28 = 7,67e/om
Ry+Jxc

1 i ' .
T S S S -j57°20" = 0,0208 — j0,0324 ——
Y2 Zz = 263157701 = 0,03856 ; ] om
1 1 _i90°
= e— e = 0'1076 4
¥3 7 8,63¢/% om
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Aniglangan qiymatlarni (1) tenglamaga qo‘yamiz:

45", —j4 . ~j57°20!
‘: =7 2003” 10,13e7/* —240-0,0385¢/57 20 B
| (0,13 - j0,009) + (0,0208 —j0,0324) + (—j0,107)

_ 26e/4 9 95057 20" (20 + j17) — (5 — j7.8)
0151—;0,157  — B

29¢/5840! 0,218e-/45
T 0.218¢rrr - 133eM10050 = 34 4 j1z7 5V,

m i _
qonuniga asosan tarmoqdagi tokni aniglaymiz:

L =(F -7 iag”

1= (B =Uay)y, = (200045 _ 133¢/10950"),13¢ = =
(175 +j13,5) - 0,13¢-i#" '

J1275) . 0,0385e~?57"2§’

= 175e/420". 0 130-i%" = 32,7 4.
(240 + 133¢/104'50% . 355, -15720" = (206 +

835 ja 4, = 242e13175' - 0,03g5 157 20" _ g 3,-12535" =
I = U = 104 -50'
3 abys:- 133¢/104 50" , 0,107¢/90" = 125p/14'50"
Masal . - 7!'2'1 +j3)2 A.
=i f}nng yechimini tekshiramiyz:
Si 2 3=(-8,35 +j4)+(_121__ 32) = )
&'imdan o*tuychi tojn; g A RS 0 R 2LA
" L OKn1 topamiz:
1::1 = "*g— = —E_Z.l_ - 22,7 9,6e=/36'
]xcl ]xcl 16e-j90° = 13,681520101 = 8,15 + 110,9 A.

Quvvat Muvozanat ¢
}:Aanbadagi to‘la quy
Sgen - Ell *
2240e425°35' o

] i =
ng]amaSIga aSOsanZ S -S ISt
: gen s

1 + Ezl*l = ZODejq_su

(2002

VT. Reakiiy ) = 5202 + j223

quvvat: Q = 2235 VAR.
quvvat;
EXex + j(2yy, . 4 -
. + 12 _
15654 g i ke2 =330. 15 S0 = Xea)
J3200 + j1460 4 ; 14— +j515-6.28 +

86-372 —
Jj2150 3.2 =3960 — ;
| Vattmet ko*rsatish + 1269 ~J276 = g1 J2960 +
{ Ey. - [-2 - 260€j174°q1ymatlni aniqlaymiz. 0 +jZGOO
I Bundap: U *9.3e/25735" __ s
: = = 2400e/148°25
| P =204qyp T 0c=0- 260e/174 " =2040 + j1250 VA
1S Py €os ¢

= 260.-
09,3 ¢og 148" 2040 yT

100

— 240 - ej25°35’ — 44508}'4Su o

3.20-Masala. Elektr zanjir qarshilik parametri:

xc, = 100m, x, =50m, x, =40m, R=40m, R, =
80m, x;, =60m bo‘lib, u = 11,45+ V2 sin(wt — 102°)V
kuchlanishga ulangan. Tarmoqdagi tok /, I;, I toklar kompleks giymati
va to‘la quvvat topilsin.

a) b)
Yechish. Zanjirning parallel sxemada ulangan gismini ekvivalent
to‘la qarshilik bilan almashtiramiz (b)
_jxp,(Re=jxc,) _ js(8—j6) _ ja0+30 _ 50e/53°
- ij1+(R2+ij2) © j5+B—j6 - 8—j1 " ge—i70
3,08 4+ ;5,4 Om.
Keltirilgan (b) ekvivalent sxemadan:
Zym = —jXc + Ze + jx, + R =—j10+ 3,08 + j5,4 + j4 + 4
=7,08—/0,6==71e /% Om

= 6,2e/%" =

e

. . . : u 11,45¢ /102" ~j97.3°
Zanjirga Kiruvchi tok: I = e — 1,62e
Zanjirning tarmogqlangan gismlaridagi tok:
L il SN SR )

- - . . - . . ’ ]
1 Zy Jxp,tRx—jxs, j5+8—j6
. . —iq=0 e
i = Yab _ f Jx4 _ Leze 1977.5¢190 = 4
27 z, jxL, +Rz—jxe, j5+8-j6

To'la quvvatni topamiz: $=U-I" = 11,45¢/102" - 1,62¢/97 =
18,4¢/2°0" = 18,4(cos 200" + j sin 200") VA
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3.3. Mustaqil yechish uchun masalalar 3.6-Masala. Qarshilik parametri R =200m, X, = 10 Om.
Induktiv g‘altak chastotasi f = 50 Gs bo‘lgan U = 100sin(wt +

3.1- i '
. Masala. Tok va kuchlanishnin 45°) (V) kuchlanish ulangan. Chastota ikki martagacha ko*paygan holat

g kompleks ifodasi:

U = i . .
s égO U,/) "_= (16+j12) 4 uchun komple_ks tola qar_shiligi, tok va to‘la quvvat aniglansin.
U o I8 i=204 Javob: | = 2.54,5 = 177 VA

=60+ 80 (V) i=j204

j= ZOejg A 3.7—M.asala. Parallel sxemada ulangan uchta iste’'molchi

n kompleks to¢[a it _ . parametrlari: R, =50m, X, =2 OntLRz =250mX, =50m,R; =

aniglansin qarshilik, aktiv va reaktiv 1,250m, X3 = —2,50m ga teng. Ekvivalent kompleks o‘tkazuvchanlik
' parametri va umumiy zanjir uchun burchak cos¢ aniqlansin.

U = 100e’3 (v

bolgan qiymatlar

‘ uchu
tashkil etuvch; Qarshiliklar

ifodasi j = (5+75) va §f ng haqigiy (effektiv) kompleks Javob: y = 0,425 (0_1,,;):

oniy qi : ) = (20 + j20) bo* ‘ ¢ is
Y Qiymat ifodasi va to|q Qarshiligij ani)qla?lsli%]anda, tok va kuchlanish U " & 5 cosg = 0,995

3.3-Masala T
. Tok va kuchlanish g i
- Y ompleks ifodasi:
. 100e’3 (V) I = ]_Oej':aE |
U =105 V) (A) 3.8-Masala. Elektr zanjir parametri: Ry = 3 Om, X; =2 Om, R; =

bo‘lganda aktiy I= 503"% (A) 50m, X, =100m,R; = 10 0m, X3 =5 Om zanjirning  ekvivalent
komptl]eks ifodasi aniqlaﬂl;i\:]vats to'la qarshilik va to‘la o‘tkazuvchanlik aktiv V,a. realgiv qarshilik giymati aniglansin.
aVOb: 1) P £ 1 kV . R X,
3.4-Masala. Javob: R = 105,5 (Om), X = —0,53 (Om).

Induktiv peajia) U =100

Po‘lib, Qarshiligi R = 3 Om, X = 44
A =140

ifodasi aniqglansin_
Javob: § = jj

T (V) kuchlanishga ulangan
- Tok va to‘]a quvvat kompleks
3.9-Masala. Elektr zanjirdagi tok / = 10 A ulangan. Kuchlanish

U = 130 V. Iste’mol giladigan aktiv quvvati P = 500 V¢t bo‘lib ¢ > 0 va
@ < 0 bo‘lgan holatlarda to‘la qarshilik va o‘tkazuvchanlik kompleks

= (1200 ij1600) VA
3.S—Masala. Elektr zapi;

\ J3, Z3=5_; NJIr param .
| My j8,  bo ; etrlari: 7, — ok
bo’ladi? olsa, to la, aktjy va relakti MO0, 2, = 2% ifodasini yozing.
\ Hilela
5 Qarshiliklari qancha Javob: Z = (5+12)0m; Y = (2,96 + j7,1)1072 51;
| , 7 ja"ﬂb: 3.10-Masala. Kuchlanish va tok oniy qiymati u = 141sin(wt +
1 Z, 2, R:13,34 +j12,18 = 18 p/42°20’ 90), i = 14,1sin(wt + 30°) bo‘lganda, to‘la qarshilik Z va aktiv,
- = 1334 o, X = 1; 18 ’ reaktiv va to‘la quvvat giymati topilsin.
e Javob: Z=5+j5/30m, S$=500 +j500V3 VA.
102 103
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3.11-Masala. Zanjir parametrlari: Uspy =40V Ry =400m R, =
Wom C=5mkf L =2men o = 10* rad/sek bo’lganda, toklari
umumiy kuchlanish va to’la quvvat giymatlari topilsin.

X |, s
Javob: [} = 4 - /27,
U =193 + 52,
v i, S =800-¢/5°
LR
o : —

3.12-Masala. Kom

: leks sonl irilib. ko* cichli
algebraik ifodalari yozilsil;l. ar isoddaleshrirlib, kofrsatkiehlt va

(4,36 - 5,02)(—j - 4,37) + 7,3¢71205
Javob: 1 71gi68" _ L7 + 02

3.13-Masala, S i e
Qarshilik Parametrlar}i(:emadaRt:(;](( ' Sﬁsin(314t il dmdh
C

. .. ;i ‘_—.10 - Mern
mduktwhkdagl kuchlanigh; qancha bo‘]a%rin’ S Om, - gt
X .

Xc XL

Javob: U, =50 ﬁe”so

1= 1A va parametri R, =
0 g P .
Qm'f = _100 95 bo‘lganda, voltmetr,
aniqlansin,

Javob,

=200V, 1 = L734,P = 300 yT.

L L e S S .

.16-Masala. Murakkab elektr zanjir parametri:

R, 231(1) Om, bX,‘l =70m, X, = 250m, R, =50m, X, = 20 Om,
Ry =120m, Ry =150m, Rs =90m. ’ '

3 bo'lib, ¢4 i ¢4 potensial kuchlanish Uss = 60V g’a ten% igmg\lzl;st
qarshilik, kirishdagi kuchlanish U, ,, tarmogdagi tok va kompleks q
giymat aniglansin.
L R L 6.3 .
T g Javob: Z = 36,6e /18, .

iy = 3e/40; [, = 109,8¢/°7;

& = 329¢7/18 =311 — /105 VA.

‘ s

U,

|

Jo— o

=5om, Xpp=100m,
= 100 sin wt ]':
uliga asosan [y —tok

3.17-Masala. Zanjir parametrlari: Xp1 =
Xc1 =10 0m, Xg, = 100m, R =100m, E,
20 sin(wt 4+ 90°) teng. Ekvivalent generator us
qiymati aniqglansin.

Xy fl Xer

XLZ
El E(‘Z R GD j

Javob: [, = 202 e




3.11-Masala. Zanjir parametrlari- Uspy =40V Ry =400m R,

100m C=5mkf L=2men o = 10* rad/sek bo’lganda, toklari
umumiy kuchlanish va to’] quvvat giymatlari topilsin.

Xc . . o
L Javob: [} = 4 . ¢/20°,
U =193 +j52,
; S =1800-eJ5
I
.X" R,
— U —_—

3. 12-Masala, Kom

pleks sonlar soddalashtirilib, ko‘rsatkichli va
algebraik ifodalari yozjlsin.

(436 — - 5,02)(—j - 4,37) 4 7 30-/205
>4/ 4 j0,437(5,5) (0 1 5.07 ~:,j2.5)
Javob:  1,71./68 _ L7 + jo,2.

3.13-Masala, Sxemada tok J= Sﬁsin(B 14t +90%) ‘bo‘lib‘
qarshilik - paramegrag: R=X=10 Om, X,=20 Om ko lganda
induktivlikdagi kuchlanish; qancha bo'[adj.
R

Xc XL

- (1]
Javob: U, = 50 +/2¢/*°

1 =14 va parametri R, =

—“00m,f = 199 95 bo‘lganda, voltmetr,
rsatish qiyma aniglansin_
Javoh.

U=200v,; - L734,P =300 vT.

s tri:
ckab elektr zanjir parame =20 0m,
3.16-M35;|a. E/ll;rgl;;al;(i =250m, R, =50m, X,
Ry =10 0m, Ly = o 9 Om.
=150m, Rs = ‘b s = 60 V gateng
3= 12. Qm. Ri potensial kuchlanish Us“- tf}?\’a bkompleks quvvat
I 'hl?klIl?i‘ricg}id'uf.ﬁ[}(uch[anish U;2, tarmoqdagi
qarshilik, ag

qiymat aniglansin.
7 & &3
1 *

kompleks

-j18’,
Javob: Z = 3n6.§€ "11 éej3°°'
: -j75. [ =1, '
=29e717; I 50"
[% = 3¢/ Uy, = 109,8¢"; )
: 3290718 = 311 j105 VA.
S =

L1

- P t ]:
Ey = 100 Smwn jl —tok

3.17-Masala. Zanjir parametrlir(;.om
b e erator usuliga asosa
0’ _( + éOO) tene. Ekvivalent gen
20 sin(wt 0.

qiymati aniqlansin.
X1y hAé

Xz
El Ezz R GD |

—j45
Javob: I, = 20vZ e’
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Nazorat savollari

l. Kom
izoh bering,
2. Kompleks sonlar bilan
bo‘lish amallari bajarilganda danday
Sinusoidal o°zgaruvchan
usulda hisoblashda Qanday afzallik|a

. g 7 Ilbh
4. Nima uchun kompleks ifoda + ] yoki e*/? ga buri
burchag; deyiladi?

S. Sinusoidal
funksiyalarn; kompleks
6. Sinusoidal o*

. : Sl f tlasiga
pleks son matematik ifodasini yozing. Eyler formu

. irish va
qo‘shish, ayirish, kopaytirish
ko*rinishda yoziladi? N
elektr zanjirni kompleks (simv
r bor?

. :YK
0‘zgaruvchan (tok, kuchlanish, EYK)

son ko‘rinishda ifodalanishini isbotlang.

compleks
Zgaruvchan tok, kuchlanish va EYKlar komple
ifodasinj yozing, day
7, Kompleks sonlarnij differensiallash va integrallash qan
bajariladi? di?
8. Omyva Kirxgof qonun; kompleks usulda qanday ifodalanadi:
9. Aktiy, reaktiv va to¢|, qarshilik kompleks ifodasini YRR E
10 tiv, reaktjy va to‘la o‘tkazuvchanlik kompleks ifodasi
Yozing,

I1. Aktiv, regky

| 1. i va to‘la quvvat teng]amala]'iﬂing kOmpleS
ifodasin; Yyozing,
) 12. 20 sin(wt 4 45),i = 10V2 sin(wt + o, w8
uchlanish funksiya)ari kompleks usulda ganday ifodalanadi?

13. uchlanish 7 — 100e/120 tok 1=;104 bo'lganda,
kompleks to la qarshilji va to‘la o‘tkazuvchanlik qiymatini aniglang.

14, To4q Qarshilik Z =5 +j110
ketma-ket ulangap elektr

M, Z, = 4—j2 Om gateng

e % S e H = a to‘]a
qal”Shlllkma Xemasinj tuzmg, umumiy v

) Zanjir
Niglang,

- Komplekg ifodalari o
kompleks to‘la Odalari u

: qQuvvat ifodae; .
aniglanadio Odasi va giy;
16. Para[]e]

= 60e/9 j _ 5ei30 bo‘lganda

Vs reaktiv quyyat qiymati ganday

qarshiligi 5 _ 10eJ60 Zbl_r_ikgil}?{;:n iste’molchilar kOmPleEz
ekvivalent qarshilik qanChag;l t‘;é; m bo‘lganda, komple
U=_ :

o . ik ol
On1Y sinusojday 0‘zga

= 27iS4 kOmpieks ifodalarining
atinj YOZing_

[ = —5e/% 4,0 =j141/°V  bollgan  kompleks
e T i
20. Kompleks o‘tkaz
qanCthl‘jO.lXE:. U=80+j60val =3+j4 bo’lsa aktiv P, rea
to’la E}uvvi[arlqincl:gsa;6222 48 bo'lsa, oniy. effe
qiymz;zli;ri \}"(10 ql:)]-%;rcshak qanchaga teng?

ktiv Q va

ktiv, o’rtacha
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4. O‘ZARO INDUKTIV BOG‘LANGAN O‘ZGARUVCHAN
ELEKTR ZANJIRLAR

4.1. Asosiy nazariy tushunchalar

Elektromagnit induksiya gonuniga asosan induktiv g'altakda, tok
magnit oqimj ®, yoki induktiv

parametr L o‘zgaruvchan bo‘lsa,
o‘zinduksiya EYK hosil bo‘ladi.
=Yy
v e i o ¢ ikkincht
Agarda ikkita induktiv elementlarmng biridan o‘tuvchi tok i
induktivlikda |

YK hosil qilsa, bunday

clektr zanjir o’zaro induktiv
bog‘langan deyiladi (transformator),

D iy =®, + ]
12 . lumum:y 1= 21
®, = ®,, + >, yoki {

; : 2umumiy = O, + P12
Chulg amlarga ilashgan Mmagnit oqim:

Pr=wy (o, + D i

21
W, (0, + Pi2) =w, 4 Y12
Induktivlikd, hosi] bo‘lgan o Zaro induksiyada aylanuvchi E.Y.K
e, 1 = __d(tp + '{’21) B 1 dl‘UZ o dil dl?.
dt dt dt = dr T Thig i May,
. = llé;{llu'
<% 3 Wy d¥, ¢ : d
€; = P ----‘_‘—‘—-—-—-_._____::—- 2i—-i{‘lr—l._::--—l[. dtz 12_1-
dt =~ g; fde =T dr
L+ ey,
da o‘lcha;xadil_z = Moy o'zarg Induktiv]j koeffitsient; deyiladi va Gn
M - koefﬁtsient indukt
. oy WY galtaknine < i Zare
Joylashishigg Va maen: : g Ning o‘ram|ar soniga, o‘za
agnit tavsifigy ham bog‘liq bo‘ladj

e eeee—

ii ish sxemalari.
O’zaro induktiv bog’langan ?anjlrt'ilm‘l;slilaic.
1. Ketma-ket sxemada ulangz}n induktiv g
B.u holda kompleks to‘la qarslu!1k. (R, + joly) F 20M
=Zy+Zy £ 27y = (Ry +joly) + (R o il
= i 7, —_2-_{-5(»1\/[ — o*zaro induksiya !\'ompt A i
;;(I)RI%Zho—ra ikkita induktivlik ketma-ket,
us s A
qarama-qarshi ulanishga mos bo*ladi.

(M)
R G x L &
i

—_—
___f7,+ U,

- 1oa asosan:
ish sxemasiga ¢
Ekvivalent induktivlik o‘zaro ulanishs
“kvivale

—-2M
i i=iliy F Lz
L L+ L, +2M anrama—qars!u 1
mos — L 2 .
Induktivlikdagi kuchlanish: L 4 oM
Uy =iy(2, +joM)  Up=hE&%

5 uiznish ‘
o araltel sxemada wlanis duktv bog'l uchun tuz
Parallel sxemada biriktirilgan sosan har bir tarmoqt e’ e tok
. y iga a : : a
hisoblashda Kirxgof Z-CIOI?Utmiszi yechish  bilan
: ster
kompleks tenglamalar s

ktr zanjirni
igan ele {lgan

aniglanadi.
. iligl: .2
Tarmoq ekvivalent qarshilig , _zzi
:_El_g_zii_ﬂ_i _Z.zaﬁ _7;1_Qf
213 23—ZM

ini tuzamiz.
v (emasimnt
Tenglamaga asosan ekvivalent sxe

X, R ktiv g'altak elektr zanjirni
cti

: i
induktiv. - bog‘lanmag
Demak parallel sxemada ulangan 2li induktiv bog

i A ifodalanishi
; ilik parametri ordat = ishda ifo
ekvivalent sxema yoki q;i{rShilll]l(;(uitiv qarshilik ko'rin
aktiv qarshilik Ry va X
i = RZ - Lo,—M
Zp = Ry + jxg Agar Ry _ Lile
T _lalamME oy ‘——.Il_i_:}——
Lie == 7u 2,2:-Zh

iligi: Z = 7, z,7 22w
Zanjirning umumiy garshiligi: Zg = 7, z,
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3. Induktiv bog‘langan zanjirni hisoblashda bog‘lanish koef-

fitsienti K orqali ham ifodalanadi. K = J—IM—! £1
‘1 ‘2 1
~ Induktiv bog‘langan galtak mos ravishda yoki qarama-qarshi
biriktirilgan bo‘lsa:
Lmos=L-M>0. |

. Lp—lqq
q=L—-M<y voki M=—T'—

(L) va o*zaro induktivlik (M) muvozanat tenglamasi.
yoki  2m2 < Ly +1L,
4. O‘zaksiz transform

Sxemada berj] gan of

Induktiv]ik
M?<p,1L,

ator (havo transformatori).

N " e e 1e a
- : 0 zaksiz transformator zanjirini hlﬁoblaShj,

nturlt tok usuli yok ekvivalent sxemasi bilan bajariladi. Agalr y
hi chulg‘amidagj toknj aniglash zarur bo 152,
Murakkab indyky ‘langan elekir Zzanjir e
lamchj chulg‘an
amga kiruychj aktiv g,

bog
f(_)ydalangan holda ikki

kvivalent sxemasidan
b1r1amchi Chulg=

g, e s '(,a
1 kompleks garshiligi o rr};bn
va reaktiv x, qarshiliklar bila

H
fbo‘]_adigan duvvatni ifodalaydi. i
ulangan bo‘lsa, Wy oa o e ulg'amiga indyktiy qarshilik
0qimj Susayadj, 2L r Xp <0 bo‘lib, transformator magnit
rda sigtim, liss

qarshilje ‘
atorning mp g 4 langan %

s Isa, x, = bo‘lib,
8Nt ogim; kuchayag; %€ oz

Aga
transf()rm

Transformator ekvivolent
1=R,j
0=R,j

tenglamgg;.
Ruly + joo(, '

2 tjo(L, -

rlv[h-‘M)il +jcuM(j1 %45
)12 +jwMU1 # iz) + 2515

110

ini chizamiz.
i Vi cemasini chizam
{ ekvivalent sxe
Shunga asosan transformatorning

R (L,-M), 1, R (L,=M)

murakkab elektr zanjirni

i i ‘ 1 e i va
5. Bir nechta induktiv bog‘langar a-ustlik usuli v

o i tok usuli, ustm
hisoblash. Kirxgof qonuni, l\ontu!ihl;igai i -
ekvivalent generator usulidan foyda ?;k( r zanjirlar Kirxgof ?gonpaydo
o e ¢ ne . . [,.ifoda
O‘zaro induktiv bog‘langa 7= tjoMu ik e
‘ehi : == T 1.
asosan tenglama tuzilganda qo sllllﬁcgaglzﬁi{oan kuchlanishni 1fi?da‘l32['1$i
. 3 1 (6] =) " 1sh sxemaé
Bangs ok o [gan)qalhos':induktiv o*altakning ulanis
. . 1’8 =
Bunda plus (+) yoki minus (-) isho

. nib
bilan bog‘lig bf‘la;:i. clektr zanjirmi konturli tok usu;:i?]?afs(;ijiz’ali "
Induktiv bog*langan ele S, ishorasini PR T
hisoblashda, n k(;murdagi tjwMuk Ik 'de_a izlll?ari j, va I bir ‘:;
ke konturlar boglovchi g‘altakdagi - .o‘nalishda bo‘lsa n|::i1n2
Yo'nalishda bo'Tsa plus, qamma—qm.‘Sl" b}clﬂﬂanga“ iShora_lar toKNINg
ishora bijan olinadi. (Sxemada nugta bll-aéli;an T;isobga olinadi.)
kirishiga mos keladi hamda plus ishoras!

iv ko‘rsatmalar
4.2. Masalalar yechish va uslubiy ko

tri
induktiv gtaltak parame
a

ikkit o =300V
4.1-Masala. Ketma-ket ulangan ikkit@ 1 om bo'lib, U

Ry =6 Om, R, = 4 Om, Xy, = g om, XL,
kuch]anishga ulangan. _
Bog*‘lanish koeffitsienti K > xem
0°Zaro mos va qarama—qarshl. ulzfmga o
asboblaming ko‘rsatish qiymati aniglansin.

kkita g'altakning

— 0,565 bo‘lgan i | elektr o‘lchov

asi uchu

k




Yechish.
a) ketma-ket (mos) ulanish.
O‘zaro induktiv qarshilik:

X1 =M = k,/le_- wL, =0,565vV8-1 = 1,6 Om

: U U
Kompleks tok: j = m ==
Bunda:
Xm

s =0l twl, +20M =84+142.16 = 12,2 0m;
R=R1+R2—_—6+4: 10 Om

hlanish: U = y = 3001

YOG Pt oy B0 e —j14,74
Rtjwlyoe 10+j12,2 .

Ampermetr ko‘rsatgan tokning haqiqiy qiymati:

I'=y12,052 + 14,72 =194

Birinchj g'altakdag; kompleks kuchlanish:

Ui = LR, +jwL, TIOM) = (12,05 — j14,7) - (6 +j8+

j16) = (2133 +j27,5)y

Voltmetrdagi kuchlanish: Uy =/2132 & 27,5% = 216V
I}'(kinchi g altakdagi k :
J1,6) = (86,4 =J27,4) (v)

Kompleks kuc

I\_/Iasal_aning_ yechimi tekshiramiz-
U=0,+0, <2133 FI27.484 86,4 — j27.4 = 2997 +
J0,06 ~ 300V yoki U=

(299,7)z 1 (0,06)2 = 300V
b) darama-qarspj ulanish,
Kompleks to. = U
Biigig R-i-jcm‘..qq
unda:
Xqu = wl

aq = WL, + WLy —20Mm
Tok: j = 300

10vjss = (225 — j13y 4
Ampermetr ko‘r

=8+1-2.16=580m

Satgan qj

e e 1 qlyma: I/ 2o B2 = DA
%mm?;; galtakdag; kuchlanjg omple(lfszi'fso)da—si_i )
L= +j - - .
@18 -jesg) 1 TIOM) = (2

Voltmetrdagi kuchlamljh:ﬂ T (GE6TE = 226V
A ish:
Ikkinchi voltmetrdagi kompleks l\uchla%s oy -y U = 100V
- [(Ry + jol, — joM) = (82'2_-1- . wM > x;, = @lz
(i)jz :-o (injukliv qil‘Shi[ik absolut ql_\,n]atll x:\:lda kompleks sig‘im
bo‘lib riikliv qarshiligi minus i:;horz_lga teng ha
qarshiligiga mos ekanligini ifodalaydi.

formatori)
. avo transforn
Ozaksiz transformator-ning (11:)10?71' xy =18 Oom
4.2-Masala. O‘zaksiz tr: ; ilieci R = gan.
ikkilamchi chule*ami iste’molchi q?r[thm:lOOV kuchlanlshgilfillzr;chi
€ =, i chul-g‘ami U = . o KK
ane: ‘lib, birlamchi chul-g ami ( irlamchi va — 10A.
Pfll:?lt:e;‘il':)]r':l(')lllcl)z;izu salt ishlash holatida ELF\]rat qiymatlariz I 1—0(1)(]}/71
‘ R .. kuchlanish va q =254, Poo = :
c}mlg‘am]arldagl 10k, l\ULhU =100V, Iy =25 Iva ? ikkilamchi
Pio = 100VT,, Uy = 100 V. Uy - chi Wi i aniglansin.
o I formatorning blria!“}- ‘sh koeffitsienti aniglan
%l?’ hulmg- | 'Eianso‘luvchi tok va foydali ish
2Chulgamlaridan

7 shiligh: 21 = 7 om
Birlamchi chulg*am to'la qarshilig . ._.“i/ﬁ = 945

: shiligh: X1 =
Birlamchi chulg‘am reaktiv qarshilig

P — 16 OM
- iligi: Rz = 7z
Ikkilamchi chulg*am aktiv qarshi ng:: 40 Om

¢ iligi: Zz = 1 _ 365 om
Ikkilamchi chulg‘am to‘la qarshilig Ny :O Zg. - 3
. : '01: "2 =
Ikkilamchi chulg‘am reaktiv garshilig

iz:
lama tuzam
- ~ niea asosan teng. i ix
Kirxgof 2 qonu Ugl LR, + jxy) + L2jxmM
Ikkinchi kontur tenglamadan: jxXm

F i -——'—'_'_.—._-—._:_.—.

: oa
Tok I>-qiymatini birinchi tenglamag
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; ; xRy +Ry)
; o i L iucis D
Ul = il(Rl +jx1) - [1 -(7?2‘*'_)::1!;%?}—12}1:” - {il [Rl + (R, +Ry)+x5
. xEx, — ]
j[xl - (RZ+R1)+x§]} hZg _ o
Elektr zanjirning ekvivalent to‘la qarshiligi:
zr = (4,46 + j8,29) Om e
s ; u 100 _ +j2,
Birlamchi chulg‘amdagi tok - h=t=———_=51+

Ze  (4,46+8,3)

e A
Tokning haqiqiy qiymati: h =512+ (2,5) = 10,72
Ikkilamchi chulg‘a_mdan 0

‘tuvchi tokni ifodalovehi tenglama:
i ixm o B o [ B
a=-I (R +R)+jx, —(5.1~25) (76+36,3)
JjO,1) A

Ikkilamchj chulg‘amdan o‘tuvch; tokning haqigiy giymati:

L =.(23)2 + (0,1)2=234
Foydali ish koeffitsienti:

=22 BB e _ 23)%16 %> ~ 82%
SRS 100/6—m 100% —

4.3-Masala, Induktiv bog‘langan ikkita

bilan ketma-ket ulangan bo‘lib, qarshiliklar:
14,6 0m, R, = 19, : =17 0m, wM
S0KG, ga teng.  Zanjirdan o‘tuvchi tok | =
88mV. Sig‘im Qarshiligi va sig*

galtak sig‘im qarshlllg_l
Ry =10,5 Om, wky =
= 32 Om, chastotasi [ =
2,2 mA, kuchlanish U =

im C aniqlansin,

Yechish. Akty Qarshiligi: R = p

1+t Ry, =211 0m
To‘la qarshiligi:z = Y _ 88103 ’

I 221073 4 Om
Reaktiy qarshilik; , TR SN 2
. = o Z —_—
Graltak induktiy gapop ok, %€ A

arshil =134 0m
3?;1‘t?kl‘§i‘;?ﬁ"‘giq"fs=l lxg;::”_"fx“:“’;gl ;é"fzo ; 20M = 38 Orr.1
Qarshilikga ega by%agi‘zaro ulanish SXemasiga asosan sig‘im  ikki xil
x'cmos =38-134 Om; x}:kk =38 434 Om
114

yoki: €' = — = 0,8 107%¢p = 0,8mkF,

WX c

EY et e DL 107%¢ = 0,044mkF
wxl! !

=2

: ¢ an elektr
. A1V bog Iang .
4.4-Masala. Sxemada keltirilgan o°zaro mi“l}u 10.:4 bog‘lanish
-4-Masala. Sxemada 5 Wi ok = . bog =
. 3 rchi —
zanjirning  birlamchi tarmogidan o “:l‘_":? =20m,x; =10m, }fr?ni\"
fr e >arametr givmati: 1= ) ish, umumi)
Koeffitsienti K = 0,75. Parametr q 'G‘-llt‘ll\'dﬂﬂl kuchlanish,
—_— 1. e © =
1Om, x,=40m, x,= 20n Mk
kuchlanish va quvvat giymati aniqlans

‘palishi
dagi tok yon
Yechish. Kirxgof qonuniga asosan konturdag
echish. Kirxg =
bo'yichg lenglama tuzamiz: ol = M
L+, =13 i oM — [jw
5 wM — 12
U [ I L —ij—lzme2+11j
=IR, + IjwL, 2 1 )+i1f‘”M
0 = —isz — Ljwly — I3 (_—j wC
O‘zarg i ktiv qarshilik: =150m
Zaro indukti ;4 o J = 0‘75\/—1_:‘i S f1
Xy = w = .. 11Z.
Tuzilgan tenglamalar sistemasini yechan
boyj «

. ~q bo*
; q
-1 haqiqty Y
» haqigiy son va kompleks tenglikda
}’O'naitiriladi.

(D
: (@)
e 1120?211 j2,5) = (1 +755) &

w2 .
0 = _]'2(1 +j4).+ 15 :;;la{naga QO‘}frz)llz.
Birinchi tenglamani 10 + I ~ s (32—(1 +j2)+j35=
“hL(1+j4) + j15 + 13- j2 =~
Bundap. [0 S0, (14+j7) A
1+j2

5 = 15!61
2 _ \/ézj_
. 147 +7° =
TOkning effektiv giymati: /1, = ‘[,/
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Birinchi tenglamadan:

B=10+i,=10+ 1447 = (24 +j7) A
yoki I3 = 247472 = \/§25 = 25 4 _
Ikkinchi tenglamadan, zanjirdagi umumiy kuchlanlsh:.
U=10(2 +j2.5) — (14 +j7)(1 + j5.5) = (44.5 + j59) V
Kuchlanish effektiy giymati:

U=1(44.5)2 + (59)? = V5461 = 739 1
B_irinchi g‘altakdagi kuchlanish:

Ur = LRy + jwLy) = fy joan = (102 +j) — 14 + j7)j1,5 =
305 —j11)v
Kuchlanish effektiv giymati:

U =(30.2)% ¢ (11)?2 = V10212 = 324 Vv
I'kkinc!]i galtak y

oki kondensatordagi kuchlanish: .
Uz = L(R, tjoly) —ijom = ~(14+7)(1 + j4) + j1,5 =
(14 —Jj48) v

Effektiv giymat- U, = J(14)z 1 (48)2 = 50
Zanjir aktjy quvvati: p = P, + P, = fi’-Rl £ fzsz = 445VT
. 4.S-Masala. Induktiy bo
zanjirining to‘la qa
Zm =10 Om bo‘lib
O°tuvchj tok va quyy

.V P0g%langan paralje] sxemada ulangan tok

rshiligi z, = (5 +J10) Om, z, = (100 +)"20),.0m .

" U = 1?0 % kuchlanishga ulangan. Zanjirdan
nsin.

at giymatj anigla

P L - oki [ = 8,424
Umumiy tok: [ = i, + 121=1\(18‘5 ;L;I\S\B;?) YOKI
irinchi g-altakdagi real aktiv - _ e
Birinchi }) - R (Uil) = R,[120(6.4 +j8.6)] =7
1 — Re
‘altakdagi aktiv quvvat:
e P’y = [[R, = 1155 = 574 ¥T
'vatlar farqi: B T
Quvvatlar g‘;cp_ P, — PP = 766 — 574 = 194V
el aktiv quvvat:
[kkinchi g-altakdagi real aktiv qu : 38 U
Py = R,(Ul,) = R,[120(2.1 + j0.22)]
Taltakdagi aktiv quvvat: B
Graltakdagi y _qlng . 446100 = 446 VT
5
AL e T T ‘
Quy valla;t;rci. By Pt — 257 — 446_ _ 1:539451/—194 . ak.uv
Bunda ikkinf:hi Q‘illakdagi _vclisl11na_\.‘dlt—’>“:iya f)ilaﬂ ta’minlanadi:
Quvvat o* zaro induksi}a hodisasiga aso_s;m eriegz  119.4)] = 194 v
PM = P12 = RL,[j(UMjljz] = R€U10(1 '

o i chulg‘am
. ikkilamchi -
e formatorning o‘altak para
4.6-Masala. O‘zaksiz transi iliei ulangan, g
0'tuvehyj tok 1, = 0,54 bo‘lib, sig‘im qﬂrsmllgloum wl, = 45 Om.‘ﬂ?
Metrlari R, = %0 om wL, =80 0m, Ry = 9. i k = 0,5. Birlamchi
1= . ish koeffitsientt K =1
ST : ‘lanish koe
SIghim — = 1amda bog'‘le
£1m o = 210m | g

ifodasi
: a0tk yektor 1f0
. omati anigilanib,
ChUIgamdﬂai tok va kuchlanish qiymatt aniq
Wzilsip.

=300m
Yechish, M=k le"“L""-ﬂI -Bbo‘yicha
O*zarg indulktiv qarshilik: xp = W ¢ sk yo‘nahs hi
Kirxgof qonunlariga asosan konturdagl
o

: . i =0
tenglamg luzamiz; [Rz + (sz — Z}E)] I, + joMl

. = 13.14
i Reti(wl—gg) _ 90+j(t5-2) 05
Bundap I =i S VI T .
. o ish: e .05 =
Birlamch; chulg‘amdagi kuchlz.lmsl?3 146728 +j30 0
VS RetjoL )i+ jomi, = (60 + j80)
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UYektjr};fo_da tuzish uchun kuchlanishni aniqlash kerak:
ler1 — =165 790, ) Ur, = Ryl = 45 (V)
Ly =jCLJL111‘ =(-120 +j220) () :
U, = jwLyl, = j22.5 W)

Uiy = JoMy Ly = (~45 4 j82.5) (1.
Un, =joMl; = j15 (1) ’

jac 2= =j105 (1)
Kom

leks isli
tuzamiz, P tekislikda masshtab tanlash bilan

UC2=-—

vektor ifodasini

\

i

4-7‘MaSala

: Sxe .

parametr;- Ry =20m xmilda berilgan elekir ST e Hilik
U= 150V kushlaricr. . 100m, R, = 4 Bt X Jirining  qars il
aniglang, Anishga ulangan, T > Apm,, = 10 Om bo‘lib,

a ¥ 7 i
'moqdagi tok Uqp, va kuchlanishni
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1. Kirxgof qonuniga asosan yechish.
Kirxgof' gonuniga asosan tenglama tuzamiz:
Iy =, +13=0 ‘
2y + 2y, Jy + 2y, 3 + 2202 + 2, = U
Zaly + 2303 + 2, ]y + ZM, 13 = O .
Bunda: z, = (50 +j20) 2z, =j20 2z3= (20 — j50) = —j30
Zy,, = joMy, =j10  zy,, = joMs: = j10 Om
Tenglamaga qarshilik va kuchlanish qiymatini qo‘ysak:
Iy—1,+Ii3=0
(5 + j3)i; + j3ip + jiz =25
fi 430, -2l5=0
Determinant usul bilan yechish natijasi:
A=5(1+2),8, =258, = 75085 = ~100 MA)
Demak: [, = %’- = (1+j2)(MA) L=7=-30 +j2) (
I, =21 = —4(1 +2) (M4)
U_uh potensial kuchlanish uchun tenglama tuzamiz:

Uny = joMyy, + jwLyly + joMasls = (180 =j90) MV)

2. Konturli tok usuliga asosan yechish. -
Kontur toklari yo‘nalishi bo‘yicha tenglama tuzamiz:

{(7‘“ + 220, )l + (22 + Dtay + 202)0 = U
(EZ + ZMy, + EMzg)ia * (_Z_ZZ + Zgﬂza

Bunda: ;.. — . . 4z, =—j100m
unda: z,, = z, + 2z, = (50 + j40) Om Zz2 Zs JU(E;;:*zZMZS)

" i . . . — _____.—-—-—'_"

Tenglamalar sistemasini yechish natijasida: [q A

. —U(zg + Zmaz t+ Zm23)
b= + Zuys)
Bunda: A= (Ell + Z-Z_MH)(EZZ + 2 g-Mzz) "j' (7_:2 +§_ﬂff1lznatlari2:3
Qarshilik parametr qiymatini qo‘yish bilan fa: Ib'mk ql);\)
iy = (1+j2) (mA)  Ip=(-4—7/8 (};) )

Tarmogdagi tokning kompleks ifodasi: 1 = la( 7/
;2 =lo + 1, = —3(1 + j2) (mA)
[g = _"Ib. = (4 + j8) (mA) o e (180-'}'90) mV

uchlanish: Uy = jwMy,ly + jwlalz + jwMz3!3
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4.8-Masala. O‘zaro induktiv

bog‘langan zanjir parametri:
Ly=5gn, L,=2

.gna L3 = Sgn, M13 = 1 .gn., M23 = 2 g‘n- R]. i
¥0m, R, =80m, R;=30m, C=0025 f bolib, U=
100%(:03 2wt sinusoidal kuchlanishga ulangan. Kirxgof gonuniga
asosan tarmoqdagi tok aniqglansin.

R, L Moo

t Yechish. Kirxgof qonuniga asosan kompleks ifodali tenglama
uzamiz:

. b+ +i, = .
Rlll +J'CUL1]1 +j0JM1313 +ij2f£ + fUJM23iz + Rziz =F

JwLyl, +joM, 1, + jwM,,i,

Bundaja)M23 = j2. s <0
Parametr qiy_matlarini qo°yish bilan-
-]1 ) “'iz —i3 =0
(4 +;_10)1’1 +(8 + i, —j2i; = 100
- 1 T@HBL G —je)i, =
8z =14 +j10) (g4 ; : T
(j2) ((_8+f % D) | <76+ jg2 = 11,8/
" 1 8 B-je)
A= 100 (84 jg (—j )
o D) 1< 1100 4 i Ao
Gyl o s 0+j200 = 1118e
Xuddi shunga o‘xghach. -
Tarmoqdag A

. =3 —
1 toklarnj topanzliz- 00 7400, Ag=
BB 7

VYRR S8-j6 4. [2:“%&:“08'—j44/—1'
r3 ’ ] ’

800 + j500.

Haqlqu qiymatlari: I = 163!21' I "* 4;:17’; .
r iz = ] A; ]3 = 8‘944 A'
120

!’m ? 121 ‘

. = 110 om
4.9-Masala. ~ Zanjir  parametrlar: in 20 0m {)o’lib, ;=
Xe==j350m X;; =j200m X, = 160‘(‘)?71 otensial diagrammasi
lfc'\ bo’lganda, tarmoq tok qiymatlari topilib, p
tuzilsin.

-1(20)

J, l"_](m
4
) iga
. ~irxoofning I- gonunig
Yechish: Tok giymatlarini topish uclgllll };‘:g;;
asocan . |1 =+ b yoki: { iy i60 — I,j10 .
asosan : {Uz = = L [,20 = I5] 1+j2 unda [} =

: ish bilan: [ =
tenglamani /, tokka nisbatan yechish b.l {:1 uc]fun i
bt h=34 j2  Potensial diagramma tuzis
Potensial qiymatlarini topamiz: _ 60— [,j10 = 20+ 140\./ v
P = IR = ] XLz_ilxM = 1220:!31 201___160::-—20+ ]70
o= tpcc%‘ (I fzo - ;j10)= 20+j40+ (2 + ]2)’.2)(#135) =50V
Pa = (Il) +1 (—31'35) =20+ 70+ (g T]{b masshtab:
Topografik dl;agramma b rasmda tuzilgan bo 11b;
My, = 20V/sm m; = 0.5A/sm

=0 deb, boshqa

birlamchi

; *altak
indukttv gl sxemada

4.10-Masala. 4-9 Masaladagi_ . rama- qarshi _
ch“'%’amlall\'/il mos ikkilamchi chulg f‘mi?rll]iq.eg)Ml = 1200"1’.60;4520,4
Ulangan bo'lib o°zaro induktiv bog la“éjq 1, =0322-J%
Som bO’]ib, to’klari I, = 01155 +]0’480 ’ . chi kontur
©'lsa chiqishdagi U, kUChlfl]\i.smgit:g;?;iga asosan ikkilam
Yechish 1) Kirxgo’fni ikkinc
uchun tenglama tuzamiz: )
ilj(UM1 - iszUMz = Ucti son qulT(l) 322 _.-j0,7
Ueg = (0,155 + j0,486) - 120 — ©.
T92 4 j4 = 9200177

. i Ud
Yoki kuchlanishning effektiv giymatt: Ve

.+ o ovamiZ:
atlarint q0 y50) . j45° =




— . v s S e e

4.3. Mustaqil yechish uchun masalalar

4.1-Masala, 4-9 masaladagi chizigli
Ri=1 om R2=0.5 om L1=0.01 Gn
A =72 A bolip chastotasj
kuchlanish, kompleks aktiv, reaktiv

Javob: ;=3 y Us=15-j
R.

transformator parametrlari:
L»=0.005 Gn K=0.715 toklari [;=(1-
0)-“—‘103 rad/sek bo’lganda Ul‘ Ba U>
» to’la quvvat qiymatlari topilsin. B
05V §$=3+j3VvA P=3Wt Q=

4.2-Ma§ala. 4-6 yechilgan chizigli transformator
Parametrlari 7,=] 0+j20

vaX;=20(om) X. = -4 (om) K=0.4 bq’llb. u=

100sin 314t Kuchlanish ulangan. /, va I>toklar va to’la quvvat S qiymati
aniglansin .

Javob ;

Masaladagi

1=1,57-13.64 A 1:20,628-j1,46 A $=157+ 364 VA

4.3-Masala, a) Transfarmatop parametorlari U, = 100V x;, = x; =
*3=1000m, »_ = 110 om )

kz? =09, iy = ki3 =08 teng  bo’lganida vo’ltmetordagi
kuchlanish]ay qiymati topilsin.

» Uz =119y
- b) agar kondensatoy uzilsa (x . = 0) kuchlanishlar ganchaga teng
0’ladi.
Javop: U, = U; = 8oy
4.4-M

gan g'altakning parametri Ry =
T X, =200m, x, =100m g

igizg = 4 ni aniglang.
JaVOb: 2y = z, = 16;2781.49"20' ZLe qlang
4.5-Masa]y
22Gn, 1. =

nM<g Zanjir Parametri: ¢ = 43 mkf, L, =
100V, f = ' bé.fu : m_G?}; 1=1050m, R, = 92 om, U = )
ng. 540 sig'imgy ulangan voltmetrning ko‘rsatis

Javob: ¢ = 4g 14
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i =200m, x, =
njir  parametrlari: X
4°6;;M3;35|5; —A—gir() O?Zr? ija e = 100sinwt bo’lganda voltmetr
100m, k=05x.= )
qancha volt kop’rsatadi

X
Cat

x>

R 2
e? —lrls.

‘altakni arametri x;, =
A <tiv bog‘langan g‘altakning P L gy =
4.'7-1\%153;&(.)nlzndalclkuj 30 Bm bo‘lganda, bog‘lanish koeffitsientini
150m, x,, = s Xpm =
(k) aniqlang.
Javob: k =10,17

Javob: U =200V

i = 2,30m,
4.8-Masala. Transformatorning qarshilik para;r;ztilj;{?)g 0’5, ek
X, = 8 Om, X, =100m, Xy = 8 Om, .gH = 31, i
bi[:]amchi chulg‘ami U; =100V kuc.h]ams_hfgan? E]l;lr:,,g_ .
ikkilamchi cl1ufg'amdan oquychi tok qujf_;l;ast:m aniq
Javob: [, =219A4; [, = 22,8e/>

jirni metri X} =
9-Masala. Sxemada Keltirilgan elektr zanjirning Eaiauchlanishga
g 60 Om, R =30 Om bolib, 0 = 200 ximishes
1l40 Om’T I%O_qdagi tok, Uy, U, kuchlanish va to’la quvvat teng
ulangan. Ta s Us,
aniglang.

Javob:U; = 171V, U, =16£3|Z,1
= 0.67A,0,=24,1;=1.
B 260 (VA)
v ' §=01=120+)
i

: : jir qarshiligi:
¢ s [\’“V bOU ]angall Zan_] > = hl 114
4.10-M:2::z:)!a. gzalo;gi; bo‘lili ampermetr ko rsatkic
X, = XL = m, Am = : . 0
bé;:lganda2 voltmetr necha voltni ko‘rsatadi?

x, Javob: 7V
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4.11-Masala. O‘zaro induktiv bog‘|
metrdagi tok — 24, voltmetrdagi kuchlanish — 20 1/ ga teng. O°zaro
Induktiv bog*lanish qarshiligini X, aniqlang.

Javob: X, =50

angan zanjirga ulangan amper-

4.12-Masala. Berilgan SXemaning parametri:
3521?2(3 +/)0m,z, = —j100m,  z, = (12 +j5)0m, x=30m,
1=20m, x3=3 om, xp, = 8 om bo‘lib, uchinchi tarmoqdagi tok

L=14 £a teng. Tarmo s > - ) . .
. ; q toklari [}, f, va (7 kuchlanish aniglanib,
topografik diagrammagin; tuzing, v !

Javob: f, =j24, j, = -1 +j2.4,
U, =j12Vv

or arametrj = — A X‘ =
L=50m, x p etrt Ry =R, = 10m, Xy,

m =30m bo'ib rdagi tok 1A.
Voltmetr qancha voltp; ko‘rsatadij? © SMpempiisgl 1
i _ :

4.14—Masala. iz

Qma LI___O,O]Gn, L=
L=(11) A ikkilam
kir- t0'[a qarshilik

Parametriari R ;=1 Om, R>=0,5
bo'lib birlamchi cho'lg amdan

iv, reakti:J2 A. Uy va U, kuchlanishlari,

; . V'quvvat giymatlar topilsin.
1 R ’,—\*12 R,
il x| fy JaVOb:01=';3V‘U :15'—0.51/;
11 Li¢ 1, U, S = 3 +j3v4 ’yofci P=.3Vt
O=3VAr. !
4 14~Masala T
XL, =40m L= 6rar:;f0rmat0r Parametr

bo’lib ikkilamch; chulg’am to’la

o 0q1b o’ tyy e "Matorning birlamchi va
. 1“‘(054-JO31)A i __Chl !ls I

2 toklar topjjq;
» 27031440 549 o Piisin.
4

o ’ a mos yoki
4.15-Masala Induktiv g'altakga ulanga_n‘chglg amlartgn lam;’sini
garama — qarshi ulanishni elektir sxemalarini chizing va teng
tuzing.

I o i
a O = ~
< | e e il g
X 5 Wy Wy
I d
b o—=- 2w B °
g b S
v e

: ir hi
4.16-Masala. Po'lat o'zakli transfarmatorlaming  birlame

. ?
ikkilamchi chulg’am
chulg’ami U=220V kuchlanishga ulangan. Agafﬁg\\}}“sgqsa mosbyoki
o'ramlar soni bir hil w;=w> bo’lib Ul:L}]:d _ai umumiy kuchlanish
garama- qarshi sxemada ulanganda chiqishdag
nimaga teng.

Wy U
X

b
w2 U2

Y

u=220v

sfarmator birlamchi
hak shaklda ganday
ari nimaga farq

4.17-Masala. Ikkita cho'lg’amli uch fazali tran
va ikkilamchi chulg’amlari yu!duzc‘ha_ va urChl;li]rflishl
ulanadi. Bunda chigishdagi faza yoki liniya kuchla
qiladi va vektor ifodasini chizing.

A B ¢
o p !
X Vv o] Z
€ z

o v

m.——————|TT
0 @—

b c




Nazorat savollari

I.  O‘zinduksiya va o‘zaro
ma’nosini tushuntirib bering.

2. Magnit induksiya, magnit oqim va induktivlik tenglamalari
qanday ifodalanadi, o‘Ichoy birligi nima?

3. Elektromagnit induksiya qonunini ifodalovchi tenglamadagi
e= —Wz—f- «minusy ishorasiga izoh bering.
4.

O“zaro induktiv bog*lanish koeffitsient ifodasini yozing.
5. O‘zaro induksi

ya EYK qanday ifodalanadi va yo‘nalishi
qanday aniglanadi?

induksiya hodisalarining fizik

6. O‘zaro induktiv bo
SXemasini chizing.

7. O‘zaro induktiv bog‘langan ketma-ket va parallel sxemada
ulangan zanjirning ckvivalent induktivlik tenglamasini tuzing.

O‘zaro induktiy bog‘lanish koeffitsienti M tajriba asosida
qanday aniqlanadi?

0 L ish
g'langan elektr zanjirlarining ulani

9. Chiziqgli havo transformatorini ta’riflab bering. )

10. Transformatorning ekvivalent almashlash sxemasini chizmlg._

1. Transformator vazifasi, tuzilishj va ishlash prinsipint
bilasizmi?

12. Transformatomin

g transformatsiyalash koeffitsienti nima?
13. Transformatornin

_ g ishchi holat vektor ifodasini tuzing va
tushuntirib bering.

14, Induktivligi f, = 0,05 Gn va o*zar induktivlik koeffitsienti
M =008 Gn  borlgan Anjiming  o‘zaro  indukiiy bog*lanish
koeffitsientinj (K) aniqlang,
) ﬂ._15_. Induktivligj L, =01 Gn, L, = 0,1 6n induktiv bog‘lanish
Ocliitsienti K = g bo‘lgan elekt i of induktivlik
koeffitsientin; (M) aniqglang, T otzaroindu

16. Ekvivalent induktivljgi '

. g L, = - a bilan

ifodalanuychj 0‘zaro induktiy bog‘langim f:lf:l1 a2 e

17. o

» . Ktr zanjir sxemasini chizing.
/ Zaro induktiy bog‘langan u J
konturli elektr

chta g‘altakdan iborat ikki
Zanjirt uchyp :
tuzing, onturli gl

ktr usuliga asosan tenglama
18. Mos SXemada y|g ikki
o ngan ikkita inypq; ‘ ‘altak)
zanjir ifodalan an ten ini i ! bog laGgan el
chizing. g glamasip; yozib, top

ografik vektor diagrammasini
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—

1 ‘langan
¢ induktiv bog'lang
19.  Qarama-qarshi sxemada ulangan o°zaro in
© - - - .
. ini tuzib, vektor ift 1i chizig. ' .
zanjir tenglamasini tuzib, vektor ifodasit St
20. Transformatorlarning kuchlanishi 3
pasaytirish nimaga bog'liq? et yelifqar i
' (ti ‘langan g‘altakning _‘?
21.  Induktiv bog gan g g Sl |
qarshi ulanishida asosiy magnit oc}ml ?'q]\-uch]ar (englamasini yozing va
T nitlovchi
22.  Transformator mag
fizik ma’nosini tushuntlrmg_. N—— l
23.  Transformatorning 1 kil e aanay ety
sig'im qarshiligi ulanganda magnit oqir

. - ;
le*amiga induktivlik yok
o
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5. ELEKTR TOK ZANJIRDA REZONANS

5.1. Asosiy nazariy tushunchalar

Reaktiv elementlar, induktivlik vq sig'im qarshiliklaridan tarkib
topgan elektr zanjirda tok va kuchlanish vektorlari ustma-ust tushib. bular
orasida burchak ¢ = 0 bo‘lgan holda, rezonans hodisasi yuzaga keladi.

L Ketma-ket ulangan R, L, C zanjirda  kuchlanish
rezonansi,

R (x,) fo

gy o

U, .i

<

(;,‘) Un

Zanjir rezonang holat vaqtida XL = X, yoki wyL ———IC:U
Wq

Bundan re Sty

onans chastota; “o = 7= (rad/sek)

nt 1o - — L = > R
qarshiligi: L, el %
y0ki: X = :,-—J.'_. — L . — -

L= Wyl =L = fE_p; | A __WCC_ /g__p,

CUQC
= b oo
p= J; to’lgin qarghjjji

(Om) da 0Ichanadi.
Rezonans holatgs, Z=pR bol;lib tok maksima] dlymatga erishadi:

Iy = R= Ingx = 2
en;la‘rldagi kuoh}anish: U i— Uco =1y p
2 bociacs Neepshilkdagi uchianish  mans
lanadj: 4 Martaga kag, bo‘lishi quyidagi

Reaktiy elem
Agar p> R
kuchlanishidan ka
formula bijan aniq

Upg U
Q = =0 = ZCo — mOL
Bunda g _ T

u
N Ontur syy; lio; 4 R
ham deyilagj, Yigl yoki aslligi, bazan sifat koeffitsicnti
Unga teskari 1.« .
deyilagdi  bo'lgan dymat: g _1_p ol
yiladi, g kOnturning so‘nishi
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. 3 ishiga aktiv qarshilik
Rezonans holatda konturning L teb.rzlméﬁ:;zmsi-
ta’sirini hisobga olganda, kontur xususiy tebranish

2¢c
f‘-‘foﬁ

aksimal
. . - va UCmax m 2
Reaktiv (]le'Shiliklﬁl'dagl kuchlan'lsh ) UL'f(;’-_a‘l‘}a quyidagi ifoda bilan
qiymatga rezonansdan oldin yoki keyin erishadi

izohlanadi.

2
Wo = 2
2-d?

tok va kuchla-

: jir parametri, L
Rezonans kontur chastotasi (w), zanjir p xarakteristika

s BL o fankecivasi chastotali
nishga nisbatan bog‘liglik funksiyasiga

deyiladi. X Zio)
X 1 AC(w)? (&J) . .
f(w) = f(l(m) j U(w}' U{.(w)’ Ug(wy AL(w) | i nisbiy giymat

o1 ¢ yoki chastotan
Bu xarakteristikani analiz qilishda tok ?fO]"‘ C1t = £ ga teng deb
orqali ifodalash ancha qulay bo‘lib, legettitsies wo

olinadi.

YR=pd h=
1 cek): — R == da
Bunda: wo= e (rad/sek); Iol = P
1

lo 1+[(r;-%)id]2
it 4 =11 — ezonan
So*ndirish koeffitsienti: d =m—-m2R
chastotani o*tkazish chegarasi: _ o
wo(n2 — M1 ) = @od- ,nit maydon energiyast
‘Rezonans holatda tebranuvchan elektromag
0'Zgarmas bo‘ladi.

Wy =Wy +W, =

&Jn, z

ini ? ir
s konturining ma lumb

1 t
1 2 -—CUZ = cons
EL[ B 2

e

a5

[

L
N
|

o [=
<9
—~——
T
o
I




2. Parallel ulan

gan G,L, C zanjirda toklar rezonansi.
Paralle] ulanga

— O‘llb!
n elektr zanjir rezonans holatda B, = B¢ b
1
1 o > s ,k
rezonans chastota: wor ~ @oC =0 yoki: w, = 7= (rad/sck)

u

@ 5 ¥, s 1 = = '(':' ga
Reaktiy elementlarning o‘tkazuvchanligi: = wC=y L
0
teng bo‘lib, to’lqin o‘tkazuvch
Rezonans holatg
Reaktivy element]

anligi deyiladi.
aumumiy tok: J, = Ug.
ardagi tok: Iy,

= ]Co = Uy
qtida Z = R bo’|jp

Rezonans va
0,7071,.
Agarda g <Y bo* arshiliklarda tok umumiy tokdan
Katta bo¢|ip: d=-L_ e kontur so‘nishi deyiladi.
Iy Iey vy 14 ‘
Teskari giymat: g = == [—‘E - Kontur saxiyligi yoki asilligi deyiladi.
Rezonang holat uch

aktiv quvvat p =%RI§ yokitok [ =

lganda, reaktjy q
I Ug

8an Xarakteristiky o, f€zonans chastoty so‘nish chegaralari
d=h,- h; bilan ifodalaniladi.
tebr;l?;(h' TZZOT;‘?HS E;)latda ham eleklromagnit Maydon energiyasining
I kuchlanj iga o L
b Shlar rezonapg holatiga ¢ Xshash va o zgarmas
1 K
. . W=EL12=-§CU2=C0nst
‘ }_{adlotexmkada elektromagr\it ma
to‘lgin Uzunligigg Nisbatap

ydon energ; ishi tezligi
Olchanib. ;" ur BYa tarqalishi

. » 4~ 10%qin uzunligi (m),

: da: A=~
. ). T — davr (1/sek), bun i
v — to'lqin tarqalish tezligi (m/sek), T dallioi‘
5 'chan kontur to*lgin uzunhgt:
f —chastota. Icirﬂli“:-h‘zli }\,——22 —=3-108- 2mVLC (m).
LO e

s. :
anjirda rezonans. .
a Tarmogqlangan elektr zan]:reezonms sharti ¢ = 0 bo'lib,
'I"armoqianuan elektr zanjirda h-a{)ﬂ rclllak nolga teng. rakkab
o : i orasidagi bu : qan tuzilgan mu _
¢ va kuchlanish vektorlari ora ; <ronerstlaffdAT g
tok va I\Lu.hllanm.hd it va. siolm eleLm]aa ‘armoqlerda ham Kasil
ir nechta indu R A r va ta
| LBIr it 11: rezonans hodisasi ba’zi kontu ‘zaro
elektr zanjirda rez il B
5 i a Sohaa
bo*lishi mumkin. ika va boshqa sol rezonans
i ika, aloqa, avtomatiKe hosil bo‘ladigan r€z ol
- >xnika, C d, . 1 . -
e *branuvchan  konturlarda iy zanjir qafShlllgli.n}
Iboﬁ'lan'gdan lt\L n‘: foydalanib, bular Umu}I]'ll'lﬂal‘l bo‘lishi mllltntliax;s)
3¢ dan Keng 7 . . Sy 1+ o ldlls 0 < Js
o it maydon energiyasi orgali bog transformator, avior roki
clektromagnit may - duktiv bog-langan ( e boptlanish (ichki yo
salan: O zaro indu = orli bog ; sig‘im
”Mflbdlcln.\(-)]nada bog;lanish_ kOI]de?S?l;ming induktiv va SIS
Zanjirsimon sxe ) ki kontu
: E ‘lanish yo r
— e R bor lishi mumkin. Yin_ ()
arametrlari orqali bog*langan bo fitsienti: K = oz
Parametrlari orqa g tanish koeffitsienti: JRiXz
Konturlarning o*zaro bog‘lanish
c -~

iligi.
‘lanish garshilig
‘ar o*lanish q
bo‘lib: X,,, — elementlarning o*zaro bog
bo*lib: X,,, — ele

e shiligi.
irinchi k reaktiv qarsitiis:.
— birinchi kontur H hiligi. |
o ?kkinchi kontur reaktiv qﬂ‘éi- X: = M (0m)
) of Xz’r;c-iuktiv bog‘langan Zam[jrla); = wl (OM).
a) o‘zaro i e L. Xy =
Kontur reaktiv garshiligi: Xln Bonss

— o'zaro
wM — _‘/_-—;L; M
= LyLz
Shunga asosan: K—-m 1

1ol rqali
arshiligt ©
bog‘lanish kocffitsienti. q

tor C;CO —_
Ak I'ldensa " Eie——r
i f7aro Sig'irn ),Ol\l ke 1 yoklj Cl C‘l+c0
b) Konturning oza L
1 " X Ty e——g wliz
bog‘lanishida: Xum T wct 1T e

birinch;j Kontur umumiy sig‘im

. io‘iml.
. umty S1g
¢, = £ T ikkinchi kontur um

Clcz )
- C,+Co
Ca+Cy sl bilan: K= {Ci-t-Co)'( 2
Ushbu qiymatni (*) tenglamaga qo°y1s shida:
shbu qiymatn

. lani
. (v bog
i kuch ozaro induk
Kontur elektr yurituvchi kuc B;

—_—

E>
== " ;. oM
K EaMm h
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2. Parallel ulan

Parallel ulangan elektr zanjir

1 B = e gl
rezonans chastota wor ~ @oC = 0 yoki: w, = 7= (rad/sck)

gan G,L, C zanjirda toklar rezonansi. .
rezonans holatda B, = B¢

1

Reaktiy elementlarning o‘tkazuvc
teng bo‘lib, to¢]
Rezonans

c
hanligi: oL = Wl =Y \ﬁ
qin o‘tkazuvehanligi deyiladi.
holatda umumiy tok: j, = Ug.

0 =
Reaktjy elementlardagi tok: I, = Ie, = Uy

Rezonans vaqtida 7 = g bo’liba
0,7071,.

. ¢(¢ 'l
Agarda g < ¥ bo‘lganda, reaktiy qarshiliklarda tok umumiy tokdar
katta bo‘lip: g = 1 =1 _ug 4

v — = -kontur so‘nishi deyiladi.
fL,:) ICO Uy ¥ k }’
Teskari qiymat: Q =1 _ Ug

a = Uy - Kontur saxiyligj yoki asilligi deyilad!.
Rezonang holat uch

- ~ . ;o va
_ un chastotal; Xarakteristikalarni tuzishda tok v
chastota qlymatiga ni olingan tenglamadan foydalaniladi:

!

i tok f =
ktiv quvvat p = %ng yoki tok

1A

Keltirilgan Xarakterigtjk Nans chastoty
= N1~ h, bilap ifodalaniladi.
ok rezonang hol

tebranishj kuahlanishlar m?
i T€Zonang holati

gnit maydon energiyasining
82 o‘xshash va o‘zgarmas
1 1
W= =Lj?2 - =CU? — —
Radiotexnikada elektrgmagnitz ) ) -
ain uzunligig, Nisbatay, Q‘IChanib?]?SoS energiya tarqalishi tezlig

176 » 4= 10%lqin uzunligi (m),

to‘]

|

A

r =
: 1/sek), bunda: ;
v — to'lqin tarqalish tezligi (m/sek). T — davlr. f
T “han kontur to*lqin uzunligi:
[ —chastota. Icl;rmf\:.hgr; kzlé o (),

s.
. 1irda rezonan ) =
3 T.lrnmqlangan elektr mn_]ll’? sonans sharti ¢ =
- € i e
Tarmoglangan elektr zanjirda h-all;z;rchak nolga teng. urakkab
K vz kuchlani:h vektorlari oraSld?}g‘ ~mentlaridan tuzilgan m hosil
tok va } 3 duktivlik va sie‘im eleme tarmoglarda ham
Ir ne Indu i rva
l LtBlr n%i?:i:lrcmnuns hodisasi ba’zi kontu da o‘zaro
elektr zanjir 2 larda
P B i sohala
bo*lishi mumkin. ika va boshqa sof . rezonans
i ika, aloqa, avtomati hosil bo‘ladigan Tez ok
xnika. : ;
Radtolmnll uvchan konturlarda h iy zanjir qarShlllgl:.y
; -oran o ) mniy . . (in.
1’02_13“%3” Il\L :w foydalanib, bular UITl”fI,“}wan bo*lishi mumtranS)
o e . . Q ang & )
hodisasi an c’d n energiyasi orqali bog (ransformator, avt i
elektromagnit maydo - duktiv boglangan (  owelanish (ichki 0
asalan: O‘zaro induk - li boglanis! ie‘im
Masalan: O .m(;‘ bog*lanish, kondensaitOl ing induktiv va sig
zanjirsimon sxemada gl i konturlarning
> ik bog‘lanish yoki I‘,O kin
tashqi), galvani g ‘lishi mumkin. fm_ (4
i i bog'langan bo‘lis K = ===
Parametrlari orqali bog*lang 11 kocffitsienti: Tk
‘lanis e
Konturlarning o*zaro bog‘lan rshiligi-

0 bo'‘lib,

‘lanish ga
— ' ‘zaro bog‘lanis
bo‘lib: X elementlarning 0 Zal: ol
‘ Xm— birinchi kontur reaktl‘ e Hile
Xl — ikkinchi kontur reaktiv q
2

— oM (0m).
o arda: XL
a) o‘zaro induktiv bog‘langan zanil” X, = wla (om). o induktiv
~ . ) RITH -:X — (U 1, _ O.Zar
Kontur reaktiv garshiligi ' _ %; M .
: s K =pe—ae 1% aes argali
Shunga aso " JoLywlz ator qarshiligi c?C:? 3
bOg‘Ianish koeffitsienti. konden

1 —_—
¢ ig‘im YOk' 1 oki: C, = C;+Co
b) Konturning o'zaro sig .
1 2 X —_ ==
bog‘lanishida: Xy = - 1

’ CIJCI
0

.- . . - . %5 i_
birinchj kontur umumiy sig‘im

e e
iy sig 1m
. umiy s
Cz = 2% _ jkkinchi kontur um

C1C2 5
Ca+Co yish bilan: K= SCIT;Z):(CHCO
Ushbu giymatni (*) tenglamaga qo - fuktiv bog‘lamsln
Kontur elektr yurituvchi kuch O‘Efﬂff B
K= Eom oM
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Bunda I, - birlamchj konturdagi i
(transformator) zanjirda rezonans hodi
keltirilgan aktiy va reaktiv qarshilik ten

AR szz

; anean
tok o‘zaro induktiv bog Idnic__,a11
. 13 alrvt o1
sasini tahlil qilishda L]\vn"laqcuﬁ'
glamalaridan ham foydalaniladi:

w?M? sie‘im
i ili ' = — X g 5= S 5
5 _‘ZZT-RZZ (aktiv  qarshilik): AX, 2z X
Xarakterga ega bo‘lgan reaktiv qarshilik. S
O*zaro induktiv bog‘langan kontur quvvat muvozanat tengle

(IJZMZ Ed 2
P, =12 R = = 13R (V7).

Foydali ish koeffitsienti- h = f:-f—

P, 1R, AR

Pi+P;  IZRZ41ZAR, | R+AR,

5.2. Masalalar yechish va uslubiy ko‘rsatmalar

S.I-Masala. Ketma-ket biriktiri]
150mkGn = 15. IO"SGn, € =47

bo'lib, U = 19y kuchlanishga ulangan. Rezonans chastotasi Jfo, reaktiv

clementlardagi kuchlanish UL, Uc, to*lgin qarshiligi p, kontur asilligi @
va s0‘nish koeffitsienti ¢ ni aniglang,

R

gan elektr zanjirning parametri L =
mkF = 47 . 10"7F,R =5 0m

Yechish, Rezonan
1 1 _ 1 - 4 v

VIE VTSI = 35 = 376 104 (radselt

376-104 c

Bundan: f, = %’ = “2—218—- =6-10° (zs)

Rezonans holatdag;j

S chastota:
fl)o =

Ok:[n 2.;‘:,:.15(1-_—_2!]
Reaktjy Qarshiligj- L =wgl = gge Om
1-10%

: IXc = 1130 (1)
To‘lqin arshiligi: , — L.
qin q Bl p ¢ = 5650m
Asillik koeffitsienti- Q=Y _»p =113
R
1

u
Sonish koeffitsjen; d= -3

113 — 0,885. 1¢2

132

e B
(6.28)2.158

0,05-103 =50V

!
« tok I: IL' C
ulangan. Rezonans chastota fq.-l )

: s 3 ar s ang.
to*lqin o‘tkazuvchanligi ¥ ni aniqlz

3 ir:R=160om,L =
i watlari: R
5.2-Masala. Ketma-ket zanjir R,L,C qiyn

, P giymatlar
1 MGs,U = 0,8V bo’lganda. C, o, Uc, UL, P 4

158 MGn, f, = s,U =0,

topilsin.

—

. wlL = — bundan C = T
Yechish: Rezonans shartiga asosan: e

=0,160-1073F = 160 mkF
L = 50 mA
Tok: 1, = ~=—-=0054

= = = .6,28-158 =
lar: U ].X, =0,05-wL=005"6
Kuchlanishlar: U, = U, = s

= 0,04 Wt.
—00025-16 )
. at: p.=J2-R=0,0
Rezonans holatdagi aktiv quvvat: P = I "
‘ iir par
1n elektr zanjir p

-] sxemada ulangan € -3 Gn

5.3-Masala. Parallel sxuln’l =16-10 5
= 16771671

R =500m (g = 0,02 Om)‘ L

hlanishga

b, U =200V kuc_ H=1E?

0 mk 0-107°F, b 502‘11i511 koeffitsienti d va
e 4. ? }4 I!_

t

rad

1 1250(5%)

1 —

| N Jpe e

> — .10_3

iethish. Rezonans chastota: Wy = c Jr

Yoki: fy = 22 = 199 (gs)

2 N o— 4 .
’I‘Uk:l = Ug = 200 U'Uz itﬂq(}fl)\’chﬂﬂligl: 1
Induktiv va sigfim rcal;lw 0 : _ 0,05 ((_)_,_;)
bL = 5 = Tseaeios i
L, wol - 0’05 -

< l -
Induktiviik va sig‘imdan o IU"C;' T
‘ o = 152005 (o
To‘lqin o‘tkazuvchanligi: y = \[;
; Y _
Kontur asilligi: =X = 2,5

9 1
Kontur so*nish koeffitsienti: d = 2

=10 (A)

=04




—

5.4-Masala. Sxemada keltirilgan elektr zanjir chastotasi f =
400 Gs o‘zgaruvchan tok manbaiga ulangan. Agar aktiv garshilik R =

SIOm, 'sig‘im parametri C = 10,5 mkF bo‘lsa. induktivlikning ganday
qiymatida rezonans holat yuzaga keladi.

/

Yechish.

likanShl?u‘_ele.l-:t.r zanjir uchun rezonans sharti, reaktiv o‘tkazuvchan-
N8 yig'indisi nolga tengligi bo‘ladi. Yani: y = Y1+ Yy
Bunda: Yy = & jwe; y, = Lo 1 REjar
ki ;}';I Z2  R+jwl  RZygilZ
Y=t (e - )

R242)2
agi reaktiv o - ot 2
otz g o‘tkazuvchanlik tenglamasini nolga teng-

wl

_— _ R? + 212 = 0
Umiy maxrajga keltiri @ 2a bolib yuborilsa:

0*L2c? 4 cR? =

b=wc-—

I

Demak 73

i 2w
_ : njirda r

induktiv]ik qiymati: £#onans. holat Yuzaga kelishi mumkin bo'lgan
L= 0.014gyn = 14mGn; L, =

0.00114 = 1.14mGn .

Ir uchun rezonans chastota (wo)

Yuzaga kelishin; 5 9anday qiymatida rezonans holat

Niglang_

R

. . . . = 11 ekvi X Sl
Yechish. Zanjirning parallel ulangan qismini ekvivalent sxema
bilan almashtiriladi.

1
R' = 9 _ R = & 2
(Y e T
=) + (wc
R 2
, b wC _ wCR”
x:}?: 5 _1+w2C2R2

'1 - »
(E) + (wc)?
Ketma-ket ulangan ekvivalent sxema uch
wCR?
o wekR
1+ w?C?R? “Yifiga:
Tenglama umumiy maxraji berilib, (w) ga bo'linsa:

L
CR2-L _ _E_E
L'+ w§c?R?L, — CcR? = 0 Bundan: wg = c?r2L  VIC !

keladi.
Demak: R > JT— = p bo‘lgandagina rezonans holat yuzaga
C n C yoki chastotant f

un rezonans sharti:

x = wl —

Umuman R=const bo*lganida, induktivlik L s1g’1t
0" Zgartirish bilan rezonasea erishish mumkin.

aruvchan tok chastotast f=

S.6-Masala. Berilgan elektr zanjir 0°zg e =
. Berilgan elektr zanj Induktivligi L

10-5¢, bo* gt :
) ]gan seneratorga ulang . onansini
100 mkGn, sig'imi ¢ — 500 Pf. Zanjirda kuchlan-l.sgl:rtolzefezonansi
hosi] Qiluvehi induktivlik qiymati L, aniqlanib, zanjlflib iste’molchiga
YUZa.ga kelishi uchun f = 2 MGs bo‘lganda ganday q!

Ulanish mumkin?

Y
. an reaktl

) .“ a aSOS
Yechish, Ushby elekir zanjir uchun rezonans shartig

Qarshilik|qy nolgateng: b =by +b; =0

. e anligi
Bup das p. — _ @C i reaktiv O tkazuvch
b, T LC zanjirr )
e :
N s hanlig!
by = oLy = Lo induktivligi reaktiv 0 tkazuve
Demak. — __wc Jomi e 1)

B W?LC-1 ' wL,
Undan: w21, ¢ 4 21,0 — 1 =0 -
englaman;j Lo ga nisbatan yechish bilan:
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1—wilC 1

jiring parametri: Ry =
5.8-Masala. Parallel ulangan elektr zanJlmlr“bb p}?;chlaniShi B o
1006m R, =2000m,L = 0,2Gn,C = 1 mkf, [“d;(,:"ms holatdagi tok
—_ =4 e ’ tiv aarshiliklar va rezona S
b = 21c = w2C L= Blvom = SR Lo = 100 V. Rezonans chastota, reaktiv qarshilikla
Zanjirda I?L)mhlanishlar rezonansi yuzaga kelishi uchun Ly b aniglang.
4,9MGn teng bo‘lishi kerak_

Masalaning ikkinchi shart; bo‘yich

/
anliklar =
a yana reaktiv o*tkazuv-chanlikla R R,
1
. . — wC r
tenglamasi nolga tenglanadi: 1 = o2e—5 T bo S ,
W =2nf = 47 . 106 sek™1- teng bo‘lganda, bunda (b 0 '9 5
@i = —9, -
tarmog‘iga ulangan reaktiv o‘tkazuvchanlik: By = -

W e iy
om
Demak, ushby elektr zanjirida tok

ktivlik L, sig'im elementj
: by _ 92104
Parametrlari esa C,, = o

L
. 1:—{
(l)zLC_l Il ]

igi:
. . ‘ichi uchun . iv ekvivalent o‘tkazuvchanlig
rezonansi hosil bo'lishi ae i Yechish. Umumiy ekvivalent o'tke

; irilishi kerak. Sig‘i

bilan almashtirilishi kerak. e

indu

R e R2 _EZ___
1 Lo Bl =
_ — 52z 212 R3+-—==7
Y = e e T T R | R
=i AR ra teng., Lk 1wl
. © ~ amige — 73.3pf gate £ X
[ g : wl “JwcC = —ib £t
5.7-Masala, 5.5 Masaladagi zanjir kuchlanishlar rezonans holdg?n (Ri"+m"'!-2 R3+ zlcz) 9 arti by, = be bo o
aktiv qarshilik p — 200 Om, umumiy qarshilik esa Zym = 100 P
bo‘lib, U = 200V kuchlanishga ulangan.
Rezonans vaqtidagj i

ans sh
©ida tok rezonans st
Paralle] ulangan elektr zanjirida tok

Har Undan rezonans chastota tenglamasi:
nduktivlik x

L Vva sig‘im x,. qarshiligl,
ping.

tarmoqdag;j tok qiymatini to
Yechish, Umumiy kom

b son 1
1 e 414 —
ok oE voki Wo = 77t |Lyr2
pleks qarshiljk: Ri+w?(z = e L L =414 (0m)
- R(~ixg) _ R(-jx JR(+jxe) Rx2 . — _ _ om),x¢ =5 +¢
Fum = jx, +—':}'?c— - _-_—R'ZCT;ET_C‘ +jx, = Reazt (x,, Reaktiv qarshiliklari: x, = wol = 483 ( @
R2 c c . o
Ez:i'g) = B + kv Birinchj larmoq to*la qarshiligi: 493 - J7% (0m)
Bundan R,,,, = 190 om; X, -, 2; = Ry +j&1’0L = . e=16% (0m)
anjir aktiv qarshilig; p - 2000m bo'lsa, Ikkita noma’lum 2y =Ry — j— = 460
tenglama yozamjs- Riri . g
i - . 'finchi tarmoqdagi tok: o N
| Rum = 100 ~ Rz Yoki 100 = (zzgfj:xz‘ . _ U 100e/ = (0,04 —j0,19) (
Bundan: Xc =200 O c I = é—l. = 2930777
Endi umumiy reaktiv qarshjj- Xum =0=x, _ &%, Ikkinch tarmoqdagi tok . 4)
| _ _2002:200 & z’ . U 100e’ — (0.09 -{—jo.lg)
iy xL"‘m:lOOOm_ 12='—-=W"(,
| . . 7z
i Umumj tok: 1 = U _ 200ei0 £2
yiokd Rum = 7 55-=24
Tarmoqdag 1. Iy = jZixe

Umumiy tok:

9+j
ns holatda reaktiv garshilik nolg

=013 A)
0119) - 0’ (
P jxc_.—l,_jl q;

=

¥ = R .
I = — = 1 A'
2 =1 Rege, Lt Rezong
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5.9-Masala. (5.8) masalada berilgan  sxemaning  qarshiligi
X, =40 Om, Rl =30 Om, RZ = 28

1
= ‘leanligi uchun Ry = —;
Rezonans holatda b = b, + b, = 0, bo*lganlig

812
1
52 —4
; - Gs . . ___.h—z0,5'10 A
Om, chastotasi /= 1090.- 1 aktiv o*tkazuvchanlik: 512 = Bo = pr )2 om
bo‘lgan holatda zanjirda tok rezonansini yuzaga keltiruvchi sig'in 1 s
i ini ani Demak R, = =20-107"0m. o
qiymatini aniglang. @ g 10+ . 3 ==200V.
. : - 4.5:10 =10-10"3-20"-10
Yechish. Rezonans holatdg reaktiv qarshilik nolga teng. Rezonans kuchlanish: Up = loRo Iy bga olinsa:
YANL xy — fg=0 yoki: XL =Xc Rezonans holatda R, < wyL ekanligini hisobgz
Bundamduktw]lkdagl reaktiv quvvat: I, ~ ], = Yp _ 200 _ 1A
= = —= = f1. . .
U* T T ; hanlik giymati:
=T mas > ‘navsa reaktiv o‘tkazuvchan ]
Qu=1I{x, = RZ 7 2 XL Agar tok chastotasi 2% ko*paysa reaktiv o e
1 ¢ wly . — _0 2 . —
1o¢; ; . 2 5 = == — Wy = , om.
Sig imdagi reaktjy quvvat: Q¢ = J2x,. = ;Zu._z.x(_ by, by + b, RE+(wlo)? . rad/
5+x ’ . -
G u? e Bunda: ! = (wo +0,02w,) = 5,110 sek g 1
demaki g0 = Riz 05107 =
e C *c Aktiv o*tkazuvchanlik iymati: 815 = 5" '
Bundan sig‘im Qarshiligi: x. = 17,75 Om ktiv o*tkazuvchanli qiy 8 R2+(wl)
Sig'im parametri- C=2t - _ 1775
2nf 23141000 - 228mkf

1
—4
. 2, + b2, =206-10""—
Kontur to*] o‘tkazuvchanligi: y,, = m
~ . 1
To'la qQarshiligi: 7,, = ——— 4855 Om.
J12
Demag

5.10-Masala, Paralle| sXemada ulangan rezonansli kontur parametri
b’;— 20m, | = 04mg, ¢ = 0,01 mkf bo‘lib, I, = 10 mA tok man-
ga . -

i i 0, 0‘zgal‘ga[1d€l
rezonans kuchlanish qiymati chastota ZA)-] shunga
R 103 . - asillier ham 5¢
T nans chastoty Wy, asillik koeffitsienti Q va 101: ;I“U; 2%: 4,1 marta kamavadi. Parallel kontur asillig
03._‘_ 00 Zgarganda rezona 5 vmatin =1 485¢ ’ .
. Z0nans ky : I, qiyn S . .
aniglang kuchlanish va 1ok Iy, I qiy Nisbatar, aniglanadi.
. RZ = 4 0171-
. ilik parametrlari R, = 6 Om., )
G 8 L 5.11-Masala. Zanjir qarshilik parametrlart Ry ulangan kondensator
T 2 =4 0m bo‘lib, U =120V kuchlanishga = 0 holat uchun
darshiligin; X3 aniglab, rezonans shartiga AR
C Gl o s Sini tuzine.
I armoqddg: ok 1, I, Iy va vektor 110da.~.n_11 tuzing

Yechish. Rezonang shartiga ko‘ra: p

1
— '_‘b .. (JJDL — —
bUI’ld 1 p2_pz ! 2 yoki: R+(wglg)? wc
an: @, = _L_ =3 a
0 vic J—;—- ~5-105rad / " kuchlaﬂiSh vektorlarl
se . . C va n
Kontur ¢, ‘lqi e u Yech‘Sh- Rezonans shartiga asosan tok V — 0 shunga asosa
vim Qarshiligi: p o L _ 0.4-10-2 Stma.y, . idaci burchak ¢ = U miz.
_ p o= = 200 Gy 2an;: SU tushadi va bular orasidagi it nolga tengla)(lz
Kontur asilligi @ < _;1 =100 Jiming ekvivalent umumiy reaktiv garshiligin ol —x; %3RS
. .2 . A2
i Yoki: 7 _ Rotju)(=jxa) e S i RZ+(x2—%3)°
= M N Ratjlxa-x3) — RI+(xz—%3)
138

. 1 n:
Whum o, Qismini nolga tenglashtirish bila
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= e il R, =0
X3x5 — x3x% — x3R? = 0 yoki x,x3 — x2 3
igi iligi i L=gom.
Sig‘im qarshiligi: x; = X, +Z = 4.4 3 8
Masalaning shartj
orasidagi faza burcha
asosan:

T ilan kuchlanish U
ga asosan R, qarshilik /; tok btlar} }\Lu,hl.:mmiga
giga ta’sir o‘tkazmaydi. Shu sababli Om qc

. U 120 _
Y RZ4(Xp-x0)2

Zanjirning para]le| ulangan qismi-dagi kuchlanish:

. P 2 . e

Uap = 11}5?;_%%-—-—1)” =857-8=¢685 VYoki tarmoqdagi tok:

3 2 2 3 i 5

; u 68,5 68,5 i _ Uap _ 685 _

[y=—ab__ 685 _ - — wcid Iy == —

1 Rotix, — %r7a injaptis — BT =857 Al jxs  —J8
Jj8,57 4

Tuzilgan vektor ifoda

dan [, tok bilan {7
ustma-ust tushadi va R

ab va U kuchlanish vektorlari
1 qarshilik f:

za siljishiga ta’sir o*tkazmaydi.

| Zaro induktjy bog‘langan rézonans zanjir parametri.
K = 0,42, R =5 Om, R, = 10 Om, R, =20 Om, XLl = 300m,
X1, =80 om, Xe, =250m, y

& =450m  bo'lib, U = 6_0_]1/
O‘zarg induktjy bog‘langan reaktiv garshilik,
transformatomi i

g kiritilgan aktiv. AR va reaktiv 4X
1Y to%la qarshjjj) Iy
SXema Parametri vy

. ent
» 12 1ok qiymati hamda ekvivalen
. r'ezonang ho]atdagi X,
aniglang, '

~ sig'im qarshilik qiymatini

Um

1 1 -Si a
I )] B 1 0e 1t tenglama g
hi ) transformatorning bog*lanish koeffitsier
Yec hish. a) tre E:
dasosan:

M wM
\/Ll "Ly \/“’LI WE2 0
Bundan: X, = oM = Ky wLy-wL, "__9’4.2%31\»5 ifodasi.
Ikkilamchi kontur xususiy to‘la qa.rshl]ll\n(;“: 20 — j45 Om
Zyy =X, + R, + Ry — jx, :_;’80 -;21_ 2125 Om .
Yoki xususiy qarshilik: Z2, = 307 +3 iritilgan qarshilik ifodasi:
Shunga asosan birinchi konturga nisbatan kiritilg

2.35
2 (20,6)°-35 _ —70m
s (20,6)2:30 _ -lﬂX 5 = _.___25_-
AR = XM = ———(20' =60m AX = z2 2 21
= & 22 = 2
Z3, 2125

S et ilik: . .
Zanjirning kirish qismidagi to IJ. Clilfsl“g 30+ 6—j7—j25
Z = Rl +jxl +AR2 +]Ax _-‘jxt;l -
=11-2 =11e7 /' Om
Birlamchj konturdagi tok:
: O_ 60 _ 55¢10° = 5,3 + 0,954
h = Z 11e-010°
Ikkilamchj konturdagi tok: 206 2 426157 = —1,53 — /1,94
i PoJx 10° 2220 — 2, .
Iy = —J, ];M = —5,5¢ 16et" emasini chizamiz:
Trang i‘onnalozl?ning keltirilgan ekvivalent sx

Birj

nchi kontur to‘la qarshiligt:
Zl o Z

ey 2 B
11 — ZM = (R1 +jx[,1 - ijl) —JXm #
=5 e g
Ikkinch; Kontur to‘la qarshiligi: ‘ ) — Jxu
P %2 = Zy = (Ry + Ry + 31, ~ 145 Om
/80 — j45) — j20,6 = 30 T)je prot

vaZy = jXy :f?.’_ (X

holatdagi sig‘im qﬁ}TSh'“g’ =

hilik ifodasini yozamiz:

30 __125 —-j20.6
= (20+20+

)ni topfSh uchun
b) I'CZonang

UMiy to°1q qgars
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7.2 ] _
Z=Z+ 5 Ry 4 (X, = X, — Xu) +
“2
[(R2+RH)+}(XL1_]'x(_'”_)"XM]-)-(M =5+j(30 —25—20,6) +
(R Rysy+j (X1, ~fxcp ~ X aa]+ Xmn
[(10+20)+j(80—XCH—-20,6)]-}'20,6 =5 —j15,64
[(10+20)+j(80—-XCH-20,6)]+j20.6 ’

[30+(60-X¢,,))j20.6
[30+j(60-Xc,,)]+j206

. " sondan
60 =X, =X deb belgilash bilan maxrajdagi mavhum sonda
qutilgan holda:

12670 + j(20,6x% + 423x + 18,5)
Z=5-j156+

x%+41x+ 1,32 P
umumiy maxrajga keltirish R
um son ko‘rinishda ifodalanadi:
- 5x2-216x2055)
e

X2+41x+1,32
Kuchlanishlar r€zonans shartiga asosan x = (-

5x? = 216x — 2055 = yoki: x% —432x — 411 = 0
Tenglamanj yechish:

Tenglamaning chap tomonini
pleks ifodaning haqiqiy va mavh
_ 5%%4205,5x4+19,3 _
4= x?+41x41,32

kom

=R+ jx

43,2 43,2
% Sk (—-6— B4 411 = 316 + 295
X1 =512 Om; Xz =—80m
Bundan: X, =512 0m

giymatnj olsak, birlamchi konturda
rezonans holat Ry Bt

60 —x = g0 —
wC,
teng bo‘lganda rezona

51,2 =8,8 Om garshilikka
ns holat yuzaga kelad,

ktr zanjir parametri Ry = 5 Om, X, =
) 2——30?’!1, X :200m’ R =120m, L =
024 bo‘lganda, sip¢ ili L2 3

mati X, va I tarmoqdagi tok

142

j XLy =Xy)Ra(Ry+Ry)—RyR3 (X1, Xy

: jallarea nisbatan
Yechish. Parallel ulangan qismdagi cd potensiallarg
kompleks to*la qarshilik. _
' [(Rz + j (X4, —XCz] R3
locd — R, +j(XL: _ XCQ) + R,

‘ irish bilan
- Sif oa ko paytlrl
Surat va maxrajlarini kompleks (mﬂ“f'?) qlbl?:;t{fqilamiz:
1ai : ismlar iborat tenglama 5
haqiqiy va mavhum qis,mldrdc_m tbor. ) R-,R-;(R2+R3)+(XL2_XCZJ., s
[(RER:;"'J;(XLQ'—XC?_)‘Rg][(Rg+R3)"‘}(XL3—XCB — (.R..-{-R3)2+(XL3_XCE)“
(RaR3+j(X1,-Xc,)(Ry+Rs)=j (X, =X1;) ?

. -2 X
! = Reg + jxca YOKi Zea = Rea + J¥ea

{R2+R3)2+(XL2—-\'(:2)2 ”
(J\-LR—X{‘Q)RE —
Bundan: Xeq = (Ra+R3)*+(X1,~Xep) dasini yozamiz:
Zanjir umumiy kompleks qarshilik 119’ ‘ + (Rea 4 fRea)t 12,
£ = R jxe, + Zea + jxy, = Ry = e, X )C= R + jx
Ushbu zanjirda rezonans shartiga asosal_l 0
XL] - Xt‘l + XCd -

(xS
}’Okl: XLl - XCI ) (R2+R3)2+(XL2_AL3

-
Bundan: X )2+ (X, — X2)R5 = 0
(X0, ~ X (R, + R + (X5 —Xe,) (ff::n_— C2 :
1943 shilio: ni tOpiSh uchnun: _
Sig'im Qarshiligi (X,) g o ) f R+ R)? =0
Xi, = Xc,)? + XLI_XQ.( L~ X,
Qarshilik g matini qo‘yish bilan: _0
Vadrat tenglamani yechish bilan:
l 48 203 4208 = =244 18,7
(20-Xc)=->% | .
2 _ 7 m
Bundap: (20 — Xc,) =—24+187 = 52
Yoki: X. = 70 — 527 =~ 253 0m

12 =
Lh=j 5 __j L = 0,2 37j(z0-253)+12
¢ h Zptzy 1 {R2+I(XL2_XC'3)]+R3_3 A
. (142,5 + j50) - 107 4. )
2 tokning haqiqiy qiymati: ~ 0,151
i

-3
— = 151" 10
2 =V(142,5010%)2 1 (50 - 10-3)?
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5.3. Mustagqil yechish uchun masalalar

5.1-Masala. Ketma-ket

1000m,L; =0,2 Gn,C = ulangan elektr zanjirning parametri R =

bo‘lganda; rezo I mkF, kuchlanishi U = 100 mV ga teng
) ] g nans Chaslota C‘UO’ f_ok ‘r ku ‘E ] . =)

Qiymatga erishgan holatdao; o » Kuchlanish  Ucpmax » Urmax
Yl We WA g Chas[o[a, UCnmx . Ul,mru‘

qiymatlari, kontur asill;e;
{ J asilli i
aniglang. gt @, rezonans chastota chegaralarini d=(wa-w1)

JHVOb: Wy = 2 1
0 236 ;G_E’ IO = 1.

L 22645ek’ = 22073(3!{"

Utpay = 0,45V
max ’ s ULmax = 0'45 V _
w; = 20001 Af = 79,6 gs. s Q=447  w,—w, =500,

sek’

5.2-Masala.  Keltiri
- Kel
toklar 1, =44, |, tirilgan sxemada rezo-nans holatda tarmoqdagi

=3A at i .
A gateng bo‘lib, I, tok qiymati aniqlansin.

olatdagj T
tdagi C[Iek[r zanjir parametri R =
00‘lganda, sig‘im  qarshiligis

Ivatok qiymati aniglansin.

Java: Xe =10 0m

Z, = ;

£ Mo
1= Oe A‘]2:15+f15(14),

I = .
a. Elektr Zal'lji3 15_"}152’1

Javob.
vob: ) = 1560 rad /sek
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5.5-Masala. Induktiv galtakga, aktiv qarshilik R parallel va sig‘im
qarshiligiga X, = 20 Om ketma-ket ulangan. Chastota f =50Gs
qgrshiliklari esa R = 40 Om va X, = 80 Om bo‘lganda rezonans hosil
qiluvchi induktivlik L, qiymatini aniqlang va ganday hollarda umumiy
qarshilik Z,,,;,, minimal bo*ladi.

: Javob: 1) R = 40 Om bo‘lganda, rezonans
induktivlik L, = 0,0128Gn, umumiy qarshiligi
[z Z = Zmin, L, = 0,052 Gn.

2) X,,=800m bo‘lganda  rezonans
induktivlik
Ly =0,069Gn valL, = 0956n,Z =Zmin; L = 0,061 Gn.

(

holatda bo‘lib, umumiy tok

5.6-Masala. Elektr tok zanjir rezonans
dan o‘tuvchi tok ¢,

| = 1.0 A, qarshilik R=60m, x;, =8 om. Sig'im
reaktiv qarshilik va kuchlanishni aniglang.

Javob: I =1334, X¢c = 12,5 Om,
U=1667V.

S.7-Masala. 5.6 masalada berilgan sxemaning induktiv qgrshil?g?
XL' =R vatok ] = 10 A. Rezonans holatdagi I¢, 11 KXeall tok giymatini
anlq!ang.

Javob: I, = 104, I, = 1064, Xc = 2XLU= 20V
= 10m bo‘lgan parallel zanjir

5.8-Masala. P: iL=64GnR
ala. Parametri L = 6, kka ulangan. Rezonans

;hastotasi f=50Gs,U=100V,I=75 A to
olatdagi R,, C giymatlarini aniglang.

Javob: R = 1,16 Om, c = 3540 mkF

5.9-Masala. Ketma-ket ulangan elektr zanjirning parametr;on{:ns
40 0m, L = 0,2 Gn, C = 10 mkF ga teng bo‘lgan hol UChunhrlenishigé
cl_lastota fo induktiviikdagi Upmax kuchlanishi va manba kuchld
Nisbatan necha marta katta bo*lishini aniglang- SV

Javob: fo = 112Gs, X, = 140 Om Upmax =3




5.10-Masala. Elektr za

njir rezonans holatda bo‘lib chastotasi wy =
0 bo‘lganda Z

um(0) = 50 Om va rezonans chastota W = wy da Zyme) =
2,5 0m. Qarshilik parametri: Ry, X, va Xc
ifodasini tuzing.

L /

aniglang hamda vektor

v C R

Javob: Ry = 50m, x, = 2,5 om, X, =
50m

duktiv bog‘langan elekir zanjiri parametri: Ry =

~80mX,, =90m, X, = 6 0m, bo'lib,
U=100v kuchlanish ulangan. R, ning qaysi qiymatida zanjirda
rezonans holat Yuzaga keladi.

! M
a—a

: Javob: R, = 9 om.

5.12-Masala, Ikkita o‘zaro induktiv
Ly = 100mkgn, L, = 250mkgn, R, =
800kgs va C; = 1000 i

Javob: Cl = 44(- 112 f -

bog‘langan zanjir parametri:
800m, M = s0mkgn, f=

5.13:Masala. P-ar L, bO‘lgan o‘zaro induktiv bogalan_ .
Eanffz'aqjlr ChaStO{aSl- A oidal kuchlanishga ulangan. M !
oeffitsient qanday giy holat yuzaga keladi?
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5.4. Nazorat savollari

oq keladi?
l Elektr zanjirda rezonans holat ganday Xuza; si elementlardan
). Rezonans hosil qilish uchun elektr zanjir qay
- X s ot ? >
tuzilgan bo*lishi zarur va sharti nimada? i sohalarda foydalaniladi?
3 Rezonans hodisasidan amalda qaysi s b oaiiss Hiolaien
jl- Rezonans chastoia tenglamasini yozib,
qanday erishilishini tushuntiring. . ligi L = 25 MGn, sigéimi C =
5. Tebranuvchan kontur induktiv lgll bo‘ladi?
. " ) _ .
4 mkF bo‘lganda, rezonans chastota_fo qaneh hosil bo‘ladi? Vektor
6 Kuchlanishlar rezonansi qallldi})’_ it
; - englamalarini yozing. it
: ot i k va quvvat teng 5 5 2 Tok va qu
1f0d€175!ﬂf cthzn;\g- T:?e:?on'lcrilsi qanday hosil bo ladi®
: ok Z0NE ‘
i 1 2 igfim va
tenglamalarini yozing. . ezonans paytida sig
= . cuchlanishlar r : isbatan katta
8. ima sababdan kuc e ishga nisba
indu]\-[ivlikdﬁgi ‘kuchlanishlar umumiy kuchlanishg X
i - 7 g anlik
bo‘ladi? ‘shatan reaktiv qarshilik yoki o tkazuvch
2 Chastotaga nisbata  lasini chizing.
qanday o‘zgaradi? Chastota xaraktetr llf(t)ltle\;'?tsienti nimaga teng? day
ans holatda quvva ¢nichi nima va qan
}(I) Ilzcz?nnz"i\'iylioi yoki kontur so nishi n
. ontur saxiylig
ifodalanadi?

fodalanadi?. tarmoglanmagan

c jirning
13. Rezonans holatda ‘e}lflz;ir? zanj .
Qismidagi tok qanday giymatga et.lsakiiv- qrshililar X, > Xe X,
14, Rezonans kontur r€

carakterga
o . a ganday xara
Xc X X~ holatlar uchun vektor ifodasini tuzing v q
c 4L < X¢ hola

€ga ekanligini tushuntiring.

ergiyasi
i aydon en
15 R ns holatda elektromagnit ~ may
! ezona € | "
ini ) a gan

tebranishi fizik ma’nosini IUSh}lntlTltl,lilgan cuchlanish ezonansida q

16. Tok rezonans hodisasl .
o‘xshashliklar bor?

tlar qa
. to‘la qUVVﬂ
17 Rezonans holatda aktiv, reaktiv va

bog*langan?

18.  Qanday konturda va qa
hodisasj yuzaga keladi?

19. Kuchlanishlar rezon
qiymatga erishadi?

y

ok maksimal

i t
ansi vaqtida nima uchun
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20.  Tok rezonan
qiymatga erishadi?

21.  Rezonans
hisobiga to‘Idiriladj?

i i i csimal
si holatida nima uchun kuchlanish maksim

. co . -nﬂ,
holatida sarf bo‘lgan elektr energiyasi nimaning

22.  Murakkab elektr zanjirida rezonans hosil bo‘lish shartini
tushintiring, o

23.  Rezonans holatda to’la garshilik yoki o*tkazuvchanlik nimaga
teng?

24,

Rezonansli kontyr parametri R
C =400 pf bo‘lsa, to‘lqin uzunligi 1 va
750m, Q = 100)

25.  Paralle] sxemada
moqdagi tok / = 1,1A,sig‘i1
qarshiligi R = 1 oy bo‘lsa
37,21VvT),

26.  Reaktiy
Xarakteristikasinj tyg;

=100m, L = 400 mkgn va
Q nimaga teng? (Javob: A =

ulangan zanjir rezonans holatda umumiy la'r-’
mdagi tok Ic = 6Aga teng. Agar kontur al\ti_\—
» aktiv quvvat qancha bo*ladi? (Javob: P =

qarshiliklardan

tuzilgan  zanjir  chastotaviy
ng.
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’ UVCHAN
6. UCH FAZALI SINUSOIDAL O‘ZGAR
. ELEKTR ZANJIR

6.1. Asosiy nazariy tushunchalar

. : hir xil
litudalari bir x1
: ° f iluvchi, chastota va amplil b fazali
Fazalary. bilan, 120° farq glluvell, ktr zanjirga uc
bo‘l;;lﬁllcdlﬁq bir fazali sinusoidal o‘zgaruvchan ele k
c .e - 1 -_ " 1 cor
tok tizmlari yoki zanjirlari dey lladl_ — bo Ilb_. ya
Uch fazali tok manbai uch fazali sinx emida 120° fargi bllaq
i inn hémkatlanish natijaSidakS'ta;?;iaaccliligan EYK analitik ifodasi
: iri o‘amlarda induksiy
Joylashtirilgan chulg am
quyidagicha ifodalanadi. &, = E, st . -~
€y = Ep sin(wt - 1200)
ec = En sin(wt + 12

sl . aruvchal'l
o‘vicha 0°zg
Uch fazali sinusoidal ozgaruvchan tok va{;]_t boy
ch fazali s _ ‘o dalanadi
* H ¥ g oda
grafigi va vektor ifodasi quyidagicha ift
o ) L
o € = e ol s £,
Ew
Em - L 7?
—4 i E En |2 e
: Ee
; : T3 M
) ) 2
i ifodasi.
g kldagi ifo
EYK (kuchlanish, tok) kompleks shakldagt 1”7 (6.2)

2m L Eej-;
. 5 Fs s B = il
E,=E; Ez=Ee T yozish

Vektorlarﬁi kompleks S.hal;kfjritﬂ:iﬁayoki:
ko‘paytiruvchi (buruvchi) belgilash 1 _H.__E, faza
o= el T (cos120° +sin1207) =737/ 2

i O:-""jz
2 _ 05 290° + j sin 240 2
3 =

uchun  fazoviy

purchagi
1 V3

—_—

» =120°gateng. a2 =ce
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Uholda: g = 1,E, = E; Ey=Ea? E
q:Z,E]_:E;EZ_—.aE; E; =q '
0, Ey=E; = £ —not ketma-ketlik bo‘ladj

s Ed gy fou
q=2
: 2407 7"
E, = af, E -a'F
21 jZR'
: e iz -j ; e
Yoki: a2 = ¢ /5. ad =g R o s a*=g=¢

Shuma’noda 1 + ¢ +a? =0,
Demak, vektorni «a»
burish bilan barobar.

Uch fazalj elektr
0‘zaro yulduzcha, uchp

Oberatorga ko‘paytirish, @ = 2—375 burchakga

zanjirda generator
urchak shaklida ula
1.Yulduzcha shak

lida ulanishj,

Simmetrik yulduzchg shaklida ylg

yadagi kuchlanigh; fazadag; kuchlanis
7,.

(manba) bilan iste’molchilar
nishi mumkin.

ngan elekqr zanjirdagi Uy lini-
hga nisbatan: Up=Uyp=0U,—

yoki:

Ey=aE-10 ‘¢‘ri ketma-ketlik.
2E - teskari ketma-ketlik bo*ladi. g =

B

ish.
chak shaklda ulanis & _—
f'i[g;;::auori tok fazadagi tok orqali lﬁ?da_'_a;.‘g
fd —‘ibljca-iszjsc'_laarlc'_;]]ca L
A~ la ] o _
Bunda: [, =V3ip; Uy = Uy F

(6.3)

L a
.
o— Y \
Oir
e
{
Uye

\ Y

== I
a)

—lﬂr
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Agar neytral simli uch fazalj elektr zanjirning faza kuchlanish
va iste’molchi qarshiliklari berilgan bo‘lsa:

UO.:UA_'UO; Ub=UB—UO: UC:UC_U()‘

E " i " N & acl oi
Tugun potensiallar usuliga asosan manba bilan iste’molchi orasidag
00" nugtalar potensial;-

. UnYa+Upyp+Ucy, (6.4)
Po = @y = Ugg = —=—=27 €

YatYh+Yetyo

Neytral simsiz uch fazalj elektr zanjirning liniya kuchlanishi ma’lum
bo‘lsa, faza kuchlanishi uchup tenglama:

. Uasyv=Ucpy,
UA =

U Upcyc=Uapyp
= —_— =
Ya+Yp+y, o

YatYptye
- UcaYa~Upcyy, (6. 6)
YatYptyc .
Har qanday uch faza]; tizimlarning kompleks liniya kuchlanishlari:
UAB + UBC + UCA = 0
1. Simmetrik yulduzcha yokj uchburchak shaklda ulangan

uch fazalj elekir zanjirlami hisoblashda bir fazali elektr zanjirlar qoida va
usullaridan foydalaniladi.

2. Yulduzcha Sxemada ulangan nosimmetrik uch fazali
elektr zanjir,

Bunday holat

orasida da I, tok generator bijap ISte"molchi potensiallari
Ugor kuchlanish gO) Nuqta bo‘yichya siljiydi, hamda
] —Q+Q+I=0 Z
b) Ua - fazady 915qa tutaghyy R
@a=0.Za=°°,Zj*Z£=R const &=
Y = const)

. 7+ —kuchlanish: '
Qisqa tutashuv holatda UOD;)Aya'*'UBZb'*'UCZC _ia
00’ = Yat¥ptYc . 1_2]
T N T =Uy;—Uy
U} — faza kuchlanishi: Uj = Us — Uo asﬁ
U/' va Ul— fazadagi kuchlamsl} teng[_am - i
B r£_U—U :UH_UA__-UBA.— JB:UM
L;J’B'%— 3 —50 = Uc - Uy = Uea =Vea
4 @ W V3,
Fazadagi tok: I, = I, = Zo . J3i. =35 y
2 7 = b — i
A —fazadagi tok: I, = —l({b,?;;ggia fazadagi tok 3 marltaga szt}?ka
ak, A faza qisqa tutashtirl ga oa ulangan lamp
va I‘z[x)?.{;gi:{ kuchiar?ish U, = 0 bo‘lib, bu fazaga
o‘chadi.

Ur.‘ 'UCC

) )
d) Uik = fazaga uzilishi: _ gy
Zy = ;7 —bZ :R=const;Za——0,Za e TR
=a T FeLp T Lo

Tugunlar orasidagi kuchlanish:

; Uy
. . Ua I
: UgtUcl¥b _ _ ZA —
. U;.}’a+UBZb+UCZC = L-EZ-_-V—D—-—- - 2 Zosnaladl
= —
UOO’ - ya-{-Zb‘}‘Xc _'ta bo‘ylab pastga ¥

=, 5 3 ] nuq L
Demak, iste’molchi kuchlanishi 03 — 0:1, =0 bo 121b..
Va CB vektor o‘rtasini kesadi. Bundfl A o {{4) _ ;UA
. - [ & B = Uy — 2
Uga = Upgr = Un— Vo ‘ U
ot [T = =—
A va B fazadagi kuchlamsh'. Ug ‘ €z
Uy =Ua b _Ua. 01 2y
yoki Uy = V3 Ug V3 lfga {eng bo‘lib:
‘tuvchi to :
B va C fazadan o‘tuve , Gur Eif
|| 2
2Zf

SIS

iB:iC—




|
|
|

Demak, fazaga ulangan iste’molchi (lampa) A fazada o*chadi, B va
C fazada xira yonadi.

¢) uch fazali zan a-ketligini aniqlash.
Bunda uch

_ njiming A fazasiga sighim € yoki
induktivlik I, ylanip, qolgan ikkita fazasiga bir il qarshilikdagi
lampochkalar ulanadi.

jirda fazalar ketm
zali elektr za

Aa

U, = la¥atUsyyticy, UAJ'b+(—
00" = = =

o.s—i’%z}ﬂgﬂ—o,riﬂg)wg .
zﬂ+2b+2c =

. ' ., jb+g+g
0,630, ei105°26" _ (—0,2 + j0,6) U,
Istc':’molchilardagi faza kuchlanishi:
U, =Us~Uy =g, — (=0.2+j0,6) 17, = 1,340, e~26"34'
U, — U — T = s3I i
b B=Uy=( 0,5-!_-5-)0 - (-0,2 +j0,6) U, =
150110133 )
Ue =0

= os- By

0.2 +0,6) U, =
0,4UAei133°20' -
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2) A fazaga induktiv qarshililf ullaymﬂlz:z i
zq = jx, = JR f_b =2
yoki 3o =72 = —jgi Yo=Y =79
Tugun kuchlanishlar tenglagm{sxiz; f(sfzi?%%gﬂosﬂ%%g )
AT -~

jb+g+g

. UAya+UBXb+UCXc _
Uger = Ya+Yb+Ye

0,63U,e/105°26" = (—0,2 — j0,6) Uy

TR ) . ) _i06 U
!'aén ku(z:ﬂam?;llzil:!b (=02 - j0,6) Uy = (1.2 J0.6) Ua
a=Ua—Up="Va =

= 1,340,623

\/-?; - (__0 2 —-jﬂ,é) UA

Jy = Up— Uy = (=05—j5) Ua— (=021
Ub = UB - UO = ( ! = 2

. '138“20’

= 0,40, el .

! Y3y, - (~02+]06) Us
) : ; =% Uy )
Uy = Uplly = (=054 2 _j101°3

= (03 +1,4705) = 15Uae -

Xira
yorug'

Aa
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3. Uchburchak shaklida ulangan uch fazali elektr zanjir.

a) Simmetrik holat: o q
Simmetrik uchburchak shakilda ulangan elektr zanjirni hisoblashda
bir fazali elektr zanjirni hisoblash usulidan foydalaniladi.

b) Nosimmetrik holat: (Zap = g Zpc = Zcea = R = const)

Fazadagi toklarini aniglaymiz:

Iab = .ﬂb = 2——U0b.
. Zab R’
1 Ub U i o V{§ U
Ipe = =€ = p2ab —j120° _ , _ V3, Uap
bc Zhe R ( 0,5 ’!.2) R

[oq =28 = 9 0ca —j1zpe

\/3 Unb
.« . qu éca = (—0’5 +‘-’.7) R
Liniyadagi tok:

lo=lop~l; = (25~

Uap _ Yab ,—j19°
. ) B = 2,65 =8
Ib:-I

[ 5

be = lap = (=2,5 -

I .

3\ Uap _ Uab _—j161°.
.2) R _2'65 r € '
lbe = jV/3 22 = 1 73 0ap —joo:
d) A fazada qisqa tutashy ‘

Zap = 0; Zpe =Z.0 =R

v

o : : = const;
15qa tutashuvda | = 0 bo'lih | o . iahi
mumkin yoki Zg,, = oo; B 'ib oy faza simi (saglagich) uzilishi

Lea =R = const;
Bunda fazadagj tok: j =

ab:'““—":{);

Zap
s u U =a
Ipe = =be — Yab _j1500 ;
‘Tz R © = (=05~ j By Uay
U U 2 R’
Ioq = =& = Jab 1200 _ :
4T 2y R C =(-0,5 +]—\/E Yap,
2 2’
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) s ki
O'lchash bilan faza quvvatini 3 €8 Y0
Ko’ paytirish kifoya giladi.

Liniyadagi tok: [, = Iap _fca Lca
Iy = Iye = lap = ~lcs - ks
1.(.- = Ica - Ibc : :
I = Iy
Tekshiruv: . ; i =0
fo + Iy + i, = —lca + Ipc + lca ™ fbe
s P s vrmliche + As
e) A liniya simidagi uzilish: A b
/! \\
b - / A\
i S
4 \g_-e-
Us I 1 Ly // Ua \
/ \
7 R g
A ™ I N
1 Zas - U Bb
—'—_'_('T: U L i
* i RS
_ _ = R = const p —
gnb_gbc_gca—R ¢ "'ETL i,
uchlanishiga

‘shi. liniya k
Ekvivalent sxemadan BC — faza kuchlanisht

’ an holda bo'lib
U = Up va zqp.  Zpe, qarshiliklar ketma-ket ulang
Ugp = 92—"; U, = U—; ga teng bo‘lafil e _05ipe:
Bunda tok 2 marta kamayadi: Ica ——kaﬁla}'adi:
O*z navbatida liniyadagi tok' pvale a.
iy = lpe = fav = 130"
s & Fes - Ib(:."—:’ ——lll,'m?;l; potensiali:
Uzilgan liniya simlari orasidagi kuchis By,

Upa = Upp €OS 30° =7 s]chash usullart

ivad rni
4. Uch fazali tok elektr q;lV\’iil_t tezl‘a‘e’l-]li‘;;g::]a“um umiy quvvatla
a) Simmetrik uch fazall !

Quydagicha ifodalash mumkin:

P =3P, = 30l cos @ = V3ULLL COS¥
Q =3Qp = 3Uplpsing = VUL S ® ordamida
§=38; = 3U;lp = V3ULLL borlsa bitta vatmetr ¥ 3 g
Agar uch fazali zanjir simmetrik liniya quvvatint
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b) Agarda uch fazali zanjir nosimmetrik bo’lsa. elektr energlya

uchta vattmetr yordamida o’lchash mumkin bo’lib, umumiy
quvvat ulamning algebrik yig’indisiga teng:

quvvatini

P=P +P;+p. = Ualscos g, + Uyl cos g + Ucl; cos ¢

Q = QA + QB + QC = UA[A 5in qJA + Unln Sln qjﬂ + Ucl(_‘ Sin (fOC
$=5,+5 +Se = Ugly + Uglp + U,
zanjirlarda: [, + j, + le=0 va Uy =0, =
yoki ckanligj inobatga olsak, biror linya tokning hisobga
olmag{cm holda (masalan Ic), umumiy t0°]4 quvvatni shunday ifodalash
mumkin.

S = Ualy + Uply + 0 (~j,

\ Al —1p) =(Uy = 0)i, + (U, —
UC)IB:UAC!A+UgciB ’ (A C)A (B

Ush.bu kf)mpleks tenglamanng haqiqiy son qismi uch fazali tok aktiv
guv;zatm ifodalaydi,  yaop;. Re[S]=p = Uncly cos(Uaca) +
to?cc gk(;?j(Ugg T I . Demak nosimmetrik uch faz_a“
mumkin, q ikkita Vattmetrdan ham foydalanish

Mpg) yoki: p = Pi+Pp,.
vatini o’Ichashda

—

Nosimmetrik
1ste’molchilar

) ienti va iste’ : ;
am aniglash mumikip molehi qays; xq

5. Simmetrik tashkil etuvchilar usuli.

. ish rejimlari
Amalda uch fazali generator, dVlgf“eL_lamea.n,nst(sg!zgilbilaril uzviy
linya yoki fazadagi tok va kuchlanishlar simmetrik daraj
bog'li'q bo’ladi.
. ok € EYU
Bunday holatda uch fazali nos_lmmetr'lll: F;[quil A rechilaf ¥
vektorlarini belgilangan tartibda simmetri r?qkin
ko’rinishida almashtirish bilan hlSOb?aSh mu S;gsan vektorlarni (1 +
Umumiy holda (6-3) keltirilgan ‘deal?rga? i tartibdagi simmetrik
a+a?) ko‘i;ayiirish bilan nol, tO'g'r_i yo!ili ws}:;rilsh mumkin:
tashkil etuvchilarga ajratish bilan quyidagichay

K tok va kuchlanishl‘mj
ig’indisi

A=A+ A+ A 6.7)

B=By+Bit5

C=C+C+G lanadi

. day ifodalana

(6-3) dagi shartlarga binoan (6-7) tenglaman! shuncey

A=Ay + A+ Az (6.8)

B = A, +a’A; t34;

-

ik Kattaliklar

- r
B, C nosimm eskari

EIPN {
(6-8) tenglamaga asosan, agar A, a. uholdanol, to'g 1! va

(EYUK, tok, kuchlanishlar) berilgan borlsmkin:
tashkil etuvchilari quyidagicha yozish mu

I‘T():"(A__*_E-i—é):

W =

9 (6.9)
A, = L(A+aB +2a%0);
17 3
! i+a2B+al)
=—-(A+a°B N
. 3( tashkil etuvchilarigd

rik
h mumkKin-

Wy i simmet
_Uch fazali nosimmetrik uzunlaml;bajaris
Jratishni analitik hamda grafik usullarg




6.2. Masalalar yechish va uslubiy ko‘rsatmalar

6.1-Masala, Liniya kuchlanishi

g e 1 110
zanjirga  iste‘molchj Qarshiligi 7, = Zhe =Zca=2z=(12+) )

uchburchak shak|da biriktirilgan holatda faza va liniyadagi tokni

aniqglang, e
Yechish. Uchburchak shaklda ulangan uch fazali elekir zanjirda:
Fazadagi tok-

j _ Uab 6600

ab = T— =

2o~ Torjzo = (198 — j264) A:

yoki fpp = f, = J({198)z & (264)% =330 4-

Liniyadagi tok I = = V3, = /3. 330 =571 4;
Sistema simmegrik bo‘lganligi ychyp uch fazali elektr elektr
Zanjiming har uchalg faza va liniyasidan iy xilda tok o‘tadj.

6.2-Masalq. Simmetik

Mas _ yulduzga SXemada ulangan zanjir
Parametirlari: z=(5.}0) B E=2=(35420)om bo'lib, U=3300 V
kuchlamshga ulangan Faza to klari

kuchlanj i foydali ish
koefﬁtsientinit uchlanishlarj va oy

U, =6600V uch fazali elektr

Yechish: Faza tokini topamiz: N
Uy __ 3300 2666—]31 .
IA - I(p - Ly tzy "~ 50e/37 ) e 668_}.1579; I = 6608183
Demak zanjir simmetrik bo’lgani uc:hu_x:s.7 ?4—0 50 = 2660
Faza kuchlanishlari: U, = I - z, j=“6£e ’
=127 = Oe’**
Ug = 2680e-127°, U. = 2_68 . i
Istemolchilarda sarf boladigan aktiv 33\.’\6650530" — 460KVt
Pise =30, - 1,cos(e, — Piy = 3-26
Generatorning aktiv quvvati: _ cotkVt
Foen = 3U4l4cos = 33300+ 660,87 =5
gen — alacosp 460 _ 87 5%
Demak FI1K i = Rist . 1009% = — = 87,

525
gen

o i zanjir faza

6.3-Masala. Neytral simsiz simmetrik U_Chzggd?/h kuchlanishga
qarshiliklari 7 = (8 + j6)om bo’lib, U = jvvat giymati topilsin.
ulangan, faza tok va kuchlanishlari va aktiv qu

]
Uy 4

1
Us
J Iy
Yechish: Fazn kuchlanish effektiv giymatt: Ur = 3

; *1oanliel uchun:
Demak uchala fazalari simmetrlk;?) lban{];cl._ 127e’?
: ; : ~j1 =
Uy = 1270y, Ug =127e™’ Ve C_j37° A
Toklar: j, = Ua _ 127 s = 15.7¢
. A =

= 20
Z5 8+j6  10e/37

20° iy

. —j1200 -j162° 4
Jp =T _ 120671 _ 45 gp)
B Zy - 10€j37z o
. - 83
f. = Uc _ 227e/30 12,7¢/8 A
© T2 T THeen®

_ 3 » 220
cosp= LT

Umumiy Aktiv quyvati: P = V3U.L
705370 = 3867 — 3,867 kWt
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6.4-Masala. Iste’molchilari yulduzcha shaklida biriktlrl_lgag “821
metrik uch fazali elektr zanjiming liniya qarshiligi z; = (1+ ) L73) o
va faza qarshiligi z, = (4 +j5634) Om bo'lib, liniya kuc‘:hlal'nsh‘l ]Ulno
6600V ga ulangan. Liniya va—fazadagi tok hamda kuchlanishni aniglang.

Yechish. L ..

Liniya va iste’molchilaming umumiy garshiligini aniglaymiz:

Iy =Zgo+2Z;= (5 +j7,07) Om;

Fazadagi kuchlanish: U, =Y _ 5600

L T alaa oV
B 381

Fazadagi tok: f, = Zh= ﬁ?j;—g; = (254 - j359) 4;
o =

yoki [, = V(254)2 (359)2 = 439 A;
Liniya qarshiligidagi kuchlanish:

AUn = 1425 = (254 - j359)(1 +J1,73) = (872 +j80) V:
Fazadagi kuchlanish:

Liniyadagi kuchlanish:

Ure =0, =0, -y, = (2935 - j80)(1-a?) = (2935 -

—80) (1,5 + j0.867) = (4470 + j2430) v

6.5-Masala, Qarshilik parametrlari R=0,6 Om, X;= 0,80m
bo'lgan uch fazalj

elektrodvigatel simmetrik yulduzga sxemadagi UL~
380 V liniya kuchlamishgga ulangan

~J359)(4 + j5,34) = (2935 +j80)V

b

- A fazadagi liniya simi uzilgan
holatda, fazy kuchlanishlari va linj
tuzilsin,

Ya toklari topilib, vektor ifodasi

Upc — vektor o'rtasiga joylashg

A

1 i
Ssr § idan foydalanami
Yechish. masalani ycchishda” vektf)r lt;ojzzii?:ran holda Usc= 388
ommetrik }’l:l]dllZ!lZl ythgrh Zamil'r Alfszlﬁanish;a tagsimlanadi U =
ishi ikkita bir xil fazak ‘ 0"
Vliniya Kuchlanishi ikkita bir xi = ietomolehi fEgal 0dE .
Ysc _ 380 _ 190 1. Natija 1 Titsoblanih,
Ug = U, =2 =" +rchalk kateti
: oan holda uch . .
= Us _ 220y — 110 bo'lib
©=30° teng. Demak Uoor .’_—' > T 2 220 = 330 V; toklar esa
ifodadaqidani Upor = Upp +U = 110+
- : . ‘

b 220 ___190- 0,65=123,5 A.
le = Iy = UhYg?:\m J©.67+08*

_ = 0,6 yoki @=53°
R =

£ -cr0S — = arccos u,

Faza burchagi: p=arccos =

immet-Tik
¢ shaklida ulangan sim =
6.6-Masala. Iste’molchilari uchburchak S:;glf\ill R =25 Om("’:OOC; +
-6-Masala. [stc . me :
ZAaniir g para R = 141sin
l{%ho ;‘aze:)li l.bclektr ,"-ﬁ‘\l:?l:ll:lm;’k kuclllzlunshl € .
mkF bo'lib, o‘zg: o+ s aniglang. & _100e
30°) ulangan. Liniya va fazac:‘”;gl .tol]]\t:)il}p?eks ifodasi: £4 = 10
i C L 11S
Yechish. A fazadagi kuchlar

oty = =250m
Sig'im qarshiligi: x. = oF

A L

lea R
I c/\
¢

Cc
o—>"

C
R
B In b

odar Ea =
i tok zanIr
Ch fazall & 750A;
Uchburchak shaklda ulangan Uib 1003 _ 9/2e
5 R —j25
bo‘lib, birinchi fazadagi tok: lap = 2 _l,;_s =
o g ° farq quib- —j45° A;
Ikkinchi fazadagi tok - 1%2 zjiej—;s“ = 2vze™”
lhe = a?i,, = (=05 —j—zd).

- = o i inb: 1195°
Uchinchi fazadagi tok +10 fi‘; qﬁSo _ g7/ A
.V3Y e 5 g
ica = aiab = (—0,5 +-L—2- .2‘ i8] tok: ﬁ_\/’gehs A
Kirxgof I-qonuniga asosan linty —j195° =2
fa = Iy — g = 22775 = 22¢
a; &= ab — lea —
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- # ° . _1750 A '.

Iy = Iy = Iy = 24Ze=715° _ 2V2e7175° = 24/2 -\/3e gl

Lo = loy — e = 2YTe 195" _ o ti9S" = ool 365 A
- “ipe = &% .
Kocmplecl‘czs tekislikda vektor ifodasini tuzamiz;

6.7-Masala. Uchburch

ak shaklda ulangan uch fazali tok generator
liniyadagi kuchlanishlar

I nosimmetrik: Upp =100V | UB_C_=_ (—20 -
J00)V va g, = (=50 +j100) v bo‘lib,  qarshiligi _'a‘m
100 0m, gz, = —Jj1000m, gz = J100 Om  ga teng va yulduzc

. : a
shaklda biriktirilgan isle’molchiga ulangan. Fazadagi kuchlanish v
liniyadagi tokni aniglang,

Yechish, Iste’molchilar to‘la o‘tkaz

uvchanligi aniglanadi:
=—=0,01L =5 =001 y -1 _ 5011
Za—ga_' " om Zb—gb—]' om e !

7 om
(6-6) tenglamaga asosan.

Fazadagi kuchlanishnj liniya kuchlanishlari orgali ifodalovchi
tenglamas:
vr  Uagyu—0
Un = =202 (100 + js0yy
; . Xﬂ+2b+2_c
Up = 28¥eUany,

_ (—50-100;‘)(—1’0,01)—100(0,01) = (=50 —jZUO)V
ety )

0,01

[ = UCAZa—UBCZb (-
C - —/—F—=_ -

so+100;‘)-0,01—(—50—;'100)-;‘0,01 = (—150 +
Zﬂ"'xb"'}'_‘-' 0,01 B
J150)v
Liniyadagj tok aniglaymiz.

Bunda iste’molchilar yulduzcha shaklda

ulanganligj uchup I = Iy
ln=U}-v, = (1 +70,5)4;
Ig =Up-v, = (=0,5 —Jj2)A;
le=0t-v, = (15 +j15)4:
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i i elektr
i k uch fazalie :

6.8-Masala. Yulduzcha shaklda ulangan su}‘ll_nl:etfralz o Yochlanish

0= < . X aye e =5+15)01’ k’.rsatiSh
zanjirda iste’'molchi qarshiligi (Z g iy
Lanjl!dSZISt; nmltmtgrvl ulanean. Sxemaga ulangan
U(;D = gene "¢ e ang ‘ ‘l i

i - f sin.

qiymati aniglanib, vektor ifodasi tuzi

vektor qilib tanlanadi.

Bunda: U, = U¢ = 220V,

Fazadagi tok I, = 7 545

/ T = 45°
=1, ¢ bilan.
| “ = Jhle A htab tanlash
60:\“ Icli j '2%'2 :_vizkuchlanishlar uchun massh
eKtor ifodasi: Tok

i = +/3-220°
: tenglamast 1) =V3
Bunda birinchi vatimetr quvvat € 0, - iy cos(Uaa "la) 3,06 kVt
Pl — 'n.jﬂ Cos(UaB "Ia):P] == &5 = Jy

— 3060
75° =8
31,1 cos(30° + ) = 220,/3 - 31,1 cos

=380"
i o) =
Ikkinchi vattmetr tenglamasi: J3-311 cos(30

o SER . i t
Py = Uys 1, COS(UCB [c) —1212460 vt = 11,46;51;2 Kt

31,1-cos15° = 411,46 = 14
Demak: Pistem = Py + P = 3,06

P .
B



Uch fazali tok quvvat tenglamasi.

V2 _ ~ 14,5kVt
P=v3:1,-U,cosp = 3-31.1 $380-" = 14,49

6.9-Masala. Uch fazali elektr zanjirda iste’molchi qarshiligi

faco —j45°
nosimmetrik: 7, = 38 Om, Z,s = 38e/*°0m, 7, = 38e . 22’3
bo‘lib, uchburchak shaklda ulangan. Fazadagi kuchlanish Up=2
bo‘lganda, sxema

ga ulangan vattmetning ko‘rsatish qiymatini aniqlang.

Yechish. Iste’molchj qdarshiligi:
Zap = 38(0m), Z,. = 38¢/15°
38e7/%" = (3¢ —j30)0m

= (30 +30)0m

+ Zea

Fazadagi kuchlanishning vektor
Uo =0y =220V
U, = Uq, a* =220 e—i120

ifodas;i:

= (=100 +7190)(V)
Ue=Uy-a =220 e-i120 = (=100 = j190) (V)
Liniyadagi kuchlanish:
Ve =Ua ~ Uy = 220(1 - a*) = 2203 - ¢J30 — 380, /30(V)
Ure = Uy U = 22002 _ ) 220V/3 - e7/% = 380¢-/90(V)
Ugg = U - Up = 220(q - 1) =v3. 220e/150 _ 380e/1°9(V)
Fazadagi (ok-
i — Oa __ 380e/30 "S-
= Z:: B 32 = 10e/3%" = (g,67 +J5)A
. o
Ipe “"Z';‘C‘-'-"- 10e-j13s° _ (=7 —j7NA
L= -{-]—C& = 1QeJ95°
ca Z.. = 10e = (9,65 —'j2,6)A
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Liniylaradagi tok: B

) _ j22°30
[,=T,—IL,=(183+j76) = 20; /21730
[_a = I_b A rab = (_15-7 +112) - 1}'120"
I—b =1 ) = ]_bc = (—2:6 +J’4'5) :n?:masi'
B T strlarning quvvat teng : o,
Birinchi va ikkinchi vattmd'ﬁc:;‘;:“:qqo j30°] = 7550 cos 52 30
PI:R'[I_([.UCGI :RC[ZOE‘JZZ '38 €
= 4580(Vt) e 0(Vt)
Py = R,[I, -(ch] = 7550 cos 52°30" = 4570(
2 = I =
azali tok to*la quvvati
Uch fazali t;)lx:(;jl +qP2 = 4,58 + 4,58 : 9’168[&;3 yig‘indisi:
Tekshiruv: Har bir iste’molchida sart b(i[l)%aiqgo.loz +30.102
P =Ry, 12, + Ry, 12, + Req 12, = 38.
~ 9,2(kVt)

li transformator
6.10-Masala. Uchburchak shaklida ulaﬂﬁgaﬂvz‘:llziazi 34 j4
: : " . .
Zeq faza simi uzilgan holatda Z., =8 —J ha tok ko’rsatadi?
bo’lib, U, = 200 V  gateng. Ampermetr qanc
> L — <] b=

Irx.!)

A
I U(xh
B
. I Une
C
» 2
b)
- fazasi
o zal‘l_]lr an
Yechish: Agar uchburchak sxemada u,la;?;ai?osil bo’ladi: "
Yzilsa b-rasp ko'rinishdagi ekvivalent sxe a yo’nalgan desax:
KUChlanislmi Ugp = 200V hagiqty 0992

—j174)V
Une = 200(~0,5 — j0,87) = (—102 +}',174) v
Uca = 200(~0,5 + j0,87) = (~10 o
Demak: j,, = Uab _ 200 _ (16 4 j12)

Zab 8-j6

. _— 0
Il =
j — Up¢ —100—-;174 (_4_0 __jS)A, ca
be = —£ = _— =
Zpe 3+j4
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e ; 112 = (=56 — j17)A
Liniya toki: lp=lpe —Iap = 40— j5 — 16 — j12 = (=56 — j
Ampermetr ko’rsatishi: J, = V52 4 172 ~ 584 bolsa. uch
Eslatma: c-rasmdagi sxema yulduzcha shaklida glangan b0 [sa,

fazali zanjirning C-fazasini qisqa tutashtirilgan holatiga mos.

s 5 caoali elektr

6.11-Masala. Uchburchak shaklida biriktirilgan uch Zea f?;ai'ZL ‘L _

zanjir iste’molchj Qarshiliklari Z,,,, = B —j4)0Om,z,, = jlov m[;o‘clzﬂﬂ
100m ga teng bo‘lib, liniyadagi kuchlanish U, =100 N

ivmati va sarf
generatorga ulangan, Sxemaga ulangan ampermetr qrymati ve
bo‘ladigan quvvat aniglansin,

A

U Loy

i
B i

b

Yechish, Liniyadagj kuchlanishnj aniglaymiz:

Uap = 100 )
Upe= 100 + 52 = (=50 —;- 87)(V)
Upa =100 + g = (=50 +j-87)(V)
Fazadagi tok-

i _Uap _ 100 100-(3—j4)
bop=28 =

—_—

: s =2 - fie)A
Zab  3—j4 9+16

lpe = 2be — (=50~j87)(~j10) _ x 5)4

Ibc _Zbc_-_-—-—m—-—-——_( 8,7+j5)

Ly = 3—3— == (s +j8,7)4
Liniyadag; toklar:
g = Iap =ilp. = {12 +Jj16) + (5
Iy = Iy ~ fap = (~8,7 4 j5) _ (12
I. = Ieq — [y = (—S +78,7) —
Ampermetr ko‘rsatish
To‘la quvvatilar:

—J87) = (17 + j7,3)A
—J16) = (20,7 — j11)A
(U5+8,7) = (3,7 —j3.7)A

qiymati: f, = VB7Z 1 (3,7)2=5,24

Sab = Uap * I, = 100(12 ~J16) = (1200 - j1600) (V)

She = Up, - lye = (=50 ~J87)(~8,7 —J5) = j1000 (VA)

S_ca =Ugq» l[eq = (=50 ""j87)("5 '—j8,7) = 1000 (VA)
Aktiv quvvat: p — Pop + P, = 1200

+1000 = 2200 y¢
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ich fazali elektr
6.12-Masala. To*rt simli yulduzcha shaklda Lgangaf;ll- 70sm, R, =
sl L= aS¢ . -- .r_ . = 0'1 g?l, b= > 1] .
zanjirning  parametri: R, = ?05771; LS(: F=50Gs, liniyadagi
‘Ui chastota i wa
40sm, C. = 30mkF  bo'lib, nedii. "T6
k?si?l1 r?shi Uy =380V bo‘lgan generatorga ulange
uchlani ;= san
iste’molchidagi to*la quvvat aniglansin.

Yechish.
. 380 v
Fazadagi kuchlanish:Uy = 2= = 220

V3
Fazadagi t0*la qarshilik:

=1000m
z Jﬁ = /802 + (314-0,18)* = 1
a = a L, T

Zia:sz’—;O Om

1-10° )2 =1100m
g = a c

B H . UC:EE: ZA
F’azadaglutol\.z20 Up 220 3154 le=7 =110
!A == 212AIB =?b._. L

Za 100

t
: 2.80=400V
Aktiy qQuvvat: P, =[2-R, = (2,2) 2 .70 =700Vt
kel Ll
Yoki Umumiy aktiv quvvat: P =1,
Q =I§'xL = (2,2)" 25
a

Qv ?"20 106)? = 425 VAR

o -—lcz “Xe =
Yoki UMumiy reaktiv quvvat: 42
Q=0Q,+Q; =285~ LA
Sarf bo‘ladigan to¢]a quvvat: =1,28

20)2 = 1280 VA
*= P gF = (1260)2 + (1
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5= —'140 VAR




e D

6.13-Masala. Nosimmetrik, nitral simmetrik yulduzcha shaklidag

SXema parametirlari : R, = lom, R, =200m, R. =30 TTII ‘::
Ry = 30m bo’lib, simmetrik U, =220v ulangan. Faza va netral si
toklari va kuchlanishlar hisoblab topilsin: ‘ bonilar

Yechish: (6-12) tenglamaga asosan ikki turg’un potensiya
usuliga asosan -

Uy = Ba¥atbpyp+ky, 220°14(=110-190)+0,5+(~110+,190°)-0,34 _

= YatYp+Yety, e

(592 - j14,7) = g1¢-i14°

Faza kuchlanishlari : _

U= ~ Uger =220 — (59 2 —Jj14,7) = 161e/50V

Up = By~ U = @*Ey = Upy = (110 + j190) — (59,2 —
J14,7) == 244,-i136°

Uc:'Ec—UOD' ':“aEc"'U

0o’ = (=110 + j190°) — (59,2 —
JI47) == 2660H130°
Faza va neytral simdagi tokar -
la =Y U, = 16150 | dp=Ri = 122¢-/136°,
L= 88,5¢/30° .

. e —j14°
ly=Y,0, = ';' *6le/1% = 20,3¢

Ui =173 (V). 0> Neytral sim uzilgandagi potensial
kuchlanish

oo Va iste’molchij quvvatini aniqlang,

14

A

B
Yechish. Kalit K

ulangan holda ney | o s, ahaidda
ulangan bo*lib, fazadagi eytral sim yulduzcha

uchlar}ishning kompleks ifodasi:
Up—= = 100y
¢ V3 v

8NW); U, = Upa = (=50 — j87)(V)

UB":UA'QE:‘—(SU-J"

170

A

Fazadagi tok:

7 =
> Ub s :gD—jS? = ('—5 —'_]8:7)A
Iy :Z - 10

I' _Uc _ M = (7,9 +j-18:4)A
===

Z 3+j4 _
j12,5 +_(c—5 —.j'8,7)_ + (;,9__""(1212'1)1-22,2) A
Neytral simdagi tok: Iy = I + I + zct;)z -I: (22,2)2=224 A
Effektiv yoki haqiqiy qiymat: “’0 -ZU‘K;,: iy-Z5=0
Potensiallar orasidagi kuchlanish: U,
To‘la quvvat: ; VA)
L gty = 100- 129 = e o0
g “_ U ¢ I, = (—50—j87)" —o P i250 +j1600) (VA)
5, = ot = (b—-sg +j87) - (7.9 “f18‘43 ?VE) =2,2kVt
CA_lltichuifvat: P = 1000 + 120]O .:-ngiioyu[duzcha shaklidagi sxema
: : tral sir
2) kalit K uzilgan holda, ney

hosil bo*ladi. s o
Yechish. Iste’molchi o‘tkazuvchanligt:
Ya Z —j8 .
1 1 .=
yb:E—:i_d:O"lonl 1
; T _a-je_ (0,12 —j0,16) 52
Jc Zs 9+16

:al kuchlanish:
W nsial kuch
Generator bilan iste’molchi o‘rtasidagi pote

Uaya + Usys + Uede _ (5 g4 j100)V
00’ = y1+yat+Yys
Fazadagi kuchlanishlar: _ 00
U. =0, - Uy = —50 + j87 — (=2,8]
Fazadagi toklar. Ip = Ip ‘
: . j0,12
Iy = Ugy, = (102,8 — j100) - jO, -
Iy = Uyy, = (—47,8 - j187) -0, 0.16) = (-
le = Uey, = (~47,8 - j13) - (0,12 -g iy
Tokning algebraik yig‘indisi % /q = 0
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= (1028 _j190)v v
e (_._47,8 .—1187)
‘= = (102,8 —j13)V
00

5 = (12,5 +/128) 4
(—47,8 —j187) A

7,82 +j6,1) A

mati



_ U ,
(Za+ 2y + 20y = Za +0°2y + 020z _ (o0 1oy
- a
(13 iy = ZyZ + 2.2 :
Neypy ok |y = (12,57 + (128 = 784 l 27 Zichzdr)zﬁ 2 (Zat 2y + 20 _ (38 + j6,4)A
Neytral nuqtadagi potensiallarning effektiv giymati: . (Zy+a’Zy c i
Ugr = V(=282 + 1002 ~ 100 v f2 = ZaZp +ZpZet+Zcla
Tolaqueat: FeAdag) 1o Iy +1,=878-j86= 88,2e"s.1‘§se;1
. ] = — o S e J
Sa= Ul = (102,8 —/100)(12,5 - j12,84) = —j2560 VA ; iaazz‘ 1+ a§2 — —62,4 — j6,1 = 62,6e

| Sa=Uply = (~47,8 - j187) (4,78 —j18,7) = 3720 VA 5= a*l
Il Sa=U.l; = (478 —j13)(-

14,7 = 29,4e/15°°4
; i +1,)-a=—254+j14,7 = 29,
7.8 - j6) = (293 + j393,5) VA i, = aiy + a?ly = —(Iq + 1) - a
Iste’mo]chi[ardagi sarf bo‘ladigan aktjy quvvatning o‘rtacha qiymati:

ls.le’molchilal‘dE{gi ku;‘;a“f]; 6.882 = 318V;
: 2 e H U = =0, ] i
! P'=3720+293 = 4013 (Vt). Masshtab tanlash bilan vektor ifodasini Uz _ Zb“[: =3,6-62,6=225V;
i tuzamiz.

| "

[ :

| ]

Uc = _Z_{:]c =3,6-294 = 106 V;
‘1

: : ik tashkil
la. Uch fazali elektr generat.ommgo ;lilllffggov ga
6.%6-1.\/[&54? 3;_ 100 V: E_z = 25gJ120 V; E()_ = 1. hilari analitik va
ctuvehilari 51 :osimmétrik EYKning tashkil etuve
Io teng bo‘l-ganda, nosin
vekctTor ifodasi aniglansin.

Iy
Uy ]

s P V
ti ish. £, = 100 V; £, = 25¢/3 = (12,5 +j21,7) (V)
b =100 V. 2
1 Yechish. £, ‘fE(SO 86) (V) |
Eq = 100¢™’3 o larining simmetrik tashki
’ i _ . . arinin
6.15-Masala. Fazadagi kuchlanish Us =220V; 0, = (—110]\ Nosimetdk uch ﬁazah_t:tsoss‘sz“a °
[ : T = : < . . L (Ar . iratish tene amasig : . 7) —
J150)V; U, = (=110 +7150) bo‘lgan neytral simsiz uch fazali ele etuvchilarga ajratish teng | 00 + (12,5 + j21,
zanjirning : kompleks qarshiligi 7z, = (Z + j3)(0m); Z, = (3 + Eq = Ey + E; + E; = (50 — j86) + 1 (
J2)(0Om) va Z.=(3 —J2)(0Om)ga teng. Manbadagi kuchlanish toig 1l (62,5 —j65)V
teskari va nol tashki ctuvchilari hamda fazg toklari va kuchlanishlari
aniglansin,

Yechish. Nosim

— -+ 2 + = —j ,-' b + — ,; + 25) —

b
metrik kuchlanjs
etuvchilarga ajratish

: 25 —j1734)V
h sistemalarni simmetrik tashkil &2 J
tenglamasiga asos

i86,7) + 25 =
E, = iy + aby + %, = (50— j86,7) + (=50 + j86,7)
c = &0 1
e ey g o ASIE o @5+,217)V .
Yo =3(Ua + 0, + Uc) = 3[220+ (~110 —Jj150) + (—110 + Vektor ifodasi: B, E,
+j150)] = 0 ; ES
. 1,.. 0 P ;
U1=§(Ua+an+azUc)=-§[220+(——0,5 +/2)- (-110 - . Eq
Eq ’ : .
150 + (-05 - %)y +/150)] = 197 " bsb
. 1,- . : Ev
Uz=“(Ua+a2Ub+aUc)=1[220+ ~0,5~78Y. caq10— >N o
| V3 ’ S A N
. P . ¢ b 4
~j150) + (_.O'S.H?) (110 +j150)] = 53 ¢, "
Neytral simsiy bo’lganlig; uchun no| ketma-ketligi: 1 =il
Bunda toklar tenglamas;- 0




6.17-Masala. Uchburchak shaklda ulangan uch fazali elektr zanjir-
dagi kuchlanish U, =380V bo'lib faza qarshiligi R = X, = XC_ =
10 Om ga teng. Liniya va fazadagi tokni hisoblab, tok va kuchlanish
topografik diagrammasi tuzilsin. o

Yechish. Fazadagi garshilik modullari bir xi] bo‘lib, argumenti bilan
fargli.

Zap =R =10 Om; 7,, = jx, = j10 = 10/9°° O
Loy = —JXc = =10 = 10-/90° Om;

rasm

fodasi:
V; Up, = 380e~/90%y. Uy, = 380e/150°y

Liniya kuchlanish kompleks i
Uap = 380e/30°
Fazadagi tok-

380eJ30°

o == SERETT J30° 4. i _ 3Boe—i90° 80P 4. §
lap o~ = 38e/30°y. Iy = o =38e~/180°4, j
s —38081150° _— j240°
T T10emjmor = 38e/20°y,

Liniyadagi toki-

Ia = iab - ica = 389j30u

J’(‘?)] =519+ 51,9 = 73,4¢U45°)

Iy =y — lap = 38e~i180°

—~ZBe P a8 +iz=-(-3)-

— 38e/30° = 38 (._1 —Jjo _\?_
]

-’E) =709~ j19 = 73,4J195°
ca _jbc = 38eJj240°

fC = l — 388‘-’11800 _ 38 1 .J§

=19-32,9 = 38,3007
h qiymatlar; bo‘yicha

P i ik ish vektorlariga
Fazadagi tok vektorini Iy, he feq llmya(fiilon'kghla;“igou furl B
Uap. Upe, Ueq misbatan, ga = O;. (pbc,_ ktc;rinsiaparallel ko‘chirish
as(z)sida yo'naltiramiz. Endi fazadagi t?l\ ‘“{e di (rasm b).
bilan liniyadagi tok vektori I, I, I hosil gilina

i elektr zanjirga
6.18-Masala. Yulduzcha shaklda ulangan uc[al_gazala[kiiv il
UChla. bir xil induktiv g'altak ulangan bo f;Z,adagi P o
R = 16 Om, induktiv qarshilik X, 'l—t 1233;21 ?{T;ﬂanish Ve, Uy, tok
. s
P =1,2 kvt bo‘lganda, f'aza. va liniy dag
hamda to‘la va reaktiv quvvatini aniglang.

Yechish. To‘la garshilik:

2 =200m.
Zo = JRZ+ X} =\f1f2+1ﬂ;_l§08
Quvvat koeffitsienti: cos = 5 = 35

Fazadagi kuchlanish quvvat ifodasida:

Ug
¢ = —2CoS¢
— —Ccos @
Py = Uplycosp = Uy 74 Zg

PZ
Bundan: U¢, = £ = 175V.

cos @ _ Vv
.175 = 305
Liniyadagi kuchlanish: U; = V317
Fazadagi tok:

. Up 175 _ggy
1¢=z;’ 20

_ 924 VAR
st .8,8:06
Reaktiv quvvat: Qg = Ugla sin ¢ g 172540%4
To‘la quvvat: § = Uyl, = 1758,

175

s



6.19-Masala. Yulduzcha
yoki o*tkazuvchanlj
tok aniglansin.

sxema neytral sim qarshiligi Z, = 0,1R
g1 ¥y = 10g bo‘lgan fazadagi tok va neytral simdagi

Yechish. Neytral
orasidagi kuchlanish:

sim  qarshiligj

hisobiga tugun potensiallari

. : . : AN . Naw

U UAJ’a+UByb+UCyC UA'Q(_U-S"JF)UA(—123)+(—O,S+1%—)UA(0,333_9) _

P=—————2_CJc _ p—
L YatYp+ye+y,

(—0,102 +j0,06)U, = 0,1180/,¢/149°33"
Fazadagi kuchlanish:
s S U=l Uy — (-
J0.06)U, = 1,104, ¢~i3"07"

g'-j29+;'0,333g+10g

0,102 +j0,06)U, = (1,102 —

U, = Uy — UDO* = (-—0,5 —j-?) Uy~ (—0,102 +j0,06)U, =
(—0,398 —Jj0.927)u, = 1,010, e-11314/

Ue = Uc = Ugyr = (-0 +12) 0, - (<0102 +j0,06)U, =
(-0,398 —J0.807)U, = 0,97, ei116%15"
Fazadagj tok-
S UA - E"A — U — jaonat
1, e 1,104_!?@ j3°07

ib _Up 1010 4e=j113% 4
o Ll

= (1,102 — jo,06) 4

U — oq a4t . U
. T = 2022862034 _ () ges +j0,794) <4
— Ygal = 090 4e/116°15' UA  inncorcr J
M T < (g a69 ~j0,134)

Neytral simdagi tok:

. U, 0,118(/ ,ej149°33’ ;
[p =00 _ 0, A€ - VA i1400301
. -~ o = 1,18?61149 33
Neytral sjm Qarshiliginj

orasidagi siljish hisobiga {7
_\\\

= (=102 + jo,6) %

da tugun potensiallari
bo‘ladi.

hisobga olgan
oo! kuchlanish hosil

o 176

i tok zanjir to’la
6.20-Masala. Yulduzga sxemada ulangan uch f";z;; totts?(arji ketma
qm‘shi.]iklari bir xil : tog’ri ketma-ketlikda z; '=rd3 :sja Z = jlom teng
ketlikda z, = 1 + j3om va nol ketma l_(etlll\ Ellql il 0fazafari bilan -
bo’ln‘mdaz osimmetrik genet'atofdagif ]\iuncwa?] Simmetrik tashkil
u.:,-‘ ? o 5 PN =12 ulangarl. . . blab
90,180 va 90° farq qiluvchi Uy oy orcarini hiso
etuvchilar usuliga asosan ampermetirlargi tok qiyma
toping.

i
h— (A)
LN =
: b
: Iy D |
’ Z
i g |
c’*@——v——:}‘——‘
: Py

> i simetrik
© asimetrik tuzimlarni
Yechish: | tral simsiz : uch fazali nosimetrik
echish: I- neytre :

: i san. ) 1 a8
tashkil etuvchilarga yoyish usuliga aso U = o = Voo = _3.(UA +
ketma- ketlik bolganda Uso
a) Nol ketma o 120 _ 4oy
Us + Uc)=2 (Un — jUa +jUs) = 304 =3
b) To’g’ri ketma-ketlik uc'hun A i (L i —ja?) =
I =5 Uy + aly +a?lc) =30 V3) = 110V.
1 3 1 .ﬁ+}_+jﬁ)=1UA::(1+ s
= U (1-24 242455 Ty < (o599
y : 7, 120" =110(—5—J73 ‘
Ug, = Uy,a? = Uy e ) 2 .:{__3.) - (=55 +j95)V
Ue, = Uy, = Uy, eH120" = 110(~2 +15
G, T Ly, @ = by, ) Noanida -
V) Teskari ketma—ketlik b.O 1531111(1; (1-ja
Uy, = %(U,-, + a0 + alc) = g A o
:lUA(l_@z%(l—\@)”'z .
J ’ 7 1 .‘_/___3.) = (14‘:5 —-125)
Us, =y ,0 =—29(—=+ij -
1_ By = (14,5 hi : uchun bir
U, =l 02 = —29 —-——']") - ma-ketliklart uc :
Cx — Aza 2 '2 i kelma hila
Istemolchi- qarshiliklari to’g’ri va teskari KEPREE ool
hil boalr;l:n? slabqaabli manbaning faza kuchlani
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kuchlanishka teng va neytral 00" nuqtalarda patensiat kuchlanish ham
faza kuchlanishka teng bo’ladi:

Ugor = U, =40V neytral sim bo’lmaganligi uchun nol ketma-
ketlik toki j, = 0. Endj faza toklarini topamiz:
a) to’g’ri ketma-ketlik faza toki :

: _.Hil___ 110 -

Iy, = z, = (33=j11)4
; Up, _ —55-jos

IB =—=

1T '—3_—’_1—1- = (-26 —Jj23)4
: __icl__—ss+j95_ B :
IC1 = P -——EEI——( 7+]34)A
Tekshirish: [, +j, + Ie, =33 j11 - 26 —Jj23-7+4j34=0
b) teskari ketma-ketlik bo’lganida -
Uag _ =29

Ly = 7 1ea = (29 +j8,7)A

i _Us, _1a5-j25 < f .

IBZ = -Zz = _ETJ-B—- = ( 6,05 "‘16,85)14

;o E_Z_ — 145+j25 .

Icz = Z .-— _;-Tj'_fﬁ'—- = (8,95 —jl,BS)A
Tekshirish: In, +Ig, + I, = =29 +j8,7 — 6,05

I_)emgk faza toklari haqiqiy qiymatlari -

I.A = J'_A1 + 1_42 =33-j11-29 +j8,7 = (30,1 —J2.3)A

Ip = Ip, + Is, = =26 — j23 — 4,05 — /6,85 = (-32,05 — j29,85)4

le=lg +i, = -7 )34 +895— 1,85 = (1,95 + j32,15)4

Ampermetirlar ko’rsatish Qiymatlari esa:

la=v30,1% + 2,32 = 3074 Is = 32,052 + 29,852 — 43.84;

Ic =4/1,952 & 32,152 = 3294
_ Endl.neytral sim ulangan holdagj ampermetirlardagi tok qiymatlarni
aniglaymiz. Bu holda neytral simd

an nol ketma-ket tok 0qib otadi, yani:
1' _ UACI 40 .
0= "Z—o‘- = j—]:- = “j‘l'OA
Bundg umumiy faza tokJari esa :

' IA.='- IA1.+ 1A2.+ iO =30,1 - 2,3 — j40 = (30’1 —j42,3)A
8 = fon o, Iy = 32,05 _ 70 g ~J40 = (-32,05 — j69,85)4

—Jj6,85+8,95—;185=0

Ie = [C1 +‘fC2 +jo =195+

J32,15 - ja9 = (1,95 — j7,85)4
Demak ampermetorlar kq ISatadigan fa2, toklar;j : :
la=+30,1213537 _ 5241y = /3308 +69,852 = 75,94
le=1,952 17557 _ 8,094
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6.3. Mustaqil yechish uchun masalalar

i elek jirnin
6.1-Masala. Yulduzcha shaklida ulat.lgan'uch flz::Z}fSh ZLE:;E”Z;?J 7. =g
fazadagi kuchlanishi Up =127V bO.‘llb‘_. }\](H;"{Pa e Eeomal
Zy =10+ j10 bo‘lgan simmetrik iste mo-c,]alich il vt
ko‘rsalilgan ulanish bo‘yicha \:altmetr qiymati v
aniqlanib, vektor ifodasi tuzilsin.

Javob: P, = 8058 Ve F2=
avob:

8058 Vt.

ch fazali zanjir akitv

— 380V ulangan.
n faza toklari va

u
6.2-Masala. Yulduzcha sxemada Egl’llli%anUL
qarshiliklari: Ry =R, =R, =10 gr.n i1ol;.tlar uchu
B-fazasi uzilgan yoki qisqa tutashtirilgan
kuchlanishlari topilsin.

=384, Up=38

ch fazali elektr
hiliklari Ra =

Javob: a) B —faza uzilganda: Ir
b)  qgisqa tutashtirilganda: I

a shaklda ulangan U

6.3-Masala. To‘rt simli yulduzch e’mol-chi, qars

s IT — ist
“anjirning faza kuchlanishi U; = 2{21(31:1 t:)ping-
10
b = x,. = 100 Om .Ampermetr TovoBiis= 1,6 A
A

Us = 2208

R
R
;
_ A Y
B

Comeo |

tral

‘Jgan neyu<’

- =220V bolgd® Sichi

6.4-Masala. Liniyadagi kuchlanish qblektrzanjil‘“mglswm hi
iz yulduzch; shaklida ulangan uch fazali e

om . R.=200m Aktiv qu
Qarshilig; Rq = 40 Om; R, = 50 0m; ke
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40VeE; Py =100 Ve; P = 60 1t Fazadagi tok va kuchlanishi aniglanib,
vektor ifodasi tuzilsin.

!
Javob: [, =14; 0, =1414; 1, = 1.73 4. Ug =40V; Uy
705V; Ul=346y.

“lo 21
6.5-Masala, Berilgan sxemada A va B fazaga P = 40 Vt bo‘lgan

3 'b,
dona lampa, C va 4 fazaga P = 60 vt 10 dona lampa ulangan bo'li

liniya kuchlanishi U, = 120 liniyadagi va fazadagi tok aniglanib,
vektor ifodasi tuzilsin.

Javob:

lay =7 Ailye = 54; [, =1, = 2 A.

6.6-Masala.
fazali asinxron dv
120V simmetrik
aniqlansin,

Javobh: Ip=34:;p= 0;

S=Q= 1076 v 4.

Induktivligi Li=1,= Ly = 126 mGn bo‘[gan UC_[_]
igatel chasto-tas; f =50 Gs, faza kuchlanishi U, =
generatorga ulangan, Fazadagi tok to‘la quv-vatl

6.7-Masala. Uchburchak shaklida biriktirilgan elektr zanjir

iste’molchi qarshiligi X, = 27 Om bo‘lib Uy = 220e/*5°kuchlanishga

ulangan. Faza vy liniyadagj ok aniglanib, kompleks topografik
diagrammas; tuzilsin,

Javob: Iy, = 10¢-i4s, IL=173¢-i%5,

6.8-Masala, Simmetrik yulduzcha shak]
parametirlari : E=1727 generator jchkj qars
liniya qarshiligi 2, = (0,5 +J1) om fa
Jj16)om teng: faza va liniya toklarj vg kuchl
quvvat va F K topilsin

Javob: 1,9,5¢~36%10";
Pgen = 2920Vr,

ida ulangan uch fazali zanjir
hiligi z, = (0,3 + j0,9) om
72 qarshiligi -z, = (10 +
anishlari » sarf boladigan aktiv

UAO = 119,7¢-2°30";

U, = 192¢/25%°
Pist = 2710, n=93%,
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. imli uch fazali
6.9-Masala. Yulduzcha shaklida birlashnnlga‘rl\.l?l;?i.ﬂm‘lzlauih(40 +
R iste’'molchi  kompleks  qarshili ;1‘b U=380V
?lek“ {a;ﬁr— 50 0m,Z. = (25 —j25)0m B ten'gcbﬂ tlm,latlar uchun
{i?l?}?aoli?:l‘dﬂ;ﬂ—ism ulan’ga;- Kall: wlangpn ¥ok1 umtl:la::‘ orasidagi Upo!
liniya va neytral simdagi tok hm_“da.nffytral -
kuchlanish E;niqlanib, vektor ifodasi tuzilsin.

Javob: a) kalit Ulang.anda: 2,2 —j3,78 4A;
j =352—j2,644A; Ip="4 '
’ ic =—2,75 _j0f56 4 71 —j0,56
jozja+[b+[‘?:_2‘

Uper =0

r —_— ‘0’26 AJ
. i SB;[ = 6,18 j
b) kalit uzilganda: Upgr = —35 = j17 o564
[o=15-j034; [ =468 /0, jirga
a ! . Zanji
h fazali elektr
a sxemada ulangan uchi ;i1 o*altak ulan-gan
6.10-Masala(.)Yul;UZCh;; \Ocm bo‘lean uchta ;’lr ‘;Sﬂi(j g‘altak gisqa
arametri R = 7 0m, X, = ; _ 2290V. OA fazasidag
?6.8-lmasrala). Liniya kuchlanishi Un —,Zi?tl‘i;d(zsi chizilsin.
tutashganda tok giymati aniglanib, vekto

i =] = ,814
=i ) fazali elektr zanjir
ala. Uchburchak shaklda ulan‘_gﬂafé(;“;n‘ fog == jj40 1?:’7;
. ,G.II—MaS-‘,l & s ‘20 Om; Z!JC = ) Liniyadagl to
ISte’molchilari:  Z,, = 20 +j ulangan

ini ishiga
teng bo‘lib, U, = 200 V liniya kuchlani

i aniglang.
5 gvvatni an
isle’mo]chilarda sarf bo‘ladigan elektr g

(o— >

ca i = —7 +jL544;

l] . j — ,33 et ‘2, ' b — . :

avob: ], =9 }’ — —2.33 +10.96i 1800 Vt.

P=p, +P, =1366+434=
=P 7.
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- azali
6.12-Masala. Yulduzcha shaklda ulangan uchta S.‘.]ml_l u-;:'}iiiF??:
elektr zanjirning liniyadagi kuchlanishj 380V, iste’molchi qarshiligi Rq

: : . : va
Xp =10 Om, Xe=-100m bo‘lganda, fazadagi tok aniglanib, tok
kuchlanish topo

grafik vektor diagrammasi tuzilsin. .
Javob: j, = 164 Iy = 16e=210"y I. = 16e/210°4,
6.13-Masala. a) uchburcha

k shaklda ulangan simmetrik uch fazali
elektr zanjir fazq Qarshiligi: z

. 1 ‘Gib. .. =8A
ab = Zpc =Zpy = i s bo’lib, Ieq .
- - P 73c1ael
galeng. 77, faza uzilgan holatda liniyadagi tok 1, I, va fazadagi lca

tokni aniglang, b)C liniya simi uzilgan holatda. f liniyadagi tok valca
fazadagi tokn; aniglang:

Javob: a)j, = g A,
h=1384, |, = 13,8 A.
b)]g'—:le, [C(I=4A

6.14-Masala, Uchburchak shaklda ulg
Rab = xca = xbc = 10 Om bO‘]ib,

kuchlanishga ulangan. Vitmet,
topilsin,

ngan uch fazali tok paran;l%ll‘:/-
simmetrik Uy = 229 o
quvvati va umummiy quvvat qiyme

1Iav0b: Pl = 1,654‘ kVT; T
P, = 19 kVT; P, = 3,55 kVT.

__G.IS-Masala]. Si zcha shaklida ulangan uch fazall
ZaNJIr - parametirlarj : E=12 generator jchki arshiligi Zo =
(0,3 +0,9) Om liniya — Oy qu faza qarshiligi
Zp = .(10 +]Elﬁ)0m teng: faza va liniya toklari va kuchlanishlari , sarf
boladigan aktjy Quvvat va F g topilsin

Javob: [, = 9,5e~3610"; .

qarshiligi ’zL

i250°
Upg = 119,7¢-2°30",; U, = 192e/?°
Pyen = 2920Vt; Figp = 2710y » =930, ’
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-
i asosan zanjl
6-Masala. 152 betdagi 6-3 masala shal':jlgao,zgaradi?
6.16-Masala. 2 g X anday !
uchburchak sxemaga ulansa tok va kuchlanishlar q

a Z1

A P X
S o [ 1 4

b Z'J y

B oe— — }—=¢

C Z'.r

= Wt
Javob: [; =193A4 P= 7260

c

Zea = Zbc .
i =1lo0m, %ca ‘b .
o easala. To'la qarshiliklar, ’Z'ab i i1 a simlar garshiliklart:

20m uchburchak shaklda ulangan bo’lib, ll_f_l 3{20 V ga ulangan. Faza

Ze=Z,=27.=0,10m bo’lib, zanjir Up =
a — &Lp = c =0, ‘
va liniya toklari topilsin. Ty
=219+ j36 4,

A Z4 a

Iy

: —j172 A,
Iy = —141~/1724
j.=—78+j136 4
i =144 i,
i —3—j888A4,
) fge=3—1

lea =
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Nazorat savollari

z Tadi?
1. Uch fazali sinusoidal o‘zgaruvchan tok deb nimaga E'lyma('j(li.i
2. Uch fazali tok sistemalarining bir fazali sinusoida
: gy
o‘zgaruvchan tokga nisbatan ganday afzalliklari bor" o .
3 Uch fazali tok qanday hosil qilinadi va manbai nima? Sinxron

generatorning tuzilishi va ishlash prinsipini bilasizmi? -
4. Uch fazali generator statoriga joylashtirilgan chulg‘am o‘qla
qanday burchakda joylashtiriladi va qutblar soni nimaga teng?_
> Uch fazali tok chastotasi f = 50 Gs, qutblar soni p = 6 ga

teng bo‘lganda, magnit maydon aylanish tezligi ny nimaga teng?

6. Uch fazali tok grafigi va vektor ifodasini chizing. Analitik,
kompleks ifodalarni yozing.
7.

. : w : L ciomi?
Uch fazali tok sistemalarining ulanish sxemalarini bilasizm

8. Ulanish sxemalariga qarab liniya, fazalardagi kuchlanish va
tokning nisbiy bog*lanish tenglamasini yozing.
9.

Agar yulduzcha shaklida ulan
fazalari uchburchak shaklida ulansa,
o‘zgaradi?

10. 4 simli, uch fazali el
nimadan iborat?

11. Uch fazali tok sistemasi

12, Uch fa
yozing. .

13, Uch fazali simmetrik va nosimmetrik elektr zanjirlarda aktv
quvvat o‘Ichash sxemasinj chizing,

14, Neytral simlj yulduzcha shaklda ulangan uch fazali tok
iste’molchi qarshiliklari, aktiv, induktjy va sig‘imdan iborat bo*Igan holat
uchun vektor ifodasinj tuzing,

15. Neytral simsiz yulduzcha shaklda ulangan elektr zanjirning
faza simi uzilgan yok; qisga tutashtirilgan holatda liniya va fazada tok
qanday o‘zgaradi?

16.  Uch fazali tok vektorlarinj Operator «a» orqali «to‘g‘ri» va
«teskari» ketma-ketlik ifodalanish tenglamasinj yozing. Fazalar ketma-
ketligini izohlab bering, '

17. Nosimmetrik uch fa

: zali elektr zanjirarni s trik tashkil
etuvchilarga ajratib hisoblash ygy| A SUIE

. ulini izohlab bering. «To*g*riy. «teskari
va «nol» ketma-ketlik|ar bir-biridan qanday fa:(; [gi%a:;izo o

gan iste’molchining simmetrik
liniya va fazadagi tok qanday

ektr zanjirda neytral simning vazifasl

) _ . ejuedi?
qaysi holatlarda nosimmetrik bo*ladi?
zali tokda aktiv, reaktiv va to‘la quvvat ifodalarmi
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: : jratib hisoblash

I18.  Nima uchun simmetrik tashkil etuvchl!alr%;tiilljal;;t;b

usuli faqatgina chiziqli elektr zanjirni Insol?la:shda_lsl lanu;fchi —
19, LUch fazali tok hosil qiluychl fazaviy ay

maydon hosil bo‘lishini tushuqtinb begn_g- g tueilishi ¥2 ishlash
20.  Uch fazali tok asinxron dviga g

prinsipini bilasizmi? o ~7ali tok iste’molchilarda
21.  Yulduzcha shaklda biriktirilgan Udl‘ tj,?:?m Jksincha?

qaysi holatda neytral nuqtali siljish yuzaga }‘\e - r\;atini ikkita vattmetr
22, Simmetrik uch fazada tok aktiv (}ul\ orasida burchakning

yordamida o‘lchanganda, tok bilat_l kuchlanish

qanday qiymatida bir xilda ko‘rsatadi? lanean uch fazali elektr
23, Neytral simsiz yulduzcha shak?da Usg;;, ifodalanadi.

Zanjir neytral tugun orasidagi Ugo kUChlamSl.] % yvat 5.4 kVt bo‘lgan
24, Quvvat koeffitsienti 0.8, umumiy q-‘llsa tok qiymati qancha

elektro-dvigatel 220 V kuchlanishga ulangan bo’lsa,

boladi? . zanjir faza

d ! ngan

25. Neytral simli yulduzcha .Shal‘hd%o:lfl? 1790 ta lampochka

Kuchlanish; Ugp = 220V bo'lib, har bir fazaga 1Vami aniqlang.

Wangan. Liniyadagi tok va sarf bo*ladigan quv




7. NOSINUSOIDAL ELEKTR ZANJIR
7.1. Asosiy nazariy tushunchalar

1. Davriy o‘zgaruvchan funksiyalarni garmonik (Furye) qator-
# yoﬁzltlt;matika kursidan ma’lumki, Dirixle shartini qanoat.]anuruv'flhii
har qanday uzluksiz davriy funksiya f(¢t) ni Furye qatoriga yoyis
mumkin:

f(&) = A + A, sin(wt + P1) + Az sinQRut + ¢,) +... +
A sin(kwt + ¢,)

Ag — o‘zgarmas tashkil etuvchi.

Ay sin(wt + ¢,)— asosiy yoki birinchi garmonika.

A sin(kat + @) — ke» tartibli yuqori garmonika. o

Ay va @, — yugori garmonika amplituda va boshlang‘ich fazasx'._

Amalda elektrotexnika, elektronika, elektromagnit  zanjirda

uchraydigan nosinusoidal signallar miqdori (funksiyalar) Dirixle shartin
Janoatlantiradi.

Furye qatorining
quyidagicha yozamiz:
f(wt) = Ay + B, sin wt + By sin2wt +.,. + By sinwt +.. +
Cicoswt + C, cos 2t +..Cy cos kwt

Bu shartning koeffitsientinj analitik, grafik usulda hisoblash bilan
yoki elektrotexnik o‘lchoy asboblari yordamida aniqlanadi.

Analitik usulda quyidagi ifodadan foydalaniladi:
1 T
Ay = Ffo f (@)da By = %fon(a) sink a da
Gy = %fon (@) cosk a dg

Ing qiymatinj aniqlagach, «/e» yuqori garmo-
ni aniqlash mumkip:

A = Br%'*‘cxf;

koeffitsientini aniglash uchun f(t) funksiyani

Ushbu koeffitsientn
nika amplitudasj va fazasi

c
tgpy = "Bik;

B,
P, = arctg —Ck’
yoki: B, = Ay cos @, G, =

Ay sin Dy

Agar davriy 0‘zgaruvchan nosinusojda| funksiya grafik ko‘rinishd_a
berilgan bo‘lsa, koeffitsientni aniqlashda grafik usuldan (Chebishev usuli)
foydalaniladi.

2, Nosinusoidal elektr Zanjirni hisoblagh.
1

; i -

.. Cops ustma-ustlik
Chizigli nosinusoidal elektr _zanjlrlam;),h‘”::if::iianmg Zanir

(superpozitsiya) usuli tatbiq etilib, .har lrlargninf’ oniy giymatlari

parametriga d{a'siri alohida aniqlanadl. Va_f c;lasi' 5

yig'indisi belgilanadi. Masalan, kuchlamsh-l 0 " U Sl

- +up + -+ bundai ug = Ugm S (keot + 0g —

uk. 4o -+31] +2i + iy el Ik = Ikmksmoarmonika tok

Puie) llie.lma—[ke: ulgnganloddiy R, L, C zanjir uchun «k» g

amplitudasi: 1

b = ——— =
km Rz—(kC‘JL‘E'E)Z
N

«k» garmonika faza burchagi: koL-poz

L9 ="%x | isoblashda mavjud

Murakkab nosinusoidal elektr tok Zim:]:m[e}f(l; usuldan tashqari)

bo‘lgan elektr zanjirni hisoblash usu‘llan gdohiiobla”ib topiladi. Shuni

tatbiq etilib, har bir garmonika qiymati a_loh'k?w qarshiligi «k» martaga

takidlash kerak: k yuqori garmonika indu kamayadi (X¢ = 1/k@ C).

Katta (X, = kL), sig'im qarshiligi «k» mar,m o‘zgarmas bo‘ladi (_zagqlf

Aktiv qarshilik cllaslotaga bog'“‘? emas.l\ﬂndac inobatga  olina i)
chastotasi juda ham yuqori bo‘lga

: iqiy yoki
tning haqlqu
3. Nosinusoidal tok, kuchlanish va quvvd

effektiv qiymati. tiv givmati:
Nosinusoidal funksiya f(ot) effektiv qty

A= %J’J};Z(wt)dt

-
: 2 4 BB i
Tokning effektiv qiymati: I = [lg + 11 T2 : T
+ e
Ly= |UE+UEHUZ
Kuchlanish effektiv giymati: U = \FJT,,:/
2 4ot Ly
) 24 E2 4 E; ) n
EYK effektiv qiymati: E = _|E§ + E1 . parmonika ud.nfv
. . yuqOrl g l tok al\tl
Nosinusoidal tok quvvati har bir

: ida
. Nosinuso
T eng.
angan o‘rtacha quvvatlar y1g indisiga tene

+
—
1 ,],c05(2

al (o‘rtacha quvvat). Udlo + Urlicose! + Uslzco

P=Py+ P+ + P = Ud

UklkCOS(pk

aniq|
quyy

Reaktjy quvvat:
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| 0= o + O +....+ O = U;I;.s‘inwf + Uzlzsing; +
! To‘la quvvat:
S=UI=S()+S;+SQ+ ..... + Sk
Nosinusoidal tok
koeffitsienti deyiladi:
P
\

_____ + Updpsin gy

aktiv quvvatning to‘la quvvatga nisbati quvvat

T
L= Po+Py+Py+--py, _2r=0Pk

2
s Iu§+uf+uzz+~-+u§- IGHIT 4134417 /Uﬁ- 12

| Nosinusoidal funksiya  formasini aniqlashda  alohida
} garmonikalarga nisbatan koeffitsientlari: k,==m
1
|

=— — amplituda koeffitsientl;
=Em_ - E E ——
quE — forma koeffitsient;. ki——L_l — siljish koeffitsienti; ki 5
orr -
garmonik koeffitsjent

. - .. 1 1 at <
Nosinusoidal elektr zanjirda quvvat koeffitsienti A=< L.

4. O‘zgaruvchan tok kuchlanish formalarining zanjir para-
metrga bog‘ligligi.

Yugori garmonika formasj silliglanish yoki buzilish %@nisbati bilan

. .
Xarakterlanib, by pighat qancha Katta bo‘lsa, shunchalik nosinusoidal
funksiya sinusoida formadan fargli bo*ladi. s
_ O'zgaruvchan  elekqr zanjirga  kiruvchj yuqori  garmonikali
Nosinusoidal tok nisbatinj quyidagi ko‘rinishda ifodalash mumkin:
lom 21 Ukam

o L z Uy, =
a) agar elektr tok Zanjiri aktiv qarshilikga ega bo‘lsa: Zx = Z1 = R
Tkm_Ugom
) . him Uy .
tok va kuchlanish nosinusoidal formalari o°xshash bo‘ladi.
b) agar elektr zanjir induktiy qQarshilikga ega bo‘Isa:
Zi=kal; 7, = oL;

Bunda '_k_ﬂzly.k_fz
. 3 ‘rlTn. k Ulm
Tok garmonikasj kuchlanish

Past bo‘lib,

garmonikas;j amplutudaga nisbatan
formasini teki

induktivlik  yuqorj garmonikalarni so‘ndiradi va tok

slaydi (silliqlaydi).

d) agar elektr Zanjir sig‘im darshiligiga ega bot|sg:
Ze=1/k Zi=1/aC
Bunda: Jom 1 Vi
Iim Uim

. ikalariea nisbatan katta
Tok  garmonikalari kuchlanish gam.wn.lkallz;nl‘:iash garmonikalari
bo‘lib sie‘]m tok garmonikalari buziladi, kuchla
e e o = ) . - al
tekislanadi. o i ue o ‘nikada nosinusoida
Reaktiv elementlarning bu xususiyati EIE[\trof'hnslli\lliqlashda keng
formadagi tok va kuchlanishni filtrlash — yoki
< e ) itning
foydalaniladi. . ckab elektr zanjirni
’ Reaktiv elementlardan tarkib topgan mzirlizli chastotada rezonans
tarmoq yoki konturida ma’lum bir «k» garmo

holat yuzaga kelishi mumkin. -
; ik tashkil etuvchiiar.
jirda yuqori garmonik : bir xil
5 azali elektr zanjirda yuqori garmonis oidal va bir xi
fj llicflz‘azle:lzi‘lelllcﬂfr zanjir iIEYK va kuchlanishi lnosll\l:;;qa-ket“gi hosil
C g 3 .1, f- 7za ar 4 s
i 1 o ikalar fa : to‘e’rl,
formaga ‘lganda yuqori garmonixatar ©e nasida faza t0°g
bor‘i;;gsognc%al b(?)u;bun son)yoki nol) uch fazallto]Lil-'Slf;nda uch fazali tok
ketma‘—ketliui‘(l, 7, 13... garmonikalar). 3?'1“ 17... garmonikalar) va
Sistemasidabfazalaf teskari ketma-ketllgl'(% h ’9 lsmgarmonikalaf) m
=0 bo‘lganda «noly fazalar ketma-ketligi (3, 7,
hosil qiladi .
: orl
Uch fazali elektr zanjirda .YUCI
Xususiyatlarini inobatga olgan.holda. ok
a) generator chulg*amlari uchburc "
» Lyl b ¥ s -i'-kali tok bo*lib, generator
. = < nik
Bunda: I3, 1o, Ijs yuqori 3,9, 13 g?\m;(iE; [=2 gateng.
: T s S, itok 3=
chulg‘amlari hosil giluvchi konturdagl B uebburcha

. a}f
o ing bund
garm011|kalar11 g

shaklda ulangan bo‘lsa:

ZB. Zg K Shaklda

. : ch
b) generator chulg'amlf:n yulduz

ulanganda, liniyadagi kuchlanish:

+ Uﬁ11<\[3_U{ﬁ
Ok Sistemala
hlanishi U

2
U= Uj?h + Ule5 + Uiz rining EYK

#0 bo'lib:

. ali t
d) neytral simsiz simmetrik uch jla; e
SImmetrik bo*lganda 0 va 0’ nuqta poten e g b
Uge'= E; + Es +'E:[15 ‘|ganda ham: o
s -<hiligl t€
€) neytral simli iste’molchilar garshilig

A uqori g4
L@ng bo‘Imasdan: 7,=3 I +15+1his Y

0’ladj.

hosil
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7.2. Masalalar yechish va uslubiy ko‘rsatmalar

: ‘lgan
7.1-Masala, Amplituda  kuchlanishj By = 1001_/ t:‘: :}ga:
to‘g‘rilagich (Viprya-mitel) hosil qiladigan f = (wr) funksiyasir

i - I i vugori
100V Furye Qatoriga yoyish bilan 0‘zgarmas, birinchi va ikkinchi yugq
garmonika tarkipj aniqlansin.

Yechish. T

Kuchlanish fynk

Furye qatoriga
ordinata 0°'qiga simmet
0‘rtacha qiymati:

siyasining ifodasi: {/,, Un(sinat)=1 00(sina) e
yoyishda berilgan nosinusoidal lunkstylﬂl islj
rik ekanliginj inobatga olamiz. Bunda kuchlan

1.7 ; 1 T 5 _2Un;m
Un= |, Um(smmt)dcut:];fo Umsmmt—T

. 2-100
yoki U, i =63,6 V

Birinchi garmonika koeffitsjen;:
1 i ;
= Um(smmt)coswtdmt:() -
nolga teng,
Ikkinchj garmonika koeffitsieni-

u, ;i—fuzn Um(sinmt)COSthdwt = u—’;’i[f: Sinwtcos2wtdwt —
f;”sz'nmtcoswtdmt] = EHE[(—- icos 3wt + cos wt) lg - (-—[(—-—%COS 3wt +
2 _ U/ 4 11 — _ HUm
Cosmt)ln]“?[(;—;“l—l - (- 3TItIH)] = Uy

yoki: @, = 2200

3314 - 424V
Kuchlanish oniy qiymati-
Uan)= -2%-"1 - 4:;0032601‘:63, 6-42,4cos2 an

‘ s ii rali
ya'ni, yarim davrdagi integ

7.2-Masala. Sxemada Keltirilgan elektr zanjirlar parametri: L=0,
Gn,C=4 mkf, R=300

™M ga teng, hamds chastotasi f=700Gs bo‘lib,
u=100 sin’w¢ nosinusoj

hga ulangan, Tarmoq toklari oniy
nti aniglansin,

dal kuchlanis
ish koeffitsje
L

5, % ioa yoyamiz:
Yechish. Kuchlanish ifodasini Furye qatorig y_)és,-na;;_lsm_;@r
3 . 1—(’.‘0520.1{:1(5!'”&){_ sinwt cos2wt)= 1 4
sin’ et =sin wf ——— 2 ) .
' g i ati:
Bunda zanjir kuchlanishining oniy qiym +23sin(3 et +T)
u=75sinen-25sin3wt= 7.)51;!{‘1).[ i
o jir garshiligi:
Birinchi garmonika uchun zanjir qz —1 =j398 Om
Z =jwL=j6280,05=j3,14 Om; Zg, jwC
1

1
Bunda: w=277=628 —

- T 7 shiligi: —j30°
Zanjiming ampleks tj;ijastoo(-jagsg 192-j112,6=220e”
1 s 44—

=Z, + = 0-j398
=" e . 'f3iiasji' j83°
Tarmoqdagi tok kompleks ifo iR _024e)%0 3000 145€
= L
. 75

I = =0.2467"; o= 50008
1 ﬁ.?zoe ] - e_}.go.,_ —j6°40’
1,2, _0,24e3%°-300 0,19

R;_mgﬁ 300+/398

fokning oniy qu]naf“.:(] 24+/2sin(wt+30°) (A)
L o 2920 (A

ic ~0,145VZsin(wt+83 2? );(\))
;'IR =0,19+/2sin(wt-6°40") (

1

: hilik:
. e n reaktiv qars
Hehineld yoir gammonisauchun fei _10° _ 133 0m
21, =j3wl=j94 Om Ze,~I56054
_Lg '. .
Tola kompleks qarshilik:

+ R'EL‘;:, :j94+ 2
Z3=Z;, R+Zcy - tok kompleks ifodast: —
Uchinchi garmonika tarmoqdélgglﬂ i 0356 _ 325

25 jiso° _ Ji c = 00._].179
Ls :m“a%‘f .
o _0.356e/™% _ ) 1440
JrRsx 300-j179

Tokning oniy qiyn;a“::o 356 2sin(3en+19°) (4)
L3~

o A)
i =O,325\/_2_s:'n(3wt+22.; j ?A)
iC3 =0 144\/55:':1(3@1’”3
Rk ti:
Tarmoqdagi tokning effektiv qryma

ﬁ ~0,373 4
IC: Cl 3
L= 7, + 1, - 024 + 035
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. -19°
300(=/133)_ 49 Ge
300-j133




—_— = - —

Ip= [R1 + 1R3=0,24 A
Buzilish koeffitsienti:

k=083 ke=l€m0,87 kp=lfimg 33
L3

Iy Ip,
formasi ko‘proq buzilar ekan.

Demak, sig‘imdan o‘tuvchi tok

7.3-Masala. Ketma-ket sxemada ulangan elektr zanjir pﬂra_me"i:
R=3 Om, L=636mGn, C=31,8 mkf bo‘lib, 1, 3, 5 yugori garn;omkalar-
dan tarkib topgan nosinusoidal kuchlanish nisbatlari %:0,2, f:OrJ ga

1 1
teng. Sxemaga ulangan voltmetr ko‘rsatish qiymati {/=/28 V. Barcha
elektr o‘Icho

v asboblarining ko‘rsatish qiymati aniqlansin.

Yechish.

Elektrodinamik o*Ichoy asbob tok va kuchlanish effektiv qiymatini

ko‘rsatadi: U=U? + Uz + U2=U; /12 + 0,32 +0,22=0,-1,06
Bundan: U;=3-2§=

ros 120V Us=0,3-120=36,6 v: Us=0,2-120=24 V
_ Birinchi garmonikaga nisbatan zanjir reaktiv qarshiligini aniqlay-
miz:

w=272500=3]40 ;:—k XL1=0J1L=3140'0,636'10'3:2 Om
1 10°

Xcl =;—1?—m=]0 Om Xi= XLI'X(.‘l =2-10=-8 Om
Umumiy qarshiligi: Z1=\/R? + X{=Vo ¥+ 64=85 Om

Yugqori uchini garmonika uchun:

- 1 o510
Xs=3w,L Soc 3 2-5=2,7 Om

To‘la qarshilik: Z3=\|R? + Xi=4 Om
Beshinchi yuqori garmonika uchun;

o 1 -
Xs=Sayl, Sw.c ~10-2=8 Om

To‘la qarshiljk: Zs=\/R + X5=8,5 Om

192

Z : v ai ti:
Har bir garmomkUa tok effektl\b:}lmymzl U
11:2—::]414;13:5;— 94; Is zs
YO}\I I= [f+[§+152:17A 7—3-}7‘?=867 Vt
Vattmetr Ko‘rsatgan quvvat: P=R[j_ : ri garmonikalar
Induktivlik va sig'im qarshiliklarida har bir yuqori g
hosil giladigan kuchlanishlar qiymati :

Uy, =awLl;=14:2=28V; U, =13w,L[3=9-j?°f;0V1?-
Uy, =5wiLls=28V;  Ug, =m1i:14-1_0-14 ;

g =ty 90 =30 ¥; Ues=gu 50 ¥ )

Demak, induktivlikga ulangan voltmetr ko‘rsatis

_ 2+302+282=676V
UL=\/U1?1 + Ufs + ULS U!\/TB

oo ‘rsatishi:
Sig‘imga ulangan voltmetr ko'r

U(Ti\/LTCi + Uga i U025:144 ry

_ i R=300 Om,

7.4-Masala. Nosinusoidal elektr zanjirning p_a;gr(;l;t:;d/sek bo‘lib,

L;=0 23'" —G: L‘)=‘0. 1 Gn, C=3,3 mkf va chastota w}; b topgan manbaga

=60+ 250siman +100sinS0t garmonikalar i fekily qiymati va akiv
ulangan. Birinchi tarmoqdagi tokning oniy, €lie

. § . L
quvvati aniqlansin. i R

‘b o‘tmasligi (7c=0) va
Yechish. O‘zgarmas tok kondensatordan oqib 0'tmMaste
echisn. 8¢

. . . 1 _0) hisobea olsak:
induktiv qarshilik nolga tengligini (L=0) hisobg

07r, 300

nda birinchi garmonika

. iz. Bu

Masalani kompleks usul bl_lﬂn yechamiz
uchun kompleks tok amplitudasi: .o
S
my -

Reaktiv garshiliklarni aniqlaymiz:

Z1

7 ._iI 4_—‘



Xi=awL;=1000-0.25=250 Om
. Xz=wL2:1000-0,1=!0() Om
|

s : vy 1 1 _
; Sig‘imdagi garshilik: Xe 9 ORI 3.0.0 Om
| Birinchi garmonikadagi kompleks to‘la qarshilik:

7 . 1
LR R =300+400-500e15
Tok amplituda qiymati:
jor isg0 ..
iy =e=0,5e 153" ()
Tok oniy giymati:
i1=0,5sin(a)l—53°) (A) )
Uchinchi garmonikadagi tokni aniglaymiz. Manba kuchlanishi:
€3=100sinan=E,, -100ei°°
a uchun reaktiv garshilik:

250 Om, XL2 =3wl. ;=300 Om, Xf:scjcg =100 Om

Uchinchi garmonik
X]_l =3a)L;:

| Umumiy kompleks garshilik:
[

_ . jXLz(‘“J'{_lE)_ 550).4.4300(=j100) _
| Z3)=Ri+jX, +—.X'L::j—_£’-g——3004 750+ T
=300+7600=675¢763° Oy, _
tok amplitudasining kompleks ifodasi:
_Em3 100

_—— n:o 5 —'j63°
M3 Z(3) 671ei63 15e

Uchinchi garmonika

Tok oniy qiymati-

i3=(), 15sin(3(ut-63°)
Zanjirga kiruvchi tok oniy giymatj -

[1=0,2+0, 5sin(wt~53°)+0, I3sin(3eart-63°) A
Tok effektiv giymati:

| = 0,5 0,15
| 2022+ G302 + (2 42 4
|

Zanjir aktiv quyvatj har bir garmonika
qiymati ifodasidan:

P=Po+P+P3=60.0,24259 , 05 0, ons

: Vz jF0s53° '-E-—J_Z—cos63°=52,8 Vi

tok va kuchlanish oniy

. 194
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A

jiming i ivlikdagi nosinu-
7.5- Masala. Berilgan elektr zanjirning induktivlikdag

o Ji shilik
soidal tok i, =4 + 8sinwt + 6 sin(2wt +90°) bo'lib, qar

‘Ichov
: L =200m ga teng. Elektr o
parametri R = wl =50m, — =20 g

i ‘rsatish qiymati
asboblari — ampermetr, voltmetr va vattmetrning kor q
aniqlansin.

: igi bli har bir
ivli { tok ma’lum bo‘lganligi saba -
ish. Induktivlikdagi tok ma ! iz
garmc}r’ﬁlig lj::lhunnparallel ulangan tarmoq I\l,lscfl!a:(l]sll}lm aniq
ULm1 = [Lml : XL1 =68 10_— 0
_ ‘X, =6 —
ULm - [Lm?_ Lo ) ] - "
Sig‘im va indukli:flikdagi kuchlanish on‘ly(c;lz)r;1+ e
bu = u; = 40sin(wt + 90°) + 60sin
C N -
= 40 sin(wt + 90°) — 60 sin 2wt

mpleks reaktiv
Birinchi garmonika uchun parallel ulangan L,C komp

qarshilik: jXuyiXey _ _jﬁﬂ_% = —j6,67 Om
gﬂlh = X{Ib; - iXL1+jXC3 ;

Upm, _ _4_0- =64
. 1 — == 7
Birinchi garmonika tok amplitudasi: Im, =77 = ¢

Ikkinchi garmonika uchun: Zgp, = m

. rezonansi yuzaga
Demak parallel ulangan reaktiv elen}entlalzf{d(zilfoi;o)f o teng. Tok
kelib, birinchli)larmoqda ikkinchi garmonika tok (£2n
oniy qiymati: o
i =1Iy+ I, sin(wt + @y QO?
' 90°) =4 + 6sinwt

4 + 6sin(wt +90° —

2
6) =584

@ = ’
Ampermetrdagi tok: [ = [4° T (ﬁ.)iming umu
n . -
Zl?a Juchun aktiv qarshi

miy qarshiligini
Har bir yuqori garmonika uchuflni lik: Ro =
aniqlaymiz. Nolinchi va birinchi garmo

R=50m

e



Birinchi garmonika to‘la qarshiligi:

Zy = R? 4 (Xo,) = 575 (6777 = 8.3 Om
Ikkinchi garmonikada Zr=w
Nar bir garmonika uchun kuchlanishni topamiz:
Up=1IoRy = 4-5 =20V Uny = I, *Z, = 6-83 = 50V
U, = Upm, =60V

Faza burchagi ¢, = arctg = X—“’:_i = f"se_7 = 53°
Zanjirning umumiy kuchlanish oniy qiymati:
U=U+ U + U=U + Um,rsin(cuH-qu) + Um; sin 2wt =

=20+ 50 sin(wt+53%) — 60sin2wi
Voltmetr ko‘rsatishi bo‘yicha:

2 2
= 2 2 z 2 4 (S0 il Y s
U=JUg+0Z+0Z= |20 +(%) +(35) =s8,
O‘rtacha quvvat yoki voltmetr ko‘rsatishi:

P =Uply + Uilicosp;+ Uzlxcosp; = 170 V1.

7.6-Masala. Yuld

uzcha shaklda ulangan tok zanjirining iste’molchi
kompleks qarshiligi:

Z1=2,=2;=(3+j6) Om Up = 141sin wt + 42,5sin3wt +
5sinS5wtB bo‘lib, faza kuchlanishi generatorga ulangan. Neytral sim toki
Iy faza-dagj tokning oniy giymati va uch fazalj tok quvvati aniglansin.

Yechigh. Birinchi garmonika uchun iste’molchi faza kuchlanishlari
Uy =100v; U, =100 e“f120°; Uy = 100 ¢i120°
Tokining effektiy giymati:

. _U_ 100
o T 5=

Z Ve 154

= arctg = %L = g303(y

Faza burchagi: @
Neytral simda birin

chi garmonika bo‘lmaydi, (1o=0)

196

hinchi garmonika fazadagi kuchlanish: e
UUC—“;(C) ;-GUZ = 30 ¢~J3120° = 30 V/; U3 = 30 /3127 = 30V
f, 7 ; _ oo
Kuchlanish effektiv qiymati: U;j’() [;0 s
i o i w0 ga R
Faza tok effektiv qiymati: 1(1,3—2 ¥ T
R T i tokdan uch
Neytral simda uchinchi garmonikadagi tok fazadagi tokda
barobar katta; Jy=1I;_=3-1,65=5 A o o ota (Una=0).
Liniya kuch]zf]rjishlari tarkibida uchm.clu ga[rmf)l}l]i‘lxa yo'q. (Uip=0)
Beshinchi garmonika uchun fazadagi kuch 3“.;5(1:{:00) — 354 /120°
Uy = 3,54V; U, = 3,54 ¢~15020%; J; =354/ -
1 =9, ' 2 = ". A | ’_ ST
Kuchlanish effektiv qun;atl. Uf.i,;swir i1
Fazadagi tok: Iq,szm =
Swl o
Faza farqi: gs=arctg——=84 . a. (Io=0)
Neytral simda beshinc?li garmonik_adagl tok nolga teng. ({ogs)
o . P iy giymati:
Birinchi fazadagi tok oniy qiyma _ ol
o 1; =j —15%/§cirr(a)t-63°30')+}.65\f2_sm{3 w!l-80°30°)+
== : i o
j *0, 17 2sin(5 M—8‘4 )' ‘rtacha quvvati:
Iste’molchilarda sarf bo‘ladigan uch fazali tok ?)z9980 vt
P=3(U,J}COSW.’+Uj[jcos{aj+ Uslscos @s

) . ‘ cuchlanishi
7.7-Masala. Sxemada berilgan mduk:(t: oﬁc?llctikasltgblari: Ay

u=Up+U,sinar (V) bo‘lib, zanjirga ulangan clflitrgdinamik. Bu o‘lchov

va Vi—magnitoelektrik, A2,V2 va W — e=e30V U0V, P=190%

asboblari  ko'rsatishi: /=44, =54, U etrlari va aktiv. qarshi-

bo‘lganda, quvvat koeffitsienti gfaltak_ Pa}a;l;nsin.

likning 0*zgarmas tokga nisbatan qiymati aniq

D@
63 |
(1)

i elektr o‘lchov asboblar1

‘lchaydi. ([(), Un)
‘Ichov asboblarl €s

I, Un)

5 X,L _3CIJL_ o 7
Faza farqi: gs=arctg—*=—-=80 30

Yechish. Magnitoelektrik 51st_er¥13

0‘zgarmas tok yoki kuchlanish qiymatini 0

Elektrodinamik sistemali _e]ek‘tr Odi

kuchlanishning effektiv qiymatini k071'5ata '
19

a tok va
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Shunga asosan: Ui=JUZ — U2=\902 —302=85 I/
Li=\IZ —Z=\52 Z 423 4
I};Iol ga}:monika q_uvvati: Po=U1,=30-4=120 V1
Siil:tjr;i;glarr‘nomka quvvati: Py=P,-Py=190-120=70 Vt
al o*zgaruvchan bianchi garmonikadagi to‘la qarshilik:
2(,,=711=§39:26,6 Om

Akt . p Py 70
v qarshilik: Ry, H;-f‘—=—9—=7, 78 Om

Induktiv qarshilik: X1=Z: - R2=255 Om
Oz i qarshi
garmas tokga nisbatan aktjy qarshilik: R;="2=2%=7 5 O
o4 v

Siljish koeffitsienti- 4— R _7.78
itsienti: k= 7?«:—:7,;: 1,036

1

7.8-M - .
u=100+5osi:zzl;bll.(kl quibli nosinusoidal zanjir kuchlanishi:
B Sm(-ga’“‘—)*‘]OSin(jw;ﬁ . f=2q . g )
tokga ulangan. Kuchlanish ‘va 1 k h P =241 Osin(3an) +sinsar
a tok haqiqiy gi R . ¢
quva‘t{, 311111'15h Va quvvat koeffitsentj anizl)z;nc;]i)r(]matla =K1l Zeakiiy, to'la
echish. Kuchlanish va tok hagiqiy qiymai:

_ 2 Uzm UZ
U U0+—;-—+—;ﬂ+£-§ﬂ= 1000 + 2220 4 200 100_
2
=V11500=1072 v

2 2
P 4_1_100_!_16_\/__
— + 2=z
Aktiv z B 7,874

quvvat : "
bo*lib: yuqori garmonika algebraik yig‘indisidan iborat

3¢os@s+Uslscosps=100-74-20 ;
” Ps=100 2+-\}—§cosqoj+ Uslscosqs=

=100.2+22 .10 oS Foe 2 V
~90°)+2 .10 | a
WA (-90°) VZ 75 C08(-90°)=-173 3 AR

Bu yerda: (g3= nom
APs=pus- =" BT
Reaktiv quvvat: 6 3 2) ¢5“‘(ﬂ“5-¢’5=_§

O=UsT3sings+Uslssinggy <20 . 10

;gj-:_..__in(_9oo+4 10
o'l duvat: Besrrm e B )= —=sin(-60°)=-
quvvat: S=UI=107,2.7 87=855Vﬁ NG )=-173,3 VAR

7.3. Mustagqil yechish uchun masalalar

i 7.1-Masala. Kuchlanish amplituda qiymati U,=100 B bo‘lgan
funksiyani Furye qatoriga yoyish bilan 1,2,3 garmonikalar ifodasi yoki
kuchlanish oniy giymati aniglansin .
u
Javob:u=127 3sinat+42,4sin3 wt

Un +235,5 sinct (V)
(.

7.2-Masala. Ketma-ket ulangan zanjirda garshiliklar parametrlari

Ri=10 Om, Xc=-=27 Om  bo'lib, nosinusoidal ~kuchlanish
u=100+200sin cot -l-3?)s:'n(3 wt-90°)+50sin(5awt+45°) ga ulangan. Tokning
oniy giymati, kuchlanishi va quvvati aniglansin.
Javob:
i=0, 74sin(wt+88° )+0,33sin(3 et -
4 C 6°30")+0,97sin(5 wt +124°30')
U=178V, 1=0,863 A, P=747Vt

R

. 1 i
7.3-Masala. Berilgan sxema parametri: R=c—d—c-=a)L=]0 Om bo‘lib,

U=(200sin wt+60sin3awt+30sind ) (V) kuchlanishga ulangan. Tokning
oniy qiymati, effektiv qiymat va quvvati P aniqlansin.

Javob: i=20sinawt+17,4sin(3 wt+67°)+

+14,7sin(5an+178°)
[=32 A, P=4450V1

7.4-Masila. Berilgan sxemaning qal-shil_ik .parametn:
R,':IO()Om,XLI ~100 Om, X¢, =X, =200 Om bo‘lib, nosinusoidal m.anba
kuchlanishi u=100+500sin wi-+200sinet ga ulangan. Tarmoglardagi tok
oniy qiymati aniqlansin.

Javob:
i=3,54sin(at-43°)+
i2=7,08sin(wi-45°)+

0,743sin(2a1t+68°) 4
0,743sin(2at+12°) 4

1'3:3,545i11(a}r+135°)+ 1,5sin(2(ut+68°) A
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7.5-Masala. Berilgan sxema bo‘yicha parametrlar R=20 ();,;
Li=20 mGn, L=60 mGn, C=166 mkf, =1000  rad/sek bo hl"
nosinusoidal kuchlanishga t/ =40 +120sin o + 60'sin 2001 ulangan. Birinchi

tarmoqdagi tok i; va elektr o'lchoy asbobining ko‘rsatish qiymatini
aniglang.

Javob: 11=2+1,06sin(wt+45°)
L=247 A, P=102.5Vt

7.6-Masala. Grafikd
amplituda k,, forma ky va sj

a Kkeltirilgan kuchlanish funksiyasi uchun
ljish kg koeffitsienti aniglansin.

])A f

2v2 2 _4V6
JaVOb: ]) ka=k¢=1,' kc“_q =-T[_2- 2) ku:'\/§,' kgé :ﬁ,' k(:u'.'“'n__z
7.7-Masala. (7.3) masaladagi paralle]

1
1000;‘; C=10mkf, | = 0,1gn,
nosinusoidal

zanjir parametri @ =
§=—-=001sim  bo'lib,

Javob: U=70v, |, = 0714, I, = 0,744, I. = 1,024A.

h sxemada ulangan nosinusoidal
tly=25mgn, |, =
U =50+ 60vZsin1
- Tarmoglarga ulang

k qiymatinj aniglan
Javob: I =4124, L

20mgn ¢ = 50 mkf,
000t + +200v2 sin 3000 ¢

an elek-trodinamik turdagi
g:
=324, I, =544

200

.. *o - Om‘ X -
7.9-Masala. Nosinusoidal elektr zanjir parametri: R\/_ 1 . cmk
10m, X, =050m. i=10+30V2sinwt+ +15h zisnimy o
1 A - ] . . ) p a
manbaiga Lflangan. Induktivlikdagi  tok oniy va haqiq
aniqlansin.

Javob: ip=5+282sinwt +
M 15,8 sin(2wt — 26°);
¢ I, =234A

J® R R T

in 314t nosinusoidal
Slektr zanjir u = 220 + 180sin31 :
- ala. Elektr zanjir u gy _Elektromagnit
kuchiZ:ighl:gausi‘;n]gan bo‘lib, R = 10 Om qmmhgltgi?iatish giymatini
o*lchov asl?oblari: ampermetr, voltmetr va vatt-mett
aniglang,

= P —
Javob: U =254V, I= 25,4 4,
6450 VT.

R

- =60+
. B - u
7.11-Masala. Havo transformatori (0 :e[;:il'z )R;=Rla=6 Om,
- Ea - % 8 a . 2z i
113sin2000¢ kuchlanishga ulangan bo‘lib par elektromagnit turdagi

" olat
Li=Ly=4 mgn, M = 1 mgn. Qllsqa tutashuv h
o'lchov asboblar qiymatini aniglang.

= 0.
: =100V; U;
Javob: [, =1284; I, =164; U
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Nazorat savollari

. Nosinusoidal o°zgaruvchan tok va kuchlanishlarni izohlab
bering.

2. Elektr zanjirda nosinusoidal tok, kuchlanish va EYK qanday
hosil bo*ladi?

3. Nosinusoidal O'zgaruvchan funksiyalarni Furye qatoriga
yoyish manosini tushuntiring.

4. Nosinusoidal tok funksiyasining trigonometrik qatoriga
yoyilgandagi umumiy ifodasini yozing.

5. Nosinusoidal funksiyaning asosiy garmonikasi yoki yuqorl
garmo-nikasi deganda nimanj tushunasiz?

6. Obsitsa, ordinata va koordinata boshiga simmetrik bo‘lgan
sinusoidal funksiya grafigini chizib ko‘rsating.

7. Trapetsiadal ko‘rinishdagi nosinusoidal funksiyani analitik
usulda trigonometrik qatorga yoying.

8. Nosinusoidal funksiyaning grafo-analitik usulda hisoblash
qanday bajariladi?

9. Nosinusoidal funksiyaning  koeffitsienti va boshlang*ich
fazalarini aniqlash formulasini yozing.

10.  Nosinusoidal tok kuc
qiymatini ifodalovchi formulasini

1. Nosinusoidal tok quvy

12. Nosinusoidal funksiya
qanday ifodalanadi?

13. Nosinusoidal elektr
usulidan qanday foydalaniladi?

hlanish va EYKning hagiqiy o*rtacha
yozing.

atini ifodalovchj tenglamani yozing- )
amplituda, forma siljish koeffitsienti

zanjirni  hisoblashda ustma-ustlik

14, Induktivlik yoki sig‘im
kuchlanishlaming birinchi
tenglamasini yozing.

15. Nima sababdan i

parametri yuqori garmonika tok-,
garmonikaga nisbatan  ifodalanuvchi

. i sistemasida
9. Nima sababdan simmetrik u.ch fa_ztalll{ r:?)}l(ga -
nosinusoidal kuchlanish ulanganda neytral sqndag‘. 0 cHbigehil Shaklds
20.  Nima sababdan generator chulg 3‘“13“1\“ i earmonikalar
ulanﬂgllaa liniva va faza kuchlanishlarida uch karrali g
b i .
0 i? . - kuchlanish
yo quaidl. B, L € fEansming nosmusou_ia}l tok va
i - s L} . ¢ . - - ]ﬂc’,
formulalariga qanday ta’sir ko*rsatishini tushu;l;l; fgydalaniladi?
22, Elekur filtri nima va ganday maqsa nansli filtrlarning
23, Nosinusoidal  elektr zanjirda rezo
L.
. 5% o . -1
X ‘atlarini izohlab bering. _ ) . sarmonika hosi
\usus;)z‘atiql‘lljcl]1 fazali gene?ator liniyalarida yugorl =
L ; ivatga ega?
bo*lishi sababi nimada va qanday ?\33“513’_1{%3&) £ — 45°) +
25. i =5+3sin(wt+30°) + S'E iv) 1iymatini toping.
4sin(S5w,t —30°) (A) tok haqiqiy e tlvn.:?sihusoidall U=Uy+
. C zanjir ) da
26. Ketma-ket R, L, -uchlanishga ulanganda,
Uy 1$iI'l((U1t + @y ) + Uspy Sin(Swlt + ('OUS) e b
n 1
tok qiymati ifodasini yozing. _
27.  Pulsatsiya, modulatsiyalangan
i sil bo‘ladi? etr, voltmetr,
mOdUlzatS‘tSIyaNq(?sl;gﬁ)s/cj;gal elektr zanjiriga ”[a“ge}ﬂ ?;;ﬁ;f;?r o‘tkazadimi
: el a
Vattmetr ko‘rsatishiga yugqori chastotali garmoni
yoki yo*qmi? _
29.  Magnitoelektrik ele

tebranish ~amplitudaviy

i i va
ktr o‘lchov asbobi nosinusoidal tok
i |
o bl
ktrodinamik 15514
l: kuchlanishlarning ganday

. i A di?

kuchlanishning qaysi qiymatini o ICh.ziy o

30.  Induksion, e]cktromagml:; :

o'lchov  asboblari nosinusoidal to - tchaydi?
i apie i di? . i giymatini 0 :

! ynl%t;dnnl\/oalltfll:gfr nosinusoidal quvvatning qayst d ! elektromagnit,

Agar
ulangan.
airds = 84

k elektr

metr:
32. Zanjirga ketma-ke:t uchta‘ | lf;:,lpe;sbobi
induksion vz issiqlik turdag1. tok © C_ndukSion amperm
Magnitoelektrik asbob ko‘rsatishi Iy = ‘644- la teng?
bo‘lsa, issiglik ampermetr [5 qiymati nimag
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8 TO‘RT QUTBLI ZANJIR

8.1. Asosiy nazariy tushunchalar

Ikkita kirish (1-1'

) va ikkita chigish (2-2') qutblari bo‘lgan har ganday
elektr zanjirga to‘rt

qutbli zanjir deyiladi. Odatda kirish qismi manbaga
Uy, chiqish qismiga esa iste’molchi qarshiligi Z, ulanadi. .
To‘rt qutblj (ko‘p qutbli) ko‘rinishdagi murakkab elektr zanjirnt
o‘rganishdan asosiy magsad, to‘rt qutbli ichki tuzilishidan qati nazar,
zanjirning kirish va chigish qismidagi funksional bog‘lanish aniglanadi.
Ya'ni, to‘rt qutbli kirish qismidagi tok I;va kuchlanish U ma’lum bo‘lsa,
chiqishdagi U, va I ni aniglash qonuniyati va bog'lanishini topish kerak.
. To'rt qutbli ichki parametr tavsiyalariga ko‘ra, kirish va chiqish

filtr va hokazolar)

Agarda to‘rt qutbli

ichida juda bo‘lmaganda bitta energiya manbai
bo‘lsa, u aktiy bo*ladi.

L. Chiziqli passiv to‘rt qutbli asosiy xususiyatini tahli] qilish.

Passi‘v to'rt quibli. kirish Iy, 17, va chiqish gismlaridagi i, U, tok va
Kuchlanish-chiziqli bo‘Igap ikkita tenglama bilan ifodalanadi:

qlfAUZJ”DIZ] 8.1)
A, B, C, D — to‘rt qutbli doimiy koeffitsientga ega bo‘lib, bularning
bog*lanishi:

: ik bo* ‘rt qutblilar
To'rt qutbli koeffitsientlari: A=D (8.' 4) snmﬂnetnl\ blc; l‘g)]?[;tcc’]l:;?c;:igicha
doimiy koeffitsient zanjir parametr bilan bog‘langan bo‘lib,
ifodalanadi:

) 5
A = 222 B = — (om);
A b1z
L O P ( 1 ) D= B11 (8.5)
C=—-—-= ) R
Adq o om 1,2

: : i asosiy Xususly
Bunda A - kontur uchun tuzilgan tenglama sistemas Y

| 1[1 ) . 1 = li.(‘le 1 o izimi determinanti.
1,2 V@ 272 alb braik IOleiI‘LIVChl tenclama t1zimi
A1,1-» A ) va A :

; ; arametrini
2. Passiv to‘rt qutbli almashinish sxemasli bo‘y[Cha P
aniqlash,

2

~

T - sxema IT—cxenma

B, yo=C (8.6)
=— Y

" A-1
T ~ sxemasi parametri Z; = e
Doimiy koeffitsient parametr orqali:

|5

A=1 +§Z0;
B = z, + 2z, + Z122)0 (8.7)
C = Yo
D=1 +%¥T it (8. 8)

oy s DL
T sxema parametri: zo = B; h =5

Yoki koeffitsient parametri orgal-_ij 1+ 220

B = zo; 8.9
C =y, + Y2 + Y1Y22o’
D=1+ Y12o;
i iqlash. _
sosida aniq .
; 2;rametrlarl yva doimiy

qismidan sa
higish qism

3. To‘rt qutbli zanjir paramet_l'“i ta-'.r.lb

Tajriba asosida to‘rt qutbli zanjir I;
koeffitsientni aniqlashda kirish va cll}lf(ljls .
tutashuv tajribasi o*tkaziladi. Nat”é a
tutashuy bo‘lganda (8.1) tenglamadan:

It va gisqa
ida qisqa
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4 8.10)
chigish qismida salt holat tajribasiga asosan: -
¢ 8.
ZJ,O = ./_l; (

Endi to‘rt qutbli kirish va chigish qismlari o*rni almashtirilib, tajriba
o‘tkazilganda:

A

c. 8. 12)
Lon=iY0= o (
To'rt qutbli parametri o‘xshashligidan: ~
ZiYso = 7.V (8.13)
Likty,0 = Logla

) z .13a)
A= |2 Zuo/ (T — 23) yoki 4 — @15

4. Simmetrik to‘rt qutbli
(operator) qarshiligi.
Tavsifiy qarshilik-

uzatuvchanlik funksiya va tavsifiy

Ze=fobio fF (819
iy iy c’

Bunda uzatish koeffitsienti-

g=a+fb=1n;—:=!n(A+x/7ﬁ+1)=1n(/1+\/BC)

. 8.15)
So'nish koef fitsient: a+ Reg = In% = !n;f‘ (
Faza koeffitsienti- j — Ing= ¢, -3, = P — @y (rad/selk)
Bu tenglamalardan to’rt qutbli kirish qismidagi tok va kuchlanish:
| Uy = Uyelo s |, = | o, (3.1
Chigqish qismidagi tok va kuchlanish ifodalari (7, — qarshili
ulanganda):
. Uz = Uzejm 3 jz = fzf?jaf (8' 17)
Tavsifiy garshilik (Ze) bilan totrt qutbli koeffitsient bog*lanish
tenglamasi:
A:'-D:Chg; A:'-_Z_ZShg, A___Zish_g (818)
Aniglangan qiymatni_ (8.1) tenglamaga qo‘yamiz: .
Uy = Uychg + Z.lyshg;
|. = 7 Shg : (8' 19)
1=U, <t lchg
8.19 tenglamadan tavsifi |

arshilj i ienti tajriba
asosida salt holatda Y Qarshilik va uzatish koeffitsienti tajr
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= == Vg o -m—ZIth‘g
- & - = —_ T = c
I, =0; Zy ;J}w yoki gisqa tutashuvga asosan: Zq rq
g =

Zq
Bundan: Z; = \/Z,Z,; thg = \/; |
5. To‘rt qutbli har xil turda ifodalash tenglanlliala;ll. WY
To'rt qutbli ulanish sxemas:iga garab tur
tenglamalardan foydalanish mumkin:

U1=£11i1+£12‘f2 . (8.20)
Ifoda [z] Up=za21l1+Z2212 ’

f1=}’11U1+Z12U2- (8.21)
Ifoda [y] j2=;21U1+Z_220_2,

j1=g11U1+gazl2 | (8.22)
Ifoda [g] UZ:nglUl-i-gzzi_z’

Ul=—fll1i1+—'112l.]2; (8.23)
Ifoda [h] Iz=ha1l1+h22U2

2 I).y 0" tmalal’
i Vi 1 1\0 rsa
8.;-. Mﬂsalﬂ }’eChlSh a llSlll

. s sy koeffitsienti:
8.1-Masala. Simmetrik to'rt qutbli zanjiming doimiy ko
-1-Masala. Si

. — koeffitsientl
A=2+j3va B=(1+j) Om gateng bo gl &
aniqlansin,
Yechish. (8. 2) va (8. 4) tenglamadin 1
AZ—I_Q‘_“:E_).———{= 3+j95',;{
C= TS )
=4 Om; Z=5 Om;

) i: Z1
Masala §8.2. To'rtqutbli zanjir parametlillzr gi
W “IT” - ha %
1\3:0:0,5(5%{) bo'lganda, “T* va*Il" -3

sxemalar uchun A,

; : ri
» C, D koeffisientlari aniglansin. koeffisientla

. : ar
Yechish: “T”  shakldagi Sxeman":)gsan?
Orqali bog'lanish tenglamasiga (8-7) as Z;Zv
A=14Z,Yy=1+1=3; B=1+Z+ZtZi2

2

1:.735
" » ZFH“ST o
C=Y0=% (5;1') D=1+Yo£2=1",

ametrlarl

20 19 Om
Y0:4+5+—2‘

. 'Z:
(8-2) tenglamaga asosanpj tekihlraqull?,.__]O-5“9'5:1
AD_BC:B-Z- -1 95 = T 2
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[1”- shakldagi sxemaning  parametrlari orqali

bog'lanish tenglamasiga (8-9) asosan:

koeftisientlari

Yechish:
A=IHY2 2y=1+0.2.2=1.4 D=1+ Y,Zo=140.25-2=1,5
B=2,=2 Om C=Y1+ Yo+ Y| Y2 Z0=0.25+0.2+0.25-0.2-2=0,55

(8-2) tenglamaga asosan tekshiramiz:
AD-BC=1,4-1,5—2-0,55=2,]—l,]=1

8.3-Masala. Parametri R = 10 (Om)'x =10 (Om), xp=5 (()”].)‘R”-;j

( ) ‘]g a n Shak[d i 1 1
.c a”: ] v a Uia Ja l : ’ 'D

Yechish. (8. 7) tenglamaga asosan T - sxema uchun:

A=1+4~ 2 X i10 i10J90° .
Z1Yo =1+ = S j1oJ H5Y
= Rovze 1 TR = Vb g = 1426 =

B S —

T ALt LYo =x+R +~—-—R£R =10+ 10 +222% = j10 +
+x w1 ic
10 + 10+/2e/45° - g =

=J10+10+j10 = 20 + j = 20 + j20 Om
C=y,=—1_ _J10  fze-iss jase =
= Rotz, SVZelts” T T T = ﬁio =01+,01 (Bgm—);

D = 14 z = 10 ;
2V = It e = 14+ V2e M = 1y 1= j =2 — )
(8.9 tenglamaga asosan 17 - sXema uchun:

A=Tltzgy, =1+ _ 4 sv5iss:
= 5 Ry o —1+05+;05=15+,0,5;

=_Z_0=xg+R0=5+j50m;

CENtyetyvez = —jo1 40 4 IS _
1,5 + j0,5v2ei4s5° - 10-10ej90° "_!_0,1 +0,1+0,05=

==Jj01+0,1+ 0,05 ; i

- ’ U5 =j0,05=0,15 - .

b= 1+§0Y1=1+5-‘ﬁ.5_°= 1+S\f§ei45° j0,15 (Om)
=& X -1—6;)?9—0-:=-' 1+0!5_']0,5= 1‘5 +j015;

8.4-Masala. To‘rt qutbli gisqa tutashuv va salt holat tajribalari
o‘tkazilib tok va kuchlanishning quyidagi qiymati aniglangan.

a_) qisqa tutashuv: U2 =0 by = 0,05¢/%3° (4);

Uy = 100(V); I, = 0,04e/87 (A);

b_) salt holatda: I,y = 0; U,y = 180e715% (V);

Uio = 100(V); I;o = 0,055e /57" (A);

To*rt qutbli doimiy koeffitsienti hisoblab topilsin. .

Yechish. (8. 1) tenglamaga asosan qisqa tutashganda (U

Uy = Bizki fu: = Dl

/ o m hk _

Bundan: B = % = 2000e~/%" (Om); D = }i =0,8¢
2k . 4

Salt holatda: i, = 0 bo‘lib (8. 1) dan: Uyg = AUz

Bundan: 4 = %1 — 0,555¢ /157 ¢ = 2 = 3,06 107" (o)

20

=0):

—j16°.
2

im = CUzoi

20
Tekshiramiz: —
AD - BC = 0,555¢/15" - 0,8¢ /16" — 2000e~/** - 3,06
107%ei72° & q
=1 —-j3, B = -3 -

8.5-Masala. To'rt qutbli doimiy koeffitsienti: A .
- shakldagi sxema

j30, C = —j0,1 D = —1 bo‘lib, ekvivalent T va Il

tuzilsin, . 1 i
.YechiSh- (8. 6) tenglamaga asosan T - sxema tuzish uchun p
aniqlanadi.
Zy = = le(Om)J
_'1 - -
§3 =

metr aniglanadi:

hun para .
huchunp h mumkin emas,

xemani tuzis
ilan berilgan-

(8.8) Tenglamaga asosan I - sxema tuz.iS
20 = B = —3 — j30 teng I1 — shakldagi s
Sababi aktjy qarshili—k giymati “minus” ishora b

4__-—
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8.6-Masala.  Transformatorning  ikkilamchi chulg‘amidagi - tok
I, = 1 4, kuchlanishi U, = 20 V bo‘lib, aktiv qarshilik ulangan. Trans-
formatorning parametr qarshiligi R; = R, = 1 Om, Ky = Xy = 25.0'171
o‘zaro induktiv qarshiligi x, = wM = 20 Om bO'[gaﬂd_a- k[_“Sh
qismidagi birlamchi chulg‘amdagi tok I; va kuchlanish U, aniglansin.

Yechish. Transformator ekv

; . ; i
Ivalent sxemasi T sxemaga mos keladi,
shuning uchun T sxema param

etrini aniglaymiz.
Z1=2; =R+ jw(l,) — joM = 1+,25-j20 =1+ j50m;
-—-—1 ot '005( 1)
2= joM = 20 = /005 (5~

(8.7) tenglamaga asosan to‘rt

qutbli doimiy koeffitsientni aniglaymiz.
Bundaz, =2, bo‘lganligi uchun: 4 = p

A=D=1+zy,=1+(1+/5)- (-0.05) = 1,25 — jo,05;
F=n+zntazy =21 +)5)+ (1 +5) - (~j0.05) = 25+
11,2 om )

C= Yo = —j0,05 (-i-)

; Om , :
Transformator ulangan iste’molch; qarshiligi aktiv bo‘lganligi uchun:
UZ = UZ = 20 (V): IDk jZ =

I = 1 (A)teng ushbu qiymatlarini (8. 1)
tenglamaga qo‘yamiz:
j10,2)
L =CU, + DI, = (~jo,05

)20 + (1,25 —Jj0,05) -1 = (1,25 — j1,05)
Demak: v, = /2752

1022 =285y = f1757 7 1,052 = 1,6V

- immetrik bo lib, koeffitsienti:
A=1+4+j2vap = =80+ j240

=“*Y ga teng. Qisqa tutashuy va salt holat
isoblang,

210

A

Yechish. To'rt qutbli simmetrik bo*lganligi uchun: A =D !
| Ap-a? _ A1 gy

g

(8.2) tenglamadan C koeffitsientni topamiz: € = —— = —5—;

. . 5 _ B . =CU
tenglamadan to*rt qutbli salt holati uchun: Uyg = AUz; 1o 2

. U A
YO]\'IZ .—19- ==
lio &

i3 045!
AB_ _ (1+]2)-(-80+J240) _ g, +]60 = 100e/36™

Bunda: z,, = s = 112) o -
Qisqa tutashuv hof}at(;agi tengl(am;: Uy = Bly; Ty = Dz
yoki l—:‘—“ — %5
N —80 + /240 253¢/108° — 112/45° = 78 4 j80,7 Om;
Lk = 1+J2  2,24ei%°

da gisqa tutashuv va salt

8.8-Masala. To‘rt qutbli zanjr kirish gismi kazilib o‘lchov asbobi

holat, chiqish gismida salt holat taJrlefSl o't
yordamida quyidagi qiymatlar aniqlangan: o —.
Ujg=158B; 1i;p=104; Puo _ 400 Vt,' o1 > 03
Ur = 12,5 B; dye = 104; Plk——soo Ve 920> 0
Upo = 158 B; [ =10 }!; -Pl i lansin. ‘
To'rt qutbli zanjir doimiy koeffitsienti aniq

. ‘I‘t
3 . : tiga asosan 1o
Yechish. Elektr o*lchov asboblari_ ko‘lrsat;iilhgllliil:“a 1g
qutbli salt holat uchun kirish gismidagi to'laq

Ulﬂ — }_EE = 1580m
Z10=7-7710
10

Quvvat koeffitsienti: _
Pyg _ 500 - 0'316, @10 ~ 7
Uso'i10 158-10

yoki:glo - 15,88j71°30’ — 5 +_j_15

1°30’

cos P19 =

(=8

w _ 1265 _ 12,65 0m;

—_—

. i 2 H .: Z == ] 10
Qisqa tutashuv holatda to‘la qarshilik: Zux = 7,

Quvvat koeffitsienti: L

— P _ 400 _031; ¢ =
COs @y = Uredie 12,510

yoki' -Z_lk — 12,658}-71030' = 12;6 +j4'1fotla
To‘rt qulbh Chiqish qlsmldagl Salt hOlat .

I20

qarshiligi:
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. P 1500 _ 1500 _ — 19°
Quvvat koeffitsienti: cos @,y = UZ:_‘;ED = = 084 Yo
* - j19° _ 1
yoki: zy5 = 15,8¢/1% = 15+ . . )
To'rt qutbli (8.10), (8.11), (8.12) tenglamasiga asosan koeffitsientni
niglaymiz:
. Y Z10 _ 5-!-115
A= JZ20Zi0Z1k w./(l5+f5)‘(5+j15)'(12.6+I4-3)

1 —j45°
C=i=——,=0,064e 457
Ziy  5+)5

D=¢(C- Boio= 0,064¢=145°. 15.86f71°3°' — 1'02€j25°30 .

= 1,023e/2¢°

B =D:Z;; =1,02e/2530 . 12 650/71°30" _ 13/96°30',
8.9-Masala. Simmetrik T sxema parametri X, =—j100m; x2 =

—/100m; R = 100 Om; gateng bo‘lganda, xarakteristik qarshiligi (éC)
va uzatish koeffitsientilarini (g) topilsin.

-j10 —j10
- e
U, 100 Om JUZ

Yechish. To‘rt qutbli zanjir koeffitsientlarini aniqlaymiz:

ASD=1+Z%=1+L0 1 jgq o 10530,
i 1
C:Y = —= —
. 100 0’01(0m)
B ‘-:E(AZ = 1) = -1 .__jZO — 206—j93°;

(8.14) tenglamaga asosan to‘rt qutbli xarakteristik qarshiligi:
Ze= |2 =447¢ 630",
Uzatish koeffitsienti (8. 15) tenglamadan:

9=ln(\/ﬁ+\/_BE)=in(A+®

Bundan: 4 + VB( = 131 -j0,42 = 1,38e/18°20’

g= In1’383118°20’
So‘nish koeff

= 1,38 - j18°20" = 0,322 — j0,32
Faza koeffitsi

tsienti: @ = (032 nep.—
enti: b = -~ 37 rad/sek.

8.10-Masala. To‘rt qutbli zanjir doimiy koefﬁtsxentoti?ggzt: b-
056e~/15° B = 20006e~/9°(0m), 'C=3106_‘} e
0,8¢7/%" bo'lib, [z] forma tenglamasi koefﬁts‘lentlandanlq asin.

Yechish. To'rt qutbli [A] forma tenglamasi (8-1)dan:

U, = AU, + Bl,
jl - CUZ * I-?Iz ‘tkazamiz:
Bu tenglamada kompleks kuchlanishni chap tomonga 0
0, —all = Blz}
J, = I, = DI :
C_Uz 11, _l[z buni [A] tenglamaning

Ikkinchi tenglamadan: U, =L =5/

birinchi ifodasidagi U, o‘rniga %?‘?’ﬂﬂ“f} ) g _1],2.
UlzBiz + A 511"‘5 2) ¢t ¢ Shlligl
PR ient kompleks qar
i i olam: doimiy koeffitsient
[z] ifodali (8-20) tenbla;nadanojtzl_h); 005"
===
Z11 c1 3,06'12'1:]“»;“ _ 32608—’(1080
212 = 70T Ti0eer” e
1 et 3260e/7?
-C— 3'06'81.7.'2: . o
p _ 08e7)" _ 9ppe—iltt
c 306el7%

1

1

Il

L;}z

2

ABC,D koefﬁtsientlari 8.9-

8.11-Masala. To‘rt qutbli doimiy | forma tenglamadagi doimiy

Masalada berilgan qiymatlar bo‘yicha by

Koeffitsient aniglansin ; i

. ki

Yechish. To'rt qutbli (8.1) tenglamadagi tox {1
tomonga o tkazamiz:

va I, ifodalarini chap

sz - 01 = AUZ}
j.l:Diz"'CUZ . B
2 . . 3 [ —_."'—1' va 12 — A
Bundan f; va I, tokni topamiz, ya'ni 1 = 3
0 B
A= — s
1 -—D l 2 BCU —_-—'DUl+U2,
A]_:: Ul_AUZ B ‘—‘-—U]_D"}'ADUZ-_ 2
cU, -
4,= Ur— AUz _ —U, + AU;
1 cu,
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B s i
. =20 —-=0 3754 + B + 250%C = 0
yoki: B B .
C O Bl adiog —375A4+ B —2502C =0
2=5% =0 o A2-BC=1
) Bu_ FOk[ar _Eenglamasi [y] formadagi (8.21) tenplamagE 0% Birinchi tenglamadan ikkinchisini ayirsak:
shashligi sababli doimiy kéjefﬁtsientini ifodalovchi parametrni topamiz: a=0; - 250% BC=-1;
=B % 1 A , I 4 .
5 211. B %’_12 =T Y = sV = = Bu giymatni tenglama sistemasiga qo‘yish bilan:
» B, C, D koeffitsient giymatini qo‘ysak: BC = j250(0m)
— _08eTIT 4 . 1 1
Y11= 500077 = 10 (021 +J4) (a); C = j4-10? (’0—;)
— 1 - - =
Y12 = So00erow = 107° (0:26 "fS) (ﬁ) [ shaklda sxemaning Z va ¥ parametrlarini (8.8) tenglamaga asosan
_ _ N topamiz;
Ya1 = =y12 = 107 (0,26 + j5) (). g
R ;,Se-h?"lz ( 2 +£5) (Om ' Zy =B =j2500m
Y2z = 2000e-/93° 107* (-—0,58 “f2,74) (oi) ] Ve 4-1_ _l = ___-1 =4-1073 (—L)
= m - B - B 1250 om

; 8.12-Masala. To‘lgin qarshilik z, = 125 (Om); w, = 5-10° ( 1 ) Bundan induktivlik: Z = z‘f = —'2505 = 5-107%(Gn) = 05(m6n)

1l b ‘I - 1 z ¢ . ’ sek 107 - —

| o'lgan IT - shaklidagi to‘rt qutbli fiderga antennani rostlash uchun Bic* i simmen: @ =l S _ 0,8+ 1078(F) = g(maGn)
g p etri: = T

\

| ﬁgozfig‘go;?rg) akliv qarshilik ulangan. To‘rt qutbli parametri L, C ni .l
| | 8.13-Masala. To* - doimiy koeffitsienti 8.9-masalada berilgan
asala. To'rt qutbli doimiy e iy koeffitsient giymai

' A . !
'T—NV\TZ I(]}ymallar bo‘yicha [g] forma tenglamasidag
_ nsoblab topilisi ;
fider o ; pilisin. o )
Lu( antsnng Yechish. To‘rt qutbli asosiy [A] forma tenglamasidagt (81'3_) mk{;liva
: ; : o W L AL -
Yechish. Tort qutb; : Kuchlanish {7, ga nisbatan yechamiz: Uz = ;{(Ul - B{Z). A U} Ai;
ifodasini tokga bo‘la?nuiz Lgﬂézntg]:altmﬁg: (8.1) va (8.4) dan kuchlanish Bu tenglamani (8.3) tenglamadagi i kuchlémish c;'r-mga qo yamiz.
i3 : o°rt qutbli kirish qismi to‘la . . g Py Y
Qarthl:llg z-mtenna bilan rostlanishinj inobatga olan;iglsm]da fider 2 10 g, = %(Ul — Bl,) + DLz A . Af i adagi  (8.21)
nda: | ' _Bu ikkala tenglamaning to‘rt quibli [g] i
Zp =2UtBL _ Azv O“xshashligidan doimiy koeffitsient parametrini aniqiay ( 3 )
. CU+Al, — Cz 1A 4, —=j72° T Lt (-
Xuddi sh ¢ ¢ 2 CZg+a =£_30610"e ° _546-107"€
qershilict unga o‘xshash to‘rt qutb|j chigish gismidagi antenna to‘la Ju=7= 0,56e=/15° o j15° ( 1 ) o
At _.—478e i,
; _AZ,+B 21273 " 0see i
Bu ikkita t 1 =9 +4 J21 A 0,568_“5 1
. englamaga (Zz,, 7 ) tort ; _ . 5 20008-1" j102° ____)
hisobga olgan holda uchta no—l1 | qutbli (8.2) tenglamani qo‘shib s =om——m & 3570e om
koeffitsientga nisbatan YGchamEa UM tenglama sistemasini 4, B, C, D - R

Berilgan 1 ¢ L.
qtymat qo‘shilganda quyidagicha tenglama hosil bo*ladi:
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8.14-Masala. Ko‘prik sxemada ulangan to‘rt qutbli elektr zan_ifr"]i{lgt
parametri: R; = 10m, R, =3 Om,R; = R, = 20m ga teng. To'r
qutbli elektr zanjir doimiy koeffitsienti A,B,C.D ni aniglang.

Yechish. To‘rt qutbli zanjir doimiy koeffitsientini aniglash uchun salt
ishlash va gisqa tutashuy tajribasidan foydalanamiz:
(8-13a) ifodadan: 4 = R0
Rz0—R2g
a) Salt holatda chigishidagi kuchlanish Uzg = 0 bo’lib:
bundan: R,, = (R1+R:)(R3+Rs) _ (143)(242) _ 16

= =—=20m
Ri+R,+R3+R, 1+3+2+2 8
b) Kirishdagi kuchlanish Ujp = 0:
P — (RI+R3)(R2+R4) — 3'5 _ E
bo lganda RZO = W = m =3 Om
v) Kirishda gisqa tutashuv holatida-
_R:Rs_Rera_‘Zg _3_/2_2_ . — L
Ry = Rt _E;TR,; =3 + it Om demak: A = 18_5_%
(8.10), (8.11), (8. 12) tenglamaga asosan:
A A 1 A 7
C=e=2=20GR) B=7=4-Zom
Tekshirib ko‘ramiz: 4D — BC=4-375-7.2=1

8.15-Masala. T - sxema
R=X =100m, X
tajriba va xarakteristik t

da ulangan to‘rt qutbli elektr zanjr parametrt
=200m ga teng. Salt holat va qisqa tutashuv
englamasi asosida 4, B, C, koeffitsienti aniglansin.

Ac

4
|2

I R
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Yechish. a) to‘rt qutbli elektr zanjirga U; kuchlanish ulanib, chiqgis

qismida salt holat bo*‘lganda (8.1) tenglamadan:

U, Uy _ Rtjxy _ 10410 _ \fim?:: =+2e /5
A= E = U, jxL - j10 10e/
R+i{rL —j90° _1_)
¢ Te . _h —i=~i—=_.0:1:0'16 (Om

Uso  hojxy  Jxi ] jl[zj
"hiqi isqa tutashuv bo‘lganda : |
Chiqishda 9isq8 S 4 — L) =—j2000,1 - jO,1 +
B :ﬂ:—l_z _jxcR(—+"_

TR - R M
“ ESE S N P
{E+;x;_ fxc)( Jxe —i116°
j0,05) = 22,4e~/11¢ Om s
fvk by Jla=xd) _ :"_1_ =-1
D= T = T jxp—jxc  J10

jxp=jxe
Masalaning yechimini tekshiramiz: . 90° — (1 — i) +
ADS_ BC 5}\’/53‘145"(—1) - 22.48"“? '9.1321_ ) -7
JOL(-10+j20) = —1HJ=I 3 22 cientmi
b) endi xarakteristik tenglama orqgali to'rt q

aniqlaymiz.

N I rshiligi:
Salt ishlash tajribasida, kirish qismida Aarakterlstj}fsilflonl
210=R+x[,= 10+j10=\[i-10€

isqe esa: ; 637
qisqa lUtaShLWd?xt(—xC) _ 104j10(-120) 1 4 20 = 22,8¢/%° Om

Zig =R+ (XL=-Xo) -ji0 hdagi xarakterstik qarshilik:
Kirishda qisqa tutashtirilgan hoilda, chiqish o e o 2D B
7 R+ —jxc+RjX, _ —j20+10-j10 _ —j20 +:/-2_-e
2k =

Rjtjx, — V2el*¥ -j715 Om .
: j5 =i5 —f15:= 1588~ li koefitsientni topamiz:
(8.10 = 8.13a ) tenglamaga asosan to‘rt qutbli

(22,8¢/63°) - (10V2e/*5°) —
~ (587770 (10 + j10 - 10 +/20)

-
= m = 114'16113
i 1
~jas . 1
= o2 oq (L)
Z10 104/2e/45 s 53 _j116,5° om
—j45° -j715 — ,2€
B = \2¢-J45 - 15,8e~/ 2
—j116,5°
D, o BEEEOESR
2k 22,36e/63

322¢/108°

TS ge171s - 10e




. i’i.lﬁl-M'asala: IT - sxc?magiagi to’rt qutbli elektr zanjirga Z, = 5+ j5
‘ ejmo ch} ulangan _bo‘]rl_), Uy = 100 V kuchlanish qo‘yilgan. Tok /, va
1ste’'molchi kuchlanishi U, qiymati aniqlansin.

Yechish. (8.1) tenglamadan iste’molchi kuchlanishini i = Z, i

inobatga olgan holda: U, = (A + 3) Uy Iy = (C + 2) Uy;
e 3 z L= b Vet
yoki: U2=U1 (A-}-;i:) :100(1_‘f+ 10 ) 1 _

5y 2e/45°
100 _ ﬂe“? B.

=100 +j+ 1~ /)" = 1002 — j)-2 = -
) . 2V2ei45° 42
-7 D 50e/45° o .
h=U;(c+2) =2 (0,1+“"")_J

—_— 50 jase _ 15 jas°
vz syaelie) Jie} (0,14 0,2) _ﬁeﬁis A.

8.17-
B, 7 (Sxema to'rt quibli parametri 7, = j2 Om, Z; =
Yec’hisi (B rlr:, o0 lganda, (B) formadagi koeffitsientlarni toping.
- (B) ko'rinishda ifodalanuvchi to'rt qutbli tenglamaga

asosan:

I, = 0 bo‘lganda B,, = Uz — %*% i

. g 11 0,z =1-j1
Uy=0 bo‘]gandaBlz2‘?_2:21'}'224--2—12—2:20771
. o Z
IL=0 bo‘lganda B,, =—!_-2~=i=05 i 3
U 5 U}i Z3 '~ om

1= o‘lganda B,, = 2 = Z1+Z; _ :

o 22 = ¢ " 1+j1
Yechimini tekshiramiz: Bi1 By, —By,-B,, = %
21 = 5 =

zz
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8.3. Mustaqil yechish uchun masalalar

8.1-Masala. T - sxema shaklidagi to‘rt qutbli elektr zanjir qarshiligi
R =x, = x.=10(0m) A,B,C,D doimiy koeffitsientni aniqlang:

i c i

o | -2
k"l L p":
1" 2

8.2-Masala. IT - sxema shaklidagi to‘rt qutbli elektr zanjir
o e : _ 01 (LY v = 025 (L1
paTanl}eIr:_Z_ = (10 +;20) Om,Y; = j0,1 (a)l’z = j0,25 (Om)
doimiy A, B, C, D doimiy koeffitsientlari aniglansin.

Javob: A = D =/2e /%,
B = 10e~19% (Om),C = 0,1~ (—1-)

om

n.', R L 1

2 2
—_ -SSR

1

Javob: A = —4 + j2,5; B = 10(1 + j2)(0m);
‘ . : _ ; 1. e .
l Tc] C.z'l' . € =-0,05(5+,3) (—-Om), D=—1+]j

1! r

8.3-Masala. I1— sxemadagi to‘rt qutbli elektr zanjir doimiy
koeffitsienti A =-4+j2,5; B =10(1+,2)(0m); € =-0,05(+

J3) (51;): D = —1 + j bo‘lganda, parametrini aniqlang.
. . 1 . 1
Javob: zo = 10(1 +/2) (Om).Y; = jo.1 (==),¥, = 0,25 (5-)

8.4-Masala. (8. 1) masaladagi T - sxema bo‘yicha to‘rt qutbli
parametri R = x, = 10 (0m), x, = 20 (Om) to‘rt qutbli kirish (1 — 1Y)
va chigish (2 — 2') gismlarida gisqa tutashuv va salt holat tajribalari
asosida doimiy koeffitsienti aniglansin.
1

Javob: A = V2e~ /%", ¢ = 0,1e7/°” (E—).‘
. 5 m
B =22,4e /1% Om; D= -1

8.5-Masala. T - sxema shaklidagi to‘rt qutbli parametri Z;=10 (Om),
Z=10 (Om), Y, =01 (=) bolib, Zy =5=/5 iste'molchi
qarshiligi ulangan to‘rt qutbli kirish qismidagi kuchlanish U, = 100 (V)
ga teng bo‘lganda I; va I tok aniqlansin.
Javob: [; = 35v2e/*5°(A4); , [, = 5(4)
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t ‘8.6-Ma'sa‘la.1. Do‘imi'y koeffitsienti A, = 2; B = j10ga teng simmetrik
q(; rthc!lu.Lbh lesh qismidagi kuchlanish U/, = 100 (V) bolib xarakteristik
IShilikga ulangan. Xarakteristik hili S .
kuchlanishni aniglang, darshilik, uztish. koeffitsienti va Uz

Javob: U, = 268 (V); g =132 (Np); a=0;b =577 (rad);

. 73.57-Masala. Xarakteristik qarshiligi z. = 100 (Om); a=0; b=
iS’te’mo(l?;;iq) bo Igan simmetrik to‘rt qutblik Zise = 100 + j100(0m)
. = 100 I(I‘jirsé““lglgadulangan. To'rt qutbli kirish qismidagi kuchlanish

= o‘gana’k' : I s '
hisoblab topilsin. ekvivalent umumiy qarshilik z,,,,va I, tok

Javob: zym; = 223,6¢~/26°(Om), i, = 0,6326-76 4)

8.8-Masala. Simmetrik to¢ ;
g : to’rt qutblida zanjirda gisq It
holat tajribalari asosida quyidagilar alliqlangajx a qisqa tutashuv va sa

glo =10 (¥, 1'fzn:) =1(4), P,y =10 (vp),
u . - i L y - - 1
o quibhlt doimiy koeffitsient aniqlanib, T - shakldagi sxemasi

Javob: 4 = j2. B = 25,6/ om. ¢ = ¢ 2/90° (_1_)

om

. i9£1(\)/l(£2)sala.bc’hlizic.ﬂi tra.nsfonnator parametrlari x; = x, = Ry =

K_?rishda i ??k‘l) h]0 l}b, _mQUktlv bog‘lanish koeffitsienti K = 0,5 ga teng.

o 10(%m)ucak?_mshl Uy =184 (V) bo’lib, ikkilamchi chulg’amiga

e s E‘VDq?;Sh}::kg}?l ulangan. To‘rt qutbli zanjir doimiy
effitsi +B8,C, D, U, - kuchlanish irish gismidaei ili

aniglanib, T - ekvivalent sxemasi tuzils‘ir?l At B L
) ] Javob: A=2-j2; B=40-j5(0m);
X Zum = 14,6e~11%(Om):; = 28,4 (V)

8.10-Masala. Tort qutbli

1 . :
~3 (10 +15)(0m); ¢ = 4

transformatg e S s B =
(_1_) F A=z(-5+)); B
3 \om) N8 Va f = 50-103(Gs) bo‘lganda

’ L]_ = LZ = _—10_4(671); W= 0,6 .
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8.11-Masala. To'rt qutblining parametri Ry, = x = 1 (Om) bo‘lib,
salt holat va gisqa tutashuv tajribalari asosida quyidagilar aniqlangan:

DU, =1(V); I, =2(4); cosg, = 0,8 ¢, > 0;

2)U, =10 (V); I, =10 (4); cosp, = 0,8; ¢, < 0;

U, =5(); I,=1(A); cose,=1; @, <0;

To‘rt qutbli kirish gismidagi tok /; va kuchlanish U, aniglansin.

LR E 3 Javob: 1)U, = 12,5 (V); I; = 8,05 (4);

st L 2) U; = 32,5(V); I, = 18,4 (4);
. % 3)p, =805 (V); [, = 6,08 (4);

1 2

8.12-Masala. II - sxemada ulangan to‘rt qutbli zanjir parametrlari
Ry =450 0m, R, =18000m, R;=9000m bo‘lganda, doimiy

koeffitsienti aniqlansin.
R

Javob: A =1,5 B =4500m,
=1,95-10"32 D = 1,25
om

8.13-Masala. Nosimmetrik to‘rt qutbli koeffitsientlari A =1; B =
2,83e¢/*5 Om, € = j0,5sm, D = j1 ga teng. Xarakteristik garshiligi va

uzatish koeffitsienti aniglansin.
Javob: Z; = +2,38e7/5750m; Z;, = +2,38¢/2%°0m,

g=10,765+j1,0 (a = 0,765 nep, f = 1rad)

8.14-Masala. Simmetrik to‘rt qutbli zanjir U; = 100 (V)
kuchlanishga ulangan. Ikkilamchi parametri Z; = 100 0m; a = 0; =
0,785 rad bo‘lib, Z; = 100 + j - 100 Om qarshilikga ulanganda, kirish
gismidagi garshilik Z, va [, tok giymati aniglansin:

Javob: Z, = 223,6e7/265°; [, = 0,632¢ /635

8.15-Masala. T - sxemada ulangan to‘rt qutbli elektr zanjir parametri:

Zy =30—j40 Om; Z, = Z, = 12 4 j16 Om. So‘nish koeffitsienti a va
faza koeffitsienti b aniglansin.

f ’ Javob: a =0,562nep, b=
- 0,703 rad.
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Nazorat savollari

1. To‘rt qutbli elektr zanjir nima? Asoslab bering.

2. Elektr zanjirni to‘rt qutbli ko‘rinishida ifodalash bilan qanday
masalalar yechiladi?

3. To‘rt qutbli elektr zanjir doimiy koeffitsienti nechta?

4. Aktiv va passiv to‘rt qutbli nima? Amalda qanday elektrotexnik
uskuna va sxemalar miso] bo‘la oladi?

5. Elektr energiyasi uzatish liniyasi to‘rt qutblimi?

6. Passiv to‘rt qutbli kirish (11, Uy) va chigish (11,0,) qismidagi tok
va kuchlanish bog‘lanishini ifodalovchi tenglamani yozing.

7. To‘rt qutbli A4,B,C,D koeffitsientlar bog*lanish tenglamasini
yozing.

8. To‘rt qutbli qanday holatda simmetrik bo‘ladj?

9. To'rt qutbli  almashinish (ekvivalent) sxemasi bo‘yicha
parametrini aniglash tenglamasini yozing.

10.  To‘rt qutbli parametri ganday aniglanadi?

I1. To‘rt qutbli qanday sxemada ulanadi va qaysi turdagi (formadagi)
tenglamadan foydalaniladi?

12. To‘rt qutbli elektr zanjirming chiqish qismidagi to‘la qarshiligi
uzatish va tutashtiruy tajribasiga asosan (Z20,Z51) doimiy koeffitsientlari
bilan bog‘lanish tenglamasini yozing.

13. To‘rt qutbli elelktr zanjirining kirish qismidagi to‘la garshilik
uzilgan va qisqa tutashtirilgan tajribasiga o'tqazilganda (Z,q,Z,x)
doimiy koeffitsient bilan ifodalanish tenglamasini yozing.

14. Parametri 7,11, T shaklda ulangan to*rt qutbli sxemani chizing va
doimiy koeffitsient bilan bog‘lanish tenglamasini yozing.

15, Simmetrik to‘rt qutblida tajriba 0‘tqazish (salt holat, qisqa
tutashtirish) natijasida kirish qismidagi kompleks qarshilik: Z10=10e7”

Om,OZ;K=10e'J'3° Om bo‘lganda, A — doimiy koeffitsient giymati nimaga
teng?

16. Differensiallovchi ii
va ta’riflab bering.

17. Chastotaviy elektr filtr nima va
18.  Aktiv i

quvvatga nisbatan, chigish qismidagj
mumkinmi?
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19. I shaklida ulangan to‘rt qutbli elektr zanjir par_ametr.i: RI:‘45§] Om,
R>=1800 Om, R3=900 Om ga teng. Doimiy koeffitsient qiymati nimaga
Ien ? - - ’- - - . .
20g IT shaklida ulangan to‘rt qutbli elektr zanjir kirish q1sm1.dzf1g}i
ku;:hlanish U, =60(¥) bo*lib, r, =10000m iste’molchiga ulangan. Chiqis
ismidagi v,kuchlanish va 1, tok aniglansin ' o o
gl Simmetrik to‘rt qutbli tavsifiy tenglamasi uzatish koeffitsienti

ifodalari ma’nosini tushuntiring. o . o
22. To'rt qutbli uzatish koeffitsienti qanday ifodalanadi?
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9. ELEKTR FILTR

9.1. Asosiy nazariy tushunchalar

' Reaktiv elementlardan tarkib t
ajratuvchi elektr filtr r.
keng foydalaniladi.

i b topgan to°rt qutbli zanjirsimon chastota
'“’S]'O;exmfﬁa, aloqa, avtomatika va boshqa sohalarda
s “lektr - filtrlarining  turlich : ini
kuch .. . g turlicha elektr signallarini
bofz]i;{i“;;S;dkﬁésﬁ}iu-mh’ tekislash yoki chegaralash xususiyatlariga ega
gy likning past chastotaga qarshiligi kichik, sig‘imda esa
i 181 yuqori yoki aksincha ckanligi sabab bo*ladi. }

(O‘tka:it‘(')ct}:j aJII:f}i(tuv.chilﬁltrlarning ishlash prinsipi L va C qarshilikning

antiklari) signal chastotasi o ga bog'liq holda o‘zgarishga

asoslangan bo‘lib, turli xildagi
magsadlj ﬁltrlana::li, txildagi —T, 7,11 sxemalarda ulash bilan signallar

1 Shuni ta’kidlash kerakki

lementlar L, C dan tuzilj hi ,

bo‘lishidadir. e
Elektr filtr vazifasi va sxema

yuqori chastotali, hudud];
bo‘linadi:

cha_stota ajratuvchi filtrlarning reaktiv
S0sly sabab aktiv energiya isrofi minimal

sining tuzilishi jihatdan quyi chastotali,
(chastotalararo) va to‘suvchi filtrlarga

d) hududl;
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¢) to‘suvchi.

Past chastotali filtrlar tok chastotasini

. 1
vaogacha(OSfS——"—ﬁm)

Yugqori chastotali filtr f; =~ @ gacha (4n\1fﬁ <f=< 0) o‘tkazadi.

: 1 L s @
Hududiy filtrlar esa: f; va f, gacha f;, = E_ln( ey + e + m)

tok chastotasini oraliqda chegaralaydi.
To'sib qoluvchi filtr 0 + f; va fy + @ gacha
1 1 16 — 1
ha= EE( LG Lot J5ta

Odatda hududiy yoki to‘suvchi elektr filtrda LyC; = LpC; shart
bajarilishi kerak.

Elektr filtr kaskadli zanjirsimon to‘rt qutbli reaktiv elementlardan
tuzilgan sxemalar bo‘lib, chigish yoki keyingi filtrga kiruvchi tavsifiy
qarshilik Zs ga teng bo‘ladi.

Bunda filtrdan chiquvchi tok va kuchlanish kompleks ifodasi e™ =
e"@ . eJmb ho‘lib, moduli kirishdagi signalga nisbatan e™® marta kichik
bo‘ladi.

n — zanjirsimon sxemada ulangan filtrlar soni, @ — chastotaga bog‘liq
to‘rt qutbli so‘nish koeffitsienti bo‘lib, (8.18) tenglamaga asosan:

) bo‘lgan tok chastotasini o‘tkazadi.

A = ch = ch(a + jb) 9.1)
T —sxema uchun:A =1 + y—zz (9.2)
[1-sxemauchun: 4 =1+ 3%% (9.3)

(9.2), (9.3) y,z mavhum son bo‘lib, 4 koeffitsient mavhum son

bo‘la olmaydi, shunga asosan:
A = ch(a + jb) = chacosb + jshasinb (9.4)
ya'ni: shasinb =0 (9.5)

chacosh=A=1+ % (9.6)
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Bu tenglamadan chastota o°zgarishi bilan — y, z parametr ikki holatda
bo‘ladi.

a) agar sha = 0 bo‘lganda, @ = 0 bo‘lib. cha = 1.
Shunga asosan: cosh = A4 + 3;_—7 &.7)

Tenglamada ¥,z qiymatlar bir xil mavhum son bo‘lib, chastotaviy
chegarasi:

Z
—1<1+ 3_/2__ < +1, unda chastota o*tkazish chegaralari:
-yz=(0
z .3 ~yi= {4. e
Agarda: 2 5= 0bo'lsa, bundan yz + 4 = 0 bo‘lib. filtr rezonans
holatda bo‘ladi.

Tavs_iﬁy qarshilik tenglama ham chastotaga bog‘liq bo*lib, to*rt qutbli
koeffitsientlar orqali quyidagicha bog*langan:

T —sxema bo‘lganda: Zgr =\/E= ’ﬂ‘}_
C c2

IT— sxema uchun: Zon = JE = [Bi
c A%-1

~ yoki: ZS'T va Zg tavsifiy qarshilikni to‘rt qutbli koeftfitsient orgali
ifodalash bilan (9.2), (9.3) tenglamaga asosan:

Z = 41 — z yZ_
ST P~ \/; 1+ = 9. 8)
= __Zi_ - |Z yZ
= o \/; 1% 4 (9. 2

(9-8), (9.9) formuladan chegaraviy hududiari: ¢ <-Zy<4

Chastotaviy chegara T SXema uchun: = Ly = \/z = \/E
y C

IT sxema uchun: ) ‘li
: = @ gacha bo‘lib 7. =
Elektr filtr chastotanj g

chegaralashda ¢ iehi i an
faza koeffitsienti ham o : CAstOt Zgaiishign. Lsba:

qo‘yish bilan 2garadi. (3.15) tenglamani (8.18) tenglamaga
Sh=sh(a+jby=cz - B
o Z
Bunda:b = 0:/sinb = ¢z, = YrZsy; yokijsicnb L

o ] Zs ZC
t1 ishorasj o‘tkazuvchanl; ilan_

b) endi (9.5) tenglamadan shasinb =10, sinb =0, bo‘lgan;ilza,
sha>1 bo‘lib, cosh=-1 Unda (9.6) dan cha=—A (1 +T)
(9.10) . .

So‘nish koeffitsienti b = 0, signalni filtrlash chegarasi:

VA
s~ (1 + yT) <
—yZ =4

Bu esa filtr sxemasining R = 0; y = oo ekanligini belgilaydi.

Bu holda: A2 —1 = ch?a— 1= 0 bo‘lib, (9.8), (9.9) te.nglamaga
asosan so‘nish chegarasida tavsifiy qarshilik mavhum son bo‘lib, T va I

filtr sxema uchun ishorasi har xil bo‘ladi:
Tahlil gilingan elektr filtr xususiyatlariga asosan:

yoki

a) quyi chastotali filtr: T - sxemadan z =jcu£6, y = jwc bo‘lganda,
filtrlash chegarasi (9.7a) asosan —yZ = w?LC = {4

alb

k =0, 0 =—==w
Demak: w; = 0; w = e 0

b) yuqori chastotali filtr: T - sxema reaktiv qarshilik parametri Z =

. 1
2 e ~_bo'lib,~YZ = — {2 filtrlash chegarasi w; = i

jwe jowlL w?LC
wg va w, = o gacha bo‘ladi.
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d) hududiy filtr: Yugqorida keltirilgan shartga asosan: L,C; = L,C;
bo‘lib,

1
(,_)0:————:

1

2
. . 1 1 5 1 _w?
yoki: Z = jwL, + s P (1 —=w?LiC) = s (1 wg)
; 11 _w?
Y =ij2 + jwe, jwlL, (1 cug) )
Keltirilgan tenglamalar quyidagi chegarada ifodalanadi

.

7y — (1—33) ={?

ﬁJZchl 4—
bundan: w2 + 20w8\[L,C; — w? = 0
La
CI‘Jl =w0(\‘k2+ —k);wz =0)0(Vk2+1+k);k -'—_CU()\ILZCI = 'L_l.

Demak filtr chastotani @1 = Wy oraliqda chegaralaydi. w, esa oraliq
chastotani ifodalaydi, ya’ni: wi1w, = w2

e) to‘suvchi filtr:
Bu filtr sxemasidan yuqoridagi shartlarga asosan:

1 1
LiC =L,C vaw, = = 5
1t 22 =TT e,
. oc
P b = :—-_JwLIZ;y: . - :Jw‘;
fwey 4 a0 Joly+—r 4 w?
/ JWL, z Jwcz w3
Chastotani to‘sish chegarasi esa:
w2, C L;C
—ZY = —2 —YZ =21 g

a qiymat beradj: w; = 0; w, = e, Ikkinchisi:
Wz = wo(VEZ + 1 — k); uchinchisi: w3 = wo(VkZ + 1 + k)
Bunda: k = LovlaCz _ EJE

4 4L,

Demak filtr chastot

anj 0+, va wg +
chegarasi: w,

= ® o'tkazib, chastotani to‘sish
~ W3 gateng yoki- W — chegara ichida bo‘[ib:
Cl)% = w2w3.
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20mkf bo‘lganda chastota o‘tkazish chegaralari aniglanib, w

‘Ig ‘nish koeffitsient a
20007“‘1‘1/381,c va tok I = 0,14 bo‘lganda so‘nish koe
topilsin.

(9.1) tenglamadan

chastotasi f, = 0,5 kgts bo
ulangan.

a kirish va chj shga nisbatan qiymatlari nep,detsh
0‘Ichamlari topilsin; b) ekvivalent

chegarasi quyidagicha ifodalanadi .
R

; s
9.2. Masalalar yechish va uslubiy ko‘rsatmalar

9.1-Masala. T sxemadagi filtr parametrlari L = 20mgn, C =

Yechish. T sxema uchun (9.2) ifodaga asosan:
A=1+2 =140l joc=1- o?LC
“3
Agarda A = 1; bo‘lsa wq = 0; ,
yokid = —1 bo‘lganda; -1 =1 — @ LC; (1)

Bundan: w, = \/L'% = 2235rad/sek

. . 2
Chastotani filtrlash chegarasi: b = arc cos 4 = arc cos(1 — w?LC).
Chastota w = 2000 rad/sek bo‘lganda, tavsifiy qarshilik:

T = EE— w?L? = 80 om.

arshiligi 80 Om bo*lganda chigishdagi kuchlanishi-

Up=1Z.=0,1-80=8V.

So‘nish koeffitsient ¢ chastotaga nisbatan o°zgarishini topish uchun
cha = -4 = o21¢ — 1

2w, = 2-2235 = 447 rad;

cha = (4470) - 20 - 1073-20- 10

filtr tavsifiy q

Bundan w = ek t€ng bo‘lganda:
—1=38, a = 2,8 nep.
9.2-Masala. K turdagi quyi chastotal; fi

Itr yuqori chegaralash
lib, R = 500 om

iste’molchj qarshiligiga
a) filtr parametr; L cC, fy = 1kgts bo‘l

gan so'nish koeffitsjent;
qQishdagi kuchlani

sXemasi tuzilsin.

Yechish, quyi chastotalj

filtrlarning yuqori chastota

L=— o

1
T = 0.317 an, CD =

= 199 mkf.
. “ Tr-rOR
So‘nish koefﬁt31ent1f = 1kgts bo‘lganda chl, = 29§ —1;
Bundan n==th _ 2
Wo '
Demak: chy = % g{ =2




Bundan: o = f’n%l yoki % =e% =14
2 1 ) i
Ekvivalent sxema T yoki I ko*rinishda bo*ladi:

L= I'/z =0.158 gn r'/z =0,158 gn Lo 0.5lg

.1 T

(

L, =0,02 gn bo‘lganda,

qarshilik R,ning qaysi chasto
0; _fz = LE
tavsifiy qarshiligi Zc va so‘nis

Yechish. Masalaning sha
bo‘lib, fil

h koeffitsienti a aniqlansin.

Z
trlash oralig*i tenglamaga asosan: —1 < }—21; AL
i 1
Bunda: Z, = jy vq Zy = T
, Shunga asosan quyi che

1 = _ :
vic = 8000 gs oralig‘ida chastota filtrlanadi.
T sxema uchun tavsifiy qarshilik tenglamasi:

Ze= |2,2,(1 o) =R 1- (fi)z

Bunda: Rcz\/-—é— filtrlarning tavsifiy qarshilik tenglamasi.

- - - . .o 2
Filtr so*nishini ifodalovchi tenglama: ch= = [Xo _ [@?LC

2 4x, 4
Qiymatlarini jadval asosida keltiramiz.

Shuni ta’kidlash kerakki,

lymatj
mak T
Maning

mavhum son qiymatiga ega. De

hususiyati Xarakteristik tengla
bo‘lar ekan,
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I - i ]
Co =1.27Tmif m/: = 0,635 mkf
T -

9.3-Masala. T sxemada filtr parametri ¢, =_0,08_m’ff Lchi
filtrlash chegarasi aniqglanib, Iste mo
ta formasi buzilmasligi va chastotaning fy

iyvmatida
> 3=0; f, = 2fs (fs — rezonans chastota) qiy

% I r
rtiga ko‘ra T sxema quyi chastotali filt

garasi f; =0 dan yuqorj chegarasi fs =

2fs
/865
2,64

. - ﬁltfﬂing f: 0 dan f = fr_, ﬂltrlash
chegaralarida tavsifiy qarshilik q haqiqiy, sonish chegarasida €54
- shakldagi quyi chastota ﬁl}rl?sh
Z: =R, dan Zs; = 0 oralig‘ida

9.4-Masala. T - sxema shaklidagi quyi chastgt.al‘i xarakten;tg\'
parametri L =0,02¢gn, C =8 mkf bo'lib, R, qarshlllghgoa U, =1 o
kuchlanish ulangan. Chastota filtrlash chegarasi w; = — va so'nis

@z = 2w, bo*lganda tok va kuchlanish qiymati aniglanib, vektor ifodasi
tuzilsin:

Yechish. Rezonans holatda burchak chastota:
z 2 rad
TR N = 0
“o = Tk V/0,02:8:10-6 = /Sek
Demak: w, = 250’”‘1‘1/58;(. w, = 10* md/

sek
Salt yoki gisqa tutashuv tajribasiga asosan xarakteristik qarshilikni
topamiz:
Lip = L+ ! 25 — J50 = =25 g
1x—fw12 jculc_j Jol =i = m

e Xt i J25(=j50)
Z = f— —_— — i
1k ]ij‘.—'——-—-(xL i J25 += : J75 Om

Tavsifiy qarshilig;: Ry=2y= (2.~ Z1k = 25V3 Om.
- : U
Toks [, =22

13
B = .2_5-\/'—30'3 A.
Filtr sxemasidan: U.=1, +jcu-§f2 = (13 +j7,5)v
Kirish qismidagi tok-
h=hL+i.=03-015 +J0.26 = 0,15 + j0,26 = — 0,3e/60"4
Kuchlanish-

i U 13+j75
c =

B . L

U =vu, +;w1511 =13+75+ 250015 +
= 13eJ60°y,

So‘nish che

J0.26) = 6,5 + 11,25

) garasi o, = 194 rad bo‘lgand )
qiymatin; topamiz. /sek ganda, tok vg kuchlanish
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. L.

U =Up + jwp 51, =13+ j100-0,3 = (13 +30) V
i - Us 13+ 30

_ © 7 jxe —j12,5 .,

L=5L+1[.=03-24 +j1,04 = =21+ 1,04 = 2,348j153 A

= (=2,4+1,04) A

i L.
Up=Uc+jwy 515 =13 +/30 — j210 — 104 = —91 — j180
~ 202,e/117y

9.5-Masala. Quyi chastotali (K turdagi) T va I1 sxemadan iborat
bolgan elektr filtr burchak chastotasi w, = 3,14 - 1073 — bo'lib, Re =
SeK

Rz =0,5-1072 Om tavsifiy aktiv qarshilikga ulangan.

a) elektr filtr parametrlari L, C.

b) chastotani filtrlash chegarasi w = 0,5 w, bo‘lganda, tavsifiy
qarshiligi Z,, Z,, faza koeffitsienti bj/2.

d) @ = 1,5w, bo‘lganda (chastotani to‘sishda) so‘nish koeffitsienti
b/2 qiymati aniglansin.

2 2 | . ,
—WHTIJ#:T TFITNTI
e T 2 1'-—T 2 T ] 2!

a)
Yechish. b)
a) quyi chastotali T - : . . -
aniqlfyn{iz; otali T - shakldagi elektr filtr parametri yuqori chegarasint
2R . .103

2

= =0,318¢gn i _

Wo 3,14- 103 gn, —_— . —3
='1,274- 107 wor  3,14-10%-0,5- 1

b) K turdagi elektr filtr tavsifiy qarshiligi:

K=27 = |L_ [ 0318
‘ \/; %20:5'10301&

d) filtr chastotasi w = 0,5¢. — 5 _
) 0 — 1,57 . 103___ ¢ - aktiv
garshiligini aniglaymiz: sek bo‘lganda, filtr rea
L

X = (—): = 0p318
S Y 10%: ——— = 250 om;
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et o 0,318 = 1000 Om;
C (C 3 1 _g
(5) 1,57-103-5127-10

e) endi w = 0,5w, bo‘lganda quyi chastotani filtrlar tenglamasiga
asosan T, I sxema tavsifiy qarshiligini aniglaymiz:

Zop == K }1 - (.J"-)z —05-103- [1 _(0_5(;_)2 = 0,433-10° Om;
0

i 0510° _ _ 0,577 - 10% Om.

w z L5+ 2
Jer ez
! bo‘lganda, so‘nish
k

f) chastota o‘tkazish chegarasi @ = 0,5 @o ¢

e
koeffitsienti % = 0 bo‘lib, faza koefTitsienti:
b 5
S =are sin— = arcsin 0,5 = 30
Wy .
g w=15w,=477-103 L chastotani
! ? sek

- 3 = NP :
so‘nish  koeffitsienti: % — arcch= = arcch1,5 0363
8,345 Db. (1 NP = 8,686 Db)

wq -
Faza koeffitsienti: g = 90°

Zen =

to‘sish chegarasida,

- stotasi
9.6-Masala, K - turdagi yugori chastotali filtr burchak cha

L
W=314-. 103 e bo‘lib, R = Z. = 2- 103 om, R=K -
e chegarasi @ = 1_,5 wo
faza koeffitsient! .b/ 2
h koeffitsient!

tavsifiy Qarshiligi ulangan. Filtr o‘tkazish

bo* . o . : va
0 lganda, tavsifiy qarshlllk q|ymatl ZCT,ZQE:!!:OImlda so‘nis

hamda to¢sjsh chegarasi va @ = 0,5 @o b
a/2 giymatj aniglansin.

2C 2C

Yechish. . an:
a) yuqori chastotali filtr parametrini (9.10) ifodaga 250°
R __2-10°0 _p318gm
T 2w, 2-3,14-10°
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1 1 b) @ = 0,5 (wp, + wy,) chastota o°tkazish chegarasida Zst, Zsp
-6 .
s - e — 0,074 ¢ 10 f tavsifiy qarshiligi va faza koeffitsienti b/2 _ elariild.
2ok 2:3,14-10%-2-10 d) filtr chap tomonida tosish chastotasi @ = 0,5y bo"lganda
‘nish k - iv i ani in.
b) K - turdagi yugori chastotali filtr tavsifiy qarshiligi: so'nish koeffitsienti a/2 qiymatni aniglansi
.‘ 0,318 Yechish. ) . i lanish
| = f \‘0 08-10-6 =2-10° Om. a) hududiy filtr signallarini o‘tkazish ifodasiga yoki chegara
ifodasiga asosan:
d) ®=150p=15-314-10° =47 -10° — L po‘lganda filtr T _ ;
| reaktiv qarshlhklalnm topamiz: . ey '{i_rr:n_.f
| X = @0 = 47-10°-2-008 105~ %G b B
| X, =w(2c) =4,7-10%-2-0,3 = 3000 Om. . e "
; e) I sxemadagi filtr chastota o‘tkazish chegarasidagi tavsifiy qarshilik ;
; qiymatini (w = 1,5w,) aniqlaymi7 " 2R 2-10-10 s = 1,59gn
= = .103 — 62,810
Zer =K- 1— ‘”" =2-10° ’1— -15 103 Om. ' wg—wg  754-10°—6
3 -9
_ 2103 ~27-10% Om. C — Doy —wpy, 75,4103 — 62,8 1208- T =0,133-10
Jl (mn)z \](1 I-C;C?Jo) ! 2Rw,, - Wy T 92.10-103754" 103 — 62,
f) chastota o‘tkazish chegarasi: = 0,133nf

w = 15wy =4,7-103 i; bo‘lganda, so‘nish koeffitsienti a/2 = 0

9 03 —628:10%) _ (413390
faza koeffitsienti: L, = Rlwg, —w,,)  10-10°(754°1

3
= 03 — 62, 8- 10
. wq 1 2W03 * w4 2-754-1
b/2 = arcsin (— ;) = arcsin (—) = —42° 2
Chastotani to* ‘ ¢ : 1F—Eas" 107
sish chegarasi: w = 0 Sws =1,57-103 —l 2= R_(m-_T_)_ 10-103(754"
sek -
g) so‘nish koeffitsienti: °Z 15, gg 1079 = 1591f
a 1
__=arch——_=arch——: =2 = = ;
) > 05 Arch =2 = 1,32NP = 11,45Db b) K turdagi hududiy filtr tavsifiy qarshlhgl
Faza koeffitsienti: b = —9(° 159 __10-10°0m
L | 2= 1
ZC =K = E; = 15,9-10
39.7;1\./[asala._K - turdag; hlidudiy filtr burchak chastotasi wgy; = 62,8 Z, -k = B —&%13’3:5 _10-10%f . a3
10 ek’ wop = 75,410 s_e_iz bO‘lib tavsiﬁy qarshiligi = Cs 0,133- n kontl-lrlardagl I
d) filtrning ketma-ket yoki parallel uiig
R=R.=10- 103Om Ry =K= |1_ chastotasini topamiz:
G p 1 _ 688 10° % sek
a) filtr parametrlari: Ly, ¢, L,, C2 = it
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. 1 1 31
yoki: w, [,lr Joo13315910-9 sek
2 - i
Filtrning chastota o*tkazish chegaralanish giymatini aniglaymiz: .
3
@ =0,5(wo1 + wgz) = 0,5(62,8- 10% + 75,4 - 10%)69,1-10° —
Chap tomondagi to*sish chastotas;:

1

@ = 05wy, = 0562810 = 314 - 103_75
e) T,11 shaklda

1%,

wor diymatidagi tavsifiy qarshiligini topamiz:

2
T =l = 1_[.__‘_"_“_32__

| =10-
Wo(wgy+wyy)

3 [1 - [_(69-10%)2—(68,8-102)2 2 o
10°J1 [69-103(75,4-103_62'8,103)] =9,99-10°0m

K 10-103
2 s = S

2
i w2 (69-103)2-—(63.8-103)2
—|—2Tws o] :
Wo(wo1+awgy) c.o-103(75.4~103—62,B-103)

Chastotaning filtrlash chegarasi:

f) Cd=0,5'(w01+w

koeffitsienti a/2 va faza
So‘nishi: a/2 = 0;

=10-103

02) = 69 - 103"1—k bo‘lganda  so‘nish
se
koeffitsienti b/2 qiymatlar

faza koeffitsienti
@2 = g2

Slo-— — = arcsin0,0382 = 211"

w(wo, — Wo1)

g) chap tomon filtr to’sish chastotasj: ¢ —

1
=i 0,5 “lgq = 31,4’ : 103;;;
bo‘lganda, so‘nish va faza koeffitsient;-
w? — @2
a/2 = Arch|——%0 arch9,45 = 2,934Np = 25,5Db
w(wq, — Woy) .
b/2 = —90°%°minusy ishora filtr chap tomon tosish chegarasini
ifodalaydi.

ini aniglaymiz:

b/2 = arc sin

9.8-Masala. m - turkumida
siallovchi filtr burchak chastot
R=2Z.=0,5-103 om aktiv t

8l quyi chastotali G shaklidagi differen-

asi wg = 6,28 - 103 *1? m = 0,6 bo‘lib,
s se

avsifiy qarshilik yuklangan.
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se 9.1-
gi hududiy filtrning @ = 0,5(wp; + wpy) = 69,

A

idagi o‘xshashligiga
a ) I' - shakldagi quyi chastotali filtr, K turkumidagi o‘xshashligig
asoslanib L, C parametri; i
b) T - turdagi differensial filtr L, C;, L, param a,nsli kontur) so*nish
d) wy = o0 bo‘lgandagi (ketma-ket ulangan rezon
i = g v
chastota giymati hisoblab topilsin.

,C parametrlarni
Yechish. Avval K turkumidagi ' sxema uchun L,C. p

topamiz: 5 2 2 .
2R 2-05-+10 =0,16gn;C = R =6,28'103'0’5.10
~a~emaE = woRn
W, 28~
=0,637-107° f.

. imiy koeffitsienti
Endi I" shakldagi m turkumli quyi chastotali filtr doimiy
ndi I" shakldag

ini ani NiZ:
m = 0,6 bo‘lganda parametrini aniqlayn

L 0,6 Q-E = 0,0477 gn = 47,7mgn.
L, = m> = 06—

:' “ - — k

C 0,63 « 1 e 0119 .10 ﬁf = 0,191”1 f
=m-=06—""<

C]_ m—=

7506 : l
m 2 : i quyi chastota
m _ turku:11id§gi differensiallovchi q ,

S0*nish chastotasi:

1 A
7,85 K
1 3. ———=/ se
= 28'10 _ 2
o0 = Ji-06

hastotall filtr burche?k
; —25-10% 0m aktiv
=

L2:

filtr: @ = Wo 42

. ori

Masala 9.9. I' shakldagi m turkum .yuq _

. 1 :06b0‘llb’R_F
chastotasi d = 34 =y am =

L
tavsifiy Qarshilik ulangan (R =K= \[E)

. etl‘i; tri L], Cl:
a) K - turdagi yuqori chastotali g‘lg Iiif;?;“ovchi filtr parame
b) m - turkumidagi I" shakldagi diffe

23
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. : cususivatios an m-—
d) parallel sxemadagi rezonansli kontur Xususiyatiga asos:

(o . iymati
turkumdagi differensiallovchi filtr @ = o so‘nish chastota gqiym
hisoblab topilsin,

Yechish. wienil
a) R aktiv qarshilikga yuklangan K turkumda filtr param
aniglaymiz:
3
= i__ = —%i_li__ = 014gn;
2w, 2-31,4-10°
c 1 25-10°3

= =0,637-107° f = 0,637nf-
2R 2-31,4-10%-25.103 4
b) endi m = 0,6

. H ! l
ga teng bo‘lgandagi differensiallovchi yuqor
chastotali filtr paramet

rini topamiz:

m 0,6
L —] — _— . = 0:74’7; n.
1 1 1——m22L 1-0.¢2 2-0,4 g
il
€ =—2C=—_—. 250637 « 1% = 0,764 -10~° f= 0,764nf.
m 0,6
1 1

Ly==—2L=—.5. =
2= 06 20,4 0,478 gn

d) cheksiz so*nish chastota qiymati-

1
Voo = 0oV1—m2 = 314103 /T 0.6 = 25,1-10° —

Masala 9.10. T sxem

adagi induktjy
R=2. 1030m; ¢

: . : ri:
S1Z quyi chastotali R, C paramet

' | =05:10"9 f — 0,5nf bo‘lganda, C_ha_stota
o'tkazish chegarasi aniqlanib, filtr taysifiy qarshiligi hisoblab topilsin.
4 b2

‘tkazi asi chap
Yechish. a) quyi chastotali R, C filtr, cl?astot‘a 0 tl;E;Zt!aSErf:;dggé i
va o'ng tarmoq aktiv qarshilik bilan ulamllb?g love
reaktiv qarshilik tomon tengligidan topamiz:

1
s 4 ____4___=0,4-1055—ek
—~ = —zbundan: w, = RC  2-10%-0,5-10~°
2 =
(t)uz

D e - 102 gts . . i gisga tutashuv
ﬁ()ﬂ;; ——j-row Sl?Zrt uchuﬁ tavsifiy qarSh'l.lk Z-C m Selltl tl*a}c;cl)::tlvzlzl‘133(3;%lganela:
tajriba qsosidoa aniglaymiz. Filtr chiquSh gismida sa '
‘ 2=10%
=E_ 1 = _14_106.0‘5-10‘9
Zo 2 J wWoC 2 1
1,11 103e/2634 0m R
=1, : irish bilan:
@ = w, shartga asosan chiqishda qisqa tutashtiris

R E.(—Ja)l_c) 2-10°% o ELZOE_(—]:EE_OI,;S_IU__“;) = 1’26 -
2 oc/ _ 2107

1

0% o 01

Z‘k " B j—l- 2 2z Ja105051077
2 “wopc

10%e -jwu(onfl) hecara
T shakldagi filtr chastotani o‘tkazishda cheg
Qarshiligi (w = wg) - 3,-j18° = 1,2 -
3,-j263¢' . 1,26 - 10%e
Z(..:,JZO'Z. :\/ﬁl'lo e
e—Jz22°30’ (om)

lanish tavsifiy
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9.3. Mustagil yechish uchun masalalar

9.1-Masala. Parametri L, = 0,02 gn ., ¢ = 0,08 mkf bo*lgan drf;
sxemadagi filtrning salt, qisqa tutashuv va tavsifiy qarshiligi hamd
chastota filtrlash chegarasi aniqlansin.

Javob: Z; = j(0,01 — 125 - 10%) Om;

. 125-103
Zq9=] (0,0lw + 125-105—-0,01m2) Om.

Ze =\ZyZy = 25105 — 10~*wZ Om.
Bundan0 < ) < 5. 104

9.2-Masala. [T sxemadagi filtr parametri C = 0,08 mkf,L = 0,02 gn

; o . :otik agarshilik
bo‘lganda, chastota o‘tkazish chegarasi aniglanib, xarakteristik qgarshil
va faza koeffitsienti topilsin.

Javob: Chastota 12,5 - 102 < w < woraliqda chegaralaydi.

500

Z,Z i = 00
I = [ oE == om. 500 < Zs <e—m<bh<0; 500
1+Ez_ 1__15:;-;0

1

; -

9.3-Masala, 9.1-masalada T sxema krish chastotasi w,. = 10 sek

va tavsifiy qarshiligi R = 60 Om bo‘lib, chastotasj w = 0,5w, ga teng
bo‘lganda filtr parametrlari L, C qiymatlari aniqglansin:

Javob: [ = 69,3mgn, C = 0,289mkf

9.4-Masala. T sxemada filtr
100 mgn, ¢ = 0,005 ml
aniqlansin.

parametri L, = 100 mgn, Lz. =
f bo‘lganda, chastota o‘tkazish chegarasi

Javob: 2-10% = < ) < 447. 19+ L
sek sek

9.5-Masala. K tartibli quyi chastotalj filtr chastota chegarasi fo =

8 kgs bo‘lganda, so‘nish koeffitsient; fi = 12kgts, f2 = 4kgs gateng.
Faza koeffitsientin; aniqlang,

Javob:a = 1,93nep, B = ;_r
9.6-Masala. Quyi chastotalj f

bo‘lganda, chastotaning ganday giy
bo‘ladi.

Javob: f, = 7,12 kgs.

Itr chastota chegarasi f, = 8 kgs
matida faza koeffitsientj 60 ga teng
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i i hegarasi f =
: rdagi ri chastotali filtr chastota che, :
253-7-1\13;3'«1-;( t_e:'nu;dal;g(;‘)l!:;]t?da: 1) so‘nish koegﬁésaenn o;cm ;azjt
S o & o _ - gs, 3=
koef%tsiemi /_?b chastotalarfung fi = 125gs da, f>
500gs giymatida aniqlansin. | _
Javob: 1)a = 2,64nep, B =7 B3 3

asala carasi [ = 1000gs
' i filtr chastotalar chegarasi 00gs
9.8-Masala. Quyi chastotali fi i i
\cara}\.'teristisk qarshiligi Z; = 100om(f, = 0)ga teng, filtr parametri aniq
lansin.
= = 3,18 mkf.
avob: 31,8mgn, C=3,
Javob: L .

iL=04 Tl,C=O
9.9-Masala. T - shakldagi sxema parametri L = 0,49 qanday

totaning
1 ulanean. @ chas .
bo'lib, R =10000m qarshilikga Uzih iqiy qiymatga erishadi va
qiymatida kirishdagi to‘la qarshilik Z; = 7-haalq
Z, qiymati nimaga teng.

Javob:

= — = - 00 Om.




|
if
g-f Chivial: UC(O.*) = Uc(o~), [(](0+) = Q(O')]

1 Klassile :é:lc:h;]z]:; Zanjm(.:lagi o‘tkinchi_jarayonni tahlil gilish uchun
' ustlash usu1i3 v: Fu o _Usull, 'Dyuame[ integrali (formulalarini ustma-
‘ L. Klassit usrgle Integralidan (chastota‘li usul) foydalaniladi. .
| diffurensial tenglamanga asosan .eleklr. ze.mjir uchun tuzilgan chizigli
i I yechish bilan bajariladi:

Masalan: Tsteriti st .
n: Koeffitsienti o zgarmas chizigli differensial tenglama:

d"i dn-1;
A K ix di
Oden T G e Any o Ay = Fi

Bunday differensial
umumiy yechimdan iborat l(:s:glli?)?]a yechimi yoki integrali xususiy va

: ity = g + i ]
ik - differens; © F L (10.1)
Zanjiriﬁi(;)g ko(:qfric:fm-a[ teng!a”?a“i”?» Xususiy yechimi bo‘lib, elektr
o‘tKkinchi jarayo o gafnan111g umumiy yechimi bo‘].b:
Ol VaqHidagt etkin holatdagi tok va kuchlanishni

ifodalaydi:
dnl; dn—-1 <1
Ao“a;f—t)-+Al Hd0) diy

Ya’ni, fizik e T Ay o+ Al = 0
ni, fizik mano ) :
da kommutat51yadan keyin reaktiv elementlarda

to’plangan ele :
kiromagnit - maydon energiyasi erkin kamayishi va

ko*payishini  ifodalayd;
alayd 2 : ;
kamayuvchan bO‘ladi;y ! va wvaqtga nisbatan so‘nuvchan yoki

Ya’ni:
l‘;(’ p—i Alealt +A eazf n
2 +o + A efnt = Z AKeakt
(10.1) tenglamadan: K=1

n
i =i’
K(t) "K(C) + Z AKEG.kE (10.2)
K=1

3

o . s
Mmutatsiya qonuniga asos

@ x differensi .=
topiladi. nsial tenglama ildizi bo]

an topiladi.
ib, xarakteristik tenglamadan
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a) R, L zanjirida o‘tkinchi jarayon:
Bunday zanjir tenglamasi birinchi tartibli differensial tenglama

bilan ifodalanadi:L = =+ iR = U (10.3)
Xarakteristik tenglamasi:LP + R = 0; Bundan: P = -% = %(ﬁ)
yoki: T = % (sek) — o’tkinchi jarayon vaqti.

1
O‘tkinchi jarayondagi tok ¢y =i’ + Ae T (10.4)

b) R, C zanjirida o‘tkinchi jarayon:
Bunday zanjirning differensial tenglamasi:

RCZE+Uc=U (10.5)
Yechimi quyidagicha bo‘ladi:
t
Ucwy = Ue +Ae™=  yoki: 1 = RC(sek) (10.6)

A - doimiy integrallash koef-fitsienti boshlang‘ich shartdan, ya'ni

kommutatsiva qonuniga asosan aniqlanadi.
d) R, L, C zanjirning razryadlanishi:

L]

Bu zanjirning differensial tenglamasi:
LE+Ri+i=0
de c

pEap pEipdiep aen
de? dat ' ¢
Ushbu tenglamaning yechimi:
i =i +i" = At +Aze™! (10.8)

P, va P, - ildiz koefTitsienti xarakteristik tenglamadan aniglanadi:
LP2+RP+%=0 (10.9)

. R 1
Bundan: P, , = =& ++/62 — w§ yoki: § = 7 wh =17 (10.;0)
A, va A, — koeffitsient boshlang'ich shart, ya'ni kommutatsiya

qonuniga asosan aniqlanadi. ) .
Ushbu R, L, C zanjirda uch xil holat yuzaga kelishi mumkin:

L
a) aperiodik zaryadsizlanish: 6% > wd; R>2 |z
245



Bunda i(ytok o*zgarishi: iy = ﬁ(eﬂzt ety Masalan, ketma-ket ulangan R, L zanjirida:
2Ly

I 5, . U £
i_‘ yokizy = (P, — P,) {0y = Vo) =‘R2(1—€ T) (10.12)
12 b) tebranuvchan zaryadsizlanish: 62 < w%- R < Z\F bo‘lib, tok i(;yning o‘zgarish qonuni ushbu Zf“EJlr o‘tklrichl jarayon
| ' c o‘tkazuvchanligining o‘zgarist uni =-(1—¢e7t) da aks
| . - z gining o‘zgarish qon 340
.y Bll{mda [(pytok: ity = —Iye~% sin wt = _E%e—& sinwt sttt R
— - w P
0 0ndensat0rdag1 boshlang‘ich kuchlanish Shunga o°xshash berilgan egri chizigli kuchlanish funksiyasini AU
d) kritik holat: §2 = w2 R=12 [t Bunda: i,.. = U2 pp=6t bp‘lfakc_h{tlarga_ bo"l_ib, har biripi_ng ta’sirlidan aniglangan _tokning
0- ¢ Punda: iy = 'Z“fﬁ’ . yig‘indisi o‘tkinchi jarayon tokni ifodalaydi. Bunga Dyuamel integrali
deyilib, oltita formula ko‘rinishida ifodalanadi:
Ixtiyori ; : ) S x=t
Yoy .Zhak'dag_l kuchlanish ta’sir etgan zanjirdagi o‘tkinchi L i = UV + foog YO =) dx )
Jarayonni hisoblash (Dyuamel integrali) y.i iy = UyYey + f;:;J’(t)U('t-x) d

, =t d
3.0y = UnyY(o) + fop U 3oy (v — x) dx

0 Strukturasi ma’ ’ .
nisbatan ixtui;aosrliymc?ol:j bO(i_ga: passiv zanjirga kuchlanishi vaqtga L (10.13)
Gl e s nga (tunksiyaga) as ‘7o an bo‘lsa, s d x=t .
| g tkm:;’ Jalrayon masalasi quyidagichaghe)ll mﬁf]?lr(]ii EGRANEIAL 58 4. iy = UyYeoy + o Jemg YUty dx
asalan: - : . d cx=t
kUChlanishganu]i],:;: zi'g““f t =0 vaqtda qandaydir o‘zgarmas U 5. i) = Effzo y(t — x)Ug dx
el rs araz qilaylik. Zanjir iste’ iladigan d px=t
o‘tkinchi ae qriay Zanjir iste’mol qiladig . _4d
gl tok shu‘ kuchlan.lshnmg o‘tkinchi o‘tkazuvchanligi deb 6. iy = 7 Jemp YUty dx )
8an Yy ga ko*paytmasini ifodalovchi funksiya bo‘ladi.
, iy = YU 10.11) ;
FunkSIyay + fagat et o ( o 3. Operator usuli.
kuchlanish nigé m?:dsznjlr;lm% ?truktur351ga bog*liq bo*lib, berilgan Original deb ataluvchi har qanday vaqt funksiyasi fi;) ni unga
‘ ga bog'liq emas. ekvivalent bo‘lgan kompleks o‘zgaruvchan p = § + jw argumentli Fy,)
| y——__Y funksiyasi bilan almashtirish mumkin.
______________________ Matematik ko‘rinishda: fx) = Fpy yoki Fp) = fro) (10.14)

Berilgan funksiya ftasviri Fg) «Laplas almashtirishi» deb

< ataladigan formulaga asosan:
U w _
U g 0 Fipy = Jp €™ foydt (10.15)

(=)
-
] ___—4 < . - . .
-—-—-—-—-—-—_—'_'_“ﬂ-—:{ Bu integral birmuncha chegaralangan bo‘lganligi uchun, olrlgmal
—h\lw\z fey dan uning tasviri F,) ga oftish uchun «Karson-Xevidsayd
T e almashtirishi» deb ataluvchi formuladan foydalaniladi:
3 Yo oo
| = -Pt
| _N—%‘“N Foy = Pf e fdt
' AL AX) 0
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Bu formula operator P Gt - ;
a sy Al ga ko‘paytirish bilan farq giladi. Funksiya
hosilasi va integralining Laplas bo‘yicha tasviri: b

’ 0
| Bund fiy = p[Fpy — fiop) (10.16)
| unda, 7, funksiyasining barlsamdaot atumat]
‘ lntegra]i: ng «-o0 bo‘lgandagi qiymati.
t
| Iy fy dt = Fl)F(p) (10.17)
Om qonuni operator ifodasi:
U
Iy = L2 (10,18
Kirxgof : . el
qonuni operator ifodasi:
E = .
: 2 Expy Z[IK(P)ZKUJ) = Plyiyy + UCK(O)] (10.19)

Bunda: L;{](U) —t=0da Ly - induktivlikdagi tok:
| Plii \f:([?r) —t f: da C;‘(‘— sig‘imdagi kuchlanish:
| tok va kuchlanishnj [C;EE) OShla.ng ich shartga asosan hosil bo*ladigan
| Oikinsty Tas I manba bi‘l_an almashtirilgan ifodasi.
: almashtirish natf'a _20“ boshlang‘ich shartlarini ichki manba bilan
i e nati'ac{ sida ustma-ustlash usuliga asosan masalani yechish
; Jada operator formada tok tenglamasini quyidagicha

| ifodalaymiz:
|
: — pSm
| o oy =Pz 2 (10.20)
! \% ‘ SRRT :
() V2 Hip) ko'rsatkichli funksiya butun sonlar m va n polinomIari

i bunda (m< n)

Keltirilgan teng] . ;
glamadagi (yvo . ; oy G
operatori Py, Py, P, ...... B, tip(i?adyil_Sh teoremasi) H,y = 0 deyilib ildiz

dlangandan keyin tok funksiyasi i(;) (original)

. Barcha ildizlar Ry anj
quyidagicha ifodalanadi:

. G
Ly = Z -—(ﬂepk:
’ 10.21
k=1 (p) ( )

10.2. Masalalar yechish va uslubiy ko‘rsatmalar
(klassik usul)

10.1-Masala. Ketma-ket ulangan elektr zanjirning aktiv va induktiv
parametri R = 10 Om, L = 40 MGn bo‘lib, o‘zgarmas kuchlanishga U =

100 V ulanganda o'(kinchi tok iy aniqlanib, grafigi chizilsin.

Yechish. Kalit zanjirga ulangan paytda induktivlikda o‘zinduksiya
hodisasiga asosan elektr yurituvchi kuch induksiyalanadi e, = —L-g—;
Kirxgof 2-qonuniga asosan differensial tenglamasi:
di
U=IiR+ La’
Bu birinchi tartibli differensial tenglama bo‘lib, o‘tkinchi tok

quyidagicha ifodalanadi:
l-(,_) = i +A8Pt

[(¢)— o‘tkinchi jarayondagi tok.

i'— differensial tenglamaning xususiy  yechimi  bo‘lib,
kommutatsiyadan keyingi turg‘un holatdagi tok.

i"— differensial tenglamaning umumiy yechimini ifodalovchi
(kommutatsiya vaqtidagi) erkin tok. Kommutatsiya birinchi qonuniga
asosan aniqlanadi.

A — doimiy integrallash koeffitsienti boshlang‘ich shart yoki
kommutatsiya qonuniga asosan aniglanadi.

P — xarakteristik tenglama ildizi.

Kommutatsiyadan keyin zanjirdan o*tuvchi turg‘un tok.

U 100
i == =—=104
R 10 ) —
Erkin holatdagi tok i”topish uchun tenglamani quyidagicha
ifodalaymiz:
di"
L—+Ri"=0
dt

Bu differensial tenglamaning yechimi: {" = Ae®t
Xarakteristik tenglamadan ildizni topamiz: LP+R=0
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Bunda: P = —2=_22 __ (55,103 = 5c (=)
L 401073 sek

Zanjirdagi o‘tkinchi tok ifodasi:
iry = 10 + Ae =250t

A - integrallash koeffitsienti kommutatsiya birinchi qonuniga
asosan t = 0 bo‘lganda:

i(O) = i(D") =10 + A= 0; yOkl A= —-10
Demak, o‘tkinchi jarayon tok ifodasi:
ley = 10 — 107250 = 10(1 — ¢=250t)  (4)
Bunda: P = —-:-yoki T=40-10"2 sek - o‘tkinchi jarayon vaqti
yoki R, L janjir uchun: 7 = % (sek)

R0
|

-10

10.2-Masala. Indukijv galtakning aktiv qarshiligi R = 10 Om,

induktivligi L = 0,01 ry bo‘lib, e = 100v2sin(1000¢ + 15°) B
kuchlanishga ulanganda otkinchi jarayon tok {(¢) aniqlansin.
R

X

Tenglamaning yechimi:
I Rl i S TRy,
Xarakteristik tenglamadan: 1 p +R=0

Pro ot 10 1

L™ 507 = ~10° (o)
Bunda kommutatsiyagachy : teng (i, =0)
=9

bo‘lgan tok nolga

250

Kommutatsiyadan keyingi turg‘un holatdagi tokni topamiz.

. jlsn ) . .
Joa . _—100‘@3 = 10e 3% = 10 sin(wt — 30°)
m E 10 + )‘10
Kommutatsiya vaqtida t = 0;
i(oy = 10sin(30°)=5
Kommutatsiya qonuniga asosan iy = i (o+)

O‘tkinchi jarayondagi tok t=0 bo‘lganda:
i0) = i(o~) —inp=0+5=54 o
Demak: iy = i' +i" = 10 sin(wt — 30°) + 5e

wt

‘l
—

O’tkinchi jarayon grafigi

10.3-Masala. Elektr zanjiri parametri R; = R2'= 50m,L =
10mGn  bo‘lib,  chastotasi  f =50 G.Sf U= 2?05!?1.((01.“ + 90 )
kuchlanishga ulangan. Kalit uzilgan holatidagi i, o‘tkinchi jarayondagi

tok aniqlansin. L "

Yechish. ) ]
1. Kommutatsiyagacha bo‘lgan tokni topamiz:

% - jo0°
i 220v2e/9%° _ 220yZe/%°  220v2e/%° =£D—_VE]—,—:
(o=) = - = R1R; ™ 3,5+j314:0,01 4¢is1°30
4 ](uL-l-m- ’
77’5ej33°30’
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2. Kom '
) mut 1 H ¢ . .
. J_atji'gada” ke)mgl turg*un holatdagi tokni topamiz:
I' = -—(1_22__ _ 2202¢/90° 220yZe/90°
DT T = 52,6e/57"50" 4

Bund : 5+j314  5gge/azio’
un e
a doimiy vaqt koeffitsienti: ¢ = & = %91 _ 0.002 sek.
Ry 5 z

t=0 bo‘(12 = IE+)_+ ‘-(11) = 52,6 sin(wt + 57°30") + Ae*
irinchj :‘,andag] boshlang‘ich  shartdan, ya’ni
4 - koeffitsient l_qonun'lga asosan (ia(o-) = f:.(+))
77,5 Sin(38°30" vyt 4 - NAYMIZ (g = 52,6 5in(57°30") + A =
Eidion 3_0)3/0](1‘.44-_—48'3 — 443 = 4 4
(0] Iklnchljarayon tok ifodas;- D = A

O‘tkinchj Jarayondag;i tok: ;
bundan
kommutatsiya b

Lty = 52,6 sin(wt + 57°30") + 4,9@[@

wt

O’tkinchi j :

10.4-Masal i jarayon grafigi

sig‘imi € = 10——53&) I;sza~ket ulangan aktiv qarshiligi R = 100 Om va
gan elektr zanjir sinusoidal o‘zgaruvchan EYK

e =100sin(103¢ — g
Sk - 00) B Ulﬂ = 8 . . . .
(sig‘im) Uc(ey kuchlanishi va 1o izlgz?l?:?an:jzymgl o‘tkinchi jarayon

ey

(2

2. (1) dan xarakteristik tenglamaga asosan ildizni aniqlaymiz:
Z(p)=0; RCp+1=0
1 1 1

Bundan: Pt S = -103 (;Z)

O‘tkinchi jarayon vagti: 1= % = RC = 1073 (sek)

3. Ushbu zanjirda kommutatsiyagacha bo‘lgan tok i¢p-) = 0
Uco-y = 0 bo‘lib, kommutatsiya ikkinchi qonuniga asosan:

Ug(o™) = Ug(o*) = 0

4. Kommutatsiyadan keyingi sig‘im turg‘un holat kuchlanishini

aniqlaymiz:

: s /907 ] 100 _ jq3c0
U¢ = Ijxe = Ut oo (—/100) = Z= 713

, 100 .
Uer) = 7_2—sm(cut —135°)
100 V2

. 7 100 . oy -
yokit = 0da ug(y = ﬁsm(—IBS )= =7 —50 ()
(2) tenglamadan t = 0 bo*lganda Uc (o) = U¢(gy + 4
yoki 0=-50+4; A=50. Sinusoidal o‘tkinchi jarayon

kuchlanish ifodasi:
100 . —10%
Ucq) = -——ﬁ sin(wt — 135°) + 50e )

O‘tkinchi jarayon tok ifodasini aniglash uchun quyidagi
tenglamadan foydalanamiz:

i) = €58 = 7210751071075 cos(wt — 1357 +

501075103¢710% = %sin(mt — 45°) + 0,5¢™10%t A

i(A)

wt

v

O’tkinchi jarayon grafigi
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10.5-Masala. Elektr zanjiri parametri R, = 20m: R = 200m: € =
1072F bo‘lib, U, = 220V kuchlanishga ulangan. Kalit uzilgan holatidagi
Uc(ey o'tkinchi jarayondagi kuchlanishi aniqlansin.
ity R R

"
o o2

-

Yechish
I) komutatsiyagacha bolgan tok va kuchlanish:
— Uy _ 220 _ . =] R.=10-2 = 20V
I~ = ReR, 2z = 104 Uey =1+Ro =102

2) komutatsiyadan keyingi kuchlanish:

Ue=U. = U, =220V
3) zanjirning difirensial tenglamas;i:

duc
ZRI(;_-} =} UC = U() (I(t) = C?)
2RCZE 4 U, =y, (N

Bu yerda: 2ReP +1=0. Preatio 1 =1

' 2Rc 40102 0.4 ,
(1) tenglamani yechish: Uy =U"+U" = Uy’ + gert (2)

yoki: (t=0) UC(O) = UC(oJ = Uy = 20V

(2) tenglamadan: t=0 Uqpy=220+4=20
yoki: A = 20 — 220 = —200

O’tkinchi Jjarayon grafigj
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, i R, =20m,C =
10.6-Masala. Elektr zanjir Parametrl Rl o ;i}[?nl:;)mniutatsiyagacha

300(mkF) va manba kuchlanishi E :hllzniZhbgz ega. Kalit ulangandan

< s A -y =6V kuchla B i i

sig'im kuchlanishi Ug(o-y inchi jarayondagi tok aniglansin.

e T ‘tuvchi iy o tkinchi jaray

keyin R; qarshilikdan o‘tuvc 1(:)K\ R i,

Yechish. ) teng icom) = 0.
1) kommutatsiyagacha bo*lgan tol?’noﬂli_g?” —fi' i AePt )
O*tkinchi jarayondagi tok: i) = "(;) holzi::laﬂi -
: ceyingi turg‘u g
2) kommutatsiyadan keyingl
: L, E 12 5,
= R]_ + RZ 6

O*tkinchi jarayon vaqti: 7 = Ry+Rz

‘|gan holat tenglamasini

. =0 bo _
3) Kirxgof qonuniga asosan t ioa asosan Uc(o™) = %c(0%)
tuzamiz va kommutatsiya ikkinchi gonun E e 0
. 5 = 2(0) -
ekanligini hisobga olsak: i;¢g)R1 + Uc(o) E-Ucto) _ 12 6_ 154
Bundan: i, = 2@ = =34 iy = g %
»fz(0) — 2

e ; da:
(1) tenglamadan t = 0 bo‘lganda:

.1 A
] . 1 =1 0) +
iy = ho) [2(0)2 = 1_(0 54
I ! — - - !
Bundan: 4 = i;_(o) ~ li(o) L
—2,510%t

. s —=2—0,5e
O‘tkinchi jarayon toki: igr) = 2

O’tkinchi jarayon grafigl
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10.7- Masala. Elektr zanjir parametri R, = 500m: Ry = 3_00_77”
Ry = 200m; ¢ = 10MiF = 10 107°F bo’lib, U/ = 80V kuchlanishiga

ulangan. Kalit uzilgan holatidagi u,(, o*tkinchi jarayondagi kuchlanishi
aniglansin,

i(!J R Ry I300)

+

U Ue |T€ :
\p 'EZ{[) r s

Bo‘[gan tok va kuchlagnish:

1) Kommutatsiyagacha

o= U s o IPP—
o= =0 =14 Uy = Uy * R, =1-30 = 3

2) Kommutatsiyadan keyingi tok va kuchlanish:

gy = — U~

(0)

=g -y - o o — .50 = 40V
R1+R3+Ry 100 0,84; U Coty = Lr{0") (Rz + R3) 0,8

3) Z,=0 shartdan Xarakteristik ildiz P-nj topamiz:

Ra+Ry)-L Ry+R R[Pc(Ra+R3)+1]+Ro+Rs _
4 = Pc = 2 3 s 1 2 3
() = Ry + (Rz+R3)+-= Ry Pc(Ry+Ry)+1 Pc(Ry+R3)+1
PR:[C(R]_RZ + R1R3) + Rl -+ Rz + R3 = 0
P = Z(RatRatRs) 100 =—— = _4410-*
Ryc(Ry+Ry) 50-10—3 125
4) O’tkinchj jaya

yon tenglamasidan: Uy = Ul + Aert
t=0;U(0) =404+ 430; A=30-40= —~10
Tenglamaga asosan: Yoy = loR + Ueto) }

La0)(Ry + R3) + Uiy =0
Tarmoqdagj tok|ari:

_U-Uci)y 80-10 90
]1(0) = T = -—5-0—. = —-50 = 1}80m
=uco -10
] = — = —
2(0) =0 > 0,24

I30) = I1(g) — Loy=18-072= 1,64 ,
Kuchlanishdagj o’tkinchi jarayon: Ueey = UL + AePt = 49 — 10e %10

u .
04— U
;3— Ueqey
10 —
0 — t
-10—
U "

C =
. _ — R — R4 — IOOm,
-Masala. Parametri: R, =R; 3. it ulangandan
1 kFl p ngisfglaE — 60V ulangan. Elektr zanjirda kalit ulang
m va L - . ] 4 sin.
keyingi o‘tkinchi jarayondagi [1(t)t0k aniglan

Yechish. Ri E  Bo

: i aniqlaymiz:
I. Kommutatsiyagacha bo‘lgan tarmoqdagi tokni

=—=2(4)
r I s————
b = B0 "R R AR B
Sig‘imdan o‘zgarmas tok o‘tmasligl sib;b- L_Z(E]R; LR =2 =
Sié‘imdarri kuchlanish:uce—) = 13(07)
How =40 (V)

= Ur(pt
: ; n: Uc(o™) c(0*) sxoof
Kommutatsiya qonuniga ?S(:,S'aelekfr( tokni aniglash uChu:: Kirxg
n keyingl + Rig(o) = 2E — Uc(0)

=:F

2. Kommutatsiyada B iR
qonuniga asosan tenglama tuzamiz: 21(o)

£1(0+)R1iz(o’“)R2 ")

E (M
i1(0+)R1 + i3(0+)R-3 =
: +
iy(o+) = L2(0%) T 13(0%)
} R
Tok giymatini topamiz: ;oo i Yl
EVeo) O ey = 5
a(o%) = R Ry 2E-Uget)"2h(0*)
E=Ug(ot)~ha (o) HETheN) 1 = R
oty = 25—€'c(o+) _120-40 _ 9 66A
s =—=r. 30
Bundan: 11(?+) 3R tok ifodasi: - 2)
8. O‘tkinchijaraygndagl v nalh o {f 40
L) =h _'?.1: 50 _ 304)

o dagi tok: i] = 20
TUIg " hOlatd;]gl I;‘:O 01 bO‘ZleandE n =A= "‘0:34(A) .
(2) tenglamadant = okizly) =% 7 . laymiz
By = Tis = il = 266~ 3 = 0,34(4) g asosan ildizni ania:ay
“ 4 1; )" oo rakteristik tenglamasigd
- Zanjirning xa
ya’niZ(p) =0
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R(R+p_'1c)
Z(p) =R +____1_
R+R+—
R ch 41
. 2 =
Yoki:3R*Cp + 2R = 0; p= - 20 = e = 666 - 104 )

. . ; .t Lt 66+10%t
O‘tkinchi jarayondagi tok: i1y = i} + il = 3 — 0,33666*10%,

! -t
3 1

i(n’) /

—
] J— . fr

!
O’tkinchi jarayon grafigi

10.9-Masala. Tarmogqlangan elektr zanjir parametri R, L, C b‘_)‘“b’
o‘zgarmas kuchlanishga ulangandan keyingi o‘tkinchi jarayondagi tok
[a(e) va sig‘imdagi kuchlanish Uc(pifodalari aniglansin.

Yechish.
1. Kirxgof qonuniga asosan differensia] tenglama tuzamiz:
_ diygp
U ll(o*)R + L"—-—dt
_ diz(t) I
Ucct) = LT ( )

- ; : . d
e = by + izqy = ia00) + € 2w
Lishbn tenglamaning f2(cy nisbatan differensial tenglamasini

tuzamiz;
) | 1 dizy | 4 u
— —_—t\) -—- — (t)
Differensial ~tenglg v igho =g 2)
Iferensial  tenglama ikkinchj tartibli  bo‘lib  quvidagicha
ifodalanadi: quyidag
IZ(t) = lé(t) + ié’(t) = lé(t) o Aleplc + Azepzt (3)

~ englamaga asosa [a]\ eris ]\ en ma i .2-“. ll- laymiz:
4 < istik la lldl 11 al lq
( ) t “bl m g nxa t 1 11 t g

1 i A “4)
1’12_—'—1:;_(;'i 4R2C2  CL

¢ ish
1 ¢ k va kuchlanis
Elektr zanjirda kommutatsiyagacha boolgan to
i10m) = 0, U = .
a - 4 oan :
Kommutatsiya qonuniga asosan t = 0 bo’lg

Ildizlari:

i2(0)=t2(07) = l2(0+) " )
uc(o)=Uc(0)"c(ot) _:° N
Kommutatsiyadan keyingi tUI-%‘L1nLlI1olatdag1 tok: %
i =%
(3) tenglamadan t = 0 bo‘lganda: -

u =0

. I = = + Al + AZ .

iz0) = izqy t A1+ 4273 diz0) gy (3) tenglamadag!

(1) tenglamalar sistemasidagi: %L(0) .: Fa

‘yamiz:

{2(e) tok hosilasini (1) tenglamaga 40 I’f‘:pzf) .
Bunda: uy () = (A Pre? + A,zll ZP +4,P,=0 : llzfsh
yoki t = 0 bo‘lganda: uy ) = A1f17 hish bilan integra
(7) va (8) tenglamalar sistemasint yec

koeffitsienti A,va A aniglanadi: o

1 2 {Al o AZ + .E =0

=0
AP+ A25P1 .
UP, . =—1 ) stcsniohi
Bundan: 4, = mn Az R(P1—Pz) ‘yish bilan o‘tkinc

i da qo
Topilgan barcha qiymatni (3) tenglama

. : A i topamlz:

Jarayondagi tokni va kuchlanishnl tz(c) pit — peP?t)
5 _ H' + _— (pze )
200 =R TR(P, — P2) ¢

diy | _ULPiP2 (gt — eP2") :

dt  Rpi-p2) ePit — Py )

<Dy = p, = — bo‘lsa tc(t) = rep-p2)

Agarda: p; = p, = LC b

. ladi.
aperiodik zaryadsizlanish holati yuzaga ke

Uc) =
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uc‘J Ly

O’tkinchi jarayon grafigi

10.10-Masala. 10.9 masaladagi elektr zanjir parametri: R =
500m, L =300(mGn) ¢ = 100(mkF) bo'lib, u = 1000sin314t (V)

sinusoidal o‘zgaruvchan kuchlanishga ulanganda, ity o‘tkinchi jarayon
toki aniqlansin.

Yechish.
3. Bu elektr zanjirda kommut

nolga teng: o=y =0,
4. Kalit ulangandan keyin tu

Umumiy tarmoqdagi tok:

atsiyagacha bo‘lgan tarmoqdagi  tok
f0) =0, ice-y =0 ‘
rg*un holatdagi tokni aniqlaymiz:

; Umelo 100 1000 -
S R = e = 1440
=i R+L2L\TIX¢) 104318¢/9% 34

) IxXp=jxe 0 j31,8=j34
Tok oniy qiymati: ;" = 14,4sin(314¢ + 44°)
Bunda: t = ¢ bo‘lganda i} = 14,4 sin 44°

Induktivlik: f7, = Yab _ jr _jxc

= 1440/ . 138 _ 5 o5 jas°
v oy Zap ™ jxp—jxc ; j318-j3a "
yoki: i = —722 sin(314¢ + 44°)

Bunda: ¢ = 0 bo‘lganda ipeoy = —7,22 si 44° = —5,1 A

Sig‘imdagi tok: ' = jr _xg -j318  _

21,66/ yoki ie =21
i¢o) = 21,66 sin 44° — 15,1 4

5. Xarakteristik tenglama ildizp; Z(p)

. = 0 uchun aniglaymiz:
PL— 2
. PC __ RP*CL4R4py
Bunda: R+ P e el

= i: p2 _1_. _-];-..—_- 0
PLt— pC 0 yoki: P2 4 P

1
Pop=—-_2_4 et L
2RC — 4R2C2 CL

se) Yoki P, = _10¢ - j153 (=)
260
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Py =—-100 +j153.( 1

ii i ial tenglama
6. Ushbu zanjirda o*tkinchi jarayonni ifodalovch differensia
yechimi quyidagicha ifodalanadi:

(1)
. .1 Pit 4 pePat
o SloFACTE I 2)
| ) _ 4 p oPit 4 A,Pye”
Hosilasi: -d(Tt— A Pret” T A0
iy = A1+ A2 3)

yokit = 0bo‘lganda: d‘_z;”. = AP, + AP
t

. ; i+ = 0 bo‘leanda
tok giymatini aniglaymiz, yoki t = 0 _-gé”_ -0
iy = i' + A1t 42 = L) A= —10; Ay =
ki: g 0( 10 = —10 Bundan: A; + 42
yoki: Qg =0—
Ay —10 . "
A chun Ki
(2) tenglamadan —d?-aﬂlqli_‘Sl.l -
differensial tenglamasini tuzamiz: =
[‘” = r’L + LC (*#)
difo)
0=Ri"+L—

i jir
rxgof qonuniga asosan zan|

)

()
diy L[igdt

— ==

de c

2

di' i di;_" (4)
. et = —
d i” — ___.Ii.—-—dll' . HoSllﬂSl dt it &k
* ok 4 =
(**) tenglamadan Rdt L
. . E.[.':_- ==l
(***) tenglama hosilast: d? Lcdi" 2 ®)
‘ysak: 7 T T RrC © | nuniga
Bu ifodani (4) tenglamaga qo'y & mutatsiya qo

ol i tok kom
Bundan [ - obo‘lganda induktivlikdagi to
14 - i o da:
asosan ij-y = ior) = 0. Ham

= —1514
T — et = —10— 51 ai" _ ___1_._(___15,1) =
EC(O) LL(o) (0) o‘ySak: == " p@
Topilgan qiymatni (5) tenglamaga q ) qo‘yib
istemasiga
3020 tenglama  sistemm

Barcha aniglangan qiymatni (3)

tenglamani yechamiz:

AZ — "‘Al —10 ) =, 3020}

1153
0)- (100 +J
ArPy + A,P, = A,(—100 + j153) + (A +1 )
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yokic Ay = ZEI0 o 66 g 305w
j306

Bunda: 4, = —5— j6,6 — 10 = -5 + j6,6 = —8,3¢/5
Integrallash koeffitsienti Ay va A, giymatni (1) tenglamaga
qo‘yamiz: .
"= A efit + AyeP2t = _g 3,i53°. e(=100+j153)t _ g 3,J53°.
e(=100+/153)¢ _ —8,3e/53°. [ej(153z+53°) + e—j(153t+53°)] =
—8,3e710% . 2 cos(153¢ + 53°) = —16,6e~19% ¢0s[90° —
(153t + 53°)] = —16,6¢=10% . 5in(153¢ + 37°)
o*tkinchi jarayondagi tok [(t):
{0 = 144sin(314¢ + 44%) — 16,6¢-100¢ g (153¢ + 37°) A

10.11-Masala.

Elektr zanjir parametri: 1, = 1073GN; C =15 "
107°®, R, = 2 om,

RZ =13 Om, R-_; =1 Om, R4 =40m bOLlle -
S0V o‘zgarmas kuchlanishga ulangan. R, qarshilik qisqa tulashtn:llg_ﬂ“
holat_l.lc'hun i1 v o‘tkinchi Jarayondagi tok va induktivlik, sigim
qarshiligidagi kuchlanishlar topilsin.

Ny

Yechish. a) kommutatsiyagach
Sig‘imdan 0°zgarmas tok ot
Om qonuniga asosan:

a bo‘lgan tok giymatini topamiz:
masligi sababli: i, ) = 0.

E

R+t A T ————=-—=254
Sigtimdagi kucty R1+R2+R3+R4 20 2
1g'imdagi  kuchlanish: [y ) =300~y (R, + Ry) =2,5:5=
12.5v c(07) = I3 0y - (R, 3)

b) kommutatsiyadan keyin
kuchlanishnj aniqlaymiz,

Bu holatda: i;

iy (0my = Iy (00) =

gl turg‘un holatdagi tok va sig‘imdagi
0 =0;
Birinchi tarmoqdagi tok: i; B e e B 5O, 7.14
Sig‘imdagi kuchlanish: g7 = 1 o) 20" = TrrrE = 7
&imdagi kuchlanish: ! = 3R+ Ry) =75. 5 =355V

262
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Xarakteristik tenglama ildizlarini topamiz:

R3+ R4
1 St o
PC R ____PC __ —
=PL+ R +M=PL+ Ry + 57pcr,+ PCRs
2o = PL+ Ry 'PI_C+R3+R4 PC
PL+R{+P2LCR3+PCRyR3+P?LCRy+R3+ Ry _ 0
1+PCR3+PCRy ~ B
2.6.10"°+18-107P+7=0
Ushbu tenglamadan: P
Bundan: TeT0F  —910-3+V3910°C (L)
P = | L ) o = 61076 sek
12 — 6-107¢ T 91073+ r—'——39_10—5( 1 )
f —-3Yy2_7.6 - —_—
= B [ T = 61076 sek
P12 - 6_10—6

1
- 0 _
“2900 _ _470(Z); P2 = — 29305
P = 6 sek ga teng emas, haqiqiy sonlar

Xarakteristik tenglama ildizi P/#P2

‘ e ‘tkinchi jarayon ifodasi: (*)
bo‘lganligi uchun o ﬂ‘mChmE;ry = A,elit + Aze™t

(*)
.‘Ei. = Pj_Aeplt % PZAePzt
iyoyfs 42 (++)
yoki t = 0 bo‘lganda: diy() = P, A, + P2A;
dt

Kalit ulangandagi o‘tkinchij?l’"a}’ogz oPit 4 AjePet
hp=h+i=hth

Kommutatsiya qonuniga asosan: = iy = 2,54

t = 0daiy) =l = o = 125V

: hos = U, '
Siyfnaghuctlamatit Uy Uci(c;;i) tok va sig‘imdagl kuch-
- o‘tkinchi jarayonda
Shunga asosan: o't

lanish: ~25-75= —GA
un Kirxgof qonuniea

iy = iy — i1(0%)
Ul = Ugoy — Uc(o®)

* $ani h
di{’l — 0 giymatni topish uc
(*) tenglamada — -t q

asosan tenglama tuzamiz:
I my
Ly =

i1 1 =0(2)
Ld_"l_ i ii’(g)Rl + Uco) (
dt t=0

e L1 1)
i)+ 30 (o)

I = 0(3)
—U(C‘(O) = [3(0)(R1 + R4)
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L 10-3 cek
Aniglangan giymatni (#+) tenglamaga qo‘yish bilan integrallash
koeffitsienti A, va A, ni topamiz:
—5=A, + A,
{33- 10% = —470A, + 25304,

Tenglama yechimi: 33 - 103 = 470A; + 2350 — 25304,
Bundan: A, = =2 = —15,A, = —5_ A, = —5 + 15 = 10

O‘tkinchi jarayon: i tok:
i =10 + A"t + A,ePt = 7,1 4 10470 _ 150-2530(p)
O‘tkinchi jarayon grafigi:

A1 g v a
(***) tenglamadan: “2@ = Z@" Ve _ 10423 _ 55 403 @
dt

1541
- .
10 it
i)
s 4 ; Ly
Ly
2 ¢
S i
104 d
~15.f

Induktivlikda o‘tkinchi jarayondagj kuchlanishi:
Uy = L5229 = 10~3(_470 . 1ge—470t 2530 - 15¢2530t) =
‘—4—,78_470 + 382530t
Sig‘imdagi o‘tkinchj jarayondagi kuchlanish:
Ue =z [ i(e)ydei =22 (_L_,-ar0c _ 05 g-2530t) =

1,5 \-470 —2530
_1‘7e-470t + 38-.2530,_»

10.12-Masala. Elektr zanjir - parametri Ry =300m, R% =
100m, C =510-5F bo‘lib, chastotasj F=50 Gs bo‘lgan sinusoidal
o‘zgaruvchan kuchlanish y = 220sin(wt) V pa ulangan. Zanjirning Rz

qarshiligi qgisqga tutashtirilganda (kalit ulanganda) o‘tkinchi jarayondagi
tok i (ryva kuchlanish Uc(r) aniqlansin,

Ieq) R, T

¢ ish
Yechish. 1. Kommutatsiyagacha bo‘lgan tok va kuchlani
qiymatini topamiz. N
Umumiy qarshilik:

¥ j77°
jwl ———-—iﬂ]ﬂrgz =j1,5+33,8e73% = 28,6 +/133 = 136¢’
£=jo Ry+Rz-igz .
) . U _ 220 _ 46977
Induktivlikdagi tok: I 0=) = 5 = 56077

z ' ~
2,3si —77°); yoki: t=0
Tok oniy qiymati: i -y = 2,3sin(314t —77 ); Y
bo‘lganda: i~y = _2,2'4;.1
Sig‘imdagi kuchlanish: B
o i77° j33° — 54 gei110
' —j77°33,8e/33" = 54,
= +:qu —=1,62e 33 ) )
1 2 )y _ . 4t — .100 . yo 5
Kuchlanish oniy giymati: uce-) = 548 sin(31 j

t = 0 bo‘lganda: Uy-y = —73,5 V)

Uc(o‘) = [L

. Ueomy _ 54877110 _ 137¢-/110°
i ilikdagi tok: Iy07) = 3 4r, =~ 40 .
Aktiv qarshilikdagi tok: 3o e ————-o | A
Oniy gqiymati: ™) = 1,37 sin(314t — 110 Y; Yy
' =—1254A
bo‘lganda: iyo-) = —1.2 N y
i b" léé?n?nutatsiyadan keyingi turg‘un hola

agi tok va kuchla-

nishni aniglaymiz. o o
Tola kompleks qarshilik: Z = jwL — Rai

; _U_ 220 _q,65¢/8”
Induktivlikdagi tok: Ip(0%) =7 = Tazeso ‘lganda: ij(o-) = 269
i’ _ = 1,65sin(314t —80°);t =0Dbo’lg
P e jo B = g,66e 15
Sig‘imdagi tok: ¢ = L 7T o voki: ¢ = 0 bo‘lganda:
Oniy qiymat: i¢ = 0,66 sin(314t + 15°) yoki:
1 e — Y ; T
nty qty fc(0+) _ _064
; 4 e 5
i . _Jwc = 1,4¢77105
TOk: [2 = [1 - RI_T:’—C: E ot = 0 bo‘lganda:
i 105°) yoki:
iy qi . i = 1,4sin(314t +
Oniy qiymat: i3 et - 134 .
00~ 1 4e—i105°30 = 42e™’ -.
Sig‘imdagi kuchlanish: Uz = 12 Ry = ¢ = 0 bo‘lganda:

©) yoki:
Oniy qiymat: uj. = 42sin(314t — 105°) ¥
Uco+y = —56,5 (V)
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3.. K_omrputatsiyadan keyingi o‘tkinchi jarayon erkin tok va
kuchlams_)hm aniglash uchun (kommutatsiya gonunini inobatga olgan
holda) Kirxgof gonuniga asosan tenglama tuzamiz:

=i+ ()
di;’ .
L==+ iRy =0 (%) (1

dij’

ey
= +Eftgdt =0 (*x%)
(*) tenglamadan: i} = i}’ + ;!
Buni (**) tenglamadagi i’ o‘rniga qo‘yamiz:
1

(B
+"LR1_[CR1:0

o
Bundan: i = %(L%— + ile) = Ri%:—i‘i + i) (2)
- - 1
LEZE'J_,{’ST; }fo_c‘iancliz(;r**)lterlgcliz?;}]aga qo‘yil;;j.i,ffercnsiz.i’l’laymiz:
dez ' ¢ C‘;zl:’}n—z"i'g(&—l;‘-+f£’):Lﬁ-+%%+%ii’:0 (3)
i L di
Bundan: —2 + &T%— + %i}f =0 )

4. Differensial tenglama yechimi:
i = Ajeft 4 4, ePet
d.”
P A"t 4 Py APt
Xarakteristik tenglama (4) dan ildizlari P, va

Ya’ni: p2y tp 1 _
R, C * Lc -

P = L (R —aREC) -0,4840,38
T s Pi=-695 P, =596
Induktivlikdagi tok ; i) = A1e7695t | 4,596t
S- cr < - 2
) 1gL1mdan o"tuvchi tok (2) tenglamadan:
if = E;(—69,5)Ale“69-5

(5)

P, ni topamiz:

t
+E‘(—596)A2e‘596€ + Aye~695t 4 4,596

Endi sig‘imdagi k b
g1 kuchlanishnpj aniglash uchun i' tokni integral-

laymiz:
Ué'zlfi”dt—l["‘“ _
cllcdt ==|(=—=4. ¢-695¢ , B65  _
2904, 5%t 2 (69'5 ! + 596 Aze S%t)] = 316A1€_69'5‘ +

Kommutatsiya biripchi qonuniga asosan induktivlikda:
LL(()_) = lL(n"') = "'2,2414
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Kommutatsiya ikkinchi qonuniga asosan sig‘imdagi kuchlanish:
Ugi=y = UC(D+} = —73,5B

Demak t = 0 bo‘lganda (5) tenglamadan:
-224=-216+A,+4, } sl —0,08 = A; + 4, }

—73,5 = —53,5 + 3164, + 2904, —17 = 3164, + 2904,
Bundan: 4, = %:0,258; A, =—0,338

Demak:

iy = i +i" = 2,24 sin(314t — 80°) +0,25¢7°%%" — 0,33e

Ucqy = Ug + UY = 42 sin(314t — 105°) + 316 - 0,258¢ ™% —

290 - 0,338e59¢ = 42 sin(314t — 105°) + 81e™*5 —98e ™%
Demak, tok va kuchlanish tenglamasida o‘tkinchi jarayon aperiodik

gonunga asosan o‘zgarar ekan.

=596t

10.13-Masala. Elektr zanjir parametri: R, = 8,50m, R, =
11 0m,R; =197,40m,L, = 11G6n,C =1 mkF. b(.)‘hb,' E=24B
o‘zgarmas tok manbaiga ulangan. Induktivlikdagi kalit uzilgan holatda

o‘tkinchi tok iy () va Uy aniqlansin.

Yechish. o -
1. Kommutatsiyagacha bo‘lgan tok va kuchlanishni aniqlaymiz:
E

24
[ _ = —= = 6A
1007) T Ry+rR; 11485 11

Sig‘imdan o‘zgarmas tok o‘tmasligi sababli:
iz(g-) = 0
i3(0-—) = fl(o—g = 1,16/-1
Sig‘imdagi kuchlanish: Ug, -y = =7 R1 = i10)Rz :
an keyingi turg un holatdagi tok va kuchlanish

2. Kommutatsiyad !
kommutatsiyagacha bo‘lgan tokga teng bo ladi:

o =146 4
Y = Ry L

i,=0 i3=1i=1164

Sig‘imdagi kuchlanish:
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3. O‘tkinchi i os
I a(:tklmh] Jarayon _t.ok kuchlanishini aniglash uchun Kirxgof
ga asosan elektr zanjir uchun differensial tenglama tuzamiz:

~bprey— ly + I3y =0 (%)
4 di
bRy + L_ﬁﬂ"' l3)R3 = E (*%)

diyp

: 1 .
[2(£)R + C—ZJ- Lage) dt — LT+ il({)Rl = 0 (**%)

Bunda (**) tenglamadan:

diyge) _ E-iyyRe—izRy
4. Xarakteristik o i " -
Ik tenglama ildizini aniglash uchun Zipy=0
- . : A
o‘lganda: Zopy = Ry 4+ (PLy+Ry){ Ry ) _
R;+Rz+Psz+PL1
p2 _{_PRer';gaR#RzRﬁ:—} Ry+Ry
- 3+Ry)L (Ry+R3)LC
Bundan: P%+ P46,8-10% + 5972 . fi)ﬁ =

= _ 46,8103 7
yoki: Py, = __._P_i f(%.s 103
2

2
5 2 ) '—5972106:
—-23:10 +j73-1

5 ) (**) di i 0 @
. ) differensial tenglama yechimi:
. o & “! = .
ll({) = [1(5) + Ilf(t) = ”1(!) + A1EP1£ + Azepzt
dijy — - 3)
ar - A1Prettt + A, p et

Integrall o
kommutatgi ?)Sh ko{?fﬁtS'em‘ Ay va A, boshlangtich shartga binoan
ya birinchi qonunida, ¢t = ¢ bo‘lganda: 4
(1) tenglamadan: ganda: ij-y=1,164

d!‘” .
1(t E-i —i
s HOL RETOL 24-1,16-19,5
g - ——320 1 24116195

dt .
¢ T a0 = 4810% [—
Ushbu giymatnj (3) tenglamaga qosic;;;( Et =0): (sek)
48-10% = 4 (—23.11&6=. w16 4y +4, ”
1 0% +j73-10%) + 4,(=23. 10% — 73 - 103)} )

(4) tenglamani yechish natijasida:
e A; = 0,058e-/j179°. ,.q
niglangan barcha qi !
. o ymatni
Jarayondagi i, ;) tok ifodasi: (3) tenglamaga qo‘ysak, o
lil(t) = l;_ + f” =
e(—23_4.10—3+}-7:§'2103)t1(t) 1:16 + Aleplt
1,16¢—23.4-1072

+ Azepzf
t s ® 0’0586(-23'4'1053+I73,6-103)c
sin(73,6¢ - 103 — 89°)4

= 1,16 + 0,058 /17" -
= 1,16 +
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Induktivlikdagi o‘tkinchi jarayon kuchlanish:
di s
Upg = Ly =2 = 8,07 10° - 0,058¢ 7234107 = —234.
1073t sin(73,6 - 103 — 89°) + 73,6 - 103 cos(73,6 - 10° — 89°) =
3,6(73,6 - 103t + 89°)

10.14-Masala. R, L, C zanjirda o’tkinchi jarayon aperiodik yoki
tebranuvchan grafiklaridan zanjir parametrlari va so’nish dekrement

koeffitsenti topilsin.
Uci (V)

“~eee__ Ucp
" Uc+)

Ur :
'
|
I
1

- T

sck

(a)
Yechish: Sig’imdagi kuchlanish aperi

®
odik razryat;amshda agar R
001 _

Ly
100 , —

r
qiymati malum bo’lsa; U¢,, = Ucoerc ifodadan :C = —ge - = 3
6] lnT]-C—R R

20l — 0,01+ 10% = 1mkF.
b) rasimdan  agar sig’imdagi  kuchlanish tebranuvchan
Uet) _ ,6To.

razryadlanishiga ega bo’sa so’nish dekrimenti ifodasi & = 7
= 5T0

c(t+T)

. . - P 3 . Uc(t)
yoki lagarifimik so’nish ko’yfitsenti A= In————
Uc(e+Tg)

b) rasmdagi grafikdan t = 0,01 sek da Uc uch martta

razryadlanadi n=3 .

Demak To = = =231 = 0,0033sek ; yoki To = =
=2 628 _50007ad
Bundan : wg = ke~ ZOOOSik
Burchak chasto’ta ifodasidan : wo = 777 yoki € = 1mkF bo’lsa
1 i
=1 -~ =025
L wi;  410%107° %, n .
Agar R=100 Om bo’lganida so’nish dekrimenti koeffitsenti
00
G f— = ! = 200
2L 2:025
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Elektr zanjirida o‘tkinchi jarayonni operator usulida
hisoblash

10.15-Masala. 10-1 masalani operator usulida vechilsin:

Yechish:z(p) =0 shartga asosan xarakteristik tenglamadan
operator qarshiligini topamiz:

“) = PL+ R =0yoki P = % = —250-L (1021

tenglamalar asosan : utkinchi jarayon tokj :

R
i u pkt K 7
i k=n e U e T u v -5 _ _
l(t) z(p) + U Zk:]_ dz(p) = — + U = o E e Ee T 10
PRy Ip=pk ~T#

10e =250t (A)

10.16-Masala. Aktiv qarshiligi R = R, = 50 Om, induktivligi L =
0,033 bo‘lgan elektr  zanjir Um = 200V2 sin(wt + 90°) sinusoidal
kuchlanishga ulanganda hosil bo‘ladigan i2¢) o'tkinchi jarayondagi tok
oOperator usulida topilsin.

I/

Yechish.
Umumiy operator qarshiligini aniglaymiz
By = B4 R PL _RRy +PL(R + Ry)

Ry +PL ~ R, + PL
Induktivlikdan o‘tuvch; | ing operator i '
2(7) toknin i uni-
04 asosan: (P) £ operator ifodasi Om qon
R
IZ(P) = ](P) ;?-—-_1___
yoki: 1L
1]
Ley = EL:—) = ?2—}}1?5 = "Ry +PLR, - UpyRa A,
B [RR1+PL(R+R1)](R1+PL) " RR{+PL(R+Ry)  Za(P)
Bundan

Zypy = RELHPLGRYRY)

1
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Tenglama ildizi Z,py = 0 asosan: PL(R + R;) + RRy = 0
RR, 25 1
= — = — =-782 —
L(R+R;) 10L Fek .
I3ty otkinchi jarayondagi tokni operator ifodasida aniqlash uchun

(9.22) tenglamaga asoslanadi:

i i@ Pt
U, ef@t+¥) Upmei®ePK
i = M| 22— R — "z (1)
2 Za(jw) (Pr—jw)Zyp)

L(R+Ry)
Bundan: Z;py = (Rz = = 0,064

Aniqglangan qiymat (1) tenglamaga qo‘yish bilan:
. 3loei(mf'i'9l]“) 3109i—90°e—73.2°t _ 15 Sin(wt _ 1660) +
b2y = [ 20,55e/76° 322e—/10%°0064 | )

15 sin 14° ¢~ 782t = 15sin(wt — 166°) + 3,74e 7782

10.17-Masala.  Parametri R, = R, = 10 Om,C‘ = 1‘m‘i-cF
bo‘lgan elektr zanjiring o‘zgarmas manb.ax E =10 V bo‘lib, 51gl_|:;
ulanganda hosil bo‘ladigan i;(o‘tkinchi jarayon tok operator usulig

asosan aniqlansin.

Konturli tok usuliga asosan tenglama yozamlzi_ .
Lay(R1 + R2) —IhmR2 =3
o o Y

_1_) =
_Ia(p)RZ + I (RZ + PC P
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s .

topish uchun ushbu sxemani ekvivalent sxemaga

Iepy tokni

almashtiramiz:

Son giymatini qo‘yamiz:
la20 = 101y =
106 u
~lagpy10 (= +10) Iy = — <
Bundan:
7
I =7 _ 107+100P—Ug()10P _ 10P—U()10P+10° _ Fyp)
a(p) 1(p) 100P242.107pP - 10P(P+2-105) - Fap)
Tenglamadan ildiz — P ni P Bunda:
englamadan ildiz — P ni topamiz: Z;,,, = 0 Bl Bagi ..
p ®) i _ -l 53U | 10-10p294 29,4
Zpy=P+2-10°=0; P=-2-10° (-—k) Uap = Eeir = Nt mige P(P294+10Y) T p2,94+10
i . s5€
Yoyish _leoremasiga asosan ushbu operator tenglamani kasr Bunda: Z,;,, = 1, %k -
tenglamalar yig‘indisi ko‘rinishida yozamiz: . Yekw ~ 294P+10
- Ekvivalent sxema tuzamiz:
Ic(r'l
Ky = 0P _ _UgyP 10 106 N .
10P(P+2-10%) 10P(P+2-105) 10P(P+2-105) ~ pt2-105 " ;
Yc(o) 105 7
P+2:105 1P(P+2-105) , Un
“ebv(F) P
_ O tkinchi jarayondagi tok t(ry haqiqiy ifodasini aniglashda o‘tish b
jadvalidan foydalanamiz. Bundan:
Bunda: Eckv(p)—up"’ _ 294P-294P-10°  _ —-105 _A®)
li(p) = e~210% _ UC(O)G—z-wa + 1(1 _ e_z,msc) 1 (1 + leepy = Ze;w(:’)‘f% T 20,4P2410%42,94P+107  29,4P2+29,4103P+107  F2(P)
-2-105t\ _ Uc(o) ; st Umumiy operator qarshilikdan Zgy, = 0(F,(P) =0) ildizni
)= 0 € aniqlaymiz: 29,4P% + 29,4 - 103P + 107 =0
. _ —29,410°+/(29,4)2-10°-4,29-4-107 _ -29,4-103+17,810%
100 lg-ls-Masala. Elektr ~ zanjir = parametri R =100m,C = Fokis e = 8 R
mkF,L = 29,4 oq; ¢ - ! 1 ;
Zanjirga induktivn?cl:llagcg)amc)f e o W0 SuanbApAIAYERT, Py = (=500 +300) Py = (=500 = /300) 5o
. nda si ‘]md i 13 : [ - 1 X . o i ;
Jarayondagi tok operator usulda aniilansian oy 18 WIREG kOt Yoyish teoremasiga asosan operator ifodadan haqigiy tok
s " i¢(r) o°tish formulasidan:
. R tLie) ¥
e ¥
Fl (PK) Pt
[ = ——e'K
L "(f) ZRe L FZ, (PK)
Bundan: F; (P) = —10° .
F,(Py) = (58,8P + 29,4 10°) = 58,8(=500 +j300) + 294
10% = —29.4-10% + 17,8 - 103j + 29,4 - 10° = j17,8- 10

' }

J
h }
£

geclcllish. Operator sxemasinj tuzamiz:
unda: U = ‘lib, i ;
B qommic(o) 100(V) boclib, induktivlikdagi tok kommutatsiy2 |
gaasosant = 0 i(Uh) = i(0+) =i 0 ki Li 0
= L9y = 0, yoki l(o):
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Aniglangan son qiymatini yoyish tenglamasiga qo‘yib ic(r)
o‘tkinchi jarayondagi tokni aniglaymiz:

) -105 ) ApE
icy = 2Re [f—e—so"feﬁoﬂf] = 2Re [—Le_som(cos 300t +

j17.6 1.17,6‘103
505 P .
jsin3008)| = 2Re [Z--cos 300¢ 4+ L5n200t(-107) 102)] —-S00t _
Jj17,6 j17.6

2(—5,65in300¢ - e7590t) = 11,3500t 5ip 300¢

10.19-Masala. Elektr zanjir parametri: ; = R, = 50m,L = 4"
1072GN, € =2-10"* bo‘lib, e = 100 sin(1000¢t 4+ 120°)sinusoidal
!(uchlanishga ulangan. R, qarshilik kalit uzilgan holatda o‘tkinchi
Jarayondagi tok i3(¢) klassik va operator usulga asosan yechilsin.

r)u,

Yechish.
1. Klassik usul.
a) xarakteristik tenglama ildizini topamiz:
z, = 1, PL(R+R;) _ PL+R,+R2+PC[PL(R,+R2)]
. PC. PL+R+R, PC(PL+R,+R,) =
un_dan. PL+R; +R, + PCIPL(R, + R)] = 0
yoki:8-107°P2 + 4-10-2 4 10 = 0
Tenglama yechimi:
By, = —4--1O"Zi\/16-10"—-4-8-10"5-10 _
2:8-106 - 1
o 0,0354 - 10~*. /135
5 Ildll(zml f'ill;lil.qlaymiz: P, = —250 + j250: P, = —350 j250
_ emak, ildiz  kompleks bo*loant & o'tkinchi
Jarayondagi tok Qindagichg ifod::li:l)r?acli'bD e e

i0k=.. Ae™P sin(w,t + ¥) = et2s0t sin(250t — 8)
yoki: t=90 bo’lganlig

a ! = 1
Hosilasi: di’ €y = Asiny ] (*)

—4'1D_Zij4.10—2 5,658‘“35 .
60-1076 T 160-107%

-E-t—l t=0 = =84 siny + woA cos y

b) kommutatsiyagacha bo‘lgan tok va sig‘imdagi kuchlanish
giymatini topish uchun ikkita tugun potensiallar usulidan foydalanamiz:
o Eyy _ 71e/120°.0,2¢/9%°  142/210°  142¢/210°
Uap = yi+yz+ys  j0,2—j0,025+0,2  0,2+j0,175  0,260ei420°
53,4e/168" = —52,3 + ji0,3V
Om gonuniga asosan tarmoqdagi tokni topamiz:

I = Fi“" =2 - ‘:;";_ef:o =10,8¢/16%° = —10,25 +
j3,344
i = %*:—” . %‘Z—f};—zs— _ 1,33¢/78 = —0,258 + /1,34
iy = %ai _ E3imellof 10’7ej162°50' = —10,5 +j2,074
;

Oniy qiymat: . o)
i, = 10,8VZ sin(wt + 162°) = 15,2sin(wt + 16

t = 0 bo‘lganda iy0-) = 4,7A
i, = 1,33VZ sin(wt + 78°) = 1,87 sin(wt +78 )A
t = 0 bo‘lganda i) = 1,834 O
is = 10,72 sin(wt + 168°) = 151 Si;l(gcj;t + 168°)

t = 0 bo‘lganda iz~) =
Sig‘imdagi kuchlanish:
U, = I,(—jx,) = 108e/1%° -5
Oniy giymati: U, = V254 sin(wt +7
t = 0 bo‘lganda Uc(o
d) kommutatsiyadan keyingi turg‘un hol

j120°
i, = Fa¥ = _14_'2_8.__-— = §7,5¢

ab Ty tyatys 010175
Tokning kompleks ifodasi:

ej90° = 547

2°) =76 sin(wt + 72°)
-y =72V .
atdagi tokni topamiz:
j149° — —58,4 + j34V

e o o
J, = Ey=Uqp _ 22,9+j27.5 _ 3‘35% _ 72¢/14” = =55 + j4,65
x T ge—Jo0° 5e” '
[-5 _ Uap _ 67,56/ _ 1 7,i78° = 0,85 +j1,46A
Y ’
j — Uﬂb — 67f581168 =67 58j149n = —-5,85 +j3;4‘
3= = ' .
R+ Ry 10 0) _ 10’]_5in(a)t + 140 )

Oniy gqiymat: i; = 7,2V/2 sin(wt + 140
Bunda: t:=0; i1(0+) = 4,74 .
iy = 1,7V2Z sin(wt + 60°) = 2,38sin(wt + 60°) A
t=20; i2(0+) = 2,064
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3 = 6,75VZsin(wt + 149°) = 9,5 sin(wt + 149°) A
t = 0;i3(0+) = 4,754
Sig‘im kuchlanish;:
U = Iy(~jx,) = 72¢/140". 57190 = 36¢/50°
Oniy giymati: U, = 50,7 sin(wt + 50°) ;
t=0; Uc((}*) = 38,8V
e) kommutatsiya qonunini
ya'ni erkin holatdagi tok vq sig‘imdagi kuchlanishni topamiz:
L'i’ = il(U") - f1(0+) =47 — 6,5 = —1,84
iéf = i2(0") b f2(0+) = 1,83 o 2,06 = —0,23A
U= UC(O") - Uc([)*) =332V

O‘tkinchj jarayondagj i3’ tokni topish uchun tenglama tuzamiz:

o) = E5gy — I30) = 0 ()
1r., Lrr
Efl;(o) dt + [3(0)(R1 + RZJ =0 (**)
. » di’’
Eftl(ﬂ)dt-*_L_ﬁ%z:O (***) i
O‘.tkmchi Jarayon uchun hisoblab topilgan tok va sig‘imdag!
kuchlanish qiymatiga (**) tenglamadan i3 tokni topamiz:
— N. " 1t . oo U'i”) g ==
L=0; Ul + 300)(R1 + Ry) = 0: yani iz, = 51—:;—2 =10
~33.2.4
t = 0 bo‘lganda hosilasj:
%‘f_’l g = o) _ (fé'(o)’*i:fz'(o)) — =023-332 355

i
CR1+Ry) — * C(Ryvy) Zoiay = 5=+ 10% = 1,77 - 10° a/sel.
Integrallash koeffits

ientini topish uchun aniglangan tok qiymatin!
() tenglamaga qo‘yamiz: Tang i

—3.32 = Asiny

{1,77 -10% = 3504 siny + 2504 cosy

Tenglamanji yechish uchyp:
940 = 250 4 cps yoki: 4 Cosy = 3,76
tgy = ‘3;?:?; = —0,885; yoki Y = —42°50/ sin(y) = —0,676
yoki: A = i ;76 = 497
Demak: i§ = 4.97,-250¢ sin(25
< - . . ! 0 - i ' ;
Q tkinchi Jarayondagij to- (250c - 42 0
I3y = i3 + iy = 9,5 sin(250¢ — 149n) + 4,92 0250t sin(250¢ — 42°30")
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hisobga olgan holda o‘tkinchi jarayon,

2. Operator usul. o .

Ekvivalent operator sxemasini chizamiz. , ,

Bunda: Ugg) = 33,2V iy L =-0,23-4-102 = —0,92 - 10
£

a Ay,

Yechish. Ikki tugun potensiallar usuliga asosan:
Ye(oy

2 1 .
U _ P PC—IE(OJLF _ [‘UC(O)PC'*'(_IZ(O))]PLR -
ab(p) = pcﬁ%% "~ P(P2LCR+R+PL)
i
[_Uc(o)Pc‘iz(o)]% _ -Uc(u)P———z,(:O) _ —33,2P+1150
R PL T 1 b P24500P+12.5.10%
2+RLC+RLC P2+4-1o"2-2-10“"‘ 10-2:10~%
[ Yew) _ -33,241150 — __T332P+1150
300 = T T (P2+500P+12,5-10)R ~ P2+500P+12,5.107 '
Yoyish teoremasiga asosan operator ifodadan hagiqiy tokga o‘tish
formulasi:
mn
F(P)
. ~ Pt
isce =2Rez . ePx (*)
© & F5(P)
Bundan:
Fipyy = =3,32(-250 +j250) + 115 = 830 —Jj650 + 115
= 945 — j830;

Fz'(_,,l) = 2(-250 +j250) + 500 = j500;
Aniqlangan qiymatnj (%) tenglamaga qo‘yamiz:
f3(c) = 2Re ¥, 2257/830 , a5 | /250 = 2Re(1.66 —

j500
j1,89)e"250t . ef2s50t _ 2. 2,46e‘ZSOtRe[ef(ZSOt‘227°)] =

‘ 4,92e 77250 gin (250¢ — 227°)
13(¢) 0°tkinchi jarayondagi tok ifodasi:

300y = i§ +13' = 9,5sin(wt + 149°50") +
49367250 gin(250¢ — 42°)30’
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Elektr zanjirda o‘tkinchi jarayonini Dyu

amel integrali usulida
hisoblash

10.20-Masala. Ketma-ket
100m, L = 40 MGn bo‘lib,
bo‘lgan kuchlanishga ulangand

ulangan R, L zanjir  parametri R__;’;
ckspotensial  funksiyasi Upy = Ue :
a o'tkinchi jarayondagi tok [(¢ry Dyuame
1
integrali usuliga asosan aniqlansin (U =100(V) y =500 (E))
Yechish. Aktiv va induktiv za

njirni o‘zgarmas tokga ulaganda
o‘tkinchi Jarayondagi tok (9.12)

tenglamaga asosan yechiladi:

U E
w109
Yoki o‘tkinchj o‘tkazuvchanlik ifodasi bo‘yicha:
1 - 1 —5t
Yo =5(1-e7) =1 (1- o)
s=R__10 1
Bunda: § = £= 10 _ 250 (1)

sek

(9.3)  tenglama Dyuamel integrali birinchi ifodasidan
foydalanamiz:

. t ’

‘@ =Yy + [;y(e - x)U7, dx (D
Bunda ¢t = @ bo‘lganda: Uwy = U = 100V

L %(1 —e~olt-1)) - -:;(1 ~ gty
! — EI_U _ —y
Voo =, = —yUe

Aniqglangan giymatni (1) teng qo‘yib integrallaymiz:
5 u = =t : —-yx =
by = =1 = g @Y I %(1 — e %e) (—yU)er dx
u —=5 yYu =f s - o
R (1= e00) L ottty oorre) gy |
) U _ YU, 1 é
o =7 (1—ed®) _ j..;(* —) v

+ y_U_e—-é‘x _1__
= (e-}’xe—é‘x)

o B. d@—g

0
Aniglangan qlymatni tep

250 " 100 glamaga qo‘yamiz:
6y = ———290 - ~500¢ - .
"® = Tosoo g (€ SgTRNREY o 10(e =250t _ ,-500t) 4
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10.21-Masala. Parametri:  R; = 50m, R2'= 10 Om_, L=
100 MGn bo'lgan elektr zanjir  arrasimon impulsli kuchlanishga

ulanganda [1(pyo°tkinchi Jarayondagi tok Dyuamel Integraliga asosan
aniqlansin.

R

Uy
200

{ sck

0 0.02

Yechish. Kuchlanish analitik ifodasi:U = 10%(0,02 — t) (V)

U =10%0,02 — (W) bolib:t =0 y = 200 (V) va
t=0,02(sek) U=0.

Demak ¢t = o bo*lganda: Uy = 200 (V) U('O) = —-10% (W)
O‘tkinchijarayondagi tok: iy = U - Y(yagar U = 1; {(ty = Y
Umumiy [1(t) o‘tkinchi Jarayondagj tok:

e = iy + i{'bo'lib. qlymatini

aniglaymi:
Bunda

Kirxgof qQonuniga asosan tenglama tuzamiz:

R l-” — R I

2f2 = iy }

I okl )

L+ =02
Bundan: '
rn . -
2 =00 ti’yokn:lO(O,Z — i

o 2
¢ . 1):5-1{’;11’:—1-5—:0,1314
M qonunj Operator ifodasiga asosan:

o (LL)R, 0,02- 10 0,2
O R R YR P " 507 S0P T T0p0T = maee
PRt R PLYRPL T 5 +50P0,1 + 10p0 1 = 50 + 1,5
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Bundan:
50+ 1,5P=0; p >0 33( ! )
* - - E sek
‘ Operator ifodasining o‘tish teoremasiga asosan
| F, 0,2
| ;’(t) — 2P ePt = 2% ,-33t _ 0,13=33¢
. Fz(.n) 1,5 ;
[1(1) = 0 133

O‘tkinchi o ‘tkazuvchanlik ifodasi:

Yo =02+013e7330 5 = 0,2 4 0,13¢733¢)
0 <t <t Interval uchun

Dyuamel integrali ifodasidan i)
o‘tkinchi tok:

i = Utoyyy Jy Ugsy + y(¢ — x)dx = 200 (0 2 + 0,13 +
I —-10% (0 P 4E 0,13¢—33(t- x))dx =) 4+ JGp-33t _ 104 f(] (0’2 +

0,13¢~33x. ‘33‘)) dx = 40 + 26e~33t _ 1+ [(O,ZX)IB +
-33¢ L
i%—_e-ml ] = 40+26¢73% — 10% [(0,2¢ — 0) — 222 -

33
0,13
e 33t

= | = 80+ 60e-33t _ 5900,
t >t intervalda o tkmchIJalayondaun tokni aniglaymiz:
iy = Uy |, U(x)y(t = X)dx — Uy yy(t —t;) =
200(0,2 ~ 0,13e336) 4. (€104 (g2 _ ¢ 13,-330 dx = 40 +
26e™33¢ 2000::1 T 40 + 40e733t = 11 9p-33.4t

10.22-Masala. Parametri
bo‘lgan elektr zanjir - Uy grafikd

ulanganda, ic(yo‘tkinchi
asosan aniqlansin,

Ri=R,=2-103 0m,Cc = 107 F
a Keltirilgan impulsli kuchlamsl?gfl
jarayondagi tok Dyuamel integrali usuliga

Ul

1 sek

Yechish.

feey tokni 0 << 0,05005<¢<0,1,01<¢t<0,15 va t>05 sek
intervallarda aniqlaymiz:

Kalitga ulanganda o‘tkinchi Jarayondagi o‘zgaruvchanlik:

1
—-Pt
= —¢
Y R
RitRy _ 410 L)
Bundan: p = T RR.C 7105108 sy

S . : 0<t<0,0 .
O‘tkinchi Jarayondagi tok i¢(y: ————mtervalda.

—10t) — -10t
D by = Uy = 100 (2 s & ) = 0,05e

25y = 0,05e™10 + [y (£ — X)U(ydx = 0,05e~10¢ 4
J; 2000 (__ﬁeﬂocr—x)) 3

b)

x = 0,05e-10t +__e—10:e—1ox|

005
0,05¢~ % 40,1 — 0,1¢-10(0.5-100) = 0,1 40,0510t o . g—5¢

¢) interval: ¢ = 0,1 = o, 15(sek)

2() = 0,05e10¢ Jo05 2000710000y 4 g — 05010t +

0, le—10(t=0,1) _ 0 1e—10(t-0,05)
d) interval: ¢ > 0,15(sek)

[y = 0,05¢~10t 4 0,1e-10(t-0,1) _
U(ts)y(t —t3) = 0,05e710t 4 (9 1,-10(¢-0,1) _
200-.__8—10(1 0,15) __ = 0,05¢-10t _ ¢ 1=

0‘18-—10(1:--0,05)

018 10(¢t— 005)+
0,16_10(t 0,05) _

10(¢—0,15) + 0,1e—10(t-0,1) _
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10.3. Mustagqil yechish uchun masalalar

10.1-Masala. Ketma-ket ulangan elektr zanjir par'dme“fi: I?U -
30 0m,R = 100m,L = 100 MGn  bo'lib, U = 120V g
kuchlanishga ulangan. R,qisqa tutashtirilganda (kalit ulanganda) o"tkir

.. P N = H P I'E 'Ei
chi jarayondagi [ty tok klassik va operator usulda aniglansin va grafig
chizilsin:

F R —
Q Javob: igy = (12 —9e™'%%)

:

10.2-Masala. Parametri: Ry =20mR=200m,C = 1072 F
bo‘lgan elektr zanjiri U = 220 V o‘zgarmas tok kuchlanishga ulangan
bo‘lib, Ry qarshilik ulangan tarmoq uzilganda sig‘imda hosil bo‘lgan
o‘tkinchijarayondagi Uc(t) kuchlanish aniglansin.

] R

()

I

t
3 Javob: Ug(,) = 220 — 200e 2RC ("
£,

10.3-Masala. Parametri: R, = 4 Om, R, = 2 Om, L = 100 M GT’:
bo*lgan elektr zanjir U = 100 V o‘zgarmas kuchlanishga ulanganda hos!

bo‘ladigan o*tkinchi jarayondagj tok: Li(e)s L), I3(r), klassik va operatof
usulda aniqlansin.

L

Javob:

'llr)

1 _t
RS i]_(t) = 25(1 —'3-(2 0-1) (A),
: _ 32 _t
IZ(t) = —§_e 0,1 (A)’

gy 28 (1 = e_b%) (4)
10.4-Masala. 1. Masaladagi  zanjir parametri:R, = Rz =
20m,wL =3 0m bo'lib, f = 5 Gs,u = 127sin(wt — 50°) V
kuchlanishga ulangan. R, qarshilik qisq?
Jarayondagi tok ity klassik va operator usulida

sinusoidal  o‘zgarmas
tutashtirilganda o‘tkinchj
aniqlansin.

Javob: i(t) = 35 5111(314

—106°) + 8,5¢—210t 4
282

. - C=10"%*F
10.5-Masala. Parametri:Ry = 2?771: R= Zﬁognjésin(i’vl‘lf a
bo‘lgan elektr zanjir sinusoidal kuchlam.slll u :klva sigtimdagi Uc(o
82°) (V) ga ulangan o‘tkinchi jarayondagi i() t0
kuchlanish aniglansin.

Y o) — 3¢5 (4)
X F l Javob: iy = (314t +90°) - -
u C U.. - = 14t + 77 e 0025
_l- Uge) = 178sin3

— Oom, R3 =20 0m,
10.6-Masala. Parametri: R; = 500m, }fiz ‘zigrmas kuchlanishgs
C = 10 mkF bo‘lgan elektr zanjir U =80 1 * | bo‘ladigan o‘tkinchi
ulangan. Ry qarshilik qisqa tutashtirilganda lholanish & dosi Klassik va
Jarayondagi i2(r) tok va sig'imdagi Ug(e) kue
Operator usulda aniglansin.

—410%t 4
. 0,2e~ 10" A,
Javob: lz(0) = 08+

—4-10%t (V)
Ugqy = 40+ 10¢

—900mL=
: — 160 0m,R3 =9
10.7-Masala. Parametri Ry = 160 U= -fs V o‘zgarmas

jir ;
100 MGn, L, = 36 MGn bo‘lgan eleklr ZE;I;J i tok klassik va operator
kuchlanishga ulanganda iy, o‘tkinchi jarayondag

usulga asosan aniqlansin.

—1000t +
y -_— — 0149 .
Javob: z) = 03
1 +0'1e-4—000t
= 1 Gnn C =
. p— = 10 Omf L - b a
10.8-Masala. Parametri  R1 = Ry armas manbag

. — 100V 028 ulida
1000 mkr bo‘lgan elektr —zanjr i klassi operator us
ulanganda i3(¢)0‘tkinchi jarayondagl 10

aniqlansin.

kK va

4 i




10.9-Masala. Ketma-ket ulangan elektr zanjiri pzlrar1lclrfflf(:afuv_
100 0m,L = 0,32 Gn bo‘lib, u = 2000sin(314t + 90°) V 0 L:ia‘im
chan kuchlanishga ulangan. Zanjirga C = 16 mkF bo’lgan sig
| ulanganda hosil bo‘ladigan o‘tkinchi Jarayon tok i(,yaniqlansin.

| a1
|
[ ] .

10.10-Masala. Parametri Ri=R,=100m,L = 0.004 MG:;’(Edai
55 mkF bo‘lgan elekir zanjirga u = 100sin(1000¢ + 30°) 5‘_";‘]%”(13
. 0‘zgaruvchan kuchlanish ulangan. R; garshilkni qisqa lutasll:llquss.ick va
! hosil bo‘ladigan o‘tkinchi jarayondagi tok [3(¢) va ugq) Kl
Opcrator usulida aniglansin va grafigi chizilsin.

Javob: i,y = 20sin(314t + 58 )+
2v10e 314 . gin(314t — 71°)

—~1500t —
Javob: i3y = 1,825e

" 0,04¢-300 1,325in(1000¢ + 13°)

10.11-Masala. Parametri R, = 25 0m, R, = 2 Oﬂ;n -
0.25Gn, € = 400 mkF bo‘lgan elekyr zanjir u = 400v2sin(14 -

. § ¢ ;']]Chl
90°) ulangan. Zanjirga R,qarshilik ulanganda hosil bo*la-digan o*tki
jarayondagi tok l2(¢) klas

3

sik va Operator usulga asosan aniglansin.

" Javob: l2y = 1,81sin(314t — 179 )
u R, . . 03266—50{57:71(64,4[‘——40) A

10.12-Masala. Elektr
5 MGn, bo‘lib, bosqichma-
ulangan. Dyuamel] intervalida
aniqlansin.

Zanjir - parametri Ry=R;=10 Om"shgﬂ
bosqich 0‘suvchi impulsi  kuchlanishg

. )i tok
n foydalanib [2(¢)0‘tkinchi jarayondagi
K

Javob: interval Ot 0

5 msek iz(c) . 0,058_10% (mA)
interval ¢ ~ 0,5 mselk

fag) = 0,132¢-10% (1p4)
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. i R.=R,=100m,C =
10.13-Masala. Elektr zanjir parametrl_iloa ulgngan. Dyuamel
200 mkF bolib, grafik berilgan_U(t) kuchl.atnC:}i baniqlansin-
integraliga asosan U o‘tkinchi jarayondagi
&

1 (sek)

IZ -t V)
-’ Y I) : ] - 5” t—l‘l)e (
i?lte Ual O < t < 1 TTT.SEk U (t) (
avop: T C

interval t > 1 msek Ucq

_ 50t — 100 + 186e~" (V)
)=




Nazorat savollari

I. Elektr zanjirda hosil bo‘ladigan o‘tkinchi jarayon deganda
nimani tushunasiz?

2. Qachon va nima sababdan elektr zanjirlarda o*tkinchi jarayon
hosil bo‘ladi?

3. Nima uchun induktivlikdagi tok yoki sig‘imdagi kuchlanish
sakrab o‘zgara olmaydi? ,

4. Kommutatsiya qonunining fizik ma’nosini tushuntirib lact‘lfﬂg-

5. O‘tkinchi jarayon, turg®un holatdagi tok va kuchlanishning
fizik ma’nosini bilasizmi?

6. Nima uchun o‘tkinchi Jarayondagi tok, turg‘un holat va
o‘tkinchi tok yig‘indisi ko‘rinishida ifodalanadi va chizigli elekrt zanjif
uchun ishlatiladi?

7. O‘tkinchi jarayon vaqti nima, qanday ifodalanadi? .

8. RL,RC zanjir uchun o‘tkinchi jarayon vaqti nimaga teng”

9. O‘tkinchi jarayon integrallash  koeffitsienti ~qanday
aniglanadi?

10.  O‘tkinchi jarayon boshlang‘ich shartj deganda niman!
tushunasiz va qanday aniglanadi?

11. O‘tkinchi jarayon vaqtida elektr va magnit maydon
energiyalari qanday o‘zgaradi?

12. Elektr zanjir manbaga ulanganda uzilish, qisqa tutashu¥
holatlarida nima uchun uchqun chiqadi?

13. Kondensator razryadlanganda elektr energiyasi qayerda
sarflanadi?

14'. RLC Za_“jimi“g differensial tenglamasiga ~ asosan
Xarakteristik tenglamasini yozing va ildizlarinj aniglang, .
15, KLt zanjirida o‘tkinchi jarayon tok yoki kuchlal“Sh

tebranuychan, so‘nuvchan (aperiodik) hamda kritjk holatda o*zgarishig?
sabab nima?

. .16' Qaysi vaq‘tda induktiv g*altak sinusoidal o‘zgaruvchan elektt
zanjiriga ulangapdag tl_(mchi Jarayon hosj| bo‘Imaydi va aksincha?
ndagi ok yoki kuchlanish  grafigidan

18.  Ketma-ket ulan fhe i U
h gan R, zan ¢ nbai
dan uzilgan holatdagi o‘tkinchi ety JIrning o‘zgarmas tok ma

ondagi i) tok ifodasini yozing.

286
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19.  Ketma-ket R, C zanjirining o‘zgaruvchan U kuchlanishga

ulanganda U,y o‘tkinchi jarayon tenglamasini yozing. E—
20. O‘tkinchi jarayondagi tokni operator usulida his

amalga oshiriladi? o SR
21. Elektr zanjirda o‘tkinchi Jlﬂra)_’;’“dag’ bkt

ckvivalent operator sxemasi qanday tUZ‘lad{% s
22.  Om va Kirxgof qonuni gperat_orl 0‘ _
23. Operator formadan originaliga o°tis

bering. ; integrali

g?) 4. Oikinchi jarayondagi tokni Dyuamel integ

g suse 1A di?

hisoblash qanday amalga oshiriladi’ i
25. Dyuamel integrallash formu__ak_ -
26. Passiv ikki qutbli zanjirga o"tkinc
o Uy kuchlanish ulangan

Y(yga impulsli formada (r) RUEE : ariglang.

i(ry o‘tkinchi jarayondagi tok ifodasini 2

..

27, Tebranish dekrzu_nenti n;‘x
28.  Konturning so’nish koefl fentl
29 R,L,C zanjir xaraktenstld.
\ hi i
o’tkinchi jarayon qanday kechad! yine.
30 Tompson formulasl lfodasuuzj/ T e
31: R.L,C zanjirda ganday XOlaL :’ladi,
so’nmas sinusoidal 0’zgaruvehan

hisoblashda

sini yozing.
h formulasini ifodalab

ga asosan

zing. N
yOjarfyon o‘tqazuvchanligl
0 <t <t intervalda

na va ganday ifodalanadi.

e e g
ti ifodasini yOZIng. _ )
. nelama ildizlariga nisbata
t=1

yoki kuchlanish Uy
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11. TARQOQ PARAMETRLI ELEKTR ZANJIR
11.1. Asosiy nazariy tushunchalar
L. Bir jinsli tarqoq parametrli elektr zanjirning asosiy tenglamasi.

Bgnday ?]ektr zan:jirning nisbiy uzunlikdagi birlamchi parametri: aktiv
Ry . H?dUkUV. Lo, aktiv o‘tqazuvchanligi g, va sig‘im C,bo‘ladi.

Ikk”f'md“ parametri: to‘lqin qarshiligi Z, va doimiy tarqalish
koeffitsienti . '

Bir jinsli liniyaning to‘lqin voki tavsifiv 4 aicha
ifodalandi. = qin yoki tavsifiy qarshiligi quyidag

7. = [Rotjwly 0
.. ) =& Qo+ImCu__Z'Cej (11.1)
Liniyaning tarqalish koeffitsienti:
F= \/(RO +jUJL0)(.90 +jwly) = a + B (1 L3

Bunda B so.‘n_ish koeffitsienti; f — faza koeffitsienti.

tentc:g]aOdnga liniya  birlamchi  parametri berilgan bo‘lib (11.2)
Mmadan a va f ni aniglashd imiy k ifodasidan

foydalaniladi. qlashda doimiy kompleks ifodas!

a =
B Re(y)} (11.3)
Bl ) E - Im(y)

ektromagnit to‘lqin tarqalish tezligi:

w — tok va kuchlanish burchak chastotasi.
Toflqin uzunligi: =X < 20 (11:5)

—_:-B—

Liniyadagi tok o 1 o i
ifodalanadi: v Kuchlanish * qaytish to'lgini  quyidagich?

B

Ky = i, = &tic (11.6)
[ ZatZc
2 bg‘e; ulangan kompleks qarshiligi.
5 o ;
Liniyaning salt ish] g o'ldin qayumaydi. K, = K; = 0
koeffitsienti yoki kucshl;irsi?shhf)latl'da i T qaytiSh
fIng tushuvehi tolqin koeffitsienti:

Z> - liniyaning oxiri
Bu yerda: Z, =

K, = _1-22¢
U %:1 va K =K, = — (11.7)

Biror-bir (x) masofadagi liniya boshidan hisobga olinsa tok va
kuchlanish effektiv kompleks ifodasi:
Uy = UychyX — L ZcshyX

. (11.8)
1
Iy = ichyX —2-shyX

U, va I, liniya boshidagi tok va kuchlanish.
Agar liniya oxiridagi tok va kuchlanish qiymati beril
(x) masofadagi liniya oxiriga nisbatan tenglama:
Toiz=l) —~1] hyX
Uy = UychyX EZ_Z_CS Y (119)
Iy = I,chyX ——Z—CshyX

boshi va oxiridagi tok va kuchlanis

gan bo‘lsa, biror

bog*‘lanish
Demak, liniyaning . : :
tenglamasi quyidagicha ifodalanadi: ,
Uy = UpchyX — ’;-Z-CS’”’X (11.10)
“ . 2
[1 = Izch}/X -—jé—C'ShyX
Uy
_ Gik 7, =% desak, (11.10)
Liniya boshidagi kompleks qarshilik  Z3 iy - rompleks
tenglamadan  biror ixtiyoriy qarshilik ulangan holatdagi komp
qarshilik: " Z,+Zcthyl (11.11)
£2 T £C zthyl+Zc . i
ishlash ho_lzatda Z, = (Zc bilan belgilaymiz)

Liniya qarshiligi salt _ 0 bo'lib (Zo bilan belgilaymiz) (11.11)

va qisqa tutashtirilganda Zo
tenglamaga asosan: % = g_ccthyl} 1112)

..Z_U = ,Z_Cthyl
i i parametri.
2. Bir jinsli liniya xususiy holatdagl ikkilamchi pa
a) yuqori chastotali liniya param"?tfi}lo g 2 5 5
Agar bir jinsli liniya chastotasi == i ’d
A <rinishida ifodalanadr:
parametri quyidagi tenglama ko rinishida 1 =~ [ (1113)

=2y |
zc=\/g:ﬁ=wﬂo’c:a~z G NG

n liniya parametri:

bo‘lsa, liniya

b) signal shaklini buzmaydiga
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uzun liniyaning eng muhim parametri uzun liniya bo‘ylab energiya
UcZatle.ml_ta"mmlovchi elektromagnit to‘lqinlarning migdor va sifatdosh
0 zganshml tavsiflovchi so‘nish koeffitsienti — @, faza koeffitsienti — f va
tavsifiy qarshiligi Z; deb belgilanadi. Bular bir jinsli liniyaning
ikkilamchi parametri yoki tavsifi deyiladi. '

SO.‘mSh koeffitsienti — a, to*lqin qarishligi — Z; va to'lgin fazoviy
tarqalish tezligi — v = % ning burchak chastotasi — w ga teng bo‘Imasligi

uchun birlamchi parametri quyidagi nisbatda tanlanishi lozim:
Ry _ go
. N Ly G
koeSf:(‘gtnfll s_haklml buzmaydigan liniyada to‘lqin qarshiligi Zz va faza
I‘Sl.entl B(1 1._1), (11.2), (11.13) tenglama asosida aniqlanadi.
So‘nish koeffitsienti esa (] 1.2) dan:

_ 90 Ry
@ = VEoCo =7 VLoCo = y/Rogo (11.14)

Barcha yuqori chastotalar ushb ¢ jini . -

igi s u turdagi liniy: ‘ -qalish
tezligi quyidagicha ifodalanadi-: g1 liniyada to‘lqgin tarqa

1
=
Uzatish liniyasida to‘] VknCo Q112
. intyasida to‘lqin tarqalish tezligi: v = 3 - 105

b) ls.rofsizliniya parametri. igi: v = 3-10° km/sek
aktﬁ,ad;?t?;?:(kada foydglaniladigan chastotasi yuqori bo‘lgan liniyalarda
wC ‘jdashl ; k;.:are.xmetr‘l i < _“’LO dan va aktiv o‘tkazuvchanlik go <
turé];gi lin?m 1ch.1k bo .lgan-ll.gl uchun hisobga olinmaydi, shu sababli bu
s f?ga isrofsiz liniya deyiladi. Bunday liniya ikkilamchi
p rli (11.13) tenglamadan aniglanadi. Bu yerda koeffitsient @ = 0-

3. Bir jinsli liniyaning turli holatda ishlashi.

a) bir jinsli liniyaga
qarshiligiga teng: Z, = Ze
- BL.mda (11.10) tenglama
siyasidan kompleks formada

£z to'la qarshilik ulangan botlib, to‘lqin

82 asosan tok U,va [, gi ik funk-
as0sz : . giperbolik fun
Auyidagi tenglik bilan ifoda qilinadi:

U, =0 el ; .
Bulamning nisbati: ‘ €7 L=le (11.16)
U, _ I -
h ¢ = - s
v h o =9y, =@ — @i, = fl (11.17)

(11.11) yoki (11.12) tenglamaga asosan liniyaga kiruvchi qarshilik:
ZRETZZC (1118)
(11.17) tenglamaga asosan liniya foydali ish koeffitsienti quyidagi
tenglamadan aniqlanadi:

h = E i =2V E
Py
b) liniya rostlashgan holatida maksimal quvvat uzatish mumkin
2
bo*ladi: Pymax = 12p =& (11.19)

p
Liniya juda uzun bo‘lganda (21 = 1,5) va Zz # Zc-
Bu holatda yuqorida keltirilgan tenglamadan zarur bo‘lgan miqdorning

barchasi hisoblab topiladi.
d) isrofsiz liniya. Isrofsiz liniya uchun (11.8) tenglamani quyidagicha

yozamiz:
UX = U]_ CDSBX _jil_z_c COSﬁX

Iy = I, cos BX -—jgicosﬁX

Shunga o‘xshash (11.10) tenglamani ham quyidagicha belgilab

(11.20)

olamiz:
Uy = U, cos X — jloZc cos BX

ly= Iycos BX —j%cosﬁX

Agar liniya masofasi x oxiridan hisoblansa (11.11) va (1 1.5) teng-

(11.21)

lamaga binoan:
2w

. Zp-jictog! 11.22)

Lyar = £c iécfgi}féc (

4. Turg‘un (qo‘zg‘almas) to‘lginlar.

Odatda turg‘un to‘lginlar isrofsiz liniyada salt va qisqa tutas.hu_v
‘|ginlarning amplitudalari bir

holatlarida yuzaga kelib, to‘g ri va teskari to
o g ¥ hlashdan iborat. Bundan

xil bo‘lganda, ya’ni ikkita kiruvchi to‘lqinni us| : :
tashqari, liniyaga ulangan iste’molchida akiiv, reaktiv quvvat sar

bo‘lmasligi kerak. _ )
a) (11.21) tenglamaga asosan liniya salt ishlash holati:

12-_—'0; :_Z_Z:OO

UX=UCcosﬁX, ixzjg-;—cosﬁX (11.23)
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Liniya qanday masofa va vaqtiga bog‘liq bo‘lmagan holda:

T A

X = kE =k '5

bo:ﬁgq;c{:]aian ham X = 0,4/2,4,31/2 va hokazo hollarda cos fX = £1
X, =1/4,31/4, 54/4 va hokazo bo‘lganda cos X = 0

COSﬁmesifladj kt;(chl}?;nsh:am xuddi shunday qonuniyat bilan o‘zgarib

= *1 da kuchlanishlar «bo‘rtig»larini = ‘lgand:

kuchlanish «tuguny larini hosil giladi. plarni, cos X = 0 borlgants

[srofsiz lini : | B
qarshiligh. tya salt ishlaganda (11.20) formulaga binoan uning kirish
Bunda X! -1i B ho. jtgpt — }chtg[)’,t = jX1 (1 1.24)
- linya tavsifiy garshiligi, «moduli» shu sababli
L‘ i 1 “ . ’ L c
ishorf:s]iyﬁﬁ? klrpvch. qar-Sh.lhk sof reaktiv garshilik bo‘lib, uning giymati,
yaning uzunligi X va manba kuchlanishi bilan o‘Ichanadi.

Agar liniya uzunligi | =

Xususiyatiga ega bo‘lib, 0‘zinj
konturdek tutadi.

k2 bot ”
ud bo'lsa, kirish qarshiligi induktiviik
vdditok rezonansi rejimida ideal parallel
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Agar liniya uzunligi [ = (2k + 1)% bo‘lganda, uning kirish qarshiligi
sig_;.‘inj XL.:s.usiyatiga ega bo‘lib, o‘zini xuddi kuchlanish rezonansi
rejimidagi ideal ketma-ket tebranish konturidek tutadi.

b) isrofsiz liniyada gisqa tutashuv Z, =0 va U, = 0. Bunday
liniyvaning kirish qarshiligi (11.22) tenglamaga asosan quyidagicha
ifodalanadi:
= ‘[’—:{i =jZc tgBl = jXI (11.25)

1
liniyaning har qanday nugqtasida tok va kuchlanish quyidagicha

L

aniqlanadi:
Uy = jloxZc sin X, Iy = I cos fX (11.26)

Qisqa tutashuvda hosil bo‘ladigan turg‘un to‘lqin hududi salt ish-lash
holatidek faqat fazalari jihatidan /4 masofaga siljigan. Liniya-ning
uzunligi [ = 0,4/2, A va hokazo bo‘lganda, liniyadagi tok bo‘r-tiglari va
kuchlanish tugunlarining liniya oxiridan [ = /4, 31/4,54/4 vahk
masofalardagi nuqtalarda esa kuchlanish bo‘rtiglari Uy va tok tugunlari
i ning hosil bo‘lishi kuzatiladi. Uzunligi I = 1/2,4,34/2 vahkbo’lib,
oxirida gisqa tutashgan liniyaning kirish qarshiligi Z, =0 va bunday
liniya o‘zini xuddi kuchlanish rezonansi zanjiriday tutadi.

Uzunligi [ = A/4, 34/4, A, 51/4 va hk. bo‘lgan liniyaning kirish
— c0o‘zini xuddi toklar rezonansi zanjiriday tutadi.

qarshiligi Zx
yuqori chastotali qurilmalar uchun sof

Bunday isrofsiz liniyaning
tayanch izolyatorlar yasashda foydalaniladi.

Z—J\':m é'

U, [

AVAAvAR
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11.2. Masalalar yechish va uslubiy ko‘rsatmalar

: 11.1(;17\7/llasala. Bir jinsli liniyaning boshlang‘ich parametri: Ry =

25 o L0=2'10‘3%,C0=6-10_9—F— go = 107° 1

u e km'* om-km

—Z;nh%loil = 100 krr_l chastota f = 800Gs ga teng, to‘lgin ::Tarshiligi
¢ colmiy tarqalish koeffitsienti—y, to*lqin tarqgalish tezligi - v va

uzunligi - 2 hamda 2m = Yzm . i i
g mda o~ Ut nisbat aniqlansin.

Yechis is si i ‘o
h. Mis simdan tortilgan havo liniyasining to‘lgin qarshiligi:

= [Rotjwly | 2,25+ j10
Go +jwlCy  [10-6(1 + j30)

K

= 585 - ¢~ /65 Om;

Doimiy targalish koeffitsienti:
Y=V Ro +jwlo)(gy + jay) = () = 17,6 - 10-3¢ /5% (’1‘)
€ors « | km
So‘nish koeffitsienti- B =ly|sing82° = 2 44 -1073 (i)

F'flza koeffitsienti: ¢ = l¥lsin82° = 17¢. 102 (—l—jm
Liniya bo‘ylab to’lgin tarqalish tezligi: o

_W _ 2m-800
Y @ 710 = 289000 ()
To‘lgin uzunligi: 1 = 2% _ _2:3,14 L
17.610—3 — 360km

Liniyaning boshj va oc;irid

amplituda nisbati: a so'nuvchi to‘lgin tok va kuchlanishlar

2m U 1
I U =e S
im im e2.44 , 10-3. 100 = 0,785

11.2-Masala. Uzunlipj | —
nhgi I =200 m va boshlang‘ich parametrlari Lo =

mkF./?n bo‘lgan isrofsiz liniyada
8 Liniya oxiriga L = 0,01 mGn

2 ‘ 19‘6 Gn/km, C, = 5,55-10-6
to Igin uzunligi 2 = 60
induktivlik ulangan, = 5

Yechish. To‘lgin qarshiligi:Z, = \/2:" = 600 Om.
0

Faza koeffitsienti: @ = 2 = £2% = 0,105 (2)
o A . 60 m
(10.20) va (10.21) liniyaning kompleks tenglamasiga binoan hamda

masalaning shartiga ko‘ra: Zy; = Z¢, ¥y = ja vatok [, = ? yoki: Z, =
22
X, =jwl = 2nfL = 314 Om bo‘lib, quyidagi bir jinsli liniya kompleks
tenglamasini yozamiz:
X . Zc . U,
Uy = U, (cosaX —-sin a:X) = cos(aX — §)

Zs cosd

=i (cos aX — fz—csin a:X) = C(:_jacos(a)( - &)

Bunda & = a:rctgé = arctg@ = 63°20" = 1,1 rad.
Z 314
Kuchlanish boshlang‘ich fazasi ¢; = 0 ekanligi inobatga olinib, tok
va kuchlanishni oniy qiymat orqali ifodalaymiz:

JZU . :
ity = -COT;COS(QX — §) sinwt = Uy cos(aX — §) sinwt

by = ﬁsin(a){ — §) coswt = Iy, sin(aX — §) coswt
Keltirilgan tenglamaga asosan liniyada turgun holatdagi tok
kelishi mumkun. Liniya oxiridagi bo‘rtiq kuchlanish

(cosaX; —6)=1

) ;
Bundan: aX; —6 = 0 X; =>=22=105m
Liniya oxirida hosil bo‘lgan bo‘rtiq tok masofasi:
A 60
= —=105+—m
X=X+ 2 7

yuzaga

Liniya oxiridagi bo‘rtiq tok va kuchlanish amplituda nisbati:
Y2 .y, =—1 =215va—2:], = ——=1,13

cos§ ¢ = cosd cosé cos§ . .
Liniya boshida bo‘rtiq tok va kuchlanish amplituda nisbati:
c0sd cosd M = C0s(1047 - 10~*- 200 — 1,09)
1
=———=1,86
., Cos 57°30' L .
i —2—:—2_gj - H=—==11
Tok uchun: lmsd.wsdsm(ozl B) = o




11.3- oniiliad § = -
i, = 1212]’1;83230 Uzunligi l— = 2 km ga teng bir jinsli isrofsiz liniyaga
Iste’molchi 1 O_O'OC_ ?O'Igan o‘zgaruvchan kuchlanish ulangan.
- ]11 qarshiligi bilan to‘lqin qarshiligi: Z,=2; va Z;, =2
Z 532“2101&‘[110;”*1; llniya_kirish gismidagi (boshidagi) U, kuchlanish,
aniqlan-s_icn_ ganda to’lgin qaytish hamda yuguruvchi koeffitsient

Yechish. Isrofsiz liniyada to*lqin tarqalish tezligi: v = 3 - 10° (2
Shu sababli (11.17) teng] o . sek
nisbatan boshidagi englamaga binoan liniya oxiridagi kuchlanish U, g

idagi Uy kuchlanishga nisbatan fazadagi farq:

Wt 3-10%-2
Acp-ﬁl-—-:————s—ZO,Zrad
(11.17) tengl 7 7 be
englamaga asosan Z, = Z. bo‘lsa:

U, = i
Iste,mollchilzzoilggogﬂf)t +0,2) = 1205in(30000¢ + 12°) (V)
(11.21) tengie nmar - o'lganda liniya kirish qismidagi kuchla-nishni
J G amagalbmoan quyidagicha yozamiz: )
= 2 -
1 2 (cosﬁi +5Jsin ﬁ[).Demak: Q= @y — prlarCrg%tgﬁi

Tangens kichik b { b
A =01rad < go urchagi  o‘zining burchagiga teng bo'lib:

Uim kuchlanish amplitudasi U,,, dan kichik bo‘lib:

U] = U,,, co 1 ’
m = Uz cos Bl |1 + (3t981)" = Uy cos 02 JT T 0,17 =

ini U2m0,98(1 + 0,005) =
Liniya boshidagi kuchlanish oni;/ qiy?ngﬁ(.)'gguz"‘

u; =12 i
Iste’molchi q(;?;ﬁﬁ? SIn(30000¢ + 62 = 118 5in(30000¢ + 6°) V
81 22 = 2Z; bo'lganda (11.6) tenglamaga asosan

to‘lgin qaytish koeffitsienti Ky = L7Zc _2-1_1
y . Za+Ze ;:i-—l = 3
uguruvehi to‘lqin koeffitsienti: g — 1=Ku _ 13
14Ky 141 Gea
3
11.4-Masala Uzunligi | = 900 km

va to‘lgin qarshiligj

Z —_— —_ o
Ze =40 j6
Upa = V3220 kv te

Om, liniya oxiridagi kuchlanishi

: . ga teng. Lini )

iﬁi?;‘{i%; by Oxiridagi tokgf1 }m}{;.bc’gh‘dagi Uy, kuchlanish, liniya
nti aniglansin 'z Hfyadagi tok quvvati i

: va foydali ish
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Yechish. Liniya sof quvvati Zy4 + Z, bo‘lganda liniya oxiridagi
quvvat qiymati hisoblanadi:
_ (220 10%)?
‘e 400 _ _
(11.16) tenglamaga asosan: Uy, = U,e? = Uye® - efl = 2202%9%-
/0963220 - 1,094e/55° = 241e/5>" kV
yoki: Uy, = 241V3 = 417 (kV)
Liniya boshidagi kiruvchi tok:
P Uy _ 214e55710° _ j61°
L= T 602,5e (4)
- EI TN Uza _ 2201073 _ i6°
Liniya oxiridagi tok: I; = e BB 550e/% (4)
Liniya foydali ish koeffitsienti tenglamasiga binoan:
n=e" 2" =¢ %%~ 0,83

cos 6° = 363 - 105Vt = 363MVt

11.5-Masala. Bir necha jinsli uch fazali liniya uzunligi | = 200 km,
1

to‘lgin tarqalish koeffitsienti y = (0,59 +j1,21)1073 (E;)’ to‘lqin
qarshiligi ZC=47Se'j26(Om) ga teng. Liniya oxiridagi liniya
kuchlanishi U, = 100KV, cos ¢ = 0,8 bo‘lgan iste’molchi quvxiati
p = 10 MVt nimstansiyaga ulangan. Liniya boshidagi kuchlanish Uy,
va liniya oxiridagi kuchlanish U,, va ular orasidagi fazadagi farq

aniglansin. .
fazali liniyada iste’molchi qarshiligi simmetrik

Yechish. Uch
bo‘lganligi uchun: ¢ = arc cos 0,8 = 37 ° fazadagi qarshilik:
UZ 1010

n2
= 22cosp=——-08=8000
Zd,. P cos-(p 107 8 m
yoki: Z = Zyel? = 800e/137" = (640 + j480) Om

. . Z
(11.10) tenglamadan foydalanamiz: Uy = U, (chye + E__i Shye)
ifoda orqali yozamiz:

Giperbolik funksiya argumentini kompleks
shyl = %(e}” —e") chyl = %(e”l +e ")

Bunda: yI = (0,59 +j1,21) - 10-3-200 = 0,118 +.j_0,242

Giperbolik funksiya kompleks ifodasidan hagiqiy argumentga

o‘tishda tablitsadan foydalaniladi: )
shyl = 5 (eo'118 g IO _, gt g~0242) = - [1,125(c05' 0,242 +
— 0,114 +j0,242

j5in 0,242) — 0,89(cos 0,242 + jsin 0,242)]
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Ikkinchi giperbolik funksiya ifodasi:
_ chyl(0,118 + j0,242) = 0,98 + 0,028
Aniglangan kompleks qiymatni kuchlanish tenglamasiga qo‘yamiz:
¥ ) ce—j26° :
Uy = U,[(0,98 +j0,028) + (0,114 + j0,242)| = U,[0,98 +
_ J0.028 +0,6e7%%"- (0,114 + j0,242)] = U,(1,14 + j0,035)
Liniya boshidagi: U; ~ 1,140, = 114 kv
farL;(mya boshidagi va oxiridagi kuchlanish  orasidagi fmdag_,i
q kompleks mavhum ifodadagi haqiqiy songa nisbati bilan aniglanadi:
0,
tgpy === = 0,0306
. ‘Taqgens burchak juda ham kichik bo‘lsa, uning argumenti o°ziga teng
o‘ladi, yoki: g, ~ 0.0306 = 1,75°
mkF

6___._.—

meGn
g &= 4, km

11.6-Masala. Isrofsiz liniya parametri L = 2,25

bO‘l.b 101 e km
', uzunligi | =200 km ga teng. Liniya oxirida chastota: [ =

50 © ) gt *
- .Gs va U, = .100 kV kuchlanishga ulangan. Iste’molchi qarshilig!
Iniya xarakteristik tenglamasi ga teng

‘Limya boshidagi tok I va kuchl
aniglansin.

Yechish. Isrofsiz liniya tavsifiy

anish U, qiymati va fazadagi fard

qarshiligi sof aktiv qarshiligi bo*lib:

Z=p= |E_ 225103
. . \/; = (F5505 = 1000-0,7 = 700 Om
Liniya oxiridagi tok: 1, = Y2 — Uz _ 100000

2 =2 = g = 1434

Liniya boshi va oxiridagi kuchlanish (1, vall, muvozanati:

Ul = Uzeyi = U ejal

- - - - i - . 2

Bunda isrofsiz liniya bo lganligi uchun faza koeffitsienti: = 0

Xuddi shunga oxsha )
sh tok tenglamasi- j. — j . jal
Faza koeffitsientinj a“iq]a}’miz;g masi: [; = [,el*

@ = wVLC = 314,/2,25 - 46-1073-.10-9 = 1,02-10"3 —

To‘lqin uzunligi: Kkm
/1 = vT = 1 — 2n _2m _ 21103
VLGS @VIC ~ @ T 1o = 6160 (km)
yoki: al = 27~ = 27 200 _
2T e = 0.204

. 4
U,kuchlanish haqigi . .
: d1y son S . . .
kuchlanish: U, = 100ei11.7° f?:{egx)hgml hisobga olganda liniya boshidag!
Tok esa: [} = 143¢/11.7° 4)
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11.7-Masala. Signal shakli o‘zgarmas bir jinsli liniyaning parametri:
L=122, C=112- 107325 va R=80m/km bolib, liniya
oxiriga Ry = 100 0m aktiv qarshilik ulangan. Liniya uzunligi
[ = 40 km, chastotasi f = 10*Gs, liniya oxiridagi kuchlanish U>=7000
V' bo‘lganda, liniya boshidagi kuchlanish aniqlansin.
Yechish. Liniya birlamchi parametrini bog‘lovchi tenglamadan
o‘tkazuvchanlik aniglanadi:
. .10~ %
R_g. , _RC_81L2107° _g40 106

L C"g e 1073 om-km

Faza koeffitsienti:

1
e - . Q. -6 — . -3___
B =,Rg=+896-8-10 26,8-10 T
So‘nish koeffitsienti:

1
a=wVLC =6,28-1073/1-11,2-10"3-10"% = 0,21?{;

To‘lgin uzunligi: A = % = %’;—j =30 km

. : e, e [ ’ 1078 _
To l(]mI{lVSlf'l}’qalbhlllt,l.Z—\/;— TeATer 300 Om

3

P
. . U 1000
Liniya oxiridagi tok kompleks ifodasi: I = I?i B 10 A

(11.10) tenglamani kuchlanish U, va tok i, qavsdan tashqariga
chiqariladi:

. z

U, = U, (chyX +ashyX) s

. y z

L=k (chyX ——‘fShVX)
X =1=40km.

Bunda:Bl = 26,8- 1073 - 40 = 1,07
yoki:
ch(Bl + jal) = ch(1,07 + j8,4) :
sin8,4 = 1,6(—0,5) +,1,29 - 0,866 = -—0,81.5 +j112 -
sh(Bl — jal) = sh1,07 - cos 120° + jch1,07 - sin
— —0,645 +j1,41
. Z 300 _
Liniyadagi qarshilik msbaﬂ:; = o0
Aniglangan qiymat (*) tenglamadagi tok va k
qo‘yiladi:

al = 0’21 2] 40 = 8,4

— ch 1,07 - cos 8,4 + jsh 1,07 -

uchlanish ifodasiga
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U, = U,[-0,815 + 1,12 + 3(0,645 + j1,41)] = U,(~2,85 + 11.3. Mustaqil yechish uchun masalalar

/5,354) = 1000 6- 07¢/1% = 6070¢/11%" 11.1-Masala. Ikki simli uzatish liniyasi birlamchi parametri: Ry =

Kuchlanish haqiqiy giymati: U, =

. . qiqiy giyma 11. U, =6070V 6%, Ly=16-1073 % = 1079 On:km, Co=64-10° ﬁ

L =1,|-0,815 + j1,12 + 3 (0,645 +j1,41)| = [,(—1,03 +j1,6) Liniya chastotasi f; = 100 Gs va f, = 100 Gs bo’lgan hollarda to‘lqin
=10-1,9¢/123° = 1ggJ123° tarqalish koeffitsienti, to‘lqin uzunligi, to‘lqin qarshiligi aniqlansin.

tok haqiqiy qiymati: I, = 19 A Javob: y, = 5,3 - 107 3e/4%° & Zcy = 1150~ ej3#30’ L

1 km 5 km
_ . -3 1 - i = o
ay =3,82-1073— B; =3,65- 1073 —,
v, = 173103 km/sek, A, = 173km.
—3 740 1 _j1ce
Y2 =229-107%e/7" — 7., = 510-e7/1¥°0m,
@ =64-1031 g, =22-10"31

km’ km

v, = 288103 km/sek, A, = 288 km.

11.2-Masala. Koaksial kabel parametri:R = 7%:, L=03-

ABEL = g B e et
I 10 km'C_O'Z km,g—U,S 10 om:

800 Gs. ]
Kabel to‘lqin qarshiligi Z¢, @, B koefTitsienti, to‘lqin tarqalish tezligi v
i va to*lgin uzunligi A aniqlansin. .
Javob: 7, = 843e~/150m, f=536-107° e = 6,62

107 ﬁ’ v =0,75-10° km/sek, A=95km.

bo‘lib, chastotasi f =

km’

11.3-Masala. Isrofsiz liniya to‘lgin qarshiligi Z¢ = 865 Om, uzunl,lg]
I =200 km bo‘lib, f = 1000 Gs chastotali o‘zgaruvchan lfu_chlaﬂ_ISh
Uy = 50V ga ulangan. Liniya oxirida salt va gisqa tutashuv tajribalariga
asosan liniya boshidagi kompleks qarshilik Z1p va Zixqlymati afiigjansin.
Javob: Z,, = —j500 Om, Z,, = j1500 Om

ya koeffitsienti, f = 26,8

E weal 1 3 as Iil’li
11.4-Masala. Shakli o‘zgarm =3000m ga

T e .10~6 -~ va to‘lgin qarshiligi Zc
km’ 234 - 10 jm. ) 400 Gs bo‘lganda salt ishlash

teng. Liniya uzunligi [ = 100 km, f = aniqlansin.

va qisqa tutashuv holatidagi qarshilik Z10 \.ra ATS
Javob: Zy = 300 0m; Z1x = 300 Om;
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11.5-M -
telefon nniiiifﬁ;..”? tn“-g' ['= 100 km, chastotasi f = 1600 Gs bo‘lgan
900e~/4" O 7 (11: az’ligi‘gqlsqa tutashuv va uzilgan holat uchun Z;p =

Liniya to"léljjz ;]alrzﬁi'}- Zom qarshilik qiymati aniglangan.
sig‘im parametrlari aniqlalr%;in.C RSt Rocffilstontl g2 indukivik ¥

Javob: _Z_= 300 Om, L = 10—8_61 C =112 10_3 mkF

km

km

V=B+ja=(25-10"3 +3/35. 10"2)],i
m

11.6-Masala. F i

e T ;. Elcktr'cnerglya uzatish liniya uzunligi { = 1000 km g3
> birlamchi  parametri: Ro =0,03522, wi, =0 3929_”1
9o = 4,17 - 10-85m e @70 7 B e

: 7(.__] wczzgz.lo_ﬁoln « e _
1ste’-molchj QUVV’T- ’ ome liniya oxiriga ulangan
Cosp =1 ga tengalii 2 = 300MVt, kuchlanishi U, = 220,3kV VA
I; tok va U, k - “thiyaning ikkilamchi parametri va kirish gismidagi
5 2 Kuchlanish qiymatj aniglansin. | )

aveb: Z, =367e/2150m; g = 1,07. 19-3¢i87°
] = ) * e =

U, = j57° i
2 =201e/57"y, Iy = 570e-i6530' 4 Om
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Nazorat savollari

I.  Tarqoq parametrli elektr zanjiri nima? Misol keltiring.

2. Tarqoq uzunlikdagi liniyaning qaysi parametri bir inchi yoki
ikkinchi hisoblanadi?

3. Bir jinsli liniya to‘lqin yoki tavsifiy qarshiligi va liniya tarqalish
Koeffitsienti ifodalarini yozing.

4. Elektromagnit to‘lqin tarqalish va to‘lgin uzunligi tenglamasini

yeching. ini
5_' Bir jinsli tarqoq parametrli zanjirdagi tok ekvivalent sxemasini
chizib, tenglamasini yozing. i ini
5. . Isrofsiz liniyaning salt holatdagi tok va kuchlanish tenglamasint
yozing.

7. Birjinsli uzun liniya to‘rt qutbli T va 1 sxemaga ekvivalent shaklda
almashtirish mumkinmi?

g Isrofsiz liniya nima ekanligini tushuntirib ber?ng. ‘ Lai
9. Qanday sharoitda elektromagnit jarayon liniyada turg‘un to"iqin

hosil giladi?

10.  Isrofsiz liniyada kuchlanish «bo‘rtiq» fri va ctugan» lari q2nceY

hosil bo*ladi? ini
) . ‘ 7 [fodasint

“-_ To*lqin uzunligi bilan tarqalish fazasi qanday boglangan: e

yozing. rqalish tezligi

da elektromagnit to‘lqin fa

12, Isrofsiz uzatish liniyasi
h koeffitsienti v faza

qanchaga teng?

13. To‘lqin tarqalish koeffi

koeffitsienti fizik ma’nosini tushun

)1{4- Iste’molchi qarshiligi liniya bilan mu
Ususiyatga ega bo‘ladi? ¢

1'5_. Elekgtrorﬁagnit jarayon turg‘un to‘lgin holatda bo‘lgan

liniya bo‘ylab tarqaladimi?

tsient ifodasida so‘nis

irib, birligini YOZINg:
trib, b1 gvoﬁqlashtirilganda qanday

da energiya
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g = —_— =

Apar sxemada R; =30m va
12- TEST SAVOLLA lz] ampermetrlar ko'rsatishi [ = 544: I =
254 bo'lsa, R, qar-shilik miqdori 25 0m
No SAVOLLAR Javob variantlari = i qanchaga teng? 15 Om 20 Om 12 0m
Ne S/ C — | N
A e . N E7rad sl | 25 rad/s: ———{ Al
| Kuchlanish u = 30 sin(157¢ + 30%) 157 rad/s; 157 rad/s; 1.-;7:‘(1(_/_. i 157 Gs. L o
) Ifoda uchun _w va /topilsin. 50 Gs. 25 Gs; 157 Gs 2 - \H‘E}:
u = 141sin(314¢ + B0°) 308 VL, fo gt
2. i = 14,1sin(314t + 20%) 500 Ve 616 Vi 1000 Ve :
Zanjirning akti /ati aniqlansi — — | s
_Zamiming aktiv quvva l niq :ll"l‘ﬁl'ljl : & iy Agar R=40mX, =4 Dm.chr—l
Kuchlanish va tok bo*yicha . — . Hiltg
1ste’molchining kompleks qarshiligi 554 ) 4 Qm bo'lsa, zanjiming to'la qarshilig g wiom | 2= 4/&01!:
3. |youzilsin. 35 (21 -j28) (2,1 -42.8) (2. s aniglansin. '*Ci‘j 7=120m Z=40m
u =147 sin(wt + 80°40") ’ A
i = 42 sinwt + 155°50") T ~u ¥
Tcnglnm:.l_la_rc!an qaysi bin o'zgaruychan Z=Jrryx2 |y = 12 +X2 | pe— _ e | X =0l - = . )(cii ] [
4. |k “ninmng - to'la qarshiligim wl
ifodalaydi. Passiv ikki qutbli zanjir qismlaridagi
———— v Sidd ., P kuchlanish  va  tokning kU;:Ptlcks
‘ : Quie=d a i T, : = 1 va
5. |kommutatsiyaning  birinch; qonunini etodr Bl |l L oo fpren = fyen Tar T Jznpllludng:’_\:11.;1[:11:1 U 10[}.1'.' ircarithi 200Vt
ifodalaydi? dt de In = 10094 Vyumerrk  ko'rsatis ot 250 V't
: g 19 aniqlansin. 1000 Ve 5
] e = = s
| 6 Quvvami  ifodalovchi formulalarning | *p = (7 sing S=ul s=JPi+Qr| Q= L I l_
1 ) aysi biri xato yozilgan? L ¢ \
\ Formulalarning qaysi bini o‘zgaruvchan B i 1 . . (2‘/ | ]
i 8 E;"kd I?-znj';rining reaktiv  qarshiligini Z=yrig |y = [g? + b? T X=wl—7F o ¥ i — |
. b |
{ 1iodalayd;? | ]
| eltini B 7 : T S . T Thr e ——————
! E\c!tlr:lgap. komlplt.ks m_lqdorlnrmnb §o it ) i= (Fos a4 i 4 C Rasmda ko'rsatilgan  zanjirda  Ey =
i 8 aysi b : : A=Ae A= A=8
I - [qays I tnigonometrik  tarzda A=a 4+ ju, 3 12V,E, =24V, R, = R, = 2 Om, Ry =
| ifodalangan? sina) — ‘2 L 2 . S 24V
| — : e SN | | - - ) 10m bo'lsa, A va B twgunlari orasidagi 9V
| Elektromagnit oy Hech ‘13“‘1}::"' kuchlanish U, necha voliga teng? 18V 1zv
| 9. Transformatorning ishlash prinsipi: induksiyasi  |Amper qonuniga| Lens prinsipiga konunga asosl 20
qonuniga asoslangan asoslangan magan
I asoslanpan ]
s . ——
Yulduzcha shaklida ulangan uch fazalj I =1 Uy =u, hh=1s Ugo = Us — |
10. |tok  zanjirida 1ok yq kuchlanish L= e po B Z - o |
2 - =3, 1y =0 =i, Y
munosabatlari qanday ifodalanadi? Uy = \GUW t ¥ o Ih=1le ,
Elektr zanjiming kuchlanishi (/ 220 Reltirilgan vektor d;agm;n:)'i:iamm[! u e ot \i 1
s = akien B B
. kil : ; ' —~ 05 qaysi biri sxemaga mos keladi? ‘M\LTJ
| 1. |1oki 1 =104, akiiv quvvati p = L1kVe | cosp = 0,75 cosp =1 cosgp =0 cosp = 0. 21 :
| a teng bo'lpanda, cos, nimaga tenp? = y) il
Neytral simli uch fazali 1o zanjini | lel ; N
i . | = I3 - A ard —__'_'__'_—_F
! 12 anday sxemada ulanadi? ] Uchburchak Yulduzcha Ketma-ket Paral ;)6_ (——
' - . —5h _BC = e |
; 13. | 4 quibli zanjir 5; ik bo'lganda- B=p B=¢C A=D AD —— i : gt
| 9 A simmetrik bo'lganda: AT —BC =1 Ushbu tugun uchun Kirxgof I-qonunt =l |k Y
| ) ) [ e asosida yozilgan qaysi tenglama to'g'ni e htl—h —h __f =0 [+Is=
i‘ Nosinusoidal tok R, L, zanjiri k-yuqori s keladi? L=h—ht Lih ; 2 0 +1 s
14. | garmonikadan iborat  bo'lsa, 1o, o P T —— L ¥ o TN 2 =0 T
l qarshiligi qanday ifodalanadi? ) | e TG X =k -k, | - +hs I
) | — |
t Rezonans holatda elektromagni o W, |
1 15, el agnit maydon W, = W, < Wn ; SN
‘ nergiyasi ganday munosabatdy bo'ladi? e = Wa Weit Wiy We > Wa ’ ] ‘ b va arallel
- : R 2 ¢ " s
Agar faza kuchlinichias E— S\cmnda_ nechta tugun or, 2 4, aralash 4, p
Uc = 220 V bo'lsa va yulduzcha shakliq clementlari_ qunday sxemada ulangan’ 3, parallel :
a i \
f 1. ulangan aktiv va reaktiv iste’molchj- 4, ketma-ket
; larming  qarshiliklarj R=100m X, = 4840 var 14520 var 9680 var 0
| 10 {(_C & 10 Om bo‘lsa, ych fazali
| ST reakiy quyvani qancha bo*ladi?
|




Zanjir parametrlan E=12V, E;=24V,

Ri=R>=2 Om., R:-1 Om bo’lsa, Uab
Zanjir ckvivalent qarshiligi nimaga

kuchlanish qancha voltga teng?
teng,

3 3 0 R Ra v
Sl

I
Zanjir ckvivalent qarshiligi nimaga

teng.

Rs

o ]
TS
) R
25 R R/3 2R 3R — : {0V _R=5 0
: : Zamjir parametrlar: E-10V, R 5(“;:
L=1mGn, C=10 pF ga teng. 1 tok
] — ] qiymatini toping
P : T, . 2A
Zanjir ckvivalent qarshiligi nimaga 0.6 A 3A
teng
" R
| 26. 4R 4R/3 R/
R
S 7_7___4_-—"' —_—_—__
—:—_—"——_—__'__u_,_‘.._,_____. e ——— — _'—_.—_'—_—-
Sxema nechta tugun, shaxobcha va berk
| konturlardan iborar?
|
i
| E =R
27, = 5.4.3 465 246 402 e
| E 33
|
— — | e —
*-__—_ﬁ%;'—“ -
Zanjir parametrlari: J- 1A, R=10 Om, —
C=10pF bo'lsa U kuchlanish qanchaga
teng?

Sxemada  umumiy sigiim  giymati

qanchaga  teng? 5 mkF
(‘ £a Ll'll. ] , I“kF 0'
ImkF KF 1,5 mkF
28. 20V 15 v 30V le¥ 34, 2mkF "
D1y ]
R R ed kF (L, e
— 1 |

—
E——
S X e My v mmduk
Agar: J=1 A, R=10 Om, C=100pF i:"]m'.mn 5 u;"unm s
bo'lsa  U- kuchlanish qanchaga teng, e b 1 Gn aan
1 % 2 Gn 0,1 Gn
, 3s.
29, 1 10V sv 15 v 20% gl
k I
JU R R 1 Gn 1 Gn | ]
= 7 =20V
B = T = kuchlanishlari U= U=
e —— e R Kontur asilligi  Q=10,
L=ImGn bo'lsa, 1 tok qanchaga teng?

— Ue=40V
U=Ug=10 VvV bo'lsa Ue, Ur- U= Uc

" = Uc=100V
Kuchlanishlari nimaga teng? Uc—f’D :: U= Ue™
! R 36. U1=20 I
R L C _-______J______———"‘
o A Eaaaue I
A 05 A 014 2/ L | 3 =
L




!.\g:u tarmoq toklari; 1,-5A. [;-1:-4A ] Kclxu:l-kL:: sxemada u!.'_u.lgnn_ikki:)::
[ bo'lsa, I tok nimaga teng? indukiy galtak parametrlari : P, = 60
cosg, = 0.8; U, = 10kV bo'lsa U-
[ kinshdagi kuchlanish qancha voltga
. o
& I3 10 A 13 A 5 A 9 A teng?
i 0 kV
R . 44 10KV 11,7V 15kV 2
L :
. O'an-a induktiv bog'langan zanjir 7.,
qarshilik tenglamasini yozing
i
‘ | Lo - B
R, Ly R: .
| 3 * A SRR TT) +] 1)+ . 2 )t o e s .
i * R Rasy | RieRegom | " Ikki quibhi zanjir — clektr  o'lchov
‘ JaM : (LytLz-20 asboblari: U=120 V, 1=5 A, P=360 Vi,
[ NN Ls @ <0 bo'lganda, ckvivalent _\'(-.m'ng
| ketma-ket va parallel sxemada ulanishda
| gy : P : i R=144 Om,
| ] * qarshiliklar - giymatlarini toping. . " R=150m, 1
| a R=20 Om, R=100m, i 0,025
Mo_s sxemada ulangan induktiv g aliak =02 — 3:0'1_1—' 0w - 28"';"
‘ reaktiv qarshilik tenglamasini yozing g=0250 et X=100m, | X=1920m
yozing, 45, o e ¥.=20 Om, X.=20 Om, ‘ b = 0,033—
39. T = Lo be=0050 | Pe T om
M a(ly+ L2+ 2M) Wl +Ls) @(L;+La-M) 2wl be :0,23;: be -O'ZGM' € om
M © "
Y
- ¥ . ~ = . ___'____———_'
.Rczun:ms vaqtida  Z-to'la qarshilik |
40, |maga teng? | | Unsinfet+ 1809
" T i inet ™
R s c Z-R ZANRTEXT | p i m oAy ZXi _Agar 1 (1)~ Lsimfer- 90%) bo'lsa (Y sinfot+90%) | Unsin(@t909 Uit o el
__':_(Ym ¢ d6. induktivlikdagi kuchlanish oniy qiymatini | Uns? ? | R
'__ J < ] & si
Eoe, ——oping , ——_—_T_ 5 sin(wt + 45%) sVZsin(ut +457 | ———
;J‘ o - | | R 47. | U =5 bo'lganda wft) kuchlanish | 5o+ 43) V2 — rm thmk!:‘r‘n‘:l';fﬁ
sda to’la qarshilik Z nimae I T iv i s s | toklan ta’st L 1o*rtacha qIyma
w082 qarshilik  Z nimaga ——}2my qoymatini toping TR I;;::}»:;,:‘;i;mllﬂi a‘nqci:j? q':,?;ﬁ:ﬂ 3ig‘indisi Y aklida
3 . " s jagrammast i A 1g'indist $ha -dinata
41, 1 . : 8. Neytral sim tokini qanday aniglaymiz d:,.:g'ijnmida yig'indist Sh::{;hda V[:aqul koordinata F:a?::,irisll:;m"
Joal. Tor Jal.- = ER _-_-‘———__.___————’ Abssissa 0°qiga va Abs:is‘i;laﬁsﬂ boshiga uisb_:llw:n si?\1:1;"ik bo‘lgan
Ju J Quyidagi qator ; =10sin w/+3sin 24:_): \oordinata bashiga D—rf,;";,, simmetrik|simmetrik h9ds egri chiziq
I 49 [ko'ninishda berilgan  egni Chi_z'q nisbatan Slmm"“.tk ;;:.]Sm egri chizig m}sm;‘:; . |
Sxemada I = 5Vasin(3140 & w0y ———— S . lsilr}r|1cgrlklik xususiyatini qaysi riga ho'lgan egri chizid _________d——in—"__
R:x‘:iq Om. XL=20 Om bo’lganda || tegishli 7 : | 7744 Vt
-mdukt'whkdagr UL kuchlanish kompleks Agar uch fazali tarmoqning faza 7260 Vt
ifodasini toping, kuchlanishlari bo'lsa va yulduz shaklida 4840 Vt 10260 Vt
| 50. lulangan  aktiv  yuklamali istemol- =]
1 . . s A i i | __——
) 42. e . chilaming qarshiliklari  bo'lsa, uch fazali T
| Sheste 50\/Ze/4s° 100e/45° 5087 ———[Rotekis zanjiming quvvati gancha bo-]“d'? | 1 344
' Tarmoqdagi  tokning  oniy  qiymati 7 A 5
| J L 51, |1=(3+4sin@r) 4 quyidagicha bo'lsa, 34 B
1 " . . . ali ___——'__'___
{ ulangan magnitoelektrik sistemali L
I N ermee———— | | ———1Aampermetr qanday tokni ko'rsatadi ? | 125 B
: EG rsatilgan sxemada U = 25 B, D e Berilgan qiymatlar asosida 100 B IOOJE B
resi;(_)'r::? vak lUC 2808 bo'lsa, 52 i=[5+52sin ax——S\-".;.sm{Zal+450H 4 120 B I S
2 uchlanish qancha? r=10 Oum. wL =10 Onkuchlanishni | —
. ? . -'___'_'_-'—____'-
—{ U ta’sir ctuvchi qiymati topilsin L - 500 BT
1 43. o Berilganlar asosida 400 BT 44
| 115y 751 asv 53, | 4=(100V2sin o1 + 40420 sin 201) B: 380 BT | —
| s KR | —
1 r=20 OM, wL =10 Oum elektr e
b= | __//J
- ] 309
308




L Opera
i tor ta'svi
54. bo'yicha) svir  berilgan
o p) =H_(ﬂ:_i_ “‘nmﬂs
riginal (4 .
ginal g(’) topilsin P-"-l'-f—()r.} ; )
: i ;‘;"“le-il,:", . .
1) = (1= 0.25 ~aLe
55 s 25 20 U ,u_h'
- | Aperiodi K oLl
odik 2 ontu —toe o Iz A
ik zaryadsizlanish ‘lmll:ll:::&;;AILL"‘ Kont 5oy ) [ 2
elanish: 2 krisk urming
" qiymatdar r.:hk qarsh |""b aktyy B — 68 Qanday
bo*lga hatta | g uligr knnk | K ] deb y xolda uzu ; L
To'n kond gandag J'ymatga teng onturning ak Konturning 2kuv ataladi ? n hniyalar bir ji inyant uzunh i
. qutublikni cnsatorn bo'lga 2 qarst g aknv | qarshibig e ’ ir jinsli o ginilLiniyan Leini
56. vaD ma’ ni - qoeffi cheg mg | k gandag uhig kntik qarshiligr kntik g g d '"mnhgm,P_i i
ishl a'lum bo'l 1sentlari zary. Baraviy ondensatorni qrymatdan k qiymatdan katta 6 parametrlan va pogonn niyani uzunliginifLini
1S ik i canda, kiri ABC vadsizlar e ng | bo'lgan x atta o'l 0 9 i bog'li i qga  param . pogo iniyani uzunly —
| lifod gisqa - Kirichias: e s || sscvet e gan xoldag Ipandags Uzun Iy g'liq bo'lsa etrlari X gonn gini|
alansin tutashuy agi salt rarvadsizlan zarvadsizl gt Londensatorming niyani to'lqi koordinatasig parametrlari X pogonn
Ag qarshiliklari A ishi sizlamish U kue " 1ng qinh parame N To' bog'li j 83 koordu 2 parametrlari
gar : hilikla rap kuchlamshgac ametrlan: o'lgin s 2'lig bo'l inatasiga il
57 |rarakteristi simmetrik . 2 Ziwea|ge=4 ’Arv-xds.,h;;i:'u 70, | Uzun liniy o thllngﬁl'w]q sa_| bog g bo'lmass Vil e
" u istik qarshilik to'riqu - AlT" z B2 ! B e — nima hisobl| vant birlamehi k“Cﬁ: ‘Wahs- Pogonn YUgirma va bl
b _x"lda quydagi ikka yuklanga b[l’bhk e & Ty I Ch anadi ? hi parametrlan \'umn:mml turuvchi to‘lqinlar Alks enrvchi
ajariladi: gi shartlamni nbo'lsa nlz.-2 z 7 cgaralang oot tahalt koeffisientlari to‘lqintar
8 | To i larni  qaysi bjr" u, v c Ruep ] moslangan gan urnlikdan . L""::r'l'_{lo Iqnlar Tolqinli . i | koeffisientlari
DT i 7, = 7 U, & wﬁiluklaumga “hlbs:sa liniya Yl::_“""hn parametrlar 5 050;;1 -;\l\Te(uvchj
s - L T S xas shlasa, nirn arametrlari s
ibeldagi so*nishi ' 4 N T ) 72 Uzun  lini £ xoeil bohias £ unda m'lqinll;:: Aks ctuvehi Yutu - ___k(;.fr__?;?::?;i—
2 2 2 ={ . akslan; niyani : to'lai Vel
o | s 201U, /U] =l g, ==, | [ekslansh o qundoy ish xolati - lainlar lo‘lqinln: Ty
immetrik to*rt, i 21g)/, U, e ¥olatida Turuvchi Turaveh to’lqinlar
qutublik: el el 201 Cl to*Iqinlar isl vchi
3 . sl W e l‘lj[/ 1L 73 heparal 1sh 1o'Iqinlar i Aralash g
. T- yok Ik ' ol | 2y, Y B el s 3 xolatid ginlarish | to‘lginlari Yugirma
yoki 11- kkita k iz b it n|t/, /U ivada y uzunlikdagi i : 4 colati a’lqintar Iqi
60 5"“kld:1'=:|l :I]cv lkk:.k-l;lﬁ" va 13;-”\'.' bo'lagi bo'l —“LJ—,—-'J 'l q“nd;nl}uglr"m lu‘l(lil“:agl isrofsiz uzin Yuklama rezistiv xolatids NOlnlid;Sh tolqinar ish
Bl O'zgarma zanpin o5 '-Zhlqlsh. ,L"q‘sh bo'y a}kuchla'"shl ‘ﬁi_ill‘h kelib }]I-l ar yuklamaning bo'lib, limyant xolatida
o s uzatuvchanli ega bn‘?.sm‘““’lgn. <l11c ha tenglama Xususiyat tkkala L w'lqin ruklama kompleks) Yuklama i ol
i3 :‘5| xolda Tm ik g koc fisienti m:ﬂtl elektr UI'I::’[S]] uchun tomondagi juft 74 ['Chcgm"!nn E“fi‘hlhgmun bo'lsa ‘]ubm.;nndukliv bo'lib Ii:)?:::_"
‘ ; : i 4 - |ini alangs | lachik bo'lsa_| : ]
% i —— s ni (la( B+ JCD i carakt shigan |10Te wchun bir iniyada o uzunlikdagi isrofsi whikbolsa | fss ‘ﬂ‘lqinqmm’;; s
) U, nisbati lini a oxirdau _;UA-,O enstikaga ey il bo' lgan zamif N qanday ala ash to’lqinlar serofiizuzin | Yiklemas Yukl R teng bo'l i
U iniya boshi el 0lg(B+JD anpr y xolatida ke nlar Yuklamani bo" casay ama kompleky ___———sa——
o A skl va | i chb chigadi ? amaning bo lib, limyani voki rezistiv v
agi toklar 1 A n( A+ BC — e : to'Iqin qarshihg bo'lib, liniy: uklama reaktiv Yuklama rezistiv
|| ar 1 g Agar lini Ag _\_(lqll')ln( 1+ /BC 7 Cheg i shiligigal gy , liniyani bo'l borlib, Tini stiv
; ____I_HTL__ St ¥a oxiri gar liniya ____Lﬁ_l 5. |lini garalangan _‘E_bf‘_lsi__lo Iqin qarshiligiga = to* lib, liniyand
: ; ng liq bo'lsa m'[qm]; Agar limya ox1 qdlz;'lada siri it uzunlikdagi isrofsi | teng bo'lmasa | ailqm ?;rshiligiga
, . 1 1 0XIn anday x cht to'lagt ? Siz uzl P [ eng bo‘lmasa
| 62. Qanda; ?‘”:’!"hkku qisqa Agar liniys T ay xoland o'lqinlar yuklar 0y klama Yuklama rezistiv __-—L———'——'_
‘ deb at ly xolda uz ulangan bo'l tutashtiril b [b g 3 a kelib chiqadi ? maning klama kompleks| bo'lib, i i Yuklama rezistiv
‘ almaydi ? un lini e o'lsa irilgna uztlishsiz bo'lsd Nochi; adi N bo'lsa £ iniyani Yukl | bo'lib, lini
I 7 ] . 3¢ iziali - lama lib, 1 s
: _—_——Tini_[umyﬂm —— e bo’lsa (xar qanday 76. "“rukc,r‘:lq,l' zanjirlarni m lc::,qa;shmg‘-‘?“ bO'I:ahw 10'11;::}@'
| X 3 - ) stik R b . N o bo'
pogon i AN uzunhigim) yuklamada) bo*lakiy tikalari to'g'ni chi volt-amper _,__b__nlsi—— qurshiligidan
63. | Uzun lini Iparametrlar n pogon nhginy, [E— | hisab ar  bilan g'ri chizigli sini 7 kichik bo'lsa
/ nima ? tyalarni bog' 1vaggel P " Antyam : __*h_qhg—me___i Grafikaviy ¢ . o
i 2'liq bo' 8 m uz Liniye a al gi usul Y G i Ki Bo'l
I 20! m an x g uzunhigin 7 cltin ashu . an " onik -ket 1ziqit
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Elektromagnit 7
Maksvellni L . & Kirxgofning o ; :
86. clining birinchi tenglamasi: |ndu|\5?)‘n Om qonunim kkinch: Folig ‘m‘k Kirxgofning Elektromagnit | rq.piq ok
qonunin differensial qonunini qonumni 9% T birinchi qoauning induksiya qonuc::ini Om gonunini
3 SO M » 1kkine = v = :
differensal formasi differensial dlmr"n’qﬂ & iklinchi tenglamasi: differensial genugl differensial ik
g7 | Elektr maydon cnergi formasi forma e i by . oa
i . nergivasini fo - ormasi formasi : formasi
|~ [ko'rsating rmulasin » LI? =0 ' = formasi
_Le ] = ] I S - E - - = - e
88 Magnit maydon encrgiyasi 7 2 R U W=—— S§=P+j0 97 - ,!]m ' IK zamir ?T-fummdng: yozilgan | U, =2,/ + Ziph |2y = 1, Uy # Bl Iy =Yl + Yaln ) Uy =Foh + Vil
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Zanjir parametrlari: Rs=Ruc=3 Om bo’lib,
Ug=60 V ulangan I-tok mmaga teng?

11g,| Mos sxemada ulangan induktiv g"altak 2l Lty | ofLis LaM), | ofli-Lz+2M)

reaktiv qarshilik tenglamasini yozing. )

Zanjirda X1  va Xc laming  qanday] Xi- I

: T X . ; > N ) 40 A

119. pisbatlarida vattmetr ko'rsatkichi eng katta) X1 =2Xc: X =Xc X1 =4Xc. : 4 30A 20 A 34

givmatga erishadi? -
120,| Rezonans vaqtida  Z-t0'la qarshilik %, 7in 2- [T =E)| 2~VRTFXE

nimaga teng?

1
Rezonansda to'la qarshilik Z nimaga 1 — S s ol Rbe

121. teng? ER JaC Jwl. yrrl Je c

Zanjir  parametrlari: u = 100sinwt, R.GZO
Om, L-20 mGn, C=50 mkF bo E_s.‘l.
czo sig'imdagi  kuchlanish

[Yassi kondensator parametrlari: e, =€2
51=52, d1=0,5d> bo'lsa, qoplama sig'imlary

rezonans vaqtida
ganday munosabatda bog langan?

nimaga teng?

—p " 3 . | "
! | ‘ ; o 100s1a(wk 0 100sin{wt = 9
122. d Ci=C; Ci=0,25C: Cy-0.5C; 1 " . ) ) 100
E | 3 _ l‘—~

Kalit  ulangandan keyin U kuchlanish
nanday o'zgaradi?

STk

: Rasmdagi aktiv quvvat grafigidan S-to’la
juvvat nimaga teng?

: : S A

B - 2 marta oshadi | O'zgarmaydi LA, 4 marta oshadi P

e : kamayadi
] U ) 0 400 VA
100 VA 200 VA
130.
Vanjirda | tok qanday ifodalanadi?
R - )

124, a I p ,_E+U ,__E+U Yo —

) : - A A
R R l g Parrallel  zanjir :\.-:?mpumctr 10 Acnm:r
4_—U—_ hmpermetr 6 A ko'rsatsa, Az-amp

; i?
kjancha tokni ko'rsatadi?

Agar R=100 Om bo'lib zanjir o zparmas
tok kuchlanish U=24V ulansa, sig’imgal

X 16 A 4A 8A
5A
ulangan  voltmetr qancha  voltni 3 @
ko'rsatadi? i 0
125. R [—® 24V 10V 20V Javobi yo'q R
! N SE——
P
(S
[ 7 —50-1390m bo'lsa, Z2- to'la
[ Fawsiis bolgan elekir s oy ———— Sremads T e it
qiymatlari i = dsin(wt + 45°) qarshilikning an.dn) a 0
126l = 100sin(wt — 45° ) P=400 vy; P=200 Vi, P=141 Vi =0 naksimal quyvatni ko'rsatadi- 0 =5el”
( 45%) tok val j30° #z=10e/ &
fruchlanishga ulanganda  aktiv va reakti] @-400VA Q=0 Q=141 VAr Q=0 Zy=se™" ae "
quvvatlar _giymatini toping. 132 -
| e 3
[Parallel SXema  ulangan  generator
parametrlari: E;=70V, Ry=14 Om, E,=50 A4 Z
[R2=10 Om bo'lsa, ckvivalent E.YuK] : pE=———
Klancha bo'ladi? — | K=0.08

e =12
Tkkita induktiv g'altak  parametrlari &=08 K

I e
a =0,08 Gn. K=1 L
. - - 3 = Gn, L.=02 Gn, M=0, ST S
Es=0 Ex=120 v Ey=20v Ea=120V 133 L.n v(')i(::_rflsh";wcffcsil:nli e el | oo
Ry R,
E, 5 e
b E

s e ||
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Parallel  sxemada ulangan ikkita ideal [D'cylml simli simmetrik 3~t'n2:a!i zanjir]
g'altak boglanish koeffesienti K=1 bo'lsa 141 =380V ) ulangan l?o lib, &"9'- 40 A 38 A 0 22A
ckvivalent induktivligi nimaga teng ‘garshiliklan  Z=10 Om  bo'lsa, lo-toki
. gancha bo’ladi?
134. _M._ Ly-L, Faza  toklari simmetrik: Ly=ln=la=15A
Ly+1,+2M @ L+ L, 0 bo'lgan uchburchak sxemadagi uch fazali
i zanjir A liniya simidagi saqlagich uzilsa, 1.d
L L toki qanchaga teng bo’ladi
*
rO:ﬂ qULbll ?.anjiming Z- ‘1‘“’5h3[|g" = 142 0 E 15A 75A
ma‘lum  bo'lsa,  koeffisientlari qanday & g 3
kniqlanadi? a
: A=0 A-l: A=l A-0; c
135 1 h :]z 1 2 B-Z B-Z. B2, B-Z:
| J c=0 c-0; c-2 C-0.
% D=1 D1 D-0
v D=1 : %
4 ¥ by 143 e + a? tenglamani @ = /1% bo’lganda T a+at=-1| a+a’*=0 a+at=
].'_ﬁ—__. 2 < Loddalashtiring.
> i 7 Nosimmetrik uch fazali zanjir neytral sim 5 ‘A 3 5
'SXt?mada;;u to 1t qutbli zanjir Z-qarshiligi || 144 toki lo=SA. Bunda liniya toki nol ketma 3 152 5
na lum  bo'lsa, doimiy kocffisientlari Ketlini tashkil etuvchisi_teng? :
[ pe el Nosinusoidal tok oniy giymatlari { = 3 - Rt _— SA
r v, :
o A=0 A=l A0 145 WyZsinwt  bo'lsa, cletromagnit tizimly TA
136. B= ;3 z B ()j B-0 umpermetr_gancha amper ko'rsatadi? 5
(-,8‘ C 0 c B -t ns i =4+ 10VZsinwt + Ne 3 22 2
D- U. D=1 D HI 15 i, 146. 4-3y2 sin3 wt bo'lsa, ;losinusoidri}J tok 7 5 33 V5
siljish_koeffisienti K¢ nimaga teng:
I etma-ket sxemada ulangan RL hZClllll'J!')f 100
= - parametrlari: R=Xp =10 Om _ bo i, 00v2 120V2 3
I-sxcmadagl to'rn qutbli zanjir] 147 lm_qinusotd"] tok =5 +5J§s:'nm:“— 100V 100v2 N7
Paramc!rlan koeffisientlari orqali qanday EJT sin(2wt + 45°) u]_:mgm_l. {’.:m_]u
fodalanadi? Lkuchlanishi effektiv givmati U ni ?o .Illi‘.. ;
Kxemada kalit uzilganda iﬂdlllkt.l\-llkdﬂgl
137 . b U o'tkinchi jarayon kuchlanishi qanday
= I:,z:-c 2B, Z2-B; s o' zgaradi?
0=A Yo=C Yo=D ot
’ Yo 8 i 2R -8 Tt
3 Uet* -Ue " (U/2)e’t et
148.
138 et Quibli  zanjic Zctavsify '
26. qarshilikka ulansa qanday shart bajarilich . 2 . ) 2 .
kerak? q ¥ bajarilishi U, =-u, Lh=1, ﬂ 2 ﬁ i, = %_2 e i I
To'rt quibli zanjir doimi 3 - Lok f——1 |
y koeffisientlari: — 2L = e I ishga e ¥ o
139, (A=D=0,028+j0,12, B=C=0,242/15° by = inll IR,C  zanjir oz.gn,lmmf. l-ol\ lv:uchl::nlsbu—;'l1 . ;.e'ﬁt) ve- =t Uere IR eRc
to’lqi i ) S Al ¥ =024 + | y = 1no,24 = - i~ o'tkinchi  jarayon caf  U( R
lain tarqalish  koeffisienti ¥ qanchagal +j45° e + | ¥ =1In0,24 y = 0,24j90° 149 ulanganda i ]
| Keng? - +j90 —j45° = kuchlanish qanday ifodalanadi? T
i o > 2 o zoarmas tok zanjiri  qisqa
fimmetrik uch fazali generator uehburchat  ————————— | | Sxemadagi  0'zgarmas k‘?rhi i |
fxemada ulangan bo'lsa, voltmetrdagi utashtirilganda [, o tkinchtj
kuchlanish qancha bo'ladi? ifodasini toping.
f(r) Ry . U _Rk U _Z2R Ue%
Ee—ﬁl R s 2R
140. i 150. . R
=3E * i
e U=V3E u=Ck i
L
o el
e
b el
——
.S R
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Sxemada ekviv.

Simmetrik yul

152.

Parallel  sxem,
parametrlari: E,=
R2=10 Om bo'ls
[anchaga teng.

151, Ci ©
I_—EE_-

k_uchlanishga ulan,
fqisqa tutashayotg

' ) ganda B
kuchlanish qanday o’zgaradi?

alent sig’im nimaga teng?|
o, G, i
T C 460G [
duz  sxemada U liniya
gan C fazadagi qarshilik
fazadagi
J3u 2 u U
2 V3
Uc
a4  ulangan
generator
70V, Ri=14 Om, E;=50V,
a4, U, potensial kuchlanish
a
60V
) 0 250 v 120V
R>
E, E
I

ILOVALAR
I-ilova
Elektr va magnit kattaliklarning birliklari
Elektromagnit Kattalik Birlisi Birlik | Birlik
kattaliklar nomi belgisi '€ nomi | belgisi
1 2 3 4 5
1-umumiy elektr magnit kattaliklari
Elektr migdori ]
(hajmi) zaryadi Q.q Amper-sekund | Kulon K
Elektr maydon kuchlan- _
ganligi. potensial gradienti E,grady Vislameir V/m
S ree g Kulon tagsim o
Elektr zaryad siljishi D metr KV. Kl/m
Elektr doimiyligi &g Farada tagsim metr F/m
; Kulon tagsi
Elektr sig'im C 4 Oi:lefrqq‘m Farada f
Elektr ygrituvchi }'m(?h. e U, Volt Volt v
kuchlanish potensiali
. 3 Amper A
Elektr tok. o i Amper tagsim Amper A
clektr tokning zichligi metr kvadrat -
Elektr qarshilik R Volt amper | _Om Om
Eloktr o-tkazuvchanlik | G.g Amper volt Simens | Sm
Elektr energiya (elektr WA Ampe'r (vatt- Soil j
bajargan ish) sekund)
Elektr quvvat p Volt-amper Vatt vt
amper Volt- ; b
Magnit ogimi ¢ sekund Veber v
N RN By
Volt-
[lashgan magnit ogimi Y =wo soliuni Veber | Vb
’__________—————_»—————_— -
Veber tagsim Tesl TI
Magnit induksiya B metr kvadrat a
. i
Magnit maydon H AmpslrcttiqSIHI - A/m
Qchlanganligi R — L ——é—’ﬂ;‘
Magnit doimiyligi [y  |Genn @@ il G | G/m
Veber tagsim G G
Induktivlik L amper I
R -
| Veber tagsim Gentl G
O‘zaro induktivlik M | amper | ]
—
Magnit yurituvchi kuch F =Hl Amper Amper A
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2. O‘zgaruvchan (sinusoidal) tokga oid kattaliklar

Elektr tok: ;

i [ Amper Amper

Amplitudaviy Lz Amper | Amper | A |

Effektiv (amaliy) =L /A2 Amper N Amper A

O‘rta Iyr = %[m Amper Amper A

Tok davri T sekund sckund sek

Tok chastotasi f=1/T |Birtagsim sckund| Gers Gs

Burchak chastota @ = 2nf | Radian - sekund Rad/s |

Tokning (EYK ning, D ]

kuchlanishning) Ve, i, P, Radian (gradus) - -

boshlang‘ich fazasi ]

Tok va kuchlanish .

o' rtasidagi fazaviy siljish | ¥ = Yu — % | Radian ( gradus) B _

Quvvat: aktiv P=Ul-cosgp Volt-amper Vatt vt

. Volt-

Reaktiv Q =UI-sin 7] Volt-amper amper Var
reaktiv

To‘la S=Uur Volt-amper Yoli- VA
amper

Quvvat koeffitsienti cos ¢ - - -
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