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Annotatsiya: Ushbu magolada chizigli differensia tenglamalarni yechishning
besh xil usuli ilmiy-metodik jihatdan tahlil gilingan. Shuningdek, MATLAB, Maple,
Mathematica va Python (SymPy) kabi zamonaviy matematik paketlarning
imkoniyatlari hamda ulardan matematika ta’limi jarayonida samarali foydalanish
masalalari yoritilgan. Har bir usulning afzalliklari, qo‘llanish sohasi va talabalarning
mantiqiy hamda matematik tafakkurini rivojlantirishdagi o‘rni ko‘rsatib berilgan.
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FIVE METHODSFOR SOLVING LINEAR DIFFERENTIAL
EQUATIONSAND THE USE OF MATHEMATICAL SOFTWARE
CAPABILITIESASA METHODOLOGICAL ANALYSISIN
MATHEMATICSTEACHING METHODOLOGY.

Abstract: This article presents a scientific and methodologica analysis of five
different methods for solving linear differential equations. It also examines the
capabilities of modern mathematical software packages—such as MATLAB, Maple,
Mathematica, and Python (SymPy)—and discusses their effective use in mathematics
education. The advantages and application areas of each method are outlined, along
with their role in developing students' logical and mathematical thinking.
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MSITh METOJOB PEHIEHUS JTUHEMHBIX
JANPODOEPEHIIMAJIBHBIX YPABHEHUU U NUCIIOJIb3OBAHUE
BO3MOXHOCTEN MATEMATHYECKOI'O IPOTPAMMHOI' O
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OBECIIEYEHMS KAK 3JIEMEHT METOAOJIOI'MYECKOI'O AHAJIN3A
B METOJIUKE INPEINIOJABAHUA MATEMATHUKMU.

AHHOTauus: B crarbe npeAcTaBieH HAYYHO-METOAWYECKUW aHAIA3 IISTH
Pa3TUYHBIX METOJIOB PEIICHUs JTUHEHHBIX MuddepeHnnanbubix ypaBHeHu. Taroke
pacCMaTpUBAIOTCSI  BO3MOXKHOCTH  COBPEMEHHBIX  IMAKETOB  MaTeMaTHYECKOTO
nporpaMMHOro obecrneuenusi — Takux kak MATLAB, Maple, Mathematica u Python
(SymPy) — wu o6cyxkaarorcss BoOmpochl HX 3()(OEKTHBHOIO HCIOIb30BAHUS B
MaTeMaTU4eckoM o0pa3zoBaHuu. (OxapakTepU30BaHbl MpEUMyIlIecTBa U 00JacTU
OPUMEHEHUSI KaXKJOr0 METOJla, a TaKXKEe HX pPOJb B PA3BUTHH JIOTHYECKOTO U
MaTEMaTUYECKOTO MBIIICHUS CTYACHTOB.

KiioueBbie cJI0Ba: auHelHoe — auddepeHuuanbHOe  ypaBHEHUE,
UHTETPUPYIONINI MHOXUTENb, METOJI Bapyallid MOCTOSHHBIX, XapaKTEPUCTUUECKOE
ypaBHeHUe, npeodpazoBanue Jlamtaca, MATLAB, Maple, Mathematica, SymPy.

Kirish. Differensial tenglamalar matematikaning muhim bo‘limlaridan biri
bo‘lib, fizika, texnika, iqtisodiyot, biologiya va boshga ko*plab fanlarda uchraydigan
jarayonlarni matematik modellashtirishda keng qo‘llaniladi. Shu sababli oliy ta’lim
muassasalarida differensial tenglamalarni o‘qitish alohida ahamiyat kasb etadi.
Zamonaviy ta’lim jarayonida an’anaviy yechish usullarini axborot texnologiyalari
bilan uyg‘unlashtirish o‘quv jarayonining samaradorligini oshiradi.

Asosiy gism.(MR)

1. Integrallovchi ko‘paytuvchi usuli

Integrallovchi ko‘paytuvchi usuli — bu to‘la differensialga keltirilmaydigan
M(x,y)dx + N(x,y)dy = 0 ko‘rinishdagi birinchi tartibli differensial tenglamani mos
u(x,y) funksiyaga ko‘paytirish orqali to‘la differensial tenglamaga aylantirib yechish
usulidir.

M(x,y) dx +N(x,y)dy =0
Agar Z—f#i—: bo‘lsa, tenglamato‘ladifferensia bo‘lmaydi.

Integralovchi ko‘paytuvchi : Shunday p(x,y) funksiya topiladiki, uni tenglamaga
ko‘paytirganda pMdx+ pNdy=0 to‘ladifferensial tenglamaga aylanadi.
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e Fagat x ga bog’liq bo‘lsa (u= p(x)):
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bo‘lsa, p(x)= el F&ex potjadi.

e Faqgaty ga bog’lig bo‘lsa (u= p(y)):
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bo‘lsa, u(y)= el 9979 hotladi.

Namuna uchun misol(A):
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P bo‘lgani uchun bu tenglama to‘la differensial emas . Integrallovchi

ko‘paytuvchini (n) topamiz. Faqat y ga bog’liq integrallovchi ko‘paytuvchi

shartini tekshiramiz .
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Shunday U(x,y) = ¢ funksiya borki , uning differensiai yangi tenglamagateng

Uey)=f Mydx= [+ x)dx =2+ 5+ o)
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2. O‘zgaruvchini almashtirish usuli

O‘zgaruvchini almashtirish usuli — bu differensial tenglamani soddaroq
yoki ma'lum bir standart ko‘rinishga (masalan, o‘zgaruvchilari ajraladigan
tenglamaga) keltirish uchun yangi yordamchi o‘zgaruvchi kiritish usulidir.

Bu usul ko‘pincha quyidagi ikki holatda ko‘p qo‘llaniladi:

: y' = f(ax + by + ¢) ko‘rinishdagi tenglamalarda (z = ax + by + ¢ almashtirish
olinadi).

: y=f( 1] ko‘rinishidagi bir jingdli tenglamalarda (u:$ yoki ux ) almashtirish
olinadi.

Namuna uchun misol (A):

y' =(x+y)?

Z =x+y
Z =1+y'

dz
fzz+l= fdx

Arctg(z) = x+c

Dastlabki z =x +y amashtirishni gaytarib joyiga qo‘yamiz.
arctg (x+y) = x+c

X+y = tg(x+c)

Yakuniy javob : y = tg(x +c) - X

3. O‘zgarmaslarni variatsiyalash usuli



O‘zgarmaslarni variatsiyalash usuli (yoki Lagranj usuli) — bu chizigli bir jingli
bo‘lmagan differensial tenglamalarni yechishning universal usulidir.

Bu usulning mohiyati shundaki, avval tenglamaning o‘ng tomoni nolga
tenglashtirilib, bir jinsli qismi yechiladi. So‘ngra, topilgan yechimdagi o‘zgarmas son
C o‘rniga noma'lum funksiya C(x) olingan deb qaraladi va u topiladi.

Eng ko‘p tarqalgan birinchi tartibli chiziqli tenglama misolida buni ko‘rib chigamiz.

Namuna uchun misol(A) :
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0‘zgarmaslarni variantsiyalaymiz

y =¢(x) x
y'=¢" (x) X+ ¢(x)

Ad tenglamaga go‘yib, c(x) ni topamiz .

(€ (9 x + ¢(x) - =

¢ (X) X +¢(X) — ¢ (X) = X2
¢ (X)X = X2

¢ (X) =X

e(x) = [xdx =L +¢

( Buyerdac -hagiqiy ixtiyoriy o‘zgarmas son )



y:(x? + (',‘1) X
Yakuniy javob :y = X;+ €1 X

4. Xarakteristik tenglama usuli

Xarakteristik tenglama usuli — bu o‘zgarmas koeffitsiyentli chiziqli bir jingli
differensia tenglamalarni yechishning eng sodda va samarali usulidir. Usulning
mohiyati differensial tenglamani oddiy agebraik tenglamaga (xarakteristik
tenglamaga) keltirishga asoslangan.

Eng ko‘p uchraydigan ikkinchi tartibli o‘zgarmas koeffitsiyentli tenglama
misolida ko‘rib chiqamiz
Usulning qoidasi: Differensia tenglamadagi hosilalar mos ravishda agebraik
dargjalarga almashtiriladi:
y' — k?
y —k
y = 1(yani k)
Xarakteristik tenglamaning ildizlariga (k:, kz) garab umumiy yechim shakli tanlanadi:

1. lldizlar hagiqiy vahar xil (ki # kz)
y=Cie5* + c,e X
2.1ldizlar hagigiy vateng (ki= k2=k)
y:(C]_+02X)é( X
3. Usulning kompleksli ko‘rinishi:
y = ex(Cicosx + CaSinx)
y = e%(Cicospx + Casinfx)
Namuna uchun misol(A):
Dy"-5y'+6y=0
k2-5k+6=0
ki = 2, k=3
Yakuniy javob : y = Ciex + C.e¥

2 y'-4y'+4y =0

k2-4k+4=0
(k-2)2=0
.Iri'j_ == .IE{Q == 2

Yakuniy javob 1y = (Ci + Cx)ex

5. Laplas almashtirishi usuli



Laplas almashtirishi usuli — bu differensial tenglamalarni (ayniqgsa, boshlang‘ich
shartlar berilgan Koshi masalaarini) yechishning operatorlar usulidir. Bu usul
yordamida murakkab differensial amallar oddiy algebraik tenglamalarga keltiriladi.

Matematik paketlardan foydalanish

Bugungi kunda matematik paketlardan foydalanish ta’lim sifatini oshirishda
muhim omillardan biri hisoblanadi. MATLAB — differensial tenglamalarni sonli va
analitik yechish, grafiklar chizish hamda modellashtirish imkoniyatiga ega. Maple —
murakkab matematik ifodalarni soddalashtirish va analitik yechimlarni olish uchun
qulay dastur. Mathematica — yugori aniglikdagi hisoblashlar, matematik
modellashtirish va vizua tahlilni amalga oshiradi. Python (SymPy) — bepul va ochiq
kodli platforma bo‘lib, differensial tenglamalarni ramziy usulda yechish imkonini
beradi. Mazkur dasturlardan foydalanish talabalarga yechimlarni tekshirish,
grafiklarni tahlil gilish hamda murakkab hisoblashlarni tez va aniq bajarishga yordam
beradi.
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o | > # Here are examples of second order ordinary differential equations:
Reigjl > ODE = diff (v(x),x,x) = 4-y(x) =0;
w X1l [ d 2
i
NU> >3 ODE = 5 y(x) — 4¥(x) =0 an
t <<ty dy”
Sy > dsolve( ODE);
# 2 E ¢ 2x -2.X
cN@3V y(x)=¢" _Cl+ _C2¢° (12)
AV X [ .~ sl of - T, Al =D
Py > ODE = diff (y(x),x,x) + 4-y(x) =0; )
Ry | :
. p ODE := 5 y(x) + 4y(x) =0 (13)
dx”
+ F o o o =
° ¥ 1 R > dsolve(ODE);
hoe y(x) Clsin(2x) + C2cos(2x) (14)
T > # We introduce initial conditions as follows:
roe > ODE = diff (y(x),x) =4-y(x):
ABT AE d
ZHO 1K ODE = . v(x) =4 yx) (15)
AMNZO L A
NPETY > ics:=y(0) =3;
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Xulosa. Chiziqli differensial tenglamalarni o‘qitishda avvalo analitik yechish
usullarini puxta o‘rgatish maqgsadga muvofiqdir. Shundan so‘ng matematik paketlar
yordamida olingan natijalarni tekshirish va tahlil qilish tavsiya etiladi. Bunday
yondashuv talabalar bilimini mustahkamlaydi, mustaqil fikrlash ko‘nikmalarini
rivojlantiradi hamda zamonaviy ragamli texnologiyalardan samarali foydalanish
malakasini shakllantiradi.Chizigli differensia tenglamalarni yechishning besh xil
usulini taqqoslab o‘qitish talabalar tomonidan mavzuni chuqurroq o‘zlashtirishga
xizmat qiladi. Zamonaviy matematik paketlardan foydalanish esa nazariy bilimlarni
amaliyot bilan bog‘lash, hisoblash aniqligini oshirish va o‘quv jarayonining
samaradorligini yuksaltirishgaimkon yaratadi.
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