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Mazkur o‘quv qgoMlanma 5110100 matematika o'gitish metodikasi ta’lim
yo‘nalishining “matematikadan misol va masalalar yechish metodikasi” kursi dasturi
bo'yicha yozilgan boMib, matematikaning arifmetika, algebra va trigonometriya
boMimlarini gamrab olgandir. QoMlanmaning magsadi talabalarning matematikadan
olgan nazariy bilimlarini umumiy o‘rta ta’lim maktablari va o‘rta maxsus ta’lim
muassasalari matematikasi kurslari mazmuni bilan bogMash, ularda misol va
masalalar yechish malakasini takomillashtirish hamda rivojlantirishdan iborat.

Ushbu o‘quv goMlanma keng o‘quvchilar ommasiga moMjallangan bo'lib, undan oliy
o'quv yurtlari talabalari va shu bilan birgalikda akademik litsey, kasb-hunar kollejlari

o‘quvchilari va o‘gituvchilari foydalanishlari mumkin.

Nizomiy nomidagi Toshkent davlat pedagogika universiteti professori, fizika-

matematika fanlari nomzodi A.S.Yunusov ning umumiy tahriri ostida



SO‘Z BOSHI

Pedagogika oliy ta’lim muassasalarining Fizika-matematika fakultetlari matematika
o‘gitish metodikasi yo‘nalishi bo‘yicha o‘gituvchi kadrlar tayyorlashga o‘tganligi
sababli yangi o‘quv rejasi asosida faoliyat yurita boshladi. Yangi o‘quv rejaga
«matematikadan misol va masalalar yechish metodikasi» o‘quv fani kiritilgan boMib,
talabalami matematikadan masalalar yechishning umumiy va xususiy metodlari
hamda masalalar yechishga o‘rgatish metodikasi bilan mufassal tanishtirish zaruriyati
paydo boMdi.

Mazkur kitob mavjud Davlat Ta’lim Standartida belgilangan va matematik ta’lim
mazmuniga kiritilgan «matematikadan misol va masalalar yechish metodikasi»
mavzularini o‘zlashtirishda talabalarga o‘quv go‘llanma sifatida tayyorlangan. Ushbu
o‘quv goMlanmada yuqorida ko‘rsatilgan mavzularga oid aksariyat misollar toMiq
yechimlari bilan berilgan. Olquv qo‘llanmadan oliy o‘quv yurtiga kirish uchun
mustagqil tayyorlanayotgan o'quvchi yoshlar ham foydalanishlari mumkin.

0 ‘quv goMlanmada butun sonlar va kombinatorika, ayniy shakl almashtirishiar,
ayniyatlar va tengsizliklami isbotlash, algebraik tenglama va tengsizliklar,
trigonometrik funksiyalar va ular orasidagi munosabatlar, trigonometrik tenglamalar
va tengsizliklar, trigonometrik tenglamalar va tengsizliklar sistemalariga oid
tushuncha va ma’lumotlar misollar yordamida yoritilgan.

0 ‘gquv goMlanmaning I, 11l boblari Q.Jumaniyozov va G.Muxamedovalar tomonidan
birgalikda, 1, IV va V boblari Q.Jumaniyozov tomonidan yozilgan.

0 ‘quv go‘llanmaning har bir bobi bir nechta paragraflardan tashkil topgan bo‘lib, har
bir paragrafda mustaqil ishlash uchun mashqlar keltirilgan. 0 ‘ylaymizki, ushbu o‘quv
goMlanma pedagogika oliy ta’lim muassasalarining “matematika o‘gitish
metodikasi” yo‘nalishida ta’lim olayotgan talabalarga zarur kasbiy va metodik, bilim
va ko‘nikmalaming shakllanishiga hamda rivojlanishiga xizmat giladi.

0 ‘quv goMlanmani yozishda rus va o°‘zbek tillarida chop etilgan mavjud
adabiyotlardan foydalanildi.

Mualliflar - o‘quv goMlanma haqida fikr bildirgan barcha taklifva fikr-mulohazalarni

minnatdorchilik bilan gabul giladilar.
Mualliflar.



IQISM. ALGEBRA
| BOB. BUTUN SONLAR VA KOMBINATORIKA

I-§. Qoldigli bo‘lish. Tub va murakkab sonlar. Natural sonning

kanonik yoyilmasi. Arifmetikaning asosiy teoremasi

Agar berilgan n va p natural sonlar uchun n=p q tenglikni
ganoatlantiruvchi gnatural son topilsa, u holda n soni p ga goldigsiz
bo‘linadi deyiladi. 1dan fargli har ganday natural son kamida ikkita - 1va
shu sonning o‘zidan iborat boMgan natural sonlardan iborat boMuvchiga
ega. Boshga natural sonlardan iborat bo‘luvchilarga ega bo‘lImagan birdan
farqgli natural sonlar tub sonlar, ikkitadan ortiq natural bo‘luvchilarga ega
bo'lgan natural sonlar murakkab sonlar deyiladi.

1.1-teorema. Birdan fargli har ganday natural son kamida bitta tub
bo‘luvchiga ega.

Har ganday murakkab n sonni n:p%- (X_p S\Xn kanonik yoyilma
shaklida yozish mumkinligi ma’lum. Bu erda ava2,...,a,, lar pvp2...pn
tub sonlaming n son uchun necha karrali ekanligini bildiradi. n natural
sonning barcha turli natural bo‘luvchilari sonini r(n) bilan, barcha natural
bo'luvchilari yig‘indisini s(n) bilan belgilaylik.

1.2-teorema. Agar n natural  sonning  kanonik  yoyilmasi

meessp'” bo‘Isa, uholda

r(n) = (or, + 1)(«2+1)...(an+J),



ar,+1 s a~+\ n

sM -hl Pil zI tf” -i . , j-
sW Pl-i p2-1 - p,,-i » e« e

1-misol. n=360 sonning kanonik yoyilmasi n=23-32-5 bo‘lib, uning turli

natural boMuvchilari r(«)=(al+l)(a2+l)...(a/, +)=@+DH2+D(+1)=24 ta

va bu natural boMuvchilari yig‘indisi esa,

ga Kng
bo‘ladi.
1.3-teorema. (Arifmetikaning asosiy teoremasi). Har ganday murakkab
son ko‘paytuvchilar tartibigacha aniglikda bir va fagat birgina usul bilan
tub sonlar ko‘paytmasi shaklida tasvirlanishi mumkin.
Misol. 12=2-2-3=2-3-2=3-2-2
1.4-teorema. m murakkab sonning eng kichik tub boMuvchisi yfrn dan
katta emas.
2-misol. 659 sonining eng kichik tub bo‘luvchisini toping.
Yechilishi. 659 sonini V659 sonidan kichik bo‘lgan tub sonlar
2,3,5,7,11,13,17,19,23 ga ketma - ket bo‘lib chigib, 659 ulaming hech
biriga bo‘linmasligini aniglaymiz, demak, 659 soni tub son ekan.
Yugoridagi misolda berilgan sonni bir nechta tub songa boMishga to ‘g ‘ri
keldi. Bu ishni osonlashtirish uchun sonlaming bo‘linish belgilaridan
foydalaniladi:
1) 2 ga bo‘linish belgisi: agar sonning oxirgi ragami 2 ga qoldigsiz
bo‘linsa, u holda bu son 2 ga qoldigsiz boMinadi;
2) 3 gava 9 ga bo‘linish belgisi: agar sonning ragamlari yig“‘indisi 3 ga (9
ga) qoldigsiz bo‘linsa, u holda bu son 3 ga (9 ga) qoldigsiz boMinadi;
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3) 5 ga boMinish belgisi: agar sonning oxirgi ragami 5 yoki O bilan tugasa,
u holda bu son 5 ga boMinadi;

4) 4 va 25 ga boMinish belgisi: agar sonning oxirgi ikki ragami 4 ga (25
ga) boMinsa, u holda bu son 4 ga (25 ga) boMinadi (umumiy holda, 2k va
5* ga boMinadigan sonlar belgisi: agar sonning oxirgi * ta ragamidan
tuzilgan sonlar 2k ga (5* ga) boMinsa, u holda fagat shunday sonlar 2* ga
(5* ga) boMinadi.

5) 7 ga boMinish belgisi: a) berilgan sonning oxirgi ragamini o'chirishdan
hosil boMgan sondan uning oxirgi ragamini ikkilantirib ayirilganda
chiggan son 7 ga boMinsa, bu son 7 ga boMinadi:

3-misol. 259 soni 7 ga boMinadi, chunki 25-(2 «9) = 7 ga boMinadi.

b) 9 va 11 ga boMinish belgisi kabi qulay boMgan 7 ga boMinish belgilari
mavjud emas, lekin 7-11-13 =1001 ko‘paytmadan foydalanish mumkin.
Misol uchun, 859 516 sonining 7 ga boMinishini tekshiraylik. Bu sonni
859-1001 - 859+516 = 859859 - 343. 859859 soni 1001 ga (jiimladan, 7
ga ham), 343 ning 7 ga boMinishini tekshirish kifoya. 343 = 49-7 , demak
859516 ning o‘zi ham 7 ga boMinadi.

4-misol. 1) 85314507229 va363862625 sonlarining 7 ga boMinishini
tekshiring.

Yechilishi. 1) Ikki yigMndi tuzib olamiz: 85 + 507 = 592va
314 + 229 = 543. Ulaming ayirmasi 592 - 543= 49 = 7 « 7 Berilgan son
7 ga boMinadi.



2) 625-862+363=126, 7 ga bo‘linishning a) belgisiga ko‘ra,
12- (2-6) = 0 esa 7 ga boiinadi, shuning uchun 363862625 ham 7 ga

boMinadi.

6) 11 ga boMinish belgisi: agar berilgan sonning juft o‘rinda turgan
ragamlari yigMndisidan togq o‘rinda turgan ragamlari yigMndisini
yoyilganda hosil boMgan ayirma 11 ga boMinsa yoki 0 ga teng boMsa, u
holda bu son 11 ga boMinadi.

5-misol. 1) 7896 va 2) 208912 sonlarining 11 ga boMinishini tekshiring.

) (7+9) - (8+6) = 16 -14 = 2. 2 soni 11 ga boMinmaydi, sonning o°zi

ham 11 ga boMinmaydi.
2)(2+8+l) - (0+9+2) =0, demak, berilgan son 11 ga boMinadi:

208912:11 = 18992.

Eng katta umumiy boMuvchi (EKUB). Eng kichik umumiy karrali
(EKUK).

m va n sonlarining umumiy boMuvchilarining eng kattasiga shu
sonlaming eng katta umumiy boMuvchisi deyiladi va uni EKUB(m,n),
D(m,n) yoki (m,n) ko'rinishida belgilanadi.

6-misol. 168, 180 va 3024 sonlarining EKUB ini toping.

Yechilishi. Sonlami kanonik ko‘rinishda yozib olamiz:

168 = 2 2 2 M3 7 = 23 «31 7],
180 = 2 ¢2 ¢3 e3¢5 = 22 +32 5]
3024 = 22 02 0203337 = 24 3371

Bu yerdagi umumiy boMuvchilar 2 va 3 ning kichik darajalarini ko‘paytirib

EKUB ni topamiz: D (168, 180, 3024) = 2231 =12 Agar w van sonlar



uchun D(jn,ri)=d=1 boMsa, m va n sonlar o‘zaro tub sonlar deyiladi va
(m,n) =\ boMadi.

2.1-teorema. m va nsonlar uchun m\n boMsa, u holda m va n sonlaming
umumiy boMuvchilari n sonning boMuvchilari bilan bir xil boMadi va
D{m,n)—n boMadi.

2.2-teorema. Agar m va n(m=>ri) sonlar uchun m =ng+r boMsa, u holda
D(m,ri) =D(n,r) boMadi.

2.3-teorema. Yny)m1l,..mk sonlar uchun

IXmIm2,....mk_1)=dk_];D{dk vmk)=dk boMsa, u holda

D{mxm2,...,mk) =dk boMadi.

7-misol. 60,45, 90 sonlarining eng katta umumiy boMuvchisini toping.

Yechilishi. D (60, 45, 90) = D [d (60, 45), 90)] = D (15, 90) = 15,

2.4-teorema. or va u sonlar uchun D(m,ri)=d boMsa, u holda

boMadi.

2.5-teorema. m va n sonlarining har ganday umumiy boMuvchisi ulaming
eng katta umumiy boMuvchisining ham boMuvchisidir.

2.6-teorema. or va u sonlar uchun D(m,n)=d boMsa, u holda

D(mk,nk) =dk boMadi.

Berilgan m va n sonlaming umumiy boMuvchisi tushunchasi bilan
birgalikda ulaming umumiy boMinuvchisi yoki karralisi tushunchasi ham
matematikada muhim ahamiyatga ega. Sonlaming har biriga goldigsiz
boMinadigan eng kichik son shu sonlaming eng kichik umumiy Karralisi

(EKUK) deyiladi va uni AT(OT,n)yoki[m,n] ko‘rinishda belgilaymiz.



8-misol. 168, 180 va 3024 sonlarining EKUK ini toping.
Yechilishi. Sonlami kanonik ko‘rinishda yozib olamiz:

180 = 2-2-3-3-5 =22 -32 w5],
3024 = 2022020303037 =24 ¢33 «71
168 = 20223 ¢7 = 23 e31 71,

Bu yerdagi barcha tub bo‘luvchilaming eng katta darajalarini ko'paytirib,
EKUK ni topamiz: K (168, 180, 3024) = 24-33- 5% 71= 15120.
2.7-teorema. m va n sonlaming umumiy Kkarralisi ( bo'linuvchisi) shu
sonlaming eng kichik karralisiga bo‘linadi.

2.8-teorema. m va n sonlaming eng kichik umumiy karralisi ~ ™ ga
teng.

9-misol. D (252, 120) =12 bo‘lsa, K(252, 120) ni toping.

Yechilishi. /l1(252,120) = 252" 20 = 2520.

2.9-teorema. m va n sonlami biror t* 0 songa bo‘linsa, u holda
K (j,j) =K(m,n):t bo‘ladi.

Berilgan sonlaming eng katta umumiy bo‘luvchisi yoki eng kichik

umumiy karralisini topish masalasi bevosita Evklid algoritmi tushunchasi

bilan bog‘lig. Berilgan m va n(m>n) natural sonlaming EKUB ini topish

uchun Evklid algoritmi yordamida quyidagicha topiladi:

m=nqi +rl, o<r,<u,
N=ng2+r2, 0Sr2<r,;

ri=r2%j +ri’ 0<r3<rz;

m-2 r,q,, +r,



r,,A=rngn+v r,#=0.

Hosil boMgan oxirgi noldan fargli f,, qoldig m va n sonlaming EKUBI
boMadi.

10-misoL 525 va 231 sonlarining EKUB va EKUKini toping.

Yechilishi 525 va 231 sonlarining kattasini kichigiga boMamiz, so‘ngra 231 ni
hosil boMgan qoldigga boMamiz, keyin birinchi qoldigni ikkinchisiga boMamiz
va hokazo. Noldan fargli oxirgi goldig berilgan sonlaming EKUBi boMadi:

525|231
462 2
231163
189 3
63| 42
42) 1
_4221
42 12
0
Demak, D (525, 231) = 21 va K (525, 231) = 5775.

Mustaqil yechish uchun misollar

1. Ikkita ketma - ket keluvchi butun son kvadratlarining yigMndisini 4
ga boMgandagi goldiq 1 gatengligini isbotlang.

2. a) m juft sonni 6 ga boMganda goldig 1 yoki 3 ga teng boMishi
mumkinmi? b) 3 ga karrali m sonni 12 ga boMganda goldig 2 ga teng

boMishi mumkinmi?
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3. a) 3 ga karrali va 4 ga bo‘lganda 1 goldig goladigan sonlaming
umumiy ko‘rinishini yozing. b) 3 ga boMganda 1, 5 ga boMganda 3 qoldiq
goladigan barcha sonlami toping.

4. a) m sonni 5 ga boMganda 2 goldiq, 3 ga boMganda 1 goldiq qgolishi
ma’lum. Bu sonni 15 ga boMganda necha qoldiq goladi? b) m sonni 5 ga
boMganda 1 goldiqg, 3 ga boMganda 2 goldiq golishi maMum. Bu sonni 15
ga boMganda necha qoldig goladi?

5 12 ga boMganda 11, 18 ga boMganda 1 goldiq goladigan son
mavjudmi?

6. 2 ga boMganda 1, 3 ga boMganda 2, .., 9 ga boMganda 8 qoldiq
goladigan eng kichik sonni toping.

7. Birinchi kishi savatdagi olmalami sanab ko‘rib, agar 1ta olmani yeb

go‘ysa, qolgan olmalar sonining n ga boMinishini anigladi. Bitta olmani

yeb, i ta olmani olib yoMida davom etdi. Har bir keyingi kishi olmalami

sanab ko‘rib, uni n ga boMganda 1 qoldiq qolishini anigladi va 1ta olmani

yeb, i ta olmani olib yoMida davom etaverdi. n - yoMovchidan so‘ng,

savatda qolgan olmalar soni n ga goldigsiz boMindi. Savatda nechta olma
goldi va dastlab savatda nechta olma boMgan?

8. Berilgan uch xonali son bilan unga teskari tartibda yozilgan son
orasidagi farq 9 ga boMinishini isbotlang.

9. Bir xil ragamdan tashkil topgan ixtiyoriy uch xonali son 37 ga
boMinishni isbotlang.

10. Ketma- ket kelgan ixtiyoriy uchta natural sonning ko'paytmasi 6 ga

goldigsiz boMinishini ishotlang.



1. n~-20n2-5n+26) son ¥Yne N da 120 ga qoldigsiz bo‘linishini
isbotlang.

12, 310 ni 7 ga; 1526 ni 17 ga; 6592 ni 11 ga; 51985-9 17 ni 4 ga;
1316-225-515 ni 3 ga va 37 ga; (116+171)2L ni 8 ga boMishdan hosil
bo‘ladigan qoldiglami toping.

13.  Berilgan sonni 13 ga, 17 ga, 23 ga boMinish belgilarini toping va
116 909 sonini bu sonlaming gaysi biriga bo'linishini tekshiring.

14. @) 78 va700;1345 va 1355; 89769 va 89799 sonlaridan qaysi biri tub
son?; b) 1973tub sondan keyin keladigan tub sonni toping.

15. 428, 227, 825, 1529, 67323, 222333, 224433, 3082607, 138364854
sonlarini tub ko‘paytuvchilarga ajrating.

16. 2352+ 9722sonni ko'paytuvchilarga ajrating.

17. 310 + 35+1 sonni ko‘paytuvchilarga ajrating.

18. 218+318 ni tub ko‘paytuvchilarga ajrating, uning kanonik
yoyilmasini tuzing.

19.  p>15 tub sonning kvadratini 30 ga boMganda goldigda 1 yoki 19
hosil bo‘lishini isbotlang.

20. Agar p va g tub sonlar bo‘lib, ular 3 dan katta bo‘lsa, u holda
p 2+q2 son 24 ga karrali ekanini isbotlang.

21.  n natural sonning shunday giymatini topingki, n+4, n+14 va n+20
tub sonlar bo‘Isin.

22. 90, 91, 92, 93, 94, 95, 96 sonlari 7 ta ketma - ket keladigan
murakkab sonlardir. 9 ta ketma - ket keladigan murakkab sonlami toping.
23.  78; 560; 459; 1208 sonlarining bo‘luvchilari soni va bo‘luvchilari
yig'indisini toping.
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24. a) bitta; b) ikkita; c) uchta bo‘luvchiga ega bo‘lgan sonlaming
umumiy ko ‘rinishini yozing.
25.  Quyidagi sonlaming murakkab ekanligini isbotlang.
a) 135+ 17,8+ 231 b) 42,00+ 19; c¢) 123...898..321; g) 233+ 27; d)
2100+ 1; e) 2102 1j) 2m- 1, bu erda m - murakkab son; z) n4+ 4n2+ 3,
buyerda neN

i) 220+ 6n + 322
26.  1234xy soni 8 va 9 ga qoldigsiz bo'linadi. x va y ragamlami topib,
1234ny son bilan ~1234x sonni tagqoslang.
27.  Quyidagi sonlaming EKUB va EKUKini toping

1) 1403, 1058; 2) 10140,92274;
3)56595, 82467, 4)3640,14300;
5)36372, 147220; 6)35574,192423,;
7)3327449, 6314153; 8) 179370199, 4345121.

28.  Quyidagi kasrlarni gisqartiring

14 17501 . ~ 1491 . 237419. 1253. 438875. 127936
Y 111377 ' 22477 ' 294817 ° 406 ° ; 747843 M61919'

29. 48 ta konfet, 60 ta nok va 36 ta olmaning barchasini ishlatib, nechta
bir xil sovg‘a tayyorlash mumkin? Har bir sovg‘ada nechtadan konfet, nok

va olma bo‘ladi?

30. Ishchilarga shahardan tashgariga chigishlari uchun o‘rindiglar soni
teng bo‘lgan bir nechta avtobus ajratildi. 424 kishi bog‘ga, 477 kishi daryo
bo‘yiga chigishdi. Avtobuslardagi barcha joylar band bo‘ldi va hech bir
kishi joysiz qolmadi. Avtobuslar soni nechta bo‘lgan va har bir avtobusda

nechtadan joy bo‘lgan?
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31.  Ahror gqadamining uzunligi 75 sm, Azizaniki esa 60 sm. Qanday eng
gisga masofada ulaming har ikkisi butun son marta gadam tashlaydi?

32.  Velosipedning zanjimi tutib turuvchi oldingi tishli diskining
(shestemasining) 44 ta tishi bor, kichik tishli diskida esa 20 ta tish bor.
Oldingi tishli disk necha marta aylangandan so‘ng bu disklar yana
boshlang‘ich vaziyatga qaytadi? Bu vaqt davomida kichik disk necha
marta aylanadi?

33.  Stol tennisi bo'yicha jami 145 nafar o‘g‘il bola va 87 nafar qiz
boladan iborat, ishtirokchilar soni teng bo‘lganjamoalar gatnashdi. Barcha
jamoalarda bir xil sonda o‘g‘il bola va bir xil sonda qiz bolalar
gatnashdilar. Har bir jamoada nechtadan o‘g‘il bola va nechta giz bola
bo‘lgan?

34.  Agar a va b natural sonlar bo‘lsa, EKUB (a,b) -EKUK (a,b) ni
toping.

35 a) 2n va 2«+2; b) 3n va 6n+3; ¢) 2n va 4u+2; d) 30u+25 va
20«+15; i) n va 2u+1; f) IOn+9 va u+l;j) 3u+l va 10n+3 sonlarining (
ne N ) EKUB ini toping.

36. Agar EKUB (a,b) = 6, EKUK (a,b) = 90 bo‘lsa, a va b ni toping.

37.  Agar EKUK ( ab) = 60, EKUK (a,d) = 270 bo'lsa, EKUK (b,d) ni
toping.

38. AC asosidagi burchagi 36° bo‘lgan ABC teng yonli uchburchak
berilgan. AB va AC kesmaga butun son marta yotgizish mumkin bo‘lgan

kesma mavjud emasligini isbotlang.
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2-8. Matematik induksiya va uning tatbiglari

Xususiy xulosalardan umumiy xulosalarga o‘tishdan iborat mulohazalar

induktiv hisoblanadi. Matematik induksiya P(n) xossa yoki mulohazaning

barcha natural sonlar uchun (yoki n>d sonlar uchun, bu yerda d
berilgan natural son) o‘rinli ekanligini isbotlash usulidir. Buning uchun:

1 Bu xossaning to‘g ‘riligini P(I) (yokiP(d)) uchun tekshirib ko‘rish (bu
gadam induksiyaning asosi yoki bazisi deyiladi);

2. Berilgan xossa P{k) uchun to‘g‘ri deb faraz qilib, uni />(&+1)uchun
to*g‘riligini keltirib chiqgarish (bu - induktiv gadam).

Bu ikki mulohaza bajarilgach, P(n) xossani ixtiyoriy natural son uchun

(yoki \/n>dnatural son uchun) to‘g‘ri debgabul gilishmumkin.

1-misol. 1 dan n+1 gacha dastlabki n ta natural sonlar kvadratlarining
yig‘indisi n(n+1)(2n +\) ga tengligini, ya’ni
S,,=12+22+32 +.m-12 = ”(w+DG(2h+1) ne N tenglikni ishotlang.

1(1+1)(2 -1+1)
Isboti. 1. Agarn =1 bo'lsa, Sx=— -----" ————-- =1

K-;\K+\)[2-K +\)
2. Agarn =k bo'lsa, A 1 ekanidan

2 (A+D)(£+2)(2fc+3)
n=k+| uchun SkH=12+22+32+. . +(E+]) =--mm-— griomommmni-

bo'lishigini isbotlaymiz:



K+\zi:" 17D 6) 2(*+")(* 4 * +i) J*+0(*+2>12t+3>

Matematik induksiya metodiga ko'ra, 1+22+32+...+n2=N+1X2;7+1)

tenglik o'rinli ekanligi isbotlandi.

2-misol. Ixtiyoriy natural son va q*1 hagigiy son uchun
1 fetl o - N
I+g™+q2+.. .+ == E tenglikning o‘rinli ekanini isbotlang (barchaga

ma’lum boMgan geometrik progressiyaning hadlari yig“‘indisi formulasi).
Isboti. Bu tenglikni n ga nisbatan matematik induksiya yordamida
isbotlaymiz:

1. Induksiyaning asosi n = 1da

1-q 1-q
tenglik o‘rinli.
2. k<n natural son uchun \+q+ql+..+gk=—"j- tenglikni to‘g‘ri deb
faraz gilamiz va n=k+\ uchun to‘g‘riligini keltirib chigaramiz:
\+q+qg2+.".+gk +gk+1=] z | — +q™ =

_\-gM +(\-q)gkH _ 1-q k+]+gk+]- 4 )+ \-q kHH
1-q 1-q 1-q

1 ngA+1
Demak, berilgan \+q+...+qn:-."5_L tenglik ixtiyoriy natural son uchun

o ‘rinli.
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3-misol. n>2 bo‘lganda (7”+82n 3):19 ekanligini ishotlang.
Isboti. 1. n=2 da 72+8=57 bo‘lib, 57=19-3tengliko‘rinli.

2. n=k>2da (7*+82%3):19 ni o‘rinli deb faraz gilib, n=k+I uchun
(7*+1+82*1)3):19 ekanligini isbotlaymiz:

(7 +82(*4d-3)=7.7K+5X3.64=1" k+82i-3j+57-82*3

Hosil bo‘lgan yig‘indida har ikki go‘shiluvchining 19 ga bo‘linishi
ma’lum, demak, yig‘indining o ‘zi ham 19 ga bo‘linadi.

Induktiv gadamni amalga oshirish doim ham oson emas. Avvalambor, u
ham berilgan teoremaning o‘zi kabi cheksiz holat (k- ixtiyoriy) uchun
tekshirilishi kerak. Birog matematik induksiya metodining afzalligi
shundaki, juda ko‘p hollarda induksiya gadami berilgan teoremaning
0°‘zini isbotlashga qaraganda osonroq bo‘ladi.

Ko‘pincha, induksiya bilan teoremani barcha n wuchun emas, balki
yetarlicha katta n lar uchun, ya’ni biror berilgan N sonidan katta n lar
uchun isbotlashga to‘g‘ri keladi.

4-misoL «>2000 bo‘lganda 13-4>100012+3n tengsizlikning to‘g‘riligini
isbotlang.

Isboti. 1. n=2000da 20003-4 > 1000-2000r +3-2000 tengsizlikni bevosita
tekshirib uning to‘g‘riligiga ishonch hosil gilamiz.

2. k>2000 da k3—4>1000k2+3k tengsizlikni to‘g‘ri deb faraz qilib,
n=k+1 uchun (£+1)3-4>1000(&+1)2+3(At+1) tengsizlikdan

A3+3A2+3A+1—4>1000A2+20007+1000+3A:+3 tengsizlikka ega boMamiz.
Induksiya faraziga ko‘ra,  3k2+37+1>2000A:+1003 tengsizlikni yoza
olamiz. Bu tengsizlikni isbotlash uchun yana bir bor matematik induksiya

metodini go‘llaymiz. Nizomiy nemli
TN '"u
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1. k=2000 da yordamchi tengsizlik o‘rinli boMadi.

2. Qandaydir 9>2000 da 3g2+3q+1>2000qg+1003 tengsizlikni O‘rinli deb
faraz qilib, k=q+1 uchun 3(?+12+3(*+1)+li 2000(9+1)+1003
tengsizlikning o‘rinli ekanligini isbotlaymiz.

Ba’zi soddalashtirishlami amalga oshirgandan so‘ng, 6qg+672000
tengsizlikka ega boMamiz, bu tengsizlik esa ¥>2000 da o‘rinli. Berilgan

tengsizlik isbotlandi.

5 - misoL Quyidagi tengsizlikni n>1 natural sonlar uchun isbotlang:
J1 \2 4n
Isboti 1. n= 2 boMganda -"+-jL>\/2 tengsizlik o’rinli.

2. Faraz qilaylik, berilgan tengsizlik n=k uchun o'rinli, ya’ni

-j=+-j=+...+-jj*>y[k boa'lsin, uning n=k+1 uchun o'rinli ekanini

ko'rsatamiz:

—GH—=+.H— — -—->sjk+I

>q 2 Jk !

Bu tengsizlikda induksiya faraziga ko‘ra, +J2 o'rniga 4k ni

go'yib > J k > - J k +1 (1) hosil gilamiz. Bu tengsizlikni o'rinli ekanini
Vit+1

ko'rsatsak, berilgan tengsizlik isbotlangan bo'ladi.

(1) ning har ikki tomonini kvadratga ko'taramiz, u holda

*+1  VA+1 Tk+1 *+1
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tengsizlik hosil bo'ladi. Bu tengsizlikni har ikkala tomonini ga

bo'lsak, 2> "  tengsizlik k ning Jc>l natural giymatlarida o'rinli,

shuning uchun

O=+—=+...+-i=>n
VI nl2

Tengsizlik n ning har ganday giymatida o‘rinli bo‘ladi.

6-misol. Fibonachchi ketma-ketligi quyidagi shartlar bilan beriladi:

ao=0> ai= > aHtl=a,,+an 1. a*.r am2-a,-a"3=(-iy tenglikni ishotlang.
Isboti. Berilgan shartga ko‘ra, a2=1, ab- 2,a4=3 ekani kelib chigadi.

1 n=1da”™ a3-o(ad4=1-2-1-3=(-1)1bo‘ladi.

2. n=k,keN da ak+\'ak+2~ak'ak + 3 tenglik o‘rinli bo'lsin, u holda
n=k+l da

ak+2 '°k+3 _ ak+l‘a*+4 = ak+2'ak+3 ~ ak+1(ai+3 + ak+2)=
= alt+2a«+3 ~ ak+\ak+3 ~ ak+lak+2 = {ak+\ + ak)ak+3~ ak+\ak+r~ak+\ak+2 = ak+la*+3 +

+ai a<+3- a yHai+3~a*Hai+2 = (a*+la*+2 _a*a*+3)=- (-1)* = (-0 *+l-

Demak, tenglik n ning istalgan natural giymatida o‘rinli.

7-misoi. n ta to‘g‘ri chiziq yordamida gismlarga ajratilgan tekislikni fagat
0og va gora rangdan foydalanib, umumiy tomonga ega bo‘lgan ixtiyoriy
ikkita bo‘lakni turli rangga bo‘yash mumkinligini isbotlang.

Isboti. P,, bilan isbotlanishi zarur bo‘lgan tasdigni belgilaylik, u holda Pi
o‘rinli ekani ravshan. Agar Pk o‘rinli boMsa, u holda Pk+ ni isbotlash
uchun, k+1 ta to‘g‘ri chizigning K tasini olib, hosil bo‘lgan bo‘laklami

talab gilingan holda bo‘yab chigiladi, so‘ngra (k+1) - to‘g‘ri chizigning
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bir tomonida yotgan barcha bo‘laklami garama-garshi rangga bo'yaladi.
Natijada, tekislikning k+1 ta to‘g‘ri chiziq yordamida hosil gilingan

umumiy tomonga ega boMgan bo‘laklarining barchasi turli rangda boMadi.

Mustaqil yechish uchun misollar

Har ganday natural son uchun tenglikning to‘g‘riligini isbotlang (39-54).
39, 1+2+..+, =" E]>.

40.  1+4+7+..+(3n-2)=

41, 2+16+56+..+(3«-2)-2" = 10+(3w-5)-2"+1.
42, 5+45+325+.. +(4«+1-5M=n-5"

43. K2+3-...+Hr w="+ (zI)™ % i.
2
44, 144474, .+ (3«-2)"wbwW - 3n~1) .

n(w-+).12
2y

46, 13+33+53+...+(2w- D3=u2(2n2-1).

45. 13+ 23+33+...+u3=

47.  b2+2-3+..+n(«+)="tiX 2L t2).

48, 1:2-3+2-34+. . +uu+("+2)=  + + -3

4 L+-L+ +—i  =—
O bttt trdeyTTer

50. 1+ 7+17+ . 2>M
13 35 57  (u-1X2u+l)” 2u+T
17 3-9 511  (2u-1X2n+5)_s(6u+1)
3-5 57 7-9 ' (2u+1)(2/3+3) 3(2u+3)*
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1 11 1
52 1-2-342-3-4+" 4+ fj(«+IKXak2) 2 2 («+1X«+2)]

53 3+20+168+..+(2n+1)-211en1=2"-(n+1)!-1.

5. 1-21+Jr3+A 4+ +iL . («+)1=~r1-2,

Berilgan ifodaning berilgan songa boMinishini isbotlang( 55-68,n1e N).

55.  (nq + 5n):6. 56. (7"+3«-1)i9.

57. (25m3+5"-3a+2):17 58. (72n- 1)24.

59. (13n+ 5)16 60. (15n+ 6):7.

61. (62n- 1):35 62. (5"-3"+2«);4

63. (5-23-2+33'-'):i9 64. (62a+19n-2 7+):17

65. (2m5-34n+53+1):37. 66. (1Im2+122m14):133

67. (324+2-8«-9):64. 68. (3212-52" -3 3n2-22"):1053

Berilgan tengsizliklami matematik induksiya metodi bilan isbotlang (69-

86,neN)

69. 57">71-3 70. MM, 2n-]>un+1)

7. 3">2n+n 72.  4">3n+n2

73. n>2, 4">3"+2n 74. n>10, 2">n3

75. w=l,2vali>6, 2n>2u2-3u+l. 76. m$1r+§/\p+2+"'3m'+r>l'
78. 135 1

246" 2n  V3w+f
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79. Agar a>b va a,b - musbat sonlar boMsa, u holda a" >bn bo'lishini
isbotlang.
80. {a.} ketma-ketlik rekkurent ~ formula bilan berilgan:

ai=3a,+ = la,, + 3. a,,=7—j-IT1 ni isbotlang.

8L  {bn} ketma-ketlik rekkurent ~ formula  bilan berilgan:
6,=4, b+,=3on- 2. b,, ni n orqgali ifodalang.
82.  {sn} ketma-ketlik rekkurent formula bilan berilgan:

Cj=6, cn+”*=2cn-n+ 2. c,,=2n+ 3n+ 1 ni isbotlang.

83.  {dn} ketma - ketlik rekkurent formula bilan berilgan:

iN=7, dj =21, dn+ 2 =~dfi+j*“ 5dn.dn ni n orqgali ifodalang.

84.  Bir tekislikda yotgan va umumiy nuqtaga ega bo‘lgan n to‘g‘ri
chizig tekislikni 2n ta bo‘lakka bo‘lishini isbotlang.

85.  Har uchtasi kesishadigan va hech ganday to‘rttasi umumiy nuqtaga

ega bo'lmagan n ta tekislik fazoni necha qismga ajratadi?

6
86. Tekislikda n ta aylana shunday chizilganki, ulardan har ikkitasi ikki
nugtada kesishadi va hech ganday uchtasi umumiy nuqtaga ega emas.

Tekislik bunda nechta gismga bo‘linadi? n2-n+ 2

3-8. Sanoq sistemalari: pozitsion va pozitsion bo‘lmagan sanoq

sistemalari, ixtiyoriy sanoq sistemasida arifmetik amallar

Barcha mavjud tillar kabi sonlar tili ham mavjud bo‘lib, u ham o0‘z

alifbosiga ega. Mazkur alifbo hozirjahonda go‘llanilayotgan 0 dan 9 gacha
22



bo'lgan o‘nta arab ragamlaridir, ya’ni: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9. Bu tilda
o‘nta belgi (ragam) bo‘lganligi uchun ham, bu til o‘nlik sanoqg sistemasi
deb ataladi.

Bizning kundalik hayotimizda go‘llanilayotgan o°‘nlik sanoq sistemasi
hozirgidek yuqori ko‘rsatkichni tez egallamagan. Turli davrlarda turli
xalglar  bir-biridan  keskin  farqlanuvchan sanoq sistemalaridan
foydalanganlar.

Masalan, 12 lik sanoq sistemasi juda keng go‘llanilgan.Uning kelib
chigishida albatta tabiiy hisoblash vositasi - gqo‘limizning ahamiyati katta.
Bosh barmog‘imizdan fargli golgan to‘rttala barmog‘imizning har biri 3
tadan, ya’ni hammasi bo‘lib 12 ta bo‘g‘indan iboratdir. Mazkur sanoq
sistema izlari hanuzgacha saglanib golgan. Masalan, inglizlarda

Uzunlikni oMchash birligi: 1 fut= 12 dyum=30 sm,

pul birligi: 1shilling = 12 pens.

Qadimgi Bobilda ancha murakkab bo‘lgan sanoq sistemasi - 601ik sanoq
sistemasi qo‘llanilgan. Bu sanoqg sistemasining qoldiglari hozir ham bor.
Masalan:

1soat = 60 minut

1 minut = 60 sekund

XVI - XVII asrlargacha Amerika git’asining katta gismini egallagan
atstek va mayyalarda 20 lik sanoq sistemasi qo‘llanilgan. Bunday
misollami ko‘plab keltirish mumkin.

Biz asosan o‘nlik sanoq sistemasidan foydalanamiz. Lekin, o‘nlik sanoq
sistemasidan kichik sanoq sistemalarida sonlami belgilash uchun arab

ragami belgilaridan foydalaniladi. Masalan, beshlik sanoq sistemasida 0, 1,
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2, 3, 4 ragamlari, yettilik sanoq sistemasida esa 0, 1, 2, 3, 4, 5, 6
ragamlaridan foydalaniladi.

Hisoblash texnikasida va dasturlashda asosi 2, 8 va 16 ga teng bo'lgan
sanoq sistemalari go‘llaniladi.

0 ‘'n ikkilik, o‘n oltilik sanoq sistemalarida qganday belgilardan
foydalaniladi?- degan savolga javob aniq: ragamlardan keyin lotin
alifbosidagi bosh harflardan foydalaniladi.

Shunday qilib, o‘n ikkilik sanoq sistemasida ragamlar 0, 1, 2, 3, 4, 5, 6, 7,
8,9, A, B kabi; o‘n oltilik sanoq sistemasidaesa 0, 1, 2, 3, 4, 5, 6,7, 8, 9,
A, B, C, D, E, F kabi yoziladi.

Sanoq sistemasi bu - sonlarni o°‘gish va arifmetik amallarni bajarish uchun
qulay ko‘rinishda yozish usuli.

Qadimda hisob ishlarida ko‘proq barmoglardan foydalanilgan.  Shu
sababli narsalami 5 yoki 10 tadan tagsimlashgan. Keyinchalik o‘nta o ‘nlik
maxsus nom - yuzlik, o‘nta yuzlik - minglik nomini olgan va h.k. Yozuv
qulay bo‘lishi uchun bu muhim sonlar maxsus belgilar bilan ifodalana
boshlagan. Agar hisoblashda 2 ta yuzlik, 7 ta o‘nlik, yana 4 ta birlik bo‘lsa,
u holda yuzlikning belgisini ikki marta, o‘nlik belgisini yetti marta, birlik
belgisini to‘rt marta takrorlashgan. Birlik, o‘nlik va yuzliklaming belgisi
bir-biriga o‘xshash bo'lmagan. Sonlami bunday yozganda belgilami
ixtiyoriy tartibda joylashtirish mumkin bo'lgan, chunki yozilgan sonning
giymati tartibga bog‘lig emas. Bunday yozuvda belgi holatining ahamiyati
bo‘lmaganidan, mos sanoq sistemasi nopozitsion sistema deb ataladi.
Qadimgi misrliklar, yunonlar va rimliklaming sanoq sistemasi nopozitsion
edi. Nopozitsion sanoq sistemasi qo‘shish va ayirish amallari uchun ozgina
yarasada, ko‘paytirish va bo‘lish uchun butunlay yaroqsiz edi. Ishni
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osonlashtirish magsadida hisob taxtalari - abaklar ishlatilar edi. Hozirgi
zamon cho‘tlari abakning o‘zgargan ko ‘rinishidir.

Qadimgi bobilliklaming sanog sistemasi dastlab nopozitsion edi,
keyinchalik ular belgilarni yozish tartibida ham informatsiya borligini
sezishib, undan foydalanishga o‘rganishdi va pozitsion sanoqg sistemasiga
o‘tishdi. Bunda biz hozir go‘llayotgan sistemadan (ragamning o‘mi bir
xonaga siljitilganda uning giymati 10 martaga o‘zgaradigan o‘nli sanoq
sistemadan) fargli, bobilliklarda belgi bir xonaga siljitilganda sonning
giymati 60 marta o‘zgarar edi (bunday sanoq sistemasi oltmishli sistema
deb ataladi). Uzog vaqgtgacha Bobilning sanoq sistemasida nol belgisi,
ya’ni bo‘sh golgan xonaning belgisi yo‘q edi. Odatda, sonlaming tartibi
ma’lum bo‘lganidan bu noqulay emas edi. Ammo keng koMamli
matematik va astronomik jadvallar tuzish boshlanganda, ana shunday
belgiga ehtiyoj tugMldi. Bu belgi keyinchalik mixxat yozuvlarda va
eramizning boshida Iskandariyada tuzilgan jadvallarda uchraydi. IX asrda
nol uchun maxsus belgi paydo bo‘ldi. 0 ‘nli sanoq sistemasida sonlar
ustida amallar bajarish goidasi ishlab chiqgildi. Muhammad ibn Muso al-
Xorazmiy tomonidan yozilgan “Hind hisobi” nomli risola tufayli o‘nli
sanog sistemasi Yevropaga, keyin esa butun dunyoga targaldi.

Sanoq sistemasining asosi uchun nafagat 10 va 60 ni, balki birdan katta
ixtiyoriy p natural sonni olish mumkin.

Sanoq sistemalarini tashkil etilishi deyarli bir xil. Biror p soni - sanoq
sistemasi asosi sifatida gabul gilinib, ixtiyoriy N soni quyidagi ko‘rinishda
ifodalanadi:

N =a,pn+anlpn~l+ .. +ap'+ alp°®+a ¥p-x+ .. + a.mp~m

Ko‘phad ko‘rinishida ifodalangan shu sonni
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[an%-v W -T" a~")p
kabi ;ﬁ)zisfg ham mumkin (v va m —sonning butun va kasr gismi xonalari
(razryadlari soni).
Sonning bu kabi ifodalanishida har bir ragam qiymati 0‘z o‘miga qgarab
turli xil bo‘ladi. Masalan, o‘nlik sanoq sistemasida 98327 sonida 7 -
ragami birlikni, 2 - o‘nlikni, 3 - yuzlikni, 8 - minglikni, 9 - o‘n minglikni
ifodalaydi (bu hoi fagat o‘nlik sanoq sistemasida):
98327 = 9x104+ 8x103+ 3x102+ 2xI0“+ 7x10°
Biror boshga p - asosli sanoq sistemasida a0, a,, a2.. ragamlar
a0,aip,a2pir.. giymatlami bildiradi.
Bunday ko'rinishda tuzilgan sanoq sistemalari pozitsion sanoq sistemalari
deyiladi.
Pozitsiyali sanoq sistemasida butun sonlarni quyidagi gonuniyat asosida
hosil gilinadi: keyingi son oldingi sonning o'ngdagi oxirgi ragamini
surish orqgali hosil gilinadi; agar surishda biror ragam Oga aylansa, u
holda bu ragamdan chapda turgan ragam suriladi.
Shu gonuniyatdan foydalanib, birinchi 10 ta butun sonni hosil gilamiz:
. Ikkilik sanoq sistemasida :0, 1, 10, 11, 100, 101, 110, 111, 1000, 1001;
. Uchlik sanoq sistemasida :0, 1, 2, 10, 11, 12, 20, 21, 22, 100;
. Beshlik sanoq sistemasida :0, 1 2, 3, 4, 10, 11, 12, 13, 14;
. Sakkizlik sanoq sistemasida : 0, 1 2, 3,4, 5, 6, 7, 10, 11
Pozitsion sanoq sistemasi o0°zining qulayligi bilan hayotda keng
goMlanilmoqda.
Boshga usulda tuziladigan sanoq sistemalari ham mavjud. Ular pozitsiyaga

bog‘lig boMmagan sanoq sistemalari deyiladi. Masalan rim ragamlari.
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Mazkur sistemada maxsus belgilar to‘plami kiritilgan bo‘lib, ixtiyoriy son
shu belgilar ketma—ketligidan iborat boMadi.

Rim sanoq sistemasida

Bir (1) - | belgi bilan
Besh (5) -V belgi bilan
Oln (10) - X belgi bilan
Ellik (50) - L belgi bilan
Yuz (100) - C belgi bilan
Besh yuz(500) - D belgi bilan
Ming (1000) - M
belgilanadi.

Bu belgilar va ulaming kombinatsiyasi yordamida turli sonlami hosil
gilinadi. Masalan, 1dan 3 gacha - I, II, Ill kabi, to‘rt (4)- IV ,5- V
tarzida ifodalanadi. Bu yerda 4 sonini yozish uchun 5 sonidan 1 sonini
ayirib yoziladi, ya’ni | belgi V dan oldinga qo‘yilsa ayirish ma’nosini,
agar keyinga qo‘yilsa go‘shishni anglatadi. Umumiy holda: 6 - VI, 7 -
VIl, 400 - CD, 600 - DC ko‘rinishda ifodalanadi.

Rim sanogq sistemasida yozilgan sonlami o‘nlik sanoq sistemasiga
quyidagicha o ‘tkazish mumkin:

VI—=V>]—-5+1=6

IV->(1>V)?->5—1=4

XIX -> X + (1 >X)?-> 10+ (10-1) =19

XCIX -> (X > C)? + (I > X)? -> (100-10) + (10-1) =99

MCMLXIII -> M+(C > M)?+L+X+1+1+1->1000+(1000-100)+50+1+1+1 =1963.
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Demak, bu sistemada har bir belgining ma’nosi va giymati uning turgan
pozitsiyasiga bog‘lig emas. Shuning uchun rim ragamlarini hayotda keng
goMlash imkoniyati bo‘lmagan. Ammo ularni kitoblar bobini go‘yishda,
soatlami yozuvida va boshqalarda goMlab turamiz.

1-misol. Qaysi sanoq sistemasida 21+24 = 100 boMadi?

Yechilishi. x - qidirilayotgan sanoq sistemasini asosi boMsin. U holda
100.,= I-x2+ 0 jc'+ 0 g°, 2Ix= 2-xl+ Ix°, 24,= 2-xI+ A-x° boMadi.
Demak, x2= 2x+ 2x+ 5 yoki x1- Ax- 5 = 0 boMadi. Bu tenglamaning
musbat yechimi x=5 boMadi. Demak, sonlar beshlik sanog sistemasida
berilgan ekan.

Ikkilik sanoq sistemasida 2 ta ragam: 0 va 1 mavjud. 0 ‘nlik, sakkizlik
sanoq sistemasidagi sonlar ikkilik sanoq sistemasida quyidagicha

ifodalanadi:

O‘nliks/s. 0 1 2 3 4 5 6 7 8 9 10 1

son

Sakkizlik 0 1 2 3 4 5 6 7 10 u 12 13
s/s. son

Ikkilik s/s. 0 1 10 11 100 101 110 111 1000 1001 1010 1011

son

Ikkilik sanoq sistemasidagi sonlar ustida turli arifmetik amallar bajarishga

oid misollar ko‘raylik:
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2-misol. 10011+ 11001

Yechilishi.
+ 10011
11001

101100
Javob: 101100

4-misol. 101010-10011
Yechilishi.

101010
10011

10111
Javob: 10111

6-misol. 110011x101
Yechilishi.
110011
101
+110011
110011
11111111

Javob: 11111111

3-misol.
1101101,001+ 1000101,001
Yechilishi.

+1101101,001
1000101,001

10110010,010
Javob:10110010,010

S-misol. 110011,01 - 10111,101
Yechilishi.

110011,010
10111,101

11011,101
Javob: 11011,101

7-misol. 101,11x11,01

Yechilishi.
101,11

11,01
10111
+10111
10111

10010,1011

Javob: 10010,1011
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8-misol. 1000010010: 110101 9-misol. 1000000,10011:110,101

Yechilishi: Yechilishi:
_ looo0o00l0’011 11010100
1000010010 110101 11010100 1001,11
110101 1010 _ 101110011
_110101 11010 100
110101 10011 1110
0 1101 0100
_ 110 10100
110 10100
0
Javob: 1010 Javob: 1001,11

10-misol. a = 64678 b = 1013 sonlami asosi g = 5 bo‘lgan sanoq
sistemasida yozing va bu sonlaming kattasini kichigiga bo‘ling.

Yechilishi. 5 = 123 bo‘lgani uchun quyidagilami yoza olamiz.

6467, B .
5 . 1244 55
14 12 . 207 15
2 . 44 17 . 33 I,
26 43 17 31 5
24 . 1 17 2 5
27 0 0
24
3
a = 64678 = 102013s .
2) 1013|123
101 2
0

b=1013= 205

30



[)102013s  |205
40 23235

120

110 =>1020135 = 20523235+ 3
101
40

113
HO Javob: a = 102013s ;b = 20s
3 102013s =205-23235+ 3

11-misol. Berilgan sistematik sonlami surati va maxraji o‘nlik sanoq

sistemasida yozilgan oddiy kasr ko‘rinishida ifodalang:

a)2,34,2>)0,045;¢c)2,0123

Yechilishi.a) 2,3, =2+-==—;
’ 4 4

b) 0,045=0+0/5+4/52 =4/25;
€)2,0123=2+0/3+1/32+1/33=(54+0+3+2)/27 =59/27.

12-misol. Berilgan sistematik sonlami surati va maxraji shu sanoq
sistemasida yozilgan oddiy kasr ko‘rinishida ifodalang:
a)0,046;6)2,34;¢)2,0123

13-misol. Berilgan sistematik sonlami surati va mahraji shu sanoq

sistemasida yozilgan oddiy kasr ko‘rinishida ifodalang:

51)0,0(2)4;6)0,1(4)7;¢)0,(23)6.
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Yechilishi. a)0,0(2)141:|3_10 | (3'2i <9i

141 r 13

?=
P 0LA?= 510|610

_23 31
©) 0236= Loy 11

14-misol. Berilgan oddiy kasrlami shu sanoq sistemasida sistematik sonlar

ko‘rinishida ifodalang: a)l-a7\b)(>1(1)— \c)' 107
V*>12
Yechilishi.
a) 137 140 b) 17, 140 1R B
120 3425 170 0,368 _8 1,6H
170 140 40
160 300 40
100 300 0
80
200
200 fig =036,
0 A
127 =3 425
40 7

15-misol. Berilgan oddiy kasrlami shu sanoq sistemasidagi sistematik

sonlarga yoying: a)[- j ;b) ©

Yechilishi. a) kasrni chekli sistematik songa yoyib bo‘Imaydi, chunki

5 soni sanog sistemasining asosi bo‘lgan 11 sonini tashkil etuvchi
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ko‘paytuvchilarga tegishli emas. (5,I1) = IboMgani uchun berilgan son

sofdavriy kasr boMadi:

3,i B

30 0,66...

28 yam =0,(6)n
30

6)124=34-24, (3,4)-1,(2,4)=2boMgani uchun berilgan kasr aralash davriy

kasr ko‘rinishida boMadi:

14 14
110 0.311...

102

20

Mo A w)4=0-3p4

c) (2,3) = 1 boMgani uchun berilgan kasr sof davriy sistematik kasr

boMadi:

10 0,11..

Mustagqil yechish uchun misollar

Quyidagi ikkilik sanoq sistemasida berilgan sonlar ustida arifmetik

amallarni bajaring:

87. 101+111 88. 1101+ 110 89. 1111+ 1011
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00. 11,011+ 101,01 101 110001-11,01 112 11110 : 101

91. 10101+11,111 102 10000-100,11 113 1011010 : 1111
92. 110,01+11,0101 103 10111 114 1111 : 101

03. 111,10+111 104 110-101 115 11010,01 : 101,01
94. 1010-110 105 m u 116 1000,1111 : 10,11
95. 1100-11 106 101M 1,01 117 1101,1 : 1100

96. 1011-101,11 107 1111,01101 118 10111,101 : 0,11
97. 11011,11—01,01 108 101,11-1,101 119 1111000001:11111
98. 1111-10,11 109 11010,11 10,01 120 1111110 : 111
99. 1101,101-1001,01 110 11111,101

100 10010,01-111,1

Sonlarni taqqoslang:
12 1101+11 va 1111 +10

12 1001,11+101,01va 01,01-101,11

12 11101-11 va 111+ 11
12 1110,01+101 va 10010,01

12 1111+ 110001 va 11110011-11001

Ll 100101101,0il

12 11011101 va 1011-1011

12 1101,011-11,01 va 1011,001
12 11100111:11 va 1010111:11
12 111111:11 va 1010111

13 10101 va 1110+111

Tenglamalami ikkilik sanoq sistemasida yeching:

131 *+ 1001 = 1000
132. (101x-100)/10 = (x+10)/100

133, 1101-(jc+1 101) =jc—10101

134. jcl0+ 100- je+ 100 = 0
135. (10-741)101= 101101

136. x- (Il1-jc)-11=101*

137. (1 kje41):11 = 101
138. x10-10-x+1=0
139. 10-jc° + 101-jc+1 = 0
140. jewo+101-jc+10=0
141. jc10-110001 =0

142, jce-1 11-je+ 1100= 0



Ikkilik sanoq sistemasida Sn=a-n+b ketma-ketlikning birinchi beshta

hadini yozing:

143 a= 16; u 147. a= 10, b= 101
144. a= 110;6= 101 148. a= 111;*= 11
145. a- 10,1;*= 111 149. a= 10,1;*= 101
146. a= 101;*= 11 150. a= 1,01;*= 111

To‘g‘ri burchakli uchburchakning asosi va balandligi ikkilik sanoq

sistemasida berilgan. Uchburchak yuzini ikkilik sanoq sistemasida

toping:

15La=10;h =1 155. a = 111; h = HI

152 a 10h = 110 156.a =11, h = 11

153. a2 = 101; h = 101 157. a = 101; h = 101

154. a = 10; h = 101 158. a = 10Lh =111

159. Ikkilik sanoq sistemasida: velosipedchining tezligi

v= 10000 km/soatbo‘lsa, 11; 110; 1111 soatdan keyin gancha yo‘l
bosib o‘tishini toping.

160. Sonlar ikkiiik sanoq sistemasida qaraladi: gayiq daryo ogimi
bo‘ylab 1001 km/soat tezlik bilan 10 soat, ogim bo'ylab 101
km/soat tezlik bilan 11 soat suzganda bosib o‘tgan yo‘lini toping.

a, b sonlami asosi g bo‘lgan sanoq sistemasida yozing va bu sonlaming

kattasini kichigiga bo“ling.

161 a=18536 b= 430 e= 165. a= 1324 bh=4435 g=2

162. a=1012 b=143205 g=3 166. a = 2013 *=65147 8 =5
163. a=16537 b=201 g=4 167 a =136 b=2632 g=1
164. a =15 b=3578 g=1 168 a=1112 *=35467 g=4
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169.
170.
171. a=3745?
172,

0=1213
0=1213

a=1324

Berilgan

S=8 173. a=43215 2=13
g=1 174. a=73568 b=244
g=6 175. a = 1012 b=35426
g=5 176 a=2013 b=13765,
sonlarni surati va maxraji o‘nlik

sistemasida yozilgan oddiy kasr ko‘rinishida ifodalang:

177.
178.
179.

2,114g.
5,4427.
74,138,

180.35,13,.

Berilgan

yozilgan oddiy kasr ko‘rinishida ifodalang:
195.

196.
197.

187.
188.
189.
190.
191.
192.
193.
194,

2,1148
5,4427
74,138
35,137
4,5218
0,64678
2,2246
7,7429

181.
182.
183.

4,521g.
0,6467,..
2,2246.

184.7,742,.

198.

199.

200.

201.

3,2015
4,2346
116)

0,3(2)4
3,1(42)5
4.2(3)5

32,14(2)5
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185. 3,201.
186. 4,2346.

202. 5,01(3)6
203- 2,1(2)7
204. 2,10(3)6
205. 1,1(2)3

206. 0,7(4)8

sanoq

sistematik sonlarni surati va maxraji shu sanoq sistemasida



Berilgan oddiy kasrlarni shu sanoq sistemasidagi sistematik sonlarga

yoying:
207- fH2) 219  aar
»00, A0y
1000
3
w0 B N 3'\6
80 221. 23
210. 3
122 \; /
222. 24
211. 151 5
30
223. (20121
22, g [1000J
120 ooa "
213. 27 37 14
3099 225. 125
6
214. 17
40 226, 204
215. 103 t
10
216. 13
20
217. 101
20
218. 64"

30
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4-§. Kombinatorika elementlarL Nyuton binomiva uning tatbiqlari

Qo‘shish qoidasi. Agar a elementni m usulda, b elementni (a elementning
tanlanishiga bog’lig boMmagan) n usulda tanlash mumkin boMsa, “a yoki
b” tanlanmani m+n usulda hosil gilish mumkin.

Ko‘paytirish qoidasi. Agar a elementni m usulda, b elementni (a
elementning tanlanishiga bog’lig bo‘lmagan) n usulda tanlash mumkin
bo'lsa, “a va b” tanlanmani m n usulda hosil gilish mumkin.

Dirixle prinsipi (qutilar prinsipi). nk + 1 ta yoki undan ko‘p sondagi
predmetni n ta qutiga joylaganda qaysidir qutida, albatta, k + 1 tadan kam
boMmagan predmet boMadi.

Misol. Omborda 41-42- va 43 - oMchamdagi 200 tadan etik boMib, bu
600 ta etikning 300 tasi o‘ng va 300 tasi chap oyogniki. Ulardan kamida
100juft yaroqli etik olish mumkinligini isbotlang.

Yechilishi. k - oMchamdagi o‘ng va chap oyoq etiklarining soni mos

ravishda N(k,I) N(k,r) boMsin. Masala shartiga ko‘ra,
N(k,I) + N(k,r) = 200 (k= 41, 42, 43);

N@1, ) + N(42, ) + N(@43, 1) = 300;
N(@41, 1) + N(42, r) + N(43, r) = 300.

Har bir oMchamdagi chap (o‘ng) etik uchun o‘ng (chap) etiklar sonining
kam boMishi mumkin emas. Quyidagilami o‘rinli deylik:

N(41, ) < N(41, r), N(42, 1) ~ N(42,r), N(43, ) > N(43, 1)

U holda yaroqli juftliklar soni

N(41, ) + N(42, ) + N(43, r) = 300 - N(43, D + N(43, r) > 100
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0 ‘rinlashtirishlar. 0 ‘rin almashtirish. Guruhlash.
Ta’rif. Berilgan n ta elementli to‘plam elementlaridan k tadan olib
Nizilgan va elementlari yoki elementlarining tartibi bilan farg giluvchi turli

Tel guruhlar o‘rinlashtirishlar deyiladi.
Ta’rif. Berilgan n ta elementdan k tadan olib tuzilgan o ‘rinlashtirishlarda

kamida bitta element bir va undan ortig, lekin K tadan ortiq boMmagan
marta gatnashsa, u holda bunday o‘rinlashtirish takrorlanuvchi
o‘rinlashtirish deyiladi va B,, orqgali belgilanadi.

Teorema. n ta elementdan k tadan olib tuzilgan barcha takrorlanuvchi
o'rinlashtirishlar soni Bk =nk gateng.

Ta’rif. Berilgan n ta elementdan k tadan olib tuzilgan o‘rinlashtirishlarda
har bir element bir martadan gatnashib, guruhlar bir-biridan elementlari

yoki elementlarining tartibi bilan farq qilsa, u holda bunday
o'rinlashtirishlar takrorlanmaydigan o‘rinlashtirishlar va orqali

belgilanadi.
Teorema. n ta elementdan k tadan olib tuzilgan barcha takrorlanmaydigan

o‘rinlashtirish soni /™ =n(n-1)(n-2)...(n-k+\)yok\ a{":( nl!()r| ga teng.
n-k)!

Misol. 1,3,5,7 ragamlaridan nechta turli ikki xonali son hosil gilish

mumkin?
Yechilishi. 1,3,5,7 ragamlar soni 4 ta, ulardan ikkitadan olib tuzilgan

barcha takrorlanmaydigan o‘rinlashtirish soni

Ah=; 4

! = =12 %a teng. Takrorlanuvchi o‘rinlashtirishlar
(4-2)0 2! 12

soni esa  =nk=42=16 ga teng. Demak, agar 1,3,5,7 ragamlaming har
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0 ‘rinlashtirishlar. 0 ‘rin almashtirish. Guruhlash.
Ta’rif. Berilgan n ta elementli to‘plam elementlaridan k tadan olib
<Nzilgan va elementlari yoki elementlarining tartibi bilan farq giluvchi turli

fsffl guruhlar o ‘rinlashtirishlar deyiladi.
Ta’rif. Berilgan n ta elementdan k tadan olib tuzilgan o‘rinlashtirishlarda

rkamida bitta element bir va undan ortig, lekin k tadan ortiq bo‘lmagan
marta Qatnashsa, u holda bunday o'rinlashtirish takrorlanuvchi
o'rinlashtirish deyiladi va B,, orgali belgilanadi.

Teorema. n ta elementdan k tadan olib tuzilgan barcha takrorlanuvchi
o‘rinlashtirishiar soni B*=n”" gateng.

Ta’rif. Berilgan n ta elementdan k tadan olib tuzilgan o‘rinlashtirishlarda
har bir element bir martadan gatnashib, guruhlar bir-biridan elementlari

yoki elementlarining tartibi bilan farq qilsa, u holda bunday

o‘rinlashtirishlar takrorlanmaydigan o‘rinlashtirishlar va A% orqgali

belgilanadi.
Teorema. n ta elementdan k tadan olib tuzilgan barcha takrorlanmaydigan

o‘rinlashtirish soni A*=«(n-1)(«-2)...(n-A:+l)yoki A, :( nl!( | gateng.

Misol. 1,3,5,7 ragamlaridan nechta turli ikki xonali son hosil qilish

mumkin?
Yechilishi. 1,3,5,7 ragamlar soni 4 ta, ulardan ikkitadan olib tuzilgan

barcha takrorlanmaydigan o‘rinlashtirish soni

An = =1 U=12 ga teng. Takrorlanuvchi o‘rinlashtirishlar
(4-2)1 21 1-2

soni esa BM"=nk=42=16 ga teng. Demak, agar 1,3,5,7 ragamlaming har
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biri ikki xonali son tarkibiga bir martadan ortiq kirmasa, 12 ta ikki xonali
son, aks holda 16 ta ikki xonali son hosil gilish mumkin.

Ta’rif. Berilgan n ta elementli to‘plam elementlaridan n tadan olib
tuzilgan va fagat elementlarining tartibi bilan farg qiladigan
o‘rinlashtirishlar o ‘rin almashtirishlar deyiladi va Pn orgali belgilanadi.
Teorema. n taelementdan n tadan olib tuzilgan barcha takrorlanmaydigan
o ‘rin almashtirishlar soni Pn = n! bo‘ladi.

Misol. 7 kishi bir gator bo‘lib necha xil usulda turishi mumkin?
Yechilishi. Pn=n!=7!=1-2-3-4-5 6- 7=5040.

Ta’rif. Berilgan n ta elementdan k tadan olib tuzilgan hamda o'zining
tartibi va elementlari bilan farq qiladigan takrorlanmaydigan
o‘rinlashtirishlar guruhlash deyiladi va cjlj orgali belgilanadi (bu yerda
n > k).

Teorema. n ta elementdan k tadan olib tuzilgan barcha takrorlanmaydigan

) K n(n-D(n-2l..(n-k+1
guruhlashlar soni C,,:'q'n: S \ ( )

ga teng.

Misol. a) Bitta sihatgohga moMjallangan uchta yo‘llanmani necha xil
usulda to‘rt kishiga berish mumkin?

Yechilishi. Bu masalani yechish uchun to‘rtta elementni uchtadan

guruhlash formulasidan foydalanamiz, ya’ni C, = | =4.

b) Turli uchta sihatgohga mo‘ljallangan uchta yo‘llanmani necha xil
usulda to‘rt kishiga berish mumkin?

Yechilishi. Bu masalani yechish uchun to‘rtta elementni uchtadan
takrorlanmaydigan o ‘rinlashtirish formulasidan foydalanamiz, ya’ni

A\ = 4(4- 1)(4- 2)(4- 3)=24.
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Uyuton  binomi. (x+y)n=C,,x”+C"x(n Ty+C%x(mr2y 2+...+CEyn
tenglikdagi C, (k=0,n) koeffitsientlar binomial koeffitsientlar deyiladi,

ularx + y binomni darajaga ko ‘tarish natijasida hosil gilinadi.
Binomial koeffitsientlami Paskal uchburchagi deb ataluvchi jadval

yordamida tasvirlash qulay:

@ 1
c? cl 11
c d Cf 1 2 1
C C| o cl 1 3 3 3
cl c\ cf Cj 1 4 6 4 1

Nyuton binomi formulasining umumiy hadi TkH{ =C,,xn~kyk formula bilan
hisoblanadi.

1-tnisol. (1+x2-x3)9 ning yoyilmasidagi J8 had oldidagi koffitsientni
toping.

(1+x2-x 3)9:1+C‘(x2-x3l+c}%(x2-x3)2+C}:/3(x2-x3)3+
+C3(x2-x 3)4+CY(x2- x 3)5+.. ,+(x2-x 3)9

Yechilishi.

ga egamiz. Bu tenglikning o‘ng qismidagi ifodada X fagat

cN*2-*3)3,q"MN*2-*3)4 qo‘shiluvchilarda mavjud. Bundan foydalanib,

x~had oldidagi koffitsientni topamiz, bu koeffitsient 3C*+C£ ga teng.
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2-misol. (x-dx+—¥ ! yoyilmadagi uchinchi hadning binomial koeffitsienti

ikkinchi had koeffitsientidan 44 ga katta. Tarkibida x bo‘Imagan hadni
toping.

Yechilishi: Masala shartiga ko‘ra,

=n+44

Bu tenglamani yechib, n =11 ni hosil

yoyilmasining umumiy hadi formulasini Cfix2 ko‘rinishda yozish
0]
mumkin. Bu yerdan, -(I1-m)-4m =0 yoki m = 3 ga ega bo‘lamiz.

Demak, izlanayotgan had Cj, ga teng.

Mustaqil yechish uchun misollar

227. a) Birdavlatda A, B va C shaharlar bo‘lib, A shahardan B shaharga
6 ta yo‘l, B shahardan C shaharga 4 ta yo°‘l olib boradi. A shahardan C
shaharga necha xil usulda borish mumkin?

b) Bu davlatda yana bir D shahar qurishdi va ikkita A dan D ga boruvchi
va ikkita D dan C ga boruvchi yangi yo‘l yotqizildi. Endi A shahardan C
shaharga necha xil usulda borish mumkin?

228. Ettita ragamdan iborat barcha telefon nomerlari soni nechta (nomer
noldan boshlanishi mumkin emas)?

229. Avtomashinaning davlat ragami ingliz alifbosi (26 ta harf) ning uchta
harfidan va uchta ragamdan iborat. Davlat ragami turlicha bo‘lgan barcha

avtomashinalar soni nechta?
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0. Maktabda har bir o‘g‘il bola 32 ta qiz bolani taniydi, har bir qiz bola
29 ta o‘g‘il bolani taniydi. Bu maktabda giz bola ko‘pmi yoki o‘g‘il bola
: ko‘pmi? Necha marta ko ‘p?
231. a) 5 ga boMinuvchi nechta olti xonali son mavjud?
b) Tarkibida kamida bitta juft ragam bo‘lgan nechta olti xonali son
mavjud?
c) Tarkibida kamida ikkitasi bir xil ragam bo‘lgan o‘n xonali sonlar sonini
toping.
d) Yetti xonali sonlar orasida tarkibida bir ragami boMganlari ko‘pmi yoki
golgan yetti xonali sonlar ko‘pmi?
232. a) 0 ‘'ng va chapdan o‘gilganda bir xil boMgan besh xonali sonlar
nechta (masalan, 54345,17071 kabi sonlar)?
b) Ragamlari yig‘indisi juft bo‘lgan o‘n xonali sonlar nechta?
c) Yozuvida fagat toq sonlar bo‘lgan to‘rt xonali sonlar soni nechta?
233. Qiymati turlicha boMgan 7 ta tangani uchta cho‘ntakka necha xil
usuldajoylash mumkin?
234. Qopchada 20 tasi gizil, 20 tasi ko‘k, 20 tasi sariq va qolganlari oq va
gora rangda bo‘lgan 70 ta shar bor. Sharlami ko‘rmasdan turib, olingan
sharlarning kamida 10 tasi bir xil rangda boMishi uchun eng kam
migdordagi nechta shar olish kerak?
235. Aylanma stol atrofida yarmidan ko‘prog‘i erkaklar boMgan 100 kishi
o‘tiribdi. Qaysidir ikki erkak kishi bir - biriga qarama - qarshi o ‘tirishini
isbotlang.
236. Tumirda bir nechta futbol jamoasi bir - birlari bilan  tumir
o‘tkazishmogda. Bu tumiming ixtiyoriy momentida bu paytgacha
0 ‘ynagan o ‘yinlari soni teng boMgan ikki jamoa mavjudligini isbotlang.
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237. 2000 dan katta bo‘lmagan 1002 ta son berilgan. Bu sonlardan
ikkitasining yig‘indisi uchinchisiga teng bo‘ladigan uchta sonni ajratib
olish mumkinligini isbotlang. Bu mulohaza 1002 sonini 1001 bilan
almashtirilsa ham o‘rinli boMadimi?

238. Passajir poyezdi 17 ta vagondan iborat. Agar har bir vagonga
bittadan kuzatuvchi biriktirilsa, 17 ta kuzatuvchini necha xil usul bilan
vagonlarga biriktirish mumkin?

239. 1,..,7 ragamlaridan o'rin almashtirishlar yordamida hosil gilinadigan
barcha yetti xonali sonlar yig“‘indisini toping.

240. Agar tanlanayotgan lavozimga to‘qqiz kishi talabgor boMsa, to‘rt
kishini to‘rtta turli lavozimga necha xil usulda tanlash mumkin?

241. Ikkita matematik va o°‘nta iqgtisodchidan sakkiz kishidan iborat
tekshiruv guruhini tuzish kerak. Agar bu guruhda kamida bitta matematik
boMuishi shart boMsa, bunday tekshiruv guruhini necha xil usul bilan tuzish
mumkin?

242. Birinchi talabada 7 ta turli kitob, ikkinchi talabada 9 ta turli kitob
bor. Ular 5 ta kitobni necha xil usulda bir - birlari bilan almashtira
oladilar.

243. Berilgan ifodalaming yoyilmasida nechta ratsional qo'shiluvchi bor?
a)(u/2+*/3)10  b) (V2+#3)300

244. Ixtiyoriy a natural son uchun shunday n natural son topiladiki,
n+1l, n"+l, n“’+1,... sonlaming barchasi a ga boMinadi. Isbotlang.

245. Qavariq a) o'nburchak; b) k burchak (k>3) ning nechta diagonali
bor?

246. Har bir keyingi ragami oldingisidan kichik boMgan nechta olti xonali

son mavjud?
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247. Xx|+x2+x3=1000tenglama a) natural sonlar to‘plamida; b)
manfiymas butun sonlar to‘plamida nechta yechimga ega?

248. Nima uchun 112=121,113=1331 tengliklar Paskal uchburchagi
satrlarini eslatadi? 114 nimaga teng?

249. n ning ganday gqiymatlarida (x+y)" Nyuton binomidagi barcha
koeffitsientlar toq boMadi?

250. Hisoblang:

a)C°+2C\ +22C] +.. m25CH;

6)C°-C'+...+(-1)"C”;
O)%+Cj +...+C".

251 Ayniyatlami isbotlang:

a)C?Chn=CkC$:Kd,

b)C(n+) =C%+C mil);

C)CX"=(C,°)2+(C")2+...+(C")2;

dCkim)=c°c* +c‘c P+...+ckcm

e\Ck=r"-T+

252. (x+y)n Nyuton binomi yoyilmasining ikkinchi hadi 240 ga, uchinchi
hadi 720 ga, to‘rtinchisi 1080 ga teng bo‘Idi. x, y va n lami toping.

253. Quyidagi tenglikdan m va n lami toping:C~",1: C™,: C)N1=5:5:3
254. (1+V3)looformulaning Nyuton binomi bo‘yicha yoyilmasidagi eng
katta qo ‘shiluvchini toping.

255. (I+x+”)10 formulaning Nyuton binomi bo‘yicha yoyilmasidagi

tarkibida x boMmagan hadni toping.
256. Tenglamalami yeching:
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a)(x+1)!/nc'!=6;
b)C[x-2 28;
C)CEV =x2- 3x -9;
d)C2+Ca l)=x+1

5-8. Butun koeffitsientli anigmas tenglamalar

Berilgan kasmi zanjirli kasrga aylantirish tushunchasi bizga algebra

sonlar nazariyasi fanidan ma’lumdir.
. 539 . .. e m
I-misol. = sonni zanjir kasrga aylantirmg.

Yechilishi: Buning uchun kasr suratini uning maxrajiga bo'lamiz, ya’ni

5391103
51515
103[24
9614
24|7
213
7 B
612
3
313
0

Demak, " | :5+-4--------=----: [5;4,3,2,3].
oo

3+—-



Agar a sonni zanjirli kasrga yoyganda [aQava7,...] hosii bo‘lib

Qo‘shni yaginlashuvchi kasr bo‘lsa, u holda a-

Qt  QKRIK\L
munosabat o ‘rinli ekanligini ko‘rsatish mumkin.

Ma’lumki, zanjirli kasrng shartidan

=a A = -a
@ i & "ot

Munosabatlar aniglangandir.

Misol. LjLL- =[3;3,1,9,2,2,1,2]

S1=fo=4- _ 10,

© i 'a  3-"
K 0 1 2 3 4 5 6 7
a0 3 3 1 9 2 2 1 2
Pk 3 10 13 127 267 661 928 2517
ok 1 3 4 3 8 203 285 773
2517 127 1 1

773 39  39-82 3498

Ekanligini hisobga olsak, u holda bo‘lishini ko'rish mumkin.

Agar berilgan a sonni zanjirli kasrga yoyganda

ar=[a0,apa2,..J="a0;< (a2,«3)..J
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natija olinsa bu natijada a2 vaa3laming takrorlanishini ko'ramiz.
2-misol.142x +82y=6 tenglamani butun yechimlarini toping.
Yechilishi. (142,82)=2;6:2 bundan tenglama yechimga ega ekanligini
ko‘rishimiz mumkin.

Bundan 71x+41j>=3natijani hosil gilamiz, so‘ngra =[1512,12,12].
Endi barcha yaginlashuvchi kasrlarni tuzamiz:

io-1A 2 5.-1 £1=H 26 %.=]I
Q0 'Qx  '<r 323 4’04 11'Qs 15°Q 41

Yaginlashuvchi kasrning

Pk*Q k~PkQk-\ =(-1)* xossasiga ko‘ra

26 A\=1\15={-Xp yoki 71-(-15)+41-26=I1 ni hosil gilamiz,

So‘ngra ikkala tomonini 3 ga ko‘paytirib 71-(-45)+41-78=3

ko‘ra x0=—45, ¥0=78 xususiy yechimlarini hosil gilamiz, umumiy
yechim esa

x=-45+41/ X=-4+41/

y=78-71t y=7-71t, buyerda teZ.

3-misol. Yuk tashuvchi tashkilotdan 53t yukni bir gatnovda tashib
berishni iltimos qilishdi . Bu tashkilot yukni tashish uchun yuk
ko‘tarish quwati 3,5t va 4,5t li avtomashinalardan ajratdi . Tashkilot
har bir mashinadan nechtadan ajratgan?

Yechilishi. Yuk tashuvchi tashkilot mashinalaming 3,5t lisidan x ta
4,5 t lisidan y ta ajratgan bo‘lsin, u holda 3,5x+4,5.y=53 tenglama

hosil bo‘ladi.

35x+45" =530yoki 7x+9y =106
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A w o w DN
© N N w

Jadvaldan ko‘rinib turibdiki, 39-47 =-1=> 47-39=1 =>
4-106+9? >0 / y n . y
(-3).,06-7,«7'«4'106)+9'((-3) 106)=106

x0=4-106,j0=-3-106,x =4-106+9/, j;=(-3)-106-7f, teZ Endi

yechimlardan musbatini ajratamiz

ekanligini hisobga o\sak tx--A6,t2=-Al bo‘lib uchun x,=10,=4
t2 uchun esa x2=1y2=11 hosil bo‘ladi. Demak 1-hoi uchun 3,5 tdan
10 ta, 4,5 t ligidan esa 4 ta, ikkinchi hoi uchun 1ltavall ta
ajratilgan.

Mustaqil yechish uchun misollar

Kasrni zanjir kasrga yoying



“ 1.7

~ W -
263. 1.23;

264, —
41

Zanjirli kasrga ko‘ra sonning o‘zini toping
265. [2;1,34,1,2]

266. [0;1,1,6,8]

267. [0;1,4,3,2];

268. [0;3,1,2,7];

269. [-1;1,2,4,5];

270. [0;1,4,3,2];

271. [0;1,4,3,2];

Quyidagi tenglamalami butun sonlar to‘plamida yeching
272. 143x+169y =5

273. 237x+44 y=|

274, 275x+145.y =10

275. 3x+8y =5

276. 2x+5y =7

277. 5x+28y =59

278. 12x+7y=41

279. 12x-7y=29

280. 8x+3y =63

281. 7x—9y =23
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289.

282
283
284
285.
286.
287
288

9x-22y =10
122x+129y =2

. 264r + 34>>= 13

258n:—172 y =56

70x+33>>=1

. 45ar—37” =25

. 60x-91_y=2

440 kg donni tashish uchun 60 kg va 80 kg li qoplar mavjud. Shu

donni tashish uchun har bir xil gopdan nechtadan olingan?

290.

Kinoteatrga tushish uchun 14900 so‘mga 300 va 500 so‘mlik

biletlardan sotib olindi. Har bir xii biletdan nechtadan sotib olingan?
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11 BOB. AYNIY SHAKL ALMASHTIRISHLAR. AYNIYATLAR VA
TENGSIZLIKLARNIISBOTLASH

I-§. Ratsional ifodalarni ayniy shakl almashtirish

Birorta to‘plamda (oraliqgda) analitik ifodani unga aynan teng bo‘lgan
boshga ifodaga almashtirish, shu to‘plamda (oraliqda) berilgan ifodani
ayniy almashtirish deyiladi. Biror (ar,6) oraligda berilgan ikkita /(x) va
¢(x) ifodaning shu oraligning har bir nugtasidagi giymatlari teng bo‘lsa,
bunday holda ifodalar bu to‘plamda (oraligda) aynan teng deyiladi, ya’ni
Ax)=i(x), xe(a, b)

Masalan, /(x) =1va ~(") =cos2x+sin2x ifodalar (-oo;+00) oraligda aynan

tengdir, chunki istalgan x uchun cos2jc+sin2x=1 tenglik o ‘rinli.
Ta’rif. Ratsional ifoda deb, ratsional sonlar maydonida aniglangan

x>>2,...0°zgaruvchilar va shu sohadan olingan a,b,c,... sonlar ustida
go'shish, ayirish,ko‘paytirish, bo‘lish (nolga bo‘lishdan tashqari) amallari

bilan bog'langan ifodaga aytiladi. Agar P(x,y,z,...) ratsional ifoda
Q(x,y,z,..."j vaG(x,y,z,...) ifodalarning bo‘linmasidan iborat bo‘lsa, u holda
P[x,y,z,...) ifoda kasr-ratsional ifoda deyiladi. Ifodalarni ayniy

almashtirishda ulaming aniglanish sohasi o‘zgaradi. Ba’zi hollarda
ifodalarni ayniy almashtirishda ulaming aniglanish sohasi kengayadi.

Masalan, Xx2-5x+6 +Jx--Jx ifodani x>0  aniglangan bo‘lsa,

soddalashtirgandan so‘ng, x2-5x+6 ifoda *e R da aniglangan.
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Berilgan va olingan ifodalar (0;00) to‘plamda aynan teng bo‘ladi.

'Kophadlami ko‘paytuvchilarga ajratishda turli usullardan foydalanish

mumkin.

1-misol. Ifodani soddalashtiring.

f

Kasmi suratini quyidagi ko‘rinishda ko ‘paytuvchilarga ajratamiz. Masalan,
Xy=2Xxy-xy ni qo‘yamiz, u holda

2R+Xy-y2=7Zr2+bcy-xy-yl=

=2x(x+y)-y(x+y)={x+y)(2x-y)

no(x+y)(2x-
Demak, /(X, )—S-----y)( ¥) =2X-Y X*-y

2-misol. Ifodani soddalashtiring.

Jer™ x4-10x2+169
J{ > je2+6x4-13

Yechilishi. Ifodani suratini ko‘paytuvchilarga ajratamiz.

2
x4+169 = (x2) +132 yig‘indini toMa kvadratga keltirilsa,

I(x)  +10%*2+169j=26x2-10x2  +13j -(6x)2" X 2-6x+13Jx2+6x+13]

hosil bo‘ladi.

(x2- 6x+13)(x2+6x+13)L X2~ Bx+13
+
X2+6x +\3 X

Demak, /(*)I'I

2
X2+16x+13 =x2+6x+9+4 =(x+3) +41 ifodaxetf damusbat boMadi.

3-misol. Ifodani soddalashtiring.

o \2
(x-3] +12x
1 H—2% + |
/W PYP+3X+2 x2+4x+3 x2+5x+6 2
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Yechilishi. Kasrga umumiy maxraj tanlaydigan bo'lsak, bundan

x1+3jc+2=(x+1)(ar+2), x2+4jc+3=(x+1)(x+3], x1+5x+6=(x+2)(x+3)
larni hisobga olsak, (x+I)(*+2)(x+3) umumiy maxrajga kelamiz.

N 342X (*+2)+IC+r, x2-6x+9+\2x 2X2+6x+4
1) =1 (ranyre2) (2 43) 2 [(x+1)(x+2)(*+3)J

. x2+6x+9 -4 jR2+3x+2
(X2+3x+2)(n:+3)

Demak, f(x) =2, agar x L xo-2, xo-b
4-misol. Ifodani soddalashtiring.

. \2 _ 2
fix,y,z) X_yux_ Z)E’yjzlﬂ-ijaj 'i('i_-_i')_z('zo')

Yechilishi.  Kasmi umumiy maxrajga keltiramiz va_y-z ni

y-z~(x-z)-(x-y) gaalmashtiramiz.

{x-y)(x-2) (y-2)(y-x) (z-x)(z-y)

-y x-2) (x-y)(y-2) Tx-2) (y-2)

_Xx2(y-z)-y2(x-2)+z2(x-y) _
{x-y)(x-2)(y-2)

_ XM (X-2)-x2(x-y)+y2(x-2)+22(X-y) _
(x-y)(x-2)(y-2)

{x-y){x-2){y-2)

= (X=X =Y (5> =% %) = (x-2) (x-y)(y-2) =
- (x-)-2) Ky x=2)(y-2)
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5-misol. Ifodani soddalashtiring.

ft 4_ y-2z Z-X X-y
Jxy.z) (x_y~x_z) (y_z)(y_x) (z-x)(z-y)

Yecbilishl- (J=5p=i)="~J" 1= igaasosan’
— +- 1 - -
X-y X-z Yy-Z y-X Z-X Z-Y
2 2 2

Mustaqil yechish uchun misollar

Ifodalarni soddalashtiring:

a b+c |b2+c2-cP,sa-b-C g, yarga 320,02, 6=11,05,

L1 2be abc
a b+c
c=1,07

a-b a2+b2-c

2. —2a b—2p2 —K (b2+b+ab +a a>0,b>Q,b*2a
Qb*+4ab2+a2)\{2b2+a) ' ’

3. 3a2+2ax-x2 2 110 ax~3x2

(3x+a)(a+x) a2- 9x2
4 JL-I+1 wx~yf+ L x*0,yp0,x ®-y.
U2 vy x tz
5 2 1
' 2X-y 2x+y 2x~5y)'4x2-y2
*=7,3
.. ©)

7. 2ox+Ax2+5x2 @543 rane1e FL)

55



10

11

12.

13.

14

15.

16.

17.

18.

19.

20.

X4-X3-X +1 | -1
Xx2—5x2+ 7x- 3 1

X? +X2—2X
x|*+2]-x2+4
ama-3]|
[a2-a-6™M\a)
a3-2a2+ba+26
a3-5a2+17a-13
la-1[+]al+a

3a2-4a + |

x4- x2-2x-1 x4+ 2x3-X -

2

2
[L2-11+y= .
2y2-\

cP+a
N2-1]+.y|.y +]|

ix_ IJ N ” |*+

el ;1ﬁ+2x-¢

A4-91n3+1212+94a-13
q4-10/73+22n2-13n

IW-1I-W
xX—

2x2-xy-3_y2
2X2+5xy+3>72

3

-2]
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21.

22

23.

24,

25.

26.

27.

28.

29.

30.

31

L 7-xN_4
3+x3J je5 4-3x2

6x6-24 2X
X9+6x6+9x3 3x3+6

P3+4/)2+10p+12 p2-3p2+bp
p*+p2+2p+\6 p2+2p+6

x3+y 3+z3-3xyz
(x-yf+ (y-zf+(z-x)2

X2+Yy2+22+2xy+2yz+27%
X2—y2—72-2yz

2Xz-xy-3y2
2x2+3y 2-5xy

a3 , b3 c3
(a-b)(a-c) (b-c)(b-a) (c-a)(c-b)
joA-(jc-1)2 | x2-(x2-\) ~x2~-1)2-1

(x2+1)2-x2 x2(x+12-1 Xx4-(x+If

Fioevl b yitd
y XZ xy+y2 y?—2x2y+xy2

2
X1-X+1 , 2x(x-\f _2n2(x2-1)

IMX+HT X4+X2+]

a+6 + a-b +2(c?x+b2) 4(av-~V)
ax+fcy ax-iy ax2+b2f adx4-bdy4

b-c+c-a+a-b +(b-a)(c-a)(a-b)
b+c c+a a+b (b+a)(c+a)(a+h)
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Ayniyatni isbotlang

32 fr-c c-a { a-b 2 2 [ 2
(a-b)(a-c) (b-c)[b-a) (c-a)(c-6) a-b b-c c-a

33 M(</-c)("-a) c2{d-a)(d-b)_ 2
(a-b)(d-c)  (6-c)(6-a) (c-a)(c-6)

34. Agar (a-Z>)2+(6-c)2+(c-a)2=(a+6-2c)2+(6+c-2a)2+(cta-2&)2

bo’lsa, u holda a=b=c ni isbotlang.

35. Agar a+b+c=Q bo‘lsa, u holda

abtb5*c5_ a3+63+c3 a2+b2+c2 My qang

36. Agar !a+ I+1=— |— bo‘lsa u holda é4n-+T4-+-4-:~|7|—Vl—ﬂ

T
bn cn an+bn+c

isbotlang.

2-8. Irratsional ifodalarni ayniy shakl almashtirishlar

Matematikada ko“p uchraydigan amallardan biri ildiz chigarish amalidir.
Agar berilgan algebraik ifodalarda to‘rt arifmetik amaldan tashqari ildiz
chigarish amali ham qatnashsa, bunday ifodalar irratsional ifodalar
deyiladi. Arifmetik ildizning ta’rifini keltiramiz.

Ta’rif. a>0 sonning n-darajali arifmetik ildizi deb (He N), rc-darajasi a
ga teng bo‘lgan b> 0 songa aytiladi va b=Lla orgali belgilanadi. Shartga
ko‘ra = a>0

Teorema. Har ganday manfiy boimagan haqiqiy sonning n-darajali
arifmetik ildizi yagona manfiy bo‘Imagan hagigiy sondir.

Masalan, VI6 =4, bu yerda arifmetik ildiz 4 ga teng.
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n/25 =5,bu yerda arifmetik ildiz 5 ga teng.
Ta'rifdan quyidagi xulosaga kelish mumkin:
N _ a8ar n -juft son bo'lsa,

(a, agarn - tog bo'lsa, n*1
Masalan, n/a” =\a\, %a=a
Irratsional ifodalar quyidagi xossalarga ega:

1°. \[ab =LLa-LLIb, agar a>0, b>0 bo‘lsa.

2° a8ar a-0> b>0 bo‘lsa.
30
40
0 mA K = agar mjuft bo'lsa
, agar m toq bolsa
1-misol. ifodani maxrajini irratsionallikdan qutgaring.

Yechilishi. 1+n/2-n/317 qo‘shmasi 1+n/2+n/3 ga kasrni surat va
maxrajini ko‘paytiramiz.

3(1+T2+n/3) 3(I+V2+V3) 3(l1+V2+V3)
(L+N-n/3)(1+n/2+n/3) J1+"2j2 _~32 2112

Endi n/2 dan qutulishimiz kerak.

32(L+n™+n/3)  3(n/2+2 +n/6)

2-misol. A5-73- 429-125 ifodani soddalashtiring.
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Yechilishi. Awalambor kvadrat ildizlar ostidagi ifodalarning musbat
ekanini, ya’ni ildizlar istalgan R da ma’noga ega ekanini ko ‘rsatishimiz
kerak.

3-V29-12V5 >0=>3>4/29-12>/5

Buning uchun 29-1275 >0 ekanini ko‘rsatish kerak. R da ayrim

almashtirishlar bajarib quyidagiga kelamiz.

29-2-3-2-& =20-2,/20+9=(/10-3)2>0

3-(H20-3)=6-V 20

75-26-720 =75-A(75-1)2=75-75+1=1
3-misol. A-(732 +745-798)(T72-7500 - 78 Ifodani soddalashtiring.

Yechilishi. Oldin har bir radikalni ildiz xossasidan foydalanib
soddalashtiramiz.

732 =7167"2 =472, 745 = 7975 =375, 798 =74972 =772,

772 =736”"2 =672, 7500 =7100-5=1075, 78 =7®d2 =272,

Bulardan

a =(472+375 - T72)(67 - 1075 - 272)=(3T5- 372)(472 -1075)

Qavslami ochib chigsak,

N=12710- 24-150 +30710 =42710-174 =6(7Tl 0 - 29)

) 2 cP+frb . . -
4-misol. n N ox= bl5\’ ab>0 ifodani soddalashtiring.
cr-

Yechilishi.



a>0 a<o0

" a>b V a<b
L g(<2-8)>0 150 peo

J+  a3(a3-#3>0
==

N
i A2 "M\ yarraar
fm Ufrri 1 - ype\Sn Y%c-| -Ajr-1
. 2b3
W33 Ja3-b3
2a3 J 2b3

IcP-b3 \a3-b3
1-hol. a>0, b>0, a>b
tf2--Jab _ 4ab
Wa-b)~a-b

2-hol.
-2a3 j -213
V~7-g3 ib3—a3

3I"LJ-2b3
b3-a3 Sb3-a3

Javob:

l12(-a+b)  b-a

i\ agar a>0, b>0, a>b.
2) agar a<0, b<0, a<b bo'lsa.

5-misol. Ifodani soddalashtiring.

a+l
1 1 -+
Va+Vo+T “yfa-4a-\, a-1

Yechilishi. Oldin birinchi gavsni, keyin ikkinchi

irratsionallikdan qutqaramiz.
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n 1 Ta-n/o+T - >/gMfa+T-y —r  J-
Va+Va+T (Va+Va+T)(Vo-Va+l) a-(a+\)

2) ga--Ja—d (Vti-Va—Tj(Va+Va-lj a—fa-1)

3) (V~hT- VA+VA~ATj= Vo+T-t->/3—F
/N Ix fa+1 _ afl4+>/f1+1
j Va-1" ninT
Javob: agara>l bo‘lsa, A=y/a-1
6-misol. Kasr maxrajini irratsionallikdan qutgaring.

n_ 3
1+72-n/3

Yechilishi. Avvalambor, kasr maxrajini (1+V2j-V3 ning go'shmasi

(1+V2|+d3 ga kasr surat va maxrajini ko‘paytiramiz.

3(1+V2+>/3) 3(1+n/2+>/3)  3(1+T2+n/3)
1_(1+72-V5)(I+"+VS) =|1+r)2 _ N2 = L
Endi y/2 ga ko‘paytirib bo‘lamiz.

A
7-misol. A= kasr maxrajini irratsionallikdan qutgaring.

Y echilishi. a*-b* ={a-b)\a3+aX+ab2+bBhdan foydalansak
$3=a \I2-b desak,

T2(Ne #1172 47422 + A ] WIL27 +T +Y n+ L,
+ + @s)4_(412)4
=NW+LUT2 + W +1732
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Mustaqil yechish uchun misollar

Kasrni maxrajini irratsionallikdan qutgaring

2730
75 +76 +77
3. 1
W+W+ L +3
39, V273+72
7273-72
40,
a1 2+76
2n/2+273-76-2
42.

1
LU+
Tengliklar to‘g‘riligini isbotlang
43.  %20+1472 +\j20-\4y12 =4

'S+2+JS-2_ 1
V7 Vv W 5

79+765 _77I9+73

45,
7719-73  19-765
1+V3_ 241

B on T3t

47.  N38+1775 ="9+475

48, N[l 4-.-27~ =2
72+72+73 723273
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Ifodalarni soddalashtiring:

slab—Jab +I-tfab\ ifab _|1-$ab—yab

49.
yfab
50 -J\+z% _ l-a Ty -1
\I\+a-yj\-a yjl-a2—+a, > 2 a,
51 a-2b  + \l2ab+\l4ab2 .aVa+b”"2b+blfa+ay/2b
[1a2-\]4b2 \la2+3j4b2 +LLi6ab J a-b
5, ( 4b2+2ab 8b-Jb f1 .2)2 [2a
~N4aDh2—Sab3 yjdab—iab2, Uab a ) Sb
53. — lL—p ...
B2 4a~2
VI ? 2ax(12—a2) 2
4+8+ B
55. 2a A a2
(I+a)vl+tf 2
56. Ab_0p+2- cp-tfl-Isla
a "2 a\l2a-\jSa4
57 A+ 1)3+n/(2p-1)3 1
j4p+2jap2-1 2
58. 4 *r 4.+ . (X-y) x*0, y*0, x*-,
u J * 1+’E

59 aVa+ byfb ¥
' a-b
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X+y X-y
3  Mx-nly 4x+4y y-gcy+x
Jx-yfy Tx+4y  2Ixy

X+y X-y
[Ax+4+ 1
61. N *
V* 2*2 -x-1
62. +3 -n/x

*J oo l*
"x+3n7Jx+9 V?_27

63. X*+ [# _i+2-x"
XI —Xbl2+2

64, A - x>0

65- f ... S +Y(x+2) -8x

66_ (-X-OVA-|)Lg+2[5(
*2+1+2X|

67. yj\-2°fm-m~

n2
68. 2% 44w |le-x+1

3-§. Ko‘rsatkichli va logarifmik ifodalami ayniy shakl

almashtirishlar

Ta’rif. y=a*(a>0,a* 1) ko‘rinishdagi funksiya ko ‘rsatkichli funksiya
deyiladi.
Ko‘rsatkichli funksiya quyidagi xossalarga ega:

65



1.Agar a*.c?,x,ye R, a>Q boMsa, ax ay =ax+y boMadi.
2. Agar <f,£2x,yeR, a>0 boMsa, ax:ay =ax~y bo‘ladi.
3. Agar ax,xeR,a>0 bo‘lsa, 3yeft uchun (ax'Y=crYy bo‘ladi.

4. Agar V*e R ax,bx,a>0,b>0 bo‘lsa (a-bf=aKsbx boMadi.
Ta’rif. b sonning aasosga ko‘ra logarifmi deb, b sonni hosil gilish
uchun a sonni ko‘tarish kerak bo‘lgan daraja ko‘rsatkichiga aytiladi.
Logarifimning asosiy xossalarini keltirib o ‘tamiz:

1.Agar ab>0 boMsa, logc(ab)=logca+logc Zbo‘ladi.

2. Agar ab>0 bo‘lsa, \ogc(”)=\ogca-\ogch bo‘ladi.

Agarba’zi hollarda a>0,b>0 boMsau holda \d=a\b\=b boMadi.
Undan esa logc(a®)=logca+logc6 va logc*j=logca-logc&

3. Agar a>0,neR boisa, uholda logca” =nlogca bo‘ladi.

Agar a*n,n —2m(m =£+1,+2,...) bo‘lsa, uholda

logc an = «logc |a] boMadi.

4 Agar a>0,b>0,b*\ boMsa uholda logca= " bo‘ladi.(Bu

formulani yangi asosga almashtirish (o'tkazish) formulasi deyiladi).

Bunda agar a=b boMsa
— N i
log, B8 zllfo—g*c boMadi.
1 Agar a>0,ns RboMsa, uholda logca=logc,a" boMadi.
2. Agar ¢>0,b>0%*1,T9,ke /?bo‘lsa, uholda  log"ftw=f~J log*b

boMadi.
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3.Agar c>Q,b>Q,c*\,,b*\, bo‘lsa, u holda clo£b=blogch bodadi

Bu xossalar yordamida ko‘rsatkichli va logarifmik ifodalaming ayniy
shakl almashtirishlariga doir misollar keltiramiz.

] \-\log725
1-misol. 49 4 ni hisoblang.

... ,  Hilog,25 2-hog,25
Yechilishi: (72) 4 =7 27

Bunda daraja ko ‘rsatkichida ayniy shakl almashtirishlar bajarib,
Quyidagi ko‘rinishga keltiramiz:

2-ilogy 25=2-~ 10g752=2- log75=109749- log75=log7Ll-

pens 2~1log725 log7~ 1087 r
Shunday qiiib, 7 2 -1 (1)xossagaasosan, 7 5 =--=9,8

ga teng.
2-misol. Agar log312=<abo‘lsa log318 ni hisoblang.
Yechilishi: 10g318=log39+log32=2+l0og32 dan log~2=x belgilashni

Kiritamiz.
log™18=2+x. Endi log, 12=log,(3m22)=log33+1l0g322=1+2!0g32 ga

egabo‘lamiz. Bundan log312=I1+2x.

Shartgako‘ra, |09312:a gateng. Demak, 1+2x=a, x:a2
Shunday qilib, log318=2+x=2+""- =A~A,
3-misol. Agar logg30=a,log”"24=" bo‘lsa, log”O ni hisoblang.

Yechilishi.

6Q_ 109260 _ lcg2(3#'®) _ 1°924+ 10823+ 10625 _ 2+ 1062 3+10825

i
12 log212 log2(4-3) log, 4 +10g23 2+10g23
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k)g23=>* log25!=.)' belgilashkiritsak, IogT2 60 = 2§§;y

o lojj#  log2(2-3) [+*
log215 log2(3-5) x+y

[lxxtz=
Q’\% r bu sistemani yechib x vay lami topamiz.
F t °

6+3-o0t 22-6-2+06 hojd | 206+20-!
afc-1 ! ab-1 6,2 ab+6+1

4-misol. Agar a2+b2=lab, bo‘lsa Ig-"JfA:%(IgaHgG) ni isbotlang.
Isboti: Tenglikni ikkala tomonini 2 ga ko‘paytiramiz.

21g”n=lga+lg6

=1gfl+Igh.
a2+b2- lab da tenglikni ikkala gismiga 2ab ni qo‘shamiz.
a2+b2+2ab="7ab+lab
(a+b)2-9ab
Ig =IlgM =ig(aA)=Iga+ig6

Mustaqil yechish uchun misollar
69. log62=aga ko‘ra, log36ni hisoblang.
70. 1g64=a gako‘ra, 1g"25 ni hisoblang.
71. Igl22,5=a va \gl-b gako‘ra, Ig5 ni hisoblang.
72. log,4=a va log,3=6ga ko‘ra, log2 12 ni hisoblang.

73.  log4125=aga ko‘ra Ig64ni hisoblang.
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14, T2=a2-b2deb, log” m+log” m-1Xog” mlog”® m ni

soddalashtiring.

75.  (log*a+logoby +2 - log6a- log, b ni soddalashtiring.

y

log, a+log, n

ni isbotlang.
1+ log6n

76. an>0, b n>0,b*I bo‘lsa, log, an=

77. a>o0, b>oa*l,b*Ibo‘lsa, ---------- N e ni
(logaft+logAa+l)loga|

soddalashtiring.
log,, /V-log, N\ogr N
78.  loga?V \ogb N +\ogb N-logc N +logc N soga jV=-------- 0o N---—-—--
®abc

ni isbotlang.
79. logglog4log216 ni hisoblang.

80. Iglgv™MIO ni hisoblang.

8L ~ & ni hisoblang.

/ o\l
82. 2» 09%5 ni hisoblang.

83.  36log65 + 101_1g2 _310g936 ni hisoblang.

84. log32-log43-log5410g6510g7610g87 ni hisoblang.

85. Igil - log2log3 ni hisoblang.

86. 3 N -2 A ni hisoblang.
87. log25=a ga ko‘ra logia)40 ni hisoblang.

88. log,227=aga ko‘ra log616 ni hisoblang.
69



89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

log320=a va loggl5=6 ga ko‘ra 107360 ni hisoblang.

log125=a va log12l1=6 ga ko‘ra 10g27560 ni hisoblang.

I%aBKz logak -+ logdK ni isbotlang.

Kbak=I0gi+ill°lhk ni isbotlang.

e ______/\_ e e = o - H H
(10G~AY i+(|og<2b) r1+...+(Ioga16) Pgom-anb ni isbotlang.
Agar a2+ 4b2=12ab boMsa, log~+~ =|(lga +Ig6)ni isbotlang.

(logOi+logAa+ 2)- (log" A~og” b) logho—1 ni soddalashtiring.
O22alog*+3b °8/5™  ni soddalashtiring.

Js®- i
il+2Ilp" -a logdal -1 ni soddalashtiring.

1
21og2* , (@>1) ni

soddalashtiring.

99.

Agar m2=a2-b 2 ekanligi ma’lum bo‘lsa,

loghw+log”m-lhg” mXog”™m ifodani soddalashtiring.

100. p =10118° va /=10!1&3 ekanligi ma’lum boMsa, a ning y ga

bog‘lanishini toping.

101. Agar b2=ac bo‘lsa,

B%%(*-Ii)og/\ci:\;ég%; ni isbotlang.
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102, Agar jCLtIZg) =X*+*-Y)=& +£1%) bodsa,
gar j |g'x 9) iy Y) i ) bo4sa

Xy *=yzzy =zxxzni isbotlang.
fel,

4-8. Sonli tengsizliklar va ularning xossalari. Tengsizliklarni isbotlash

Ushbu f(x)>g(x),f(x)<g(x),f(x)>g(x),f(x)<g(x)
ko'rinishdagi tengsizliklar bir noma’lumli tengsizliklar deyiladi.
Tengsizliklar ustida ham xuddi tenglamalar singari ayniy shakl

almashtirishlar bajarish mumkin, ya’ni, birorta ~(x)funktsiya/(x)vag(x)
funksiyalaming ham aniglanish sohasida aniglangan bo'lsa, u holda

1) f(x)>g(x) vag(x) +0(x)>f(x) +<i(X)

2) a) agar *(x)>0bo‘lsa,

f(x)>g(x) va/(x)-j(x)>g(x)-j(x) yoki

b)agar <0bo‘lsa,

f(x)>g(x)waf(x)"(x)<g{x)"{x) yoki

agar f(x)>0, g(x)>0 bo‘lsa, (f[x)n>(g(x))n

1-misol. Tengsizlikni yeching.

(x~D(x+2) (x-N(x+2)
(x-4)(x-5) VI(X>-(x-4)(x-5)

Yechilishi. f(x) ni noldan katta giymatlarini topamiz. Funksiyalaming

nollarini topamiz.

XN -2, x2 Lx* 4, X5
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/(x)>0, Javob: (-°0;-2)u( 1;4)u (5;+00)
Tengsizliklarni isbotlash
Tengsizliklami isbotlashda albatta bir nechta usullardan foydalanish
mumkin.
1) Tengsizliklarni ta’rifi yordamida isbotlash.
2) Tengsizliklami sintez metodi yordamida ishotlash.
3) Tengsizliklami teskari metod yordamida isbotlash.

4) Tengsizliklami matematik induksiya metodi yordamida isbotlash.
1-misol. Agar ab>0 bo‘lsa, %+ é£2 ekanligini isbotlang.

Isboti. 1) Buni “har ganday musbat sonning o‘ziga teskari son bilan
yig‘indisi 2 dan kichik emas” degan jumladan foydalanib isbot gilish
mumkin.
/l\)+?>2

b
a2+b2-2ab

ab ~

(a-b)2
ab

(a-bf>0. a,b&R da o‘rinli.

Fagat a=b holda tenglik bajariladi.

2-misol. Agar a>0, b>0bo‘Isa, u holda
a2+b2+c2>ab+ac+be tengsizlikni ishotlang.

T, a2,a2,b2,b2,c2.c2



Tengsizliklami go‘shamiz.
i4 4 444>-ab,ac +b~

a2+hb2+c2>ab +ac+be

3-misol. Agar n>2 bo‘lsa,

BH ALt 5> g U holda

tengsizlikni isbotlang.

Isboti. Matematik induksiya metodi yordamida isbot gilinadi.

Mustaqil yechish uchun misollar

103. Agara>0, b>0 bo‘lsa, M LL=<$1lab ni isbotlang.

104. Agar a>0, b>0, c>0 bo‘lsa, E+’t‘)+?>(/a+b+c,)i(a+b+c)

isbotlang.

105. Agar a>0, b>0 boMsa, 4a+sfb<”~-+J” - ni isbotlang.

106. Agar a>0, b>0, ¢c>0 bo‘lsa, T* -+ ~ -+ -~ r >3 ni isbotlang.
b+c c+a a+b

107. Ixtiyoriy x haqgigiy son uchun xs+x6-4x4+x2+1>0 ni ishotlang.

= N+ +\> ii
108. Agar |a+ é A va ac>0 boMsa, 2a_-%)+ %c_}) 4 ni |sbotlan%.

109. Ixtiyoriy a va b uchun a*+67+6"+a”"+a”"+064)

isbotlang.



110. Ixtiyoriy x haqgigiy son uchun 1~ 72+ + 5 ~” n' ishotlang.
111. a~0, b>0, cs;0 uchun a3+&+c? >azy/bc+b2yfac+c/y/ab
112. Agar a>0, b>0, ¢>0 bo‘lsa, (a+b+c”™al+b*+(?-)>%abc

isbotlang.

113. [a+b)(b+c){a+tc)>%abc, a>b, b>c, c¢>0.
114. a(l+z>)+6(l+c)+c(l+a)~6v/afoc; atO, b>0, c"O

115.

116. fi+ 1.r > ne N
t ¥

al 1

117. +ad 2

118. Agara+b>0, a*0, b*0u holda +

ﬂg a+bzc+d’;,\JJa2+b2202+d2

120. \a+b\>\a\-1§
121. Agar ab>0 bo‘lsa (a+b)4£a4+64
122. Agar a>0, b>0, ¢>0,d>0 uholda a*+bA+cA+d*>4abcd

a2+h2

123. Agar a”0, b~0 u holda 5

124. Agar a>0, b>0 uholda

125. log23+log32>2

126. Agar a>0, b>0, ¢c>0 bo‘lsa%%ﬁ Nt -2

c+a a+b "2

74

ni



127.

128.

129.

130.

132.

133.

134.

Agar a>0, b>0, 00, d>0 boMsa

V(@+A)(cW )+\V/(a+c)(A+rfwW (a+")(M+c)-
AVab+Vac+Vad+Vbc+Vbd+Vcd

a+b>1bo‘lsa, x4+y4>" ekanligini isbotlang?
o

311< 1714 Qay bin katta?

. O+4+c)[i+]| +1j>9

a2+bh3+<? >3abc

Adgar a-ixtiyoriy haqiqiy son bo‘lsa, u holda °2+a+2
\la2+a+1

Agar a>0va b>0 boMsa, u holda abia+fy-~al+ $
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111 BOB. ALGEBRAIK TENGLAMA VA TENGSIZLIKLAR

I-§. Ratsional tenglama. Teng kuchli tenglamalar

f{x) =g{x) (1) tenglama berilgan bo‘lsin. (1) tenglamaning aniglanish

sohasi D sonli to‘plamdan iborat bo‘lsa, £=MjRA”boMadi. Bu yerda

M, vaM2 mos ravishda/(x) va g(x) funksiyalaming aniglanish

sohalaridan iborat bo‘lgan sonli to*plamlardir. (1) tenglama D sohada ba’zi
bir ayniy almashtirishlardan umumiy maxrajga keltirish, gavslarni ochib
chigish, hadlarni tenglamaning bir gismidan ikkinchi gismiga olib o ‘tish,

o‘xshash hadlarni ixchamlashtirish va hk. keyin /,(x)=glx) (2

ko‘rinishni gabul gilish mumkin.

Ta’rif. Agar (1) va (2) tenglamalarning ikkalasi ham bir xil yechimlarga
ega bo‘lsa, ya’ni yechimlar to‘plami ustma-ust tushsa, bunday holda (1) va
(2) tenglamalar teng kuchli tenglamalar deyiladi.

Masalan,

2*%142* +3=3%2+21:-1 ya 2x2+2x + 3= 32+ 2« -\
o+3 T+3

arxn+an Ixn-i+an 2xn2+...+alx+aQ=0 ko‘rinishdagi tenglama yuqori

darajali (butun ratsional) tenglama deyiladi.

-:(/4):0 ko‘rinishdagi tenglama kasr-ratsional tenglama deyiladi. Bu
a(x

yerda P(x) va Q(x) - ko‘phadlar.

Ratsional tenglamalami yechishda asosan quyidagi metodlardan

foydalaniladi:
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4) Ko‘paytuvchilarga ajratish usuli.
2) Yangi o'zgaruvchilar kiritish usuli.
1-misol. Tenglamani yeching.

X3+2x2+3x+6=0

Yechilishi. Tenglamani chap tomonini ko‘paytuvchilarga ajratamiz.

Xi(X+2)+3(x+2)=0 bundan (x+2)(x2+3j=0. Bu tenglama x+2=0

yoki x2+3=0 ga kelamiz. Birinchi tenglamadan ~ =-2 ga ega bo‘lamiz.

x2+3 =0 xeR da yechimga ega emas. Javob: x=-2
2-misol. x4+4x3-10x2-28x-15 =0 tenglamani yeching.

Yechilishi. To‘la kvadratdan foydalanib tenglamani chap gqismini

ko‘paytuvchilarga ajratamiz:

X4+4x3+4x2-14x2-28x-15 =0
(m2+2jg -14(x2+2x)-15=Q
Agar x2+2x=y deb belgilash kiritsak, y ga nisbatan y”~-My—15=0
tenglama hosil bo‘ladi. Tenglamani yechib”j =-1, Y2 =15 ildizlarga ega
bo'lamiz.
\M=—1 bo‘lganda x2+2x--1, (x+1)2=0. lldizi =-~1
y2=15 boMganda x2-2x-15 =0 . lldizi n™~=3 x4=-5
Javob: X N3N

3-misol. 4x3-1 Ox2+14x- 5=0 tenglamani yeching.

Yechilishi. Bu tenglamani yechishda sal boshgacharoq usul tanlaymiz,

ya’ni tenglamani shunday songa ko‘paytiramizki, natijada x3 oldidagi
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koeffitsient biror butun sonni kubi bo'lsin. Buning uchun 2 koeffitsientga
ko‘paytirish kifoya. Tenglamani har ikkala tomonini 2 ga ko ‘paytiramiz.
8x3-20x2+28x- 10=0

(2j93-5-(2j92+14-(2x)-10=0

t=2x almashtirish kiritilsa, quyidagi ko‘rinishga keladi.

r3-5r2+14<-10=0

Gorner sxemasidan foydalanib, tenglama yagona /,=1 yechimga ega

ekanligiga kelamiz. x="=>x =i

4-misol. (x2+x+4j +8x|x2+x+4j+15x2=0

Yechilishi. y=xi+x+4 belgilash kiritsak, tenglama \2+8x"+15x2=0
ko‘rinishga keladi. Tenglamani har bir hadini x2 ga bo‘lsak,
(x) +8{f)+,5=0 gaegabo‘lamiz.

N =t ikkinchi belgilash kiritamiz.

r2+8/+15=0 f,=-3, t2=-5

X—t% y1:—3x X—:-5 Y, =-5X

Shunday qilib, tenglamax2+x+4=-3x va x2+x+4=-5x ko‘rinishga
keladi.
Bulardan, Xj2=-2 x34=-3xV5.
Mustaqil yechish uchun misollar
Quyidagi tenglamalar teng kuchlimi?

1. x+3=0 va (x+3)(x2+2)=0 xeR.
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2. x2+;(-2x =- vax2=2x xeR.

3. *2~4 i va x-2=0 xeR.
X-2

4,  X2+\=JX va xM1+x/1-x2Vx+n/l-x .
5. x3+x=0 va *3TxMi .

6. 2x2+2x+3_3x2+2x-1 va 2x2+2x+3=3x2+2x-1.
x+1 xX+1
A 2
7. yfx+2-y/lx+1 va (7x+2) =(V2x+1) .

8. x2-4 _ 4 ya*+2=-4 xeR.
X —2

9. 2VX-7Tx2=2"+VXj vaijx-I1x1=2x+2jXx.

10.  2-JIx-I1x1=2x+2s[x va -1x2=2vX .
11, f(X)=<f>(x) val/(*)j2=|NX)|2

12. x2-1=0 va 'Jx1-\= 0 xe/l.
Tenglamalami yeching

13. x4-1 =0.

14. x6- 64 =0.

15. x4-8x +63=0.

16.  (X+1)(x+3)(x+5)(x+7)=9.

17 (x2+x+)(x2+x+2)=12.
8. ~-T ~1j-0

i0 X2-X X2-x+2 .
X2—xX+1 X2—X—2

79



20.

21.

22.

23.
24,
25.
26.
27.
28.

29.

30.

31.
32.

33.

34.

35.

36

37.

38.

X3_*2_ =2.
XX

(x+3)4+(x+5)4=16.

(x-4,5)4+(x+-5,5)4=1

103- 3x2- 2x+1=0.

4x3-3x-1 =0.
2x4-21x3+74x2-105x+50 =0.
X5+4x4-6x3-24x2-27 x-108=0.
x4+2x3- 2j@+6x-15=0.

2*3- 32 +6x+4=0.

5 2 - % |§x~])2
x-1 x+1 2(x-3) x2-2x-3°

24 122 . 2.,
X2+2X X2+X
21V V1

16x4 +8x3-7 x2+2x+1=0.

x2-6 x-9 x2-4 x-9

X X2-6X%x-9
—3-T=3-*-x2.
1+ X+ X

1

r2-3x+3 x2-3x+4 x2-3x+5

X2+ 20r+2 | x2+8x+20 _ x2+4x+6
x+1 X+ 4 X+ 2

3 4 -x X
2x2-8 x4+ 2x3+8x-16 x3-8

+ 1

1 X ~ 9
x+1 2(x+1) 2(4-x)
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39.

41

42.

46.

47.

48.

49'

50.

51.

52.

3 - 3
X(X-3)  (x+2)(x-1) 4 (x_1)2

N1+l =n

A .
2x  X(X+T X(X-I)

I+x 1-x
l-x l+x — 3
I+x 14—jc*
l-x
1 12
x+ 1,
\+ X+
X-2
3 3 -

X(x-3)  (x+2)(x-) y (x-1)2

X (x-1)2

- 22— 4+ 3x— +5=0_

X2-4X +2 x2+x+ 2 4
2 ——— Y e =8x2- 6x+1.
6x2. Tx+2 12x2-17x+6

*
SJ-iJ U+iJ 16
12 +Jt2 Xi
X2-2X X2-X

24__ =

P +?7)-6H |

T +f =lo(f-".

x2+_2"L =h.

(x+5)

2x+1

4x2+3x+8

+

3x 1

14x2-6x+8 6~
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2-8. Qaytma va yuqori darajali tenglamalar. Kasr-ratsional
tenglamalar

akn+axr+axn2+...+an &1+ *rix+an=Q

ko‘rinishdagi butun algebraik tenglama qaytma tenglama deyiladi.

Bu ko'rinishdagi tenglamalarda boshidan va oxiridan bir xil uzoglikda
joylashgan koeffitsientlar teng bo‘ladi. Qaytma tenglamalami n=2k va
n=2k+1 bo'lgan holatlarda garaymiz. Buni misollarda keltirib o‘tamiz.
1-misol.  21x6+82x5+103x4+164;e3+103x2+82x+21=0 tenglamani
yeching.

Yechilishi. Tenglamani x3ga bo‘lamiz.

21x3+82n:2 +1 (B, +164 +103-i +82-4,-+ 21--V =0
* X2 x3

21|x3+pj+82jx2+~j+103 "x+~j+164=0
x+--=t belgilash kiritsak, x2+-XT=12-2, x3+-L =13-3<
X xL X

ga ega bo'lamiz.

2U3+82/2+40/=0=>"(21"2+82+40) = 0
Bundan, /j=0 va 2U2+82?+40=0
Tenglamani ildizlari /,=0, = 3=-"y
Agar: 1) ti:O bo'lsa, x+)—( =0=>x2+1=0
Tenglamaga ega bo‘lamiz. x,=-/, x2=i

2) t2=-"~ boMsa, 7x2+4x+7=0 tenglamaga ega bo‘lamiz. Uning ildizlari
r_-2+375/

34 7
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3) B3=J° bo‘lsa, 3x2+10x+3 =0 tenglamaga ega bo‘lamiz. Uning

ildizlari: x5=-1i, x6=-3

2-misol. x5+x4- 3x3+3x2- 4x-1=0
Yechilishi. Bu tenglamaning daraja ko‘rsatkichi tog son bo‘lgani uchun,

bitta ildizi x, =1 ga teng, ya’ni
(ar-1)(x4+50" +2X2+5x+1j=0
x =1 x4+5x3+2x2+5x+1=0
Butenglamani x2 gabo ‘lamiz.

*2+5x+2+5+4r=0
X X2

x+- =t belgilash kiritamiz.

Uholda x2+ \I- t 2-2 gateng bo‘ladi.

X
Belgilashlami o‘miga qo‘yib, t2+5 =0 ga ega bo ‘lamiz.
Bundan, tx=0, t2=-5.

Agar: 1) #=0 bo‘lsa, x2+I=0=>x23=%/



Mustagil yechish uchun misollar
Tenglamalami yeching

53. KQ\‘ =0

54.  x3-8x2+40=0

55, x3-4x2+x+6=0

56. x3-7x-6 =0

57.  2x3-3x2+6x+4=0

58.  2x4- 5x3- x2+3x+1=0

59.  2x4- 5x3+5x2-2 =0

60.  4x4- 7x2-5x-1=0

61l.  6x4—13x3—27x2+ 40x —12 = 0
62.  x5- 6x4+9x3- 6x2+8x =0

63.  x5-4x4-6x3-24x2-27x- 108=0
64. 2x4—4x3+13x2- 6x+15=0

65. x8-15x4-16 =0

66. (x2-5x +7j2-(x-2)(x- 3)=1
67. x2+1+ x -2,9

68. (x+1)(x+2)(x+3)(jc+4) =120
69. (jc-4,5)4+(x-5,5)4=1

70.  (x+3)4+(x+5)4=16

71. 6x3-13x2+9x-2=0

T72.  4x3+6x2+5%x+ 69 =0

B (42 > 1+ > a°
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74.

76.

78.
79.
80.

82.

83.

84.

85

86.

87.

88

4x2+|2x+12+-'5 =47
X X"

? =5fA
#1871
X4-2x3-x2-2x +t1=0
X4+2x3- 7x2-4x +4=0
16j04 + 8ic3—7M2 —2 jo+ 1= 0

30x4-17x3-228x2+17x+30=0

Gt

X—2"Xx+2_x—4+x+4 28
x~1 x+1 x-3 x+3 15

3 =3-x-X2
X+ T

aAr-3x+3 x -3x+4 x -3x+5

12x+1 9x-5 108x-36x2
6x-2 3x+lI 4(9x2-1)

X~3 _ *+6

2x3-8x +6 8-2x2 x3+3x2-x +3

Ji1* +3)- 5
2x3+x2-8x-4 2x2-3x-2

2x-2 X-2 x-1
x2-36 X2-6X Xx2+6X

242 (x2+8x fx+2

48-10x-2%x2 X2-3X X+8~~
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3-8. Modul gatnashgan tenglamalar

Modul tushunchasi matematikaning muhim tushunchalaridan bin
hisoblanadi.

Ta’rif. a sonining moduli deb, agar u son nomanfiy bo‘lsa, a sonning
0'ziga agar u son manfiy bo‘lsa, -a soniga teng songa aytiladi.
Ta’rifga ko‘ra,

bo'lsa,
i bo'lsa,

0 ‘zgaruvchisi modul ostida gatnashgan tenglamalami yechish uchun
quyidagi metodlardan foydalaniladi.

1) Ta’rifdan foydalanib yechiladi.

2) Tenglamani ikkala tomonini kvadratga oshiriladi.

3) Oraliglarga ajratib yechiladi.

I-misol.|4x-1j =3 tenglamani yeching.

Yechilishi: 1-usul. |[4nr-1)=3 Ta’rifga ko‘ra,

ra—1>0 f4x-1<0

Birinchi sistemadan Jf=1yechimga keltiramiz.
Ikkinchi sistemadan x2= -i

2-usul. Tenglikni ikkala tomonini kvadratga oshiramiz.
[4x-1|2=32

16jc2- 8jc-1=9

16x2- 8x-10 =0

8x2-4x-5 =0
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Bundan j=1, x2~~\ javobga kelamiz.

2-misol. |3jc—4|=4—x tenglamani yeching.
Yechilishi. Bu tenglamani yechish uchun ta’rifdan foydalamiz. 4-x<0
boMganda tenglama yechimga ega emas, chunki |3jc-4|>0bo‘lishi kerak.

4-*>0bo‘lganda tenglamani ikkala tomoni nomanfiy. Shuning uchun

kvadratga oshiramiz.

Bu ildizlar aniglanish sohasiga tegishli boMganligi uchun

javob: 0 va 2.

3-misol. |3-n]-|x+2|=5  (1).

Yechilishi. Bu tenglamani yechish uchun 3-usuldan foydalanamiz. 3-x =0
vax+2 =0 nuqgtalami son o‘giga joylashtiramiz. U holda son o‘qi
(-00;-2)u[-2;3]u(3;+00) oraliglarga ajraladi.

(htenglamani har bir oraliqda yechib quyidagicha natija olamiz.

fx<-2 j-2<x<3 fx>3
[3-x +x+2=5 {3-x-x-2=5 |-3+x-Xx-2=5

Javob: (-oc;-2]
4-misol. x- 2x+3 =3x-1 tenglamani yeching.

Yechilishi: Bu tenglamani yechish uchun ta’rifdan «ichma-ich»

joylashgan modul sifatida foydalanamiz, ya’ni
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fx-[2*+3|*0 fx-|2nr+3|<0
[x-)2x+3)<=3 x - 1V||ar-|2c+3)=1- 3x

vip«3]|>,
jpJt+3(=1-2* jpi+3|.4»-I
Birinchi tenglamalar sistemasi yechimga ega emas. Ikkinchi tenglamalar
sistemasini yechamiz.

[(2ar+3>0 [[2*+3<0
Yx>0 vY x>0
[2x+3=4x—1 [|2x+3=1—4x

uso __
{2x=4 X

Javob: 2.

Mustaqil yechish uchun misollar

89. K 2k3

90.  |x2-1j=-|x)+I

91.  |2x-x2-lj=2x-x2-1

92, AXL-2X+A + Ajc2-3x+4 ,43

X2-1+|x+1| n

93.
nN-(x-2)
o Ix2-1]|
' jc-2

95.  (I+x)-|x+2|+xjx-3|=6x:+2

96.  2-9|+|x2-4|=5



J1.  ]9-4jc[-j4-6jcj = [2jc +5]

% X2-3x I|+_5 -1

X2+|x+3|
99.  4x2=\\-&x2l

100. |x|=2x+I

102. |djcd—pxa—3+]jc-2(=0

103. jx-l|-jx+2|-|2x-5) +B—d=-3
104. |x-3;-1]-2j =2

105. |2—1qii=1

106. jx2—4j—x2—4

107. |2x-x2-1| =2x-x2-1

108. |i\x2-2x+§'+!;’2\x2-3x+4]]:2
109. |7-4xj=4x-7

110. I*~7H X+9I

111. |3x+2| =|2x-3j

112, x2-21=x2+1

113. 2x2-|x)=15

114, x2+2x-3jx+1|=-3

115. |x-1]-|x-2|-1=0
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116. [;c+1]-|gc-2|+|3x+6|-5=0
117, |x+I1|-|x|+3|x-1|=2

118. K2-9(+|x-2|-5=0

119. [x2-4|+|x2-9|=5

120. |2|x-1j+3x—4|=x-2

121. |-5x—3[2x-3)+2j=x+\ 1

[x2—xj+1
122. r~.2=1
|X+1]-jr

X+\x2-3x+2\
123, — U4 -— -1=1

124. [16x|-16x-3| =3
125. [3-2xj-1] = |x-|
126. |*|-|2x+3|=x-I

107, PN
. X —2 =X

4-8. Modul gatnashgan tengsizliklar

0 ‘zgaruvchi modul belgisi ostida gatnashgan tengsizliklami yechishda
hagigiy son modulining geometrik ma’nosidan foydalanib yechiladi. a

sonining moduli son to‘g‘ri chizig‘ida a nuqtadan koordinata boshigacha
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bo‘lgan masofani bildiradi. j~-x, ayirmaning moduli esa koordinatalari
X2 Bax, nuqtalar orasidagi masofani bildiradi. Bunga quyidagi misollarda
yana ham aniglik kiritamiz.

1-misol. |x-1|<3 tengsizlikni yeching.

Yechilishi: 1-usul. Ta’rifdan foydalanib yechamiz:

M*-1<3r-(*-1)<3 f*<4 Jx>-2
}x-1>0 |x—<0 jx>1 [x<l

I<x<4 v -2<x<l=> (-2;4) javobga kelamiz.

Il-usui. Tengsizlikni ikkala qismini kvadratga oshirish usuli bilan
yechamiz. (Buni o‘quvchiga havola etamiz).

2-misol. |2x-3|<|3x-2| tengsizlikni yeching.

Yechilishi. Bu tengsizlikni yechish  uchun (1) misoldagi 2-usuldan

foydalanamiz.
Tengsizlikni ikkala  gismini kvadratga  oshiramiz. (Chunki,

(2x- 3) va (3x-2)lar modul ostida gatnashyapti. Moduldan har doim
musbat son chiqgadi).

(2x-3)2<(3x-2)2
4%2-12Xx+9"9x2+12x+4
5x2>5

x2-1>0

(x-)(x+1)>0

Bundan esa, (-co;-)U(l;+<=°)javobga kelamiz.

3-misol. |x2-3x+2|<2x-x2 tengsizlikni yeching.
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Yechilishi. Bu tengsizlikni modul ta’rifidan foydalanib yechamiz.
Tengsizlik quyidagi tengsizliklar sistemalari birlashmalariga teng kuchli,
ya’ni:

U 2-3jc+2>0 V\x2-3x+2<0

\[x2-3x+2<2x-x2V || AX2—3x +2"<2x —x2

Bu tengsizliklar sistemasini yechib, quyidagilarga kelamiz:

4-misol. |2x+6|+|jc- 4|>10 tengsizlikni yeching.

Yechilishi. Tengsizlikni yechish uchun modul belgisi ostida gatnashgan
ifodalami son to‘g‘ri chizig‘ida nolga aylantiruvchi nugtalarini topamiz, -3
va 4. Bu nuqgtalar son to*g‘ri chizig‘ini quyidagi oraliqlarga ajratadi:
(-00;3), [3;4] va [4;+00)

Bu oraliglarda tengsizlik quyidagi uchta tengsizliklar sistemasi
birlashmalariga keltiriladi.

fx<-3 f—38<jc<4 \x>4
[|-(2x+6)-(ar-4)>10 Vj|(2jc+6)-(x-4)>10 V |[{2x+6+x-4>10
fx<-3 f3jc<x <4 (x>4

Birinchi

sistemadan x<-4, lkkinchidan 0<*<4vauchinchidan x>4

ga ega bo‘lamiz. Javoblami birlashtirib, (-°°;-4)U(0;+<») javobga kelamiz.
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Mustagil yechish uchun misollar

129, |3-2xj >|4x-9j
[130. |m—2)-+j3—o>2-f-jc

131. -6]<|r2-5 a+9|

132.
\x-3\

133. I*~21 53
x2-5x+6

134, x2-3x+2
X2+3x+2

1>0

135. P4>\x+1\
o—li 11

Ix?-2xi+4

136.
Ar+x+2

137. x2- . _ - <0

138. j2x—6|+[jcj—3<0

139. |x+I|+[x+2| 4jc—4 >9

140. |n:+2|—x+1|+[jc)-jx-1|+|jc—2|>2,5
141, "-6 X+ "KBX-X2

142, |A-3X+2[>3xX-"-2

143. <1
1 x 4
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144,

145

146.

X-2
. liet5>11
|2x-4|<1

3 6

147.

148.

149.

150.

151.

2x-7 X+4
[x+8j<3ix-I

2- jc<|4- 3x)

B2 —2mr4+1<0
i -b3jC-f-5E—2>0
2x-3

152.

x2-1

153.

154.

155.

156.

157.

158.

159.

160.

[jt2+Xx+10|<3x2+7x+2
[3x-1]+|2x-3|-|x+5|<2
lic—6j—32—5jc-i-93>0

/\/\_<1
lap-2]-2

[2x—3—c2|< 4

Ix-3)+1)>2

B+ 24y 12<0

x2-4x+4 X~

94



58 Tenglamalar sistemasi. Tenglamalar sistemasini yechishning

elementar usullari

Tenglamalar sistemasi deb,

X +by2+... +clx, =dx
L+ R +—+ DO =2

Qux+onX2+*——+crxn - dj

korinishdagi  sistemaga aytiladi. Bu yerda -£],X),...XW jar

o'zgaruvchilar, av..,an, by..b,..., c,c2..r,, lar koeffitsientlar, dvdz2,...,d,,

lar ozod hadlar deyiladi.

Sistemani turli usullarda yechish mumkin.
1) o‘miga qo‘yish usuli;

2) qo‘shish usuli;

3) tagqoslash usuli;

4) grafik usuli.
1-misol. Tenglamalar sistemasini yeching

xy—6'y

(1)
Xy+24= X3
Yy

Yechilishi. (1) sistemadagi tenglamalami ko‘paytirib,

xy-6-—Y
B )
by-B)(ny+24)=

(2) tenglamalar sistemasini soddalashtirib quyidagi ko‘rinishga keltiramiz.



Tenglamalami ayirib, quyidagi sistemaga kelamiz.

Bundan ylp,=i2, x~"=+4

Javob: {(4;2);( 4; 2)]|

2-misol. Tenglamalar sistemasini yeching.

j,x3+ 3= 19

\[xXy+xy2=-6

Yechilishi. Sistemani yechish uchun ikkinchi tenglamani uchinchiga
ko'paytirib, tenglamalami qo‘shib yuboramiz.

\x3+y3=19
\3x2y+3xy2=-18

x3+3x2y +3xy2+y3=1
(x+yf =1

x+y=1

[x+y=I

Ixy (x+7)=-6  |[xy=—6

Bu sistemani yechib,

xI=-2, y{=Db
T

*2=3, y2=-2 javobga keltiramiz.



3-misol. Tenglamalar sistemasini yeching.

k+9-§l-3

Pk

!

Yechilishi. Tenglamalar sistemasini yechish uchun, birinchi va ikkinchi

tenglamalami umumiy maxrajga keltiramiz.

Xy +yz+xz 2
Xyz Xy+yz+xz =3
X+y+z 2
- X+y+272=3
Xyz -\
xyz=1 Xz =

Bu esa birorta (?-1) =0 ga keladi, ya’ni t =1 mos ravishda x=y-z=\.

Javob: x=\,y-\,z-\.

4-misol. Tenglamalar sistemasini yeching.
Xry +xy3=10 A
Xy +x2+y2=7

Yechilishi. Birinchi tenglamadan xy ko‘paytuvchini gavsdan tashgariga

chigaramiz. xy{x2+y2j=10

Xy(x2+y2}=10

Xy+"x2+y2]=7

Xy =a, X +y =b deb belgilash kiritamiz.
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[o+11-7bu CSa ~'et teoremas*ga ko‘ra birorta f2-7r+10=0 tenglamani

ildizlariga keladi. Bundan mos ravishda f,=2; t2=5,ya’ni a,=1 I\ =5 yoki
a2=>5; b2- 2

Demak, 2 (2) va\Xxy=S 3)
\[X2+y2=5 [[*2+_y2=2

(2) sistemani yechib, (2;1), (1;2), (2,4, (1—2) ga kelamiz.

(3) sistema R da yechimga ega emas.

Mustaqil yechish uchun misollar

Tenglamalar sistemasini yeching

Xy V290
161. Y x

Yyt

162.
T~ Y =20(x+y).

Xy+24="*
163. Y
G=yb
Xy é -

fx3+4y =y 3+16x
164. U+y2_

\I+;c2

165. [x2+Y2=T7+xy
||X3+ yb=6xy-1

166. |,*4-*V +y =601
\[X2-xy+y2=21
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168.

[Bxry =4 (x+y).

2Y2- 4xY +3x2 =17

'\y2-x2=16

169.

170.

171

172.

173.

174.

175.

176.

177.

(/-*2=4x +4
|.x2+ +3jty = 4

X+xyi =+ (x+yf
XV +V="(x+_v)3.
1*4+ /=82

[xy=3

M -/=15
[x¥-xyi=6

jx2%y 3=16
[*Y=2.
X+yz=8

y+zXx-2
Z+yx=2.

V +/=20
x4+ | =20.

X2+ y2=34
X+xy+y =23

—+xy=40
aY

i\
X_+xv:10 .



X+y+z:2
178. {x2+y2+22=6
’3+y3+z3=8.

\Wxn+y*)=-\1{?y+x)?)
|[x2+Y2=5

179.

\x*+)?=2 . - . .
7 (butun yechimlarini izlash bilan cheklaning)
W\2x/-x*y=1.

180.

\x2+3=2xy
181.
|"6x2- 11/ =10 .

{-—-:36
Xy
\xy2-x?y=324 .

182.

I(x+y)(*y-D =3 .
fVvVv=26
\Dé-/=20(x+y).

\x+y+xy=I9
\xy(x+y) =&4.

184.

185.

[xy(x +y)--
186.

X y 4

jXx2+y2=5z
187. \x +y =3z

[A3+y3=097 .

jx2+y2+z2=1
188. \x+y+z=I
N3+J3+23=1.
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X+yx+y =1
189. my+yz+z=2
Z+IX+X=3 .

6-8. Kasr ratsional va yuqori darajali tengsizliklar

O’zgaruvchisi ildiz ostida qatnashgan ifodalar irratsional ifodalar
deyiladi.
Arifmetik ildiz ta’rifmi eslasak,

Ta’rif. a>0 sonning n-darajali arifmetik ildizi deb (neN) , n-darajasi a ga

teng bo’lgan b>0 songa aytiladi va b=IfR ko’rinishda belgilanadi.

a>Q keZva n&W,ndl bo’lsa y'ﬂ soni a ning r=%ratsional

K
ko’rsatkichli darajasi deyiladi, ya’ni, ar=an=\lak

Yugoridagilarga asosan, V36=6 to‘g‘ri, -J36=-6, yoki n1/36=+6 noto‘g‘ri
ekanligini ko‘rish mumkin.
Ta’rifga ko ‘ra:

-agar /[7juft son bo'lsa
-agar n toq son bo'lsa, n ®1

Masalan: ndor =|a|, \feJ=a.

Xossalari:

1°. yfab-yfa-yfb, agar a>0, b>0 bo’lsa.
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4°, WY = rilar

5° A= \ir | agarmjuft bolsa

\Ne , agar w toq bo'lsa

3
Misol. — ifodani maxrajini irratsionallikdan qutgaring.

Yechilishi. 1+n/2-\/3 ni qo‘shmasi [+\/2 +V3 ga kasmi surat va
maxrajini ko ‘paytiramiz.

31+1+1) 3(+m+n/3)  3(1HV2+1)
@+n/2->/3"1L +n2+\/3] |1 +V2j"-\132 N2

Endi n/2 dan qutulishimiz kerak.

372(1+n/2 + n/3)  3(n/2+2 + n/6| 3(n/2 + 2+n/6)
2n/2- 2 4 ' 4

Misol. V5—y/35/29—12>/5 ifodani soddalashtiring.

Yechilishi. Avvalambor kvadrat ildizlar ostidagi ifodalarning musbat
ekanini, ya’ni ildizlar istalgan R da ma’noga ega ekanini ko‘rsatishimiz

kerak.
3-V29-12V5 >0=>3>n/29-12T5

Buning uchun 29—127"5>0 ekanini ko‘rsatish kerak. R da ayrim

almashtirishlar bajarib quyidagiga kelamiz.
29-2-3-2-7/5=20- 2-30/M+9=(/16 - 3)2>0

3-(J1o-3)=6-N10

n/5-%/6-N0=n/5-"(n/5-1)2=n6—Ab+1=1
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Mustaqil yechish uchun misollar

Tengsizlikni yeching
10ft 4x-17 10jc-1378jc-30 5x-4
' x-4 2x-3 “ 2x-7 X-T"'

191 2x2+2x+1 - <0.

N
XN +2x+1

192 (x2-2x)(2x-2)-p _"<0.

18 ﬂ+l2'x_ 213x +3’+34x <5x4'r4
194 | - <j~.2v

X+ 1 AA-X+1 r7+1°
105, 27X I

XAXx2 xM3x2'

19 L°M Y M s(M
3(x-4) 3(x-4) X-2 =

197. 3 _ <25x-47 3
6x2—x—12 10x-15 3x+4'

198. 2>’>.
(X2+x+1j

199 x3-2x2-5x+6; q
X-2

2000 3+7 <6.

x+1 x+2 x-I

201.
X2+ 7X+12 X2+ 3x+2

202. 2X + 1* >j
4jc243c+8 4X2+6x+8 6

203. 1

* 1>
3 x 3
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204.

205.
206.

207.

208.

2009.

210.

211.

212.

213.

214.

215.

216.

217.
218.
219.

220.

221.

X2+ - —,<5 .
(*+2)
*4+8x3+i2X2r o .

(x-1)(jc2-3a:+8J<0 .
(e-D@ge2-1) (™ - Djea- 1) 0 .
(16-x2j(x2+4)(x2+x+1"x2-3x}<0 .
(2x2-x-5j(x2-9j(x2-3xJ"0.
X2~4x~2<0 .

9-x
x4- 2x2- 8<0 .

X2+ X -1
3*-2<3 .

2x-3
» . 2 . 3

X+1 Xx+3 x+2

202- 5ar-12<0 .
4jr2+2x+5<0 .

3(n-3)2(4-x)3(2-3x-2x2)5(x2+x+3)<0 .

O3- 6j@2+5jct+t 1270 .
X4+ 6jt3+ 1ix2+6x >0 .

32x4-48x3-10x2+2U +570 .

(x+3 2(5x+2)3

(2 x) (1-3x)

1-4x2 2)2
LA

x3(x+|)(x 2)
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(5%x2+8x-13)3(x-J1)2(1-x)

[-3x2+2x-5] (x+3)7(x-2)4

23 X4—1<x§2
224, * 2

M1 X+t1 X-1

5 H n »
(x-4)(x-5)

M
(x2+x+lj

226.

7-8. Irratsional tenglama va tenglamalar sistemasi

Ta’rif. 0 ‘zgaruvchisi ildiz belgisi ostida qatnashgan tenglama
irratsional tenglama deyiladi.
Irratsional tenglamalami yechishni ba’zi metodlarini eslatib o ‘tamiz.
a) darajaga ko‘tarish usuli bilan yechiladigan tenglamalar;
b) yangi o‘zgaruvchi kiritish usuli bilan yechiladigan tenglamalar;
¢) sun’iy usul bilan yechiladigan tenglamalar.
Albatta, darajaga ko‘tarish usulida chet ildizlar paydo boMishi mumkin.
Bunday hollarda tenglamaning aniqlanish sohasiga e’tibor berish kerak,
yoki bo‘lmasa ildizlami tenglamani o‘miga qo‘yib tekshirib ko ‘rish kerak.
1-misol. \I-x2+x+6 =2x-7 tenglamani yeching.
Yechilishi. Tenglamani ikkala tomonini ham kvadratga oshiramiz.

-X2+X+6=4x2- 28x+49 - b, 0
5j@2~29x +43=0
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R dayechimga ega emas.

2-misol. a/7+P+7=3 tenglamani yeching.
Yechilishi. Tenglamani ikkala tomonini ham kvadratga oshiramiz.

7+six2+7=9
Six2+7 =2

endi kubga oshiramiz.

x2+7=8
*2=1
X, =1
x2=-1

Javob: {—V)

Mustaqil yechish uchun misollar

Tenglamalami yeching
227. sj3x+4+4x M4=25]X.
228. =+~ 3 W = x.

229. sl24+7x ~"5+7x =\.

230. A U, -lL 1.2,

231, x*-4x-6 =sj2x2-&Xx+12.

232.

233. sIX+$+ 2sjx+1 +sIx+\—sIx+7~=4,

234, W2+ jet 4 + W2+ x+1 = V2x2+ 2x+9.
235. I[x+7-sTx+3=0.
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231

239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

251.
252.
253.
254.
255.
256.

. (x+8-3G N 8=2.

N4B-A+6 =N+ L

1 i1 1
E+"E TI-TATr

-, *2  +72x+15 =2xX.
72x+T5

X3+X+1/x3+x-2 =12.
j4-2x+y[2+x=2"]j2.
\IX2-3x+3 +Vx2-3x+6 =3.
X2+ X2+ 20 = 22.

T~ +TWA =56,

Vx2-3x-n/2x-4 = x -1.

T?-4x+3 +7-x2+3x-2 =Tx2-X .

X+T717-x2+x717-x2=9.
x+nf2-x +\I2x-x2=n/2.

4(71T?2-1|(7T~+D)=r.
X,49'-16-6.

VX2+9+ 72-9 =T7+5.

VX+5+VXx+3 =72x+7.

TX+5—4uX+T+Vx+2—=22nXx+ 1=1

710-x2+7x2+3 =5.

NO-TXHL+ AT+ TX+T = 4.

THY2+2x-3 =3x-2.
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257.

258.
259.
260.
261.
262.
263.

(x+2)(x-5)+3"p-3)=0.

yI1x+2\Ix-1-\1x-2slx-1 =2.

AX-2-\[x+3=\12x+]I.
yx2+3x-3 =2x-3.

-Jl—x = >/6—x —\5—-2xX.

\jM6x2+i-2x =1- xm

Tenglamalar sistemalarini yeching

264. [’

265.

266.

mK/1

7AR

269.

270.

3x-y-{/x-y
[("x+4 =p(:+.y-4
U+i 217~7-3

Wx-y )]y~ u
Ix+xy+"r=7

Ax+y)JIx =3jy.

{xIx+yfy=2341
{p +¥YA=1.

i'JZx-y+I1—sj3x+y—9 =\3

"\[px-y+U-px+y-9 =2,

IxXJv+W™* =6
y n
[Pey+y2x=20 .
N 2+jcV V =8°
{Y>+y" = 5

108



L) o~ N =2
Uy+yfx-yjy-Jx =1.

-JIXx-4+jy+\lz+4=6
272. 2\Ix-4—3Jy—4ylz+4=-12
X+y+z=14

273. 1I¥*+lUy =4
\x+y =28

te-#=i
274,
[>Yx+";=5.

20"
¥ X

16X
=(pcty-tpcty .
35y he+y-thety

JIX+y +JIx~-y
275.

3/x+y +3ly+z=3
276. tfy+z+VzTx =1
Hz+x+ljx +y =0.

8-8. Irratsional tengsizliklar

Irratsional tengsizliklami yechishda xuddi irratsional tenglamalami
yechishdagi kabi tengsizlikni ikkala gismini bir xil darajaga ko‘tarish,
(yoki bir xil darajani pasaytirish) yangi o°‘zgaruvchi kiritish va h.k.lar

go‘llaniladi.
Albatta irratsional tengsizliklami yechishda aniqlanish sohasiga e’tibor

berish kerak.

[-misol.*x2-3x-10 <8-x tengsizlikni yeching. (1)
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Yechilishi Awalambor aniglanish sohasini garaylik. Tengsizlikni chap
gismi g~-3x-KO *O bo'lishi kerak. Tengsizlikni o‘ng gismi esa 8- >0
va 8- x<o0birinchi holatda tengsizlikni ikkala gismini kvadratga
oshiramiz. Ikkinchi holatda esa tengsizlikni chap gismi nomanfiy, o‘ng
gismi esa manfiy. Bunday holatda yechimga ega emas. Shunday qilib (1)

tengsizlik aniglanish sohasini e’tiborga olib quyidagi ko‘rinishda yozamiz.

x<2 vb5<x<5n, Javob: (-00;-2ju 5;5193

Mustaqil yechish uchun misollar

Tengsizliklarni yeching
277. \h2-5jct6<Zx-3.
278. \Ix2-1x-S >x—8.
279. yfx+2+y/2x-10<yJIx+\2.

281. Hx2-x>-112x.

283. 1>0.
X+3 Q

284. 2x+ [-2x-10>2yx-3 .
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285.

286. J2

287.
288.

289.

290.

291.

292.

293.

294,

295.

296.

297.

298.

299. J

300.
301.

302.

j2+ IXMTT <31.

*-1- [**2_>.7 .
VX +2 2jc—“ 12

}x+5 + 2>}fx=3.
-j3x2+5x+7-bx2+5x+2>1.

Ao 4 St

2+M-x2 2-M-x2 X

N33 +vx-3 > .
y/x-3 4/x"3

nix+1+1<4x2+n/3x.

X~7 <0.
Vax2-19x+12

SPR-X-12<xX.

A ?-.15* - 2*2 >Q,
X+3

\I3x-x2 <A-X.

-T=1=+x/2-x<2.
V2 —jc

Ix2-4x >x-3.

* . >0.
X-2 VX-2 VX-2

Vox4+V 3x+1<3.

Vijed —2jc2 +1>1—X .

J1—x —y/x >-)j|,\;3 .



2fx+1
307. Ax+\< -\-—-
2-X

9-8. Ko‘rsatkichli va logarifmik tenglamalar

Ko’rsatkichli tenglamalar

Ko‘rsatkichli tenglamalarda noma’lum daraja ko‘rsatkichida ishtirok
etadi. Ko‘rsatkichli tenglamalami yechishda asosan quyidagi ikkita
usuldan foydalaniladi.

1 af(x)-ag(x) tenglamadan f(x)=g(x) tenglama ko‘rinishiga keltirish.
2. Yangi o‘zgamvchi kiritish usuli.
Teorema. Agar a>0,a*| boMsa, cJ(¥=cfix) vaf(x)=g(x) tenglamalar
teng kuchlidir.
1-misol. 45246=42jt2+) tenglamani yeching.
Yechilishi. Tenglamani yechish uchun 1-usuldan foydalanamiz, ya’ni

tenglamani bir ko‘rinishdan unga teng kuchli bo‘lgan ikkinchi ko‘rinishga



jso'tkazamiz, ya’ni, 45-46 = 4H#)=>5x2-46 =2(x2+1j bundan javob:

x=-4,x2=4

F
2-misol. 4x+2x+—24=0 tenglamani yeching.

Yechilishi.  Quyidagicha almashtirishlar kiritgandan  keyin, ya’ni

V={22) =(2xf 2X+|-2-2X dan so‘ng tenglama (2*)2+2-2*-24=0

ko'rinishga keladi. Yangi o‘zgaruvchi kiritib, 2x=t, t2+2/-24=0 kvadrat

tenglamaga kelamiz.

X=4=>x=2
2X=-6

Tenglama yechimga ega emas. Javob: x=2
3-misol. 222Nizi -5.2x -2+ =6

Yechilishi. Berilgan tenglamani quyidagicha yozib olamiz.

2x¥ 1 2-t o°‘zgarish kiritib /2- |r -6 =0 kvadrat tenglamaga keltiramiz.
Bundan t{=4,t2:-l2 larga kelamiz. Natijada 2x+~~2=4, 2X'" :—g

larga

ega bo‘lamiz. Birinchi tenglamadan x+Vx2-2 =2 vax =3 ga keltiramiz.
Ikkinchi tenglama yechimga ega emas.

Logarifmik tenglamalar

iogax=ba>0,a”~l tenglamani qaraymiz. Bu tenglama eng sodda

logarifmik tenglama deyiladi. x=ct son qaralayotgan tenglamani ildizi
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deyiladi. Logarifmik tenglamalami yechishda asosan logarifmning
quyidagi xossalaridan foydalaniladi.

1° loga/(x)+logag(jc)=loga(/(x)-g(x)), (a>0,a>1).

2°. logafix) - logag(x)=loga (a>0, a>1).

[nlogaf(x), agar ne R, n*2k, keZ
3°. [°ia(/W) [|niogol/(x)], agar n-2k bo‘lsa
(a>0,a5*1)

Agar tenglamalami yechishda logarifmning asoslari har xil bo‘lib qolsa, u
holda quyidagi bir asosdan ikkinchi asosga o'tish formulasidan

foydalaniladi.

4°, log0f(x) = bunda ¢>0,c d1

Logarifmik tenglamani yechishda asosan uchta metoddan foydalanamiz.
1) potensirlash;

2) yangi o ‘zgaruvchi Kiritish;

3) logarifmlash;

Misollar ko‘rib o ‘tamiz.

1-misol. Tenglamani yeching.

log7(7-2x) =log7(jc2+ 3jc+ 1)

Yechilishi. Bu tenglamadan potensirlash yordamida 7—2x=x1+3x+l

tenglamaga kelamiz. Bundan, p?+5x—6=0. Bu tenglamani yechib

X, =—6,Xj = 1 ildizlami topamiz. Albatta tekshirib ko‘ramiz.
1) log7(7-2(-6))=10og7((-6)2+3(-6)+I)
log719=log719
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-2) log7(7- 2) =log7(l +3-1+1)

1°g75=10975

Demak, ildizlaming har ikkalasi ham tenglamaning yechimi bo‘ladi.
2-misol. Tenglamani yeching.

lgVjc+7—g2 _
1g8-1g(x-5)

Yechilishi. Bu tenglamani yechish uchun logarifmning ikkinchi
xossasidan foydalanamiz.

lgVx+7-1g2 =1g(x-5)-1g8

lgVx+7 +1g8=1g(x-5) +1g2

Ig8vAT7=1g2(x-5)

Endi potensirlaymiz.
SAX+ 7 = 2(x—b)

4-Yx+T=p:-5

16(x+7) =x2-1 Ox+25

X2-26x-87 =0

(x—29)(ar+3)=0

L =29, x2=-3

Tekshirish:

1) lg(V-3+7j-1g2 =1g(-3-5)-1g8 logarifm ostida manfiy sonbo ‘lishi
mumkin emas. x,=-3 chet ildiz.

2) lgv29+7-1g2=1g24-1g8

Ig3=Ilg3 demak, x=29 ildiz bo‘ladi.

3-misol. Tenglamani yeching.

lg2*+Igx+l= —=m (1)
1g10

us



Yechilishi. 1g”~ =1gx-1gl0 =Igx-l ko‘rinishda yozib olamiz. Bundan (1)

kiritamiz. t2+t+\= iy

Bu tenglamani yechib t=2 ildiz olamiz.

lgx=2=>jc=100

Tekshirishlar natijasiga ko‘rax =100 (1) tenglamaning yechimi bo‘ladi.
4-misol. Ig2x3- 1g(0,Ix10)=0

Yechilishi.

(lgx3)2-1gx,0-1g 0,1=0
91g2x-101g|x|+1=0

Agar tenglamaning aniqlanish sohasiga e’tibor beradigan bo‘lsak, u holda

tenglamani x >0 holini qaraymiz.
91g2x-101gx+1=0 bundan Igx=lI, A =10 m™=\Vro0. Tekshirib

ko‘radigan bo‘lsak, topilgan ildizlarining har ikkalasi ham tenglamaning

ildizlari bo‘ladi.

Mustagil yechish uchun misollar
Tenglamalamiyeching

308. 3-4*+2-25* = 5-10*.

309. 1?21 *=21r-22¢*

311, 10M%H/GjtHN—2- 10 N H420= |01-1-72.
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1 1 1
312. 32*21"-871=0.
313. 20+ M2N" =414,
314. 4x-32-2-63-1+421-34*'2=0.

8 7R

619- ]

316. J27|4x- r f =41,
i i i
317. 1002 +252 =4.25-502.

318. 9x+6*
319. 2*%-'+2*2+2r 4=6,5+3,25++!,625+...

320. 32%"4+45-6x-Q -~ 2=0.

322. 2x2-52=0,001-(103%)2 .

- = (i)’
324, 3x+3XA+3NX2=4% +4 X1+ 4 X+2,
325. +{Vsf +20=0.

326. 2+1)' +(2-1)"-4 =0.
327. 52x-7 x-35-52x+35-7x=0.
328. (2x+3X)(3-2%+3X) =8-6x.
329. (3n:-4)2m2+2=(3x-4)5x.

330. 3*-2+3**2=3".



3Bl VX(VA-37=32 - 1-3'/& 1+6Vx-18.

332. 27"2=16V 2.

333. 2X#3+3*2'3= 3" +1- 2 x-1.

334. 5*8" =100.
335. 3x-4x=5*,

Logarifmik tenglamalar
337. 2x(lI-1g5) = lg(4*+2x:-6).
338. lg(jc2-1j =lg(jc-h2+1g|2-A-|.

339. 2log2x- log x+loghx=9.
2

340. \og2xj-\oglx +log*x =1, n>1.
341. log4log2x +log2log4x=2.

342. x2logt2710g9;c=c+4.

343. log”jc +loghjc +...+ log®jc = 36.

344. log4tn + 7log,6xx3-logxx2=0.

2

345. *(-1+1g5) = Ig(2*+1)-1g6.

346. j884gM )=_,
IgVx+7-lg2

347. 2lay 2-5laX= 400.

348. 10g2(25jr+3-1) = 2+l0g2(5%3+ 1).
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349.

350.

*Bl

352'

353.

354.

355.

356.

357.

358.

359.

360.

361.

362.

2
log3x *log, x *logZ7 x *log8,x = .

loglox+log”™x +log”™ X...+\ogm x =5,5.

10x2824_ x3™
x3 ~ 10 -

l0g2(x3+3X2+2x-1)

log4x+logx2-log4™=5,5.
ofn (n+12)=8108x+12r.
21gx2-1g2(-x)=4.
log4log2log3(2x - D=1i .
[log”~x-2|-|log3x-2]|=2.

log ,2=1log*4.
*+8

(0,4)lgjjr+1=(6,25) 24gjc3.
(nx)1B2™ -~ =5.
X(loM) 338 = 3"IELPMH8.

3"+1 Ix+6

x2log2 - x2log, (2+3x)=x2-4+210g 10
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10-8. Ko‘rsatkichli va logarifmik tenglamalar sistemalari

Ko'rsatkichli va logarifmik tenglamalar sistemalarini yechish uchun ulami
xossalariga tayanamiz. Biz bular bilan oldingi bandda tanishganimiz uchun

misollar keltiramiz.

1-misol. Tenglamalar sistemasini yeching: (25" +25 * =3°
{25xy=5S

Yechilishi. 25x=t, 25>=z wya’ni o‘zgaruvchilar Kkiritamiz. Bundan

fl . r2=3Q . . . . o

" tenglamalar sistemasiga kelamiz. Sistema to‘rtta ildizga ega,
Wt-:=5S
ya’ni

tl2=+5 /3.4 - £/~
7]2=+V5 234 = £5
Lekin, shunga e’tibor berish kerakki, 25*>0, 2¥ >0 . Shuning uchun

ham, faqat )|/25*=5_vvf —hs
[[253=-5 |(25r=5

Bundan, X‘1:'2 Vizzf’ Xzzz} v2=-2

sistemalarni qaraymiz.

y

. . . N 9, (e
2-misol. Tenglamalar sistemasini yeching: f(Y>
=X

XN =y

bu turdagi tenglamalar sistemasini yechish uchun
=X*

f
Yechilishi. {
|

sistemadagi har ikki tenglamani o‘nli asosga ko ‘ra logarifmlaymiz.
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sfy-Jy Ig* =41gx .

Natijada je=lv_y=4 ga ega bo‘lamiz. Bundan
xl=1yl=1x2=-2,y2=4,x3=2,y3=4 javobga kelamiz.

3-misol. Tenglamalar sistemasini yeching.

[xf- 386 =4

["-976 =64

Yechilishi. Sistemadagi har ikkala tenglamani ikki asosga ko‘ra
logarifmlaymiz va quyidagi sistemaga keltiramiz.

(log2 =log24 [("2_B5>+6)1°62*=2

Mog2x2-"-9 6=10g264 |~y 2-9 v+6jlog2x=6

log,* =-=—2-—---bundan, 2".~9j;--=3. Bu tenglamani yechib,>'=3
/-5.Y +6 N2-5>»+6
javobga kelamiz. Lekin, 2j22-9>,+6*0 bo‘lishi kerakedi. 0.

Javob 0 (bo‘sh to‘pl£im). Sistema yechimga ega emas.

Mustaqil yechish uchun misollar

Tenglamalar sistemasini yeching

2x-3? =6 [32v-2'=725

363 wWx-4y=12 g =05
1 - =
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365.

367.

369.

371.

373.

375.

377.

379.

381.

383.

(8* =10,
{2*=5y .

[ xyH =27

X 2y-5- A

r A 3.

nA=Yy 2

XY= x>.

£3>-00 =81

IMlg(x+,) -lgx =21g3.

[lgx+ Ig-m=1Ig2
H2+Y =5

[lg(x2+,2)-1=]gl3
Mg(*+y)~1g(*- ) =3lg2.
Qx-4*=32
ijlg(x-y)2="194 .

22-(0fy=12
IBN2\) =i

[log5x+3l* =7

ljic>= 52

[log2(x +j>)+210g,(jr-.y) =5
4% 0

366.

368. L,

372.

380.

382.
<

384.
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T|3X-2 =77
1(32-2y =7 .
[xy2=4
2-3=64.

| X~=y
\[YA=x\

{~rgx{x-y) =\
I[I°g~(x+>)=0.

\xy= 16
15(log™ x+logjj y) = 26
I[jcy=64

jl024¢T>)= 25
g (if->")+|g(C+>)=1 +|g4

\I}’-2y251B
logh(x-.y)=4 .

2bgy!x-logxy =10
|xy=81

Qog2(\0-2y)=4 -y
% X+3y -

{062 X4y 2 ¢

1
= 1082(~ -i)-1°g 2(



387,

389.

393.

[\gx-\g(x+y)=\% \ % x-y)
Illg>'lg(" +>)=1g"'1g(x-j')

\X-2141-2- 2y =-3y- 4xty

\{2x-2Ix+y + 3-Sl+y = 1 388.
\Y-Zy =516
HOgA_XjM_ 390.
Jsy
\[XY = 40. 392.
=
lly =x2.

§43>=27+ 9%y

PA\BXY-2\-2x*y =1 Xy+ !m¥ y+

[axby =ab
lixy =i

r3r r =9
| vy 36
\\xy-x+y=1

Lv_ i
§ ~ 10710

*[gx:>>=-6.

11-§. Ko‘rsatkichli va logarifmik tengsizliklar

1. Ko‘rsatkichli tengsizliklar

c/w >cPx)(a>0,a*\) ko‘rinishdagi ko‘rsatkichli tengsizlik quyidagi ikkita

1-teorema. Agar a>Ibo‘lsa,

kuchli.

kuchli.

teoremaga asoslangan.

1-misol. Tengsizlikni yeching.

37*+5-2-1~x<0
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>c”x) tengsizlik f{x)>g(x) ga teng

2-teorema. Agar 0< a< Ibo'lsa, cJ(x)>cfix) tengsizlik f(x)<g(x) ga teng



Yechilishi. Ix-t deb belgilash kiritamiz./ > 0 ekani ravshan.

3t+5- 2J<0 tengsizlikni ikkala tarafini t ga ko‘paytiramiz. (i >0bo‘lgani

uchun tengsizlik ishorasi o‘zgarmaydi).

3f2+5/-2<0
Jr-3)"'+2)<0

1-2<t<- 1 [*>®
1[/>0 3 ('<3

f7X>0 [7*>0 ;
barc1=4 5 <o 15776 [-°%;|08 13

Javob: (-«i-iog 73)
2-misol. Tengsizlikni yeching.

4(32x_3xj>_5_+3xH

Yechilishi. Tengsizlikni almashtirishlar yordamida quyidagicha yozamiz.

4-32x-4-3x> 3 +3-3x

t =3X 0zgartirish kiritganimizdan so‘ng tengsizlik quyidagi ko‘rinishni

oladi:

4/2-4 1>~ + 3/

Tengsizlikni ikkala gismini (t >0) ga ko‘paytiramiz.

A3—A2>45+3" =>4~ 12-45 >0 ko‘phadni ko‘paytuvchilarga ajratamiz.
(r-3)(4/2+5r+15)>0 bundan t>3 ekanligi kelib chigadi. Shunday qilib,

F*>3=>x>1

Javob: is (I;+00).
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2. Logarifmik tengsizliklar
*°go/(*)>logag(x)(a>0,a*l) tengsizlikni yechish uchun albatta
logarifmning asosi va aniglanish sohasiga e’tibor berish kerak.

agar a>0bo‘lsa,

/(*)>0
lg(x)>0 bo'ladi.

3-misol. Tengsizlikni yeching.

log2((*m+2)(x - 3))+!log, (- 3)<- log, 3
2 n

Yechilishi. Logarifm xossalaridan foydalansak tengsizlik,
log2(*+2)+ log2(jc-3)- log2(jc-3)< 210923 ko‘rinishni oladi. Bundan, x<7
ekanligi kelib chigadi. Aniglanish sohasiga e’tibor bersak, 3<x<7

Javab: (3;7).

4-misol. Tengsizlikni yeching.

logx 2(2*-3)> logx 2(24-6%)

Yechilishi. Logarifm asosida o°‘zgaruvchi gatnashganligi uchun 2 holni

garab o ‘tamiz.

jc>3
x-2>1
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2-hol.

2<ac<3
0<x-2<1
2jc—3>0
24—6n:>0 x<4
\2x-3<24-6X

Javob: ikkita holni birlashmasi olinadi. xe(2;3)u(]uﬁ4

Mustaqil yechish uchun misollar

Tengsizliklami yeching

396.
397.

398.
399.
400.

401.

402.

403.

o231+ 9 >9x2+ 3r.
2r42- 2”7 1+ 2r1- 2xTW#9.
2X<-x2+20.

T*2< 2~X.

3M"+37M+3"M 3.
X2 X

(4jc2+2x+1) >1.

4*%>3-2n+1+4n+1.

J i J
9-4 *+5-6*< 49 *,
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404.

405.

406.
407.

408.

400.

410.

411.

412.

413.
414.

415.

416.

417.
418.

4109.

420.

IT2 1) 2

5-,.
il 41

JC+1

42+ 3" Hl+x- YIX< 2X2-31 +2X+6.

52It, + 61+1>30 + 51 -30*.

log, x -log, x
2x 2 -X 2 <-1.

flizT .
203 16251

1 *+3
3x+3* >84.

X2-2X%

3L >1.

*2-3*-311<0.
3n+3n--3"N <11
0,5%<0,25%\
NZynN > 3x-9.
13n-2 X4+36 12x2

<i!5 <15
25-2*-10*+ 5*>25.
[24ir3-*|<3.

X+5

(X2+x+1)j: 42> (x2+x+1)

N X 3+1<64.
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421. 4*-22/)+81"2)>52.

422. 0,02"~*+ MDD <yjo,Q23x*>x < 1.
423. 224x~>15.

424, 36*-2-18*-8-9x>0.

425. |jc-3|13t 7 >1.

426. 0,32+4+6++2jc>0,372.

427.

Logarifmik tengsizliklar

428. log, (2-gr)> log,

429 lgo1*+1) .1
1og03100-10g039

430. logo2(j:-1)> 4.

Iogjf}'\r2—3jr—lol (2 "\ 4 12+4AX»
5

431. 2,2 J>U 2

432. Iog,;(‘::\}>l-
433, log”™+ij iog"h x>2.

434,
1+log4x

435. log/2(5*-1)-log/2™ > 2 .

436. log™ j729>3.
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437.

438-

439.

440.

«l-

442.

443.

444,

445,

446*
447,
448.

449,

451.

452,
453.

3xiz 16£+21<0.
1060,3(*2+ 4)

log,5" < 0 .
log* (log, (3*- 9)) <1

log™ 40,5>0,5.

%'qul_4< e

log3log4 - log, log, <0.
3 4

log,x+log4x>1.
3

log2x(™-5x+6)<I.

log3loglogxin4<O0.

,08'é N <,08(5 D)
logrl(j:-1)>2.
2 2021® e > le
X
log,4™ > I.
log, x-\ log, x-3
2 3
log,x+2<log, x+A'
3 2
bg2n<2.
logr, (jc+2)<I.
log5-j3x+4 elog*5> 1
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454. lg(5jr+x-20)>Jt-.xlg2.

455. +| 9 21.

12-8. Parametr gatnashgan tenglama va tengsizliklar

Parametr gatnashgan masalalarning o ‘ziga xosligi shundaki, bunday
masalalarda berilgan noma’lumlar bilan birga son qiymati anig
ko‘rsatilmagan parametrlar gatnashib, ularni biror to‘plamda berilgan
ma’lum miqdorlar deb qarashga to‘g‘ri keladi. Bunda parametming
giymati masalani yechish jarayoniga va yechimning ko‘rinishiga mantigiy
va texnik jihatdan katta ta’sir ko‘rsatadi. Parametrning aniq giymatlarida
masalaning javoblari bir-biridan keskin farg gilishi mumkin.
1-misol. a parametrning ganday gqiymatlarida ax2-2(a+\)x+a-3=0Q
tenglamaning barcha ildizlari manfiy bo‘ladi?

Yechilishi. a=0 da tenglama bitta x=- | ildizga ega va u masala shartini

ganoatlantiradi.
a*o bo‘lgan holni ko‘rib chigamiz. Berilgan tenglamaning ikkala ildizi
ham manfiy bo‘lishi uchun quyidagi

f£)>0

j AX2>0
N X +x2<0

shartlarning bajarilishi zarur va yetarli. Viyet teoremasini tatbig etib, bu

shartlami quyidagi ko‘rinishda yozish mumkin:
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Xex,=-— >0
a

Bu sistemani yechib, ae ~%;0 ga ega bo‘lamiz. Ikkala holni birlashtirib

2-misol. p parametrning ganday giymatlarida 2x2+(/?-10)jc+6=0
tenglamaning ildizlari nisbati 12 ga teng boiadi?

Yechilishi. Berilgan tenglama£>>0 boMganda haqiqiy ildizlarga ega
bo‘ladi. Masala shartiga ko‘ra, j2=12x1 Viyet teoremasiga ko'ra, quyidagi

sistemani tuzamiz:

jD=(/>-10)2—48"0 p2-20p +52>0
X2 =12xt x2=12m,

12x.2=3

Bu sistemaning yechimlari p=-3, p =23 bo‘ladi.

Javob: p=-3, p - 23.

3-misol. a parametrning giymatlariga nisbatan
x3+2ax2-(a+l)2x-2a(a+1)2=0 tenglamaning eng kichik ildizini toping.
Yechilishi. Berilgan tenglamani (*+2a)(n:-a-)(*+n+1)=0 ko‘rinishda

yozib olamiz. Bu tenglamaning ildizlari:



x,=—a—\, X=o+l, x,=-2a.
a parametrning X, eng Kkichik ildiz bo‘ladigan giymatlarini topamiz.

Quyidagi sistemani yozamiz

2a
Agar A”eng kichik ildiz bo'ladi deb faraz gilsak, u holda

a+l<-a-lI —>as 1
la+1<-2"%
va nihoyat, x, eng kichik ildiz bo‘ladigan bo‘lsa,

|-2a<a+\
|'j-20<-a-|’

=>a>1

larga ega bo‘lamiz. Agar a=-1 bo‘lsa, x, =x2 ildizlar teng bo‘ladi, agar
o=Ibo‘lsa, x,= j" ildizlar teng bo‘ladi.

Javob: Agar a™-lbo‘lsa, x=a+1 agar -I<a<I bo'lsa, x--a—; agar
a>lbo‘lsa, x,=-2a.

0,
4-mi§o|. _rZ__y/o;d-ﬂ <o tengsizlikni yeching.
X -

Yechilishi. a parametrning ixtiyoriy qiymatida berilgan tengsizlik
suratiningdiskriminanti musbatemas:D =4(1-3")<0.

Agar a = 0 bo‘lsa, u holda D=0 va tengsizlik

(x-1)2
(x-2)(x+2)

ko‘rinishga keladi. Bu tengsizlikni intervallar metodi bilan yechib,

*e (-2;1)i~(1;2) ga ega bo‘lamiz. Agar a*0 bo‘lsa, u holda |o]>0 bo‘lib,
3a>I va diskriminant D< 0. Bundan, ixtiyoriy x uchun x2-2x+3*“>0
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tengsizlikning o‘rinli ekani kelib chigadi. Shuning uchun berilgan
tengsizlikningyechimi xe (-2;2)bo‘ladi.

javob. Agar a*0 bo‘lsa xe (-2;2), agar a=0bo‘Isa, xe (-2;l)u(l;2).
Mustaqil yechish uchun misollar

456. a parametrning ganday giymatlarida
ja2-3a+2jx2-[a2-5a+A”x+a2- a=0 tenglama ikkitadan ortiq ildizga ega
bo‘ladi?

457. a parametrning ganday giymatlarida ax2-3* +5-a =otenglamaning
ildizlari musbat bo'ladi?

458. x2+(a-9)jt+a- I=0tenglamaning ildizlari turlicha va 1 dan katta

bo‘ladigan a parametrning barcha giymatlarini toping.

459. a parametrning x2+(a-1)x +a+8=0 tenglamaning ildizlari turlicha
va 2 dan katta bo‘ladigan barcha giymatlarini toping.

460. b parametrning ganday giymatlarida x2-3x +2b+3=0 tenglama
5jc,+3x2= 23 shartni ganoatlantiradi?

461. Agar x2-Ax+p=Q tenglamaning ildizlari kvadratlarining yig‘indisi
14 ga teng bo‘lsa, p parametrning giymatini toping.

462. a  parametrning ganday  giymatlarida 4*2- 16*+a2- 2=0
tenglamaning ildizlari orasidagi farq 3 ga teng boMadi?

463. p  parametrning ganday  giymatlarida  4jc2-(3+2/?)x+2=0
tenglamaning ildizlari bir - biridan 8 marta katta boMadi?

464. ¢ parametrning ganday musbat qiymatida »x2-6x+9c¢2=0

tenglamaning ildizlaridan biri ikkinchisining kvadratiga teng bo‘ladi?
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465. a  parametming giymatiga bog‘liq ravishda |[x2+axj=2a
tenglamaning ildizlarini toping.

466. a parametming ganday giymatlarida *2+a*+8=0 va x2+x+a =0
tenglamalar umumiy ildizga ega bo'ladi?

467. a parametming ganday qiymatlarida ax2-(a3+2a2+l)x+a(a+2)=0
tenglamaning ildizlari [0;1] kesmaga tegishli bo‘ladi?

468. a parametming ganday giymatlarida x4+(a—6)x2+(a+|)2:0

tenglama 4 ta haqiqiy ildizlarga ega bo‘ladi. Bu ildizlar arifmetik
progressiya tashkil etadigan a ning barcha giymatlarini toping. Bu
progressiyani a ning butun giymati uchun yozing.

469. a parametming gqanday qiymatlarida x5+ (a-4)x3+(a+3)2x=0

tenglama 5 ta haqiqiy ildizlarga ega bo'ladi. Bu ildizlar arifmetik
progressiya tashkil etadigan a ning barcha giymatlarini toping. Bu
progressiyani a ning butun giymati uchun yozing.

470. a parametming ganday giymatlarida x3+3*2-6* +a=0 tenglama
geometrik progressiya tashkil etuvchi uchta turli ildizlarga ega bo‘ladi? Bu
ildizlami toping.

471. a parametming ganday qiymatlarida berilgan tenglamalar umumiy
ildizga ega bo‘ladi? Bu ildizlami toping.

je3+ax +1=0 va*4+ax2+1=0.

472. (1-2a)*2-6flw—1=0 va ax2-x +1=0 ax2- *+1 =0

473. a parametming ganday giymatlarida -Jx+a=x+1 tenglama yagona

ildizga ega bo‘ladi? Bu ildizlami toping.
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Tenglamalarni yeching
474. 'J4x+a=2x-1.

475. x+yjatx=a.

476. Ax+a+yfx=a.

477. -Jx-Ja-x=2.

478. Jx+l1-Ja~x=1.

479. h+a+63-h+a-i=4.
480. yj2x+a+ylx-a=2.

481. -2l =I.
\Vict9

482. a-x =n/x2-1.

483. x=a-\ja2-xjx1+a2.

9. et yisp2
485. 41-(20 +1)21-fl2+a=0.
486. g, H*2=3*M

487. logax2+ 21og0(x+2)=1.

488. )/1+log*yja* log,, *+1 =0.

489. a parametrning x2-2(a+4)x+18a<0 tengsizlik yechimga ega
bo‘ladigan va bu yechimlar x2-7jx|-8<0 tengsizlikni ganoatlantiradigan
barcha giymatlarini toping.

490. a parametrning x2—2{a—2jx+4a—11<0 tengsizlik yechimga ega
bo‘ladigan va bu yechimlar x2-|x|-6<0 tengsizlikni ganoatlantiradigan
barcha giymatlarini toping.
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a— 2X+3
2 2

491. a parametrning ganday qiymatlarida " 4 -~ tenglama

x<2tengsizlikni ganoatlantiruvchi ildizga ega bo‘ladi?

Tengsizlikni yeching

492. *2+4x  >0.
3ax2-2x +1

493. g§(x-13<4

3px+4 x 3a-5
' 3a+9 0+3 3e-9°

495. \I5x2+a2<-3x.

496. 2x+-]a2-x2>0.

497. 2\Ix+a >x+1.

498. VI-x2>2x+a.

499. x+VIOx>a-4+ >/a+9x-4.
500. x+j8x>5-a+y]5+7x-a.
501. a*2+6a*+l+ 12aj. + 8a*-1- -a>a+4.
502. a242r**-5a41+1>0.

503. a2- 24** - a2l+1>0.

504. 25x#-45I+l<a2+4a.

505. 9"'-33Sa2+a

506. x'0*'17 .

507. loga(x- 2)+ logax<1

508. logi+2|x2-2x+aj>2.
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13-8. Parametr gatnashgan tenglama va tengsizliklar sistemasi

1-misoL 12+x+y+xy-0 s‘stema bitta yechimga ega bo'ladigan a

parametming giymatlarini va parametming shu giymatlarida sistemaning
yechimlarini toping.
Yechilishi. Bevosita tekshirib ko‘rish yo'li bilan

= —l sistemaning yechimi emasligiga ishonch hosil gilamiz. U holda

sistemaning ikkinchi tenglamasidan y = -~3c-j tenglikni hosil gilamiz.

Birinchi tenglamadagi y o‘rniga uning x ga nisbatan ifodasini go‘yib,
quyidagi tenglamani hosil gilamiz:

j2@+h+x(a+2)+2-a =0 (D
Bu tenglama yagona yechimga ega bo'lishi uchun uning chizigli bo'lishi,
ya’ni a+1=0 boMishi kerak. a=-1 boiganda sistemaning yechimi
x=-3; y=-1bo‘ladi. Bundan tashgari kvadrat tenglama diskriminanti

nolga teng bo‘lganda ham yagona yechimga ega bo'ladi, ya’ni

2 9
Z)=(a+2) -4(a+1)(2-a)=0. Bundan, a=x7$ parametming bu

giymatlarida sistemaning yechimlarini topamiz:

*=- 2:Iin"k_’—;y:-C%iVS. Va, nihoyat, x ga nisbatan (1) kvadrat tenglama
tv

ikkita yechimga ega bo'lib, lekin yechimlaridan bittasi sistema uchun
yaroqli bo‘Imasa (ya’ni x=-1) ham berilgan sistema yagona yechimga
ega bo‘ladi, (1) gax=-1 ni go‘yib, a=1 ga ega bo‘lamiz. a- 1 dagi

ikkinchi ildiz x=-1 vaunga mos >>=-3 ni topamiz.
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Javob. Agar a=-1 bo‘lsa, x=-3;y=-"; agar a=1 bo‘lsa, *= y=-3
agar a =" bo‘lsa, x= y=-3-S\ agar a=--"bo‘lsa,
X=-%-"-y =-3+j5;

2-misol. | y=Xt -2n sistema a parametming ganday
[x2+y2+a2=2x+ lay

giymatlarida yechimga ega bo‘ladi?
Yechilishi. Berilgan sistemani quyidagi ko‘rinishda yozamiz:

(x-1)2=7+1
(x-\)2+(y-a)2=1

Bundan,
f(y-a)2+y+1=1 | y2+(I-2a)y+al0=1
[>-+12;0 [yn~-i

Kvadrat uchhadning geometrik ma’nosiga ko‘ra, berilgan sistema quyidagi

tengsizliklar sistemalari bir vagtda hamjoyli bo‘lganda yechimga ega
bo‘ladi:

D-\-4a>0
i 1t
£=1-4a>0
y=a-1<-1

/(-1) =a2+2a<0

1 A
Bu tengsizliklar sistemasini yechib, i<l z ni hosil gilamiz.

-2S«S-i
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Javob. -2 < a’\zil.
3-misol (Va+X 1 tenglamalar sistemasini yeching.
[_"+o-Vx+fc =1
Yechilishi. Sistemadagi ikkala tenglamani kvadratga ko‘tarsak, quyidagi
sistemani hosil gilamiz:
Yx+a+y+b-\=2j(a+x)(y+bh)
\yy+a+x +b-\ =2~ (a+y)(x+b)
Bundan,

(at+jt)(Ly+6)=(at+>)(x+6) =>(a-6)(.x-v)=0 a=b bo‘lgan  holni

garaymiz. Bu holda dastlabki sistema

\-Ja+x-~y+a =\
\Uy+a-Jx+a =\

ko‘rinishda bo‘lib, bu sistemaning yechimga ega emasligi ravshan.
Endi x =y bo‘lgan holni garaymiz. Bunday holda sistema o‘miga
quyidagi tenglamaga ega bo‘lamiz:
4da+x =\+Jx+b
Bu tenglamaning chap va o‘ng gismlari manfiy emas, shuning uchun uning

ikkala tomonini kvadratga ko ‘tarib, teng kuchli
ylx+b =?

tenglamani hosil gilamiz. Oxirgi tenglamaa-6 >1 bo‘lgandagina o ‘rinli,
va bu holda

(a-b)2-2{a+b}+\
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Javob. Agara- b <l bo‘lsa, yechim mavjud emas; agar a-bk 1 bcrlsa,

__(a-b)2-2[a+b\+\
XY = mmmmiienn” Yomen

Mustagqil yechish uchun misollar

Berilgan tenglamalar (tengsizliklar) sistemasi a parametrning
giymatlarida yagona yechimga ega bo‘ladi?
3x+(a-1)j>=a+l

509.
(a+N)x+.y=3

510 f Y<ax- 1¥'2 x+1\+2xY

\Xy+1l-x-y
511 ix2~y+1=0
" \x2-y2+(@+x+(a-l)_y+a=0
512, x=a+Jy
y2- x2- 2x+4y+3=0
513. .JX'y:a
yyfx =1-a
3y+2+xy =0
514 x(y+\-a) +y(2a-3)+a+2=0
515 y>x2+a
X~Zy2+a

516 X2+ 4x+3-a<0
x2- 2X+6a-3 <0
Xx+y=a
X4+y4=a4

517.
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518. .
NIx+Jy =4a

\4x-Jy =1
519-\ifx+Jy=a’
[x2-(3a+l)x+2a2+2a<0
l|x+a2=0
521. a ning ganday giymatlarida tenglamalar sistemasi ikkita

) b+ 1x+6|+x2- 5x+6-12|x|=0
yechimga ega bo’ladi? ,
I’M-2(a+2)x+o0(a+4)=0

Berilgan tenglamalar (tengsizliklar) sistemasi a parametming ganday

giymatlarida yagona yechimga ega bo'ladi? Bu yechimlami toping.

522. \\Y~X~YX+3-® parametr qatnashgan tenglamalar (tengsizliklar)
\a{x +y)=xy-b

sistemasini yeching.

523. KIX +>a_>l .

{xz-(a +\)x+a<0
4,

[ x -(a+35x<0

525.
\"y+a-Jx+b

]
|

ax+3y=a2+l

e , tenglamalar sistemasi
3a+l4jx+(a+8)y=5a +5

526. a &arametmin% |[j<

yechimga ega bo‘lmaydigan giymatlarini toping.
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527. a parametrning ganday giymatlarida 3 30G3*- 3 tengiamaiar
[y +2-3x-3y =3a-2x

sistemasi yechimga ega bo‘ladi?

528. a parametrning ganday giymatlarida ixtiyoriy b uchun 1
\x+by=ac+1

tenglamalar sistemasi yechimga ega boMadigan kamida bitta c topiladi?
529. M to‘plam koordinatalari quyidagi tengsizliklar sistemasini
ganoatlantiruvchi nuqtalar to‘plamidan iborat boMsa, a parametrning
ganday giymatlarida M to‘plam Ox o‘gning [—2;—1] kesmasini o°‘zida
saqglaydi.

X2+ +4jx+4a<

3x+y~{la+tA~"<0
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11.QISM. TRIGONOMETRIYA

IV BOB. TRIGONOMETRIK FUNKSIYALAR VA ULAR
ORASIDAGI MUNOSABATLAR

I-8. Haqgiqiy argumentli trigonometrik funksiyalar va ularning

xossalari

Tekislikda to‘g‘ri burchakli Oxy koordinatalar sistemasini garaymiz.
Markazi koordinatalar boshida va radiusi birga teng bo'lgan aylana birlik
aylana deyiladi va uning tenglamasi x2+y2=1 ko‘rinishda boMadi.
Koordinata boshi O ni istalgan burchakning uchi qilib, yarim musbat
absissa o‘qgini go‘zg‘almas nur OA uchun gabul gilamiz. Bu OA radius
boshlang‘ich radius, F nuqta esa boshlang‘ich nuqta deyiladi.

Bu koordinatalar sistemasidaa haqiqiy son berilgan bo‘lsin. a haqigiy
songa

koordinatali aylananing koordinatasi c ga

teng bo‘lgan M(a) nugtasini mos gqo‘yamiz.

(I-chizma).

Ta’rif. M(a) nugtaning xa absissasi a

sonining kosinusi, ya ordinatasi esa a

sonining sinusi deyiladi va cosa, sina kabi I-chizma
belgilanadi.

Ta’rif. ¢ sonning tangensi deb, shu son sinusining

uning kosinusiga nisbatiga aytiladi, ya’ni
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tga= sin” (cosa* 0).
g cosa( )

Ta’rif. a sonning kotangensi deb, shu son kosinusining uning sinusiga

nisbatiga aytiladi.
Trigonometrik funksiyalaming asosiy xossalari

1. Aniglanish sohasi

A) D(sin)=(-ocr,-Hx))
B) Z)(cos) = (-00;-t-00)
C) D(tg)-R, fagat j +xn,neZ, sonlardan boshga giymatlarda aniglangan,

chunki bu giymatlarda kosinus nolga teng. Demak, tangens mavjud emas.
D) Hfg)=R fagat M ,ne z sonlardan boshqga giymatlarda kosinus nolga
teng, demak kotangens mavjud emas. Albatta bular funksiyalaming
ta’rifidan kelib chigadi.

2. Har ganday burchak sinusi va kosinusining absolyut giymati 1 dan katta
bo‘la olmaydi, ya’ni sina va cosa funksiyalaming o‘zgarish sohasi [-1;I]
dan iborat boMadi,

-I<sinx<lI, jsinjcj<1

-I<cosx”™ I, Jeosic<l

Tangens va kotangenslar giymatlar to‘plami esa barcha haqiqiy sonlar
to‘plamidan iborat boMadi.

£(/g) = N = (-00;+00)
£(c/g)= R = (-00;+00)
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Mustagil yechish uchun misollar

1. Agar sina-cosa=p bo‘lsa, sin2a ni hisoblang.

2. Agar siny+cosy =14 bo‘lsa, sina ni hisoblang.

3. Agar sina-cosa =" bo‘lsa, sinda+ cosda ni hisoblang.

4. Agar O<ar<y va 0<p <~ bo‘lib, ctga =| ,ctgp =~ bo‘lsa,
a+j3 ni toping.

5. Agar 90“<a <180° bo‘lib, cos(a-908=0,2 bo‘lsa, tgla ni toping.

6sina-7cosa+

6. Agar,,,.aL-4 boMsa, I"'h'i'sob'lang'.

7. Agartg ~ bo‘lsa, tgh"L+aytg”™--x”" nihisoblang.
8. Agar sina-cosa =n bo‘lsa, sin3a-cos3a nihisoblang.
9. Agar« , =3 bollsa, jg & jg g | 1 hisoblang.

10. Agar oc,/3,y lar biror uchburchakning ichki burchaklari bo‘lsa,

j 3
sin3«+sin3/?+sin3x=-4cos”™/?cos”™x ekanligini isbotlang.

Ifodani soddalashtiring

ctga+<ti§ta 12.  %/2-sinor-cosa
sinar-cosa
13.

sin 160° ecos 70° - cos200° esin 70° - c0s 235° ¢sin 215°
/g55°-c/g215°
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

cosba+cos6a+cosla
sin5a +sin6a +sin 7a

\%

j ll-cosx t J+QBC

sin* .
IM+cosx vl-cosx

cos 1+sina +tga”(\-sin <2+tgccj.

sin2(a +2/?)-sin2(a-2/?)-1.
\-tg[7i-2a)tga
tghx-aU-tga
cos2a-ctg2a +1
sin2a+tg2a
‘94

sin +a -sin2
\ 8 ]

tg2a
tgd4a+tg2a

(\1/1_a

cos3a +cos4a+cosba
sin3a+sin4d a+sin5«

CosS 4a-9ﬂ

ctg M +2a I-cosA+dar

I-2co0s22a
N[ 2« -fJsin2[f+ 2«

sin(80°+4a)
4sin(20°+a)sin(70° -a)

fsin*+-2—1 +[cos+—— 1 - tgx-ctg1l
sin*; Vv cos*J



tgz +~ -1
28.

2a-%
tg2[ 2a h
20.  (/£225°-#555°)(&795°+#195%).

30. Jcosec2(a- "1+ sec[a+”"~

(sin8a+sin9a +sinl0a+sinlla)(cos8a-cos9a-coslO0a+coslla)
(sin8a-sin9a-sin 10a +sinl la)(cos8a +cos9a +cosl0a+cosl 1a)

2-8. Argumentning ba’zi giymatlarida trigonometrik funksiyalaming

giymatlari

Birlik aylanada ichki chizilgan muntazam n burchak berilgan bo‘lsin.

Agar shu n burchakning tomoni L, ma’lum bo‘lsa, %:

burchakning trigonometrik giymatlarini hisoblash mumkin. Muntazam n

burchakning tomonini teng ikkiga bo‘luvchi radiusni boshlang‘ich tomoni

sifatida qabul gilaylik. U holda Fburchakning sinusi ) ga, kosinusi esa

apofema /,, = gateng bo‘ladi, ya’ni sin® =" cos” ="1|-"

Geometriyadan ma’lum bo‘lgan ichki chizilgan  muntazam
ko‘pburchakning tomoni bilan radiusi orasidagi bog’lanish formulalariga

asosan:

1) n=3da &=/, /3=lbo‘lib, siny ="~ ,cosf = bo'iadi;
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2-chizma

a
2) n=4 da a4=72, /4=-2~bo‘lib,

sinf=|, cos|=",/gj=Ilc/g|=Ibo ladi.
3) u=6 daa6=1, bo‘lib, sin™=i,cos~=~ ,fg "~ J=,c/g" =\3
boMadi.

4) n=8 da a%V2-V2,/8= +7~ bo‘lib,

% V22 A >R+V2 O \2—sl2
sm'8 ~ o= 2 7 8= 2 7 8=V2W2=

bo‘ladi. Bulardan tashqari, trigonometrik funksiyalaming ta’riflariga
asosan, yana quyidagilami yozish mumkin:

sin0=0, cos0=1,/g0=0, ctfgO - mavjud emas, ctg” =0.

3-8. Trigonometrik funktsiyaning berilgan giymatiga ko‘ra

burchagini yasash

J -/ (*) trigonometrik funksiyalaming biri bo'lsin, /u-berilgan son.
Shunday burchaklar to‘plamini topish kerakki, bundaf(a) =m tenglik
<

o‘rinli bo‘lsin, boshgacha aytganda f(a) =m ko‘rinishdagi eng sodda
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trigonometrik tenglama yechilsin. Bular
cosa=m, sina=m, tga=m, ctga-m Kko‘rinishga ega.

1 cosa-m. Kosinusi m ga teng boigan burchakni yasash uchun
absissalar o‘gida P(m,o0) nugtani yasaymiz. Quyidagi uch hoi bo‘lishi
mumkin:

m<1 \m=\ |M>1

1°. |m|<l bo‘lsin. Bu holda R nugta AAj
kesmaning (kosinuslar kesmasi) ichki nuqtasi
boMadi. R nuqtadan o‘tuvchi va Oyo'giga
parallel bo‘lgan to‘g’ri chiziq birlik aylanani M
va M] nuqgtalarda kesib o‘tadi. OM va OM]
radiuslar absissalar o‘qiga simmetrik bo'lgan va
garama-garshi yo‘nalgan AOM va AOMi
burchaklami tashkil etadi. (3-chizma) 3-chizma
Kosinusi m gateng bo‘lgan

barcha burchaklaming so'nggi tomoni

OM yoki OMI dan iborat bo‘ladi. m=0 bo'lganda AOB vaAO[
burchaklar hosil bo'lib, bunda ZAOB =j Ba ZAOBI=" .
2°. |m<1bo‘lsin. U holdam = 1yoki m=-1bo‘lib;

a) tn<\ daP nuqtaA nuqta bilan ustma-ust tushadi va burchak 0 ga teng
bo‘ladi;
b) m=-\ daP nuqta\ nugta bilan ustma-ust tushib, burchak n gateng

bo'ladi.
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3°. \m\> Ibo‘lsin. Bu holdaP~[4”] bo‘lib, P nuqtadan "Vo‘qqa
o‘tkazilgan parallel to‘g’ri chiziq birlik aylanani kesmaydi.

Shuning uchun bu holda burchak mavjud emas. Shunday gilib, cosa=m
tenglama:

\m\ < 1da ikkita yechimga ega;

m=1va m=-1 dabittadan yechimga ega. \m\> 1 yechimga ega emas.

2. sina =m. Sinusi m ga teng bo‘lgan burchakni yasash uchun ordinatalar
o‘gida p{o,m) nuqgtani yasaymiz. Quyidagi uch hoi boMishi mumkin:
wi<l, \m=\, |/a>1.

1°. Im|<Iboisin. Bu holda P nuqgta L, kesmaning (sinuslar kesmasi) ichki
nuqgtasi bo'ladi. P nugtadan o ‘tuvchi vaOX o°‘qgiga parallel bo‘lgan to‘g’ri
chizig birlik aylanani M vaM, nuqtalarda kesib o‘tadi. OM va OMx
radiuslar ordinatalar o ‘giga

simmetrik va o‘zaro nga qadar toMdiruvchi bo‘lgan AOM vaAOMt

burchaklami tashkil etadi. (4-chizma).
Sinusi «jga teng bo‘lgan barcha
burchaklaming so‘nggi tomoni yoki OM,
yoki O Mxdan iborat boMadi. m - 0

boMganda M nugta A nugta bilan, Mx

nugta Aj nugta bilan ustma-ust tushadi va

O yoki n ga teng burchaklami hosil 4-chizma

giladi.
2°. |7j=l boMsin. U holda m=1yoki ™=-lboMib:
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a) T=1da P nuqta# nuqta bilan ustma-ust tushadi va “m burchak hosil
bo‘ladi;

b) m=-1 da P nuqta” nuqta bilan ustma-ust tushadi va burchak hosil
bo‘ladi.

3°.|/a]>1 bo‘lsin. Bu holda P& [*] bo‘lib, P nugtadan OX o‘giga
parallel o‘tgan to'g’ri chiziq birlik aylanani kesmaydi. Shuning uchun bu
holda burchak mavjud emas.

Shunday qilib, sina =m tenglama:

\m\< 1 da ikkita yechimga ega. m=1 va m~-1da bittadan yechimga ega.
\m\>1 da yechimga ega emas

3. tga- m. Tangensi wga teng bo'lgan burchakni yasash uchun
tangenslar o‘gida [ \ni) nugtani yasaymiz. P nugtani aylana markazi
bilan tutashtiruvchi to‘g’ri chizig aylanani M va Mx nuqtalarda kesib
o‘tadi. OM va OM} radiuslar izlangan burchaklaming so‘nggi tomonlari
bo‘lib, bu burchaklar bir-biri bilan n ga gadar farq giladi.

Shunday qilib, tga =m tenglama m ning ixtiyoriy haqiqiy giymatlari

uchun har doim yechimga ega. (5-chizma).

v
m p
5 "
(a
. 6
Mi
Yy
6-chizma
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ctgoc —m. Kotangensi wga teng bo‘lgan burchakni yasash uchun
kotangenslar o‘gida P(»”*l)nuqgtani yasaymiz. P nuqtani aylana markazi
bilan tutashtiruvchi to‘g‘ri chizig aylanani M va Mx nuqtalarda kesib
o‘tadi. OM va OMy radiuslar izlangan burchaklaming so‘nggi tomonlari
bo‘lib, bu burchaklar bir-biri bilan n ga gadar farq giladi.

Shunday qilib, ctga =m tenglama m ning ixtiyoriy haqigiy giymatlari

uchun har doim yechimga ega. (6-chizma).

4-§. Bir xil argument trigonometrik funksiyalari orasidagi

munosabatlar

Teorema: a argumentning ixtiyoriy qiymatlarida sin2a +cos2a =1
ayniyat o ‘rinli.

Isboti. Koordinatalari x=cosa, y=5inabo‘lgan nuqgta birlik aylanada
joylashgan bo‘lib, x2+y2=1 edi. Bundan

cos2a +sin2a =1 (1)

Teorema isbot bo“Idi.

Tangens va kotangens ta’rifiga ko‘ra

= sinar
98= osa \(/2)
ctga= sinar )
edi. (2) va (3) lami ko‘paytirib, tgactga=\ (4)

ga ega bo‘lamiz.
(1) Ayniyatni galma-galdan sin2«(sina”0) va cos2a (cosa * 0) larga

hadma-had bo‘lib:
152



tg*a+1=—V =secxy 5
g cos”™ar 2 ()

ctga+ |=-r*—=coseca(6) Iarga ega bo'lamiz. Bu formulalar a
sura

argumentning qabul qilishi mumkin bo‘lgan barcha qiymatlarida
ayniyatdir.

Bu formulalarni bilish biz uchun bitta trigonometrik funksiyani boshgalari
orqgali ifodalash va aksincha, trigonometrik funksiyani boshgalari orgaii
ifodalash imkonini beradi.

Jumladan:

1.(1), (2), (3) lardan

cosa =+'J\-sin2a, tga- — , ctga="*"'sn °L (7)
+VI-sin2a sma
yoki
sina=xfr*"c, tga™® * ¢ ¢ ct cosa
cosa 6 *VI-cos2a (8)

2. (4), (5), (6) lardan

. ?
cosa:—--—l—---, sma:—réj'—‘:i , ctga:—1 ro\
M+ tha tgoc W
yoki
A
cosa=— ctoa , sina=—i h , tga:\L:------ lini
tyl+ctg2a +M+ctg2a ctSa At

Bu formulalardagi “+ ” ishora umumiy holda masalaning ikkita yechimga
ega ekanligini bildiradi. Hagigatan ham trigonometrik funksiyaning
berilgan giymatiga ko‘ra ikkita burchak yasash mumkin edi. Shuning

uchun ishoraning tanlanishi a burchakning gaysi chorakda joylashishiga
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bog’lig. (7)-(10) formulalarda a ning gaysi chorakda joylashishiga garab
trigonometrik funksiyaning ishorasi aniglanadi, shunga mos kelgan ishora

o‘ng tomonda ildiz oldida goldiriladi.

1.  Trigonometrik funksiyalar giymatlarining ishoraiari

Chorak sinjc COSX tg* ctgx Secx COsecx
| + + + + + +
I + - - - - +
I - - + + - -
Y - + - + -

2. Trigonometrik funksiyalaming ayrim burchaklardagi qiymatlari

jadvali
X 0 a a A a n bsa 2k
4 J J ~T
sinx 0 1 A A 1 0 -1 0
2 2 2
COSX 1 £ J2 1 0 1 0 1
2 2
tgx 0 A 1 — 0 0
3
ctgx - 0 1 Vs 0 — 0
3
3. Keltirish formulalari
Keltirish formulalari deb, "£x, nxx, ~~xX, 2>Ktx argumentlarning

trigonometrik funktsiyalarini x argumentning trigonometrik funktsiyalari
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orgali ifodalovchi formulalarga aytiladi. Bular quyidagi jadvalda

keltirilgan:

X a ﬂza n?va AL n+a 333 3_2* +a 2n-a
sin X sina cosa cosa sina -sina -Cosa -asa -sina
COSX cosa sina -sina -casar -ccsa -sina sina cosa
Igx tga ctga -ctga -tga tga ctga -ctga -tga
ctgx ctga tga -tga -ctga ctga tga -tga -ctga

secx sec# coseca -coseca -sec# -seca -COS€Ca cpseca  seca

COSeCX coseca  seca seca coseca -COseCa _gecq -seca -COseca

4. Trigonometrik funksiyalar yig’indilarini ko‘paytmaga almashtirish

formulalari

sina +sin/? = 2sing 9 cos-
sina-sin/? =2sin--~""~-cosg
cosa +cos/3 = 2cosa cos

cosa - cosB =2sin™2-sin™-4/
R 2 5

tga+tgpy =sinfars/7 (a& +in p ¢n—+nn\
cosacos/j V 2 2 J
ctga +ctg/3 _Sin /—?iirk (a® KK, B*nK)
smasm/7 ' !

Ko‘paytmani yig’indiga almashtiramiz.

sinacos/? =i(sin(a-/?)+sin(ar+/?)j
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cosa cosP =~(cos(a-P)+co%[a +/?)]

sina -sin P —-(cos(a - P)~cos(a +/?))

sin3(x-270°)cos(360°-x\
I-misol. /(*)- Ifodani ~dalashtiring.

Yechilishi. y =cosx, juft funksiya, .y=smx, y=tgx toq funksiya,

shularga ko‘ra:

Asin(270°-x)j -cos(360°-x)

1(*) = 5
(-# |;*-90°)J +c0s3(270°-x)
, (cosx)3-C0sX
Keltirish formulalariga ko‘ra: f{x)~~ TTr  -3- cosx- Shunday
(-ctgx) -lsinxj
gilib, agar sinx~O, cosx"0 va X uholda /(x) = cosx.
2-misol. Agar tga =-" va j<a<n bo‘lsa, sina, cosa, tga ni
toping.
Yechilishi.

COs2a=I" g b =T5 bundan>

cosa yoki cosa=—" .Bu yerda -~<a<n , ya'ni Il-chorakda

4
bo‘lganligi uchun, cosa=— .

_sincc .o L _ 1.4
tga=-—--—-- dan,> smg—tga cosa bundan 5|na—4; ctga—t—ga— 5

shunday gilib, sina=|, cosa=-", cosa=-y-
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3-misol.

Tenglikni to‘g‘riligini tekshiring.

sin 47° +sin 61°- sin 1P - sin 25" =cos7“

Yechilishi.

Trigonometrik  funksiyalarni yig’indisini ko'paytmaga almashtirish
formulalariga ko‘ra:

(sin47° +sin61°)- (sin 11’- sin 25°)=2sin54°scos 7" - 2sin 18°¢cos 7° =

=2c0s 7°(sin 54° - sin 18°j = 2cos 7°-sin 18°- cos36°.

Hosil bo‘lgan ifodani cosl8“ ga ham ko‘paytirib, sin36* = 2sinl8*-cosI8* ni

e’tiborga olsak:

2cosTm =cosT- =0,5T-« *'£ -COST
cos Iff coslff cosUP

Demak, berilgan tenglik to‘g ‘ri ekan.
4-misol. Agar cosa =] boMsa, 16siny-sin~ ni hisoblang.
Yechilishi.  Trigonometrik funksiyalarni ko‘paytmasini yig‘indiga
almashtirish, hamda darajasini pasaytirish formulalariga ko‘ra:
Sa 3a (a_ . 3an

COSyy - cos 2*
165in‘jlim3a =-i16= L2 2 2

=8(cosa- cos2aJ=8(cosa- 2cos2a + 1)=

_g 3_2f3f 41 _&
4~ 4

5-8. Trigonometrik ayniyatlar

Trigonometrik funksiyalar gatnashgan ifodalar xossalari va ularning
o°‘zaro bog‘ligligini yana o ‘rganishning muhim bosqichidir. Trigonometrik
ifodalami ayniy shakl almashtirishga doir misollarda argumentning gabul
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gilishi mumkin bo‘lgan giymatlari to‘plamida berilgan deb garaladi. Zarur
bo‘lgan holda alohida aniglanish sohasiga murojaat gilamiz.

Ta’rif. Tenglikning tarkibiga kiruvchi o‘zgaruvchilaming istalgan
giymatlarida to‘g ‘ri bo‘ladigan tenglikka ayniyat deyiladi.

Albatta, trigonometrik ayniyatlami isbotlashda  tenglikda
gatnashayotgan argument gabul gilishi mumkin bo‘lgan giymatlar to ‘plami
hisobga olinib, shu to‘plamda qgaralayotgan ayniyat hisoblanadi. Ayrim
trigonometrik ayniyatlami isbotlashni ko‘rib o ‘tamiz.
1-misol. Ayniyatni isbotlang.

tg22a—tg2a

\-tg22atg2a

Isboti. Ayniyatni isbotlash uchun chap tomonidan o‘ng tomonini keltirib
chigaramiz, ya’ni

tg22a —tg2a _ (tg2a—tga')(tg2a+/ga) _ tg2a+tga tg2a—tga _
\-tg22atg2a {\-tg2a tga}{\ +tg2a-tga) \-tg2atga \+tg2a tga

=tg(2a +a) tg{2a- or)=tg3a tga
2-misol. Ayniyatni isbotlang.

QOS2 X+ CORj A +xXj+COS27-A -jc = |

Isboti.
c032x+c052’/‘\2FAX'j4r)c oz = (Ili'c osx '+ Ni+ co R 2 x I+cos| ~ —2X 11=
g+110052jt+cos/\ cos2* = =1

3-misol. Agar (X+f3+y—7l bo‘lsa, sinor +sin/? +sin;' =4coSyCos”cos™ ni

ishotlang.

158



Isboti. a+p n-y-n bundan

Y=n-(»+/?)

siny - sin(;r-(a +/?))=sin(a +/?)

Sina +sr¥1[5]+smy =sma + sr%ﬁ] +sﬂ1ta +/@.>: a.sr'na—"'—g—- cosa—'ﬁ—+ Zsmﬁglcosa——"—g
= Zsina—-t R(cositE-+ cos ﬁ-tﬂ\ =2sm atp COS%C%SR-ZJS'in g% )é\Jcosa?cospz- =
y

a P
=4c0s— COS—-COS—
2 2 2

Mustaqil yechish uchun misollar

Ayniyatlarni isbotlang

32 sin[p-y) | sin(y-g) tsin(g-~)_0
COS/?COS/  cos”™cosor cosa QOSP

33. 3(sin4a +cos4a’j-2(sin6a +cos6orj=1.

34 cos2a _ l-tga
I+sin2a t+tga’

35. 4sinjla+yjsinja-yj=-3+4sin2ar.

\' / n |\ 2cos(|0°+2a)[-l
36. /g(ar +35°W (25 -a) = ------ S —
> 2cos(lo°+2a)+1

37. 9cosl5a+3cos7a+3cosl9a+9coslla =24cos32acosl 3a .

jlesina  jl-sina agar ~+2nn<a<”~+2nn, bo'lsa 2tga

1-sina Vlssinar agar “+2nn<a <Ul-+2an, bo'lsa -2tga

39. sina +sinp +siny- sin(a +P + k)=4sina+-~ sin*”~ sin~+ta
40. tg2atg(3(r-a)+tg2atg{6Ne-a ) +*£(60° -«)*&(30°-or) = 1.

41. Agar a+p+y=n boMsa, tga+tgfi+tgy- tga-tgP mgy.



cosacoseca+s\na-seca=2ctg2a.

2 2
(sina +cosa) -(sina-cosa) =2sina.
3-4sin2tf = 4sin™~ +arjsinj™y-a;j.

sina +sin3a +sin5a +sinla =4cosa cos2asin4a .

sin2a +sin2”""-+aj +sin2™ ~-aj ="-

/2 fi-oos2a=sm2a+tg1(3
sur/”

tg~~-a™ +ctg\ ~a”= 2sec2a.

cosarg (+ +a jcoseeN---aj=1m

sin6acos32a +cos6a sin22a =“sin8a .

4

cos™-cod4-cos”™ =—sinQr , neN.
2 4 2 2"-sin”
ctgha +sin2a) =cos2a *

sin 2a cos|™ +y jcos(”™ -y j=cosacos” .

sin6a +cos6a :g‘+’o‘cos4a.

/g2a-/EN-aj+/& 2a-teN--aj+#"N-ajlgn-aj=I.
ctga-tga-2ig2a-4tg4a=8ctg%a.

sina +sinja +~;z-j+sin™a-|;rj =0-

_sind4o___cos2a _ 3~ )
I+cos4a |+cos2a 2 J

160



59.

60.

61.

62.

63.

65.

66.

67.

68

69.

70.

71.

72.

73.

sin2*jj-n +a j+sinja- jx j=0-

Sin2(45° +«)esin2®  -a)-sinl5° cos(I5°+20r)=sin2a.

tgda+secda =™s*x+sin2a
cos2#-sin 2a

4cosf§-alsinfr-ayV ™ AL
Coi6§ a}lS|n13 aJ si’na

si# + | |+« 2[T-?

sec&

N

smar . [9 a
sm|4~2

I-cos(2a-7r}+cos(4a-2n}= 4cos2ar-cos” +a ji

3+4sin™a +7-a j+sin”8a +Marj=8sin42a .

hj_l No-ctll-a

ctga-Jtga 14
sin6Qr+cos7or+sin8a+sin%or 15
cosbar+cos7a+cos8a+cos9a 2a'’

ctga-tga-2tg2a=Actgla.
tgb6a-tgd4a-tg2a=tg6a- tgAa-tgla.

N-secd # =sin™ - cos2a;
sin2a+cos2a

16sin5a - 20sin3a +5sina =seca .

ctg(27V-2oc)+ctg(2W-2a)+ctg(\W-2a)=Itg6cc.

i6i

o\|A



74. 8cosda +4cos3a - 8cos2a - 3cosa +1=-2C0S-y COS *

cos(w+l)asina n
75. cos2a+cos22a+...+co0S2wa=— _  —mmmmmmmm-

76. 3-4cos2a +cosd4g _ . 4
3+ 4cos2ar +cosda

77. 8cosdcr-4 cos3a - 8cos2a +3cosa +1=-2sin-y-siny .

6-8. Qo‘shish teoremalari va ularning natijalari

Teorema. a\a p argumentlaming ixtiyoriy giymatlarida:

cos (or+ cosa;cos/?-sinasinP, 1

cos(a- P) =cosa cosp +sinafsin/7, 2)
Munosabatlar o ‘rinli.

Isboti. M va N a va p burchaklaming giymatlarini birlik aylanada

ifodalovchi nuqtalar bo‘lsin (1-chizma). U holda M va N nuqgtalaming

koordinatalari quyidagicha bo ‘ladi:
XM =cosa, yM=sina\
xN=cosP, yN=smp.

M va N nuqtalar orasidagi masofani hisoblaylik:

MX2={xm - xn)2+{¥M~YM)2 =(cosor-cos/?)2+

+(sina-sin0”™ =2(I- cosa cos/?- sinasin/?)

Endi boshlang‘ich nugtasi N va oxirgi nugtasi M bo‘lgan yoyni garaylik.
Bu yoy a-p son bilan o‘lchanadi. Shu yoyni Ji(1;,0) nuqtadan boshlab

go‘yaylik. Bunda B uning oxirgi uchi bo‘lsin. U holda yasashga ko‘ra
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kiMN =yjAB bo‘lib, bulami tortib turuvchi vatarlar ham teng bo‘ladi, ya’ni
AB=MN.
AB masofani hisoblash uchun A va B nuqtalaming koordinatalarini

aniglaylik: xA=l; yA=0; x=cos(ar-/?), =sin(ar-/?). Demak,
AB2=(cos(a-/?)-1j +sin2(a-/?)=2(l-cos(ar-/?)) (**)

(*) va (**) lami o‘zaro tenglashtirib,
2(1-cosacos/?-sinasin/?)=2(1- cos(a- /?))
1- cosacosJ3- sinasin/?=1-cos(a-/?)

cos(a-/?)=cosa cos/?+sina sin/?
(2) formulaga ega bolamiz.

(2) formulada p ni ~p ga almashtirib,

cos(a+/?)=cos(a- (-/?))=cosa cos(-y3)4

+sinasin(-/?)=cosacos/?-sinasin/?
ga ega bo‘lamiz. Bu yerda sinus va kosinuslaming juft va togligidan

foydalandik.

Natija. Agar a va p argumentlaming yig‘indisi ® ga teng bo‘lsa, u
holda birining kosinusi ikkinchisining sinusiga va aksincha, teng boMadi,
ya’'niar+/7 =y bo‘lsa, u holda cosar=sin/? yoki cos/?=sina. Hagiqgatan,

cosa =cosjr—?j (2) formulaga binoan:

cosa -cosV2 ~P j= cos—cosP +siny sin/? =sinP

Ikkinchisi ham shunday isbotlanadi.
Teorema. a va p argumentlaming ixtiyoriy giymatlarida quyidagi

munosabatlar o‘rinli.
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sin(«+/?) =sinorcos/9+cosa sin/?, 3)

sin(a-/?) =sinacos/?-cosasin/?, 4

Teorema. tga va tg/3, tg(a+/3)\ar ma’noga ega bo‘ladigan barcha a va
P laruchun:

B@a+P)=&?2+% [a®dr+an, P*1+nk, axp*
munosabatlar o‘rinli.

Natija. tg(a-0}, tga, tg/3 lar ma’noga ega boiadigan barcha a va {3

lar uchun p ni -/? ga almashtirib:

tg{fa~P)=* *“ ~aggP ccxP*j+nm).

munosabatlar keltirilib chigariladi.

Teorema. ctga, ctgP, ctg{axP) lar ma’noga ega bo‘ladigan barcha a va

P lar uchun:

CtA axt P)=@®tgaztctgis P *nK axpP*™ \

formulalar o ‘rinli.

7-8. Trigonometrik funksiyani ko‘paytmasini yig‘indiga va aksincha,

almashtirish formulalari

Teorema. orva /? laming ixtiyoriy giymatlarida:

cosorcosp - M(cos(a+/?)+cos(a- /?)j (6)
sinorsin/? =i(cos(ar+/?)-cos(ar-/?)) @)
sinacosp =i (sin(a+/?)+sin(ar- /?)) (8)
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ayniyatlar o ‘rinli.

Isboti. Oldingi mavzuda garalgan (1), (2) formulalami hadma-had go‘shib,
ya’ni

cos(a+/?)=cosacos/?- sinasinp

cos(a~P)~cosacos/3+sina sin/3

cosacos/? =i(cos(a+/7)+cos(a-/7) (6) formulaga ega bo'lamiz,
hadma-had ayirib esa, sinasin/? =i(cos(a+/?)-cos(a-/?) (7) formulaga
ega bo‘lamiz.

Xuddi shu singari (3), (4) formulalami hadma-had qo‘shib,

sin(a +/?) =sina cos/? +cosa sinP,

sin(a ~P)=sinacosP - cosasinp,
sina cos/? =/ (sin(«+/?)+sin(a-/?) (8) formulaga ega bo‘lamiz.

Teorema. a va (i ning barcha giymatlarida:

cosa +cos/?=2cos"~"-cosh-y-\ 9)

cosa+cos/? =-2sin--" -sinfif @ ; (10)
sina +sin/? =2sin—" cosa " — (12)
sina-sin/? = 2cos--j ™ sin— (12)

a va /3 larning gabul gilishi mumkin bo‘lgan barcha giymatlarida:

a,(3pLUNM+kn,  ke. Z lar uchun:

sin(a +/?)

+ =
tga+tg/3 cosa cos/?

(13)
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(13)

a,p ¥kn, kezZ laruchun:

(14)

ctga- (15)
Yig‘indini ko‘paytmaga keltirishga doir misollar
78. a)sin80°+sin300, 6) sin80°—sin30°.
79. a)cos75°+co0s48°, 6) cos75°-c0s30°.

80. a)sin5—sin3, 6) cos5x-cos3x.

81. a)sin2x+cos2x, 6)cos(3+x)-cos(3-x).

82 a¥sin24°+sin6®° ~ cos5°-co0s25°
c0s24°+cos6°’ sin5°+sin25° '

83. a))tg\ 10°-tg20°, 6) %%%;"—tég%g&'

84. a)ctgx+tgx, 6) crg(x+45°)+fg(x+45°).

85. a)sin250°-sin230°, 6) sin270°-co0s250°

86. a)sin2y-sin2™, 6)\ttga.

87. a) coseca-ctga, 6)tgza-tg2p .

88. a) sin10°+sin50°-sin70°, 6) cos20°+cosl00°+cosl400.

89. a) sin47° +sin61°-sin 11°-sin25°, 6) c0s47°-c0s610-cosll0+cos25°

90. sm870-sin59°-sin930+sin610.
91. 1g30° +tg40° +tg50° +tg60°.

92. a) l+cosa, 6) V3+tga.
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93. a) >/3-2sina, 6) 3+V3tga.
94. a) 3-4sin2a, 6) 3-tga .
95. & sina+tga, 6) tga-sina.
96. a) l-sina+cosa, 6) 1-sina-cosa.

97. a) l-cos(™-a)sin(£+a), 6) 1+cosa+cos/?+cos(a+/?).

8-8. Darajani pasaytirishning umumiy formulalari

Teorema. cos"a va sin™a, shuningdek, bu darajalaming har ganday
ko ‘paytmasi trigonometrik ko‘rinishda tasvirlanishi mumkin (ne N).
cosna, sin™a, cos"arsinmar darajalami trigonometrik ko‘phadga
almashtirish formulalari darajani pasaytirish formulalari deb ataladi.
Umumiy hoida, cos”a va sinma darajalami trigonometrik ko‘phadga
almashtirish uchun Muavr formulasidan foydalanish qulay.

Faraz qgilaylik, n=cosa+isina, v=cosar-/sin«

U holda cosa = sina="y", @av=1

Muavr formulasiga ko ‘ra:

u" =cosna+isinna, V'=cosna-isinna

cosnar =i(M"+v"), sin«3r=i(M"-v"j
Bulardan:
cosH j =IL(m"+C>"-¥+C,V-22+.. . +C2WwV"2+Cfuva' +v") =

=ATAWHV) + 4+ W(bI-2 + MA2) + C2HA2(H"A + V74 )+e o=

=~ r(cos«a+Cicos(/j-2)a+C2cos(«-4)a+...j
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Shunga o ‘xshash,
sin"a =2y fv-"P=2¥r(“"-C>"4v+QV V-..))

Bu yerda, agar n=2k boMsa,

sin2xa =~ 7] +2AN—CRluv[uX 2+vX 2j+...j =

) [cos2ka-C\kcos(2&- 2)a +CXkcos(2£- 4)a -...j

n=2k+I| boMganda:

sinZiHa =2 Jiy (M- v 2%1]- C 2t+wy(i/2*4 \udH-v2%1)-...j=
(-if
=N (M 2k+l)a - CkHsH 2k- l)a+Cu Hisinf2k- 3)a+ -)

Ikkilangan burchakning trigonometrik funksiyalari

Yuqorida keltirilib chigarilgan sin(a+,0) =sina cos/?+cosasin/?,

cos(a+/?)=cosacos/?-sinasin/? va tg\(/a+O]:I-tgatgp formulalarda

P =a deb olsak, u holda sin(a +aj =sinacosa +cosa sina =2cosa sina ;

cos(a+a) =cosa cosa-sin orsina =co0s2a-sin2 ;

H + f. ~ f« 4
2tga 2ctga * H?)-
1 1-tga _1
tgla  2fgor 2!
L _I+iez, cosec2a = a larga ega bo‘lamiz
cos2a \-tgaa | “sin2a  2tga g9a¢g ’

Demak,
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sin2ar=2cosasinor cos2a = cos2or-sin2t

2tga

tgl
g'a I-tg2a

ces2a = =+ A~
Ltgz csc2a =1 Stga

fomulalari hosil bo‘ladi.
funksiyalarini burchakning o'zini trigonometrik funksiyalari orqgali ifoda
etadi. Shularga o ‘xshash:

sin 3a =sin(2a +or) = cos 2a sinor+ coscr sin 2a = 3sincr - 4sin3a ;

cos3a=4cos3a-3cosa;

9-8. Ratsionallashtiruvchi almashtirish va yordamchi burchak kiritish

Ta’rif. Agar cosa va sinO'ga nisbatan ratsional bo‘lgan i?(cosa,sina)

funksiya oraliq argument deb ataluvchi t- /(a)ga nisbatan murakkab

funksiya ko‘rinishida tasvirlangan bo‘lsa, ya’ni
i?(cosa,sinar) =J?,(/) va - ratsional funksiya bo‘lsa, u holda
t=f(a) oralig argument yordamida kiritilgan almashtirish

ratsionallashtiruvchi almashtirish deyiladi.

Teorema. cosa va sina ga nisbatan ratsional bo'lgan har ganday
. . a
7?(cosa,sina) funksiya uchun t-tg - almashtirish

ratsionallashtiruvchi almashtirish boiadi.
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itt oa COS2™-sin2n I-~"g2y
Isboti. cosa= cos2”--sin2”" = ———{pP— r~TK=-—-T a’
2 2 cos2”™N+sm 2N \+tg

2sin~cos”
sina=— = - g —
cos2”+sin2” I+ /g2~

t=tg%£ almashtirishdan so‘ng cosa va sinalar t argumentning
ratsional funksiyalari ko ‘rinishida tasvirlanadi, ya’ni:

cosa=|— ,sina=-~T.(%
1+t2 1+12

Bu formulalar a ning gabul gilishi mumkin bo‘lgan barcha (ar*(2A:+1|s-|

giymatlarida ma’noga ega.
i?(cosa,sina) ifodada cosa va sina ni (*) orgali almashtirib, t
argumentga nisbatan ifodaga ega boMamiz.

Teorema. Agar a va b sonlardan hech bo‘lmaganda bittasi noldan fargli

bo‘lsa, u holda 24 (yoki —< < T7t)oraligda
o=rcos”

b=rsing

r=\ja2+b2

sistemani ganoatlantiruvchi 9 ning giymati yagonabo ‘ladi.

Misol. asina+6cosayig ‘indini ko‘paytmaga almashtiring. Bu erda a va
b - istalgan haqigiy sonlar a-b®o0.

Yechilishi. Yugoridagi teoremaga asosan,

asina+6cosa=r(sinacos®+cosasin®)=rsin(a
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Bu yerda r=\la2+b2va ¢p=arctg” .

Mustagil yechish uchun misollar

Quyidagi tengliklarni isbotlang

98

99

inn
10°-

10t

102.

103.

104.

105

HOG.

107.

108.

109.

a) sink~sin”~_ ctca+P 6u sina+sin/? _( a+P

’ cosa-cosp 8 2 ’ ’cosatcosP~g 2 '
ay sinor+sin/7 _  -a+P ~ sina-sinyff _f a-p
>cosa-cos/7 8 2 ’ }cosatcosp~g~2-~"
o sina+sin3a ~ s'nsa +sA
a) c.s« +cos3a=(g2a- 6) ﬁs*é’i’é’é’shp: « -
a) sin(a+P)+sin(a-P)_tga ~ cos(a+/?)+cos(a-/?) _ v
sin(ar+/?)-sin(a-/?) tgfi’ cos(«-/?)-cos(<ar+/7) ® '

a)jS*"+tM-gjfe g j=o0, 6) 1+4C =qjg(is»t «).
)tha-tgP gs!in(a-gPs ) gln%] 5°sma)

a) I-fg2a = QB*Qr, 6) (sina +sin/?)2+(cosor+cos/?)2=4cos2""-",
cos2or 2

a)c/g”-c/g” =iin™ +f) siy -~ ), 6) tg2(450_a)= Iz sin2«

sinrorsm/? I+sin2£ir
a) N 20 - s’/n2a cos2/?+c°s2a sin2/7 1-sinar 2£ £\
tga-tgd sin(a+/?)sin(a-/?) ’ 1+sina 4 2
a) =ctg(pc-45°), 6) /g67°30'-fg22°30'=2.
= o N =-
a) I+2cosa =4cos(30 +22)cos(300 2) 6) 2sinasin2ar 1.

a) I-4sin2a =4sin(30 +ar)sm\(/30 —a), 61/ psmatsm2a =t822 .

------ =sin(ar+/?).

l+ A=CcA(E-N), 6) -,-dN -5 ]
a)I-s ¢ (4 2) )s'macos/%-Jsrr}l/%cosa

m2a
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MO. a) sina-2sin2a+sin3a 2 g) tfa-sm'a
cosa—2c0s2a+cos3a ctga-cos* a

1t1 4 sina +sin3a+sinba _ -y fg(45°+a)+/g(-45°+a) _cin9,,
1U- 3) cosa +cos3a+cos5a ~ ctg(a+450)+ctg(45°-a)

112. a) seca+tga =tg(j+]j),
6) sin2(a+/?)-cos2a-cos2/?=2cosacos/?cos(a +/7).

113. a) sec2a-co0s2a-2sin2a =sin2a/g 2a ,

6) I+cosa+cos2a+c9s3a =2cosg
cosa+2cos2a-|

%154 Yy sin22a-4sin2a —t'Sn S
AL radifa S 2

6) cos2~ (L+secM+tgy)(l-secy+tgj) =sina.

115. a) cos2a - sin2p =cos(a- P)mos(a+p),

6) 1- cos2a - cos2p =cos(-a + P)mos(a +/?).

116. a) /g~-cosx-sinx =-2V2sin” crgx-cos™-45°j,

6)s i ~ =cosx, g (x. 45°).

117. a) 6) fgl0o/g200+/g600/g200+/gl00/g60° =1
1-sin ar-cos a |

10-8. Ba’zi trigonometrik yig‘indi va ko‘paytmalarni bisoblash

Argumentlari arifmetik progressiya tashkil qgiluvchi kosinuslar va sinuslar

yig‘indilarini hisoblash.

n
cosa +cos(a+ /1)+cos(a+2/j)+...+cos(a+a/i™V cos(a+Aiil|. (*)
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Bu yig‘indilarini hisoblash uchun quyidagi ayniyatlardan foydalanamiz.

. ( -sin fa—M
Ll' | 2, y 2>
. . f h)
A +/i)=sin -sin
li4a T o,
f ,2«+I,I_Sin a+2—(f+—|h
r 2 A 1 z Y

* h
Bulami hadma-had qo‘shib, so‘ng sin 2 8a bo‘lsak:

Acos(atEli)=— —
*=0

2sin:

Yoki bundan:

n cosjla+”Njsin™-"A

cos(a+”/?

o) n (B
sm 2

n
Agar bu formulada a ni y —a gava h ni -h ga almashtirsak:

n smlo NVgin 111,
sin(atAA) = - 2
= sin| @)

(*) formulada a=0 desak,

COSMAsin/Nin!
1+cosh+cos2A+...+coBuii =

) (3)
si4
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sin*AsinM" A
sinh+sin2A+...+sin«A = -——-- Nemeem j—t— 4)

sin2
(4) ni (3) ga hadma-had boisak:

sinh+sin2A+...+sinn/; _  n,
I+cosh+cos2A+...+cosnA "2

() va (2) formulalarda tf=x, h=2x va n ni un-l ga almashtirsak:

n
sinx+sin2*+...+sin(2n- jc=  sin (2&- DHx =
sin|x+(n-l)xjsinnx sjn2'nx (6)
sinx sinx
n
COosX+co0s3x+...+cos(2w-1)x =]Tcos(2A:-1)x=
. . *= 7
_ cosuxsinrax_ sin 2m: \(/ )

sinx 2sinx
Endi shu mavzularga doir misollar ko‘rib chigamiz.
I-misol. Tenglikni to‘g‘riligini tekshiring.
sin47° +sin61°- sin 11°—sin 25° =cos 7°
Yechilishi. Qo‘shish formulalaridan foydalanib, quyidagi natijaga ega
bo‘lamiz.
[sin47° +sin61°j- [sin11°+sin25°j=2sin54°cos7°- 2sin18°cos7° =

=2c0s7° ¢sin54° - sin18°j= 2c0s7° +25in 18°c0s36°

Hosil bo‘lgan ifodani cosl8ga ham ko‘paytirib, ham boMamiz, hamda
2sinl8cosl8 =cos36°ekanligidan va sin72° =cosl8° dan foydalanib,
2c0S7°.sin36° ~ 360=cos7°.H~=cos7°.g~=c0s7°.

cos18° c0s18° c0s18°

Demak, berilgan tenglik to‘g‘ri ekan.
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2-misol. Ayniyatni isbotlang.

4sinasin(60° - a jsin(60° +aj=sin3a

Isboti. Ayniyatning chap tomoniga mos ravishda (6), (7), (8) formulafami
goMlaymiz.

4sina sin(60°-a)sin(60° +a)=4sina:- ix

x(cos(600-a-600-a)-cos(600-ar+60°+a)j=2sin(cos(-2ar)-cosll0°j=

=2sin™cos2a+” j=2sinarcos2ar+sina=2-"sin(ar-2a)+sin(a+2a)J+
+sina=-sina+sin3a+sina=sin3a
Shunday qilib, ayniyat a ning ixtiyoriy haqiqgiy giymatlarida bajariladi.

3-misol. Ayniyatni isbotlang.

— *sin-te
eta-tga 4

Isboti. Tenglikni chap gismida quyidagi almashtirishlar bajaramiz.

cos22a _  cos22a  _ co0s22a _cos22asina-ecosa
ctga—tga cosa sina co0Ss2a —sin2a co0s2a —sin2a
sina cosa sina-cosa

Ikkilangan burchakning trigonometrik funksiyalari formulalariga ko'ra,
ya’ni

Asin2a =2cosasina, cos2a=cos2a-sin2a bo‘ladi.

Shunga ko‘ra,

cos22asina-cosa = cos22a-sin2q *sin2a.Cos2a=Isin4a
cos a-sin a 2cos2a 2 4

Demak ayniyat isbotlandi.

4-misol. Ayniyatni isbotlang.
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cos2x+ cosz(_z\,c + x) roos 2Ny | 3

13 ‘ 3

Isboti. Bu ayniyatni isbotlash uchun trigonometrik ifodalami darajasini

pasaytirish formulasidan foydalanamiz, ya’ni cos2x =*+c°s”x ekanligidan
foydalanamiz.

l1+cos(y+ 2xN

C0S2X+C0s217 + X j+ cos2 2 1+cos2je g+
[+cos| ~ - —=2x cos A +2X j+cos|ty—2x
3 cos2x
2 2 2
—3 C052X+COS£'| _Cosixziq’-ﬂ)§2_x_ﬂ)§£( :3_
~2 ~2~ 3 2 2 2 2

Demak, ayniyat isbotlandi.

Mustaqil yechish uchun misollar

118. Agar siim =-j~ va 'lLl-<a<2n bo‘lsa, cos”y-arj ni hisoblang.

119. Agar sina=1JL, sin/?=-ji=va 0O<a<y, 0</3<y bo‘lsa,

cos(a +/?j ni hisoblang.

120. Hisoblang. a) tg2a +ctgZ2a b) tg*a+ctg3 v) agar tga+ctga =3
bo‘lsa, tga-ctga ni hisoblang.

121. Agar cosa=0,8 va O<ar<y bo‘lsa, siny, cosy, tgy ni
hisoblang.

122. Agar tga=3j va »>a<ll- bo‘lsa, siny, cosy, tgy ni

hisoblang.
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123. Agar sina +cosa = va 0<a<~ bo‘lsa, tg”- ni hisoblang.

124. Agar sinar+cosor =t bo‘lsa, quyidagi ifodalarni t parameter orgali
ifodalang. a) sina-cosa b) sinor-cosa v) sinda+cos4or.

125. Agar tga+ctga=t boisa, a) tga +ctgza b) tgdh +ctgh ni
hisoblang.

Hisoblang

126. sin2£+cos2™M+sin2~+cos2™ .
(0] (0] (6] (6]

127. fg255°-fgl950.

128. agar ctga ="bo‘lsa, cos(~-+2a)n’\ toping.

129. agar tga =0,2 bo‘lsa, 3+4”0s2a ni tOPin&
130. agar tga=-2bo‘lsa, I+5sin2a-3sec2«ni toping.

131. sin4%+ cos4 3 sin4 3 cos4 4

132. cos”™ cos”™.
(o) (o)

c0s67°-cos7°-c0s 83°-co0s27°  *\eJ b
€0S 128°¢c0s68° - c0s38°ecos22°

134. Agar sina+sin/?:-"2j1,cosa+cos/?:-92} va
Ll-<a<bn, -j< a<0 bo‘lsa, sin""~vacos”" nihisoblang.

135. Agar tga =3 bo'lsa, fssniqnz’\alé}scgosé‘zéni toping

Biror uchburchakning ichki burchaklari a, /3va y ekanligini bilgan
holda quyidagi tengliklarni isbot giling.
136. sin2a+sin2/7+sin2y =4sinarsin/?siny m
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137. sinda+sin4/?+sin4”=-4sin2asm2/?sin2/.
138. tgZ-tg& +tgf-tgE+tgEtgf =1

v
139. sin2a +sin20+ sin2y - 2cosa cosPcosy -2.

140. sin2na+sm2nP+sin2ny=(-1)"+ sinnasinriftsinny (bu erda n butun

son).
Trigonometrik tengsizliklami isbotlang

141. Agar a<0<Y bo‘lsa, u holda sina <a </ga isbotlang.

142. Agar a+p+y =7 va a, p, />0bo‘lsa, u holda sin?/‘sin(ﬁsiny‘S’;
isbotlang.

143. Aara n2 e z bo‘lsa,uholda Csolgag_tcfggala.so.

144, Agar a+p =j va a>0, p>0 uholda tga tgy3<I isbotlang.

=A ‘ - . £3+2>/2 ni
145. Agar 0<a<p > bo‘lsa, u holda II+Srina cosa’

isbotlang.

146. 4sin3x+5>4cos2x+5sinx ni isbotlang.

147. 0<a</? =ybo‘lsa,u holda cosa+asina>I ni isbotlang.

148. Agar Q<a<”r bo'lsa, uholda sin(cosa) <cos(sina) ni isbotlang.

Tengsizliklami isbotlang
149. AgarO< ae|-|; yj bo‘lsa, u holda %/cosa <%/2cosy
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150. Agarae e:fjj va 0;2’,‘1_ bo‘lsa, u holda

a) sin«+£> sina+sin/?

b) cosa+/LzcoSa+cosP ekanligini isbotlang.

151. sind4a +cos4a > i

152. cos7a-8cos7a+7”0 .

153. —Jl2sina+cosa?2

154. sin2a+cos2a cos4acos8acosl6a o

155. cos(a+/?)cos(a--/?)<cos2a

156. Agar ae O;y|j uholda cosa+2sina>1 ekanligini isbotlang.

I1-§. Teskari trigonometrik funksiyalar va ularning asosiy xossalari,

grafigi
Teskari trigonometrik funksiyalar ta’riflariga to‘xtalib o ‘tamiz.
1. y - arcsinx funksiya [—}1] kesmada aniglangan, teskari funksiya
X=sm>' esa ,ye da aniglangan.

Ta’rif. Berilgan x sonning arksinusi deb, ye andrangan va

sinusi X gateng bo‘lgan y - arcsinx funksiyaga aytiladi. (1-chizma).

Har ganday xe [—};1] uchun, 2 2
sin(arcsinjc) =jc
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2. y =arccosx funksiya [—};I] kesmada aniglangan. x=cos>> teskari

funktsiyaesa y e[0;a] da aniglangan.

Ta’rif. Berilgan x sonning arkkosinusi deb, kosinusi x ga teng va
0 <y<T7t da aniglangan y =arccos* funksiyaga aytiladi. (1-chizma)

Har ganday xe[-I;I] uchun 0" arccosx<;r, cos(arccosx)=x

3. y=arctgx funksiya (-00;+00) da aniglangan x=tgy funksiya esa,

Ta’rif. xe(-00;+00) sonning arktangensi deb, tangensi x ga teng va

da an‘Alanéan y =aictgx funksiyaga aytiladi. Har ganday
X uchun:

-5<«re<g.< § bodadi
tg(arctgx) = x

180



4. y =arctgx funksiya (-00;+qo) da aniglangan x-ctgy fimksiya esa
je (0;9-) daaniglangan.
Ta’rif. x sonning arkkotangensi deb, kotangensi x ga teng va 0<y<n

da aniglangan y = arcctgx ftmksiyaga aytiladi. Har ganday x uchun :

0<arctgx<n

ctg(arctgx)=x

bo‘ladi.

Teskari trigonometrik funksiyalar orasidagi ba’zi bir ayniyatlami eslatib
0 ‘tamiz.

D)arcsin(-jc) =-arcsinx  (-l<x<lI)

2)arccos(-x) —7i—arccosx (-1<x< )

3)arcsinx+arccosx=y (-1rx™ )

4)arctg(-x) =-arctgx
5)arcctg(-x) = 7t- arcctgx

6)arctgx+arcctgx -
1-misol. sin(arc/gx) ifodani soddalashtiring.
Yechilishi. axctgx=y deb belgilash kiritamiz.

—~<v<— va tgy=x boMadi. I+/g2y=—=— dan cosy ni topamiz.
2 2 cos'2n

oraligda kosinus faqgat musbat giymatlar gqabul giladi, bundan

cosy— —--—-endi sinv ni topamiz. siny =tgy-cosy = . Bundan
VI+tgy fi+tg ¥

sin(arctgx) =~ L -.

2-misol. Agar, -1< j><I| bo‘lsa, arcsinx=arctg . x #ni isbotlang.
V1-x
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Isboti. Tenglikning ikkala tarafini ham tangenslaymiz:
tg (arcsin xj =tg
C**127]j

. sin(arcsinx) X
1) fg(arcsinx) =
cos(arcsinx)

2)tg arctg
JI-x2

Bundan ko‘rinadiki, tenglikning ikkala gismini tangensi ham teng.

Demak, -I<y<I| da arcsinx ham arct%TIS_.2 ham (-yiy) intervalda
-X

yotadi.

Mustaqil yechish uchun misollar

157. Q08 arctgs[2 +arcsin /1)

158. tg arcsM]c 12 i+arcsfn-3

sin fiarcsin a 1Icos fI—arcsl‘nor 1
160. tg Sarctgy - i arcsiny -
161. a)arccos™cos-*j b) arccos|-cos”
162.

1 ( 4
9 5 mcos-4

163. sin farcsh§ - arccosy

182



164. cos™arccos”™-arcsiny j.

g
f arctg— -arcsin —

166. cos Iarctg4

Tenglik to‘g‘riligini tekshiring

167. arctgj+arctgj=j.

h68. hres— arccos-]]'j:arctgl—.

169. arctgi +arctgi +arctg| =" o

170. arcsin4d+arcsin-+arcsin|4 =/-.
5 13 03 |

171. arcsin> + arcsf % :§/

2
J

172. arcsinﬁ- arc 3:arcfg Z/

173. arccosA+ arccos;} = arccosi—ll)\]

174. arccos™y-+arc/gh~ =arcfg(>/2+lj .

175. 2arctgJj” =arccosx, -1<x< 1l

176. arcsin(x-l)+2arc/g * =y, 0<x<2.
Ayniyatlarni isbotlang

177. 2arccos”t™ =arccosx,-1< x<1.

178. larctgx+ arcsin-2XT=a\ x> 1,
1+X2
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179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

X+y

arctgx—+arctgy =arctg l-xy-

sin(arcsinx)=x [xj<1.
cos(arcsinx)=vl-x2, jx<1
tg (arcsinx) = >N <L
ctg(arcsinx)=x, |x/ <1 x ®P0.

X
arccosx=arctg

arccos %/l-x2 O<x<l

arcsinx =
-arccosVI-x2 -1<x<0.
arcsin\/1-x2, 0<x<I
arccosx=
n-arcsinVI-x2, -l<x<0.
1
arccos x>0
o
arc/gx= nins
-arccos . ]- x<0.
VT+Xz
arctg /PO
arccos x=
ﬂ+arctgvr_'ﬂ' -l<x<0.
arcctg— x>0
arctgx=
arcctg”-n, x<O0.
arctg— x>0
arcctgx=

Au-arc/g-i, x<0.
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V BOB. TRIGONOMETRIK TENGLAMALAR VA
TENGSIZLIKLAR. TRIGONOMETRIK TENGLAMALAR VA
TENGSIZLIKLAR SISTEMASI

I-8. Trigonometrik tenglamalar va ularniyechish usullari

Trigonometrik tenglamalar yechishda asosan, quyidagi eng sodda

trigonometrik tenglamalami yechishga keltiriladi:
a) sinx=a

b) cosx=a

c) tgx=a

d) ctgx-a

Bu tenglamalami yechishni quyidagi jadvalda keltiramiz.

Tenglama yechimi

sinx-a [a|<I bolsa x-~-ifarcsma+nn, ne Z
cosx=a |al<l| bo‘lsa X=tarccosa+2nn, ne Z
tgx=a x-arctga+nan, ne Z

ctgx=a x=arcctga+nn, neZ

185



Sodda trigonometrik tenglamalami yechishda umumiy formulalardan
foydalanilmagan holda ba’zi bir holatlardagi giymatlarini eslatib o ‘tamiz.
1. sinjr=0. Xx=nan, neZ

2. sinx=1 X-~+2nn, neZ

3. sinc=— x=-"+25n, neZ

4, cosx=0 X=-"+an, neZ

5. cosx =1 Xx=2nn, neZ
6. cosx=-1 x=n+2nn, neZ
l.tgx=0 X-nn, neZ

Umuman, trigonometrik tenglamalami yechishning ko‘pgina yo‘llari va
usullari mavjudki, ulami umumiy nazariya doirasida to‘laligicha ko‘zda
tutilishining iloji yo“q.

0 ‘zgaruvchilami almashtirish, ko‘paytuvchilarga ajratish, yordamchi
argument  Kkiritish ~ ratsionallovchi o‘miga qo‘yishlami  qo‘llash,
trigonometrik funksiya ko‘paytmasini ulaming yig‘indisiga almashtirish va
buning aksi, simmetrik ko‘phadlar xossalaridan foydalanish, baholashdan
va tengsizliklardan foydalanish, elementar funksiyalaming xossalaridan
foydalanishga asoslangan usullar va hokazo. Trigonometrik tenglamalami
yechishda qo‘llaniladigan ayrim usullami misollarda ko ‘rsatamiz.

1-misol. Tenglamani yeching.

sin(7rcos4x) =1

Yechilishi. (2) formulaga asosan,

# cosdjc= Zt+2;rn, weZ bundan

cos4x="+2n, neZ lekin, |cos4jd<l. Shungako‘ra /7=0.

Bundan cos4x=0,5 vayechimi
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2-misol. Tenglamani yeching.

tgx-sin2x =0

Yechilishi. Bu tenglamani yechish uchun ulardan agalli bittasi nolga teng
bo“lishi kerak, shunga ko‘ra,

tgx=0 yoki sin2x=0 bundan,

tgx =0 sin2jc=0

X=nn, neZ x:-uk, keZ

Bu yechimlami umumlashtirib x=nn, n€ Z ga kelamiz.

3-misol. Tenglamani yeching.
5sin2x+3sinxcosx-3c0s2x:=2
Yechilishi. Bu bir jinsli tenglamaga keluvchi tenglama hisoblanadi.

Tenglikning o‘ng tomonini 2-1=2-(sin2Jt+cos2x) ko'rinishda yozib

olamiz. U holda:
5sin2x+3sinxcosx-3c0s2jc=2(sin2x+cos2x)=i>
=>3sin2jc+3sinjccosx-5cos2jc=0

Birjinsli tenglamaga kelamiz.

Tenglikni ikkala tarafini cos2x ga bo‘lib, 3tg+3/gx-5=0ga ega

3t2+3f-5=0
boMamiz. tgr=? deb belgilash kiritib 3+V69 bundan
h,2
tax=" +V69
g 6
X =arctg +nn, neZ

4-misol. Ushbu 4sinx+5cosx=6 tenglamani yeching.



Yechilishi. Bu ko‘rinishdagi tenglamalami yechish uchun, yordamchi

argument kiritish uslidan foydalaniladi. Bunday tenglamalarga sinx va

cosx ga nisbatan chizigli tenglamalar kiradi, ya’ni:
asinx+6cosx=c [a2+b2* 0)
Bu tenglama uning barcha hadlari -Ja2+b2 ga bo‘lingandan keyin

n
sin(x+tp)~MN -- --—- ko‘rinishga keladi, unda ~-yordamchi burchak,

uning uchun sin<p-j - —P—- ;TO‘YA’A—_a—p.. Tenglama \c\<-Ja2+b2

bo‘lgan holdagina yechimga ega bo‘ladi.

n/42+52 =n/4T bo‘lgani uchun berilgan tenglama.

-'I4:sin'x:w5-p::c05x:-g tenglama%(a teng kuchli. -,4: , -,é =1
x/41 M VAT e IVAT)  {Ne
bo‘lganidan shunday ip burchak mavjudki, uning uchun

4 .
cosN>=-==; sin">=
v fi’ r-m

Bundan,

sinxcos™+cosxsinN=-"==

N
sin(x+<p)= 16: Aarcsin-o
<1 boMgani uchun, Jc=-arcsin-*"=+(-)*arcsin-4= n-nk, k&Z .
V4l v ' v4l
5-misol. sinx+7cosx =5 tenglamani yeching. Bu tenglamani yuqoridagi

usuldan foydalanib ham yechish mumkin, hamda buni universal o‘miga

go‘yish usuli bilan ham yechish mumkin.

188



Yechilishi. sin* va cos* lami tg)‘( orqali ifodalaymiz, ya’ni

2tqg i 1- tg 2i

SMX = ------- COSjC= —-mmmmmmmmmmm- 5- formulalar yordami bilan tg”® ga

i+ (g ' i 2

nisbatan algebraik tenglamaga keltirilishi mumkin. tg ~~ belgilash Kiritib

quyidagi ratsional tenglamaga keltiramiz.

1—ilr‘_3+7"ﬁ—|/'gl 5 bu tenglamani yechib, t. :"2%, /, :-’j‘l ga ega bo'lamiz.

X 1 X 1 1 f i
*®=2' *273 ‘en§lama’aran *=2arctg—+2xk, x =2arctgh~- *1nn

. bundan, x—2arctg\é+2nk, x:~2arctg}5r+2nn, n,ke Z .

6-misol. 8cos4x+cos2jc+4sin22x =3 tenglamani yeching.
Yechilishi. Bu tenglamani yechish uchun quyidagi darajani pasaytirish

formulalaridan foydalanamiz.
Sin=x=1I1~", cos’* =1+ A

cos2x=/deb belgilash kiritsak, sin2x =1-cos2x ekanligidan foydalanib,
2

8 5 +/+4(1-/2j=3 tenglamani yechamiz. Bu tenglamada ba’zi bir
/

ixchamlashtirishlar o‘tkazgandan so'ng 2t2-5/-3=0 tenglama hosil

bo‘ladi. |/|<1 ekanini e’tiborga olib, t=~\ n‘ topamiz, ya'ni
cost:~2, x:J_rZr+nn, nez .

Javob: *~+nan, neZ .
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7-misol. Tenglamani yeching.

2C0526X+2c0528x+2c05210x=3

Yechilishi. cos2jc="+c°s— formuladan foydalanamiz.
1+cos12x++1+c0s16x+1+c0s20x=3
(cos12x+cos20xj+cos16x =0
2cosl6éxcosd4x+coslex=0

cos16x(2cos4dx+1)=0

bundan, cosl6x =0 yoki 2cos4x+I1=0.
= =- AN
cosléx=0 x é*32r+16n, nez
cosd4x=-i x=x"+%k, k&Z
2 O 2z

8-misol. Tenglamani yeching.

tgx-tg2x=tgx+tg2x

Yechilishi.  Ta’rifdan va vyig'indini  ko‘paytmaga almashtirish
formulalaridan foydalanib, quyidagilarga ega boiamiz:

sinx sin2x _ sin(x+2x)

COSX COS2X COSX C0S2X
SiN X *Sin 2X =SiNX OS2X+Sin 2X *C0SX

sinx(sin 2x-co0s2x- 2c0s2x)=0

Ko‘paytma nolga teng bo‘lishi uchun ulardan agalli bittasi nolga teng
bo‘lishi kerak. Shunga asosan,

sinx=0, sin2x-co0s2x-2c0s2x=0

Birinchi tenglamadan x=kn, keZ. lkkinchisi esa quyidagi ko‘rinishga
keladi.

sin2x-2sinxcosx-3c0s2x=0  /cosX bo‘lib, tgX+2tgx-3 =0

ko‘rinishga keltiramiz. Bu tenglamani yechib, tgx=-3. tgx=1.
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Bundan,

shartidagi cosx”"O,

ildizlar sirasiga kiradi.

Javob: x=7tk, x=arctg(-3}+7rn,

9-misol. Tenglamani yeching.
sin4x+cos4x=é

Yechilishi. 1-usul.
2 7
sin2x+c0s2xJ -2sin2x cos2x=g
I-ZsiniX'COSix:-
1-1sin22x = |
in22x =
sin22x \4
sin2x=-F-i

2X=x"+nk,

1=%é +? ' KkeZ-

Javob:|xi +f

L,

x=arctg{-3}+tn, x= ~+4aT,

c0s2x*0 edi.

nmeZ. Tenglamaning

Shuning uchun x="+nT, chet

i n&N.

2-usul.

(sin2x) +(cos2x)

1-cos2x f ,fl+cos2xf =7
2 J 1 2 J 8

(:0529x=j3

C0S2X=%"y-

2k=+"+xk,

=+ i+f , k.zZ

1

Mustaqil yechish uchun misollar
Trigonometrik tenglamalami yeching
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3. ccsf-~1.
4. /g(x+15°j+1=0.

5. cos2x+cosx =0.

7. 4sin3x+8sin2x-sinx+2 =0.

8. Zsin5x+23in’2\cos’2\:35in3x.

9. rg(x+45°) =c/gr.
10. sin2|x+£j-sin2~-xj-sinj*-cos™2x +-jy =sinx.

11. sindx+cosdx =",
o)

12. 19sin22x-30sin4x+25co0s22x =25.

13.  2sinx-3cosx =i.

14.  47cos(Tr +x)+12sinx = -«/3tf.
15. s'mx+ctg”™ =2.

16. 4sin(2x+200)-cos(2x-20°)=3.
17. co0sx-c0s2x =sin 3X.

18. 1-c0s22x=sin3x-cos"+Xj.

19. sinx+cosx =1+sin2x.

20. sin2x+sin22x=sin23x.

21.  ~sinx-"j(sinx+1) =0.
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22.

23.
24,

25.
26.
27.

28.
29.
30.
31.

32.
33.

34.

35.
36.
37.
38.

39.
48,

41.

42.

(COS*—]— I sinx+-i= 1=0.
V2 A V2

cosx/g3x=0.

SInX+COSX

cosbx =sinl5x.
sin23x-5sinx+4 =0.
/g +fg2x- 3/gx-3 =0.
c0s23x+5sinx-4 =0.
2cos2x+sinx-2 =0.
4co0s22x+8cos2x-7 =0.
3(l-sinx) = I+cos2x.
Sin2x+2sin Xxcosx = 2.

V3sin2x+c0s2x=>/2.

3sinx-5sin*7x+"-j=4c0s2X.

sin 6x- cos 2X+sin 2x = sin 5x- cos 3X.
sinx+sin2x+sin3x =0.
sin5x+sinx+2sin2x-1=0

3sin2x+c0s2x=2.

N 4 [
Stg ctgx = v
sinx _
cigx 1+ cosx

f2sin4f-1Vv -1 =2.
| 2 W =

2sin42x-sin22xsin4dx =2sin22x-sin4x buyerda, 0"x";r .
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44,

45.

46.

47.

48.

49.

50,

Si.

52.

53.

54.

56.

57.

58.
59.

6sin2x-6sinx+cos2x+l _n
12x2-8;rx+;r2

NP3?(sin2x-cos3x) =0.
4c0s3M+3>/2sinx =8cosSi .

I-sinx+...+(-)"sin"i+... _l-cos2x
I+sinx+...+sin"x+... I+cos2x

SiN5X-COS5X = —/toemmmm~
CoS* sinx

sinl0x-coslOx =y”~cos42x.

cos(3x-2)=-"
sin*
"f2fc2)=si,f
sinx 2

cos2x-tg1(n-x\ =— ~5—.
6C0S X

.Zcos4 =cos34+sin*

4 4 4 2

sin2x+c052x-25in2~cosx=-J/L, buyerda -n<x<”"n .
0 2 2

PAx i <8 _5

<gr £2* 2°

An*r'gx=9
l-cosx 4

yl+-isinx=cosx.

VI+cosx-\/lI-cosx=Il+sinx.

sinx +cosx = Jtgx+ctgx.
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2
60. 4(sin3xsinx) -sin3jc=5.

2-8. Teskari trigonometrik funksiyalar gatnashgan tenglamalar

Teskari trigonometrik tenglamalami yechishda teng argumentlarda bir xil
ismli trigonometrik funktsiyalaming qiymatlari ham teng bo‘lishidan,
ya’ni  trigonometrik  funksiyalarning bir giymatlilik  xossasidan
foydalaniladi.

Albatta bunday tenglamalami yechish jarayonida chet ildizlar paydo
bo'lishi mumkin. Shuning uchun tenglama javoblarini albatta tekshirib

ko'rish kerak.

1-misol. arccos”®=2arc/g”™—lj tenglamani yeching.
Yechilishi. Tenglikni ikkala gismini kosinuslaymiz.

Ccos arccos™ co”larctg{x-\»

cos2a = psb
I+tg2a

dan foydalanamiz.
X \-tg2\arctg[x-\}

2 \+tg2\arctg[x-\j

2 1+ (x-1]2

bundan, x =0, x—t\j2
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Tekshirish:

1) x=0, arccos0* 2arctg(-1),shunga asosan , arccosO=—

ar«g(-')-2(-f)-f

2) x="j2, arccosj"-"j*2orctg(-'12-1j, bunda, arccos >0, lekin

2arctg”-sl2-1j<0
3) x-yj2.
arccos  =2arctg|V2j

N =2arctghf2-\j

Shunday qilib, 0<”2-1 arctg|V 2-1je|0;-*-j:*2arc/g|>/2-1je”0;yj va

X=j2, tenglamani yechimi bo‘ladi.

Javob: |V2j.

2-misol. arcsin 2x+arcsinx =y tenglamani yeching.

Yechilishi. Tenglikni ikkala gismini kosinuslaymiz.

cos(arcsin2x +arcsinx) =CO0Sy u holda J\-4x2eVI- x2- 2x x =~ ni

yechib 7x2:-:’j:>xI:2"j, X2= -"-'j [3ga ega blo‘[Famiz.

Tekshirish:

a =arcsin 2x,+arcsin x, ni o‘miga go‘yamiz.
- /

cos arcsinJ®+arcsin LS =cosor bundan,

2\7
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Demak, cosar =~ .

Shunday qilib, 0 < *< * va

O<arcsin®y<”- va 0<arcsin

U holda O<arcsinJy +arcsin 2\7 <T* Aemat’ a birinchi chorakka

tegishli.
0<a<~ da cosa=" bundanar=y. Demak, = tenglamaning
yechimi bo‘ladi.

Endi, x2~~21\ff] n*tekshirib ko ‘ramiz.

[? =arcsin2x2+arcsinx2 ni o‘rniga go ‘yamiz.

\
, I
arcsin +arcsin =
aresin =~ \; =P
va ~1<_lif <0 boMganligi uchun
-n <arcsin +tarcsinyoki -n</3<0.

Demak, p bundan esa x2= -*"chet ildizligi kelib chigadi.

Javob:
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61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.
73.

74.

75.

76.

77.

Mustaqil yechish uchun misollar

arcrgx =- |.
arc/g(x +2)-arc/g(x+l)=".

arccosx+arcsin x = 6

arccos(l-x)+2arcsinjc=0.
arccos2x +arccosx =0.

arcsin 6x +arcsin6j3x +y =0.
2arccos”™-=arccos(x +3).
cos(4arccosx)=-1i .
arcsin x +arcsin nf3x=y .
2arccosx = arcsin2x-\/1-x2j .
arcsin™g-~j-arcsin— =0.

arcsin2x+5arcsinx+2 =0.

4arctgx-6arcctgx-7r =0.
2arcsinx-2arccos2x =0.

, |
arcsin - 2arcsin-JI-x-arcsin-=0.
3vx 3

arcsin(l-x)-2arcsinx=y.

arcsinfyarccosx] =1 .
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78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

arcsin (2x+ 1)=arccosx .
arcsinx +arcsin(x\/3) =y .

arctgx+arc/g3x- * .

arc/g(x+l1)-arc/,g(x-1)="-.

arcsinx-arccosx=arccos
arcsinx+arcsin2x =y .
arcc/gx+arccfg(x+l)="-.
arcsin x+arcsinA="-.
arccos™=2arc/g(x-I).

arctglx +arctg3x =

arccos|x| = arcsin 2x.

2arctg{cosx) =arctg

j

3-8. Trigonometrik tenglamalar sistemasi

Trigonometrik tenglamalar sistemalarini yechishda algebraik tenglamalar

sistemasini yechishda qo'llaniladigan usullardan foydalanamiz.

Quyida tenglamalar sistemasini yechishni o'ziga xos xususiyatlari bilan

tanishamiz.
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o oxwys
1-misol. 4 tenglamalar sistemasini yeching.
cos2x+sin2>,=1

Y echilishi.
N-Xx
Y=U-x y
bn
cos2x+sin2[ X =1 1ic0s2je 1-cos —2X .
=3*.
y 34 X y:T ~ X . -
€c0s2x+sin2x =0 tg2x=\ 2p:-’h-+A
Y__n ,nk
youe g+-T 8 2
V__7C nk ,,.3n _™_nk In sk

8 T- y 4 8 2 Y- g

Javob:
8 2 8 2

2-misol. Tenglamalar sistemasinini yeching.

sin3jc="sin>"’

€0s3x :j(I:OS" @

Yechilishi. Bu tenglamalar sistemasini har ikkala tomonini kvadratga

oshiramiz va hadma-had qo‘shamiz. Natijada quyidagi yangi sistemaga

kelamiz.
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sin6x+cosb"‘:ﬂz1r
(2)
sin3x=isin>"’

sin6x+co56x =~ tenglamani yechamiz.

Ba’zi bir almashtirishlami bajarib,

3

(L-cos2m [ I+costf:A1’ C0s2jc=0, x=A+k, keZ
1 2 J \ 2 /

Shunday qilib, (2) tenglamalar sistemasini quyidagi tenglamalar

sistemasiga keltiramiz.

n,Bn,
Xx“7*2k X=41+ék
Bundan, 3 yoki
sin3x =”"siny rsin_y = m’\:tﬂ
2 {5
n,/n,
*=Q+2*
7 n,ke Z (3)
y=1+]»

(1) dan (2) ga o‘tganda biz kvadratga oshirishni bajargandik, chet ildizlar
paydo bo'lishi mumkin, albatta tekshirishlar o'tkazish kerak. (3)

sistemadagi x,y ni giymatlarini quyidagi ikkita aylanada tasvirlaymiz.
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nugtada sinx>0, cosx>0 u holda (3) sistemadan sinj/>0, cos>">0

degan xulosaga kelamiz. BI,B1,B3 B4 nugtalardan fagatgina Bl nuqta
musbat absissa va ordinataga ega. (A4,5,) (3) sistemaning geometrik

yechimi ekan.

X, =?2r+2nk
Demak, 4 (3) sistemani yechimi.

N=X+24an

Sistemaning qolgan yechimlarini anologik tahlil gilib, mos ravishda (3)

sistemaning geometrik yechimlarini topamiz.
Xr="-+20K jo,="-+21K x4=~-+2nk

4 4
Y2=A_42™ Yr=5*+2nn yA:!n-+2nn, n,kez

Shunday qilib, (3) tenglamalar sistemasini yechimi quyidagi

birlashmalardan iborat.
xI="~+2nk x~:LH,-+2nK X3="-+ 21K Xg=-"r +21K

A= +2;r >=X +28" Ys=5%+2nn yr="-+2an
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3-misol. Tenglamalar sistemasini yeching.
[smx+sin_y=a

|!fsin2x+sin2>'= 6

Sini=M sinx=M
smx+sin.y=a sin®=v sin>>=v
Yechilishi. { .
|.sin2x+sm 2jy=0 u+v=a u+v=a
u2+v2=b u2+v2=h
sinx:a+bl -a?2
.__.a-\I2b-a2
smj>=
Agar at"2b—al shart bajarilsa,
b>i
atj2b-a2 <1
X = (_ |’¥> arcs]n_a__t_j_z_ l_)_:_a__z-r-ﬁﬂ- X = (_ |’Y> arcsinfa__-_,_\_z_lg_:_a__r_pnn
k,ne Z.
y=1- hyt arcsin&7 1126232
Mustaqil yechish uchun misollar
X_'_y=5n X-y-- n
90. ) ) 91. K
- _ - —A
}[cos X+sin V_Q% \{cosxsmx L
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92.

100.

102.

104.

106.

108.

\t&+tgy="-
[ctgx+2ctgy =3

tgxtgz—3

tgytgz=6
X+y+y=n

tgxtgy=-~
N\/2sinjt=siny

'j2cosx = %/3cosy
cos(X—Y)=2cos(x+jy)
COSXCOSY ~2

sSinX =sin2j

cosx =sin>'

cos2j>+3sin.xsin.y =0
2l1cos2jc- cos2j =10

N—x=30°

2&
tgx+ctgx =

r +,=3
Isin;rx+sin;ry =1

hctasy _ |
Noos2kiEN A

2X-y =2n
2sinx+siny =0

g7. \X-y=j
N\igx+3gy = 0

COSX+Qos>=1

cosr+cosX-="—+1
2 2

A
X+Y=4

101. L
cosjysinx _ 1

cosxsiny 2

103, 4 [>= 5sinx
COSX +C0s y =2
105, X+y=13%
tgx-ctgx =2

coSs :’ rCOS)—(i: !‘
107.
COSXCOSJIMi

1Q%> jsin;rx-sin;ry ="
\tgnxtgny =3
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4-8. Trigonometrik tengsizliklar

Trigonometrik tengsizliklami yechishda ham sodda trigonometrik

tenglamalami yechishga olib kelinadi va

sinx>a, sin;c<a, cosx>a, COsSX<a, tgx>a, tgx<a, ctgx>a, ctgx<a

ko‘rinishidagi tengsizliklami yechishda

koordinatali aylanadan yoki trigonometrik Y 5
funksiyalaming grafiklaridan N AM ¥
foydalanamiz. /XY

I-misol. sinx>a tengsizlikni yeching. c | JA X
Yechilishi. sinjoa ning yechimlar N\

to‘plami sinusoidaning y =a dan yuqorida

joylashgan  bo‘laklari bilan  aniglanadi. (1-chizma). Demak,

arcsing<x<>-arcsina golgan yechimlari undan 21k, ne Z uzogliklarda
joylashgan oraliglariga mos keladi, ya’'ni
arcsina+2"A:<x<M-arcsina+«, ne Z

Shunga 0‘xshash, sinxca ni yechadigan bo'lsak,
s—arcsina+2;rn<;t<2jr+arcsina+2ars, ne Z.

Xuddi shu kabi boshga sodda trigonometrik tengsizliklami yechimlarini
topamiz.

2) cosjc>a

arccosa+2"w<x<2”-arccosa+2rw, ne Z

3) cosx<a

—arccosa+2"/i<x<arccosa+2"«, ns Z

4) tgx>ar



arctga+nn<x<”+nn, neZ

5) tgx<a

-?j+nn<x<axctga+nn, neZ

6) ctgx>a

nk<x<arcctga +5K, keZ

7) ctgx<a

arcctga+nk<x<n +nk, keZz

2-misol. sinx>~ tengsizlikni yeching. r ::_A r

Yechilishi. Bu tengsizlikni yechishda birlik

aylanadan foydalanamiz. Albatta bu yerda
y=j to‘g‘ri chizigdan yuqori qismini
olamiz. y=\3

Chunki I2 dan katta AA r/

giymatlar yoyning

yugori gismidajoylashadi,
ya’ni

"+2nK<x<LI,?0—+2nK, kez ' E
(o]
3-misol. tgx>—j§ tengsizlikni yeching.

\V

Yechilishi. tgx x="+nk

giymatda aniglanmagan.

Bu chizmadagi B va D
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nugtalar. Bundan

ko‘rinadiki,

arctgx}'\+nk<x<—r}\+nn, we Z
4-misol. tgx—+ctgx>-3 tengsizlikni yeching.
Yechilishi.

sin*+cosx:_2 >_3_"sin2x_g>Q

cos* sin* sinjccosx sin2jc 2
=>2+3sin2x >q—>/2+3sin2jg)sin2x>0
sm2jc \% 3

sin2x>0v sin2jc<

n +arcsinz+2nk< 2x < 2n+arcsin;‘+lnkv Ink <2x<n +Ink =>
AN+ IrxesmM+nk<x<n-}"£cs,\n*+nk, ke Z

Trigonometrik tengsizliklami yechishda intervallar usulini goMlash yaxshi
natija beradi. Albatta trigonometrik funksiyalaming davriylik xossasi bu
intervallami ularning umumiy davri gadar kamaytirib kelishga imkon

beradi.

Mustaqil yechisb uchun misollar
Trigonometrik tengsizliklar

no. tgx>Ji.
111. cos(X+H)<-"-.

112. 12cos2x+7sinx-13<0.

113. 3sin2x-I>sinx+cosx.
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114. tgx+ctg2x<2.

115. coSXC0S3X <COoS5XCosS7X.

116. cos2x+sinxcosx£ 1

117. Vcosx-sinx>sinjt~, buyerda O<x<a\
118. sinx>j.

119. cosx>-i.

120. tgx>2.

121. ctgx>-S.
122. sin(x-l)<-~L

123. cfg(x-I)<-I.

124. sinx+cosx>-42.

125. 2tg2x<3tgx.

126. l-sinx<c/gx-cosx.

127. sin(cosx)>0.

128. 2cos2x-sinx+sin3x<lI.

129. sinxsin2x —cosXxcos2x <sin6x.

130. >/3sin2jc+cos2x<l.

131. sin3x>cos3x.

IT> sin3x-cos3x n
Sin3X+Cc0s3x

133. 3sin2x+sin2x-cos2x S 2.

134. 2cosx(cosx—>/8fgxj<5.

135. ctgx+ sm-_-<2.
COSX-



136.
137.
138.

J39

140.

141.

142

143.

144.

SiNX+COSX >-n/2 COS2X.
sin2xsin3X - cos2xcos3x< sin 10x.
4sinj:sin2xsin3x>sin4x.

COSX+2C0S2X+C0S3X>j
cosx+2cos2x—|

3sec2x < 4tgx.

sindx-+cos4xctg2x > 1
N>3tg>.

CosX

3cos2Jcsinx-sin2x </,

ctgx-tgx-2tg2x — 4/g4x >8\3
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TEST VARLIANTLARIDAN NAMUNALAR
1-VARIANT
1 yfx+2—Jx—6=2 tenglamani yeching.
A) 7 B)-T C)1 D)O

2- Pm+2=30Pn tenglamani yeching.

A) 4 B) -7 C) -4-7 D) 47
3. 5i+6! ni hisoblang.

A) 24 B) 38 C) 35 D) 30.
4, — r-: ..aa ni soddalashtiring.

XVX+X+VX X -SIX
A)x+1 B) x- O)x+3 D)x-2
5. Xx3-3x-2 = 0 ratsional ildizlarini toping.
A) -1;2 B) 1, -2 c)l;2 D)-1;-2

6. —Xx+2j=2jc+1 tenglamani yeching.
A) | B) O C) 1 D) 3
7. p ning qanday butun giymatlarida 2x2+ (2p-1jx—3=0 va

6x2—{2p-Y)x—\ = 0 tenglamalar umumiy ildizga ega?

A 1 B) 2 C)3 D) 1/2; 1/3
Bje—7  /_\Tx-
8 1T = i\ tenglamani yeching.
173 |§j

A 1 B)O C)1 D) |

9. Iogj*—2|og,J x =3 tenglamani yeching.

A)l B) 3 C2 D)4

10. log3x-210gj x =3 tenglamani yeching.
3

A)-1 B) 3 C)1 D)2



11. fg(arcsin— —+arctg\/3) ni hisoblang.

A)N  B) C) V3 D)4

12. 2sin2~ +4sin2”2+cos2” - sirw ni giymatini toping.
4 3 4 6

A) 4 B)3 C)2 D) 1

13 sino; +sin 2« -sin(;r +3«) soddalashtiring.
2cosa+l

A) sinar B) cosar C) sin2a D) cos2a

14. y - 3+sinx giymatlar sohasini toping.
A) [24] B) (2 4) O 1 D) [0 4
15. sin3x+cos3jt= \2 tenglamani yeching.

A) 15'+120'n B) 15'+360'n C)45'+360‘'n D)45'+120‘n

2-VARIANT
1. sIx+3+sl3x-2 =7 tenglamani yeching.
A) 6 B) 97 C) 7 DO

2. 5C,3=C4H2 tenglamani yeching.

A) 314 B) 3 C) 14 D) O

3.3 i hisoblang.

A)9 B)10 c) 2 D) 3

4 + 1 _r /"™ rj«”"HaiachHring
2(m-n) Jrrf-sin*

A) (Jm-Jn)2 B)Jn-Jm C) n2-m2 D)

5. 12x4+1 = 9x2+ 4x3 tenglamaning nechta ratsional ildizi bor?

A) 4ta B) 3 ta C)2ta D) 1ta

6. [c—1]Hic—2j= 1 tenglamani yeching.

A) [ 2] B) {2z ©C) ;2 D) O
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7. p ning ganday giymatlarida X2+ p X 16=0 tenglama ildizlarining nisbati 4 ga
teng bo’ladi?

A) 4vad4 B)-2va3 C) -6Ba6 D) 1lva?

8. 4*-2 -17-2*-4+1=0 tenglamani yeching.

A) 0,4 B)O C)4 D)1

9. log,6x+log4xlog2x =9 tenglamani yeching.

A) 16 B)4 Cc)8 D) 1

10. logg(5x-8) < log8(2x+7) tengsizlikni yeching.

A)(355 B)(5;«) C) (1,6;5 D) (-35; 1,6)

11. 2arcsin(-= +—larccosl'z"— hisoblang.
AN B) ~ C) 5 D)

12. arctg(tg(*L)) ifodani giymatini toping.

A) I B) (o] Ll. - D) _LUI_

13, AC0S228-4C0S2ar+3sin2a o 4ni soddalashitiring.
4cos2  -a)-sin22(a-n)

A 3ggsa gy 8cos2atl ) 4085952 )
4swrar 2cos2a -2 surer

14. y =tg~ -4ctg“ -2 davrini ko’rsating.

A) 657 B) 2n C)3n D)davriyemas

15. sinxsin IxX =sin 3jcsin 5x tenglamani yeching.
A) ~ B)?j. c)nn D) 2nn

3-VARIANT
1. 4x +ifx =\ tenglamani yeching.
A) 8 B) 256 C)3 D) -4
2. C,1+C3,=2C,2 tenglamani yeching.
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A) 2,7 B) 2 C) 7 D)0
3. A, =42pn; tenglamani yeching

A) 4 B) 8 c)4 D) 5
11 11 1]
4 X2 %_j__x_5i¥}‘_t§?_3i‘:i__j__Z(fgf_'j)___ j- ni soddalashitming.
XN+ Xty * X"N+yl x5-2x"yt +y1

A) 4
) 4x B) c+y C) yx-Lly D)0

5. p5+x3+x= 0 tenglamani nechta ratsional ildiz bor?

A) 1ta B) 2 ta C) 3ta D) 4ta

6. 2 +1=—x2+1 tenglamani yeching.

A) [-L 1 B) (-1 1) C) {I; 2} D) O
7. p ning ganday qgiymatlarida (p - l)x = bp tenglama yechimga ega emas?
A) 7/4  B)3/4 C) 9/4 D) 3/2

8. 52mb4+56+. .mS52x—0,04-28 tenglamani yeching.
A) 7 B) -8 C)-87 D)8

9. loglbx+log4xlog2x —9 tenglamani yeching.
A) 16 B) 4 C)8 D) 1

10. 6* ‘<216 tengsizlikni yeching.

A) (44 B)(# » C)(-44 D)I[-449
11. \gtg22° +1g?g68° hisoblang.

A) 0,5 B) 1 C) O D) 0,6

,, Sin350+cos65° ,. ,,
12, 2c0s5°---h,S0blang'

A) 025 B)03 C) 0,5 D) 0,6

13 2T EES T =212 soddalashtrmng.

A) 2 sinor B) cosar C) sinor D) cosor
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14. j =sin- —+sin—21)—( davrini ko’rsatmg.
A) 12+ B)2n C)3n D) 6sr

15. sin3x+CO0s3x = \2 tenglamani yeching.
A) 15"+120'n B)15*+360‘n C)45‘+360*n D)45-+120'n

4-VARIANT

1. #r+2\/x*=3 tenglamani yeching.

A) 1:;-~ B) ;-2 C) 1 D) 1l

) 2 )
2. AX:A* =1:20 tenglamani yeching.

A) 23 B) 21 C) 19 D) 25

3. P5=15x tenglamani yeching.

A) 8 B)9 C)3 D) 5

A jshi Bn+2 C)f

5. (X- 2j6— 19(x- 2)3= 216 ratsional ildizlarini toping.
A) 0;5 B) 0; 5 C)o D)5

6. j-x2-1j=|x|H tenglamani yeching.

A) -1,0;,1 B) 0;1 C)-1;0 D) -1;1

7. x2-2x+c=0 tenglamada c ning shunday giymatlarini topingki, bu giymatlarda

X va X2 ildizlar 7x2-4x, =47 shartni ganoatlantirsin.

A) -15 B) -12 C) -14 D) -13
8. ON*2-22c¢2=64_1 tenglamani yeching.

A) -24 B)-2 C)4 D) 2; 4

9. log4(x+12)-logj. 2 = 1 tenglamani yeching.
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A) 4 B) -3 C)-3 D) 4
10. logfi3(x2+1)-10g032x<0 tengsizlikni yeching.

A)(1:«) B) (0; 1) u(l;=o) C)(©; 1 D) (0; 8)

11. 128sin220°sin2400 sin260°sin2800 ko‘paytmanihisoblang.

A) 45 B)35 C)55 D) 2,5

12. /g(arcsin— —arctgj3) hisoblang.

A)S B) Cc)-1 D) A

13. —sin (2o0r—z )— soddalashtiring.
I-sin(” +2a)
A)sin« B)ctga C) -tga D)-ctgo’
14. y =sin2x+cos3x davrini ko’rsating.
A) In B)n C)3?r D)S5/r
15. sinx+ 73cosx=1 tenglamani yeching.

A) 90°‘+360’n; 360'n-30" B)90‘+360,n C) 90‘+180'n;180'n-30' D) -30"+360'n

5-VARIANT
1 jJIA\DR+24=x +N\tenglamani yeching.
A) 0,5 B) 5 c) 3 D) 35

2. |wmla-yfb'j yoyilmaning vyettinchi hadini toping.

A) 28ab3 B) 28ax2 C) 56ab3 D) 56aF
3. Bj = 250¢ tenglamani yeching.
A) 25 B)24 C)5 D)16
p-3 12 3
4, zp2+3p :z9pi m3p—pi ni soddalashtiring.

I
A) zP-3 B) zp3 C) 3p2 D) z3
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5. x4+5x3+ 2x2+5x+1 = 0 ratsional ildiziarini toping.
A) 0 B)-1 c)1 D) +1
6. |2x+3j>]4x—3] tengsizlikni yeching.

A) (0:3) B) [0 3] C) {0 3} D) 0

1 AU . . .
7. Agar ann— =3 bo’lsa, —Cl’:— ning giymatini toping.
a

A) 27 B) 24 c) 18 D) 21j

2)x (9)x 27
g [37°[8 =64 terBlanani yechirs:
A) 3 B) 1 C) 4 D) -3
9. log4log3log2x =0 tenglamani yeching.
A) 8 B) 1 C)9 D) 64
10. log2(x2-3x)<2 tengsizlikni yeching.
A) 4] B)(-1;4) C) (0;17u(3;41 D) [-14
11. tg9°-tg63° +IgS 1°-tg27° ni hisoblang.
A) 4 B)5 C)3 D) 6
12. Quyidagi sonlardan qaysi biri 12 ga goldigsiz bo’linmaydi?
A) 9216 B) 13626 C) 12024 D) 18312
13. sin 6x m0s32x +cos 6x min32x ifodani soddalashtiring.

A) 0,25sin8x B) 0,75sin8x C) 0,75c0s8x D) 0,125cos6x
14. j =log;t(7—x) aniglanish sohasini toping.

A)(-00;0) B) (0; o0) C)(0,1) D) (I;7)u(7:8)

15. sin4x+cos4x = — tenglamani yeching.
[e]

AN +? B)!| +2nm +N D)



6-VARIANT

. =— tenglamani yeching.
XHYP2+HX  X—IX2+X X

A) - %= B) -1 C) = D) I, =
fC>=C y#

2. V X >y+ sistemani  yeching.
|[C* =153

A) (18; 8) B) (-17; 8) C) (8; 18) D) (8;-17)
3. C]4=3x tenglamani yeching.
A) 5 B)6 C)7 D) 25

4, ———" +——n -a ifodani sodalashtiring.
21+JB) 2(1-75) J—a

A) B)-J— © ) D) 1

--1 m

a2+a+1 a2+a +a

5. x4—13x2+36 = O ratsional ildizlarini toping.
A) +2,#3 B)2;3C)-2-3 D)0

6. |2x|>|x—]j. tengsizlikni yeching.

A) (-00;0)ujj;o0 | B) (—oo;O]uI—i'oo C) (-00;0) D) |];00

7. ning ganday giymatlarida x2- x - = 0 tenglama ildizlari kublarining yig’indisi

19 ga teng bo’ladi?

A)3 B) 4 C)5 D) 6
8. 72 -8-7*+7 = 0 tenglamani yeching.

A) 1 B) -1,2 C) 1,0 D) 2
9. log4log3log2x =0 tenglamani yeching.

A) 8 B) 1 C)9 D) 64
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/3‘9‘7 14 31111—3

3) tengsizlikni yeching.
17 13,
A)(-o0;l) B)[Il;co) C) (-00;00) D) (l;00)

11. sin~arcsin?j ni hisoblang.
A)3/5 B) 4/5 C)2/5 D)-3/5

. 1+£-(— \] ni hisoblang.
sin(2«+

A)ctg2a B) -tg2a C)-ctg2a D) sina

cos(2or - ~) +sin(3;r-4a)-cos ("~ +6a)
13 . 4oemm—— r———[-—— L ifodani soddalashtiring.
4sin(5;r - 3a) cos(or - 2n)

A) cosa B)sin2a C)0 D) cos2a
14. tg(2x+3'j = \B tenglamani yeching.

n-Bn+1)-9 n2n+1)-9 n
—_— — B) —s— 5—;—1— C) 7/m+1 D) §+nr|

15. cosx+cos2x = 2 tenglamani yeching.

A) 2K B) nn C)y +2nn D) =~ +2wr

7-VARIANT

1 "x2-3x+5+x2=3x+1 tenglamani yeching.

A) -L4 B)O c) 4 D) 4
2. i\'>A<2=20 sistemam yeching.
jc/=c/4

A) (55 2) B) (29 C) (6 2) D) (2;6)
3. Ps=1Ix tenglamani yeching.
A) 10 B) 2 C) 30 D) 40
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4. \lI+5>j2-yj5\I2~7 hisoblang.

A) 4 B)3 C) 1072-2 D) 1

5. n5+634+ 9xb- 6X2+8x= 0 ratsional ildizlarini toping.

A)0; 24 B)0; 2 C)0; 4 D) 2; 4

6. \23j—|3x+71]<0 tengsizlikni yeching.

A)  —10—j B) - 10;- o

7. ‘ A 4+ 5 sistema nechta yechimga ega?

I+y2=3

A) 1l B) 2 C)3 D) 4
V-2-¥~2=
6 B) C)5 D) 2
9 (4)x f27v
9)' .81
A) 2 B)0O C)1 D) 1,2
10. log2(5—2x)>1 tengsizlikni yeching.
A) (-8, 2,5) B) (2,5; oo0) C)(-o00;1,5) D)(1,5;00)
/
11. arctgl+arccos +arcsin| —Ij hisoblang.
A) 24/3 B) 3n C) n/4 D) 3n/4

12. arccos(- ﬂl )-arc sin(—ﬂ:)') hisoblang.

a\ 51- n\13n v8n TH N
"IT 72" C)T2 D) 12

13. sin60' +cos6ar +3sin2acos?2ar ifodani soddalashtiring.

A) 1 B)cosa C) sinar D)4

14. cos2x-2sin2 1=0 tenglamani yeching.
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A) 12+2n1T B) 1~+2nT C) %-+nt
) 5 ) 3 )Z

15. sin(x-60°) = cos(x+30°) tenglamani yeching.

D)(-hmE+ 2nT

A) 60'(3n+1) B) 60’+360"-A C) 30'+180‘—n D) 30" +360"-n
8-VARIANT
1. J2x+I1+\Ix-3=2jx. tenglamani yeching.
A) 4 B) 4 C) 0 D) O
2. A*s ni hisoblang.
A) 32760 B) 3394 C) 8830 D)3400
3. B5 = 25x tenglamani yeching.
A) 5 B) 4 C)3 D) 2
1
4. —* — ;X2 +*+ -- ifodani sodalashtiring.
X+x2+1l x2-1 X 2
A) joHl B)*-1 C) 0 D) x
5. —-———2—1————— X2+4x = 6 tenglamaning ratsional ildizlarini toping.
X1-4x +10
A) 1;3 B) -1; -3 C)2;3 D) 1

6. j2x+7]|-]3x+5]>0 tengsizlikni yeching.

A) (-24;2) B) [-24,2] C){-24 2}

‘ 1
7. mP- Lm . ifodani soddalashtirmg.
ml-1"m+1

Mg BEks O Dy

8. 22#x- 22~ =15 tenglamani yeching.

A)-1 B) 2 C)~*12 D)i;2

D) 0

9. log 3JC—Iogx = 2 tenglama ildizlari ko’paytmasini toping.
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A) 1 B) 2 c)3 D) 1
10. 2x- 2X%2< 3 tengsizlikni yeching.

A)(-o00; 2) B) (-co; 2] C) (2; o0) D) [2;»)

n. cos1§:/ Cos‘—l{/k—cosirI ko‘paytmani hisoblang.

A) - B)I C) 0,5 D) —
8 4 16
cos(”-2a)
2. —, [ ——— hisoblang.
sin{n-a)
A) 2sina B) 2cosar C) sina D)tg a

sinl900+cos(-320°)-sin(-170°)-cos(-1400) .. . ...
,3-ag (N\?)+c, Jfod*" h500la"'8

A) O B) cos 10° C) sin40° D) tg\Q°
14. sin2x= \f2cosx tenglamani yeching.

A)im;(-)"*+im B) ~+nT1,£2+2nT C) £N+21T

D) ~+nT\(-\)T*+nT

15. sin3x = cos2x tenglamani yeching.

5 2n 5 - <4 - 2
A) j—1+2»71;L|j_-||-l-'_ n BAB!IJ—F 2«r;IJI.-II —|—2'fﬂrc !I'.I—l—’«r;"P—l—’—Fln

B)\i} -i-FCF“Fp,-i-f}n

9-VARIANT
1 N\I3*FAN\—\Ix-I1=2 tenglamani yeching.
A) L5 B) 2;3 C)-1:-5 D) 0
2. Pj hisoblang.

A) 5 B) 120 C)8 D) 25
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3. P5=4x+20 tenglamani yeching.
A) 25 B) 20 C)9 D) 10

1
4 — N~ ifodani sodalashtiring.
X+X2+] x2-1 X 2

A) jc+l B) jec-I C)o D) n

5. (x2-5x-t-7] - (X ~2)(jc - 3) = 1ltenglamaning ratsional ildizlarini toping.
A 23 B) -2 -3 C)-23 D)2 -3

6. 1|+]*=3|>2 tengsizlikni yeching.

A) (-co;+1)u(3;00) B) (-o0;l]u[3;00) C) D) [3;00)

7.726i0,(5) +0,(4):~j- 4~ ifodani hisoblang.

A) 28 B)275 C) 27 D) 2
8.17%* = J tenglamani yeching.
A) 2 B)3 C) 2;3 D)-3;2

9. log3x—21og, x=3 tenglamani yeching.
3

A)l B) 3 C)2 D)4
10. logs(5x-8) <log8(2x+7) tengsizlikni yeching.

A) (-355) B) (1.6;5) C) (35;5) D)(5;<x>)

N. CHE-™T2 hisobla

sing
A)-2 B)-3 C)-1 D) 2
12. cos4da ifodani soddalashtiring.

smbar-sm3£!IT

A )N - BJ-L- C)S~"2 D 1
5005(1 cosa )S|n2ar ) 2sina



13. 4cos4x-2cos2x-0,5cos4x ifodani soddalashtiring.

A) 1l B)3 C) 15 D) 2

A) ~+2nT B) —+2nT C) Iér+nT D) %—+2nT
15. sin 4> —— tengsizlikni yeching.
A (-y+ +8/n) B) (-—+2AT\"-+2aT C) Xx>-%
) (-y+ Wy ) B) (5 5 ) 6
D) (-*+nn-W-+n7)

10-VARIANT
1 (16-x2)Vx-3 =0 tenglamani yeching.
A) 4 B 4 C) 44 D) O
2. B4 ni hisoblang.
A) 1 B) 625 C) 20 D)9
3. P6=84x—120 tenglamani yeching.

A) 10 B)100 C)20 D) 30

é_lr XZIXA'-X* +1 ifodani soddalashtiring.

X? +x2 x5+1
A) rx+T B) r/x C) D)x+1
5. X4+2x3+ 5x2+4ar-12 = 0 tenglamani ratsional ildizlarini toping.
A) =21 B)0; 2 C)-1,2 D)0;-1;-2
6. pR—3X+2j>3x—x2—2 tengsizlikni yeching.
A)  (—o0;u(2;00) B) (-o0;1]u[2;00) C) ("o;l) D) (2;00)

? Y32+ n/98—V50
nr2

hisoblang.
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A) 1 B) N C) 2y12 D) 0,9988207
8. 2r#x- 22x= 15 tenglamani yeching.

AV | B)I;2 C)-i;2 D) 2

9. Ig2x =3-21gx tenglamani yeching:

A)0,001; 10 B) 0,001;100 C)0,01;10 D)0,l;10

10. y = logjr(lI0-Jcj aniglanish sohasini toping.

A)(-00;0) B)(0;00)C) (0; ) u(l;20) D)(l;10)

11. ctg~+tgn-sin-y-cos”-"j+sin” ni giymatini toping.
A) 1 B)0O C)2 D) 14

A J2
12. sin(arcsin— -arccos-"-) ifodani hisoblang.
A)1 B) 0 C)~ D)I

sina scos(* -a)+cos2a
. —_——————————— ifodani soddalashtiring.
sin(”® +ar)

13

L

A) sina B) cosa C)-cosa D)

14. cos2x +3sin2x+2%/3sinxcosx = | tenglamani yeching.

A) nn;nn-"~ B) +"+nn;nn C) £~+nn D) 2nn-

15. tgx>-Jb tengsizlikni yeching.



11-VARIANT
1 7>/5-73 - A29-6>/20 ifodaning giymatini toping.
A) 1 B)iS C)S D) - S
2.Cjj hisoblang.
Al B B 09 D)jL
3. Cjg = 6x-340 tenglamani yeching.
A) 60 B)30 C) 40 D) 10
4. 4 “—— \+—\c---p ifodani soddalashtiring.
XJ-x5 X5 X1-x"1
A)  =Vvx(I+7=) B)>/I(I +]) C) six+\ D)x

X
5 r*-0 tengsizlikni yeching.

Xa-10
A) [-18:10] B) (—1810] C) [18/10) D)(-18;10)
xX2f —A
I(I:+%_ —O0 tengsizlikni yeching.
A) (=211 B) [hoo)  C) (-00;-6ju[l;00j D) (-00;-6]u[l; co)

7. y =3sin2x+2cos2x funksiyaning eng katta va eng kichik giymatlarini toping.

A) 3va2 B)2val C)lvao D)5va 1
8 .2x#2-1x>96 tengsizlikni yeching.

A) (6; oo) B)(4;00) C)(5;00) D)(-oo0;co0)

9. log2(x+13) = 2log2(x +1) tenglamani yeching.

A) -2 1 B) 3 C)-2 D) -1;2

10. y = log*(5-x) funksiyaning aniglanish sohasini toping.

A) (0;5)  B)(0:«) C) (0;Du(l;5) D)(5)
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tg2 ctg—-2sin~ +sin;r+4cos”-2coSy ni giymatini toping.
A) 2 B)1 Cc)o D) -1
. 1 >3 . - N
12. 2arcsin(-—) +—arccos— ifodaning quymatini toping.
A .* B)5 ¢ | D)J
13. =1—cosxj giymatlar sohasini toping.
A) 1] B)(O; D C) 1 1] D) (-1 1.

14. sin4” +cos4’j (=)4 tenglamani yeching.

3
A) =" +~y ~ S )f +Y c>+J +2wr  °) - f +°
15. 2sin2x-7sinx +3>0 tengsizlikni yeching.

A) (—"-+2nTn+nn) B)(“*-—+2an;?—+2nn) C) (--- +27rn;"-+2xn)

D) A +2nrr,~+2nn
0 6

12-VARIANT

1. p ning ganday giymatlarida (p —7)X =3p tenglamayechimga ega emas?

A) 7/4 B) 3/4 C) 9/4 D) 3/2
-8l
2. l%LgE hisoblang.
A) 402 B) 40620 C) 40320 D) 8080
1 "-£}(m * hisobl” 8'
A) — B) — C) — D)y ~
103 103 515 515
4 ‘[""8) '(°>75)3 ni hisoblang.
A) 15 B) 2,75 C)2 D)-I,5
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5. 3@2—bjc—2 = 0 tenglamaning ildizlari kublari yig‘indisini toping.

a\l144 n, 215 169 215
AT®  B)'T C)rf D) 27~

6. log3Rjc—7]< 1 tengsizlikni yeching.

A)(-00; 5) B) (2;5) C) (2; o0) D) (5; co)
7. x3=sin 3X tenglama nechta ildizgsa ega?

A)1l B) 2 C) 3 D) 4

8. 53r1+5*H> 250 tengsizlikni yeching.

A)  (2; 00 B)[2:8) C)(-00;2) D)(%0;00)
9. log2(x+12) = 210g2j: tenglamani yeching.

A) 34 B)4 C)4 D)34
10. y —ogx](2x+3) aniglanish sohasini toping.

A)  (1;2)u(2;°0) B)(l;00) C) (1,5; 2)u(2; 00) D)(2;c0)
11. 2siny +2cos”-3tg~ +ctg~ ifodani giymatini toping.

A -2v3 gy J1-J1 o 1+J1 by 2J1-J1

12. —sin(2«—a0— ifodani soddalashtiring.
I-sin (™ +2a)

A) sinor B)ctgor C) -tgor D) -ctgcr
13. y=2—cosx qgiymatlar sohasini toping.
A) 3 B)A;3) C(@©;2 D)IG 2

14. sin4x +cos4X= cos4t tenglamani yeching.

A) B) » C)m D) 2m

15. 2sin2x-7sinx+3>0 tengsizlikni yeching.

A) (J’é—+2nm\n +4n) B)("G— +2nn;g+2nn) C) ( 6 +2ﬂ|‘|;’\g+2TITI)
D) ’\6+ 2ﬂrr,L%—+2r|n
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JAVOBLAR VA KO'RSATMALAR
| BOB. BUTUN SONLAR VA KOMBINATORIKA
3-8. Sanoq sistemalari
87. 1100.88. 10011. 89. 11010 90. 1000,101. 91. 110,100.92. 1001,1001.93.
1110,10. 94. 100. 95. 1001. 96. 101,01. 97. 10110,10. 98. 1100.01. 99.
100,011 100.1010,11. 101.10 1101,11. 102.10,1101. 103.1111.104.11110.
105. 10101. 106. 10001111. 107. 1001100,01. 108. 1001,01011 1089.
111100,0011.110. 11001,011.111. 11000110,111.112. 110.113. 110 114. 11
115. 101 116. 11,01. 117. 1,0001. 118. 1001000. 119. 11111.120.100100

131.* = -1 132. x=1. 133.* =1111(1010?) 134.

*=110,1 j&=1010, *3=1101,1 *4=10001 *5=10100,1.135. * =110 .
136. * =-10101. 137.1(l101q). 138. * =100.139. x=-1+1" 16201 .

141.* = +'9110001 .142.* = 100.

143.S, =101, S2=111, Sj=1001, S4=1011, S5=1101

144. S, =1011, S2=10001, S3=10111, S4=11101, S5=100011.
147. S, =111, S2=1001, S3=1011, S4=1101, S5= 1111
148. S, =110,1 S2=1010, S3= 1101,1, S4= 10001, S5= 10100,1.
149. S, =111,1 S2=1100,1, S3=101, S4=10001,1, S5= 1101

150. S, =1000,01, S2= 101,10, S3= 110,11, S4= 1000, S5= 1001,01

151 TF "152- 1111153 11111 «154 101 «155° n ?001 '
156.100,1 157.1100,01 158.1000,01

159. S,, =110000km, Suo = 1100000km, Sim =11110000km.

160. S =10000Um. 161. 1050207.162. 143205 =2002203, 12103(1?)

163. 16537 = 222034, 24(101?). 178. 5||. 179.74~1 180. 4]]].
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184. 371, 185, 447 186 2 14
125 108

w- 1t 2w w 729 1000
114 442M 13 13 521"
187. 2 ) : . 74 ) .
1000 " nrooj- B A0, M P O 000
6467 (n 224 fy 142 fi 201 1
192. 10000 5 168, 1000y < 194 N 195. 1000 , 196.
234 _ 231 m14n 1231
.197. 1-i. 198. . 199. .12 201 32—
1000 i 20, 199. " 5 200. 12, 201 200
202 '52) 08 RN 5gp 53 05 M1 55 (65) oy
135 60 '500 T 20 - 70 '

1123. 208. 0,315.209. 0,5375 . 210. 0,00(213 12)4 . 211. 3,426. 212. 0,22136.

213. 0,83, . 214. 0,4, . 215. 10,37. 216. 0,65 . 217. 1,23 . 218. 2,1(2)? . 219.
42(3)5. 220. 0,26 . 221. (0,(23))* . 222. 316. 223. 2,0123. 224. 0,36 4. 225.

(i6,1(25))K . 226. 17,788.

4-8. Kombinatorika elementlari
227. a) 24; b) 28. 228. 9 106. 229. 103-263-1757600. 230. 0 ‘g‘il bolalar 27/25
marta ko‘p. 231. a) 9 =104+ 2; b) 9 10s- 56;c) 9 109-9 «9!. 232. a) 9-102 b)
9¢107-2; c) 54 233. 37. 234. 38. 235. 50 tajuftlikdan hammasida ayol kishi
bo‘lishi mumkin emas. 236. Hammasi bo‘lib n tajamoa bo‘lsa, xar bir jamoa 0 ta
dan n tagacha o'yin o‘ynagan. Lekin bittasi n ta, ikkinchisi O ta 0‘yin o‘ynagan jamoa
mavjud emas. 237. Induksiya metodi bilan isbotlaymiz. Agar 1 dan 2n - 2 (n >3)
gacha /7+1 ta turli son olingan boMsa, u holda ulardan shunday uchta sonni ajratib
olish mumkinki, ulardan ikkitasining yig‘indisi uchinchisiga teng bo'ladi. n=3
bo‘lganda bu tasdigning o‘rinli ekani ravshan. Bu tasdigni n=k uchun o‘rinli deb
hisoblab, n=k + 1 uchun isbotlaymiz. Agar tanlangan K+ Ha son 1ldan 2k-2 gacha
oraliqga tegishli bo‘lsa, u holda induksiyaning farazi 0¢rinli bo'ladi. Agar aksincha
bo‘lsa, u holda albatta 2k - 1 va 2k sonlar tanlanishi kerak. Boshga K ta tanlangan

sonlar 1dan 2k-2 gacha oraligda yotadi. Bu oraligni (1, 2k-2), (2, 2k- 3),..., (J1-1,
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K) juftliklarga gjratib, ulardan bin tanlangan sonlardan iborat ekanligini hosil gilamiz.
Ulaming yig'indisi 2Kk - 1 ga teng. Agar 1002 sonini 1001 bilan almashtirilsa,
yuqoridagi mulohaza 0‘rinli @ES. Masalan, 1000, 1001, ..., 2000 sonlar tizimida
ikkitasining yig‘indisi uchinchisiga teng bo‘ladigan uchta sonni ajratib olish mumkin
emas.

238. 17!. 239. 28-6! «1111111.240. S* 241. 2.SD+1L S@®. 242. S’ S5

243. a) 26; b) 51. 244. n = 2a + 1ni qarang. 245. b) S%—K . 246. Ko 'rsatma.
Bunday sonlar 9876543210 dan 6 ta raqamni tanlab olish bilan hosil gilinadi.
Javob:Slp. 247. a) S~; b) SI002.249. n = 2ft- 1.250. a) 35 b)O; «c)2".
251. a) tenglikning chap gismida: r ta element dan m ta elementni tanlash, keyin
tanlangan M tadan yana K tasini tanlash usullari coni. Tenglikning o‘ng gismida: r ta
eiementdan Kta elementni, golgan elementlardan yana m-K tasini tanlaymiz.
252.X=2,y =3,n=5 253, m =3 n =2 254 S/, *4(V3)64. 255. 6310+1;
256. a)5; b)8 «c¢)5 d)3.

5-8. Birinchi darajali anigmas tenglamalami yechish

257. [1,9], 258. [0;2,15]. 259. [-2;1,30,20], 260. [0;1,4,3,2]. 261. [-3;1,1,2] 262.
[2;2,31], 263. [1;42,17]. 264. [1;1,2,1,2,1,2]. 272. Yechim yo’q. 273.
x=13+44/, >=-70-237/. 274. x=9+29t, y = -\I-55t . 275.

*=7 +8/, y--2—-3t.276. * = 1+5/, y =\-2t
Il bob. Ayniy shakl almashtirishlar. Ayniyatlar va tengsizliklarni isbotlash

1-8. Ratsional ifodalar

1.0,1. 2. ﬁ tZLa. 3. 1 4.;y. 5 = ?42—- 6. 20. 7. 2jc—1. 8. jc>3 da

5y-2x
(X2+O+1); x<3, xalda -(x2+x+1).9. x>-2 da —y"-; x<-2 da 10.
a>3vaa<0da—i—-;0<o0<3da— 11 12.
a+2 a+2 a+1
a<0 da ; O<a<l, a-da -— — 1 a> lda — 13. X+1
1-3a ’ 3 (a-N(3a-1)’ a-1 ' X2(X-N)2.
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14.x<-lda 2, d<j<1 da f— ;x>| daO 15. a<-lda-I;

2x -1
-l<ax<l, a*0 da. 2+aj a_a j n v<lda-y-I;
ab+a

NN\ day+1 y>1da 2y2+j>-I 17. x<-ldax-2; -I<x<lda.
* +4; |<x<2 —(X+2); x>2 +218. Nl 19.x<-1 da 2
s X da -(x+2); x>2 dax 8 r|1 9.x dajc—l
-l<x<Odar"-; 05x<lda—i—I;x>Id a"z. 20.

1-x X+ X+ X-y

[Cy)6 &1ly*xnydglLl 21. g/~+5R/jo, /3, N2j.22.p.

23. i(x +y +z) {(x,.y,z)e /?23/x*_yv>"*zvz*x].

24. J(x,y,z)e /73/z2*x-yAZ*-x-jlj 26. a+6+c 27. 1.28. x3+y3

_ y4,|, 1
29. ¥V 30.0. 31.0.
X +X +1

2-8. Irratsional ifodalarni ayniy shakl almashtirish

(90-24/30)(%/5+r/6-V7) r, A S(yfée +1)
37 ol 1 38 |IM27(M3-1] . 39, — i————
40. 41 1+72 42, W -Yr. 49. 2. 50. -1 agar

[e]
(VT +i)
O<a<] ———5-— Nagar -l<a<0. 51. 1 52. 2a. 53. 2.
54. x agar ——— =->0,-xagar ——— T<0. 55.—— . 56.-1.
X +2a2 X -2a a

57. 4p-J4p2-\ 58. — . 59. 1 60. "4/~
P \% P Xy 2
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61. O<jc<1d a— X>1da | — 62. 0<x<9 da 3-2Vx; X>9 da -3 63.

-nr Xi =X
x2+1 . 64 ——1=— 65. *<0 da -2*2+4+2*~3; 0<x<2 da
*~V2jt +l. * X

X>2 da —2~2x+3 66. jc<—lda-2+x]; -lcxcOda *;x>0rfa "4
n 1 ]c—l 1 X+1

67.0<m<I| daJl-m-Jm; i<m <1 da %m-VI-m

88 x<-9 da Z;C; -2<x<0 da —)(—2—+22§:—t8;x>6d’a 3(—23"2%—2(—"'—8

3-8. Ko’rsatkichli va logarifmik ifodalarni ayniy shakl almashtirishlar

69. — .70. = -=. \Na~2b+X.72. — 73. =18 ..74. {0

o'’ 379 P 2 345 7 1%

nr - fo<ac<l, ,fa>l " .1 \a>1 | ,fO<ac<l

7S- A8ar ]0O<6<1 |6>1 b° 18" da I°!; agar (»<6<!n{6>1

boMganda -2(logOb +log. a). 77. log06. 79. 0. 80. -1 81. 82. 42— .83
V 7 ~9 vi25

24.84. 1 85 0.86.0.87. 0+3 .88. "-a) g9 ba-b+5 9Q o+l
3 2(a+l) 3+a a-fe+1 2a+b

logab . 96. £,00a* 97. AgarO<ac<l| bo’lsa -a, agara> 1bo’lsaa-2 98. Agar
1
I<a<b bo’lsa 2, agar I<b<a bo’lsa 2 logab 99. 0.100. C=1

111-BOB. ALGEBRAIK TENGLAMA VA TENGSIZLIKLAR
I1-8. Ratsional tenglamalar. Teng kuchli tenglamalar

1 Ha. 2. Yo'g. 3. Ha4. Ha. 5. Yo’q. 6.Ha. 7. Ha. 8. Yo’g. 9. Ha. 10. Yo’qg. 11. Yo’q

12. Ha. 13. {1;-1}. 14. {2;2}. 15. 0. 16. |VTO-4;-T0O-4;-4} 17. (;!). 18.
1;i;3] 19. {0;1}.20. {-1;2}. 21. {-5;3}. 22. {4.5;5.5}. 23. . 24. {1; -i}. 25.
{1;2;2.5;5} 26. {4, -3 3} 27. j-1-T6; -1+&; -i&; W5j. 28.
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1+HN ; 1-b/3]. 30. (-3; 1; -1-W3; -1+b/3}. 31. {1 32. { -1;
-1-}. 33. {-1;9; }.34. {-2;-1;0;1} 35. {1;2}. 36. [jO;-]}-37. 38.

*=_539. {-3;3} 40. |IAjj. 41. 5} 42. |]|J .44.||J .50. {6;-2;3;=72T}.
2-8 Qaytma tenglamalar

53. {341 /;-/}.55. [, L- Jbi- z~ti-17Mi.56. {23 -1}

57 |“5; 1+751-/>/3]. 6L A2 15 |:3]. 62 (+/0;2;4). 63

-1; 2, -3 +7\VJ; -3->/3

64. 2; -2; .65. 2;3;5+M;L, ~ . 66.-1;1+VIO; 1-VTO

67. 2:i; 1+W 6.1-2/V6 6g (_6,1;-5+739/]] fig 11,9.10447
2 5 5 . T 2 22" 2

70. -3;-5,-4+/4/7 71 72. 73 2;1;1*N. 74
T 23 4 22

2;1;di"05 .75 2;6.=3W39 76> 3W5.-14+/\V3 77> 2; 1,=3+Vi7
78. 79. [3;1;-1]1. 80. . 8L -I;3i . 82

{0; 1, -1; -20}.83.1;2 ;%AI .84. 11 .85 1} 86.{-1;-15}.87.0 . 88.

{-13}.

3-8 Modul gatnashgan tenglamalar

89. {-1.5}. 90. {0.1;—1}. 91. {1}.92. |1];21;3i;21j . 93. {5}. 94.

96. [3;-2]u[2;3]. 100. { Ij. 101. 102. {-8;2}. 103. |-4;0; 2; 27



106. {*<-2vx>2}. 107.(1}. 108.jlj;21;3i;21j. 109.(-00;Zj. 110. {-1}

A11. -5;i. 1120 1£>/2. 113. -3;3. 114. {~3;—2;0;1}. 115. [2;00). 116. ~y;0

A117. B;3.118. -1. 119. [-3;-2]u[2;3]. 120. 0. 121. H ;-2. 122. [0;1].123.
126 m13e 127 {~1-7}- 128-{5b

4-8 Modul gatnasbgan tengsizliklar

129. —2,—35 . 130. (-o00;1)U(7;00). 131. (-o0;IJU[3;00). 132. (2;3)U(3;°0).133.

3:3, . 134.  (-cxd;-2)U(-2;-1)U(-1;0). 135. [-2+7;D)1I(1;4] .136.

m 137. [-1;0)U(0;1]. 138. 139. j*-00;-]ju(2;00) 140.

11-V57.11+V57
(-00,-2.5)U(~1.5;0.5)(J(0.5;1.5)U(2.5;00). 141. 142,

(-00;)U(2;00). 143. n 2i;0ol. 144. (-00;2]. 145. (-00;-16)u(6;00).146.
[1.5:2.5]. 147. (-°0;-4)U(-4;2)U(6:°0). 148. (4.5:00). 149.(~«);[JU[L.5:00)
.150. (0;0.4). 151. —00: 7]

1.—1+n/T

152. 5 S

. 153. (-00;-2]U[-1;0°)-
154. (-a>;-4]U[l;00). 155. (-0,5; 2,75). 156. (1;3). 157. (-00;-0.5)U(0;4).

158. 13" 159. (-00;2]vij[4;q0) . 160. (-00;1.75)u(2.5;00).
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5-8 Tenglamalar sistemasi

[-3+375.-3-375 ) N-3-3n/5.-3+3n/5'

161. (6:6), 162.

, ; 166.
V4 V48’ 4 V48/fV4 N\48’ 4 V48

H JV
170. (25;9);7;ilj. 171 (1;3),(=1;-3),(3:1),(=3;-1). 172. (2;1),(~-2;-1). 173.

A4j. 174 (),(-2;-2;-2). 175 (2;2). 176. (3;5),(5;3). 178.

(4;2),(-4;-2). 178. (I-,-1;2),(1;2;-D,(-1;1;2),(-1;1;2),(2;1;-D,(2;-1;1).  179.
(2;1),(-1;2),(-2;1),(1;-2).180.(1;1).181. (3;-2),(-3;2). 182. (9;12), (-12;-9)
183. (2;1), (1;2), (0;=3), (=3;0), (—2;D, (1;—2). 184. (-1;-3), (3;1). 185.

(3;4), (4;3), (6+>/29; 6-T29);(6-V29; 6-+>/29). 186. 1:4), (41);

f=5-VaL=5+VAl Y gr0i0:0), (:231), (23030,

1+ /—-1—,(5,-3—1- 188. (1;0;0), (0;1;0), (0;0;12). 189.

[V6-1;iV6e-1;V6-I\ F—:!’76—J,;— éLV6—1;—76—1

7-8. Kasr ratsional va yuqori darajali tengsizliklar

190. (-;Du(]:5)o0( ;4). 193. " Ju(0;«). 194.

(-o0;-Nu(-1;2]. 195. (™;7Ju(-1;0)u(0;1Ju(3;°0). 196.
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(" 0;2)u [3,5;4)u [7;00.197. 200.
AN-2;-1ju(-1Nu(5;00). 201. (*0;_4)u *-3;-]ju(-2;-Nu(0;«) 202. j*;8j.

203. (-2;0)u(6;°0). 204. (-1;2)205. (-00;-6]Ju[-2;00). 206. (-°0;l).207. [;I]

1-Vv13.1+V13

. 208. (-00;-4
(-00i-4Ju =T

u [4;00). 209. _3,""4/'41 K 0;1HU.T e

210. (~00:-3)U(2-/6:3|U(2 +r/6i00). 211  -2: 17VO . 212.

-00;|lufLoo). 213. (-3;-2)u(-L;l). 214. f-1;4]. 215 0. 216.

(-00;-2)u[b3]un(3;4). 217. (-o0;-1Ju[3;4], 218. (-00;-3)u(-2;-1)u(0;00).

. 2 j.
219. : 220. -3

. ;i {-3}u 573
-1;-1jun0;lju(2;00). 222, (-»;-3)u -21;2jw (2;«,). 223.

-2;]jujr2i;00j. 224. (-"0;-2)u(-1;)u(3;00). 225. 3l;4ju(5;»). 226.

7-8. Irratsional tenglama va tenglamalar sistemasi

227. x=3 228. x=7. 229. x=9. 230. {I}. 231. x,=6, x2=-2. 232. n=12
233 x=2 234. x, =0, x2=-1. 235. x=1. 236. x=3. 237. X, =-6, x2=-5,5

238. x=64. 239. x=5. 240. jc =1, x,2=-1%£2/. 241. -2;y. 242. 1;2. 243.-

4;4. 244. 1024. 245. 9+£A . 246. 1. 247. 1. 248. 0. 249. 1. 250. 5. 251. -4;4.

252. 0 . 254. #;:+=\6. 255.0. 256. 0 . 257. -1;4 258. [2;+00). 259. 2. 260.4.

236



fo 7
261. -3. . s 263.0;-2  264. K 265.

c Y2
| =5:-3).(3:1). A B0-1:— No- i ) 266.
1 n: Nn F3i'| .’l—lé/"3! 268. (3;1). 2609.

.272. (3;4,5) 273

1(1;27),(27:1)j.274. (16;1).275. (5;4). 276. (-4;5;3).
8-8. Irratsional tengsizliklar

211. U (7 +,/T3);2)u[3;+00).278. (-cc;-1Juf8”;+coj. 279. [5;6).

280. fl;IAj.281. (—;0)u[l;00).282. [2,6;4).283.(-1;3).

2 1

284. (-00;-2)u[20,5;°0) 285. (-9;4). 286. (-2;-1]u 3" 3

287. [-2;0)u(0;2], 288. (5;00). 289. fi;+00\ 290. (5;00)

291. f~;+00]- 292. JC<]; 4<x<Il. 293. x>4. 294. -3<x<I.

295. 0< x<3.296. x<2j2-4. 297. x<0; x>4,5.298. I<x<~",

299. 2<x<8.300. ~~301. x<-2, 0<x<l, x>1. 303. Ju(3:%0). 304.
A4V 1435, f A1, 306. 1 L 307
: . 305. : - :
1 u 2 Né\/l
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9-8 Ko'rsatkichliva logarifmik tenglamalar

311.  I-~g(l+Vn); -1+Hllg(lI+Vn)j312. {10}.313. {0;5}.

314. |1j.315. {21g3+0,51g7}.316. X, =3; *2=-i. 317.x==*1.

318. =1000; x, =0,1. 319. x, = x2=3/2.320. x=-2.

321. x,2=1+ M +log2# 10. 322. £3;1}.323. *=-]. 324. jc=log3~ . 325

4

I=3.326. {1;1j.327. x=0.328. jO;log,53}.329.

330. x=0 .331. {9;2}.332. {7;-1}. 333. i]log32+Jlog32-41log3"

337 AU 'RRsR 338 ¥o0. 338 LgidY R 97 1918955 Ra 7t

337. {3}.338. x=2+¥3.339. {8}. 340. {2}. 341 {16}.343. S. 344. j-1y

345. x=1. 346. x=29. 347. x=9. 348. x=-2.

349. xt=9 x2=+ . 350. jc=110. 351. 51=0,1; j@=100 B=VIo . 352. x=| 353.

jt=4.354. x=4.355. *=-100. 356. * =41.357. ng.

358. 3+] 7 |. 359. {I0, 105} .360. ,/626.361. x =+. 362. {I;2}.

10-8. Ko‘rsatkichli va logarifmik tenglamalar sistemasi



369. {(1;1),(4;2)}. 370. {(1;1),(2:4).(-2;4)}.  371. {(16;-28),(1;2)}. 372.

373> {(1;2),(2;1)}y. 374. [1.64),(8:2). 375. (9;7). 376.

« /
{(2;32),(32;2)}.377. 33/ 378. (7;3). 379. (17;9). 380. (2;6).
381. {(125;4),(625;3)}. 382. ((3;27),(27;3)). 383. (5,5; 2,5). 384. 385.
QT+i 1S-i
2 "1 2 389-(2;6)-

390. (12;10),(—10;—12).  391. (10;4),(4;10). 392. [~;M [1000;-1j. 393.

11-8. Ko‘rsatkichli va logarifmik tengsizlik

394. (-4»-2)uf-];-11 . 395. (0;°0). 396. (-I;l)u(2;+00). 397. (~<»;2) .398.

(=2;2). 399. (-1;1).400. (-00;1).401. j*-00;lju(l;+00). 402. [0;4).403. [“5°0]-

404. -00;-2 . 405. (-00;-10g35)u(-1;-10g32).

406. (0;log32)u[\l;00j. 407. [*"log56;l0g65j. 408. jo;lju(2;-Ko).

409. (-00;0). 410. (O;l). 411. 0<x<2 .412. S<X<,j3 . 413. 0<x<4414.
07Sx<0,5. 415. x> 2 .416. -3<x<-n/6. 417. 0<x<2.

418. -l<x<--j=. 419. -2<x:£-1;-i<x<0. 420. (-00;14). 421. (3;-Ho0). 422.

-2:1j. 423. (2;00). 424. (2;°0).

425. (-00;0]u[2;3)u(3;3,5)u(4;<»).426. LI . 427. [log57;2],
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428. (-1;0 1;2' . 429. . 430. (I;1,04)u(26;00)
(=1:0)u( (-*¥]

431. (-00;-2)u(6;°0j. 432. (1;3).433. 2;coj. 434. Mog5(V2+I);l0g53j

Mog5("+1);10953 436, {-Nev oH 2>/121. 437. =°°;2"ju"3;coj

(4;,6),V22. 439. (2;.). 440. (0;0,75),(1,25;2).
(-00;0)u(l;2)u(2;3)u(4;00) .442. 443. j41°e0s02;a0j.
444. [0;11,(1;2),(3;6) .445. (V2;-1),(1;V2).446. f-11;-1]Ju(4;5).

447. (2;3). 448. jo;lju(1;2). 449. ~1;1ju (2;°0). 450. (+/3;9)u (81;00). 451.

(-00;-0,5]u[0,5;00). 452. (-2;-Du(-1;0)u(2;a0). 453. (I;4). 454. (20;00) .

455. 0 ;é)M \3;'10

12-8. Parametr gatnashgan tenglama va tengsizliklar

456. a=1.457. jo;|ju]|";5j. 458. ae(4,5;5). 459. ae”|;lj 460. Z=-15,5.

461./7=1. 462. a=23. 463. p=-6,p —3. 464. c=j. 465. Agar aE (-00;0)
bo‘lsa, ildizlarga ega emas; a =0 bo‘lsa, 2 tadiz; ae(0;8) bo‘lsa, 4 ta ildiz; a =8

bo‘lsa, 3 ta ildiz; ae(8;+o00j bo‘lsa, 2 ta ildiz. 466. a =—~6. 467. <x=0. 468.

ae - %% ;a=y”Na=-4;-3,-1,1,3yoki 3,1,-1,-3. 469.
ae em -,a=-U.,a=-1-2,-1,0,1,2 yoki 2,1,0,-1-2. 470.

a=-8;x,=-4;0J=2;ji3=—1. 471. a=-2;x=1. 472. a=0;x=]. 473. a=\
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i 1/3

boMganda, x ~~2 a>" boMganda, x=_2+y ~4° a<-* boMganda,

0, a=-3 bo‘lganda, x=1 -3<a<-2 boMganda, x12= " a>-2
. +\/o+

boMganda, x12 = 2+\Vo+3,

475. as (-00;0)u(0;l) boMganda, 0, a= 0 boMganda, x =0 ae [1;+°°) boMganda,
x=2a-\-4%a-4 4lj#oe («.0) ae(-00;0) boMganda, 0, a=0 boMganda,
x—0 , ae(0;l) ae(0;l) as(0;) boMganda, 0, as [L-hx») boMganda,
X -"a-12. 477. <3<2 boMganda, 0. a>2 boMganda. Xx="+*Ja-1. 478.
a<0 boMganda, 0, a>0 boMganda, x=—Lt_?£iL. 479. Ixtiyoriy a uchun
xl=-63-a,x2-1-a . 480. a<”™ boMganda, x=12-2a+4n/8-3a. y<a<?”.

0o 20 8
boMganda, x12=12-2a+4Vv8=3a.a=j boMganda, x="-. a>y . boMganda,

0 481. ai-5 boMganda, 0, a>-5 boMganda, x=(a+2)(a+8), 482.
il
a<-1 boMganda, , -1<a<0 boMganda, X= , O<a<1 boMganda, O ,
11
a>1 boMganda, x= . 483. a<0 boMganda, 0, a>0 boMganda,

X=" . 484. a+b=0 boMganda, 0, a+b#0 boMganda, x- a3* . 485. Agar
a<-1 boMsa, yechim yo‘q; agar -1<a<0 boMsa, x:log2(a+|) agar a>0
boMsa, x,=log2(a+1);x2=log2a. 486. Agar a<0 boMsa, yechim yo‘q; agar
O<a<1l boMsa, x|2 =a+2+2Va; agar >0 boMsa, Xx=a+2+2ja. 487. Agar
a<o0 boMsa, yechim Ye'y; a8ar O<acxl boMsa,

x12 =—I=\J\-yfa; x3- — | +yjl+y/a agar a=1 boMsa, yechim yo‘q; agar a>1
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bo‘lsa, X=-\+-J+7a 488. Agar a<0; a=1 bo‘lsa, yechim yo‘q; agar

O<a<l;a>1 bo‘lsa, x=—.489. ae[0;2] .

490. as -;3 ™5} 491. HE 492
5

xe(-00;-4)"j(0;+<x>). a=0: xe(-00;-4)0(0;1)o(1;+a>) 493. Agar

a=10 bo'lsa, x<8; a<10; boMsa, X<"5—; X a>10; boMsa,

>
20a—2a

Y6ar-ba <X<~T Ag8l a=I, a=-3, a=3bo‘lsa, yechim yo‘g; agar

-3<x<l| boMsa. X >a" "3 agar a<-3\ 1<a<3; a>3 boMsa, x<A\3 495,
_ a_

|x]>-U 496. Agar a =0,bo‘lsa, yechim mavjud emas; agar a*0 boMsa,

—M <x<p].497. Agar a<0 bo‘lsa, yechim mavjud emas; agar O<a<I| boMsa,
v5
|I-2s[a<x<l+2ja agar a>| boMsa, -a<x<I|+2sfa498. Agar a<-2 boMsa,

Ix]<l; agar |Jak2 bo‘lsa, —l<jc<— ~ a8ar 2<a<j5 boisa,

2a 5 T ~"ja+ JT T  agara-"5 bo'lsa, yechim mavjud emas. 499.
5a 5a

Agar a<4 boMsa, X> 4—a; agar a=4 bo‘lsa, X*O agar a>4 bo‘lsa,
X>a-4 500. Agar a<5bo‘lsa, JC>5-a; agar a=5 boMsa, agar a>5

boMsa, X> -y~ 501. Agar O0<a<| bo‘lsa, X<-loga(a+2); agar a=1 boMsa,
XeR agar a>1 bo‘lsa, X>-loga(a+2) 502. Agar a<0 bo‘lsa, XeR agar

a>0 boMsa, xe]-oo0;-log4(a-1)Jur-log4a;+o0” 503. Agar a<0 boMsa,
XS |-o00;-log2(-a-1)j; agar a=0 bo‘lsa, yechim yo‘q; agar a>0 bo‘lsa, 504.
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xe "-co;-joga-2)" Agar a<4bo‘lsa, xe ~-00;log., agar
-4<a<—2-3<-2-4<a<-2bo‘lsa, X€ jog5~;logy-f ; A a=—2
bo‘lsa, yechimyo‘q; agar —2<a<0 bo'lsa, x € ; agar akO

bo‘lsa, xe |-oo;log® E" } B505. Agar a®-1lbo‘lsa, xe |0ﬁ(_f) 40 ; agar

a+l

xe |093(“f );-6 bo'lsa, xe -»;log3 5 IOgZ("f)I_-||_b; agar

bo‘lsa, Agar ~"A<a<o bo'lsa,
a=—-2

Xe -00 . .
log3b ) j'L") 3’ y “ -1 nmj
AgarO<a<| boisa,xe”a;J/"j; agar a>lbo‘lsa,xe ~0;iju(a;-K»); 507. Agar

O<a<l bo‘lsa, Xe |I+VI+a;+<»); agar a>lbo‘lsa, Xe"2;1+>/l1+a); 508.

Agara<-8 bo‘lsa, yechim yo‘q; agar -8<a<-3 bo‘lsa, xe

agar-3<a<-2 bo‘lsa,xe 5 1 agar a=-2bo‘lsa, yechim yo'g, agar

a>-2 boMsa,xe

13-8. Parametr qatnashgan tenglama va tengsizliklar sistemasi

509. a*-2 .510. X-5-4n/2;a>0 511.a>4 512. a£-3;a>|
4
*t

513. a<l,a=2 514. a= =1;9=3. 515. a=i. 516. a=-l;a=0.
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517.(0;a),(0;0),ae/f . 518. a<0 da0,a”0 da (9a2;a2).519. a<\ daa>|

24

da M4L - I\/I4 520. aS-2,a”0. 521. -6<a<-5;a=-2;a=-l. 522

a=-T= boMganda, jc= 3—/6, y =—3—j6~, a-— V3 boMganda,
v2 72

x=3+V6;y=-3+46, -4<a<-2-3<a<-2 a=-1, boMganda, x =3;_y=0,

a=1 bo‘lganda, x=0;_y=-3. 523. a<-1 bo'lganda, 0; -I<a<0 boMganda,
-a<x<-j B=0; boMganda,*>0;0<a<| boMganda, X>-a; a>1 boMganda,

a>l. 524, a<-3 boMganda, a+3 <x<0; a=-3 boMganda, 0; -3<a<-2
boMganda, O<x<a+3;—2<a<0 boMganda,0<x<l;0<a<l; boMganda,

a<x<l a=1 boMganda, O0; a>1l boMganda, I<x<a 525. Agara-6<1

(a—b)2—%(a+b)+|

boMsa, yechim mavjud emas; agara-6>| boMsaX=" ="—— — N —— —

526.a=—6 527.a>—1528.ae(-00;-4]Ju[4;+00).. 529. ae

IV bob. Trigonometrik funksiyalar va ular orasidagi munosabatlar

1-8. Haqigiy argumentli  tigonometrik funksiyalar
11-d .2. 0.96.3. é@r 4.4 5906 1% 7-4rs— 9
‘ 23 34
Y2,; .
11.- 12. 13."=8ina 14. sin235 15. ctg6a 16. 7.
cosa

17.2agar 2/rE<x<n +2nkK\Xke Zj, - 2 agar 2K <x<2n+2nk(ke Z)

18. 2sina. 19.-cos2acoSy. 20. W~™-. I\.tg2a 22.§1ﬂ’€ral. 23.cos4a 24.

c/gda. 25.?g4a.26. 1. 27. cos(40+2aj. 28. sinda. 29. 8V3. 30.2]|cosec2a|

31 1

244



Yig'indini ko'paytmaga keltirishga oid misollar
78.2)2sin55°c0s25° A)2sin25°c0s55°79.
a)2cos61,5°cosl3,5°b)-25in52,5°sin22,5° 80. a)2sinlcos4,6)-2sinxsindx

81. a)>/2cos"-2xj,6)-2sin3sinx.

8*. 0)2-L4 83. fc)2cos50°84. a )J L b )~
85. a)1_ 200s100° 6)"sin 70° 86.a)"(cos/? —cosa),

2cosf™r-al >/2sinfr-al

BYNHga= ———— Amm—S | —tga = ———— ———— © 88.a)0,6)0
gg& cosa si-tga cosa 20 , 6)

89. a)4cos70sinl8°cos360 6)4sin7°sinl8°cosl80 90. sinlo 91. CO¥Ypnd

5 N
y b)an
cosla £ 1

a)-2,/2cos|sin(]-J), b)2V2sin]sin(]-"*) 97. sinj*+ajcosj*-a]
Ba’zi trigonometrik yig‘indi va ko‘paytmalarni hisoblash

.,8. ,)'=% s.. 119. f . 121- 122. e 124,

qAlzl b)4I1” v)2-22-1) mi125 q)r2-2 6)f3-3f . 126.2. 127.

J_ . 128 129. .130.4 .131. - , & —. 134

2-7 26 87 2 nN2-1 4

245



I1-8. Teskari trigonometrik funksiyalar va ularning asosiy xossalari, grafigi

157. _
158. ,gg‘. 159.
875 56
163.
g 164 o 1650. 166 |.

V.BOB. Trigonometrik tenglamalar va tengsizliklar. Trigonometrik tenglamalar
va tengsizliklar sistemasi

1*8¢ Trigonometrik tenglamalar va ularni yechish usullari

e Z 3 0 4 + N nez 5

+~+27n, neZ. 6. nn, neZ. 7. 16+2nn, neZ. 8. nrr,—zinn, neZ 9.
J +"Y’ ne2-10-2nn’ j+ 2™, neZ. 11. i%—-h—z , heZ. 12. i?+nn, neZ.

13.  arct -0"arcsin~—vnn, neZ  14. -)"arcsin—+nn, neZ  15.
g+ ( ‘G %—F( ) 3

1
—+2nn, neZ. 16. —jli—3+arctg—"z"+Trn, neZz. 17.
2MAT 3t q y
—g—;——+27tn,z+|rn weZ

18. nez 19. ZH1 "+*71, +2Mi, neZ.20. — ;l-+™, /tez.
1 4 P 2 6

21' f +? ' "eZ-22"T +N ' *edw+1l>neZ.23. neZ. 24. 0. 25
7T 7M. 7t 7N m v 27 T
NHLANT N T "6 Z - 26. T+~ |, ,eZ. 27. xy+avt7, neZ. 28.
m
(—O—jé‘+ﬂn, ne6Z. 29. nn, nezZ. 30. *+"+491n, neZ. 31.
6
—+2nn,(-\)"—+2nn, neZ. 32. orc'g(-ix")+"«, neZ. 33.

£ + N 4+mneZ. 34.1-A+™ | A 4™ a7
24 24 3 36 3*2 40 4°
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35. -,—-+nn,neb. 36. —, J_r—3 +2nn, neZ. 37.

3 2 2

%+AMN, (-)"yd +™, 38.arctg”"”~+sn, neZ.39. 0.

40. (—lF—+FI—I/I, ve Z. 41. x~+2ttw, weZ. 42. G£; X
6 3 8 4 2 8 4

43. ?+2/rn, n==1,+2 (—1)"E+nn, n==+1,+2 +3. 44. i"2—+2;rn, we Z
45. 2, (_i)"E+2r|r|, ne z. 46. (—l)“€+;|v|, nez. 47. S+, neZz.

8. T +™ «eZ 49. |E£N+2]|" 5Z

50. A-"-+2n"«, ne zJu|-"-+2"«, ne =(-1f j +san, ne

51. |2, ne Zju|—+nn, ne Z . 52. +LarccosY?A=3 %, ne Z.
53. [2n+4sn, ne Z}uj(-D)"2;r +4;i7), «eZj. 54. n
55. 0. 57. {2nn, He Z}vjlj-*+27r«, ne zj. 58.

|-y+2n-npe z|u{arcsin(75-2)+2"«ju!| -*+2nn,ne Z

59. 1™ +21m, ne zI. 60. !(—’é+2ﬂ'ﬂ, ne
2-8. Teskari trigonometrik funksiyalar qatnashgan tenglamalar

61.-/g]. 62{—2—1} 63.0.64.(0}. 65. {1} 66.°-7j.76.{2}.68.

- 71.4._72. sini- 73. ts"- 74
- ¥ 2r}- 69—I2}— )K M 7IA72-sin2 73-tg~ r74-* T

75.4 76. 0 77.0.78. 0 79. i 80 4= 81. 0 82. 834=84. 2 85.
3 2~/ 3 2 V5

AN(5-272)- 86.V2 87. 1lva —i 88. [1=
( ) 6 75
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89. M +xk,keZ.

3-8 Trigonometrik tenglamalar sistemasi

90.Xx =" +"-+nn; y=zx"+UW-+nn, neZz
91.X =N+ C+nNn; =x/"-"+nn, neZ 92.
6 6 Y=*67"6
N +4an, -~ +7rnjrarctg~ +Kn, arctgj-+xnj, neZ.

93/, =(-D"f-+*«; x2=(-1)]+1A,

=+Ny+2an, y2=+"+27n, neZ

*i=T +r"” ~ ——y Jjm, y.=arctgl+2nn, y7=-arctg2+2;m,

A 3v
Z\=%-arc‘g2-?r(k +n), z2= ~ +arctg2-7r(k+n), n&Z.
9S- {n;-2n+2nn), neZ.

+nn, -§-nn\unl-£-+nn, —
~A+nn,-"-nn\,ne& fj+2m; ~ +2nn), {LU-+2nn; Li-+2mn

97- TH20m; A+ 27 /ij, M+28-n; M—~—+2n;

[E-+2 N +2n=1, ™ +2m?; W-+2nm\
98.
~ N +2nn; ~—~"+2nn?, {-W-+2nn; -N- +2nnt, neZ.

" AN 4w 4nnj, AMan, 2M+H4AnnS, nez.

Ww.{*"+n{n+xK); *+a(n-K)Y (—*+n(n+K); — Me -
101. nar+s’A;, —a — + N —?—NK" bunda
a=arctg”"b”Z, p -arctg

248

96.



(2an;a +24an), (9 +2an;-?-+2an\ (M+29n; r+2an\
L . \Y y n
[2*-+2an™+2nn} (-1+2a9n;W-+2an} [*-+2an~+2an} ne Z

103. 2/, n+2an), ne Z 104.

(h+™'~5+14 (" f+Hirf+™))nez-
105.x=75° +180%, >>=600+180%, Ke Z

106.x=30°%+1804," = 60°+£180%, tezZ. 107.
X==xj+xk, y=zx"+4K, jfcez.108.x =2}t++ y="-2K, Ke Z.109.
X, + Y,=j+* . =l Y, = AeZ-

4-8. Trigonometrik tengsizliklar

110.arctg3+"n<x<y+2”7«, ne Z. 111

Llé——l +2r|n<x<—"ré—\+2;|n, ne Z. 112-

- —arcsinZ+2ﬂn< X< 2;1n+arcsin—iL arcsin’é-+2ﬂ,m<p,r<ﬂ'—arcsin_—+2ﬂn, ne 2
J

113.

a +2nn<x<W-+2nn, arcsin-"p-—"+2an<x<”"-—arcsin—"—+27n, ne Z.

. 4 . 0 1 1 5 X ne Z.

116. FH'I<X<":1+FII'I, ne Z 117. O; arccos lje 118

fjjc/argsini +2;r/j<x<;r—argsini+2/r«, ne Z.

Mor-~A+2nn<x<?y+2an, ne Z.

120J| x/argtg2+"re«<x<y+~"-«, ae Z.j
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\2l.\xlnn<x<"-+1, nezZl

122, AIN-LW—+2nn<x<\—2+27101, neZ.

123, \NoXIN\-W-+nn<x<\s1-n+nn, neZ.l 124. K/[*-+2nn/ neZ\.

125. ljc/—+ nn<x<nr*<p\xI*+nn<x<~+nn, neZz

126. x/nn<x<~+nn, neZ.j 127.|ar/—"-+2nn<x<M+2nn, ne Z.

128 \X/"~——+2NN<X<-"-+21n n X/-—~+2nn<x<-" +2n\!,ne2>

- ,2nn], { ., 2nn_ _Mn, 2m\ -~
+— T\ X/2+— <x<-1r+— N\ neZ w -
y +Nn<x<n+2nn; neZ 131 nez

132. ~Y2 +—N<X<Y2 +Y> ne% W .~ +nn<x<arcXe(\N)+n; wezZ
134, -~2NN<X<~ +21n;, ~+2nNN<x<~+ 271, neZz
135. —3 +21N<,X<21n; ’:‘3—+2nn<x<n+2nn, nez

136. » +2nn<x< +2m\ ~*+2nn<x<-~ +2nn, neZz

n 2m_ ,, n,2Zw na,2in, , 2N ™
“TO 5 30 5 io ”5” 10 T -* 7Sz’

138.~~+an<x<au; ;+HH<X<A— +arr, M+nn<x<W-+an, neZz.
o] o] [o] [o]

139. y+2a-«<p:<y+2n-1a, «eZ.
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Test variantlari javoblari
1-variant
I.LA2B3.C4B5A6.A7.B8A9B 10.B 11.C 12.A 13.C 14.A 15.A
2-variant
I.LA2.A3.C4A5A6.A7.C8A9A 10.C 11.A 12B 13.B 14.A 15.A
3-variant
ILA2A3D4C5A6.A7A8A9A 10AI1l.C 12.C 13.C 14A 15.A
4-variant
I.LA2A3A4A5A6A7A8A9A 10B 11.A 12.A 13.C 14.A 15.A
5-variant
ILA2. A3 A4A5A6.A7.C8A9A 10A 1l.A 12B 13B 14.D 15D
6-variant
I.LA2A3A4A5A6A7D8.C9A 10D Il.B 12.B 13.D 14.A 15.A
7-variant
I.LA 2. A3.A4.C5.A6.A7.D08B9AI0O.CII.D 12.D 13.A 14B 15.A
8-variant
I.LA2A3.A4A5A6.A7.D8B9.C 10.B 1l.A 12.B 13.C 14D 15.A
9-variant
1.A2.B 3.A4.A5.A6.A7.C 8.C9.B 10.B Il.A 12.D 13.C 14.D 15B
10-variant
ILA2B3.A4B5A6.A7A8D9AI0.C 1l.A 12B 13B 14.A 15C
11-variant
ILA2.B3.A4.A5.B6.B7.A8C9BIO.CII.A 12.A 13.A 14 A 15C
12-variant

ILA2.C3.D4.A5D6.B7.C8A9C 10.A 1l.A 12.C 13.A 14 A 15C
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