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ANNOTATSIYA

Hozirgi kunda matematikaning differensial tenglamalar bo’limi juda rivojlanmoqda.Ta’lim
sohasida esa alohida e’tibor qaratilmoqda shu bilan birgalikda differensial tenglamalar orqali
ko’pgina madsalalar 0’z yechimini topmoqda.Differensial tenglamalarga oid masalalarni
yechishada turli sihalarda keng qo’llanilmoqda.Masalan:ta’lim,tibbiyot,qurilish va boshqalar.
Yugqori tartibli differensial tenglamalarni tartibini pasaytirish hamda ularning yo’llari, ikkinchi
tartibli o’zgarmas koeffitsentli differensial tenglamalar hamda bir jinsli bo’lgan va bir jinsli
bo’lmagan differensial tenglamalarni yechish usullari hamda yo’llari orqali differensial
tenglamalar faniga bir muncha kirib boramiz hamda ularni o’rganamiz.

Kalit so’zlar: Differensial tenglamalar, xususiy hosila, oddiy differensial tenglamalar,
tenglamaning tartibi, chizigli differensial tenglama, bir jinsli chizigli differensial tenglama.

ANNOTATSION

Today, the differential equations section of mathematics is developing very much. Special
attention is being paid in the field of education, and many problems are being solved through
differential equations. It is widely used in various fields to solve problems related to differential
equations. For example : education, medicine, construction and others. We will get a little
deeper into the science of differential equations by reducing the order of higher-order
differential equations and their ways, second-order differential equations with constant
coefficients, and the methods and ways of solving homogeneous and non-homogeneous
differential equations. we learn.

Keywords: Differential equations, particular derivative, ordinary differential equations, order
of the equation, linear differential equation, homogeneous linear differential equation.

AHHOTALUS

B Hacrosimiee Bpemst pa3ien MaTeMaTHKH, MOCBAIEHHBINA AU(depeHlInaabHbIM ypaBHEHUSM,
OYeHb aKTHUBHO pa3BuBaercsa.Oco0oe BHUMaHUe yJensercsa B chepe oOpa3oBaHUsl, U MHOTHE
3aJ]auy PeIIaloTCs C MOMOUIbIo M dhepeHIInalbHBIX ypaBHEeHHH. OH MHUPOKO HCIIONB3YeTCs B
pa3nuyHBIX 00JacTAX Ui peUIeHHs 3a7ay, CBA3AHHBIX C JU(QepeHInaTbHBIMU
ypaBHeHusMu.J{ns [lpumep: obpa3oBanue, MeIUIIMHA, CTPOUTEILCTBO U Apyrue. HemHoro
yroyouMcss B HayKy O  Jaud@epeHIManbHbIX — YpaBHEHHSX, IOHU3UB  MOPSAOK
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nuddepeHIMaTbHBIX YPAaBHEHUM BBICIIMX MOPSIKOB M UX CIOCOOBI, auddepeHinagbHbe
YpaBHEHHUSI BTOPOTO MOPsIIKa C TOCTOSIHHBIMU KO3(DPHUIIEHTaMH, a TAKKE METOJIbI U CIIOCOObI

pelIeHHs OTHOPOIHBIX U HEOAHOPOAHBIX AU (HEepeHINAIBHBIX YPABHEHUH. MBI YUHM.

Kurouessble ciioBa: Jluddepenmanbapie ypaBHEHsI, YaCTHAS POU3BOIHASL, OOBIKHOBCHHBIE
middepeHManbHble  YpaBHEHUs, TOPAIOK YpaBHEHUS, JIMHEHHoe auddepeHanisHoe
ypaBHEHHUE, JIMHEWHOE OAHOPOJHOE A depeHIInaIbHOe ypaBHEHHE. .

KIRISH
Ikkinchi tartibli differensial tenglamalarni yechish uchun ularni birinchi bo’lip shaklini bilip
olishimiz kerak.
y"'= f(x) ko’rinishdagi tenglamalar rng soda, ikkinchi tartibli differensial tenglamalar deyiladi.
Bunday tenglamalarni y’ = dy/dx= p belgilash kiritib yechiladi. U holda

y' = dy/dx=Ff(x)
yoki

dp=f(x)dx

bo’ladi.
Ikkala tomondan integral olsak: p = f{x)dx =F1 (x)+C1 bo’ladi. Bundan
p=dy/dx=F1(x)+C
dy =[F1(x) + C1]dx

yana bir marta integral olsak:
y = | Fi(x)dx + C1 Jdx Yoki
y = F2(X)+C1x+Ca.

Bu berilgan , ikkinchi tartibli differensial tenglamaning umumiy yechimi bo’ladi.
Misol. y”= sinx tenglamani yeching.

Yechishi. y' = dy/dx= p belgilash kiritamiz, natijada:

y/=dy/dx yoki dy/dx=sin x p=lsinxdx=-cosx+C1  dy/dx=-cosx+C1 ,
bundan dy=(-cosx+C1)dx

Integeal olsak: y = -Jcosxdx+Cildx.

Shunday qilib, umumiy yechim quyidagicha bo’ladi:

y =-sinx + Cix + Ca.
Tekshirish: y/ = + (- sinx + C1x + C,)' yoki y' = - cosx + C; y" = sinx.
Bir jinsli chizigli tenglamalar. Ushbu aoy” + a1y’ + azy = f(X)

(bunda ao, a1, az, f(x) lar x ning funksiyalari yoki o’zgarmas sonlar) ko’rinishdagi
tenglama ikkinchi tartibli chizigli differensial tenglama deyiladi.
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Agar f(x) = 0 bo’lsa tenglama, ya’ni

y' + ay + azy = f(x) (1)

tenglama bir jinsli chizigli tenglama deyiladi. (1) va (2) tenglamalarning chap tomoni y, y/, y”

larga nisbatan birinchi darajali bir jinsli funksiyadir.

1 -teorema. Agar yi vay; - ikkinchi tartibli bir jinsli y' + a1y’ + ay =0

differensial tenglamaning ikkita xususiy yechimi bo’lsa, u holda y1 + y. ham bu tenglamaning

yechimi bo’ladi.

Isbot. y1 va y» lar tenglamaning yechimi bo’lgani uchun

y1 +aiyr + ay1 =0 3
Yo+ ay2+ ay2=0

bo’ladi. (2) tenglamaga y1+Y2 ni qo’yamiz va (3) ni e’tiborga olsak:

(y1+ yoll+ai(yr+ yo)+az(yi+ y2)=(y1"+azy/+ azyr)+(y2"+ary/+azy,)=0+0=0

bo’ladi va y1 + y2 ham tenglamaning yechimi ekanligi kelib chigadi.

2 -teorema. Agar yi(22) tenglamaning yechimi bo’lib, C ixtiyoriy o’zgarmas miqdor bo’lib,

u holda Cy1 ham (22) tenglamaning yechimi bo’ladi.

Isbot. (22) tenglamaga Cyi1 ni qo’ yamiz, u holda

Cy'+Ca y'1+Cay=C (Cy"1+ a y1+azy)=C*0=0

Bo’ladi. Teorema isbotlandi.

3 - teorema. Agar yi1 va Y2 (2) tenglamaning ikkita chiziqli erkli yechimi bo’lsa, u holda

y=C1y1+Cyy> (bu yerda C; va C ixtiyoriy o’zgarmas miqdorlar) ham (2) tenglamaning

umumiy yechimi bo’ladi.

Bu teoremaning isboti 1 - va 2 - teoremalarda kelib chigadi.

O’zgarmas koeffisiyentli ikkinchi tartibli bir jinsli chiziqli tenglamalar.
Ta’rif: O’zgarmas koeffisiyentli bir jinsli differensial tenglama deb:
y'+py'+qy=0
(4)

ko’rinishdagi tenglamaga aytiladi.

Bunda yuqoridagi teoremalarga asosan bu tenglamaning umumiy yechimini topish uchun

uning ikkita chizigli erkli xususiy yechimini topish yetarlidir.

Tenglamani yechish uchun y=e** deb faraz gilamiz, bu yerda k nolga teng bo’lmagan 0’zgarmas

son.

Hosilalarni topamiz:

y/:kekx y//:k2ekx.
Bularni (4) tenglamaga keltirib qo’yamiz:
kZekx+pkekx+q ekx:0 (5)
e+ 0 bo’lgani uchun (5) tenglamada
k?+pk+q=0 (6)

bo’ladi. Demak, k (2) tenglamani ganoatlantirsa, e* tenglamaning yechimi bo’ladi.
Xarakteristik tenglama.

(6) tenglama (4) tenglamaning xarakteristik tenglamasi deyiladi. (5) tenglama ikkita ildizga
ega bo’ladi, ularni k1 va k2 bilan belgilaymiz:

ku=-p/2+((p4)-0); ks=-p/2-\((p*/4)-0);

Bu yerda quyidagi hollar bo’lishi mumkin:
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1. ki vakz haqgiqiy va bir - biriga teng emas (k 2 # k 2):
2. ki vak haqgiqiy va bir - biriga teng (k: = k2):
3. kivakz kompleks sonlar;
Har bir holni alohida - alohida ko’rib chigamiz:
a)  xarakteristik tenglamaning ildizlari haqiqiy va har xil (ki # 2).
Buholda  yi=ei*™, y,=e**
funksiyalar xususiy yechimlar bo’lib, tenglamaning umumiy yechimi

y=C elklx_|_c2 ek2x (7)

ko’rinishda bo’ladi.
Hagigatan ham, y' va y" larni topamiz:

V1 Ci k eklx +Cor ko ek2x, y = Ci k21 e22 +Cy k22 eka;
bularni (7) tenglamaga qo’yamiz:

C1k21 6‘22 +Cy k228k2X + Q(lel ekl X4 C, kzzekZX) + q(CleKZX +Cy ek2X) =0.
Chap tomondagi gavslarni ochib, gruppalaymiz:
(lel 2 ek2x + pC1 kleklx + qC1 ek1X) + (Cz k226k2X + QCZ ek2X) =0

yoki

C1 e (ki®+ pk 1+ q) + Coe*™ (k2%+ pk 2+ q) = 0. (4)
ki vakz lar (2) tenglamaning ildizlari bo’lganligi uchun, (4) ning chap tomonidagi qavs ichidagi
ifodalar nolga teng va umuman chap tomoni ham nolga teng bo’ladi.
Demak, y = C1e™ + Coe®* funksiya berilgan differensial tenglamaning umumiy yechimi
bo’ladi.
Misol. y” - 8y’ + 15y = 0 tenglamaning xarakteristik tenglamasi ki=5; k.=3 ildizga ega.
Demak, tenglamaning umumiy yechimi quyidagicha bo’ ladi

y=C1e> +Coe¥ .
b)  xarakteristik tenglamaning ildizlari hagiqiy va teng.
Bu holda k = k2 = p/2 bo’lib, 2ki= -p Yoki 2k:+p=0
bo’ladi.
Bitta xususiy yechimi y; = e* ma’lumdir. Ikkinchi xususiy yechimini
y2 = U( X )eklx
ko’rinishda izlaymiz. Bu yerda u(x)=u aniqlanishi kerak bo’lgan noma’lum funksiya. u(x) ni
aniglash uchun y2' va y,/ larni topamiz:
y2/ :u/ eklx_|_uk1ek1x: ele( U/+Uk1),
yZ//: u/ ek1x+ u/klek1x+ u/klek1x+ Uk21ek1X:( U/+2k1 U/+ ukzl).

Bularni (25) tenglamaga keltirib qo’yamiz:
eklx[(u//+2klu/ +k21u)+pek1X(u/+klu)+qu]:O
yoki
e u+(2k+p)u’+ (kA +kip+q)u]=0
k xarakteristik tenglamaning karrali ildizi va ki+p=0 bo’lgani uchun e **u ” = 0 yoki u’=0
bo’lishi kerak. Uni integrallab
u(x)=Ax+B
ni topamiz. Xusuxiy holda B=0, A=1 deb olsak, u(x)=x bo’ladi.
Shunday gilib, ikkinchi xususiy yechim kabi y = xe ¥ bo’ladi.

154 | Page



European Journal of Interdisciplinary Research and Development
Volume-10 Dec. - 2022
Website: www.ejird.journalspark.org ISSN (E): 2720-5746
Bularni nazarda tutsak, umumiy yechimni

y= (Cle kix 4 szeklx —= eklz (Ct + C X )
ko’rinishida yozish mumkin.
Misol. 4y" - 12y’ + 9y=0 tenglamaning xarakteristik tenglamasi 4k? - 12k+9=0
bo’lib uning ildizlari k1 = ko = 3/2 dir.
Demak, tenglamaning umumiy yechimi
YV = (C1+ Cox)e*?x.
V) xarakteristik tenglamaning ildizlari komoleks sonlar bo’lgan hol. Ildizlar
kin =a+ if ko =a-iff ko’rinishda bo’lsin. U holda differensial tenglamaning xususiy
yechimlari yi=e @) y,=e(®¥#)X ko’rinishda bo’ladi. y1 va y2 lar tenglamani ganoatlantiradi.
Biz quyidagi natijadan foydalanamiz:
Agar hagiqiy koeffisiyentli bir jinsli chizigli tenglamaning xususiy yechimi kompleks
sonlardan iborat bo’lsa, u holda uning haqiqiy va mavhum qismlari ham shu tenglamaning
yechimi bo’ladi. Binobarin, xususiy yechim
e(@HB)X = g3 cos BX + i€ sin Px
bo’lgani uchun e® cos fx,e® sin fx lar ham (26) tenglamaning yechimi bo’ladi. shunday qilib,
(2) differensial tenglamaning umumiy yechimi
y=e® (Cycos fx + Casin fx)

ko’rinishda bo’ladi.

Misol. y’-4y'+7y=0 tenglamaning xarakteristik tenglamasi k? -4k+7=0 bo’lib, uning ildizlari
ki =2+ iV3; ko = 2 - iV3; dan iborat. Tenglamaning umumiy yechimi quyidagicha bo’ladi: y
= e (C, cos N3+ C2sin\3x).

Xulosa

O’quvchilarni differensial tamglamalar fanining o’zgarmas koefisiyentli yuqori tartibli
differensial tenlamalar mavzusini o’qitishda xarakteristik tenglama ildizlarini turli xil
hollaririda unng umumiy yechimini topishni bilish katta ahamiyat kasb etadi. Ushbu maqolada
shu hollarni to’liq va tushunarli qilib tushuntirish yo’llari keltirilgan. Demak ushbu hollarin
bilish o’quvchilarni shu mavzuga doir misollarni yechishda giyinchiliklarni yengishga kata
yordam beradi.
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