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KO*‘P O‘ZGARUVCHILI FUNSIYA UCHUN SIL'VESTR ALOMATI
VA UNING BA'ZI TADBIQLARI
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Annotasiya. Ushbu magolada ko'p o ‘zgaruvchili funsiya uchun Sil'vestr

alomati to‘liq keltirilgan va isboti sodda ravishda yoritilgan. Sil'vestr alomatining
amaliy tadbiqlari sifatida bir nechta misollar yechib ko ‘rsatilgan.

Kalit so‘zlar: Sil'vestr alomati, minimum, maksimum, uzluksizlik, xususiy

hosila, Teylor formulasi, statsionar nuqta, kvadratik forma, koeffitsent,

ekstremumning yetarli sharti.

SYLVESTER'S SYMBOL FOR MULTIVARIABLE FUNCTIONS
AND SOME APPLICATIONS
Ravshanova Madina llhom qizi
Bukhara state university,
Master of the Faculty of Physics and Mathematics
Annotation. In this article, Sylvester's sign for a multivariable function is fully
presented and its proof is simply covered. Several examples of practical applications
of Sylvester's sign are presented.
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derivative, Taylor's formula, stationary point, quadratic form, coefficient, sufficient

condition for extremum.

f(x) funksiya x° € R™ nugtaning biror
Us(x?) = {xeR™ : p(x,x°) < 6} (6 >0)
atrofida berilgan bo’lIsin. Ushbu
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A= f(x) — f(2%) 1)

ayirmani garaylik.

Ravshanki, bu ayirma Ug(x?) atrofda o’z ishorasini saqlasa, ya’ni har doim A>
0 (A< 0) bo’lsa, f(x) funksiya x° nugtada minimumga (maksimumga) erishadi.
Agar (1) ayirma har ganday Us(x°) atrofda ham o’z ishorasini saglamasa, u holda
f(x) funksiya x° nuqtada ekstremumga ega bo’lmaydi. Demak, masala (1) ayirma
0’z ishorasini saqlaydigan Ug(x°) atrof mavjudmi yoki yo’qmi, shuni aniglashdan
iborat. Bu masalani biz, xususiy holda yani f(x) funksiya ma’lum shartlarni bajargan
holda yechamiz.

f (x) funksiya quyidagi shartlarni bajarsin:

1) f(x) funksiya biror Ug(x,) da uzluksiz, barcha o’zgaruvchilari bo’yicha
birinchi va ikkinchi tartibli uzluksiz xususiy hosilalarga ega;

2) x% nugta f (x) funksiyaning statsionar nuqtasi, ya’ni

fo @) = 0,£,' () =0, fi, (%) = 0.
Ushbu bobda keltirilgan Teylor formulasidan foydalanib, x° nugtaning

statsionar nuqta ekanligini e’tiborga olib quyidagini topamiz:
0 1 " 2 r 2 17 2
FOO = F(x°) + E[fx%Axl +0xG+. +fl Axk +

+2(fi e, Ax1 A% + [l Axy Axs + 4 fl) o Axpy 1 Axy)] =

1%z Xm—1%m
;&
= fE) 45 ) fil Axib
i,k=1
Bu munosabatda f(x) funksiyaning barcha xususiy hosilalari f//,,

(i,k =1,2,.....,m) lar ushbu

(x) + 0Ax,, x9 + OAx,, ..., x5 + 0Ax,) (0<0<1)
nuqgtada hisoblangan va

Axy =x; —x0, x, =x, —x2, ..., Axy = xp — X2,

Demak,
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berilgan f(x) funksiya ikkinchi tartibli hosilalarining statsionar nuqtadagi
giymatlarini quyidagicha belgilaylik:
Qi = frre, ®®) (L k =1,2,....m).
Unda fyy, (x) ning x° nugtada uzluksizligidan
e = Jaoe (X1 + 08Xy, X3 + OAx,, ..., x4+ OAxp) = ay + ag
(i,k=12,....,m)
bo’lishi kelib chigadi. Bu munosabatda Ax; = 0,Ax, = 0, ... ... ,Ax,,, = 0 da barcha
a;r — 0va
a=a (k=12 ...,m)

bo’ladi. Natijada (1) ayirma ushbu

1 m m
A= > Z a;Ax;Ax;, + z a;Ax;Axy
ik=1 k=1

ko’rinishini oladi. Buni quyidagicha ham yozish mumkin:

Agar &; = % (i = 1,2,...,m) deb belgilasak, unda

pz m m
A= 7(2 anfisi + ). aikfifk> @)
k=1 ik=1
bo’ladi.
Ushbu
m
P(u s = ) bukii
ik=1

ifoda &, &5, ... ... , €m 0’zgaruvchilarning kvadratik formasi deb ataladi.
http://web-journal.ru/ 10 Yacmb-26_ Tom-1__Aeszycm-2024
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Bu yerda b; (I, k =1,2,.....m) lar esa kvadratik formaning koeffitsentlari
deyiladi. Malumki , har ganday kvadratik forma o’z koeffitsentlari orqali to’la
aniglanadi.

Teorema. f(x) funksiya x° nugtaning biror Us(x?) atrofida (§ > 0) Berilgan
bo’lsin va u ushbu shartlarni bajarsin: 1) f(x) funksiya Ug(x®) da barcha
o’zgaruvchilar xi, X, ...., X;m bo’vicha birinchi va ikkinchi tartibli uzluksiz xususiy
hosilalarga ega; 2) x° nugta f(x) funksiyaning statsionar nuqgtasi;

3) Koeffitsiyentlari a;, = fyy, (x°) (i, k = 1,2,....m) bo’lgan

m

Q12 §m) = 2 AircSiSe

i,k=1
kvadratik forma musbat (manfiy) aniglangan. U holda f(x) funksiya x° nuqtada
minumimga (maksimumga) erishadi.

Bu teorema funksiya ekstremumining yetarli shartini ifodalaydi.

Q (&4,&,, ..., &) kvadratik formaning musbat yoki manfiy aniglanganlikka
alogador sharti teoremaning markaziy qismini tashkil etadi. Kvadratik forma
uchun musbat yoki manfiy aniglanganligini silvestr alomatidan foydalanib topish
mumkin. Quyida biz Silvestr alomatini keltiramiz.

Teorema (Silvestr alomati) Ushbu

Pa o) = ) buckii

ik=1
kvadratik formaning musbat aniglangan bo’lishi uchun
bll b12 T blm

by, > 0, Z“ 212 >0, e, [P21 bazes Dam| >0
21 7l bpy ... b
mi m2 mm
tengsizliklarning, manfiy aniglangan bo’lishi uchun

b b bi1 b1z b3

by, <0, bll b“ >0,|by; byy bys| <0

21 D22

b3y bz, bs3
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tengsizlikning bajarilishi zarur va yetarli [1-14].

Xususiy holni, funksiya ikki o’zgaruvchiga bog’liq bo’lgan holni qaraylik.
f(x1,x,) funksiya x° = (x?,x2) nugtaning biror atrofi

Us(x%) = {x = (x4, x,)€R?*: p(x,x°) < &} (6 >0)

da berilgan bo’lsin va bu atrofda barcha birinchi, ikkinchi tartibli uzluksiz
hosilalarga ega bo’Isin. x° esa qaralayotgan funksiyaning statsionar nuqtasi bo’lsin:
fi,(x%) =0, fr(x°) =0.

Odatdagidek

a1 = f,é(xo)» A1z = x’ixz(xo), Az = f,;é (x©).
1°. Agar

|a11a12
a1027

| = a,,a5, — a3, >0vaa;; >0
bo’lsa, f(x) funksiya x° nugtada minimumga erishadi.
20, Agar
ay,05, — a2, >0 va a;; <0
bo’lsa, f(x) funksiya x° nugtada maksimumga erishadi.
3. Agar
11022 — A5, <0
bo’lsa, f(x) funksiya x° nugtada ekstremumga erishmaydi.
49, Agar
Q11822 — A, =0
bo’lsa, f(x) funksiya x° nugtada ekstremumga erishishi ham mumkin, erishmasligi

ham mumkin. Bu “shubhali” hol qo’shimcha tekshirish yordamida aniqlanadi [14-

18].
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Hagigatan ham, 1° — va 2° — hollarda kvadratik forma mos ravishda musbat
aniglangan yoki manfiy aniqlangan bo’ladi (qaralsin: Silvestr alomati).
3% — holda, ya’'ni

Q11822 — A5, <0 3)

bo’lganda Q(&;,&,) = a;1&2 + 2a,,¢,&, + a2 kvadratik forma noaniq bo’ladi.
Shuni isbotlaymiz.

a;; = 0 bo’lsin.

Bu holda (3) dan a;, # 0 bo’lishi kelib chiqadi. Natijada Q(&;,¢,) kvadratik
forma ushbu

Q61 &2) = (a6 + az282)8,
ko’rinishga keladi [19-22]. Bu kvadratik forma

1 - azz
= = 1
giymatda musbat:
1 - a22 1 + a22

giymatda esa manfiy:

Q(1+a22 1)— 1<0
2a,, B

bo’ladi.
Endi a;; >0 bo’lsin. Bu holda Q(&;,¢&,) kvadratik formani quyidagicha

yozib olamiz:

2
Q(61, &) =an 1(51 + Z_zfz)z + allailzz it 522] (4)

11

aio

Keyingi tenglikdan & = -—, &, =1 giymatda
11

a
Q (— =, 1) <0
a11
va
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2
aip A12-aqyqa;; —
Vf1>__+,/—z , =1
aja anr

giymatlarda esa

Q($1,1)>0
bo’lishini topamiz.
Shunday qilib a;,a,, —a?, <0 bo’lganda Q(&;,&,) kvadratik formaning
noaniq bo’lishi isbot etildi.
1-misol. Ushbu
flxy,x) =x2 +x% —3ax;x, (a#0)
funksiyani garaylik. Bu funksiyaning birinchi va ikkinchi tartibli hosilalari
fe, (x1,%2) = 3xf — 30y, [, (x1,%3) = 3x5 — 3a€c1,
fxf(x1,x2)=6x11fx1x2 (x1,x2) = —3a, fxg (x1,x2) = 6x;
bo’ladi.

{3x? — 3ax, =0,
{3x2 —3ax; =0

sistemani yechib, berilgan funksiyaning statsionar nuqtalari (0,0) va (a,a) ekanini
topamiz. (a, a) nugtada
a1 = 6a, a,;, = —3a, a,, = 6a
bo’lib,
Ay; Ayy — a3, = 27a% >0
bo’ladi.

Demak, a > 0 bo’lganda (a,; > 0 bo'lib) funksiya (a,a) nugta minimumga
erishadi, (a <0) bo’lganda funksiya (a,a) nuqtada maksimumga erishadi.
Ravshanki, f(a,a) = —a3. (0,0) nugtada

ay10y, — a3, = —9a% < 0
bo’ladi. Demak, berilgan funksiya (0,0) nugtada ekstremumga erishmaydi.

2-misol. Quyidagi
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fQxnx2) = (g — x1) + (xp + 2)°
funksiyani qaraylik. Berilgan funksiyaning statsionar nuqgtasi (-2,-2) nuqta bo’ladi.
Bu nugtada
11022 — a5, =0
bo’lishini topish qiyin emas. Ekstremum bor yo’qligni aniglash uchun qo’shimcha
tekshirish o’tkazishimiz kerak. (—2, —2) nuqtadan o’tuvchi x, = x; to’gri chizigning
nugqtalarini qaraymiz. Ravshanki, bu to’gri chiziq nuqtalarida berilgan funksiya
f(x1,x3) = (%, — 2)

bo’lib, x, < -2 da f(x,x;) <0,x,>—-2da f(x;,x,) >0 bo’ladi. Demak,
f (x4, x,) funksiya (—2,—2) atorida ishora saglamaydi. Binobarin, berilgan funksiya

(-2,-2) nugtada ekstremumga erishmaydi.

FOYDALANILGAN ADABIYOTLAR (REFERENCES)
1. PacynoB X.P. O6 oaHOM KBaJipaTUYHON AMHAMUYECKON CHCTEME C HENPEPHIBHBIM
BpemeHeM /[ Te3uchl MeXIyHAPOJTHOW HAYYHO-TIIPAKTHYECKOW KOH(PEPEHIUH
«AKTyaJIbHbIE 33Jladydl MaTEeMaTHYECKOTO MOJICTUPOBaHUS U HH(POPMAIMOHHBIX
texHosnorui» Nukus, May 2-3, 2023, Ctp.286-287.
2. PacynoB X.P. Amnamor 3agaun Tpukomu s KBa3WJIMHEHHOTO YypaBHEHUS
CMEIIaHHOTO TUIIAa C JBYMS JIMHUSAMU BbIpokaeHus // BectH. Cam. roc. TeXH. yH-Ta.
Cep. ®uz.-mat. Hayku, 2022. T. 26, Ne 4.
3. Rasulov X.R. Qualitative analysis of strictly non-Volterra quadratic dynamical
systems with continuous time // Communications in Mathematics, 30 (2022), no. 1,
pp. 239-250.
4. Xaydar Raupovich Rasulov. Boundary value problem in a domain with deviation
from the characteristics for one nonlinear equation with mixed type. AIP Conf.
Proc. 2781, 020016 (2023)

http://web-journal.ru/ 15 Yacmv-26_ Tom-1_Aecycm-2024



http://web-journal.ru/

ISSN: JYYIIHE HHTEJUIEKTYAJIBHBIE HCCIEJOBAHHA

3030-3680

5. PacynoB X.P. O HeKOoTOphIX CUMBOJIaX MareMaTH4yeckoro aHanuza // Science and
Education, scientific journal, 2:11 (2021), p.66-77.

6. PacynoB X.P. O moHsTHE aCHUMITOTHYECKOTO pA3JIOKEHUS U €€ HEKOTOPHIe
npumenenus // Science and Education, scientific journal, 2:11 (2021), pp.77-88.

7. Xaydar R. Rasulov. On the solvability of a boundary value problem for a
quasilinear equation of mixed type with two degeneration lines // Journal of Physics:
Conference Series 2070 012002 (2021), pp.1-11.

8. Rasulov Kh.R. (2018). On a continuous time F - quadratic dynamical system //
Uzbek Mathematical Journal, Ne4, pp.126-131.

9. Ucnomos b., Pacynor X.P. (1997). CymectBoBaHne OOOOIICHHBIX pEIICHUN
KpaeBoM 3ajaud Ui KBa3WJIMHEWHOTO YPaBHEHUS CMENIAHHOTO THIIA C JBYMS
muHusMu BeipoxkaeHus // JIAH Pecriyonuku Y36ekucran, Ne7, ¢.5-9.

10. Rasulov, R. X. R. (2022). KBa3u 4ym3ukiu rurnepOOMK TypAard TEHrjIama ydyH
Ko macanacu. Llentp Hayunsix nmyOaukanuii (buxdu.Uz), 18(18).

11. Rasulov, X. (2021). KpaeBas 3amaua sl OJHOTO HEJIMHEWHOTO YpaBHEHUS
cMmemanHoro tumna. [lenTp Hayunsix myonukanuii (buxdu.Uz), 7(7).

12. Rasulov, R. X. R. (2021). 'unep6onuk Tumnmaru tenriama yuyH Ko macanacu.
[lentp Hayunsix myomukanuii (buxdu.Uz), 7(7).

13. Rasulov, R. X. R. (2022). O kpaeBbIx 3a7a4ax i YpaBHEHUHN IIITUNITHYECKOTO
THUIA C JIMHUEH nckaxenus. LlenTp Hayunsix nmyoaukammid (buxdu.Uz), 8(8).

14. Rasulov, R. X. R. (2022). VMxkuta Oy3W/IMII YU3WFUra sra OYiraH apajarl
TUIJArd KBa3WYM3WKIM TEHIJaMa ydyH HeliMman Mmacanacura yxmam yerapaBui
Macana xakuzaa. Llentp Hayunbix myomiukarmii (buxdu.Uz), 18(18).

15. Rasulov, H. (2021). Funksional tenglamalarni yechish bo‘yicha ba’zi uslubiy
ko‘rsatmalar. Ilentp Hayunsix myomukaruii (buxdu.Uz), 5(5).

16. Rasulov, H. (2021). «kKompleks analiz» fanida mustaqil ta’limni tashkil qilish.
[lentp Hayunsix myomukarmit (buxdu.Uz), 5(5).

http://web-journal.ru/ 16 Yacmb-26_ Tom-1__Aeszycm-2024



http://web-journal.ru/

ISSN: JYYIIIHE HHTEJUIEKTYAJIBHBIE HCCIE/]OBAHHA

3030-3680

17. Rasulov, H. (2021). Boundary value problem for a quasilinear elliptic equation
with two perpendicular line of degeneration. llenTp Hay4HBIX mTyOIUKAIUIA
(buxdu.Uz), 5(5).

18. Rasulov, H. (2021). bab3u AMHAMHK CHCTEMaJapHUHI COHJIM CUMMJIApH XaKuja.
[enTp Hayunsix myommkarmi (buxdu.Uz), 2(2).

19. Rasulov, H. (2021). Funksiyaning to‘la o‘zgarishini hisoblashdagi asosiy
qoidalar. Ileatp Hayunsix myosmkanmid (buxdu.Uz), 6(6).

20. Rasulov, H. (2021). One dynamic system with continuous time. LleHTp Hay4HBIX
nyomukanui (buxdu.Uz), 5(5).

21. Rasulov, X. (2022). O06 onmHOi AMHAMHYECKONCHCTEME C HENPEPHIBHBIM
BpemeHeM. L{enTp HayuHbIx myOsmkanui (buxdu.Uz), 22(22).

22. Rasulov, R. X. R. (2022). Buzilish chizig’iga ega kvazichizigli elliptik tenglama

uchun Dirixle-Neyman masalasi. Lleatp nayunsix myonukamnuii (buxdu.Uz), 18(18).

http://web-journal.ru/ 17 Yacmv-26_ Tom-1_Aecycm-2024



http://web-journal.ru/

