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So‘zboshi

Aziz o‘quvchi! Shuniyaxshi bilingki, Siz 0 ‘zbekistonning ko ‘rar
ko'zi, kelajagisiz! Fan cho‘qqilarini zabt etishingizda mazkur
go‘llanma Sizga beminnat ko ‘makchi bo‘lishiga ishonamiz.

Bilamizki, oliy o‘quv yurtlariga Kirish imtihonlari test sinovlari
asosida o‘tkaziladi. Bu sinovlar igtidorli va yetuk bilimga ega
bo‘lgan yoshlami yurtimizdagi nufuzli o ‘quv maskanlariga o ‘gish-
ga kirish imkoniyatlarini kafolatlaydi. Sir emaski, ko‘pgina oliy-
gohlaming kirish imtihonida matematika yetakchi fan sanaladi.
0 ‘z kelajagining poydevorini qurayotgan yoshlar uchun bu farrni
chuqur o'rganish muhim.

Qo‘lingizdagi qoilanma 5 ta nashrlardan iborat gismlarga
ajratilgan bo‘lib, u oliy o‘quv yurtlarining Kirish imtihonlariga
tayyorlanayotgan abituriyentlar va mustaqil o‘rganuvchilar uchun
moijallab tuzilgan.

1-gismda -Arifmetik hisoblash va soddalashtirishlar;

2-gismda - Algebraik ratsional va irratsional ifodalar hamda
soddalashtirishlar;

3-gismda - Logarifmik va trigonometrik ifodalarni hisoblash
hamda soddalashtirishlar;

4-gismda - Tenglamalar;

5-gismda - Tengsizliklarni yechish usullari va funksiyalar
hagida.

Yodgor va Erkin Sharifboyevlaming mazkur «Elementar ma-
tematika» to‘plamlarini boshga go‘llanmalardan asosiy farqi
shundaki, to‘plam nazariy qoidalar bilan cheklanibgina golmay,
olgan bilim va malakalaringizni amalda ganday qoilashingizni
ham to‘la yoritib bera oladi. Qo‘llanmada bir qgator qulayliklar
mavjud. Har bir mavzu matematik atama, ta’rif-u tavsiflar bilan
yoritilib, shu mavzuga doir bir gancha misol va masalalar, bundan
tashqgari, ulami yechish usullari ham keltirilgan. 0 ‘quvchilaming
bilimlarini mustahkamlash zaruriyati inobatga olinib, mavzu so‘n-
gida mustaqil bajarish uchun mashglar ham berilgan. Har bir
mashqgdan so‘ng ishlash uchun joy qoldirilgani foydalanuvchiga
yana bir qulaylik. Kitob so‘ngida keltirilgan test namunalari
orgali abituriyentlar oliy o‘quv yurtlarining kirish imtihonlariga
tayyorgarlik darajasini tekshirib ko‘rishi, lozim bo‘lganda ayrim
mavzularga qaytishi mumkin.

0 ‘ylaymizki, ushbu qoilanma oliy o‘quv yurtlariga kirishga
hozirlik ko‘rayotgan abituriyentlarga test sinovlariga tayyorla-
nishlariga tayanch manba boiib xizmat giladi.

Ilm cho‘qgilari sari gadam tashlayotganingizda Sizlarga omad
hamroh boism!



TENGLAMALAR HAQIDA
TUSHUNCHA

1-MAVZU. TENGLIK, AYNIYAT VA
CD TENGLAMA

1.1 Ikki ifodaning barobar (=) belgisi bilan bog'langanligi (yozilishi)
tenglik deyiladi.

Masalan:

17-9 =32:4; a(x+b) =ax +ab;3xJ- 2(x- 4) =5x- 8kabi. Tenglik
to‘g‘ri tenglik bo‘lishi mumkin; masalan: 19-9 =5 -2; noto‘g‘ri boiishi
mumkin, masalan: x2+4 =x1- 1; yoki tenglik tenglamadagi harflaming
ba’zi bir giymatlaridagina o‘rinli bo‘lishi mumkin. Masalan: n2- 5x = 6
tenglikxningfagatx = 6 vax =- 1giymatlaridagina o‘rinli bo‘lib, boshga
giymatlarda o ‘rinli emas.

Tenglikda gatnashgan ifodalar tengttk hadlari deyiladi. Tenglik
hadlarini tenglik belgisining bir tomonidan ikkinchi tomoniga teskari
ishora bilan o ‘tkazish mumkin.

Masalan:

A-C +4=6- 8niA=Z>+C-12 debyokiA -C -b =- 12 shu kabi
A -C -b + 12 =0 yozish mumkin.

Tenglikdagi ba‘zi bir munosabatlar:

Da=bbo‘lsab=4g;
2)a=bvab=cbo‘lsa, a=cbo'ladi;
3)a=bbo‘lsa,

(c®0uchun)a + c=b+c; ac =he; —=—bo‘ladi.

bo‘ladi.

1.2. Agar tenglik ifodada gatnashgan harflarning mumkin bo'lgan
barcha giymatlarida o rinli bo isa, bunday tenglik avnivat deyiladi va (=)
belgisi bilan birlashtiriladi.

Masalan:

5(x- 2) + 20 = 5x + 10; 2[3 - 4x(x + 1)] = 2x(x - 4) - 10x2 + 6;
a(a- 3p)=a[2- (3b- a)]- 2a; (a+b)2=al+ 2ab + b2

1.3. Agar tenglik ifodada qatnashgan harflarning bazi bir qgiy-
matlaridagina o finli bo ‘1sa, bunday tenglik tenelama deyiladi.



Tenglamalar

Masalan:
2x- 8=0
bu tenglama, chunki yolg‘iz x =4 giymatidagina tenglik o'rinli bo'ladi.
(2 *4- 8=0, 0= 0) o‘zgaruvchi x ning boshga giymatlarida 2x - 8=10
tenglik o‘rinli bo'lmaydi. Shu kabi x2=3x+ 4 ham tenglama, chunki x = 4
vax =- ldaginato‘g‘ri tenglik saglanadi.

Tenglamadagi noma 'lumning (o zgamvchi harfning) tenglikni ganoat-
lantiradigan yahi uni ayniyatga aylantiradigan (to'g'ri tenglik hosil
giladigan) son giymatlari tenglama vechimlariyoki ildizlari deyiladi. Bu
ildizlarni aniglash tenglamaniyechish deyiladi.

Tenglamaning ikkala tomoniga bir xil sonni go‘shish, ayirish, noldan
fargli songa ko'paytirib, bo'lish mumkin, lekin o‘zgaruvchili ifodaga
ko'paytirib, boiish mumkin emas.

Masalan:

2x2=4x + 30tenglikning ikki tomonini 0,5 ga ko ‘paytirsak, x2=2x + 15
hosil bo'ladi, bu tenglama bilan boshlang'ich berilgan tenglama ildizlari
x =5vax =-3, 5/x—=2 = 13 tenglamani olsak bu tenglamaning ildizi x = 3.
Agar tenglamaning ikki tomonini (x - 2) ga ko‘paytirib soddalashtirsak,
x1- 5x =- 6 tenglamaga kelinadi, bu tenglama ildizlari x - 3 vax =2
bo‘lib, x =2 esa berilgan boshlang'ich tenglama ildizi emas, bunday ildizni
tenglamaning chet ildizi deyiladi. Agar (x - 3)2= 2(x - 3) tenglamaning
ikki tomonini (x - 3) ga boisak, x - 3 = 2 yoki x = 5 yechim olamiz,
boshlang‘ich tenglamada esa ildizlari x = 3vax =5boiib bittax =3 ildizi
yo'qoldi.

Tenglama ildizlari bitta, bir nechta, cheksiz ko‘p boiishi yoki umuman
ildizga ega boimasligi mumkin.

Masalan:

1) 2x~ 3 =x + 5 tenglama bitta x = 8 ildizga ega;

2)x3=3x2+4x tenglama esax =0,n1=- lvax =4 uchtayechimgaega;

3) 3(x- 2) + 1= 3x + 2 tenglama x ning hech bir giymatida to‘g‘ri
tenglikka aylanmaydi. Demak tenglama yechimga ega emas.

4) 4(x+2)- 5=2(3x- 1)- (2x- 5) tenglama cheksiz ko‘p yechimga
ega. Chunki x o'zgamvchining o‘miga ixtiyoriy son qo'ysak, to‘g‘ri
tenglik hosil bo'ladi.

Tenglamada ikkita va undan ko‘p o‘zgaruvchi boisa, bunday teng-
lamalar cheksiz ko‘p yechimga ega bo'ladi. Bunday tenglamalar mexanik
va geometrik ma’noga ega.

Masalan:

ax + by + ¢ = 0 ikki o‘zgaruvchili tenglama tekislikdagi to‘e ‘ri
chizianing umumiv tenelamasi deviladi. Xususiy holda 2x - 3<+ 4 =0

(o;]).(-20,v, (.;2) kabi juf.

yechimi bo‘lib, tenglamani ganoatlantiruvchi bunday juft giymatlar o'rni
berilgan tenglamaning geometrik tasviri to‘g‘ri chizigni beradi.
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1-chizma
Yanax2+y2+6y-2x-6 =0 tenglamani ganoatlantiruvchi tekislikdagi
nugtalaming o‘mi markazi (1; - 3) nugtada va radiusi R = 4 boigan
aylanani ifodalaydi.

2-chizma

Tenglama yechimi noma’lumlar olishi mumkin bo‘lgan giymatlari
ganday sohada tenglama tekshirilishiga bogiiq.

Masalan:

x3- x2 = 6x tenglama natural sonlar sohasida bitta x = 3 yechimga
ega. Agar tenglama Z to'plamda ( ya’ni butun sonlar to'plamida) garasak,
x —2 ,x = 0 vax = 3 yechimlarga ega. x2- 5 = 0 tenglama ratsional

sonlar sohasida yechimga ega emas, irratsional sonlar sohasida x = %45
yechimlarga ega. Agar 2x3+x2+ to + 4 = 0 tenglamani ratsional sonlar
sohasida qaralsa, fagat x = -0,5 yechimga ega, agar bu tenglamani
kompleks sonlar to‘plamida garalsa,x =-0,5 vax =2i,x =-21i ildizlarga
ega bo‘ladi.

14. Agar ikkita tenglamaning barcha ildizlari soni bir xil va giymati
o'zaro teng boisa, n holda bu ikki tenglama tens kuchli (ekvivalent)
tenelantalar deyiladi.

Masalan:

Dllx- 4=6x+21va 2(1 +3x) =1Ix - 2(x- 3,5) tenglamalar teng
kuchli, chunki yolg‘iz x =5 tenglamalarni ayniyatga aylantiradi.

2) x2=4x + 5 tenglama bilan x2-1x + 10 = 0 tenglamalar teng kuchli
emas, chunki tenglama ildizlari soni bir xil ikkita boigani bilan, giymatlari
0°zaro teng emas Birinchi tenglama ildizlari

x=5vax =- |
boisa, ikkinchi tenglamada
X=5vax=2

Berilgan tenglamaga biror o zgarmas sonni ikki tomoniga qo Shish

va ayirish bilan yoki tenglamaning ikki tomonini nolga teng bo 1magan
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songa ko paytirish bilan, shu kabi tenglamaning hadlarini bir tomondan
ikkinchi tomonga o ‘tkazish bilan hosil gilingan tenglamalar o ‘zaro tenq
kuchli tenelamalar deyiladi.

Tenglamada o‘xshash hadlarga nisbatan soddalashtirish amallarini
bajarganda ham teng kuchli tenglama hosil boiadi. Shu kabi tenglamaning
ikki tomoniga shu tenglamaning aniglanish sohasida bo‘lgan bir xil
ifodalami qo'shishda ham teng kuchli tenglamalar hosil bo‘ladi. Ya’ni
f(x) =<p(x) tenglama bilan f(x) +g(x) = <) +9(x) tenglamalar teng kuchli.

Tenglamayechimi tenglamaning aniglanish sohasida, ya’ni tenglamada
gatnashgan o‘zgaruvchilaming tenglamani ma’noga ega giladigan barcha
giymatlari sohasida boiishi kerak. Bu tenglamada gatnashgan ifodalaming
ko‘rinishiga bogiig.

Masalan:

------ = 3h--—---1---tengIamamosravishdaleyaxz-Zdamavjudemas,

x-1 2+x r
bu tenglamaning aniglanish sohasi x ej - co;—2 [uj —2;1[uj 1 +00[.

Shunday qilib tenglamayechimga ega, yokiyechimi mavjud emasligini
Ko Tsatish, mavjud bo ‘Isayechimlarini aniglab berish tenglamani vechish
deyiladi.

Tenglama yechimlar to‘plamini aniglashda ko‘p hollarda bu teng-
lamaga, ya’ni teng kuchli tenglamaga keltiriladi, bunda quyidagi tasdiglar
o‘rinli:

1) /(*) = &) tenglama bilan f(x) - <) = 0 yoki <) - f(x) =0
tenglamalar teng kuchli.

2) Ixtiyoriy a€ R (a ¢ 0) son uchun f(x) = <p(¥) tenglama va
f(x) ta =(p(X) * a, af(x) =a<p(X) tenglamalar teng kuchli.

3)  Ixtiyoriy a >0 son uchun }(x) =<p) va am = agMteng kuchli

4)  Biror D sohada f(x) > 5, px) > 0 bo‘lsa, u holda f(x) = <X
tenglama bilan [/(X)]" = [*(X)]" tenglamalar (n&N) teng kuchli.

5) Agar g(x) funksiya, f(x) = <p¥) tenglama aniglanish sohasida
ma’noga ega va hech bir nugtasida nolga teng bo‘lmasa, /(x) = (p(x) va
1(x)a(x) = (p(x)g(x), tenglamalar teng kuchli.

Shu kabi tasdiglarga amal gilgan holda yechimlari topilsa, u holda
tenglamaning yechimlarini tekshirish shart emas.

Boshqa hollarda tenglamaning yechimlari ichida chet ildiz hosil bo*-
lishi yoki biror yechim yo'qolishidan qutulish uchun topilgan yechimlami
tekshirish kerak. Tekshirishning ikkita asosiy usuli bor:

1)  Topilgan yechimlaming har birini berilgan tenglamaga go‘yish;

2)  Soddalashtirishning hamma gadamlarda hosil bo‘lgan tenglama
berilgan tenglamaga teng kuchli tenglama ekanligiga ishonch hosil gilish

bilan; Masalan: 1)x2+3x +VXTT =Vx+1-2 tenglamani yechish
uchun o‘ng tomonidagi hadlarini chap tomoniga o'tkazsak, x2+ 3x+2 =0
tenglama hosil bo‘lib yechimlari x = - 2 vax = - 1, bundax =- 2
boshlang‘ich tenglamaga yechim emas.
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3)  (x- 4)2=2(x - 4) tenglamani yechishda tenglamani - ga
X -
ko'pa\ytirsak, x - 4 =2 yokix =6 yechim hosil boiadi. Boshlangich teng-

lamani soddalashtirsakx2- 10x +24 =0 boiib yechimlarix = 6 vax =4.
Demak, x = 4 yechim yo‘qolgan.
tenglamada o zgaruvchining transendentfunksiyalari gatnashsa,
bunday tenglamalar transendent tenelamalar deyiladi.

Masalan: 3',+])= 0,(3); log2x + 3 log2jc=4; 2 cosx - sinlr = 2 kabi.

Bir o‘zgaruvchili tenglamalami yechishni eng sodda tenglamalardan
boshlaymiz.

Tenglama yechimlarini aniglash metodlarini o‘rganish bilan chega-
ralanganimiz uchun, quyidagi temalami gaytarib eslab, bilib olishimiz
kerak boiadi, chunki har bir tenglamani yechishda bu tenglamalar juda
kerak boiadi.

1 Ratsional sonlar, ratsional sonlardagi bogianishlar, amallami
bajarish tartibi, ifodalami hisoblash kabi.

2. Algebraik ifodalar, algebraik ifodalarda amallar bajarish,
ko‘phadni ko'paytuvchilarga ajratish, ko'phadlarda amallar. Ratsional va
irratsional algebraik ifoda giymatini aniglash kabi.

3. Trigonometrik ko‘rsatkichli va logarifmik funksiyalar va undagi
asosiy bogianishlar, munosabatlar, trigonometrik va logarifmik ifodalami
soddalashtirish ifoda giymatlarini aniglash kabi.

4.  Tenglamada gatnashgan elementar funksiyalarning aniglanish
sohasini eslash kerak, bunda:

1.  Ko'pxad ko‘rinishidagi y =a,x"+a2x('~1+ .. + a( t)x +an
funksiyaning aniglanish sohasi X e R, yani D{x:xe (- oo; + 00) }.

Masalan:

y =x4-5x3+x2-6x +9 funkiya aniglash sohasi D{X :xs (-00; + «0) }-

2. Kasr algebraik y = - funksiyada maxraj nol boimasligi
cp(x)
va funksiya mavjud boiishi kerak.
Masalan:
X2+5x+6 —X+5
Y= 4 edaD{x:xe (-co+00} ¥Y="2_ 4x_5 funk-

siyada aniglanish sohada x2- 4x - 5 ®0.
3. Y=ylp(x) + irratsional funksiyada:

3.1 Ildiz ko‘rsatkichi k = 2n juft boigan Y~ 2/~(-*) irratsional
funksiyada ildiz ostidagi funksiya <pl(x) mavjud va p 1(x) > 0 boiishi kerak.
— 8 —



Masalan:
3x+1
=4 2x2—4x +9

if J- _ 3x+1 . . .
da (P[\X) 2x2-4 +9 funksiya haqigiy sonlar to'plamida

(X e Rda) mavjud boiib, irratsional y funksiyaning aniglash
sohasida----- 3 -X--Jf-l-----> 0 shart bajarilishi kerak.
2x2-4 x +9

3.2. lldizko'rsatkichk= 2n + 1bo‘lgan ¥ =2'n[M(*) funksiyaanig-

lanish sohasida, ildiz ostidagi (p\(x) funksiya mavjudligi talab gilinadi.
Masalan:
JX2+5x+6
Nr 7 7 T - da

Lnl.n x2+5x+6
N x2+1  funksiya X eR da mavjud bo'lganligi uchun

berilgan irratsional funksiyaning aniglanish sohasi D{x :x e (- oo; + 00) }.
y=5 X2+5x-1
2X +4

irratsional funksiyaning aniglanish sohasida 2x +4 f 0 talab gilinadi.
4. Ko'rsatkichliy = adr funksiya aniglanish sohasida <pf¥) funk-

siyaning mavjudligi talab gilinadi. Masalan: Y- 1—I funksiya

aniglanish sohasida 2x - 1> 0 boiishi talab gilinadi.

5. Logarifmiky = logjp(x) (a>0,a ® 1)

Funksiya aniglash sohasida ¢(x) mavjud va tp(X) > 0 boiishi talab
gilinadi.

Masalan:

;o 3x+1
=052,
funksiyada 3x + 1> 0 boiish talab gilinadi.
5
y =log, —F—---é------g funksiya aniglash sohasida x2+ 2x - 3 ®0 va
X +

22 5
X22X T2 5 0 bolishi talab gilinadi.
X +2x-3



6. y =sinp(x) yokiy =cosf/)(x) fimksiyalarda (p(x) ning mavjudligi
talab gilinadi.
Masalan:
y =sin(x2- 4x +5) funksiya aniglanish sohasi D{x :x e (- oo, + 00) }.
4x +1
y - cos——— funksiya aniglanish sohasida x +2¢() talab gilinadi.

n
7.y = igp funksiyada N~ +Kkn,JeZ talab qilinsa,

y = ctg(p{¥) funksiyada m(x) ® knr, k&Z talab qilinadi. Masalan:

i i . . . 3 k?t
Y =tg\ 2x H—  funksiya aniglash sohasida x ®----- 1, keZ talab
\ S5y 20 2

gilinadi.

8. y =arcsinffi(jc) yokiy = arccosp(x) funksiyalarda \tp(x)\ < 1 talab
gilinadi.

Masalan:

2 3 3
y =arcsin X funksiyada —=< x <—talab gilinadi.

9.  y=arctgp(.v) yoki_y=arcctgp(x) fimksiyalarida ?>X) funksiyaning

mavjudligi talab gilinadi.
Masalan:

y = arctg _2X funksiya aniglash sohasi D{x :x e (- 00; + 00}
X +1

y =arcctg'Jx+1 funksiyadax + 1> 0 bo‘lish talab gilinadi.

10. Agar tenglama elementar fonksiyalaming algebraik yig‘indisi
ko‘rinishda bo‘lsa, tenglama mavjudlik sohasi, har bir funksiya aniglanish
sohasining umumiy gismidan iborat bo‘ladi. Masalan: y = In(x - 3)+

+ \JI-x ifoda birinchi funksiya aniglanish sohasi x - 3 > 0, ikkinchi
go‘shiluvchidagi funksiyaning aniglanish sohasi 2 - x > 0 bo‘lib, bu
sohalaming umumiy gisimi 16] - oo, 2]M]3; + oof, demak berilgan

, L , — 4 .
fonksiyalaming aniglanishsohasixe 0. y =ijx -1+ —= = daqo‘shi-
yjx- 1
luvchi fonksiyalaming aniglanish sohasi mosravishdax- 1>0 va3-x>0.
U holda berilgan funksiyaning aniglanish sohasi

sin 2x
x& [1; + oo[fl] - 00;3[I;3[. Shu kabi ¥ = ------]-------1 funksiyaning
I092{4 x-1)

aniglanish sohasida 4x - 1®1va Ax- 1> 0bo‘lishi kerak, yani D{x :x ®
0,5, x> 0,25}.



Tenglamalar

Eslatma. Elemental- funksiyalar mavjud bo‘ladigan argumentning
giymatlar toplamini (funksiyaning aniglanish sohasini) aniglash,
tengsizliklar temasidan keyin beriladi.

Quyidagi funksiyalarning aniglanish sohasini eslang.

e [RE— 2x-1 I 3x
i

4 y=1-17 5y =i 2 6y gy in(3x+1)
. =Jd - ,9.Y =10, —— ,0. Y =C0S——, /.y=arcsin(ox
{2x+1 g X Z x | y

Misol:

(2x- D(x+5)(x2- 5)=0,(1); (2x- D(x+5)=0(2);

(x2+5) =0 (3); 2x2+ 8=10 (4); 9x2= 25 (5); 3x2= 5 (6)

(Iva (2) ratsional sonlar to‘plamida teng kuchli,

(3) va (4) esa haqiqgiy sonlar to'plamida teng kuchli,

(5) va (6) tenglamalar esa o‘zaro teng kuchli emas, sababi yechimlar
soni bir xil bo ‘Iganligi bilan giymatlari har xil.

a ning ganday giymatlarida quyidagi juft tenglamalar teng kuchli
tenglamalar boiadi.

1) Ix + 3= 12 bilan 2x + 3= 12(3a- 0,5) - 6 tenglama

2) 4 - 3x=5tenglama bilan- (3x- 4) = 3a- 8tenglama

A Birinchi misoldagi ikkinchi tenglama chap tomoni birinchi tenglama
chap tomoniga teng. Endi o‘ng tomonlarini tenglashtirsak, masala hal
boiadi.

12=12(3a- 0,5) -6 yoki 12=36a-6 -6 dana=0,(6) datenglamalar
teng kuchli boiadi.

Ikkinchi misoldagi ikkinchi tenglamani

- 3x+4 =3a- 8deb yozish mumkin, u holda berilgan tenglamalar

13
teng kuchli boiishi uchun 5= 3a - 8yoki a = — boiishi kerak:. Javob:

a=4,3)
Misol:

27N--In-(4x-1) =3(0,25--0,5%x)-371~'X-1J  tenglik ayni-

yatmi?
Yechish: 0 ‘ng va chap tomonlarini soddalashtiramiz,
0 ] 15 15
—b6X+—=——x-—--x+3 yoki — - 6x=—- 6x, demak
4 2 4 2 2 4 4

ifoda ayniyatekan.



2-MAVZU. CHIZIQLI (BIRINCHI
O TARTIBLI) BIR NOMA’LUMLI
TENGLAMALAR

2.1. Noma 1um o zgaruvchi birinchi darajada gatnashgan:
ax=b, (1)ag0,a,b&4A

tenglamaga chiziali (voki birinchi tartibli) bir noma’lumli tenglama
deyiladi. (1) chizigli bir nomalumli tenglamaning eng sodda (kanonik)
yoki normal ko rinishi bo 1ib, bunda avab ixtiyoriy Ta lum sonlar, x-no-
ma’lum o zgaruvchi, b-ozod had, a esa noma’lum oldidapi koeffisivent
deyiladi.

(1) ko ‘rinishidagi chizigli tenglamada:

1) Agar a @0, boisa, tenglama yagona

x=b:a(2)

yechimga ega;

2)a>0,b>0yoki a<0,b <0 boisa, tenglama yechimi musbat
boiadi;

3ya>0 b<0yokia<0 b>0 boisa tenglama yechimi manfiy
boiadi;

4) Agara0,uab =0 boisa, tenglama fagat x = 0 yechimga ega;

5) Agara =0, va b ®0 boisa, tenglama yechimga ega emas;

6) Agar a =0va b = 0 boisa, tenglama cheksiz ko‘p yechimga ega
boiadi. (Ya’ni ixtiyoriy son tenglama ildizi boiadi.)

Tenglama ildizi topilsin:

1) - 4x=-2
. 2
»(2) formuladan foydalanamiz: x = (-2) :(-4) == =0,5 M
2) 05x—1—=0
4

» Tenglamada ozod hadni o0‘ng tomonda yozib, ozod had va koef-
fisiyentlami oddiy kasrga keltirib, (2) formuladan foydalanamiz:

1 7- 7 1 72 7
—Xx =—dan x =—:————=—=35
4 2 41 2
3)-1,(6) -1,25.x
»Oldingi misoldagi kabi amallar bajaramiz
125 X = I6 oki 5—x— > bo‘lib tenglama yechimi
100 90T T3 glamay
55 5*4
3 4 3*5

Sodda (kanonik) ko'rinishdagi chizigli tenglamaga keltirish mumkin
boigan tenglamalami ko‘rib chigamiz.



2.2. Quyidagi chizigli tenglamani
ax+c=d, (3) (a®0)

normal ko'rinishga keltirish uchun (ildizini topish uchun) ozod hadlami
tenglamaning bir tomoniga yozib olamiz.

ax —d -c, bunda:

1) a®0vac Pddatenglamayechimix=(d-c) :a

2) AgaragO,c =dboisa, tenglamax = 0 yechimga ega;

3) Agara=0,c¢d boisa, tenglama yechimga ega emas.

4) Agara=0,c=dboisa, tenglama cheksiz ko‘p yechimga ega.

Misollar:

Tenglama yechimi topilsin:

) 05x+2A=-]2

Oldin o‘nli va aralash kasrlami oddiy kasrda' yozib, ozod hadlarda

1 9 6
amal bajarsak, tenglama normal ko‘rinishga keladi. 2 X+4 ~ _~

1 6 9 1 69
dan  —X = - yoki  —X = —--mmm- berilgan tenglama ildizi
2 5 4 2 20
*=-—=-6,9
10
2)  Agar

“1|*-2,(3) =2,25

tenglama yechimi x boisa, 4x nimaga teng.

Oldingi misoldagi kabi amallar bajarsak, —SX—Zizg— dan

—X —— boiib, tenglamaning berilgan shartdagi yechimi x - —11.
3 12

3) 3,2-1—=-1,5* tenglamaning chapdagi amallami bajarsak,

—9 = - —* boiib, tenglama yechimi jc=—1,3.
2.3.
ax +d=cx, (4) (apc)
Tenglamada o‘zgaruvchi gatnashgan hadlarni tenglamaning bir tomo-
nida yozsak, tenglama kanonik d =cx-ax ko‘rinishga kelinadi.
(4) ko‘rishidagi tenglamada:
1) a ®dc da tenglama birdan-birx -.d : (c- a) yechimga ega;
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2) a ®dc va d PO da bittax =0 yechimga ega;

3) a=cvad ®0 da tenglama yechimga ega emas;

4) a =c va d = 0 da tenglama cheksiz ko‘p yechimga ega.

Misollar:

Tenglama ildizi topilsin.

1)  4x+28=-2x

Yechish: 4x qo‘shiluvchini ishorasini o'zgartirib tenglamaning o‘ng
gismiga o'tkazib, soddalashtirsak, tenglama kanonik ko ‘rinishga kelinadi.

28 -m—2x - 4x=> —6x=28danx =28 : (- 6) =- 4,(6)

2) 2,5+14—x=|,5x

Yechish: Ozod had va koeffisiyentlarini oddiy kasrda yozib, oldingi
misoldagi kabi amallar bajaramiz.

25 5 5 5

i — X menglama yechimi x = 10.
10 4 10 2

3) 3x-2-x =0,1(6)

Tenglamaning chap tomonidagi amalni bajarsak, tenglama kanonik

- - 8 1 -
ko'rinishga kelinadi. 3x- 3—x = Y U holda tenglama yechimix = 0,5 .

2.4. Bir noma 1umli chizigli tenglamaning ax +b =cx +d (5) umumiy
Ko rinishidagi tenglama yechimini aniglashda o'zgaruvchi hadlarni
tenglamining bir tomonida, ozod hadlarni ikkinchi tomonida yozsak,
tenglama kanonik ko ‘rinishea keladi.

ax~cx =d- b, bu tenglamada:

1) a dc va d ®b, bu tenglama bitta yechimga ega: x =(d - b) : (a- ¢)

2) adcvad=bboisa, tenglamax =0 yechimga ega.

3) a=cvad ®b bo‘lsa tenglama yechimga ega emas;

4) a =c va d= b da tenglama cheksiz ko‘p yechimga ega;

Misollar:

Tenglama yechimi topilsin.

1
1)  4,75x+1 =2,5-2?(

Oldin o*nli va aralash kasrlarni oddiy kasr ko‘rinishida yozib, keyin
0°‘zgaruvchi go‘shiluvchilami tenglamaning bir tomonida, ozod hadlarini
tenglamaning ikkinchi tomonida yozib soddalashtirsak, tenglama kanonik
ko'rinishga kelinadi.

75 5 25 8 38 5 5 19 8 5
4-——-x+ :

, X
12 89
— 14 —



2) 3,185%+2|="2,(6)-1]*

Tenglama ozod hadlari bir biriga teng bo‘lgani uchun tenglama ye-
chimi nolga teng.

3)  2(3(2-x)-5(2x + 1)) =4x-(2(x +5)-4)

Oldin gavslami ochib soddalashtirib olamiz.

2(6- 3x- KOx- 5)=4x- (2x+10- 4) yoki 2(1 - 13x) =4x- (2x + 6)
yoki 2 - 26x =4x - 2x - 6 noma’lum gatnashgan ifodalami tenglamaning
bir tomonida, ozod hadlami ikkinchi tomonida yozib tenglama yechimi
topiladi.

2
—26X —2x = —6— H5>-—28x = —8 dan x:7—

3
§x-07 _ g+ 05"
4 " 5
Tenglamani yechishda a : b = ¢ : d proporsiyaning a md = b mc xos-
sasidan foydalanamiz:

5(5x - 0,2) = 4[ —t 0,5x J qavslami ochib soddalashtiramiz:

25x-1 =7+2x=>23x=8dan x = —
23

9x-0,7 5x71,5 7x-1,I 5(0,4-2x)
4 7 _ 3 6
Tenglamani maxrajidagi sonlaming eng kichik umumiy boiinuv-
chisiga EKUK(4,7,6) = 84 ko‘paytiramiz. Keyin gavslami ochib ifoda
soddalashtiriladi.

2179x-"j-12(5x-1,5) = 2877x-|*-j-14-5(0,4x-2x) => 189x-

-14,7 - 60x + 18 = 196x - 30,8 - 28 + 140x yoki 129x + 3,3 = 336x-
- 58,8 soddalashtirsak, - 207x =- 62,1 boiib, berilgan tenglama yechimi
x=0,3

7) _X+X_3.(_+l+l:]_0

; 3 15 35 63 99
Noma’lumlar oldidagi koeffisiyentlami hisoblaymiz.
11 1 11 11"

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, PR

3 15 3% 63 99 3 2,



lama EX = 10 ko'rinishida boiib, yechimx = 22.

8) (2x-0,5) "X +27jlv5x-27j=0

Bu ko‘rinishdagi tenglama yechimini aniglashda gavslar ochilmaydi.
Har gaysi ko‘paytuvchilami nolga tenglab yechimlar topiladi. (Sababi
ko'paytmali ifoda nolga teng boiishi uchun kamida bittasi nolga teng
boiishi yetarli edi). Demak, berilgan tenglama quyidagi uchta tenglamaga
ekvivalent boiadi:

) 2x-05=0danx =0,25;

1 2
2) I-x +2—=20 dan ikkinchi yechimX =- 2;

3)  Uchinchi yechim 1,5x- 2—=10 danx =15
4

Shunday qilib berilgan tenglamaning yechimlari x = 0,25 x =- 2;
x = 1,5 ekan.

2.5. Tenglamada nomalum sonni bildiruvchi harfiardan boshga
biron ma’lum sonlardan iborat bo'lgan harflar ham gatnashsa, bunday
tenglama harfiv tenglama deyiladi. Tenglama shu malum harflarga
nisbatan yechiladi.

Tenglamada nomaium x topilsin:

+
o X oa_Zxra o)

a 2 2a
Tenglamaning ikki tomonini 2a ga ko'paytiramiz:
6x - al=2x + a - 2al=>4x = a - a2 boiib, tenglama yechimi
a-az2
X=-
2) a(b —) +2x(a + b) = b(2x + 3a), (a P0)
Qavs ochib soddalashtiriladi:
ab - ax +2ax + 2bx = 2bx + 3ab dan ax = 2ab boiib, bundan x =2b



Tenglamalar

3-MAVZU. MODULLI
TENGLAMALAR

Noma lum o zgaruvchi modul belgisi ichida gatnashgan tenglamaga
modulli tenglama f(x)\ =g(x) deyiladi.
Modulli tenglama

[FOx) =y(x)  [~f(x) =y(x)

1 f{x)—0 1 /(x)<0
tenglamalarga teng kuchli bo‘ladi.
3.1 Bir noma’lumli chizigli modulli tenglamani o'rganishdan bosh-
laymiz.
Chizigli bir noma’lumli modulli tenglama yechimini aniglash usul-
laridan bittasi oraliglar usuli. Bunda modul ta’rifidan foydalanamiz:

fa, a>0
" [-a, a<0

|5 =5, | —12) — —12) = 12 va [a|>0

kabi asosiy xossalaridan foydalanamiz.

Misol:

Quyidagi ifodani x >2 da modulsiz yozing:

) -2+ +5x-3

Ta’rifdan foydalanamiz, x >2da (x- 2) +x +5x- 3=7x- 5

2)  Ifoda modulsiz yozilsin:

B—\+WX%- 3 +\x+2+5

Har bir modulli go'shiluvchi nol boiadigan nugtalar yordamida son
o‘qini oraliglarga boiib tekshiramiz. Bu giymatlarx= |,x = 3vax =-2
boiganligi uchun son o‘gini 4 gismga bo‘lamiz:

(- %0 - 2),(- 2; 1),(3; 3) va (3; oo) oraliglarga boiib ifoda ifoda
ishorasi tekshiriladi va modulsiz yoziladi:

a)x<- 2da: - oo<x <-2 oraliqda (1 - x) ifoda musbat, (x- 3) ifoda
manfiy, (X + 2) ifoda ham manfiy berilgan ifoda modulsiz quyidagicha
yoziladi:

(I-x)-(x-3)-(x +2)+5=1- x-Xx +3-x-2 +5=-3x +7,

b)- 2<x< 1da:

1-x)-(x-3)+(X+2)+5=1-x-x +3+x+2+5=-x + 11,

v) 1<x<3da

(1-x)-(x-3) +(X+2)+5=-1+x-x +3+x+2+5=x+9

g) x> 3 da:

(l-x) +(x-3) +(X+2)+5=-1+x +x-3+x+2+5=3x+3

3)Agara<b<chbhoisa\a- b\+|c- b\- \a+ c\ifodani soddalashtiring.
0 >b> abo‘lganligi uchun a-b < 0, shu sababli |a- b\=-(a - b). Shu kabi

.h .



O> ¢ >buchun c—b >0, u holda \c-b\ =c-b. Demak |a- B+ \c-b\-
-\a+c=-(a—b)+c—b+(@a+c)=2c

Tenglama yechimi topilsin:

) 2y 3=4

Tenglamadagi \2x - 3| ifodax = 1,5 da nol boiadi. U holda son o‘qini
(-o00; 1,5) va (1,5; oo) oraliglarga ajratib tenglamani tekshiramiz:

a) X< 15da ya’ni (- oo 15) oraligda (2x - 3) ifoda manfiy,
tenglamani - (2x - 3) = 4, deb yozish mumkin, bundan 2x=1x=- 05
yechimni olamiz.

b) x>15da

Ya’ni (1,5; oo) da (2 x 3) ifoda musbat, demak tenglamani yozish
mumkin.

2x - 3 = 4 yoki bundan x = 3,5. Demak, berilgan tenglamaning ye-
chimlarix=- 0,5 vax = 3,5 ekan.

2) |3x- 5| =- 2 tenglamani yeching.

Tenglama yechimga ega emas, chunki ifoda moduli manfiy boiishi
(\a\ >0 edi) mumkin emas.

3)  |2x+ 3| = 6 + bxtenglamani yeching.

Tenglamani (- s&- 1,5) va (- 1,5;00) oraliglarda tekshiramiz:

9
a)x<-15da-(2x +3)=6+5xbundan- 7x- 9yoki x =— boiib,

9
bu tenglama yechimi emas, chunki---%> —15

b) x >- 15 da 2x + 3 = 6 + 5x boiib, bundan - 3x = 3 yoki
x == 1{- 1>- 15)tenglama yechimi.

4 MN—x—=2=2

Bu tenglamada birinchi qoshiluvchi x = 0 da, ikkinchi go‘shiluvchi
x = 2 da nolga teng. Demak, tenglamani ( - oo; 0), (0; 2) va (2; + 00)
oraliglarda tekshiramiz.

a) x<0da -x- (- (x-2))=2ko‘rinishdaboiib, gavs ochilsa,
-X +x- 2=2yoki 0 *x =4 boiib, bu oraligda yechim mavjud emas.

b) O<x<2dax- (- (x-2))=2Dboiib, bundanx +x- 2=2
yoki 2x = 4, x =2 yechim hosil boiadi.

c) x>2dax- (x-2)=2yoki0 *x =0, cheksiz ko‘p yechimga
ega. Demak, tenglama uchun [2; + co) oraligdagi barcha giymatlar yechim
boiadi.

5 Ix-3|+[x+2]-[x-4|=3

Berilgan tenglamani (- co; - 2), (- 2; 3), (3; 4) va (4; oo) oraliglarda
tekshiramiz.

a) Xx<- 2,datenglama:

- (x-3)- x+2)+(x-4)=3

— 18 —



Ko‘rinishda bo‘lib, gavs ochilib, soddalshtirilsa, x = - 6 yechimni
olamiz.
b) - 2<x<3da
- (X- 3)+ (x+2)+ (x - 4) =3, soddalashtirilsa, x =2 yechim.
c) 3<x<4daesa:
x-3P+(x+2)+(x-4)=3

8
gavs ochilsa, 3x = 8 bo‘lib, x = —bu son garalayotgan sohaga tegishli

emas, shu sababli bu sohada tenglama yechimi emas.

d) x>4da(x-3)+(X+2)-(x-4)=3danx-3 +x+2-x +4=3,
x =0 bu ham tenglamaga yechim emas. Tenglama yechimlari

X=-6vax=2.

6) |x+3=|(1-12-*])] [

Tenglamani birinchi gadamda (- co; - 3), (- 3; 2) va (2; 00) oraliqda
garaymiz, sababi \ +31va |2 - X\ ifodalar mos ravishda (- 3) va 2 ga teng.

a) x<- 3datenglama:

- (x+3)=1- (2- x) \yoki- (x+3)=|- 1+x|,x <- 3ni hisobga
olsak, - x- 3=-(- 1+x) dan 0 *x =4, yechim mavjud emas.

b) - 3<x< 2oraligdax +3=11- (2-x)\ yokix + 3=|- 1+x| boiib,
oraligni (- 3;1) va (1;2) ga ajratib garaymiz:

b2l<x<2da:x +3=-1+x, 0*x =-4 yechim mavjud emas,

c) x>2da:x+3=1-(-(2-x))| danx +3=|3-x]|,yanaoraligni
ikkiga boiamiz. (2; 3)va (3; 00) deb :

€,)2<x<3 oraligdax + 3=(3-x)boiib, 2x=0,x = 0 sonko‘rsatilgan
oraligda emas, demakx = 0 yechim emas.

c)x>3da:x+3=- (3-x)dan 0 *x =—6 yechim mavjud emas.

Berilgan tenglama yechimi x =- 1

7) |5-2xj =|3x- 5|

Tenglamani f-oo; — f— —|,va {2— °° | oraligdatekshiramiz.

; 3) U 2)

5 .

a) X <3—da: 5- 2x=- (3x- 5) danx = 0 tenglama yechimi.

b) —<x<—oraligda: 5- 2x = 3x- 5boiib, - 5x =- 10 yoki

3 2
X = 2 yechimni olamiz.

C) x>—da - (5- 2x) =3x- 5 - x =0 oraliqgda emas. Berilgan

2

tenglama yechimlarix = 0 vax =2

— 19 —
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4-MAVZU. CHIZIQLI TENGLAMAGA
KELADIGAN KASR RATSIONAL
© TENGLAMALAR

Ko phadning ko phadga nisbati aleebraik ratsional kasr deyiladi.
Algebraik ratsional kasr gatnashgan tenglama esa aleebraik ratsional
kasr tenelama bo 1ib, bu ko rinishdagi tenglamalarni yechishda alohida
e tibor talab gilinadi.

P (x)
P(x) va Q(x) chizigli funksiyalar bo'lsin. U holda, ( ifodaga
Q\x)
chiziali ratsional kasr deyiladi. Chizigli ratsional kasr gatnashgan teng-
lamaga kasr chizigli ratsional tenelama deyiladi. Kasr chizigli tenglama
yechimini topishni xususiy ko rinishdan boshlaymiz.

P(x)
41.Q{X):n. (1)
Tenglama yechimini aniglashda Q(x) ® 0 deb, P(x) = 0 tenglama
yechiladi.
Misol.

Tenglama yechimi topilsin.
3(x-1)-2(1+0,5x)

IF 51 2x-5

Kasr chizigli tenglama yechimini aniglashda maxrajdagi ifoda nol
bo‘lmasligini talab gilamiz, ya’ni 2x-5d¢ 0 =>x¢ 2,5 deb, suratini nolga
tenglaymiz:

3(x- 1 - 2(1 + 0,5x) = 0, chap tomonini soddalashtirib yechiladi,
bundax = 2,5 boiib, bu son go‘yilgan shartga garama-garshi, shu sababli
bu chet ildiz boiib, tenglama yechimga ega emas.

I-(2x-0,8) +0,5x
2) _4 =0
0,(3) + 2x

1
Oldin 0,(3) + 2x ® 0 talab gilamiz, yoki X @ 3 Suratini nolga
tenglashtirib yechamiz: 17-(2x - 0,8)+0,5=0, bundan 25x - 1+

+ 0,5x = 0 boiib, x = —tenglama yechimi.
3

P (X
4.2. _(y"} =A, (2) (NeNyNd 0) kasr chizigli tenglamada Q(x) 0

)
— 20 —
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shartida P(x) ='A * Q(x) tenglamani kanonik ko‘rinishdagi tenglamaga
keltirish mumkin.

Misol.
Tenglama yechimi topilsin:
3-4x
DE_TE=2.
X

Tenglama yechimini aniglashda x @0 deb, tenglamaning ikki tomonini
x ga ko‘paytiramiz: 3- 4x = 2x dan x = 0,5 tenglama yechimi hosil boiadi.

2l 1,5-2—xl
2) — -—-=25
3x-2
9 11
3x - 2 ®0 yoki x ® — shartida, tenglamani yechamiz: ---—--— =—.
3 3x-2 2

Endi proporsiya xossasidan foydalanamiz: 213——x ]=5(3x-2)

soddalashtirsak, tenglama yechimi x = — ni hosil gilamiz.
0,5(x-4)
3) 3— -=0,1(6)

0,1(6) = —ni hisobga olib x¢ 0 deb, tenglamani 3x ga ko'paytirsak:
6 Y

0,5(x- 4) = 6—*3x dan 0 *x = 2, demak, tenglama yechimga ega emas

ekan.
Vv 81(0,(3))6 X
4)
Davriy o‘nli kasmi 0,(3) = — ko'rinishda yozib va ildiz darajalarini

kasr ko‘rinishida yozish mumkinligidan foydalanib, proporsiya ko ‘ri-
nishdagi tenglamani yechimi
4 1
X =33-3~6-3-33-33-32=3° =1 ko‘rinishdaboiadi.
4.3. Umumiy Ko 'rinishdagi kasr ratsional tenglama yechimini anig-
lashda, maxrajda gatnashgan ifodalarning nol bo ‘Imasligini talab
qgilib, ya i tenglamaning aniglanish sohasi topilib, keyin ratsional kasr



ifodalarda amallar bajarish {3} qoidasidanfoydalanib, ifoda soddalash-
tirib olinadi, keyin yechim topiladi.

Misol.

Tenglama yechilsin.
! 2 3 X —2
U W

Tenglama aniglanish sohasi ] - oo; [ ]1; oo[. X ¢ 1 deb, tenglamaning
ikki tomonini (x - 1) ga ko'paytiramiz:

2+ 3(x- )=- (x- 2) gavs ochib soddalashtirilsa, tenglama 4x = 3
kanonik ko'rinishga kelinadi, bundan tenglama yechimi x =0,75

2 ) ! 1—39(-—?—32 = 2 yechimini aniglashda 3x - 2 ®0 yoki
3x-2 3x-2

2
X ® —deb, 3x - 2 umumiy maxrajda birinchi bosgich amali bajariladi.
3

N+ (X = 2, proporsiyadan - 3x =- 2 yoki x = — bu son sharti-
3x-2 3
mizga garama-garshi boiganligi uchun tenglamaga chet ildiz, demak,
tenglama yechimga ega emas.
Javob: X £ 0 .

5 4x-3 7
33X  2(x2- x) x(4x-4)
Maxrajdagi ifodalar 3x, 2x(x-- 1) va4x(x- 1) ko‘rinishida boiib, x*O,
X @ 1shartlar go‘yiladi.
Berilgan ifoda uchun umumiy maxraj 12x(x - 1). Birinchi bosgich
amalini bajaramiz:
* -1)- - *
Srx-Ix-e(4x:8) 7 ;--3:--—— tenglikning ikki tomonini
12x (x -1) 12x (x -1)
12x(x - 1) ga ko'paytiramiz:
20(x- 1) - 6(4x- 3) =21 soddalashtirsak, - 4x = 23 boiib, tenglama
yechimix =-5,75.

12x X-3 3+X
4) R
9-Xx 3+x x-3

Qisga ko ‘paytirish formulasiga asosan
X2- 9 = (x - 3)(x + 3), demak, tenglamani yechishda x ¢ 3 va
x ®- 3nitalab gilamiz. Bu ifodada birinchi bosgich amallami bajarib
12x+ (x- J(X—3)- 3+x)(x+3)=0
hosil boigan ifodani soddalashtirsak,
12x +x2- 6x+9- 9-6x-x2=0
yoki 0 * x = 0 tenglama o‘zgaruvchining x =3 vax = -3 dan boshga



ixtiyoriy giymatlarda yechimga ega, ya’ni *e (- oo - 3)u (- 3;3)U
(3;00).

X—2 X—2

5 x+1 I+x
Tenglamani (- oo;- 1),(- 1;2) va (2;2>) oraliglarda garaymiz. Tenglama
X = 2 danolga aylanadi, x =- | esa tenglamadagi funksiya uzilish nugtasi.

Absolyut giymat xossasidan foydalanib, tenglamaning ko'rsatilgan
oraliglardagi yechimini gidiramiz:
1 X< - 1da — X2 X_Z,danx-z-x-z yoki 0 *x =0,
Xx+1 I+ x
demak (- oo;- 1) oraliqdagi ixtiyoriy sonlar tenglama yechimi ekan.
.X+2) x-2 .
2) - l<x<2da -———'=-—-hoiib,- x+2=*-2*=2
x+1 | I+x
yechim.
3) x>2da -—-- = - dan 0 ** =0, ya’ni (2;00) dagi ixtiyoriy
Xx+1 I+x
sonlar tenglama yechimi.
Javob: * <-1va*>2.

® 1-, 2-, 3-, &-MAVZULAR MASHQLARI

Tengliklar ayniyatmi:
1. 1) X—(4- 2X) + (ix- 1) =2(ix - 4);

)b o[ 6°- (5%-3)] = 3(2X—1+ 5%

3) 2(5,3x- 0,8) - 0,5(1,6 - 4,2%)= 2*- 12 (5x- 0,3);
4)1N-27(3x +1) =37 1-x +24 2—
3 3.

S 7.1) 05 6% T-i39 =3[(6*-5)+:2(3-X)]J

2) 3[x- 4(1- 3X)]=6(6*-3)-3 (-2 -*);



Elementar matematika (IV qgism)

3)2(0,7x- 2,1) - (1- 4x) = 1,8(3*- 1)- 3.4;

3 1 1,33
4) —x-1 2-3x) =1—2 '1—x-1
ot Yy

Berilgan tenglamalaming qaysi juftliklari x&R o'zaro teng kuchli
tenglamalar bo‘ladi:

X —2 3x4—2
3. 1)4x+6=0val-x=0, 2)---6 -------- -2 ----- 1-6=0 vax-4=05

3) x+1,25x =1—x+1-x vax-0,5=05—x
4

4.1)47- [3x- (9- 5X) =0va4l +3(2-x) =4x;
2) 12x- [15- (6x- 9)] = 12va 9(x- 4) = 9(-X);
3)2[- 2- (x- 4)]=x+3va05[x- 2(4- 25x) ] =2(05 - ).

a ning ganday giymatlarida berilgan tenglamalar xaqiqiy sonlar to‘p-
lamida teng kuchli tenglamalar boiadi.
5.1)2- 3x=6va- 3x+4=2a+ 1,

2)2x+5=7va7(05a+4)=5+2x
6. 1)4x- 3= 10va (0,75 + 2,5a)(3 - 4x) = 5;

2)2x+5=6va2(7a- 2+x)=0,5.



a soni tenglamaning ildizi boiadimi:
7.1)12- 2(2x- 9)=4(9 +X) + 6(3-x),a=- 12;

2) 0,2(1,7- 3x) =2x- 2(0,2x+0,5),a=- 3.
8.1)3(3x- 5)- 2(8+3x)=- 3x,a=3;
2)0,6 +0,5(x- 2)=0,25(2 + Ax),a=- 18.

Tenglama yechimi topilsin
9.1)6-2x=0 2)05y=0 3)0,Ix=4.

10.1)2(3)x- 14=0,2) 2,4x- 2-=0.

11.1) -2,2x+2—=10,2)1,(3)x=2,6), 3) 1--3,2x =0-
4 5

12. )0,6)x- 02)=0,2) - 225=0,3) 2 x+11=0.

13. ) 3x+ 1,2=4,2) 2;2 1,5x-3,4, 3) 14i 2§X =-2.

14.1)0,8x+3=1,2, 2) 22—0,7x-|,5 =0, 3 -2,25+1}X :-2-1.

— 25 —



Elementar matematika (IV qism)

1 2
15.\)Ix- 12=9v.2) 2,4 +1,6x=-1—x, 3) 2--1,(6)x =2,4x.

1 3
16.1) 2,5x-5 =2—x, 2) I,(3)x=60+x,3) 2,25x-1 —=1,(6)x.
17. ) 5—2(—2x) =4x + 7,2)3x-10 =5x-4 «(-2).
18. 1) 4+ 3(-x) =x (- 3)-2(-2), 2)2- 1,12x=2,(3)- 1- X,
4

3)0,(3)x-2,4= 1,1(6)+ 1,2x.

19. 1) (0,5x + 1,2) - 3(1,2- 155x) = 0,3(16x - 1) + (10,5 + 0,6)
2) 3A-A(3x +2)=-A(5x +1)-2(0,2x-1).
20. 1) 0,7(x- 3)- 05(L - 4X) = 0,9(3x - 1) +0,1;

2) 1(x +2)-1,4F1]x-3,(3) [=0,I(x +1)

21. 1) (x- 2)(x- 3)- (x- I)(x-4)=0;

2)(x+ DX+2y (x+3(x+4y=1

26



22. 1) 12x2-(4x-3)(3x + 1) =-2

2) (4x- 3)(3+AX) - 2x(8x- 1)=0;

3 2x- (x- 2)(2+x)=5- (x- )2

+2 - -1 2X- 4x-1
2,3.1)_{____: 3X 52),, 3X 12:.x 5 X
5 4 3 5
3 6 2- 5X—2x+ 6x-4;4)4x+0L5_ x-0, 3 2(__1_-_93_0.
3 5 12 6
2x-1 4-x Xx-3
24.1) x=1+ :
2 6
4 5x-4 3x-2 2x-|_3 9
s i £ T T 9Xee
x-0,5 X 0,25 x-0,125
3) —t - +——"=0;
3(1,2-x) 5+7x _9x+0,2 4(13x-0,6)
4) 10 4 20 5

— 27 —

Tenglamalar



Elemental matematika (1V gism)

Tenglama ildizlar yig‘indisi topilsin
25. \)x(2x - DB5x+2)=0; 2) (x- 0,5)(I,2x + 3)(2x- 1) =0.

26. 1) (ic+ 0,5)(2x - 3)(2- X) = 0;

2) j\]-5xj(2x +)~-2,5+2-ixj =0.

0,- 3va2 sonlaming gaysi biri quyidagi tenglama yechimlari boiadi.

27. 1) 2(1,7 - 0,3x) = 2X- 0,2(2X + 5);

2)x(0,(3)x + 1)(1 -2x) =0.

28. 1) (2x- 1)(1 + 0,(3)x)(0,45x - 0,9) = O;

2) 15(3x + 6)- 2(3,1 - 1,55x) = 4(1,8x + 0,7).

Tenglik o'rinli boiadigan, o'zgaruvchilarning biror giymati topilsin.
29. 1) 2x+ ly + 14 +xy =0; 2) 5x + 6y-xy =30.

30. 1) 4x- 3y +xy= 12; 2) 2x2+ 3x + Sy - 16 = 2xy.

X 0°‘zgaruvchiga nisbatan tenglama yechilsin
31. 1) 2ab(x —3) - 2b(a +x) = 2a(3b - 4bx);

2)3a2x- 2b)- blax- 4a) Zab(x+ 2).

32. 1) b(2a- 2x) +x(ab - 4) =5(2b - abx) - 4x;



Tenglamada gatnashgan a parametming tenglama yechimiga ta’siri
ganday.
33. D)4ax+16=a(a-x); 2) a2x =4x.

34.1)3x- b=3a+ax; 2)a +4x=a2x-2.

Ifodani modulsiz yozing
35.[3—2id——A  x+5 +3.

36.\2+ x\-x-4\ - B- 4.

11+ X- 2Anix<2da

38.Wm 1-X\+2\x- 2|ni 1<x<2da

Tengliklar ayniyatmi
39. 1) |a2+4|=4+az2)\a+bh=\+ 4

40. Y\a+4 =4+a;2) a- bh=\b- a

Ifoda xar doim yechimga egami:
41. 1)|9x-5| =a; 2)|x2-6]=-3.

42. 1) |2x+a =0,4; 2)x = Jax + 1.

Tenglama yechimlari topilsin
43. 1) |- 0,3x| = 0; 2) |0,5x| =- 2; 3) \2x =0,5.



I Iriiiciiliir mutemalika (1V qgism)

44) 1-1,(6)4=5; 2)j04x = 1; 3) 55 = 0,(5).

Ifodaning eng kichik va eng katta butun giymatlari topilsin.
45.1) |x-2| +3ning [4;1] da; 2) 3-x]| -2 ning - 5;5],

46 )yx~|4 -x| ninj?[- 5.3 da 2)6- x+3nng -7 4]

_L

Tenglamalarni yeching.
47. 1) 3- 15vi=25; 2)2+2x=6;%x 0,(6) |=0,(3).

48. 1)10,2x- 2| = 3,6; 2) [4x + 1 = 5; 3) 1,1(6) -x| = 0,75.
49. 1)2- W+1 =15 2) [2-x| = 2 + 3x.

50. )|x +3 +3,(3)=2;2) 5x-1] =9-1Ix

Tenglamalaming barcha yechimlari topilsin.
5L 1) |x-1] +[x+1=2;2) |x+ 3+ |x- 5 =20; 3)- 0,2)x =10.

52. 1) [x+3 +\x- 5 =4; 2) |3x- 8]- \3x- 2/ =6.3)- 0,5)x =- 2
53. 1) [(x-]4-x]| ) -2x =4;2) x- 4]- |2x- 3| =2- |3x- 2.

M Im ~2>1=5- 3¢ +X+2| 2) (1- 12 x| g- x+3|

>50 <a <b<cho’lsa b+a\- |c- a+ [ft-—¢|

Ifodani soddalashtiring.
56.a>b>c>0\a- b +\c- a - 16- ¢\

30 —



Ifodani soddalashtiring.
57. Agara< b<c< Oboisaja+b - |a-c -\c-b\

Ifodani soddalashtiring.
58.0>a>p ><pboisa. \a- ¢+ W- g&- \p- a \a+p\

Ifodani soddalashtiring
59. Agar 1) a=- 3vab= 1lboisa,2)a=-4vab =-1 boisa,
koordinata to‘g‘ri chizigida |a- b\ ga mos kesmani ko'rsating.

60. Agar a>0boisa, |[a-b ®6|ifodaning giymati nimaga teng.

Tenglamalaming yechimi topilsin.
2x-\'" 6-x I%(x+3)-1,5(4jc-5)

6i.l " =" R et k=0
6 8 1,0x+2
+ 2 3,-5
27" ° 77 2 - 0.
3—x+2
4
3(x--4) x -1 2% -5 4]
(»3.Y - +5 ;2 — 12 =
2x+1 5-4 4-5x  3x+20 11-2
64.1) X1 212X o6 0) 12 Xo X220, X
Xx-3 3—x 7 2 5



Elementar matematika (IV gism)

2x  x +I 5 2-x x+1 3(3x-1)
65.1)----—-- +e-—— =35: 2 = r-
x—1 1—x 2-—-2x x+3 3-X X -9

4(9 +x) x+3 _  x3
66/1) 5x2-45 + 5x2-15x _ x2+3x’

Nox+Hl M6 1 2x-1
2-2x2 x+1 2x-2  x2-1



5-MAVZU. DETERMINANT

a b
5.1. Ikkinchli tartibli determinant: 4 c , giymati
a b
d -a c-b-d, (2) formuladan topiladi. Bu yerda a, b, c, d -
determinant elementlari deyiladi.

Misol.
Hisoblang:

S 4)e-345=-39
D, o =(-4)6-35=-39.

o ~3X

2)  Tenglama yechilsin: : =3.
@) formuladan foydalanamiz: 1«5 —2 - (—3jc)= 3 yoki 6x =-2

boiib, tenglama yechimix = —0,(3).

5.2. Uchinchi tartibli determinant

au  «12 «3
Uchinchi tartibli determinant: 0=, .,

«31 «32 «33

4
. . «22 «23 «21 «23 «21 «22
giymati: A —au —an + «13 (2)

«32 «33 «31 «33 «31 «32
formuladan aniglanadi, Bu yerda , masalan: a2l - ikkinchi yoi birinchi
ustun elementi, a3 - esa uchinchi yoi birinchi ustun elementi deyiladi va
hakozo.
Uchinchi tartibli determinantni uchburchaklar sxemasi shaklidan foy-
dalanib, quyidagicha hisoblash ham mumkin:

Bunda ko'rsatilgan chiziglardagi elementlar o‘zaro ko'paytma deb
tushunish kerak, chap tomondagi sxemada uchta ko‘paytma oz ishoralari
bilan go‘shiladi, o‘ng tomondagi sxemada bu uchta yigindi teskari
ishorada olinadi.

— 33 —
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Misol.
Determinant giymati topilsin.

2-3 0
A=5 4 | . Birinchi usulda hisoblasak,
1 -2 6
4
n0=2 ) -(-3). +0- =2-(24+2)+3-(30-1)-

+0=2-26 +3-29 = 139.

Ikkinchi usulda hisoblasak, =2 ¢4 6 + (—3) 1« 1+0-5-
*(-2)-(0-4-1 +1-(-2)-2 +57(-3)-6) =48-3 +0-(0-4 - 90) =
=45+ 94= 139.

Determinantda asosiy xossalaridan bittasi, agar determinantda biror
yoi (ustun) elementlari nol bo‘lsa, yoki biror yo‘l (ustun) elementlari
boshgayoi (ustun) mos elementlariga proporsional boisa, bu determinant
giymati nol boiadi.

Misol.
Determinant giymati topilsin.
2 0 -9 2 -1 5
A= 7 0 13, B=3 7 12
-24 0 16 -4 2 -10

Ikkinchi ustun elementlari nol boiganligi uchun A determinant giymati
nolgateng. B determinantda birinchi y oi elementini (- 2) ga ko‘paytirsak,
uchinchi yoi mos elementlari hosil boiadi, ya’ni birinchi yoi elementlari
uchinchi yoi mos elementlariga proporsional ekan, u holda determinant
xossasidan B determinant giymati ham nolga teng boiadi.



6-MAVZU. CHIZIQLI TENGLAMALAR
SISTEMASI

Chizigli tenglamalar sistemasi yechimini aniglashning bir nechta usuli
mavjud boiib, ulardan eng sodda va ma’quli determinantlar yordamida
(ya’ni, Kramer usuli) aniglash, chunki:

1)  Bumetod yordamida tenglama va nomaiumlar soni nta (ne T
boiganda ham goilash mumkin;

2)  Sistema yechimi mavjudmi yoki yechim mavjud emasmi, bunga
toia javob beradi;

3)  Sistemayechimi mavjud boisa, buyechimlami topish formulasi
berilgan.

Bu usulni n = 2 va n = 3 da ko'rsatamiz, n ixtiyoriy natural sonda
yechimni aniglash shu kabi boiib, (1) toia yoritilgan.

6.1. Ikki nomaiumli chizigli ikkita bir jinsli boimagan tenglamalar
sistemasi

aw +byy-
[a +b2y =c2 (1)
Ko ‘rinishdaboiib, buyerdaavbxa2b2- koeffisiyentlar, c{, c2- ozod hadlar
R to‘plamda berilgan maium sonlar, x vay noma’lum o‘zgaruvchilar.
Sistema yechimi deb, bir juft (x0 j O ga aytiladiki, x =x0y - yOda
sistemadagi har ikki tenglama ayniyatga aylanishi kerak.
Masalan:

X-2y =5
[7x-3y =13.
Sistema uchun (1; - 2) yechim. Hagigatdan ham x=1,jy =-2da
1—2(—=2)=5 [L+4=5 o .
Har ikki tenglama to‘g‘ri
71-3M—2)=13 y°kl [7+6=13
tenglikka aylanadi.
Agar bu sistemaga (7;1) juftlik yechim deb qarasak, x =1,y
7-2-1=5 5=5
an
[7-7-3-1=13 [46 = 13
tenglikka aylandi, lekin ikkinchi tenglamada tenglik bajarilmadi, demak,
(7;1) tenglamalar sistemasi uchun yechim emas.
(1) Tenglamalar sistemasi yechimini Kramer usulida aniglashda
koeffisiyentlardan quyidagi determinantlami yozib olamiz.
c 2 ag ¢
a\ Ax = o1 M )
a2 b2 Q2 72 a2 @
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Elementar matematika (1V qgism)

Kramer qoidasi

Agarda:
1) OO0 bo‘lsa, sistema birdan bir (yagona) yechimga ega va bu

yechim x = &( y AY (3) formuladan topiladi.

2) [O=0Dboiib, AxvaAy lardan kamida bittasi nolga teng boimasa,
u holda (1) sistema yechimi mavjud emas.

3) [O=0vaOx=Ay=0Dboisa, (1) sistema cheksiz ko‘p yechimga
ega.

Misol.

Tenglamalar sistemasini yechilsin.

x-2y =5
D [7x-3>- =13

(2) Ko'rinishidagi determinantlami hisoblab olamiz.

1 -2 5 -2
=-3+14=11, Ax= =.15+26 =11
7 -3 13 -3
.1 5 o
Al = 7 13 =13-35 =-22. Tenglama yechimi (3) Kramer formu-

Ax 11 i x_ Ay -22

T _IT* > x_ A 1

Sistemayechimix = 1y =- 2 ekan, ya’ni (; - 2)
[ 2x-y =\

2) [4x-2_y = 3.

Oldingi misoldagi kabi hisoblashlami bajaramiz:

lasiga asosan X -2,

2 -1 1 -1 2 1
A= =0, Ax= =1*0; Ay = =2*0
4 -2 3 -2 4 3

Kramer qoidasiga asosan, tenglamalar sistemasining yechimi mavjud
emas. Javob: 0 .

0,5x-0,(3)y = 10

3
X— y=28
3y

(3) ko'rinishdagi determinantlami hisoblaymiz:



1 7
A= =0, Ax=° =0 Ay= 2.0
“ 2 14
1 n
3 5 3 5

Sistema cheksiz kop yechimga ega. Bu yechimlarni aniglashda,

sistemadan ixtiyoriy bitta tenglamani olamiz:  0,5x —O43]" = 1—

2 14
tenglikni x o‘zgamvchiga nisbatan yozib olamiz: x =—y +~, vy
o'zgaruvchiga bogiiq holda x topiladi.

Masalan:
y=0dax =2,S;y =3dav=438: 3dax =0,8;...
14
va 3 kabi yechimlarni hosil gilamiz.

Bunda tenglama koeffimayetlar R to‘plamda ma’lum sonlar
6.2. Uch noma’lumli uchta birinchi tartibli (chizigli) tenglamalar siste-
masini garaylik
ax +hby +cx = d\
<aX +by +cz =d2; 4
a +hy +c¥ =d3
Bunda:
0, bv cFa2 b2 c2 ay bv c%dv dp d} e R - berilgan sonlar. x,y, z -
noma’lum o'zgaruvchilar. »
Sistema yechimini topishda yana Kramer usulidan foydalanamiz.

bx
Quyidagi determinantlami yozib olamiz: A: b2 c2
dx 4 @ a, dr ot bhi
Ax="d" b2 o, Ay=42 d2 c2, Az=a2 p o)
d3 , c3 ad d, ad p dy
Agarda:
1) A ®O0 boisa, sistema birdan-bir yechimga ega, bu yechimlar
X=— y—— z=— (6)formulada topiladi.
A A A’

2)  Agar A= 0 boiib, Ax, Ay yoki Az lardan kamida bittasi nolga
teng boimasa, u holda (4) sistema yechimga ega emas.
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Elementar matematika (1V qism) IC

3) Agar4=0Dboiib, Ox =[Oy = Ar =0boisa,
(4) sistema cheksiz ko‘p yechimga ega.

Misol:
Tenglamalar sistemasi yechimi topilsin:
4x +3y +z =-9
- =+ =
) X-4y +z =4 .
2x+y +3z=1

Tenglamalar sistemasi yechimini topishda
(5) determinantlami hisoblaymiz:

4 3 1
N=1 -4 1 -48+6+1-(-8+4+9)=-41-5=-46,
2 13
-9 3
Oxm 4y =92, Ay= :46;
1 1
4 3
1 -4 -92.
2 1
(6) formulaga asosan, sistema yechimlari:
_ B 92 _Ay_ 46 _ mz=AE=Z" =2
a”"-46r "N~ A~-46~ T Z O -46
-3x+y-2z=1
i) 1 Ix+y +4z = 0;
X+2y-z=3
Bu sistemada:
-3 1 -2
=11 1 4 =H3+4-44)—-2-24-11)=-37+37=0
1 2 -1
1 1 -2
=0 1 4 =98*0 Kramer goidasiga asosan sistema yechimga
3 2 -1

€ga emas.



Tenglamalar

X-by +lz =2
2) -X+y-271 —2.
3X- 2y +62=6
Bu tenglamalar sistemasida: Vv m n
1 -3 2
A=-1 1 —6+18+4-(6+4+18)—0,
3-2 6
th
2 -3 2 2
Ax: -2 1 -2 -2-0
6 -2 6 -6
1 -3 2
Az= -1 1-2 0
3 -2 -6

Kramer qoidasiga ko ‘ra, tenglamalar sistemasi cheksiz ko‘p yechimga
ega. Sistema yechimlar to‘plamini aniglash uchun ixtiyoriy erkli ikkita
tenglamani olamiz:

x-3y +2z=2
[-x+y-2z--2
. . . o x-3y=2-2z
Bu sistemada bitta o‘zgaruvchini erkli gilib
Xty =-2+27°
. . . . -3
sistemani z 0‘zgaruvchiga nisbatan yechamiz: A : 11
2-2z -3
12-22-6 +6z=4z-4,
-2+2z 1
1 2-2z
Ay = -2+2z+2—2z=0
-1 -2+2z2
U holda sistema yechimlar to‘plami:
Ax4z- A 0
X=— ---------—212 v="Y 22~ 0 bundanx = 2 - 2z,
A -2 A -2
y = 0 hosil boiadi.
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7-MAVZU, CHIZIQLI BIR JINSLI
O BO‘LGAN TENGLAMALAR
SISTEMASI

7.1. Uch noma’lumli chizigli bir jinsli boigan uchta tenglamalar
ax+hby +cx =0
sistemasi: ma2x +b2y +c2z =0 (I)
ax+by +cZz =0
berilgan bo'lsin. Bunda: Koffentiyentlar R to'plamda berilgan sonlar. x,y,
z - noma’lum o'zgaruvchilar.
4, bx ¢

Agar sistemada asosiy determinant A= a2 b2 c¢2, A" 0boisa, u
as h c3
holda (1) sistema fagat x =y =z yechimga ega.
Agar asosiy determinant = 0 boisa, u holda (1) sistema cheksiz ko‘p

yechimgaegabo‘ladi.Buyechimlarto ‘plamini aniglashdamustagil bo‘lgan
o o ] alx +hly +clz =Q
ikkita tenglamani sistemadan olamiz, masalan:

ax +b2y +czz =0

sistema yechimlar to'plami
X Yy z (2)
A <h ¢l & bl
R Q@ az c2  ar b2

proporsiyadan topiladi.
Misol:
Tenglamalar sistemasi yechimi topilsin:

X+y~3z=0
1) 4x-2y +z=0.
Xx+3y+2z=0

Sistema asosiy determinantini hisoblaymiz:

1 1 -3
A=4 -2 1 =-4+1-36-(6+3+8)=-39-17 =-[156*0
1 3 2

Kramer goidasiga asosan sistemax =y =z =0 yechimga ega.
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Xx+2y —Az=0
2) 2x-y +2z2=0.
3x+3y-6z =0
Sistema asosiy determinantini hisoblaymiz:
1 2 -4
A= -1 2 =(6+12-24)-(12+6-24) =0

Demak, sistema cheksiz ko‘p yechimga ega. Bu yechimlar to'plamini

\x+2y-Az=0
aniglashda, sistemadan mustaqil j » +1 0 tenglamalami olamiz,
(2) formulaga asosan
X Yy .
=K bu proporsiyadan
2 -4 1 4 1 Proporsty
102 2 2 2 -1
2 -4 1 -4 1 2
X =k =0, y=-k S o - = -5k
102 2 2 2 -1
Sistema yechimlar to'plaminix =0,y ~- 10k,z =-5k .
7.2. Chiziqli bir jinsli boigan tenglamalar sistemasida noma’lumlar

soni, tenglamalar sonidan ko“‘p bo‘Isin.
ar+br+rz=0
[a2x+Db2y +c2Z =0
Bu tenglamalar sistemasi cheksiz ko‘p yechimga ega boiib, bu
yechimlar to‘plami (2) formuladan topiladi:
b ¢ aj ¢ fli b

K =~k , Zz=k
2 o oo a2 2 ¥

Agar determinantlar bir vagtda nol boisa, (3) sistema cheksiz ko‘p
yechimlar to'plamini aniglashda mustaqil bitta tenglamani olamiz,

Masalan:

alx+bly +clz =0tenglikda ikkita 0'zgaruvchiga ixtiyoriy giymatlar
berilib, uchinchi o‘zgaruvchi topiladi.

Misol.

Tenglamalar sistemasi barcha yechimlari to‘plami topilsin:

j2x +3yA-z =0

A \x 2y-z =0
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Bu sistemada

2 1 2 3
1 -1 =-3f A= _2=~7(4)
formulaga asosan sistemaning yechimlar to'plami: x = kAt = - Kk,
y =- kA2=3k; z = kA, = ~ lkko'rinishdabo‘ladi.
J x+3y-z=0
N [2x+6y-22=0
Tenglamalar sistemasida
3 -1 ° A 1 -1 4 A 1 3
Al:G -2- --2 -2-‘ ; -

Ko'rsatilgan metodga asosan cheksiz yechimlar to'plamini, mustaqil
bitta tenglama olinadi: x + 3y- z =0 danz=x + 3y ko‘rinishdagi yechimlar
to'plamiga ega boiamiz, hagigatdan ham x = 0,y =0daz=0; x = 3,
y=-ldaz=0;x=2,"=-1 daz=-1;... (0;0; 0) (3;-1; O)va(2;-1I; -1)
kabi yechimlar to‘plami. Tekshirish x =2,y =-1, z=- 1ni tenglamalar

sistemasiga qo ‘ysak,

bu jufllar tenglama yechimi ekan.
7.3. Chizigli bir jinsli bo‘lgan tenglamalar sistemasida noma’lumlar
soni tenglamalar sonidan kam boisin:
"X +fyy +Q =0
ax +b2y +c2=0 (5)
axX +b3y +c3=0

sistemada asosiy determinantni

ai k ci
olamizz A= a2 b2 c2, (6)
a} b

Agarda:
1) AP0 boisa, (5) sistema birgalikda emas;
2)  [A=0boisa, sistema yechimlarini aniglashda

almashtirishni (5) sistemaga gqo‘yamiz:
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Tenglamalar

filiM+ b{V+C\t =0
a2u+bv+c2t =0 (8)
aw + buv+c3?=0

(8) sistema yechimlari yordamida (7) dan (5) sistema yechimlari
aniglanadi. Agar bu sistemadagi asosiy determinant giymati nol boisa,
sistema birgalikda boiadi, asosiy determinant giymati nolga teng
boimasa, bu tenglamalar sistemasi birgalikda emas.

Misol.
Tenglamalar sistemasini yechilsin.
2x-3_y-6 =0
. j3x+y-9 =0
X+4y-3 =0
Sistemadagi determinantni hisoblaymiz:
2 -3 -6
A= 1 -9 =-6+21-12-(-6-72+27)=0.
4 -3
U holda x m l:!5 -— almashtirish bajarib, asosiy determinantni
hisoblaymiz:
2m- 3v- 6t =0 2 -3 -6
3m+v-9?=0; A=3 1 -9
n+4v-3t=0 1 4 -3

Demak sistema birgalikda boiib, sistema yechimlar to‘plamini
aniglash uchun sistemadan mustagil ikkita tenglamalami olamiz:
2u- 3v- 6t =0 -3 -6

bu sistemadan [, = =
M+v- =0 Ay 1 -9 33

a2= =0, _ =11
A3 1

(2) formulaga asosan sistema yechimlari 1 = kAt =33k, v=- M2=0
t=M 3=11k ko‘rinishda boiadi. U holda boshlang‘ich berilgan sistema

. . " %
yechimlari X = —= -—-- =3y =—=n
t
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8-MAVZU. PARAMETRLI CHIZIQLI
TENGLAMA VA
TENGLAMALAR SISTEMASI

Tenglamada noma Tum o zgaruvchidan boshga noma lum sonni ifo-
dalovchi harflar ham gatnashsa, bunday tenglamaga parametrli (harfiv)
tenelama deyiladi.

Ko‘p hollarda tenglama parametrga nisbatan yechiladi. Bu para-
metrlaming gatnashishi geometrik va mexanik ma’noga ega.

Masalan:

2x - ay + 5 = 0, ikki noma’lumli tenglama, tekislikdagi to‘g‘ri
chizigni ifoda giladi, ya’ni tenglama cheksiz yechimlar o‘mi to‘g‘ri chiziq
nugtalarini ifoda giladi.

Misol.

1) a parametr ganday bo‘lganda berilgan nugtalarini to‘g‘ri chiziq
A(2; - 1) nugtadan o ‘tadi.

Masala yechimi:

»x =2,y --1giymatnito‘g‘ri chiziqtenglamasigaqgo‘yib, a-topiladi:

2-2-a-(-1) +5=0danae=- 9. Demak a =- 9 dato‘g‘ri chiziq
A(2; 1) nugtadan o‘tadi M

2) y+bx-3=0vadx- 2y+ 1=0to‘gri chiziglar b - parametr
ganday boiganda o°‘zaro kesishadi.

o ] bx+y =3 ] o

»Masala yechimini topish: [4x-2y = -1 sistema yechimini
yagonaligini aniglash bilan ekvivalent. Kramer goidasiga asosan, sistema
asosiy determinanti nol boimasligi kerak.

b 1
A= 270 Yok - 26- 4 ®d0 dan b - 2 da berilgan to‘g‘ri

chiziglar kesishadi. <
Shu kabi masalalami ko‘p keltirish mumkin, Misollar bilan oydin-
lashtiramiz.

2
3) aning ganday giymatlarida 4 ifoda giymati nolga teng
a

boiadi.
» Yechish: Ikkinchi tartibli determinantni hisoblash formulasidan

2-3
foydalanamiz: 4 a =0 2a+12=0=>a=-6.4

4) a va b ganday boiganda tenglama 2ax —5 =4 x + b bitta
yechimga ega boiadi.
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» Yechish: Tenglamani parametrlarga nisbatan yechib olamiz. 2ax -
-4x=b+5dan x = —p—:Z-, berilgan tenglama a ®2 va ixtiyoriy b da
yagona yechimga ega.

5 b parametr ganday bdiganda, St-----= ----n tenglama

yechimi nol boiadi.
Yechish: oldingi misoldagi kabi amallar bajaramiz: 2(3%- b) =4bx +5

5+ 2b
dan x = — — ; tenglama ft~ 15 va 6 =- 2,5 da nol yechimga ega

boiadi.

4 a b
6 Ava/3amingganday giymatlarida — ——— = e —— -
) gganday aiy IX18I(X 1) X 1 X'™3

tenglik ayniyat boiadi.
Yechish: x¢p ~b ,xp\ deb ifodada birinchi bosgich amalini bajaramiz:
4  =a(x+3)+b(x- 1)yoki4=ax+3a+bx-b noma’lum koeffisiyentlar
metodidan foydalanamiz:
[a+6 0 | a=-b ib=-1
[3a 6 =4=>[-3b-b=4=>{a=1I"

7) ava b parametrlaming 4(x - a) = ax + b tenglama yechimiga
ta’siri ganday?

(a+b)x+3a-b=4<

Tenglamani x ga nisbatan yechlm yozsak, X = 7——b0|ad| Bunda:
-a
aﬁl adﬁéayecﬁlm X = f4f.i£
a

b) a=4%ab - 16 datenglama yechimi mavjud emas.
c¢) a=4vab6=- 16datenglama cheksiz ko‘p yechimga egaboiadi.

8) a=--—--

Yechish: Tenglamaning x ga nisbatan yechimini aniglashda tenglikni
shakl almashtirib yozamiz:

ba+\)x=1- a
Agar:
1) b- 0vaa=1boisa, har ganday jc da tenglik o‘rinli boiadi,
ya’ni x&R;
2) b=0yaa¢ 1(yokia=-l)dayechim mavjudemas,ya’nixe 0 ;
3) bdOl\aad-1litax _b(_) yechimga ega;
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W) /)7O0vaa=1lda(a”- 1) x=0yechim;

5 b=0(yokia=-1)vaa=Ilda cheksiz ko‘p yechimga ega.

9) sl -3b ifoda b =- 0,5 va aning biror giymatida 3,5 ga teng,
a ning shu giymatida va b = 0,41(6) giymatida berilgan algebraik ifoda
giymati nimaga teng?

Yechish: Masalaning birinchi sharti anitopishda — ®..—3-f —= —
2 v 2f 2

tenglikka kelinadi, bu tenglama yechimi a = 3. Endi ikkinchi shartdan

foydalanishda 0,41(6) =" ni  hisobga olsak, ifoda giymati

+
_3____}__35_____: 2 5 _3ga teng ekan.
2 12 4 4

10) a ning ganday giymatlarida a - 0,2ax =x - 5 tenglama cheksiz
ko‘p yechimga ega boiadi.
Yechish: Tenglamani parametrga nisbatan yozib olamiz:

at+h
(- 0,23-1)x=-5-a dan x = b"é ------ , chizigli tenglama yechimini
2a+

aniglash goidasiga asosan a 5 da tenglama cheksiz ko‘p yechimga ega
bo'ladi.
jax-3y =3
\bx +2y =5
Tenglama yechimi x =3,y = 1boisa, ava b ning giymati topilsin.
Yechish: x ~ 3. v= 1yechimlar sistemasidagi tenglamalarga qo‘yib, a
[3a-3 =3 \a =2
va b topiladi: <_. dan
3b+Z=5 b=1

12) aning ganday giymatlarida determinantning satrlari proporsional

11) Agar

2 -14
boiadi: 3 -2 0
a 2

Yechish: Ikkita satr yoki ustun elementlari proporsional boisa, de-
terminant giymati nol boiishi kerak edi:

2-14
0= -2 0 =32+0+24+8a-0-24 dan8a+32=0
2 -8
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Demak, a =- 4 da birinchi va uchinchi satr elementlari proporsional
boiadi.
6 6+b)x=-2
13) b ning ganday giymatida [6y ~ ) tenglamalar
2bx-3y =3-b
sistemasi cheksiz ko‘p yechimga ega boiadi. Bu yechimlar to'plamini
ko‘rsating.

-(6+b)x+6y =-2

Yechish:  Berilgan sistemaga  Kramer
2bx-3y =3—b
-6-b 6 B )
goidasini tatbiq gilamiz: A 2b 3 =0 boiish kerak shartidan
18 + 36 - 126 = 0 boiib, b = 2. b = 2 da yordamchi determinantlar ham
-2 6 .2
nol boiishi kerak, tekshiramiz: A* 1 -3 = OAv= 1 0

Demak, b =2 da sistema cheksiz ko‘p yechimga ega. Bu yechimlar
to ‘plamini aniglash uchun sistemadan bittasini olamiz:

4x —3y —1dan y= 4%( — 1, demak yechimlar to‘plami x =k,
3 3
4 , - -
y = ?k —\ k&R ko'rinishda boiadi.

2x-y=a

14) a ning ganday giymatida X +3y =5

Sistema yechimlari

uchunx +y = 1tenglik o‘rinli boiadi.
15) a parametrga nisbatan sistema yechimini aniglab bering.

-1 a -1 2 a
A= =7, A = =3a+5 A = S oo
1 3 ' 3 Y
Kraemer formulasidan
Ax 3a+5 10-a
X~~A~ 7 Y~ 1"
Endi shartdan foydalanamiz h=x+ y = 3a+5,10-2 Tfodasim

soddalashtirsak 7=3a+5+ 10-a dana=—4. A
5x+2y+z =1\,
16) a ning ganday giymatida 2x-_y +3z =14, tenglamalar
ax-3y +5z =32.
sistemasi yagona yechimga ega boiadi.
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> Tenglamalar sistemasida asosiy determinant giymati nolga te
boimasa, sistema yagona yechimga ega boiadi

5 2 1
A=2-13 -25+6a-6 +a+45—20"0 danla - 6 0
a -3 5

demak, a @ — da sistema yagona yechimga ega boiadi A

X-2y +4z =4,
17) a ning ganday giymatida 2x+y +z =-2, tenglamalar
4x —by +2z =3.
sistemasi yechimga ega boimaydi.
» Kramer qgoidasini tadbiq gilamiz.
Asosiy deferminantni hisoblaymiz

1 -2 a
A=2 1 1=2-8-10a-4a+5+8=0,dana=05
4 -5 2
Endi yordamchi deferminantlami hisoblaymiz a = 0,5 da
4 -2 05
=-2 1 1 =8-6+5-4,5+20-8 =33-18,5=14,5"0
3-5 2

Demak, berilgan tenglamalar sistemasi a = 0,5 da yechimga ega boi-
maydi. <

5-, 6-, 7-, MAVZULAR MASHQLARI
Determinantlaming giymatini toping
5 4 -2 4 -12 4 5 -3
67. 1) 3 9 ,2) 2 -3 0 ,3) 12 -9 23
5 4 1 0 0 O

7-3 b 4 8 12 2a 1 -a
5 2 1,22 3 4 3 a2 2 a
5-13 3 4 5 a -3 a2
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69. a ganday boiganda determinanning mos yoi elementlari pro-
2 -5 1
porsional boiadi. 3 4 7
6 a 3

70. a ganday boiganda determinanning mos ustun elementlari pro-

12 a 9
porsional boiadi. 4 0
35 11

71. a ning ganday giymatlarida tenglik o ‘rinli boiadi.

22 3 -4 1 0 3
0 5 1 vapge= 2 a 5daA,=A2
-4 1 7 -4 7 9

72. a ning ganday giymatlarida /1 1 determinant A 2 determinantga
ekvivalent boiadi

2 a 5 1 3 2
1 3 6 bilangn=0 4 -1
0 4-2 a 7 5



IS i viliti yi 120In1L

* 4
2x 5
/ 15 2 -2 =0-
-1 01
3 1 -6
X 4 2
2 3
74 1 0 -1 +3 +6=0
X 0
x -1 -3

Chizigli tenglamalar sistemasini yeching:

0,3x-ij =1 J 2x+3y =1

foax+y =2
r ¢ 7 }1-4G6j; =-14"
9 1 y

7BMun -, -3 ;29 Bxalyo.

[3x +4y =18 M2x-y =3 J'3p:-5y =0
[2x +5y =\9°2) b-0,5y =1;3) [25j-15x =0

X-2y +3z =6, X-2y —2Z =2,
77.1) 2x+3y- 4z =20, 2) 5x—10y—b5z = 10,
3x-2_y-5z = 6. 3x—6y —3z = 6.
2x-y +3z =14, 2X-y+z=1
78.1) 10x+4y+2z=22,2) 3x+2y—z=3,
4x-2_y+2z =2

7x-3y +5z =32



Tenglamalar

2X+y-z =1
3) 5x-3y +2z =3
4x+2y-2z =5,

Chizigli birjinsli bo‘lgan tenglamalar sistemasi yechimi topilsin.
f2ax-y =0, f3x+y =0,
79" |4x-3y =0. 2)[2x-4j;=0.

SXOSYE0 g sxr0,3)y =0,
80. 1) 1
4x+|4—y=0. —6x —4y = 0.
3x+2y+5z=0, 3x-y +6z =1,
81.1) 2x+3y-2z=0, 2) x+3y+2z=0,
x+y+z=0. -x-4y —2z=0.
2x+3y +2z2 =0, -X +2y -z =0,
82.1) X+y-z =0, 2) 3x-y+2z=0,.
3x-2y +4z = 0. 2x-4y +2z=0.

Chizigli bir jinsli boigan tenglamalar sistemasi yechimlar to‘plami
topilsin.
3x+y-2z=0, f x-2v+3z=0,

83. 1) \ I
[2x+y —4z = 0. [2x+4y - 62 =0.
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Lli‘ilirnliir liviteniiilika (1V qism)

fx-3y+2z2=0 | 2X+6y-z =0,
«4.1) 4 2
2x+y-4z =0. [x+3y-0,5z = 0.

Ix-3y +5=0, Xx-2y+3=0,
85.1) 5x+2v+1=0, 2) bx+y-4 =0,
2x-j+3=0. 2x-Ay +6=0.
3x+2y+2=0, X+2y+3=0,
86.1) Xx-5j-8 =0, 2) 2x+3y+4=0,
4x+2y+1=0. 3x+4>+5=0.

Parametrli chizigli tenglama yechimlar to‘plamini ko ‘rsating.
87. 1)ax - 2b =x, 2) 2ax + a=3b-bx.

88. 1)5x - b= 2ax, 2) (4- a)x-b = 2a-5x.

a ning ganday giymatida yechim mavjud emas.
X+3y- 2z =5,

89. {x-2y +0,52=3,
2x+ay +z=6.

90. a ning ganday giymatlarida tenglamalar sistemasida x = 0 boiadi.
x-3y =2,
5x+4y +z =1

X-2y +6z=a.
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Tenglamalar

91. a ning ganday giymatlarida sistema yagona yechimga ega boiadi.
4x +3y +az =-9,

X-4y +z=1
2x+y +3z=1
92. a va b parametrlaming ganday qiymatlarida sistema yagona

yechimga ega:
2x+3y-4z = b,
eax-2y-5z =6,
ax-2y =3z=6.

a ning ganday giymatlarida sitema birgalikda boiadi, bu yechimlar
aniglansin

X+ 3y —5 —0,
93. <x+ay+35=0, v
2x-6y +1 =0.

2x +ay+4 =0,
94. x+3y-5 =0,
3x+ay+2=0.

95. a ganday boiganda ax-y + 4 = 0to‘g‘ri chiziq /1(3; - 2) nugtadan
o ‘tadi.



“( i |miinncti' ganday boiganda 2x + ay - 6 = 0, to‘g‘ri chiziq
A( L4 nil [ludan cYaci.

1
97. a va b parametrlar ganday boigada 2x + ay =3vabx- 4y + 1=0
to‘g‘ri chiziglar A (I;1) nugtada kesishadi.

98. a parametr ganday bo‘lganda2x-ay- 1 =0va2x +4y=- 5to‘g‘ri
chiziglar bitta nugtada kesishadi.

99. a ganday boiganda 2x - 3y = 1va 4x + ay = 2 to‘g‘ri ustma-ust
tushadi.

100. a parametr ganday boiganda 3x - 3=0vaax- 2y=6to‘g‘ri
chiziglar kesishmaydi.

. . . f3x-2y=-2
101. a ning ganday giymatlarida T A 0
X+4y-a =

- - - - - - - - = -

Sistema yechimlari uchun 2 x -y = 2 tenglik o‘rinli boiadi.
102. a ning ganday giymatlarida

2x-y-a =0
3y+2x+5=0

Sistema yechimlari uchun x - 3y - 2 =0 tenglik o‘rinli boiadi.



Tenglamalar

9-MAVZU. BIR NOMA’LUM IKKINCHI
O TARTIBLI (KVADRAT) TENGLAMA

ax2+ bx+c=0 (1) (a P0)
Ko Tinishdagi tenglamaga bir noma’lum ikkichi tartibli (kvadrat)
tenglama deviladi.

Bu yerda a, 6, ce i? ixtiyoriy berilgan sonlar boiib, a va b nomaium
oldidagi koeffisentlar, c-0zod had deyiladi. x-nomaium o ‘zgaruvchi.

(1) Tenglamada a @ 0 boiib, b yoki ¢ lardan kamida bittasi nol
boisa, bu tenglama chala kadrat tenglama deyiladi. Oldin chala kvadrat
tenglamani o'rganamiz.

9.1. (1) tenglamada c = 0 boisa, tenglama

ax2+ bx=0. (2)
ko'rinishidaboiib, yechimini aniglashda gruppalaymiz x(ax + b) = 0 teng-
lamax =0 va ax + b = 0 ikkita tenglamaga teng kuchli boiadi.

18) Tenglama yechimi topilsin:

1. 2x2+ 3jc= 0,

» x ni gavsdan tashqgariga chigarsak, tenglama ikkita x = 0 va 2x +
+ 3=0tenglamalargatengkuchliboiib, berilgantenglamayechimlari =0,
x2=- 15. M

2. 1,2x- 2,(6) x1= 0,

» Koeffisetlami oddiy kasr ko‘rinishga keltirib, oldingi misol kabi
amallar bajaramiz:

X' =2 X :]': @, dan tenglama yechimlari =0 vax, = 0,45.-4

9.2. (1) tenglamada 6 = 0 boisa, tenglama
"ax2+c=0, (3)
ko'rinishda boiib, tenglamada a mc > 0 boisa, tenglama hagigiy yechimga
ega emas, yani j6 0 . Agar a mc < 0 (a va c har xil ishorali boisa),
tenglama yechimi

X =+ . ——-Yyoki X,
VvV a VvV a VvV a
ko'rinishda boiadi. Sondan kvadrat ildiz chigarish usuli [3] da berilgan.
Eng sodda usul sonni tub ko ‘paytuvchilarga ajratish bilan.
Masalan:

V144=V42-32=4-3 =12 Kkabi.
19) Tenglama yechimi topilsin
1. 9-4j =0,
» Koeffisent ishorasi har xil, demak hagigiy yechim x2= 4—dan

9
X = iJ[— yokix,=M5,x2=-1,5 <

_ b5 —



05%* + 2 =0,

» longlama koeffisentlari bir xil ishorali boiganligi uchun, tenglama
hagiqiy yechimi mavjud emas. A

3 x2- 1296 =0,

» x2 = 1296 tenglama yechimi aniglashda ozod hadni tub ko‘pay-
tuvchilarga ajratamiz 1296 = 92+42u holda

x = +VI1296 5\/92-42 = £9 4 boiib xI = 36,x2=- 36.A

9.3. (1) tenglamada b = ¢ = 0 boisa, tenglama
a*x2=0, (4

Ko'rinishda boiib, a ®0 boigaligi uchun x2= 0 dan x{=x2=0.

20) Tenglama yechimi topilsin.

9x2=0.

» Tenglama yechimlari x2= 0 danx, =x2=0. A

9.4. (1) tenglamada koeffisentlar va ozod had nol bo'lmasa bu
tenglamaga to‘la kvadrat deyiladi.

(1) tenglamada a = 1 bo‘lsa keltirilean kvadrat tenglama

deyiladi. (1) tenglamada a ® 1 bo‘lsa tenglamani a koeffisentga bo 1ib

2 b c b c
X +—xH-=0, da p —, 4=— desak
a a a a

x?+px+q=0, (5
keltilgan kvadrat tenglama hosil boiadi.
Toia kvadrat tenglama ildizlari
4 =Db2- 4ac, (6)
Kvadrat tenglama diskriminant ishorasiga bogiiq boiadi.
Agar: 1) < 0boisa, (1) tenglamaning hagigiy yechimi mavjud emas,
2) A=0boisa, (1) tenglama bitta

Xx1=x2= P ()
a
(karrali) yechimga ega,

4)  [>0boisa, (1) tenglama haqiqiy har xil ikkita

-b+JA -n-Va
= —t - =—- — 8)
2a 2a

yechimga ega.

Bunda 4 = k2 (k ®0) boisa, (1) tenglama ratsional yechimlarga ega,
Adk2boisa u holda (1) tenglama o‘zaro qo'shma irratsional yechimlarga
ega boiadi.

5)  Agarda (1) tenglamada a va c koeffisentlar o ‘rini almashtirishda,
(1) tenglama ildizlari giymatiga teskari giymatli ildizlarga ega boigan
tenglama hosil boiadi.

6) Agar (1) tenglamada b ni teskari ishorali (-b) bilan almashtirilsa,
(1) tenglama ildizlariga garama-garshi ishorali ildizli tenglama hosil
boiadi.



21) Tenglama yechilsin

1 2x2+5x-3 =0.

» Berilgan tenglama toia kvadrat tenglama boiib, bunda a = 2,
b =5, ¢ =- 3. Tenglama diskriminantini hisoblaymiz.

O=Dbl- 4ac =52- 4 «2 «(- 3) =25+ 24 = 49, 49 soning arifmetik
ildizi n/49 =7 ga teng. U holda berilgan tenglamaning ildizlari (8)
formulaga asosan

+ —5+ 7 —
X :__?____{1_/_?_ = ___5____7_ = 0’5’ X, = _é____!l_ﬂ{a: ___f___7: -3 4

1

2. X2-2x+5=0,

» Bu tenglama diskriminanti

O-b2- 4ac=(- 2)2- 4+1<5=- 16<0, boiganligi uchun, tenglama
hagigiy yechimi mavjud emas. A

3. 8x-x2-16 =0,

» ButenglamadaA=82-4 ¢(-1) ¢(-16)=64-64=0, tenglamaildizlari
karrali boiib, (7) formulaga asosan x| = X2 = ------- = —E =4. A

2m 2-(-1

22) kganday boiganda hr +2x - 1= 0, kvadrat tenglama haqiqiy
har xil yechimga ega boiadi.

» Berilgan kvadrat tenglama diskriminanti

A=Db2- 4dac =22—4 wk - (- 1),

Musbat boiishi kerak, demak 4 + 4k > 0 yoki k > - 1 da hagigiy har
xil yechimga ega boiadi.

23) rpv&p ganday boiganda, kvadrat tenglama

2x2+ (px + f) = 0. Bitta ildizi nol ikkinchi ildizi 2 boiadi.

» Kvadrat tenglama ildizini topish qoidasiga ko‘ra /? = 0 boiishi
kerak. Demak, 2x2+ 2x = 0, x'- (2x + ¢® = 0, x{ = 0 birinchi shart bajarildi.

Endi ikkinchi shartdan foydalanamiz 2x + (p = 0 dan x = shartda

x=x= 2endi 2 = ——-(—pm=-4

2 2

Javob: 9=-4,4=0

24) Agar (0,5x - 4)(x + 2) = 0 boisa, 4 - 0,5x ganday giyatlami
gabul gilishi mumkin.

» Berilgan tenglama ikkita 0,5x - 4 = Ovax + 2 = 0 tenglamalarga
teng kuchli boiib, yechimlari xx= 8 vax2=- 2

U holda 4 - 0,5x ifodaning giymatix =8da4 - 05 m8=0,x=- 2da
4- 05 «( - 2) =5, demak, gabul giladigan giymati 0 yoki 5. A

9.5. Kvadrat tenglama ildizlarinig xossalari:

X va x2 keltirilgan (5) kvadrat tenglama ildizlari boisin. (1) toia

b c
kvadrat tenglama uchun i}: =— q=—
a a

57 —



| Vii-l (oorornasi: Keltirilgan kvadrat tenglama ildizlari uchun:

X I-X, =-p, . S

(9) tenglik o‘rinli boiadi.

xl-x2 =q.

2. ax2+ bx + ¢ + kvadrat uch hadni, chizigli ko‘paytuvchilar ax2+
+bx + ¢ = a(x - X )(x - x2), (10) ko‘rinishda yozish mumkin, bu yerda xt
vax2esa (1) tenglamaning ildizlari.

3. Toia kvadrat ildizlar ayirmasi (kattasidan kichigini ayirmasiga)

. Va
X2-X1= -
a

25) Quyidagi tenglamani yechmasdan, ildizlar kublarining yigindisi
topilsin x2- 5x - 14 =0,

> Berilgan keltirilgan kvadrat tenglamaning ildizlari xt va x2boisin,
Masala shartiga ko‘ra x 3 + x2 ni topish kerak. Viet teoremasidagi (9)

xl+x2=5
formulaga asosan n

Qisga ko ‘paytirish formulasidan foydalanamiz

X 3+x 3= (X, + X(X,2- X, R+x 2 = (X, + X)[(x, + X)2- 3xt X
Tenglikdan foydalanamiz:

X 3+X 3=5¢[52- 3¢(- 14)]=5«[25+ 42] = 335. <

26) Illdizlari 0,5 va (- 1,(3) ) boigan kvadrat tenglama topilsin.

1 4
» X, =0,5=—x2=—-1(3) = — desak, (9) formulaga asosan

1 4 _
2 3~
dan
1
21 3]
. . 2 5
lami (5) tenglikka qo‘ysak x + G_X --.é: 0,
Javob: 6x2+ 5x- 4=0.M

27) Bittaildizi ~ + [jO<jgan tenglama topilsin.
4

> Kvadrat tenglamaning ildizlari o‘zaro qo‘shma boiadi, u holda (9)
formuladan



"'nl7+nl6  nl7T —/6
=«

n7t-76n bundan bolib, bu
_q‘
% % 16

giymatlami (5) tenglikka qo‘yib soddalashtirsak 16x~ - 8n/7x + 1= 0.

28) Agar 0,4 son 5x2+ bx + 2 = 0 tenglamaning bitta ildizi boisa,
tenglamaning ikkinchi ildizi va tenglama koeffisentlar yigindisi topilsin.

» Tenglama ildizlari xr = 0,4 va x2boisin, u holda

X4X2 5  (0,4+x2=-0,2b [0,4+1--0,26 b=-I
0,4-x2=0,4 =1 X2 =1

Demak tenglamaning ikkinchi yechimi 1, noma’lum koeffisentb = - |
ekan. U holda tenglama koeffisentlar yigindisi
a+tb+c=5-7+2=0ekanA

29) Kvadrat uchhadni x2+bx- (bja +aj (a> 0, b > 0) chizigli
ko ‘paytuvchilarga ajrating.
» Oldin tenglama ildizlarini a va b parametrlarga nisbatan topamiz:
x +bx ~(b\fa+a) m0

A=b2+4-1-{byfa+a) =2Zr +4b\[a + 4a = {b+ 2\[a"

U holda tenglama ildizlari

—b+b+2n/a —b —b —2\fa
----------------- =a, x2= mb-yfa

boiib, berilgan goidaga asosan
X2+bx-[b\[a+a) = (X-X])(X-Xx2)=(x-n/a)(x+6+n/a).A

30) 3+ /2 sonx2- 6x + 7 =0 kvadrat tenglama yechim boiadimi
(tenglamani yechmasdan isbotlang).

b X =3+ n/2 tenglama yechimi boisa, u holda ikkinchi yechim
x2=3-n/2 boiadi. Chunki koeffisentlar hagiqgiy sonlar. Sodda isbotlash
usuli Viet teoremasidan foydalanish.



[ 1, inriihii malamatika (1V gism)

2=p yoki (3 +n/2)(3 —n/2j =7 boiishkerak, hagigatdan (9- 2) =7

7 =17, demak g; tenglamaga yechim ekan A
31) x~—bx—(ba+a~"=0 tenglama ildizlar ayirmasi nimaga

teng.
» Tenglama diskriminantni hisoblaymiz:

A=(-bf - (-4)(ba+a2)=b2+4ab+4a2=1{b+2a)

Kvadrat tenglama ildizlarining 3 - xosasiga asosan

X2-x 1= edi, demak x2-x, = J(b+2af =b +2a A
a

32) Ushbu 9x2- 6n/5x+2=0.
tenglama ildizlarining o‘rta proporsional giymatini toping

» a va b sonlaming o‘rta proporsional giymati yja-b ning arifmetik
kvadrat tenglama ko‘rinishda

2 2n/5 2 A . . 2
x — -——X+—=0 yozsak Viet teoremasiga asosan x{mx2= —,

u holda, ildizlaming o ‘rta proporsional giymati
-n/2 gateng. A
3

33) Ushbu x2 + x - 6 = 0, tenglamani yechmasdan, bu tenglama
ildizlariga teskari va teskari ishorali giymatli ildizlarga ega boigan
tenglamani yozing.

» Kvadrat tenglama ildizlarini aniglash goidasidagi (7.4. punktda) 4)
va 5) ga asosan masala shartini ganoatlantiruvchi tenglama 6x2+x - 1=0
ko‘rinishda boiadi A

9.6. Kvadrat tenglamaning kompleks ildizlari hagida.

Toia kvadrat ax2+ bx + ¢ = 0, (1) (a ®0) tenglamada diskriminanti
A=Db2- 4ac manfiy boisa haqigiy yechim mavjud emas edi. Lekin mavhum

birlik i = '3+ (P =- 1) tushunchasidan foydalanib, kompleks ildizlarini
aniglash mumkin kompleks son hagida tushuncha ([1],[3]) berilgan.
Agar kvadrat tenglamaning koeffisentlarni hagigiy sonlar boisa, u holda
tenglama kompleks yechimlari o‘zaro qo‘shma ko‘rinishda boiadi. Yani
xi2=a = P1 ko‘rinishda bu yerda aji e R. Agar fJ= 0 boisa, tenglama
hagigiy yechimga ega boiadi, a = 0 da esa mavhum yechimga ega boiadi.
Bunday yechimlami misollarda oydinlashtiramiz.

34) Tenglama ildizi topilsin.

1  x2-2x+5=0,



Tenglamalar

» Tenglamada A= (- 2)2- 4 «1«5=4- 20 =- 16, Mavhum birlik
tushunchasidan V—16 = V— «VI16 = 4i,

—1+ 2i boiibxl=1+2i,x2=1 2i
2 2

Ko‘rinishdagi qo'shma kompleks yechimlarga ega. <
2. 2x2+ 8=0,
» Berilgan chala kvadrat tenglamani x2= - 4 deb yozish mumkin,

bundan tenglama x, = +n/-4 = 2/ mavhum ildizga ega boiadi. A

35) Ildizi 3 + 5i bo‘lgan haqigiy koeffisantli kvadrat tenglama
topilsin.

» Berilgan nazariyadan ma’lumki hagigiy koeffisentli kvad-
rat tenglama kompleks ildizlari o‘zaro qo‘shma boiar edi. Demak
X, = 3+ 5i boisa x2= 3 - 5i boiish kerak, tenglamani [x- (3- 5/) ] ¢
e [x- (3+5i)]=0yoki [(x- 3) +5;7[(x- 3)- 5i] =0ko'rinishda gidiramiz.
Qisga ko'paytirish formulasiga asosan (x - 3)2- (5r2= 0, gavs ochib
soddalashtirsak, gidirgan tenglamani hosil gilamiz

X2- 6x+ 9- (- 25) = 0yokix2- 6x+34=0.
3 x2- 2+ix+3+i=0
» Tenglamani koeffisentlari hagigiy emas, bu tenglamada
O=[-(2+1]2- 41m3+1)=4+4i- 1- 12- 4i=-9, boiib
AN
Tenglama ildizlari Xt @2+ /)-2:?“-?-:__(3_:{2)33[

X. =1—i, boiib o‘zaro go‘shma

emas.



lilrmcntur matematika (1V gism)

10-MAVZU. IKKINCHI TARTIBLI
(KVADRAT) TENGLAMA ILDIZLAR
O ISHORALARINI TENGLAMA
KOEFFISIENTLARI
YORDAMIDAANIQLASH

Toia kvadrat tenglamada
ax2+bx+c=0, (1) (a®0)

a > 0 deb faraz gilishimiz mumkin, agar a < 0 boisa tenglamani
(-1) ga ko'paytirsak a musbat bo‘lib goladi. (1) tenglama ildizlari X, va x2
boisin, musbat ildizlarini x +va manfiy ildizlarini x~deb belgilasak, toia
kvadrat tenglama ildizlar ishoralarini quyidagi jadvaldan aniglab olish
mumekin.

Tenglama diskriminantini hisoblab olamiz:

A =Db2- 4ac
To‘la kvadrat tenglama Chala kvadrat tenglama
A >0a>0 A =0a>0 a>0

b>0 b< 0 ,c=0 b=0 c=b- 0
c>0 <0 >0  .c<0 b>0 b<0 0 b<0 >0 <0
ERSS X~ X+ X,>0 *19%0 'tV » =L yre [0} X\>X-2 x =0
5 °  jx-1>M1 x>0 M>M z<® x>0

1-jadval

© Ushbu 6x2+2x- 11 =0,

Tenglama yechim ildizlar ishorasi ganday.

» Tenglamada

» [ =22—4 -6-(—11)=268>0,a=6>0,

£=2>0,c=- 11 <0, u holda tenglama yechimlari xar xil ishorali
boiib, bunda [x~| > |x+. A

© Ushbu x2- 2x+¢=0

Tenglamada C giymatlari tenglama yechim ishoralariga ganday ta’sir
giladi.

» Tenglama diskriminanti

» [ =(-2)2-4-1-c =4"4c boiib bunda:

1) c<0da A >0, tenglamadaa= 1>0,b =-2, u holda 1-jadvaldan
ko'rinadiki, tenglama ildizlari har xil ishorali boiadi va [x+[>|x- 1a\ >0

2)0<C<lda A >0 uchun tenglamada
a=1>0, b=-2, uholda tenglama ikkita ildizlari musbat ishorali,

3)c=1da A =0, tenglamadaa>0,b =-2 u holda tenglama ildizlari
musbat va karrali x{= xv

4 )c> lda A <0 uchun tenglama haqiqiy yechimlarga ega emas. <
— 62 —



® a ning shunday giymati topilsinki (a- 7)x-ax2- 9 =0, tenglama
karrali manfiy yechimga ega boisin.

» tenglamani (- 1) ga ko‘paytirib, diskriminantini hisoblaymiz.

ax2- (a- 7)x+9=0, bunda

A=[-(a-7)]2- 4+am9=2a2- 14a+49 - 36a =a2- 50a + 49.
karrali yechim hosil boiadi agar A = 0boisa, demak a2- 50a + 49 =0
tenglama yechimlari axf 1, a, = 49.

Tenglama ildizlari manfiy boiishi uchun a = Ini olamiz.

O =0,a=1>0,b=-(1-7)=6>0,c=9>0, boiib tenglama
yechimlari x, = x2va manfiy. <

9.7. Kvadrat tenglama yechimini topishda qulay usullar.

Ba’zi bir kvadrat tenglamalarni berilgan ko‘rinishiga garab, (oddiy)
qulay usulda yechimlarini aniglash mumkin, bu usullami misollarda ko‘rib
chigamiz.

1. To'g'ri kelsa gisga ko‘paytirish formulalaridan foyda-lanish.

» 4x2- \2x +9=0,
kvadrat tenglama tenglama chap tomonini

(a- bf =a2- 2ab + b2formula ko‘rinishda yozish mumkin

4jc2- 12x + 9= (2x - 3)2=0 boiib, bundan

2x- 3=0yokix = 1,5. Tenglama karrali 1,5 yechimga ega ekan. A

2. Tenglamadatoia kvadrat ajratish bilan

[(a+£ b)2= a2+ 2ab + b2] formuladan foydalanib,

Masalan:

I002- 160*+63 =0

100x2 - 160x + 63 = (HOx - 8)2- 1 Kvadrat tenglamaning chap
tomonidan toia kvadrat ko'gnishda boiadi, demak (IOx - 8)2= 1 dan
IOx - 8 = £ 1 boiib, kvadrat tenglama ildizlari x1= 0,9 va x2= 0,7
ko‘rinishda boiadi.

3. Tenglamadagi ifodalami qgo'shiluvchilarga ajratib, ko‘paytuv-
chilarga keltirish bilan:

Masalan:

x2- 14x +45 =0,

» Tenglamaning chap tomonidagi -14x ni ikkita qo‘shiluvchi ko‘ri-
nishda yozib, ko‘paytma ko'rinishga keltirish mumkin:

X2- 14x+ 45 =x2- 5x- 9x+45 =x(x- 5)- 9(x- 5) = (X- 5)
(x- 9) = 0boiib, tenglama ikkita (x- 5) = 0 va (x- 9) = 0 tenglamalarga
teng kuchli boiib yechimlari x, = 5, x2= 9.4

4. Viet teoremasidan foydalanish bilan:

Masalan:

2000x2- 2001x +1=0,

» Tenglamaildizlarini topish soddayoii Vietteoremasidan foydalanib,
tenglamani keltirgan kvadrat tenglama ko ‘rinishda yozib olamiz.



Mantigiy fikr yuritish bilan aniglash giyin emas. x1 = 1va x2 =

5. Agar (1) toia kvadrattenglamaa + b + ¢ =0, boisa, (1) tenglamaning

bitta yechimi 1 ga ikkinchi yechimi x = C—ga teng boiadi
a
Masalan:
3x2+ 35%x-38 =0,
» Tenglamadaa + 6 + ¢ = 3+ 35 - 38 = 0 demak, tenglamaning bitta
- - - c 38
yechimi x = 1, ikkinchi yechimi x, = —= —3—
a
6.  Agar (1) toia kvadrat tenglamada
a- b+c=0, boisa, (1) tenglamaning bitta yechimi (- 1) ga ikkinchi

C
yechim esa x2 = --—--ko‘rinishda boiadi
a

Masalan:
67m2- 105x- 172 =0,
» Berilgan tenglama uchuna- b + ¢ = 67 (- 105)- 172 = 172 -
-172 =0, demak ] =-1,
c_ -172 172
*2~ a~ 67 ~ 67
7.  Toiakvadrat tenglama yani 0‘zgaruvchi kiritib, tenglama yechi-
mini aniglash mumkin.
Masalan:
(2x-1)2-14x+13=0,
» Tenglamada shakl almashtirib
(2x- 1)2- 7(2x- )+6=0,
ko‘rinishda yozish mumkin, agar 2t - 1=y desak,y2-7y+ 6= 0 kvadrat
tenglama ildizlariy]= 6,y2= 1,boiib almashtirish 2x- 1=6,va2x- 1=1
teng kuchli tenglamalardan x, = 3,5 vax2= 1berilgan tenglama yechimlari
hosil boiadi. 4

36) b ning ganday giymatlaridax2- 2 b x ~ 1 - b 2 tenglama yechimlari

(1;5) oraligda har xil ildizga ega boiadi.
— 64 —



Tenglamalar

» Berilgan tenglikda ozod hadni tenglikning chap tomoniga o'tkazib,
kvadrat tenglama diskriminantini hisoblaymiz:
X2-2bx + b2-1=10

O=(-2b)2- 4(b2-1)=4b2- 4b2+4=4,uholda, x =— 2=b=x1
2

yokixl=b+1,x2=b -1 tenglama ildizlari (2;5) oraligda boiishi uchun b
parametr (2;4) da o‘zgarishi kerak ekan. <

37) Agar, ushbu 2x2- 14x + ¢ = 0, tenglamaning bitta ildizi, ikkinchi
ildizidan 2,5 martta katta boisa, tenglamaning ikkinchi ildizi va ¢ parametr
topilsin.

» Tenglamani keltirilgan tenglama ko‘rinishida yozib, masala sharti
va Viet teoremasidan foydalanamiz.

x2-7x +—=0 boiib 1?

xl+x2=7

c
x1—x2 = — sistemada uchinchi tenglikni birinchi tenglikka

X, = —X,
1 2 2
go‘yamiz:

~x2+x2=7 dan x2 = 2 bu tenglamaning ikkinchi yechimi, endi

sistemaning uchinchi tenglikdan x = -2x ,2= 2— 2=5, bu berilgan

C
tenglamaning yana bitta yechimli boiib, xx-x2 =— dan parameter

topiladi. ¢ = 2xxmx, =2 m2 <5 =20.

38) K ning ganday giymatida x2+ kx+\ = Ova.x2+x + k=0
tenglamalar bitta umumiy hagiqgiy yechimga ega boiadi.

> Tenglamalaming umumiy yechimi x = a boisin. U holda

a2+a+k=0,vaa2+ ka+ 1=0boiib, birinchi tenglikdan ikkinchi
tenglikni ayirsak, *(1 - a) +a- 1=0,k® 1daa = 1boiadi.

a = 1 ni tenglamaga qo‘ysak ,1 + 1+ k=0yoki 1 +£+1=0)
tenglikdan k= - 2.

Demak k = - 2 da tenglamalar bir xil bitta hagiqiy x = 1yechimga ega
boiadi. Agar k = 1desak, tenglamalarx2+x+ 1=0 boiib, hagigiy yechim
mavjud emas, 4

39) Ushbuax - 20x + ¢ = 0, tenglama bitta 2 yechimga ega boisa, ¢
parametrlar topilsin.

fr
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» A+ tcoremasidan foydalanamiz, masala shartiga ko ‘raXj = x2= 2,

—20
holda--—é-—- =2 va £ 4 bu tengliklardan <=5 va c = 20 boiish kerak
a a

ekan.

40) K ning ganday giymatlarda 2x2+ (ax + I)(a —2) + (x—a - 1)—0

Tenglama ildizlari absolyut giymatlarida

2R+ (ax + )(a—2) +(x-a-)—0
tenglama ildizlari absolyut giymatlari bo‘yicha o‘zaro teng boiadi.

> 1-jadvaldan foydalanamiz \xf+| = \x2 j uchun ax2+ bx + ¢ = 0
tenglamada b = 0, ¢ < 0 boiishi kerak edi. Tenglamani soddalshtirib olsak
2x2+ (al-2a+ I)x- 3=0.

b=al- 2a+ 1, ¢=- 3boiib, b= 0boiadi a = 1boisa. Tenglama
ildizlari |x,+1= [x2"| boiadi agardaa = 1boisa. <

® Xvax2

2x2-5x+ 1=0

tenglamaning yechimlari boisa, nimaga teng.
X2

» Viet teoremasidan foydalanib yozamiz:
c

Birinchi tenglikning ikki tomonini kvadratga ko‘paytirib ikkinchi
tenglikdan foydalanamiz:

21

hisoblash mumkin

Javob: 10,5



11-MAVZU. KVADRAT TENGLAMAGA
© KELINADIGAN RATSIONAL
TENGLAMALAR HAQIDA

Kvadrat tenglamaga kelinadigan bir o‘zgaruvchili ratsional tenglama-
larning ba’zi bir ko‘rinishlari hagida:

1 Tenglamaning chap tomonini gavsli ko‘paytmalar, 0‘ng tomoni nol
bo‘lsa gavslar ochilmasdan har biri nolga tenglanadi, berilgan tenglama
yechimi, shu har qavsli ifodani nolga aylantiruvchi sonlar to‘plamidan
iborat boiadi.

© Tenglamalar yechimi topilsin.

1) (0,5x+ 3,5) ¢ (x- 7) ; (2x2+9) =0,

» Tenglamada har bir gavsni nolga tenglashtiramiz:

05x+35=0 x=—
x-7=0 dan* x=7
2x2+9=0 2x2+9=0
hagigiy yechim yo‘q, demak, berilgan tenglamaning yechimlari x, = - 7,
x2=1<
2) (3x+ 1) ¢(2- 5x)2mx =0,

3x+1-0
» Bu tenglamaga teng kuchli tenglamalar 2 —5x = 0 ko'rinishda
x=0
boiib, tenglama yechimlari xx=0, x2 = —1 vax3=0,4

2) Tenglamada qavsli go‘shiluvchilar boisa, gavslar ochiladi (kerak
boisa gisqa ko‘paytirish formulalaridan foydalaniladi), hamma ifodalar
bir tomonda yozilib, soddalashtirish bilan sodda kvadratik tenglamaga
kelinadi.

© Tenglama yechimi aniglansin.

1)(3x-1)(2x-2) = (4-x)2

» Tenglamaning chap tomonida gavs ochiladi, 0‘ng tomoniga gisqa
ko‘paytirish formulasini tadbiq gilamiz. 6x2- 2x - 6x + 2 = 16 - Sx + x2
ifodani nolga tenglashtirib yozib, soddalashtirsak berilgan tenglamaga

14
ekvivalent 5x2-14 =0 tenglama hosil boiib, yechimlari x12 = +. (

P02 K2 (x:3)2 S

3 6 2 6
» Tenglamaning ikki tomonini 6 ga ko ‘paytirib gavslar ochiladi.
2(16 —Sx + x2) + 2x - x2= 3(x2- 6x + 9) + 5, gqo‘shiluvchilami bir
tomonda yozib, soddalashtiriladi
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r 24w 132 3x2+ 18x- 32=0yoki - 2x2+ 4x = 0, berilgan tenglama
bn diala kvadrat tenglamaga kuchli boiib, yechimlari xt = 0 vax2= 2

XX+ 2Y- 3(2x2+ 1) = (x- 1)3<

» Qisga ko‘paytirish formulalaridan foydalanib, qavslar ochilib,
soddalashtiriladi.

X(X2+ 4x + 4) - 6x2- 3=x3- 3x2+ 3x- 1, yokix2+x- 2=0,

Bu teng kuchli tenglama ildizlari xt= - 2, x2= 1A

3. Tenglamada yangi o°‘zgaruvchi Kiritib, kanonik ko'rinishdagi kvad-
rat tenglamaga keltirish mumkin boigan hoi.

® Tenglama yechimi topilsin.

1) (x2- 8)2+4(x2- 8)- 5=0agarx2- 8=y desaky2+4y- 5=0

Kanonik ko‘rinishdagi kvadrat tenglamaga kelinadi, bu tenglama
yechimlari y1 = 1 va y2 = - 5. Bu yordamchi tenglama ildizlarini
almashtirishga qo‘yib, boshlangich tenglama yechimlari topiladi.

x2="+ 8danx2= 1+ 8.boiibx1g3,x2=-3, endiy=-5da x2=-5 +8,

boiib bundan x3=n/3,x4=-n/3 A

2 Beoieyay?

yt3+y
» Berilgan tenglamada y2 + y + 1 = z deb almashtirish bajarsak
15 - - .
tenglama----- é—z , ko‘rinishga kelinadi.r + 2¢ 0 deb tenglamani (z+ 2)
zZ+

ga ko‘paytirsak, z2+ 2z - 15 = 0, yordamchi tenglama ildizlari
Z =3, z2= - 5U holda bu sonlami almashtirishga qo ‘ysak,
1)y2+y+1 = 3, tenglama ildizlari>, =- 2, 2= 1
2}y2+y+ 1=~5day2+y +6=0 A =-23 hagigiy yechim mavjud
emas. Demak, berilgan tenglama yechimlariy:=- 2 vay2= 1M

3,f eH. bs
» Tenglamani shakl almashtirib yozib olamiz.

X --6—-—5=0,x ®\, x 0 deb — —=y almashtirish
X—1 X ~ X-1

bajarsak, tenglama 6y ------- 5=0, yoki 6y2- 5y - 6 = 0 ko‘rinishga
Yy
. . . 3 2
keladi. (y @ 0) da. Bu tenglama yechimlari yl = — va y2 = ~~ bu

sonlami almashtirishga go‘ysak

3
1 X = —dan 2x=3x- 3yokix=3
x-1 2



X _ 2 ) 2 )
2) - — dan 3x = - 2x + 2 yoki x = — bo‘lib, tenglama

yechimlari xx= 3,x2= 0,4

11.4. Agar tenglamada modulli go'shiluvchi boisa, u holda tenglama
yechimini topishda modul xossalari va modulli tenglama yechimini topish
usullarini ham hisobga olish kerak boiadi.

© Tenglama yechimi topilsin.

1)3Uf-5.v 2=0

» Modul xossasida W2\ = 12 = x2 edi, demak berilgan tenglamani
3x2+ 5x- 2=0 ko‘rinishdayozish mumkin, bu berilgan kvadrat tenglamaga

teng kuchli boiib, yechimlarix, =- 2, x2 =" teng.

2)\3x-x2+ 5 =- 4,

» Tenglama yechimga ega emas, sababi modulli ifoda manfiy boiishi
mumkin emas. 4

3) vo—6x + 5| = 12,

» Ifoda moduli manfiy boiishi mumkin emasligini hisobga olsak,
(chunki -x2+ 6x - 5 = 12, tenglamaning hagiqiy yechimi mavjud emas)
tenglama quyidagi tenglamaga teng kuchli boiadi. x2- 6x + 5= 12 yoki
X2- 6x- 7=0,

Tenglamaga kelinib tenglama yechimijc, = - 1vax2=7.

4) 6x-x2- 8=|x-4|,

»\x- 4| ifodax = 4 danol boiadi, tenglama yechimini topishda oraliq
metodidan foydalanamiz.

1 x<4dab6x-x2-8--(x-4)yokix2-7x + 12 =0buyordamchi
tenglama yechimlari x - 3 va x =-4, xft 4 ko‘rsatilgan oraliqga tegishli
emas.

2. x >4 da 6x —x2- 8 =x - 4 boiib, x2- 5x + 4 = 0 tenglama
yechimi x = 1, x = 4, bu yerda x = 1 ko'rsatilgan oraliada emas. Berilgan
tenglama yechimlarixr=3vax=4. 4

5) 4+ |x - x2= P2+ 2 - 3¥|

» Modul ichida nomaium o‘zgaruvchilar gatnashgan, tenglamani.

(- 0o, 0),(0; 1),(1; 2) va (2; + co) oraliglarda garaymiz:

1)x <0dax2- 3x+ 2 =-x-~X2+ 4 sababi (x2-3x + 2 = (X- 1)(x-2)

yokix2- x - 1= 0 bu tenglama yechimlari x = boiib x = —y—
bu oraligda emas.
2) 0<x< lda4 +x-x2=x2+2-3xyokix2-2x- 1=0boiibbu

tenglama yechimlari x - 1+ n/20 < x <1 oraligda emas.



3) 1<n<2da - (x2- 3x+2) =x-Xx 2+ 4yoki 3x- 2 =X+ 4 tenglama
yechimi x = 3 ko'rsatilgan oraligda emas.

4) x > 2 dax2- 3x + 2 =x- x2+ 4 boiib, bundan x2- 2x - 1=10
yordamchi tenglama yechimi x = 1+ n/2 bunda x = 1 —1/2 ko‘rsatilgan
oraligda yo‘qg. Shunday gilib berilgan tenglamaning yechimlari

1—n/5
R va x-
1 2
11.5. Tenglamada ildizli ifodalar boisa, ildizli go‘shiluvchilaming

mavjudligini hisobga olish kerak, bunda topilgan son ildizning mavjudlik
to‘plamida boiish kerak.

@ Tenglama yechimi topilsin.

1) 9x+4n/x-5 =0,

» Tenglama mavjudlik sohasi (0 + o) tenglamada Vx boiganligi

uchun. Tenglamada n/x =y , almashtirish bajarsak tenglama
9f +4y - 5=0,
Ko'rinishdagi kvadrat tenglamaga kelinadi, bu tenglamaning ildizlari

5
W= 1lvay2=~
Endi Vx = v dan, berilgan tenglama yechimi topiladi.
1 n/x = -1, yechimi mavjud emas.
2) Vx = 5—dan X = % yechimni hosil gilamiz. <
3) 3x-10n/x+1+6=0"

» Bu tenglamada x + 1> 0 ni talab qgilib, shakl almashtirib yozsak

3(x+1)—10n/x+1+3=0 n/x+1 =y almashtirish yordamida
3 2- 10y + 3=0, kvadrat tenglamaga kelinadi, bu tenglama ildizlariy I = 3

1
va ys = —boiib, almashtirishdan:
2. 3
1) Vx+1=3 danx+ 1=9yokix, =8

----- 1 1
2) n}5(+ 1=—dan x+1=—yoki x2 = - 8—'[englama yechimlari 8



» Tenglamada x2- 2 > 0 ni talab qilib, tenglamani
X" -2-5Vx2—2+6 =0, ko‘rinishda yozish mumkin. Agar

Vx2-2 =j desak, tenglama kanonik ko‘rinishdagi kvadrat tenglamaga
kelinadi.

y2 - 5y + 6 = 0 bu tenglama ildizlari yt = 2 va 2 = 3 boiib,
almashtirishdan:

D n/x" -2 =2 ,danx2- 2 =4 yoki x = £1/6

2) Vx2-2 =3, dan x2- 2 = 9 yoki x = #4TT boiib, berilgan
tenglama yechimlari x = +n[6 va x = xn/I .

11.6. Ifoda algebraik ratsional kasrlar tengligi ko‘rinishda berilgan
boisa, noma’lum qatnashgan mahraj nol boiganligini talab qilib,

proporsiyaning xossasidan foydalanishi mumkin.
® Tenglamalar yechilsin.

x-4 4 -x
» Oldinx - 4 ®0 yoki x # 4 deb, tenglamaning ikki tomonini (x- 4)
ga ko‘paytiramiz.
3X2- 14x=- 8--Ox2- 14x+8=0

S 2 .
bu tenglama ildizlari x, = 4 va x2 = — berilgan tenglama uchun x = 4

2
chet ildiz boiib, tenglama yechimi x2 = —boiadi. <

l-ax b—x an

> Oldin 1-ax$0,b-x¢ 0 yokixdpb, deb, proporsiya xossasidan

foydalanamiz
(a- x)(b-x) —(1 ~ax)(1- AY),

Qavsni ochib soddalashtiramiz.

ab - bx- ax +x2=1- ax- bx + abx2dan (1 - ab) x2= 1- ab, agar
ab @ 1boisa, x2= 1yokix =+ 1, agar ab = 1boisa, x2= 1yokix =% 1,
agar ab = 1 boisa xe R. Demak, parametrli tenglamaning yechimlari
abg Idaxt= 1,x2=- I;ab= | Aaxdb dan boshqgabarcha hagigat sonlar.

~ 3-7x _1,5-3,5x2
4+ 2x X+2



» tenglama yechimini aniglashdax + 20 deb <

Tenglamaning ikki tomonini 2(x + 2) ga ko‘paytiramiz 3 - Ix =
=2(1,5 - 3,512 soddalashtirsak, I1x1- 1x = 0bo‘libx, = 0boiib, x, =0 va
x2= 1yechimlarni olamiz:

> xth2 deb, tenglamani (x-2) gako'paytiramiz: b2- 1|-x(x-2) =
Noma’lum modul ichida gatnashganligi uchun, tenglamani (- oo; - 1),
(- L) va(l; + 40 oraligda garaymiz:

1)x<-1dax2- 1-x2+2x=0boiib x =" bu oraliqgda emas,
2)- 1<x<1lda - (x2- 1)- x2+2x = 0yoki- 2x2+ 2x + 1=0, bu
. . 1+£73 . 1+ V3 .
tenglama yechimlari x = —-— boiib, bunda x = —-— ko‘rsatilgan
oraligda emas.
1
4) x> 1ldax2- 1- x2+ 2x=0boiib, yana x = — hosil boiadi,

bu ko‘rsatilgan (1 + oo) oraligda emas. Natijada berilgan tenglama yechimi

11.7. Tenglama ratsional algebraik kasrlaming algebrik yigindi
ko‘rinishida berilgan boisa, nomaium gatnashgan mahrajlaming nol
boimasligini hisobga olib, ratsional kasrlar ustida amallar bajarib (bu [3])
da toia ko‘rsatma berilgan), keyin soddalashtirish natijasida tenglamani
normal ko‘rinishga keltirish mumkin.

® Tenglama yechilsin

p A 3B/

x—a1 X 1Ix-X
» Ratsional kasr tenglama yechimi topishdax-1120, x~O deb
tenglamani nolga tenglab, tenglamadagi kasrlar uchun eng kichik umu-
miy boiinuvchi x(x - 11) ga tenglamaning ikki tomonini ko'paytirib
soddalashtiramiz x(4 - x) + 33 + 3(x- 11) = 0, dan 7x - x2= 0 yordamchi
tenglama yechimi x = 0 vax = 7. Bunda x = 0 berilgan tenglama uchun chet
ildiz, tenglama yechimi x = 7 boiadi. A

24)6 lr27 12x ’

I-2x  2x +7x-4 x+4
» Viet teoremasiga asosan (2x2+ 7x - 4) uch hadni (X + 4)(2x - 1)
ko‘rinishda yozish mumkin, endi (2x2+ 7x - 4) = (x + 4)(2x - 1) @0,



Tenglamalar

yanixdg-4ya.xg " deb, ten

glamaning ikki tomonini (x + 4)(2x - 1) ga ko‘paytiramiz.
- 6(x +4) +27 +2x(2x- 1)+ (x+4)(2x- 1)=0
gavslami ochib soddalashtirsak 6x2- x - 1= 0 hosil boiadi. Bu tenglama

yechimlari x\-—~21 va X2 - —31 Bunda x = ZL berilgan tenglamaga

yechim emas, tenglama yechimi x ~ <

2x + 2 X2+2x +4 X2-2x+4
3) T+~5 t t— 5
4 —x X +2x +4x+8 X —2x +4x—8
» Tenglamada mahrajdagi ifodalami ko'paytma ko‘rinishda yozib
olamiz.

4-x2=(2-X)(2+x)x3+2x2+ 4x+ 8=x2(x+ 2) +
+4(x +2) = (X2+ 4)(x + 2),
X' - 2X2+4x =8 =j2(x- 2) +4(x - 2) = (x2+ 4)(x - 2),

2x + 2 X2+2x + 4 X2- 4x +4
tenglama (2-x)(2 +x) +|x2+4j(x+2) +(x2+4)(x-2)

ko‘rinishida boiib, kasr ratsional ifodada eng kichik umumiy boiinuvchi
(x2+ 4){x + 2)(x - 2), endix ®2,x ® m2 deb tenglamani (x2+ 4)(x + 2)
(x- 2) gako‘paytiramiz - (x2+ 4)(2x + 4) + (x- 2) (X2+2x +4) + (X + 2)
(x2- 2x + 4) = 0 gavslami ochib soddalashtiramiz - 2x2-8 x -8 =0 yoki
X2+ 4x + 4 = 0 Bu tenglama Karrali xt = x2=- 2 yechimga ega. Lekin

X = - 2 berilgan tenglamaga yechim emas, demak berilgan tenglama
yechimga ega emas, ya’nixe ¢ <
5 3x 1
4) — ~mmemeeeee Lo, H— - r —0

4x +4x +4 1-Xx 2(1_n)

» Bu ifodada eng kichik umumiy boiinuvchi 4(1 - x 3), sababi gisqa
ko'paytirish formulasida a3- br = (a - b)(a2+ ab + b2 edi. X ® 1 deb
tenglamaning (1 - x 3 ga ko ‘paytiramiz

5(1-x) +3-4-x+2(x2+x+ 1) =0,
gavslami ochib soddalashtirsak 2x2+ 9x + 7 = 0 Bu tenglama berilgan
tenglamaga teng kuchli boiib, yechimlari
X=-1x2=-35 4

5 ) T +2=0,
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> Parametrli tenglama yechimni topishda x ¢ b va x ® a de
tenglamani (x- b)(x - a) ga ko'paytiramiz
(X- a)2+ (x- b)2+ 2(x - b)(x- a) =0,
Qavslami ochib, soddalashtirsak 4x2- (4a + 4b)x + (a + b)2=10

a+b
Bu tenlama karrali yechimga ega xI —x2 -

a+b
Demak, agar ap b boisa berilgan tenglamaning yechimi x = ...

boiadi. Agar a = -b boisa tenglama yechimi mavjud emas. <
Q 9-, 10-, 11-MAVZULAR MASHQLARI
2;- 0,5; 0,(3) va 1— sonlardan gaysilari quyidagi tenglamaning ildizi:
6
103.1) 212- 5x+2=0,2) 22+ 3x- 2=0,

3)6x2+ x -\ =0,4) 12x2-20x +7=0,5)2" +8 =0.

04.1:210,3]*- 05 (i--2 .=

/
)9A'2' ex+ |1 0,:-) 05x 0,5xu ]>:01
\Y

3) 8+2x2=0, 4)x2- 2x+5=0, 5) 3x2- 2x- 1=0.

105. b xaqigiy sonning ganday giymatlarida quyidagi tenglamalar
a) kvadrat tenglama b) chizigli tenglama boiadi:
1)(2b2-3b-2)x2+ (b2+ 5b+ 4)x+5 =0,



106. lldizlari ~2~n/3| va n/5 boigan ratsional koeffisentli chala

kvadrat tenglama mavjudmi?

07. lidizlar (nc4boim agarj)p 0 °zaro teng bo Igaii;
.) ildizlsiri 2 va g bo‘lgar chfilak vadrat teng ami mavju<imi.

08. lldizlarj 3y 3va (2 ); 2 (1“0 va (3420 bo Igail ratsiona
koefiseritli toia kvadrat tenglaria nlavjudnii.
(Jays=i tenglamaiar 1 ratsionaliidizgaej;a;2) irratsianal ildizga ega;
)K ompleks ildizga ega

09. 1)n2-iix +9=0,2)7x2- 5x- 2=0,3)2x2-Ox+ 13 =0.
10. 1) 9x2- 30n +25=0,2) 2x- 3x2+ 18 =0, 3)3x2+ 120 + 11=0
"eng kws;hli tenglamalarni ko‘rsatin?: (flagiqiy son] arte)‘plrimk a)

11.1)0,5x2-2 =0 vazm x2,2)x2-X =20va (x- 4)(x-5)= 3

1
4
) (X +5Kx-5) =0va (5-1Q(x +5 f o)

|

4)(x -3 )(x--2) =0 va [x- 21 (x-3) =0

(x=2)
12. 1)(-K— 1)(c+ 0)-H10=0va !X+ 4)(n-5)= 80,
)(X -3 3= 2x(>2+ 1) va b + (2k+ 02=X(X2+ 3),

)21T D2=4x-3 va @ Lx2-x(n + & = - 2@
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('liala kvadrat tenglama ildizlari topilsin:
113. 1) 0,5(8x2) = 0, 2) (- 2x)2=- 16,

3) [- 0,2)X]2= 4, 4) 0,5x2-2x =0,

5 PX2*9 AX2-9 3 6y (x +2)3+ 19= (x+ 3)3

K NN N S —
114. 1) 6- 0,1(6) x2= 0, 2) [1,(3)x]2= 0,(1),

3)- 2x2- 8=0,4) 2x2+ 4x = - 3(x2- 6X),

5) 3(x2- 11) + 2(74 - 2x2) = 240,

6) (je- 3)3+ 2x(5x + 1) =x3- (2v 1)2 26.

To‘la kvadrat tenglama yechimlari topilsin:
115. 1) 5x2+ Ix + 2=0. 2) 8x2- 16x+9=0,

3)3x2-8x + 4=0,4) (3t- 1)(2x- 2) = (x- 4)2,

5) (3x- 1)2+(2x- 2) = (X- 4)2 6) X2- 4n/2x + 4 = 0.

116. 1)9x2+ 24+ 16=0, 2) x2- 0,1(6)x- 85 =0,

3) 41x2- HOx+8n/2 =0, 4) (x- 3)2- (x- 4)2- (x- 5)2=x +24,



5) (3x- 4)2- (5x+ 2)(2x + 8) = 0, 6) 0,6x2+ 0,8x - 7,8=Q

Xarfli koeffisentli tenglama yechilsin:

117. ) ax2- (a+ hx+1=0,2) H — = iiH—
a X

3) x2- 2(a + b)x +4ab =0.

118. 1) x2- 2ax + a2—b2= 0,

2) abx2- (a2+ b2)x+ab =0, 3) (x- a)2+ (b- X)2= (a- b)2

Tenglamaning kompleks ildizlari topilsin:
119. 1) 0,5x2+ 4 =0, 2) X2+ 3x+5=0, 3) x2- (2+i)x+3+i=0.

120. 1)x2-4x + 6 =0, 2) 4x2- 4x+5=0,

3)x2-6x+ 11=0, 47) x-- (2 + 3i)x + Ir—2 = 0.

Tenglamani eng qulay usulda yeching:
121. I)x2-8x+ 16=0, 2) 4x2+ 12x+ 9 =0,

3) 8x2+ 15x - 23 =0,4) 10x2+ 53x + 43 =0,

5)x2- 32x + 260 = 0, 6) x2- 281x + 280 = 0.

122. 1) 0,25x2- 3x+9=0, 2) 0,5x2- 14x +98 =0,
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)31+ 9x- 14=0,4)1 Ix2+ h\x—25 =0,
9ox 2+ 43x + 3Y = (), 6) 39(2—39 x+ 1= 0.
|
Quyidagi tenglamalami yechmay, tenglama ildizlar yig‘indisi va ko*-

paytmasini toping:
123. 1)5x2+12x + 7=0,2)3x2+12x + 11 =0, 3)0,(6)x2+2x- 1=0.

124. 1)4x2- 112x+55=0,

2) 73x2-12x-7n/3=0,3)9x2-30x +25=0.

Kvadrat uchxadni chizigli ko ‘paytuvchilarga ajrating:
125. 1) Ix - x1- 12, 2) x2- 84x + 41, 3) 6x2+ 5x- 6.

126. 1) 9x - 10- 2x2 2) x1+ (a + 4)x- (2a2+ a - 3),

3) x2- 6x + 11, 4) x2- 8x+ 11.

Berilgan tenglamani yechmay, tenglama koeffisentlari yordamida
uning ildizlari ishorasi ganday boiishini aniglang:
127. 1) 2- 20x2- 3x=0, 2) 2x2- 13x+ 12=0,

3)x - 5x2- 7=0,4) 05x2- X- 4= 0,

128. 1) 15x2+ x - 10=0,2) 5x2- X - 10=0,

3) 4R+ 18x+ 12=0, 4) 0,3x2- 0,5x +1=0.



Tenglamalar

Modul gatnashgan kvadrat tenglama yechimi topilsin:
129. 1)2x2-3\x =x,2) 3x2-7X + 4\ = 3x2-7X + 4,

3)\3x2-7x +B\=7x-6-3x2
130. I)x2- R =x *\x- 112)\2-x —x2 =2-Xx-X2
3) \3x2- 7x + 6] = 3x2- 7x+ 6, 4) x2- 6x + \x- 4 +8=0.
Berilgan ildizlarga asosan ratsional koeffisentli kvadrat tenglamani

lu/ing:

131. 1) > va(- 05),2) (- 0,3)va3, 3)(- 1+3/), 4)2- 2i.

132.1) - - va(- 0,8(3)), 2) (a+b)va(a- b),

3)(3-i), 4) 2+>/2i . ,,

Berilgan ildizlarga ko‘ra kvadarat tenglamani tuzing:
133. D4va(-1,2)-2val-i 3)2 F3/val 3.

134. 1)2va 1-—/3 ,2) n/2 va nl6,3) 2iva2- 4i

a ning ganday giymatlarida quyidagi ifodalar o‘zaro teng boiadi.
135. 1) a2+ 6va 3a2-a; 2)2a2- lvaa2- 3

136. 1) 3a 2- ava2a2- 4a+4;2)a2+a- 3vab(a- 2)




il iiiiliiinillliii (1V gism)

ttf.a ganday boiganda 3x2+ (a 2+4a - 5)x- 4a = Otenglama ildizlar
yig'indisi nol bo‘ladi.

138. a ganday boiganda 0,5x 2+ (3a + I)x + a 2- la + 12=0tenglama
ildizlar ko‘paytmasi nol boiadi.

139. a ganday boiganda x2- a2x + 3a = 0 tenglamax, vaxt ildizlarda
X, + X2+ X *x2ifoda eng kichik giymatni gabul giladi

140. a ning ganday giymatlarida x2- 4ax - a2+ 4a = 0, tenglama
ildizlar ko‘paytmasi eng katta giymatni gabul giladi.

141 ax2 + bx + 4 = 0, tenglama koeffisentlari ganday boiganda
tenglama ildizlari (- 2) va (- 0,25) ga teng boiadi.

142. ax 2+ 6x + ¢ = 0, tenglama koeffisentlari ganday boiganda
tenglama ildizlari 3 va (- 4) gateng boiadi.

143. Kasrlami gisqartiring:
3x2+16x-12 2x2-12x+20
b 10-13x-3x272) 2/(1-3/)

2X2+9x-5 , X2+ 2X+5
144. 1) m 2 B
4x -1 (2+zji
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Tenglamalar

Ratsional kasr tenglamalaming yechimi topilsin.
2xz  6-7X X+2 X(x-4) x-2 4(l+x)
DD

X -2 2 -X AX -2 X2 -4 X+ 2 4—x2

JO__ X
-4x-5 x+1

146. 1 X+ 3 2x+3
D Xx+4 2x2+1x-4 \-2x

|+ 2x 2x-1

6x2 —3x 14x2+7x 12023

x+1 1 X-2
4) x3-3x2+x-3 +x4-1 x3-3x2x+3

Tenglama ildizlar yig‘indisi topilsin:
147. 1) (x+ 35)(X- 7)(x2+9) =0, 2) (4-x2)(3x- 1)(2+x) =0.

148. 1) (x2- 1)(x - 0,(6) )(L,(3) +X) = 0,

2) (0,5x2- 2)(x + 1)(3 - 2x) = 0.



\ 410l o'/guruvchi kiritib, kanonik ko‘rinishga keltirib tenglama ildiz-
Lii yig'nulisini toping:
49. 1y 425 ( —-4)+6=0,2) X24 2xR-:>x2+ 2x). 3=0

1
)2(X2+ IX 4-1)2- (X + 1)2=1,-4)2 24- 7 +— 9.
( =

150. 1) 2(x2+ 4x)2+ 17(x2+ 4x) + 36 = 0,

2) (x2-4x + 4)2+ 2(x- 2)2= 3,

3) (x2- 5x+1f 11 (X—=2)(x- 3),4) x1+3x="' ma ; — .
X +3X-

151. 0,(3) x2- x - 0,(4) = 0,1 tenglama ildizlariga garama-gars
ishorali ildizlarga ega boigan tenglama topilsin.

152.x2+ 2,5x- 15=0,1 tenglama ildizlariga teskari va teskari ishorali
giymat ildizlariga ega boigan tenglamani yozing.

153. Bitta ( - 3) yechimga ega boigan x2+ ax + ¢ = 0,1 tenglan
koeffisentlar yig‘indisi topilsin.

154. Agar [0,1(6)x- 0,(3)] *(0,3- 1,5x) = 0 boisa [0,I(6)x - 0,(3
ifoda ganday giymatlami gabul giladi.

155. a ning ganday giymatlarida ax2- lax + a2= 9, tenglama (- 3;
oraligda har xil ildizlarga ega boiadi.



156. b ganday bo‘lganda 2x2+ 9x + b = 0 tenglama ildizlarida
lic [>x+ boiadi.

157. b ganday boiganda 4x2+ bx + 1= 0 tenglama karrali musbat
ildi/ga ega boiadi.

158. a va b ganday boiganda n/2 -ax2 -3>bx-2\[2 = 0 tenglama
ildi/lari turlicha boiadi.

159. 2bx - 0,5x + a(2b + 0,5a) = 0 tenglama ildizlar ayirmasi nimaga
long.

160. 0,2n/3x2 —n/12x + 0, (3) - Oxtenglama ildizlaming o‘rta arif-
metik giymati nimaga teng.



Elementar matematika (7V gism)

12-MAVZU. YUQORI TARTIBLI BIR
(D NOMA’LUMLI TENGLAMALAR

Tenglamada gatnashgan noma’him o‘zgaruvchining eng katta daraja-
si tenglama tartibini beradL Tenglama ildizlari va ildizlar soni teng-
lama tartibiga bogiik. Biz yuqori tartibli tenglamani ba’zi xususiy
ko'mishlaridan boshlab ko‘rib chigamiz.

12.1. Agarax*+b =0, (1) (nsN)

tenglamada (a ®0,b ®0) bo‘lsa, (1) tenglamaga ikki hadli tenglama
deyiladi.

(1) Xaqiqiy koeffitsentli tenglama boisa, bu tenglama

x"+2=0 ga teng kuchli tenglamaboiadi. x = Y almashtirish
a

bajarsak (n arifmetik ildiz), tenglama b yn+—=0 ko‘rinishga
a a a

keladi, bunda:

1) bl> 0 boisa, u holdatenglama/' + 1= 0 ko‘rinishga kelinadi
a

b . b™ .
< 0 boisa tenglamayn- 1=0, ko‘mishga
* K 1 a
kelinadi.
Xususiy hollar:
n=2da

1) y2+ 1=0 yeehimiy =+ i,
2) y2- 1=0yechimiesaj=%1
n=3da
Digf s -
Qisga ko‘paytirish formula3|dan foydalansak >+ 1)(y2-y + 1)=0bu
tenglamay + 1=0vay*-y + 1=0
Teng kuchli ikkita tenglamaga ajralib yechimlari:

yr-u yra =0,5(1£n/3r).
2) y3- 1=0, tenglamay -1=0vay2+y+ =0 tenglamalarga

ekvivalent boiib, yechimlari y =1, ¥23 = 0,5(— + n/3i) .

n=4da

1) y4+ 1=0 tenglamani (y1+ 1)2- 2y2= 0 deb yozish mumkin,
tenglamani gisga ko'paytirish formulasiga asosan:

(y2+ nfly + —Jly +1j=0
yozish mumkinligidan tenglama yechimlari:
N.2=r°>5(-"2 +yflij va ¥34=°>5(n/2 £ J lij.
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Y 'y - 1=0tenglamani (y2- 1) (y2+ 1)2= 0 deb yozish mumkin,
Ini ii'iif,Inina yechimlari: y12=+ 1y - =+ i.
I dliyoriy n da (1) tenglama ildizlarini aniglashda kompleks sonlarda
I;ii ganday A sonni A = A(cosp + isin”*o) Ico‘mishida yozish mumkin.
Xususiy xolda A eii vaA> 0boisa
A A(cosO + isinO),
A<RvaA< Oboisa
A |Al(cos?r + isin;r), deb yozish mumkin.
X'+ B=0,(neiv,Be R);
Ikki hadli tenglama ildizlari

, ,{I‘II/I 0+ 2KA .. 0+ 2Kn
/4! =\I\B1l cOS---------- +1isin ) (2) (k=0,n-1)
I'ormuladan topiladi.
Tenglama yechimlari topilsin.
)  3x6- 192=0
» Tenglamani x6= 64 ko‘mishda yozib olish mumkin, tenglama ye-
i liimlari (2) formulaga asosan:
0+2kk . . 0+2kn\

x,, = n/|64| cos -+ |'sin J (*=0,5)
6 6

k=0da x1=y/64 (cos0+/sin0) = 2,

k= 1lda x, =2 cos—+zsin— =2 iHrIJE
v2 2m

k=2dax, = 2r0052—;| fisin— ;M)

3 3) y2 2y
k=3 dax =2(cos7r+ isinTr) =- 2,

. . i

k=4 da X, =2 cos AL g sin L

3 3 2 27

k:95\lga Xt =ri]fcos§-j—1-- hi'si'ngu-I =2 1V
N3 4 H H J

2) x5+243=0

» Tenglama ildizlarini topish, (- 243) dan beshinchi ildiz chigarish

X - V-243 buan teng bu tenglama ildizlari (2) formulaga
asosan hisoblashda,

-243 =|243|(cosl80° +i «n180°) deb yozish mumkinligidan
foydalanamiz.



c/rrrrrl” 180°+ 2kn . . 180+ 2A-1/1

v(n 712431 cos-—--- J-—---- +1lsm ------- 5---mm- 1A=0,1234
£=0da

180° 180° "
x1= 3&005—— Hi sin 1= 3(cos 36° + i sirih6°),
k= 1da

& 540° = 540°" .

X2 = 31c0s—— hi sin——J= 3(—€0s72° +i sin!2°),
k=2da

900° ~ ~ 900° o
x3 = 31cos---é--+ i sm---—s---I: 3(cos 180° +i sin\80°) = -3,
/t=3da
x4 = 3/7cos +isin J = 3(c0s252° +isin252°) =

=- 3(cos72° +isin72°), -
k=4da T | Kb \ L, Lt

x5 =

37cos-~MN +i sin j =3(c0s325°+isin325°) =

= 3(c0s35° + i sin35°) M

3)

x3-i=0

» (2) formuladan foydalanish uchun i sonni

= c0s90° + isin90° trigonometrik ko‘mishda yozib olsak, u holc

tenglama ildizlari

90°+2kn . . 90°+2knn

xk+l = icosﬂ- ------------ + 1 §M =mmmm = omen j, k=0,1,2 formuladan

topiladi.

/c=0da Aq = glcoss-)Q(i +i sin%ciljI = O,5(n[3 +/),

o 4 on

4
k=1da x2 = fcos——fi sin—y —1= O,5(-Vr3 +1i),

k=2da
( 810° . 810°N o .
X, = COS-------- hi sin------ I=cos270°n +isin210° =-i 4

4)

x4-1+2'V3=0



» Tenglamani x | =1 —/n/3 ko‘rinishda yozib, 0zod hadni trigono-
metrik ko'mishda

1-r'Ts=2, , ) cosﬂ]ﬂsms—n
{2 2 ) = 2k 3 3 3
yozib olsak, tenglama yechimlari
4rf 300°+060° . . 300°+*36l_ |,
x*+1 =V 2Ilcos +1isin , £=0,123
k=0da
X =nr27cosN-+/ = n/2 (cos 75° +/ s/w75°),
k= 1da
X ~fcos6”M0 +/ = n/2 (c0s 165° + zsin\65°) =
=n/2 (-cos15°+iw 15°),
k=2da
_4/r,f 1026° . . 10200N  4T-,
C0S-- —"+T sz«—-— 1= fiI2 (cos255° + ['s/«255°) =
=$2 (- cos45°- isin4d5°) = #2
12
/t=3da
4/rf 1380° 4 1380°~  ai—f
x4 = n/21cos—-— +rsin—-— I= n/2(cos 345° +1isin345°) =

=% /2(cosl5°-/««15°) -4

12.2. Algebraik
axtn+bx?+c=0, (3) (ne N)

tenglamada (n > 2) a ®0, b PO va ¢ PO bo‘lsa, bu tenglama uch hadli
tenglama deyiladi.

n = 2 dagi uch hadli tenglamaga

ax4+bx2+c=0, (4)
bikvadrat tenglama deyiladi
x2=y, (5)

almashtirishda (4) tenglama7 ga nisbatan kvadrat tenglamaga kelinadi

ay2+ by + ¢ = 0 bu tenglama yechimlari
—bi'Jb2—4ac

2= T bo‘lib, (5) almashtirishga qo‘yib,
a



(4) tenglama yechimlari aniglanadi:

Agar xp x2 x3 x4bikvadrat tenglama yechimlari boisa,
C
— HEE 3 [ [ o —
x1+x; +x3+x,4— 0, xi "*2 'x3'x4 3
(ax4+ bx2 + c) uch xadni ex4+ bx2+ ¢ = a(x - X, )(X- X2)(X - x3) ¢
m(x - x4), ko'rinishda yozish mumkin.
© Tenglama yechimlari topilsin.
1) x4- 5x2- 36=0
» Bikvadrat tenglamada x2=y desaky1- 5 —36 =0,
tenglamaga kelinadi, bu tenglama yechimlariy 1 = —4 vay2= 9. U holda
berilgan tenglama yechimlari (6)ga asosan:

x12 =Isl/—4 =+2r; 4=4pn/9 =43 "

2) 4MA- 5x2- 6 = 0 tenglamaning a) ratsional yechimlari; b) irrat-
sional yechimlari; c) mavhumyechimlari; d) kompleks yechimlari topilsin.

» x2=y almashtirishda tenglama 4y2- 5> 6 = 0 tenglamaga ke-

3
linadi, bu tenglama yechimlariyt=2, ¥2 u holda (2) formuladan

v1p A2 = £0,5n/3i

Demak tenglamaning:
a) ratsional yechimlari mavjud emas;

b) irratsional yechimlari x{ = , X2 =-n/2 ;

¢) mavhum yechimlari x3 = 0,5n/3/. x4 = -Q,5*j3i;

d) kompleks yechimlari mavjud emas. 4

3)  (x4- 3x2- 4) uchhadni chizigli ko‘paytuvchiga ajrating.

» Uchhadni tenglama ko‘mishda yozib, ildizlarini topamiz.

x4- 3x2- 4=0dax2=y desak,y2- 3y- 4 = 0tenglama ildizlariy|= 4,
y2=- 1,u holda (2) formuladan berilgan tenglama yechimlari

*12-=+n/4 =+2 ,x34=+ r, boiib berilgan uch had x4- 3x2- 4 =
= (X- 2)(x+2)(x- i)(x + i) ko‘rnishdagi ko*paytuvchilarga ajraladi.«<

Uch hadlitenglamadax™ =y desak tenglamaay2+ by+ ¢ = Otenglamaga
kelinib > vay 2 yechimi topiladi, va (3) ikkita x" =y tvax” =y7ikki hadli
tenglamaga kelinadi, bu tenglamalar yechimi bilan (3) tenglamaning
barcha 2n yechimi aniglanadi.



Masalan: x8- 82X4+ 81=0 tenglamada x4 =y desaky ga nisbatan
Kvadrat tenglamagay2- 82y + 81=0 kelinadi, bu tenglama yechimlari
r( 8l vay2= 1, u holda almashtirishdan:

1) x4=1ldanxl1== 1yoki

xr=1daXj=1,x2=- |,x2=- ldax3=i,x4=-i. Shukabi

2) x*= 8l danx2= % 9 yoki

x1=9dax5= 3, x6=- 3,x2=- 9dax7=3i,x8=- 3.

Berilgan tenglama yechimlari X = 1, x2=- 1, X = f, x4=- i,x5= 3,
i :-3,x7=3i,xs=-3r.

12.3. Ushbu (x + a)4+ (x + Z4=c (7)

(a+M
tenglama x =y - -mm (8)
nlmashtirish yordamida bikvadrat tenglamaga kelinadi.

Masalan:

(4 +6)
(x + 4)4+ (x + 6)4= 82 tenglamada x =y  --—-y~$ al-

mashtirish bajarsak tenglama (y - 1)4+ (y + 1)4= 82 ko‘rinishga keladi,
gavslami ochib soddalashtirsak, y4- /ly3+ 6y2-4y + 1+y4+ dy* + 6y2+
+4y + 1= 82 yokiy4+ 6y2- 40 =0,

(2) formulaga asosan yechimlari

-6+14 ” 1-6-14 r-r
Y12 e S 423>Y34 = 4y =401,

u holda berilgan tenglama yechimlari (x =y - 5 dan)

X,=2-5=-3x2= 2-5=-17,

x3=710i-5 =-5+M , x4 =-5-—/TOr.

12.4. (x +a)(x + b)(x + c)(x + d) = ktenglamada a + b = ¢ + d (yoki
a+c=b+d, shukabia+d=b+c), tengliklar bajarilsa, bu tenglamani
kvadrat tenglamaga keltirish mumkin, buni misolda ko‘rib chigamiz.

Masalan:

x- D(x+2)(x- 3)(x- 6) = 16,

> Bu tenglamada-1-3 = -4, 2- 6 =- 4 shart bajariladi. U holda

[(x- D(x- 3) ][(x+ 2)(x - 6) ]= 16 tenglamada gavslami ochib
soddalashtirsak, (x2- 4x + 3)(x2- 4x- 12) = 16 endi x2- 4x + 3 =y desak,
y(y - 15) = 16 yokiy2- 15>-16 =0, ildizlariyt = 16,y2=- 1bo‘lib,
(x2- 4x + 3) =y almashtirishdan

1)x2- 4x + 3= 16 yokix2- 4x- 13 =0ildizlari x12 =2+ n/l'7 ;

2) X2- 4x+ 3=- lyokix2- 4x+ 4 = 0 ildizlari x3=x4=2

Natijada berilgan tenglama yechimlari xI =2 + V17 , x2 =2 —s/17,
X3=x4=2
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12.5. Uchinchi tartibli (to‘rt hadli) tenglama
ax3+bx2+cx+d =0, (9) (a ®0)

yechimini topishni xususiy holdan boshlaymiz.

12.5.1. d =0 da tenglama kvadrat tenglamaga kelinadi.

0 = ax3+ bx2+ cx = x(ax2+ bx + ¢) yoki ¢ = d = 0 da esa 0 = ax:
+ bx2=x2(ax + b) ko'mishidagi tenglamaga kelinadi.

12.5.2. Tenglama berilishiga garab gisga ko‘paytirish formulalaridan
foydalanish mumkin:

(+) Tenglama yechimi topilsin.

1) 8x3- 12x2+6x- 9=0

» Tenglamani 0 = (8x3- 12x2+6x - 1)-8 =(2x- 1)3-8 yoki (I1x- 1)3=

= 8 deb yozish mumkin , bundan 2x -\ —y/S boiib, tenglama yechimi
x=15gateng. A

2) x}- 5x2+10x-8 =0

» Tenglamani (x3- 8) - 5x(x - 2) = 0 deb yozsak, gisga ko'paytirish
formulasi yordamida ifodani ko'paytma ko'rinishga Keltirib olish mumkin
(X- 2)(x2+ 2x + 4) - 5x(x- 2) = 0 yoki (X- 2)(x2- 3x+ 4) =0 bu berilgan
tenglamaga teng kuchli bo’lib, yechimlari x, = 2, x2=4,x}=- 1 A

Umumiy holda (9) tenglama yechimlarini aniglash (12.8) punktdagi
usulga asosan topiladi.

12.6. To'rtinchi tartibli tenglama.
Butun algebraik to‘rtinchi tartibli
axi + bx3+ cx2+dx +e=0, (10)
(a @0)tenglamada a = e,b = d boisa, ya’ni
ax* + bx3+ cx2+ bx+e =0, (11)
bu tenglamaga (gaytma) simmetrik tenglama deyiladi. Bu tenglama

yechimni topishda tenglamani x2 ®0 ga boiib, x + —=y , almashtirish
X

bajarsak, tenglama y ga nisbatan kvadrat tenglamaga kelinadi. (11)
tenglama yechimi

(%)

x1,2.3,4 _

-b+\Ib2- 4ac +8a2
Buyerda t = )
a

Agar £, X2 x3va x4 (10) tenglama yechimlari boisa, bu ifodani ax4 +
+ bx3+ cx2+ dx + e = a(x - xx)(X- X, )(X- X3)(X - x 4) ko‘rinishda yozish
mumkin.

© Tenglama yechimi topilsin

X4+ 5x3+ 2x2+ 5x + 1= 0,



Tenglamalar
> Bu to'rtinchi tartibli gaytma tenglama, tenglamani x2F® 0 ga

boiamiz ™2+ —4+5"x+— +2=0, x-\— =y almashtirish

hajarmiz fx+ 212 2 y 2 dan x2ki-H-y?-° boiadi, almashtirishni
AVARR'¢ X
tenglamaga qo'ysaky2- 2 + 5y + 2 = 0,boiib tenglama yechimiyl = 1,

A=_§

Ax + —=y j almashtirishdan berilgan tenglama yechimi topiladi

1 xH— =0,x2+ 1=0,danx., —t i
X

[ ' -5 +n/21
5, x2+ 5x+ 1=0, dan x34 —-——— ————
il 2
Berilgan tenglamaning yechimni birdan (12) formula ydrdamida yo-

/.ish ham mumkin
-4ae +8a2 -5+xn/25-4 1-2+.8-1 5%5
2a " 2-1 Z m<&?

1
2) X+
X

) *=0dax12= - —emeee S =A% =47

ti - -5z -4 -5%
) 2=-5da X34:W|—4t2 4 5+n/25-4 5+n/21

yechimlar hosil boidi
Agar (10) tenglamada a = e va b = d shartlar bajarilmasa

A= 1£) {\b)(a0,bdh0)
shartni tekshiramiz, bu shart bajarilsa tenglamani x2 ® 0 ga boiib

d L. .
x-i—— =y almashtirishda tenglama y ga nisbatan kvadrat tenglamaga
bx

kelinadi.
® Tenglama yechimi topilsin.
2x4+ 3x3- 13x2- 6x+ 8=0,
» Tenglamadaa =1,b=3,c=—13,d=- 6,e=8

bunda —= 2—:4, -1 =f—1 -4 boiib, —=f—1 shart baja-
a
rildi. Tenglamani x2@ 0 ga boiamiz:
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2X2+3X-13--+-"-=0 yoki 2°X2+-7j+37x--j-13 =0,

2 4
X -—--=1y almashtirish bajarsak (bundan x H——=y +4)
X X2

2(yl+ 4) + 3y - 13=0yoki y2+ 3y - 5= 0 boiib, tenglama yechimlari

5
yi=1, y2 = ----, Almashtirishdan
2_ . L
1) x——— danx2- x-2 =0tenglama yechimlarix, =- 1,x2=2

2 5
2) X —-= ----édan 2x2 + 5x - 4 = 0 tenglama yechimlari
X

-5 +n/57 —5—n/57
X3= 4 ' X4 = - «

Umumiy ko‘rnishdagi (10) tenglama yechimini aniglash, keyingi
punktda umumiy holda ko ‘riladi.

12.7. Tenglamada yangi o‘zgaruvchi kiritib, tenglama yechimni ani
lash usuli:

0 Tenglama yechimlari topilsin.

1) (x2- 5x + 6)(x2- 5x + 4) = 120

» Bu tenglamada x2—5x + 4 =y deb almashtirish bajarsaky(y + 2)=
= 120 yoki v2 + 2y - 120 = 0 ga kelinadi, bu tenglama yechimlari
yx= 10, y2 = - 12 boiib, berilgan tenglama x2 - 5x + 4 = 10, va
x2- 5x +4 =- 12tenglamalarga teng kuchli boiib yechimlari:

5+ 5:11/39 5-2n/39
2 4=

2)(x2+8)2+ 4x2+ 37 = 0;

» Tenglamani shakl almashtirib,

(x2- 8)2+ 4(x2- 8)- 5= 0 deb yozish mumkin, endi x2- 8=y, desak,
y ganisbatany2+ 4y - 5 =0, tenglamaga kelinib bu tenglama yechimlari
yx=1,y2=- 5. U holda tenglama teng kuchli ikkitax2- 8= 1vax2- 8=
=- 5tenglamalarga ajraladi, bu tenglama yechimlari

X,=3,x2=- 3va x3=7/3, x4 =—s/3 A

3) x4+ 6x3+ 5x2—12x+ 3=0

» Tenglamaning chap tomoni toia kvadrat ajratib yozamiz (x2 +
+3x)2- 4(x2+ 3x) + 3=0, endix2+ 3x=y desaky- 4y + 3=0tenglamaga
kelinadi bu tenglama yechimlariy- = I, v2= 3. U holda berilgan tenglama
teng kuchli ikkita x2+ 3x = 1vax2+ 3x = 3 tenglama kelinadi.



) . —3+nA3
Bundax2+ 3x- 1= 0yechimlari *12 —----~----- vaM2+3x-3=0

tenglamada yechimlar X34 = -—--- --—--

4) (x2- 2x)2- (x- )2+ 1=0

» Bu tenglama yechimini aniglashda ketma-ket yangi o‘zgaruvchi
kiritish bilan bajariladi.

X- 1=y desak x2- 2x =y2- 1boiib, tenglama (y2- 1)2- y2+ 1=0,
Ko ‘rinishgakelinadi, yanay 2-1 =tdesakt2- 1=0 chalakvadrat tenglamaga
kelinadi bu tenglama yechimlari ~ 0,t=1boiiby2- 1= talmashtirishdan
y1l- 1=0vay2- 1=1bundany =+ 1lva 2=4n/2.
Il holda boshlang'ich tenglama yechimlari x - 1 vy almashtirishdan

X,=2,x2=0, x3=V2+1, x4=042 -1 A

12.8. Yugqori tartibli tenglama butun ko‘phad ko ‘rinishda boisa, teng-

lama berilishiga garab ko ‘paytuvchilarga ajratish usulidan foydalanamiz.

© Tenglamalar yechilsin.

1) 9x3—18x2- x +2 =0,

» Tenglama hadlarini gruppalab, ko‘paytuvchilarga keltirish mumkin
(9x3- 18x2)- (x- 2) =0dan 9x2(x- 2) - (x- 2) =0yoki (x- 2)*(9x2- )=

10 boiib, berilgan tenglama teng kuchli ikkitax - 2=0va 92- 1=0
tenglama ajralib yechimlari
1 1

*1=\ x2 =3 ’Maxs=_3"'*

2) 2X4- 6x3+ 6x2- 2x =0,
» Tenglamaning chap tomonida 2x ni gavs tashgarisiga chigarsak,
gavs ichidagi ifoda ikki ifoda ayirmasining kubini beradi:

2X(x3- 3x2+ 3x- 1) = 0yoki 2x(x- 1)3= 0, berilgan tenglamaga teng
kuchli boigan bu tenglama yechimlari = 0 va karrali x, = x3=x4= 1,
yechimlami olamiz. A

3) x3—2x2+16 =0,

» Tenglamada shakl almashtirib yozsak, ifoda ko ‘paytma ko‘rinishga
keladi (x3+ 8) - 2(x2- 4) = 0 endi gisqa ko‘paytirish formulalaridan
foydalanmiz (x + 2)(x2 2x+4) 2(x- 2)(x +2) =0, yoki (X + 2)(x2- 4x+
+ 8) = 0, bu ekvivalent tenglama yechimlari x, = - 2,x23= 2+ 2i. A

4) X5+ 4x3- 2x4- X2+ 4=0,

» Tenglamada - 7x2= - 8x2+ x2deb qgo‘shiluvchiga ajratib, keyin
gruppalash yoii bilan, tenglamaning chap tomonini ko ‘paytma ko ‘rnishga
keltirish mumkin



O  =x5+4x3- 2x4- 8x2+ x2+ 4 = (x5+ 4x3) - (2x4+ 8x2) + x2+ 4
=x3(X2+ 4) - 2x2(x2+ 4) + (x2+ 4) = (x3- 2x2+ D* (x2+ 4)

Natijada berilgan tenglama ikkita x2+ 4 = 0 va x3- 2x2+ 1=0
tenglamalarga ekvivalent boiadi. Birinchi tenglama yechimi

XNe= + 2i.

Ikkinchi tenglamani x3- x2- x2+ 1=0, deb, yoki (x- I)(x2- x- 1)=
=0, ko*rinishda yozish mumkinligidan, bu tenglama yechimlari x3= 1, va

5 - —— Natijada berilgan tenglama yechimlari x, 2= * 2i, x3= 1,

1+£V5
va x45 =

5) 2(x2+ 6x + )2+ 5(x2+ 6x + 1) + 2(x2+ 1)2=0
» Tenglamaning ikki tomonini (x2+ 1)2ga boiamiz:
L2eex+? xosex+1
+ 5 e +2=0
v x2+l x +1

X +6X+1

Agar ------—-—-—- =y desak, berilgan tenglama ly2+ 5" + 2 = 0
X +1

ko‘rinishda boiib, bu tenglama yechimlari =- 2, y2=—mnm

U holda almashtirishdan,
X +6x+1 . .. . .
a) Z---m---- = —Z yoki x2+ 2x+ 1= 0 boiib, yechimlari
X +1
X, =X2=- 1,
X2+6x+1 1 . . . .
—-j----—--=- — yoki X2 + 4x + 1 = 0 boiib, yechimlari
X +1 2

x34=-2xn/3.

b)

Demak, berilgan tenglama yechimlari:
X =x2=-1,x3=-2+n/3,x4=-2-n/3 .
6) x4+ 4x3+ 3x2+ 2x- 1=0

> Tenglamani

ko'paytma ko‘rinishga keltirish uchun,
almashtiring yozamiz:

sha
(x4+ 4x3+ 4x2) - x2+ 2x - 1= 0,qisqa ko'paytirish formulalaridan
ketma-ket ikki marta foydalansak, ifoda ko‘paytma ko‘rinishga keladi.
02+ 2x)2- (x- D2=0dan (x2+ 2x +x - D)(x2+ 2x- x+ 1)=0
yoki (x2+ 3x - 1)(x2+ x + 1) = 0 boiib, berilgan tenglama yechimlari
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r 13x- 1=0tenglamada x12 = -----—------ Vax2+ x + 1= 0 yechimlari

—A+rn3

2.9 Yugori tartibli tenglama yechimlarini aniglashda umumiy metod
quyidagi teorema va ulaming natijalaridan foydalanish.

Teorema 1. Agar (a + pi), (fi J0) kompleks son

u-darajali fn(x) = ax"' + alx"~" + ... + anko‘phadning ildizi bo‘lsa,
a /Hson ham shu ko‘phadning ildizi boiadi.

Teorema 2. n-darajalifn(x) qo‘phad (x - a) ko‘rinishdagi ikkihadlar
wnx2+px +q (p2- xq < 0) ko‘rinishdagi kvadrat uchhadlar darajalarining
ko'paytmasidan iborat:

fn(X) = bo(x —af....(x2+px + g)m.. (k,me N)

Teorema 3. (Bezu)

fn(x) = x"+ atx(m-0+ b2xn~l + .... + bnu-darajali ko‘phadni (x - a) ga
lioiganda boiinma Q(x) va qoldigq R(x) boisin, ya’ni

f, W =Q(x)(x-a) + R(x).

U holda un-darajali® (x) ko'phadni (x - a) ga boigandagi goldig,
ko'phadning x = a dagi xususiy giymatiga teng, ya’ni R(a)=fn(a). Agar
fn(a) = 0 boisa ko‘phad (x- a) ga qoldigsiz boiinadi.

Natiia 1. Agar x = a (aeZ) butun ratsional algebraik u-darajali
ko'phadning yechimi boisa, u holda ko'phaddagi anozod had x = a ga
goldigsiz boiinadi.

Teorema 4. 2 gisgarm”s kasr (peZ, "~reiV) boisin. P _ratsional son

/j (x) = flox" + a]x""1+ ... + fiK 1x + a ko'phadning ildizli boiishi
uchun p son ozod hadning butun boiuvchilari, q esa bosh koeflitsent a(
ning natural boiuvchisi boiishi zarur.

Natiia 2. P e Z soni/n(x) ko'phadning ildizi boiishi uchun P son ozod
had anning boiuvchi boiishi zarur.

Ko‘phadni ko‘paytuvchilarga ajratishdagi teoremalar tatbigi [3] ishda
misollar bilan toia oydinlashtirilgan. Eslash uchun bitta misol ko ‘ramiz.

® /4(x) =x4- 10x3+ 35X2- 50x + 24 ko'phadni ko‘paytuvchilarga
ajratishda, ozod hadning butun boiuvchilari+ 1,+2,+3,... sonlari ketma-
ket funksiyaga qo‘yib teorema 3 dan foydalanamiz.

f4(1)=1- 10+ 35- 50+ 24 =60- 60,
/4(- 1)=1+10+35+50+24=120p0
shu kabi hisoblashda/ 4(2) = 0,/4(- 2) ©0,/4(3)=0,/4(- 3)*0,/4(4)=0
ekanligini ko‘rish giyin emas, demak, fA(X) = (X- 1)(x- 2)(x- 3)(x- 4)

© ipt (x) —x4+ 2x3+ 4x2+ 3x - 10, ko‘phadni ko'paytuvchilarga

ajratilsin.



» Ozod had ( -10)ning butun boiuvchilari £ 1, + 2, + 5, + 10 lami
birin-ketin ¥4 (x), funksiyadagi x ning o‘rniga qo‘yilganda
44(1) =0, 24('- 1) ®0,<p4(2) ©0, (-2) =0, p4(5)"0,
04(-5)#0,p4(10)*0O,p4(-10)*0,
kelib chigadi, demak x = 1va x = - 2 ko‘phad ildizlari bo‘lib, ko‘phad
(x- )(x+2)=x2+x- 2gabo‘iinadi, bo‘lish amalini bajaramiz

x4 +2x3+4x~ +3x—10 y, +X-2

X4 +X3-2X2 x2+ x+5h
x3+6x2+3x-10

X3+X2—2x
5x2+5x-10

~5x2+5x-10
0

Natijada berilgan ko‘phad

X4+ 2x3+ 4x2+ 3x - 10= (x- I)(x + 2)(x2+ x + 5) ko‘paytuvchilarga
ajraldi -4

®2x5+ 6x4-1x3-21x2-4x-\2 =0

1) tenglamaning butun ildizlari, 2) kompleks ildizlari topilsin.

> Tenglamadagi 0zod had (-12) ning butun boiuvchilari+ 1,+2,+ 3,
+ 6, + 12 ni ketma-ket tenglamadagi x ning o‘miga qo‘yilganda (-2,) 2 va
(-3) tenglamani ganoatlantiradi. Demak, tenglamaning butun yechimlari
X, = —2, x2= 2, x3= - 3. Endi tenglamaning kompleks ildizini toppish
uchun, tenglama chap tomondagi ko‘phadni (x + 2)(x - 2)(x + 3) = x3+

4x- 12 ko‘phadga boiamiz

2X5 +6x4- 7x3- 21x2- 4x-12 x3 +3x2—4x-12
2X5+ 6x4 - 8x3- 24x2 2X2+X
x3+3x2-4x-12
X3+3x2-4x-12

Natijada tenglamani ko‘paytma ko‘rnishda yozish mumkin (x - 2)
(x + 3)(x + 2)(2x2+ 1) = 0 bunda oxirgi ko‘paytma 2x2+ 1 = 0 esa
xi,2 = —X/0j5 kompleks ildizga ega boiadi. Demak tenglama xt = - 2,
x2=2,x3=- 3va *45=isj0,5 ildizlargaega. -4

® 2x4- x3+ 2x2+ 3x- 2 =0, tenglamaning ratsional ildizlari topilsin.

> Ozod (- 2) hadning butun boiuvchilari - 1, 1, - 2 va 2. Bosh
koeffitsent 2 ning natural boiuvchilari 1 va 2. Tenglamaning ratsional



1 1
ilili/liirini - 2, - 1, —, —, 1, 2 sonlar orasidan gidiramiz. Bu sonlami

berilgan tenglamaga bevosita qo'yib tekshirish ko‘rsatadiki (- 1) va —

mini tenglamaning ildizlari boiadi, qolgan sonlar esa tenglamaga ildiz
minns. Demak tenglamaning ratsional ildizlari (- 1)va 0,5 ekati.

® 4x4+ 3x2- 1= 0tenglamaning 1) ratsional ildizlari,

2) kompleks ildizlari topilsin.

» Ozod had (- 1) ning butun boiuvchilari (- 1), 1 Bosh koeffitsent 4
ning natural boiuvchilari 1,2 va 4. Tenglamaning ratsional ildizlarini - 1,

0_ , --'--, L ) —va 1 sonlar orasida qldlramlz Fagat —va (]
2) 44 2 V 2
tenglamaning yechimi ekanini aniglaymiz.
Qolgan yechimlarini aniqlash uchun tenglamani
x-——-¥+ Ny 2.2 ga boiamiz, boisak boiinma x2 + 1

| 24 2) 4

boiadi. U holda tenglamani
(2x- Y(2x+ H(x2+ 1)=0

koiinishda yozish mumkin, oxirgi ko‘paytma ildizlari £ i. Demak berilgan
tenglama £ 0,5 ratsional ildizga, + i kompleks ildizga ega M

® x4- 3x3- x2+ 9x - 6 = 0tenglamaning haqiqiy ildizlari topilsin.

» Ozod had (- 6) ning butun boiuvchilari + 1, + 2, +3va+6
dan fagat 1 va 2 tenglama yechimi ekanligini bilish giyin emas. Qolgan
yechimini topish uchun tenglamani (x - 1)(x - 2) =x2- 3x + 2 tenglikdan,
tenglama (x - 1)(x - 2)(x2- 3) = 0 ko‘rinishga keladi, bundan x = +n/3
tenglama yechimi ekanligi kelib chigadi.

Javob x, = 1, x2=2, *3,4 = -4

® X3+ 6x2- x—6=0,

» Tenglamadagi 0zod had (-6) ning butun boiuvchilaridan (- 6), (-1)
va 1tenglama yechimlari boiadi, tenglama uchinchi tartibli boiganligi
uchun barcha yechimlari xx=- 6,x2=- 1,x3=1M

® x6- 2xs+ 3x4- 6x3- 4x2+ 8x = 0 tenglamaning barcha ildizlari
topilsin.

» X ni gavsdan chigarib yozamiz x(x5- 2x4+ 3x3- 6x2- 4x + 8) =0,
x = 0 tenglamaga butun yechim. Endi gavs ko ‘paytmani nolga tenglaymiz
x5- 2x4+ 3x3- 6x2- 4x + 8 = 0 teglamadagi ozod had 8 ning £ 1, + 2,
* 4 va %= 8 butun boiuvchilari orasidagi (- 1), 1 va 2 tenglamaning 2
ratsional ildizlari ekanligiga ishonch hosil gilish mumkin. Shuning uchun
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ii'ii}, Initialling chap tomonidagi ko'phad (x - 1)(X+ 1) (x~2)=x3- 2x2-x +
1 2 ga qoldigsiz boiinadi.

Boiishni bajarsak x5-2x 4+ 3x3—6x2- 4x + 8= (x —I)(x + I)(x - 2)-
m2+ 4) = 0 ni hosil gilamiz. (x2 + 4) tenglama ildizlari + 2i. Natijada
berilgan tenglamaning barcha ildizlari xx= 0, x2=- 1,x3= 1, x4= 2, va
x56= = 2r ekanligi kelib chigadi.

Eslatmaxt,x2 ..., xnsonlar har ganday bo ‘lganda ham shunday u-tartibli
butun algebraik tenglamani yozish mumkinki bu sonlar shu tenglamaning
yechimlari boiadi. Bu tenglama (X- xx)(X- x2).. .(x - xn) = 0 ko‘rinishda
boiishi mumkin.

© Shunday beshinchi tartibli butun algebraik tenglama topilsinki,
uning ildizlari x =2, x2=3,x3= 3, x4=- ivax5=i boisin.

» Yugoridagi tenglikdan foydalanamiz

(X—2) (x- 3)2(x +i)(x- i) = 0yoki (x- 2)(x2- 6x + 9)(x2+ 1) =0
gavsni ochib soddalashtirsax5 84+ 22xv+ 102+ 21x+18 = 0 tenglamani
hosil gilamiz. A

12.10. Ratsional kasr algebraik tenglamalar yechimini aniglash :
goridagi (11.7) punktdagi kabi aniglanadi, ratsional algebraik kasrlarda
amallar bajariladi (bu [3] toia misollar bilan oydinlashtirilgan) keyin
soddalashtirilsa, kanonik butun ratsional tenglamaga kelinadi, bunda kasr
ifoda maxraji nol boimasligini talab gilinadi, chet ildiz foydali boimasligi
va ildiz yo‘qolmasligiga ahamiyat berish kerak, ya’ni hosil boigan
tenglamaning teng kuchli boiishligini hisobga olish kerak. Misollarda
ko‘rib chigamiz. Oldin ba’zi bir xususiy metodlardan boshlaymiz.

121041.

ax bx
) =c,(c® 0)
ax2+/3x+y ax2+fix+y

Ko‘mishdagi kasr ratsional algebraik tenglamada yangi o‘zgartirish
kiritish yordamida kvadrat tenglamaga keltirish mumkin.

. b .
Bu tenglamani a =c¢ (x ®0) ko‘mishda

ax+p+~ ax+y3+—
X X

yozib, tenglamada y = axn— almashtirish bajariladi.
X

. 2X 13x
Misol

2x2-5x +3 2x2+x+3
» Tenglama chap tomondagi kasmi x ga gisqartiramiz

2
N I r-=6, 2x + —=y desak,
X

X X
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2 -+———=6,(yp5yaydp~1)
y-5 y+1

Tenglamani (y - 5)(y + 1) ga ko‘paytirsak
2(y+1)+13(y-5)=60-5)(y+1)
il'oda gavs ochib soddalashtirilsa 2yr - 13y +11=0 kvadrat tenglamaga
kelinadi, bu tenglama ildizlari

y,= Ly2=55 boiib ~2x + —=y j ;almashtirishdan:

) 2x+—=1yoki2x2-x +3=0, x, =-~
X 12 4

3
2) 2x+—=5,5 yoki 4x2- 1Ix + 6'=0,x3=2,x4=0,75 M

X
Shu metodda
ax2+bx+c +ax2+ax +c _ A ax2+bx +c AXx
“ n M 9 — z
ax +tyx+c ax +px+c ax +yx+c ax +[6x+c

(A ®0, a mc ®©0) kabi tenglamalar yechimini aniglash mumkin.

. X2-13x +15 x2-15x+ 15 1
Misol

x2-14x+ 15 x2-16x+ 15 12

» Tenglama chap tomon kasr surat va maxrajini x @0 ga boiamiz

X-13+£) x-15+s15 y
“r — = ———-X-i--—---= Vv deb almashtirish
x-fa+l> xqes2 120X
X X
. y-13 y-15 1 o
bajarsak ~ ~ — ~ —~ y ¢ 14,y ® 16 deb tenglamaning ikki

tomonini 12(y - 14)(y - 16) ga ko‘paytiramiz, u holda
12[(v- 13)(y- 16)- (y- 15)0- 14)]=- (y- 14)(y- 16)
Qavs ochib soddalashtiramizy2- 30y + 200 = 0, bu kvadrat tenglama

yechimlari y, = 20 vaj>2= 10. Endi almashtirishdan rx + 15 - y 1]

1) XxX+— =20 yoki x2- 20x + 15 = 0 boiib yechimlari
X

x12=10%n/85 ;



2) X+ — =10 yoki x2- 10x + 15 = 0 tenglama yechimlari

X

xb4 = 5+ n/il) -4
12.10.2. Yangi o‘zgaruvchi kiritish usuli bilan tenglama yechin

topish mumkin.
© Tenglamalaryechilsin

1) -, 1 18 o 18 _ 0
X +2X—3 X +2x+1 x +2x+2
» Agarx2+ 2x - 3 =y desak, tenglama quyidagi ko ‘rinishda boiadi

1 1 1
- h-———§——: 0 endiydp 0,ydo-4,ydp -5 debtenglamaniy(y + 4)
y y+4 y+5
(y + 5) gako‘paytiramiz (y + 4)(y + 5) - 18y(y + 5) + 1&y(y + 4) = 0 qavsni
ochib soddalashtirsak, kvadrat tenglamaga kelinadi

jr - 9+ 20 = 0, bu tengama ildizlari yt = 5, y2 = 4. U holda

almashtiishdan (x2+ 2x - 3 =vy)
a) X2+ 2x- 3 =5yo0kix2+ 2x - 8 =0 boib yechimlari x. = 2,

X2=-4,
b) x2+ 2x- 3 =4 yokix2+ 2x - 7 = 0 boiib, natjada berigan
tenglamaiild izlarixl =2,x2=-4, *34 = —A't2y[2 -4

3x X2+x-5 . .
2) -r + - +4=0
X +X-5 X
X
Agar —Z----------- =Y deb almashtiish bajarsak, tenglama
X +Xx-5

2y +—+4 =0 (y®0)yoki 3y2+ 4y + 1= 0 kvadrat tenglama ild izlari

Yy
1
yl=- 1lva y2 — ~ boib almashtrishdan
a X --- _ i yokix2+ 2x- 5= 0yechimlari
X2+Xx-5
N2 -1+V6,
X 1 ) . .
b) e = — yokix2+ 4x- 5= 0yechimlarix3= 1,
X +Xx-5 3
x4=-5 <
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Tenglamalar

n x2-x Xx2-x+2 1
2) : [

X -x+1 x -x-2

» Tenglamada x2- x - 2 ®0 yokix 2, x #- 1debx2-x-2 =y
. g . y+2 y+4 : .
iimashtirish bajarsak tenglama = ------------------- =1 ko‘mishga keladi
j+3 y

(r /0,y @- 3) tenglamaniy(y + 3) gako'paytisak, y(y + 2)- (y + 4) =
(I'+ 3) =y(y + 3) agar qavs ochib soddalashtirsak,y2+ + 12=0boiib,
Ini lenglamayechimlariyx=-2, vay2=- 6.Endix2-x.-2 =y dan

a)Xx2- x - 2=- 2yokix2-x =0,yechimlaric, =0,x, - 1,

b)x2-x -2 =-6 yokix2- x +4 =0, yQchmlar x, 4 = *~
2

12.10.3. Ratsional algebrak kasdarda amalar bajarish va ratsional
koiinishga keltirish qoidasidan foydalanib, tenglama yechimlami anig-
Inshni misollarda oydinlashtiramiz

® Tenglamalamiyeching.

[y-~x2 — +— -—— -0

9x +3x+1 3x-1 27x -1

» Maxrajdagi ko ‘phadiar uchun umumiy maxraj (27x3- 1) boiadi,
chunki 27x3- 1= (3x - 1)(9x2+ 3x + 1), endi 3x - 1 ® 0 deb tenglamani
(27x3- 1) ga ko‘paytramiz (3* - [)(x + 3) - (9x2+ 3x + 1) + 3 = 0O,
gavslami ochib soddalashtirsak 6x2- 5x+ 1=0

Bu tenglama ildizlari x} =- va x2 = —; lekin berigan

tenglamanchun chetildiz. Javobt=0,5. <
{1)\ X 2x+4 . X 42x+4 2xX+2

- f

Xx3- 2x2+4x-8 x3+2x2+4x+8 x2-4

» Maxrajni ko'paytma ko ‘mishda yozib olamiz:
X 2x+4 X +2x+4 2x+ 2

(X-2)(x2+4) (x+2)(x2+4) (x-2)(x +2)

X -2 d0,x +2 o0 deb, tenglamani umumiy maxraj boigan (x- 2)(x + 2)
(x2+ 4) gako‘paytiramiz
(X +2)(x2- 2x+4) + (x- 2)(x2+ 2x + 4) = (2x + 4)(x2+ 4) gavsni ochib,
soddalashtirsak
X2+2x+4=0
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M. mnihir malematika (I1V gism)

Kvadrat tenglamaga kelinadi, bu tenglamada haqigy yechim mavjud
emas, xI2 = —1+ zV3 kompleks idizga ega

X - 2 do0,xcp 0 deb, chap tomondagi yig ‘indini hisoblab olamiz
(x-1)2 (*_1)2 x2(x-1)2+(x-1)~ (x-2)2

(x —2) (x-2)
(x-D2(x2+x2-4x + 41 3 2% +1]72x2- 4x + 4]
, endi
X2(X-2)2 (x4 -4 x 3+4x2j
(v+1)(2v+4) 40
Xx2- 2x = v desak, tenglama -------- IXemmmee-s = —  (y @ 0) kO*-

9
rinishiga kelinadi. fodada gavs ochib é/oddalashtirilsa. y oa nisbatan
kvadrat tenglamaga kelinadi -11 y2+ 21y +18 = 0, tenglama yechimlari

-27 £ /1521 -27 +39 _ 6

N 2= e oo =~ _22 1= 72 ~~ 1T

x2- 2x =y almashtiishdan
a) x1- 2x=3yokix2- 2x- 3 =0yechimlarix, =—1,x2= 3,

T 6
b) X —2X = — |- yokillx 2- 22x +6=0

_ _ 1M n/55
yechimlari x34 ~ 1
3x+1 X
4) — 5 h 1 .
3X~-3 x+2-x 2x —x —1
> har b ir kasming maxrajini ko ‘paytma ko ‘mishda yozib olish mt
kin

3x2-3 =3(x- P(x +1)x+2-x2=-(Xx2-x-2) =-(x2- 1-x - 1)=
=- (x+ )(x- 2), shukabi 2x2- x - 1= x 2-x+x2- 1=(x- )(2x+ 1.

Demak tenglamani

(x-2) 3x+1 )
(x-D)(2x+1) xX)(x+1) 3(x-)(x+1)

ko'mishda yozish nmmukin.

Maxrajning eng kichik umumiy bo‘linuvchisi 3(x - I)(x + D(2x + 1) =
=(x - 2) gatenglamani ko‘paytiramiz, x [, x ™ -1,x~-0,5vax”™ 2 deb,
u holda
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O+ D(x—2)+ 3x(x- H(2x + 1) - (3x+ D(x- 2)(2x + 1) = 0, qavslami
ochib soddalashtisak 10x2-10 = 0 bundanx, = - 1, x2= 1 bu berigan
icnglamaga chet ild iz. Demak tenglamaning yechimi mavjud emas.

Q 12-MAVZU MASHQLARI

lidizlarixx,x2,x}... boigan tenglamani yozing:
161. 1) 1,- 1va2,2)2i,- 2iva3,3)0,- 1,2va3.

162. 1)0,- 1L, 2va- 4,2)1,—2va2+i,2—,3)05, val+i, 1-i

Ikki hadii tenglamani kompleks sonlar to‘plamida yeching:
163. 1) 0,3x2+ 9=10; 2) O™4-8 =0.3)x3+i=0.

164. 1)0,5x5-16 = 0,2) x4—>/3—1 =0, 3) 83+ 1= 0.
-l I 1 o |

U L— I ——

Bikvadrat tenglamani kompleks sonlar to‘plamida yechimini toping:
165. )x 4-8x2-9 =0, 2)9x4-40x2+ 16 = 0.

166. 1)4x4-37x2+ 9 =0, 2)x4+ 5x2-36 = 0.

Uchhadni chiziqli ko‘paytuvchilarga ajrating:
167. I)x4- 10x2+ 25,2)x2- 13x2+ 36.

168. 1) 4X4—17X2+ 4, 2)9x4-32x2- 16.

Yangi o‘zgaruvchi kiritib tenglama barcha yechimlami aniglang:
169. I)x6-7x3-8 =0, 2) (x2+2x+ 1)-6(x2+ 1)+ 5=0,

2+x+ DOR+x +2)= 12, 4) %" - ="I»5e

+ -
X +2X+3 X -5x+3
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Elementar matematika (1V qism)

170. 1) xs- lIx 4+16 =0, 2)2(x4+ 6.v+9)- 7(x2+3)+3 =0,

3) (x2- 3x+ N(x2- 3x+3)=3, 4) X2+ x+1= —-mmmmm- .

171 1) (x- 2)(x + D(x + 4)(x + 7) = 19,

2) (x2- 1)2+ 5(x4- 1)- 6(x2+ 1)2=0.

172. 1) (x- D(x +2)(x- 3)(x- 6) =6, 2) (X + 5)4+ (x + 3)4=2.

173. (x2+ 2x - 5)2+ 20R+ 2x- 5)=x + 5.

174. (x2- 4x + 6)2- 4(x2- 4x+ 6)=x - 6.

Ko ‘paytuvchilarga ajratish usuli bilan tenglamaning barcha yechim-
lami toping.
175. 1) 0,(3)x4-21 =0, 2) 8x3+21=0.

176. 1) 16x4- 625 =0, 2) 125x3+ 8 = 0.

177. 1) x4- x2+ 6x = 6x3 2) X3- 8x2- x + 8=0.

178. 1) x4- 4x2+x +2=0,2)x3- 5x+4=0.

179. x3- 8x2+40=0,



IKO. 2x4- x3+ 2x2+ 3x - 2= 0.

181.(R-><-2) 2+ 9x->2) = 0.

182. (}2+ X- 1)2- 5X(X2+ X - 1)+ 4n2= 0.

Tenglamaning barcha ild izlarini toping:
183. x4- 38+ x2+ 3¢ 1= 0, 2)2x4-4x3+22-4x +2=0.

184. 1) 22+ 33 12+ K+2=Q

2) >d- 23+ X2~ 105+ 50 = 0.

Tenglamaning ratsional ild izlarini toping:
185. 1)x3-x2-8x +6=0,2)x4-x3+x+2=0.

186. Dx4- 7x3+ 14x2-*7x+ 1= 0,

2) 4x4+ 8x3- 3x2- IX + 3=10.

Tenglamaning barcha haqiqiy ild izlarini toping:
187. 1) 2x3- 7x2+ 2x+ 3=0, 2)x4~2x3- 82+ 19x-6 = 0.

188. 1) 2x4+x3- 1Ix2+x + 2= 0, 2)x3+ 8x2+ 15x+18 = 0.

Tenglamaning barcha ild izlarini toping:
189. 1) 4x4+ 3R- 1= 0, 2) 6x4+ 5x3- 38x2+ 5x + 6 = (.



Elemgntar matematika (1V gism)

190. 1)6xs+ 7joA-3x3-7x2+6x = 0, 2) 2x4- x3+ 2x2+ 3x- 2 =0.

Berigan funksiyani chiziqli ko ‘paytuvchilarga ajrating:
191. Dfix) =xr- 2x5+ 3x4- 6x34x2+ 8X,

2)fix) = 8*4+ 6x3- 13x2-x + 3.
191. 1)fix) =x6- x5+ 3x4- 6a3- 4x2+ 8X,

2)fix) = 8x4+ 6x3- 13x2- x + 3.

-UJ:
192. Dfix) = (x2+ 4)2+ 2x2+ 5, 2)xA-2x2-2 1=0.

. 1
1 RO S R
J— ) = -1 4-.1..1..i -+ -
Yangi o‘zgaruvchi kiritib tenglama bareha ildizlam i toping:
193. (x- 2)2+ (x-2)(x+1) + (x+1)2=0.

194. (x2- D2+ 5(x?- 1) - 6(x2+ 1)2=0.

195. 2 X2H--.1_ X+- -4 =0-

8x 10
196. LI ~-rooemeeee + =-3.

X2+x+3 x2-5x+3

1 1 1
197. ~
c(x+2) (c+l1)2 12
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I It tnvnhir mutcmatika (I1V qism)

13-MAVZU. IRRATSIONAL
O TENGLAMALAR

Noma‘lum o'zgaruvchi migdor hech boimaganda bitta go‘shiluvchi
hagida irratsional (ildizda) ko ‘rinishda gatnashgan algebraik tenglamaga
iratsional tenglama deyiadi.

Elementar matematkada iratsional tenglamalar haqiqly sonlar
to'piamida qaralib, ild iz ko‘rsatkich juft darajali boisa, uning arifmetik
ild izi, ild iz ko‘rsatkich toq darajali.boisa uning algebraik ild izi olinadi.

Iratsional tenglamalar yechimini aniglashda o‘ziga xos alohidaligi,
tengamada qgatnashgan irratsional ifodaning mavjud boiish sohasini
belishimiz zarur.

Iratsional foda hagda maiumot misollar bilan [3] toia oydinlashtirib
beriigan.

Irratsional ifoda ™ x)-ildiz ostdagi funktsiya, n-idiz ko‘r-
satkich) ning mavjudlik sohasi hagida:
1) Agar ildiz ko‘rsatkich (n = 2k) juft son boisa, u holda J[x

funktsiyaning mavjudligi va J[x) > 0 boiishi talab giinadi. Masalan:
ij2x —6 daJ{x) —2x - 5 funksiya x eR da mavjud, xe —;+00J da

musbat funksiya. Demak berigan iratsional ifoda aniglanish sohasi

4x \ 4x . . . . .
22X da Fix = -2*_ funksiyaning aniglanish sohasida
t( J Th2 y g q

4x
X ® - 2 boish kerak; --—----- >0 boish sharti, oraliq metodidan
foydalansak x e (- oo; - 2) u [ 0; + oo0) damusbat b oiishi kelib chigadi.
|
Demaky = . --—--—--- ifodaning aniglanish sohasix e (- oo;- 2) U [O; + 00).

2) Agar ildiz ko‘rsatkich (n = 2k + 1) toq boisa, fix) funksiyz
mavjudligi yetarl. Masalan: y = \I6 +3Xx—x2 ifoda xe ( - 00; + 00)

* o~

o A x-l
mavjud. Endi Y _ gfx2 _4 fKodada / (x) = —— - funktsiyax = 2 va

X = - 2 damavjud emas, demak berigan irratsional ifodaning mavjudlik
sohasixe (-00;-2)U ( - 2;2) ™ (2; + 00).
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Agar iratsional tenglama bir nechta irratsional fodadan iborat bo‘lsa,
iinda aniglanish sohalaming bilashmasiga (umumiy qismiga) teng.
Masalan, tenglamada

[JzY ry — -——- 8
4 —mmr , Vx +2x—8,va\ - irratsional fodalar gatnashgan

Vx +1 Vx_3
boisa, tenglamaning aniglanish sohasiD = DD 2Dy bu yerdaDt esa

[~ 2 [ —

V 2+1 n*® aniglash sohasi x > 2; D2 esa //x + 2x —8 ifodaning

aniglash sohasi Xx£ (- 00;-4] U [2; + c0) ;

Mr esa ~x _3 ning aniglanish sohasi x(3; + oo) dir. U holda teng-

Imnaning aniglanish sohasix £ (3; + oo) boiadi.

Irratsional tenglamaning yechimi aniglashda, tenglamaning aniglanish
sohasini yozish shart emas, tenglamani biror metod bilan iratsionaldan
ililgarib soddalashtiriganda hosil boigan ratsional tenglama bilan teng
kuchliligini ko‘rsatish yetarl, yoki undan ham sodda y oi topigan sonni
lenglamaga qo‘yib tekshirish kerak boiadi. Bunda quyidagi teoremalami
lisobga olish kerak!

Teorema 1. Agar |\ (x) = /2(x) tenglamani kvadratga ko ‘tarsak hosil
boigan [/; (x) 12= jf2(x) ]2tenglama ild izlari (x) =/2(x) va/j (x) =-7/2(X)
tenglama ildizlariga teng boiadi.

Teorema 2. Agarj\ (x) =f2 (x) tenglamani kubga ko‘tarsak hosil
boigan [fx(x) 13= {2(x) ]3tehgamaildizlari (x) =/2(x) tenglama ildiziga
long boiadi.

Demak berigan f x (x) =f2 (x) tenglamani kvadratga (juft darajaga)
ko ‘targanda hosil boigan mumkin

4t (x) = -/ 2(x)hisobiga).

Endiyj (x) =f2(x) tenglamani kubga (toq darajaga) ko ‘targanda hosil
boigan tenglama berigan tenglamga teng kuchli (ekvivalent) tenglama
boiar ekan.



I'lcmcntar matematika (1V qism)

IRRATSIONALTENGLAMA YECHIM LARINI
TOPISH USULLARI

13.1. Tenglamani mantiqly mulohazar yuritib birdan bir
yechimini yozish

® Tenglama yechilsin.

(1) \I2x+3+yfS—x = -3

» Tenglama yechimga ega emas, chunki chap tomonida arifmetik
ildizlar yig ‘indisi musbat son, o‘ng tomon manfiy son qarama-qarshilk. A

(2) S-yjx2-3x =12

» Tenglama -n/x2- 3x = 4 yoki sjx2-3x = -4 boiib, tengama
yechimi mavjud emas. <

B) 3n/4-x +-Jx—9=2

» Tenglamada birinchi foda x < 4 da, ikkinchi go‘shiuvchi had
X > 9 damavjud bulaming umumiy gismi bo‘sh to‘plam, demak tenglama
yechimi mavjud emas. 4

(4) 4n/3-x +2n/x-3 =7

» Bu tenglamaning yechimi mavjud emas, chunki tenglamadagi
birinchi foda x < 3 daikkinchi go‘shiluvchi had x > 3 da anigangan,
bulaming umumiy gismix = 3, lekin x = 3 datenglama 4 <0 + 2 <0 = 7,
0 =7 ko*rinishda boiib, tengamaga yechim emas. <

B) (x-5)(0,2x+4)V0,5x-2 =0

» Ko'paytma noligidan

1) x-5=0,x=5;2)02x+4=0,x =- 20;

3) 0,5x - 2 = 0, x = 4; bu gymatlardan tenglama yechimix = 5, va
X = 4,x =- 20 esachetildiz, chunki tenglama aniglanish sohasix > 4. A

13.2. yjf(x) = cpp(x) iratsional tenglama ildizlari

/ (x) ~ 9 (x) tenglama yechimlarida gidirladi.
© Tenglamani yeching:

(1) ~"™4x2-3=n/3x-2.
> Iratsional tenglama ild izini
4x2- 3=3x-2
tenglama yechimlardan gidiramiz, tenglamani
4x2- 3x - 1= 0 debyozish mumkin bu tenglama yechimi x = 1 va

1
bu sonlar tenglamaga qo‘yib tekshiramiz x = 1 da
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T englamalar

|72 t 'Y3 2 x=1lyechm,x=— da 4 '~ _3= 2

Pnilnilii oiig tomon ma’noga ega emas, demak berigan tenglamaning
willlllx 1A

i) \3x—4 =n/x2—=2

» Tenglama ildizini 3x - 4 = x2- 2 yokix2- 3x + 2 = 0 tenglama
I b 111qidiramiz, bu tenglama ildizlarix = 1 vax = 2. Tekshirish giyin
fIHii' \ 2 tenglama yechimi, x = 1 tenglamaga yechim emas.

I 2x ,
Vx2-3~~
> jc+n/3 deb tenglamani ~2x = n/x2 —3 ko‘mishda yozish
Miiiinkin, bu tenglamani x2 - 2x 3 = 0 tenglama yechimlari x = - 1,
wm \ 3 boib, busonlar berigan tenglania uchun ham yechim boiadi. <

13.3. Darajaga ko‘tarib, \//(x) =9 (x) tenglama yechimini anig-
liuh mumkin boigan hoi.
() Tenglamayechilsin:

Q) 1+ n/2x+7 =x —3

» Berigan tenglamani

\2x +1 =x—4
in'iinishda yozib, tenglamaning ik ki tomonini kvadratga ko ‘taramiz:

In/2x+7j =(x-4)2 dan

2x+ 7=X2- 8 + 16yokix2- IOx+9=0

Ini tenglama ildizlari x =1, x = 9. Bundan x = 9 berigan tengamaga
yechimboib x = 1da n/2+ 7 =1 —4 tenglk bajariadi, x = 1 chetildiz
boiib, x = 9 berigan tenglama yechimi. <

(2) \jx3-2x-3 =x-1

» Berigan tenglamaning ik ki tomonini kubga ko ‘taramiz:

|Vx3—2x—3j =(x—)3 danx3- 2x - 3 =x3- 3x2+ 3x - lyoki
3x2- 5x- 2=0boiib, tengamayechimlarix = 2va x = —.

Tekshirish ko‘rsatadiki x = 2va x = —" berigan tenglama uchun

yechim boiadi. A
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t'lcmcntar matematika (1V qism)

(3) "25+yfxN4 =2
» Tenglamanix > 4 deb darajaga ko'tarib yozsak

I>/25+ n/x-4 ] =2s yoki

25 + y/x—4 = 32 yoki n/x—4 = 7 tenglikning ikki tomonini kvad-
ratga ko'tarsak x - 4 = 49 bundan

x = 53. Tekshirishx = 53 da >/25+ n/53—4 = 2 bundan n/25+7 = 2
boiib 2 = 2 kelib chigadi. Javob: x = 53.

(4) n/x-2n/2x+3 =0

» Tenglikni kvadratga ko 'tarish bilan

x - 2)(2x + 3) = 0 tengamaga kelamiz, bu tenglama ildizlari x = 2,
x=- 15.x=- 1,5 datenglamadagi birinchi ko ‘paytma ma’noga ega emas,
demak berilgan tenglamaild izi x = 2.

(5) n/x2-9 =x2-21
» Tenglikni kvadratga ko ‘tarsak
X2- 9 =x4- 42x + 441,
soddalashtirsak x4- 43x2+ 450 = 0, x2=y almashtirish bajarsak
y2- 43y +450 =0

kvadrat tenglamahosil boiib, butenglamaild izlariy = 25va=2= 18.x2=y
almashtiishdan x2= 25 vax2= 18. Bu sonlardan x2= 18 chetild iz chunki
tenglamaning o‘ng tomoni manfiy boiib qoladi. x2= 25 danx = + 5.
Berigan tenglama ild izlarixt= 5,x2=- 5. -4

13.4. Berigan iratsional tenglamani dargjaga ko'tarib, 0‘z navbati
gisqa ko'paytirish formulalami tatbiq gilib, tenglamani ratsional tenglama
ko‘mishga keltirish mumkin boigan metodni misollarda oydinlashtiramiz.

© Tenglama yeching:

() n/x-3 -n/x-6 =1
» Tenglamani n/x -3 = 1+ n/x-6 ko'rinishda yozib, tenglamaning

ikki tomonini kvadratga ko‘tarib, qisga ko‘paytirish formulasidan foy-
dalanamiz:

(yjx—=3j =(l+Vx~~6) dan n/x—6 = 1 yana kvadratga ko‘tarsak
X - 6 = 1 boib x = 7, tekshirish x = 7 da n/7—3—/7—6 =1,
2- 1= 1, tenglk o‘rinli, demakx = 7 berigan tenglama yechimi. <

) n/3x+ 7 —n/x+1 —2
» Tenglamani

3x+7=2+n/x+1
ko‘rinishda yozib, kvadratga ko ‘tarib soddalashtirsak
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X + 1= 2a/x"+1
iratsionalikdan ko‘tarib soddalashtirsak
X2-2x-3 =0
tenglamaga kelinadi bu tenglama ildizlarix = - 1vax = 3, tekshirish
ko‘rsatadiki bu sonlar tenglama yechimi. <

B) n/x2-2x +3=3-n/x2+1
» Tenglikning ikki tomonini kvadratga ko ‘tarib soddalashtirsak

2x+7 = 6n/x2+1
yana irratsional tenglamaga kelinadi, oldingi metodni goilasak
32x2-28x- 13=0
lenglamaga kelinadi bu tenglama ild izi

153
Xj2 = - berigan tenglamaga ham yechim boiadi. A
16

(4) n/x2+4x +4 +n/x2-10x +25 =10

» Tenglamani \/(x+2) +iJ(x-5) =10 ko'rinishda yozish

mumkin bundan x+ 2] + k- 5] = 10 modulli tenglamani hosil gilamiz.
Agarda:

1) x<- 2boisa, uhodatenglama - (x + 2) - (x- 5) = 10 ko'-
rinishda boiib bundanx =- 3,5

2) -2<x<bdax+2- (x- 5= 10yoki 7=10 yechim mavjud
emas. »

3) x>5dax +2+ x- 5= 10boiib yechimx = 6,5.

x =- 3,5 vax = 6,5 ni beriigan tenglamaga qo‘yib tekshirsak yechim
ekanligi kelib chigadi. A

(5) n/3x+1 + n/2x—1= n/4 + 5x

» Tenglkning ikki qismini kvadratga ko‘tarib soddalashtirsak

~NBx+1)(2x-1) =2 yoki n/6x2- x -1 =2 bundan 6x2- x - 5= 0,
. 5 . .
bu tengama ildizix = lv a x = _6 .Bu sonlami tenglamaga go‘yib

tekshirishda x = 1yechim x = - — esa chetild iz ekanligi ko ‘rinadi.

Javob: x = 1. A
13.5. Tenglamani yangi o‘zgaruvchi kiritib yechish usuli:
© Tenglamaning yechimitopilsin

() 2~2"+Vx-3 =0,
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licmenlar matematka (I1V qism)

> Vx =y deb belgilaymiz, bu holda berigan tenglama 2y2+vy -
-3 = 0kelinadibunday| = 1,y2——15 boiib, aimashtiishdan: 1) n/x = 1,

X, = 1, 2) gx 3 dan — g . Topilgan sonlami tengamaga

go'yib tekshirsak ikkala son ham tenglamani ganoatlantirishini ko ‘ramiz.
Javob: Xj= 1,x2=- 15.

@>4 = -y -1 2-5
i x 3 5
» Yangi o‘zgaruvchi . --—---- = kiritsak 3 y------= — yoki 6y2
y 2
) ) ) 3
- 5y - 6 = 0 tenglamaga kelamiz, bu tenglama yechimlari yl = —,
2
W = ---éboiib| almashtirishdan

r 3 X 9
1) 1--—--=— dan -------- = — yoki5x=9,x=18
x—1 2 x-1 4

X 2
2) J-—--=—— bo'‘sh to‘plam. x = 1,8 soni berigan tenglamani

ganoatlandiradi. Javob: x= 1,8. <
N\ -
6) /2-x-2+-"iL--- =0
n2—x +3

» X N2 deb, yangi W/2—x =  o‘zgaruvchi kiritsak, tenglamay3+
+y - 2 =0, ko‘rinishda boiib, bu tenglama yechimiy = 1vay = -2.
Almashtirishdan

1) n/2—x = 1 bundanx = 1, 2) spl—x = —2 yechim mavjud emas.
Tekshirishdan ko‘rinadikix = 1 berigan tenglama yechimi. =<

13.6. Tenglamani “ifoda go‘shmasiga ko ‘paytirish” usuli bilan ye-
chish.

© n/3x2+5x+8-b x 2+5x+| =1

» Tenglamani

[n/3x +5x+8—n/3x2+5x + | | | 73x2+5x+8 + N/3x2+ 5x +|j =

= |n/3x2+5x + 8+ n/3x2 +5x + | ] ko‘rinishda yozib soddalashtirsak
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/  |\/3x2+5x+ 8+ n/3x2 + 5x + 1j gakeladi.

Tenglamadan V3x2+5x +8 ni topib o‘miga go'ysak, tenglama

/ 1+2n/3x2+5x+1 yoki n/3x2+5x+1 =3 ko‘rinshga keladi
limdan 3x2+ 5x - 8 = 0 kelib chigadi. Bu tenglama yechimi x = 1 va

2
* 2 — , topilgan sonlar tenglama yechimi bo‘lishini osongina ko ‘rish

mumkin. Beriigan tenglamani 3x2+ 5x =y deb yechish ham mumkin. M
13.7. Umumlashgan usul:
© Tenglamani yeching:
(D n/2x+19 —x 1
» Tenglamaning ikki qismini kubga ko‘tarib soddalashtirsak
x3- 3x2+x- 20=0
lengamaga kelinadi, bu tenglamaning bitta yechimi x - 4 boiadi.
Tenglamaning chap tomonidagi ko‘phadni (x - 4)ga boisak boinma
(\2+ x + 5) gateng, berigan tenglama
x- 4)(x2+x+5)=0
ko‘paytma ko ‘rinishga kelib, ikkinchi ko‘paytma haqiqiy yechimga ega
emas. Tenglama yechimix = A <
(2) n/x+34 = 1+ n/x—3

» tenglamani (n/x+ 34) = 1+ n/x-3) , deb kub formuladan
foydalansak
X +34 = 1+ 3Ifx--3 + 3yj(x- 3)2 +x-3
yoki soddalashtirsak
~[(x-3)2+>/x-3-12 =0
end Yx —3 =] desak

Y+y-12 =0
tenglama hosil boiib yechimi>s = 3,>2=- 4. U holda,

1) n/x—3 =3 bundanx - 3=27,x=30;2) n/x—3 = —4 danx- 3=
= - 64 yoki x = - 61. Bu sonlami tenglamaga go‘ysak yechim ekanligi
ko‘rinadi.

Javob: x, = 30,x2=- 61. A



I"lanailar matematika (1V qism)

my deb almashtirish bajarsakjy ga nisbatan
VX + 2
20y2-9y +1=0

tengamaga kelnadi, bu tengama yechimi Y1=~"' ¥2=J > exc®

almashtirishdan:
) tt=i= ~tdadvk +2 = 4 boib bundanx = 8;
Ifx+2 4
1 1 i— )
2) ~fj=----- =—dan vx +2 =5 yokix = 27. Bu 8 va 27 sonlar
Ifx +2 5

tenglama yechimi ekanligi isbotlash oson. A

(4) M (x-D2-~(x+1)2=]V xM

» x2- 1-d® debtenglamaning ikki tomonini \4/lx2—~1 ifodaga boisak

(x-1 (x+1) 3 i - 1) . )
41"~ —4 - = — Jendi 4/----—--— —y debyangi o‘zgaruvchi
\N(x+1) \(x-1) 2 \(x +1)
kiritsak, y ganisbatan

If--3v-2=0
tenglamaga kelinadi, bu tenglama yechimlari
1
y, =2va Y2 —~ ~ , u holda almashtirishdan:
( jc—l? X- 17
1) Y = 2 yoki--—---- =16 bundan x = ------ ;
Y (je+ 1) x+1 15

x ~1) 1 ) . 17 )
7 r = —- yechim mavjud emas. x = -------- soni teng-
15

) (x +1)
lamani ganoatlantiradi.

Javob: x = 41— . A
15

(5) n/x+n/x -\jx-\fx
2yjx + yfx

» Tenglamani shakl almashtirib yozsak,
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Tenglamalar

-yjx-yfx = m 3n/x -Nx+4x dan -2n/x2- X = n/x- 2X

2yjx + yfx
ibdaning ikki qismini kvadratgako‘tarib soddalashtirsak 5x - 4xn/x = 0

25
bu tenglama yechimlarix = 0 va x = — . Bu sonlami tenglamaga go'yib
16
25
lekshirsakx = 0 chetildiz x = — esayechim ekanligi ko‘rinadi. 4
16

(6) 3x2+15x+2n/x2+5x+1 =2
» Agar n/x2+5x+1 =  desak tenglama
3y2+ 2y - 5 = 0 ko‘rinishga keladi. B ii tenglama yechimiyj = 1 va

5
P2 =— ,uholda:

14 Nk +5x+1 =1danx2+5x=0yokix =0,x =- 5
2) £ n/x +5x+| =- — yechm mavjud emas. Topigan 0 va -5

sonlar berigan tenglama yechim boiadi. &

\]73—MAVZU MASHQLARI

Quyidagi iratsional tenglamalaming haqiqiy sonlar to‘plamida anig-
lash sohasini ko ‘rsating:

203.1) n/x+1+5 =0,2) //2x-1 =n/2-x ,

3) W8+ M5—x =2,4) n/x—1+/x+2—n/3x—5 —0.

204.1) n/x-6+n/3-x =4,2) 5 =n/x+4
X -3x+2



Elementar matematika (1V qism) ;

6
3) n/3X+ 1+ n/9—X =---— 4) n/x+1—Ax.
n/9-x

Tenglamani mantiqiy mulohaza yuritib yeching:

205. D n/3x-1+nM +x =-5 ,2) 8-Vx + VT =10,

A n/x-4 +3n/1-x =4.

206. 1) n/x-3 +0,5n0/2-x =5,2) 4xn/2x-5 -n/1-x =0,
3) yjl- 4Sx +n/x- 5=0,5.

Irratsional tenglamaning yechimlarini toping:

207. DVvx2-2 =7"3x+2,2) n/6x2+x +5=n/x2- x - |.
x2+3 =3,4) \lI7+fx 2
.1) (x2-4jn/x+T7=0,2) 21+ n/2x-7 =X,
.

) VU @+24 =X+14) "6+Vx2-3j =2.

,2) M(x+2)(x+3) - n/2
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14-MAVZU. CHIZIQ LI

BO‘LMAGAN IKK
O NOMA’LUM LI IKKITA TENGLAMALAR
SISTEM A S|

Chizigli boimagan tenglamalar sistemasi ye chimini aniglashda asosan
sistema berilishiga garab, biror metod goilab bir noma’lum i tenglamaga
keltirib, stema yechimlari topiadi. Metodlami misollarda oydinlashtirib,
ko‘rib chigamiz.

14.1. Sistemada bitta tenglama chizigli boisa, o‘miga qo‘yish usulidal
foydalanamiz.

® Tenglamalar sistemasi yechilsin:

2x2-xy +3y2-I1x-\2y +\=0,
D
X-y =-1

> Sistemadagi ikkinchi tenglamadanx = y - 1ni birinchi tenglamag
qoyib 2(y- 1)2-y(y - 1) + byl- I(y - 1)- 12y + 1= 0, Soddalashtiisa
2y2- 1ly + 5 = 0 kelinadi, bundanyx= 5,y2= 0,5 u holdax =y 1dan
Xj=4,x2=- 0,5 Javob (4;5) va (- 0,5;0,5). A

2x-5 2y-3
+

2) X-2 y -1

3x-4y =1

» Avval birinchi tenglamadaxdp 2,ydp\ deb umumiy mahraj bersak

- D@x- 5+ (x- )Qy- 3)=2(x- 2)(y- 1

gavs ochib soddalashtisak 2at - 3x - 5y = - 7, endi hosil boigan
[2xy-3x-5y =-7
’ . . sistemada o‘miga qo'yish usulidan foydalanamiz.
3x-4y =1
3x-I
Yy = ————‘i——— deb, birinchi sistemani soddalashtirsak 6x2- 29x + 33 = 0
. 11 3x-I
boib, bundan xx=3,x2 = — ,uholda y = —-— gaasosan
0 9
N=2>2=g
(A\\ 9
Javob: (3;2) va | ~ J~
Xy = 2,
3) 2x+3y =7

» sistema yechimini topishda 0‘rniga qo'yish usulidan foydalanamiz.
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Tenglamalar

2
I(irinchi tenglamadan x ® O deby ni topib JY ~ J ikkinchi

ii inimiaga qo'yib soddalashtirsak,

3 2
1\ Ix + 6=0gakelnadi. bundan =2, X2 =—boib y =— dan

(3
Javob: (2;1) va |

Yx m\[y + \[y o[* - 12
4 Xy = 64
» Oldingi misoldagi metodni qoilaymiz:
X —— @ 0deb)

— —emeeeee bundan

Vy Vy
1 1 1 1

4e6+8 6 =12 soddalashtirsak y3—y 6+ 2 =0,end %[y =z
leb olsak kvadrat tenglamaga kelinadi.
22- 3z +2=0bundanz¥- 2,z2= 1boiib \[y = z almashtirishdan

64
yl =1,y 2= 64 boib, x = — danx, =64,x2=1

Javob (64; 1) va (1,64).
14.2. Tenglamalar sistemasidagi tenglamalami o‘zaro go‘shish yoki
ayirish bilan soddaroq tenglamaga ke Itirish mumkin.
® Tenglamalar sistemasi yechilsin
[2x -y -xy =14
1
[x +2y +xy —2
> Sistemadagi tenglamalarni qo‘shsak (chap tomonini chap tomonga
0‘ng tomonini 0‘ng tomonga) sodda sistemaga kelinadi
(2x-y-xy =14,
x+y =7
o‘miga go‘yish (y = 7 - 3x) .usuldan foydalansak sistema yechimlari
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(3;-2)va

fx§+\j/§+x+i =18
2)

[x2- y2+x-y =6

> Sistemadagi tenglamalarni qo‘shib soddalashtirsak x2+ x - 12 =0
bundan x, = - 4 vax2= 3 topiladi. Topilgan x ozgaruvchining giymatlari
sistemadagi birinchi tenglamaga qo‘shsak
16 +Y2-4 +y = 18va9+Y2+ 3+y =18

bunda birinchi tenglamaning yechimlari mos ravishda (-3) va 2;
ikkinchi tenglamaniki ham (-3) va ikki bo‘lib, berigan tenglamalar
sistemasi yechimi (- 4; - 3),(- 4;2),(3;- 3)va(3,- 3).

14.3. Tenglamalar sistemasida bittasi yoki ikkitasi ham ko ‘paytma
ko‘rinishida b oiib, o‘ng tomoni nol boigan hoi.

Tenglamalar sistemasi yechimlari topilsin:

X2+ 3xy +2y2 =42,
Xy-5y +4x-20 =0.

> Sistemadagi ikkinchi tenglamani ko ‘paytma ko ‘rinishiga ke Itirish
mumkin. 0 =xy + 4x- 5y- 20 =x(y +4)- 5(y + 4) = (y + 4)(x- 5) berigan
[x2+3xy + 2y2 = 42,

tenglamaning sistemasi \
[ ("+4)(x-5) =0,

teng kuchli ikkinchi
sodda sistemaga kelinadi
X2+bxy +2y2 =42, JIX2+3xy +2y2 =42,
y+4=0 Val[ x-5=0
o‘miga go'yish metodi yordamida tenglamalar sistemasi yechimlari
topiladi. Bu yechimlar "6+ V46;-4j,~6-\/46;-4) 51 va (5; - 8)5)
gateng <
JX2- xy - 2x- 3v=6,
) [ x2-2xy-3y2=0
» sistemadagi ikkinchi tenglamalamix ga nisbatan kvadrat tenglama

) o 2y+Jl6y2 o
deb, yechimlarini topsak x12 = —----—--mm--- yoki Xj = 3y vax2=-y

boiadi. Bu tenglama Viet teoremasiga asosan
X- 3y)(x +y) = 0 deb yozish mumkin. U holda berigan tenglamalar
sistemasi teng kuchli ikkita sistemaga
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[ X-by =§ [ x+y=0
o'rniga go‘yish metodidan foydalasak sistema yechimlari

(6;2) (-f;-1)(-2;2) va bo'hd,.

4x2—Axy+y2=09,
3)
x3+2x2y - Ax- 8y =0

> Sistemadagi ikkita tenglamani ham ko ‘paytma ko ‘rinishida yozish
mumekin.

(2x->)(2x-y) =9 (. 2x_r =4}

yoki
(x-2)(x+2)(x+2y)=0
(x2-4)(x +2>) =0

bu sistema teng kuchli oltita sistemaga kelinadi

j2x-y =3

1) | x-2 =0 yechim>(2;i),
(2x.-y =3

2) { x+2=0 YecbIT(-2;-7),
M2x- y=3 (6 3

3) \x-2y =0 yethim ~5’ 5
f2ax-y =-3,

4) |l x+2=0 yechm(-2;-1),
f2x-y =-3

5) ( x-2=0 yechl1;?)

f2x-y =-3, ( 63
6) \ yechim —
[ x+2j =0 i 55

Natijada berigan tenglamalar sistemasi yechimlari
'6 3\, (6 3

14.4. Sistemada tenglamalar chap tomoni x va y o‘zgaruvchiarga
nisbatan birjin sli funksiya boiib, o‘ng tomoni o'zgarmas son boisay = zx
almashtirib bajarib, keyin tenglama chap tomonini ikkinchi tenglamaning
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llcmentar matematika (1V qism)

chap tomoniga, o‘ng tomonini 0‘ng tomoniga boisak z ga nisbatan teng-
lamaga kelinadi (funksiya x vay o‘zgaruvchilarga nisbatan bir jinsli
deyiladi, undagix vay ning darajalari vaxy ko'paytmaning darajali bir xil
boisa).

® Tenglamalar sistemasi yechimlari topilsin;

\y2~xy =-12

1
Ll X~ —Xy = 28

Sistemadagi tenglamalaming chap tomoni birjin sli
y =zx (z ®0) almashtirishni bajaramiz:
[22 . x% & -12 x22 (z-1) -12
sstemadan ——----—- r —7 r bundan
X2-x 2z =28 x2(1-2z) 28

(zI=1)z = — boib, sstemaning biinchi tenglamasidan
7

— X -—X =12 yechimx, = 7,x. ="- 7, u holda y = —x almash-
49 7 1 2 7
trishdan yt = 3 vay2= - 3. Tenglamalar sistemasi yechimlari (7; 3) va
(-7;-3).«
j3x2-xy +4y2 =14,
2)
[ 2x2- xy +2y2 =8
> Sistemadagi tenglamalaming chap tomoni x vay ga nisbatan |
jin sli boiganligi uchuny =z «x almashtirish bajarsak
I3X2 —x2z + 4x222 =14, t2(3—z +4z2) 14
bu sstemadan
2Xx2 - x2z + 2x2z2 x2(2 -z +2z2]

soddalashtirsak 2z2+ 3z - 2 = 0 Oldingi misol kabi davom ettiriladi.
Sistema yechimini topishda 2-usul. Sistemadagi birinchi tenglamani
(-4) gaikkinchi tenglamani 7gako'paytiribb mos hadlarini o‘zaro qo*‘shsak
2x2- Xym2Y2=0yoki(x- 2M)(2x +y =0)
U holda sistema teng kuchli ikkita sodda sistemaga kelinadi:

X-2y =0 2x+y =0,
2X2-xy +2y2=< 2X2- Xy +2y2m
0 ‘miga go'yish usuldan, sistema yechimlari topiladi:
rn/6 -2n/6~ f-V6 2V6~"

2:0,(-2;- D), va
13,; 3 1J L J



14.5. Noma’lumlarga nisbatan sistema tenglamalari simmetrik boigan
Inildii (ya’ni tenglamalardagi o‘zgaruvchiaming o‘rnini almashtirish bilan
loiglama o‘zgarmasa)

® Tenglamalar sistemasi yechimi topilsin:

X+y+xy=7
X2+y2+xy =13

» Sistema o‘zgaruvchilarga nisbatan sim metrik

fx+y=v fa+v=17,
,( ) desaksistema \ (**)ko ‘rinishgakelinadi.
[x-y =u [v. —m=13

f+*) danv2+ v- 20 = 0 yechimlari v{=4,v2=- 5U holdan=7- v dan
K, 7-4=3,R=7- (- 5)= 12 endi (*) sstemaga gaytsak

X+y =3 [x +>=12
va
Xy =4 [ xy =-5
0 ‘miga go‘yish usulida yechim topildi. <

\x2+y2+x+y =\

2)
X2+y2+xy-1
(x+y-u
» Tenglamalar o‘zgaruvchilarga nisbatan simmetrik J.[ ! ™*)
Xy =V
\u2 +u - 2v =8,
desak sistema \ , ko‘rinishga keladi v = u2- 1 ni birinchi

[ n-v=7
tenglamaga qo‘yib soddalshtirsak u2- u - 6 = 0 hosil boiadi, bu tenglama
yechimlari «j =- 2 vaif2= 3uhodav=«2- 7danV =- 3vav2=2
Natijada sistema yechimlarini topishda sodda ekvivalent tenglamalar
sistemasiga kelinadi.
fx+y=3;
xry

[x+y=-2
va <

[x-y =2 [x-y =-3
yechimlar (- 3;1), (1;3), (1;2) va(2;1) kelib chigadi. <

" bu sistemalar o‘miga qo‘yish usulida

fx2+y2—xy =61

3 \x+y -~ =1 {Xy-Q
» Tenglamalar o‘zgaruvchilarga nisbatan simmetrik

X+y=I< [m2-3v2 =61,
j (*) desak < (**)
bixy=v [ n-v=7

— 125 —



Chunkix2+y2-xy = (x+Yy)2- 3xy gateng.
(**) sistema yechimlari ux= 13, v(= 6 vau2= 8 1U holda berigan
sistema sodda teng kuchli ikkita sstemaga kelinadi (*) asosan

X +y =13, fx+y =S
va ™
Xy = 36 I xy=1
0 ‘miga go‘yish metodidan foydalanish yechimlari
(4;9),(9;4),(4+VI5,4-VI5) va (4-VI5;4 +1 kelib
chigiladi. A
L >4 /7 =7
i .
[xy[x+y)=-2

» Sistemadagi ikkinchi tenglamani 3 ga ko‘pauytirib, birinchi teng-
lamaga qo‘shamizx3+Y3+ 3x2y + 3ny2= lyoki (x +y)r= 1ldanx+y= 1,

f x+y=1

u holda sistemali sodda ko‘rinishga \ y . kelinadi, bunda
[xy(x+y)=-2

X +y =u,xy=vdesak ¢ - boib sstemadan w= 1, v=- 2,

vVen=-2

almashtiishga asosan berigan tengliklar sistemasi yechimini topish teng
Xx+y =1
kuchli Doy = -2 sistemaga kelinadi, o‘miga go‘yish usuldan sistema
yechimlari topiladi (2; - 1) va (—1;2) <
14.6. Noma’lum modulda gatnashgan tenglamalar sistemasi yechimini
aniglashda. modul tenglama yechimini aniglsh metodilarini ham hisobga
olamiz

® Tenglamalar sistemasi yechimlari topilsin.
[ 37+Xk1=7
1} [2x +2]y-1] =3
» Sistema yechimlarini quyidagi shartlarda qidiramiz:

X >0 X+3y=7
a da sstema
y>1 2x+2y-2=3

ko‘rinishda boib

1 9
bundan x = —,y = —, bu sistema uchun ham yechim.
4 4

* <0 [~x+3y =7
b) . dasistema < ko‘rinishida b oiib, bundan
y<1 [2x-2y =1

126

Tenglamalar

17 15
W4
IIn sonlar shartga qarama-garshi b oiib, sistema uchun yechim emas,
fx >0 ) \x+3y=1I ) ] 17
da sistema \ . boib, topigan x = — va
[y <1 i2x-2v=1I . 8

3
sonlar shartni bajarmagani uchun chet ild iz.

) x<0 ) —~x +3y =7 ) 1
ill da sistema < dan topigan x = —,
[y>1 [2x + 2y = 8

9 ! . f19v

sonlar sistema uchun chetildiz. Javob —:—

8 V4 4)

z + * _ 0=
2) Yy Jxy (x>0,~>0)

[y~y + Xyfxy = 78
» Shartdan xy 0 dan birinchi tenglamani n[xy ga ko‘paytirsak,

I bl +x]-7-Jxy \X +Y =7+ *Jxy,
' l— ~>0,7>0)yoki j

Iy Wixy + xdocy = 78 [(* +y)n/xy - 78

4 fx+y=w, [w=7+v

Simm etrik tenglamalar sistemasida |[ XY = v (*) desak }u—v - 78

o'rniga qo‘yish usuldan foydalanib sistema yechimlari topiadi. v] = 6,
¥=- 13va = 13,u2=- 6 lekin v="fx}’ uchunv2= - 13 chetildiz.
[x+y =13
[ xy =36
usulidan foydalansak x| = 9,x2=4 vayt=4,y2= 9.

Bu juftliklar tenglama yechimlari ekanligini tekshirish qiyin emas.

Javob: (9;4) va (4,9). A
14 7 .Yangi o‘zgaruvchi kiritib, ko‘rsatigan metodlarinng bittasiga

\\]/xy =v =6 yokixy = 36, u holda (*) dan i o‘miga qo‘yish

keltiish mumkin boigan hoi.
Tenglamalar sistemasi yechimlari topilsin:

J,/2x-y +1l —y/3x+y-9 =3
N/2x-y +11+ N3x+y -9 =3
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> Berigan sstemada 2x - y + 11 =z, 3x +y - 9 = r almashti
bajarsak, sistema soddalashadi
| | v 1 1v 1 N

3, z4+/4 z4-<4 =3
1 i yoki
24 +7?4 =3
Bundan u holda sistemadag|
z|l+4 -3
| 4 4
tenglamalami o‘zaro qo‘shsak z—=2 bo‘lib z = 16 va t = 1. Endi

(2x -y +I11 =16,
almashtirishdan sistema yechimlarijc= 3vay = 1
3x+y-9 =1
Natjada berigan sistema yechimlari ham (3; 1) ekanligini ishonch
hosil gilamiz. <

X y_25
2) y X 12’
X2+y2=25;
» — —z almashtiishda sistemadagi birinchi tenglama
X
. . 4 3
1272- 25z + 120 = 0 ko‘rinishga keladi. Bundan z, = —zn=—u
1 3 2 4

holda berigan sistema teng kuchli sodda ikkita tenglamalar sistemasiga
kelinadi.

X2+y2=25 X2+y2=25
0 ‘miga go‘yish metodidan sistema yechimlari topiladi (= 3; + 4) va

(4:%3).M

+ Y\1~XY = 336,

3)
+x*JIxy = 112.
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j X2+ xz24x2z = 336,
»r m zx almashtirish bajarsak 1 _ r— birinchi

1x2z22 + x\Ix2z = 112

x2(l+zyfz) 336
l.....ini ikkinchi tenglamaga boiamiz , sodda-
[(z2+Jz~ 112

\
| (ililil> gruppalasak z '1+1 3z2-1 =0 boib z, =- 1(chetildiz)

| 1 2 —
g, ~, uhoda y = ~x, y +nyny =112 o‘miga qo'yish usuli
HiiliiinidaXj = 18,c2=- 18vay, =2y2=-2 bimdax=- 18vaj=-2 chet
ilill/,, (18;2) berigan sistema yechimi ekanligini tekshirish qiyin emas. -4
14-MAVZU MASHQLAM

( liizig li boimagan tenglamalar sistemasi yechimlari topilsin:

(x+y =2, \x2 - 4y2 = 200,
221. Hh\ o 2
[*y =-8. [ x+2y =100.

x2+y2=10, \X2-bxy +y2+2x +3y=6,
222.1)
X+y =4 2x -y =3.

jx2+y2+xy = 21,
223.
| X +y-sfxy =3.

224.
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X-y-X+y=1
225.
X2-y-xy2=30.

x3~y3=19,
226. [ y
[x2y-xy2=6.
X j_3
227. y x 27
X2 +j/2 =45.
Y
X+y X->>
228.
3 4
=17.
X+y X -y

220. yfx-yfy =2,
Xy = 27.

230. \!y_{/ZX ) ]6’

X -j =5.

fx2+j2+x+y=38,
231. ) Y
| X2+y2+xy =17.
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Tenglamalar

Xy —X+y =5,
LLI.
2Xy + X -y = 4.

=3,(3),

x2-/ =72.

Jx2-xy +y2=21,
23A.
[j2-2xy =-15.

J2x -3ny +5y =5
[(x-y)(y-I)=0.

235.

5x
=21,
236. X-y V bx

Ny+x+y =11

[2x2+ 2y2 = 5xy,
237.
I 2x+ 2y = 3ny.



x|+ 5y+9=0,
2x-\y\-7 =0.

Ix +3xy-18 =0,
241.
[ 4y2xy-7 =0.

X2+y2=13,
242.
ny = 6.
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Tenglamalar

15-MAVZU. KO ‘RSATKIC H
@) TENGLAMALAR

| >nrgja ko ‘rsatkichida noma’lum migdor gatnashgan tenglamako'rsat-

Ihlili tenglamadcyiladi. Ko'rsatkichli tenglama hagiqgiy sonlar to'plamida
ilGiladi.

Ko‘rsatkichli tengiama yechish umumiy metodi elementar mate-
iiidikada mavjud emas. Tenglamaning berilish tiplariga garab metodlar
mliliililadi, ko‘rsatkichli tenglama o‘ziga teng kuchli boigan ikkita
iiniksiya tengligi ko*‘nnishdagi tenglamagakeltiishmumkinligi hagida va
hinksiyaxossalari [1], [4]da berigan. Ko ‘rsatkichli tenglama yechimlarini
lopish usullari

15.1.

cfr= 1(a>0,acp 1)

Ko‘rsatkichli tenglamafix) = 0 gateng kuchili.

© Tenglamalar yechimitopilsin

1) 2x2~5x+6 = 1.
Berigan tenglamaga teng kuchli tenglama x1- 5x + 6 = 0, boiib,
yuchimlari Xj = 2 vax2=3.M

2) =1(tf> 0)

120X px¥\ 5X~4

» lldiz xossalaridan foydalanamiz a 2 3 4 =1 dagada
iinalami bajarsak aV\{lZ = b bundan 34+ - d berigan tenglama
X = - 34 yechimga ega. -4 n

3)1 [2,3)F 732=1

S» Berigan tenglamaga, teng kuchli tenglama 0,27 - 3x2= 0 tenglama
ko'rinishida boiib, yechimlariX\= 0,3, x2=- 03 M

15.2. Bir hil asosga keltirib yechiadigan tenglamalar

2.1.(fY=agA(a>0,ad1)

Ko rinishdagi ko‘rsatkichli tenglamaga fix) = qo¥) tenglama teng
kuchli tenglama boiadi.

© Tenglamalar yechimitopilsin.

)] 3x2~°'"5x = n/3

2 I
~ Tenglamani 3X ~0,5x = 3 2 debyozish mumkin, u hadateng kuchli

tenglama x2—0,5x = i'bo‘lib, yechimlari 1;,x2=—05 4
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2) =15
2-3&*]

» Tenglamani kasr ko 'rinishisiz yozish mumkin.

3~ =1,5.6-3” yoki 3/~ =3M +2

Bu tenglama teng kuchli tenglama '/x2 —n/x+ 2 ko‘rinishd;inl
kvadrat tenglama boiib n/x =2 Va n/x = -1 yechimlarga ega, bundun

d=8vax2=- 1-4
3) [0,1(6)]*~4-0,5 = 18
ix-4
» Bandaydavriyo‘nlikasr 04,(6) = — gateng,uholda =36

yoki 64~ = 62bundan 4 - x = 2, berigan tengamayechimix = 2. <
4)  8-7(0,125)4°5 = X6

2jc 2 1
» Ifodani shakl almashtiib yozamiz 2 (2-) 3 = 27°%-6)2 .

*12
yoki 23«2 2 = 2/x 672 butenglama teng kuchli tenglama

a x~12 | c\~
2 _
lfodani soddalashtirsak x2- 16x + 60 = 0 boiib berigan tenglamaning
yechimlarixt= 6 vax2= 10 <
15.3.
apw=hpe(@a®b, 0<ad1,0<b<d 1)
ko‘rinishidagi tenglamaning byM yoki (agM) ga boisak tenglama
afw |
— =1 ko‘rinishga keladi.
b)
® Tenglama yechimi topilsin
1)  3*"1-23~7= 129-*,
» 12 ni 12 = 3 «22deb yozish mumkinligidan 3*~1«23~7= 39~
®2's~Xyoki 3*->-<»-*) = 218 2-Ne-7) boiib, bundan 32- D= 225 5 daraja
xossasidan foydalanamiz 9x~s = 32s~x chunki 32= 9, 2s = 32. U holda

AL 521 dan tenglama yechimix = 5-4
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m  0,2-5-Y4Y'22=25,"~4n"1
» Imilamada go‘shiuvchi hadlami daraja xossalaridan foydalanib

w52 +4x (520 _ 441 bundan 52X \ o] 4y + 1)

o 4 25 (25
mhlinliHhtirsak 25 -—=4 -5 bundan berigan tengama
u5

ta tuiiix = 1. M
) 9x-2 2=2X35
> Tenglamada 3 asosli fodani bir tomonda 2 asosli fodani ikkinchi

toiiDiula yozib soddalashtirsak
|

\IX +32x~1 =2 Xx+X5+ 2 X+2 dan
32-1(3 + 1) = 2*+05(23+ 1)

MN'Mb.32 -1 «4 = 2*405 «9 yoki 32 '1"2= 2*+05 2bundan 32x~3 = 2*""
uni daraja xossasidan foydalanamiz.

X -- X -- (9
9 2=2 2danl- =1

154.

= bgpa®b,0<ac/1,0<bd 1)

Ke‘rinishdagi tenglama logarifmlash usulidan foydalanib yechimni
lopish mumkin.

® Tenglamalar yechimitopilsin.

1) 4V' <" M

» lfodaning ikki tomonini o‘n asosda logarifmlaymiz (x - l)ilg4 =

(3 - x)lg5 danxlg4 + xlg5 = 31g5 + Ig4 logarifm xossasidan xlg20

) o Ig500
lg(125 «4) boiib, tenglama yechimi x = —-—-

2) (05) > 3°'-
» 0 ‘nli kasmi oddiy kasrda yozib, daraja xossasidan foydalanamiz

2 NV 2dan|]j =9

lfodani 3 asosga ko‘ra logarifmlaymiz x log3—=1og3 logarfm



lilfiientar matematika (1V qism)

xossalaridan jcMogf—) =2, demak berigan tenglama yechimi
2

log2- |

3) 25-*=0,01

» Daraja xossalaridan foydalansak 5~2x= 10" 2

lfodani 10 asosda logarifmlaymiz - 2xig5 = - 21glO yoki xigs = 1
tenglamayechimix = (Ig5)-‘. A

4) Agarlg2 = aboisa 2lv 1= 52 s dax ni aorgali foda qiling.

» Tenglikning ikki tomonini o‘n asosda logarifmlaymiz

(2x- g2 = (2 - x)lg5

bunda lg5=1g ~ = 1—g2 o'miga go‘ysak (2x - 1) ma= (2-x) (l-a)

Bundan soddalashtiib berigan tenglamaning yechimi topiadi
2—a
(2a+ 1- a)x=a+2- 2adan x = - LA
a+1l
15.5. Umumiy ko'paytuvchini gavsdan tashqariga chigarish usuli bilan
yechiladigan tenglamalar.
® Tenglamalar yechimi topilsin.
1) 225+ 227+ 1 2"9= 42
» Tenglamaning chaptomonidaumumiy ko'paytuvchini gavsdantash-
gariga chigarib soddalashtramiz 2X"'X24+ 22+ 1) = 42 dan2X 9«21 = 42
yoki 2Ix~9= 2 bo‘lib, berigan tenglamaning yechimix =5 A
_ -jlIx q4x
2) 9 e — =1
3 9
» fodadagi go‘shiluvchilami uch asosli qilib yozamiz
xR

Umumiy ko'paytuvchini gavsdan tashgariga chigarib soddalashtiramiz
32+ 2732 +3-1j =11 yoki 32~ -2=1 bundan berigan tenglama

yechimix = 1<
2

3) 2e33-1+27* 3=9*%4 +2<32%4

» Tenglamadagi qo'shiuvchilarni uch asosli qilb yozib olish
mumekin.

2 L3311+ 3X-2_y*-r_2.32~1=0bundan 33-22 m3+ 1)- 3272(1 +
+ 2 «3) = 0, dan 33" 2= 32-2 boiib, x = 0 yechim hosil boiadi.

15.6. Yangi nomaium kiritish usuli bilan yechish mumkin boigan
holni misollarda oydinlashtiramiz.
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longlamalar yechimi topilsin:
|

+— xfj
) 23 2x=27-

» lldiz go‘shiluvchini %/3=3* debyozish mumkin, u holda
. J_
3* + 632 - 27 = 0 agar 32x = >' desaky2+ 6y - 27 = 0 tenglama

ynthimlariy, = 3, = -9 boiib 7 = 32* dan;

1) 32 = 3, yoki 2x x =05 2) 32 =-9 yechim mavjud

*mas.
Javob berigan tenglama yechimix = 0,5 M

2) 34 _ 4.3~ +3=0,

» Berigan tenglamada yangi o‘zgaruvchi 32%( = kiritsak, y ga
iisbatan kvadrat tenglama h osil boiadi.
y1l- 4y + 3=0dany, = 3,y2= 1, u holda:

a 32~ =3 yoki 2yfx =Ix =0,25;

b) 32 = 12\fx = Ox =0
Javob: x, = 0,25,x2=0 -4

3) 4x+tVN 2 _5.2,-1+1 =6
» Tenglamaning ikki tompnini 2 gako‘paytiramiz:
2(x+Jx*-2) ljr J 2_,
-2 J-5-2X+X"2=12 aga 2 V =y desak,

2-/-5y-12 =0

3
Tenglamaildizlari j/, = 4,j2 = — boiib, almashtiishdan:

a) 2x+™2~2 =4 yoki x+n/x2-2 =2 iratsional tenglama
yechimix = 1,5.
~ 3
b) 2X+ ~2 =~~ daxe 0 U holda berigan tenglama yechimi
x=15

4) 2504+ 0,4 = 115
> Daraja xossalaridan foydalanib va 0,42: — ni hisobga olsak
tenglama 125 m521- 55 «5* + 2 = 0 ko‘rinishga keladi, bu tenglama
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yochimlarini topishda 5* —y desak 125y 1- 55 y+ 2 = 0 hosil boiadi bunda,
2

+4 1
/13025 - 1000 = 2025 boiib, y2 = 22342 gany, = 1 yo =

2 250 1 25 2 5
endi almashtirishdan tenglama yechimlari topiladi.

1 2
1) 5x = — danXj=-2,2) 5* = - danxlog55=10og52-log55
boiib, bundan xi =108s2-1. A

15.7.

Ale‘+ A2b,+A3Cx=0
Bunda A)( A2 A3istalgan hagiqiy sonlar a, b va c laming istalgan
ikkitasining ko'paytmasi uchinchisining kvadratiga teng boisa, tengla-
mani ko‘rsatkichli funksiyalaming bittasiga boiib yuborsak, kvadrat
tenglamaga kelinadi.
Tenglamalar yechimlari topilsin.
1) 2m9*+3e4*-5-6"=0

» Tenglamani 4" ga boisak 2 —9—)5———1—3—5—225——‘3&: 0 yoki
4% 4x
2X
“ - 3Y

212 5] — | +3 =0 bo'lib =y desak 2f - 5y + 3 =0
bundanyt—1, y 2 ——. U holda almashtirishdan:

a) =1l,x =0,

b) = - danx = ljavobx:=0,x2=1-4

3) 27*+12*=2-8*

» Tenglamaning ikki tomonini 8' gaboisa oY (3m

agar =y desaky3+y - 2 =0 tenglamani (y —1)(y2+y + 2) =0

deb yozish mumkin, bu tenglamaning haqiqy yechimiy = 1. U
holda almashtiishdan berigan tenglama yechimi x = 0 boiadi.

3249*2+7-4%2-9-14*2 =0

— 138 —

Tenglamalar

2
» Tenglamaning ikki tomonini 4X gaboisak

+7=0 agar - =y desak2f - 9y+7=0bu

/
li vuta yechimlariy= 1, y = —.

11 holda almashtirishdan berigan tenglamaning yechimlari topiladi:

n) =1 danx1=0xt=0
_ danx2—1x = 1,x =- 1
b) 2 2 3.
Berigan tenglamaning yechimlarix[=-1,x 2= 0,x3= 1x
15.8. Umumlashgan hoi yoki sun’iy usullar qoilash bilan tenglama

yn himini topish mumkin boigan hoi.
Tenglamalar yechimi topilsin.

i)

» Tenglamani yechishda n/2-nd-n/2+73 =1 tenglkdan foy-

dulanamiz. Bundan -m="2—V3, Agar (V2-V3) =y.

w2+

desak y + —= 4 yokiy2-4y+ 1=0 kvadrat tenglama hosil boiadi.
Yy

Bu tenglamani yechsak Y\ —2 -y jl,y 2 =2+ /3.
Endi almashtirishdan topamiz:

a) |-~2-n/3| =2-V3 yoki [V2-V3| =22 -1w3] danx=2
b) />/2—y/3] =2 +~3 yoki [>/2—n/3] = — -] boib,
X © (23)
bundanx = —2. Natjada berigan tenglama yechimlarix, = 2, x2=- 2.
2) \/9+2x-\/3 = 6Xx +9(x>0)
» Tenglamada 3* =y almashtirish bajarib, hosil boigany2+ 2xy-

-6x-9=0
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A =4x2+4(6%+9)=4{x+ 3)2u holdatenglamaniy ganisbatanyechami

-2X*2[x+Db)
bunda y2 = -------mm — oo dany{= 3,y2=- 2x - 3 almashtiishdan:

an/3=3 danx=1<
|
b) 3* = —2x - 3 dayechim mavjud emas, chunki ax> 0, javob: x ~
3) 2b mOX- 6ix~1+ 4°~1341 2= 0,
» Darajada xossalaridan foydalanib yozamiz
MIX ' A2x X N3] 1 _24v 34t —Q
3 36
Tenglamaning ik ki tomonini 2 «32/gaboiam iz va 36 gako ‘paytramiz
ry3x ''y3x r*4x ' Nx
36-12--———T- + " - —= 0 ager (6*)=y desaky2- 12y+ 136 =0
2 <3 2 -3
boiib, tengamayechimlaryx=y2- 6
Almashtirishdan berigan tenglama yechimix = 14

4) AN[o,(D]2-°Bx+2-~"/FFH -21
» Har bir qo‘shiluvchini kasr darajada yozamiz. Bunda 0, (I) = ~ ni

hisobga olamiz

-2(20-6,5%) x-35 x 40 x-35

3 5 +2-3 5 =21 yoki 3 5 +2-3 5 =21
X X

3n-3 8(1+ 2-3) =21 boib 37=3-38 natjpda berigan tenglama
yechimix = 45.

5) L M H 16en/3~ =36n/7?

Yij fo
» Tenglamani ild iz ko‘rsatkichni kasr darajada yozish "= an

1

xossasidan va 'j'fa = ahl xossalardan foydalanib yozamiz
J A JL % L JL
23X .26x .212* -324x = B3t _26X%
soddaiashtirsak
1 ! 1 1
2x -312 =23 -33 -26
1 1 1 1 1
yoki | x-2 3 -Vx =26-3 12
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250. 2 «23m22%~1= 512.

251.52+1- 7 «7*=25*+T.

252. \52¢H4=2i x m5ix~\

253, 38Aos _ op-i T ah o508

254.V -4-YX 1+ 5m\k + 3" =57,

- *
255, 221 _ .1 g log.2™2

256. 8 *3x- 23-1) *3%. = 52,

257. 2x- m+ j 0@ -1 _405¢c-2=2 99

258. 6- IX==2.

250. mox  -32°°

260. 3X+1 + 32"1= 4 m2T~K

261, N/T2x6 - NA9x+2 - 2X4S +2-0,25_(14050) = o,
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16-MAVZU. LOGARIFMIK
Q TENGLAMALAR

Noma’lum o‘zgaruvchi logarifm belgisi ostida yoki logarifm asosida
gatnashgan tenglamalarga logarifitnik tenglama deyiladi.

Logarifmik tenglamalami yechish umumiy metodi elementar matema-
tkada mavjud emas. Tenglamalami tiplarga ajatib, yechish usullarini
ko‘rib chigamiz. Logarifmik tenglamalar haqigiy sonlar to'plamida
garaladi. Logarifmik tenglamalami yechish usullari tenglamaning
tuzilishiga garab tanlanadi. Bu usullami misollarni yechish yordamida
ko‘rib chigamiz. Logarifmik tenglamalami yechimiga alohida e’tibor
berish kerak. So'ngra topigan sonlar tenglamaning aniglanish sohasiga
tegishlimi yoki tegishli emasligini aniglash kerak. Bunda lognfix) = b ga
fix) > 0 mavjud bo'lishiva 0 < a® 1 shartlari bajarilishi kerak.

Logarifm hagida to‘la malumot [4] damisollar bilan berigan.

Logarifmik tenglamalamni yechish usullari:

16.1. Logarifmik shartiga asosan yechiadigan tenglamalar

® Tenglamalar yechimi topilsin.

1) IPPgod (-2x)=~2

3 1
» Logarifm shartiga asosan yozamiz, bunda 0,(3) = —= — ni

hisobga olib = —2x yoki32=- 2xdanx - - 45

Tekshirish x =- 45 da

log, (-4,5(-2)) =logj 32=2logi 3=-210g33=-2 >
3 3 3
Bu son tenglama yechimi ekan.
2) logx n/4 = 0,1(6)
» Tenglama yechimini topishda

- 1 - -
n/4=23 va 0,1(6) = E ni hisobga olib, yozamiz 23 = x6 yoki

(6fM

23

\% Ny

bundanx=24= 16.Tekshirish logl6 23 = —log24 2 - -2----}I’og, é-l— 1

3 4 62 6
javob x ~ 16.-*
3) log (3x+4)=2
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Tenglamalar

» Logarifm ta’rifiga asosan yozish mumkin.
1*+ 4 = x2yokix2- 3x- 4=0butengamaidizlarix =4vax =- 1
ilkuhirish
a) logY(3x + 4) ifodax - - 1asos manfiy ma’noga ega emas.
b) log,, (3 M + 4) = log4 16 = log42= 2 yechimjavob: x =4 <
16.2. Logarifm xossalaridan foydalanib yechish mumkin boigan teng-
blinalar:
® Tenglamalar yechimi topilsin:
l) 2 logd(— 8) = log3 81
» Bunda logarifrnning a"'ba’ va logaN —klogaN xossa-
hiiidan foydalanib, kanonik ko‘rinishga keltiriladi.
2 2 -log 334 dan 2log2*x 82 = 410933 yoki
1
log2{x —8) = 2 bo‘lbbundanx=24. Bu sonberigantenglamaning
2
yechimi ekanligini o‘miga go‘yish orgali ishonch hosil gilish oson.
Javob: x = 24 *4
2) 2log]0g2x 2 —1
» Tenglamaning ikki tomonini 2 gaboiamiz

1 i
logiog™x 2 = —logarifmta’rifigaasosan 2 = (log2x)i yokilogx=4

)oiib, berigan tenglama yechimix = 16-~

3) log*8l =2
72

» 0 ‘ng tomondagi gavs ichidagi foda maxraji q boigan
rr

cheksiz kamayuvchi geometrik progressiyani beradi.

b 2-V2 V2-(2-V2) V2-V2(~™-1)
Bu yigindi S - =2
1-q V2-1 V2-1

demak berilgan tenglama log S| =2 - 2 logarifm tarifiga ko‘ra 34 = x4
boiib bundanx = 4, topigan x = 4 berigan tenglama yechimi boiadi. <

4) log, ~ON) = - 0,1(6)

> Davry o‘nlikasmi 0,(l) = —, 0,1(6) = — oddiykasrdayozamiz,
ild iz ko‘rsatkichni kasr dargjada yozib, logarifm ta’rifidan foydalanamiz
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log#A I 3>= —/ogHA3=-“ —logs3=~~ demakx = 8l berigan

tenglama yechimi ekan. <

5) log?log2log5(25 —x) —0

» Logarifm ta’rifidan foydalanamiz:

log3[log2log5 (25 - x)] = 0 dan log2log5 (25 - x) = 1 yana shu kabi
log5(25 - x) = 2 dan 25 - x = 52yokix = 0 ekanligi kelib chigadi. x = 0 ni
tenglamaga qo‘yish bilan yechim ekanligini ishonch hosil gilamiz. -4

16.3. logagtt) = loga/(x) (0 <a® |, /(x)>0, ) > 0) ko‘rinishidagi
tenglamada logarifm xossasifix) = (¥ dan foydalanamiz.

© Tenglamalar yechimitopilsin.

1) log”™"x =log”™(4x + 12)

Tenglama aniglanish sohasix > 0
» Oldin logarifm xossasidan foydalanamiz

log j x =log2(4x + 12) yoki 2logX = log24x + 12) dan log,x2=

=log2(4x + 12) boiib x2= 4x + 12 kelib chigadi.

Bu tenglamaildizlarix = 6 vax = - 2, bu sonlardan x = - 2 tenglama
aniglanish sohasiga tegishli emas. x = 6 tenglamaga yechim ekanligini
tekshirish giyin emas.

2)  31gx=2,51g0,5x

» Tenglamani logarifm xossasidan foydalanib, shakl almashtirib

yoki 2 n n =0
/ \

tenglamaniko ‘paytmaxo ‘rinishida yozish mumkin. x ~on -1 =0
\% /



Bundax = O chetildiz. x = — esaberilgan tenglama yechimi. A

g (x3-5x2+19)

N =

31 S | — ——— —

3) w w )

» 1/ 2va.t/ 3 deb (chunkix = 3 dalg(x - 2) nol giymatni gabul
illadi, kasr mahraji esa nol b oiishi mumkin emas) tenglikni Ig(x - 2) ga
ko'paytirib, logarifm xossasidan foydalanib yozamiz.

lg(x3- 5x2+ 19) = Ig(x - 2)3yokix3- 5x2+ 19 = (x- 2)3
disqga ko ‘paytirish formulasidan foydalanib soddalashtirsakx2- 1 2x+27 =0
butenglamaildizlarix = 3vax = 9, x = 3 esa berigan tenglama uchun chet
ildiz x = 9 esa berigan tenglama yechimi. <

4) log4(x + 12) logv2 = 1

logAN

» Logarfmdagi logaN = ---=-- — formula yordamida
logba
log, 2 1 ) 1.
logX 2 = ——-mrme = e tenglk va log kN = —logaN xossa-
log2x log2x a K
dan foydalanib yozamiz
1 i

log22 (x + 12)---—-------=1 yoki log2(x +12)2 =log2x (x*|
log2x

\
deb), bundan (* + 12)2 =x bo‘lib iratsionalikdan qutgarib va sodda-

lashtirisa x2- x - 12 = 0 tengamaga kelinadi bu tenglama yechimlari
x =4 vax =- 3.Bundax =- 3 chetildiz boiib, x = 4 berigan tenglama
yechimi boiadi. M
5) 3(L+2+43+ +8)V  =27.x3D
» Tenglamadagi qavs ichidagi yigindi arfmetk progressiya boiib
(1+8)8
yigindi - —-—-- =36 u holda tenglamani soddalashtrishda loga-
rifmning akogaX = xk xossasidan foydalanamiz 3361°83* = 27-x30 dan

xPHB= 27 - xPyokix6= 27 danx3= 3 boib tengamayechimi x = n/3 . <4
16.4. Potensirlash usuli bilan yechiladigan logarifmik tenglamalar.
Tenglamalar yechimi topilsin.

1) 0,51g(2x-l) +IgVvx-9 =1
»log” = K loguN xossadan foydalanamiz, keyin potensirlab, 3-me-
todni qoilab soddalashtramiz:
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-lg(2x- 1)+- Ig(x- 9)=1yoki I lg(2x - 1)(x-9)=Ilgl0dan2x2j

14 7
- 19x- 91 = 0 butenglamayechimlari.y = 123vax = —-bo'lib, X = ——

chetild iz, berigan tengamayechimix = 13 4

2) log5(x + 5) - log5(3x + 25) = log5(x- 15)- log5 17

» Logarifinning potensilash xossasidan foydalansak (x + 5)17 =
= (x - 15) m(3x + 25) gavs ochib soddalashtirsak 3x2- 31x - 460 = 0

23
tenglamaga kelinadi, bu tenglama yechimlari x = 20 va x = —— dan

23
X = - chetild iz, x = 20 esa berilgan tenglama yechimi. <

3) g2 + Ig(4v-2+ 9) = 1+ Ig(2*-2+ 1)

» Potensiflash usulidan foydalanishda IglO = 1 ni hisobga olib yo-
zamiz Ig2 =(4*~2+ 9) = 1gl0.(2*-2+ 1) yoki 2(4*~2+ 9) = 102" 1)
soddalashtirsak ifoda ko ‘rsatkichli tenglamaga kelinadi 22 -20,2' + 64 =0
bu tenglama ild izlari 2X= 16 va 2X= 4 boiib, bundan x] = 4 vax, = 2.
Berigan tenglamagax = 4 vax2= 2 yechimligini tekshirish qiyin emas M

4) lg ~5x(13~x) +11lg 2 =11
» Tenglamaning ikki tomonini llga boiamiz:

—Ilg5 2 +lg2=1 logarfm xossalaridan foydalanib, keyin

i35
potensilash usuldan foydalanamiz Ig5 2 +Ig2=1Ig10 dan
x(13-x)
lg2-5 2 =1glO yoki 2.5 2 =io dan -----—--—--=1, sod-

dalashtirsak x2- 13x + 22 = 0 bu tenglamaild izlari xt= 2 vax2= 11 0z
navbatida berigan tenglamaning yechimi ham boiadi. <
16.5. Yangi o‘zgaruvchi kiritish usuli bilan yechiladigan tenglamalar.
Tenglamalar yechimi topilsin.

1 logjx2-8log2x+3=0
> Logarifrnning log* N” = nklog* N xossasiga  ko‘ra
4 log2x —8log2x + 3= 0 tengamada log2x =y almashtirish bajarsak

4>2- 8y + 3=0 kvadrat tenglamaga kelinadi, bu tenglama yechimlari

3 1
y, = —, Vt = — almashtiishdan
2 2



2 . : 2
VN berigan tenglama yechimi ekanligiga, tekshirib ishonch hosil qilish
an
2) 4logx3n/3-5 = 4log2n/3
» ldiz daaa va logarfm xossalaridan foydalanamiz

?
| 3 log 3-5 = 4-ilog * 3 Soddalashtirsak logarifmga nisbatan kvad-
4

2
i;ii tenglamaga 3—6logx +5 = 0 kelinadi, bu tenglama yechimlari
Inc, 3= 1valogt3 = 5 bo‘lib, bundan berigan tenglama yechimlarix, = 3
vii x2 = n/3 kelib chigadi.

3) lg2x + lgx2=1g2- 1

» Agarda Igx =y desak berigan tenglama y2 + 2lg+1—g] =0
kvadrat tenglamaga kelinadi, tenglama yechimlari yx=- 1+ Ig2 vay2=

1- Ig2 boiib, almashtirishdan:

a) gx=-1+Ilg2=-1g1l0+ilg2=1g danx, =0,2

b)lgx=- 1- Ig2 =- Ig20 danx2= 0,05

Javob: x, =0,2x2=0,05 A

4)  [9(109] <[g(0,Ix} ]1=Ig3x - 3

» Logarifm xossalaridan foydalanamiz [ilgx + [J[lgx - 1] = 31gx- 3
yoki lg2x - 1= 31gx- 3 endilgx=y deb yangi o‘zgaruvchi kiritsak, y ga
nisbatan kvadrat tenglamaga kelinadiy2- 3y + 2 = 0 bu tenglama ild izlari
yx= 1,y2= 2 u holda almashtirishdan a) Igx = 2 boiib, xx= 100 b) lgx = 1
danx2=10 Bu sonlar berigan tenglamaga yechim boiadi. A

5) 2log2+ ™M+ ~1°g3(n/3+27)=0

» Logarifinning xossalari va ta’'rifidan foydalanib tenglamani qu-
yidagicha yozish mumkin.

14—
l0g322+10g33 2x - log3™v/3+27] =log31 potensilash usulini

R J_ b 1
goilasak log3”™ - =log31 yoki 12e32x =3X+27 3X =y
Uu/3+27

desakyl- 12y + 21 = 0 boiib, butenglama ild izlari™ = 3 vay2= 9.
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U holda almashtirishdan berigan tenglama yechimlari x, = 0,5 wn
x2= 0,25 olamiz. <3
16.6. Har x il asosli logarifm gatnashgan tenglamalarda

logaN = ----—-—--- formula yordamida bir xil asosli logarifmlargii

keltirladi, bunda katta asosli logarfm kichik asosli logaifmga, o‘z-
garuvchil asosli logarfmni esa o‘zgarmas asosli logarfmga keltirib
olinadi.

© Tenglamalar yechimi topilsin:

1) log®Bx + log,.r +log,x =7

» Qo'shiuvchilami ikki asosli logarfmlarga keltirib olamiz

lPg24x +1°g2x +log2x =7, yoki +—+1ljlog2x =1 bundan

logZ = 4 boiib, berigan tenglama yechimix = 24= 16 <
2) yjlog3x9-410g9n/3x =1
Logarifm xossalaridan foydalanib yozamiz
N9log3x - 4~ log323x = 1yoki 3*1og3x - 10g33x =1

£
bundan 3(log3x)r -1 - log3x =1

soddalashtirsak logarifmli ifodaga nisbatan kvadrat tenglama boiadi

I I
°’g3x —3(log3x)2 +2 =0, bu tengama yechimlari 0°83 x)2 ~1

J
va (log3x)2 =2 boiib, bundan, berigan tenglama yechimlari x) = 3,

x2= 81 ni olamiz. <

3) yflog~v/5x-log5x = - |
» Tenglikning ikki tomonini kvadratga ko'tarsak

log.,. \F5x sog5 x = 1 logarifm xossasidan —(logx 5+ 1)log2x =1

Logarifmning logob mlogica = 1 xossasidan foydalansak logarifmli
funksiyaga nisbatan kvadrat tenglamaga kelinadi.

log5x +log2x - 2 =0 bu tenglama ildizlari log5x = 1 va log5
X =- 2 boib, bundanx, = 5,x2= 0,04. Bundax = 5 ni tenglamaga qo'shsak
tenglamani ganoatlantirmaydi.

x = 0,04 esa ganoatlantiradi, berigan tenglama yechimix = 0,04 <



= 2'9_6 +1
g2
» Tenglamaning chap tomonidagi ifodaning har bir go‘shiluvchini
1 niiHOsda logarifmlab yozamiz
3igx J2lgx 21g6 |t
lg3 g2 g2
Endi tenglikning ikki tomonini Ig2 mig3 ga ko‘paytirib, keyin sod-
iinliwlitramiz (31g2 + 21g3)lgx = (21g6 + Ig2)lg3 bundan Ig6 = Ig2 + Ig3
ili'li yozish mumkinligini hisobga olsak (3192 + 21g3)igx = (3192 + 21g3)-
ol danlgx = 1g3 boiib, berigan tenglamayechimix = 3 gateng boiadi.
5) lkg3x3=logt2 3

)] ‘093x3+?‘092x2

» 0 ‘tish formulasidan tenglikning ikki tomonini uch asosli logarifm

ku‘iinishda yozib olamiz ----------- = - j danlog 3x = log. yoki
log33x 10g3x

| > x2bu tenglama yechimlarixt = 0, x?= 3 danx = 3 berigan tenglama
yechimi boiadi. <

16.7. Noma’lum o‘zgaruvchi darga va asosda gatnashgan ko‘r-

iiitkichli logarifmik tenglamalaming ikki tomonini logarifmlab yechimi
lopiladi.

Agarda asos yoki darajada logarifm gatnashgan boisa, u holda teng-
Inina shu asosda logarifmlanadi, bu usulni misollarda ko ‘rib chigamiz.

® Tenglamalar yechimi topilsin.

1) (0,01) 2

» Tenglamaning ik ki tomonini o‘n asosda logarifmlaymiz.

(B + Igx)lgx=- 21g 0.01 yokilg2x + 31gx 4 = 0 logarifmga nisbatan
kvadrat tenglamayechimlari Igx = 1valgx = - 4 boiib, bundanxx= 1va
x2 = 10" 4 bu tenglamalar yechimlari ekanligini o‘riga gqo‘yish orqgali
ishonch hosil gilamiz.

Javob: xt= 1vax, = 0,0001 M

2) 3-xloB;c= x 3(Qd)
» Tenglamaning ikki tomonini uch asosda logarifmlaymiz

1, }'O
logj+log,x Mog3x = - ~log3x soddalashtirsak, logarfmga nisbatan
kvadrat tenglama hosil boiadi 3log2x -10 log3x +3=0.

Bu tenglama ildizlari log3i f 3 va log3x = boiib, bundan

Xj ~27,x2 = n/3 buqgiymatiami tengamaga qo‘yib tekshirainiz:
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_ _ s
a) 327loB27 = 27 3 yoki 373 = (33) 3 dan 3w= 30denek
X = 27 yechim, j

b) 3-(n/3)1EN =(n/3)™ yoki 3 33 53 &n

10 10 vVoy ]

33 =33x = V3 hamyechim ekan.

3) 4o + x logh =8

» Birinc hi go'shiluvchini shakl almashtirib, logarifm xossasidan foy-
dalanib soddalashtramiz 1

(44 . p - +x"v =8dIn (,)»«.. + /v =8 j
yk v =4
Tenglikning ikki tomonini to‘rt asosda logarifmlaymiz
logd x mlogd x = logd 4 boib 1°84 x ~* bu tengama yechimi
1
X, =4 va x2 = —. Bu x, va x2 sonlar berigan tenglamaning yechimi
ekanligiga ishonch hosil gilamiz. A
4 =4
- » Tenglamani x18™ N =4 deb yozish mumkin. Sababi
0" x) =108 I2 ARV =208 A- *)=10S,0 ~ xy
n

Logarifm xossasidan (1 - x)2= 4 bundanx = - 1vax = 3 Bu sonlar
tenglama aniglanish sohasiga tegishli emas. Tenglama aniglanish sohasi
)ér?r‘a%',&: ?Hval-x>0 yokix e (0;1). Demak tenglama yechimi mavjud

16.8. Umumlashgan usul. Tenglamalar yechimi topilsin.
1) 4log2 x = log5 xi*21ogs (n/x+5-1) J

» Oldin logarifmning log ,, N = —ogaN xossasidan foydalanib
a n

J -Y |°g3)(j——ﬁ/—kﬁx§eb yozish mumkin u
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logj x™Mog5x - 2log5(Vx +5 - 1)J =0 bundalog5x = 0 yoki
x=1valog5x- 2log5(n/x+5-1j =0 dan
log5x = log5(Vx +5-1j yanalogarfm xossasidan

x=Vx+5-1j bu ifoda soddalashtiiisa n/x+5 =3 boib

yechimx = 4. 0 ‘miga qo‘yish bilan x= 1vax = 4 berigan tenglamaning
yechimlar ekanligiga ishonch hosil gilamiz. A
2)  xx+ I139x~x- 108x”" = 32
» Tenglamaning chap tomonidan umumiy ko‘paytuvchini gavsdan
lashgariga chigaramizx_2r(x3 + 139x* - 108) = 32 bundan
x3-32x2l+ 139x*- 108 =0
Agar xx =y desak, tenglama y3- 32y + 139>- 108 = 0 ko‘rinishga
kcladiy = 1tenglama yechimi chap tomondagiko ‘p hadni (y - )ga boisak
(y-H(f-31y~ 108)=0
Bu tenglamayechimlariyt= |,y 2= 27 vay, ~ 4 boiib almashtirishdan
berigan tenglama yechimlari x, = 1, x2= 2 vax3= 3 ekanligiga ishonch
hosil gilish qiyin emas.-~

3) IglO+Igl = f- —
5—-gx* | +Igx

» Logarifm ta’rifdan IglO = I,Ig | = 0, u holda S F————? ————— =1
5-lgx 1+ Igx
lgx @5 valgx d> 1deb, tenglamani (1 + Igx)(5 - lgx) gako‘paytiramiz
1+Igx+2(5- Igx)=(5- lgx)(I +Igx)

gavs ochib soddalashtirsak, logarfmga nisbatan kvadrat tenglamaga ke-
linadi lg2x - 51gx + 6 = 0 bu tenglama ild izlari Igx = 3 va lgx = 2 boiib
bundan x, = 1000 va x2 = 100, bu x, va x2 sonlar berigan tenglama
yechimlari ekanligiga ishonch hosil gilamiz. A

4) X - log2x =logx2- log22

» Tenglamani

1°8x+ 1°82 x ~ 1°82 x + 1°8x 2 debyozamiz.
Agar log2+log2x —y desak [logr2+iog2xj =y2 yoki

log"2+log2x ~y | - 2 boib, uo‘zgaruvchiganisbatany2->'-2 =0



tenglamaga kelamiz, bu tenglama ildizlari

Yi~2,y2=—1
U holda almashtirishdan

a) log2+log2x - 2,logaN = formulaga asosan yozamiz
log* a

— +log2x =2 yoki log? x- 2log2x+1 =0 tu tenglama-
log2 x

yechimi log2x = 1danx =2

b) log 2+log, x=—1 dan --—------ +log, x = —1 boiib, bundan
log2x

log2x +log2x+ 1= 0 bu kvadrat tenglama haqgiqgiy yechimi mavjud
emas. Berilgan tenglama yechimix =2 M

5)  log(i+,,(x- 0,5) = log(_05)(x + 1)
» Tenglama aniglanish sohasi
x-0,5>0
x+1>0
danx > 0,5,x ®1,5,x PO
x-0,5 ®1
Xx+1*1

Agar logx+((x- 0,5) -y desak, berilgan tenglama

y =— yokiy2=1ko‘rinishda boiib, bundany = 1way =- 1boiadi.

Yoo o \ *m o
U holda almashtirishdan
a) logh+,(x-0,5) = 1danx- 05=x+ 1,xe 0
b) log. . *(x -0,5)=- 1dan x —0,5 = -—--- yoki 22+ x -3=0
(" X+1
bu tenglama ildizlari x, = - 15 va jc, = 1 boiib bu giymatlardan
X = 1,5 chet ildiz, x2= 1 esa berilgan tenglama yechimi. M
6) log2x ¢log, x *log5x - log3x ¢log5x = log, x *log3x +
- log. x log, X
_ logt N
» 10ga M- — — formulaga asosan tenglamadagi har bir qo‘-
shiluvchini ikki asosli logarifmda yozamiz
log2x log2x logo x _log”™x .
- r—+ 1 yoki

1°g23-+log25 Iog23-|ong log23 *Iog25
log2x = (log25+1og23+1)log? x i=10g2
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Tenglamalar

logarifm xossalaridan foydalanib yozamiz
log2x = i0g230 ¢logo x

biindan
(log2x - 10g230) ¢log2x =0

longlama yechimlari:

a) log2x =0, dan log2x =0 boiibx=1

b) log2x - log2 30 = 0 dan x = 30. Bu x = 1 va x = 30 berilgan
lenglamaning yechimlari ekanligiga o'miga qo'yish bilan ishonch hosil
ililamiz. M

7)  \ogxb+\ogx* x 2-y[B=A

» Tenglamadagi logarifmik qo'shiluvchilami asosiy formulaga
usosan asosga keltirib olamiz

1
2+-logxb
log b-\----m-o e = 4 soddalashtirsak log" b+ 2 =4 boiib x2=b

1+ | log, 6

yoki x = +n/6 , berilgan tenglamayechimi x =\[6 boiadi. (b >0da) <
|

8) 605HB<2 =1l0og"(x-2)

» Tenglamaning aniglanish sohasi x > 2. Logarifm xossasidan foy-
dalanib, tenglikning chap tomonini shakl almashtirib yozamiz.
1

T 10866 1
0,5+10992 = log3n/3 +1log3V2 = log3n/6 = —
log63 log69

u holda tenglamani yozish mumkin.

654°g69 = log2(x -2 )3 dan 9 = 31og2 (x - 2) yoki 3 = log2 (x - 2)
bundan (x- 2) = 23yoki x = 10 tekshirib ko'rish giyin emas x = 10 berilgan
tenglama yechimi. <



17-MAVZU. KO&RSATKICHLI YA
O LOGARIFMIK TENGLAMALAR
SISTEMASI

Ko‘rsatkichli va logarifmik tenglamalar sistemasi yechimini topis
umumiy usuli mavjud emas, sistema yechimini topish tenglamalamin
berilishiga qgarab, tenglamada gatnashgan funksiyalaming xossalari, 0‘t
gan tenglamalar yechimini topish usullaridan foydalanish mumkin, bu
misollar yechishda oydinlashtiramiz.

© Tenglamalar sistemasi yechimi topilsin.
[logdx +logdy = 1+ log49

A | X+y =20

» Sistemadagi birinchi tenglamani potensirlab yozamiz
Jlog4xy = log49 \ xy=36

2) i dan
[ x=20-y [x=20-y

0 ‘rniga go'yish usulidan foydalansak

y{20 -y) =36 yokijy2- 20y + 36 = 0 Tenglamayechimlariyt=18,y=2.
U holdax-—20-y danx =2,.x = 18

javob: (2; 18) va (18; 2)

yix+y =2 . . .
0‘miga qo‘yish usulidan foydalansak
X +y-5X=100
100 100* , . £ o
f - =2 dan - =7 yoki 10x = 10 dan x = 2 bo‘lib siste-
V 571 5

maning ikkinchi tenglamasidan (2 +y) «25 = 100 bundany —2
javob: (2;2)
f2XmBy = 24,
3) L
[27-3x =54
> Sistemadagi birinchi tenglamani mos ravishda ikkinchi tenglamaga

ko‘paytirsak 2x+y m3,+1= 24 «54 yoki (6)x+y—23m3 2 «33danx +y =4
endi birinchi tenglamani mos ravishda ikkinchi tenglamaga boiamiz

r2Ym 52 f. .
2Xy-3y x=22-3 2yoki | —1 =1—j danx-y =2.Berilgantenglama

o fx+y =4
yechimini topish teng kuchli [X-y= 2
sistemaga kelindi. Bu sistema yechimi (3;1). Tekshirish giyin emas. (3;1)
berilgan sistema yechimi boiadi. -4
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Tenglamalar

lg(x+j)-lg(x-.y) =21g2 +1g3

4
) lg(x2+y2+lo) =2+1g3
» Sistema aniglanish sohasida potensirlasak
X+ Vv
lg=——=1gl2 .
gx—y g jx+y =12(x-y)
dan 2 2 .n yeki

lg(x2+y2+10j=1g300 Ix +> +10- 300

| \x-13y =0,
I 2 2 290 0rn*a 4°'ish usulidan foydalansak x = 13,y = 11

yoi himini olamiz. x = 13 vay = 11 giymatlar berilgan sistema yechimi
muinligi 0‘miga go‘yish orgali ishonch hosil gilamiz. A

j _2>°g4y2 - 77
2 TiogT,'Ix _ 2iogi6y2 _ 7

» Logarifm xossalaridan 3log3* - x,3log3"* = n/x,,

2logdYl =2 21082 =y va 2logl6** = 2 %Y lami
B [ x-y =Il . Adx+4y=n,
liisobga olsak, u holda ; yoki bu
[nIx —nly = 7 4x -4y =7-

sistema berilgan tenglamalar sistemasiga teng kuchli boiib, sistema
yechimi (81;4) <
F)JVI =100,
6) [logvx = 2.

> x>0,y>0,xth |, yd 1deb, sistamadagi birinchi tenglamani o‘n
asosda logarifmlaymiz, ikkinchi tenglamani ta’rifdan foydalanib yozamiz
jlgy-lgx =2
2 dan Igy mlgy2= 2 yoki Ig2y = 1boiib, yechimlari

L x=y
yt=0,1,y2= 10, u holda x=yLdan:
xx=0,01,x2= 100, javob: (0,01;0,1) va (100;10). <

'Y -4y =\1,
g 30’5(+2y =17
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I I, im'iilar malematika (TV gism)

» Yangi o‘zgaruvchi 3*5r= 1 va 2y = v desak, sistema

m2-v2=17, fw-v =1,

b= 17, dan i[m+V: 47 o‘rniga qo‘yish usulidan topar

u=29, v=_8U holda almashtirishdan berilgan sistema yechimi topiladi.
3058= x=4va2y=8(any=3.javob: (4;3). A

16-, 17-MAVZULARMASHQLARI

Logarifmik tenglamaning aniglash sohasini topilsin.
271. 1) lg(x + 5) - lg(x- 15) = lg(3x + 25) - Igl5,

2) log x (x2- x- 2)=2.

272.1) 10g0JS(5X- X2_ gy 4 1 g A (2% - 1) =4,
2) log, (2x2-5x-3) = 15.

273. 1) log3(x2+ x - 2) + log3(3x- 1) = 6,
2) IgvV2-x +1g>/x+2=0,5.

1—12 2
274. 1)log08log06log0Sx = 0, 2) ------- = lgx4+5.
Igx- 21lg x

X son nimaga teng.
1 2
275. log2x =-log2a-2109g26- jlog2c+210g23-2 .

I




276. fe*=| 1g32- Ig64+1g5- ~1g9-1g2+1

277. x = 9210832+4108812 _ 210()2 B8 2182

2—1gtg— 1+Igcos—
278. x =10 4-100 3.

/9
279.1) x=1log” 2n/2 ,2) Iogxn—- =-0,6.

280. 1)1°9 3% x =-0,4 ,2) log* [3-2n/2) = 2.

a va b ning ganday giymatlarida tenglik o‘rinli boiadi.
281. \og@ &2a- b) =\

282. log”™ (2a—h) =0.

Logarifmik tenglama yechimlari topilsin.

283, 2i0g3* ,,5logsX = 400

284, 55 ') 5 **ow2 =

a85. log (9--2")- lows™
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Hlementar matematika (IV gism)

286. 10g3 X3+ log, x2 = +1
3 2 lg2

287. log®x + log4x + log2x = 3,510g, 4.

288. 10g2(9*~1 +7) - log2(3- 1+ 1) = log24.

289. 510923+ 21092 A(x-2)V 8-1|log227 =1,5.



Tenglamalar

297. logax - log 2 x +log 4x=0,75.

298 (Slgx)llg2*+2/gx2+5 i 3

299. log7log4log2(4x - 3) = 0.

300. log3(3*2~w+28 +0,(2)) =log50,2 m

301. 410én.3n/3-5 =4log2n/3 m

302. Mogln0,(6)iog3n = 93/3

303. ! 3—=2
3-1gx 1+ Igx

304. 14log72 . x 10S74x+) =
305. Ig3a2x1= 81gax.

306. log8x + logg x + logg x +m... = 0,5.
307. log, 3 (x+ 1) = logi+, (x + 3).

308, log5yfex-A - log5nx +1- log5n/x+5 =log52
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i.Ilcmtnlar matematika (1V qism)

309. log3x3=10g33x .

310. "l°gAn/5x mogjx =-1.

Tenglamalar sistemasini yechimi topilsin:

<1yx 2x-15 _

311. I

[x +j/ =1

)3IG53 =75,
312.
% -5X = 75.

[log, j' 4-logvx = 2,
313.
[ x2-y =20.

314 | PY(x_")-21g2=1-1g(x +y),
1 fe*~1g3=1g7- Ilgy.

315.
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[log* I°g2log* V=0,

320.
log =1



I ".lancntar matematika (IV gism)

\xy = 5x—4,
322.
[log*. .16 = ¥-

logxj-logvx =-,
323

X+y =0,75.

(w > =2,
y-I[x=20.

324.

=y~Uuw,

325. ar

[2logx2+ 3logy 2 =0,

326.
x3- Ay2 = 0.

327.

( 3x-2Y=576,
28.
328 {log”™(y-x) =4
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TRIGONOMETRIK TENGLAMALAR

Noina’lum o‘zgaruvchi (yoki uning chizigli funksiya ko‘rinishdagi
(linliwi) Irigonometrik funksiya belgisi ostida gatnashgan tenglamalarga
iiHMiiiometrik tenglama deyiladi.

Irigonometrik tenglamani yechish, berilgan tenglamani ganoatlanti-
i.nlijiim barcha burchaklami (yoylami) topish degani, yani shunday bur-
. hnklnmi topish kerakki, ularni tenglamadagi o‘zgaruvchilarga qo‘yilgan-
iln icnglama ayniyatga aylanishi kerak.

Trigonometrik tenglama yechimini topishning umumiy metodi mavjud
.inns. Trigonometrik tenglamaning yechimini tenglama aniglanish sohasi-
ol i ili<lirish kerak.

Trigonometrik tenglama yechimini topishning o°‘ziga xos tomoni,
lini"Jama aniglanish sohasini aniglangandan keyin, trigonometrik
iimksiyalaming davriligi, juft-togligi, chorakdagi ishoralarini hisobga
iilish kerak, asosiy ayniyatlar, formulalar, trigonometrik funksiyalardagi
Imgianishlar (bular [1] to‘la yoritib berilgan). Trigonometrik ifodalami
Niiiklalashtirish va hisoblashlar (bular [4] da misollar bilan toia yoritib
Ini ilgan)ni yaxshi eslash kerak.

Tenglama yechimlarini topish usullarida bu kabi maiumotlardan
illinday foydalanish kerakligini ham yaxshi bilish kerak, aks holda
noratsional usul boiib, yechimini aniglash murakkablashishi mumkin,
void yechim noto‘g‘ri topilishi mumkin. Bu maiumotlardan to‘g‘ri
Ibydalana olmaslik natijasida chet ildizlar paydo boiishi yoki ba’zi
iklizlarning yo‘qolishi mumkin. Agar topilgan yechimmi umumlashtirib,
karrali ildizlami chiqgarib soddalashtirib yozishni (bu hagda [4] da misollar
ko'rsatilgan) bilmasak, topilgan son giymat ko ‘rsatilgan hisobotga to‘g‘ri
kclmasligi mumkin.

Bunday noanigliklarni misollarda ko‘rib chigamiz.

1. Trigonometrik tenglamani yechishda topilgan son giymatlar
(englama yechimi ekanligini tekshirishning ikkita usuli mavjud boiib. biri
topilgan son giymatni umumiy ko‘rinishi bo‘yicha tekshirish; ikkmdiisi
son giymatlami (yechimlarni) tenglama davriy bo'yicha tekshirish.

Masalan:

3 sinx + cos2x LLR

Tenglama yechimlari tekshirilsin.

> cos2x = 1- 2sinX tenglikdan foydalansak, sinx ga nisbatan 2sm -
-3sinx +1 = 0 kvadrat tenglamaga kelinadi. Bu tenglama yechimfesri

71 7
xk :E+ 2kn va xn=(-1" E \-nk , k.ne. Z
ni umumiy ko ‘rinish bo‘yicha tekshiramiz:

)x=x,da cos2 —+2Kn +3sinj '~+2kn: =cos(n +4kn) +
\ J y2 )
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Elementar matematika (1V qgism)

+3sin —= costt + 3-1 = -1 +3 = 2 yechim.
2 i

n
2)x=xngan=2mboisa xn = E F2nm boiib,

cos2(—+2mn \+b$T.(0/- +27T 1\ = cos—+ 3sin —= —+3-—= 2,
U J 6 : 3 6 2 2
agarn=2/n+ 1, m€zboisa xn=——+ (2m+ 1);r boiib,
cos2 ~ +(@2m+1l)a +3sinjr->g+2w+ND)NJ =cos|-Nj +
- e n . 1_-1
+3sm N - Jcos—¥3smE —43.2 2
3 " 6 2 2

Demak, topilgan son giymatlar to‘plami, berilgan tenglamaning ye-
chimi ekan.

Endi yechimlami trigonometrik tenglamaning davri bo'yicha tek-
shiramiz. Tenglamaning davri 2K ga teng. (Odatda trigonometrik teng-
lamaning davri sifatida, tenglama tarkibidagi trigonometrik funksiyalar
eng kichik davri olinadi.) xt va xnyechimlardan uzunligi 25 ga teng boigan

non 5n
(-rr; #) oraligga tegishli boigan qiymatlari ~0r vaf ni tenglamaga

go‘yib tekshiramiz:

n/ K
(xkdan /2 osindi; xnyechimda n = 2m desak y olindi,
no 5
n=2m+ ldesak x, = -+ (2m +1jn dan—" olindi,
X = — da cos2- —+3sin—=-1 +3-1=2,
2 2 2

X = I esa cosZ-i+ 3sinI: l—+ 3-1—: 2.
6 6 6 2 2

x=5—’:| da cosg--S--—-hSS'm21 = cos 2ﬂ---z-[|' sm’ 4
6 6
=cosi+é'smﬂ—=-l+3--l=2
3 6
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Tenglamalar

I )omak, tenglamani yechish natijasida topilgan giymatlartenglamaning
yet-liimlari ekan.-<

2. Trigonometrik tenglamalarda topilgan yechimlarda karrali ye-
ililmlami chigarib, umumlashtirib sodda ko'rinishda yozish ham katta
nliamiyatga ega.

Sinx ¢sin2x ¢sin4x ¢sin8x = 0,

» Tenglama yechimlari, ko‘paytmaning nolga teng boTish shartidan:

nK _. n Kn .
XT=DK XN = --é- Xj —2 va xk = é , k,,nm, e,Z: yechimlar

(@plami hosil bo‘ladi.

Bu to'plamlaming hammasini javob deb ko‘rsatish shart emas. xkye-
diimda K = 8m desak, xmyechimlar, k = 41 bo‘lsa, xnyechimlar vak =2l
boisa, x, yechimlar hosil boiadi.Shuning uchun berilgan tenglamaning
;ivobi deb xkto ‘plamining o'zini ko‘rsatish yetarli. <

3. Trigonometrik tenglamani yechish magsadida biror shakl al-
inashtirishda hosil boigan tenglamaning aniglanish sohasi, oldingi
tenglama aniglanish sohasining biror gismidan iborat boisa (yani
imiglanish sohatoraya borsa), u holda berilgan tenglamaning ba’zi ildizlari
yo'golishi mumkin.

Masalan:

sinx «cosx = sin2x tenglama aniglanish sohasi (- oo; + co).

Agar tenglamaning ikki gismini sin2x ga boiib, ctgx = 1 tenglamaga

kelsak, bu tenglamaning aniglanish sohasi X(pKKK”*-Z yechimlar to ‘plami

= —++
s x,kr 2 KN

Shu yechim to'plamlami berilgan tenglama yechimi deb kifoyalansak,
bu to‘g‘ri emas, chunki shakl almashtirishda berilgan tenglamaning anig-
lanish sohasi toraydi.

Berilgan tenglamaning ba’zi ildizlari yo'qolgan boiishi mumkin. Bu
sinx = 0 tenglamaning x = kn,k&Z yechimlari ichida boiishi mumkin. Bu
umumiy ko ‘rinishdagi yechimni berilgan tenglamaga qo‘yib tekshiramiz.

x = xk = wKda sinZor = sinfcr mcosfor yoki 0 = 0. Demak sinx = 0
tenglamaning barcha ildizlari berilgan tenglamaning yo'qolgan ildizlari-
dan iborat ekan. Shunday qilib, bu tenglamaning yechimlar to‘plami
Xi( = K \-kn vax =mm, k,ne Zko‘rinishda boiadi. <!

4

4. Trigonometrik tenglamani yechishda bajariladigan shakl almash-
tirishlar jarayonida berilgan tenglamaning aniqlanish sohasi kengayganda,
yoki berilgan tenglamaning har ikkala gismini juft darajaga ko'tarish
usulida yechim topilganda chet ildizlar paydo boiishi mumkin.
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I.h mentar matematika (IV qism)

Masalan:
sin2x  €os 2X

cos3x  sin3x

» Tenglamaning aniglanish sohasi, topilgan yechimlar —

—(2n +\j ,k,ne Z lardan fargli sonlar to‘plami boiish kerak.

Tenglamaning ikkala gismini cos3x e sin3x ko‘paytirsak cosbx = O*
T/ \ 4
tenglama hosil boiib, bundan xm=— (2m +\),rmZ giymatni to-

pamiz. Hosil boigan tenglamaning aniglanish sohasi (-oo; +co) boiib,
shakl almashtirishda berilgan tenglamaning aniglanish sohasi kengaydi,
Shuning uchun chet ildizlar paydo boigan boiishi mumkin. Paydo
boigan chet ildizlami topilgan giymatlami berilgan tenglamaning davri
bo‘yicha tekshiramiz. Berilgan tenglamaning davri 2n ga teng. Topilgan

giymatlardan ( - it\ ii) oraligga tegishli (*“ va giymatlami
sin s cos -0 B ) .

go‘ysak ----— = -———-— y°ki —= 1 boiib, bu giymatlar yechim
cosS— sin—2 ®

K
emas. Tekshirish natijasida ko'rinadiki x =+—+2kn, keZ giymatlar

berilgan tenglamaning chet ildizlari M
Yana bitta misol:
sin3x - cos3x = 1
» Tenglamaning ikkala gismini kvadratga ko‘tarib soddalashtirsak
sin6x = 1tenglama hosil boiadi.

nn
Bundan x =—6 ,nez

Shakl almashtirish natijasida hosil boigan tenglama bilan beril-
gan tenglama aniglanish sohasi (-00; +00) boiib soha o'zgarmadi.
Tenglamaning ikkala gismini juft darajaga ko‘targanda (ratsional va
irratsional tenglamalarda ham) teng kuchli tenglama hosil boiavermaydi.
Shuning uchun topilgan giymatlami tekshirib ko‘rish kerak. Berilgan

tenglamaning davri ~ ga teng. Topilgan giymatlardan
oraligga tegishli boiganlarini tekshirsak n =- 1van =0 dagi (~T
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m 0 iliymatlar sin — - -c 0 s---—--=-1-0 =1 vasin(O) - cos(O)

) 1=- 1ltenglamani ganoatlantirmaydi.

I)eraak topil i tlard (_n n2nn v 2n tlar chet

eraak topilgan giymatlardan = ——J/3--—-- va — giymatlar che
vV 6 3, 6

- . o n 2nn no2nn

ildizlarbo‘lib, tenglamaning ildizlari xn = E I-----3—- va xk = —4——3 ,

ii.kez.-4

Trigonometrik tenglama yechimlarini topishni tenglamalami punkt-
litrga ajratib, yechimini topish metodlarini berishga harakat gilamiz.

17.1. Eng sodda (kanonik) trigonometrik tenglamalaming yechimlarini
ifodalovchi formulalami eslatib o‘tamiz:

1 sinx=a,as R, 0<a<1lgayechim

xn= (- 1"arcsina+m,n"Z (D
- 1<a<O0daesaxn= (- 1)”+larc sina + K

sinx=a,0<a<ldax =+ arcsinda+rm,neZ

7t

xususiy holda sinx = 0 da xn= na sinx = 1 ga Xn——+1Inn,nf£Z
n

sinx=- 1, x,, = ----2--12nn .nez

\a\ > 1 ga yechim mavjud emas, xe 0 .
2. cosx = a,a&R

0<a<ldaxn=xarccose +2nm,neZ (2)
- 1<a<O0daxn=% (n- arccosa)+ 2nn

cos2x=a,0<a</lda xn~ iarccosVa +nn n&Z
Xususiy holda »
cosx=0dax;=— +mr

cosx = ldax,; 2mKn&Z
cosx = -1 dax =>k+2mKneZ
|a > Ida yechim mavjud emas.
3. tgx=Db,beR
b>0daxn=arctgh+mKkne Z (3)
b <0 daxn= >k arc ctgh + mK

tg2x = b (0<b <+ o0) da X,, = zarctgyfb +nn n&Z
Xususiy hollarda:



Ivmentar matematika (1V gism)

n
tgx=- lda x - —4—+ nK

4. ctgx=b, beR

b>0dax =arcctgft + nn  (4)
b<0dax =k- arcctgb + nn

ctgx =b (0<b <oo)da xn = xarcctg\[b +rm,ne Z
Xususiy hollarda: ctgx=0dax =— + Jir
n
ctgx= ldaxe— +mr,ne Z
T
ctgx=-1 dax =- 4 +nn

© Tenglamalar yechimi topilsin:

{.smx =—
2

n/3
» 0< < 1 bo‘lganligi uchun, bu tenglama yechimi

xn=(-1)" arcsin™ - +wr =(-1)"y +rm,mZ -4

2. 3sinx = —s/I5

» Tenglama yechimga ega emas. Chunki - <.
3

» Ko‘rsatilgan formulaga asosan tenglama yechimi

X, £ - arccos +2nK neZ .4
3y

4.,%x = a

» Bu kanonik tenglama yechimi

/3 :
X,y = -arctg-n-é---\-nn =---E—-vnn neZ A
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o 3
» Tenglamayechimi xn = arcctg—+ nn.ne Z

6. ctgx =.-12
» a=- 12<0uchunxn=n - arcctgl2 + nn, n<=Z <

17.2. Argumenti chizigli (ax + b) ko‘rinishda boigan sodda trigo-
Bometrik tenglamalarda ax + b =y almashtirish yordamida kanonik
10'linishga keltirish mumkin.

0 Tenglamalar yechimi topilsin.

1. 2cosx--"-j->/3 =0,

. ﬁ an a3 s . n
» Tenglamani cosljc-—) = — Ko'‘rinishda yozib, X - — =Yy
almashtirish bajarsak, kanonik tenglama yechimidan foydalanish mumkin
/o 71 K

1
y,, =tarccos— +2nn y°ki X,,=—x—+2nn,mZ .4
2 4 6

. 3X ,
2.sm— =-1
2

» Tenglama yechimini (1) formulaga asosan Ig( =y deb

yozishmumkin--sj-)S----—-ﬂ-- (-2nn yoki xn~~ 1 +i‘rnn

2 2 - 33

3. 4

2jc
» (4) Formulaga asosan e arcctgA+nn boiib, bundan

S5arcctgd 5nn ”
&, = mmmmmmm- S

4.192(0,5x) =- 4
» Tenglama yechimi mavjud emas, chunki tenglikning chap tomoni
musbat ifoda. <

5. 2c0s2”0,5x+" j =15

Tenglamani COS2j Q,5x + —1 = — ko‘rinishda yozsak, u holda



1 n_, 3 Y 1 T
-X +—=+#arccos. - +nn  yoki -X +- =f—+nn  bunda»
2 8 V4 2 8 6

n n
I 1-2nn,mZ -4
3 4

/
6. c?g2 2x — 1= 12

»Ko‘rsatilgan formuladan 2x- —= xarc ctgVI2 + nn, yoki

arc ctg_Z_y_j_?i 1 nn nez M
2,

3a-4
7. Ushbu cos2x = --5- ----- tenglama a ning nechta bulun giymatida
a
yechimga ega bo‘ladi.

» - 1< cosax &1 shartidan: a = 0 da {~ ‘43/‘ yechim bor,a=- 1
da —j yechim mavjud emas, a = 1da j yechim bor,a=- 2
f 10%) I yechim mavjud emas, a = 2 da f—}J yechim bor. a =- 3
da {_13’1[ yechim yo‘q, a=3 da T5—/il yechim mavjud emas, tekshirib

ko‘rish giyin emas. a ning boshga butun giymatlarida yechim mavjud
emas. Demak a ning uchta butun giymatida yechim mavjud. -4

17.3. Ikkita bir hil ismli har xil argumentli trigonometrik funksiyalar

tengligi bilan berilgan tenglamalarda:
sina = sin/?, yechimlaria- /?=2nnvaa+/~=(2n+ 1pK neZ (5)
cosa=cos/?, daa- /?=2mt,vaa +ft=2nn, ne Z (6)
tga =tg/3"a,P ® *+nn\ haa-/} =mK neZ (7)
ctga = ctgp(ap/?®PmResaa- /?=mK nsZ(8)

Shu kabi sina = cos/Jda a —{[3 = Z 2nn va

a+p=-~+2nnn&Z (9)
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® Tenglamalar yechimi topilsin
I.sinl2x = sin8x
» (5) formulaga asosan 12x - 8x = 2mz

12x+ 8 =n+Inndan x,, = — va xk=" (22+1])""'"eN A
2) ctgl 2x +"~-\-ctg\ x ~ =0
»(8) formulaga asosan ctg”2x +—J =ctg"x —j yechimi

2x+j-~Ax--"-j=wr dan xn=~{2n—),neZ <

3) sin(3x - 35°) = cos(0,5 + 75°)
» Tenglama yechimi (9) formulaga asosan

3%-35°-(0,5% + 75°) =~ +2rm

n
3x-35°+0,5x + 75° = ——+2nK berilgan tenglamaning yechim-

lari

IAT  13n:
X = 80° + 144°n, va Xt = ——mmmmmmmmeee gateng. n, keZ <
7 63

17.4. Bir xil funksiyaga Keltirilib yechiladigan tenglamalar. Bunda
asosiy ayniyatlardan foydalanamiz.
© Tenglamalar yechimi topilsin.

1 g2x -+ V3rgx = -3,
Tenglamaning aniglanish sohasi X ®— +nn, ne Z. tgx - y desak
-(1+73)M+73=0

Tenglama yechimlari yx = n/3 vay2=1boiib, almashtirishdan
1) tgx:\)é dan xn:E+n?t 2) tgx. = 1dan xk:I+kn

Javob: Xx,, = %+ M va xk = E+KTF,H,=(B E' .M
" 4

2. 8cos2x + 6sinx-3 =0,

— 173 —



» Asosiy ayniyat cos2 x + sin2 x = | ga asosan tenglamani
8(1 - sin2x) + 6sinx -3 = 0 yoki 8sin2x - 6sinx-5 =0, boiib bu kvadrat

5 1
tenglama yechimlari sinx =—va sinx = ---é dan
4
1) sinx = —daxe 0 ,
4
2) sinx = - ? da x = (-1)"# arcsin ?+ nn

Javob: *,=(-1r 76+w ,Nn6Z .4

3. 3ctgdx-lcosec2x =-5

x e (0; >4 ga tegishli yechimlar yigindisi topilsin.

» cosecX = 1+ ctg2x ayniyatga asosan, tenglama 3ctg4x - 4ctg2+x +
+ 1= 0, ctgx ga nishatan bikvadrat yenglama boiib, bundan

4+2
ctgzx = 6 u holda

1) ctg2x = 1dan (4) formulaga asosan (0; k) oraligdagi yechimlar

. n bn
to plami x, = —va x, = — .
1 4 4

2) CthX =L dan ctgx = + —= bu tenglamaning (0; n) yechim-
3 V3

. n 2n
lari *3 = — va XA=— .
3 4 3

Javob: yechimlar yigindisi X, + X2+ x3+x4= 2Kk M
4. 2tgx + ctgx = 3

n
» Tenglamaning aniglash sohasi x ® MKva X® —+na>Kr
tgx ctga = layniyatdan foydalanamiz 2tgx + — = 3 ,yoki 2tg2x- 3tgx +
tgx
+ 1= 0, tenglama yechimlari (tgx), = 1, (tgx\ = -* bundan berilgan
tenglama yechimlari

xnﬂ— \-nn, xk - arctg Ai+ kn topamizk,ne Z A
4
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® Quyidagi tenglamalaming yechimlari to‘plami va yechim bosh
giymati topilsin.

1 sindjc = —
2
» Tenglamaning yechimlar to ‘plami
4x = (-1)" — vmz yoki x,,=(-1)" — +— ,nez
\(/ 7 6 y (( ) 24 4

Tn

Bosh giymati ' =24 yoyigateng <

2. cos(0,5x) =-0,5.
» (2) formulaga asosan tenglamaning yechimlar to‘piami

0,5x = £Mk —W/™ +2nn yoki xn =+ — +4wr ,ne Z tenglama ye-
chimining bosh giymati ABT=2 yoyiga teng.

3. /gy =73

. . , it Inn
» Tenglamaning aniglash sohasi x * —+—  wns z

(3) formula asosida tenglamaning yechimlar to'plami

X = ,«e Zbolib, tenglamaning bosh yechimi (giymati)
"9 3
AB oraligda.
9’ /3’3
17.5. Ko‘paytmaga keltirib yechiladigan tenglamalar. Bunda yugo-

rida ko‘rsatilgan metodlar, ifodadagi umumiy Kko‘paytmani qgavsdan
tashqariga chiqarish, gruppalash, trigonometriyadagi asosiy munosabatlar,
karrali argumentlar uchun, yarim argumentlar uchun shu kabi yig‘indini
ko‘paytmaga keltirish formulalaridan foydalanish mumkin.

© Tenglamalaming umumiy yechimlar to‘plami topilsin

1 €0s2X + sinx ecosx- 1=0

> c0s2x + sin2x = 1 ayniyatdan foydalanib ko‘paytma ko‘rinishiga
keltirish mumkin, sinxcosx - (1 - cos2x) = 0 bundan sinx(cosx - sinx) = 0,

Butenglamasinx=0 vacosx- sinx=0 tenglamalargateng kuchlibo ‘lib:

1) sinx = 0 daxn=nn. Trigonometriyadagi sinx —cosx = -J2.sinfx —
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munosabatdan 0 = cosx - sinx = -a/2 sin X - — \ bundan
I )

. n 71 71
sin X - — = 0 ,yechimlarto‘plami xk - —= kn yoki Xk =—+kn .
| 4

n
Javob: Xj =K Xu = T YKn K nEZ. A
2. c0s5x - cos3x =m0,

» Ayirish cosa - cosB =-2 sin ° 42-’\ ®in —2—

Formulaga asosan -2 sin A+ n:.sjn "\b—— =q
2
Bundan
. . . nn
1) sindx = 0, dan 4x = vtyechimlar to‘plami x,, =-J- ,

2) sinx = 0, dan XK= KK

nn

Javob: x,, = — vax, = K K,NE Z. A

3. sin3x - 2sin2 X + sinx = 0,
» Qo‘shish formulasi sina +sin B = 2sin ——scos—— ga
2

asosan 0 = (sin3x + sinx) - 2sin2x=(2 ¢sin2x mosx:- 2sin2x) = 2sin2x(cosx -

nn
- 1) ko'paytmaga kelindi, bundan: 1) sin2x=0boiib xn=—

2)  cosx= 1ldanxt=2kn

nn
Javob: X,, =.— vaXx,=2KKnKeZ A
<« 2 *

4, 1,5 ¢sin2x-4 cosx *sin3x = 0.

» Karrali argument formulalari

sin2a = 2 sine cosa va sin3a = 3 sina - 4sin3 dan foydalanamiz

0= 1,52 sinx mcosx - 4 cosx ¢sin& = cosx(3 sinx - 4sin3x) bundan
_n

1) cosx = 0 yechimlari xn~ +nn 0= 3 sinx- 4sinX = sin3x dan



x KTC
Javob: xn =—+nn va XKk = -y- Kne Z A

5. tg5x +;tg3x = O
) ) ) ) . sin(a+P)
» Trigonometrik funksiyalardagi tga +tgfi = ----------— —qo*-
cosa cosp

shish formulasidan foydalanamiz. Tenglamaning aniglanish sohasi.

n . m n onn
X ®— j---vax P—+— ne Z
10 5 6 3

sin8x
Tenglama qo‘shish formulaga asosan :0 ko‘rinishda
€c0S5x-c0S3x

boiib, aniglanish sohada cos 5x ®0 va cos3x ®0 bimdan sin8x = 0 boiib,
nn
tenglamaning yechimlar to'plami x,, = _8 flez
6. %f2 esinx +2sin 2x = W2 + 2cos X

> Ikkilangan burchak formulasidan foydalanamiz 2n/2 win x +

+4sin-cosXx =n/2 +2 cosx Tenglikning chap tomondagi ifodalami o‘ng
tomonga o ‘tkazib, gruppalasak ko ‘paytma ko ‘rinishga keladi.

2cosx(l-2sinx)+ A2 (1-2sinx) =0 dan

(icosx +W2j+(l- 2sinx) = 0 boiib
1) 2co3x + /2 =0 dan
3T
X =% n-arccos- +2|/|;4:J_r_4+2nn

2) 1-2 sinx =0, yechimlar to‘plami

4 =H)*" +for

39: /[ 14t a '
Javob: x,, =J_r—4 + 2nnr va xk = (-1j E+kn,k,ne2. A

7. 6c0s2x + 5sin2x ¢ cosx = 10cosx - 6
> Ifodalami tenglikning bir tomonida yozib, gruppalab olsak, ikki-
langan formuladan foydalanish mumkin boiadi
6(cos2x + 1) + 5cosx(sin2x - 2) = 0 yoki 6(cos2x + 1) +
+ 5cosx(l - cos2x - 2) = 0, bundan (cos2x + 1)(6 - 5 cosx ) = 0 boiib
1)  cos2x + 1= 0 yechim mavjud emas,
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2)  6- 5cosx = 0 daham yechim mavjud emas, chunki cosx = —

Demak, berilgan tenglamaning yechimi mavjud emas, ya’ni xe 0 4
8.1g2Xx +c0s2x = 1+ sin2x

» Tenglamaning aniglanish sohasi x * —+nn,neZ.

) ) sina .
Asosiy ayniyatlar tga = ------- va sin2a +cos2a = 1asosan tenglama
cosa

ko'paytma ko ‘rinishga kelinadi sin2x

—2 = 0 bundan
Vcos2 x
1)  sin2x =0, yechimlar to‘plamixa=nn, n&Z
2) — ——-—-2 =0 yoki cos2x = —dan X = £ —+ 2KK
c0s2X 2 4
Javob: X =m va =t n

— F2kn ,k,nezZ. 4
4

9) cos— cosx =1
; 2

. 2a 1+ cosa
» Yarim burchak cos — = --------—--- formulaga asosan

cos—= 2c0s2— yoki cos—¥1—2cos—j = 0 ko‘paytma ko‘rinishga

kelinib yechimlar to‘plami:

X
1) cos—=0, Xn=n +2nn,

2) cosx—:ida xk:+-2-E-\-4kn,n,keZ 4
2 2 3

10) 1- cos3x = 0,5sinl,5x

> gan.m burchak formulasi SioﬂZa?_l-cosa

----------- ga asosan
2 S
tenglamani shakl almashtirib yozamiz 23in22(=isin§( dan
2 2 2
3x f . 3x N

1 =0 bo‘lib berilgan tenglama yechimlari
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oy arcsin4— ~, - -
**22('|) ----------- +— ,n,llEfJ 4

0 sindx = cos(l80° - 2x)

tenglamaning [- 30°;60°] oraligdagi yechimlari topilsin.

» Keltirish formulasiga asosan, tenglamani sindx = - cos2x deb
yozish mumkin, bundan cos2x(2sin2x + 1) = 0 u holda berilgan tenglama
n>s2x = 0 va sin2x - - 0,5 tenglamalarga teng kuchli bo‘lib, umumiy
yechimlari

X, = r L-Il}-l-va xi.= (-1 '*EQ—K,Anr,nreZ’ bo lib, berilgan

402 12 2
oraligdagi yechimlarini aniglashda n va k ga butun giymatlami beramiz:
n=0dax=- 45°, K=—1dax =-75°k =1dax= 105°£=-2da
X =—195°

Demak, tenglamaning berilgan oraliqdagi yechimlari xf = 15° va
X2=- 45°,x3=45° A

0 sin(0,5*rcosbx ) = 1

Tenglamaning, [0°;270°] oraligdagi yechimlar yig‘indisi topilsin.

» Kanonik ko'rinishdagi tenglama yechimi

0,5"cos6x = —, yoki cos6x = 1, bu tenglama umumiy yechimi

KT
xk=— ,keZ
3

Berilgan oraligdagi yechimlar 60°,120°, 180° va 240° bo‘lib, yechimlar
yig‘indisi 600°. M

17.6. Sinus va Kosinusga nisbatan bir jinsli tenglamalami yechish n
darajali toiiq birjinsli tenglamada

atin"x + a, sin"- 1x cosx + ... + ancos”x = 0
(a0d0 yoki an# 0)

har bir hadini sin" x(yoki cos”x) ga bo‘lish mumkin, u holda tgx (yoki ctgx)
ga nisbatan algebraik tenglamaga kelinadi.

a0= 0 (yoki an=0) golgan koeffisientlaming kamida bittasi noldan
fargli bo‘lsa sinx ning (yoki cosx) yugori darajasiga bo‘lish mumkin emas,
aks holda tenglama ildizlaming ba’zi ildizlari yo‘golishi mumkin, shuning
uchun awal sinx ni (yoki cosxni) gavsdan tashqgariga chigarib, keyin
boiishi amalini bajarish bilan yechish magsadga muvofiqgdir.

Tenglamalar yechimi topilsin:

1)  sin2x + 3sinxcosx-4c0s2=0
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» Bu birjinsli tenglamani cos2x 0 ga boiib, tgx ga nisbatan tg2x
+3tgx-4 =0

Kvadrat tenglama hosil boiadi, bu tenglama yechimi (tgx)t = 1 va
(tgx)2=- 4. U holda berilgan tenglama yechimlar to ‘plaini:

n
1) tg*=1da xn- +nn;2) tg*=- 4 gaxk=- arctgd + kit

k,ne Z, ko‘rinishda boiadi. A

2) cos4x = 5sindx - sin22x

» Tenglikni ikkilangan burchak formulasidan foydalanib shakl
almashtirib yozamiz

c0s4X + 4sin2x ¢cos2x - 5sindx = 0 bu birjinsli tenglama sindxiO ga
boisak ctg4x + 4ctg2x - 5= 0 bikvadrat tenglama hosil gilamiz ctg2x=y,
almashtirishdan2+ 4y - 5 = 0 hosil boigan tenglama ildizlari 1va (- 5).
U holda berilgan tenglama yechimlar to'plami:

1)  ctg2x = 1, (4) formulaga asosan

K
X,, = +arctgl+nn =+ —+nkK

.y_ r
2) ctg2x=- 5daxe 0" javob: x,, = —+nn

3)  sin3x sin2x ¢cosx - 2c0s2x *sinx = 0
» Bu toiigsiz birjinsli tenglama boiganligi uchun sinx ni gavsdan
tashqariga chigarib yozsak, tenglama ikkita
sinx = 0 va sin2x - sinx.cosx - 2c0s2x = 0
Tenglamalarga teng kuchli boiib:
sinx = 0 daxn=nit, n e z sin2x - sinxcosx - 2c0s2x = 0 ni cos2x( 0 ga
boisak, tg2x - tgx - 2 =0 boiib, bunda (tgx) =- 1va (tgx) = 2 u holda:

1) Xx,, = —+ KK ; 2) Xm=arctg2 + mn

K
javob: xn=mK xk +KK,X T=arctg2+ mn, nkme6 Z 4

4) n/3sin2x-2 cos2x+2 =sin2x
» sin2x = 2sinxcosx va sin2x + cos2x = 1 formulalardan foydalanib,
ko‘paytma ko ‘rinishga keltiramiz

2V3sinx.cosx + 271-c0s2xj - sin2x = 0, bundan
sinx"2A/3cosx + sinxj = 0 u holda:

1) sinx=0danx =nn,
2) 2\/3cosx +sinx = 0 bir jinsli tenglama, tenglikning ikki



iiHiioniningcosx#Ogabo‘lamiz ctgx = - 2\f>> tenglamayechim to ‘plami

A =n - arcctg 2\13J+Kn

Javob: xn=ns va xk =« —arctg(2y/3" +kn, k,nez M

17.7. Ko‘rib o'tilgan usullami birgalikda ishlanib, yana qo‘shish va

uyirish formulalari, keltirish formulalari, ko ‘paytmani yig‘indiga keltirish,
darajani pasaytirish kabi formulalardan foydalanib, tenglama yechimini

lopish.
© Tenglamalar yechimi topilsin.
1) ctg2x - 0,(6)tg4x =tg2x

» Tenglamaning aniglanish sohasi

X @2okvaxpn+ 2m
Tenglamani asosiy ayniyatidan foydalanib, shakl almashtirib yozamiz

1—/022x .
--------- tg2x = —tgAx yoki ------- .------- —tgAx ikkilangan burchak
|g2X g X
2 t 2
lg2a = _ forl%cuclaga asosan -------= —tgzx dan tg24x = 3
1- tg2a 84x 3

bo‘lib, (3) formulaga asosan teng kuchli tenglama yechimlar to‘plami

4x,, = tarctg-Jb + nn yoki xn=+~"+*~- n&Zgateng M

2)  3c0s(27t- x) +sinN-"N--xj = nf3,

» Tenglamani keltirish formulasiga asosan yozamiz

3c0s X —C0sx = n}_s yO~Ni cosx = bu tenglama yechimi

X, = 30° +360°n, N&ZA

3)  3sinx+cosx =1+ 20053 cos—2

» Ko'paytmani yig‘indiga keltirish formulasidan foydalanamiz

1 3x X' f3x xN
== cos -—-- - +cos — = [cos2x +cosx]

3x X
Cc0S— CO0S—= —

2 2 2 2 2, V2 2
u holda 3sinx = 1+ [cos2x + cosx] - cosx = 1+ c0s2x asosiy ayniyatdan
foydalanamiz cos2x = cos2x - sin2x = (1 - sin2 x) - sin2x = 1- 2sin2x
natijada tenglama sinusga nisbatan kvadrat tenglama boTadi.
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2sin2x + 3simr -2 = 0 bundan (sinx® = —, (sinx)2=- 2, Teng
kuchli tenglama yechimlari

1 K
1) sinx=?dan Xn = (-1)"E+n>K,ne Z

2)  sinx=- 2 dayechim mavjud emas, xe 0

Javob: xn = (-1)" g+nn,n sZ

A x(x+f) +fc(*-f) =2
Tenglamaning aniglanish sohasi
A 3
X®—+TK va x * ——-Ynn
4 4
Yig‘indini ko'paytmaga keltirish formulasiga asosan
smEx TR )
4

cos| X+ — -c0S X ——
4] 1 4

endi, ko'paytmani yigindiga keltirish formulasidan

1 1
(X +— (mfx-»--z-ln_ cost+cosﬂ— C0S2X
| 4, \ 4y~2 2.

boiib tenglama tg2x = Iga teng kuchli boiib, berilgan tenglama yechimi
K nn
X,, = — k--—--,neZ gateng.-u
"8 2

5)  sin(x + 250°) + c0s600° + cos(x - 200°) = sin870°

> Har bir go'shiluvchini keltirish formulasidan foydalanib sodda-
lashtirib olamiz

sin(x + 250°) = sin[270° + (x- 20°) ] =- cos(x - 20°);
€0s 600° = cos (720°-120°) = cos 120° = cos(90° + 30°) = -sin 30° =

2
cos(x - 200°) = cos[180° - (x- 20°) ] =- cos(x - 20°);
sin 870° = sin (720°-150°) = sin 150° = sin (1 80°- 30°) =sin30° =" ;

ifodalami o‘miga qo‘ysak -cos(x-20°)-"-cos(x —20°) =  yoki
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tenglama yechimlar xn = +2nk va xk =

6) tgl5°-tgx =tgl5° «tgx + 1
» ayirmani ko‘paytma Kkeltirish formulasi va asosiy ayniyatlar-

--------------------- , deb yozish mumkin, yoki
cos 15°cosx c0s 15° ecosx

sin (15°- x sin 15°sinx +cos 15° «cosx
( ) , cosx ® 0 deb, go‘shish
c0s 15°ecosx c0s 15°ecosx

formulasidan sinl5° «sinx + cosl5°cosx = cos(15° - x) u holda, tenglama
birjinsli sin(15° -x) = cos(15° -x) ko‘rinishda boiib, bundan tg(15° -x)=
= Ildan

/A T
15°- x = n kkn ,berilgantenglamayechimi xk = ---é--VIKI'I, KeZ
ko'rinishda boiadi. A

7)

tgx = 1 boiib, berilgan tenglamaning aniglanish sohadagi yechimi

X, =—+nk,n €Z .A
4
8)  sin22x +sin2x=1
» Yarim burchak formulasidan foydalanib, darajani pasaytiramiz

J— S 4x + F—cos2x _ ™ yOkicosdx:i+cOs2x=0qo ‘shish formulasidan
2 2
foydalanamiz 2cos3x «cosx = 0 ko ‘paytma nol boiishidan
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2) cosx=0da XK :ﬂ+l’<n
Bu yechimlami bitta formulada yozish mumkin.
xg="(l+2n),neZ =

9)  cos4+ sin2x = 0,75
» Darajani kamaytirish formulalaridan

3+4c0s2x +cos4x l-cos2x 3 , 3 cos4x 1 3

+ =- dan - + ----——-- —= -
8 2 4 8 8 2 4
soddalashtirsak cos4x = - 1 boiib, berilgan tenglamaning yechimlar

to ‘plami x,, =" L-[]-r-]~,n ez A
"4 2

10) sin3x - 0,75sinx = 0,25
» Darajani kamaytirish formulasidan

. Qi _ AN
-%?Zy-v-)-(--?-'-r-]-?-)f-----?fsihx = —1Yol’<i'sih3x =- 1, Bu ekvavalent tengla-
4 4 4
. . Inn n
ma yechimlar to‘plami xn=—3—----—6,n eZ -4

® Agar cosa, cos2a va cos3a (0 < a <90°) lar arifmetik progressiya
tashkil etsa, a burchakning giymati topilsin.
» Arifmetik progressiya hadlari xossasidan

cosa + cos3a
------------------- = cos2a bundan —\2 cos2a *cosaj=cos2a bu

tenglama cos2a = 0 va cosa =1 tenglamalarga teng kuchli boiib, umumiy

yechimlari xt = — L---rl-vax =2rmr.ke Z
k 4 2

U holda shartli ganoatlantiruvchi yechim. x = 45° -4

% cosi— 1= } tenglamaning nechta butun yechimlari bor.

» Sodda ko‘rinishdagi tenglamaning umumiy yechimi LS 2kn
X

4
yoki (x ®0)x =—k e Z
K

K ga butun giymatlar £ 1, £ 2; + 4 bersak, tenglama mos ravishda + 4,
+ 2;+ lyani oltita butun giymat gabul giladi.
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® Ccosx + €c0s2x + c0S3X + c0s4x + cos5x = 0,
tenglamaning (0;90°) kesmaga tegishli ildizlari yig‘indisi topilsin.
» Trigonometriyadagi ba’zi bir munosabatlar formulasiga asosan 111

cos3x . 5jc
COSX + COS2X + c0S 3X + C0S4X + COS 5X = —-—------—- sm—2 u holda

. X
sin —
2

. 5x
berilgan tenglama cos3.x=0va sm— =0

Tenglamalarga teng kuchli bo‘lib, berilgan tenglamaning yechimlar

v KN 2
lo'plami xk = E L--é--va Xxn = yltan eZ fagatk=0van=1g¢a
5

berilgan oraliqdagi yechimlarini olamiz, bu yechimlaryig‘indisi 30° + 72° =
102 <

17.8. Yordamchi burchak kiritish usulida, trigonometrik tenglama
yechimini topish.
asinx + bcosx =c (a2+ b2®0)
Tenglamaning  ikki  tomonini r=n/a2+b2 ga bo‘lsak

a . b c ¢ . . .
—sinXx + —Cosx = —. 1 da sin(x +y) =— ko'rinishga keladi,
r r r r

b . b
bunda y =arc tg—, yoki smy = —, cosy 2
a r r

@ Tenglamalar yechimi topilsin
1) sinx--Jlcosx =1

> Tenglamani r="1“+-n/3j =2 ga boiamiz
Lsinx- 2L cosx = Ljbundia sin = 22 va cos £ = L m Hisob olsak
2 2 3 2 3 2

. 7 P S . . .
SiNX oS-~ cosxsin — = — ikki burchak ayirmasi formulasiga asosan
3 2

sin! x —al= —boiib,tenglamayechimi x,, :\(-1)" —+—Kn,ne Z A
6 3

{

2)  4sinx+ 3cosx=5
» Yordamchi burchak kiritish usulidan foydalanamiz
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fo = \)42~+32*: 5, j =arctg E=arctgj— u holda tenglamaga teng.
a

kuchli bo‘lgan S#l ‘ X + arctg 1nI: 5—tenglama yechimi

Tl 3
Xy SA—t 2rm-arctg4—,n eZ <
3) sinx + cosx = 1 Tenglamaning ( - 360°);0° oraliqdagi yechimi
topilsin.
» Tenglamani r = sjl2+ 12 = \[2 songa boiamiz.
—}:si'nx + COSXl—lz :1“—r
V2 w2 V2

Tenglamani shakl almashtirib yozamiz

. N 1
5WX COS— + COSX NN — = —=

4 4 V2
Ikki burchak yig'indisi formulasiga asosan sin [x + —) = -4=bo‘lib,
I 43 72
berilgan tenglamaning yechimi x,, = (-1)" +wr, neZz
Berilgan oraligdagi yechim n = - 1dabo'ladi
X=—————T=-210° javob-270°
4 4
17.9. Agar tenglama bir xil argumentli sinus va kosinus funk-
siyalarga nisbatan ratsional ko'rinishdagi tenglama boisa, u holda
AN
2tg @ 1-tg 22
sina = — . €0S@ = -m-mememmomee- (*) universal almashtirish usul-
1- 1+tg -
v, g

dan foydalaniladi.
® Tenglamalar yechimi topilsin
1)  3sinx- cosx=1
» Tenglamani yechishda eng sodda usul universal (*) almashtirishdan

2tg-
foydalanamiz 3- =1 tenglamani soddalashtirsak
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X 1 | .
If>2- =-3 bu tenglamaning yechimlar to‘plami xn = 2arctg-34 2nil, n>,

Itu almashtirishda ildizlar yo'qolgan boiishi mumkin, sababi bcrilgnu
lenglamaning aniglanish sohasi (- gg +ma) boiib, almashtirish natijasidn
Icnglama aniglanish sohasi xk ® >+ 210K bu yo‘golgan yechimlarni

tgéz 0 ning yechimlarida gidiramiz, tekshirish giyin emas Xk =>k+ 20K
liam yechim boiadi.

Javob: xn = 2arctg l+ fnn W xK=>2KKn,k,eZA

2)  5- 2tg2x = 2c0s2x

» Universal (*) almashtirishdan foydalanamiz

1+tgzx

Bu tenglama va berilgan tenglamaning aniglanish sohasi bir xil
xol+m
2

Hosil boigan tenglamada tg2x=Yy deb almashtirishbajarsak 2y2-5y -
-3 =0

1
Bu tenglama yechimlariy = 3va y =- —.U holda almashtirishdan:
Y n
1) tg2x =3 da (3) formulaga asosan X =+ —+nn

2) tgzx-~-i bo‘sh to‘plam. Berilgan tenglama yechimi

xn="+nn va xk =-~ +kn n,keZ 4

3) 2€0s2X + sinx = 2 + 0,5sin2x
» Tenglamaning aniglanish sohasi (- co; + fg)
Universal almashtirish bajaramiz, yozishning soddaligi uchun

X
tg—=1Y deb belgilasak, tenglama

2Y _2+ 2y 1-y2
1+y?2 1+y2 1+y2
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Ko‘rinishga keladi, bu tenglamaning aniglanish sohasi xn ® >+ 2nn,
hosil boigan tenglamani soddalashtirsak

(1-y22+y(l +y) =(1+¥)2+y(l -y Jyokij'3- 2y2= 0, dany2=0,
y = 2boiib, belgilangan

1) tg2—=0,daxm=2mK 2) tg —= 2 daxt = arctg2 + 2for
Universal almashtirishda aniglanish soha toraygan natijada ba’zi
X
ildizlar yo‘golgan boiishi mumkin. Buni cos—= 0 tenglama yechimlari

Xn = n + BpKda gidiramiz X = >Xni tenglamaga qo‘yib tekshiramiz
2[cos(#) ]2+ siiwr= 2 + 0,5 ¢sin2 «>kdan 2 = 2 demak xn= >+ 2mpKham
tenglamaningyechimi ekan. Javob:

XN=mXK, va xk=2arctg2 + 20K k,nf£ Z A

17.10. Yugorida ko‘rib o‘tilgan metodlar va trigonometrik funk-
siyalaming ba’zi burchaklardagi giymatlari, trigonometrik shakl al-
mashtirishlar, asosiy munosabatlardan foydalanish, ya’ni umumlashgan
usul.

© Tenglamalaming yechimi topilsin.

1) sin 5x + cos5x = n/2 sin3x,

» Qo'shish formulasi sina +cosa =n/2sin a +- ga asosan

ni2sin 5x+ — = A26w3x
| 4

17.5. Punktdagi (5) formulaga asosan $x +0 3% = 2kn

4
5XH----- h3x =n +2kn
4
Berilgan tenglama yechimlari
K 30 Kn
XN =n/--—--- xk - —+ K,ne/, <4
¥ u

1+1gx

2) (smx + cosx g
"1 -tgx
. . . . n n .
» Tenglamaning aniglanish sohasi — \-kn,Xx® — |-kn asosiy
4 2

. o( inx +
aymglatlardan foydalanib, tenglamani E’\'LUX +C0S x}z _SIX+Cosx_ 0

COSX —sMmX
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Tenglamalar

K
Ini tenglikdan X® —+kn shartida soddalashtirsak (sinx + cosx) e [(cos2

v sin2x) - 1] = 0 bo‘lib, bunga ekvivant tenglamalar cosx + sin* = 0
vii sin2Xx = 0 boiib bundan berilgan tenglamaning yechimlar to‘plami

xk = - 5+kn Naxn=nn,n,ker M

3) cos3x = - 2cosx tenglamaning (50°; 120°) intervalga tegishli
yechimi topilsin.

» Uchlangan burchak formulasiga asosan 4cos3x - 3cosx + 2cosx = 0,
boiib, bu tenglama cosx = Ova4cos2x - 1=0teng kuchli boiib, yechimlar

i 7 Ne i . .
lo'plami Xk = —+KK va x=x-+telJ,»ieZ tenglamaning berilgan

IX /
intervaldagi yechimlari x = — va x = 4

4)  tg(2x+ Petg(x+ =1
» Tenglama x » —(2A:+1) va x ® nn - 1 da mavjud n,kEZ

tga ctga = layniyatdan tg(2x + 1) = tg(x + 1) bu tenglama (7)
formulaga asosan (2x + 1)- (x + 1) = foryokixk=kn,k e Z yechimga ega. M

5) cos Ecosxf(= 3

4 n
»(2) formulaga asosan cosx =+ — \-2kK,k =\ da |cosx|<I
6
o n . . .
shart bajariladi, u holda cosx =+ — tenglamaning yechimlar to'plami
6

€C0S2X = ni tenglama yechimlar to'plamiga ekvivalent boiadi, (2)
36

K

formulaga asosan xk = iarccos E+kn,k e Z yechimlar to‘plami. <

6) 5(1- sinx+ cosx) = 2sin2x

» Asosiy ayniyatlardan foydalanamiz 5(sin2x + cos2x - sinx + cosx) -
- 4sinx.cosx = 0 shakl almashtirib yozsak 2(sin2x + cos2x - 2sinx *cosx) -
- 5(sinx - cosx) +3=0

Agary = sinx - cosx belgilash kiritsak 2y2- 5'+3 =0 boiib bundan

3

y = 1va y — belgilashdan:
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1)  sinx- cosx = 1, asosiy munosabatlardan J 2 sinfx—|=1b

tenglama yechimi

3
2) Jif'wx- c0oSX = — yani asosiy tenglikdan

m2sinf x — I= — bo‘lib , yechim mavjud emas.
| 4ji 2

Javob: *»=(-1)"" +7r(4wr+1),»-eZ

sin 2x cosx _ |
l+cos2x |+cosx n/3

» Tenglamaning aniglanish sohasi

X PK +2W ,X GJI%VZnn,é <D|—t f-wr

Yarim burchak tgi- .sha_ formulasiga asosan va asosiy
2 1+cosa
ayniyatdan foydalanib yozish mumkin
COSX 1 . COSX  sinx
mgx = —= yoki — o=
I+ cosx v3 1+cosx cosx Vj3

1
Yana yarim burchak formulasidan foydalansak tg X-_= bu ekvi-
2 M3

- 7
valent tenglama yechimi xn = —+2nn,ne Z

5wx + sin 2x + sin 3x
8) = ctg2x
COSX + C0S 2X + €0S 3X

tenglamaning intervaWagi yechimi topilsin.

K _kn
> Tenglamaning aniglanish sohasi X® —+— ,KsZ quyidagi
tenglikdan foydalanamiz
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a
. . . . 2 . ha
sina +sin2a +sin.3a +... +sinha = -sm—2

cos 2 a . ha
cosa +cos 2a +cos4a +... +cosna =---------

,a
sin—
2

sinlx . 3x

X th2forva X P ------ da soddalashtirilsa ctg22x = 1tenglamaga kelinadi,

hisobga olsak

Javob x =t —vax=+— <
8 8

9)  sinbx + cosbx = 1- 2sin3x

» Tenglamaning aniglanish sohasi ( - oo; + co) formulalardan foy-
dalanish uchun shakl almashtirib yozib olamiz sin2 « 3x + 2sin3x - (1 -
- cosbx) =0

Ikkilangan va yarim burchak formulalaridan foydalanamiz 2sin3x m
e cos3x + 2sin3x - 2sin2 3x = 0 soddalashtirsak berilgan tenglama
yechimlari sin3x = 0 va cos3x - sin3x + 1= 0 tenglama yechimlariga teng
kuchli boiadi.

10) (3sin« + n) m2sin« - 1) =0, tenglamaning eng kichik musbat
ildizi topilsin.

» ko‘paytma nolligidan:

1 sinnx = — da yechim mavjud emas, chunki <-1
dan,
2)

yechim
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]
2toe

11) = 0 tenglamaning [- n; 3K oraligda nechta ildizi bor.
1- cosx

» Tenglamaning aniglanish sohasi x ®2knva x® K vkn
2

Aniglanish sohada tenglamaga tg = 0 teng kuchli tenglama bo‘lib
yechimlar to‘plami xk= for lekin xk ®2nit shartni hisobga olsak, berilgan
oraligda tenglama ildizlar soni (k ning 1,(- I)va 3 dagi giymatida) 3ta. A

. 4X 4x
12) sm —+cos —=0,5
3 .3 . .
» Tenglamaning chap va o‘ng tominiga 2sin2—ec0s2—
3

AN o
m qotshsak (sinz-x +c0522(}2 = -1+ 25in2-x-c052-x yoki
K

* 3j 2 3 3
1 . 2X 2 X
l=-"+2sin”——cos —
2 3 3
xV

3J

1 if X
Shakl almashtirib yozsak —= 2 L 2sin —mos
2 4" 3
bundan sin2— =1
3

(1) Formulaga asosan tenglamayechimi xn=— (2uzl) M

13) To‘g‘ri burchakli uchburchakning a va ft o‘tkir burchaklari
uchun sin(a —ft) —cosa = 0 tenglik o‘rinli bo‘lsa o‘tkir burchaklaming
kattasi topilsin.

» Qo‘shish va keltirish formulalaridan foydalanamiz
sina ¢ cosft - sin/icosa - cos(90° - fi) =0 (a +ft =90° edi) Yana keltirish
formulalaridan foydalanamiz sin(90° - /?)cos/?- sin/?cos(90° - fi)- sinfl=0
yoki cos! - sin2?- sin/? =0 asosiy ayniyatdan foydalansak 2sin2? + sin/? -

- 1= 0 bu tenglama ildizlari (sin/i), = - 1va (sinfi"2 = ~ yechim bosh

giymatlaridan - ~ (chet ildiz) P2= 30° U holda a = 90° -/?= 90° -
-30° = 60° Katta o‘tkir burchak 60° ekan. A

14) sin3x + sin5x = sindx tenglamaning nechta ildizi fx|i <
tengsizlikni ganoatlantiradi.
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Tenglamalar
» vyig‘indini ko‘paytmaga Kkeltirish formulasidan foydalanamiz

2sinxcosx = sindx bu tenglama sindx = 0 va cosx = — tenglamalarga teng
. . . . . kn
kuchli bo‘lib, tenglamalarning umumiy yechimlan xk = va

T
X,, =+ §+ 2nn, ne.Z

Bu yechimlarda bl < — shartni ganoatlantiradigan yechimlarini
11

aniglashda k ga giymatlar berib aniglaymiz:

n —5n —tk

&=0dax=0vax=+§,k:-\dax= ------ va X = -,

n In 5n
k=ldax=—,x=— vax=—,

4 3 3

an —An -13n
k=-2da-—-—- , —— va

2 3 3

n 13n- nn - n . .

K=2da—, va boiib |x| < — shartni ganoatlantiradigan

yechimlar soni 7 ta. <

15) tg(ra2+ 2nx) = tg(#xl ) tenglamaning eng katta manfiy ildizini
toping

» (7) formulaga asosan (roc2+ litx) - (0@ =kn, k& Zyoki umumiy

yechim x = K—boiib, eng katta manfiy yechimx =- 0,5. A

16) (3x + 6)(x - 2)tgx™ = 0 tenglamaning [ - 3;2] oraligdagi manfiy
yechimlar yig‘indisini toping

» Tenglamaning aniglanish sohasi x ®—+k,ke Z ko‘paytma ifo-

dada:

1)3x+6=0,x=-2 2)x-2 =0,x=2

2)tgxn=0,x =K

Bu berilgan tenglamaga teng kuchli boiganligi uchun yechimlar
to‘plamix=- 2,x=2vax=K[- 3;2] oraligdagi manfiy yechimlarx=- 2,
x=-lvax =-2 boiib yechimlar yigindisi - 5 gateng A

17.11. Transendeniy ko'rinishdagi fimksiyalar gatnashgan trigo-
nometrik tenglamalar yechimini aniglashda, tenglamada qatnashgan
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funksiyalaming xossalari, asosiy munosabatlar, tegishli formula]ardan
foydalanib yechish usullarini misollarda oydinlashtiramiz
© Tenglamalar yechimi topilsin.

2C0S-=2*+2%*
1 A
» Bu tenglamada cos— < 1va 2X+ 2~x> 2, tenglik o‘rinli bo‘lishi
4

uchun cos—=1 va 2*+ 2 _}= 2 boiishi kerak, oxirgi tenglamani 22 -

- 2X+1+ 1= 0 deb yozish mumkin. Bu tenglama yechimlari karrali 2X= 1
yechimga ega bundan x = 0 bu son birinchi tenglamaning ham yechimi
boiadi. Berilgan tenglama bu ikki tenglamaga teng kuchli boiganligi
uchun x =0 tenglama yechimi <

2) (0,5)

2 |
C0S2X =05
Asin2x
Tenglama aniglanish sohasi (- 00; + 00) tenglamani shakl almashtirib
€0s2X

. . I+cos2x+2sin2x .
yozamiz 2 I=—tenglaman| 2 ga ko pay-

tirsak 2 278X - 2 -2c082x = 20082 +225in X
Endi cos2x = 1- 2sinX ayniyatni hisobga olsak

4sin2* ~,2sinz x
-2=0

2-21 . 2-277FSINZX _p2sin X2t asin X yai by kvadrat tenglama

yechimlari | 22sln xj =2 Va |22sm xj =—1 hosil gilamizbundan:

?24.2 a2 1 . .
a) 2 9nx = 2 bo‘lib, sin"x =— bu tenglama yechimlari

7t nn
() formulagaasosan xn =iz b,  nsZ
a

,2sni'x

b) -1 tenglama yechimi mavjud emas, berilgan teng-

L n nn
lamayechimi x,, - £“ + neZuy

BX X
3) 21oga c<wx = logacos— + logacos— (a>0,a ~ 0)

» Tenglamaning aniglanish sohasi
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. . 3X jc .
logarifm xossasidan logucos" x = loga cos — -cos— yoki

cos2x = cos— 'Cos— ko‘paytmani yig‘indiga keltirish formulasidan

cos2Xx =" [cos 2x +cosx]cos2x = 2cos2x - | asosiy ayniyatga aso-

san tenglama cosx - 1 = 0 bo‘lib bu tenglama yechimi xk = 2for. Berilgan
tenglama yechimi xt =4for (k=2n) n&Z.A

4)  ~(Scosx) + 3log3Ve = 9log9(Isim)

» Tenglamaning aniglanish sohasi cosx > 0 va sinx > 0 (burchak I cho-
rakda o‘zgarish kerak). Logarifm xossasidan foydalanib yozamiz.

Yordamchi  n/3coxx + n/6 = 3sinx  burchak Kkiritish  usulidan

foydalanamiz. Tenglamani r- J (") +(~3) =n/12 ga boiamiz

.3 1 N2 . . R .
SinXe—— —cosx =—2-9 Trigonometric funksiyaning 30° dagi

a2
giymatini hisobga olsak sinx ecos 30° —co0sx sin 30° = —2 , endi
»

go‘shish formulasidan foydalanamiz sin (x-30°)- -y bu kanonik
tenglama berilgan teng kuchli boiib yechimlar to‘plami

X, = —-—-\-2nn,neZ <
. 12

17.12. Teskari trigonometrik funksiya gatnashgan trigonometrik
tenglamalarda, teskari funksiya ta’rifi, asosiy tengliklardan foydalanamiz.
© Tenglamaning yechimi topilsin.

1) arcsin(2x +0,5) = ¢

» Teskari funksiya ta’rifidan:

2x+ 0,5 =sin ——I dan 2x+—= —— boiib, berilgan tenglama
V 61J 2 2

yechimix=- 05 A
— 195 —



Elementar matematika (1V qgism)

2) arctg (0,4x) = _6
» Teskari funksiya ta’rifidan

) 5k
U 4x =tg i keltirish formulasidan foydalanamiz

Q n\ n 1 1 .
0,4x =tg\n -—--\=-tg—'=—r= u holda 0,4x = — m= boiib,
vV  6) 6 V3 V3
. . 5
berilgan tenglama yechimi x = ------ =M
2v3
3) arcsin”sin* j = — tenglamaning eng kichik ildizi topilsin.

» Teskari funksiya ta’rifidan 2sinx =sin§, bu tenglama yechimi
x,=(-1) Z+nt nez

o
Berilgan tenglamaning eng kichik musbat ildizi gateng. M

4)  2arcctg(x2- 4x+4)- 0,5n=0
Tenglama ildizlar yig‘indisi topilsin.

» Tenglamani arcctg”x2- 4x+4j=—, deb yozish mumkin.

Tenglama x2~4x +4 = 1tenglamaga teng kuchli bo‘lib ildizlari xt= 3 va
x2= 1U holda berilgan tenglamaning ildizlar yig'indisi x| + x2=4. A
5)  2arcsinx earccosx =~bTT

» Agar arc cosx =Y almashtirib bajarsak |j| < — da

R . |
arcsmx+arccosx:5 tenglikni”  asosan y2— y—=~%=

kvadrat tenglamaga kelamiz. Bu tenglama ildizlari Y\——§n va
n
y2 =- n bo‘lib, bu sonlaming absolyut giymati jihatdan — dan katta

bo‘lganligi uchun,berilgan tenglamaning yechimi mavjud emas.
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6) arctg(x+3)-arctg(x +2)=— tenglamaning eng kichik
ildizi topilsin.

» Tenglamaning aniglanish soha ( - co; + oo) ga tangens tengligida
yozamiz.

tg [arctg {x + 3) - arctg(x + 2)J —tg~ bundan, qo'shish for-

t -
mulasi tg(a - p 1= -——--mmom-- a asosan
o P | +tga-tgP g

tg [arctg (x + 3)] - tg [arctg (x +2)] _~
1+tg [arctg (x + 3)tg [arctg (x + 2),]j

teskari trigonometrik funksiyadagi tg(arctga) = a tenglikka asosan

X+3-(x +2) 1
e I =1 boiib (x2+ Sx + 7) ifoda nolga
i+(x+3)(x+2) X +5x+7

teng emas. Ifoda soddalashtirilsax2+ 5x + 6 = 0 bo‘lib ildizlari (- 2) va
(- 3). U holda berilgan tenglamaning kichik yechimi x<=- 3 A

7)  arcsin2x = 3arcsinx tenglama yechimi topilsin.

» Tenglamaning aniglanish sohasi |x < 1 va \2\ < 1 yoki umum-

lashtirsak W\ < ?

Endi aniglanish sohada tenglikdan sinuslar tenglikka o'tamiz
sin(arcsin2x)= sin(3arcsinx) yoki 2x=sin(3arcsinx) karrasiargument sm3x=
3sina - 4sin3a formulasiga asosan 2x = 3sin(arcsiiw) - 4sxn? (arcsin*) bu
tenglikdan 2x = 3x - 4x3bu tenglama ildizlari x{=-0,5, n. = 0 vax, = 0,5.
Bu giymatlar berilgan tenglamaning ham yechimlari ekaniigmi o‘miga
go'yib ishonish hosil gilish giyin emas. A

T
8) arctg (2 + cosx) - arctg (1+ cosx) = — tenglama yechimi.

topilsin.
» Tenglamaning aniglanish sohasida tangens tenglikka o'tamiz.

tg [arctg (2 + cosx) - arctg (I + cosx) j=tg--

(2 + cosx) - (I +cosx)
6-Mi.soldagi kabi amal bajaramiz ~—jz---- el K — ~
14"1Z 47COSX 1{1 +C j

Soddaiashtirsak, kosinusga nisbatan cos2x + 3cosx + 2 -.0, kvadrat
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tenglama boiib, ildizlari (cosx)j = - 1va (cosx)2= - 2 bundan berilgan
tenglama yechimlari topiladi
1) cosx = --1 daxn=+ Inn, 2) cosx =- 2 da yechim mavjud emas.
Javob:x, =T+2pK n&z A

9) arccosx - arccos( -x) = arccos(x - 1) - n tenglama yechi
topilsin.
> Tenglama aniglanish sohasi 0 < x < 1 Teskari trigonomet

funksiyadagi [1] arccos( - x) = > arccosx tenglikka asosan

arccosx - (K- arccosx) = arccos(x - 1) yoki 2arccosx = arccos(x - 1)

Ikkilangan fonnula 2arccosx = arccos(2x2- 1) 0 < x < 1 ga asosan,
arccos(2x2- 1) = arccos(x - 1) tenglikka kelamiz. Bundan 2x2- 1=x- 1
boiib, yechimlarix=0vax=105 <

17.13. Tenglamalar sistemasi yechimini topishda har bir tenglam
yechish usullari, o‘miga qo‘yish kabi usullardan foydalanganda, teng-
lamada gatnashgan funksiyalarga tegishli maiumotlaming hammasini
hisobga olish kerak boiadi.

@ Tenglamalar sistemasi yechimi topilsin.

tgx +tgy =1,

K
X +y = —
n
» Sistema aniglanish sohasi x ®—=kn vay ®—+KK, ke Z .

Sistemayechiminio‘rnigaqo‘yishusulidanfoydalanamiz y = -73---x ni
4
sistemadagi biiinchi tenglamaga qo‘yib, go‘shish formulasidan foydalanib
tg45° —zx

yozamiz tgx+ —------------- =1 tgx - 1 deb soddalashtirsak tg2x -
\ +tgA5°tgx

- tgx = 0 bu tenglama berilgan tenglamaga teng kuchli boiib yechimlari

K
Xk = kn va xn=—+kn almashtirishga asosan sistema yechimlari
X, - kit,xn”~-y~ +nn vay, =~-kn vaynd4 -mr,n,keZ. 4
Asinx+cosy _

lgsin2*+cos2y = 4

» Ko‘rsatkichli funksiya xossalaridan
sin2x + cos2y = 0,5,

sinx +cosy = 0
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Ikkinchi tenglamadan sinx = cos2y , bu tenglikni sistemadagi bi-

linchi tenglamaga qo'ysak 0052y -1 bo‘lib (2) formulaga asosan
T . . -
yk = —+kn,k e Z Shu kabi o‘zgaruvchi x topiladi.

xk :J_rzvkn.k e’z

COSX COSy = —
3) bo‘lsa cos(x +y) nimaga teng
tgx-tgy = -

" K
» Sistema aniglanish sohasi X® —+ kn,y® —+Kn asosiy ayni-
yatdan foydalanamiz
COSX ELOSy = —

sinx-siny _ 1
cosxmosy 4

Soddalashtirilsa sinx.;inyzg go‘shish  formulasiga asosan

AN AN AN
€os(X +Yy) =cosx mosy - sinx mfny coSyx +y ) = 2——8= 8—= E??% -4
COSX ELOSY ﬂ
3)
. . n/3
sinx siny —

Sistema yechimi topilsin.
» Sistemadagi tenglamalami mos ravishda qo‘shib, keyin yana

COSX ECOSY +%inx miny = —
ayirish amalini bajarsak go‘shish
COSX KOSy - sinx miny =0

cos(x-y) = £
formulasiga asosan 2,
cos(x+j) =0
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X-y =x—+2kn
bundan k,n<=z t,0'lib sistema yechimlari
X+ V=—+T
2
topiladi. <

MASHQLAR

jenimaga teng.

/ \_ 4
329.1) 8,§arctg%:--%,2) arccos(x-1) =—.
v

N

330. 1) arcsin(0,2x) = L% , 2) arcctg(2x + 3) = 45°,

Tenglama yechimlari topilsin.

331.1) 2sinf-+-1 =u/3,2) +1=0
12 61 1 2 A
332. 1) ctgl 2x- — 1=-1,2) cos[3x- 0,(3)]=0,5.
333.1) 2cos2f2x +j I =1,2) ¢?¢g2~0,5x-|-j=-V 3 .
2(bx-n

334.1) 3tg2(tt-2jc) = 1,2) 0,(3)sin 1= 0,25
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Taqqoslash usuli bilan tenglama yechimlari topilsin.

335.1) cos(0,5x-360°) =cos[ 3,5x-y |,

2)tg(210° + 2x) - tg(80° - 3x) = 0.

336. 1) ctg\ 2x + +1tg(90°+x) =0,

Tenglama yechimlari topilsin.
337. sinSx ¢ c0s3X = sin2x.

338. 1- cos(s- +x) =sin m-

339. cosbx = 2sin~- +2x |.

340. (sin3x mOSX - sin-cos3xj8=4 1.

341. 1+ sin2x = (cos3x + sin3x)2



I h nii'illar rnalematika (1V qism)

342. cosdx - sindx =sin2x.

343. 9cos2x - 9sinx -5 =0.

344. sin(2x--30 g + cosi 2x H30-)= 0.
345. cos5x + CoSTX = CO}(1-F Bx)e
346. cos2x + cosbx 4 2sin2x = 1

347, sin'x « :0sl Ix = sinx «cosl 3x.

323 sin 2x -V 3cos2j =

349. Ushbu 4cos3 x = 3cosx tenglamaning nechta ildizi |x| <E

tengsizlikni ganoatlantiradi.

350. ctg(270°+a)—tg2a = --------—- tenglamaning (30°;90°)
€0S2X

intervalga tegishli yechimi topilsin.

351. 4sin2ecosx - 4sin ¢cos2x + cos3x = 0.

352. sin2x + cos4x = 1+ sin4dx.
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tg36° +tg2
g eV

353.
tgx-tg36° -1

354. tg(x + 45°) + tg(x - 45°) = 2.

355. sinf +2xj- tg(n - x)sin2x =tg\~~x

356. sin2x = tg2x(l + cos2x).

357. cos(30° -X)- 0,Ssinx =— cCOSX .

358. sin Acos-- 1= i tenglama umumiy yechim topilsin.

11 T
359. Ushbu cos6x + cos4x = cos5x tenglamaning |xf< — tengsizlikni

ganoatlantiruvchi yechimlar yig‘indisi topilsin.

360. COSX + €c0s2x + c0s3x + cosdx = 0 tenglamaning (0;90°] kesmaga
tegishli yechimlar yig‘indisi topilsin.

361. (3cosKX-Ti)[2sinnx-'Ibj =0 tenglamaning eng kichik

musbat ildizi topilsin.
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I aiibtiiliii nuilcmalika (1V gism)

Tenglama yechimlari topilsin.
362. sin2x mctgx - €0s2x = tg3X.

363. 2cosx igZ?+ 3=0.

X 1
364. 2sinX min —4------—---—-- = 4sin 0,5x .
c0s0,5x
lcosx —3 . .
365. [--mmmmmmmm = 1. Tenglamaning 30° < x < 90° intervalga

2cos2(x +n)
tegishli yechimi topilsin.

X X . _
366. ctg— -tg- =2, tenglamaning 0 < x < 90° mtenalga tegishli

yechimi topilsin.

4-
367.  Uchburchakning a vafi burchaklari orasida

sina +sinp = /2 cos tengiik o'mili bo'lsa, shu uchburchakning

eng katta burchagini toping.

368. 3sin5x + 4cos5x = 6, tenglamaning [ - >2n] oraligdagi rnusbat
ildizlarini ko‘rsating.

369. [0; 27r] oraligda sin2x = (cosx - sinx)2tenglamaning nechta ildizi
bor.

4-
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x =1
370. ctkg( ) - 0, tenglamaning [ - 1; 5] oraligda nechta

ildizi bor.

371. 3sin22x + 7cos2x -3 =0, tenglamaning (- 90°,180°) oraliqdagi
ildizlar yig‘indisi topilsin.

372. (0,5cosrar + n) m(sinra: + 1) = 0, teglamaning [ - 2; 6] oraliqda
nechta ildiz bor.

373. Sin X+ 2sinx _ 0 , tenglamaning [- T 31) da nechta ildiz bor.
€c0S2X

374. anG—k = 0 tenglamaning manfiy butun ildizlar yig'indisini
X

toping.

375. (2x + 1)(0,5x - ID)sin2roc = 0, tenglamaning [ - 2;3) oraliqdagi
natural yechimlar yig'indisi topilsin.

376. 3-1+sm-sm x+m=0 ,(1) , tenglamani yeching, eng kichik musbat
ildizni toping.

377. |tgx +ctgx\ = —=, tenglamaning eng katta manfiy ildizini
V3

toping.



378. sin— = 0, tenglamaning nechta butun yechimi bor.
X

379. sinx + sin2x + sin3x + sindx = cosx + Cc0S2X + C0S3X + C0s4X
tenglamaning eng kichik musbat ildizi topilsin.

Tenglama yechimlari topilsin.

380. 2m4W = 2-0052-,

381. 3" =sinx.

382. 2™ 1=sin”™-a/xj+1.

384. (logsmcosx)2= 1
385. (sirw)~s“ - 1= ctg2x.
386. loggesinx + logg Cosx = 2.

387. 16™“ =sm4 .

388. 5-5sin2jc+cos2x=0,04.
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Tenglamalar

389 5MM5eosx =25

290. log. (2* + sinx- 05)= X 0< *<Tda
|

391.9cosx — (Msiiix . A 2cosx

Tenglamalar sistemasi yechimi topilsin.
sinx +siny = 1,

392. 7
X +y-
|

f4cosxosy = 3,

[4sinx miny = -1.

1
tgx-tgy =-
394.
cosx + cosy
395.
X +y =60°

\sinx-2siny = 0,
396° { = 300°.



[/ rliii‘illiil nuilcmalika (1V qism)

X - -
397. y

cos2x-sin2ny =0,5.

Tenglama yechimi topilsin.
398. arctg3x- arctg3“*= 30°.

399. arcctglx + arcctg3x = —
4

400. arccosx - arccos(-x) —arccos(x- 1)- n.

401. arctgx = 2arcctgx.

402. arccos—= 2arctg(x-\) .

403. arctg(x +3)- arctg (x +2) = —.
404. arcsin2x = 3arcsinx.

. A
405. arcsinx - arccosx = —
3
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TEST TOPSHIRIQLAM
(O 'zingizni sinab ko Ting)

1. a ganday boiganda 2,4a-1,(3)x =-3 4—a , tenglama noldan

fargli yechimi musbat boiadi?

A)a=16 B)a<0 G)a~—12 D)a>0 E)s=-1,5
2
2. a va b ganday boiganda 4ax- 1,3b = —b—1,2ax, tenglama

noldan fargli yechimi manfiy boiadi?

A)a>0,b>0 B)a>0,i/i=0 C)ab<0 D)a=-2,Z>=3 E)ab>0
3
3. a va b ganday boiganda \,2ax-A,(2)b =1—b, tenglama

noldan fargli yechimi musbat boiadi?

A)ab>0 B)a<0,b>0 C)a>0b<0
D)a=5,b=-10 E)e=- 10,b=5

. -2- ------ 3b ifoda b = 0,(3) va a ning biror giymatida 0,25ga

teng. Endi a ning shu giymatida va b = 2,1(6) da berilgan ifoda giymati
nimaga teng.

A) 1,25 B)- 2,25 C) 105 D)-1,45 E)3,05
5. avabganday boiganda 1" (2x —a) = 0,5alt + 1,2Z> tenglama

yechimi mavjud emas?



n,/ 6,bp\,5 B)a=-2,5,6"7
Cla=-2,bpl B)ap-6,b=-4 E) a=-6,bth-7,5
I'englama yechimi topilsin.
X, X X X X 5
6. S+t —+— +— + W= —
6 12 20 30 42 7

A)2,3 B)2 C)-0,25 D) 13 E)25

" L =2,5:3<3)

A) 13 B) 15 C) 13 D) 1,3 E)O0,005
8. 5-3(x-2[x-2(x-2)])=2

A)3 B)2 C)13 D)12 E) 1
9.  Tenglama yechimi topilsin
3 21

A)1 B)-2 C)-3 D)-3 E)4

10. agandayboiganda0,(2)y= 1,1(6)x + 0,(9)to‘q‘richiziq(-6; 1)
nugtadan o ‘tadi.

A)05 B)I,l C)0,6 D)O0,1) E)O0,(3)
Tenglama yechimi topilsin.

11 64n2 5
8jc

A) 14 B)0,8 C)025 D)2,5 E)15
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0,(2)(4x-1)
2x +1

A)0 B)03 C)14 D)-05 E)- 16
13.  Tenglama yechimlar yig'indisi topilsin.

(0,(5)x-0,(1))(0,5% +1,5)A2 —0,25%j = 0

A) 12 B)I,3 C)23 D)62 E)4,4
Tenglama yechimi topilsin
14.  0,(7): (157 - 900 :x) =0,(1)

A)2,7 B)6 C)- 46 D)33 E)-2,6

15. 2,8:x=1,(6):2-

5 3
A)18 B) 1. C)34 D)1 E)4s
16 31X 151 % 315

2 48

16

A)8 B)45 C)- 25 D)I,5 E)-2,4
17. 0,(1)[(0,5) - 1+ 1][(0,5)~2+ 1][(0,5)-4+ 1] =0

A)6 B)35 C)9 D)25 E)8
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Elementar matematika (IV qgism)

18. Tenglama yechimi topilsin
0,(3) 05+2x2- (x+2)@2x- 4)]1=0,1(6)x + 1,3(3)

A)46 B)7 C)3,2D)- 46 E)36
19. Tenglama yechimi topilsin
35x+2x +2,5x+3x+ +55x=6,3

A)05 B)22 C)- 15 D) 12 E)02
20. aganday boiganda
0,I(l)x + 0,(1) = 0,1(6) tenglama yechimi 2 boiadi?

A)06 B)12 C)- 1,4 D) 025 E) 1,(3)
21. l<x< 3da|3x-2|- X+ 1]+ |x- 3]|.- 2x + 4 ifodani modulsi
yozing

A)x-2 B)l+x C)2- xD)2x-\ E)I-2x
22. Agara> b>c>d> 0Oboisa\d+b\ - \a- A\ +\b- a\+\c- d\:
+b - ¢ ifodani soddalashtiring

A)b-c B)a-b C)c+b D)d+a E)c-d
23. Agara<b <c<d<O0boisa \a-c\-\a +b\-\c - b\+a- |
ifodani soddalashtiring

A)c-b B)a-c C)b+c D)c-a E)a+b
24.  |2x-0,(2)] = 1,3(3)
Tenglama yechimlar yigindisi topilsin

A)05 B)O0,(2) C)-0,7) D)1,3) E)-0,2
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25.  Tenglamayechimlari topilsin }x + 5/ - 8= |x- 3|

A)[3,+00) B)-5 C)-3vab5 D)- 1lva3 E)3
26. Tenglama eng katta manfiy va eng kichik musbot butun
limbu: yigindisi top Ism W6x -1 5x~3|'==3

A)- 05 B)2 C)15 D)0 E)-2,5
27. |2—1- M( = 1ltenglama nechta yechima ega

A)4 B)1 C)3 D)2 E)5
28, W-2A+4-x=2
Tenglamaning katta kichik yechimlar yig‘indisi topilsin.

A B)6 C)2 D)-1 E)3
5
29. 3 - M x\ + 2 tenglamaning haqgiqgiy yechimlar yig‘indisi
topilsin.

A)15 B) n/5 C)l1+n/5 D) 2-n/5 E)2-n/5
30. \x- 3| + X+ 2] —x- 4] - 3 tenglama katta ildizi kichik ildizidan
ganchaga ortiq.

A)2 B)1 C)5 D)8 E)4
Tenglama yechimi topilsin
3L 22X+ WX + WX +2\= 1+x



Elernentar matematika (1V qgism)

4AX2'aj 2x 2x
32.
2ax- a+1- 2x 2x

A)12 B)1 C)- 1,2 D)2 E)2.2

33. a va b ganday bo'lganda "X ~ +\
6x(x+4) 3(x+4) 2x2+8a

tenglik o'rinli bo'ladi.

A)a=2,b=-4 B)a=-2,6 =2 C)a=Il,fc=-4
D)e=-2,Z>=1 E)a=—1, A=-4.

6 1+ 2x-1
34, - + X X A tenglama yechimlar yig‘in-
x+1 2-2x2 x2-1 2-2x
disi topilsin.

A)0 B)3 C)0 D)-2 E)2

3 2 2
35. a ganday boiganda 1 -5 a determinant giymati 11 ga teng
4 2 1

bo'ladi.

A)4 B)0 C)3 D)-4 E)- 8
1 2 -4

36. b ning ganday giymatida 2 -1 2 :0 , tenglik o'rinli
b -3 -6



3x 1
37. Tenglama yechimi topilsin. 1 X -3 -3 )
-4
-2 0
4-
A)05 B)15 C)0 D)- 05 E)2
Bjc+4y = 18,

38. a ganday boiganda \ sistema yechimida y = 0

+

boiadi.

A)-5 B)2 C)12 D)-8 E) 10
5x+y-3z =-z,
39. Sistema yechimlar yig‘indisi topilsin  4x + by + 2z = 10,
2x-3y +z =\l

A)4 B)6 C)-1 D)-4 E)3
x+3y+2z2=0,4
40. © x+Y¥~3z =0, Sistemayechimlari uchun (2x + y - z)nimaga
4jc+2y +z=0.
teng

A)2 B)-I C)-3 D)0 E)-2
2x+by+z=5
41. b ganday boiganda4x+3y+2z —10 sistema yagona
5x+y —3z=3.
yechimga ega boiadi.



42. a ganday bo‘lganda 4y +bx-25 = 0to‘g‘ri chizigbx+ay-7 =0
lo'g'ri chiziqg bilan kelishadi.

A)-2 B)1 C)3 D)2 E)-3
[2x +ay =8
43. a ganday bo‘lganda S( v 1 sistema yechimlari uchun 5x -

-y —7 tenglik o'rinli.

A)2 B)-1 C)-2 D)-3 E)4
[0,(3)(2x-6)-0,5(x-2) =2y,
< . . sistema yechimlan 2x - 3y

; 0,5(3x-6 +y] =x

nimaga teng.

A)8 B)4 C)12 D)-8 E)O
45, b ganday bo‘lganda bx + by~ 13 =0va 5x- - 7 = 0to‘g‘ri
chiziglar (2;3) nugtada kesishadi.

A)+3 B)2 C)1 D)3 E)-4
4x—=2y +z =0,

46. b ganday boiganda ¢ x +y +bz —0, sistema yagona yechimga
Xx+3y+2z=0

ega.

A)2 B)l C)-4 D)-2 E)-3
47.1,3(3)x2- 0,75 = 0, tenglama Kkatta ildizi kichik ildizidan ganchaga
ortiq

A)15 B)2 03,5 D)1,3) E)07
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ega:

3x2- 13x+4 =0, (1); 3x2- 1&+ 7=0, (2);

2x2- 10x +15 = 0, (3); 45n:2- 108x + 63 = 0, (4); 0,5x2- 4 = 0,(5);
17x2+ 58x + 41=0, (6),

ga
A) (2), (3), (5) B) (1), (2),(5) C)(1X4) (6)
D) (1) (5) (3) E)(2) (5) (6)

ga
A) (1), (5), (3) B)(2) (3) C)(2) (4) ()
D) (2) (5) E) (5) (3) (6)

1 1
49.x,vax, sonlar 3x2-2x-~6 =0, tenglamayechimlaribo'lsa--— ----
1 *2
nimaga teng

A)05B)- 0,3)C)1D) 1,3E)- 15
50. xlvax2sonlar x2+ x - 5 =0 tenglama yechimlari bo‘lsa x] % x2

nimaga teng.

A)9 B)32 C)17 D)- 10 E) 11

51. Tenglama yechimi topilsin ri, x1 P r-=-—2,d
VX J 1+x

A)-1,2 B)05 0-1.5 D)-1 E)21
52. Yechimlari (- 3) va (2 £ z) boMgan tenglama topilsin

A)Xx3-7x2+x+15=0, B)x3-x2-7x+15=0
C)x3+ 2x2-3x+ 15=0 D)x3-3x2+ 15=0, E)2x3+x2-7x +5=0
53. Yechimlari 0, - I,Iva 3 bo‘lgan tenglama topilsin



A) x4- 3x3- x2+3x =0 B) x4+ x3—x2- 5x=0

C)x4-2x3+ 3x2—x =0 D) X+ 2*3-x 2+ 5x=0 E)2x4-x 3+x2+ 3 =0
Tenglama haqiqgiy yechimlari topilsin

54.x3- 6x2+ 12x- 10=0,

A) n/2,2 B) 1—a/2 C) 2+ /2 D) 2;-0,5 E) -A2A5

A)13 B)-1,6 C) 0 D)23 E)26
56. 4(x —I)4—5(x —1)2—6 = 0

A) £20/2,0,5 B) 1+21/2 C) 2+n/2 D) 1,2,#30/2 E) 2" b ,- Nl

57. (x2- 5x + 4)(x2-5x +6)= 120.
Tenglama ildizlar yig“indisi topilsin.

A)5 B)65 C)52 D)4 E)45
58. Ikki hadli tenglamaning 2x3+ 16 = 0, barcha ildizlari topilsin.

A)-2,1,6;-1,2 B) -2,2T3/

C) 2+V2/',-2 D) -2;1+n/3/ E) —2,xn/2r
Tenglama yechimlari topilsin.
59. x4- 3x3+4x2- 3p+ 1=0

< mor i i i 1 —4+-r——r r—% 4%t
A)1-2134 B)-2; 14;-31 C)2;1;2,4 D) 1;0,6:-2,1 E) 1
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Tenglama ildizlari yig'indisi topilsin
60. (x+ )4+ (z + 3)4= 16

A)3 B)-4 C)5 D)- 3 E)12
61. Tenglama barcha ildizlari topilsin x 2 Xx+1= ---1-|-
X -

A)2;+3/B) -0,5+n/3 D) 0;xn/2 E) 0;2+n/3
62. x8- 17x4+ 16 = 0 tenglamaning nechta butun yechimi bor

A)4 B)3 C)6 D)2 E)8
63. 1,(3) x2- 2,4(4)x- 3,5(5)=0
Tenglama ildizlar ishoralarini aniglang

A)Xj>0,x2>0 B)X,< 0,XxX<0C) |x+|>|x |

D) [x,+1=|(x2-) | E) \xH < |x"].

64. a ganday bo‘lganda 16X2+ ax + 1=0 tenglama ildizlari karrali va
musbat boiadi.

A)4 B)-8 C)8 D)2 E)O
65. avab ganday bo‘lganda 0,5x2+ bx + a = 0 tenglama bitta ildizi nol
ikkinchi ildizi manfiy boiadi.

A) =0,a<0 B)6=0,a<0 C)a=0,b<0
D)a>0,b>0 E)a=0,b<0

66. Xj vax2sonlar 45x2 108x + 63 = 0,

Tenglama yechimlari boisa x. -nimaga teng

A)04 B)15 C)24 D)35 E)3
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67. a son ganaday bo‘lganda x2 + 2ax + a2 =-T tenglama ildizlari
[- 1;3] oraligda bo‘ladi.

A) 12 B)[1,3] C)[-2,0 D)I[12] E)23
68. ava b ganday boiganda ax2+bx+ 16 = 0 tenglama ildizlari karrali
4 gateng bo‘ladi.

A)a=2,b=-4 B)a=Il,fc=-3 Cla=-2b =8

D)a=-1.b 4 E)a= 16=+8
69. lldizlari (2i - 4)bo‘lgan ratsional koeffisientli kvadrat tenglama
topilsin.

A) 2x2+ 8icf 17=0, B)x2~8x+ 14=0

C)x2+6x- 13=0, D)x2+8x+20=0, E)x2+8x-23 =0

70. x(x + (v + 2)(x + 3) = 24 tenglama haqiqgiy yechimlar yig‘indisi
topilsin.

A)4 B)1 C)I,6 D)-3 E)-54
o . 2k-9 3x o .
71.xnmggqaysi giymatida-------- kasr ~—— kasrdan ikkitaga ortiq
2x-5 2-3X
boiadi.

A)05 B)- 025 C)045 D)-0,5 E) 1,25
lax+2y =a, )

72. a ganday bo‘lganda < sistema cheksiz ko
18x + ay = 2a

yechimga ega.

A)-2 B)3 C)4 D)-3 E) 1
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(1-2y)0,2- - - 2y =4,
73. X va y o'zgaruvchilar 5 sistema

21—y) —~x=1

yechimi bo‘lsa (x + 2y) nimaga teng

A)1 B)+3 C)2 D)-2 E)4
74. Tenglamalar sistemasi yechimi topilsin.
1 ] 1 I 2 3 4

1+2x 1-2y T 1+2x  1-2y 3

A)x=12;y =-0,2 B)x=1,7=2,25
C)x=-1,2;y=0,4D)x=0,S,y=1,2E)x=1;y =-0,25
75. x4- 4x3-x 1+ 16x - 12 = 0 tenglamaning butun yechimlari nechta

A) 2B) 1C) 3D) 4 E) mavjud emas.
76. ava b ganday boiganda a(3x2- 2x- 1) + b{5x?-x + 5) = 0, teng-
lama garama-qarshi ishorali ildizlarga ega boiadi.

A) 3a ®0,5b ®0 B)2a+6=0 C)3a+5b®d0,2a+b=0
D)5b+03a=0, E)2a-b =0,3a-56=0
77. (7x- 20x2+ 6) uch hadni chizigli ko‘paytma ko ‘rinishida yozing

A) 20(2 + 5x)(4 - 3x) B) (2x- 5)(3 - 4x)
C) 20(5x + 2)(3x - 4) D) (bx+2)(3 - 4x) E) 20(5 + 2x)(3 - 4x)

78. a ganday boiganda 2x2+\[24x + a = 0 tenglama o'zaro teng
haqiqiy ildizlarga ega boiadi.

A) 273 B)3V2 C)2 D) n/6 E)3
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79. Qaysi tenglamalar /?-to‘plamda o‘zaro teng kuchli?
2x-3=6-—xva 2x—=3+\ll-x =6+x +yJl—x (1)
5x - 2x2- 7=0va 0,5x2+2=0,(2)

x3-1
Xx2+4

=0 0,1(6); ! =0,(3)

(x-2)2(x-3) _
(x-2)

(x- 3)(x- 2)=0va 0 (4

2 2
3(x-2) + =2-x+ va2{x- 2)=2-x (5)
x2+1 x2+1

A1) ()@ B)(2)BR) () ) (1)) () D) (2 B) @ E)1) 4) B)
80. a ganday boiganda 4a(x2+x) =a- 2,5 vax(x-1) +n-1,25 =0
Tenglamalar bir xil sondagi yechimga ega boiadi.

A)a>15 B)a=05 C)a<0 D)a=-1,5 E)a=0

81. Kasmi gisqartmng 0,5(3x2+16jc—12)

-1
m-13x-3x2)(2x +10)

2 1 4
A)x+6 B)2(x+5) C) —- 7 D) -—- E) --—- -
) )2 ) )x+6 )2(x+8¥ )x+5
82. Tenglama yechimlari topilsin
27 12X 6 j

2jc +7x-4 X+4  2x-1

A)-0,5; 0,2 B)-0,(3) C)0,51,2 D)0,1(6) E)O0,3), 1,2
83. (x+0,5) (x2—9) = (1 + 2x) (x + 3)2

A)- 0,5;3;1,2 B)0,5;-9,1,2
C)-05;2;-3 D)-05;-3,-9 E)- 0,5;- 3;2;- 1.2
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84.x4- 1(k3+ 35x2- 50x.+24 =0

A) 1;2;- 154 B)1;-2,5;3;- 15 C)I;3;-2,4;4
D) 1,2,—5;3;—35 E) 1;2;3;4
85. Tenglamaning butun yechimlari nechta? x4- x 3+2x2- x + 1=0

A)2 B)3 C)mavjudemas D)4 E)1
R to‘plamda berilgan fimksiyalar aniglanish sohasining umumiy gis-
mini yozing
2x+3  U2x-1
86. V x-2, 3
Vx+2° x2+4

A)[2;3) B)[2;+00) C)(-2;3) D) :2) E)(-42)

2X
87. n/0,5x-2, V4-x, h
X-4

A) (4 +00) B)x"4 C) D) 0 E)[0;4)

A) (1; 3], B)(2+00) C)(12)U(2; +«)
D)(52) u(2,3) E)(-3;2) U(2;3)

3-x
8% n/(0,5x)2-1, ~4-x\ 3 )
X.



A)-2 B)(-2;2) C)(0;2) °) E)

Mantiqiy mulohazalar yuritib gaysi tenglamalar yechimiga ega emas-
ligini ko'rsating.

$9. 464 G =v3 ()

sIx--4  -0,5x-t-2 =4--x, )

Vo, 2Xx--5-¢p-2-(),50 — *(3)

Vi- 2x +3Ix- 1=.1, (4)

2A2_9+74 -x2-10)

2x2-4x + n/2x2—4jc+ 12 +18 = 0,(6)

A) (2X3X6) B) (1X4X6) C)(2) (5) (6) D) (2) (6) E) (1) (3) (5) (6)
Tenglama yechimlari topilsin

91. A2x-3+2 =-70,1(6) +0,(3)x

A)0,6) B) 0 C)0,1(1) D)0,3(3) E)1(2)
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A)0 B)104 C)1,(6) D) 175 E)12(1)

93. n/5x +7 —s/3x +1 +\jx +3

A)-0,(09) B)-0,(6) C)12 D)IA E) -~

94. (2-0,5%2),/0,(3)x-9=0,

11 /I 11 11 11 -Mm. ..U U - U
A)2:3 B)- 22 C)-2;3 D)9 E)2;9

95. n/8x +4 - n/8x-4 =2 tenglama ildizlar yig'indisi topilsin

A)15 B)25 C)0 D)- 04 E)1

96. -2 x -3 =x—1 tenglama ildizlar yig'indisi topilsin

A) 1~ B)1,6) C)-0,6 D) 12 E)0,6)

97. tenglama yechimi topilsin  yjx\133x~"- 3*\1nx ' =0,

A)13 B)065 C) 16 D)21 E)1,(6)
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98. (Xx+4)(x+1)—6=3n/x"b5x+2 tenglamalar yechimlar

yig‘indisi topilsin

A)-5 B)2 C)4 D)7 E)-3

99. \Ix-\fx —yjx-'fx = 56 tenglamanechtaildizgaega.

A)2 B)0 C)1 D)3 E)4
Tenglama yechimi topilsin.

100. <i(3x- 1noe™ (3l -106p x =1)°C =2

A)1 B)Il C)43 D)13 E) 10

101. 4X- 3* 2 =2X+0S- 2Ix*

A)05 B)25 C)12 D) 15 E)0,8
102. 0,25isiny] :UZ -n/2

n bn
A)0 B)0 Cy D)05 E)-g-

A)12 B)20 C)16 D)25 E) 18
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104. x2+/32 WXA[A- xH1%= 0

A)4 B)O C)10 D)6 E)8

105. xquyidagi tenglamayechimiboisa 6 ¢152x+4 = 2 +33x+1 *54x~4 ,
(2x + 1) nimaga teng

A)4 B)9 C)5 D)3 E)24

106. 23*-1x 2=(0,25) ' 1 tenglama yechimi x boisa, (3x - 2)
nimaga teng.

A)0 B)3 C)1 D)-2 E)4

107. x quyidagi tenglama x~\]155~ = 0,04 yechimi boisa, (2x - 3)
nimaga teng.

A)- 1 B)0 C)2 D) 14 E)- 14
108.[TenPIama yechimitoA)iIsin|16 3'AN =0,25 \[O"A

A)12 B)24 C)9 D)44 E)28

109* ) (3’3751 1=[°"(4)I'1

A)34 B)25 C)5 D)- 3 E) 15

110. 4-3x-9-2* =5-(6)f

A)2 B)4 C)25 D)45 E)-1,5
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111. Tenglama yechimlar yig'indisi topilsin

\'Ix2~x-2 i 2
2-x| Xemx =||2-x

A)2 B)-1 C)3 D)1 E)5
Tenglama yechimi topilsin

112. 108x nfo,(1) = -0.(6)

A)9 B)~ C)8l D)15 E) i

113.x(lg5-1) = Ig(2*+1)-1g6

A)4 B)10 C)8 D)1 E)2
114. 0,5 Mg5 + Igx + lg~oAT)J = Ig VI-5

A)9 B)3 C)10 D)5 E) !

115. log4|2 log3[l +log2(1+ 3log2x)]} = 0,5

A)4 B)9 C)05 D)-4 E) 2

116. logA256 = 4 2 w21z, 2V,
ni2 2

Yy— — — -

1 1
A)- B)2 C)6 D) 16 E) -
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117. 19(3* +x - 17) =xIg30 - x

A) 10 B)9 C)17 D)27 E)4
118. Tenglama yechimlar ko paytmasi topilsin

log26- l0g22 = (lg2x - 3jlog312

A)4 B)5 C)3 D)1 E)6
119. Tenglama yechimlar ko ‘paytmasi topilsin x3 4lo" =0,5

A) 8 B)4 C)1 D) n/d E)~ 5

120. Tenglama yechimi topilsin log4 x + logdx + logdx +... = 1

A)8 B)1 C)2 D)~ E)4

121. Quyidagi tenglama log, x- log2x2 = 1g" 3-1 yechimlar
yig‘indisi topilsin

A) 30 B)33,3) C)16 D) 16,(3) E)3,(3)
122. Tenglama yechimlar ko ‘paytmasi topilsin

— AN * 2—=1log2x4+5(x >0,x ®I)
log2x - 2log2x

A)8 B)n4 C)05 D) E)
0
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Elementar matematika (1V gism)

Tenglama yechimi topilsin
123. sinx ectgx + cosx *tgx = 0,

Ww ittt MIErrrex

A)for B) —+2kn C) (-\)- +kn D)2kn E) kn —

124. sinx *cosx = sin31°

H— — — — — e — i —HH— — — — — — «
A) O B)kn C) S +kn D) (-1f A +kn E) —+2kn

125. Sin(45° -x) «Sin(45° +x) =0,5

o lx
+
i~

n B)2kn C)kn D)£%+2kn E) 131+kn



Tenglamalar

128. 2ctg (180°-x) - ctg405° - ctg(360°-x) =0,

A) 180% B) #+kn C) (-if ~ +1cn D) 2for E) 135° + 180%'

129. 1- cosx =sinx ssm é

A) forB) (~\)K-3 +kn C)2forD) J_r~3~+2|<n E) (1)* 6+ 2AXK

A) 90% —15° B) 90% + 60° C) (-1)k~ +kn D) zy+2for E) K

131. tgbx + tg3x =0

A)“+KI'I B)Kr>K C)n+|'<n D)kit E) 1ok
3 3 6 6

132.c0S4X *C0S2X = COS5X * COSX

A+ 4 B) - C)(l)\kn+k D) -1 gy
- +Kn ) -1) - n -r-- E) oK
2 3 4 3
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Elernentar matematika (1V qism)

133. sin22x +sin2x = 1

A) (-I/ —+kxn B) z—+kn; C)—+—
)gl '3 ) 6 )6 3

D) (-1)k~ +kn E)kn

134. sinx - 4bcosx =1

A) (~1)" ~3 +n7l B)t"G- +KK C)2wrD)mrE) (—1)" /\6 + E(I —3u)

135. tgx +tg| ~ +x |=~2

A) —+kn B) f-1f - +kn C) £+—+2kn D) £ - +kk E)for
4 4 6 3

136. sinx *sin7x = sin3x ¢sin5x

K 210K
A) » +kn B) (-1)k~ +kn C) D)-J+2K/‘I E)

Tenglamalaming ko'rsatilgan oraligga tegishli yechimlarini toping.
137. sinx = sin3x,x e (0°;90°)

K K DK 5k X
A)T~ B)~\2 C)To D)TP E)T
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138. cosbx + sin23x = 0, x e (90°; 180°)

A)li B)— o — D)~
) 4 ) 6 3 )10 5
139.4sin2x + 4sinx - 3= 0, x e (90°; 180°)

A)— B)— C)— D)— E)—
4 5 3 6 ; 4
140. sin6x + cos4x = 0,x e (45°;90)

A) 63° B) 40° C) 65° D) 50° E) 75°

141. 2tgit-x\ +tg [~ +x\ =\, (0°,200°]

A) 75° B) 120° C)180° D) 105° E) 135°
142. Sistema yechimlar yig'indisi (x+y) nimaga teng

jx-1)2 < {x + 2% =y,

[(j-3)2-(y +2)2=5x

A)4 B)-2'2 C)-5 D)2 E)5

[3x+Y =12,
143. Sistemada S~ A (x +>m) ning eng katta giymatirii toping

A)4 B)-3 C)5 D)3 E)7
233-



144. [log™ - 31°bVV = 2>
[ log2x =4- log2y
Sistema yechimlar ko ‘paytmasi nimaga teng

A)16 B)8 C)3 D)4 E)5

145. Agar
sfx7—l *Jy4+ 6 1(6),
c boisa, (y-x) nimaga teng

.3
BH.i =2,1(6),
nix-7 nly+6

A)-4 B)10 C)-2 D)8 E) 14
_ o . [ pe+y =2,
146. Sistema yechimlari x vay boisa (Bx-y)
[(x+j)-5~ =100

nimaga teng

A)2 B)4 C)-3 D)1 E)-2

\fy = 2,
147. Sistemada | x ~ Kichik yechimlar ko‘paytmasi nimaga

teng.

A) 15 B)3 C)- 05 D)4 E)-1,5
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Elementar matematika (1V gism)
A) (-1)" it +2kk B) —+kn C) £~-+2Kn

D) (~1)* E+2KI‘I E)21k

Tenglama yechimlar yig‘indisi topilsin
152. 27X2+ 99n: - 126 = 0,

A)-3,(6) B)-3,(2) C)-3,6 D)3,4 E)365
153. 37x2+ 138x + 101 =0,

7 21 1
A)-3,27 B) -3— C)-3,7 D)-3— E) 3-—
37 37 27
154. 0,(9) x2- 1,(3)x+0,1(6)= 0
Tenglama ildizlari giymatiga teskari giymatli ildizlarga ega boigan
tenglama topilsin.

A) 9x2- 13x+16 =0 B)x2- 8 +6=0,

C)f- 1,3x+ 16=0 D) 9xr- 13x+6=0 E)jc2+ 1,3jc- 6=0

155. 0,(6) x2- 0,5x- 0,(3) =0

Tenglama ildizlariga garama-qgarshi ishorali boigan tenglama topilsin.

A)6x2-3x +2=0 B)2x2- 3x+2=0

C) 4x2+ 3x- 2=0 D)4x2-5x-3=0 E)2x2-5x-2 =0

156. Ildizlari x, = 0,1(6) va x2boigan 6x2+ ax - 2 = 0 tenglamada
(a +x2) nimaga teng.

A)9 B)-13 C)- 8 D) 13 E)4
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157. Tenglama yechimi topilsin. 2,(6); 1,2x) = - 3,(3)

A)0,6 B)- 04 C)0,(3) D)- 1,(3) E)- 0,6)
158. a sonining giymati ganday boiganda 3x2- 2x+ 5 = 0. tenglamaning
ildizlari musbat ishorali bo'ladi.

1

A)a<3 B)0<a<+ C) -‘<a<3 D)ya>+ E)o<a<3

159. a sonining giymati ganday bo‘lganda 2x2+ 4x +a =0 tenglamaning
ildizlari manfiy ishorali boiadi

A)-3<a<2 B)a<2 C)a<-2 D)0<a<2 E)a<3
160. Agar x berilgan log—=(2x + 5) = 3log¥ tenglama yechimi
V3 ’

boisa (x + 3) nimaga teng.

A)2,3) B)I,6 C)0,%6) D)- 0,(3) E) 13
2

161. log, (5- 2x) = 510825 tenglama yechimix bo‘lsa (6 +x)nimaga
teng.

A)05 B)- 25 C)- 35 D) 15 E)-I,5

162. n/2 sin2x + Cosx = 0 tenglamaning (0;2) oraligdagi yechimlar
yig‘indisi topilsin



163. (45°;150°) oraligda sinj*x-y |-cos(7x +30°)=0 teng-

lamaning nechta ildizi bor.

A)3ta B)0O C)1lta D)2ta E)5ta
164. 3ctg{"2x+—j = n/3 tenglamaning [-90°;150°) oraliqdagi

yechimlar yig‘indisi topilsin

4n 2n 5n 13n
A)OB) g "3 D) 12 E) 12
f rz\
. n
165. log2 Ix+cosxm = X, tenglamaning -N

ligdagi yechimlari topilsin

m/ 7 n o n
A) B — , O ~

2 |- n 1
166. tlg \2x -)l-— \- -, tenglamaning [ - 30°;75°) oraliqdagi ye-

chimlar yig'indisi topilsin.

n n X n 1in
A)T ~12 C>7 °)-9 E)~T~»



Tenglama yechimlar to‘plamining bosh giymati topilsin.
167. 0,5Sin(), 75x =

2it bn lit
A)7 B)7 C)T D>7 E)T

168. ctS (3* + 30°) = —A/3

A)2it B)” C)3>K D)2>K £) an:
7 3 2 9 9
. . 2cosx
169. [ - 30°;300°) oraligdagi 1-rg(45°-X) = - -=-mrmmmmmmm teng-
binx + cosx

lama yechimlar yig'indisi topilsin

A) 75° B)270° C) 135° D) 105° E) 225°
170. cosx—Jbsinx =0 tenglama [n\— ] oraligda nechta

yechimga ega

A)2ta B) 0 C)1lta D)3ta E)5ta
ATT
171. Agar arccos (bx- 2) = —

Tenglama yechimi x bo‘lsa (2 - x)nimaga teng.

3
A)-0,5 B)- C)05 D)- 13 E)I5
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Elementar matematika (1V gism)

Tenglama yechimi topilsin

172. arctg (L+x) +arctg (!'-*) =%

A) x, =41,x2=-V2 B) V3 ¢) -V3
D) *i =n/3,x2=-n/2 E) d=-n/34r ="

173. arccos”™ = 2arctg(x-1)

A) N3 B) V2 C) n/3-n/2 D)05 E)- V2

1 1
174. arctgx + —raccos — = —
2 5x 4

1 1 1 2
A)05 Bryg Cyt o- Dr+x3 E)g

n
175. arc/g (2 + cosx) - arctg (I + cosx) =

A)~ +kn Db)n(k+\)KEr C)i+2k,ieZ

D) +—+kn E) +—+2kn, ke Z
3 6

176. tg5x = tgx,



A) —+Ki, KeZ B)--— f£eZ C) —+«kn, keZ
4 3 3

30K 0K
D)— ,keZz E)—,ksZ
4 4

43x - 3y —-26,
177. y Sistema yechimi x vay bo‘lsa (2x + 3y)
4X-33 =-2,
nimaga teng

A)9 B)3 C)-3 D)6 E)-4

r 22|~ ) =32;
178.

[210g5(2y - x- 12) = log5(y-x) +log5(x +V);
Sistema yechimlar yig‘indisi topilsin

A)20 B)36 C)16 D) 18 E)22
179. c0s8x + 3cos4x = 1, tenglama eng kichik musbat gradus yechimi
topilsin.

A)35° B)20° C)65° D) 15° E)45°

180. n/r*2' 2*-10 =-y/33+v/128 -1 tenglama ildizlari yig‘indisi
topilsin

A)5 B)-3 C)2 D)4 E)- 1
181. cos2x = x tenglama nechta hagigiy yechimga ega.

A)lta B)3ta C) 0 D)2ta E)5ta
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Elementar matematika (I1V qism)

182. x + x\ = 4x + 5 tenglama yechimi x bo‘lsa (0,5 - x) nimaga teng.

A)3 B)- 15 C)4,2 D)- 35 E)32
183. arccosx = arctgx, tenglama ildizlar ko'paytmasi topilsin.

n/5 n/5 —1 r
A)— B)2 0) —5 D)1 E) n/5+1

cos 2, . )
184 T = tenglamaning [0, 4nr] oraligda nechta ye-

chimi bor

A) 1ta B)4ta C) 0 D)3ta E)2ta
@osx+coyy=- 16,
185. X+y —\20° tenglamalar sistemasi (- K, 3# oraliqda

nechta yechimga ega

A)2taB) 1taC) 0 D) 3taE) 5ta
\Ix +3y =12,
186. 9 sistema yechimi jvay bo‘lsa (2x +y) nimaga
27n3* =18
teng?

A)3 B)8 C)6 D)2 E)5

187. sfh -LQZLUJ, tenglamaning nechta butun yechimi bor

A)8ta B)2ta C)1ta D)3ta E) O
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2 2m m2 - .
188. arccos x — —arccosx +— =0, tenglama yechimi x boisa

(2x - 1) nimaga teng ?

A) 4= B) C) n/3-1 D)05 E) n/3
V2 3

189. Tenglama yechimi topilsin cosx2= 1

4L N e e 1

A)knB) £pna\k\, keZz C)~,kezD) #Jrr\k\,keZ E) O

190. 0,3x2-5n1/3x +0,8(3) = 0,

Tenglama ildizlarining o‘rta proporsional giymati topilsin.

A) 16 B) 13; C) 14 D) 1,6) E) 1,3).

191. x2- lax - ¢(2a +c¢) = 0,(a >0, c > 0) tenglama ildizlar ayirmasi
nimaga teng?

A)2(a+c); B)2a+c; C)0,5(a+c) D)a-c E)a- 2c
192. lldizi [- 2(1 + 2i) ] boigan haqigiy koeffitsientli kvadrat teng-
lama topilsin

A) 2x2+x+ 10=0; B)x2+4x+ 20 =0;
C)2x2-3x- 10=0; D) 2x2- 5x- 4=0; E)n:2-5n:-10=0
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Elementar matematika (1V qism)

193. Agar [0,(4)x-0,4]* 0,5x-1: =0 boisa |0,5x-1- |

ifoda gabul giladigan giymatlar yig‘indisi topilsin.

A)2,7; B)- 1,3; C)22 D)35, E)-4,8

194. Agar ax2+ 3x- 2 =0,

Tenglama bitta yechimi 0,5 boisa, tenglama koeffisientlarko ‘paytmasi
topilsin.

A)6; B)-6; C)8; D)-8; E)-12
195. a va b ganday bo'lganda 0,5x2 + lax + b = 0, tenglama bit
yechiminol, ikkinchi yechimi musbat boiadi.

A)b<0,a>0; B)b>0,a=0

C)6=4,2a>0 D)6=0,a<0, E)Z>=-4,a=0

196. avabganday bo‘lgandalax - 0,4x2+ 5b =0, tenglama ildizlarit
[Xj"] = W2+1bajariladi

A)a<0,2=0; B)a=5;b=10; C)a=0,b<0
D)a>0,b<0, E)a<0,b=0

197. Tenglama yechimi topilsin €Jl +x + 4/l —x =1

A)045; B) 0 ; C)-0,35; D)0,25; E) 0,035

198. log2 (3x2 - x) = 1 tenglamaning y = 42-5x ftmksiyanir
aniglanish sohasidagi yechimi topilsin.

A) 1 B)06; C)0,75; D)-0,(6) E)-0,45
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Tengtamalar

199. 16sm *+160B * = 10, tenglamaning barcha ildizlari topilsin.

T Kn 11 S n
A) x=t—+— : B)yx=+—+kn mC) x=—\-kn
6 23 6
D)x=£+Kn; E)xziﬂﬂzn
3 4

3 2 i
200. xlog2Xt 10'2r 3 = —, Tenglama ildizlaryig‘indisi topilsin

A)6; B)4; C)7; D)3; E)2
201. i41°g72 . xiog7 4x+l £1

) 4 3 *9 5
A)—:B)-; C-; D)—;B—
14 7 7 14 7
202. Tenglama yechimi topilsin |Vt +4V3j +77-4n/3 J =14

T

A)x=2,x=-3;B)x=3;x=-2;C)x =+3D )x=1,x =3E)x =%2
203. sinx + sin2x + sin3x + sindx + sin5x = 0, tenglamaning [0; >4
kesmaga tegishli ildizlar yig‘indisini toping

4-
A) 386° B) 426° C) 396° D) 576° E) 528°
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Elementar matematika (1V qism)

204. Ushbu Sin3x - Sindx + Sin5x = 0 tenglamaning nechta ildizi

A
H tengsizlikni ganoatlantiradi

A)7ta B)4ta C)6ta D)3ta E)5ta
205. cos6x—S i n +4xj =0, tenglamaning 0;:- kesmaga

tegishli ildizlar yig‘indisi topilsin

A) 126° B) 108° C) 216° D) 98° E) 164°
A
206. Sin = 0 tenglamaning nechta ildizi [1;3] kesmaga

tegishli.

A)2ta B) 0 C)3ta D) 1ta E) 4 ta
207. cos3x = 0,75 cosx
Tenglamaning (0;90°)dagi eng katta yechim topilsin

A) 50° B) 80° C) 35° D) 65° E) 70°
208. Ushbu (0,5Sin nx-Ky[lcosnx-"*jbj=20

Tenglamaning eng kichik musbat ildizi topilsin

A) 0,3 B)0,6 C)0,25 D) 0,1(6) E) 0,(3)






Elementar matematika (1V gism)
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MASHQLAR JAVOBLARI

2.1) yo‘q; 2) ha; 3) yo‘q. 4. 1) yo‘q; 2) ha; 3) yo‘q. 6. 1) - 0,5;
2) 0.25. 8. 1) yo‘gq; 2) ha. 10. 1) 0,6; 2) — . 12. 1) -; 2) 0,75;
16 3

3) - 4. 14. 1) - 2,25; 2) 1(6); 3) 0. 16. 1) 0 ; 2) 180; 3) 3.

18. 1) chek ko‘p; 2) 6,(6); 3) - 17,8(3). 20. 1) 0 ;2) 8.22. 1) - 1;

2) 4,5; 3) chek ko‘p. 24. 1) 0; 2) 1, 3) 0,25; 4) 0,2. 26. 1) 3;

2)0,8(3). 28. 1) 2va (- 3);2)0.30. )x=3yokiy =- 3;2)x=y =2
a+b ba+b

32.1) ;2)-0,5.34. 1)anr3da x =—--—- ,a=3,6"-9da 0,

3a-1 —a

ﬂ=3,&=-9daxeﬂ;2);|"1r2dax=------2-;a=2da0 ;a=- 2
a_

daxe/?.36.x<-2da3x- 10;- 2<x<0da;0<x<24da-x- 6;

X >4 da2- 3x. 38.3.40, 1) yo‘q; 2) ha. 42. 1) ha; 2) yo‘q. 44. 1) £ 3;
2) £+ 25 3)+£0,1). 46. 1) - 14va2;2)- 1lva2 48. 1)- 8 va 28;

2) - 15va 1 3 — va 1— .50 1) 0; 2) 0625 52. 1) 0;
12 12

2) XE (- 00,0, 6];3)- 4vad 54. 1)- 2va 1,(6); 2) - 1 56. 2(a- bh).
58.- p- a.60.a>b>0daa- 2b;b>ada- a;,b<0daa. 62. 1)3;
2) 1,(4).64. 0 .66. 1)0,5;2) 0 .68. 1)43; 2)0; 3) 7a3+ 9a2- a\ 70.- 6.

2 3K
72.5— .74.1.76. )x=2;v=3;2) 0 ;3) x- K,y = — ,

. 5-K 3+ 5K
X&R. 78. )x =2,jy=- 5,2=3.2)2=K X——, y—— .

3) 0 80. )x=y-0;,2)x=kKy=- 15k 8. I)x=y =z =0
2)x = 3Ky =—k, z = —5k k&z. 84. 1) x = 10k, y = 8k, z = Ik kEz;

b
2)z=2(x+2y).86.1) 0 ;2)x=1j?=-2.88.1)ad2,5da x = - ,
a=25 bd0da 0 ;a=25 b =0 da chek.ko'p.yech. 2) a ®9

dax:-9 ,a” 9, bd-N18da 0 ,=a=9vab =- 18 da chek.
—a

ko‘p.yech. 90. 23,(3). 92. a ¢ - 1,(3), 6ei?. 94. a =- 8dax = 2,
j =1 96.2 98 adg- 4 100. - 6. 102 . a =- 1da 104. 1) 0,(3);
2) - 05 3) 2i; 4 1- 2i; 5 1 106. yo‘q 108. 1) yo‘q; 2) yo‘q.
110. 1) rats, ildizga ega; 2) kompleks ildizi; 3) irratsional ildizga
ega. 112. 1) ha; 2) yo‘g; 3) ha; 4) yo‘q. 114. 1) £ 6;2) £ 0,25; 3) 0 ;
4)0va28;5)+5;6)0va (- 5).116. I) xt=x2=- 1,(3); 2) (.- 2,8(3))
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Elementar matematika (IV gism)

va3; 3) V2 vadn/2;4)-3,8;5)0,- Ova- 68;6)3va4,(3). 118.1)a- b,
a+b; 2) 21:_;3) a,b. 120. 1) 2+1i42 ;2)05+1i;3) 3+ 1/2i ;4)2i,2+];
122. 1) 6; 2) 14, 3) 1va (- 28), 4 1va (- 2,27 ); 5 - 1
va (- 3,(7) ) 6) 1 3;0 124. 1) 28, 13,75; 2) 4n/3 , -

3) 3,(3) va 2,(6). 126. 1) (x - 2)(5 - 2x); 2) (x - a + I)(x + 3 + 2a);
?) (x-3-n/2r)(x-3 +n/2r) ;4) (x-4 +n/3)(x-4-n/3).

128. 1) |x~| > |x+[; 2) |x+|>[x"]; ) x ", x:  4)X 130. 1) jec=0

vax =1, 2)[ - 2;1]; 3) xe/l; 4). Ova. 4. 132. 1) 24x2+ 38x +
+ 15 =0; 2) x2- 2ax +a2- b2=0; 3) x2- 6x + 10=0; 4) x2- 4x+ 6=0;

134. 1) x2-(3-n3)x+2(1-n3)=0;

2) X' -nl2|1 +n/3|x +2n/3 =0; 3) x2—(2 —2i)x + 42 + i)

1
©

136. 1) + 4 va 1, 2) 2+ /3. 138. 3 va 4 da. 140. 2. 142. a = 6,

+5
b= 721440 7 148 1) - 0(6) 2) 05 150. 1) - 2, 2) &
X

3) 5, 4) - 6 152. 3x2+ 5x - 2 =0 154. 2 va (- 0,3) 156. b <0
158. a > 0, bei? 160. 5 162. 1) x4 + 3x3 - 6x2 - 8 0;
2) x4 - 3x3- x2+ I3x 10 = 0; 3) 2x3- 5x2 + 6x - 2

( 2n ... 2n noo .
164.1) 2,2 "cos— =iSin— 2) -cos—=iSin

2) cos7°30 +iSinl°30 ) | Sin7°30yicos7°30]

3) -0,5,0,25 (I1+W 3). 166. 1)+ 5,+3; 2)+ 2, + 3r 168. 1) (x - 2)(x + 2)
2x- DE@2x + 1); 2) (x- 2)(x + 2)(3x - 2r)(3x + 2i)

0. Nt L£2, £/ +202) 0,6VA5: 303va - 4. 21va

-1+ rn/23
m 172. 1) -1,5,2+0/2 ; 2) x. =x2=.- 4, x34 = -4 + n/ér

3+rnf3 .
174, 2,3. 176. 1) + 25 va = 2,5i; 2) - 0,4 va 0,2 {1+ LL|
178. M «2va 05(IW, : 2)1va 0,5(-1+ L 180.05,- 1lva
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0,5+n/7r 182.xlva— ~ 184. 1)0,5,2 va (-2+>/3)

2) 1,2; 2,5 va 5 186. 1) mavjud emas; 2) 0,5 va (- 1,5) 188. 1) 0,5; 2 va
0,5(-3tV5);2)-6va -1 +iS/2 190. 1) 0;- 3;- 0,5;0,(3) va 2
2)-1,05va 0,5(-1£r4/7) 192.1) (x+/V 7)(x-I\IT)(x2+T1\/3) .
(x2-173);2) (x+2)(x- 2)™x+rn2"x - r'n2j 194. 0

196. 0,5(-5+Tr3) , 0,5(3+737) 198. 0,5(I1*Vs) va (2 +V5)

1
200. £+ 3202.- 4va9204. 1) 0 ;2 XD LXh23) -- <x<9;

4)x>-1206.1) 0 ;2) 0 ;3) 0 208.1)(- )vaz2;2)28;3)0vab
4) (- 1) va4; 210. 1) 1; 2) 8 212. 6,(1) 214. 2 216. 6 218. 19 va 84
220. 1 va (- 4). 222. 1) (3;3), (3;1); 2 (2;1) (3;3). 224. (41).
226. (3;2) va (- 2; - 3) 228. (1;0) 230. (9;4) 232. (1;3), (- 3; - 1.
234. (+343;£n/3),(+4;% 5) 236.(5;1), (“LL -y ) 238 (2; +3),

. (44 397 AV 30
(9:£1/2) 240. IS -y 1242, (+ 2;+3), (+3; +2)244.1) + —

2)%£0,33) 0 246.1)4,2) 8va27248.2250.3252.4 254. - 256.2258.-1
7

260. 2 262. 1264.x = log23 - 1266. X, = 0, x2= log53 268. + 2 270. 6

272. 1)2<x < 32) (3; + co) 274. 1) 2) *> % I>** piK)
1

276. 8,8 278. 75 280. 1) 32 2) n/2-1 282.a=0,5(5+ 1) 284. 0 286. 3

288. x = 1vax =2 290. -1 v% 7 292. 10va 0,1 294. x = 2'9_3 296. -1
2 4 Ig6 9

va 9 298. 0,01 va Lo 300. 10 va 3302. 3va 3 304. ﬂ va -2 306. 2

308. 0 310. 0,04 312. (1;2) 314. (7;3) 316. (4;1) 318. (13;8) 320. (3;9)
322. 4;2 324. (8;10) 326. 328. (2;6) 330. 1) 2,5; 2) - 1
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Elementar matematika (IV qgism)

332.

234.

336.

338.

342.

348.

356.

362.

370.

384.

392.

394.

396.

402.

1) 75° + 90°k,ke Z;2) -(xn +6kn+1},keZ
DI +~+1-/cjlceZ; 2) "{£" +2k+Y\ke Z

2T
1)**- 30°AgZ; 2) 40s(3*.-1),— (\+3k),kez
NRE+I1),I'eZ,y-(£1+3£),£sZ 340. » (4 +(-iH),£eZ
[{4*+1),*e Z 344. “ (4A'-1).1eZ 346. "-[2k +\),keZ

7 (8A+1)iASZ 350.45° 352 for, k&Z 354 ~(4£ +1),E e Z

w
Kn,—+KKKe Z 358 ¢ K+ 1), ie Z 360. 129°
j"(4k +1),keZ 364. -(4A:+1),£eZ 366.45°368. 0

3ta372. 4ta374. (- 12) 376.30°378.8380.*=0382. 1

~ +2kn,keZ 386. -+kn,keZ 3g8. 0 390.~T
4 4 6

Tt n
X =—+2Kn,y = —2kn, keZ
6 6
Xx=y" +k7i,y=~-kn,keZ
74

X :%H‘(Tr,y:kn: ----- 5 -, KeZ398.0,5400.x =0vax =0,5

V2 404. x=0,x =" va jc— —
2 2
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