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KO’P O°’ZGARUVCHILI FUNKSIYA UCHUN SILVESTR
ALOMATINING BA’Z1 TADBIQLARI

Jumaboyeva Gulhayo Baxtiyor qizi

Buxoro davlat universiteti magistri

Annotasiya. Ushbu maqgolada ko‘p o ‘zgaruvchili funsiya uchun Silvestr
alomatining ba’zi tadbiqlarining isbotlari keltirilgan. Silvestr alomatining amaliy
tadbiqlari sifatida bir nechta misollar yechib ko ‘rsatilgan.

Kalit so‘zlar: Silvestr alomati, minimum, maksimum, uzluksizlik, xususiy
hosila,  kvadratik  forma, koeffitsent,  ekstremumning  yetarli  sharti.

Abstract.This paper provides rigorous proofs of several applications of
Sylvester's criterion in the context of multivariable functions. To illustrate its
practical utility, a number of representative examples are solved and discussed.

Keywords: Sylvester's criterion, minimum, maximum, continuity, partial
derivative, quadratic form, coefficient, sufficient condition for an extremum.

AHHOTauus. B naHHOW cTaThbe NMPUBEICHBI CTPOTME JOKA3aTEIbCTBA Psaa
npuiIokeHni kputepusi CHilbBecTpa B KOHTEKCTE (PYHKIIMA MHOTHUX MEPEMCHHBIX.
JIIs JEMOHCTpAllMKA €Tr0 TPAKTHYECKOH IOJIE3HOCTH PACCMOTPEHBI W PEIICHBI
HECKOJIBKO MOKa3aTeIbHBIX MPUMEPOB.

KiaoueBble cioBa:kak kputepuii CuibBecTpa, MHHHMYM, MaKCHMYM,
HENPEPBIBHOCTH, YaCTHBIC MTPOU3BOIHBIC, KBAAPATHIHBIE (DOPMBI, KOAPDHUITUCHTHI,
a TaKKe JJOCTaTOYHBIC YCIOBUS CYIIECTBOBAHHS SKCTPEMYMA.

1-ta’rif. n ta x4, x5, ... ....., x, noma’lumlarning f(x) kvadratik formasi
deb har bir hadi bu no’malumlarning kvadrati yoki ikkita noma’lumning

ko‘paytmasidan iborat bo‘lgan

n

f= Z Qa;jXiXj (1)

n
i=1i=1
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yig'indiga aytiladi.
Kvadratik formaning a;; koeffitsiyentlaridan
A11 A1y e e A1n
A= %21 %22 e Gon
A1 QApz e e Ann

kvadrat matritsani tuzish mumkin. Bu yerda A matritsaning barcha xarakteristik
ildizlari haqiqiy bo’lishi uchun a;; = a;; deb faraz qilinadi. A matritsaning rangi
(1) kvadratik formaning rangi deyiladi. A matritsa aynimagan bo’lsa, (1) kvadratik
forma xosmas deyiladi.

Kvadratik formaning koeffitsiyentlari haqiqiy yoki  kompleks sonlar
bo’lishiga bog’liq holda, kvadratik forma haqiqiy yoki kompleks deyiladi.

Bizga ushbu
m
TGRS 5 E) QW
i=1
Kvadratik forma berilgan bo’lsin va uning musbat aniglangan bo’lishi uchun
all a12 ------ aln
a;, a
an >0, 21 >0, (G2 G2 fnl >0
Am1 Az e e Amn

tengsizliklarning, manfiy aniglangan bo’lishi uchun esa

all a12 ------ aln
ai1 Qg a a a
—_1\ym | 421 22 e 2n
all < 0, |(121 a22| > O; LECRCE T ( 1) er aae o > 0
Am1 Az e e A

tengsizliklarning bajarilishi zarur va yetarli.
Xususiy holni funksiya ikki o’zgaruvchiga bog’liq bo’lgan holni qaraylik.
f(x1, xy) funksiya x° = (x?,xJ) nugtaning biror atrofi
Us(x®) = {x = (x1,x,) € R?: p(x,x°) <8} (6>0)
da birinchi, ikkinchi tartibli uzluksiz hosilalarga ega bo’lib, x° esa qaralayotgan

funksiyaning statsionar nuqtasi bo’lsin:

f,x) =0, £, =0,
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Odatdagidek, a;; = f, 2(x°), @12 = frpx, (x°), a2z = f, 2(x°)

1) Agar
i1 Qg2 ’ '
|a21 a22| =a;1a;; —a, >0va  a;; >0 bo’lsa, f(x) funksiya

x% nuqtada minimumga erishadi.
2) Agar
ay105, —ai, >0 va a;; <0
bo’lsa, f(x) funksiya x° nuqtada maksimumga erishadi.
3) Agar a;;a,, —a?, <0 bo’lsa, f(x) funksiya x° nuqtada ekstremumga
erishmaydi.
4) Agar a;qa,, —a?, =0 bo’lsa, f(x) funksiya x° nugtada ekstremumga
erishishi mumkin, erishmasligi ham mumbkin.
Hagqiqatan ham 1) va 2)- hollarda kvadratik forma mos ravishda musbat aniglangan
yoki manfiy aniqlangan bo’ladi. (Silvestor alomati)
3)- holda, ya’ni
110z, — af, <0 (2)
bo'lganda Q(&;,&,) = ay1&% + 2a,,¢,&, + a,,&2 kvadratik forma noaniq bo’ladi.
Shuni isbotlaylik.
a1; = 0 bo’lsin. Bu holda (2) dan a;, # 0 bo’lishi kelib chiqadi. Natijada Q (&4, &,)
kvadratik forma ushbu

Q(&1,&2) = (2a128; + a263)¢,

ko'rinishga keladi. Bu kvadratik forma

1_a22

$1=

, =1
204, $2

giymatda musbat:

1+a22

1-a;; ) _ _ —
Q(—zan 1)=1>0vag =572 & = -1
Qiymatda esa manfiy:
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(1 + a,,
204,

,—1) =-1<0
bo’ladi.
Shunday qilib, a;;a,, — a?, < 0 bo’lganda Q(&;,&,) kvadratik formaning noaniq
bo’lishi isbot etildi.
4) — holni, ya’ni a;,a,, —a?, =0 bo’lgan holni garaylik. Bu holda a;; =0
bo’lsa, unda a;, = 0 bo’lib, Q(&;,&,) kvadratik forma ushbu
Q(€1,¢2) = aé3

ko'rinishini oladi.
Ravshanki, a,, > 0 bo’lganda Q(&,,&,) =0,

a,, < 0 bo’lganda Q(&,&,) <0
bo'lib, &; ning ixtiyoriy qiymatida Q(&;,0) = 0 bo’ladi.

Agar a;; > 0bo’lsa, Q(&1, &) = ag1(& + 212 §,)* <0,

aii

a;; <0 bo’lganda Q(&1,8) = ag1(& + 12 52)2 <0,

a1
bo’lib, &; va &, larning
a2

$=-— ¢

a1

tenglikni ganoatlantiruvchi barcha giymatlarida Q(&;,¢,) kvadratik forma nolga
teng bo’ladi. Demak, qaralayotgan holda Q(¢;,¢,) kvadratik forma yarimmusbat

aniglangan yoki yarimmanfiy aniqlangan bo’ladi.
3
u(x) +u (y) = Z(l — cosx;) +
i=1
3

+ Z(l — c0SYy;) = 6 — COSX; — COSX; — COSX3 — COSY; — COSY, — COSY;

i=1
duy (x) : Ouy % (x) 0 duy (x)
= Sinx,, = = C0SXx
dx, 1 dx,0x, 0x,0x 1
Ouy (x) {cosxi, i=j
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Juy (x) {cosyi, i=j

0y;0y; 0 L# ]
/ ou?(x) ou?(x) ou?(x) ou?(x) ou?(x) ou?(x)
0x,0x; 0x,0x, 0x;0x3 0x,0y; 0x,;0y, 0Jx,0y3
ou?(x) ou?(x) ou?(x) ou?(x) ou?(x) ou?(x)
0x,0x; 0x,0x, 0x,0x3 0x,0y; 0x,0y, 0x,0Y;
ou?(x) ou?(x) ou?(x) ou?(x) ou?(x) ou?(x)
0x30x; 0x30x, 0x30x3 0x30y; 0x30y, 0x30Y;
ou?(x) ou?(x) ou?(x) ou?(x) ou?(x) ou?(x)
dy,0x, 0y,0x, 0y,0x3 0y,0y, 0y,0y, 0y,0y3
ou?(x) ou?(x) ou?(x) ou?(x) ou?(x) ou?(x)
0y,0x, 0y,0x, 0y,0x3 0y,0y, 0y,0y, 0y,0ys
ou?(x) ou?(x) ou?(x) ou?(x) ou?(x) ou?(x)
0y30x; 0y30x, 0yz0x3 0y30y; 0y30y; 0y30y3

COSXq 0 0 0 0 0
/ 0 COSX, 0 0 0 0 \|
A= 0 0 COSX3 0 0 0
B 0 0 0 cosy, 0 0
0 0 0 0 coSYy, 0
0 0 0 0 0 COSYy;
I hol. x = (0,0,0) vay = (0,0,0)
1 0 0 0 0 O
0 1.0 0 0 O
A=10 0 1 0 0 0
0 001 0O
0 0001 O0
0 0 0 0 0 1
A =1
1 0 1 0 O
A2=|0 |=1>0 45=0 1 of=1>0
0 0 1
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1000 0
0100 0
As=10 0 1 0 0o[=1>0
00010
0000 1
1000 0 0
0100 0 0
00100 0
46=10 0 0 1 0 o/=1>0
0000 1 0
00000 1

A matritsaning barcha bosh minorlarining determinantlari musbat bo’lganligi
uchun musbat aniqlangan bo’ladi.

Il hol. x = (m,m,m),y = (m, m, )

-1 0 0 0 0 0
/O -1 0 0 0 0\‘
A _10 0o -1 0 0 0 i
0 0 0 -1 0 0
0 0 0 0 -1 0
0 0 0 0 0 -1
Al = _1 < O
1 0 -1 0 0
4= J|=1>0 a45=|0 -1 of=-1<0
0 0o -1
-1 0 0 O
10 -1 0 0 |_
A, = 0 0 1 ol*7 1>0
0 0 0 -1
-1 0 0 0 0
0O -1 0 0 0
As=10 0 -1 0 o0|=-1<0
0 0 0o -1 0
0 0 0 0 -1
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1.0 0 0 0 0
0 -1 0 0 0 0
o o =1 0o o of_
4=lo 0 o -1 o of=1>0
0 0 0 0 -1 0
0o 0 0 0 0 -1

Bunda bosh minorlar ning barchasi musbat emas. Demak bu matritsa musbat
aniqlanmagan.

III hol. x = (0,m,0) y=(0,m,0)

1 0 0 00 0
/0—10000\|
4-|0 0 1 00 0|
000 1 0 0
000 0 —1 0
000 0 0 1
A1=1
Lo 1 0 0
A=y |=-1<0 45=]0 -1 o|=-1<0
0 0 1
1 0 0 0
—1
,44=000 (1’8=—1<0
00 0 1
1 0 0 00
0 -1 0 0 0
As=lo0 0 1 0 of|=1>0
000 -1 0
000 0 1
1 0 0 00 0
0 -1 0 0 0 0
o o 1 00 o]_
4=10 00 1 0 o/=1>0
000 0 —1 0
000 0 0 1

Bu holda ham matritsa musbat aniglanmagan.

IV hol. x =(0,7,0) y =(m,0,0)
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1 0 0 0 0 O
0 -1 0 0 0 O
4=0 0 1 0 0 0
0 00 -1 00
0 00 0 10
0 00 0 01
A1=1
1 0 1 0 O
A2=0 _1=—1<0 A;=|0 -1 0[=-1<0
0 0 1
1 0 00
-1
a,=0% H D al=1>0
0 0 0 -1
1 0 0 0 O
0 -1 0 0 O
As=f0 0 1 0 0|=1>0
0 00 -1 0
0 00 0 1
1 0 0 0 0 O
0 -1 0 0 0 O
_|0 0 1 0 0 O0f_
4=10 00 -1 0 of/=1>0
0O 00 0 10
0 00 0 01
Bu holda ham matritsa musbat aniglanmagan.

Xulosa: Ushbu maqgolada ko'p o ‘zgaruvchili funsiya uchun Silvestr
alomatining ba’zi tadbiqlarining isbotlari keltirilgan hamda Silvestr alomatining

amaliy tadbiqlari sifatida bir nechta misollar yechib ko ‘rsatilgan.
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