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3-Mavzu: Zanjirlarni tahlil gilish usullari.

O‘quv rejasi: J

3.1. Tugun tahlili.

(Lecture-3: Methods of Analysis)

3.2. Kuchlanish manbalari bilan tugunlarni tahlil gilish.
3.3. Mesh (tarmoq) tahlili.

3.4. Tok kuchi manbalari bilan tarmogni tahlil gilish.
3.5. Tekshiruv yo¢li bilan tugun va mesh tahlillari.

3.6. Qo¢llantlishi.
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3.1. Tugun tahlili.

tushunganimizdan so‘ng, endi biz ushbu gonunlarni zanjirni tahlil gilishda ishlab chigilgan ikkita

Elektr zanjirlari nazariyasining asosiy qonunlarini (Om gonuni va Kirxgof qgonunlari)

kuchli usullarni go‘llashga harakat gilamiz.

AN
Kirxgofning tok "1 oA a AMA—O Tugun tahlilida
kuchiga oid gonuni » (‘) ‘ tizimli go‘llashga

(KCL) % asoslangan
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Tugun tahlili asosan elektr zanjir tugunidagi noma’lum kuchlanishlarni topish uchun ishlatiladi.

Tugunga KCL qo‘llaniladi
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Photo source: [2] -
https://www.engineer4free.com/uploads/1/0/2/9/10296 Photo source: [3] - https://dwma4bz18k1bd.cloudfront.net/tutorials/kcl-
972/nodal-analysis-for-circuits-explained orig.png site 2021-02-17-013544.ipg

Fundamentals of circuit theory © Yusupov Sarvarbek


https://www.engineer4free.com/uploads/1/0/2/9/10296972/nodal-analysis-for-circuits-explained_orig.png
https://dwma4bz18k1bd.cloudfront.net/tutorials/kcl-site_2021-02-17-013544.jpg

quyidagi uchta bosgichni 0‘z ichiga oladi.

Kuchlanish manbalari bo‘lmagan n ta tugunli zanjir berilgan bo‘lsa, zanjirning tugun tahlili

Tugun kuchlanishlarini aniglash bosqgichlari:

1. Yo‘naltiruvchi sifatida bitta tugunni tanlang. Qolgan n — 1 tugunlarga uq,u,,...,U,_q

kuchlanishlarini belgilang. Kuchlanishlar mos yozuvlar bilan har bir tugunga nisbatan havola gilinadi;

2. n — 1 noaniqg tugunlarining har biriga KCL ni go‘llang. Shaxobchalardagi tok ogimlarini tugun

kuchlanishlari bo‘yicha ifodalash uchun Om gonunidan foydalaning;

3. Noma’lum tugun kuchlanishlarini aniglash uchun hosil bo‘lgan tenglamalarni yechiladi.
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unga mos belgi qo‘yiladi. Belgilangan tugun odatda yer (ground — massa) deb ataladi, chunki u nol

Tugun tahlilining birinchi bosqichida tugun shartidan kelib chigib, zanjirdagi tugun tanlanadi va

potensialga ega deb taxmin gilinadi.

a) C)

3.1-rasm. Yo‘naltiruvchi tugunini ko‘rsatish

uchun umumiy belgilar:

Photo source: [1] - https://wiraelectrical.com/wp-
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Ikkinchi bosqichda, zanjirdagi har bir tugunlar uchun KCLni go‘llaymiz.

@ @ 1 tugunga nisbatan KCL quyidagi
i is Ifodani beradi:
1 Ko 2 il B ey
N R fi i Iy =1 + iy + i, (3.1)
1 v R ) Ry | _
‘(‘D '_% | _% > A §R‘ %R“ 2 tugunga nishatan esa,
0
= 12 ~+ iz — i3 (32)
a) ~ b)

3.2-rasm. Oddiy zanjir uchun tugun tahlili.

Demak, tok kuchi rezistordagi yugori potensialdan quyi potensialga garab harakatlanadi.

i = uyuqor; —Uquyi (3 . 3)
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Buni hisobga olib, 3.2-rasm, b dan quyidagini olamiz,

il = R, yOkl il = Glul

iz = ulR_zuZ yOkl iz = Gz (u1 — uZ) (34)
. uZ—O k .

i3 =~ yoki i3 = Gzus

(3.4) tenglamani mos ravishda (3.1) va (3.2) tenglamalar natijalariga almashtiramiz.

11 _ 12 n u;:O n u1R—2u2 (3.5) 12 4 u1R—2uz — u;;o (3.6)

O‘tkazuvchanlik nuqgtai nazaridan (3.5) va (3.6) tenglamalar quyidagicha bo‘ladi.

Il = Iz + Glul + Gz(ul — uz) (35) 12 + Gz(ul — uz) = Ggu:; (36)
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Tugun tahlilini resistor Tugun tahlilini kuchlanish Tugun tahlilini tok kuchi

bilan qo‘llanilishi manbai bilan qo‘llanilishi manbai bilan qo‘llanilishi
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Tugun tahlilining uchinchi bosgichi tugun kuchlanishlarini hal gilishdir.

[G1 +G, —G; ] th _ I =1 (3.9)
_Gz Gz + G3 uz 12
U4 Va u, tugun kuchlanishlarini har ganday standart usul yordamida aniqglashimiz mumkin.
> Inversion matritsa usuli > Kramer qoidasi » Soddalashtirish usuli

aux; + Xy + - + Qi = by boae o, » Almashtirish usuli
A 2} 2k g) lw okl 2
a» 1 X 3= Oonlks T 455 5 QopXp = b- X, = -1 A= el 2n A = 2 A4x @2n
= e ) % = A
3 ’ ; A Upy App " dyy bn Ay "0 Ay,
a Xy ;3 P R%) TR UpynXn = l)u X, = =2
- A
: ay, by - ay, ay, Ay o by
(7] | a 12 cee ”]” .\‘[ [)2 A" A, = any /?3 Tt dag A = dary dypp [73
) / X, = —— - : e " :
a»y d>»» ... doy Xo 7> A
» . » = . Al 1).'1 Tt g py dpa 7 bn
| apy dpo see Unn _-\_u | bu
apy app ... dy, X b, Equation source: [9] - Fundamentals of Electric
A= | % G2 . o X = | B—|? Circuits, Charles K. Alexander and Matthew N. O.
S e ‘ ’ Sadiku / 5th edition, the McGraw-Hill Companies,
ay ... d X, h _ , _ o
il e ”” ! " = dy10xdsy t Ay A3 a3 + A31A12023 — A)30rd3) — Ar3A3d) Inc., -2013. — p A-A-1.

— d33d1209,
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- 3.1.1-masala: 3.3-rasmda ko‘rsatilgan zanjirdagi tugun kuchlanishlarini hisoblang.

;i Yechish: 1 tugunga KCL va Om gonunini qo‘llaymiz
5A o

<) jir=s ~ bii= u—u u,—0

N _ o = . — M17%2 1

Lo , _12’ '\jvg\}\l . 14<—_10 ll lz + l3 —> 5 4 + >
1 AW E e :

i i iy 20 =u; —u, + 2u, yoki 3u; —u, =20 (3.1.1
1 2 1 1 2

2Q§ 6Q§ () 10a 2Q§ oas  (Doa

2 tugunga KCL va Om gonunini go‘llaymiz.

= . . . . U1—UuUy UZ—O
= I, +i, =101 +ig — +10=5+
. S.5-rasm..  3u; —3uy, + 120 = 60 + 2u, yoki —3u; +5u, = 60 (3.1.2)
a) asl zanjir; b) tahlil gilingan zanjir.
1-usul: 2-usul: 3 -1 20 3 20 . _
: — A,= =1 =24 iy =54,
3u; — up = 20 ey | Y Rl e =75 ol =180 +60 = 240 ___|n
. _ U—uz
4u, =80 — u, =20 —1=3 5l - Uy =—= = 13,33V
: - A 12 i3 == = 6,664
3u; —20 =20 20 —1 37 2 ’ !
40 A= | =100 + 60 = 160 A, 240
——=1333V 60 5 U, = = =20V . . Uy
u1—3— ’ 2 A 12 14:10,4, l5=z=3,33A
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3.2. Kuchlanish manbalari bilan tugunlarni tahlil gilish.

Kuchlanish manbalarining tugun tahlilida quyidagi ikkita imkoniyatlarni ko‘rib chiqaylik.

4Q

o //‘$Upertugun 1-holat: Agar kuchlanish manbai yo‘naltiruvchi

————— 4 - - -
Y A e tugun va yo‘naltiruvchi bo‘lmagan tugunlar bilan

g AWW {\ - ¢ ) ’1 _ _ _
o‘zaro ulangan bo‘lsa, biz shunchaki kuchlanish

& & manbasining kuchlanishiga teng bo‘lmagan noani
ov () 80 6Q J J J J d

tugundagi kuchlanishni o‘rnatamiz.
u; =10V (3.10)

3.4-rasm. Supér tugunli zanjir.
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orasiga ulangan bo‘lsa, ushbu tugunlar umumlashtirilgan tugun (generalized node) yoki super tugun

2-holat: Agar kuchlanish manbai (bog ‘lig yoki mustaqil) ikkita yo*naltiruvchi bo‘lmagan tugunlar

(supernode) ni hosil qifadi, Super tugunni kuchlanish manbasini va uning ikkita

tugunini o‘rab turgan yopiq sirt deb hisoblash mumkin.

Tugun kuchlanishlarini aniglash uchun ikkala KCL va

KVL ni go‘llaymiz.

Super tugun ikkita noanig tugun va unga parallel

ulangan har ganday elementlar o‘rtasida bog‘langan

(bog ‘lig yoki mustaqil) kuchlanish manbasini o‘rab olish

Photo source: [10] - https://wiraelectrical.com/wp-

content/uploads/2021/07/supernode-analysis-2.ipg Orqal | hOSi | bO ¢ |ad | .
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4 Tugunni tahlil gilishning muhim komponenti KCL ni

N\
e s 5 5 f41 go‘llashdir. Bu har bir element orgali tok kuchini bilishni
0T I e S ) W -
v IRy I_‘ talab qgiladi.
h 8§1 1§6 Kuchlanish  manbai orgali tok kuchini oldindan
| bilishning hech ganday usuli yo‘q. Biroq, KCL har ganday

boshqga tugun kabi super tugunda ganoatlantirilishi kerak.

Photo source: [10] - https://wiraelectrical.com/wp-
content/uploads/2021/07/supernode-analysis-2.ipg

il + i4_ —_ iz + i3 (3113.)

ui—u + ui—us — uz—O + u3—0
2 4 8

(3.11b)
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Kontur (loop) bo‘ylab soat yo‘nalishi bo‘yicha tok kuchining harakati belgilanadi.

Super tugunning quyidagi Xxususiyatlariga

kuchlanishlarini  hal qilish uchun zarur bo‘lgan

i 5V = .

: 0 : e’tibor bering:

: + U + i

I i 1. Super tugun ichidagi kuchlanish manbai tugun
! v v3 1

__________________

----------------- cheklash tenglamasini beradi;
3.5-rasm. KVLni super tugunga go¢llash.
2. Super tugunni o°ziga xos kuchlanishi yo‘q;
—U; +5+uz3 =0
Uy — Uz =5 (3.12) 3. Super tugun ham KCL, ham KVL qo‘llanilishini

talab qgiladi.
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3.2.1-masala: 3.6-rasmda ko‘rsatilgan zanjirdagi tugun kuchlanishlarini hisoblang.

10 Q
WAN—
) 2V (I 2 E 2
1 Q @) o —
~ YSRIL l7A
2A(D §2£2 4Q§ G 7A Zik=zich 24 (§ §m 4Q§ O
L L
_ a =
3.6-rasm. )
a) super tugunga KCL qo‘llanilgan;
Yechish: | KCL ni super tugunga qo‘llash quyidagi ifodani beradi.

(3.2.1) va (3.2.2) tenglamalardan quyidagi hosil bo‘ladi.

2=l1+l2+7

u1—0 u2—0

U, = Uy 2 —
_ 5 + 1 + 7
—20— 2uy = uy + 2
3u, = —22 u; = —=7,33V 8 =2uq; +u, + 28
Uy = +2=-733+2=—-533y | ¥e=20-2u (321)

- -y

_____________________________

3.7-rasm.
b) konturga KVL qo‘llanilgan.

KVL ni qo‘llaymiz.
—Uuq — 2 + Uy = 0

u, =u; +2 (3.2.2)
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