ﬂ FIZIKA-MATEMATIKA 1

Xolyigitova Mohigul Naim qizi (Jizzax davlat Pedagogika universiteti o‘qituvchisi)
DIFFERENSIAL TENGLAMALAR SISTEMASI NAZARIYASIDAN BA’ZI MA’LUMOTLAR

Annotatsiva. Ushbu maqolada differensial tenglamalar sistemasi nazariyasining asosiy tushuncha-
lari va ularning amaliy go ‘llanilish jihatlari yoritiladi. Xususan, birinchi va yuqori tartibli differensial
tenglamalar sistemalarining umumiy ko ‘rinishi, ularning yvechimlari mavjudligi va yagonaligi shartlari
tahlil gilinadi. Shuningdek, chiziqli va nochiziqli sistemalar, ularning bargarorligi, fundamental yechimlar
sistemasi hamda boshlang ‘ich shartli masalalar ko ‘rib chigiladi. Matritsali usullar, xos son va xos vector-
lar yordamida yechish metodlari hagida gisgacha ma 'lumot beriladi.

Kalit so‘zlar: differensial tenglamalar sistemasi, chiziqli sistema, nochizigli sistema, boshlang ‘ich
shart, barqarorlik, fundamental yechim, xos son, xos vektor, matritsa usuli, modellashtirish.
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HEKOTOPAA UH®OPMAIIMA U3 TEOPUU CUCTEM JUOPPEPEHIIUAJBHBIX
YPABHEHUIA

AnHomauus. B 0aHHOTi cmambe paccMampusaomes OCHOBHbIE NOHAMUL Meopull cucmem ougge-
PEeHYUATBHBIX YPAGHEHUN U UX NPAKMUYECKoe npumeHenue. B uacmuocmu, ananusupyemes oouee nose-
JleHue cucmem OugpepeHyuanvHbIX YPasHeHuti nepeoeo u 0onee 8biCOKUX NOPAOKOS, YCI06Ua Cyujec-
meoeanus u eOUHCmeeHHoCM ux peuteHuil. Takace paccmampueaomes JuHeliHvle 1 HeluHelHble CUCHe-
Mbl, UX YCMOHYU80CHb, (DYHOAMEHMANbHBIE PEULeHU CUCHEM U NPObIeMbl HAYAIbHBIX Yeaoeuli. Kpamxo
oaemes uHOpMayus 0 MAMPULHBIX MEMOOAX, MEMOOAX PeULeHUs ¢ UCHOTb3068AHUEM CODCTNEEHHBIX 3HAYE-
HUT U COOCMBEHHBIX 8eKMOPOS.

Knruegoie cnosa: cucmema ougpgpepeHyuanvHuix ypagHeHut, IUHeHHAs CUCMeMd, HeTUHETIHAS CUC-
MeMMd, HaYanbHOe YCI08Ue, YCMOUYU80Cmb, PYHOAMEHMATbHOE peuteHie, cOOCMEeHHOe 3HAYeHUe, cOD-
CMBEHHBIT 6eKMOP, MAMPULHDIT MEMOO, MOOCIUPOBAHILE.
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SOME INFORMATION FROM THE THEORY OF DIFFERENTIAL EQUATIONS

Annotation. This article discusses some fundamental concepts of the theory of systems of differential
equations and their practical applications. In particular, the general form of first- and higher-order sys-
tems, as well as the conditions for the existence and uniqueness of solutions, are analyzed. Linear and
nonlinear systems, stability theory, fundamental systems of solutions, and initial value problems are also
considered. Matrix methods, eigenvalues, and eigenvectors used in solving linear systems are briefly
described.

Keywords: System of differential equations, linear system, nonlinear system, initial condition, sta-
bility, fundamental solution, eigenvalue, eigenvector, matrix method, mathematical modeling.

Kirish. Zamonaviy matematikaning muhim bo‘limlaridan biri bo‘lgan differensial tenglamalar na-
zariyasi tabiily va ijtimoiy jarayonlarni modellashtirishda alohida o‘rin tutadi. Aynigsa, differensial tengla-
malar sistemasi bir nechta o‘zaro bog‘liq jarayonlarning dinamikasini ifodalashda keng qo‘llaniladi. Mexa-
nika, fizika, biologiya, iqtisodiyot hamda texnika sohalarida yuz beradigan ko‘plab hodisalar aynan siste-
mali ko‘rinishdagi differensial tenglamalar yordamida tavsiflanadi.

Mavzuga oid adabiyotlarning tahlili. Differensial tenglamalar sistemasi nazariyasining rivojlani-
shida klassik ilmiy tadqiqotlar muhim o°rin tutadi. Xususan, Y.A Metropolskiyning asimptotik nazariyaga
oid ishlari nochizigli va nostatsionar tebranish jarayonlarini tahlil gilishda muhim metodologik asos yarat-
gan.

Shuningdek, S.F.Feshchenko, N.I.Shkil va L.D.Nikolenko tomonidan ishlab chigilgan asimptotik
metodlar chizigli differensial tenglamalar nazariyasini rivojlantirishda muhim ahamiyat kasb etadi. Zamo-
naviy tadgiqotlarda esa M.N Xolyigitova va A.O.Suyarov tomonidan bir jinsli bo‘lmagan differensial teng-
lamalar sistemasini rezonans va norezonans holatlar uchun yechimlarini tuzish masalalari o‘rganilgan. Ush-
bu ishlar differensial tenglamalar sistemalarining amaliy yechimlarini aniqlashda muhim ilmiy natijalarni
beradi.

Tadqiqot metodologiyasi. Qisqacha chiziqli differensial tenglamalarga doir ma’ lumotlarga to‘xtala-
miz. O°zgaruvchi koeffitsiyentli differensial tenglamalar sistemasini qaraymiz.

Ma’'lumki, chizigli tenglamalar sistemasi
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ko‘rinishga ega bo‘lib, uning vektor-matritsali ko rinishi
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dan iborat, bunda x=(x;, x2, ..., x,J), n-o‘lchovli vektor A(#) (nxn) kvadrat matritsa.

(1) sistemaning koeffitsiyenti a;(7) funksiyalar, hech bo‘lmaganda, r>7y lar uchun uzluksiz deb ga-
raymiz. U holda har ganday o‘zgarmas n-o‘lchovli xo=(x14 X260, ..., Xug), vektor uchun (1) sistemaning ya-
gona x(t)= (x;(t), x2(t), ..., xa(t)) vektor yechimi mavjud bo‘lib, =z bo‘lganda, x, vektorga teng bo‘ladi. Bu
yechimni x(¢, x4, #p) ko‘rinishda belgilaymiz. Ixtiyoriy o°zgarmas

X x|l i, j=1.n (2)
matritsani olamiz. U holda (2) matritsaning har bir j-chi ustuni x,, (l = I,_n) uchun (1) sistemaning x;(?)
vektor yechimi mavjud bo’lib, /=1, bo°lganda, x, ga teng bo‘ladi va uni xi(#, 7o, x, ) vektorlardan (nxn) ti-

pidagi X(7) matritsani tuzamiz. U holda X(?) matritsaning har bir ustuni (1) sistemani ganoatlantiradi [1;71-
b.]. Bu matritsaga (1) sistemaning integrali yoki matritsali yechimi deyiladi va
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ko‘rinishda yoziladi.

Agar X(t) integral matritsa /=1 bo‘lganda, birlik matritsaga teng, ya'ni, X(z)=F bo‘lsa, u holda unga
(1) sistemaning normal integral matritsasi yoki normal matritsali yechimi deyiladi.

(1) sistemaning X(#) matritsali yechimining ustunlari />f,da chizigli bog‘lanmagan yoki >f.«da
det X (7) = 0 bo‘lsa, bu yechimga sistemaning fundamental matritsali yechimi deyiladi.

Agar X(t) (1) sistemaning fundamental matritsali yechimi bo‘lsa, u holda har bir x(%,15,x4) vector ye-
chimi X¢7) matritsa ustunlarining chizigli kombinatsiyasidan iborat bo‘ladi. Hagiqatan ham,
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vektorni garaylik, bunda C, n-o‘lchovli o‘zgarmas vektor. U holda (1.4.3) ga asosan (4) vektor (1) siste-
maning vektor yechimi bo‘ladi, ya'ni
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Endi (4) tenglikdan (1) sistemaning har ganday vektor yechimi, shuningdek, x(7,7,x¢) vector yechi-
mini ham hosil qilish mumkinligini ko‘rsatamiz [2;43-b.]. Buning uchun (4)ga =f4, x(%,fo,x¢)=X¢ ni qo°vib,
xo=X(19)C,

= A(NX(1)C = AD)x(?).

ni va bundan,
C=X"Ytg)xo 5)
ni hosil gilamiz. (5) ni (4) ga qo°yib,
x()=X()X " (to)xo

vector yechimini aniglaymiz. Yechimning yagonaligiga asosan, bu yechim x(7,75,x¢) vector yechim bilan bir
xil bo‘ladi [2;252-b.].

(4) vector yechimga (1) sistemaning umumiy vector yechimi, undan C=X "!(7y)x, hosil bo‘ladigan
yechimga xususiy vector yechimi deyiladi.

n-tartibli determinantning hosilasi uchun

n dx..
%@wn»=;®w%@w;;@ﬂmw%@n ©

formula o‘rinli.
Agar X(t) (1) matritsali yechimi sistemaniki bo‘lsa, (6) dan uning determinanti uchun

det X (1) =det X (¢,)exp J.spurX (o)do 7
formulani hosil gilamiz.

Bundan, agar X(7) matritsali yechimning determinant, hech bo‘lmasa, bitta 7, nuqtada nolga teng bo‘l-
masa, har ganday #>#, uchun u nolga teng bo‘lmaydi, ya'ni, X(t), (1) sistemaning fundamental matritsali
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vechimi bo‘ladi. Agar x(£,) sifatida x, boshlang‘ich holatdagi xos matritsani olsak, u holda (1) sistema
t = tg bo‘lganda, xg ga teng bo‘lgan X (¢) fundamental matritsali yechimga ega bo‘ladi [4;193-204-b ].
Shunday qilib, X(7¢) sifatida boshlang‘ich X, ga teng bo‘lgan xos matritsani olsak, u holda (1) sistema
X(t) fundamental matritsali yechimga ega bo‘ladi.
Misol sifatida o‘zgarmas koeffitsiyentli chizigli differensial tenglamalarning
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sistemasini garaymiz, bunda 4, (nxn) tartibli o‘zgarmas (ﬂatﬁtja. U holda
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(8) sistemaning integral matritsali yechimi bo‘ladi. Hagiqatan ham,
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ya’'ni X(1) =F bo‘lgani va X{(#) matritsa (8) sistemani qanoatlantirgani uchun (7) ga asosan, har qan-
day >f,da det X (t) = 0 bo‘ladi. Demak, (9) matritsali yechim (8) sistemaning fundamental matritsali ye-
chimi ekan [5;413-416-b.].
Endi (9) matritsaning tuzilishini garaymiz. Buning uchun quyidagi holga ¢’tiborni garataylik.
Tahlil va natijalar. A matritsaning xos qiymatlariga mos keluvchi elementar bo‘luvchilari har xil.
Bu hol uchun shunday xos B matritsa mavjudki,

A=BAB! (10)
tenglik o‘rinli, bunda A diagonal matritsa:
A=diag(Ai, A2, ..., An), (11)
A (1' =1, n), A matritsaning xos giymatlari. U holda,
X(£)= e = BeMi )BT (12)
M0 matritsa
eA(’_’o) — dl‘ag(ejq(’_’o)’eﬂz(’_’o)7‘”78%(’_’0))‘ (13)

ko‘rinishga ega. Demak, X(t) normal fundamental matritsali-yechim (12), (13) ga asosan, (13) matritsa
ustunlarining chiziqli kombinatsivasini ifodalar ekan. Quyidagi teorema o‘rinli [4;193-204-b.].

Teorema. Agar A matritsaning xos giymatlariga mos keluvchi hamda elementar bo‘luvchilari har
xil va A matritsaning xos giymatlari manfiy bo‘lsa, u holda # — +oo bo‘lganda, (8) sistemaning hamma ye-

chimlari nolga intiladi (asimptotik turg“un). Agar Re 4, <0, (l = I,_n) bo‘lsa, u holda (8) sistemaning ham-

ma yechimlari 7>¢, bo‘lganda chegaralangan bo‘ladi. A matritsaning xos giymatlari ichida hech bo‘lmasa,
bittasi musbat bo‘lsa, (1) sistema cheksiz ko*p yechimga ega bo‘lai [5;413-416-b.].

Xulosa va takliflar. Differensial tenglamalar sistemasi nazariyasi murakkab jarayonlarni matematik
modellashtirish va ularni chuqur tahlil gilish imkonini beruvchi muhim ilmiy yo‘nalish hisoblanadi. Siste-
mali yondashuv o°zaro bog‘liq migdorlar o°rtasidagi dinamik munosabatlarni aniglash va prognoz gilishda
samarali vosita bo‘lib xizmat qiladi.

Chizigli bo‘lmagan sistemalarni o‘rganish e¢sa yanada murakkabroq bo‘lib, zamonaviy matematik
metodlar va sonli hisoblash usullarini talab etadi.

Umuman olganda, differensial tenglamalar sistemasi nazarivasining rivojlanishi ilm-fan va texnika-
ning ko‘plab sohalarida dolzarb masalalarni hal etishda muhim nazariy va amaliy ahamiyat kasb etadi.
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