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KIRISH

QoMingizdagi o‘quv-uslubiy qo‘llanma akademik litsey va
kasb-hunar kollejlari uchun mo‘ljallangan bo'lib, bu go'llanma
algebraik tenglamalar, ko'phadlar va funksional tenglamalar
mavzularini o‘z ichiga gamrab olgan.

Mazkur qo‘llanmaning mazmuni Davlat ta‘'lim standartlari
va o‘rta maxsus kasb-hunar ta’limining matematika dasturi aso-
sida ishlab chiqgilgan. Shu bilan birgalikda qo‘llanmadan o ‘rin
olgan mavzular umumta’lim maktablari, akademik litsey va
kasb-hunar kollejlari o‘quvchilari hamda oliy o‘quv yurtlariga
kiruvchilar uchun foydali bo‘ladi.

Funksional tenglamalarga doir adabiyotlar kamligini nazar-
da tutgan holda qo‘llanmada mazkur bo‘limga alohida o‘rin
ajratilgan. Shu bilan birga, murakkab olimpiada masalalari
ham turli usullarda yechib ko'rsatilgan bo‘lib, bu o'quvchilami
matematika fanidan olimpiadaga tayyorlanishlari uchun muhim
omil bo'ladi.

Mualliflar nazariy materialni ixcham shaklda, o'quvchilarga
tushunarli tilda bayon etishga intilishdi. Darslarda asosiy turda-
gi masalalami yechish bo'yicha bilim va malakalarini shakl-
lantirish magsadida izchil amaliy ish olib borilgan. Birinchi
navbatda, misollar yechish malakalarini mashq qilishga e’tibor
beriladi. 0 ‘quvchilar bilan tayanch (asosiy) masalalami ye-
chishga yondashgan holda ulaming yechilish yo'llari muhoka-
ma etiladi. Bu yerda misollaming yechilish usullaridan namu-
nalar keltirilgan bo‘lib, natijada shu kabi misollami o‘quvchilar
bemalol mustagqil yecha oladilar. Dars jarayonini jadallashtirish
magsadida goMlanmada ta’'limiy va 0‘z-0‘zini nazorat etish ru-
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hidagi turli misollar javoblari bilan keltirilgan. Ulardan foyda-
lanish esa darsda ko‘rib chiqgiladigan material hajmini ortti-
rishga imkon berib, uning yaxshiroq o'zlashtirilishiga yordam
beradi.

Qo'llanmada DTM axborotnomalari misollaridan namuna-
lar yechib ko'‘rsatilgan va mustaqil yechish uchun amaliy mi-
sollar berilgan.

Mazkur qgo‘llanma o'quvchilaming tafakkurini oshirish,
diggat-e'tibor, kuzatuvchanlik, o‘rgatilayotgan bo‘limni chuqur
0‘zlashtirishiga katta yordam berishini nazarda tutamiz.

Mualliflar



Ayniyat. Tenglama

Ta'rif. Agar tenglik shu tenglikka kirgan harflarning
gabul gilishi mumkin bo’lgan barcha giymatlarida to'g'ri
sonli tenglikka aylansa, bunday tenglik ayniyat deyiladi.

Misol. 1) (a-b)2=a2-2ab +b2 2) (a+b)2=a2+2ab+b2
3) a>b=b+c 4) (a+b)+c=a+(b+c) 5) (ab)c =a(bc)

Ayniyatlar quyidagi xossalarga ega:

1 Agar A=B va B=C bo'lsa, u holda A=C bo'ladi.

2. Agar A=B bo'lsa, u holda A+ C=B+C bo'ladi.

3. Agar A=B bo'lsa, uholda A C=B C bo'ladi.

Bu yerda A, B, C bir xil to'plamga tegishli.

Ikki algebraik ifoda yoki son tenglik ishorasi bilan bir-
lashtirilsa, tenglik deb ataluvchi ifoda hosil bo'ladi.

Ta'rif. Harf bilan belgilangan noma’lum son gatnash-
gan tenglik tenglama deyiladi.

Tenglik belgisidan chap va o'ngda turgan ifodalar teng-
lamaning chap va o'ng gismlari deyiladi. Tenglamaning chap
yoki o'ng gismidagi har bir qo'shiluvchi tenglamaning hadi
deyiladi.

Noma’'lumning tenglamani to'g'ri tenglikka (ayniyatga)
aylantiradigan giymatlari tenglamaning ildizi deyiladi.

Tenglamani yechish uning barcha ildizlarini topish yoki
ildizlari yo'qligini isbotlash demakdir.

Demak, umumiy holda tenglamani P(x) =0 ko'rinishida
yozish mumkin. P(x) - bu x ga bog'liq ifoda.

Ta’'rif. x o'zgaruvchining P(x) ifoda ma'noga ega bo'-
ladigan barcha giymatlari to plami tenglamaning aniglanish

sohasi deyiladi.



Teng kuchli tenglamalar

Ta’'rif. Agar ikki tenglamadan birining ildizlari ikkin-
chisining ham ildizlari bolsa va aksincha, ikkinchi tenglama-
ning ildizlari birinchi tenglamaning ham ildizlari bo4sa yoki
ikkala tenglama ham ildizlarga ega bo4masa, bunday ikki
tenglama teng kuchliyoki ekvivalent tenglamalar deyiladi.

Ta'rif. Agar ikki tenglamadan birining hamma ildizlari
ikkinchisining ham ildizlari bo"lsa, ikkinchi tenglama bi-
rinchi tenglamaning natijasi deyiladi.

Bu ta'rifdan' ildizga ega bo‘lgan ikki tenglama teng
kuchli bo*lishi uchun ulaming biri ikkinchisining natijasi bo"-
lishi kerakligi kelib chigadi.

Misol. 5x+4=3x+20 tenglama 5ar-ar = 2x + 16 tenglama
bilan teng kuchli, ikkala tenglama ham x =8 ildizga ega.

Tenglamalar ustida algebraik almashtirishlar bajarishda
unga teng kuchli tenglamalar hosil boMishini quyidagi xossa-
larda ko'rish mumkin:

1. Agar berilgan tenglamaning har ikkala tomoniga bir
xil o‘zgarmas son (yoki ma’'noga ega ifoda) qo'shilsa, natija-
da berilgan tenglamaga teng kuchli tenglama hosil bo'ladi.

2. Tenglamaning biror hadini garama-qarshi ishora bi-
lan uning bir tomonidan ikkinchi tomoniga o‘tkazish mum-
kin.

Misol. 3jc+4=7 « 3x+4-7=00 3x+4=7

3. Berilgan tenglamaning ikkala tomoni nolga teng boM-
magan songa Yyoki ma’'noga ega boMgan ifodaga ko‘paytirilsa
(yoki boMinsa), berilgan tenglamaga teng kuchli tenglama
hosil boMadi.

Misol.  6--------= —-moe- ’h---é-—¢>36—b(+3:9- 3x+2x—4

tenglamalar teng kuchli, chunki ikkala tenglama ham x=17

ildizga ega.



4. Agar /,(*) =/2W tenglamaning ikkala tomonini ham
uning giymatlar gabul qgilish mumkin bo‘lgan sohasini o‘z-
gartirmaydigan qilib, ya’'ni ayniy almashtirilsa, natijada
berilgan tenglamaga teng kuchli bo'lgan tenglama hosil
bo'ladi.

Misol. (x+4)2-x =(x-2)2+1 va x2+Ix+\6=x2-4x +5
tenglamalar teng kuchli, chunki ikkinchi tenglama lIx +11 =0
tenglamaga teng kuchli bo‘lib, umumiy yechim *=-1 dan

iborat.



1-§. CHIZIQLI TENGLAMALAR

Yig'indi, ayirma, ko'paytma va bo'linma hadlarining
nomlanishini ko‘rib o ‘taylik.
1. Yigiindi: A+ B=C
A - qoXhiluvchi, B - go‘shiluvchi, C -yig'indi
5+7=12
5- go‘shiluvchi, 7 - go‘shiluvchi, 12 - yig'indi.
2. Ayirma: A- B=C
A - kamayuvchi, B - ayriluvchi, C - ayirma
24-11=13
24 - kamayuvchi, 11 - ayriluvchi, 13 - ayirma.
3. Kopaytma: A sB=C
A - ko'paytuvchi (koplayuvchi), B - ko‘paytuvchi (ko'pay-
tiruvchi), C - ko‘paytma
7-9=63
7 - ko'‘paytuvchi (kop'ayuvchi), 9 - ko'‘paytuvchi (ko'pay-
tiruvchi), 63 - ko'paytma.
4. Bo'linma'. A :B=C
A - bo'linuvchi, B - bo'luvchi, C - bo'linma
48:6=8
48 - bo'linuvchi, 6 - bo‘luvchi, 8- bo‘linma.

1. Sodda tenglamalar

Qoida. Noma’'lum go‘shiluvchini topish uchun, yig‘in-
didan Ta’'lum qoXkhiluvchini ayirish kerak:
X +A=B A+J(=B
X=B-A X=B-A
1-misol. Tenglamalarni yeching: 1) x+9=28
2) 13+x=49.



Yechish'. 1) *+9=28=>*=28-9 =>;c=19.
Tekshirish: 19+ 9=28; Javob:* =19.
2) 13+*=49=>*=49-13=>* = 36.
Tekshirish: 13+ 36 =49; Javob: * = 36.
Qoida. Noma'lum kamayuvchini topish uchun ayirma-
ga ayriluvchini go'shish kerak:
X-A=B
X =B+A
2-misol. ~-6 =15 tenglamani yeching.
Yechish: j>-6 = 15=>y = 15+-6=> y = 21.
Tekshirish: 21-6 =15 Javob: y =21.
Qoida. Noma ‘lum ayriluvchini topish uchun kamayuv-
chidan ayirmani ayirish kerak'.
A-X=B
X=A-B
3-misol. 75-z =25 tenglamani yeching.
Yechish: 75-z =25 =>z=75-25 =>z=50.
Tekshirish: 75-50 = 25; Javob: z =50.
Qoida. Noma 'lum ko'paytuvchini topish uchun ko'payt-
mani Ta'lum ko'paytuvchiga bo'lish kerak:
AX=B X A=B
X =B:A X =B:A
4-misol. 1) 4-a=48 2) z-7 =98 tenglamalami yeching.
Yechish: 1) 49 =48 =>a=48:4 =>a=12.
Tekshirish: 4-12 = 48; Javob: a= 12
2) z-7 =98=>z=98:7=>z =14,
Tekshirish : 14-7 =98 ; Javob: z = 14.
Qoida. Noma’'lum bo'linuvchini topish uchun bo4in-
maga bo'luvchini ko'paytirish kerak:
X:A =B
X =B®A



5-misol. 5:8 =18 tenglamani yeching.
Yechish: 5:8 =18 =>s=18-8 =144 .
Tekshirish: 144:8 = 18; Javob:s = 144.
Qoida. NoIlmalum bo'luvchini topish uchun bo'linuv-
chini bo‘linmaga bo4ish kerak'.
A:X =B
X =A.B
6-misol. 68:x =17 tenglamani yeching.
Yechish: 68:x =17=>x=68:17=>x =4.
Tekshirish : 68:4 = 17; Javob: x = 4.
7-misol. (2520: (480 - 3000: x) + 48) «8=576 tenglamani
yeching.

A) 4 B) 8 C) 12 D) 16
Yechish:

(2520: (480 - 3000: x) + 48) «8=576

2520: (480 - 3000: x) +48=576:8

2520: (480 - 3000:x) =72- 48
480- 3000:x =2520:24
3000:x =480-105
x =3000:375
X=38.

Javob: B) 8.
8-misol. x ni toping: 420:(160-1000:x) =12.

A8 B). OB D3I E) -8

Yechish: 420: (160-1000: x) =12
160-1000 :x = 420:12
160-1000 :x =35
1000 x = 160-35
1000:x =125
X =1000:125
X=8
Javob: A) 8.

10



9-misol. ((8600 - 325 «(576: x)) «42): 165- 220 =480 tengla-
mani yeching.
A) 16 B) 8 C) 64 D) 32
Yechish-. ((8600- 325 <«576: x)) «42): 165- 220 =480
((8600 - 325 «576: x)) «42): 165 =480+ 220
(8600 - 325 «576: x)) W2 = 700 ml65
8600 - 325 «576: x) = 115500:42
325-(576: x) =8600-2750
576: x = 5850: 325
x =576:18
X =32
Javob: D) 32.

Mustaqil yechish uchun misollar

1.1-misol. Quyidagi tenglamalarni yeching.
1. z: 291+ 5197 = 6490 2. 10000- 3105: >=9931
3. 4515-X-228 =2007 4. 900000-7 a=857643
. (47843-3=a):4 = 6824 6. (64-10x):4 +11 =22

[&)]

~

. (12+34x)-56-789=18923 8. 24960: |"3360- M IP ~ ~6*>j =g

9. 4520:(225-4209S20,1000795 + <Z50ti:| 50] =40.

1.2-misol. Test topshiriglarini bajaring.
1. x ni toping: (360 +*)m 1002 = 731460.
A) 370 B) 270 C) 470 D) 730 E) 1090
2. (10000-3333x) -10000-9999 = 1 tenglamani yeching.
A) 2 B) 4 C)3 D)1
3. ((56-(666 + n:)+ 12600): 40-700)-24 = 21000 tenglamani ye-

ching.
A) 134 B) 234 C) 184 D) 334



2. Chiziqli tenglamalar

Ta'rif. ax=b{a* 0) ko'rinishidagi tenglamalar chiziqli
tenglamalar deyiladi.
Chiziqli tenglamalami yechishning uchta holi mavjud:

1-hol. a®0 bo'lsa, tenglamayagonayechimga ega: x=".

2-hol. a=0, b=0 bollsa, tenglama 0 x=0 ko'rinishda
bo'lib, cheksiz ko"p yechimga ega bo4adi.
3-hol. a=0, bpO bodsa, tenglama 0 x=b,b*0 ko'ri-
nishda bo4ib, tenglama ildizga ega emas.
1-misol. 45-1,6 «5x- 3)=1,2-(4x-1)-151 tenglamani ye-
ching.
A)20 B)2 C)0,2 D)O05
E) To‘g‘rijavob keltirilmagan

Yechish: Qavslami ochib, o‘xshash hadlami ixcham-

laymiz:
4,5-8x +4,8=4,8jc1,2-15,1
9,3-8x =4,8x-16,3
-8x-4,8x =-16,3-9,3
-12,8*=-25,6
256 -
"o r 2
Javob: B) 2.
2-misol. Tenglamani yeching: _3j-5x _£+6

A)5 B)-45 .C)65 D)1 E)S8
Yechish: Tenglamaning ikkala tomonini unda gatnash-

gan kasrlaming umumiy maxrajiga ko‘paytiramiz:
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0 —1 0 3£ 0 X+6
.31;24 » g5E Y~

2m31-11)-(3 - 5x)= 4 Kjc+ 6)
6jc- 22- 3+5cc=4x+24
1lix- 25=4jc+24
lljc- 4jc=24+25
Ix =49
=7
Javob: D) 7.
2x-1 4—*
3 2"
A)3 5)2 C)-2 £>)4 £)0
Yechish: Tenglamaning ikkala tomonini undagi kasrlar-
ning umumiy maxraji 6 ga ko'paytiramiz:
%‘Y;l +%X= ijc_'_l___6.4__
6 3
X- 3+6jc=2(2x—) - 3(4- ic)

Qavslami ochamiz va o‘zgaruvchilar gatnashgan had-
lami tenglamaning chap tomoniga, sonli hadlami o‘ng tomo-
niga o'tkazamiz:

7jc3 =4jc2-12 +3jc
Tic—3="7jcl4
Tic 7 jc=-14+3
09c=—t1 YOKi o0 =—1

Demak, noto‘g‘ri tenglik hosil bo‘ldi. Bu tenglama yu-
goridagi 3-holga keladi. Bu esa berilgan tenglama ildizga ega
emasligini bildiradi.

Javob: E) 0.

4-misol. =2,1(6) tenglamani yeching.



Yechish: Davriy kasmi oddiy kasrga aylantiramiz:

*16)-21 T -290'T 6 =
2x*-- +—3x =" tenglamaning ikkala tomonini umu-

miy maxrajiga ko'paytiramiz:
2x+3 .

6, 2X¥3,6 23x_( 13

3(2x+3)+2(2- 3x)=13
6x+9+4-6x =13
6x- 6x =13-13
Ox=0 yoki 0=0
To'g'ri tenglik hosil bo*ldi. Yugoridagi 2-holga asosan
tenglama cheksiz ko'p yechimga ega.

Javob'. E) cheksiz ko'p yechimga ega.

. . . (x 22\ 1
5-misol. Tenglamani yeching: Xx+2:sy 1jl=3 =

22 3 3 28
A) 20— B) 19— C)19— D) 18— £)18—
25 25 25 25 75
. f 22\ _1 .22 | 22 22
Yechish: Ix+2— 1:7—=3=>jc+2— =3-|-->Xx+2— =3— =>
n 25; 3 25 3 25 3
22 22 3
=>X+2— =22=>x=22- 2— =19—.
25 . 5 25
Javob: C) 19— .
25
x=8°'9

6-misol. Ten%Iamani geching: +
0,(319) +1,(680)

A)4 B)32 C)2 D)1 E)i6
Yechish: Tenglamadagi davriy kasrlami oddiy kasrga
aylantiramiz va kasmi sodda holga keltiramiz:

3.1 . J 319



1 ,4319 ,680_,,319+680
2 1999 *999 'T 999

Bu almashtirishlardan keyin tenglama sodda holga
keladi.

—X=4=>X=4: —=4-4 = 16.
4 4
Javob: E)\6.

Ge- 12): |
7-misol. Tenglamani yeching:--------— 8-=1
0,3-3"+7
A)25 B)14 C) 15 D) 16 E) 18
Yechish: Tenglamadagi kasrlami soddalashtiramiz:
0,3-3i+7=-"--"+7 =1+7=8.
3 10 3
Tenglama quyidagi ko‘rinishga keladi:
(*-12):- :

------ P —I—>(x 12): -—8 >x-12 = 8-8—>x 12 =3=>x=15.

Javob: C)I5.
8-misol. Tenglamani yeching: f4]*+5j7j'33=j~x+2]-
1 3 1 E
A)— 1- C)— D) 2- —
)15 I%) 5 ) 185 ) 5 ) 15
- ) od A *
Yechish: {/é‘réx+51éJJ ﬁ; % +2!5

B + 8 +=5 .2
8X15 1615 12 5

bf* U

--—FX— -v-I

6 12J 5 20
3 =ol
4 20



13 214 _7_.2
204 203 5 5

Javob: B)\j.
9-misol AM-JdrY | -1-j..(2-" rj.(At-) =] tenglamani

yeching.
A) 2 5)1 C) 15 D) 0,5

Yechish:

HHH4K)H K)-

t 11 12
56 6 13131414_514 7

6, 3 W3 7 .1 -
—Gc—1)= ——jc—1= ——=>jc—1= —=>x=1,5.
7 7 7 6 2
Javob: ¢)1s.
10-misol. 0,35(0,35jc-1)-0,45(0,45*-2) =0,55(0,55*-3) -
-0,65(0, 65jc- 4) tenglamani yeching.
/110 S)100 C)110 D) 1000
Yechish: Tenglamaning ikkala tomonini 10000 ga ko‘-
paytiramiz:
35(35jc-100) -45(45jc- 200) =55(55jc-300) -65(65* - 400)
1225jc- 3500 - 2025jc+ 9000 = 3025jc-16500 - 4225jc+ 26000
- 800jc+ 5500 = —1200jc+ 9500

400n: = 4000
x =10
Javob: A) 10.
. x-a x-b\-c -(\ 1 1 .
11-misol. —— +-——-- +——=2]—+7 +-1 tenglamani
be ac ab a b c)
yeching: (abc*o).
A)abc B)a—b+c C)a-b-c D)a+b+c
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Yechish:

X-a+x-b+x-c.2fi+|+i|

be ac ab \a b c)

be be ac ac ab ab \a b c¢)
f_l +_1 +_rl\x g\i_|_l 1_r||+_a +_b+
\bc ac abJ \a b c¢cJ be ac ab
a+b+cx_ lab +lac + Ibc +a2+b2+c2

abc abc
a+b+c, (a+tb+c)!

X
abc abc

X a X bmx C:2|(_1+_1+_1j

X__(a+b+c)2 abc
abc at+b+c
Javob'. D) a+b+c.

—a+b+c

Mustaqil yechish uchun misollar

2.1-misol. Quyidagi tenglamalarni yeching.
5(5% - 1)- 2,1x + 0,2x = 6,5 - 0,5%
LA(3*+2)-7T(x +1) =3(x-1)
.5-3(X- 2(x- 2(x-2) =2
. 6(1,2x- 0,5)- 1,3*=5,9*- 3
.2x+3-6(x- 1)=41- x)+5
. 8(1,bx+0,25) - 6,61=3,8x +2
. 5(1,14 +1,44 -0,171 jd = 0,05(319,77 + 69)
. 4r+ (G- (6n- (Ix- (81- 9)))) =10

. B
Iflln, +8 =1

=<

10. 11—jc—5—=3—+ 2—x
3 6 4 4

1 21+13=Z 10—
4 7 2 28
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3x- 7 9* +11 3-x

IX*
4 8 2
* —A QO
13, 9%-5 3+5 8x 8_,
2 3 4
- 5%+ 2 + 3%
14 =1, 5+3
3 12 4
* 4+ Ix+5 *-2
15 2 1 Ix
3 15 5
16 X hXpXs Xy XX

6 12 20 30 42
2.2-misol. Test topshiriglari.

1. Tenglamani yeching: 6,4 «2- 3x) =6<0,8-1) +6,8.
A5 B)-05 C) 05 D)-2 E)25
2. Tenglamani yeching: 0,9(4* - 2) =0,5(3x - 4) +4,4.
A)12 B)25 C)-3 £)2 £)0,2
3. Tenglamani yeching: 0,2 «5y - 2)=0,3 «2y- 1)- 0,9.
A2 B)02 0.-2 £))-1,2 E)2»
4. Tenglamani yeching: 2,8%- 3(2*-1) =2,8- 3,19*.
A)-20 B)20 0 -2 D)200 E)O02
5. Tenglamani yeching: 6- + -
/1)45 5)8 0 17 0)11 E) 14

* x+8_ 3*+2 x+lIl | . -
6.- — — =—-———-—-— tenglamani yeching.

A)-5 B)5 C)0 D)-4 E)cheksiz ko'p ildizgaega

7. 7 + , 2,5* + 2=0 tenglamani yeching.

A0 S)4 C)10 D)-10 £)yechimlari cheksiz ko'p

N
i. Tenglamani yeching: ‘JB-1+XJZ3£L= 7.
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A4— B)3- C)3- D)5- £) 4-
) 3 ) 3 ) 3 ) 3 ) 3
9. Tenglamani yeching: ~c+3~j 14i =6.
A)22- B) 21— C) 22- D)20- £) 21-
9 9 3 9 6

10- 6.0.3) + 11(0) + 0 = °>3(8)* tenglamani yeching.

A) 2,6) B)-2,(6) C)3,6) D)-3,(6) E)-3,(3)

52.13+6—1| 1

11. Tenglamani yeching: ~~ -— m=4-.
3 19 7 3 7
A)3— B)3— C)3— D)4— E) 4—
13 13 26 13 26

12. 12-~M7~x + | j =- 67 tenglamani yeching.

A)-Y B2 c): b Bogl

3 3 3 21 4
13. 0,2(nr-1) +0,53ac - 9) =0,(3)n - 2 tenglamani yeching.
C )ﬂ D)~

3 4 41

14. tenglamadan n ni toping.
19 11 11 19

A)15  B)-5 C)27 D)5

AH2  9a)-1 C)0 D)3
16. (x- a- f)aft+(x-b- c)bc +(x- c- a)ac = babc tenglamani
yeching.

A)a-b +c B)a+b+c

C)b+c-a D)a +b
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3. Proporsiyaga doir tenglamalar

Ta’rif. Ikki nisbatning tengligigaproporsiya deyiladi:
=—yoki atb=c:d
3 yoki a

bunda b+o,dz*o.
Bu yerda a va d lar proporsiyaning chetki hadlari, b va
c lar proporsiyaning o‘rta hadlari deyiladi.
I-xossa(asosiy xossa). Proporsiyaning chetki hadlari
ko'paytmasi o ‘rta hadlari ko'paytmasiga teng: ad =bc.
a_b d_b d_c
c d'c a'b a

am bm a b

— = — m,n*0.

¢ d o dn

- :E proporsiyadan quyidagi hosilaviy proporsiyalami

b
hosil gilamiz:
~Na+b_c+d 2a-b _c-d a c
b d b d at+b c+d
a o . a+tb c+d
a-b c-d ‘a-b c-d

1-misol. Tenglamani yeching: 6,9:4,6 =x:5,4.
A71 B)77 C) 8l D)84 E)O92
Yechish: Proporsiyaning 1-xossasiga asosan 4,6-*=5,4-6,9
bo'ladi.
Bundan

X = S,ﬁ'glgl: 5’25;3:::{3 =2,78=81.
Javob: C)8,1.

2-misol. 12j-.2j =16j:y tenglamani yeching.

3 B)SE C) 36 D) 3(—3 E) 3é

20



Yechish: Asosiy xossaga binoan 12;‘-y :161/-2’1 ni ho-

sil gilamiz. Natijada

N=16--2-:12-= =31
y 3 2 2 322 3 3
Javob: A) 3/,

3-misol. Tenglamani yeching: [ +x]:7 =f- +x]:9.
/1)1- 5) 1- C) 1- D) 1- £) 1-
)8 ) 8 ) 8 ) 8 ) A
Yechish Asosiy xossadan foydalanamiz va chizigli

tenglama hosil qilib, uni yechamiz:

9-(|+m=7{| +n:)=>9-|+9n=7-| + 70" 3+9n1=51 + 71=>
=>O9x-'7x=51--3‘—->2'x ='21-=>x =2
4 4

Javob.B)1-.
8

4-misol. Agar a-2b\4\a+3b\24 sonlar proporsiyaning

Ql - fo?
ketma-ket hadlari bo‘lsa, -~ h ifodaning giymatini toping.

Aj B2 C3 Dj E1

Yechish'. Masala shartidan (a-2b):4=(a +3b):24 tenglik-
ni hosil gilamiz va proporsiyaning asosiy xossasidan foydala-
namiz.

24(a-2b)=4(a +3b)"6(a-2b) =a+3b”">6a-\2b =
=a+3b=>4a=12b=>a =3h.

a ning giymatini yuqoridagi ifodaga qo‘yamiz:

a2-b2 (3b)2-b2 9b2-b1 82 4
lab 2-3bb 6b2 6b2 3

Javob'. A) - .
3



5-misol. Proporsiyadanx ni toping: 131" =26:(0,2x).

Yechish:

13- 0,2x=261--=i>x=261-:fl3- 0,21=26 - «— «5=13
3 3 31 3 J 3 40

Javob: 13.

6-masala. Kumush va misdan iborat ikkita gotishma
berilgan. Birinchi qotishmada kumush va misning miqgdori
1:2 nisbatda, ikkinchi gotishmada 2:3 kabi. Agar yangi hosil
gilingan gotishmada kumush va misning miqdori 17:27 bo'l-
sa, birinchi va ikkinchi gotishmalardan ganday nisbatda olish
kerak?

Yechish: x orgali yangi gqotishmadagi birinchi qotish-

maning miqgdorini, y orqali ikkinchi gotishmaning miqdorini

belgilaymiz. U holda yangi qotishmada j + miqdor Kku-

mush, + miqdor mis bo‘ladi. Bundan quyidagi tenglikni
?7+2Z
hosil gilamiz: -2— =11
2X+3Z 27
3 5
Soddalashtirishlardan keyin
5x+6y _ 17
10x +9y * 27

27(5x +6y) = 17-{\0x + 9y)
135x+ 162y = M0x +\53y
35x =9y
**=1.
m y—35
Javob: Birinchi gotishmadan 9 miqgdor, ikkinchi gotish-
madan 35 miqdor olish kerak (9:35).
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B € I Mustagqil yechish uchun misollar

3.1-misol. Proporsiyaga oid tenglamalami yeching.
1. Tenglamani yeching: 3,5:x =0,8:2,4.
A)105 5)92 C) 135 D) 78 E)I115

2. Tenglamani yeching: 5,4:24=x:16.
A)36 B)4 C)28 D)46 £) 39

3. Tenglamani yeching: 0,25:1,4=0,75:X.
A)36 B)24 C)42 D)52 E)34

4. Proporsiyaning noma’lum hadini toping: 2™ :x =1y :2".

noo8) o 04 B £)2

3 7 3 '

5. Proporsiyaning noma’lum hadini toping: 3 -:2— =3 -:X.
13 3 1 15 13
A)2— B)2— C)3- D) 1— E)I1—
16 10 3 16 18

6. Proporsiyaning noma’lum hadini toping: 52:7 élzx :6-2.
A)4— fi)3- C)5- D)4- £) 3-
) 5 ) 5 ) 8 ) 5 ) 8

7. ,cp:O,?S:ZZEéS— proporsiyaning noma’lum hadini toping.
A) 4 B) 2 C) 0,25 D) 0,5

8. Tenglamani yeching: 37,02 =1!ijjf.
x+3 101

M303  5)30,3 C)300 D) 30

9. Tenglamani yeching: x:2,0(6) = 0,(27): 0,4(09).
M13 5) 137 C) 1,(37) £) 1332 £) 1,307

10. Tenglamani yeching: (12,5- jc) : 5= (3,6 + X)\6.

A)S5— 5)5— C)5— D) 5— E)5—
)11 )11 )11 )11 )11
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11. Proporsiyaning dastlabki uchta hadi yig'indisi 28 ga teng.

Uning ikkinchi hadi birinchi hadining y qismini, uchinchi
hadi esa y gismini tashkil etadi. Proporsiyaning oxirgi hadini

toping.
A)4— 5)4— C)4— D) 44— £)4—
13 13 13 13 13

12. Qotishma kumush va oltindan iborat bo‘lib, 3:5 nisbatda.
Agar gotishmada 0,45 kilogramm oltin bo‘lsa, gotishmaning
og‘irligini toping.
A)072 5)021 C)121 D)08 E) 09

13. Ikkita qotishma ikkita metalldan iborat. Birinchi qotish-
mada metallar miqdori 1:2, ikkinchi qotishmada esa 3:2 nis-
batda. Metallar miqgdori 8:7 nisbatda bo‘lgan yangi gotishma
hosil qilish uchun yuqgoridagi gotishmalardan ganday nisbat-

da olish kerak?
4)2:3 5)1:3 C) 31 D)3:2 E) 25
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2-§. KVADRAT TENGLAMALAR

1. x2=d tenglama

Biz x2=d tenglamani ko'rib o'taylik. Bu tenglamani
yechish uchun uchta holni ko‘ramiz.

1-hol. x2=d, d >0 bo'lsa, ikkita haqiqiy ildizga ega:

X = xy[d => X, = —\fd; x2=yfd.

Isbot. d ni tenglamaning chap gismiga olib o'tamiz:
x2=d. d>0 bo‘lganligi uchun arifmetik kvadrat ildizning
ta'rifiga ko‘ra d =(4d)2. Shuning uchun tenglamani quyida-
gicha yozish mumkin:

x2-(4df= 0.

Bu tenglamaning chap gqismini ko‘paytuvchilarga aj-

ratib, quyidagilami hosil gilamiz:
(x-Jd)(x +Jd) =0,
bundan, j, =—Jd;xr=-1d.

1-misol. x2-4 =0 tenglamani yeching.

Yechish: x2-4=0=>x2=4>0=>x =+-[=+2=>x>=-2;X2=2.

Javob: {-2; 2}.

2-misol. (x +5)2-36 =0 tenglamani yeching.

Yechish: (x +5)2=36>0=>x+5=%6.

a)x +5=—6=jcl=—11 b)x+5=6=>x2=1

Javob: {-11; 1}.

2-hol. x2=d, d =0 bo4sa, yagona ildizga ega.
x2=0=>x=0.

3-misol. 3x2- 5=-5 tenglamani yeching.

Yechish: 3jc2=-5 +5=>3x2=0=>x2=0=>x =0.

Javob: {0}.



3-hol. x1=d,d< 0 bo'lsa, hagiqgiy ildizga ega emas (Bu
holda tenglama ikkita mavhum (kompleks) ildizga ega bo'-
ladi).

4-misol. x2+16 =0 tenglamani yeching.

Yechish: x2=-16 <0=>xe0 .

Javob: 0 .

[W T Mustaqil yechish uchun misollar

1.1-misol. Quyidagi tenglamalaming haqiqiy ildizlarini

toping.
1. x2-49 =0 2. x2-121=0 3.jc2-8 =0
4.x2+25=0 5./+81 =0 6. Xx2=—

16

2. Kvadrat tenglamalar

Ta'rif. ax2+bx+c =0 (a * 0) ko ‘rinishidagi tenglama-
lar kvadrat tenglama deyiladi. Bu yerda a , b, ¢ - berilgan
sonlar, x esa noma 'lum.

Odatda a - birinchiyoki bosh koeffitsiyent, b - ikkinchi
koeffitsiyent, c—ozod had deb ataladi.

Kvadrat tenglamani to'la kvadratga ajratish orqgali ildiz-
larini topish formulasini keltirib chigaramiz. Umumiy ko'ri-
nishdagi ax2+bx +c =0 kvadrat tenglamani qaraylik, bunda
ano.

Tenglamaning ikkala qismini a ga bo'lamiz:

a a
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Bu tenglamaning shaklini shunday almashtiramizki,
uning chap gismida ikkihadning to‘la kvadrati hosil bo'lsin:

b c
X2+ —X=—

)42 L omt
2a ,2a) a \2a)
( b\ b2- 4ac
X+— 1
| 2a) 4a

Agar bl-4 ac >0 bo'lsa, u holda

( b\ nft2 - 4ac
[X+2a)
Bundan
, b ,4tf-4ac b -4ac -b+\INe -4 ac
"+5 -£— e 5 --eeee-

Kvadrat tenglamaning umumiy formulasida diskrimi-
nant D = b2—4ac deb belgilash kiritiladi va

-bxnm2- 4ac_ - bx-Md
2a 2a
formulani hosil gilamiz. Bunda uchta hoi bo'lishi mumkin.

X., =

1-hol. Agar D >0 bo'lsa, kvadrat tenglama ikkita haqi-
qiy ildizga ega:

—b +-Jd
X2~ 2a
2-hol. Agar D =0 bo'lsa, kvadrat tenglama yagona il-
dizga ega:
b
X'mXIl~ 2a

3-hol. Agar D< 0 bo'‘lsa, kvadrat tenglama hagqiqiy il-
dizga ega emas, bu holda ikkita kompleks ildizga ega bo'ladi.

1-misol. 2x2+5x +2 =0 tenglamani yeching.

Yechish: a=2;ft=5;c =2 va D=b2-4ac =52-4-2-2 =
-25-i6 =9>0.
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Demak, tenglama ikkita haqiqiy ildizga ega.
_-bx4D _ -5xy*9 -5+3 T _-5-3_ 2.
2 a 2-2 4 4

-5+3 1
=21%=."=.0,5.
o2 I 2
Javob: {-2;-0,5}.

2-misol. - 2x2+x+1 =0 tenglamani yeching.

FlecAn/r: a=-2; ft=1;c=1, b =12-4 (-2) 1=1+8=9>0.

-\+S -1%3 -1-3 -1+3  fie
¥, T emmemeeeeeeee = emmemmeeeeee =>* = — —:i;xZ:_ - =-0,5.
u’ 2m-2) -4 i -4 2 -4

Javob'. {-0,5; 1}.
3-misol. 36x2+12x +1=0 tenglamani yeching.
Yechish'. a=36; 6=12; c=1, D =122- 4 1-.36=144-144=0
yagona ildizga ega.
6 12 1
~*2* 2a" 2-36 6'
Yugqoridagi tenglamani ikkihad yig'indisining kvadrati
ko'rinishiga keltirib, sodda holda yechish ham mumkin:

36x2 +12* +1 =(6x)2+2-6x-1 +12=(6x + 1)2=0=>6x + | = 0=>x =—!'5

Javob: x, =x2=-—
6

Bu misolni kvadrat tenglamaning umumiy formulasi
yordamida yechsak ham shu natija hosil bo'ladi.

4-misol. x2- 5x+ 6 =0 tenglamani yeching.

Yechish: a=1; b=-5;c=6, D=(-5)2- 4-1-6 =25-24 =1

-(-5)=*Vi 5=l 5-1 n 5+1
X,, = = = X, = e =2; X,==—-—-=3.
u 2-1 2 2 2 2
Javob: {2;3}.

5-misol. x2—2x + 10—0 tenglamani yeching.

Yechish: a=1;6=-2;¢c =10, D=(-2)2-4-1-10=4-40=-36<0
bo'lib, tenglama haqiqiy ildizlarga ega emas.

Javob: 0.
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6-misol. Tenglamaning nechta ildizi bor?

X+6= .
X
Al B2 c¢)3 Db)ildizi yo'q E) cheksiz ko'p
Yechish: x=0 tenglamaning ildizi emasligi ravshan.
Tenglamaning ikkala tomonini x ga Kko'paytiramiz:

X+6=— /xx va x2+6x+3=0 kvadrat tenglamani hosil gila-
X

miz. Bu kvadrat tenglamaning diskriminantini hisoblaymiz:
D=62- 4-1-3=24>0. Bundan kvadrat tenglamaning ikkita
haqiqiy ildizga ega ekanligi kelib chigadi.

Javob: 5)2.

7-misol. Agar (4x+1)-";:-~j=0 bo'lsa, 4x+1 ganday

giymatlar gabul gilishi mumkin?

A f --  Bf -
) fagat p ) aqat4
C) fagat O D) O yoki 2 E) - 7 yoki 7

Yechish®. A B=0o0 A=0 yoki 5=0 o'‘rinli. Bundan:
1) 4x +1 ifodamiz 0 giymat gabul giladi. Chunki birin-
chi gavs yuqoridagi shart bajarilsa 0 ga teng.

2) Ikkinchi qavsdagi ifoda x - -4:0 dan X:A giymatni

gabul giladi. Bu giymatda 4x +1 ifoda 4x+1=4 -4+I:2 qiy-

matni gabul giladi.

Javob: D) 0 yoki 2.

8-misol. 2013x2-2015x +2 =0 tenglamani yeching.

2 2015 2 2
A)l;--=- 5)1:— C)L— - D)-I;-
2013 2013 2013 2013

Yechish: Berilgan tenglamani quyidagi ko'‘rinishda yo-

z,b olamiz:



2015 2 2 f 2 n 2
X H - H

- =S X Heeeme- =0 =X - 1{H---— IX H-------- =
2013 2013 vV 2013; 2013
DX2- X — B—X +——=0=X(X - 1) =~ —(X- 1)=0=
2013 2013 2013
=>(X- \){X ——-- 0= =1;x2=-_2
(5= 0= e 2013

Bu tenglamani Viyet teoremasi yordamida ham yechsa
bo’ladi.
2013x2- 2015x + 2 =0 kvadrat tenglama uchun

2015 , 2

I+ x2= =1+

2013 2013 1=
2,2 ' " 2013
jc, + jc, = mm-mm-me- R
"% %013 2013
2
Javob: C)lI;
2013

Xossa. Agar ax2+&t+c=0(a*0) kvadrat tenglamada
£
a+b+c=0 bo'lsa, jc,=1,jc2= a o'‘rinli bo‘ladi.
Bu xossaning isboti sodda. Yuqoridagi 8-misolga xossa-

ni go‘llasak, jc =1, X2= la™ topamiz.

Mustaqil yechish uchun misollar

2.1-misol. Kvadrat tenglamalaming hagqiqgiy ildizlarini

toping.

1. 2X2+ 3X+1=10 2. 2x2-7x +3=0
3. 4x2-1 1jc+6=0 4. 2j2- 7je-4 =0
5. 3j2+ 2jc-1 =0 6. 6jc2- 5x-1 =0

7. i2+4jc+3=0 8. j2-8 jc+ 7=0

9. 16j2+ 8jct+ 1=0 - 10. 25x2-30x +9=0
11.x2+10x +25=0 12. 9x2- 6x +1=0
13. x2+x +4—=0 14. 3x2-5x +4=0
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15. Ix2- 6x+2 =0 16. 3jc2-x+2=0
17. x2—6jc+ 13=0 18. 4x2-8x-1 =0
19. 9x2- 3x- 4=0 20. 3jc2+4x- 1=0

2.2-misol. Tenglamani yeching.

1 idjc-1) =72 2. jex+D =56
3. 2x(x+2)=8x+3 4. 52 +1 =6X
- 2X2+x 2-3X X2-6

3 4 6

2.3-misol. Test topshiriglari.

4
1. Tenglamaning nechta ildizi bor? 3- x=—

Al B)2

X
C) 3

D) ildizi yo‘q E) cheksiz ko‘p
2
. Tenglamaning nechta ildizi bor? - =x+2.
X
A3 5)2 C)1 Dp)ildizi yo'q E) cheksiz ko'p
3. Agar (3x—1)-(jc—=2) =0 bo'lsa, 3x-1

ganday giymatlar qa-
bul qilishi mumkin?

gabul giladi?

A) fagat O B) fagat - 20

C)0yoki 5 D)O yoki 8 E)-20 yoki O
5. Tenglamani yeching: 1998x2- 2000x+2 =0 .

6. Tenglama ildizlarining o‘rta arifmetigi ulaming ko'payt-
rnasidan qancha kam?



X
A13 B)12 C14 D1 £)10
7. (x+D2- (x+2f =(x+3)2- (x +5)2 tenglamani yeching.
A) 6,5 5)4 C)- 65 D)15
8. x2- 3ax+2a2-ab-b2=0 tenglamani yeching.
A)a+b;2a+b B)-a-b,2a-b
C)a —b;2a—b D)a—b\2a+b

3. Chala kvadrat tenglamalar

Ta'rif. ax2+bx+c=0 kvadrat tenglamada b yoki c
koeffitsiyentlardan aqalli bittasi nolga teng bo'lsa, bunday
kvadrat tenglamalar chala kvadrat tenglamalar deyiladi.

Demak, chala kvadrat tenglama quyidagi tenglamalar-
dan biri ko'rinishida bo'ladi:

\)ax2=0 2)ax2+c=0,c*0 3)ax2+bx=0, b* 0.

Bu chala kvadrat tenglamalarda a koeffitsiyent nolga
teng emas.

Yuqoridagi chala kvadrat tenglamalami uchta holga
ajratib yechishni ko‘rib o'tamiz:

1-hol. b=0 va ¢ =0 bo'lsa ax2=0 ko'rinishga ega bo'-
ladi.

Bundan ax2=0=>x2=0=>x=0 bo'lib, tenglama yagona
x =0 ildiziga ega bo'ladi.

1-misol. Ix2=0 tenglamani yeching.

Yechish: I1x2=0 tenglamaning ikkala gismini 7 ga bo'-
lib, x2=0 ni hosil gilamiz, bundan x=0.

2-hol. b=0va c¢*0 bo'lsa, ax2+c =0 ko'rinishga ega bo"'-
ladi. Bu hoi yuqoridagi x2=d tenglamani yechishga keladi.

2-misol. 3x2- 27 =0 tenglamani yeching.
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Yechish: 3@2- 27=0" x2=9=>x, 2=+-J8=+3 =X =- 3;x2=3.

Javob: x =-3; x2=3.

3-hol. 6*0 va ¢c=0 bo'‘lsa, ax2+bx =0 ko'rinishga ega
bo'ladi. Bunda tenglamaning chap gismini ko'paytuvchilarga
ajratib, tenglamani yechamiz:

ax2+ bx=0=>x{ax +b) =0.

Har bir ko'paytuvchini nolga tenglaymiz va tenglama-

ning ildizlarini topamiz:
a)x, =0;

b) Qavs ichidagi ifodani nolga tenglasak, ax+b=0 chi-

zigli tenglama hosil bo'ladi. Bundan ikkinchi ildiz x2= -- ni
a

hosil gilamiz. Demak, bu holda tenglama ikkita ildizga ega
bo'lar ekan.

3-misol. x2—3x =0 tenglamani yeching.

Yechish: x2- 3x=0=>x(x- 3)=0=Xx, =0; x2=3.

Javob: {0;3}.

4-misol. 5x2- Ix =0 tenglamani yeching.

Yechish: Tenglamaning chap gismini ko‘paytuvchilarga
ajratamiz va har bir ko‘paytuvchini nolga tenglaymiz:

5x2-7x =0=>x(5%x-7) =0

7
a)x,=0 b)5x-7=0=>x2=—=14.

Javob'. {0;14}.

(fdjf Mustaqil yechish uchun misollar

3.1-misol. Tenglamalaming haqiqiy ildizlarini toping.

1 6x2=0 2. 4x2-64 =0 3. 3x2-81 =0
4. 6x2+96=0 5.4-x2=0 6. 25-16x2=0
7.-x2+64=0 8. -16x2+49=0 9. 0,01x2=4
10. 3x2=5—
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3.2-misol. Chala kvadrat tenglamalami yeching.

1. x2-7x=0 2. x2+1Qc=0 3. 4x2=9x
4. 9x2-x =0 5. 4x2-3x =0 6.25x-16x2=0
7. 10x2-100x =0 8. x2-0,0bc =0

4. Viyet teoremasi
t

Teorema. ax2+ bx +¢ = 0(a * 0) tenglamaning va

x2 ildizlari, koeffitsiyentlari uchun quyidagi munosabatlar

o'rinli:
L+ X2 = —--
XX X2= -
a
Bu teorema Viyet teoremasi deb nomlanadi.
Isbot. Kvadrat tenglamaning xt va x2 ildizlari uchun
X, = b-yiD P I formulalar o'rinli. Bundan
2a 2a
-b-43 -b+4D b
X, + X, = e + -
2a m2a a
_-b-jD -b+jD _b2-D b2-(b2-4ac) 4ac_c
2 2a 2a 4a2 4a2 4a2 a
Isbot tugadi.

1-misol. x, va x2 sonlari ax2 +bx +c¢ =0 kvadrat tengla-
maning ildizlari bo'‘lib, bu yerda ¢*0 bo'lsin. Quyidagi ifo-
dalami a, b, ¢ koeffitsiyentlar orqali ifodalang:
1) jo - x22) xf- x] 3) x3- X\ 4) X4- x2.

. . . b c
Yechish: Viyet teoremasiga asosan x, +x2= Xr X2= -

o'‘rinli.

1) \X,-X2\=y](X,-x22=ij(xi-x 22-4x x2 =



Ib2-4ac  \Ib2-4 ac

Javob: ~b J ac, agar x, >x2 bo'lsg; 4ac , agar
lal I\
X, <X, bo'lsa.
2) X? ~xj - (*i - x2X*1 +x2)=— (X,-X2). X -X2 ning
yuqoridagi misoldagi giymatlarini go‘yamiz:
J b: i 4 jc, > x2 bo'lsa; ~4ac ,
avo a|a ac , agar j 2 bo'lsa alai ac , agar

X, < X2 bo'lsa.
3) xI- X] =(x, - x2)(x,2+ x,x2+ x2) = (X, - X2)[(x, +x2)2-

XXj] = (%, -x2 ;g._Ea = (¥, -*:)e hi-ac

i (b -ac)ijb -4
5av6b.( aca),,ulal— ac,agar X, >X, bo Isg;

(ac-b2)ijb2-4 ac <x2bo'l
agar X, <X 0 Isa.
a2\a\ g

4) x4- x4=(x2- X\)(X2+x]) =(X, - X2)(X, +x2)(x2+x2) =

= (+ ,\2)-If bg V., — b(2ac-b2)
a '
javoib.b(zac' 2‘ )\-:)b: - 4ac’ agar % »x,_bo'lsa,

b(b2- 2 ac)yjb2-4 ac
,agar x, <x, bo'lsa.

a \a\

2-misol. a va b sonlari 3x2-2x-6 =0 tenglamaning il-

dizlari bo‘lsa, a2+b 2 ni hisoblang.

A6 B)8 C). D4 E)3
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. . . -2 2
Yechish: Viyet teoremasiga asosan x,+x2=— =J va

x,-x, =~y =-2 bo‘ladi. Masala shartidan x,=a va Xx2=b

bo'lib, a-+ b =x, K =(x,+x2) - 2x,x2=]jJ - 2-(-2)=—+4=4—

Javob: C)49—.

3-misol. x, va x2 lar 3x2—8x —15=0 tenglamaning il-

dizlari bo'lsa, ~ +i ning giymatini hisoblang.
*1

*2
IQ | f 1
A)-3— B)-3— (€5 D)-- E) - 1—
45 45 3 13
Yechish: Viyet teoremasiga asosan X, +Xx2=-/"-=
=-— =- vaXx K, =- =——=-5 o'rinli. Masala shartidan
3 3 2 a 3
"1|)Q_)<I+)Q. (A+X)2~ _(1+Xx2 T_
r 3 X¥2 X, X2 XX 2
= Ni_2=_,~N_2=_3".
9 5 45- 45

19
Javob: A)-3—.
45

4-misol. Tenglama ildizlari kublarining yig‘indisini to-

ping:
2x2- 5x+1 =0.

Mil- B)12 C)12- D)12— E)13
N1l B 125 D)2 B

Yechish: Masala sharti bo‘yicha x3+x2 ni topishimiz

kerak. Viyet teoremasidan x, +x2= -- =- va X, X, =- =- ga
a 2 a 2

ega bo‘lamiz. (a+b? =a} +b*+3ab(a+b) gisqa ko'paytirish

formulasini qo'llaymiz:
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Javob: J1)11-.
8

Mustagqil yechish uchun misollar

4.1-misol. Agar x, va x2 sonlari 2x2-11x +13=0 kvad-
rat tenglamaning ildizlari bo'lsa, quyidagilami toping:

1) 1L+ *L 2) x2+x2 3) x3+x34) x4+ X4
X

5) xf-x\ 6) xf-x27) x4-x4
4.2-misol. Test topshiriglari.
1. Tenglamaning ildizlari yig'indisi va ko'paytmasining
yig'indisini hisoblang: 2x2- 5x+ 2 =0.
A)25 B)l (C)28 D)35 E) 32
2. Agar x, va x2 lar 9x2+3x-1 =0 tenglamaning ildizla-

ri bo'lsa, — - _ ning giymatini toping.
X +x2

A)-1 51 C)2 £>)i E)3

3. Agar x, va x2 sonlari 2x2+3x- 4=0 tenglamaning

i3-r3
ildizlari bo'lsa, R ning qiymatini toping.
X -x2
A)0,25 B)-0,25 C)425 D)- 425 E) 3,25
4. ax2+bx +c¢ =0 tenglamaning koeffitsiyentlari b=a+c¢
tenglikni ganoatlantiradi. Agar X, va x2 berilgan kvadrat
tenglamaning ildizlari bo'lsa, - +— -2 ning giymatini
X X
toping.

1 o ¢ N 2a+c) (a-c)2



5, Keltirilgan kvadrat tenglama

Ta’'rif. Ushbu x2+ px + q =0 kolrinishidagi kvadrat
tenglama keltirilgan kvadrat tenglama deyiladi.

Bu tenglamaning bosh koeffitsiyenti birga teng. Har
ganday ax2+bx+c =0 kvadrat tenglamani uning ikkala qis-
mini a*0 ga bo'lib, keltirilgan kvadrat tenglama ko‘rinishiga
keltirish mumkin.

Keltirilgan kvadrat tenglamaning ildizlarini
ax2 + bx + ¢ = 0 kvadrat'tenglamaning

_ -bxy/b2-4 ac _-bzxy[D
2 2a 2a

formulasidan foydalanib topamiz. Bunda a=1 b=p, c=q
lami e’tiborga olamiz va

_-bxJb2-4ac _-p typ2-4q _ pIlyip2-4q_ p”" j(pV _
X2 2a 2 2 2 ~2%2J <

ni hosil gilamiz.
Keltirilgan kvadrat tenglamaning ildizlari quyidagi for-

mula yordamida topiladi:

Bu formuladan p juft son bo‘lganda foydalanish qulay-
roqgdir.

1-misol. x2- 14x-15 =0 tenglamani yeching.

Yechish: p=- 14; g=-15.

Xt2=-£z+y -q =7+V49 +15=7+8=>jc, = —1; j=15.

Javob: xt=-1;x2=15. -

2-misol. x2+6x-1 =0 tenglamani yeching.
Yechish: p=6;, J=-7.



— =-3xn/9 +7 =-3+x4=>x, =-7; x2=1.

Javob'. je,=—7; x2=1.

(™ f Mustaqil yechish uchun misollar

5.1-misol. Keltirilgan kvadrat tenglamalarning hagiqiy
ildizlarini toping.

l.x2+4x-5 =0 2. x2-6x-1 =0 3. Xx2+6x-40 =0
4. x2-8-9 =0 5. v2-18*+81=0 6. x2+22x+121=0
7. X2- 4x+5=0 8. Xx2-2x +10=0

5.2-misol. Keltirilgan kvadrat tenglamani yeching.

1. x2- 2n/3jc-1=0 2. x2- 2n/5x+1=0 3. x2+n/2x-4=0
4. x2-4n/7x+4=0 5. x2-(2 +2-j2)x+2-j2 =0

6. Keltirilgan kvadrat tenglama uchun
Viyet teoremasi

Teorema. Agar x, va x2 lar x2+px+q=0 tenglama-
ning ildizlari bo'lsa, n holda
X, +X2=-p
X, -x2=q
formulalar o'rinli, ya 'ni keltirilgan kvadrat tenglama ildizla-
rining yig'indisi garama-garshi ishora bilan olingan ikkinchi
koeffitsiyentga, ildizlarining ko'paytmasi esa ozod hadga
teng.
Isbot. Keltirilgan kvadrat tenglama ildizlarini topish
formulasiga asosan:

-_b
-g va x, =-—+
If) a 2 2
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Tengliklami hadma-had go'shamiz:

Bu tengliklami ko'paytirib, kvadratlar ayirmasi formu-

lasini qo‘llab quyidagini hosil gilamiz:

Isbot tugadi.
Masalan, jc2-13jc + 30 = 0 tenglama j, =3 va x2=10 il-

dizlarga ega: uning ildizlari yig'indisi X, +X2=3 + 10 = 13,
ko'paytmasi esa X, ®x2= 3 =10 = 30.
Viyet teoremasi kvadrat tenglama ikkita teng

X, =x2=-] ildizlarga ega bo‘lganda ham to‘g‘ri bo‘ladi.

Masalan, x2- 8x+16 =0 tenglama ikkita teng jc, = jc2=4
ildizlarga ega: ulaming yig'indisi. jc,+jc2=8, ko'paytmasi
jc, X2=16.

Ko'pgina masalalami yechishda Viyet teoremasiga tes-
kari bo'lgan quyidagi teorema ham qo‘llaniladi.

Teorema. Agar p, q, i , jee sonlari uchun x, +x2=-p
va x[-x2=q munosabatlar bajarilsa, n holda x, va x2sonlar
ic2+ px+ q= 0 tenglamaning ildizlari bo4adi.

Isbot. Tenglamaning chap gismidagi x2+ px +q kvad-
rat uchhaddagi p ning o‘'miga -¢c, +jc2) ni, 4 ning o'miga
esa X, -jicz ko'paytmani qo‘yamiz. Natijada quyidagi ifoda ho-
sil bo'ladi:

X2+ PX+ Q= X2- (X, +XDX + jej2 = X2- jejo - jcic+ je,jc2 =

= 30(X- X,)- XAX - x,)= (- X )(X- XD
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Shunday qilib, agar p, q, x,, x2 sonlari x, +X2=-p va
Xt Xx2=q munosabatlar bilan bog‘langan bo'lsa, u holda X
ning har ganday giymatida
X2+ px+qg=(x-jg)(x- x2
tenglik bajariladi, bundan x, va X2 lar x2+ px+q =0 tengla-
maning ildizlari ekanligi kelib chigadi. Isbot tugadi.
Keltirilgan kvadrat tenglama x2+ px+g =0 ning x, va
x2 ildizlari uchun Viyet teoremasining shartlari x, + x2=-p
va Xt x2=q bajarilsa, quyidagi xulosalami hosil qilishimiz
mumkin:
X2+ Xj = (x, +x2)2- 2x,x2= pl. 2q
(x,-x,)2=(x, +x2)2-4x,x2=p2-4Q
X3+ X2= (X, + Xx2)3- 3x,X2(x, + x2) = 3pq, p3
XA+ x4z (x,2+ x2)2- 2(x,x2)2= (p2- 2qf . 202=p4-4p2y. 292
X\ +X2:= (x,2+x,2)(x,3+ x 3)-(x ,x 2)2(x, +X2)- -p5+5piq-5pq2
Bu formulalar yordamida ko'pgina masalalami hal qi-
lish mumkin. Yugqoridagi formulalami ax2+bx +c=0 tengla-
maga ham qo'llash mumkin. Chunki kvadrat tenglamani har
doim Kkeltirilgan kvadrat tenglama ko'rinishiga keltirsa bo‘-
ladi.
Viyet teoremasiga teskari teoremadan foydalanib, kvad-
rat tenglama ildizlarini tanlash usuli bilan topish mumkin.
1-misol. x2-5x +6=0 tenglamaning ildizlarini toping.
Yechish: Bu yerda p =- 5, q=6. lkkita x, va x2 sonlami
x, +x2=-p=-(-5)=5 va x,x2=q =6 bo'ladigan qilib tanlaymiz.
2-3=6 va 2+3=5 ekanligini e’tiborga olib, Viyet teo-
remasiga teskari teorema bo‘'yicha x, =2, x2=3 ga, ya'ni
x2- 5x+ 6=0 tenglamaning ildizlariga ega bo'lamiz.
Javob’ x, =2, x2=3.
2-misol. x2-x -6 =0 tenglama ildizlarini toping.
Yechish: p=-1 q=- 6,
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N '=>x =_7 .x,=3; Tekshirish-. | 2+J
1 2 [-2 3=-6
i. X2+ x-6 =0 tenglama ildizlarini toping.
h: p=1q9q=-6,
=-1 2+(-3) =-1
Jje, =2 ;X2=-3 ; Tekshirish: (-3)
1-6 1 v ' [2 (-3)=- 6
isol. x2+3gjc+ 7=0 tenglama ildizlarini toping. a8> K\adr'ht
AwA: p=8,q=1,
“ tCnS- Har
2="8_oy —_1: X, - - Ferkhirish. * I+(-7)=-8
=7 -l-(-7) =7 ~ ala qis-
-misol. Ushbu Ix1- 26x + 72=0 tenglama ildizlarining nnishiga
jroporsionalini toping. o
A4 B)5S C)7 D)6 £)8 dizlignpy

Yechish: Ix1- 26x +72 =0 tenglamaning ikkala tomoni-
ga bo'lamiz va u je2 -1 3jc +36 =0 keltirilgan kvadrat teng-

laga keladi. Tanlash usuli yordamida tenglama ildizlarini.

jamiz:
fx, + » =13
>, =4 ; x2=9
X, X, =36
Bu tenglama ildizlarining o‘rta  proporsionali

X, =2 = /4«9 =6 ga teng.

Javob\ D)6.

6-misol. x2+5x- 6=0 tenglama kichik ildizining katta
ildiziga nisbatini toping.

me B)-6 C);) D)-([: £)1

Yechish: Viyet teoremasidan x,+x2=-5 va x, x2=-6
bo‘lib, x, = -6, x2=1 lami topamiz. Ko‘rinib turibdiki, - 6 <1.
Bundan kichik ildizining katta ildiziga nisbati —6:1 =—6.

Javob\ B)-6. »
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7-misol. Agar x2- 3x- 6=0 tenglamaning ildizlari jc, va

X, bo‘lsa, A-+A ni hisoblang.
A x2

A)~ B)05 C)-0,5 D)O0,375 E)- 0,375

Yechish: Viyet teoremasiga asosan X, +x2=3 va

X, Xx2=-6.U holda

I+ L=xB+ = (X,+x23-3x,x2x, +x2) =
X3 x3 (x,x2)3 (*,x2)3
_33-3.(-6)-3_ 81 _ 3
(-6)3 216 8 ’

Javob: E)-0,375.
8-misol. Agar X, va x2lar x2+ x- 5=0 tenglamaning il-
dizlari bo'lsa, x22+ x2x4 ning giymatini toping.
A)225 B)145 C)125 £3)175 E) 275
Yechish'. Viyet teoremasiga asosan Xx,+x2=-1 va
X, X2=-5. Bundan
X2X1 + X 2X* = (X,x2)2(X]2+ x2) = (X,x2)2[(x, + Xx2)2- 2x,x2] =
=(-5)2[(-1)2-2 (-5)] =25 11=275.
Javob: E) 275.
9-misol. Agar x2- x +q=0 tenglamaning ildizlari a va
b bo'lsa, a3+b3+ 3(atb+ abr) +6(a32+a3) ifodaning qiy-
matini toping.
A)6q B)3q C)\ + 6q D) 1
Yechish: x2-x +q=0 tenglamaning ildizlari x,=a va
x2=b bo'lsa, Viyet teoremasiga asosan a+b=1 va ab=q

o'rinli. U holda
a3+ by+ 3(a,b+ab,)+ 6(a,b2+av) = (a+ b)(a2-ab + b2) +
+3ab(a2+ b2)+ 6ad2(a+b) = (a+ ft)[(a + b)2- 3ab] +
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+3ab[(a+bf - 2ab] +6(ab)2a+b) = 11- iq) +3XT1- 2q) +
+6q1- 1- 19+ 37- 692+ bgl=1
Javob: D) 1L
10-misol. x2- (14 + mx+ m2=0(m >0) tenglamaning il-
dizlari orasida X, = 9x2 munosabat o ‘rinli. Berilgan tenglama-
ning kichik ildizini toping.
A2 B)24 C)9 D)18

Yechish: Viyet teoremasidan

X = 14+ m
X, +X2=14+w  9X2+x2=14+Mn T,
X, X, =M~ X,X2=m2
X =9 X =9x2 x,=— (14+m)

X, va x2 ning topilgan giymatlarini sistemaning ikkinchi

tenglamasiga go'yamiz.

— (14 +m)-—— =m >--—(14+m): =
100

m —
>&4 +m;r 100 .14 +m 10

m> 0 bo'lganligi uchun

———=—=10M=42+3w=1m=42=>m=6.

14+m 10
9 14+6
X =— (14+6)=18; x,= -= 2.
.10 10
Javob: A) 2.
11.

p ning ganday giymatida x; -px + 4 =0 tenglama-
ning ildizlaridan biri boshgasidan 3 ga katta?
M+5 B) 4 C)t 4 D)+ 6
Yechish-. x, va x2 sonlari x2-px +4 =0 tenglamaning

ildizlari bo Isin. Masala shartiga asosan x,=x2+3 o'rinli.
Viyet teoremasidan



L+=p 2x,=p +3
jejc2 =4 xw2z=" X,X2=4

X, - X2=3 X, - X2=3 1?7+ 3 3 p-3

Topilganlami sistemaning ikkinchi tenglamasiga qo‘-

yamiz:
+bp-3 =1 2-9
P p P -=4=> »2=25=>p = 5.
2 2
Javob'. A) +s5.
12. x2+px+4 =0 tenglama ildizlari ayirmasining kvad-

rati 48 ga teng bo'lsa, ildizlarining yig‘indisini toping.
A) £ n/40 Bytn2 C)z6 D) -8 va 8

Yechish: x, va x2 sonlari x2+px+4=0 tenglama
ildizlari va (x,-x2)2=48 bo'lsin. Viyet teoremasidan
IX, +x2 P olrjnl]j g untjan
Ix x2=4

(X, - X2)2= 48 => X2 -2x x2+ X2 = 48 => (X, + x2)2 - 4x,x2 = 48 =>
=>p2-16 =48=>p2=64 =>p = £8.

Javob'. D) -8 va 8.

a e r Mustaqil yechish uchun misollar

6.1-misol. Quyidagi keltirilgan kvadrat tenglamalaming

ildizlarini tanlash usuli bilan toping.

1. x2+4x -5 =0 2. X2-4x-5 =0
3. x2-6x+5=0 4. x2-7x +12=0
5. x2-8x +15=0 6. x2-x-12=0
7. x24x-12 =0 8.x2-8x+16=0
A x2+11x+30=0 10. x2+2x-15 =0
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6.2-misol. Test topshiriglari.
1. Kvadrat tenglama kichik ildizining katta ildiziga nisbatini

toping:
X2+5x+6=0.
AN\ B)-1 )l D)-X E)-3
2. x2- 18x+45 =0 tenglamaning katta ildizini toping.
A)-3 5)3 C)-15 D) 15 E) 5

3. Agar a va b sonlari x2- 8x+7=0 kvadrat tenglamaning il-

dizlari bo'lsa, -~|-+,%‘- ni hisoblang.
a

A)l— 5)1— C)2— D)l—
49 50 15 10 49

4. Agar a va b sonlari x2- 10x +9=0 tenglamaning ildizlari

bo'lsa, n*hisoblang.

1 1 1 7
A= 51—  ¢)i— D)1
49 100 81 8l

5. Agar x2+x-1 =0 tenglamaning ildizlari x, va x2 bo'lsa,

x3+ X\ ni hisoblang.
A1l 5)3 C)2 D)-2 E)-4
6. Ushbu x2+4x-5 =0 tenglamaning ildizlari x, va x2bo'lsa,

xf x3 ni hisoblang.
A) 124 5)-125 C)130 D)5 £)-124

7. Agar x, va X2 lar x2+x-3 =0 tenglamaning ildizlari bo‘l-

sa, +  ning giymatini toping.

Yev

J'I)—S 5) A C)1 D)i £) 32
81 81 .81 27 16
8. Agar x, va x, lar x2 +3x-3 =0 tenglamaning ildizlari bo'l-
sa, X* +X\ ning giymatini toping.
A) 207 5)192 C) 243 D)168 £) 252
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9. Agar x, va x2 lar x2+x-7=0 tenglamaning ildizlari bo'l-
sa, xfx* +xjx* ning giymatini toping.
A) 625 B)345 C)935 D) 735

10. xz—%'k +'1T56= 0 tenglamaning katta va kichik ildizlari

kublarining ayirmasini toping.
A)-2 B)-l C2 D)1 £)™n/85-6)

11. x, va x2 sonlari x2- ax +20=0 tenglamaning ildizlari bo'-
1 1 o9
lib, —+— =— tenglikni ganoatlantirsa, a ning giymatini to-
g x2 20

ping.

A)-1 B) 9 Cc)-3 D) 3
12. Agar x2+mx+m2+c =0 tenglamaning ildizlari a va b
bo'lsa, a2+ ab +b2+c ifodaning giymatini toping.

A)m +c B)-m2-c C)o D) me

13. Agar m va n sonlari x2+2mx-3n=0(m n*0) tenglama-
ning ildizlari bo'lsa, n-m ning giymati nechaga teng bo'-
ladi?

A6 B)24 018 D)12
14. g ning ganday giymatida x2-x-q =0 tenglama ildizlari
kublarining yig'indisi 16 ga teng bo'ladi?

A) 6 B)5 0 7 D) 4
15. xt va x2 lar x2+3x +m=0 tenglamaning ildizlari. m ning
ganday giymatida tenglamaning ildizlari ayirmasi 6 ga teng
bo'ladi?

A) 6,75 B)-6,75 0 65 D) -4,75

16. Agar x, va x2 sonlari x2+ 3jc+1 =0 tenglamaning ildizlari

r |
rX12

ve2 +ly Y% +l
A)18 B)9 0 27 D)36

bo'lsa, ni toping.
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7. lldizlari x, va x2 bo‘lgan kvadrat

tenglama tuzish

Endi ildizlari j va x2bo'lgan kvadrat tenglama tuzish-
ni ko‘ramiz. Bu tenglama yuqoridagi Viyet teoremasi yorda-
mida tuziladi.

Teorema. lldizlari X va x2 bo‘lgan kvadrat tenglama
quyidagi ko‘rinishda bo*ladi:

X2- (e, +X2)Xx +x,x2- 0.

Isbot. x, va x2 sonlari izlanayotgan x2+ px + q = 0
kvadrat tenglamaning ildizlari bo‘lsa, u holda Viyet teo-
remasiga asosan X, +X2=-p va je, -jcc=(q. Agar p va g ning
giymatlarini x2+ px+ gq= 0o tenglamaga qo‘ysak, yuqoridagi
X2- (X, + X2)X + je,je2 = 0 tenglama hosil bo'ladi.

1-misol. lldizlari x, =-1 va jc2=3 bo‘lgan kvadrat teng-
lama tuzing.

Yechish: x2- (-1 +3)ex +(-1) 8 =0 =>j2 - 2jc- 3=0 .

2-misol. Illdizlari j,=—4 va j2=-—5 bo‘lgan kvadrat
tenglama tuzing.

Yechish: x2- (-4 - 5)jc+ (-4) «(-5) = 0 => je2 +9X + 20 =o0.

Yugqoridagi formulani bilmagan holda ham kvadrat

tenglama tuzish mumkin.

3-misol. lldizlari j,=—8 va x2=-11 bo'lgan kvadrat
tenglama tuzing.

Yechish: lzlanayotgan kvadrat tenglama jc + px+qg =o0

ko'rinishida bo'lsin. Viyet teoremasidan p va gq ning giymat-
larini topamiz:

* +*2=.p =>p=_(Xi+Xj))=_(_g_jj)=1i9 va q=Xi.Xi=_8.
m—11)—88 0 miga qo‘yamiz.
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Izlanayotgan tenglama x2 +19x +88 = 0 ko‘rinishida
bo*ladi.
4-misol. lldizlari x2-14x +24=0 tenglamaning ildiz-
lariga teskari bo‘lgan kvadrat tenglama tuzing.
A) 24x2+14x +1=0 B)24x2-14x+1=0
C) 24x2-14x-1 =0 D) 24x2+14x-1=0
Yechish: x2- 14x+24 =0 tenglama uchun Viyet teore-
masiga asosan Xx,+x2=14 va x,x2=24 o'rinli. lzlangan

kvadrat tenglamaning ildizlari — va s bo‘ladi. Demak, qu-
X

yidagi tenglamani hosil gilamiz:

1 - . X, +X,
X+ --2=- =0=>x~ — - x +--=0=>x----- X+— =
X X2 X X2 X X2 <24 24
=0=>24x2- 14x+1 =0
Javob'. B) 24x2- 14x +1 =0.
5-misol. lldizlari x2-6x +1=0 kvadrat tenglamaning il-
dizlaridan 2 marta katta bo‘lgan kvadrat tenglama
x2-z>x+c=0 ko'rinishida ifodalangan. be ko‘paytmani toping.
A) 80 B) 48 C) 36 D) 24
Yechish: x2- 6x +1 =0 kvadrat tenglamaning ildizlari x,
va x, bo'lsin.
. . X, + X2=6
U holda Viyet teoremasiga asosan
X,x2=1
y, va y2 lar x2- bx+c =0 kvadrat tenglamaning ildizlari
bo‘lsin. Masala shartiga asosan j, =2x,;y2=2x3. U holda
Viyet teoremasiga asosan,
fYl+ >9= 2X,+2Xx2=6 _ [2(x.+x2)=ft__(A=2-6=12
< => >3 =>|
[2x, -2x2=C [4x,x2=C lc=4.1=4
Natijada 6c =12-4 = 48.
Javob'. B) 4s.
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6-misol. x, va x2 sonlari x2- I0x+ 21=0 tenglamaning

ildizlari bo'lsa, ildizlari x2+x\ va x,x, bo'lgan kvadrat teng-

lama tuzing.

A)x2-79x +1218=0 B) x2+ 79x + 1218 =0

C) x2-58x + 1218=0 D) x2- 79x-1218 =0
Yechish-. X, va x2 sonlari x2- 10x+21=0 tenglamaning il-
Ix. +x, =10

dizlari bo‘lsa, u hoida Viyet teoremasiga asosan
[x,x2=21

lldizlari x2+x2 va x,x2 bo‘lgan kvadrat tenglama
X2- (X,2+ X2+ X,X2)X + X,x2(X,2+ x2) =0
ko'rinishida bo‘ladi.
X2-((X, +X2)2-x,X2)X + xX2((x, +%X,)2—2x,x2) =0
x2-(102-21)x +21 (102—2-21)=0
X2-79x + 1218 =0
Javob: A) x2-79x + 1218 =0.

7-misol. lldizlaridan biri MS;VIS: ga teng bo'lgan rat-
Vi3 + v5

sional koeffitsiyentli kvadrat tenglama tuzing.
Izlanayotgan kvadrat tenglama x2+px+q=0

Yechish:
(p va g - ratsional sonlar) ko‘rinishida bo'lsin.
V3-v5 _  (V8:VS12 8- 2VIS_ %7 soni teng-

b+b (V3+V5)(V3-V5) 3-5
lamaning ildizi bo‘lganligi uchun uni ganoatlantiradi:
(-4 +Vi5)2+p(-4+VIl)+Qg=0.
Bundan
(31-4/> +g)+ (/?-8)Vf5=0
p va q lar ratsional sen bo‘lganligi uchun yuqoridagi
tenglik bir vaqtda 31-4p +€=0 va p -8=0 bo‘lganda baja-

riladi. p va q ning giymatlarini tenglamalar sistemasini ye-

chib topamiz:
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J31-4p+F=0
[/>-8=0 =>P="*" Y=\

Topilganlarni x2+/« +g=0 ga qo'yib, izlanayotgan
tenglama x2+8x +1 =0 ekanligini topamiz.
Javob'. x2+8x+1=0.
8-misol. Ratsional koeffitsiyentli x2+px+q=0 tenglama
jg=Esildizga ega. Bu tenglamaning ikkinchi ildizini toping.
A)-1+V3 B) 2-n/3 C)1- ni3 D)-1-v3
Yechish'. x, =1- n/3 berilgan tenglamaning ildizi bo'l-
ganligi uchun uni ganoatlantirishi kerak, ya’ni
(1+73)2+p(1+73)+a=0
4+29/3+p+/2n3+<7=0
(p+2)V3+(p+q+4)=0
>3 irratsional son, p va q lar ratsional sonlar bo'lgan-
ligi uchun oxirgi tenglikdagi qo‘shiluvchilardan har biri bir
vagtda 0 ga teng bo'lganda bajariladi, ya'ni

[p+2=Q \p=-2
\p+gq+4=0 \gq=-2

Demak, kvadrat tenglama x2- 2x-2 =0 Kko'rinishga

ega. Viyet teoremasidan
X, +X2=2=1+ 83+ Xx2=2=x2=1—13.

Xulosa. Agar x2+ px + =0 tenglamaning

1) x, =0+b4" ildizi bo‘lsa, u holda uning gqo‘shmasi
xr - a -byfc ham ildizi bo'ladi.

2) x, =a-b4c ildizi bo'lsa, u holda uning go'shmasi
x2 =a+b4c ham ildizi bo'ladi.

Javob: C)1-n/3.
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jfff f Mustaqil yechish uchun misollar

7.1-misol. lldizlari x, va x2 bo'lgan kvadrat tenglama

tuzing.
lexy= 3, X2 ~" 2. X, =5, X2-6 3. x, 7, X2 8
4, X,=-3;X2=6 5.x, =2; x2=3 6. X, =-8; x2=10

7.2-misol. Test topshiriqglari.
1. 3 va -2 sonlari qaysi tenglamaning ildizlari ekanligi-
ni ko'rsating.
A) x2-x =6 B)x2+x =6
C)x2+6=x D) x2+6=-x E) x2+1=6x

2. lldizlari 3+V2 va 3-V2 bo‘lgan kvadrat tenglama

tuzing.
A) x2- 6x- 7=0 5) Xx2+6x- 7=0
C)x2- 6x+7=0 D) x2+6x+7=0
3. X, =— ,X2=— ildizlar bo‘yicha kvadrat tengla-
a-b -a
ma tuzing.

A) X2- 2X------— -7 =0 B) x2+ X --——-- —r*0
(a-b)2 (a-b)2

C) X2+ X+———x*0 D) x1-X - All-=g¢
: CESVIR e

4. lldizlari 6x2+x- 7 =0 tenglamaning ildizlariga qara-
ma-garshi sonlar bo'‘lgan kvadrat tenglama tuzing.
A) 6x2- 7x+1=0 B)6x2+x-6 =0
C)6x2- x+7=0 D) 6x2- x- 7=0

5. ox2+ ftx+ ¢ =0 kvadrat tenglamaning ildizlari x, va x2

bo Isa, ildizlari I— va — boTgan kvadrat tenglama tuzing.
|

A)cx2-bx +a=0 B)cx2+bx +a=0

C)cx2-bx-a=0 D) —cx2+bx-a =0
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6. lldizlaridan biri 3+— ga teng bo‘lgan ratsional

koeffitsiyentli kvadrat tenglama tuzing.
A)Xx2- 3*+9=0 B) x2-6* +17=0  C) *2-12* +9=0
£5)20c2+ 12x-17 =0 E) 2jr-12x +17=0

7. ldizlaridan biri — Ll= ga teng bo‘lgan ratsional
6+Il_'}2 g g g

koeffitsiyentli kvadrat tenglama tuzing.
A) 34*2-12n;+1=0 B)jc2-12x+1=0  C)34jc2-12x-1 =0
D)x2- 12x+34=0 E)34x2+12x—1=0

8. X, va X2 lar 3x2- 5x+2=0 kvadrat tenglamaning

ildizlari. lldizlari — *— va —”~— ga teng bo‘lgan kvadrat
3x2- x, 3%, - X2

tenglama tuzing.
A) 3x2-7x +4=0 5) 7x2+9x-2 =0  C)7x2+9x+2=0
D) Ix2-9x +2=0 E) 3x2+7x-4 =0

8. Kvadrat uchhadni chizigli

ko'paytuvchilarga ajratish

Ta'rif. ax2+bx + ¢ ko'phad kvadrat uchhad deyiladi.

Kvadrat uchhadni nolga aylantiradigan x ning giymat-
lari uning ildizlari deyiladi. Demak, kvadrat uchhadning nol-
larini topish uchun ax2+bx +c¢ =0 kvadrat tenglamani yechish
yetarli.

Teorema. Agar X, va x2 lar ax2+bx +c =0 kvadrat
tenglamaning ildizlari bo‘lsa, u holda barcha x lar uchun
guyidagi tenglik o‘rinli bo'ladi:

ax2+bx +c=a(x- x)(x - x2).
Bu tenglik kvadrat uchhadni chizigli ko'paytuvchilarga

ajratish formulasi deyiladi.



Isbot. Agar x va x2 lar ax2+bx+c=0 tenglamaning

ildizlari bo‘lsa, u holda Viyet teoremasiga asosan X, +x2= - -
a

va X, x2=‘;l tengliklar o‘rinli bo'ladi. Bundan b=-a(x]+x2)
va ¢ = axtx2 ni hosil gilamiz.
ax2+bx +c=ax2- a(x, +x2x +ax,x2= ax2- ax,x - axx +
+ax,x2=ax(x- x,)-ax2x - xt)=a(x-x,)(x- x2.

Isbot tugadi.

Kvadrat uchhadni chizigli ko‘paytuvchilarga ajratish
mos kvadrat tenglamaning diskriminantining ishorasiga bog’-
lig.

I-hol. Agar D> 0 bo'lsa, kvadrat uchhad ikkita x, va x2
ildizlarga ega bo‘lib, kvadrat uchhad chizigli kolpaytuv-
chilarga ajraladi:

ax2+bx +c =a(x- xl)(x - x2).

1-misol. 2x2+5x-3 kvadrat uchhadni chiziqli ko‘pay-
tuvchilarga ajrating.

Yechish: 2x2+5x- 3=0 kvadrat tenglama ildizlarini to-
pamiz.

D=hb2- 4ac=52- 4 R*-3) =49 >0=>x,2=
_-bxy[D _ -5+7__ 1

F = —' T =

2a 4 q <t 2

2X2+5x - 3=2(X - (-3))(x - -) =(x +3)(2x - 1).

2-hol. Agar D =0 bollsa, n holda kvadrat uchhadyago-
na x, = x2 ildizlarga ega bo'ladi. Bunda
ax2+bx+c=a(x- x,)2.
2-misol. 36x2+12x+1 ni chizigli ko'paytuvchilarga
ajrating.
Yechish-. D =122- 4-36-1 =0 mos kvadrat tenglama ya-
gona yechimga ega.



3-hol. Agar D< 0 bollsa, kvadrat uchhad chizigli ko‘-
paytuvchilarga ajralmaydi.

3-misol. 4x2—4n +15 ni chizigli ko‘paytuvchilarga aj-
rating.

Yechish: £=(-4)2-4-4 15=-224<0, mos kvadrat teng-
lama yechimga ega emas. Demak, bu kvadrat uchhad chizigli
ko‘paytuvchilarga ajralmaydi.

Yuqoridagi formulani Kkeltirilgan kvadrat tenglama
uchun ham yozamiz. Bu holda a=1 deb qaraladi.

x2+ px + g - kvadrat uchhadning ildizlari x, va x2 bo‘l-
sa, u holda

X2+px+q=(x-x1)(x-x2).

Bu formula x2+px +q kvadrat uchhadni chizigli ko'-
paytuvchilarga ajratish formulasidir.

4-misol. x2+5x +6 kvadrat uchhadni chizigli ko‘pay-
tuvchilarga ajrating.

Yechish: Tanlash usuli bilan x2+5x+6 =0 kvadrat teng-
lama ildizlarini topamiz.

IXx, +x2=-5

=X =-2;%X2=- 3=X +5x+6=(x+2)(x+3).
Ix x2=6

5-misol. (a2-b 2)x2-4 abx-(a2-b 2 ni ko'paytuvchilar-
ga ajrating.
A) ((a- b)x+(a+b))((a+b)x-(a- by
B) ((a+b)x+(a-i))((a- b)x- (a+b))
C) ((a+b)x-(a-bj)((a-b)x +(a+b)
D) ((a+b)x+(a- 6))((a- b)x+(a+h))
Yechish: D = (-4ab)2+4(a2- b2)2=4(4a2b2+ a4-
-2a22+ b4) = 4(ad+2ad2+ bd) = 4(a2+ b2)2-



X" 2(a2-b 2) a-p'?

lab- (al+b2) al- lab+b2 Npd " a-b’
- [l

. - == LaF (a-b)(a+b) a+b

lab +(a2+b2) a2+ lab+b2 (a+hb)2 a+b,,

w2 a-b al- M (a-b)(a+b) a-b"
(a2- b2)x2- Aabx- (a2- b:)=(a L

=((a+b)x+(a- bj)((a- b)x- (a+6)).

Javob'. B) ((a+b)x+ (a- b))((a- b)x- (a+h)).

6-misol. (je2 +jg2- 14(jt2 +x)+ 24 ko'phadni ratsional

koeffitsiyentli ko'paytuvchilarga ajrating.
B) (x2+x + 12)(x2+x-2)

A) (X2+3)(jc2 + 8)
D)(x2+x +2)(x2+x + 12)

C) (X2+x-2)(x2+X-12)
Yechish: x2+x =t belgilash kiritamiz va t2- 14/+24
kvadrat uchhadni hosil gilamiz. Uning ildizlarini Viyet teo-

remasi yordamida topamiz:
K +/, =14

*

V,/2=24

t2- 14/ +24=(/- 2)(t- 12)=(x2+ x - 2)(X2+x - 12).

=>f,=2;/.=12

Javob: C) (x2+x - 2)(x2+x - 12).

—- kasmi gisqgartiring.
X -7x +6

Yechish: Kasming surat va mahrajini ko'paytuvchilarga

7-misol.

x2+6x-7 =0 tenglama ildizlarini topamiz.

ajratamiz.
X. +X, =-6
=>x, =1;x2=-7 X +6x-7 =(x- )(x+7).
X, -X2=-7

x2 - 7x + 6 = 0 tenglama ildizlarini topamiz.
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IX. +x, =7
N

[X, x2=6

=>X, =1; X2=6=>x2—7Xx + 6 = (jc—1)(ar —6).

Endi topilganlami o‘miga qo‘yamiz:
X2+6x-7_ (X- D(X+7)_x+7
xXJ- 7x+6 (X- )(x-6) x-6

+1
Javob: X
X- 6
D+ + . -
8-misol. 20: +6aA —r- ni soddalashtinng.
al+ Sab +6b2
a+2b 2a-b)  yavm D) 2a+2b
2(a-b) a+2b a+H a+b

Yechish: 1) 2d +6ab+4b2=\d +bab+2b2=2b2 - +b—+2

M '+3=m +2 ifodada - =y belgilash kiritamiz va
\b) b b

y2+By+ 2 kvadrat uchhadni hosil qilib, uni ko‘paytuvchilar-

ga ajratamiz.

\Y' +Y2=~3=>Y1 =-\-,Y2=~2=>y* +by+2=(y + 1)(y + 2).
[Y>Y2=-2

2b2

(a+b)(a+2b) _ 2(a + b)(a + 2b).

2) a2+5ab +6b2 +6
b) b

{-)) +5 —+ 6 ifodada -=v belgilash kiritamiz va
b b b

y +5v+6 kvadrat uchhadni hosil qilib, uni ko‘paytuvchi-
larga ajratamiz.
jy,+y2=-5

>Y<=-2;y2=-3=>y +5y+6=(y +2Xy +3).
Ui y2=6 y y +5y (y y+3)
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- '"(H i-
(a+2b)[a+ 3b) = (0 + 2ft)(e + 3ft).
zr
2(o +ft)(o + 2ft) 20+ 2ft
(@a+2b)(a+3ft)~ a+ 3’
2-usul. Kasming surat va maxrajini a ga nisbatan kvad-
rat uchhad sifatida garab' ko‘paytuvchilarga ajratamiz:
1)2 a2+ 6oft + 4ft2= 2(a2+ 3ft «0 + 2ft2),Viyet teoremasidan
Na\+a2- _3ft= -ft+ (-2ft) _

[a, -a2= 2ft = -ft-(-2ft)
2(02+ 3ft«a + 2ft2) = 2(0 + ft)(a + 2ft).

>a.=-ft.,a2=-2ft,

2) a2+50ft + 6ft2=02+ 5ft «0 + 6ft2 Viyet teoremasidan
fa, +a, =-5ft =-2 ft+ (-3ft)
n =
[a, =a2= 6ft" =-2ft «(-3ft)

a2+ 5ftmo + 6ft2= (0 + 2ft)(a-+ 3ft).

a =-2ft, o, =-3ft;

2a2 + 6aft + 4ft2 _ 2(a + ft)(o + 2ft) _ 20 + 2ft
02+ Soft + 6ft2 ~ (o + 2ft)(a + 3ft) o +3ft '

20 + 2ft
Javob'. D)
a + 3ft
. y~jeedpt4 . _ .
9-misol.” — —----—-m-mm- kasr gisgarishi mumkin boMgan
X' +mx +6

m ning eng katta va eng kichik giymatlari farqgini toping.
A) 18 B) 17 * C) 12 D) 15
Yechish:

X3- X2-4x +4 =jcjc-1)-4(jc-1) -(x-1)(x2-4) =
=(x-\)(x-2)(x +2).
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Berilgan kasr gisgarishi uchun x2+ nmx+ 6 kvadrat uch-
hadning ildizlaridan biri 1; 2 2 ga teng bo'lishi lozim.

1) x1+mx +6 kvadrat uchhadning ildizlaridan biri x, =1
bo‘lsin. U holda

Ix +x2=-m
< =X. = |=>%x2=6 :_(X,+X,):-7.
[X,x2=6
2) x2+mx +6 kvadrat uchhadning ildizlaridan biri g, =2
bo'lsin. U holda

fx, +x2=-m
i1 =>X, =2 =>x2=3 =>/w=-(X, +x2) =-5.

1*1*2 =6

3) x2+mx+6 kvadrat uchhadning ildizlaridan biri

X, =-2 bo'lsin. U holda

=X, =-2=>x2=-3 =>/w=-(x, +x2)=5.
X,Xx2=6

Demak, m parametr -7; - 5; 5 giymatlami gabul qilishi,
eng katta va eng kichik giymatlari fargi 5-(-7) = 12ga teng
bo'lishini topamiz.

Javob: C) 12.

Pf~f Mustaqil yechish uchun misollar

8.1-misol. Kvadrat uchhadni chizigli ko‘paytuvchilarga

ajrating.

1. 2x2+7x-4 2. 6x2+7x+1 3. 2x2-3x+5
4->6x2+8x +1 5. x2+4x-5 6. x2+5x-24
7% 2+ x-42 8. x2+4x +4 9. x2+x +1
10 %1, 11y L 28 11. x2+x-56 12. x2-x-56
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8.2-misol. Kasmi gisgartiring.

jc—8 n 2x2-3x-2 3 x2-8x—9
jc2—jc—56 ' 4x2-1 'X 2+9x +8
36 +5x- x2 5 2x2-x-1 N X3+4x2-21x
x2-x-20 3x2—5jc+ 2 ' X4-9x2

8.3-misol. Test topshiriglari.

1. Kvadrat uchhadni chizigli ko'paytuvchilarga ajrating:
X2-3x + 2.

A) (x- D(x+2) B)(x-2)(x +1) C) (x- D(e- 2)

D)(x + 1)(x +2) E)(1 -id(jc+ 2)
2. Kvadrat uchhadni chizigli ko‘paytuvchilarga ajrating:

X2+ X-2.
A) (x- D(e- 2) B) Gc - 1)(x + 2) C) @- X)(x +2)
Z))(ic+ 1)@c-2) £) (jc+ 1)(jc+ 2)

3. Ushbu x2-x-2 kvadrat uchhadni chizigli ko‘pay-
tuvchilarga ajrating.
(ic - DAC+ 2) B)(x- D(x - 2) C) (ic + 1)(jc+ 2)
D) Ge + Diie- 2)  E) (- joyic + 2)

4. x2—.—6 kvadrat uchhadni chizigli ko'paytuvchilarga
ajrating.

A) (x +3)(x-2) B)(x-3)(x+2)

C)(x+3)2- iy D) Gic+2)(3- X)

5. je2 fjc—12 kvadrat uchhadni chizigli ko'paytuvchilarga

ajrating.
A) (X - 3)(x+4) B)(x +3)(x-4)
C)(x-3)(4 - jo D) (jc+3)(4 - jo)
6. Kasmi gisqgartiring: jc2-3 jep 2
je2 -1
A B) C)— - DD— - E) —
je—1 jt+1 x-1 je+ 1 je—1
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7. Kasmi gisqartiring: _ e .

A)itt C)Exl E)l++
1-X x + | X + 1 X+ 1 X-1
8. Kasmi gisqgartiring: *°~ *'"*
/-1
A)Y++ S)1ZZ Q Z+i D)Zzi £)2Lzi
Y+1 y-1 y-1 y +1 y -1
. .. A2-7Tn+6
9. Kasmi qgisgartiring:
w2-1
A)m | B)*z:x C)E+6 m azz z,—
n-1 n+l nN+1 n-1 A+1
100~ k. a s m i isqartiring.
X +7x-30 ais g
JH-u~r 5 N C)NtA D) X~~~
)xL+"-10 )x-lO )x+10 )x-lO
11. -~ — -—— kasmi qisqartiring.
21x - 19x+4 24q g
B)Iifti 0)iiti
Ix- 4 Ix +4 Ix +4 4- 7x
1-. a2—b5ab+6b2 a2-—2ab—H2 =m ,, ,
‘2 “ soddalashtlr“ 8-
)1 c > N D)Y)in
a+t a+2b a+2b

13. m ning ganday butun giymatida quyidagi ifodani gisqarti-
rish mumkin?
36+mx +x1
1 +8x +x2
A) 35 B)-37 C) -35 D) 37
*4, — —~2~p x+q2 n ZTpErZ_ ifodani soddalashtiring va
uning son giymatini toping.p =0,78, q=1/25.
A)1 5)0,25 C) 05 D)-I



3-§. KVADRAT TENGLAMAGA
KELTIRILADIGAN TENGLAMALAR

1. Bikvadrat tenglamalar

Ta’'rif. ax*+bx2+c =0 ko'rinishidagi tenglamalar bi-

kvadrat tenglamalar deyiladi. Bu yerda a, b, ¢ - biror haqi-

giy sonlar va a *0.

Bikvadrat tenglamani yechish uchun x2=y £0 va
x* =(x2)2=y 2 almashtirishni bajarib, ay2+ by+ c =0 kvadrat
tenglamani yechishga, keyin x2=y, va x2=y2 tenglamalami

yechishga keltiramiz.
yl va y2 ildizlaming ishoralariga garab tenglama ildiz-
lari soni yoki ildizga ega emasligi aniglanadi. Bunda 4 ta hoi
o‘rinli.
1-hol. Agar yx£0 va y2£0 bo'lsa, u holda bikvadrat
tenglama to'rtta haqiqiy ildizga ega bo'ladi:
a) X2=y,=>xt2=+2"T b) xX2=y2">xIM==47r
2-hol. Agar yr<0 va y2<0 bo'lsa, u holda bikvadrat t
tenglama haqiqiy ildizlarga ega emas.
a) Xx2=yt<0=>xe 0 b) x2- y2<0=sxe0.
3-hol. Agar ys£0 va y2<0 bo'lsa, u holda bikvadrat
tenglama ikkita hagqiqiy ildizga ega bo'ladi:
a) xX2=yt=xlI2=+\y] b) x2=y2<0=xe0.
4-hol. Agar y] <0 va y2>0 bo'lsa, u holda bikvadrat
tenglama ikkita haqiqiy ildizga ega bo'ladi:
a) X2= vy <0=>xe0 b) xX2=y2=>xt2=1yfy2m

1-misol. 5x4-16x2+3 = 0 tenglamani yeching.



Yechish: x2=y >0 almashtirishni bajargandan keyin
5y2-\6y +3=0 kvadrat  tenglamani hosil gilamiz.

£5=256-60 =196 ni topib, ildizlarini aniglaymiz:

16+ 14 1
A >y, =-; yr=8;

2-misol. x4+ 3x2+ 2 =0 tenglama ildizlarini toping.
Yechish: x2=y 20 deb belgilaymiz va y2+3y+2=0

kvadrat tenglamani Viyet toeremasi yordamida yechamiz:

Ko'rinib turibdiki, bikvadrat tenglama hagqiqiy ildizga
ega emas.
1) 2=—1<0 =>x€0 2) x2=-2<0 =>xe0.

Javob: xeO.
3-misol. x4-13x2+36 =0 tenglama ildizlari yig'indisini
toping.
A 13 B5 C)0 D)36 E) 1

Yechish: x2=y £0 almashtirishni bajargandan keyin
v -13~ +36=0 kvadrat tenglamani hosil gilamiz. Viet teo-

remasidan

Bikvadrat tenglama to‘rtta haqiqiy ildizga ega:
1) x2=4 =>xR=+V4 =42 2) x2=9=>x34=+V9 =+3.

X, +X2+Xx}+x4=-2 +2+(-3)+3=0.
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Bundan xulosa qilish mumkinki, agar bikvadrat teng-
lama ildizga ega boisa, uning ildizlari yig‘'indisi 0 ga teng
bo‘lar ekan.

Javob: C) 0.

4-misol. 13x4-5x2-17 =0 tenglamaning barcha ildizlari
yig'indisining barcha ildizlari ko‘paytmasiga nisbatini toping.

A1 50 ©2 D2  paniglab bo'lmaydi

Yechish'. x2=yZ 0 belgilash kiritamiz va 13/-5_y-17=0
kvadrat tenglamani yechamiz. £=25+884=909 ni topib, il-

dizlarini aniglaymiz:

26 26 Ny 26 ® Y 26

1) x2=S <o bo'lib, haqgiqiy ildizlarga ega emas.

Tenglamaning ildizlari garama-qarshi ishorali, bundan

X, +x2=0 bo'ladi. Demak, % X =0 ekanligi kelib chigadi.

Javob'. 5) 0.
5-misol. Tenglamaning hagqiqiy ildizlari ko'paytmasini
toping:
y4-2y2-8 =0.
A 4 5)-16 C)16 D) —4 E) 64
Yechish: y2=t deb belgilaymiz va /2-2/-8 =0 kvadrat

tenglamani hosil qilib, uning ildizlarini Viyet teQremasi
yordamida topamiz:

° b° lib’ hadiqiy ildizlarga ega emas.
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2) y2=4=>yl2=+2. Demak, y, w3=-2-2 =-4.
Javob'. D) - 4.

INIf f Mustaqil yechish uchun misollar

1.1-misol. Bikvadrat tenglamalarning haqiqiy ildizlarini

toping.

1. 2jc4-5x2+2=0 2. 2x4- \9x2+9=0

3. X4-50%x2+49=0 4. x4-25x2+144=0
5. x4-29x2+100=0 6. x4- 5x2+4 =0

7. je4a —lije2+18=0 8. x4- 3x2-4 =0

9. x4+x2-20 =0 10. x4-5x2+7=0.

1.2-misol. Test topshiriglari.
1. Tenglamaning ildizlari yig'indisini toping: x*-11x2+16=0.
A) 17 5)0 C)-16 D) -17 E) 4
2. Tenglamaning eng katta va kichik ildizlari ayirmasini
toping:

X4-10x2+9=0.
Al B) 8 C)2 D)4 E) 6
3. Tenglamaning ildizlari yig*indisini toping:

2x4- I1x2+2 =0.
A7 B35 CO0 D)2 E) aniglab bo‘ Imaydi

4. Tenglamaning barcha ildizlari yig‘indisini toping:
5jct- 8x2+1 = 0.

A 16 B) O C)8 D)j E) aniglab bo‘ Imaydi

5. 3x4- 5x2+2=0 tenglamaning eng kichik va eng katta

ildizlari ayirmasini toping.

A2 B)~r- C)-2f D)-2 £)]
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6. X" - 4x2+ 3=0 tenglamani yeching.
)1 B)x 1+ n3 C)xV2 D)x 2
7. a*-3a2-4 =0 tenglamaning hagqiqiy ildizlari ko'payt-

masini toping.
A) 4 B) 3 C)-3 D)-4

8. x4- (n5+n3)x+/15=0 tenglamaning ildizlari sonini to-

ping.
A) 2 B) 4 01 DO E) 3

2. Tenglamalami ko'paytuvchilarga

ajratib yechish

Bu turdagi tenglamalami yechish uchun uning chap qis-

mini ko'paytuvchilarga ajratamiz va har bir ko'paytuvchini

nolga tenglab tenglamani yechamiz.
1-misol. x3-3x2- x+3=0 tenglamani yeching.
Yechish'. Tenglamaning chap gismini ko'paytuvchilarga
ajratamiz:
x3- 3x2- x+3=x2(x- 3)- (x- 3)=(x- 3)(x2-1) =
=(x-3)(x-D)(x +D.

Bundan
(x- 3)(x- D(x+1)=0.

1)x-3 =0=>x,=3 2) x-1=0=>x2=1

3) x+1=0=>Xj=-1

Javob: {—1 1; 3}.

2-misol. (x +1)(x2+2) + (x +2)(x2+1) = 2 tenglamaning
haqiqiy ildizlarini toping.

Yechish: Tenglamaning chap gismidagi qavslami ochib,

ko'paytuvchilarga ajratamiz:



(X + )2+ 2) + (x +2)(je2 +1) = 2
X3+2X +X2+2+X3+X +2x2+2=2
2x3+3x2+3x+2=0
2x3+2+3x2+3x=0
2(x + 1)(x2- x+1)+3x(x+1) =0
(x +1)(2x2+jc+2) =0
1) x+1=0=>x, =-1
2) 2x2+x+2=0. D=1-16 =-15<0, hagqiqiy ildizlarga
ega emas.
Javob'. {-1}.
3-misol. 9x3—13jc—6 =0 tenglamani yeching.
Yechish: Tenglamaning ikkala tomonini 3 ga ko'pay-
tiramiz.
27x3-39x-18 =0
(3x)3-13-(3x)-18 =0
3x=t deb belgilash kiritib, t3- 13/-18 =0 tenglamani
hosil gilamiz.
Tenglamaning chap tomonini ko'‘paytuvchilarga ajra-
tamiz:
3-13/-18 =/3+8-13/- 26 = (/ +2)(/2- 2/ +4)-13(f+2) =
=(/+2)(/2-2/-9)
(/ +2)(2- 2/- 9)=0.

1) t+2=0=>/,=—2=>3x=-2 =X, = —.

2) 2-2/-9=0,D=4+36=40.

th"2+£2720=1+M "~ 3x=ixM 1£VIO
2 23 3

4-misol. x4+5x3+15x + 75 = 0 tenglamani yeching.
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Yechish: Tenglamaning chap qismini ko'paytuvchilarga
ajratamiz:
X* + 5x3+ 15x + 75 = x3(x + 5) + 15(x + 5) = (X + 5)(x3+15);

(X +5)(x + illI5)(x2- VI5x +V225)=0.

Har bir gavs ichidagi ifodani 0 ga tenglaymiz:

1) x+5=0=>x, =-5 2) x+VI5 =0=>x2=-VI5

3) x2-Vf5x +V225=0. D=V225-4n225 =-37225 <0,
tenglama hagqiqiy ildizlarga ega emas.

Javob: {-5;-Y I5 }.

5-misol. x5+x4- 2x3-2x2+x +1=0 tenglamani yeching.

Yechish: Ko'paytuvchilarga ajratamiz:

X5+X4-2X3- 2x2+ X+l =x4x +1)-2x2(x + )+ (x +1) =
=X+ 1)(x4- 2x2+ )= (x + I)(x2- 1)2=(x+ D[(x - (x +1))2=
=(x+D)3(x-1)2;

Demak, (x +1)3(x-1)2=0.
1) (x+1)3=0=>x+1=0=>x, =-1;
2) (x- J2=0=>x-1 =0=x2= 1.

Javob: {-1; 1}.
6-misol. Agar x4+6x3+13x2+12x +— =0 bo'lsa, 2x+3
4

ifodaning giymatini toping.
Yechish: Tenglamadagi qo'shiluvchilami guruhlaymiz:

(X4 +6x3+9x2)+ (4x2+ 12X)+ 74 =00(X2+3X)2+4(x2+ 3X)+ 74 =0.
Oxirgi tenglamadan x2+3x=y belgilash kiritib,
y2+ 4y+7 =0 kvadrat tenglamani hosil qilamiz va
yt=-2,5;y2=-1,5 ni topamiz. Bundan
x2+3x =-2,5 Xx2+3x+25=0

X243x=-1,5  x2+3x+15=0  x. = —ifl2
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—3i nl/ - -
Qidirilayotgan giymat 2x+3=2--—- LIS +3=-31/1/3 +3=1>/3

bo'ladi.
Javob'. £4i.
7-misol. je2(jc- )2+ (x - 2)3=76 tenglamani yeching.
Yechish'. Berilgan tenglamani quyidagicha almash-
tiramiz:
A2Ge—)2-7 2+ (x-2)3-3 3=0.
a2-b2=(a+b)(a-b) va a3-b}=(a-b)(a2+ab+b2) for-
mulalami go‘llaymiz. Natijada
x2(X- 12- 72=[X(X- 1)]2- 72=(x2- X- 1)(x2- X+ 7);
(x- 2)3- 33=(x- 5)[((x- 2)2+3(x- 2) +9)]=(x - 5)(x2- x+7)
lami hosil gilamiz. Topilganlami tenglamaga gqo‘yamiz va
(X2-x-7)(x2-x +7)+(x-5)(x2-x +7)=0
(x2- x+7)(x2-12) =0.
1) x2- x+7>0, VxeR da, chunki £)<0. Shuning uchun
x2- x+ 1=0 tenglama hagiqiy ildizlarga ega emas.
2) x2-12 =0=>xl2 =xn/12=%+2n/3.
Javob: {-2V3; 2V3}.
8-misol. (x2+2x- 1)2+2x2+3x=3 tenglamani yeching.
Yechish'. Tenglamani quyidagi teng kuchli tenglamalar-
ga almashtiramiz:
(x2+2x-1)2+ 2x2+3x =3
(x2+ 2x - )2+ 2(x2+2x-1)+1 =x+ 2
[(x2+2x-1) +1]2=x+ 2
[x(x+2)]2- (x+2)=0
(x+2)[x2(x+2)- 1]=0
(x +2)(x3+2x2-1) =0
x+2)(x+Dh)(x2+x- Hh=0
1) je+ 2=0=>x, =-2 2) x+1=0=>x2=-1
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3) X2+x-1 =0=>x,4= -~y ",
Javofs: f-2; -1; 2L M5 1+ VS

9-misol. 5(5 + x)(5 + 2x)(5 + 3x) = 3(3 + xX)(3 + 2x)(3 + 3x)
tenglamani yeching.
Yechish: Tenglamaning chap va o‘ng gismlarini shakl
almashtiramiz:
5(5 + 3x)(5 + x)(5 + 2X) = (15x + 25)(2x2+15%x + 25) =
= (15x + 25)2 + 2x2(15x + 25),
33+ 3x)(3+ X)(3+2X) =(9%x +9)(2x2+9x +9) =
= (9x +9)2+ 2x2(9x + 9).
Topilganlarni tenglamaga qo'yamiz:
(15x + 25)2 + 2x2(15x + 25) = (9x + 9)2+ 2x2(9x + 9)
(15x + 25)2- (9x+9)2+ 2x2[(15x+25)- (9x +9)] =0
(6x +16)(24x + 34) + 2jc2(6x+16) = 0
(6x + 16)(2x2+ 24x +34) =0
(3x +8)(x2+ 12x+17) =0

Oxirgi tenglamadan

8
3x+8=0
X'=-3
X: +12x +17=0C2 X, =-6+nJ19

ni topamiz.

| g r Mustaqil yechish uchun misollar

2.1-misol. Tenglamalaoii ko‘paytuvchilarga ajratish
usuli bilan yeching.
1. x3+x2-x-1 =0 2. x3+4x2+4x +1=0
3. X3-4x2-Xx +4=0 4. x3-6x2+11x-6 =0
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5. x3-1x2+16jc-12=0 6. x3+3x2- 4=0

7. jc3-3x+2=0 8. jc3+X2-2 =0
9. 25j3-34jc-15=0 10. 21xb+9x2- 48*+20=0
llex +x+312=0 12. (&- 1)3+ (2x+3)3=27jc3+8

13, @+ x)(1 + 2x)(\ + 3x) = 4(4 + jc)(4 + 2x) (4 + 2X)

14. Gx+5)2+ (x +6)3=4x2+1 15. (jc-5)2+ (x-4)3+(x-3)4=2
2.2-misol. Tenglamaning haqiqiy ildizlarini toping.

. X4+x3+x+1=0 2. 4+ n3- L1 =0
. X4-6X3+1x2+6x-8=0 4. 4jc4+ 4x3+3x2-x -1 =0
. 6X4-9x3-8x2+3x+2=0 6. (x2+x +1)2=3(x4+x2+1)

Xs-2x3-3x2+6=0 8. jc5-2jc4-6x3+12x2+;c-2 =0

© N g W e

. 4X4+12jc3+5j2—6jc—15= 0

3. Kubik tenglama uchun
Viyet teoremasi

Ta'rif. ax3+bx2+cx+d=0 ko 'rinishdagi tenglamalar
kubik tenglamalar deyiladi. Bu yerda a, b, ¢, d lar —haqiqiy
sonlar.

Teorema (Viyet teoremasi). je,ji2 va x3 sonlari

ax3+foJ+cx+d=0 kubik tenglamaning ildizlari bo‘lsa, u holda

b
XX+ x, +ij =----

a
Xt eX2+ X2 3+ X 3= 1)
a
d
X, + X, + X, = -meee-
a

tenglik o‘rinli.
Isbot. X,,x2 va x3 sonlari ax3+bx2+cx+d=0 kubik
tenglamaning ildizlari bo'lsa, ax3+bx2+cx+d==a(x- *,)

(x-x2) (x-x3 tenglik o‘rinli. Qavslami ochamiz:
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ax1l+bx2+cx +d = a[x2-(x, +X2)x + X,X2] (X -x 3
axl+bx2+cx +d = a(x3- (X, + X2)x2+ X, XX - XX2-
- (je, F XXX - X, xXJax3+ bx2+cx +d =axl- a(X, + x2+ x3)x2+

+a(X, X2+ X3+ X,x3X - ax,xXx3

-a(x, +x2+x3 =6
a(x,x2+ X3+ jt,jtd = c>-
-ax, xx3=d d

Isbot tugadi.
Endi keltirilgan kubik tenglama uchun Viyet teorema-
sini ko'rib chigamiz.
Ta'rif. x3+ px2+gx +r=0 Ko ‘rinishdagi tenglamalar
keltirilgan kubik tenglamalar deyiladi.
Teorema (Viyet teoremasi). Xx,,x2 va iz sonlari
x1+px2+gx+r=0 Kkeltirilgan kubik tenglamaning ildizlari
bo‘lsa, u holda
X, +jc2 + X3=-p
-X, X2+x2-x3+x, x}=q (2)
X, +x, + x, =—F

tenglik o'rinli.

Hagigiy sonlar to'plamida yuqoridagi kubik tenglamaga
Viyet teoremasi o‘rinli bo‘lishi uchun tenglama uchta haqiqiy
ildizga ega bo'lishi lozim. Aks holda formula o‘rinli bo‘l-
maydi.

1-misol. Ix2-3x2-3x-J =0 tenglamaning barcha haqi-
giy ildizlari yig'indisini toping.

A)l B)-~ o)1 D) 1
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Yechish-. Yugoridagi (1) formulaga asosan tenglama

3
ildizlari yig'indisi Xx,+x2+x3=- va ildizlari ko‘paytmasi

x\'x2 X3=-j Sateng bo'lishi kerak.

Lekin kubik tenglama nechta haqiqiy ildizga ega ekan-
ligini bilmaymiz. Shuning uchun tenglamani ko'paytuvchi-
larga ajratish usuli bilan yechib ko'raylik.

7x3- 3x2- 3x-1 =7Xs- IX2+4x2-4x +x-1 =7x2x-1) +

+AX(X-1) + (X - D= (x- )(7x2+4x +1)

Natijada (x-1)(7x2+4x+1)=0 tenglamaning ildizlarini
topamiz.

Px-1=0=>x, =1

2)7x2+4x +1=0 bo'lib, bu kvadrat tenglamaning
diskriminanti D =-24<0 bo'lib, hagqigiy ildizlarga ega
emasligini bildiradi.

Demak, berilgan kubik tenglama yagona x =1 hagiqiy
ildizga ega va uning ildizlari yig'indisi ham 1 ga teng bo'ladi.

Javob: D)1

2-misol. x3+5x2-4x-20 =0 tenglama ildizlari ko'-
paytmasini toping.

A)-10 B) 20 C)-4 D) -20 E) 16

Yechish: Tenglamaning chap tomonini ko'paytuvchilar-
ga ajratamiz:

x3+5X2-4x-20 =x2(x +5)-4(x +5) =
= (X +5)(x2- 4) =(x+5)(x- 2)(x+2)
(x+5)(x- 2)(x+2)=0.

Har bir ko‘paytuvchini 0 ga tenglaymiz.

I)x +5=0=>x,=-5 2)x-2 =0=>x2=2

3) Xx+2=0=>x3=-2

X, ®x2x3=-5 @ u-2) - 20.

Javob: fi)20.



3-misol. x3-13.x+12=0 tenglama haqiqiy ildizlarining

o'‘rta arifmetigini toping.

4)2; 5)1; OO0 £3)  £)-17

Yechish: x3-13x +12=x1-Xx-\2X +\2=x(X- 1)(jc+1) —
-12(x-1) =(x- D(x2+x-12) =(x- D(x- 3)(x+4).

Demak, (x-1)(x-3)(x +4)=0.

Bundan x, =1, x2=3, X, =-4 ekanligini topamiz. De-

X £x + X
mak, tenglama ildizlarining o‘rta arifmetigi —— j--—- =

_1+3+( 4) =0 ga teng bo'ladi.

Javob: C)O0.
4-misol. 10x3- 302- 2x+1 =0 tenglamaning barcha ha-
giqiy ildizlari yig'indisini toping.
A) 0,3 B)-2 C)2 D) -0,5
Yechish: Biz berilgan tenglamaning nechta haqiqiy il-
dizga ega ekanligini bilmaymiz. Shuning uchun bu tenglama-
ning ildizlarini aniqlaymiz. Tenglamaning ikkala tomonini
100 ga ko'paytiramiz. Natijada
10*3-3x2-2x +1=0/x100
1000/1:3- 300/1:2- 2001 +100 =0
(10x)3-3 (HOm:)2- 210n: +100=0
10x =/ deb belgilash kiritamiz. Natijada
13 -3t2-20/+100=0
/3+5/2-8r - 40/ +20/ +100=0
/2(/ +5)- 8/(/ +5)+20(/+5)=0
(/+5)(/2 8/ +20)=0
1) /+5=0=>/,=—5 1Gc=-5=>jc =-0,5.
2) t2- 8/+20=0 kvadrat tenglama hagqiqiy ildizga eg|

emas, chunki uning diskriminanti D=-16 <0.
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Demak, kubik tenglamaning barcha hagqiqiy ildizlari
yig'indisi -0,5 gateng.
Javob\ D)- 0,5.

Mustaqil yechish uchun misollar

3.1-misol. Test topshiriglari.

1. Tenglamaning ildizlari yig'indisini toping:
x3+2x2-9x-18 =0.

A9 B)-2 C©6 D)-18 E) 2
2. Tenglamaning ildizlari ko'paytmasini toping:
x!-3x2-4x +12=0.

A6 B)-4 C©C12 D)-12 E) 24
3. Tenglama ildizlarining yig*indisini toping:
r+3x?-4x-12 =0.

A)-3 B)-l1 C)4 D)12 E)O
4. x3-3x2-2x +6=0 tenglamaning ildizlari ko'paytmasini
toping.
A3 B)6 C)6 D)-3 E) 1
5. x3-7x-6 =0 tenglamaning barcha haqiqiy ildizlari o'rta
geometrigini toping.
/1)V6 B)V6 C)-Vvé6 £5) 2V2 £)-2

6. x3-5x2-2x +10=0 tenglama ildizlarining ko'paytmasini
toping.

ANO S)-10 C)20 D)5 E) -5
7. x3+3x2-4 =2x+2 tenglamaning ildizlari ko‘paytmasini
toping.

A6 £)4 C12 D)-12 £)24

x3-6x2+12 =3x2+2x-6 tenglamaning ildizlari yig'indisini

toping.

A9 B)-2 C)6 D)-18 E) 2



9. x3+2x2+7=8x+23 tenglamaning ildizlari ko‘'paytmasini
toping.

n)-1o B) 20 C)-4 0)-20 E) 16
10. 6x3-11x2-3x +8=0 tenglamaning barcha haqiqiy ildiz-

lari yig‘indisini toping.

11. 2x3- x2+x+1 =0 tenglamaning barcha haqiqiy ildizlari
yig'indisini toping.
n)! "A)-1 C)-Il Z>)1

12. x3+9x2+23x +13=- 2 tenglamaning barcha haqiqiy ildiz-
lari yig'indisini toping.
A7 5)-3 0-5 D)-9

4. Uch hadli tenglamalar

Ta'rif. ax2’+bx"+c=0(a* 0, n£2,we N) (1) ko'ri-
nishidagi tenglamalar uch hadli tenglamalar deyiladi.

n=2 da uch hadli tenglama bikvadrat tenglama deb |
ataladi.

Uch hadli tenglamani yechish uchun x" =y deb bel-
gilash kiritiladi va

ay2+by+c=0 (2)

kvadrat tenglama hosil gilinadi. (2) kvadrat tenglamaning il-
dizlariga qarab (1) tenglamaning ildizlari topiladi.

1-hol. Agar (2) tenglama ikkita turli y, va y2 ildizlarga
ega bo‘lsa, (1) tenglamaning ildizlari quyidagi tenglamalar

juftligidan topiladi:



2-hol. Agar (2) tenglama yagona yx=y?2 ildizlarga ega
bo'lsa, (1) tenglamaning ildizlari tenglikdan topiladi.

3-hol. Agar ay2+by+c=0 tenglama yechimga ega
bo‘lmasa, uch hadli tenglama ham yechimga ega bo‘Imaydi.

1-misol. x%17x4+16 =0 tenglamani yeching.

Yechish: x4=yZ0 belgilash kiritamiz va /-17y+16=0

kvadrat tenglamani hosil gilamiz. Viyet teoremasidan

Natijada quyidagi yechimlami hosil gilamiz:
Y =i \r==Vi 4 2=t1
Xt=16= x=xVIe _ £ =5
Javob: {£1; +2}.
Umumiy holda uch hadli tenglamalar
a-[/(x)]2+ N /(*)] +c=0, a*0 (3)
ko'rinishida beriladi. Bu yerda f(x) - berilgan funksiya bo‘-
lib, tenglama f(x) =y belgilash kiritish yordamida yechiladi.
2-misol. (jc2+x-2)(x2+x—3) =12 tenglamani yeching.
Yechish: x2+x =y belgilash kiritib, (Y- 2)(y- 3)=12 ni
hosil qgilamiz. Hosil bo'lgan y2- 5y-6 =0 tenglamaning il-

dizlarini Viyet teoremasidan topamiz:

1) xX2+x=—A=>x2+*+1=0, £=1-4 =-3<0. Haqiqiy il-
dizlarga ega emas.

2) X2+x =6=>x2+*-6 =0. Bundan x, =—3; x2=2 ekan-
ligini topamiz.

Javob: {-3; 2}.

3-misol. (@2+2ar)2—4<x+ 1)2+7 =0 tenglamani yeching.



Yechish: (x2+ 2x)2- 4(x2+2x + 1)+ 7 =0 => (x2+ 2x)2-
4(x2+2x)+3=0.
x2+2x =y belgilash Kiritib, y2- 4y +3=0 kvadrat teng-

lamani hosil gilamiz. Viyet teoremasidan

ni topamiz. Berilgan tenglama quyidagi tenglamalarga teng
kuchli bo'ladi:

X2+2x=1

X2+2x=3

1) x2+2x =3=>x2+2x-3 =0. Viyet teoremasidan

2) X2+ 2x=1=>x2+2x-1 =0, 2)=4+4=8>0,

Javob: {-1+V2;- 3;1>

4-misol. (6x+5)2(3x+ 2)(x+1) = 35 tenglamani yeching.

Yechish: Tenglamaning ikkala tomonini 12 ga ko'pay-
tiramiz:

(6X +5)2 «2 «A3x + 2) 6 «(x +1) = 35 <12
(6x +5)2(6x +4)(6x + 6) =420

6x + 5=y deb belgilash Kiritib, quyidagi bikvadrat teng-

lamani hosil gilamiz:
Y2(Y-1)0' + O= 420
y4-y 2-420 =0

~M=/>0 deb belgilash kiritib, hosil bo‘lgal

t2- t- 420=0 kvadrat tenglamaning ildizlarini Viyet teore

masidan topamiz:
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Il +t2=1
=>/, =-20; /2=21.
K ~=-420

Bundan

y2=-20<0 TI>e0

5-misol. x=1-5(1-5x 2)2 tenglamani yeching.
Yechish-. 1-—5x2 =y deb belgilash kiritib, quyidagi teng-
lamalar sistemasini hosil gilamiz:
Jx=1-5y2
[y =1- 5x2
Sistemaning 1-tenglamasidan 2-tenglamasini hadma-
had ayiramiz:

X~Y=5C2-y2)o (x-Yy)-5(x-y)(x+y)=
=00(x-y)(l-5x-5y)=0

Demak, x-y =0 yoki I-5x-5y =0 bo'ladi.
1) x-y=0=>x-(1-5x2)=0=>5x2+x-1=0=>xu ~

2) 1-5x-5>/=0=>1- 5jc- 5(1- 5jc2) = 0 =>25%x2- 5x- 4 =0,
£=25+400 =425,

5+ n/425 5=+ 5-Jll 1+ VI7

50 50 10
-1+ V2M+ VI7I
0 ' 10 [

Javob'.

6-misol. (x2+ 3x- 4)3+ (2X2- 5x+ 3)3=(3x2- 2x- 13 teng-
Truni yeching.

Yechish: x2+3x-4 =a va 2x2-5x +3=b belgilashlar ki-
r'tamiz. Bundan a+b=(xL+3x-4)+(2x2-5x +1)=3x2-2x -1 ni
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hosil gilamiz. Berilgan tenglama a3+ b3=(a + bf ko'rinishiga j
keladi va 3ab(a+b)=0 o'rinli.
Demak, berilgan tenglama (x2+ 3x - 4)(2x2- 5x+ 3) *j
«3x2- 2x - 1) = 0 tenglamaga teng kuchli.
1) x2+3x-4 =0 tenglamaning ildizlarini topamiz:
[X, +x2=-3
U 2-=-4

2) 2x2-5x +3=0 tenglamaning ildizlari:

=x =-4; x, =1L

5+1 3
— =>x3=1;x4=-.
# 4 2

3) 3x2- 2x-1 =0 tenglamaning ildizlari:
2+4 1
*5,6* g N *5 = n’ *6 '
Javob: j-4 ;-i; 1;-
1 3 2

7-misol. x3- 3x =27+ tenglamani yeching.

Yechish: a3+b3= (a+bf - 3ab(a+b) formuladan foyc
lanamiz:

27+ —33+-4 =f3+ 1 -3.3.13+1 = 3+1 | _3.|3+
27

33 v 3
Bundan tenglama quyidagi ko‘rinishga keladi va y»
chimni osonlikcha topamiz.
x3- 3x= 3+ -3lf3+-r|_ va x:3+.1:£)_
1 3j 3 3
Tenglamaning boshqga ildizlari yo‘qligini tekshirib ko |
rish mumkin.
o1

Javob'.b r

8-misol. (1+x2)2=4x(l - x2) tenglamani yeching.
Yechish: 1-usul. Qavslami ochamiz va
1+x2)2=4x(1—x2)
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1+2x2+x4=4x-4x}
(X4+4x3+4%x2) - 2x2—4n.+1=0
(x2+2x)2- 2(x2+2x) +1=0
(m2+2n1- 1)2=0;12+21-1 =0

2-usul. x* +4x}+2x2-4n;+1=0. o=0 tenglamaning il-

dizi emas.
Tenglamaning ikkala tomonini x2 ga bo'lamiz. Natijada

X2+4x+2 -- +\ =0

x X
1 t 1y i

X -- =t belgilash kiritamiz. \x— _ =t2=>x2+— =t2+2.
X vV Xj X

2+2+A+2=0=>12+4t+4=0=>(/+2)2=0=>t=-2.
Belgilashga qaytamiz.
X— =2=>X2- 2X-\ =0=>x12=-\x"2 .
X
3-usul. Tenglamaning ikkala tomonidan 4K2ni ayiramiz.
(I +x2)2=4x%x(1—x2)
(1 +n2)2-4x2=4x(\- x2)-4x2
(1-x2)2=4x(1-x2)-4x2

Oxirgi tenglikning ikkala tomonini x (I-x2)*0 ga bo‘-

iamiz. Natijada -—- =4-4- x ni hosil gilamiz. —— =
X 1—x* X

belgilash kiritamiz va
4
t=4- - yoki t2- 4t+4=0=>(t- 2)2=0=>/=2.
=2=>Xx2+2x-1 =0=>n2=-1%j2.

Javob: 2=-1+V2.
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Mustaqil yechish uchun misollar

4.1-misol. Uch hadli tenglamalami yeching.

. X6+ 7x3-8 =0 2. x6- 3x3+2 =0

2x8+5x4-7 =0 4. 4x8- 5x4+1 =0

4.2-misol. Quyidagi tenglamalami yeching.

. (x2+2x)2-(x +1)2=55
. (x2+x+1)2- 3x2- 3x-1 =0

(x2- 5x)2- 30(x2- 5x) - 216 =0
(x2- 5x)2+ 10(x2- 5x)+24 =0

. (X2+5%x)2- 2(X2+5x)- 24=0

. (X2+5x+8)2- 6(x2+5x+8)+8=0
. (x2-6x)2-2(x-3)2=81

. (x +3)6-9(x +3)3+8=0

. 3(2x+7)4- 7(2x+7)2+2=0

4.3-misol. Tenglamalami belgilash kiritib yeching.

L (BX+T7)2(4x +3)(x+ 1) =] . 2. 2(6x+5)2(3x+2)(x+1)=1

. 16(2x + 1)2x(x +1) =3 4, (6x +7)2(3x +4)(x +1) =1

4.4-misol. Tenglamalami yeching.

L (X2-xX -1)3+(x2-3x +2)3=(2x2-4x +1)3
. (x- a)3+(x- b)3=(2x-a-bf
. (3-x)4+(2-x)4=(5-2x)4

. X3- 3x=8—
8

E+* =3l - *

5 x 3

. X=2+3(2+3x3)3

7. (Xx2-x -1)3+(2x2-x-7)3=(3x2-2x-8)3.
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4.5-misol. Test topshiriqlari.

1. Tenglamaning hagiqiy ildizlari yig‘indisini toping:
X6-65n1:3=-64.
A5 5)65 C)64 D)16 £)1

2. x6- 9x3+8 =0 tenglamaning hagqiqiy ildizlari yig‘indisini

toping.
A3 B)9 C)-9 D)8 E) 4
5x4+ 1
3. x8=— -— tenglamaning barcha haqiqiy ildizlari yig'indi-
sini toping.

A0 51 C)2 D)25 £) aniglab bo' Imaydi
4. (x2+x +1)(x2+x +2)=12 tenglamaning hagqiqgiy ildizlari

ko'paytmasini toping.
A)-12 5)6 C)-2 £)8 £)2

5. (x2+x- 4)(x2+ x + 4) =9 tenglama ildizlarining ko'payt-

masini toping.
~)16 5)4 C)-4 D)5 E)-5

6. Ushbu (x2+ 1)4- 3(x2+1)2- 4=0 tenglamaning nechta

ildizi bor?
A6 5)4 C)3 D)2 E)5

7. (x2+7x +5)(x2+7x +9) =21 tenglamaning haqiqiy ildizlari
yig‘indisini toping.
A-7 B4 c)2a £>)-14
8. (x-1)2(x2-2x) =12 tenglamaning haqiqiy ildizlari yig'in-
disini toping.
A 0 5) 2 c) 3 £) 4



5. (x- a)(x- b)(x- c)(x- d) =A
ko‘rinishidagi tenglamalar

(x- aXx - b)(x-c)(x-d)=A,buyerda a<b<c<d va
b-a =d-c shartlar bajarilsa, bu ko‘rinishidagi tenglamalar
yangi 0‘zgaruvchi

y =-:1f(x-a) +(X-b) + (X-C) +(X-d)]= X ororrrem- o

kiritish orgali yechiladi.

1-misol. (jc+2)(x+4)(x- 6)(x- 8) =2925 tenglamani ye-
ching.

Yechish'. Tenglamaning shartlari -4<-2<6<8 va

-2-(-4) =8-6 bajariladi. Yangi y="\i*+2)+ (jc+4)+

+Hjc—6) + (jc—8)] = jc—=2 o0'zgaruvchi Kkiritamiz va bundan
x=y +2 ni hosil gilamiz. Bu ifodani tenglamaning dastlabki
ko‘rinishiga qo‘yamiz. Natijada
(y +4)(+ 6)(y - 4)(y - 6) = 2925
(y2- 16)(/ - 36) = 2925
| -52vy2+ 576 = 2925
(y2- 26)2- 100 = 2925
(y2.- 26)2 = 3025
y2- 26 = +55
1) y2-26 =-55 =>y2=-29 <0 yechimga ega emas.
2) y2- 26=55=y2=8l s yt2==+ 9,
y, =- 9=> X =-9 +2=-7
y2=9=>x2=9+2=11
Bu tenglamani quyidagi usulda ham yechish mumkin:

Ko'paytuvchilami guruhlaymiz.
(X +2)(x - 6)(x + 4)(x - 8) = 2925

(o2 - 4x - 12)(x2- 4x - 32) = 2925
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Yangi x2- 4x-12 =y o‘zgaruvchi kiritamiz, u holda

tenglama quyidagi ko‘rinishga ega bo'ladi:
y(y- 20) = 2925
y2- 20y - 2925 =0
Viyet teoremasidan
jy.+y2=20
)Ui :-2%)025 " =745 72 =65
Topilganlarni x1- 4x-12 =y ga qo'yib, berilgan teng-
lamaning ildizlarini topamiz.
1) x2-4x-12 =-45=>x2-4ar +33=0, Z)=16-132=-| 16<0.
Demak, tenglama haqiqiy ildizlarga ega emas.
2) X2- 4x-12 =65 =>x2- 4x- 77 =0. Viyet teoremasidan
X.+X, =4
V*2=-77
Javob: {-7; 11}.

2-misol. (12x - )(6x - I)(4x - I)(3x - 1) = 5 tenglamani
yeching.

Yechish: Tenglamani quyidagi ko'rinishda yozib ola-
miz:

5
3-4-6-12

va shartlar bajarilganligi
2 6 4 3 6 12 3 4

uchun, yangi belgilash y=1

=X -A ni kiritamiz.
24

T=y +Zl ni dastlabki tenglamaga go'yamiz.



Y

A’ 24) 3-4-6-12

24j J 34 6 12

#'1 2 49 o 7 7 ..,
~—Bundan y =—r, ya ni y, =--—-- va =— lami to-
' 24* 24 24
pamiz. Berilgan tenglamaning ildizlari
7 7 5 1 7 5 1
V, = ——-=> X, = - + — = - ;o V2= — = X2= — +— = —
24 * 24 24 12 4 24 24 2

ga teng bo'ladi.

Javob-
1 12 2J

3-misol. (jc+1)0+2)0 +4)0 +5) =40, xe R tenglama-
ning ildizlari yig‘indisini toping.
A)-6 B)0O C) -5

Yechish: Tenglamadagi ko'paytuvchilami guruhlaymiz:
+1)0+ 5)0+ 2)0+ 4) =40

D)6 E)1

0
(jc2 + 6jc +-5)(jc2 + 6jc + 8) = 40
Yangi x2+6x =y o0'zgaruvchi kiritamiz, u holda tengla-

ma quyidagi ko‘rinishga ega bo'ladi:

(Y+5)(y+8)=40=>y2+ 13y =0=>y(y +13) =0=> v, = 0;
*=-13.

Topilganlami x2+6x =y ga qo'yib, berilgan tengla-

maning ildizlarini topamiz.

X(x+6)=0=>p,=0; x2=-6.

1) je2+ 6jc =0
2) j2+6jc=-13 = j2+ 6jc+13=0, D =36-52 =-16<0.

Tenglama hagqiqiy ildizl*rga ega emas.
Berilgan tenglama ikkita haqiqiy ildizga ega boMib,
jo+i2=—6.
Javob: A)-6.
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Mustaqil yechish uchun misollar

5.1-misol. Quyidagi tenglamalaming hagqiqiy ildizlarini
toping.
1 x(x+2)(m+ 3)(jc+5) =72
2. jdic+ 1)(Gc+ 2)(jc+ 3) = 24
.je(ic + 1) (jc- I X*+ 2) = 24
e FIX*F+3)(x +5)(x+7)+15=0
(X + 1)e+ 2)(Gc+ 3X* + 4) =1
. (e - Didic+ 2)(ic+ 1) =3
. (2x- D(@2x+3)(8x- 2)(3x-8)+25=0
(2jc- D(@2x +3)(3x- 2)(3x+4) =35
(X-1X%x-3)(x-5)(x-7)(x-9)(x-U) +225 =0

© o N o 00 N w

5.2-misol. Test topshiriglari.

1. Ge—I)r+ 2)(x +4Xx+7)=-56(x e R) tenglamaning ildiz-

lari yig‘indisini toping.
A)-6 5)0 C) -5 D) -12

2. (jc- 4)(jc- 5)(X - 6)(jc - 7) = 1680 tenglamani yeching.
A)jc=5;,x2=6 B) jc=j2=1
Clic=-1;je=12 D) ic=4;j2=7

6. (ax2+ btx + c)(ax2+ bjx + c)= Ax2

ko‘rinishidagi tenglamalar

Bu ko'‘rinishdagi tenglamalarda c* 0 va A 0 bo'lib,
x =0 tenglamaning ildizi emas. Tenglamaning ikkala tomo-
nini j2 ga bo‘lib, berilgan tenglamaga teng kuchli bo'lgan
quyidagi tenglamani hosil gilamiz:
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y = ax+ - belgilash kiritilib, kvadrat tenglamaga kel-
X

tiriladi va tenglama yecniladi.
1-misol. (2c2-3x+1)(2)c2+5n:+1)=9" tenglamani yeching.
Yechish: x =0 berilgan tenglamaning ildizi emasligi
ravshan. Shuning uchun tenglamaning ikkala tomonini x2 ga

bo'lamiz va

(2%x-3 +i){2x+5+i) =9

tenglamani hosil gilamiz. 2x+-=y deb belgilab, 0-3)(y+5)=9
X

yoki y2+ 2y-24=0 tenglamaning > =-6 va y2=4 ildizlarini
topamiz. Shunday qilib, berilgan tenglama quyidagi teng-

lamalarga teng kuchli:

2x+- =-6 yoki 2x+- =4.

X X

—6x2-Jl _ -3+yjl

?L) 24x+i= —6=>2x2 +6x+1=0 =>X. 2=

X 4 2
5')' 2x + 1 4=>2x - Ax +1= E =>Xxs2= 4£2V2 _ ——2———1:——5——.
X 4 2
Javob:
1 2 2

2-misol. (x2+37x+ 37)(x2+x +37) =37x2 tenglamaning
haqiqiy ildizlari yig*indisini toping.
A)-b9 B) -38 C)-37 D) -36
Yechish: x =0 berilgan tenglamaning ildizi emas. Teng-
lamaning ikkala gismini x2 ga bo‘lamiz va
( 37y ., .31\



tenglamani hosil gilamiz. x+— =y deb belgilash kiritamiz.
X

Natijada (y +37)(>>+1) =37 =>y2+38 y=0=>y(y +38) =0=>y, =0;

>2=-38 ni topamiz. Belgilashga gqaytamiz:

1)* +— =0=>x2+37 = 0=>;c2=-37<0=>;ce0.
X

2) X+— =-38=>x2+38x+37=0. Hosil bo'lgan kvadrat
X

tenglamaning diskriminanti musbat bo'lib, tenglama ikkita
haqiqiy ildizga ega. Viyet teoremasiga asosan x, +x2=-38 ga
teng.

Javob: B)-38.

Mustaqil yechish uchun misollar
6.1-misol. Quyidagi tenglamalarni yeching.

1L {x2+ x+ 2)(x2+ 2x + 2)= 2x2
2. (x2+ 2x- 1)(;e2- 3x- 1) =-Ax2

6.2-misol. Test topshiriglari.

1. (x2+Ix+7X*2+x+7)=1x1 tenglamaning haqiqiy
ildizlari yig'indisini toping.
A) -8 B)-9 O -10 D) -1
2. (X2+ 12x + 12)(x2+ x + 12) = 12jc2 tenglamaning haqiqiy
ildizlari yig'indisini toping.
A) -14 B) -15 C) 12 D) -13

7. (x- a)(x- b)(x- c)(x—d) = Ax2
ko‘rinishidagi tenglamalar

(*- a)(x- b)(x- c)(x - d) = Ax2 tenglamada ab = cd

shart bajarilsa, bunday tenglamalar yangi o°‘zgaruvchi



y = X+ — Kiritish yordamida ikkita kvadrat tenglamani ye-
X

chishga keltiriladi.
Misol. (x+ 2)(x+ 3)(x+ 8)(jc+12)=4x2 tenglamani yeching.
Yechish: Tekshirib ko‘rganimizda (-2) -(—2) = (-3) K—8)
shart bajariladi. Qavslami guruhlaymiz:
(X +2)(x +12)(x + 3)(x +8) =4x2
(x2+ 14x + 24)(x2+ lIx + 24) = 4x2
x =0 tenglamaning ildizi emas, shuning uchun tenglan
maning ikkala tomonini x2 ga bo‘lamiz va berilgan tenglaman

ga teng kuchli tenglamani hosil gilamiz:

24
X+ 14 + X+ 11 + 4.
t )’

x+£1 =y belgilash Kiritamiz va (y +14XJ+11)=4 teng
X

lamani, undan y2+25y + 150=0 kvadrat tenglamani hosil qi
lamiz. Viyet teoremasidan
Qv +v, =-25
y, =-15;y2=-10.

Dastlabki tenglama quyidagi tenglamalarga teng kuchli:

24 _
4 £ =
X 15 o+1sx+24=0

X2+ 10x + 24 = 0.
X
1) x2+10x+ 24 =0 ning ildizlari:
fx, +x, =-10

=X, =-6;Xx2=-4.
Lic, mX2=24

2) X2+ 15x + 24 =0 ning'ildizlari:x3#4 =

Javob: 6;-41.
{ 2 i

90



eal' Mustaqil yechish uchun misollar
7.1-misol. Quyidagi tenglamalami yeching:
1L 4(x +5)(Xx + 6)(x +10)(jc+ 12) - 3x2=0
2. (x- D(x- 2)(x - 4)(x - 8) =4x2
3. (- 2)(X - 4)(x + 5)(x + 10) = 18;c2

8. (x- al+ (x-b)4=A ko'rinishidagi tenglamalar
Bu ko‘rinishdagi tenglamalar yangi o'zgaruvchi
y="N(x- a+(xX- &=x-~ kiritib yechiladi.

Bu turdagi tenglamalami yechishda gisqa ko'‘paytirish
formulalaridan foydalaniladi:
(a+b)4d=ad +4a3 + 6a22 + 4abr + b4

(a- b)d=a4- 4adb+6a22- 4abl+ b4
(a+b)d+(a- b)d=2a4+ 12a22 + 2b4
1-misol. (6 —x)4+ (8-x)4=16 tenglamani yeching.

Yechish: »="[(6-x) +(8-x)]=7-x yangi o‘zgamvchi,

bundan x=7-y ni topamiz. Demak, berilgan tenglama quyi-
dagi ko‘rinishga keladi:

2yA+12y2-14 =0 yoki y4+6y2-1 =0 bikvadrat tengla-
mani hosil gilamiz. y2=tt0 belgilash kiritib, /2+6/-7 =0
kvadrat tenglamani hosil gilamiz va uni Viyet teoremasi

yordamida yechamiz.

1) y2=-7<0, tenglama haqiqiy ildizlarga ega emas.
2) /= U >~ 12=%1

a) yt=-1 =>x,=7- (-1)=8b) y2=1=>x2=7-1 =6.
Javob: {6;8}.



Endi huddi shu usulda yechiladigan yuqori darajali
tenglamalarni ko'rib o'tamiz. Bu tenglamalarni yechishda™
quyidagi gisqa ko'paytirish formulalaridan foydalanamiz:

(a+b)s=a5+ 5adb + \0a3v2 +10a2b3+5ab* +b5
(a-b)5=a5- 5a%h + \0adb2-10a2b3+5ab* - b5
(a+bf +(a- bf =2as+ 20ad2+10ab*

2-misol. (x-1)5+ (jc+3)5=242(x + 1) tenglamani yeching.,

Yechish: j =~[(x-1) + (x+3)]=x +1 belgilash Kiritibj
undan x=y - 1 topiladi. Topilganlami tenglamaning dastlabkj
ko'rinishiga qo'yamiz:

Y- 2)5+(y +2)5=242 y.
Yuqoridagi gisqa ko'paytirish formulasidan
2 ys+80/ +160y=242y
y5+40/ -41~ =0
y(y4+40y2-41) =0
yiy2-1)(/ +41)=0
Oxirgi tenglamadan
1) y,=0=>x, =-1;
2) y2-1=0=>p3=+1=> a)y2=-1 =>Xj =-2; b)y}=1=>X] =0;
3) y2+41=0=>Ww2=-41 <O=>yeO0.
Javob: {-2;-1; 0}.

Mustaqil yechish uchun misollar

8.1-misol. Quyidagi tenglamalaming haqiqiy ildizlarin'

toping.
1. (jc-2 )4+ (jec-3)4=1 . * 2. (je+ 3)4+ (jc+ 5)4=16
3. x* +(x-4)4=82 4. (x + 1)4+ (x + 3)4=20

5. (x-a)*+(x-b)* =(2x-a-b)4
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8.2-misol. Ushbu yuqori darajali tenglamalami yeching.
1. (x + 1)5+ (x- 1)5= 32x 2. Xs + (6 -x)5=1056

3. (x-2)6+(x-4)6=64 4. (X+ DB+ (x+2)6+(x +3)6=2

9. Tenglamalami turli xil usullarda yechish

Quyidagi turdagi tenglamalami ko'rib o'taylik:
'F=G
F=-G.

1. FI'=GU

2.F2'=G "»F =0G.
1-misol. x4+4x - 1=0 tenglamani yeching.
Yechish: Tenglamada quyidagicha shakl almashtiramiz:
X4+ 2X2+1 - 2x2+4x - 2 =0<>(x2- 1)2- 2(x2- 2x+1)=00
0 (x2- 1)2=2(x- 1)2» x2-1 =xV2(x-1).
Demak, berilgan tenglama x2- 1=-v2 (x- 1) va
x2- 1=n/2 (x - 1) tenglamalami yechishga keladi.

1) X2-1 =-n/2(x-1)<=>x2+n/2x+1-n/2=0, £=2-4<1-n/2) =

=4n/2-2>0.
-nl2xnl4ni2-2
*u= 2

2) x2-1=n/2(x-1)ox2-n/2x +1+n/2=0, D=2-4(1 +-Jl) =
=-2-4-11 <0.

Tenglama hagqiqiy ildizlarga ega emas.

Bu tenglamani ko'paytuvchilarga ajratish orgali ham
yechsa bo'ladi.

(x2-1)2=2(x-1)20 (x2- 1 =JlGc- ))(x2-1 +V2(x-1)) =
00 (x2- J1 x+1+n/2)(x2+ "I x +\-yfl) =0.
Oxirgi tenglikdagi har bir gavsni 0 ga tenglasak, yuqo-

ridagi ildizlami hosil gilamiz.



V2 £>/472 - 2|
T
2-misol. ss -2x2-400* =9999 tenglamani yeching.

Yechish: Tenglamaning ikkala tomoniga 4x2+400* +1

ifodani qo‘shamiz va to'liq kvadratga keltiramiz.

Javob:

X4- 2X2- 400X + 4x2+ 400* +1 =9999 + 4x2+ 400* + 1
X4+2x2+1 =4(x2+100* + 2500)
C2+ 1)2=[2(x+ 50)]2
*2+1 =+2(x + 50).

1) x2+1=-2(x +50)=>x2+2x+101=0. £><0 bo‘lib, teng-

lama haqiqiy ildizlarga ega emas.
2) x2+1=2(x+50) =>x2- 2x- 99=0. Viyet teoremasidan

\x,+x2=2 =_9 n

jc x:=-99 1 2
Javob: {-9; 11}.

3-misol. je - 2n/3x2- x+3-V 3=0 tenglamani yeching.
Yechish: Berilgan tenglamani -¥3 ga nisbatan kvadrat

tenglamaga keltirib yechamiz: (V3)2- (2x2+ 1)V3 + x4- x=0.
D = (2x2+ 1)2- 4(*4- x) = 4x4+4x2+ | - 4x*+4x =

=4x2+4x + \= (2x + \f.

N (2x2+1) + (2x+1) —1+V4r/3-3
x2+x+\ S =0

%:(2x2+l)-(2x+l) X2- x-v3=0 1+ VI +4Vv3

1+ VA3 - 3 1+>/1 ¢4V3
Javob:
2 -2 T
4-misol. x4- x2+ 2x- 1=0 tenglamani yeching.
Yechish: j« -1 =/ parametmi Kiritamiz. U holda beril-

gan tenglama x2- 2x- 1=0 ko‘rinishga keladi. Bu teng-
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lamaning ildizlari x, va x2 ga teng bo‘lsa, tenglama

(X- X,)(X- x2) =0 ko'rinishiga keladi.
D=(-2)1-4-(-0 =4+4/=4(1+0 va Y 4+ [=1x<]1+/.

x4-1 =/ dan 1+/=x4ni topamiz va x, =1- VT+/ =1- x2,
x2=1+VI+/=1+x2 larga ega bo'lamiz. Topilganlarni
(X- x)(x- x2)=0 ga go‘yamiz va berilgan tenglama
[x- @- x2)][x- A+x2)]=0
(x2+x- 1)(x2- x+1)=0
ko'rinishga keladi. Bundan

_1+V5
X +Xx—1=0 =z
(x2+x- I)(x2- x+1)=00 Xn 2
X2- Xx+1=0<
xe0.

Javob: \£5

5-misol. x3+x2+x=-] tenglamani yeching.

Yechish'. Tenglamaning ikkala tomonini 3 ga ko'payti-
ramiz va 3x3+3x2+3x+1=0 tenglamani hosil gilamiz.
Bundan

3x3+ 3x2+ 3x +1 = 0=>x3+3x2+3x +1 = -2x3=>(x + 1)3=

=(-V2x)3=>x+1=-$2 x=>(S[2+)x =-1 =>x = —.
<2 +1
Javob'. J—3 — j.
1 vV2+1)
6-misol. (2x2+3)2=x(4x2+35x + 6) tenglamani yeching.
Yechish'. x=0 tenglamaning ildizi emas, tenglamaning

ikkala tomonini x2 ga bo'lamiz. Natijada



2X: +3 . - . .
= y belgilash kiritamiz va y2-2y-35 =0 kvad-i

rat tenglamani hosil qgilib, yx=-5; y2=7 ildizlarini topamiz.
Demak, berilgan tenglama quyidagi tenglamalami’

yechishga keltiriladi:

Ix2+ 3 _ 5 N )
x 2x2+5x +3=0 17 -2:x2=-]
Ix1+ 3:7 N2-7x +3=0"  o_ -1;X4:3.
Javob- —1; -i; 3j-.

7-misol. (2* + 2X5- 2*X4x2+ 8x + 11) = 10(2x + 3)" teng-"
lamani yeching.
Yechish'. Berilgan tenglamada quyidagicha shakl al-]
mashtiramiz:
(-4x2+6x +1 1)(4jc2t 8x +11) = 10(2* + 3)2.
n=-1,5 tenglamaning ildizi emas, shuning uchun teng-1
lamaning ikkala tomonini (2x+3)2 ga bo‘lamiz va teng kuchlj

tenglama hosil gilamiz.
—4n2+61+11 4x2+8x+11 10

2x+3 2X+ 3
-4x2+6x+\l 4x2+8x +11 -
-y va =z bo'lsin, u holda
2x+3 2X+ 3

y+z=*4*+21- 7(2x+3) _7 0°‘rjnjj Bundan quyidagi
2Xx+3 2x+3 4

sistemani hosil gilamiz:

f ‘Y -2
vz=10 z=5
[v+z=7

z-2.

Hosil bo'lgan sistemalaming har biridan bittadan tenj
lamani ko‘rish yetarli, ya'ni
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. 4x2+ 8x+11
= 5=>2x2- x-2 = 0=>x12= 1t M7
2X + 3 4

42+ 8x + 11
=2=4x2+4x+5=0=>xe0.
2x+3

4

8-misol. Tenglamani yeching:

@A+ X+...+XDA+x+...+x5=(1+x+ ... +Xx6)2.

Yechish: x=\ tenglamaning ildizi emas. Hagigatdan
ham x =1 da tenglamaning o‘ng tomoni 48 ga, chap tomoni
49 ga teng.

Tenglamaning ikkala tomonini (x-1)2 ga ko'paytiramiz
va x" -1 =(n:- H(x"-* +x"2+... +D,nsN formulani qo‘l-
laymiz. Ko'rinib turibdiki, (1 + x + ... + Xx5)(x - 1) = x6- 1;
(I+x+...+x6) (x-1) =x7-1 va (1+x+ .. +x7)(x- 1)=x8-1
o'rinli. Bundan berilgan tenglama (x8- I)(x6-1) =(x7- 1)2

ko'rinishga keladi. Qavslami ochamiz:

Demak, x =0 yagona ildiz.

Tenglamani geometrik progressiyaning dastlabki n ta
hadi yig'indisi formulasidan foydalanib yechsa ham bo'ladi.

Javob: x=0.

9-misol. x4- 2x3+ 3x2- 4x+5=0 tenglama ildizga ega
emasligini isbotlang.

Yechish: Tenglamaning chap tomonida quyidagicha
shakl almashtiramiz:

X4- 2X3+ 3X2- 4X + 5= (X4- 2Xx3+ X2) + (2x2- 4x +2)+ 3=

= (X2- X)2+2(x- 12+ 373
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Demak, tenglamaning chap tomoni musbat bo‘lib, teng

lama ildizga ega emasligini bildiradi.

j~[~f Mustaqil yechish uchun misollar

9.1-misol. Tenglamalarni yeching.

1. x* +8jc- 7=0

2. jc4-2x2-12jc-8 =0

3. x4-3j2+ 4jc-3 =0

4. x3- (n/2 + Djc2+2 =0

5. x3-3x2—3jc—1=0

6. 2(3x2+ 1)2 = x(15x2 + 52 jc + 5)

7. (jc2 + 4x + 8)2+ 3x3+ 14x2+ 24jc = 0

8. 8x3+ 36x2+ 54n:+ 33 =0
9. (6x -15)7=(x-1)4
10, A+ x+*2)(L+jc+ x2+ ... +x10)= (1 +x + ... + n6)2

11. (2x3+ jc-3)3=3 - x 3.
9.2-misol. Progressiyaga doir tenglamalarni yeching.

1. 1+4+ 7+ -+ x=117
2.1+ 7 +13 + -+ jc = 280
3. (je + 1)+ (jc +4) + (jc +7)+ mm+ (x + 28) = 155

4. (2jc+ 1)+ (2jc+ 4) + (2x + 7) + ... + (2x + 46) = 472 .
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4-§. QAYTMA TENGLAMALAR

1. Simmetrik tenglamalar

Qaytma yoki simmetrik tenglama deb istalgan daraja-
dagi shunday algebraik tenglamaga aytiladiki, ulaming boshi-
dan va oxiridan teng uzoqlikda bo‘lgan hadlarining koeffitsi-
yentlari teng bo' ladi.

Ta'rif. Birinchi darajali simmetrik tenglama deb
ax+a=0 tenglamaga aytiladi.

Uning yechimi a*0 bo‘lganligi sababli x+1=0 bo'ladi
va yagona x =-1 ildizga ega.

1-misol. 4x+4 =0 dan x=-1. Demak, tenglama bitta
x=-\ ildizga ega.

Ta'rif. Ikkinchi darajali simmetrik tenglama deb
ax2 + bx + a= 0 tenglamaga aytiladi.

Uning yechimlari x,=x0,x2=— ko'rinishida bo'ladi.

*0
Bu tenglama Dz 0 bo'lganda har doim yechimga ega.
2-misol. 32 —Qc+3=0 tenglamaning ildizlarini toping.

Yechish: £5=(-10)2-4-3-3 =100-36 =640 bo’ladi.

_10+n/64 _ 10+8

X, J1= ==mmmmmmmeoe = oo =&x,=—l;x?=3
v 6 6 13 2

Javob: x =—x, =3.
1 3 2

Yugqori darajali simmetrik va gaytma tenglamalami
yechishda quyidagi gisqa ko'paytirish formulalaridan foyda-
lanamiz:

a2- b2=(a-b)(a+b); a3+h’ =(a +b)(a2-ab +b2)
a3-tf =(a-b)(a2+ab+R2)-,a*-b*=(a-b)(a+b)(a2+b2)
0’ +b5=(a+b)(a*- adb+a2n2- ab3+tf)
0'- b5=(a~b)(d* +aX +a2b2+ ab3+ b*)
ab-bb=(a-b)(ct +Oib+ad2+a2bs+ab4+tf)
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Ta’'rif. Uchinchi darajali simmetrik tenglama deb
axl+bx2+bx+a=0 ko'rinishidagi tenglamalarga aytiladi.

Bu tenglama chap tomonini ko‘paytuvchilarga ajratish
yo'li bilan yechiladi.

Yechish: Tenglamaning chap tomonini guruhlaymiz:
a(x3+1 +6x(x+1) =0. Bundan a(x+I)(x2- x+1) +bx(x+1)=0
yoki (x+1)(ox2-ax +ba+a)=0 ni hosil gilamiz. Demak,
Xx+1=0 va ax2- (a+b)x+a=0 (1) tenglamalami yechishga
kelamiz. Birinchi tenglamaning ildizi x, =-1.

Ikkinchi tenglama uchun D =a2- lab+b2- 4a2=b2-
- 2ab-ba2 bo‘ladi. Agar D>0 bo'lsa, a*0 bo‘lganligiuchun

_(a- b)x4bl- lab- 3a2
2a

).

haqigiy ildizlari hosil bo‘ladi. Agar D<0 bo'lsa, (1) tengla-
maning haqiqgiy ildizlari mavjud emas, kompleks ildizlarga
ega bo'ladi.

3-misol. 2x3+7x2+7x+2=0 tenglamaning ildizlarini
toping.

Yechish: Tenglamaning o‘ng tomonini ko‘paytuvchilarj
ga ajratamiz:

2X3+ 7X2+ 7X+2=2(x3+1) +7x(X + 1) = 2(X + 1)(x2- x +1) +

+7X(x +1) = (x +1)(2x2- 2x +2+1X) = (X + 1)(2x2+ 5x + 2)

(x + 1)(2x2+ 5x + 2) = 0 tenglamani yechamiz.

1) x +1 =0 dan x, =-1 ni topamiz.

2) 2x2+5x+2=0 dan D=52-4-22 =920 bo'lad'
Bundan

5+ -5+ * - -] -
x23=—5-_£/9=—5-_—3 =>x2= 2 , X3=-2 ni hosil qilamiz.

Javob'. I 2;-1; - Aj
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Ta'rif. To'rtinchi darajali birinchijins simmetrik teng-
lamalar deb ax4+ bx} +cx2+bx + a=Q ko‘rinishidagi tengla-
malarga aytiladi.

x =0 tenglamaning ildizi bo'Imaganligi uchun uning

ikkala tomonini x2ga bo'lib,

ax’ +Bx + ¢ 22 =0
x X'

tenglamani hosil gilamiz. Koeffitsiyentlari bir xil bo'lgan

hadlarini guruhlaymiz:

afx2+-~] +ftfl+ 4 +Cc=0 (2)
X T xj

*+- => deb belgilash Kkiritib, uning ikkala tomonini
X

kvadratga oshiramiz:
X2+2x= +\ =y2yoki X2H— =y2—2.
X X X'

Bulami (2) ga gqo'ysak, simmetrik tenglama y ga nis-
batan kvadrat tenglamaga keladi:
a(y2- 2)+by+c=0 yoki ay2+by+(c- 2a)=0.
4-misol. 8x4- 54x3+ 101 x2- 54x + 8 = 0 tenglamani
yeching.
Yechish. Sx4- 54x} +10Ix2- 54x+8=0 1:x2

Sx2-54JC+101-— +4-=0

X X

f 1\ f \\
8||x2+-V 1-541 jc+ —1+101=0
X~) X )

X +- =y deb belgilash Kiritib, x2+\ =y2- 2 ni oxirgi
X X

tenglamaga qo'yamiz:
8(y2- 2)- 54y+101=0 =>Sy2- 54y +85=0 kvadrat teng-
lamani yechamiz.
D=(—54)2- 4 «8 «85=2916- 2720=196£0
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54+ 1% 54+ 14 5 17
-------- T I ~T =10=21"T
y, va 2 ning giymatlarini yuqoridagi belgilashga qo*-
yamiz:

1) *+

- =- yoki 2}#2-5x +2=0. Bundan va
X 2 2
x2=2 bo'ladi.
2) x+- =— vyoki 4x2-17x +4=0. Bundan x3=7 va
X 4 4
x4=4 bo'ladi.
Javob: j - ;- ;2;4
14 2

Eslatma: Belgilashlarga ko‘ra, x+- =y bo4dganligi
X

uchun to'rtinchi darajali birinchi jins simmetrik tenglama
ildizlarining har bir jufti giymat jihatidan bir-biriga teskari
bo'ladi.

Ta’'rif. To'rtinchi darajali ikkinchijins simmetrik tengA
lamalar deb ax4+ bx3+cx2- bx+a=0 ko'rinishidagi tengla-<
malarga aytiladi.

Bu tenglamani yechish uchun ham ikkala tomonini x2
ga bo'lib,

ax2+bx+c- — =0
x X
tenglamani hosil gilamiz. Koeffitsiyentlari bir xil bo'lga
hadlarini guruhlaymiz:

+ 0N +6M - —j +c=0 (3)

X -- =y deb belgilash.kiritib, uning ikkala tomonin,
X

kvadratga oshiramiz:

X2- 2x - +\ =y2yoki X2H—y =y 2+ 2.
WX yzy xy y
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Bulami (3) ga qo‘ysak, simmetrik tenglama y ga nis-
batan kvadrat tenglamaga keladi:
a(y2+2) +by+c=0 yoki ay2+ by + (c+2a)=0.
5-misol.6x4+ 7x3—36m2-7x +6=0 tenglamani yeching.
Yechish'. 6x4+ 7x3-36x2-7x +6=0 ikkala tomonini x2

ga bo'lamiz va 6x2+7x-36--+-"~=0 yoki 6(x2+-~]+
+7l/*- —!J- 36 =0 ni hosil gilamiz. Bunda x- —=y deb belgi-
X X

laymiz va x2+ ~ =y 2+1 munosabatni aniglaymiz. Demak,
X

6(y2+2) +7y-36=0 yoki 6y2+1y-24=0. y ga nisbatan kvad-
8 3
rat tenglamani yechib, yt=-- va ¥Y2=~ lami .topamiz. Bu

giymatlami belgilangan ifodaga go'yib, mos tenglamalarni
yechamiz:

1 8
1) x— =—3 yoki 3x2+8x-3 =0. Bundan x,=-3 va
X

X, =- bo'ladi.
3
2) Xx——=— yoki 2x2- 3x- 2=0. Bundan x3=-- va
x 2 2
X, =2 bo'ladi.
Javob: | -3 ;-] ; N 2}-

Esiatma: x - - =y bo‘lganligi uchun ikkinchijins to‘r-
X

linchi darajali simmetrik tenglama ildizlarining har bir jufti
givmat jihatidan bir-biriga teskari, ishorajihatidan garama-
garshi bo'ladi.

Ta’'rlf. Beshinchi darajali simmetrik tenglama deb
ax +bx4+cx3+cx2+bx+a=0 ko'rinishidagi tenglamalarga

aytiladi.



Bu tenglamaning chap tomoni ko'paytuvchilarga ajra-
tilib, ikkita tenglama yechishga keltiriladi. Bu tenglamalar-
ning biri birinchi darajali, ikkinchisi to'rtinchi darajali sim-
metrik tenglama bo'ladi.

6-misol. 2x5+514-13x3-13x2+ 5x +2 =0 tenglamanij
yeching.

Yechish: Tenglamaning chap tomonini ko'paytuvchtf
larga ajratamiz:

2x5+5x4-1 3E3- 13x2+ 5* +2 = (2x5+ 2) + (6x4+ 5%*) -

-(13x3+13x2) = 2(x5+1) + 5x(x3+ 1)- 13jc2(jc +1) =

=2(x+ 1)(x4- x3+x1- x+1) + 5jc(jc + 1)(x2- x +1) -

-13x2(x + 1) = (x +1)[2x4- 2x3+2%x2-2X + 2+ 5x3-

-5x2+5x- 13x2] = (x +1)(2x4+ 3x3- 16x2+ 3x + 2)

Demak, (x +1)(2x4+'3x3- 16x2+3x +2)=0 tenglam
yechamiz.

1) x +1=0 dan x, =-1 ni topamiz.

2) 2x4+3x3-16x2+3x+2=0 to'rtinchi darajali simmet
rik tenglamani yechamiz:

2x2+3x-16 +—+-~=0 yoki 2~x2+ -1 +3|x+— - 16=0.

x +- =y deb belgilash kiritib, x2+ A-=y2- 2 ni oxir
X X*

tenglamaga qo‘yamiz:
2(y2- 2)+3_y- 16=0 yoki 2 / +3>>-20 =0.
Kvadrat tenglamani y ga nisbatan yechami

D =32- 42 «(-20) = 169.

-3+V169 -3%13 . 5

«— = -T - =**—_ 4, 1*2"
a) X+—=-4 =>x2+4x+1=0=>xi3=-2 +4b;
b) * + —= — = 2x2- Bx+2=0=> x4=—; xs=2.
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Javob\]-1;-2+>/3; ™ i2}-

Ta'rif. ax6+ bx5+ cx4+ dx3+ cx2+ bx+ a=0 ko'rinishida-
gi tenglamalar oltinchi darajali simmetrik tenglama deyiladi.
Bu tenglamani yechish uchun tenglamaning ikkala to-

monini x3ga bo‘lamiz va ax3+bx2+cx+d+- +—m— =0 ni
X X2 X3

hosil gilamiz. Tenglamadagi hadlami guruhlasak,

T - ' - .
dpH")=p+V)Hd)ch) «c=0
Bu vyerda x+- =y deb belgilab, quyidagilami
X
aniglaymiz:
1=y2<x2+ 2 = i(2r=y20 X2+ - =v2-2

fr+ -] = V<=>x3+ — + Xm-Mx+ —-1=y30 x3+— =y3- by
X3 X - X\ xj i3

Topilganlami (4) ga qo'ysak, a(y3- by)+b(y2- 2)+

cy+d =0 hosil bo'ladi. Qavslami ochib soddalashtiramiz:
ay3+by2-(3a-c)y-(2b-d) =0

Bu yangi tenglama simmetrik tenglama bo‘lmaydi.
Agar bu kubik tenglama yechilsa (ildizlari topilsa), u holda
berilgan oltinchi darajali simmetrik tenglama ham yechiladi.

7-misol. Xx6-6x5+ 14x4-18x3+ 14x2-6x +1=0 tengla-
mani yeching.

Yechish: Tenglamaning ikkala tomonini x3ga bo‘lamiz:

x3-6x2+14X-18 +— -4 - +-i-=0
X X X

(*'+7 H ""*7)+nhH ) -18-0
X+- =y, X2+ \ :y2- 2; x3+\ :y3-3y
X X X
y3-3y-6(y2-2) +14>-18 =0
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Y 2y 6/ +12+14y-18=0
v3- 6y2+1\y-6=0
Kubik tenglamaning ayrim hadlarini qo‘shiluvchilarga
ajratamiz:
y3- 3y2- 3y2+9y +2y-6 =0
Guruhlaymiz: y2(y-3)-3y(y-3) +2(y-3) =0.
Ko'paytuvchilarga ajratamiz: (y-3)(y2- 3y +2)=0.
Bundan, y, =3;y2=1;y3=2 ni topamiz. Topilgan giy-
matlami y ning o‘rniga qo‘yamiz.
1) x+ -i=3 tenglama iﬂiﬂari.jq =-3:-T_:-2-‘-J-s-va x2=-§-t2-\-/-5-;

2) x+- =2 tenglama ildizlari x}4=1*
X

3) x+- =1tenglama yechimga ega emas (haqiqiy ildia
X
ga ega emas).
Jofvofe:

8-misol. x8- Ix1+4x6- 2Ixs+ 6x4- 2Ix3+4x2- Ix + 1=
tenglamani yeching.

Yechish: Berilgan tenglamaning sakkizinchi darajal
simmetrik tenglama ekanligi ko‘rinib turibdi. x =0 tenglarrr
ning ildizi bo'Imaganligi uchun uning ikkala tomonini x4 g(

bo‘lamiz va

X4-TX3+4x2-21x +6- o= +4r-J1 +/1 =0
n 1 1 2 N\ o 3
(" )7 )Y A )27 N 62
* C
tenglamani hosil gilamiz. x+- =y deb belgilash kiritamiz v
X
(X+i) =y2=>x2+"T=y2- 2;
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(o + ft)d=ad+ 4a3b+ 6a2b2 + 40ft3+ ft4 =
= a4+ ft4+ 4aft(o2+ ft2) + 6(ab)2

dan
f*+-1 =Y =>x4+-" +4fx2+-\-)+6=/ =
[N | * vV *2
=>X*+\ =y*-4(y2-2)-6.
X

X4+ —=y4- 4y2+ 2 ni topamiz. Topilganlami tenglama-

ning dastlabki ko‘rinishiga qo'yamiz. Natijada
(y*-4y2+2)-7(y3-3y) +4(y2-2)-21y +6=0

Y* ~7y3=0
y\y-7)=0
Si=0;>2=7-
Belgilashga gaytamiz:
X+X—:O %2=-1 <0 'xe0
7+ 315

w47 2. TTHL=0

X
Yaryo6: Pi/\ I

ea.t. Mustaqil yechish uchun misollar

1.1-misol. Simmetrik tenglamalami yeching:

2. jc3-5x2-5jc +1=0
4. m- m2- g+1=0

6. 4x3+7x2+7x +4=0

le 3x3-7x2-7x +3=0
3. 1313- 912- 9x+13=0
5. - 2x3+3x2+3x- 2=0

1.2-misol. To'rtinchi darajali simmetrik tenglamalami
Yeching:
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1. 6x4+5%x3-38n:2+5x+6=0 2. 2x4+x3-11x2+x+2=0

3. X4-2x3-x2-2x +1=0 4. 6x4+7x3-36x2-7x +6=0
5. 2x4- 3x3+ 2x2—3jc+2=0 6. 3x +5x —16x +5x +3=0
g cox 1 1 g
7. (x+1D4=2(1+x4) .xr+2 2_+_=
X

1.3-misol. Simmetrik tenglamalami yeching:

. 2X5+ 3x4- 5x3- 5x2+3x+2=0

. 3xX5- 7x4+ 10x3+ 10x2- 7x+3=0

. X5+ 2x4- 3x3- 3x2+2x +1=0

. 12x5+18%x4-45x3-45x2+18x +12=0

5. xBe 12250 Y
X 16 X

A W N

1.4-misol. Simmetrik tenglamalami yeching:

. X6- 10x5+ 27x4- 20x3+ 27x2- IOx+1 =0
. X6- 3x5+5x4- 6x3+5%x2- 3x+1=0
. X6- 7x5+ 10x4- 8x3+ 10x2- 7x+1=0

A W N R

. 2X6- 3x5+ x4- 6x3+x2- 3x+2=0

2. Qaytma tenglamalar

Ta'rif. ax4+ fee3+cx2+ Xbx + A22=0, (a * 0, J1* 0) ko'ri-
nishidagi tenglamalar to'rtinchi darajali qaytma tenglamalar|
deyiladi.

Simmetrik tenglamalar gaytma tenglamaning xususiy”™
holi hisoblanadi. Masalan, X =1 da to‘rtinchi darajali gaytma
tenglama to'rtinchi darajali simmetrik tenglamaga aylanadi.

To'rtinchi darajali gaytlna tenglamani yechish uchii
tenglamaning ikkala tomonini x2 ga bo'lamiz:

Aa

cué¢ +bx+c+— +——=0.
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Bir xil koeffitsiyentli hadlami guruhlaymiz:

a nnh+4r +—j+c=0 (1)

X+Y=y deb belgilash kiritamiz va

X+Y| :y2:>X +2X- Y;-(Z— :y21-|=>xA2+;’:y222AA2 2
ni  hosil gilamiz. Bu giymatlami (1) ga go'ysak,
a(y2- 2A)+by+c=0 yoki ay2+by+(c- 2aA)=0. Bu kvadrat
tenglamani y ga nisbatan yechamiz.

Agar Dt0 bo‘lsa, yt va y2 ildizlari topiladi. Bu qiy-
matlami yugoridagi belgilashga go‘yamiz:

}flx+-;\<:y, E}x+-;\(:y2.

Bu ikkita tenglamani yechib, to‘rtinchi darajali gaytma
tenglamaning ildizlarini topamiz.

1-misol. 3x4-4x* -3x2-8x +12=0 tenglamani yeching.

Yechish: x=0 berilgan tenglamaning ildizi emas. Teng-

lamaning ikkala tomonini x2 ga bo’lamiz;

8 12 ( 4\ / 4
3X2-4%x-3 — +-"N=0=>3Ix2+ 4 _-4]x+-]-3 =0.
X X 3 x2J XB

x+-)2( =y belgilash kiritamiz. Bundan x2+%=y2—4
ekanligini topamiz va oxirgi tenglamaga go'yamiz:
3(y2-4)-4y-3 =0=>3y2 —4y—15=0.

Kvadrat tenglamani yechib, ildizlari yt=-- va y2=3

ekanligini aniglaymiz. Keyin belgilashga gaytamiz:

X+l =5

3X2+5x+6=0 xeo0
3 o =x,=1;x2=2.

*+:’=3 X2-3x+2=0 ig=1x2=2
X
Javob: {l;2}.
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Kvadrat tenglamaning ildizlarini topamiz: £5=254=2b0.
-5 /21 -5-V2T -5 +V2T
n2- 2 =>* 2 Y2 2 .
Demak, tenglama quyidagi tenglamalar juftligiga teng
kuchli:

w+d=29-Val
x 2 2X2+(5+V21)x +8=0
X+4_:_-__§_3L__\_/_?_T~ 2x2+(5- VH)x +8=0.

Ikkinchi tenglama hagiqiy ildizlarga ega emas. Birin-
chisining ildizlari
o =-5-V2T-VI0V2T-18 _ -5-V2T +V10V2T-18
1 4 ) 4 '

B B f Mustaqil yechish uchun misollar

2.1-misol. Quyidagi gaytma tenglamalami yeching:
. 9jdt- 6x3- 18x2- 2jc+1=0
. 4x4- 20x3- 15x2+60x +36 =0
. 2x4+3x3-1 be2-9x +18=0
. 16jc4 +32jc3- 369x2- % +144=0
. 18x4-3n:3-25n;2+2n. +8=0
. X5- 3xA- 2x3- 4x2- 24x +32=0
. 4x6+5x5- 3x4+50x3-9x2+45x +108 =0

~N o U~ WN

2.2-misol. Test topshiriglari.
*4-2x3-18x2-6x +9=0 tenglamaning barcha hagiqiy il-
dizlari yig‘indisini toping.
A)-4 B)2 C)6 D)I10



2. x4-3x3-8x2+12x+16=0 tenglamaning barcha haqiqiy il
dizlari ko'paytmasini toping.
A)-8 B)-16 C)3 D)6
3. \2x2+-’l +10|f2x +—l I1+J.1=0 tenglama nechta haqiqiy il-1
3x* N3
dizga ega?
A2 Byl C4 £0
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5-8. KASR-RATSIONAL TENGLAMALAR

1. Sodda ratsional tenglamalar

Ta'rif. PX) =0 ko'rinishidagi tenglamalarga ratsional

tenglamalar deyiladi. Bu yerda P(x),Q(x) ko'phadlar va
Q(x)*0.

Bu tenglamani yechish quyidagi J ~ ° sistemani
g y quyidag 1600%0
yechishga keltiriladi.

PO\ R(¥) L .
—_— kO'I’InIShIdagl kasr-ratsional tenglamalar

Q) S(x)
proporsiyaning asosiy xossasidan foydalanib yechiladi:

P(x)S(x) =R(X)Q(x)

mQ(x)*0

S(x)*0
Bu yerda P(x), Q(x), R(x), S(x) - lar ko'phadlar.
1-misol. «-1  x+4 tenglamani yeching.

Yechish: Proporsiyaning asosiy xossasidan foydalana-
miz va tenglamaning aniqglanish sohasini hisobga olgan holda
tenglamani yechamiz:

xx+4)-4(x2-1)  3-4x-4=0 Y 3 272
x2—N0 = jc*+l = X*| =X
X+4*0 X*-4 X*-4

Javob: {-f;2}.

2-misol. +~ j - M +— =0 tenglamani yeching.



Yechish. 3.2 -7.ix I (W 3-<ixJfcixil-7-ixi.0»
r X XT X

[3B(x2-x+ 1)-7x]= 0’)\(’\ (3x2-10x +3) =0.
1) x +1=0=x, =-1.

2) 3e-1(k +3=0,2)=100-36=64>0=>x3=10" =2 =3

Javob: \-1;-: 31
1 3 J

21 x-4
X' -4 x(x+2) x(x+2)
Yechish-. Tenglamani quyidagi ko‘rinishga keltiramiz:

3-misol. =0 tenglamani yechin

— + x—~4 =0.
(X-2)x+2) x(x+2) x(x+2)

Aniglanish sohasi **0 va x++2 dan iborat. Ko'rini
turibdiki, tenglamada gatnashgan kasrlaming umumiy m"
raji x(x-2)(x +2) ga teng va oxirgi tenglamaning ikkala t
monini shu umumiy maxrajga ko'paytiramiz. Natijada,

2X-(X +2) +(x-4)(x-2) =0
x2- 5xA- 6=0
X, =2; X2=3
ni topamiz. x, =2 chet. ildiz, aniglanish sohasiga kirmay
(maxraj 0 ga teng bo‘lib goladi). Demak, yechim x=3.
Javob: {3}
4-misol. (n~29r1-2)(x—3X7—4)=1 tengjamanj yechingj
(X +N(x +2)(x +3)(x +4)

Yechish: Kasming surat va maxrajidagi gavslami sodd
lashtiramiz.

(x- D(x-2)(x- 3)(x- 4) =(x2-3x +2)(x2- Ix +12) =

=x4- 10x3+35x2- 50x +24:

(X +1)(x +2)(x +3)(x +4) =(x2+3x +2)(x2+Ix +12) =

=x4+10x3+35x2+50x +24.
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Topilganlami tenglamaning dastlabki ko‘rinishiga go’-
yamiz:
x4-1 Ox3+35x2- 50x +24 =x4+1Qu3+35x2+50n: +240
<x3+5x =00 x(x2+5)=0.
) x, =0 2)x2+5=0=>x2=-5<0=>xe0.

Javob'. {o}.
5-misol. Tenglamani yeching:
1T gl ol I -

X(x+1) (xX+D)x+2) (xX+2)(x+3) (x+3)(x +4)
Yechish: Aniglanish sohasi x*0;-1;-2;-3;-4 dan ibo
rat. Berilgan tenglama quyidagi tenglamaga teng kuchli:

' LU ! (LY A — S [ G — —1
XX+ VAT "x+2) VP42 x+3] WK+3. x +4]

Qavslami ochib, soddalashtirgandan keyin —-----— =2
X x+4

tenglama hosil bo‘ladi. Maxrajdan qutulib, x2+4x-2 =0
kvadrat tenglamani hosil gilamiz va x12=-2 -6 ildizlarini

topamiz.
Javob: {-2+V6}.

Mustaqil yechish uchun mashglar

1.1-misol. Quyidagi ratsional tenglamalami yeching:

1 =i 2 * + s=F- 1

1
x - 20 X X + 2 (x+ D+ 2) X + 1
i 5 3x +3 2x2+8 2 1 2x -1
______ I =— - 4 = + —
2x + 2 x2-1 -x+ 1 X+1 x+1
Ax x+1 x+2 * £ 11 X +3 7x+6
_— FH —————-=3 6. + -
X + 2 X 5x-5 Xz-2x+| 5x2-10c+5 2-2r
h~x x+3 x+5 , x -8
, -=12x - 18
- X’ X—=X* xX#X: 2x-4
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2+1 4x2-5
9. A X X

T x2 ? 0 30+2 x2+6
n _ X+2 X(x-4) x-2 4(x+3
vi. 2-M2 2-M =2 12'x-2 X2-4  X+2 4-x2
13 3 1 14 iy 2X 1

. 3
X?-9 9-6x+S 2Z5H6x 3(x2-1) 3(1-x4) x1+x2
1.2-misol. Tenglamalami yeching.

3 x+1 \- x( n 2X +2 _
2Xx+1 x+1/2 » 2 2(x+V/2) 2x+1

2 T(x - 2)(x - 3)(x-4) __2
(2x - 7)(x +2)(x - 6)
X2+X+2 X2+X +6
" 3xr+5x-14 3x +5x-10
{2+B\2 g 2-
x2-9

1.3-misol. Tenglamalaming ildizlarini toping.

10 A 6

| ++ ++ +1 =M 2 - =
e B ox B g, xt2 o xo
T x-11 I+ 7o
2+ l+
X Xx2-1 x?-4 x2-9 X1-81

=10 1 -+- 1 I -1
(X-D(x+9) (x- 2)(x+8) (x- 9(x+1)

5. Agar x=1+ 1 bo'lsa, (7x-4)2ning giymatini toping.1

A/

X
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2. Belgilash Kiritib yechiladigan
ratsional tenglamalar

Bu turdagi ratsional tenglamalarni yangi o‘zgaruvchi Ki-
ritib yechamiz.
O”'c2+x—5+ 3jc

1-mis
X' +x-5

=4 tenglamani yeching.

+ -5 3

Yechish'. 5-2---;(-----=y belgilash Kiritib y +~=4 tengl-
mani hosil gilamiz.

Almashtirishlardan keyin:

y+3 a=floy2:4y #3_@;\y2-4y +3=0
Yy Y [y* O

y2-4y +3=0 kvadrat tenglama ildizlarini Viyet teore-

masi yordamida topamiz:

LY +Y22h_ g,
L* 'y2 =3
Shunday qilib, berilgan tenglama ---t)-(-=§-=1 yoKki
-)@-‘fj-Jr-C-f’ﬂ tenglamalar juftligiga teng kuchli.
j) x~_-kx--5_, _0=> =0 = _5=° =x, 2=4+yfs.
X X | x*0
iis X2+X-5 3:6':>X2'2X'5:o k2-2x-5 =0=>>Q,, =1¢V%.
X X | x*0
Javob'. 1—V6;1+6;—Vs ; V5}

2-misol. (X+2)2+§</’\°%fx =18tenglamani ildizlarini toping,

Yechish: Tenglamaning aniglanish sohasi:
X2+4x MO=>Xx(X +4) * 0 =x* 0, X * -4.
Qavslami ochib, tenglamani quyidagicha yozib olamiz:



24
X +4X+4 +- = 18.
X +4x

x2+4x =y belgilash kiritib,
y+4+—=\8<>y+— - 14=00 N ~14""2—=0
ni hosil gilamiz. Bundan

[y2-14y +24=0
\y* 0

=>y,=2;yr=12 .

1) "2+4x=2=>x2+4"-2=0,D=16+8=24 xX12= "y =-2+ V6 ..

2) X2+4x =12=>X2+4 x - 12=0=>xr=-6; x4 =2 .
Javob: {-2-V6 ;-2 +T6;- 6; 2}.

3-misol. =- tenglamani yeching.
n-12 n-6 6 J y g
Yechish: Tenglamaning aniglanish sohasi:
X-6*0  \x*6

x-12*0  [x*12

=/ belgilash kiritamiz . va /-l==>6t ~6 =0>
12 t 6 t

%‘6&_6 =0 n- gijamiz Sistemaning birinchi tengla-
masini yechamiz:
5+13
12 1 3 22
Topilganlarni belgilashga qo‘yamiz va berilgan tenglama
X-6
x-12

yoki ;?Ig :-2tenglamalarga’ekvivalent bo'ladi.

X-6 2 f3(x-6) =-2(x-12 5*=42 fx=84
ﬂ------ = =N (x-6) ( ) :>-L =< =x=8,V|
“x-12 3 |x-12*0 Ix*12  \x*I2
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X-6 _ 3 !2(x-6)=3(x-12):>éx=24

| =
) %1272 - 2% 0 Tx*12

=X =24.

Hosil gilingan ildizlar aniglanish sohasiga tegishli.
Javob'. {8,4;24}.

4-misol. =~ tenglamani yeching.

Yechish'. Berilgan tenglamani maxrajidan qutulib, sod-
dalashtirilsa, 4-darajali gqaytma tenglama hosil bo‘ladi. Buni
boshgacha usulda amalga oshirsa ham bo‘ladi. Tenglamani
surat va maxrajini X2 ga bo‘lamiz:

(x2- 2x +1)x
2 2'

(x2- x+1)2

x+- =y belgilash kiritamiz va ‘ =—9 ni hosil gilamiz.
X

(y-1)
Bundan 9y - 2) =2(y2- 2y +1)=2y2- lly +20=0

1343 5
R !

ni topamiz. Topilganlami belgilashga go‘yamiz:

5 X+- =—=2x -5x +2=0 =>X,, =-5-}L-§=>x. =27 X, =—l,
X 2 4

2
) =4 ArH1=0=>x 450 =22VIw, =
-2-V3 ;x4=2+1/3.

Javob'. 12;- ;2+13 |.
misol. x24+Af=— [ - - - . ing.
5-misol. x2 Xf : kz QJ tenglamani yeching
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3
Yechish: Aniqglanish sohasi: x*0. X =/ deb bel-

gilash  kiritamiz. Bundan Q(—S
% X,

::>X2+ J —ii +3 ni topamiz
4 X P '

Oxirgi tenglikning ikkala tomonini 4 ga ko'paytiramiz
va x2+”"=4f2+12 ni topib, tenglamani dastlabki ko‘rinishiga

x1
go‘yamiz. Natijada 4}'I+12=£2f yoki 5/2-28/+15=0 teng-:

lamani hosil gilamiz.

1 ;_ 3;3’\ 512 6:c_30=0=X1 6+2-s/159 3+VI59 ,
X

-10x-6 =0=>x12

x: +5x+10
X2+7X+12
Yechish: Aniglanish sohasi:
X2+Ix +12 =(x +3)(x +4) * 0 =>x* -3 ; x* -4.

Tenglamani quyidagicha shakl almashtiramiz:
(X2+3x +2)(x2+7x +12) =15(jc2+5x +10)
(X +D(x +2)(x +3)(x +4) =15(x2 +5x +10)
[+ 1)(ac +A)][(X +2)(x +3)]= 15(je2 +5jc+10)
(x2 +5x +4)(jc2 +5c +6) =15(x2+5¢c +10)
x2+5x =y belgilash Kkiritib, (y+4)(y +6) =15(y +10)
tenglamani hosil gilamiz. Bundan

6-misol. x2+3x+2=15 tenglamani yeching.
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y2+\0y +24 =15"+150=>/ -5y - 126 =0.
Viyet teoremasidan
J>i+%=5
b, =-126
1) X2+5x=-9 0 x 2+5x +9=0, £5=25- 36 =-11 <0=>xe 0 .
2) Xx2+5x=140x2+5x-14 =0 .
Viyet teoremasidan

[x, +x, =-5 Al
1x, x2=-14 :>'q1_-7 X 3_2'
Javob: {-7; 2}.

Mustagil yechish uchun mashqlar

2.1-misol. Quyidagi ratsional tenglamalarni yeching:

X 10-x = .1 1 n
1. S p— =25 il e e e
10-x X X +4 x +5 30
3 1 1 :_1 .>_(.2..-'._;I-+/\L =-2
XX+ X +2x+5 12T x o xd+H
5 X2:3X, X-2_ =25 6 X3 yx2raxFO_
X-2 X'-3X X +4x+9 X-3
v x2+x+2+x2+x+6: . _2 _ (X_Z}jHZ_Z, :G’l
X X+ X< +x+3 C(x-2)*
o S g

. =- 10. 5 8
(x+D)(x+2) (x-1)(x+4) 2 x(x+4) (x+1)(x+3)

2.2-misol. Tenglamalaming hagqigiy ildizlarini toping.

, (x2+1)x 10 2 (x2+1)2 =625
T (x2-x +1): ~ 9 TxX(x+1)r ¢ 112
(x2+X+1)2 49 4 1+x4 17
T (x+1)2(x2+1)~45 (1+x)4 —81

5 48, Ix 4) £ 24 12



7. N1 — 1
X* (x+1J 8
1 1
T BX2-TX 42 12x2-17X +6
. 1 1 =3X - 4x
6x2- 5x+1 2x2- 3x+1
-6 1 2x2 4x4+12
10. — +°N[+
9 X& 3 9x
2 x} 2 x2 4
s, M 307 +1T 3"

=4x -5x

3. Maxsus yoMlar bilan yechiladigan
ratsional tenglamalar

3.1 kﬁfﬁ%ﬁ&-’\-:A ko'rinishidagi tenglamalar

Bu turdagi tenglamalami yechish uchun tenglamani
hadlari ikkitadan qilib guruhlanadi va ular ustida algebr

almashtirishlar bajariladi.

1-misol. 1 l-l--£|'--+---]-'--|-- 1 =0 tenglamani yechin

x-1 x-5 x-6" Xx—4

Yechish: Bu tenglamani maxrajidan qutgarib, kva
tenglamaga keltirib yechish mumkin. Bunda ishimiz juda mi
rakkablashib ketadi. Mos kasrlami guruhlasak, tenglama so
da holga keladi:

1 +1.9 1— L)-o0- 2x-11 2x-11 )

Vc-4 x-1) vx-5 X-B} (x-4)(x-7) (x-5)(x-6)

Ko‘pchilik oxirgi tenglamani ikkala tomonini 2x-11
bo'lib yuboradi. Bu go‘pol xato hisoblanib, 2x-11=0=>x=
tenglamaning ildizi hisoblanadi.
(Zx'll)\ix-zl)%x-?) (x-S)%x-e) e (x(?le-)txl?(g(-xl- I6X>(+x2-9 )7)
1) 2x-11 =0 =>x, =5,5.
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2) x2-11x +29=0,D =121-116 =5>0=>x,, =U £ /|

Jhvob: 75 - V5 A
2
a.x+h ' 8y +b* e .
3.2. ~< ¢ += Jr B ko'‘rinishidagi
tenglamalar

Bu korinishdagi tenglamalarni yechishda tenglamada
gatnashgan har bir kasmi butun va kasr gismlarini ajratib
olamiz va 3.1 ko‘rinishidagi tenglama kabi yechamiz:

a, +- 4‘0'—+a2+-'e‘—+-- +a,, +-R—= B.
X+, X+c2 X +c,,

2Tl
Vx+1 x+4) v X+2  x+3]

tenglamani yeching.

Yechish'. Tenglamada gatnashgan har bir kasmi sodda
kasrga keltiramiz:
24-5x _29- 5(x+1)_ 29 4 5-6x _29-6(x+4)_ 29

= ; = = 6
X+1 X+1 X+1 X+4 X+4 X+4
17-7x _31-7(x +2) 31 ?,8x+55 31+8(x+3) _ 31
X+2 X +2 X +2 X +3 X +3 X +3

lopilganlami tenglamaning dastlabki ko‘rinishiga gqo‘yamiz:

3If— -5 +4-7--61+370=29T"--7 +~ - +8
VX+1 x+4 ] "% +2 X+3

31 294—+—) 341 +370 =29 +29 31 » +-
Vx+1 x+4y Ix+2 X +3,

Soddalashtirishlardan so‘ng tenglama yuqoridagi 1-mi-
solni yechish usuliga keladi:
1 +1 1 l
X+l x+4 x+2 X+3
J_ 1. =_1__ 1_
x+1 x+2 x+3 x+4
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1 1
(x +1)(®+2) (x +3)(x +4)
(e F (X +2) =(ic +3)(X +14)
4jc + 10 = 0
Xx=-25
Javob'. {-2,5}.
ax+h A ax+h ax+b. A

3.3. p,x2+q,x+r, pXx2+gXx +12 prx! +q,x+rt

ko‘rinishidagi tenglamalar
Bu ko'rinishdagi tenglamalarni yechishda tenglamada

gatnashgan har bir kasmi sodda kasrlar yig‘indisi ko‘rinishiga]|
keltiramiz va 3.1 ko'rinishidagi tenglama kabi yechamiz:

i+ h "
Bm ="
Pix +<g*+I i+ x+[
X +1 X+6 X+2 X+5

3-misol
X2+2X je2+12jc+ 35 jo +4jc+3  j2+1(c+ 241

tenglamani yeching.
Yechish: Tenglamada gatnashgan har bir kasming max-J
rajlarini ko‘paytuvchilarga ajratamiz:
je2+ 2jc = x{x+2) ; Xx2+12*+ 35 = (jc+ 5)(jc + 7);
X2+4jc + 3 = (je+ 1)(jc+ 3); jc2+ 10jc+ 24 = (jc+ 4)(X +6).
Har bir kasming suratini 2 ga ko'paytirib, quyidagila
hosil gilamiz:
2(X+ 1) = je+ x + 2; 2(jc+ 6) = jc+ 5+ jc+ T;
2(jc+ 2) = je+ 1+ jc+ 3; 2(jc+ 5)=x+ 4+ jc+ 6.
Topilganlami tenglamaga go‘yamiz:
,Cp+,[p+2_+.jc+5+jc+7 jc + 1+jc+3_+_X+4+ >+ 6
e +2) (X +5)(jc+7)  (e+1)(jc+3) (x+4)(;c +6)
1,1, 1 o 11 I 1 1
X x+2 je+5 x+1 x+1 x+3 x+4 x+6
Tenglamaning mos hadlarini gumhlaymiz va quyidaj
tenglamani hosil gilamiz:
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7(+!17 g2 = % +5)” o !x¥6\)/ it §<!+_4I)
2x +1 22X+l 2x+ 2x +1
X24+TX XD 10 xR dx B 27X 412
Demak, berilgan tenglama quyidagi ikkita tenglamaga
teng kuchli bo'ladi.
1) 2x +7 =0 =X, =-3,5.
1 1 1 1
X +Ix+x +7x+10 X +7X+6 Xx*+7x +12
Ikkinchi tenglamani yechish uchun x2+7x +6=u deb

belgilash kiritamiz:

fi+
\X

2

1 -+l _____ 1= __1 1 1 1 1
u-6 u+4 ”u u+6 u-6 u+6 wnu u+4
3 1 K2 +6m +18

M-36 M+ o +)M- )U+6)
n2+6mM+18 =0 tenglama haqiqiy ildizga ega emas,
chunki D=36- 72=-36 <0. Bundan ikkinchi tenglamaning
yechimga ega emasligi kelib chigadi.
Javob: {-3,5}.

34 ax2+tbxteg, ax2+bx+c, | a,x2+bX+c, 5
a,x +fi, ax +p2 a,.x +fiH

ko'rinishidagi tenglamalar
Bu turdagi tenglamalami yechish uchun tenglamaning
°‘ng tomonidagi har bir hadi quyidagicha yozib olinadi:
a,x2+b,x+c, B

ax+/Ai N :Y1X+S_l+ a,x +/1

A’?—misol. ................
X+1 X+4 X+2 X+3

tenglamani yeching.
Yechish: Tenglamada gatnashgan har bir kasmi sodda
kasrga keltiramiz:
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X2+2x +2 (X +1)"+1=X+1.+____l__.
X +1 X+\ x+1
X2+8x +20 (x+4)2+4 _
X +4 x+4 X +4
X2 +4x +6:i(x+25§+2:X 2
X+2 X+2 X+2
X2+6x +12_ (x+3)2+3_
X+3 - X+3 B X+3
Natijani tenglamaning dastlabki ko'rinishiga go‘yamiz:
P PR, S, 1L VIR ]
X +\ X+4 X+2 X+3
! mrm? 2 grm’
x+1 x+4 x+2 x+3
_4 3. =2 1
X+4 x+3 x+2 x+1
X X

(x +3)(x +4)  (x + )(x +2)

1) x=0 X, =0 2) (x+1)(x+2)=(x+3)(x+4)=>4x=-10=>x2=-2,5

Javob: {-2,5; 0}.
AX Bx

3.5. XD X+C ax2+hX +C D kolrinishidagi tenglamalar

Bu yerda ABD*0 va ac* 0. Bu tenglama y:ax+;(<

belgilash kiritish yordamida 'y"éFQ'JszD ko'rinishgs(
keltirib yechiladi.
5-misol. i 3 =1tenglamani yeching.

4x'-8x +7 4x' Qx+7

Yechish: x =0 Dberilgan tenglamaning ildizi bo‘lmaga
ligi sababli, har bir kasming surat va maxrajini x ga bo‘lami
va berilgan tenglamaga teng kuchli tenglamani hosil gilamiz:

4 3

=1
4x+— 8 4x+—10
X X
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4x+7- =y belgilash kiritib, -fl--- +---§---=I tenglamani
X y-8 7-10

hosil gilamiz. Bundan

+

y-8 7-10 - 8)(™ - 10)
\y2 25y +144_0=>y,
1(> 8)(7-10)*0 ‘e

1) 4X+- =904x2-9x +7=0£>=81-112 =-31<O=>xe0;

=9y, =16.

2) 4X+-X:1604x2- 16jc+ 7=0, D=1256-112 = 144 > 0.
16412 1 7
*12- g =jd- 2'X2_2'
fi ni
\]aVOQZ‘I I/I l—
+AC+C  gp. +s.ac +C_ \,  aX +tAI+c
56, &'Tﬁzx T T .y v
AX

ax2+ - (/1 * O, ac * 0) ko'rinishidagi tenglamalar

Bu turdagi tenglamalar ham yuqoridagi tenglamalar ka-
bi y =ax+- belgilash kiritish yordamida yechiladi.

B-misot, Xprixxd _x2:x x4 %& tenglamani yechmg,
]

2 7x+4 x2+x+4
Yechish: Tenglamada gatnashgan kasrlaming surat va
maxrajini x*0 ga bo‘lamiz. Natijada
X+-4+5 X+4— 1

_________ +— T— - =0
x+Z—'7 X +- +1§
X X

yoki
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/45 +1) +3(/- DE- T)+13(r+)(/- 7) 19r2-84/-55

(t+w-T) * a+i)(/-7)
::.1‘49/2-84/-55=0An’:841106:>t’_ 11; ) g
V*-1,/*7 2 38 1 19 2

Belgilashga qaytamiz:

1) x+- =- — =>19x2+11x +76 =0;£>=112-762<0O=>xe0;
I 19

2).X +—=5=>X2-5x +4 =0=>x, =1; x2=4.
n

Javob: {L 4}.

OETI Mustaqil yechish uchun mashqlar

3.1-misol. Tenglamalaming haqiqiy ildizlarini toping.
1 f 38
X-1 x-2 x-3 x+6

gl iyl 1ol @
X x+1 X+2 x+3 X+4

4«1 .1 1 1 5
j—8 X-6 XxX+6 x+8
2 5 3 4
. + = +-
X+8 x+9 x+15 x+6
____5__+ 4 + 21 5 H 4 +_21
je—1l X+ 2 X-3 x+1 x-2 x+3

X +1 X +2 X -1
x+l+ x+5= x+3+ X+4

2
X-1 X-5 X-3 X-4

§. x+1+ x-2+ x-3+ x+4=4
Xx—1 x+2 XxX+3 x-4
4112 +19f~ + =17f1 1" +H+"x
AX+3 X+1) VX +4 X+6

128



X+4 Xx-4 Xx+8 x-8 8
. + = +
x-1 x+\ x-2 x+2 3
X+2 X+6 x+10

+ +

X+ X+3 X+5

3.3-misol. Tenglamalarni yeching.

lx2+4x+4 2x+6 x2+x+1 2x+9

X+4 X+2 X+ 1 X+3
y X2 +X +I+ X2+2X +2 X2+3x+3 x2+4x+4_d,
' X+ 1| X+2 X+3 X+4

3.4-misol. Ratsional tenglamalarni yeching.

4x 5x 3
x2+X+3 X2-5Xx +3 2
2X I
— —r-~- , "—-=1
3X2- X +2 3Xx2+5x +2
3X 2X
2X - 4x +1 " 2x: - 6x +1
2X 3x 7
4- + -

XT-2Xx+7 X +2x+7 8

3.5-misol. Quyidagi tenglamalarni yeching.

lx2-13x+15 Xx2- 15x +15 1
Xx2- 14x +15 x2- 16x +15 ~ 12
x2- lOx + 15 3x

X - 6x +15 X - 8x +15

4. To'la kvadratga keltiriladigan
ratsional tenglamalar
. 9X; .
1-misol. — 3™ =7 ten@aman*yeching.

Yechish: Tenglamaning chap tomonida yig‘indining
to'la kvadratini hosil gilamiz:
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=y belgilash kiritamiz va y -6y-7 =0 kvadrat
3

tenglamani hosil gilamiz. Viyet teoremasidan bu kvadral]
tenglamaning ildizlarini topamiz:
j(y;y2:6_:*v|=-’l;n='}1.
Berilgan tenglama quyidagi tenglamalar juftligiga ekvif
valent bo‘ladi:

-=-] X2+x-3 =0
x-3 X2-7x +21=0
x2__7 .3
-3 X

-1+Vi3
1) X2+x-3=0,0 =1+12=13>0=>xu =

2) x2-7x +21=0, £=49-84 =.-35<O=>xe0.

Javob: f-i-nd3 - 1+V13

2-misol. +[~ [) =a(°_1) tenglamani yechin

Yechish: Tenglamaning chap tomonida tolla kvadr
hosil gilamiz:



-X4,£|._—1:j' yangi  o‘zgaruvchi  kiritamiz  va

y2-j +a(l-a) =0 kvadrat tenglamani hosil gilamiz. Viyet
teoremasi yordamida bu tenglamaning ildizlarini topamiz:
\Yx+Yr=\

W Y: =a(\-a )YX a\y2=\-a.
2Xr 2x2
Bundan berilgan tenglama o1 =a yoki ] =l-a
tenglamalarga teng kuchli bo‘ladi.
1) 22 —a=(a- 2)x2=1, bundan ad2 da

a=2 da tenglama y2-y -2=0 ko‘rinishga ega bo'lib,
y{=-1; y2=2 ni hosil gilamiz.

a) ;9/_— =-1 >3x2=1:>x=i\J/3 =+ .

3
2x2
b) == =2 tenglama yechimga ega bo‘lmaydi.
2x2
2) =1- ==(@+\2=a-l, bundan a*-\ da

X§p = — - bo'ladi.
Va+1
a=-1 da ham tenglama y2-y-2 =0 ko‘rinishga ega
bo‘lib, W= -1; >2=2 ni hosil gilamiz. Bunda yuqoridagi 1-hol
takrorlanadi.

2*2 _ r_.
a) T 1:>8x§ 1:>x+\B 3

2

b) X—le =2 tenglama yechimga ega bo‘Imaydi.



Javob: a=2 va a=-1da tenglama x:i’o)@ ildizlarga

ega. a*2va a*-1 larda tenglama xI2=+J—2 |

a '11 ildizlarga ega bo'ladi.

Mustagqil yechish uchun mashqlar

4.1-misol. Quyidagi tenglamalarni yeching:

1 x§+--g§-)-(- -11 2. X245~ =40
+5)2 (x+9)
2, 4x2 25%2 74
3. x“ 4+ =5 4. X2+-
X (x+2I : T
B 3y -2y =2 6. X2+
(X+Iy 9
7 1m =1
X2 (x+I)

4.2-misol. Tenglamalarni yeching.

Tad TG 70 2 0y NNy T

5. Birjinsli tenglamalar

Ta'rif. al0p”(x) +alp™-'(x)q(x) +— +antp(x)q"-"(x)
+a,,0”°(x) =0 (1) ko‘rinishidagi tenglamalarga bir jv
tenglamalar deyiladi.

Bu yerda a0* 0 va a,, a2 koeffitsiyentlardan
mida bittasi noldan fargli. p(x) va q(x) lar biror funksiyalar

Bu tenglama quyidagi usulda yechiladi:
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.fpgx) =0 _ :
*jA(x)-0 slstema yechimga ega bo‘lsa, bu yechimlar

berilgan (1) tenglamaning yechimi bo‘ladi.

2) Tenglamaning ikkala tomonini g"(x) ga bo‘lamiz v
ushbu
f +, PX)’ fP(x)S+a” =0 (2)
Uwl Uwl [a(x))
tenglamani hosil gilamiz.
P(x)

400 =y belgilash kiritgandan keyin (2) tenglama quyi-
dagi ko‘rinishga keladi:
aly” +4,/'1+" +a,.ly +a3,=0 (3)

(3) tenglama ko‘pi bilan n ta ildizga ega bo‘ladi, ya’ni
yt,y2 ildizlar bo'lib, bu yerda m<>n. Endi berilgan (1)
tenglamaning ildizlari quyidagi tenglamalaming yechimlari-
dan iborat bo‘ladi:

p(x) p{x) p(x)
i B L

1-misol. (x2—+1)4—6x2(x2— +1)2+5c4 =0 tengla-
mani yeching.

Yechish: Berilgan tenglama p(x) =x2- x +1 va g{x) =x
ko‘phadlarga nisbatan bir jinsli tenglama hisoblanadi.

f>*_n-1=o
=0

2. x=0 berilgan tenglamaning ildizi bo‘lImaganligi uchun

uning ikkala tomonini x4 ga bo‘lamiz va natijada ushbu
"X1-x + 1 fX2—X+ i\
VX )l A
tenglamani hosil gilamiz.

sistema yechimga ega emas.

+5=0



n2-X+1 =y pelgilash kiritib, / -6y +5=0 tenglamaning

ildizlarini Viet teoremasi yordamida topamiz:

brn=5
rx2-x +\ X2-X +I_ﬂ.
X ]
X2- X +1

a) *
=0=>(x-1)2=0=>x-1=0=>x,2=1

)

=|=>x2-x +| =x=>x2-2x +| =

X -x +l _

b) =-1mx1- x+1=-x =>x2=-1<O=>xe0.
g) A2 5oges¥? X loyg
)
a) X1-X +1=-Jsx =>x2-(Js +l)x +|1 =0, D=(V5+)2-
=2+2s/5>0
V5 +1+a2+2\V5

b) x2-x +1=-n/5x=>x2 +(n/5-1)x +1=0,
D=(5+1)2- 4=2- 2/5<0 xe0.
f, V5 +1+=2+2nH 1

Javob
r * f-

2-misol. x2(x - 1)2- 8(x - 1)2+x2=0 tenglamani yeching
Yechish- Tenglamani bir jinsli tenglama ko‘rinishig
keltirib olamiz.
X2(x - 1)2- 8(x - 1)2+x2=0
X2(x2-2x +1) +x2-8(x-1)2=0
X4+x2(-2x +1) +x2- 8(x- 1)2=0
X4-2x2(x-1)-8(x-1)2=0

134



Oxirgi tenglama p(x) =x2 va q(x) =x - 1 ko‘phadlarga
nisbatan bir jinsli tenglama hisoblanadi. Ko'rinib turibdiki,

IX sistema yechimga ega emas. x =I berilgan tengla-

maning ildizi bo'Imaganligi uchun uning ikkala tomonini
(x-1)2 ga bo‘lamiz va natijada ushbu

tenglamani  hosil  gilamiz. §<_)§_1_:t belgilash  Kiritib,

r2-2/-8 =0 tenglamaning ildizlarini Viet teoremasi yor-
damida topamiz:

f,+'2=2 , o,
I/, 2=-8 )
l) - = -2 =>X2=-2Xx+2=>x2+2x-2 =0,
Xjp =— N N=14+V3E>x =-1- V3 ;x2=-1+/3.
1
A =4=>X2=4X-4=>X2-4X +4 =0=>(x-2)2=
2) x-1

=0=>x-2 =0=>x,4=2

Javob: {2; 4+>/3}.

3-misol. (x2+x- 4)2+3x(x2 +x - 4) +2x2=0 tenglamani
yeching.

Yechish: Berilgan tenglama bir jinsli tenglama bo‘lib,
Uni ko'paytuvchilarga ajratish yo‘li bilan yechsa ham bo'ladi.

x2+x-4=_v Dbelgilash kiritamiz, natijada y2+3xy+2x2=0
tenglamani hosil gilamiz. Bundan
y +X=0 Xx2+2x-4=0 =-1£V5

1 fHv+2x)=00
y +2X=0  x2+3x-4=0 x3=-4;x4=1.

Javob'. {-4; 1 -1 £V5}.



- XH2y g, X204 ]
4-misol. SM_'JJ' _ 44 ] +12 0 tenglama
ni yeching.
Yechish: Tenglamaning aniglanish sohasi: x2-1*0=>
X *+|
X tenglik o‘rinli. Demak, tenglama -— =n
x' -1 x+l x-1 X +1

va X*2=y funksiyalarga nisbatan birjinsli ekan. Bundan

X-2

0 X=2
X +1
x=-2 =xe0.
D X+2
= X * =+ |
x-1
2) Berilgan tenglama sm2+12mv-44v2=0 Kko'rinis

kelib, wuning ikkala tomonini v2 ga bo‘lamiz va(

5 -1 +12[ —I—44=0 tenglamani hosil gilamiz.

- =t belgilash kiritib, 5/2+12/-44 =0 kvadrat tengla-
\

mani yechamiz.

D =144 +4-5-44 =1024 =322, /.3=~12+32 =>/, = -— ;t2=2.
12 10 1 5 2

a) - = —=x~X*-2)=_22" X2_3x+2)+22(x2+3x+2)=0=
v 5 (X+D(x+2) 5
= 21x2+51x +54 =0 =>9x2+17x +18 =0,
D =289-4-9-18 =-359<0=> xs0
b) -=2=> =2=>X2-3X +2=2(x2+3x +2)=>x2+9x +2=0,1
x+)(x+2)
§=81-8 =730, x,j = =77

Javob: -9+ VI3
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3. X(7 - x)(7 +x2) =12(x +1)2 tenglamani yeching.

Yechish: x=-1 tenglamaning ildizi emas. Tenglama-
ning ikkala tomonini (x +1)2 ga bo‘lamiz va
X(7-x)(7 +x2) _i2 ki +UU =n
(x+1)3 U +1J1 X+1]
ni hosil gilamiz.
2= va x+--E=v deb bel%llash kiritamiz. Bundan
X +ly X+l
hv=12 va M+V=j({/—x—]+1y+ Fr_l__xjr_l(XH)H_? -X +X=7
o'rinli.

Quyidagi \u+v 7 sistemani hosil gilamiz. Viyet teore-

[mv =12

masidan 1*1  va i"2 4 lami topamiz. Belgilashga qay-

Iv, =4 [vj =3

tamiz.

1) { — 1=3=>x2- 4x +3=0=>%, =1, x2=3,;
)X[x+l) X2- 4X X, =1, X

2) L+[—4 >x2-3X +4=0=>£>=(-3)2-4-41 =-7<O=>xe0.
I X+1]

Javob: {1; 3}

Mustaqil yechish uchun mashqlar

5.1-misol. Tenglamalaming ildizlarini toping.
1 (x-2)2(x + 1)2-(x-2)(x2-1)-2(x-1)2=0
2- (X2+1)2+5(x4-1) - 6(x2- 1)2=0
3-(X2-X +3)2-3(x2-X +3)(2x2-x + 2)+2(2x2-x +2)2=0
4-2(X2+6x +1)2+5(x2+6x +1)(x2+1) +2(x2+1)2=0
5- (*2-16)(x-3)2+9x2=0
6- (x2+4x +8)2+3x3+14x2 +24x =0
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7. (x2+x+1)2=x2(3x2+X +1)
8. X4+5x2(x+1) =6(x+1)2

9. x4-(x-1)(5x2-4x +4)=0.
5.2-misol. Tenglamani yeching.

L2(/ "] +45m—7— =0
X +U Kx-\J x2-1

2. | 1xil2+Ex£i=i2 fN
-2) x-4 Vx-4

6. Turli usullarda yechiladigan
ratsional tenglamalar

Endi turli usullarda yechiladigan ratsional tenglama™
ko‘rib o‘tamiz.
X*+ X +2 X!+X +6

"1-misol. = == tenglamani yech
B0 T ¥Bx-14 axkabx-10 ganantyech,

Yechish'. x2+x+2=a vsi 3x2+5x-14 =1 belgilash”

kiritamiz. NatiJjada F:b+4 0 ab+4a=ab+4b0 a=b o‘rinll

Demak, berilgan tenglama x2+x+2=3x2+5x-14 te*
lamaga teng kuchli. Bundan x2+2x- 8=0 kvadrat tengl
hosil qilib,

[ +x =-2
=>xx=-4; x2=2
% xa=-8
ildizlarini topamiz.
Javob'. {-4; 2}.

JC3 + JCN J +1C

f
2-misol. 4l =3x tenglamani yeching.
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X pelgilash kiritamiz, natijada \
3 [V+x=3Vv
sistemani hosil gilamiz. Sistemaning birinchi tenglamasidan
ikkinchisini ayiramiz:

(Y- x)(y2+xy +X2) + (v - x) =3(x - Mo (y - X)(y2+xy +x2) +

Yechish: y-

+3(y- x) =0<>(y-x)(y2+ xy + x2+?) =00 T
y2+xy +x1=-3.
y =x dan x3+x=3x x(x2- 2)=0 tenglamani hosil gi-
lib, x, =0 va x2}==JI ildizlarini topamiz.

yl+xy+x1=-3 tenglama yechimga ega emas, chunki
ikkita sonning chala kvadrati har doim nomanfiy giymatlar
gabul giladi.
Javob: {0;£V2}.
. v_4g x_50 49 50
3-misol. % + i _*-50+x-49
Yechish: Aniglanish sohasi: x* 49; x* 50 dan iborat.

teng&amani yéaching6

*.49 50 49 i-50 _ (X-49)2- 502 _492- (x - 50)2
50 x-49 " x-50 49 50(jc-49) ~ 49(x-50)
(j- 99)(jo+1) _ (99 - x)(x-1) _ (ic-99)(jc+D) 1(jc-99)(x-1)

50(x - 49) 49(x-10) 50(x - 49) 49(x - 50)
+ -
= (jr-99) X+1 x-1

S0(T - 49)  49(x - 50)
1) X- 99=0=>X =99.
) *+1 x-\ _Q_ 49(x +1)(x-50) +50(x- )(x-49)
50(nr-49) 49(x-50) ~ 2450(x- 49)(x - 50)
=0 =>49(x2- 49x - 50) +50(x2- 50x +49) =0">
=>099x2- 490Ix =00 x(99x - 4901) =0=
-4901

- :49@

=X, =0; X. .
99 99

Javob: | 0;99;497) .
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4-misol. 4x2 +3— =? tenglamani yeching.
X

Yechish: Berilgan tenglamada quyidagicha shakl
mashtiramiz:

25 25 10
4X2+1_0 :ﬂ ::>4x2+iO =4 4+— DAX - — =4 — >

3x 9 3X 3X

KHIHHHHHIH-SH

Oxirgi tenglikning har bir gavslari ichidagi ifodani O
tenglaymiz:

1) 2x-- =0=>2x=-=>X=—
3 3 6

1

2) 2x e —=0=>6X2—5jc —6 = 0; D= 25+'144 = 169 = 132;
X

5+13 2 3
*11- 12 =>*1- 3'*2%2

Javob: .
I 3 2 6j

a.tM ustaqil yechish uchun mashqlar

6.1-misol. Tenglamalami yeching.

(x-2f=6-~-2x 2.— X +8x+a eR
X +Ix+a . +sXx+a
= 1 1 10 je- 9, x-10 10 9
--------- — 4, = 4R
3'7(-F (x+2)T 9 10 9 X-9  x-10
19
6. Az £
{x+\A x+\J 1-x8 Xx'7-1
X*+324
et =43 - 6X.
X +6x +18
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7. Ratsional tenglamalar mavzusiga
doir test topshiriglari

3x1+84r-3
X+3
yig'indisini toping.
A -8 B)-6 C-4 D)4 E)6
Yechish-.  Aniglanish sohasi: x+3*0=>x*-3. Tengla-
maning chap tomonidagi kasming suratini ko'paytuvchilarga
ajratib, tenglamani yechamiz:

1-misol. =x2-x +2 tenglamaning ildizlari

Bx—l)(;+3)_A2— X +2=>3x-] =x2- X +2 =%2- 4x +3=0.
X+

Viyet teoremasidan

Demak, ikkala ildiz ham aniglanish sohasiga tegishli.
Bundan xi +x2 =4 ekanligi kelib chigadi.

Javob: D)4.

2-misol. x2+x- 2=X X+x1—- tenglama ildizlari ko'payt-

masini toping.
A4 B)-2 C6 D)4
Yechish: Aniglanish sohasi x2-1 * 0=>x* £1.
Berilgan tenglamani

ko'rinishida yozib olamiz. x* #1 ni hisobga olsak,
(F-1X" 4+ = f=> (7 42) -1 ) =
X+l
*+2=0=>%X, =-2;
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2) x2-2 =0 dan x23= V2 bo'lib, xx x2m3= -2 ¢(-2) =4.

Javob: /1) 4.
3-misol. x2- *L+x- — =0 tenglama ildizlari ko‘paytmJ
sini toping.

A1l 5)0 C)-2 D)-3

Yechish: ~ *(* +l)---2-7-'1‘_—+l] 0» X(X+I)- LIRS
= 0=>(x+1) g
lgr+1=0 X, =-1;
2)x - Lg=o0 =>** =0 =>x3- 27 =0 =>x2=3;, m2=-13=-
X X
Javob'. D)-3.
1+—
F—
4-misol. — +=x tenglamadan * ni toping.
A) — 5) - C) - D) —
)= 5 O; D3
1.
1 + -
Yechish: 1+  —— =x=>l+- =x=>5+x =5x=>4x =5=t-x=
Javob: D) -
4

5-misol. n ning ganday natural giymatida quyid

tenglik o‘rinli?
|0k A e

' ng'l_ n‘j[y‘ ‘M- 2)kI

-3
M50  5)1000 C)100 D) 200

Yechish: 1) f1- - Yi- I"]
Y 3N 2)

J_:
21 OHI 2%



*HHUHHIiH..

y-M -nbbv M '"-aunk
Demak, -M:l_OO =n=100.

Javob: C) 100.

6-misol. x2+3x +-—J->----- =1 tenglama butun ildizlari
2-bXx-X
yig‘indisini toping.
A-3 01 C-5 D3 £)4
Yechish: Aniglanish sohasi:

2-34r-ar2*0=>x2f31- 2" 0=Sjc* — >
Tenglamani yangi x2+3x=y o‘zgaruvchi Kiritib
yechamiz:

+3XH------ A =1=5x 2 + 3x-\~z==>=-f--o—c =1=
X2 2-3x-Xx" 2+3X\2 (x+ 3X)

————] = ~N\\/~N =
>y 73 1=0 y_\£ 0.
y2- 3y-4=0=y, =-1; y2=4. Topilganlami belgilashga
go‘yamiz.
3+
1) x2+3x=-\=>x2+3x+|=0=>, =‘—-2— ,ildizlari irratsional.

2) X2+3x =4 =>x2+3x - 4=0=>x3=1; x4=- 4, ildizlari butun.
Tenglamaning barcha ildizlari aniglanish sohasiga
tegishli va butun ildizlari yig‘indisi x3+x4=-3 ga teng.

Javob'. A)-3.
1 5
7-misol. 5—* 350 =17 tenglamani yeching.
x-50 x+25

M5 B)25 C)10 D)0
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Yechish: 1 -=u va 1 -=v deb belgilash Kkiri

X + 25 Xx-50

tamiz. Natijada

7u+5v lu +5v 17(2y-3u)-7u-5y _
=17=>17---—-- — =0=>
2v-3u 2v-3 1 2v-31
29v-5814
Y =0=>29v- 584 = 0= V=2U
2v-3 U
1 1 _m_2X-100-x-25
Demak, B s 1
x-50 x+25 X+25 x-50 (x +25)(x - 50)
x —125

-=0=>x-125 =0=>x=125.
(x + 25)(jc - 50)

Javob: A)i2s.

8-misol. i +2=0 ten&ama ildizlari koj
paytmasini toping.

A2 Bl C)4 DX

Yechish: =/>0 deb belgilash kiritamiz. Natija

t2- 3t+2=0 kvadrat tenglamani hosil gilamiz va /=1t2=2
ildizlarini topamiz.
Belgilashga gaytamiz:

7 -* 1bo'Hb,

a) =-1=>X=-X +l=>x=— SH-—-—--=l=>x=x-1=>xe0]
x-1 2 X -1

2) (— ) =2 * =%V2 nitopamiz va
ST A P
a) —\]2=5 x = W 2x +-02 =>(/2 +)x=n/2:

x-1
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b) —-—V2AX =V2*-V2=>(1-V2)x =-V2=>

je- 1

M2 -1 2-1
Topilgan uchchala x, =y x2=2 +n/2;88=2-ns2 ildizlar teng-

lamani ganoatlantiradi va [, **2ex3=1.
Javob: B) L
3ab +1 _3ab 2a+1

9-misol. X i
a+l a(a+l (a+1) tenglamani
yeching.
A)a-l B)1 C)a—+111 D)a 4
Yechish: b+l 2a+l x~-§§-t-3—+ & 0'rinli,
a a(a+l) a+l (a+1)3
Fi>+1 2a+l  (3ab+I)(a+1)*- (2a+1)
a a(a+1)2 a(a +1)
_&ba+12+(a+12- (2a +1)
a(a+1)2
_3ab(a+12+a2 a[3b(a+1)2+a] ~ 3b(a+1)2+a
a(a+12 ” a(a+1)2 *  (a+12
t 3ab a2 _3ab(a+1)2+a2_q3za+1)2+3]
"a+l+(a+1)3" (a+1)3 (a+1)3
3bl@+1)2+a _a[6(a+l)22+a] _ a
@+ 1r (a+1)3 a+1
Javob: C) a
a+l
10-misol. are

a?+ax+* ax-x'-a’ x{a" +a%’ +x77 tens-

lamani yeching.

n
)2a2



Yechish: Berilgan tenglamani quyidagi ko‘rinishda yo-

zib olamiz:
a+x . a-x 3a
a2+ax +x2 a2+ax +x2 x(ad+ax2+Xx4)

Bu yerda (a2+ax+x2)(a2-ax +x2)=(a2+x2)2-(ax)2=J

a2+ax+x2 az2-ax+x? ad+aV+x4 a*+aXx2+x4"

Natijada
2a* 3a 2a'x-3a |
ad+aXx2+x4 x(@* +ax2+x4)  x(ad+aXx2+x4)
=2a’'x- 3a=0=>x= - -Ar.
2a3 a2’

Javob: C)~-.
2a2

jgflf Mustaqil yechish uchun mashqglar

7.1-misol. Test topshiriglari.

. Lo 2X - 5x+3
1. Tenglamani yeching: (10%-5) (x-1)
Al BIl;] Ol £)5 £)i

2. Tenglamaning ildizlari nechta? —5—-:-?=O.
X +X

M2 54 C1 D3 £)0
3. Tenglama ildizlarining yig‘indisini toping:
2 1 6
3-x 2 Xx(3-x)
A4 B)7 C)3 £)10 £)0
4. Tenglamani yeching:--—- =—---- .
x-3 x -9
/) -2 5)2 C)I D)-I E)5
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5. X;8=x---2(-§(§ tenglama ildizlari ayirmasining modulini
toping.
A)55 B)5 C)35 D)4 E)25
6. );3_28=6x +1 tenglamaning ildizlari yig‘indisini toping.
A6 D4 C)-1 D)3 £)-2
3x2+4x-4
X+2
toping.

=x2-4x +4 tenglama ildizlarining yig‘indisini

M B)-5 C)-4 D)8 £)7

e _ L
8. x*%x—3+ VIR 2 tenglamaning ildizlari yig‘indi
sini toping.
A6 B)5 C4 D)3 £)2
26 _. e L
9. 5(x+x~:)_| tenglama ildizlari ko‘paytmasini toping.

Al B5 C2 D)24 £)48
10. Tenglamaning yechimlari ko'paytmasini toping:

("H2)-41H) 450

A3 B)2y3 C)6 D)-2¥3 £)1

j j tenglamani yeching.

1 I“ 4+~ P
1H1+_1+_1 1 l+_l+_1

X2 x 2 x 2 x 2
A) 60 B) 70 C) 36 D)1

N {4 ——— =4 tenglamadan x ni toping.

1+—
1+—



AN A0 C6 DI
_ e e F Femmeneoe—= _ 7
W s s s ey 0 s v
/160 B)20 C)40 D)8o

15. 4X-2---7-)-(---_-g—0 tenglamani yeching.

X - 5x+6

A2 B);  O2 D)3

4

16. * **~2=x2+5x+6 tenglama ildizlari ko‘'paytmasiri

toping.
A) -6 B)-12 )-8 £-4

17. -— + v =5 tenglamani yeching.

X-5
A)6,5; 6 B) 5,5; 6 C)-5,5;-6 D)-5,5;6

18, X~+x+l=  —— tengl haqiqiy ildizlari ko‘paylj
+X o Ix englama hagiqiy ildizlari ko‘paylj

+3
masini toping.
A)-2 BI1l C©2 £-1
3xf | x+2 L
19 +——=4 tengl ildizl disim t
v+ X englamaning ildizlari yig‘indisim topingj

AN B2 C1 D)

20. —_— l=— *+2 tenglama ildizlari o‘rta arifmi
x —x—- X -X--

tigini toping.
/42 21 C)05 2)L5
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«“lamaniyeching.

-Of C.,i « f
a2+x a2-x Aabx+lal-2b2 . ) ]
¥N-V T iV ? - tenglamani yeching.
a+b a—b
Ala+b B)—-- C)—- D1
)a o )a+b )
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6-8. KO'PHADLAR

1. Ko‘phadlar ustida amallar

ra’'rif. Quyidagi P(x) =adx*+a/ +aXx 2+..+anlx+a,

ifodaga x o'zgaruvchiga nisbatan n - darajali ko‘phad deyi-
ladi.

Bu yerda a0,al,a2,...,alll,ansR va a0*0 bo'lib,
kolphadning koeffitsiyentlari deb ataladi va nsN. a0 - bosM
koeffitsiyent, anesa ozod had deb nomlanadi.

fCo'phadning darajasi bir bo‘lsa, birinchi darajali ko‘pj
had yoki chizigli ko'phad deyiladi. Ikkinchi darajali ko‘pha[
- kvadrat ko'phad, uchinchi darajali ko'phad - kub ko‘ph

deb ataladi.
Har bir gqo‘shiluvchilar kolphadning hadlari deb atala

1-misol. 1) P(x) =bx+2 - chizigli ko‘phad bo‘lib, b
yerda a0=3,a,=2, n=\ Bunda birinchi darajali ko‘ph
P(x) =a0x +a, ko‘rinishga ega.

2) P(x)=-2x2+5x-7 - kvadrat uchhad, a0=- 2, a, =
g=-l,n=2.

Chunki kvadrat uchhad P(x) =a0x2+  +a2 ko'rini4
ga ega.

3) P(x) =-x5+6x4-2x2-Sx+9 - beshinchi darajali ko'
had bo'lib, bunda ao=-1,al=6,a2=0,a3=-2, aA=-8, a5=
« =5. Chunki beshinchi darajali ko‘phad P(x) =alk5+ax
+ax3+ax2+a4x +as ko‘rinishga ega.

Ta'rif. P(x) =adx” +atx" '+ax" 2+... +anx +an 8|

Q(X) =b0X" +bf<" ‘m-b2x" 2+... +bn tx +bn

ko‘phadlar teng deyiladi, agar bir xil darajalar oldidagi k”
fitsiyentlar teng bo'lsa, ya’'ni
BO— ,0\—ht,a2—k2,..., @ —bni, —bn
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Ta'rif. P(x)=alX" +atX' ' +a2'"1+...+an Ix+an va
Q() =hX" +bx' +hX'2+... +bn Ix +bn
ko'phadlaming yig‘indisi deb, x o‘zgaruvchining mos dara-
jalari oldidagi koeffitsiyentlari yig‘indisidan iborat 3 ko‘p-
hadga aytiladi, ya’'ni
S(x) =P(x) +Q(x) =(aB+bBx"+(al +bl)x"-" +...
+(a,,A+bnXx +(a, +b,,).

2-misol. P(X) =x*-1x 3+2x2+x+3 va QX)=2x'-5x2-
-x +2 ko‘phadlar yig‘indisini toping.

Yechish: S(x) = P(X) +Q(X) =(x4- IX3+IXx2+X+3) +
+(2x3-SX2-X +2) =X4+(-7 + 2)X3+ (2 - 5)x2+ (L- I)x + (3 +2) =
= X4+ (-7 +2)X3+ (2- 5)x2+ (L-1)* + (3+2) = x4- 5x3- 3x2+5

Javob: xA- 5x3- 3x2+5.

Ta'rif. P(x) =a0X" +ax™~ +aX~2+... +a,_x +anko'p-
hadga garama-garshi ko‘phad deb, -P(x) =-aOx" - a,*"'l-
-aX*=2-,..-anf-an ko'phadga aytiladi va ular yi‘gindisi
P(x) +{-P(x)) =0.

Ta'rif. P(x) va Q(x) ko‘phadlaming ayirmasi deb,
P(x) bilan Q(x) ga garama - garshi ko'phadning yig‘indisi-
ga aytiladi, ya’'ni

L(x) =P(x) +(- Q(x)) =P(x) - Q(x).

Ta'rif. n- darajali P(x)=¢'X'+ +ab®2+...+arf™x+an

ko‘phad va m - darajali Q(x) =bxm+tX™ +kxml +.. .+bmxe

x+kmko‘phadlaming ko‘paytmasi deb, n+m darajali M(x)
ko‘phadga aytiladi.
Hosil bo‘lgan M(x) ko‘phadning cOc, , c2,
koeffitsiyentlari quyidagi formulalar yordamida hisob-
lanadi:
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c0-a0 0, g—a * ,c, — "y
ct =ot ebn+ak|] bt+eee+ ebkt+aleh0,..., cnim—anebm
Demak, M{x) ~P(x) BQ(x) bo‘lar ekan.
3-misol. P(x) =x3+2x2-5x +6 va Q(X) =x* +2x +3
ko‘phadlar ko'paytmasini toping.

Yechish: M(x) =P(x) Q(X) =(x3+2n2- 5x +6) ¢(x4+2x +3) =
=X1+2x4+3x3+2x6+4x3+6x2- 5x5-1 OR-15x +6x4+
+12X +18 = x7+ 2x6- 5x5+ 8x4+ 7x3- 4x2- 3x+18

Javob'. X7+2x6T5x5+8x4+7x3-4x2-3x +18.

4-misol. Ushbu (x- 1)(2- x) +(2x - 3)2 ifodani ko‘phad]
ning standart shakliga keltiring.

A) 5x2+9x-7 B) 3x2-8 C)3x2-9x +7
D) 12x+4-x2 E) 5x2-10x +l

Yechish: Qavslami ochib, o‘xshash hadlami ixcharrij
laymiz:
(x- 1)(2- x) +(2x- 3)2=2x-x2-2 +X+4x2-12X +9=3x2-9X +7.

Javob: C) 3x2- 9x +7.

5-misol. Ushbu (>4- y2+I)(y2+1) +(y - I)(y +1) ifoda-|
ni soddalashtirgandan keyin uning nechta hadi bo‘ladi?

A)3 B)4 C)2 £5 E)6

Yechish: Ifodadagi birinchi qo'shiluvchiga kublar yjl
g‘indisi a3+b3=(a +b)(a2-ab +b2) ni va ikkinchi go'shilm”
chiga kvadratlar ayirmasi a2-b2=(a-b)(a+b) formulalariij
go‘llaymiz. Natijada
(/ -y2+002+1)+0'- 00+1)=023+ B+y2- 2=/ +/ *
ni hosil gilamiz. Demak, ko‘phad ikkita haddan iborat ekan.

Javob: C) 2.

Yuqoridagilardan ixtiyoriy ikkita ko‘phadning yig‘ind*
si, ayirmasi va ko‘paytmasi yana ko‘phad boMishi kelib chj
gadi.
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Endi ko'phadlar tengligiga doir misollar ko'rib o'taylik.
6-misol. x2-4x +2=a(x-\)2+b(x-\) +c tenglik o‘rinli
bo‘lsa, a,b,c larni toping.
Yechish'. Tenglikni o‘ng tomonidagi gavslami ochib,
standart shaklga keltiramiz.
X2- 4x +2 =a(x - )2+b(x—1)+c =ax2- 2ax+a+bx—b+c
X2- 4x +2 =ax2+(b- 2a)x +(a-b +c)
Ikkita ko‘phad teng bo‘ladi, agar bir xil darajalar oldi-
dagi koeffitsiyentlar teng bo‘lsa, ya’ni
a=1 a=1 a=1
b-2a=-4 » wb-2 =~4 O' =3
a-b+c=2 \-b+c=2 c=-1.
Javob: a=I; b=-2; c=-1I.
7-misol. Agar (ax2- bx) +(bx2+ax) =-12x ayniyat bo'l-
sa, a va b ning giymatlarini toping.
A)a=-6;b=-6 B)a=S;b=-S C)a=-6;b=6
D)a=6,b =-6 E)a=6"b =6
Yechish:
(ax2-bx) +(bx2 +ax) =-\2x<z>(a +b)x2+(a-b)x =0 je2-12x;
ja+b=0 ja=-b (a=-6
[a- b=-12"~ \-2b=-U”"\b =6
Javob: C)a --6; b=6.
8-misol. Ushbu (=3x+ay)(ftx- 2y) =yx2+7xy +2y2
ayniyatdagi noma’lum koeffitsiyentlardan biri p ni toping.
A\ B)-1 C2 D)-2 E)3
Yechish: Tenglikning chap tomonidagi gavslami ocha-
miz:
(=3x+ay)(/3x - 2y) =yx2+Ixy +2y?2
- 3fix2+6xy +afixy - 2ay2=yx2+ Ixy +2y?2
-3Px2+(6+aP)xy - 2ay2=yx2+Ixy +2y2.
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Oxirgi tenglikdan mos koeffitsiyentlami tenglaymiz,
Natijada
-bp =T -3fi=r r=s
6+ap =70 6 -" =7 <#p =\
-2a =2 a=-1 a=-1

Javob: B) - L

Mustaqil yechish uchun mashglar

1.1-misol. Quyidagi ko‘phadlar yig‘indisi, ayirmasi
ko'paytmasini toping: P(x) £Q(x) =? P(x) mQ(x) =?
1. P(X) =2x3+5x2+ x-2, Q(X) =x2+BbA
2. P(X) =2x4- 5x3- x2+bx+1, Q(X) =x3- 5x2+3x +1;
3. P{X) =x* - 2x3+4x2-6X +7, Q(X) =2x2-9x-12;
4. P(X) =x2-1, Q(X)=xs- 1,
5. P(X) =x5-3x4+4x3+x2+x +4, Q(X) =x1- X 6+6x5+x3+
+2X+1 .
1.2-misol. Test topshiriglari.
1. Ushbu {4x- 3)2- x(4x+1) ifodani ko‘phadning stan
shakliga keltiring.
A)2x2+x-9 B)\2x2-25x+9 C)4x2-13x
D) Sx2-x +1 E) \2x2- 23x+9
2. (x2+1)(x4- x2+1)+(x3- 1)2 ni soddalashtirgandan keyin h'
sil bo‘lgan ko‘phadning nechta hadi bo‘ladi?
A5 B)4 C)3 D)6 E)2
3. Soddalashtiring: 122- (x+1)2- (5- x)(19 +x).
A0 a)50 C)140 D)90 E)85
4. Agar ax2+kx +kx2-ax =x2-\1Ix ayniyat bo‘lsa, K

giymati ganchaga teng bo‘ladi?
A)-6 B)-8 C)-7 D)-9 E)8



5 Agar a(x- 1)2+b(x-1) +c=Ix2- 3x+5 ayniyat bo'lsa,
a+b+c yig‘indi nimaga teng?

Al B8 C)6 D)4 E)5
6. Ushbu (ax+2y)(3x +py) =yx2+Ixy +y2 ayniyatdagi
noma’lum koeffitsiyentlardan biri a ni toping.

A)3 B)2 C)4 £)1

2. Ko'phadni ko‘phadga bo‘lish

Ta'rif. Agar berilgan P(x) va Q(x) ko‘phadlar uchun
P(x) =Q(x) \G(x) bo'ladigan G(x) ko‘phad mavjud bo'lsa,
P(x) ko‘phad Q(x) ko‘phadga boMinadi deyiladi..

Q(x) ko‘phad P(x) ko‘phadning bo‘luvchisi, G(x)
ko‘phad P(x) va Q(x) ko‘phadlaming bo'linmasi deyiladi.

Q(x) ko‘phad P(x) ko‘phadning bo‘luvchisi bo‘lsa, u
holda G(x) ko‘phad ham fl[x) ko‘phadning bo*luvchisi bo‘ladi.

1-xossa. Agar P(x) ko‘phad K(x) ko‘phadga, K(x)
ko‘phad esa Q(x) ko‘phadga bo‘linsa, u holda P(x) ko‘phad
ham Q(x) ko‘phadga bo'linadi.

2-x0ssa. Agar P(x) va K(x) ko‘phadlar Q(x) ko'phad-
ga bo'linsa, u holda ulaming yig‘indisi va ayirmasi ham Q(x)
ko‘phadga boMinadi.

3-xossa. Agar P(x) ko‘phad Q{x) ko‘phadga bo'linsa,
u holda P(x) ko‘phadning istalgan K(x) ko‘phadga ko‘payt-
rnasi ham Q(x) ko‘phadga boMinadi.

4-xossa. Agar P(x) va Q(x) ko'phadlar uchun
P(x) =c Q(x), (c* 0, c=const) bo‘lganda va fagat shunda-
S'na bir-biriga boMinadi.
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Agar P(x) ko'phad Q(x) ko'phadga boMinmasa, u hol-
da qgoldigli bo'lish amali kiritiladi.

Ta'rif. P(x) ko'phadni Q(x) ko'phadga qoldigli bo'n]
lish

P(x) =Q(X)G(x) +R(X)
bo‘ladigan G(x) va R(x) ko‘phadlami topish demakdir.

Bu yerda P(x) - bolinuvchi, Q(x)~ bo'luvchi, G(x)j
bo‘linma, R(x)- qoldig deb ataladi. Qoldigli bo‘lishda Ji(g/1
ko'phadning darajasi Q(x) ko‘phadning darajasidan kichil
bo'lishi lozim.

P(x) ko'phadni Q(x) ko‘phadga qoldigli bo'lishc
P(x) =Q(x) G(x) +R(x) ifodani quyidagi ko'rinishda ha
yozish mumkin;

« £ -ap +«r>
Q(x) Q)
Ko‘phadni ko‘phadga bo‘lishda, odatda, «burchak qililj
bo'lish» usulidan foydalaniladi.
1-misol. P(X)=xAtx3+3x2+3x+2 ko'phadni Q) =x2+x+J
ko'phadga bo‘ling.
Yechish: «<Burchak» usulida bo‘lamiz.
X* +X3+3X2+3X +2 X2 +X+1
X 4+ + X X2+2
2X2+bx +2
2X2+2X +2
X
Demak, P{x)=x* +xb+bl2+bx+2 ko‘phadni Qtx)=x*+*i
ko'phadga bo'lganda, bo‘linma G(x)=x2+2 ga, qol<*
R(x) =x ga teng bo'lar ekan. Bundan x* +x3+3x2+3x +2*
=(x2+x +I)(x2+2) +x ni hosil gilamiz.
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Oxirgi  tenglikni quyidagi ko‘rinishda ham yozish
mumkin:

c +*+1 X +0+]
2-misol.  P(x) =3xs+x4- \9x2- 13jc-10 ko‘phadni
Q(x) =x3+x2-1 ko‘phadga bo‘ling.

x*+x1,-;3x2+3x+2 X'j+2+— X

Yechish:
3x5+x4-19x2-13x-10 X +X —1
3xs+ 3x4- 3x2 3x!-2x +2
2jc4 - 16x2- 13jc-10
-2Xx4-2x3+2x
_2x3-16x2-15x-10
2X3+2x2- 2
-18x2-15x-8

Demak, G(x) =3x2-2x +2, R(x) =-\8x2—15c—8 va
3x5+x4-19x2- 13*- 10 =(x3+x2-1) ¢(3x2- 2x +2) +
(-18x2-15x—8) yoki

3x5+x4- 19x5 13x-10 18x: +15x+8
--------------------------- —3x “2X D et s

x3+x2 | x3+x2-1

Mustagil yechish uchun mashqlar

2.1-misol. P{x) ko‘phadni Q(x) ko'phadga bo'ling.
1. P(x) =x2-3x +2, Q(X)=x-1;
- /1) =.3-3x2+x+1, Q(X)=x -2;
/(V) =x4-3x3+2x2+X%x-5, Q(X) —x2+2x-5;
/(r)=.c4+3x3+6x2+6x +4, Q(X) =x2+X +1;
N L(V)=.4-9%3- 10x2+2x +5, Q(X) =x+2;
6. P(x) =xs- 2x4-13x3+2x2-1, Q(X)=x3-1;

7- P(X) =x6 +X5+4x4 +Xx3+2x2+x +1, 0(X) =x3+x2+2x +1.



3. Ratsional kasr ifodalarni sodda
kasrlarga yoyish

Agar n>m bo'lsa, n - darajali P{x) ko'phadni m- da-
rajali Q(x) ko'phadga bo‘lganda G(x) boMinma, R(x) qoldiq
hosil bo'lsa,

m =G(x)+m (i)

oM QKX
tenglik o'rinli bo‘ladi.
Bu yerda o to‘gri kasr bo‘ladi. Q(x) ko‘phad quyi-
W

dagi ko‘rinishda ko‘paytuvchilarga ajratilgan bo‘lsin:
QM) =(x-a)k(x-b)" ...(x2+px+qf, k,!,...reN .
U holda

N _ toPe 7y 4 F
Q(x)_'f(!—:\'aT (x-a)7 (x’ifly x-b  (x-b):

B ﬁxm . CK+D, cx+Dw @

(x- by "'+;< :px+?1 (_xz-+px+q) -(x2+px+q)r
ko'rinishidagi sodda kasrlar yig‘indisiga ajraladi. Bu yerdaj
x2+px+q kvadrat uchhadda D<0 bo'lib, ko‘paytuvchilargal
ajralmaydi.

1-misol. kasmi sodda kasrlar yig‘in-f
(x +D(x-1)(x +3)

disi ko'rinishida tasvirlang.

Yechish: Berilgan kasr to‘g‘ri kasr bo‘lib, uni (2) ga
asosan

X a b c
(x +1)(ec-1)(x+3) *+1 x-I x+3
ko'rinishida tasvirlaymiz. Tenglikning o‘ng tomonini umu
miy maxrajga keltiramiz:
X a(X - D(x+3)+b(x+N(x +3) +c{x+1)(x-1)

(X +1)(* - D(c+3) (c+D(c- Diac+3)
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Ikkita kasming maxrajlari teng, tenglik bajarilishi uchun
ulaming suratlari ham teng bo'lishi kerak. Y a’ni
x =a(x - )(x +3) +b(x +1)(x+3) +c(x + 1)jc—h
X =a(x2+2x-3) +b(x2+4x +3) +c(x2-1)
X =ax2+lax - 3a+bx2+4bx+3b+cxl- ¢
0x2+1x +0=(a+6 +c)x2+(2a +4b)x +(-3a+3b-c)
Ikkita ko‘phad teng bo‘lishi uchun bir xil darajalar oldi-
dagi koeffitsiyentlari teng bo'‘lishi lozim. Bundan quyidagi
sistemani hosil gilamiz:

1
a=—

a+b+c=0 a+b+c=0 a+b+c=0 4
2a+4b=1 0 Wa+4b=1 0 wa+4b=1 o0 b=}
- 3a+3-c=0 -2a+4b=0 8N=1 _
C 8

1 1
U forie- WO+ Ax+) Ux- D 8¢+
ko'rinishidagi sodda kasrlarga yoyilar ekan.
2-misol. X*+2 ni sodda kasrlarga yoying.
(X-IXXx +3X*-4)
Yechish: Berilgan kasr noto‘g‘ri kasr, uning suratini
maxrajiga bo'lib, to‘g‘ri kasrga keltiramiz. (x-1)(x+3Xx-4) =

Dem

=x?-2x1-1Ix+\2 bo'lib, burchak usulida bo‘lishni bajaramiz:
X4+2 x3-2x2-11x +12
X4-2x3-11x2+12x X+2
2jcj +11jc3-12x +2
2Xx3- 4x2- 22x +24

152 +1Qe- 22
Demak xav2 oo, 15 +1x- 22
T - DX +3)(x- 4 T T X1-2x3- 11X +12

Hosil bo‘lgan to‘g‘ri kasmi sodda kasrlarga yoyamiz:
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15% +10* - 22 I
(*- D*+3)(*-4) *-1 x+3 x-4
_a(x +3)(* ~4) +b(x - 1)(*- 4) +c(* - 1(* +3)
" (*- IX*+3)(*-4)
Kasrlarning maxrajlari teng, ulaming suratlarini teng-
laymiz:
15%2+10* - 22 =a(x +3)(* - 4) +b(x- IX*- 4) +c(* - IX*+3).
Koeffitsiyentlami hususiy giymatlar berib topish qulay-
rog. Oxirgi tenglikdan,

* =1=>15+10-22 =a(1 +3X1-4)=>-12n=3=>a=- - ;

4
*=-3=>15-9-30-22 =ii(-3-1X-3-4)=>28i1 =B=b=_)
258 86
jc=4=>15-16 +40-22 =c(4- ))(4+3)=2lc =258 =>c=—- =—.
21 71
Shunday qilib,
*4+2 1 83 86
m=X+z~-
(*-1X* +3X*-4) A(*-1) 28(*+3) 7(*- 4)
3-misol. X+ ni sodda kasrlarga yoying.

(*-2)I(* +9)
Xr-x+1  a b
(*-2)'(*+5) x-2 (*-2)" *+5
Tenglikning o‘ng tomonini umnmiy maxrajga keltira-
miz:

Yechish: (2) ga asosan

*¥2-*+7  a(x- 2X*+5) +b(x +5) +c(* - 2)2
(*- 2)A* +9) (*-2)2* +9)
Suratlarini tenglaymiz va noma’lum koeffitsiyentlar usul
yordamida koeffitsiyentlarini aniglaymiz.

*2- *+7=a(x - 2)(x +5) +b(x +5) +c(* - 2)2

*2- x+| =ax2+bax-\0a +bx +5b +cx2- 4¢* +4c

x2- x+ 7= (a+ c)x2+(3a+b- 4¢c)*+ (-10a + 5b +4c).
Mos darajalar oldidagi koeffitsiyentlami tenglaymiz.
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a+c=1 a=12/49
Wm+b-4c=-\ o b=9/7
- 10a +5b+4c =7 c=37/49

Berilgan kasr quyidagicha yoyilmaga ega:
X2- X+7 12 9 37
(x-2)2(x+5) 49(x-2) 7(x-2)2 49(x+5)

2x4-10x3+7X2+4x+3 | osmi sodda Kasrlar
(ic + 2)(n: - 1)2(je2 +1)
yig‘indisi ko‘rinishida tasvirlang.
Yechish: Berilgan kasr quyidagi yoyilmaga ega bo‘lsin:
b dx +1

4-misol.

2X4-10X» +7X*+4x +3

(ie+ 2)(x -1)2(je2 +1)

Tenglikning o‘ng tomonini umumiy maxrajga Keltirib,
kasrlar suratlarini tenglashtiramiz.

2x4-1 OB+7x2+4x +3=a(x- 1)Ax2+1)+b(x+2)(x- J[jc2+])+
+c(X +2)(2+V+(dx +H)(x +2)e- D2=a(x4- 2x3+2x2- 2x+1)+
+b(X4+x3-X 2+ X-2) +c(X}+2x2+X +2) +(dx+H)(X3-3x +2) =
=(a+b+d)x4+(-2a +b+c+I)x3+(2a-b +2c- 3d)x2+
+(-2a +b+c+2d- 3)x +(a-2b +2c +21).

Bir xil darajalar oldidagi koeffitsiyentlami tenglashti-

ramiz.
a+b+d=2 a=3
-2a+b+c+1=-10 b=-2
2a- b+2c-3d=7 » ec=1
-2a +b+c+2d-31=4 d=1
a-2b +2c+21=3 /=-3.

Demak,
1 X —3

2Xx4- 10x3+7x2+4x +3
X+ 2)(Xx- 1 (c +1) XxX+2 X-lI (x-1)2 x +1
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5-misol. 3. x - kasmi sodda kasrlarga

(x-IXx"+x +1)
yoying.

Yechish: 3-x A | Bx+Cl+ "2X+Cr

X- Dc2+x+12 x-1 x2+x+l (x2+Hr+1)2
ko‘rinishida yoyamiz.
3-X _ AORHXH): +(BIX+C)(x-X) (2 +n: +) HLn+0)(x-1)
(X- DO +x+1)2 (X- D2 +x +1)2
3-X=A(X2+x+1)2+Bx+C) (X-1) (x2+x +I) +([BX+C2)(x-I).

Agar x=I bo‘lsa, oxirgi tenglikdan 2=9A=>A=- bo'ladi

Ox4+0x 3+0x2-x +3=A(x* +2x3+3x2+2x +1) +(B,x +ClI)
(X3-1) + (BX +C2)(x - 1)= Ax4+2Axb+ 3AX2++2AX + A+ B4+
+CX3- Btx —€ + B,x2- BX +C-C2=(A +B,)*4+(2a +C,)*3+
+(3A+B2)x2+ (2A- B, - B2+ C2)x+(A-Ct- C2).

X ning bir xil darajalari oldidagi koeffitsiyentlarin®

tenglaymiz:
- +B, =0 N=-
9 9
A+B =0 2—+C, =0 B =--
2A+C, =0 9 1 9
3A+B2=0 3e—+B, =0 o) =-§
2A— B, +C2—
A-C,-C2=3 2-9-B,-B,+C, =1  «, -4
-~C, -C2=3 c,- |
3-x 2x +4 2n+7

(X-D(x2+x+1)2“ %x-1) 9(x2+X+1) 3(x2+n+1)2'
6-misol. a va b ning ganday giymatida quyidagi tenglj
ayniyat boMadi?



A)a =\\b=\ B)a=j;b=-j C)a=5b=-5
D)a:—z;b%— E)a=— \b=- 1.3

5 5 5 5
Yechish: Ko‘rinib turibdiki, x2+x-6 =(x-2)(x+3) 0'rin-

li. Ayniyatning o‘ng tomonini umumiy maxrajga keltiramiz.

2 _a(x+3d)+b(x-2)_ (a+b)x+(3a- 2b)
X2+ X-6 xX-2)(x+3) X2+X-6
2=(a+b)x+(@a- 2b)» O=x+2=(a+b)x+(3a- 2b).

2
a+b=0 Ja=-b a=y
3a-26=2°1-36-26=2° »

5

Javob'. B)a =—2; b =-~.
5 5

giar Mustaqil yechish uchun mashgqlar

3.1-misol. Quyidagi kasrlami sodda kasrlar yig‘indisi
ko‘rinishida tasvirlang.
| 2X 2 X2-4x-2 n X2-3
(x+1)(x-2) (x- D(x +2)(x +3) (x - 3)(x- 5)(x - 6)
3.2-misol. Quyidagi kasrlami sodda kasrlar yig‘indisi
ko'rinishida tasvirlang.

j x2—3 2 X3+Xx-2
(x-4)2(x +3) (x- 4)2(x2- 4)

3 4 —x n 2X +3
x(3x2-27) Y (x-3)2(x+1)2

N x5+ 2x3+4x+ 4 n x-1
X4 +2x3+2x2 x+D)(x2+x +1)
X2+9x +1 8 X2+2Xx +9

6xJ 8 * (x +3)(x-3)2(x2 +3)
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o x3 10 — -

'x 3-8 " TXFT)2(x2+x +5)
1. , 1+x,— 12, 55“x+3
(x4- 16)(@r2 +1) T CHL 22X +T)(X +2):

3.3-misol. Soddalashtiring:

1 1 1 1
idx +4) (X +4)(x +8) (X +8)(x +12) (X +12)(* +16)
1
(X + 16)(ac + 20)
3.4-misol. Isbotlang:
1 1 1 1 n
______ [N S——

3.5-misol. Test topshiriglari.
1. a va b ning ganday giymatida quyidagi tenglik ayniyatj
bo'ladi?

1 a .. b

X2 5x-6 X-6 x+I

A)a=N\b=-\ B)a=\\b=~  C)a=N\b=l
D)a=— b=— E)a=-\,b~l
7 7

2. a va b ning ganday giymatlarida -~4—j-="7 ]

tenglik ayniyat bo‘ladi?

A)a:--l_;b =, B)a =\\b=-\ C)a =-\\b=\

D)a-1;6 =-1 £)a=i,6 =i 1

. 7 = +—-—+ ¢ tenglikni ganoatlantiraf
(X+1) (x+2) x+1 (x+1D2 Xx+2

digan a, b, clami toping.’
A)a=\b=\ =1 B)a=-1; b=-1;c=1
C)a=Il;b=-1;c =\ D)a=-1;b=1c¢c=1
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4 + P +c 1 tenglikni ganoatiantiradigan a, b, ¢

A==+,
X+ X+1 X X+
lami toping.

C =phb=c=—
)a c 3

4. Ko‘phad koeffitsiyentlarining yig‘indisi

Ko'pincha ba’zi masalalarda yuqori darajali ko'phadlar-
ning koeffitsiyentlari yig‘indisini topish masalasi qo‘yiladi.
n - darajali P{x)=alX'+ax"'+ax"' +...+all x+anko'p-

had berilgan bo‘lsin. Bu ko'phadning barcha koeffitsiyentlari
yig‘indisini topish uchun, bu ko‘phadning x =1 dagi giymati-
ni topish kifoya. Hagigatdan ham,

P(l) =a0+a, +a: +... +an, +ane

1-misol. P(x) =(1 +3x- 5c2) 131 - 8x +6jc2) A2 ko‘phad-
ning barcha koeffitsiyentlari yig‘indisini toping.

Yechish: Agar biz gavslami ochib, ko‘phadni standart
shaklga keltirsak, natijaga erishishimiz ancha mushkul. Yu-
goridagiga asosan koeffitsiyentlari yig'indisi

x=1=>P(l) =(1+3 1- 5-12)2031-8 1+612W@=

=(-H03 (-HMW=-M =-1
ga teng bo'ladi.
Javob'. -1.
P(x) ko‘phadning juft darajali hadlari oldidagi koeffit-

siyentlari yig‘indisi -[4O +”*(-1)] ga teng bo‘ladi.
P(x) ko‘phadning toq darajali hadlari oldidagi koeffit-
siyentlari yig‘indisi ~[P(l) - P(-1)] ga teng bo‘ladi.



P(x) ko‘phadning ozod hadini topish uchun berilgau;
ko'phadni x =0 dagi giymatini, ya'ni P(0) ni topish kifoya
Hagigatan ham n - darajali P(x) =and" +atx“~+ax 2+
+...+an K +a,, ko‘phadning ozod hadi

P(0) =a0m0” +4a, -0" "+a2 0" 2+..+ar <0+a, =a,
ga teng.

2-misol. P(x) =(x2+5¢+1)M+((Xx —4HD+fc+12 ko‘phad
ning ozod hadini toping.

Yechish: Ko'‘rinib turibdiki, gavslar ochib chiqgilsa, b
rilgan ko‘phadning eng katta darajasi x40 bo‘lgan, standa
shaklga keladi. Agar shu tariga yo‘l tutsak, giyinchiliklarg/
duch kelamiz. Berilgan ko'phadning ozod hadi P(0) ga teng
ligini e’tiborga olsak,

P(0) =(02+5-0 +1)®+ (0-1)50+8-0 +12=14
ga teng ekanligi kelib chigadi.

Javob'. 14.

3-misol. P(x) =(x4- 4x +1)3- 5x3 ko‘phadning juft dar
jali hadlari koeffitsiyentlari yig‘indisini toping.

Yechish: Bu yig‘indi —/41»+/%-H] ga teng boMadi.

P(l)=(14- 41+1)3 5-13=(-2)3- 5=-13;
P(-1) =((-1)4- 4 (-1) +13- 5 (-1)3=63+5=221;
I[/>(l) +/>(-1)]=i(-13 +221) =104

Javob'. 104
4-misol. Ushbu x3- pjc2-~x +4 =0 tenglamaning |
dizlaridan biri 1 ga teng. Shu tenglama barcha koeffitsiye
lari yig‘indisini toping.
A)-1 B)0 C)1 D)15 E)2
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Yechish: x =1 soni berilgan tenglamaning ildizi bo‘lsa, u
holda 13—p -12—<71+4=0 o'rinli va p +g=5 ni hosil qgila-
miz. Tenglamaning barcha koeffitsiyentlari yig'indisi

/Q)=Il-p-q +4=5-(p +g)=5-5 =0.

Javob'. B)O0.

5-misol. P(x) =(3x2- 4x +a)5+x3+3 ko'phadning koef-
fitsiyentlari yig'indisi 36 ga teng bo‘lsa, a ni toping.

Yechish: Ko‘phadning koeffitsiyentlari yig‘indisi P(l)
ga teng:

P()=(3¢12- 4+1+a)5+13+3=36=>(a- 1)5=32=>a-|l =2=>a=3.

Javob:a =3.

6-misol. P(x) =x* - 6x3- x2+mx +5 ko‘phadning koef-
fitsiyentlari yig'indisi 12 ga teng bo‘lsa, m ni toping.

Yechish: Masala shartidan P(lI)=12 ekanligi ravshan.
Bundan

A)=1-6-1 +M+5=12=>/Mm=13

Javob: m=\

a e r Mustaqil yechish uchun mashqlar

4.1-misol.  />X)=(x3-ax +3)3+26x +14 ko'phadning
koeffitsiyentlari yig‘indisi 256 ga teng bo‘lsa, a ni toping.

4.2-misol. P(x) =axs+x* - 4x3+x - 4 ko‘phadning koef-
fitsiyentlari yig'indisi 18 ga teng bo‘lsa, a ni toping.

4.3-misol. Test topshiriglari.
1- Agar (x- 1)2 (x +1)3+3x-| ifoda standart shakldagi ko‘p-
had ko'rinishida yozilsa, koeffitsiyentlarining yig'indisi ne-
“haga teng boMadi?

A)10 5)4 C)2 D)3 E)1
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2. Agar (x3-x +)Y +x ifoda standart shakldagi ko‘phad ko‘- 1
rinishida yozilsa, x ning toq darajali hadlari oldidagi koeffit-1

siyentlarining yig'indisi nechaga teng bo‘ladi?
Al B)7 0 4 D)5 E)3

3. f(x)=(x3+212- 1)2- 3x2 ko‘phadning juft darajali hadlari I
koeffitsiyentlarining yig‘indisini toping.

A)-6 B)-2 03 D)-3 E)-1
4. P(X)=(x2- 7x+3)(x3- 5)+x2+4 ko'phadning toq darajali!

hadlari koeffitsiyentlari yig‘indisini toping. A
A) 39 ) -39 022 D)- 22

5. Bezu teoremasi. Ko'phadning ildizlari

n —darajali P(x)=ax” +aJX*= +a" 2+...+ari Ix +an (a0 ¢0)J

ko'phad berilgan bo‘lsin. 1
Teorema (Bezu).
P(x) =a0x" +alx"~ +aX*~— +... +a,_tx +an ko‘phadni x-a gal
bo‘lgandagi chigadigan R qoldig, shu ko‘phadni x=a dagfl
giymatiga teng, ya'ni R=P(a). I
Isbot. P(x) ko‘phadni x-a ikkihadga bo‘lsak,
bo‘linma va R(x) goldig hosil bo‘lsa; Ax)=(x-n) ~x) +1(g]«
tenglik o‘rinli. x=a da P(a) =(a-a)Q (a) +R(@)=R(@) =R hoe
sil bo‘ladi. Isbot tugadi. '
Ta'rif. Agar biror x =c soni uchun P(c) =0 tenglik bafl
jarilsa, u holda c soni P(x) ko'phadning ildizi deyiladi. M s

salan, P(x)=x3-7x-6 ko'phadning ildizi x=-1 bo‘ladfl
Chunki, P(-1) =(-1)3- 7u-1) - 6=0. 1

Demak, P(x) ko‘phadning ildizlarini topish uchfjfl
P(x) =0 tenglamani yechish kerak. '9
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1-teorema. Agar c soni n- darajali P(x) ko‘phadning
ildizi bo'lsa, u holda P(x) ko‘phad x-c chizigli ko‘phadga
goldigsiz bo'linadi.

Isbot. Bu holda P(x)=(x- ¢)Q(xX) +R(x) ko‘rinishida
bo'lib, P()=R(c)=0 va R=0 Kkelib chigadi. Demak,
P(X) =(x-c)Q(X).

1-misol. p(x) ko‘phadni x-1 ga bo'lgandagi goldiq
2 ga, x - 3 ga bo‘lgandagi goldig 1ga teng. p(x) ko‘phadni
x2-4x +3 ga bo'lgandagi qoldigni toping.

Yechish: x2- 4x +3=(x - [)(x - 3) o‘rinli. p(x) ko'phadni

pP(x) =(x- N)(x - 3a(x) +ax +b
ko'rinishida tasvirlash mumkin. Bu yerda ax +b izlanayotgan
goldig.

Bezu teoremasiga asosan p(l) =2, p(3) =\ Oxirgi teng-
likdan x=I da p(l) =a+b va x=3 da p(3) =3a+b. Quyidagi
sistemani hosil gilamiz:

Demak, goldig - 0,5x +2,5 ga teng ekan.

Javob: -0,5x +2,5.

2-misol. p(x) =x3+ax2+bx +c ko‘'phad x2- 3x+2 ga
goldigsiz bo'linadi, shu ko'phadni x-4 ga bo'lgandagi qol-
diq 6 ga teng. a,b koeffitsiyentlami toping.

Yechish: Bezu teoremasiga asosan p(x) ko'phadni x-4
ga bo'lgandagi goldiq p(4) =6 o'rinli. Bundan

p(4) =43+a-42+46 +c =6=>16a +46 +c =-58.

Ikkinchi tomondan p(x) ko'phad x2-3x+2=(x-1)(x-2)
ga bo'linadi. Bundan x=I,x =2 lar berilgan ko'phadning ildi-
z>ekanligi kelib chigadi.



Demak, p(x) =x3+axl+bx+c=(x- I)(x - 2)q(x) ko'rini-
shida bo‘lib, p(\)=\+a +b+c=Qva /7(2) =8 +4a +2b+c =0.

Bizda quyidagi uch noma’lumli uchta chizigli tengla-
malar sistemasi hosil bo'ladi:

at+b+c=-1 a+b+c=-1 a+b+c=-1 a=-6
4a+2b+c=-8 ; 3atb=— =m3a+b=—7F =>6=U
16a+4b+c=-58 12a+26=-50 6a+b=~25 c=-6.

Javob: a=-6,b =\\,c=-6.

3-misol. p(x) =x2B+x*1+x2Z +x9+x3+1 ko'phadni x2-1
ikkihadga bo'lgandagi goldigni toping.

Yechish: Bo'lishni «Burchak» usulida bajarsak, ishimr
ancha giyinlashadi. Berilgan ko'phadni x?-1 ga bo'linadiga
go'shiluvchilar ko'rinishida tasvirlasak magsadga oson eri*
shamiz.

P(X) =XB+XE+XT +x9+x3+1 =(x2B- x)+(x8- x) +

+(XZ- X) +(X9- X) +(x3- x) +(5x +1).

Hosil bo'lgan birinchi beshta go'shiluvchilaming h
biri Bezu teoremasiga asosan x2-1 ga bo'linadi. Natijada h
lanayotgan qoldiq 5x +I ga teng bo'lishi kelib chigadi.

Javob: 5x +I.

4-misol. x3+2nx2+mx+5 ko'phad x2-x-2 ga goldig-
siz bo‘linadi. n ni toping.

il e i?

p B 2

Yechish: x2-x -2 =(x+1)(x-2) o'rinli. Masala sha

E)-2

dan berilgan ko'phadni
X3+2nx2+mx +5=(x +1)(x- 2)(x)
ko'rinishida yozib olamiz. Byndan berilgan ko'phadni x=
va x =2 ildizi ekanligi kelib chigadi.
x=-1 da (-1)3+2w-(-1)2+/w-(-) +5=0=>2w-m =-4,
x =2 da 23+21 22+ M*2+5=0=81+2m =-13.
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Quyidagi sistemani hosil gilamiz:

=2 7
j2n-m=-4 \2n-m=-4 2 4
|81 +2m =-13 }Im:-ZI |

m=-,

2
Javob'. B)-—-
) iV

5-misol. x6+x4- 3x2+5 ko'phadni x2-j3 ga bo'lgan-

dagi goldigni toping.
A8 B)7 C6 D)9 E)5

Yechish: x2=y deb belgilash kiritamiz. Berilgan ko'p-
had y3+y2- 3y +5 ko'rinishiga kelib, hosil bo'lgan ko'phad-
ni _y-V3 ga bo'lgandagi goldig Bezu teoremasig” asosan y=j3
dagi giymatiga teng:

R=(>/3)3+(V3)2- 3¥3+5=31/3+3- 3>/3+5=8.

Javob: A)8.

6-misol. x" +5x3+2x+8 ko'phadni x2+1 bo'lgandagi
goldigni toping.

1)8x +8 B)- 2x +8 C)-4x +8 D)-3x +7
Yechish: P(x) =x" +5x3+2x +8 bo'lsin. P(x) ko'phadni
P(x) =(x2) D m +5x &2 +2x +8
ko'rinishida yozib olamiz. x2=t deb olaylik. U holda
P{t) =xt49+5xt +2x +8 bo'lib, x ni P(t) ko'phadning koeffit-
siyenti sifatida garaymiz. P(t) ko'phadni t+1 ga bo'lgandagi
goldiq Bezu teoremasiga asosan
r(x) =P (-1) =x ¢(-1)D+5x o(-1) +2x +8 =-4x +8

ga teng.

Javob: C)-4x +8.



Buyerda quyidagi xulosalarga
ega bo‘lamiz:

1.x"-a" ikkihad x-a ga bo'linadKweN, x*a).
Hagigatan, ham R=P(a) =a" - a" =0.

xn- a2 ikkihad x-a ga bo‘linadi.

x2'- a2" ikkihad g+a ga bo'linadi.

. x2* -a 2w+ ikkihad x -a gabo'linadi.

x24 +a2* ikkihad x +a ga bo'linadi.

g s W

Quyidagi ayniyatlar o ‘rinli:

1. xs- ab=(x-a)(x4+ax3+ax2+aX +ad\
Xxs+ab5=(x+a)(x4- ax3+ax2- aXx+ad);

X6- a6=(x- a)(x5+ax4+ax3+a3k2+a*x +ab);

. X6+ab6=(x +a)(x5- ax4+ax3- a3x2+adx—as);

X' -a'=(x-a)(x"* +ax"~2+aX'-3+... +xa"2+a"~"),neN.

X"+a”=(x+a)(x"~ -ax™2+... +a"~"), ne N, n -toq.

N o o s W

L xM-ar=(x-a)(x"-x+axn2+... +an-"),n&N, n -toq.
Xulosa. Agar P(x) =a0x" +alx~ +a" 2+... +arIx +a,

ko‘phadning barcha koeffitsiyentlar yig‘ndisi 0 ga teng bo‘l-:

sa, u holda x=1ko‘phadning ildizi bo".ladi.

Hagigatan ham P(1) =a0+a, +a2+...+a,,4 +an=0 o‘rinli.

7-misol. 4x3-3x2-1 =0 tenglamani yeching.

Yechish: Agar ko'phadning barcha koeffitsiyentlari
yig‘indisi 0 ga teng bo‘lsa, u holda x =1 ko‘phadning ildizi
bo‘ladi.

Berilgan tenglamaning. x =1 ildizi. Shu sababli]
P(x) =4x3—3je2—1 ko‘phad x-1 ikkihadga goldigsiz bo'‘linal
di. Bo'lishni bajaramiz;

172



anr3—3n2—1 x-1
4x3-4x2  AX""+x+\

x--1
=4x3-3x2-1=(X- D)(4ar2+x +1) =0
x—
x-\
0]
4x2+x+1=0; D=—45<0 =>xe0.

Javob: x=1.

Ba'zi hollarda P(x) ko‘phad x- ¢ ko‘phadgagina emas,
balki uning biror yugori darajasi (jc- ¢)* ko‘phadga ham bo'-
linishi mumkin, bu yerda k>1, ke N.

Ta'rif. Agar P(x) ko'phad (jc- <)» ko'phadga bo‘linib,
(x-c)M ko'phadga bo‘linmasa, ¢ soni P(x) ko'phadning k
larrali ildizi deyiladi.

Agar P(x) ko'phad x-c chizigli ko'phadga bo‘linib,
Iskin (x-c)2 ga bo‘linmasa, ¢ soni P(x) ko‘phadning oddiy
ildizi deyiladi.

8-misol. P(x)=x3-5x2+8x-4 ko‘phadning ildizlarini
toping.

Yechish: Ko‘phadning ildizini ko‘paytuvchilarga ajra-
tish orgali topamiz:

P(X) =43- 5x2+8x-4 =x3- X2-4x2+8x- 4 =x2(x- 1)-4(x2-2x +1) =
=X2(x-1) - 4(x- 1)2=(x- )(x2- 4x +4) =(x- )(x- 2)2

Bundan P(x) =(x- I)(x- 2)2=0<x, =1, x2=x3=2. De-
mak, x =2 ikki karrali ildiz, x =1 oddiy ildiz ekan.

Javob'. {L; 2}.

9-misol. x=-3 soni p(x)=x3+x2+ax+b ko'phadning
'kki karrali ildizi bo‘lsa, uchinchi ildizi va a,b koeffitsiyent-
larni toping.

173



Yechish: x=-3 soni berilgan ko'phadning ikki kanali il-
dizi bo‘lsa, p(x) ko‘phad (x +3)2=x1+6x +9 kvadrat uchhad-
ga bo'linadi.

x3+x2+ax+b x +6x+9
X3+6x2 +9x X-5
Sn2+(a- 9)x+b
-5x2-30x-45
(a+2\)x +b +45
Demak, p(x)=x3+x2+ax+b=(x+3)2(x-5) +(a+21)x+b+4$
bo‘lib, goldiq 0 ga teng bo'lishi kerak:
jo+21=0 Ja=-21
{b+45=0~\b =-45. =
Bundanp(x)={x+3)2(x-5)=0 bo‘lib, uchinchi ildiz x3=5
Bu misolni quyidagicha usulda yechish ham mumki-
x=-3 soni p(x) =x3+x2+ax+b ko‘phadning ikki karrali il
dizi, uchinchi ildizi x =c bo‘lsin. U holda
x3+x2+ax+b=(x+3)2(x- c)
x3+x2+ax +b=(x2+6x +9)(x- ¢)
x3+x2+ax+b- x3+(6- c)x2+(9- 6¢c)x- 9c
Ko'phadlaming tengligidan
6-c =1 [c=5
*9- 6c=a=>ea=-21
|-9¢c=b [b=-45.
Javob'. a=-21,6 =-45, x, =5.
1-natija. n - darajali P(x) ko'phadning c, soni kt k*
rali, c2 soni k2 karrali va hokazo cmsoni km karrali il
bo‘lsa, u holda P(x) ko'phadni
/>F) =(%-<:)* (X-c2)*2e...(X-C*)*", K, +KI+... +KT*

ko'rinishida tasvirlash mumkin. Bu yerda ,k2,...,.kmeN."
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2-natija. Agar P(x) ko'phad x=a, va x=a2 ildizlarga
ega bo'‘lsa, u holda P(x) ko‘phad (x - a,)(x- a,) bo‘linadi.

Isbot. Agar a =a2 bo'lsa, karrali ildiz ta'rifiga asosan
P(x) ko‘phad (x-a,)2 ga bo‘linadi, chunki x=a, ikki karrali
ildiz.

a,*a2 bo‘lsin. Shartga ko‘ra x=a, soni P(x) ko‘'phad-
ning ildizi. Bundan P(x) =(x- a,)q(x) tenglik o‘rinli, bu yerda
g(x) - ko'phad. x=a: ni P(x)=(x-al)q(x) tenglikka go‘ya-
miz: P(a2)=(a2- a, )q(a2)=0.

Shartga asosan a2-a, *0 bo‘lganligi uchun, yuqoridagi
tenglikdan fagat q(a2) =0 ekanligi kelib chigadi. U holda q(x)
Ko'phad x- a? ga bo'‘linadi, ya'ni q(x)=(x- a2)<p tenglik
o'rinli, bu yerda g>X) - ko'phad.

Demak, P(x) =(x-ai)q(x)=(x-al)(x-a2)<p) ni hosil
gilamiz. Bu P(x) ko'phadni (x-a,)(x-a2) ga bo‘linishini bil-
diradi. Isbot tugadi.

Biz yuqorida ko'phadlaming ildizini «sun'iy» (ko‘-
paytuvchilarga ajratish va hokazo) usullarda topdik. Quyida
keltirilgan teorema ko‘phadning ildizini qulay ravishda to-
pishga imkon beradi.

2-teorema. —(peZ,qeN) gisgarmas kasr butun koef-
q

titsiyentli a0 +ax" ‘+a2" ‘ +...+an_Ix +an=0,a0*0 (1)

tenglamaning ildizi bo‘lishi uchun p soni an ozod hadning
'0'luvchisi, q esa a0 bosh koeffitsiyentning bo‘luvchisi bo'-
ishi zarur.

Isbot. Hagigatan ham — soni (1) tenglamaning ildizi
A

b°‘Isin, u holda
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i&l \g) +a +.. +5H |— 1Qn—0

o‘rinli. Oxirgi tenglikning ikkala tomonini ¢' ga ko‘paytj
ramiz va
alp" +a{p" 'g+ap" 02+..+anApq"*' +amg" =0
ni hosil gilamiz. Bundan
arf'=-alp"-a,p"-f -aPpn22-—--a, pq"" =~p@@p™’ -
-apNg-apt-W— ~a'.«'-Y).
Tenglikning o‘ng tomoni p ga bo'linadi. Demak, chjf

tomonidagi arg* ham p ga bo‘linishi kerak. Lekin, —qisq
q

mas kasr, ya'ni p va ¢" lar o‘zaro tub. Demak, p soni &
ning bo‘luvchisi. Xuddi shunday q soni a0 ning bo‘luvchif
ekanligi isbot gilinadi.
3-teorema. Butun koeffitsiyentli
P(x) =aOx"+alx "+aX"' 2+...+an x+an
ko‘phadning noldan fargli x=a butun ildizlari ozod had
ning bo‘luvchilari boiadi.
Isbot. Hagigatan, x=a soni P(x) ko‘phadning ild”
bo‘lsa, u holda
ala"+a%"' '+azn 2+..+ama+an=0
tenglik o‘rinli. Bu tenglikdagi an dan tashqgari barcha qo‘s

luvchilar a ga bo‘linadi, o‘'ng tomonidagi 0 ham a ga bol
nadi. Bundan ozod had anham a ga bo‘linishi kelib chigal

Ta'rif. P(x)=x'+ax”"'+aX"'"'+...+anlx+an ko‘phai,

keltirilgan ko‘phad deyiladi. Bu yerda a,, a2.....a, lar bu
sonlar.
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4-teorema. Agar X'+a"'" +aX'-2+...+ag x+all=0
tenglama butun ildizga ega bo‘lsa, u holda bu ildiz ozod had
an(an* 0)ning bo‘luvchisi bo‘ladi.
Isbot. x, #0 soni x"+ax" '+aXx” 2+... +ad Ix +an=0
tenglamaning butun ildizi bo‘lsin. U holda x"* +ax>~" +a2™2+
+an=0o0"rinli. Tenglikning ikkala tomonini x, ga
bo‘lamiz va

X 1+ CitX* 2+ 0t 3+... +an, ——=0
bl

ni hosil gilamiz. Bundan

jc. +ajc, +axt +.+an = .
o
Shartga ko‘ra oxirgi tenglikning chap tomoni butun son,

shuning uchun tenglikning o‘ng tomoni - — ham butun son

bo‘ladi. Demak, ozod had a, soni x, ga goldigsiz bo‘linadi.
10-misol. x5+4jcA-6x3-24x2-27*-108 =0 tenglamani
yeching.

Yechish: Tenglamaning chap tomoni beshinchi darajali
ko‘phaddan iborat va P{x) =x! +4x4-6x3- 24x2- 21x- 108=0
deb olaylik. Ozod had -108 ga teng. 4-teoremaga asosan
tenglamaning butun ildizlarini ozod hadning bo‘luvchilari
+1,+42:43;+4:,+6;£9,+12; +18;+27;+36; £54;,+108 lar ichi-
-*an gidiramiz. Bu ko'phadning nollari x=3;-3; -4 bo‘ladi:

P(3) =35+4 -34- 6-33- 24-32-27-3-108 =0
P(-3) =(-3)5+4 ¢(-3)4- 6(-3)3- 24 +(-3)2- 27 +(-3) -108 =0
P(4) =45+4 e44- 643- 24 #42- 27 +4-108 =0.

Demak, berilgan ko‘phad

(X- J(r +3(r +4) =(x2- 9)(x +4) =x3+4x2-9x-36
' °*phadga qoldigsiz boMinadi.



o +4X -6X-24x2 -27x-108 X3+4X' -9.x-36
X5+4x4-9x3-36x2 X2+3
3x3+12x2- 21x -108
3x3+12x2- 27x-108
0

Demak,

X5+4x4- 6x3- 24x2- 21x- 108 =(x - 3)(x +3)(x +4)(x2+3)
bo‘lib, x2+3 =0 hagqiqiy ildizlarga ega emas.

Javob: {-4; -3; 3}

1 -misol. 4x4+8x3- x2- 8x - 3=0 tenglamaning bare
ratsional ildizlarini toping.

Yechish: Ozod had -3 ning bo'luvchilari +£1;+3
bosh koeffitsiyent 4 ning bo‘luvchilari +1;, £2; +4 dan ibor
2-teoremaga asosan berilgan tenglamaning ratsional ildizi
rini

1

2
sonlari orasidan gidiramiz. Bevosita tekshirib ko'rish orga

*1, 3, ii;%—'ii;i—
2 4’4

x=—%x=1 x=--l;x =-2 sonlari tenglamaning ildizi eké
ligiga ishonch hosil gilamiz.
Javob'. i——;——;—l;l
2 2

Ba'zi tenglamalarni belgilash Kiritish yordamida ke”
rilgan tenglamaga keltirib sodda usulda yechish mumkin.

12-misol. 4x4- 16x3+1Ix2+4x - 3=0 tenglamaning
cha ratsional ildizlarini toping.
Yechish: Berilgan tenglamaning ikkala tomonini 4 ga 1]
paytiramiz:

16x4- 64x5+44x2+16x- 12=0
(2x)4- 8(2x)3+11-(2x)2+8+(2x) -12=0
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2x =y deb belgilash kiritamiz va y4-8y* +1fy2+8y-12=0
keltirilgan tenglamani hosil gilamiz. 4-teoremaga asosan il-
dizlarini ozod had -12 ning bo‘luvchilari %1, +2; £3; £4;+6;
+12 lar orasidan izlaymiz. Bevosita tekshirish natijasida
y, 2=%1;yb=2;y4=6 lar ildizi ekanligini topamiz. Bundan

berilgan tenglamaning ildizlari x, 2=%1i; x} =1, x4=3 bo'ladi.

Javob'. i;3].

Q Ef Mustagqil yechish uchun mashgqglar

5.1-misol. Qoldiglami toping.
1 p(x) ko'phadni x-2 ga bo'lgandagi goldig 5 ga, x-3 ga
bo'lgandagi qoldiq 7 ga teng. p(x) ko'phadni (x-2)(x-3) ga
bo'lgandagi goldigni toping.
2. p(x) =x"°-2x8 +1 ko'phadni x2-1 ga bo'lgandagi goldig-
ni toping.
3. a va b ning ganday giymatlarida p(x) =ax4 +bx3+1 ko'p-
had (x -1)2ga qoldigsiz bo'linadi.
4. p va q ning ganday giymatlarida 6x4- 7x3+px2+3x +2
ko'phad x2-x +q ga qoldigsiz bo'linadi.
5 p(x)=x2+| ko'phadni x16-x 8+| ko'phadga goldigsiz
bo'linishini isbotlang.
6. Biror ko'phadni x2+6x +8 kvadrat uchhadga bo'lganda
goldig 3x +2 ga teng bo'ladi. Shu ko'phadni x+2 va x+4 ga
bo'lgandagi goldigni toping.

5.2-misol. Test topshiriglari.
1 x3+2«x2+mx+5 ko'phad x2-1 ga qoldigsiz bo'linadi.
m+n ni toping.

A5 B)L C)-~ D)-7 E)-6
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2. /m3+ux2-x +2 ko'phad x2- 3x+2 ga qoldigsiz bo'linadi®

m n ni toping.
A) 2 B)-2 C)3 D)-1

3. P(x)=2x3-5x2+ax-b ko'phad (x-1)2 ga qoldigsiz bo‘-

linsa, a +b ni hisoblang.
A5 B) 2,5 C)7 D)3

4, X2001+3x20 +3x +13 ko'phadni x+3 ga bo'lgandagi qol?

digni toping.
A4 B3 C5 D2 B!

5. P(xX) =xB+4g2M4 +5c+23 ko'phadni x+4 bo'lganda
goldigni toping.

A) 42014 +3 B)-2 C)3 D) 43
6. P(X) =x3+2x2-x +2 ko'phadni x2+3 ga bo'lgandagi qol

digni toping.

A)-8 B)-8x-4 C)- 4x- 4 D)-2x +6
7. 3x5+6x* +11x3+4x2+6x +4 ni 3x2+2 ga bo'lgandagi qdj
digni toping.

A) 6x +4 B) 4 C)3x +4 D) 2

8. P(X) =2xB+3x8+3x2- 5x+3 ko'phadni x3+/2 ga bo'lg
dagi qoldigni toping.
A) 9x2+3x+3  B) 3x2-1,3x +3 C)-5x +3 D) x2- Ix+i
9. P(X) =Q(X)*(x2- 7x +6) +5x - 4 berilgan. P(x) ko'pha
X - 6 ga bo'lgandagi qoldigni toping.
A) Aniglab bo’lmaydi B) 34 C) 26 D) 30
5.3-misol. Quyidagi tenglamalaming butun ildizlarinij
toping.
1. x3+2x2-x-2 =0
2. X3-x2-8x +12=0
3. x3+6x2- x- 30=0
4. X4+4x3- Tx2- 22x +24 =0
5. x5+3x4-2x3-9%x2-11x- 6=0



5.4-misol. Quyidagi tenglamalaming ratsional ildizla-
rini toping.
1. 3x3+x2+x-2 =0
2. 2x* - x3+2x2+3x- 2=0
3. 6xA+Ix3- 22x2- 28x- 8=0
4, 2x*-7x3-3x2+5x-1 =0

6. Gorner sxemasi

p(x) =alX' +ay-' +---+a, Ix+a,,,(a0*0) (1)
ko‘phad berilgan bo‘lsin. p(x) ko‘phadni (x-a) ikkihadga
boMishda Gomer sxemasi usulidan foydalaniladi. p(x) ko‘p-
hadni (x-a) ikkihadga bo‘lganda (n-1)- darajali

g(x) =bX*~ +bIx'""2+... +b, % +b, 1,(b0* O (2)
ko‘phad va r goldiq hosil bo‘lsa,
P() =(x-a)q(x) +r (3)
tenglikka ega bo‘lamiz. (1) va (2) ni (3) ga qo‘yamiz. Na-
tijada
axX'"+a,*"+ emet Q, X+ a,= (- a)bX"~ +bx" 2+ + N X+*, )+ N\
alx" +alX'~ + —+an Ix +an=b0x" +btX'~ +... +bn X2+ bn tx -ab "~ -
-abx'"~2- ...-a6Nn 2ar-aén_1+r
ax”+at'~ w- +anix +an=b0X" +(6, -abO)X"~" + ...+
+(b”-ab,,_2)x+r-abn,
Oxirgi tenglikning ikkala tomonidagi x ning bir xil da-
rajalari oldidagi koeffitsiyentlarini tenglaymiz:

a0 —bh0 b0 —a0

a, =b, - abn b{=ab0 + a,

a, = b2 - abt b2 = ab. +a.
i+ a«i

an=r ~abn-] r =abn x+an
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Mana shu usul yordamida bo‘linma q(x) ko‘phadning]
bn, bit b2..., bni koeffitsiyentlari va r qoldig‘ini topishningl
Gomer sxemasi deb ataladi. Buni jadval ko‘rinishida yozaj
miz.

*0 a\ °7 a,,i 1
2 k =a0 =at{ +a2 ... br=ak2+a® r=a” +a, j

1-misol. P(x) - 4x5- 7x4+5xr- 2x +1ko‘phadni jc—3 gaj
bo‘ling.
Yechish: P(x) =4x5- 7x4+5x3+0+x2- 2x +1 ko‘rinishi]l
ega bo'lib, a0=4,a, =-7,a2=5,a3=0,a4=-2,a5=1 i
a - 3 ni aniglaymiz.
b0=a0=4,6, =3-4-7 =5,62=3-5 +5=20, 63=3-20 +0 =60,
64=3-60-2 =178, r =3-178 +1=535
Jadvalni to‘ldiramiz:
a0=4 a, =-7 a.=5 =o a4=-2 © (_I_]
o= 6,=4 ft=5 =Qc b3=60 64=178 =535 J

Bo‘linma q(x) =4x* +5x3+20x2+60x +178 va qoldi;
r =535 gateng.
4X5- 7xA+5x3- 2x +1 =(x - 3)(4x4+5x3+20x2+60* +178) +535
2-misol. p{x) =x4-8x3+15x2+4x-20 ko‘phadni x-~
ikkihadga bo‘lgandagi boiinma va goldigni toping.
Yechish: a0=1,a, =-8, a2=15, a} =4, a4=-20 va a=2.
60=a0=I,6, =2-1-8 =-6, A=2 (-6)+ 15=3
=2-3+4=10, r=2-10-20=0.
Jadvalni to‘ldiramiz:
ad=1 o=-8 a2=15 = a, =-20
a=2 = 6=-6 62=3 sm=o =0
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Demak, goldiq r =0 bo'lib, p(x) ko‘phad x-2 ikkihad-
ga qoldigsiz bo'linadi. Bunda bo‘linma <?(X)=x3-6x2-+3x+10
ga teng.

P(X)= x4- Sx3+15x2+4x - 20 = (x- 2)(x3- 6*2+3* +10).

Bezu teoremasiga asosan [x) ko'phadni x-a ikkihad-
ga bo'lgandagi qoldiq r =P(a) ga teng. Gomer sxemasi yor-
damida ko'phadning nuqtalardagi qiymatlarini ham topish
mumkin.

3-misol. P(x) =x4+x3- 16x2- 4x +48 ko'phadni
(x+4) (x-2)(x-3) ga goldigsiz bo'linishini isbotlang.

Yechish: Gomer sxemasi yordamida berilgan ko'phadni
x=-4, x-2 va x=3 nuqgtadagi giymatlarini topamiz:

1 1 -16 -4 48
-4 1 -3 -4 -12 0
2 1 3 -10 24 0
3 1 -4 -16 0

Ko'rinib turibdiki, oxirgi ustundagi goldiglar 0 ga teng.
Bundan berilgan ko'phad (x +4)(x - 2)(x - 3) ga qoldigsiz bo'-
linishi kelib chigadi.

a er Mustaqil yechish uchun mashgqlar

6.1-misoi. Gomer sxemasidan foydalanib, P(x) ko'p-
hadni a(x) ikkihadga bo'lgandagi to'ligsiz bo'linma va qol-
digni toping. N
1- P(x) =5x3-26x2+25x-4; a(x)=x-5;
2. P(x) =4x3- x2- 27x-18; a(x) =x +2;

P(x) =x4- 3x3+6x2- IOx+16; a(x)=x-4;

4. P(X) =x5—=2x4+3x3- Ix2+x-5; a(x) —x-2\
N P{X) =x6- 4x4+x3- 2x2+5; a(x) =x+3.
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6.2-misol. Gomer sxemasidan foydalanib, P(x) ko'p
hadni x =a nuqtadagi giymatini toping.
P(X) =x3-6x2+1LIx —6, a =2, a =3,a =-3;
P(x) =X3- 2x2+7, a =4;
P(x) =x4+2x3-12x2-38x-4, a =-4;
P(x) =2X5+3x4+6x2-16, a=-2;
P(x) =x5+x4- 6x3- 14x2- 1Ix - 3, a =3;
P(x) =3x6- 5x4- 6x3+x2-1, 0=2;
P(X) =X7+2x6+3X5+3x4+2Xx3+X2- X +3, 0=4;

S L S A o

7. Ko‘phadlarni ko'paytuvchilarga ajratish

Ko'phadlami ko‘paytuvchilarga ajratishda bir necb
usullardan foydalanish mumkin. Bular gisqa ko‘paytirish for-]
mulalari, ko'phadni ildizini topish haqidagi teorema, ko'pJ
hadni ko'phadga bo‘lish, noma’lum koeffitsiyentlar va hokal
zo usullardan foydalaniladi.

1-misol. x4+4 ni ko'paytuvchilarga ajrating.

Yechish: al-b1l=(a-b)(a +b) kvadratlar ayirmasi fo
mulasini qo'llaymiz:

X4+ 4 = (X4+4X2+4) - 4x2= (X2+2)2- (2x)2=(X2+2- 2X) =
X2+ 2 + 2X) = (X2-2X +2)(X2+2X +2).

Hosil bo'lgan kvadrat uchhadlar chizigli ko*paytuvchin
larga ajralmaydi, chunki ular hagiqiy ildizga ega emas.

Javob'. (x2- 2x +2)(x2+2x +2).

2-misol. x6+27 ni ko'paytuvchilarga ajrating.

Yechish: al+b3=(a+b)(a2-ab+b2) kublar yig'indisi foi*
mulasini qo'llaymiz. Natijada%

X'+ 27 = (x2)3+ 39= (x2+ 3)(x4- 3x2+9) = (x2+ 3)[(x4+ 6x2+ 9) - 9x2] =
= (x2+ 3)[(x2+ 3)2- (3x)2] = (x2+ 3)(x2- 3x + 3)(x2+ 3x + 3).

Javob: (x2+3)(x2- 3x +3)(x2+3x +3).
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3-misol. x4+1982x2+198Ix +1982 ni ko‘paytuvchilarga
ajrating.

Yechish'. Quyidagicha shakl almashtirishlami bajaramiz:
X4+1982x2+198 Ix+ 1982 = x4+ x3+ x2+ 198 1(2+ x +1) - (x3-1) =
=Xx2(x2+ x+ D+ 1981(x2+ x + I)-(x - D2+ x +1) =
= (x2+x+ DER+1981 - x +1) = (x2+ x + DR - x + 1982).
Javob'. (x2+x +1)(x2-x +1982).

4-misol. x5+x +1 ni ko‘paytuvchilarga ajrating.
Yechish: X5+X +1=(x5+x4+x3) - (X4+x3+x2)+(x2+x +1) =
=X3(X2+X +1)-x2(x2+X +1) + (X2 +Xx +1) =(X2+X +1)(X3-x 2 +1).

Bu misolda berilgan ko‘phaddan x2 ni ayirib, qo‘shsak
ham shu natijaga kelamiz:

x5+ x +1 = (X6- x2)+ (x2+ x +1) = x2(x3-1) + (X2+ x + D =
=x2(x- DER+ x+1) + (x2+ x +1) = (x2+ x + DOR(XX - D+ D=
= (2+x + DB-x2+).
Javob'. (x2+x +1)(x3- x2+1).

5-misol. x8+x7+1 ni ko‘paytuvchilarga ajrating.
Yechish'.
x8 +X7+1 =(x8+x7 +X6) - (X6+x5+x4) +(X5+ x4 +x3) -
-(X3+X2+X) +(X2+x +1) =x6(x2+X +1) - X4x2+Xx +1)+x3m
(2+ x+1) - X(X2+ X +1) + (X2+ X+ 1) = (X2+ X + D(X6- X4+ X3- X + 1),
Javob: (x2+x +1)(x6- x4+x3- X +1).

6-misol. x6+2x5+9x4+16x3+24x2+32x +16 ko‘phadni
ko‘paytuvchilarga ajrating.

Yechish: Quyidagicha shakl almashtiramiz:
x6 +2X5+9X4+16x3+24X2+32X +16 = (X6+ 2X3-X2+ X4) +
(8x4+16x3+8x2) +(16x2+32x +16) = (x3+x2)2+8x2(x2+
2X +1) +16(x2+2x +1) =[x X +1)]2+8x2(x +1)2+16(x +1)2=
(x +1)2(x4+8x2+16) =(x +1)2(x2+4)2=(x +1)2(x2-
-2X +2)2(X2+2x +2)2.
Javob: (x +1)2(x2- 2x +2)2(x2+2x +2)2.
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7-misol. a'0+a +1ni ko'paytuvchilarga ajrating.
Yechish:
all;ra5+1 = @' ¥a9+af8)-(a""+a8+a7)+(a7+ab+ab)-(al*a5+04)+
Lla* +a* +al)-(a>+a* +a)+(a2+a+\)=a(a!+a+ 1)-ana2+afl) +
-«'(a2+a+)-ai(@2+aH)+ax@+a+ I)-a(@2+a+1)+(a2+a+ h=
=(cf +a+Xa8-a l+~a*+a>e+1).
Javob'. (a2+a+l)(a8-a" +a - ad4+a3-a +1).
8-misol. x3+9x2+1 Ix- 21 ni ko‘paytuvchilarga ajrating.
Yechish: x3+9x2+11x-21 =x3-x2+10x2-10x +21x- 21 5
=x2(x - ) +10x(x -1) +21(x-1) =(x- )(x2+I10x +21) =
=(x-1)(x +3)(x +7).
Javob: (x- D(x+3)(x +7).
9-misol. (x +1)(x +3)(x +5)(x +7) -1920 ni ko‘paytuvc”
larga ajrating.
Yechish: Quyidagi shakl almashtirishni bajaramiz:
(X+D(X+3)(X+5)(x+7) - 1920 =(x + )(x + 7)(x +3)(x +5) - 1920
=(x2 +8x +7)(x2+8x +15)-1920.
x2+8x=v deb belgilash kiritamiz, natijada berilg
ko‘phad kvadrat uchhad ko‘rinishiga keladi:
(Y+7)0" +15)- 1920=y1+22y +105- 1920=/ +22y - 1815,
Viyet teoremasidan

ni topamiz.
Demak, y2+22y-1815=(y-33)(y +55) bo'‘lib, belgi
lashga gaytamiz.
Natijada, berilgan ko‘phad
(x2+8x - 33)(x2+8x +55) =(x - 3)(x + 1I)(x2+8x +55)
ko'rinishidagi ko‘paytuvchilarga ajraladi.
Javob: (x - 3)(x+11)(x2+8x +55).
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10-misol. (x +1)(jc +2)(x +3)(jc +4) +1 to‘liq kvadrat ko'-
rinishida tasvirlang.

Yechish: Berilgan ko'phadni quyidagi ko'rinishda yozib
olamiz;

*+D)*+2)(x+3)0 +4) +1 =(x +D(jc +4) (X +2)(x +3) +1 =

=(X2+5X +4)(jQ +5* +6) + L

x2+5x =y belgilash kiritamiz va berilgan ko'phad
kvadrat uchhad ko'rinishiga keladi va belgilashga gaytamiz:

(/+4(/ +6)+1=/2+10/ +25 =(/+5)2=(jc2 + 5x +5)2.

Javob'. (x2+5x +5)2.

11-misol. P(x) =4(x +5)(x +6)(jc +10)(x +12) - 3x2 ni ko'-
paytuvchilarga ajrating.

Yechish: (x +5)(x +6)(x +10)(* +12) = (x +5)(x +12)(* +6)
(X +10) =(x2+17x +60)(x2+16x +60). Bundan x2-+\6x +60=t

deb belgilash kiritamiz. Natijada berilgan ko'phad
P(X) =4(t+x)t- 3x2=4/2+4/x +x2-4x2=
=(2/+x)2- (2x)2=(2t - x)(2t +3X)
ko'rinishiga keladi. Belgilashga qaytamiz:
P(x) =(2(x2+\6x +60)- jc)(2(jc2 +16jc +60) +3x) yoki
P(x) =(2x2+31x +60)(2x2 + 35x + 60).
Endi gavs ichidagi har bir kvadrat uchhadni ko'paytuv-
chilarga ajratamiz:

1) 2x2+31x+60 da £>=961-960=1>0 va x,=-8;

Bundan

2) 2x2+35x+60 da D=1225 - 960 =265 >0 Vva

-35+V265
4
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Bundan

B+126Y  35->/265
2n: +3lor +60 =2 x + X +
y

Demalk,
p() =4(1 +8 Ir]1 +)}<\1 - 35-71/265 M L35 +V/265}
12-misol. P(x)=n4- 6n3+9n2+4n-12 ko‘phadni K
paytuvchilarga ajrating.
Yechish-. Ozodhad -12 ning butun bo‘luvchilarini
pamiz:
+1; £2; +3; £4; +6; +12.
Demak, P(x) ko‘phadning ildizlarini ozod hadning b
luvchilari ichidan gidiramiz:
P(-1) =1+6+9-4-12 =0
P(2) =16-6-8 +9-4 +4-2-12 =0
P(3) =81-6-27 +9-9 +4-3-12 =0
n=-1;0 =2; ;=3 sonlari ko‘phadning ildizi ekan. B
dan berilgan ko‘phad (n+1)(n-2)(n-3) =(n+1)(n2-5x +6) =
=n3- 4n2+x+6 ko‘phadga qoldigsiz bo‘linishi kelib chigadil
N4-6x3+9x2+4x-12 x -4x +X+6
X4- 4n3+n2+6x n-2
-2x3+8n2-2n-12
-2n3+8n2- 2n-12
0
Demak, berilgan ko‘phad P(x) =(x+1)(x-2)(x-3)(x-2)
=(x+1)(x-2?(x-3) ko‘rinishida «ko‘paytuvchilarga ajraL
ekan. Bu yerda n =2 ikki karrali ildiz ekanligi ma’lum bo‘ld]

Javob: (n+1)(n-2)2(n-3).
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F P f Mustagil yechish uchun mashqlar

7.1-misol. Ko‘paytuvchilarga ajrating.

1. x3+3x2-4 2. x4 +1

3. x4+64 4. x4-x 2+l

5. x4- 5x2+4 6. x4+5x2+9

7. X8+ x4 +1 8. x8+x+1

9. x8+3x4+1 10, (x2+x +1)(x2+x +2) —12
11, (x+D4+2(x +1)3+x(x+2) 12, (dx+1)(12x- N(Bx+2)(x+1)- 4
13. X7 +x5+I 14. x8-1

15. x5+x-1.

8. Noma’lum koeffitsiyentlar usuli

Endi noma’lum koeffitsiyentlar usuli yordamida ko‘p-
hadlami ko‘paytuvchilarga ajratishga doir misollami ko‘rib
o'tamiz.

1-misol. />(X)=x3+9x2+23x +15 ko‘phadni ko'paytuv-
chilarga ajrating.

Yechish: x=-1 soni ko‘phadning ildizi, chunki #A(-1)=0.
Bundan berilgan ko‘phad x +I ga qoldigsiz bo'linadi. U hol-
da boMinma x2+ax +b ko‘rinishida bo‘ladi, chunki x3 oldida-
gi bosh koeffitsiyent 1ga teng.

Demak,

P(X) =x3+9x2+23x +15 =(x +1)(x2+ax +b) =x3+ax2+

+bx +x2+ax +b=x3+(a+1)x2+(a +b)x +hb.
x3+9x2+23x +15 =x3+(a+1)x2+(a+b)x+h.

Ko'phadlar teng bo'lishi uchun bir xil darajalar oldidagi
koeffitsiyentlar teng bo‘lishi lozim.

a+l=9
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Bundan P(x) =(x +1)(x2+8*+ 15) ko‘rinishga keladi.

x2+8x +15 kvadrat uchhadning ildizlari x, =-3;x, =-5 ni topib,,
X2+8x +15 =(x +3)(x +5)

ni hosil gilamiz. Natijada P(x) =(x +1)(x +3)(x +5) ko‘rinishiJ

dagi ko‘paytuvchilarga ajraladi.

Javob! (x+[)(X +3)(x +5).

2-misol. P(x) =3x4+5x3- x2- 5x- 2 ko‘phadni ko‘pa*
tuvchilarga ajrating.

Yechish: x=I soni ko‘phadning ildizi, chunki ko‘phai
ning koeffitsiyentlari yig'indisi 0 ga teng. Bundan berilgs
ko‘phad x-l1 ga qoldigsiz boMinadi. U holda bo‘linra
3x3+ax2+bx +c ko‘rinishida bo‘ladi, chunki x4 oldidaf
bosh koeffitsiyent 3 ga teng. Demak,

P(x) =3x4+5x3- x2- 5x- 2=(x- 1)(3M3+ax2+bx +c) =3x4+ax3+
+bx2+cx- 3x3- ax2-b x-c =3x4+(a- 3)x3+(b-a)x2+(c- b)x- A
3x4 +5x3- x2- 5x- 2=3x4+(a- 3)x3+(b- a)x2+(c- b)x- AT

Bir xil darajalar oldidagi koeffitsiyentlarni tenglaymiz:i

Bundan P(x) =(x - 1)(3x3+8x2+7x +2) ko‘rinishiga kK
ladi. x =—2% soni 3x3+8x2+7x +2 ko‘phadning ildizi, bu ko'
hadga noma'lum koeffitsiyentlar usulini yana bir marta qoj
laymiz:

3} +Sx2+1x +2 =(x +)(3x2+mx +n) =3x3+m+
+nx +3x2+mx +n =3x3+(m+3)x2+(m+n)x +n
m+3=8

Demak, 3x3+8x2+7x +2 =(x +1)(3x2+5x +2) o'rinli.
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2
3ar+5x+2 kvadrat uchhadning ildizlari g =-1;x2=-- ni topib,

3Ix2+5x +2 =3+ +yj =(x +)(3jc+2)

ni hosil gilamiz.

Natijada
X3+82+1Ix +2 =(x +N)(x +D)@Bx +2) =@ +1)2@8x +2) va P(x)
ko'phad P(x) =(x- 1)(3g +2)(z: +1)2 ko'rinishidagi ko'paytuv-
chilarga ajraladi.

Javob: (ac-1)(3ac+2)(r +1)2.

Ba’'zi ko'rinishdagi to'rtinchi darajali ko'phadlami qu-
yidagi ayniyat (ar2+ax +1)(a2- ax +1) =x* +(2- a2)x + 1 yorda-
mida juda sodda usulda ko'paytuvchilarga ajratish mumkin.

Masalan, a=1da x* +x2+1=(g2+x +1)(x2- x +1);
a=s/3 da x* - x2+\=(x2+xy/3 + D)(a2- mv3+1).

3-misol. a ning ganday butun giymatlarida P(x)=x*-3x>+

ax2- 9x-2 ko'phadni ikkita butun koeffitsiyentli kvadrat
uchhad ko'paytmasi ko'rinishida tasvirlash mumkin,

Yechish: lkkita kvadrat uchhadning g2 hadi oldidagi
koeffitsiyentlari 1 ga teng, chunki berilgan ko'phadning g4
darajasi oldidagi bosh koeffitsiyenti ham 1 ga teng. Ozod
ladlari ko'paytmasi -2 ga teng bo'lib, kvadrat uchhadlar-
ning ozod hadlari 2 va -1 yoki 1va -2 ga teng bo'ladi.

Ikkita holni ko'rib o'tamiz:

1) Kvadrat uchhadlaming ozod hadlari 2 va -1 bo'lsin.
U holda

x4- 3F3+ax2- 9x-2 =(x2 +px +2)(x2+gx —1)
°‘rinli va p,qg&z. Tenglikning o'ng tomonidagi gavslami
jchib chigamiz:
X*~3x3+ax2-9x - 2=x4+(p +q)x3+(1 +pg)x2+(2q- p)x - 2.

Mos darajalar oldidagi koeffitsiyentlami tenglaymiz:
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p+q=-3 p+g=-3 p=\
1+ pg=a =>ultpg=a=>- =*
29-p =-9 32=-12 a=-3
2) Kvadrat uchhadlaming ozod hadlari 1va -2 bo‘lsi®
U holda
X* - 3x3+ax2- 9 - 2=(x2+px +1)(x2+qx - 2)
o‘rinli va p,qeZ. Tenglikning o‘ng tomonidagi gavsl
ochib chigamiz:
x4-3x3+ax2-9x-2 =x4+(p +q)x3+(pq-1)x2+(q-2p)x-2
Mos darajalar oldidagi koeffitsiyentlami tenglaymiz:
p+gq=-3 p+qgq=-3 p=2
pg- l=a =m0 — = = =
g-2p =-9 3p =6 /j=-11
Javob: a=-3; a=-11.
4-misol. Qaysi ko‘phadni kubga ko‘targanda
X6+9x5+30x4 +45x3+30x2+9x +1

] ko‘phad hosil bo‘ladi?

Yechish: Berilgan ko‘phadning bosh koeffitsiyenti (x6
oldidagi koeffitsiyent) 1 ga teng. Shuning uchun berilg
ko‘phadni

X6 +9x5+30x4 +45x3+30x2+9x +1 =(x2+px +q f
ko‘rinishida tasvirlaymiz.

Tenglikni 0'ng tomonini kubga oshirib, keyin mos dai®
jalar oldidagi koeffitsiyentlami tenglab, p va q lami tops
ishimiz giyinlashadi.

Tenglikdagi o‘zgaruvchilarga hususiy giymatlar berwy,
noma’lum koeffitsiyentlami aniglaymiz:

x =0 da

06+9 +05+30 «04+45 3+30 W2+9 0 +1 =
=(02+p W+qf =>q3=1=>q =],

x =l da
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16+9-155+30-14+45-13+30-12+9-'i +| =(12+p -1 +N3=>(| +p +")3=125
niva \+p +q=5=>p +q=4=>p +| =4=>p =3 ni topamiz.

Demak, berilgan ko‘phad,

X6 +9x5+30x4 +45x3+30x2+9x +1=(x2+3x +1)3
ga teng.

Javob: (x2+3x +I)3,

5-misol. x4+x3-5x2+5x +12 ko‘phadlami ikkita butun
koeffitsiyentli kvadrat uchhad ko‘paytmasi ko‘rinishida tas-
virlang.

Yechish: x4+x3+5x2+5x+12 ko‘phadni ozod hadi 12 ga
teng. 12 sonini 12=3-4 =-3-(-4) =2-6 =-2-(-6) ko‘rinishida
tasvirlash mumkin. Bundan berilgan ko‘phadni 12=3-4 ko'-
paytma uchun ko‘raylik:

X4+Xx3+5x2+5x +12 =(X2+px +3)(Xx2+qx +4)
X4+Xx3+5x2+5x +12 =(x2+px +3)(x2+qgx +4) =
=x4+0gxl+4x2+pxl+pgx2+4px +3x2+3gx +12 =
=x4+(p +q)x3+(pq +7)x2+(4p +3qg)x + 12
X4+X3+5x2+5x +12 =x4+(p +q)x3+
+(pg +7)x2+(4p +3q)x +12.

p+g=\ P+A=1

pg+1=5 =mpq+7=0: :

4p+3q=5 g¢g=-1
X*+X3+5x2 +5x +12 =(x2+2x +3)(x2- x +4).

Bevosita tekshirish orgali 12=-3-(-4) =2-6 =-2-(-6)
;0'paytma uchun tenglik o‘rinli emas.

Javob: (X2+2x +3)(x2- X +4).

6-misol. a va b ning ganday giymatlarida x4+ox3+
#x2-8x +|I ko‘phad biror kvadrat uchhadning kvadratidan
'borat bo‘ladi?

P=2
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Yechish: Berilgan ko‘phadning bosh koeffitsiyenti 1 ga,
teng bo'lib, hosil bo'lgan kvadrat uchhadning x2 hadi oldida-
gi koeffitsiyent ham 1 ga teng bo‘ladi. Berilgan ko'phadning
ozod hadi 1 ga teng. 1 sonini 1=12=(—-)2 ko'rinishida tasvir-
lash mumkin. Bundan berilgan ko'phadni ikkita holda kvad-
rat uchhadning kvadrati ko'rinishida tasvirlash mumkin:

x4 +ax2+bx2- 8x +1 =(x2+px +1)2
x4 +ax3+bx2- 8x +1 =(x2 +px - 1)2

1-hol.

X4 +ax3+bx2- 8x +1 =(X2+px +1)2=(x2+px)2+2(x2+px) +1 5
=XA4+2pX3+pA2+2X2+2px +1=x4+2px3+(p2+2)x2+2px+ 1
X4 +ax3+bx2- 8x +1 =x4+2px3+(p2+2)x2+2px +\

Bundan
2p =a {p=-4
mp2+2=6=>a=-8
2p =- (ft=18
2-hol.

X4+ax3+bx2- 8x +1=(x2+p x-1)2=(x2+px)2- 2(x2+px) +1
=X4+2px3+pX2- 2x2- 2pX +\=x* +2px3+(p2-2)x2- 2px +1.
x4+ax3+bx2- 8x +|=x4+2px3+(p2-2)x2-2px +\

Bundan
2p =a \p=4
*p2-2 =b=>-a=8
-2p =-8 [fc=14
2-usul. Bu misolni umumiy holda yechamiz.
x4 +ax3+bx2- 8x +1=(x2+cx +d)2 deb olamiz. Bundan
x4 +ax3+bx2- 8x +1=(x2+cx)2+2d(x2+cx) +d2=x4+2cx3+

+C2X2+2dx2+2cdx +d2 =x* +2cx3+ (c2+2d)x2+2cdx +d2
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2C =g d=+1 A =-i

c2+2d=b cd=-4 6=t
2cd=-8 =*e=2C —g Y
d2=1 b=c2+2d A =14

Javob: #=8;6 =14 yoki 71 =-8;b =18.

m Mustaqil yechish uchun mashgqglar

8.1-misol. Noma’lum koeffitsiyentlar usuli yordamida

ko'phadlami ko'paytuvchilarga ajrating.
1. P{x) =2x}-x2-5x-2
2. P(x) =x4- 9x3+30x2- 44x +24
8.2-misol. x*-2x3-2x +15 ko'phadni
koeffitsiyentli kvadrat uchhad ko‘paytmasi ko‘rinishida tas-

ikkita butun

virlang.
8.3-misol. a va b ning ganday giymatlarida ko‘phad

biror kvadrat uchhadning kvadratidan iborat bo‘ladi?
1. x4+24x3+ax’ +1992x +b 2. x4+x3+2x2+ax +b
8.4-misol. a,b va c¢ ning ganday giymatlarida x3+ax2+

+bx +a ko‘phad x +c ikkihadning kubiga teng bo‘ladi?

9. Ko‘phadning ildizlari

Ko'phadlaming ildizlarini topish bo'yicha quyidagi

tasdiglar o‘rinli:
1-tasdiq. Agar ratsional koeffitsiyentli P(x) ko'phad

uchun P(a+b-Jc)=p +qgd4c o‘rinli bo‘lsa, u holda P(a-b4c) =

~p-qjc bo'lishini isbotlang.
Bu yerda a,b,c,p,q eQ va ¢>0, Vc - irratsional son.

Isbot. Matematik induksiya usulida isbotlaymiz.
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P(X) —axn+ ax"'A+a'"2+... +a,, Ix+a, ko‘phad beril-»

gan bo‘lsin. Biz bu xossani X"'(ne N) uchun isbotlasak yetarl*.
n=1 da yuqoridagi tasdiq bajarilishi ko‘rinib turibdi.

Bu tasdiq n=2 da ham o'rinli:

(a+b4c)2=(a2+bx)+ labile
(a- byfc)2 =(az2+bz) - 2ab-Jc
Faraz qilaylik, bu tasdiq n=k uchun o‘rinli bo‘lsin, ya’ *
(@a+b4c)k- p +g-Jc=>(a-b4c)k -p-q4c .
U holda n=k +\uchun
(a+b4c)kt =(a +b4c)k-(a +b4dc) =(p +g4c)(a +b4c) =
= (ap + beq) +(bp +aq)4c,
(a-b4c)k#t=(a-b4c)kma-b4c) =(p-g4c)(a-b4c) =
=(ap+ beq) - (bp+aqg)4c
o‘rinli. Bundan yuqoridagi tasdig VneN uchun o'rinli ek
ligi kelib chigadi.

2-tasdiq. Agar x=a+b4c soni ratsional koeffitsiyen”®
P(X) ko‘phadning ildizi bo‘lsa, u holda x=a-b*Jc soni he
P(x) ko‘phadning ildizi bo‘ladi.

Bu yerda a,b,c,p,qeQ va ¢>0, a/c - irratsional son.

Isbot. 1-tasdiqga asosan P(a+b4c)=p+q¥%[c=>P(a-blc)=
=p- g4c.

Ikkinchi tomondan P(a +b4c) =p +g4c =0 bo'lib, ten
lik fagat p=g=0 bo‘lganda o'rinli. U holda P(a-b4c)\
=p-g4c =0—0mc =0 bo‘ladi. Bundan x=a- b4c ha'
P(x) ko‘phadning ildizi bo'lishi kelib chigadi.

1-misol. P(X) = g3+ 8x2+ax+b ko‘phadning ildizlari
biri 2-n/5 ga teng bo‘lsa, tenglamaning golgan ildizlari va a
b ni aniglang.
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Yechish-. 1-usul. x=2-4s ko'phadning ildizi bo‘lganligi
uchun ko‘phadning shu nuqtadagi giymati 0 ga teng bo'ladi:
(2- V5)3+8-(2-S ) 1+a-(2-j5) +b=0
8- 12\5 +30- 55 +12- 32J5 +2a-aS +6=0
(-a - 49)V5 +(2a +b+110) =0

Oxirgi tenglik bajarilishi uchun

o'rinli bo‘ladi. Bundan P(x) =x3+8x2-49*-12 ko'rinishga
ega. X, =2- V5 ko‘phadning ildizi va yugoridagi 2-tasdigga
asosan x2=2 +4s ham ko'phadning ildizi bo'ladi.

Demak, berilgan ko‘phad
(X-je)(x - X2)=(X- 2+8B)(x- 2- /D) =(x- 2)2- 5=x2- 4x- 1
kvadrat uchhadga goldigsiz bo‘linadi.

X3+8x2- 49x -12 x2-4x -1
x3-4x2- x X +12
12jc2- 48x -12
12x2- 48n:-12
0

Bundan P(x) =(x +\2)(x2- 4 je-1) bo'lib, uchinchi ildizi
78 =-12 gateng.

2-usul. x, =2 - y/s ko‘phadning ildizi va yuqoridagi
2-tasdiqga asosan x2=2 +5/5 ham ko‘phadning ildizi bo‘ladi.
1) holda berilgan ko‘phad
K-X]P(X-x2)=(x-2 +S)(x-2-S) =(x-2f -5 =x2-4x-\
kvadrat uchhadga goldigsiz bo‘linadi.
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x5+8v: +at +6 xJ-4x-|
jro- 4r2- x *+12
12x: +(u+ I)x +6
12xr- 48n - 12
(a+49)r +6 + 12
P(x) =(x +12)(x2- 4x-1) +(a +49)x +6 +12 bo'lib, gold'
0 ga teng bo'lishi lozim:

Demak, P(x) =(x+12)(x2-4x-1) bo‘lib, x3=-12 gatengj
Javob'. x,2=2+ V5, x3=-12; 0=-49, 6 =-12.

2-misol. Koeffitsiyentlari butun sonlardan iborat bol

P(x) =x4+ax3+6x2+6x +2
ko‘phadning ildizlaridan biri 1+/3 ga teng bo‘lsa, tengl
maning qolgan ildizlari va a, b ni aniglang.
Yechish: 2-tasdigga asosan berilgan tenglaman:
X =1+/3 ildizi bo'lsa, X2=1-V3 ham ildizi bo‘ladi. U hol<J
berilgan ko‘phad
(x- %)(x- x2) =(x-1- V3)(x-1+/3=(x- 1)2- 3=x2- 2x- 2
ga qgoldigsiz bo'linadi.
P(x) ko'phadni x2-2x-2 ko‘phadga bo'lamiz:
x4 +ax3+hx2+6x +2 X2- 2X- 2
X4-2x3-2x2__ x2+(a+2)x+2a+6+6
(@+2)x3+Hb+2)x2+6x +2
(a+2)x3- 2(a+2)x2- 2(a+2)x
(2a+b+6)%2+(2a+10)x +2
(2a+b+6)x2- 2(2a +b+6)x - 2(2a +6 +6)
(6a+26 +22)x +2(2a+6+7)
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P(x) =x4+ax3+bx2+6x +2=(x2-2x - 2)(x2+(a +2)x +
+2a + br 6) + (6a + Zb+22)x + 2(2a +b+1)
Demak, goldigq (6a+2b+22)x +2(2a +b+1) =0 bo'lishi
kerak. Bu fagat
6a+2b+22=0
2a+£+7=0 q=-4
bo‘lsa o‘rinli. Bundan a va b ni giymatlarini go‘ysak
P(x) =(x2-2x-2)(x2-2x-1)
gateng. j@—2x—1 kvadrat uchhadning ildizlari Xx=\%j2 bo‘ladi.
Bu misolni noma’lum koeffitsiyentlar usulida ham
yechsa bo‘ladi.
Yuqorida P{x) =x4+ax' +bx2+6x+2 ko‘phadni x2-2x-2
kvadrat uchhadga bo‘linishini ko'rdik. U holda
X4+ax3+bx2+6x +2=(x2-2x- 2)(x2+cx-1)
X4+ ax3+ bx2+6x +2 =x4+ (c- 2)x3- (2c+ 3)x2+ 2(1 - C)X + 2
c—2=a a=-4
“-(2c +3)=b=><b=|
2(1-c) =6 [c=-2.
Natijada P(x) =x4-4x3+x2+6X +2=(x2-2x-2)(x2-2x-1)
bo‘ladi.
Javob: jc 2=1xn/3; X}4=1x/2 ; a=-4, b=1
3-misol. I1ldizlaridan biri  1)2 =6 2)a/5 +a6 3)n6
4)1- /Y4 5)n/3 — 2
bo'lgan eng kichik darajali butun koeffitsiyentli ko‘phadni
toping.
Yechish: 1) Izlalanayotgan ko‘phadning ildizi X=2--j6
bo‘lsin. U holda
*. 2=-p8/6=>(jc—2)2= (-n/6)2=>X2-4jt + 4=6=>jt2- 4;c-2 = 0.
2) *=y/A+Yyj6 =>X2=(/5 +a/6)2 =>X2=11+2230 =>(X2- 11)2 =

=(2>/30)2=>X4- 22X2+121 =120 =>X4- 22X2+1 =o.
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3) x=\[6 xr=6=>x!-6=0.
4) jc=1- V4 =(g - 1)3=C-V4)3=>x3- 3x2+3x +3=0.
5) x=V 3-2"(x +2)4=(V3)4~(x +2)4-3 =0.

3-tasdiq. Butun koeffitsiyentli P(x)=al"'+alx~+a*-24"
+...+a,, Ix+a,, ko‘phad berilgan boMsin. U holda \/c,deZ soni
lari uchun P(c)-P(d) butun son c-d soniga bo'linadi.

Isbot: Bu tasdigni to‘g‘riligini isbotlaymiz:

P(c) - P(d) =(alcr +al~ +ax'"2+... +a™c +aif) - (a0d" +atd™~ +
+ald'~2+... +an ,d+an)'=a0(c” -<T) +a,(c" "-d"" J+-—+ani(c-dj»

Ixtiyoriy ke N uchun quyidagi formula o‘rinli:

c*-d k=(c-rf)(c*m+ck2d +~+cdk2+dk").

Shuning uchun P(c)-P(d) ifodaning o‘ng tomonida
har bir go‘shiluvchi c-d ga bo‘linadi va bundan yig‘in3
ham c-d ga bo'linishi kelib chigadi.

4-misol. P(7) =11, P(11)=13 shartni ganoatlantiruvc* *
butun koeffitsiyentli P(x) ko‘phad mavjudmi?

Yechish: 3 - tasdigqga asosan P(11)- P(7) =13-11=2 sorj
11-7=4 soniga bo'linishi kerak.'2 soni 4 ga bo‘linmaydi V
bunday ko'phad mavjud emas.

Javob: mavjud emas.

5-misol. P(0) =19, /(1) =85, />2)=1985 shartni ganoa'
lantiruvchi butun koeffitsiyentli P(x) ko‘phad mavjudmi?

Yechish-. P(x) ko‘phadni P(x) =ax(x-\) +bx+c ko‘ril
shida izlasak qulay bo‘ladi. Bunda x=0,x=I va x=2 giynia
lami go‘yamiz va

P(0)=19 c=19 c=19
P(1)=85 ==b+c#85 => =6 = 66
P(2) =1985 2a+ 2b+c= 1985 a=917
ni topamiz. Bundan
P(x) =917x(x-1) +66x +19=917x2- 851x +19.

200



Javob: P{x) =91Ix2- 85Ix +19.

Umuraiy holda n+1 ta x=c,,c2,..., cnit nuqtalarda ma’-
lum giymatlarni gabul giluvchi darajasi n dan oshmaydigan
ko'phadni

P(x) =0+hi{x-cl)+2(x-ci)(x-c2)+
+ —+6,,(x-¢,)(x-¢c2)...(x- ¢, H)
ko'rinishida qidirish maqgsadga muvofig bo'ladi. Bunda
x=c],c2,...,cn] ni ko'phadga go'ysak, n+1 ta k0,b,,...,bn
noma’lumli tenglamalar sistemasi hosil bo'ladi va P(x) ko'p-

hadning noma’lum koeffitsiyentlari aniglanadi.

Mustaqil yechish uchun mashqlar

9.1-misol. lldizlaridan biri 1)3—Vs 2)V2 +-¥3 3) Vs
4)2- >3 5)1/2- 1 bo'lgan eng kichik darajali butun koeffit-
siyentli ko'phadni toping.

9.2-misol. 3-V2 soni x4-1x 3+ax2+bx-\J1 ko'phad-
ning ildizi bo'lsa, golgan ildizlarini toping.

9.3-misol. 1+>/2 soni x5+ax3+bx2+5x +2 ko'phadning
ildizi bo'lsa, golgan ildizlarini toping.

9.4-misol. a va b sonlari P(x) =x3+px+q ko'phadning
ildizlari bo'lsin. Agar a+b+ab=0 bo'lsa, ko'phadning uchin-
chi ildizini toping.

9.5-misol. Quyidagi shartlarni ganoatlantiruvchi butun
Koeffitsiyentli ko'phad mavjudmi?

1) P(I)=Il, P(19) =85 2)P(4) =18, P(12) =66

9.6-misol. Quyidagi shartlarni ganoatlantiruvchi butun
oeffitsiyentli ko'phadni toping.
I- P[0) =I, P(})=2, P(2)=6
2. P(0) =0, P(I)=3, P(3)=33,P(4)=T72
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10. f(f(x)) =x ko'‘rinishidagi tenglamalar

Ko'pincha f{f(x))=x ko'rinishiga keladigan Turakkal/l
tenglamalarni yechishga to‘g‘ri keladi. Bunda /(/(*))=* teng-
lamani yechish, soddaroq ,f(x)=x tenglamani yechishga keladi.

1-tasdig. f(x)=x tenglamaning ixtiyoriy ildizi f(J(x))=x%
tenglamaning ildizi bo‘ladi.

Isbot. x0 soni f(x) =x tenglamaning ildizi bo‘lsa, n hotj
da f(x0)=xQ tenglik o'rinli bo‘ladi. Bundan f(f(x0))m
=/(*0)=*0. ya'ni /(/(*<,)) = *o- Bu soni f(f(x))=x tengljf
maning ildizi ekanligini bildiradi. Bu turdagi tenglamala
yechishda quyidagi teorema o'rinli.

2-tasdiq. Agar y=f{x) gat'iy o‘suvchi funksiya bo'ls*
n holda

/(*)=* ()va 7(/(*))=* (2)
tenglamalar ekvivalent bo‘ladi.

Isbot. (2) tenglama (1) tenglamaning natijasi ekanligi]
ravshan. Chunki, agar (1) tenglamaning X0 ixtiyoriy ild »
bo‘lsa, /(*,)=%*, bo‘ladi, n holda f(f(x0))=f(x0)=x0 o'rinl
li. Endi (2) tenglamaning ixtiyoriy ildizi (1) tenglamaniil
ham ildizi ekanligini isbotlaymiz. xQni shunday olaylikkB
/(/(*0))=*0 bo'lsin. Faraz qilaylik, Z(/(*,,))**,,, aniqglflJ
uchun f(x0)>x0bo‘lsin. U holda f(f(x0))>f(x0)>xBbo‘lad]
bu f(f(x0))=x0shartgazid. Isbot tugadi.

Izoh. Agar y =f(x) qat'iy o'suvchi funksiya bo‘lsa,V
holda VkeN uchun /(/(.../(x)...) va f(x) =x tenglamalj

ekvivalent bo‘ladi.

1-misol. » "+6 :Ix - 6 tenglamani yeching.
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Yechish: Berilgan tenglamani PN 7 =* (3) ko'rini-
shida yozib olamiz. f(x) =X+6 funksiya Vxefl da gat'iy
o‘suvchi. Bundan (3) tenglama /(/(x)) =x ko‘rinishiga ega
boMadi. Yuqoridagi 2-tasdigga asosan /(/(x))=xo0/(x) =x
ni hosil gilamiz. Natijada

>—<l+—6 —x:>x3-7x +é(: 0=>x, =1; x2=2; x}=-3.

Javob: {L, 2;- 3}.

Endi f(f(x)) =x tenglama berilgan va /(x) funksiya
gat'iy o‘suvchi bo‘lmagan holda yechish usulini ko‘rib o4a-
miz.

2-misol. (x2+3x- 2)2+3+(x2+3x- 2)- 2=x tenglamani
yeching.

Yechish: Agar /(x) =x2+3x-2 deb olsak, berilgan teng-
lamani f(f(x))=x ko'‘rinishida yozish mumkin. f{x) funksiya
R da aniglangan, lekin gat‘iy o‘suvchi emas. Bundan yuqori-
dagi 1-tasdigga asosan /(x)=x tenglamani yechamiz. Na-
tijada

X2+3X- 2=Xx=>m2+2x - 2=0=>X, 2=-1 £//3.
Berilgan tenglamani
(X2+3x-2)2+3-(x2+ 3x-2)-x-2 =0 (4)
ko‘rinishida yozib olamiz.

(4) tenglamaning chap gismi to‘rtinchi darajali ko‘phad
bo‘lib, uning boshga ildizlarini ham topishga harakat gilamiz.

Demak, x,=-1-n/3 va x2=-1+V3 ildizlar (4) teng-
lamaning ildizi bo‘ladi va tenglamaning chap gismi
(X-x,)(x-x2) =(x +1+n/3)(x +1-n/3) =(x +1)2-3 =x2+2x-2
ga goldigsiz bo'‘linadi. Qavslarni ochamiz:
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(X2+3x-2)2+3+(x2+3x- 2)- - 2=0
(2 +3x- 2)(ar2+3x+1)-x-2 =0
X4+ 3x3+x2+3y3+9x2+3x- 2x2—6Xx—2—m_—2=0
X4 +6x3+8x2-4x-4 =0
X4+6X3+8x2-4x-4 x2+2x- 2
X4 +2x3- 2x2 XJ +4x +2
4x3+10x2—4x - 4
4x3+8x2- 8x
2x2+4x-4
2X2+4x - 4
O
Bundan x4 +60r3-+8a2—4n—4= (g2 +2ac-2)(ar2 -+ +2) bo'L
O2+4r+2 kvadrat uchhadning ildizlari g34=-2 £V2 bo'ladi)

Javob: {-1+1/3-2+V2 }

o r Mustaqil yechish uchun mashqlar

10.1-misol. Tenglamalami yeching.
1.(ar2+20r- 5)2+2 (a2 +2mw - 5)—5=nr.
2. (x3+6)3+6 =x
3. \fI/7+24+24=x
40 (x2-1 I+ 10)2-10 ofgr2- 1+ 11) +1L = x
5. (x2- 200Ix +2001)2- 2001 ¢(x2- 2001x +2001) +2001 =x .

11. Ko‘phadlar mavzusiga doir test
topshiriglarini yechish

1. Ko'paytuvchilarga ajratish
1-misol. (@+b+c+2)@a+b+c)- (1- a- b- c)2+1 ni
ko'paytuvchilarga ajrating.
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A)4(a+b+c)2 B) 4(a+b+c)
C) (a+6+c+l)(a-6 +c-1) D)(a+b+c+\)(a+b+c-\)

Yechish:

(a+b+c+2)(a+b+c)- (1- a- b- cf +1 =(a+b+c)2+2(a+b+c) +
+-(\-a-b-cf =(a+6+c+l)2- (1-a-b-c)2-
=(a+6+c+l- I+a+6+c)(a+b+c+i+l-a-b-c) =4(a+b+c)

Javob: B) 4(a +b+c).

2-misol. (3z- x)3+(x- 2yf - (3z- 2yf ko‘phadni ko'-
paytuvchilarga ajrating.

A) 3(32-x) (x- 2>)(3z- 2y) B) Ko'paytuvchilarga ajralmaydi
C)- 3(3z- 27M(3z - m)(n- 2y) D) - 6(3z- 2,y)(3z-x) (X~ 2y)

Yechish: a3+63+c3=(a+b+¢)3- 3(a +b){b+c)(a+c)
ayniyatni gqo‘llaymiz.

(Bz- x)3+(x- 2>)3- (3z- 2>03=(3z- xf +(x- 2yf +(2y - 32)3=
=(3z- X+x-2>"+2>"- 32)3- 3(3z- X +X- 2y)(X- 2y +2y - 3z) m
*(3z- x+2y - 32) =-3(3z - 2j")(jc- 32)(2>- x) =-3(3z- 2y) m
w3z )] [-(ar - 2y)] =- 3(3z- 27%)(3z- X)(x - 2y).

Javob: C)-b{b2-2y)(br-x)(x-2y).

3-misol. x(y2-z2)+y(z2-x2) +z(x1-y 2) ni ko'paytuv-
chilarga ajrating.

A) (2x - y)(3z - 2x) B)(y - x- 2)(x +y +2)(xy - 2)
Q(x-1)(y~2)(z-3)(xyz- 5) D)(x-y)(y- 2)(z- X)

Yechish'. z=y,y =x,z =x larda ko‘phad nolga aylanadi.
Bundan berilgan ko‘phad {x- y)(x- z)(y- z) ga qoldigsiz
bo‘linishi kelib chigadi.

X(Y2- z2) + Y(z2- x2) + z(x2-y 2)- k(X-y)(X- 2)(Y- 2)
XY2- XZ2 +YZ2- yX2+ 2X2- zy2= K(X2/ - X2Z +Xz2- y2X +
+zy2- zy) =k =-1
X(y2- z22) +y(z2-x 2) +z(x2-y 2) =(x-y)(z-x)(y-2)

Javob\ D){x- y)(y- 2)(z- x).

4-misol. (x+y+zf-x1-y3-z3 ni ko'paytuvchilarga aj-

rating.
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A) 3(Jc+ W.V+ zXx + 3) B) - Lx - yXY -rX* -%)
C) 3(x- y)(y - ZXX- 2) D) Bx+y)(y +2)(X+T)
Yechish:
(X+Yy +2)3- xs- y3- z3=(Xx+Yy)3+3z(x +y)2+322(x +y) +23-
-X3-y3-23-x3+y3+3xy(Xx +y) +3z(X+y)2+3z2(x +y)-x3-y 3=
=3xy(x +y) +3z(x +y)2+3z2(x +y) =3(x +y%xy +z(x +y) +z2)= "
=3(* Hy)\y Hxz +yz +12] =3(jc+y)[x{y +2) +z(y +2)] =
=3(x +y)(y +2)(X +2).
Javob: D) 3(c+y)(y +z)(x +z).
5-misol. x.- a6 ifodani ko'paytuvchilarga ajratgand
nechta ratsional ko‘paytuvchilardan iborat bo‘ladi?
A4 5)6 C)2 D)5
Yechish'.
x6-a6={x3)2- (a3)2=(x3- a3Xx3+a3) =
=(x-a)(x2+ax +a2)(x +aXx2-ax +a2)
Javob: A) 4 .
6-misol. a(b2-c2).+b(c2-a2)+c(a2-b2) ni ko'paytu”
chilarga ajrating.
A)(a- b)b-c)c-a) 5)(@-b)b-c)a-c)
C)(a- b)b-c)o+c) D)(a- b)y(b+c)(c- a)
Yechish'.
a(b2-c2) +b(c2-a 2) +c(a2-b 2)=ab2-ac2+bc2-a b+c(a2-b 2)-4
=(ab2-a 2)~(ac2-bc2)+c(a2-b2) =-ab(a-b)-c2(a-b) +c(a-bj
+(a+h)=(a- b)*-ab- c2+c(a+6)] =(a- b)[-ab -c 2+ac +ftc] =,
=(a- b)\[-ab+be) + (ac- c2)1=(a- A)[-b(@a-c) +c(a- ¢)1=
=(a- b)(a- c)(c-b) =(a- b{b- c)(c- a).
Javob'. A) (a- b)(b- c)(c- a).
7-misol. m ning gqanday giymatlarida x(x +3a)(x +b)-j

9mJ
(x +3a +h) 5 ifodato'la kvadrat bo'ladi?
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A)iy B) £2ab C) To'g'ri javob keltirilmagan D )”™a D2
Yechish: x(x +3a)(x +h)(x +3a + b) + % = *(* +3a+ BO<+3a)

(x+b) + 56 =(x2+(3a +b)x){x2+(3a +b)x +3ab) +_16_:

W+ 3aD) +-erm +3abt 4212 3abv __9a22 9m2
16

RN A IR S

= szﬁ-(ga + b)x + _39932_'_ __g_m_g____g_ja_g)_?
| 2 16 4

7 QU
Oxirgi ifoda to‘lig kvadrat bo'lishi uchunQ4 o

bo‘lishi kerak. Bundan

9_1_2_2____9_5.‘2??_2_: 0=>m’ =42 B’ =>m=+2ab.

Biz yuqorida x2+(3a+b)x =t belgilashdan foydalandik.
Javob'. B)*2ab.

8-misol. Agar x=1+"  bo'lsa, x3-3X2+8x:2

————————————————— kasr-
X2-X +\
ning giymatini toping.
YWI7+3 f)VT7-1 Cn/l7  D)VIT+2
M N =fl+~Z IT+3." +3,5.

V.2) 472 24 4 4

r3-3x2+8x-2 X +1
3 2

7 -x T+ X X —2
-2X2+1x-2
-2X2+2x-2
5x
- 5 — 5X _ \+y\7 .
=x-2k: X =y 948X_9, =4 NN ;i 4
X2-x+1 nortV-jt+l 4 0

Javob'. B) VI7 -1.
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2. Kasrlarni gisqartirish.

AN 2a4+03+40~+a+2 * . X
1-misol. — —F-=--:---—--r— kasmi gisqgartiring.
2a' -a' +a-2

a2+2 a:+1 a2+2 a' +l
A fl+1 B) fl+1 ©) a-1 a-1

Yechish'. 2a3-a2+a-2 ko‘phadni ratsional ildizlari

ozod hadning bo'luvchilari orasidan, ya’'ni £1,+2; +” lard

izlaymiz. Ko'rinib turibdiki, a=1 ko‘phadning ildizi va b
rilgan ko‘phad a- 1ga qoldigsiz bo‘linadi.
2a3-a2+a—2 a-1
2a3-2al 2a2+a+2
a'+a-2
a' +a
2a-2
~2a-2
0
203- a2+a-2=(ar 1)(202+a +2)
2a4+03+4a2+a+2 ko'phadni noma’'lum koeffitsiyentl
usulida ko‘paytuvchilarga ajratamiz. Bosh koeffitsiyent 2 g,
teng.
2a4+a3+4a2+a+2 =(2a2+xa +y)(a2+za +t)
2ad+a3+4a2+a+2 =2a4+2zal +2ta2 +xa3+xza2+xta +ya2+yza +yl
2a4+a3+4a2+a +2 =2a4+(2z +x)a3+(2f +xr +>R2+(/ +,yz)a+ |
Mos koeffitsiyentlami tenglaymiz:

2z +x =1

X =1
2/ +xz + =4 Y-2
X+ =1 2=0
y/ =2 t=1

Demak, 2a4+a3+4a2+a+2=(2a2+a +2)(a2+1) o‘rintf



2p4+a3+4a2+a+2 _ (2a2+a +2)(a2+1) a2+1

2ar- a2+a-2 (a-1)(Ra2+a+2) a-1
+
Javob: D) az+1
a-1
— x4+1 . .
2-misol, ——-—--T7=— m qlsqartlrm%.
X2-XV2 +I M
ny*2-1 A)x2+1 C)x2+xV2+1 D)x2-W 2 +1
Yechish:
X4+1=(j2 +1)2-2x2=(x2+1)2- (W2)2=(x2- xV2 +1)(x2+xV2 +1).
X* +1 (X2- xv/2 ) (x2+Xx"N2 +1) ,
— o = e — [ =x" +xV2 +1.
X -xn/2+| x"-xV2 +1|

Javob: C)x2+xV2 +1.

Mustagil yechish uchun mashqlar

11.1-misol. Ko'paytuvchilarga ajrating.
1. (a+b+2)(a+b)- (a- b)2+1 ifodani ko‘paytuvchilarga ajra-
ting.
A)(a+b)(2a-1) B)2b(a+\
C)(@a+l)(2b-1) D)y@b+1)(2a+]
2. (@+b+c)2+(@+b-c)2+(a-b +c)2+(b+c-a)2 ifodani sod-
dalashtiring.
A) 2(a2+b2+c2) B) 3(a2+b2+c2)
C)8(a2+b2+c2) D) 4(a2+b2+c2)
3. (X- 2y)3- (3z- 2y)3- (x- 3z)3 ko'phadni ko‘paytuvchilarga

ajrating.

A) Ko'paytuvchilarga ajralmaydi B) 3(x- 3z)(x- 2y)(3z- 2y)

C) - 3(x- 2>)(3z- 2y)(x- 32) D) 6(x- 2y)(3z - 2y)(x - 3z2)
4. (2y - 32)3- (x- 32)3- (2y - x)3 ko‘phadni ko'paytuvchilarga
grating.

w) 6(2y - X)(2y - 32)(x- 32) S) - 3(2y - 3z)(x- 32)(2y - x)
C) 32=>- x)(2y - 3z)(x - 32) D) Ko'paytuvchilarga ajralmaydi
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5. (a- bf +(b-c)3+(c- a)l ni ko‘paytuvchilarga ajrating.
A) 3(a- b)(b- c)(c- a) B) 3(a- b)(b- c)(a- ¢)
C)- 3(a- b)yb- c)(c- a) A) 3(a - b)(b+c)(c +a)

6. abgh - fi)+bc(b +c)~ ac(a +c) ni ko'paytuvchilarga ajrating.
A) (b- c)(b- a){a +c) B) (b+c)db- a)(a +c)
C)(b+c)(b- a)(a- c) D) (b- c)(b- a)(a- c)

7. (ab +ac +bc)(a +b+c)-abc ni ko'paytuvchilarga ajrating.
A) (a- b)(b+c)(a+c) B) (a +b)(b- c)(a +c)

C) (@a- b)(b- c)(o- c) D) (a +b)(b+c)(a+c)

8. m ning ganday giymatlarida x(x +a)(x +46)(x +a +4b) K

+100/112 ifoda to‘la kvadrat boiadi?

A) £5ab  B) To'g'ri javob keltirilmagan C)=xy D)»

9. m ning ganday giymatlarida x(x +5a)(x +2b)(x +5a +2b) +
+25/2 ifoda to‘la kvadrat bo‘ladi?

A) xab B) To'g'ri javob keltirilmagan C) D)+—~

10. Agar jci3—c+3=0 bo'‘lsa, (@3- x+1)¢(x3+3) ning giyma”
tini toping.
A) 2x B) 0 Cj - 4x D) - 2x
hh Agar x }—T—g—lz—bb f'sa,_)_(?::_?l‘_?_i_zz(_:_l_ kasming qym?
tini toping.
A) VI7 B) yfn +1 C) VI7 +2 D)Vn +3
12. Agar a3+a-2 =0 bo'lsa, a ,*a >9 ifodaning qiy
a +a' +a+

matini toping.

A)-2 B)l C)- D)—

) ) . )3 ) 1
11.2-misol. Kasrlami gisqartiring.

+
1 Kasmi qlsqartlrmg 305--2-9--29-2---39-31---art3r2-c~-
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ac ac+b ac(a+b-c)
A>(a_+c)'-“ B>Zé:|;:')_'-rbr © (a+c) +b’ (a+cf+b2

. X}:-?(’g—t?’)—(-x:g kasmi gisqgartiring.

x 4x -5
4 it i Bliz | 0 *+i d)E£z2
X-1 X +1 X+ x-1
* 32-6X2+X3 .. e pas
3. — - n| sode’aIash’tlrm
X - 8X g6

A)1-x B)x +2 C)3x-2 D)—
X+

4. p +}3 +10P +12.P ~J P +8P ifodani soddalashtlrlng
2+ 21+16  IR+2/T+6

AP+l B)p C)-~ d)Ex+
P-1 /7 /1+1

a3- 2a2+5a+26
" a -5a +17a-13

kasmi gisgartiring.

A)NEA C)r~~  D)a+2
a-2 a+2 a+?2 a-1
6. —jC3+,1—- kasmi gisqartiring.
A)  2X+I B) x 1 C) *+1 D) X 2
) X2+X +I )x2—x+l )x-x +1 )x2—x—l

7- %x"+x* Ix » ni gisqartiring.
. ox"+1 C)x"-1 £l +§1<r
11.3-misol. Ko‘phadlarga oid misollami yeching.
1 P(x)=(x2- 3x+rif ko'phadning koeffitsiyentlari yig'indisi
64 ga teng bo'‘lsa, n ni toping.
A2 B) 6 C)8 D) 4
2. x4+mx}+nx2+8x +3 ko'phad x-1 ga qoldigsiz bo‘linsa,
m+n ning giymatini aniglang.
nm-13 B)-12 C)13 D2
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3. x3-ax2+20jc—2=0 tenglama ildizlaridan bin 2 ga tenij
Uning golgan ildizlari yig'indisini toping.

AT B) 5 C)-5 £5)9
4. ax3+bx2+cx+d =(X+4)(x +5)(2x-3), a+b+c+d="?

m24 B)-30 C)30 2AH-18
5. 3ax-6x2-8 +jc3 ko‘phad to‘la kub bo'ladigan barcha
lami toping.

A4 B) 3 C)-4 D)-2
6. X4+8x3+ax2+bx+1 ko‘phad biror ko‘phadning kvai
bo‘lsa, a va b koeffitsiyentlaming barcha giymatlari yig'int
disini toping.

A)27 B)26 C)48 D)32

7. P(x) va £*) ko‘phadlami x+2 bo'lganda qoldig mos raj
vishda 3 va -2 bo‘lsa, P(x+3)- (jc+3)Q(x+3) ko‘phadni x +
ga bo'lgandagi goldigni toping.

A)-2 B) 1 C)-I D)0

: Pl —4) =x2-5x +10 munosabat berilgan. P(x) ko‘pha4
Qx- 3)

ning ozod hadi 18 ga teng bo‘lsa, Q(x) ko‘phadning koeffit-j
siyentlari yig'indisini toping.

A) 2 B) 4 C)5 D)3
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7-§. FUNKSIONAL TENGLAMALAR

1. Funksiya. Funksional bog‘lanishlar

Dastlab funksiya tushunchasini ko‘rib o'taylik.

Ta'rif. Agar X to'plamdan olingan har bir x elementga
(x&X) biror goida yoki gonunga ko‘ra Y to'plamdan bitta y
element (yeY) mos go'yilgan bo'lsa, u holda X to‘plamda
y funksiya berilgan(aniglangan) deb ataladi va f:x->y
yoki y =f(x) kabi belgilanadi.

Bunda x- argument yoki erkli o zgaruvchi, y - erksiz
o0 zgaruvchi yokifunksiya deb ataladi.

Ta'rif. 0 ‘zgaruvchi x ning /(x) funksiya ma’noga ega
bo'ladigan giymatlari to'plami funksiyaning aniqglanish so-
hasi deyiladi va D(f) harfi bilan belgilanadi.

Ta’'rif. Funksiyaning qabul giladigan giymatlari to‘p-
lami o'zgarish sohasi {giymatlar to'plami) deyiladi va E(f)
harfi bilan belgilanadi.

D(fy=X ,E(f) =Y={y:y=/(*),xs 1)

Agar x=xQbo'‘lganda y =f(x) funksiyaning giymati ya

bo‘lsa, bu VO=f(x0) kabi belgilanadi.

1-misol. Agar /(x) =t+--j-(7 +4x) bo'lsa, ni to-

ping.
A9 B)-3 C)-5 D) 15

Yechish: Funksiyaning berilishidagi argument x lar
0‘miga ni go'yib, funksiyaning shu nuqtadagi giymatini
topamiz:

'H H ,+= bl 7+4H ))-<-« ,-*>~5-
Javob: C) - 5.
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2-misol. Agar f(x) =x2-8x +8 bo'‘lsa, /(4-Vil) ni hi-

soblang.
A)2 +IN\ B)5-yfI\ C)2 D) 3

Yechish: Funksiyani berilgan nugtadagi giymatini bevo-
sita qo'yib topish ham mumkin. Lekin biz juda sodda usuldan
foydalanib topsak, maqgsadga tez erishamiz.
x=4-Vfl=>4-x=VTI=>(4-x f =11=>16-8jc+x2=1 1=>2-8x=-5. j

Bundan /(4-V Il) =-5 +8=3.

Bu misolni to‘lig" kvadratga ajratish usuli bilan ham j
yechsa bo‘ladi:
f(x)=x2-&x+8=(x-4)2-8=>/(4-Vfl)=(4-

Javob'. D) 3.
) fc+11, > =2
3-misol. ]
3—4Ix|, x-i-2
ni hisoblang.

A9 B) 0 C)6

Yechish: /(-1) qiymat f(x) funk
nugtadagi qiymati bo‘lib, funksiya b(
fxX)=\x +\\,x>-2 ga to‘g‘ri keladi va
teng.

9
/(—) qgiymat esa f(x) funksivaning x
giymati bo‘lib, funksiya berilishining 2-:
Xx<-2 ga to'g'ri keladi va /(-21) =3-4

teng. Natijada
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Funksiyalar kompozitsiyasi. Murakkab funksiya

Endi funksiyalaming kompozitsiyasi tushunchasini ko'-
rib o‘tamiz.

X to'plamni Y to'plamga akslantiruvchi y=g(x) funk-
siya va Y to'plamni Z to'plamga akslantiruvchi F=f(y) funk-

siyalar berilgan bo‘lIsin.
Ta'rif. / va g funksiyalaming kompozitsiyasi yoki

murakkab funksiya deb, X to‘plamni Z to'plamga akslanti-
ruvchi F =f(g(x)) funksiyaga aytiladi.

/ va g funksiyalaming kompozitsiyasini fog ko'rini-
shida yozish gabul gilingan.

Masalan, /»/ kompozitsiya y=f(f(x)) funksiyani, f°f°f
esa y =/ (s (+ (ie)) funksiyani anglatadi.

4-misol. <p(¥ funksiya berilgan bo‘lsa, <p(<p() funksi-
yani aniglang.

D<p()=x®  2) <I0(X)=3éx—+i‘ 3) &p(9)=Kix

Yechish'. 1) cp(<p(¥)) =(ic3)3 =ies;

3jc+2 9jc+6+4jc+2
3 *2 TRF TN =13£+6
6X +4 +2jc+1 8jc+5
2x +1 2x +1

3) P(PK) = \[tix = A[x.
t o t kompozitsiyani ¢+ 2 ko‘rinishida yozish qabul qi-
Angan. Xuddi shunday
1 =121 =(// )/ =/(/(/(¥)))
14=F3¢/ =((//)°/1)° 1 =/(/(/(T7%)))) -

5-misol. ¢ (je) = ———b0"lsa, 7 (.../ (4 (jc))..., Nni toping.
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Yechish: f 2=/(/(*))= * = =%

ro=/</U/C)) =y 1 v =/(/(/(87)))) = mm
Ko'‘rinib turibdiki, agar kompozitsiyalar soni juft bo‘lsa,
f 2'=x, neN bo‘ladi. Agar kompozitsiyalar soni toq bo‘lsa,

fz- :—I , s W teng bo‘lar ekan. Bundan
X -
Wnaka
Javob\ x.

6-misol. /(jc) =f52* I+%;|*IJI§3 funksiya berilgan. /(x2+7).
x-I,M*

ni toping.
A)5x2+34  B) 2x415  C)2(x2+7)2+l £y 5x2-34
Yechish'. /(x2+7) funksiyaning argumenti uchun x2+7/7, 1
chunki x2£0, Vxe/l. Buni hisobga olsak, /(x2+7) funksiya j
uchun /(x) =5x-1,|x]£3 shartdan foydalanamiz. Bu yerda J

N

X o . .
i ni e’'tiborga oldik. Natijada
| x]i30 ¥E£3 g J

/(x2+7) =5(x +7)- 1=5x +34.
Javob: J1) 5x2+34.
7-misol. Agar /(x)=x2va <p@=2x-1 bo‘lsa, x ning j
nechta qiymatida f(<p{x)) =<p{f(x)) bo‘ladi?
A)O 5)1 C)2 D)3
Yechish'. Berilganlardan / (~(x)) ="2(x) =(2x - 1)2 ni va®
AN/ (X)) =2/ (x)-1=2x2-1 *lami topamiz. Natijada]
f(.<p(x)) =<p(f(x)) dan
(2x- 1)2=2x2-1 =>4x2- 4x +1 =2x2-1 =
=x2- 2X+l =0=>(x- 1)2=0=>x=1
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Yugoridagi shart fagat x ning bitta qiymatida bajariladi.
Javob: B) L
8-misol. /(x)=3x2-5x +10 va g(/(x)) =18x2-30x + 15
bo'lsa, g(x)=?
A) 6x +15 [0)3x +45 C) 3¢+15 D) 6x-45
Yechish: g(/(x)) = af(x) +b yoki 18x2-30x +15=a(3x2-
-5x +10) + b, chunki ikkala funksiya ham kvadrat funksiyalar.

18x2- 30x + 15 =a(3x2- 5x +10) +b
18x2- 30x +15=30x2- 5ax+ 10a+b
f3a=18

sa=-30 ={°°

10.+»-.5 I*"'5
Demak, g(f(x)) =af(x) +b=6/(x) - 45 =g(x) =6x - 45.
Javob: D) g(x) =6x- 45.
9-misol. /(X)=-=L=; /(e==/(/(19))...) =2
* 2015 nata
Yechish: x soni 0 va 1 dan fargli ixtiyoriy son bo'lsin.
U holda

f(x)-W T7°

) =,

v
~==

7/ ()=

Bevosita tekshirib ishonch hosil qilish mumkinki,
N1 -mm/(/(w*))...) funksiyaning giymatlari davri 3 ga teng qo-

nuniyat bo'yicha takrorlanadi.
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2015 ni 3 ga bo'lgandagi goldiq 2 teng bo‘lib,
/(...7(/7(19)..)=/(/(19) = -
2015 marta
o‘rinli.
Javob: 24— .
Vv 19
10-misol. Agar /(x) funksiyaning aniglanish sohasiga
tegishli barcha x laruchun f(x +4)=x-f(x) +1 tenglik o‘rin-
li bo‘lsa, /(8) ni toping,
A 14  B)42 C)21 D)35
Yechish: x=0 da /(4) =0-/(0) +7=7 o‘rinli.
&=4 da /(8)=4-/(4)+7=4-7 +7=35.
Javob'. D) 35.
11-misol. Natural sonlarda aniglangan /(u) funksiya®
/(/7)=/(n-1) +2” va /(1) =1 shartlami ganoatlantiradi./(5)
ni toping.
/4)63 [)61 C)51 D) 58
Yechish: Masala shartidan /(1) = 1. Natijada
/(2)=/(1)+22=1+4=5;
/(3)=/(2) +23=5+8=13;
/(4)=/(3) +2“=13 +16 = 29;
/(5)=/(4)+ 25=29 +32 =61.
Javob: 2?7) 61.
12-misol. . ning barcha haqiqiy giymatlarida /(*)j
funksiya 2/(x) + /(jc2—1) =1 tenglikni qanoatlantirsa, /(—4
ni toping.
ny->/3 5)i* C)1 £>)3

Yechish: x=-yfl da 2/(-N)+/(1)=1 ni hosil gilaitf,
ni topish uchun Z(l)ni topish yetarli. 2f(x)+f(x2-1
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tenglikdan x=0;-1; 1 da quyidagi tenglamalar sistemasini
hosil gilamiz:

2/(0) +7/(-1)

*2[1:1)+/(0)

2/(D) + 7(0) = I

1

1=>/(0)=/(-1) =/(1) =

Bundan 2/(-n/2)+/(1)=1=>2/ (-2) +"=1=>/(-V2) =i.

Javob: C) - .
3

13-misol. f(x) funksiya barcha x lar uchun f(x +\=
=/ (*) +2x + | tenglamani ganoatlantiradi. Agar /(0) =0 bo'‘l-
sa, /(2015) ni toping.

Yechish: Tenglamani f(x +\)~f(x) =2x+\ ko'rinishida
yozib olamiz. x ga ketma-ket ravishda 0,1,2....... 2014 qiy-

matlami beramiz va /(0) =0 ni e’tiborga olsak,
/(N-/(0)=2-0+1
/(2)- /(1))=21 +1
/(3)-/(2)=2-2+1

/(2014) - /(2013) = 2 w013 +1
/(2015) - /(2014) =2 w014 + 1

Hosil bo‘lgan tengliklami hadma-had qo‘shsak,
/(2015)-/(0) = 2(1+ 2 + ~-mm 2013+ 2014) +1 M@015=2«

2014 +2015 =2015 -2014 + 2015 = 20152 = 4060225 , /(2015) =4060225.
Javob: 4060225.

Mustaqil yechish uchun mashqlar

1.1-misol. Quyidagilarni toping.

1-Agar f(x) =-—- bo‘lsa, /['A-1 ni toping.
X+ | \x*J
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2. f(x) =nlx2- 4 funksiya berilgan. Agar a>l1 bo‘lsa,

/70 +-j nitoping.

4. Agar /(x) :-lx—:—t;-l(—lbo‘lsa, guyidagilami toping:

N7 (/<) 2)f{f{f(x))) 3) /(/(/(/(x)))
5. Agar p(x) =" bo ‘Isa, <p(...*>(x))...)=?

A

6. Agar /(x)=2x-5 bo'lsa, x ning ganday qiymatida
/ (-x) =/(4x +1) tenglik bajariladi?
7. Agar /(x) =x3+x2+1 va p(x)=x-1 bo‘lsa, f(tp(x))=2- x
tenglama nechta ildizga ega?
8. Agar /(x)=x2+12x +30 bo'‘lsa, Z/(/(/(/(/(x))))) =0 tend-
lamani yeching.
9. Agar /(x) funksiya barcha x lar uchun aniglangan vaj

2/(x) + /(1 -x) =3x2 tenglikni ganoatlantirsa, /(5) ni toping.

10. Agar /(x) =1,5-x va /(g(x))zm bo‘lsa, g(x) ni toping.

11. /(x) funksiya ixtiyoriy haqgigiy a va b lar uch«
/(q j~ tenglikni ganoatlantiradi. Agar /(=]
va /(4) =7 bo‘lsa, /7(1999) ning giymatini toping.

12. /7(x) =ax2+ bx +c kvadrat uchhad berilgan va

fia~2a~)=f~~2ab)=QO0*"IH ~(-,)™ (1)=0 ekanli®
isbotlang.
1.2-misol. Test topshiriglari.

1. Agar /(x) =] x-"j-~"2x +~j bo‘lsa, /(1) ni toping.
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A) 4,5 B) - 4,5 C) 15 Z))-1
2. Agar /(*) =(2x+3)"-- 3j bo'lsa, /(-1) ni toping.
A) 6 5)0 C)-3 D) -6
3. Agar f(x) =x2-4x +3 bo'lsa, /(2 +V3) ni hisoblang.
A)5 +y/3 B) 2 C)4-Vv3 D)5

4. Agar f(a,b,c):b—’\— bo‘lsa, /7(/(1,2,3),/(2,3,1),/(3,1,2)) ni
-C
toping.
A) 0 B)-'- O -1 D)1
5 Agar /(«)=-. 1 bo‘lsa, Z7(l) +/(2) +--—-+/(2014) yig'in-
um +1)
dini hisoblang.

) —5— 5) C)— D)
2015 2015 2014 2015

6. Agar f{x) =--x bo'lsa, /7(-) +/ (--) +a2nimaga teng?
X a a

A) 2al B) al C) 0 D)-a2
7. Agar f(x)=x1-5 bo‘lsa, f(a-1)-f\a+l)+2f(\-a‘)-2a*+4ai

ni hisoblang.
A)4a+8 B)4a-S C)-4a-8 D)-4a +i

8. Agar f(x)=x*-2x2+1 bo'lsa, /(1+a)- /(1- a)- 4a3+a*
nimaga teng?
A)al+8 B) 4 C) 8a3 D)a*+4a3 £)4a2+2a

(- Agar f(x) =yIx3-1 bo'lsa, /7(V*2+1) ni toping.
mo a)-* C)ic  DI*I

<. I'I(x)=|x|,g(x)=’§-’\|-, f(x) =ylx+1 bo‘lsa, quyidagilardan
X_
Raysi biri to‘g‘ri?
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m=((*)) =LlLias )U()) =Vik+

C) /(/»()) =Tmr 1A 0)/(E(*)) = = =

Y 3
11. /(xX) =— - bo‘lsa, /7 (4x- 1) quyidagilardan gaysi biriga

teng?
A) 4f{x) +4 B) 4fix) +1  C)f(x) +4 D) 4f(x) -1
12. f(x) —\[2x3J X \ bo Isa, /(/(1)) ni hisoblang.
-3X,
A) -17 B) 20 C)-3 D) -1

2x -1,
/4)8 B)-I C) 15 D) - 16

13. /(x):l *! X£<° bo‘lsa, /(/(-3)) ni toping.
X

14. /(x) =3x-5 va /(g(x)) = 2x ES bo ‘Isa, g(3) ni hisoblang.
X_

N fi)i C)1 D) 3

1.3-misol. Test topshiriglari.
1. /(x+2)=4wW (x)+2;,/(2)=4. /(6)="
A) 74  [1)66 C)72 D)46
2. /(x+5)=x /(x)+4 bo‘isa, /(10) ni toping.
A)24 B)23 C)30 D)25
3. Agar (x- 5)f{x) +2f{x +2)=3x+7 bo‘lsa, /(9)=?
/86 n) 4 C)3 D) 22
4. /(x+1)+2w (x)=12 va /(2) =7 bo‘lsa, /(4) ning qi

tini toping.
A)-2 B)8 . C)12 D) 16
5. Agar (x-2)/(x-2) +/(2x)+/(x+2)=x+6 bo‘lsa, /(4)
toping.
A) 13 5)2 C)3 D)4
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6. Agar 3/(x) =f(x +1)+f(x -1), /(1) =3,/7(2) =4 bo‘lsa, /(5)

ning nechta tub bo'luvchisi bor?

Al B) 3 C)6 D) 2
7. Agar /(x) funksiya uchun xs(-gqo;oo) da f(x+3)=----—-- —
f{x+1
ft4)
tenglik bajarilsa, ni toping.

Al 5)3 C)2 D)4
8. Agar /(x)=3x2-5 bo‘lsa, f{x-2) =1 tenglama ildizlari
yig‘indisini toping.

A)-4 B) 4 C)0 D)2

1 1
9. /(x):——--L—1+-:+ 7 funksiya uchun f(a)=0 bo'lsa, a ni toping.
X_

A)-5 B) O C)Ova-5 D)Ova 3

2. Funksional tenglamalar

Ta’rif. Agar tenglamada noma’lum funksiya bo‘lsa,
bunday tenglamalarga funksional tenglamalar deyiladi.

Masalan, funksiyaning toqligi f(-x) =-f(x), funksiya-
ning juftligi f(-x)=f(x), funksiyaning davriyligi f{x+T)=fix)

funksional tenglamalarga misol bo‘la oladi.

2.1. 0 ‘zgaruvchilari erksiz funksional tenglamalarni

yangi o‘zgaruvchi kiritib yechish usuli

Bu turdagi funksional tenglamalarda noma’lum funksi-
ya bitta o‘zgaruvchiga bog‘liq bo‘lib, ozod o‘zgaruvchularga
ega boMmaydi. Usulning mohiyati, tenglamada gatnashgan
erksiz o‘zgaruvchi biror yangi o‘zgaruvchi orgali belgilanadi

va natijada soddaroqg funksional tenglama hosil bo‘ladi.



Test topshiriglarini ko‘rib o‘taylik.
1-misol. Agar /(jc+1)=jc2-3jc-3 bo‘lsa, f(x) ni toping.
A) x1- 5x +6 B) x2- 4 C) x2- 5x+1 D) x2- 3x-1
Yechish: x +\=t deb belgilash kiritamiz va x=t- 1 ni
topamiz. Funksiyaning dastlabki ko'rinishiga gaytamiz:
/(0=(/-1)*-3(/-1)-3 =L-5/ +1.
Bundan 7/ (*) =x2- 5x +1 ekanligi kelib chigadi.

Javob: C) x2- 5x+ 1.
2-misol. Agar \+2f(x-1)=2f(x) va /(0)=0 bo‘lsa®

/(2014) ni toping.
A) 1007 B) 1008 C) 2014 D)2013

Yechish: \+2f(x-\)=2f(x) dan /(*)=/ (*-1)+~ ni to-,

pamiz.
Qonuniyatni aniglaymiz:

/7(0) =0;/7(1)=/7(¢0) +1=0 +1;
/(2)=/(D + j-j +j -j -1l
/ Ne -1 2>4-4-];
1(4)=/(3)+t*] ++=]=2;.,.;/00 =j.
Demak, «eJV uchun /(w)=" o‘rinli.
Bundan /(2014)="~ N1 =HOO07.

Javob: /4)1007.

3-misol. Agar N=n>0+/ 9+x48+---+n:2+x+1, (Ja b

bo ‘Isa, /(1) ni toping.
A) 6 A) 5 C)9 D)12
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Yechish: /(1) ni topish uchun B b =1 tenglikdan * ni
X-a

topib olamiz:

ox_b
-———-=-—-=1=>ax-b =bx-a=>(a- b)x=-(a-b)=>x=- 1
bx-a
Bundan
/D) =(C-1)D+(-1)DB+(-1)B+... +(-1)2+ (-1) +1=1
Javob: A) 1.
4-misol. f(x- 2)=~~~" bo'lsa, /(/(3)) ni toping.

Yechish: x-2 =t deb belgilash kiritamiz va x=t+2 ni
topamiz. Funksiyaning dastlabki ko'rinishiga qaytamiz:
2t+2)+1 2/+5 D 2x +5 .
/(/)=-----——=-—— Bundan /(*) =--—-—- ekanligi keiib
/+2+2 t+4 X+4
chigadi.
22

2-3+5 11 sr; Y 5739 577 19 .6

—+4
7

13
Endi funksional tenglamalami umumiy holda yechish
usullarini ko‘rib o‘tamiz.
5-misol. x ning ixtiyoriy qgiymatida 2f(x+2)+/(4-jc)=
=2*+ 5 tenglikni ganoatlantiruvchi y =f(x) chiziqli funksiya
mavjudmi?
Yechish: Chizigli funksiya f(x) =ax+b ko‘rinishga ega
boMib, yuqoridagi tenglikni ganoatlantirsin. Bundan
2(a(x+2)+b)+a(4-x) +b=2x+5
2ax+4a+2b+4a-ax +b=2x+5
ax+Sa+3b=2x +5.

Oxirgi tenglik Vxe R da bajarilishi uchun
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bo‘ladi. Masala shartini f(x)=2x~ funksiya ganoatlantiradi.]

Berilgan funksional tenglamani yechimi faqat chiziqli;
funksiya boiishi shartmi? Boshqga turdagi funksiyalar
tenglamani qganoatlantirishi mumkinmi? Bu savolga javcL
topish uchun berilgan funksional tenglamani umumiy hokf
yechaylik.

2f(x +2) +f(4-x) =2x +5 tenglamada x ni x-2 ga \
mashtiramiz:

2/(*)+/7(6-x)=2x+\ VxeR (1)
(1) da x ni 6-x ga almashtiramiz:
2/(6-x) +f(x) =-27+13, VXxsR (2)
(1) va (2) tengliklardan f(x) funksiyani topamiz.

J2/(x) +f(6-x) =2x +1

\2f(6-x) +f(x) =-2x +13 af(x)-f(x) =

|
=4x +2+2n:-13=> f(X) =2x-

Hagigatan ham, /(x) =2x -y funksiya tenglamani

noatlantiradi.

Javob'. f(x) =2x- "

6-misol. Barcha xeR lar uchun /(1—j)—/ (2 —ic)= —2x
tenglikni ganoatlantiruvchi f(x) kvadrat funksiyani toping-,
Yechish: Berilgan tenglikni ganoatlantiruvchi kva

uchhad f(x) =ax2+bx +c bo‘lsin. U holda



ern —je)2 +b (\-x) +c-[a{2-xf +b(2-x) +c] = -2x +I
a- lax +ax2+b- bx+c- 40 +4ax- ax2- 2b+bx- c=- 2x+7
2ax+(-3a- b)=-2x+7;
[2a=-2 fo=-1

{-3cr-i=7=>{i=-4
Demak, /(x) =-x2-4 x+c,csR ko‘rinishda bo‘ladi.
Javob: f{x) =-x2-4x +c,ceR.
7-misol. 2f(\-x) +\=xf(x) tenglikni ganoatlantiruvchi

f(x) funksiyalami toping.

Yechish: 2f{l-x) +\=xf(x) tenglikda x ni \-x ga al-
mashtiramiz. Natijada
2/(x) +1=(1-x)/ (1-x)
ni hosil gilamiz. Bundan

\2f(\-x) + \=xf(x) \f(\-x) = Uxf(x)-\]
127 (*)+1-0-*)N1-x)n JUx)+x ={x_x LW _x)"

=2/W +1=(1-je) ~[ic/(jc)-1] =>4/ (jc) + 2 = (X- X1/ (jc) +X-1 =>

=>(x1- x +4)f(x) =xc- 3=>fix) = x-~3
jc - jct 4

Javob: f{x)= 2*~3 .
X -X +4

8-misol. Barcha haqigiy x¢O lar uchun f(x) +Sx

N (x) =3* shartni ganoatlantiruvchi f{x) funksiyani toping.

Yechish'. Berilgan tenglikda x ni - ga almashtiramiz va
X

/(-1+-e/(*>=1N
\x) X X

ni hosil gilamiz.
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Bundan

/(x) +5x w/[—] =3x3 /(x) +5x/(~j =3x3
(9 +5x W] %.

_ 15
/1j +£./(xX)=4 5% 5X i1+ 25/(x) =
gt E 4 n/fi] &)

= 25/() - f(x) =Ll - 33=F(x) =V - £ .

Javob: J/(x)=8—)5(5 X8
9-misol. 3/(x- 1)+4/(1- x) =5x funksional tenglamani’
yeching.
Yechish'. x-\ -t deb olamiz. Uholda x=/+1 va \-x=-t
ni topamiz. Natijada
/() +/74(-7) =5/ +1) (1)
ni hosil gilamiz.
Bu tenglamada t ni -/ ga almashtiramiz va
30-0+4/(0=5(1-0 (2)
ni hosil gilamiz. (1) va (2) dan /(/) ni aniglaymiz:
j37(0 +4/ (-0 =5(/+1) = A6/(0 . 9/(0 - L. 0. 15+ 3
[4/(0+3/(-0=5(1-0

77(0 =-35/+5=>/(/)=-5/ +-.

Bundan /(x) =-5x +” ga teng.
Javob: /(x) = -5x +y.
10-misol. mMA~Nj+2 /NN =5 (**0;x*x£1;x*2), /(X)=?

Yechish'. ~ r2 =/=>X+1 =tx-2t =>(1-t)x =-2t -1 =>x = ,
X-
topamiz.
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[0 +2. (D)

ni hosil gilamiz. (1) da / ni - ga almashtiramiz:

- /+2
L .12 @)
19 :
g 1?7 af
/ t
(1) va (2) ni birlashtirib, quyidagi sistemani yechamiz:
JW A2/ FI1-A s©0+2/ 0. 71
W /-1 \J /-1
4/(0+2/fy] _2(%+2y
2000 +/ o T 1

2(+2) 2/+1 2(/+2) 2f+1 4/+5
Lotniinnnns f=l....... 1/ ]'/ R

SD= 0=
3(i-o 3(1-*)"

Javob: /(x) = AX*S
3(1-x)

11-misol. Agar /(x) va g(x) funksiyalar
f/(2x +1) +g(x -1) =x
1/(2x +1) - 2x2- 2g(x-1) =0
sistemani ganoatlantirsa, 4/(x)+g(x)<0 tengsizlikni yeching.

Yechish: Berilgan sistemani quyidagicha yozib olamiz:
i/ (2x +1) +g(x -1) =x
[7(2x +1) - 2g(x -1) =2x2.

Sistemani 7/ (2x + 1) va g (x-1) ga nisbatan yechib,

x(l - 2x)
3

(2% +1) = 2x(x +1)

ni topamiz.
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1) g*~I)= ".2jr' dan g(x) ni aniglaymiz. x-1 =t

dan x=t+1. U holda
gt)=(/+D(1~2t~2) = (/+1IX2/+D" g(x) x+D(2x +1)

2) /(2x+ 1= + nj aniglaymiz. 2jc+l=y
dan x= 2". U holda

2.zzAfzzA +1

3 (o] (o]

:I va g(xj=- (x + I\EZX +1) lary,

4/(x) +g(x) <0 gago‘yamiz.
4 N éA - (C+ 1)%2jC+ 1)<0=>2(x-)(x +1)-(x +h@x+)~0"

=>(X+1)(2x-2-2x-1)<0=>x +1£0=>x£-I.

Javob: x £ -1.

12-misol. Sistemani ganoatlantiruvchi /(x) va g(x)
funksiyalami toping:
J/(2x +2)+2g(4x +7)=x-1
I/ (x-1) +g(2x +1) = 2x.

Yechish-. Sistemaning 1 - tenglamasidan 2x+2=/-%,

deb olib, x=-—- ni va 4x+7=4e——+7=2/1+1 ni hosil
2 2

gilamiz. Topilganlami sistemaning 1-tenglamasiga qo‘yami”

f(t-\) +2g(2t + =7 j--i~Nf{t-\) +2g{2t + Y=/ ~.

; . x—b
t ni x ga almashtiramiz: / (x-1) +2g(2x +1) = - .
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Quyidagi sistemani hosil gilamiz va uni f(x-1) va

g(2x +1) ga nisbatan yechamiz:

_Ix+5
f(x-1) +2g(2x+y=n - 70-1)=
2 =<
f(x -1) +g(2x +1) = 2x gx +1)=- X*+3

Ix +5
1) /0 —1)=—X-— dan f(x) ni anigqlaymiz. x-1 =y deb
olsak, x =y +1. Bundan
/00 =1(y +V+S=\{ly +12) =fix) =i(7x +12).

3Xx+5 . . .
2) g@x+1)=-——-- — dan f(x) ni aniglaymiz. 2x+1=z

deb olsak, x =-—-.
2
Bundan

g(z)=~"[3mk +5] =" (32+7)=g(x)=~(3x +1).

Javob: /(x)=i2(7x +12); g(x):-iZESx +7).

mar Mustaqil yechish uchun mashqglar

2.1-misol. Test topshiriglari.
1. Agar / (x-1) =x2+3x-8 bo‘lsa, /(x) ni aniglang.
A)x2+5x+2 B)x2-6x+5 C) x2+5x-4 D)x2-x-2
2. Agar /(x+1)=x2-2x-3 bo‘lsa, f(x) ni aniglang.
A)x2-5x+1  B)x2- 3x-1 C)x2-5x+6 D) x2- 4x
3. Agar f(x +2)=x3+6x2+12x+8 bo‘lsa, /(V3) ni toping.
A) 4/3 B) 2/3 C)3n/3 D) 12
4. x>0 da /(x2+n/x) =x4+(2x2-1)n/x-x2+x tenglikni

ganoatlantiruvchi /(x) funksiyani toping.
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A)x2+2x-1 B)x -x C)x2+x D) x1+2x+2
/3x-IM x+1

5 / bo‘lsa, f{x) ni toping.
X+2 x-\
X+1 2x +\ 3x-1 X+4
A) B C D)
X— 3-ac X+2 3x-2

6./(2x-3) :;‘_*23 bo‘lsa, /(/(7)) =2

A)5 B) 2,(6) C)7 £5) 3,(3)
7 /(1)-?
A)-é B,)-—lg3 C)-; D)-\
8. ! bo‘lsa, /(4) =7
/(2x) x f(2x) 3x
A) 6 B)-6 C) 0,1(6) D) - 12
. 4 3 3 bo‘lsa, /7(6) =7
/(4x) 2 f(4x) 3x

> 0,(1) 5)36 C)-36 D) 9
10. /(x+2)+f(x-2)=2(jc2+7) ekanligi ma’lum bo‘lsa, /(x)
ko‘phadni toping.
A)f(x) =2x2+I B)f(x) =x2- 4
C)f(x) =x2+3x+7 D) f(x) =x2-x +5
11. P(x-3) +P(x +1)=2x2-10x + 16 bo‘lsa, P(x) ni toping.
A)x2-x +3 B)x2-3x C) 2x2-9 D)x2-3x +1

2.2-misol. Funksional tenglamalami yeching.

1. Agar f\-*—\=x2Dbo'lsa, f(x) ni toping.
v+ 1/

2. Agar /jl +-j=x2-1,(x*0,t* 1) bo‘lsa, f(x) ni toping.

3. f(xx]L\ =+, (*
c- A

; bo‘lsa, f{x) ni topingi
N2x-iy  Ac-2 3y

*
2
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4. / Y+_2,\f|:x-1 (xqo—2,xcp—3, x*1) bo'lsa, fix) ni toping.

5. Quyidagi tenglamani ganoatlantiruvchi f(x) funksiyani
toping:
fix) +(x-2)/()+3/(0)=x"+2, xeR.
6. Quyidagi tenglamani ganoatlantiruvchi f(x) funksiyani
toping:
f(x) + @- x)fio)+/(-1)=x3-3, xeR.
2.3-misol. Funksional tenglamalami yeching.
1. Vxe/J) uchun 2fix) +fi\-x) =x2 tenglik bajarilsa, fix) ni
toping.

/IN ]
2. x>0 da 5/(x)=3/ -] +— tenglamani ganoatlantiruvchi
V*) V*

fix) funksiyani toping.

3. Barcha haqiqiy x* 0 lar uchun fix) + bx</j"-j = 2x2 shartni
ganoatlantimvchi f(x) funksiyani toping.

4. xfix)+2f - 4=3,x*0 bo‘lsa, fix) ni toping.

5. afix-\) +bfi\-x) =cx funksional tenglamani yeching. Bu

yerda a, b, ¢ o‘zgarmas sonlar bo'lib, a2*b 2.
6. fix) +/~-p—j =* bo‘lsa, fix) ni toping.
7. Barcha hagiqiy lar uchun

tenglamani yeching.

8. Barcha haqgigiy x&” lar uchun W

tenglamani yeching.
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9. /(*)+/ =x,a* 0 tenglikni ganoatlantiruvchi f(x)

funksiyani toping.
10. 2/ (3-x) +3/ (x-1) =2x-1 dan f(x) funksiyani toping.
2.4-misol. Sistemani qanoatlantiruvchi /(x) va g(x)

funksiyalarni toping.
/(2x+1D)+29(2x +1)=2x

J/(4x +3)+xg(bx +4)=2
Tjl2x +)+g{3x +D=x+1
/(3x-2)+7g(x-5)=x+1

/(*+D-s(~4) =3

2.2. 0 ‘zgaruvchilari erkli bo‘lgan

funksional tenglamalar

1-misol. f(x)fiy) +1 =f(x) +f(y) +xy.
Yechish: Berilgan tenglamada y =x almashtirishni ba-
jaramiz:

f(x) +1=2fix) +X2=fix) - 2fix) + 1=*r=[fix) - 1J2=x2
=/ (x)-1 =tx=>/(X) = l£Xx.

Javob'. f(x) =1xx.
2-misol. Agar f(x-y)=f(x)+f{y)-2xy bo‘lsa, /(x)="?
Yechish: f(x - y)=f(x) +f(y) - 2xy (1)
(1) tenglamada y =-x almashtirishni bajaramiz:
7(2x) = f(x)'+ f{-x) +2x2 (2)
(1) da y =2x almashtirishni bajaramiz:

7(-x) =/(x) + 7/ (2x)-4x2 (3)



(2) va (3) dan
7 (2x) =f(x) +f(-x) +2x2_N/ (2x)=/(xX) +/ (-*) + 2x2
1/ (-*) =/ W +/<2%)“4x2  1/(2*) =-/(*) + /(-Ac) + 4o2 ™
=/(*)+/(-*) +2*2=-fix) +/(-ac) + 4x2=>/(x) =x2.

Javob'. J(x) =x2.

3-misol. Agarf{xy)=y wfix), x>0 bo‘lsa, fix) funk-
siyani toping.

Yechish'. X=ez almashtirishni bajaramiz va
fiezy) =yf{ez) ni hosil gilamiz. Oxirgi tenglikdan 2=1 da
f(ey)=yf(e) yoki f{ey)=cy, f{e) =c.

ey =x deb olsak, y =\nx o‘rinli. Natijadaf(ey)=cy dan
/(x) =clnx.

Javob: /(x) =clnx,x>0.

4-misol. /(x) funksiya barcha x larda haqiqiy qiy-
matlar gabul qiladi. Barcha x wva 'y lar uchun
/(x +fiy)) =2x+4v+3 tenglikni qganoatlantiruvchi /(x)
funksiyalami toping.

Yechish'. f(x+f(y))=2x+4y+3 dan f(f(x+f(y)))=/(2r+4y+3)
o‘rinli.

Masala shartidan

fifix +fiy))) =/0+fix +fiy))) =
=20 +4(x +fiy)) +3=4x +4fiy) +3.

Bundan 4x +4fiy) =/ (2x + 4>+ 3) ni hosil gilamiz.
X ni 2x+4y+3=y tenglikni ganoatlantiradigan qilib

tanlaymiz va 2x=-3.y-3 yoki x=-3"+3. x ning ifodasini
4x + 4fiy) =/(2x + 4y + 3) tenglikka qo‘yamiz:

a ~ j +W/Cv)+3=fiy) =m6y-6+3/Cn)+3=°=>fiy)=2y +1.
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Demak, /7 (*) =2x +1.
Javob\ 7 (*) =2x +1.
5-misol. Fagat musbat sonlarda aniglangan va ixtiyoriy

X va y larda
Ax) m{y) =f(xy) +- +-

tenglikni ganoatlantiruvchi barcha f(x) funksiyalami toping.

Yechish: Agar berilgan munosabatda x =y =1 desak, u
holda 7/2(1)-/(1)-2 =0 tenglama hosil bo‘ladi. Bu yer
f(\) =t belgilash Kiritib t2-t-2=0 tenglamaga kelamiz vai
uniyechib /(1) =-1 yoki /(1)=2 lami topamiz.

Endi, agar berilgan munosabatda y =1 desak, u holda f

/(*)m/(D=/W +;( +1

miz. Tekshirib ko‘rib, fagat ikkinchi funksiya berilgan teng-

lamani ganoatlantirishini aniglaymiz.
Javob: f{x) =\+- .
X

6-misol. f(x +y)-2f(x-y) +f(x)-2f(y)=y-2 tenglikni
ganoatlantiruvchi f(x) funksiyani toping.
Yechish: x=y=0 da /(0) =1 bo‘ladi. Funksional teng-
lamada x =0 bo‘lsa,
fiy) - 2A-y) +/(0)- 2Ay) =Y -2=>Ay)+m -y )=-Y+3 =
Oxirgi tenglikdan y ni - y ga almashtiramiz:
A-Y)+my)=y +3 2Ay)+/1 -9 =Y+3e~
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Natijada
JICv)+2/(-r)=->"+3
W(y)+f{-y)=y+I

Oxirgi tenglikdan y ni jc ga almashtiramiz va

~>41(y)-f{y)=2y +b+y-3=>f(y)=y +\

f(x) =x +1 ni topamiz.

Javob- f(x) =x+\

7-misol. f(x +y) +f(x-y) +f(x) +f(y) =3x2+3y2 tenglik-

ni ganoatlantiruvchi f(x) funksiyani toping.

Yechish: x=y =0 da /(0)=0 bo‘ladi. Funksional teng-

lamada x =0 bo‘lsa,
Ne +a-y)+rm +m =V =>my)+a-y)=s3/ (4)

(4) da y ni -y ga almashtiramiz:

2f(-y) +f(y) =37 =f(y) +2f(-y) =37/ (5)

(4) wva (b) dan
\2f(y) +f(-y) =3y2
\f(y) + 2f(-y) =3y2

f(y) =y2day ni x gaalmashtirsak,f(x) =x2bo'ladi.

2=>41(y) - f(y) =3y2=>f(y) =y2.

Javob: /(x) =x2.

a e r Mustaqil yechish uchun mashqlar

2.5-misol. Funksional tenglamalami yeching.
1- f(x +y) +f(x-y) =6(x2+y2).
2. f(x+y)+f(x-y) =4xy tenglikni ganoatlantiruvchi /7 (*)
funksiyani toping.
3. 2f(x +2y) +f(x) =f(x +yX2ev+e~y) funksional tengla-
mani yeching.
4. Barcha haqgiqgiy x va ™ larda f(x +y)=x+yf(x) +(- x)y

tenglikni ganoatlantiruvchi /(X) funksiyalarni toping.



5. Haqiqiy sonlarda berilgan va f(xf(y)) =f(xy) +x shartm
ganoatlantiruvchi barcha f(x) funksiyalami toping.

6. f(xy) =yk(x) tenglikni ganoatlantiruvchi /(x) funksiyal
larni toping.

7. f{x +y)+2f{x-y) =3f(x)-y tenglikni ganoatlantiruvchi
/ (x) funksiyani toping.

8. f(x +y)+2f(x-y) +f(x) +2f(y) =4x+y tenglikni qganoj
atlantiruvchi f{x) funksiyani toping.

9. f(x+y)+f(x-y)-2f@Go)@+y)=2xy(3y - x2) funksiona
tenglamani yeching.

10. f(x +y)-f(x-y) +f(x) =4xy + x2 funksional tenglaman
yeching.

2.3. Funksional tenglamalarni
Koshi usulida yechish

Funksional tenglamalarni Koshi isbotlagan ba’zi tur--

larini ko‘rib o‘taylik:
f(x +y)=f(x) +f(y) (1)
f(x +y)=f0)-f(y)  (2)
f(xey)=1f(x) +f(y) (3)
f(x-y) =f(x)-f(y) (4)

Bu tenglamalarni ganaotlantiruvchi funksiyalar uz
luksiz. Ko‘rinib turibdiki, to'rttala tenglamaning barchasi®
/ (jo =0 qanoatlantirishi anig. Biz quyida yuqgoridagi tengl
malaming /(jo =0 dan fargli bo‘lgan barcha yechiml
topamiz.

Funksiyaning uzluksizligi ta’rifmi eslab o‘taylik.

Ta’rif. /(jc) funksiya joO nuqtada uzluksiz deyiladi ag,

D joe D (f), ya’'ni x0 nuqgta funksiyaning aniqlani

sohasiga tegishli;



2) )Ii%(*) mavjud va )Ig%/(*) =f(x0) bo'lsa.

1. f(x +y) =f(x) +f(y) funksional tenglamaning uz-
luksiz yechimi f(x) = kx ko‘rinishida bo'ladi.

Isbot. Biz quyidagi tasdiglami isbotlaymiz:

1)/ (0)=0.
f(x+y)=f(x)+f(y) tenglamada x=y =Q bo‘lganda /(0)=2/(0)
bo'lib, bundan /(0) =0 ekanligi kelib chigadi.

2) f{x) funksiya toq, ya'ni f(-x) =-f(x). Hagigatan ham,
f(-x) =[/(-ac) +fix)] - /(x) =f(-x +x)~ Ax) =/(0) - fix) =-fix).

Tenglamani yechimini Vac,y sQ uchun isbotlaymiz.

Dastlab xeN uchun isbotlaymiz. y ni x, 2x, 3x, ...0a

teng qiymatlarida
y=x- /(2x) =f{x +x) =fix) +fix) = 2fix)\
y =2x; A3x) =fix +2x) = 4x) + A2x) =3/(X);
y =3x; fidx) =4 x +3)=40x) + 43x) =44X) -

Demak,
fin x)=n-fix) (5)
gonuniyatni topdik. Buni matematik induksiya usulida isbot-
laymiz.
n=1da tenglikning to‘g‘riligi ravshan.
n=k uchun fik x)=k-fix) to‘g‘ri deb faraz gilamiz.
n=kK+1 uchun to‘g‘riligini isbotlaymiz:
fiik + 1) o) =4 x +kx) =4 x) +fikx) =fix) + kfix) =ik + 1)/ (x).
Bundan VneN wuchun An x)=n-Ax) ekanligi kelib
chigadi.
(5)danx =Ilda An)=4n 1)=wu /(1) yoki An) =k n (6)
bu yerda k=/(1). Demak, VxeN uchun fix) =kx.



Endi x.yeQ uchun isbotlaymiz. r=—- musbat rat4
n
sional bo‘lsin. U holda f(m) =nf~~) yoki (6) tenglikni e’tU

borga olsak, f\ —\=-f(m) =k — o‘rinli. Demak, f(x)=kx
\n) n n N
tenglik barcha x e Q+ lar uchun o‘rinli.

f(x) funksiyaning togligidan /~—]= j va

"Bb"H}

Natijada f(x) =kx tenglik barcha xeg lar uchun;
o‘rinli.

Demak, f(x) =kx tenglikni barcha xsQ lar uchun bat
jarilishi kelib chigadi.

Endi irratsional x lar uchun yuqoridagi tenglik o‘rinll
bo'lishini isbotlaymiz. x ixtiyoriy irratsional son bo‘lsin. U

holda x ga intiluvchi

ratsional sonlar ketma-ketligi mavjud bo‘ladi. Yuqoridagi is-
botdan
f(m=k'mwn=12,3,...)

o'rinli. Bu yerda n-> o da limitga o‘tsak,

Hi%/(rn) = m&r,,).

Tenglikning o‘ng tomoni uchun rI;gé/T;):kx. Chad
tomoni uchun f(x) funksiyaning uzluksizligidan
rI1|_(/(r)|)f(rn): \rl]l_g)])r,,}:f(x)

o‘rinli. Bundan VxBR uchun f(x)-kx ekanligi kelib

chigadi.
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2. f(x +y)=fix)- fiy) funksional tenglamani gano-
atlantiruvchi uzluksiz funksiyalar f(x)ma*(a> 0, a*l)

ko‘rinishida boMadi.
Bu yerda /(x) =0 dan tashqari barcha yechimlar nazar-

da tutiladi.
Isbot. fix) barcha haqgigiy x larda aniglangan va

uzluksiz. fix) =0 yechimlami chigarib tashlaymiz. U holda
biror x =x0 uchun f(x0)*0.

(2) ga y=xa-x ni qo'yamiz va f(x) f(x0-x)=
=f(x0)*Q bo'‘ladi. Bu fix) funksiya x ning ixtiyoriy qiy-

inatida noldan farqgliligini bildiradi.

(2) dax vay ni > ga almashtiramiz va

ni hosil gilamiz. Oxirgi tenglikdan x ning barcha giymatlari-

da f(x)> 0 ekanligi kelib chigadi. (2) tenglikning ikkala

tomonini e asosga ko‘ra logarifmlaymiz:
in/(*+y)=1n/(x) + 1n/00.

Bundan <p(X)=Inf(x) belgilash Kkiritsak, ®{x+vy) =
=(x) + p(y) Koshining (1) tenglamasiga kelamiz. <p(x) funk-
siya uzluksiz, chunki uzluksiz funksiyalar kompozitsiyasi
ham uzluksiz. Natijada

¢ ) =Infix)=kx=fix) = =iekY =ax.

Bu yerda k =const, a = ek.

3. f(xy) =f(x) +/(y) funksional tenglamaning barcha
musbat x va y lar uchun aniqlangan uzluksiz yechimi
f(x) =log,* (0 >0, a* 1) ko‘rinishida bo‘ladi.

Isbot. me(-00;00) aniglangan x =e*“ va g>u)=f{eu)

funksiyalami kiritamiz, chunki x > 0. Bundan
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1

U holda <p(x) funksiya (1) tenglamani ganoatlantiradi®

u=Inx va f(x) = (p(\nx).

ya’ni
put+v)=Ffie"” )=/(<? ev)=f(eu)+f(ev)=d ) + <p(v).
Bundan (p{u) =ku va f(x) = <p(\nx) = k\nx hosil qila-,
miz. Natijada
f(x) =\ogax (a>0,a*l) , a=e[tk
4. f(x y)=/(*)=f(y),x>0,y>0 funksional tengla
f{x) =xp ko'rinishidagi uzluksiz funksiyalar ganoatlantiradi
Isbot. x >0 dan x =euva <p(u) = f(e*) funksiyalami ki®

ritamiz.
Bundan u—\nx va f(x) = <(Inx). U holda (p{x) funksi-

ya (3) tenglamani ganoatlantiradi, ya’ni

b +v)=f(e“n)=f(e“e)=f(e“M/(*)=D )b ).

Oxirgi tenglikdan (p(x) funksiya Koshining (3) tengla-,
masini ganoatlantirishi kelib chigadi va cpfuy= wm>0 boa
ladi. Bundan

f(x) =p(\X)=a'mx=x"*a=xp, p =lna.

Koshi tenglamalarini qo‘llanilishiga doir misollar ko‘rib

o ‘taylik.

1-misol. i~ 2~ ~ tenglikni ganoatlantiruvchi!

f(x) funksiyani toping.
Yechish: Bu tenglama Yensen tenglamasi deb ataladi. |

(A)

X ni x+y vay ni 0 ga almashtiramiz:

i~x+yN fix+y)+f{0)

(A) va (B) ning o‘ng gismlarini tenglashtiramiz.
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f(x +y)+f(0) f(x)+f(y) dan
2 2

/(*+Y)=/(*)+/(>0- b=/(0).

Oxirgi tenglamada <p{x) =f(x)-b almashtirish bajarsak,
e +.y) = p(r) + <p(y) Koshi tenglamasi hosil bo'ladi va
<p(x) =kx o'rinli. Bundan f(x) =<p(X) + b=kx+b ni topamiz.

Javob: f(x) =kx+b.

2-misol. f(x +y)=f(x) +f(y) +2xy funksional tengla-
maning uzluksiz yechimini toping.

Yechish: g(x) =f(x)~ x2 yordamchi funksiyani Kkiri-
tamiz. Bundan /(*) =g(x) +x2 ni topib, tenglamaning dast-
labki ko'rinishiga go‘yamiz. Natijada

g(x+y) +(x+y)2=9g(x) +x2+g(y) +y2+2xy
g(x +y) +(x+y)2=9(x) +g(y) +(x +y)2
9(x +y) =g(x) +9(y)
Oxirgi tenglama Koshining (1) tenglamasini ifodalaydi

va g(x) =kx ni topamiz. Berilgan tenglamaning yechimi
f(x) =g(x) +x2=x2+kx.

Javob: f(x) =x2+kx.

3-misol. _NM/(X). tenglamani yeching.

Yechish: j=V/M'/Cv) (C)
(C)da x ni x+y vay ni 0 ga almashtiramiz:
/Ei2I=7/(x+>)70) (D)

(C) va (D) ni o‘ng tomonlarini tenglashtiramiz:
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VI(*+jo-/(°)=VIw -/oo
f(x +y) «/(0) =f(x) w(y)

f(x+y)=£p~f(y),c=m
cpx) = funksiyani kiritsak, oxirgi tenglikdan ~(x+.y)=

=p(X)dp(y) Koshi tenglamasini hosil gilamiz. Bu tenglama-
ning yechimi cp(x) =a*.
Belgilashga qaytamiz:
RN =" 1 =>/(*)=c?(*)=Olx=

Javob'. f(x) =Ca*.

Mustaqil yechish uchun mashgqglar
2.6-misol. Funksional tenglamalarni yeching.
1. Barcha x,y ratsional sonlar uchun f(x +y) =f(x) +f(y) va
f(\0) =-n bo'lsa, /~-]j ni toping.
2. Barcha x,y ratsional sonlar uchun f(x-y) =f(x)~ f(y) va]
/(6) =-V3 bo'lsa, /7 | -] j ni toping.
3. Ixtiyoriy musbat x,y sonlarda f(x) funksiya f(x-y)=
=/(jc)+fiy) tenglikni ganoatlantiradi. Agar y | _I1_j =i bo‘l-

sa, /(2013) ni toping.

2.4. Uzluksiz funksiyalar sinfida o‘zgaruvchilari
erksiz funksional tenglamalarni yechish

Yuqorida biz funksiyalaming uzluksizligi shartlarini
ko‘rib o‘tdik. Endi o‘zgaruvchilari erksiz funksional tenglaj
malami uzluksizlik sharti asosida yechishni o‘rganamiz.

244



1-misol. Ushbu /(/(*)) =f(x) +X shartni ganoatlanti-
ruvchi y =f(x) uzluksiz funksiyani toping.

Yechish: Bu funksiyaning xossalarini ko‘rib chigamiz:

O /(0)=0 bo‘ladi.

Hagigatan, agar /(0)=c deb olsak, u holda

/(c)=/(/(0)=/(0)+0=/(0)=c
bo‘ladi. Bundan va funksiyaning berilishidan
/(©)=/(/()=/(c)+cC
tenglikka, ya’ni ¢ =0 ga kelamiz.

2) agar X *x2bo‘lsa, /(*,)* f(x2) bo‘ladi.

Hagqigatan, agar f(xI)=f(x2) bo'lsa, u holda /(/(*,)) =
=/(/(*2)) bo‘ladi. Bundan esa /(*,) +* =f(x1)+x2, ya’'ni
X, = X2 kelib chigadi.

Bu xossalardan f(x) funksiya f(x) =ax ko‘rinishda bo‘-
lishi kerakligi xulosa qilinadi. U holda /(/(*)) =aZ bo‘lib,
masalada berilgan bog'lanish quyidagi ko'rinishga keladi:

ax=ax +x

Endi a2- a-1=0 tenglamani yechib, a,2="* ildiz-

larini topamizvay=" " X vay=-+ X funksiyalar masa-
la yechimi bo'ladi.
JAvols. y =X

2-misol. Haqiqiy sonlar to‘plamida berilgan va 0
nugtada uzluksiz /(x) funksiya ixtiyoriy XxeR da
2f(2x) =f(x) +x tenglikni ganoatlantiradi. Barcha f(x)

funksiyalami toping.
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Yechish: f(x) funksiya yuqoridagi shartlami ganoatlan-
o ) . 1 X L
tirsin. Berilgan tenglamani /(2x)=-/(*) +- ko'rinishida

yozib olamiz. x ga ketma-ket

X X X X
248" 2"
giymatlarni bersak,
«..-m 1 H
1 -zxen 11 ,(x) *9) X X
=/ - =-/- =>/(* +— +- +—=
/Uj 2 /1.8J /() 4’\2/Uj 16~ 4 16
—1fJ.£Aj+X—H—3(-- - LX) —f AR ST oy oS _+3(-.
8 U 4 16 64 2{2)41664 4"

S+To+NA+ + 4" y'S'indiga geometrik progressiyaningj

dastlabki n ta hadi yig‘indisi formulasini qo‘llaymiz:

X X X x _Xx(, 1
T+t — +tmmt+t— =11+ +-
4 16 64 4" A\, 4 (VR 31 4]

U holda bo‘ladi. Bundan un->«>
limitga o‘tib, f(x) funksiyani uzluksizligini e’tiborga olsak,

/ =limf—)Ilim/f— 1+ —dimfl- — )=0+—1-0) =/
(q:) »-\2")) -« \2') 3-4 4"} g( ) 3

Bevosita tekshirish orgali f(x) =- tenglamaning yechii
3 [ ]
mi ekanligini ko‘ramiz.

Javob: /(*) =£ .
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3-misol. f(x) funksiya R da aniglangan va x =0 nuqta
atrofida chegaralangan. Vxefl uchun /Z(x)-~/]""j=x-x2 funk-

sional tenglamani ganoatlantiruvchi f(x) funksiyani toping.
Yechish: 1-usul. x=0 da f(0) =0 ekanligi ravshan. Har

safar tenglikning ikkala tomonini 2 ga bo'lib, x ga ketma-ket

X X X

Tn- 74»891 om

giymatlami beramiz.
/ «4/ (F).— -
- - X *

MIMIHFHI . -

jc o *
4 V4 8 18] 4 42 82’
n * X3

116, 8 8 UJ.

20 v2ry 2+l el 27 g

Hosil bo‘lgan tengliklami hadma - had qo‘shsak,

f{X)—=xM+ 1 +I_+ . +1_)_X2N+1 +J_
A A Y | 4"J 1 8 & 8"
=itz 7 ghd
Natijada f(x) = N __i_j.

f(x) funksiyani uzluksizligini va /(0)=0 ekanligini

4 8
e’tiborga olib, n->o0 da limitga o‘tsak, f(x)=-x--x1bo‘ladi.
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2-usul. Tenglamaning o‘ng tomoni kvadrat uchhaddar.
iborat. Bundan funksional tenglamaning  yechimini
f(x) =ax2+bx +c¢ ko‘rinishida izlaymiz.

, la 2 3b ¢
ax1l+bx +c — +h —C  X-X~, — x +— x4+ —=
2 "B)’ 2 8 4 2

=-x1l+x+0=a=-y; b=j; ¢c=0=>f(x) ="x ~~x2
Javob: f(x) =- x - —x2.

J 3 7
3-misol. /(*) funksiya /1 da uzluksiz va /(*) +yjjjcj»*

tenglikni ganoatlantiradi. /(X) funksiyani toping.
Yechish: /(0)=0 ekanligi ravshan. X gaketma-ket

2 4 8 (2X
—X, X, — X,eee o, — X, ...

379 27 4 3]

giymatlami bersak,

/ (2
X HTIX
Juft o‘rinda turgan tengliklaming yig‘indisidan toq
o‘rinda turgan tengliklar yig‘indisini chap va o‘ng tomon-
larini mos ravishda ayiramiz. Natijada

m -f J

ul J 1 3 9 27 5 1 3j/
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Oxirgi tenglikdan limitga o‘tsak va /(0) =0 ekanligini

3
hisobga olsak, f(x) =-x bo‘ladi.

Javob: f(x) =jx.

Mustaqil yechish uchun mashqlar
2.7-misol. Funksional tenglamalami yeching.

1. f(x) funksiya R da uzluksiz va f(x) = J. f(x) ni to-

ping.
2. f(x) funksiya R da uzluksiz va /(x) ="~/ ~j +x tenglikni

ganoatlantiradi. 7 (i) funksiyani toping.

3. f(x) funksiya R da aniglangan va ;=0 nuqgta atrofida

chegaralangan. Vxe/J uchun /(x)--~/7j=x2 funksional

tenglamani ganoatlantiruvchi f(x) funksiyani toping.



JAVOBLAR

I-§. CHIZIQLI TENGLAMALAR

1.
1.1-misol. 1. 376263 2. 45 3.11 4.6051 5.6849
6.2 7.10 8.18 9.30
1.2-misol. 1.A 2.C 3.B
2.

2.1-misol. 1. 0,5 2.-2 3.3 4. Cheksiz ko'p yechimga eg”j
5. Cheksiz ko‘p yechimga ega. 6. Cheksiz ko‘p yechim-J
gaega. 7.6,3 8.0,5 9.1 10.1 11. 319 12. 3?
13.6 14.0 15.0 16.-7

2.2-misol. I.C 2D 3C 4B 5C 6.C 7.B 8Bl
9.B 10.E I.C 12B 13.B 14D 15C 16.M

3.1-misol. 1.A 2A 3C 4C 5A 6.A 7.D 8.cJ
9.E 10.A 11.D 12.A 13.B

2-§. KVADRAT TENGLAMALAR

1.1-misol. 1. {7} 2. {#11} 3. {#2n/2} 4.(0} 5.(0}

8. {+n/41} 9. {0} 10. {-4; 12}
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2.8-misol. 1. <L — L_”/I L_”/I 4_I_M_

5. 6- { 4 ;1} {-3;-1}  8.{1;7}
9.{-1} ,0.{]} 11. (-5, >2.{i} >3.{-i
14.(0) 15.(0} 16.(0) 17.(0) 18.jlij'/s}

1». 20.

2.2-misol. 1. {-8;9} 2.{-8;7} 3.ilxt—/To) 4. j-;l

. 6. {-11; . {—3:0,6
5|2 3i {-11;7} 7. {-3,0,6}

2.3-misol. I.B 2B 3E 4C 5A 6D 7.C 8D

3.
3.1-misol. 1. {0} 2.{-4;4} 3. {-3n/3;373} 4.(0}

5.(-2;2) wm{-f;f} 7-(»«) »fjij}
9. {-20; 20} 10. A 43
33

3.2-misol. 1. {0;7} 2. {0;- 10} 3. Jo;1j 4.jo;™

5.40;~j 6. ] o;~ 7-{0;10} 8. {0;0,01}.
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4.

4.1-misol. 1. 2— 2. 17- 3.59" 4. 213—
26 4 8

16
5. A agar j., >x2bo‘lsa; - l/:‘, , agar j, <j, bo‘lsa.
6. o —, agar X, > j2 bo'‘lsa; - 6 agar j., <x2bo'‘lsa.
N\
7. 755;\:5/”, agar j, >x2bo zilsa;--]é%é—l--?, agar j, <x2bo lIsa.

4.2-misol. LD 2B 3.C 4D

5.
5.1-misol. 1. {-5; 1} 2. {-1;7} 3- {-10;4} 4-{-1;9}
5. {9} 6. {-11} 7. {0} 8. {0}.

5.2-misol. 1. {V3+2} 2. {V5+2} 3. {-2V2;V2}
4. (2(V7£V6)} 5. {1+V2 +n/3}

6.
6.2-misol. 1.C 2.D 3.A 4C 5E 6B 7.B 8A 9.D
10.D 11.B 12.C 13.D 14.B 15.B 16.A

7.
7.1-misol. 1. x2—jc—12=0 2. je2- 1ljc+30=0
3. j2+15x+56=0 4. j2—3jc—18=0 5. j2-5jc+6=0
6. j@2-2jc-80 =0

7.2-misol. 1.A 2.C 3.D 4.D 5B 6.E 7.A 8.D
8 -
8.1-misol. 1. (jc+ 4)(2jc-1) 2. (jc + 1)(6jc + 1) 3. Ko'‘paytuv-

chilarga ajralmaydi. 4. (4jc+ 1)2 5. (x - 1)(jc + 5)
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6. (*-3)(x+8) 7. (x-6)(x +7) 8.(x+2)2 9. Ko‘paytuv-
chilarga ajralmaydi. 10. (jc+4)(jc+7) 11. (*- 7)(;t+8)
12. (x+7)(x-8).

8.2-misol. 1. — 2. x 2 3. — 4 X9 1 dc+l
x+1 2x- 1 jt+8 x-5  3x-2

8.3-misol. I.C 2B 3D 4B 5A 6D 7.E 8.E 9B
10.A 11.A 12.D 13.D 14.C

3-§. KVADRAT TENGLAMAGA
KELTIRILADIGAN TENGLAMALAR

1.
1.1-misol. 1. |xy ;] 2. =0 L 235 3. {#1; 7}

4. {£3;+4) 5. {+2:3D} 6 (z1;x2) 7. {£V2;+3}
8. {+2} 9. {x2} 10.{0}

1.2-misol. I.B 2.E 3.C 4B 5D 6.B 7.D 8.B

2.
( _311IC1
2.1-misol. 1. {£1} 2. T-l; v k3. {14} 4. {1;2;3}
2]

5.{2:3} 6. {-2;!} 7.{-2;1> 8.(1} 9. ]-2;3+~109]
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15-j 2; 4; —
[ 2
2.2-misol. 1.{-1} 2. {1} 3. {x1;2;4} 4. j+JI 5. |+~"\—-2
1

2] 3 2

6. {1} 7. {£V2;V3} 8. {n/2+1; M2+1;2} 9.{-2,5;.1}

3.1-misol. 1.B 2.D 3.A 4B 5B 6.B 7A 8A 9E
10.C 11.B 12D

4.

4.1-misol. 1. {-2;1} 2. {LV2} 3. {xl} 4. |x~;%lj.

-1+V51
4.2-misol. 1. {-4; 2} 2. {0; — 3.{-4; 2,39}

— 1}
4. {1,2;3;4} 5. {£1;-4;-6} 6.{-1-2;-3;-4}

7. 3+2n/5;3} 8. {—1;—2} 9.

-71—3 i(-7xV2)j-
M. 1, =-5%>B 3 f-22V6l
14" 2 6 | 4 ]
M -1 }
A-misol. 1. | i~ ;™M 2502 2 3. {2;3}
4. H1 6. {-1} 7. 4 2%,

4.5-raisol. LA 2.A 3.A 4C 5E 6D 7.D 8B
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5.
5.1-misol. 1. {-6;1} 2. {-4; 1} 3. {-3;2}

4.(-6;-2;-4x1] t] ~3]
M.,.2+X 1
[6 2 J 1 6 2 3

n f . 12+xV70—6V2T 12+ /70+60/2T |
L 2 ; 2 i

’

5.2-misol. I.D 2.C

6.1-misol. 1. {—2;—-1} 2 j ; 1xV2 3.

6.2-misol. 1.A 2.D

7.
7.1-misol. 1. j 35+V265, 8; I 5j 2 {5+J[j} 3 { 4;5. 5+3f5}

8.
8.1-misol. 1. {2; 3} 2. {-3; -5} 3. {1; 3} 4.{-24V3>/2-3}
5.{a;6}
8.2-misol. 1. {-1; 0; 1} 2. {2;4} 3. {2;4} 4. {-2}

9.

9.1-misol. 1. 2i 2. (£ 3. MW

1 2 J

4. J- Ko‘rsatma: -JI ga nisbatan kvadrat
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tenglama ko‘rinishiga keltiring. 5. | ~-jJ 6. ~2]

. {-4;-2} 8. - 9. {4} 10.{%0} 11.
7.{-4:-2} 8 3f ] {4} {0}

9.2-misol. 1.{25} 2.(55} 3.(1} 4.(3} 5.(7}

4-8. QAYTMA TENGLAMALAR

1.

1.1-misol. 1. |-1d = j 2. {-1;3=2v2} 3. {1} 4. {1}

5. 1;~525 6.{-1}

1.2-misol. 1. { : 2{ 2. {~3*~ 2]
J 3 2" J 2 72 ]
, f3xv5) J  , 11 * @ * f,.-11+n/85 j

3* 1 ~ ] i ;"2:3:2] 5\<} 6-]

7. {1+/3+>3+2n/3} 8.12 ;-1 £V2
1.3-misol. 1. JJ_rI;-Z;--ZI 2. {-1} 3. jzI;" 34_é>/\

4 -» +Yr01+y38-2nld  -1-¥Yrol+n/38+2n/]01
8 8

5{£2;+i}

1.4-misol. 1. {2+ n/3;3+2Vv2} 2.{1}

i, 5+n/37+>/46 +10n/37 | n \\ | ]
3-1] - 4 J t 2
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3 4. -2'*V633l
<‘{_
8 J

5 H ;1;n# } 6-{-2;1;4} 7.{-3;-1}

2.2-misol. 1.B 2.D 3.1

5-§. KASR-RATSIONAL TENGLAMALAR

1.

1.1-misol. 1.{-20;40} 2.{-4} 3.{9} 4.(2) 5.i--1 6.{3}

7. {2; 4} 8. {20} 9. {1} 10. {+72} 11.j1; I

12. {6} 13. {9} 14. {£V3}
1.2-misol. 1. {0;2} 2.10;5;yyJ 3.{-4;2} 4. {-5; 5}

1.3-misol. 1. {11} 2. {1} 3. {3} 4. j~1 5. 37.
2.

2.1-misol. 1. |59+ }| 2. {1} 3. {-1} 4. {-1}
5.1 1;4;~7~j 6.{-3;-2} 7.{-1;0} 8. {2+ n/n/3-1}
9.10;-3;-3 -} 10.{-5 .;" °}
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S.2-misol. 1. J1;r) 2.\"\ 3. 12 9N 1
7] 27 4 j
4.1 ;215 {-2;6;3xV21} 6. {-L3> 7.{-2;1}

8. 9. \-(2%L 10. {1} 11.{-3£VI5}

15-n/145._ /5 + V145

3.1-misol. 1. {1,2;2,4} 2, \-2+t.
\Y 10 "V 10

3. {0;£5Vv2} 4. ]-~;6] 5 {xn/2;xV3}

3.2-misol. 1. m-|;5j 2. {0;7+x2n/3} 3. I™ -1+)—
12.

4. {-5} 5.j%-i;x4]) 6. Jo;-3x]|>7/3]
3.3-misol. 1. ¢0; 5xn”™ 1 2. {0 ;- 54 -

34-misol. 1. J==*£31 2 .b 1bl*Y
1 2 Co« ) I « J
4. {3xV2}
3.5-misol. 1. {5+VIO; 10tV 85} 2. {7+V34}.
4.

4.1-misol. 1. j 1/~ *| 2-{1xVI9} 3. {-1;2} 4.

5.5 ;2] 6.{-1xV5;2) 7.



42-misol. I.] M ;™ j. 2. ] £3;£7]

5.1-misol. 1- {0;3;=v3} 2. 1" 4, {-1;—229V3}

5. {-1+V7} 6.{-4:-2} 7.j~% j 8- j-3+183;

9. {2}.

5.2-misol. 1. j|:3j 2. |;3].-

6.
6.1-misol. 1. {23 2.(0} 3. {-3;1} 4.jo0;19;9"n)
5.{1;2} 6. {0;-1} 7. {£5}.
7.
7.1-misol. 1.C 2.C 3.A 4D 5C 6.B 7.E 8.A 9.A 10.E

11.B 12.A 13.A 14D 15.B 16.D 17.B 18.A 19.D
20.C 21.A 22B

6-8. KO'PHADLAR

1.
1.2-misol. 1.B 2.C 3.A 4B 5.A 6B

3.3-misol.-----------
JCUC + 20)

259



3.5-misol. I.B 2.E 3.D 4.D

4,
4.1-misol. a=-2
4.2-misol. a=24
4.3-misol. 1.C 2.A 3.E. 4.A

5.

5.1-misol. \.2x+1. 2. - 2x+2.3. a=3;b- -4,
4. py=-7,4,=-1; p2=-12,02=-2. 6.-4 va -10.

5.2-misol. I.C. 2B 3.A 4 A 5C 6.C 7.B 8.A 9.C

5.3-misol. 1. {—1;1,—=2} 2. {-3; 2} 3. {-5;-3; 2}
4. {—4;—=3; 1,2} 5. 2}

5.4-misol. 1. ||| 2.j-1;1j 3. 1-2;-01;-1;2]j

4. {-1. 2+n/3}

6.

6.1-misol. 1. g(x) =5x2- x+20; r=96

2. M@)=4x2-9x-9; r=0

3 =x3+x2+HKr+30; r=136

4, <*)=x4+Dbxl- x-1; r=-7

5. ?7(x) = x5-3x4+5x3-14x2+40jc- 120; r =365.
6.2-misol. 1. P(2)=0; P(3) =0; P(-3) =-120 2. P(4) =39

3./ )=844.P(-2)=-8 5. P(3)=0 6. P(2)=67

7. 04)=28559.
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7,
7.1-misol. 1. (x-1)(x +2)2 2. (x2- x41 +1)(jc2+x41 +1)
3. (X2- 4x+8)(x2+4x +8) 4. (X2- xw/3+1)(x2+ x/3 +1)
5. (x- 2)(x- D(x+D(x+2) 6. (x2- x+3)(x2+x+3)
7. (X2-X+ 1) (x2+x+1)(x4+xz+1) 8. (x2+x+I)(x6-Xx 5+x3-x 2+)
9. (X4- x2+2)(x4+x2+2) 10. (x- )(x+2)(x2+x +5)

(x2+3x +3)

Y 11+ n/217
x4 B2 a1 1x +3)

13. (X2+x+1)(X5- xa+x3- x+1)
14, (x- DX+DH(x2+ ) (x2- xV2 +1)(x2+x41 + 1)
15. (x2-x +1)(x3+x2-1).

8.
8.1-misol. 1. (x +1)(x- 2)(2x+1) 2. (x- 3)(x- 2)3
8.2-misol. (x2+2x +3)(x2- 4x +5).

7 49
8.3-misol. 1. a=310 va 6=6889 2. a=- vab=—.

8 64
8.4-misol. a, =b, =c¢, =0; a2=-3-¥3,b1=9,c1=-V 3; a} =3\/3,

b} =9, c3=>/3.

9.
9.1-misol. 1. x2-6 x +4=0 2. x4-10x2+1=0 3.x3-5 =0
4. x3-6x2+12x-5=0 5. (x+14- 2=0.
9.2-misol. x, 2=3+42, x3=-1, x4 =2.

9.3-misol. x,2=1+ n/2; x3=0; x45=+1.

9.3-misol. X, =- —.
ab
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9.5-misol. 1. yo‘q 2. ha

9.6-misol. Ko‘rsatma: n+1 ta x=c,,c2,...,c,, nuqgtalarda
ma’lum giymatlami qabul qiluvchi darajasi n dan
oshmaydigan ko ‘phadni
P(X)=b0+bl(x-cl)+b2(x-cX(x-c2)+---+b,,(x-cl)(x-c2)..{x-c )
ko‘rinishida gidirish magsadga muvofiq bo‘ladi.
¢, =0,c2=1,¢3=2 ni hisobga olsak, izlangan ko‘phad
P(x) =b0+bl(x-c,) +b2(x- c,)(x-c2) +b}(x-c,)(X- c2)(x- c3)
ko‘rinishida bo‘ladi. Bundan
P(x) =b0+bl(x-0) +b2(x - 0)(X-1) + 63(x-0) (x- 1)(*-2) yoki
P(x) =b0+ bfx + b (x -1) + b,x(x - 1)(*- 2). Masala shartidan
P(0)=b0+b]m0 +/2m0m0-1) +b, 0O M0 - 1)(0- 2) =1=>b0=1;
01)=b0+bl+0+0=2=>60+1 =2=>1+2%=2=>6, =1;
P(2) =b0+2b, +1b2=6=>1 + 2+ 22=6=>b2=1,5.
Natijada P(x) =1+ x + 1,5x(x -1) =1,5x2- 0,5jc +1.
1. Ox)=15%2- 0,5*+1 2. P(x) =x} +2X.

10.
-1+ V21 -3+ >A7

10.1-misol. 1. 2. {-2} 3.(3
5 5 {-2} 3.(3}

4. {1;11;5+2n/6} 5. {1; 2001; 100013~111111).

n.
11.1-misol. I.D 2.D 3B 4.C 5.A 6.B 7.0 8.C 9.A 10.D
I.A 12.C
11.2-misol. 1.A 2.A 3B 4B 5D 6.A T7.A
11.3-misol. I.B 2.B 3.A 4B 5A 6.D 7.C 8D
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7-§. FUNKSIONAL TENGLAMALAR

1.

1.1-misol. 1. — 4 2. a-- 3.x 4.1)-i 2)— 3)x
I+ a X g+1

5.7-6.x=-0,2 7.1lta 8.x=-6236 9./(5)=34

3x+7
10. g(x) =—-— 11. /(1999) =3997.
2X +6

1.2-misol. I.C 2.D 3.B 4B 5D 6.B 7.C 8D 9.D 10.C
11.A 12.A 13.C 14.A

1.3-misol. 1L.A 2.A 3.C 4D 5D 6B 7.A 8B 9.D

2.
2.1-misol. I.C 2D 3.C 4B 5D 6.C 7A 8B 9.D
10.D I1.B
2.2-misol. 1. /(X)) =f——71 ,x*\ |.f(x)=2x X*
) V|~Xj] (x) (x-1)
TR 10 AR TV, Sl SO S
5-3x 3x-2 3
5 /(x)=x3-x+1 6./7/(X) =x3-x-1.
2.3-misol. 1. OAXx)=i(x3+2x-1) 2. OAx)=
3. 4. /[(x)=n N 5. /(X)) =— X+—
4x4 (x) 5x (x) a-ba +o
/(x)=r2\f/xf « 1X/ 7 /W ® 2x4-1
g. /<*)—ﬁ2(_____2 X*_I Xx*1' 9 /(*) —XJ;a__:_)S_ta_:g
x-1"" 2 ' ~2X(x - )
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10. 700 =2*-1,4
X2-4x+1 _ X2- 3x+1

2.4-misol. 1./(x)=="mmmrs g(x) = =20 X
1-x x-1
_ X2-2x-19 _ e 2(x-4)
2-Nx)— ™~ -1T1" lJg(x)'~ ~r-xm"°

3. /M -TTC32%-29), *(*)— j(4» + 15).

2.5-misol. 1. /(x)=3x2 2. /(x)=x2+C ,C=/(0)
3. /(x)=Qv,C=/(0) 4../(x)=x 5. /(x) =c+-C

6. /(x)=ax* 7. f(x) =x+a 8. /(x)=x 9. /(x) =x3
10./7(x) =x2

2.6-misol.l./(~j=n = 3./(2013) =-

2.7-misol. 1. f(x) =C=const 2. f(x)=-x 3. /(x)=—x2
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