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S O Z B O S H I

O ‘zbekiston R espublikasi hukum ati tom onidan « Ta 'lim to  ‘g  'risida»gi 
qonun va «Kadrlar tayyorlash milliy dasturi»da ifodalangan talablarga to ‘liq 
javob  heracliean darslik lar. o [quv qo ‘llanm alari, u slu b iy  qo  ‘llanm alar  
yara tish  hozirgi kunning dolzarb  m asalasi bo ‘lib  qolm oqda.

Ushbu qo ‘llanm a kasb-hunar k o lle jla ri va  a k a d em ik  litsey larn in g  
m a te m a tik a  f a n i  b o 'y ic h a  o ‘z  b ilim la r in i ch u q u rla sh tirm o q ch i va  
m ustahkam lam oqchi bo ‘lgan o ‘quvchilari uchun ham da bu fann i m ustaqil
o ‘z la sh tir ib , o liy  o 'quv y u r t la r ig a  k ir ish n i n iy a t q ilgan  yo sh la rg a  
m o ‘Ijallangan.

Qo ‘llanma m atem atikafan i o ‘quv dasturidagi algebra va analiz asoslari 
bo  ‘yicha asosiy m avzu larn i o ‘z  ichiga oigan 15 bobdan ibora t bo  'lib, har 
bir bobda nazariv m a ’lum otlardan tashqari m asala-m isollarning yechilisli 
nam unalariga, usullariga k a tta  e ’tibor berilgan. U nda m asa la -m iso llar  
yech ish ga  m a tem a tik a n i chuqur o 'rganishning a so s iy  va z ifa s i sifa tida  
qaraladi. A sosiy m aqsad  u y o k i bum asalan iyech ishda nazariy m ateria lga  
chuqurroq qarash, umum lashtirish, yech im larn i tah lil qilish m alakalarin i
o  ‘quvchida shakllantirishga qaratilgan bo ‘lib, har b ir  bob oxirida m ustaqil 
ishlash uchun te s t to p sh iriq la r i berilgan  va u larning ja v o b la r i  ham  
keltirilgan.

M ualliflar qo  ‘llanm adan akadem ik  litsey, kasb-hunar kollejlarining
o ‘qituvchilari, m a tem a tika  to  ‘garaklarining rahbarlari o ‘z fa o liya tla r id a  
foydalanishlari m um kin bo ‘lgan m ateriallarni topadilar deb umidqilishadi. 
A k a d e m ik  l i ts e y la rd a  m a te m a tik a  f a n i  b o 'y ic h a  a m a ld a  b o 'lg a n  
darsliklarda m axsus tenglam alarni ( «qaytm a» tenglam alar, transsendent 
vaparam etrli ten glam alar) yechish, B ezu teorem asi va uning natijalarini 
k o  'ph ad larn i k o  ‘p a y tu v c h i la r g a  a jr a tish  h a m d a  y u q o r i  d a ra ja li  
ten g la m a la rn i y e c h ish g a  ta tb iq i  k a b i m a sa la la rg a  y e ta r l i  e 'tib o r
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berilm aganini h isobga olib, ushbu qo  ‘llanm ada bu m avzu lar ham  tegish li 
m asala-m isollarning yech im lari bilan keltir ib  bayon qilingan.

B undan tashqari, qo ‘llan m a 15 0 0  dan k o  ‘p ro q  m asa la -m iso lla r  
jam langan to  'plam sifatida ham qiziqish uyg ‘otadi. Bu masala-misollarning 
uchdan bir qism idan ko  ‘p ro g  7 yech im lari bilan keltirilgan.

Q o ‘llanm aning yara tilish ida , u n d a g ia y r im  boblarning yozilish ida , 
m asa la  va m iso llarn i tanlashda bergan  yordam lari, m a s la h a tla ri uchun 
Toshkent D avla t Iq tisod iyo t universiteti qoshidagi Iq tisod iyo t g im naziya- 
sining o ‘q ituvch ilari S. D o ‘s tm u rodov  ( I, I lbob la rJ , G O x u n jo n o v  ( III  
bob), t.J.n. A .Saidov (IX -X b o b la r ), O .M irshoxo'jayev, M .Isom ova (X II -  
X IV b o b la r ) , do tsen t F .Z ok irov  (  V\ X IIIb o b la r) kab i o  ‘qituvchilarning  
ham da xo lison a  tanqid, uning yo z ilish id a  y o  7 qo ‘yilg an  kam ch ilik la rn i 
k o 'r sa tg a n lik la r i uchun p ro fe s so r  M .M irza a h m ed o vn in g  bem in n a t 
m ehnatlarin i m ualliflar hurm at bilan e 'tirofetadilar.

Q o ‘llanm a kam ch ilik lardan  x o li  bo  ‘Im asligi m um kin. U ni ya n a d a  
m u k a m m a lla sh tir ish g a  q a ra tilg a n  ta n q id iy  f i k r  va m u lo h a za la r in i  
bildiradigan ham kasblarga oldindan o ‘z  tashakkurim izni izh or etam iz.

M u a llif la r



I  B O B

NATURAL SONLAR

l-§ . Natural sonlar va u/ar ustida amallar

1.1 . R aqam , natural son tushunchalari. Sanash natijalarini 
ifodalash uchun 0, 1,2, 3, 4, 5, 6 , 7, 8 , 9 belgilaridan foydalaniladi 
va ular raqam lar deb ataladi. Bu raqamlar o‘nta. Shuning uchun 
bizning sanoq sistemamiz o‘nlik sanoq sistemasi deyiladi.

Natural son tushunchasi matematikaningeng sodda, boshlang'ich 
tushunchalaridan biridir.

T a ’ r i f: n atu ra l son deb, sanashda ish la tilad igan  y o k i  sanash  
n a tija s id a  k e lib  ch iqadigan  son larga  a y tila d i.

Natural sonlar to'plami yVharfi bilan belgilanadi va quyidagicha 
yoziladi: N =  {1; 2; 3; . . . ;  n; n + 1; . ..}. Natural sonlar to'plami 
cheksiz bo‘lib, eng kichigi 1 va eng kattasi mavjud emas, chunki har 
qanday natural songa 1 qo‘shilsa, u oldingisidan katta boiadi.

Har qanday natural sonni yuqoridagi 10 ta raqam yordamida 
yozish mumkin. Masalan: 367; 1 013; 39 871; 137 997 803 va h.k.

Ko‘p xonali sonlar umumiy ko'rinishda quyidagicha yoziladi: 
x  =  a \ 0 "  + b -  10"-' + ... + <?■ 1 0 + / ,  

buyerda n -natural son, a, b , ..., e,/lar 1 dan 10 gacha bo‘lgan natural 
sonlardir. Bu tenglik natural sonning o ‘nning darajalari b o ‘yicha  
yoyilm asi deyiladi. Masalan, x = 437968 soni x  =  4 ■ 105 + 3 • 104 + 
+ 7 ■ 103 + 9 ■ 10: + 6 • 10 + 8 kabi yoziladi.

1.2. Natural sonlar ustida amallar. 1. Natural sonlarni q o‘shish.
Natural sonlar yig'indisi yana natural son boiadi. Masalan, 
17 + 23 = 40; 29 + 62 = 91 va h.k. Umuman, a  va b natural sonlar 
bo‘lsa, u holda

a  + b  = c (1)
boiadi, bu yerda c -  natural son. (1) tenglikda a \& b q o  ‘sh iluvchilar, 
c esa  y i g ‘indi deyiladi. Natural sonlarni qo‘shish quyidagi xossa- 
larga ega:
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1) 0 ‘rin almashtirisb:
a  + b -  b  + a,

ya’ni qo'shiluvchilarning o‘rinlari almashgani bilan yig‘indining 
qiymati o'zgarmaydi.

M i s o 1: 17 + 32 = 32 + 17 = 49; 109 + 235 = 235 + 109 = 344.
2) Guruhlash: (a  +  b) +  c =  a  +  (b  +  c) tenglik o‘rinli.
M i s o 1: (15 + 48) + 22 = 15 + (48 + 22) = 85.

2. Natural sonlarni ayirish. Berilgan yig‘indi va qo‘shiluvchi- 
lardan biriga ko‘ra ikkinchi qo‘shiluvchini topish amali natural son- 
larni ayirish  deyiladi. a  va b natural sonlar uchun quyidagi teng- 
liklar o‘rinlidir, ya’ni

a  — b  =  c  (2)
bo‘lsa, u holda

a -  b + c (3)
bo‘ladi. (2) tenglikda a  natural son k am ayu vch i, b  -  ayrilu vch i, c 
esa ayirm a  deyiladi, bu yerda a  son b sondan katta.

M i s o 1: 45 -  30 = 15 dan 30 + 15 = 45; 123 -  85 = 38 dan 
85 + 38 = 123 bo'ladi.

Ayirish amali quyidagi xossalarga ega;
1 ) a  -  (b +  e) =  (a -  b) -  c yoki a -  (b +  c) =  (a -  c) -  b , bu yerda 

a >  b + c bo‘lishi kerak.
M i s ol: 148-(16+ 34) = (148- 16)-34=  132 -  34 = 98 yoki 

(148- 34)- 16 = 114- 16 = 98 boiadi.

J ( a - c )  + £>, agara > c  bo‘lsa,
2) (a + b) -  c = 1

[a + (b-  c), agar b > c bo‘lsa.

M i s o 1: (39 + 41) -  25 = (39 -  25) + 41 = 14 + 41 = 55;
(18 + 56) -  43 = 18 + (56-43) = 18 + 13 = 31.

3. Natural sonlarni k o‘paytirish. O‘zaro teng bo‘lgan qo'shiluv- 
chilar yig‘indisini topish amali k o 'p a y tir ish  deyiladi va

a  + a  + a  + . . . + a  = a - n
'-----------v-------- ' (4)

n ta
tenglik o‘rinli boiadi.

M is o l ;  17 + 17 + 17 + 17 + 17 = 17-5 = 85.
Natural sonlarni ko‘paytirish amali quyidagi xossalarga ega;
1 ) a  ■ b  -  b  ■ a  (o‘rin almashtirish).
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M i s o 1: 108 • 10 = 10 108= 1080.
2) (a ■ b) ■ c  = a  ■ (b- c) (guruhlash).
M i s o 1: (15 • 6) • 20 = 15 • (6 • 20) = 1800.
3) (a ±  b) ■ c =  ac  ±  be  (ko‘paytirishning qo‘shish va ayirishga 

nisbatan tarqatish (taqsimot) qonuni).
M i s o 1:1) (14 + 7) • 5 = 14 • 5 + 7 • 5 = 70 + 35 = 105;
2) (32 - 18)- 10 = 32 10-18 10 = 320- 180= 140.

4. N atural sonlarni b o iish . Ikki ko‘paytuvchining ko‘paytmasi 
va ko‘paytuvchilardan biriga ko‘ra ikkinchi ko‘paytuvchini topish 
amali natural sonlarni bo ‘lish deyiladi. Agar a ■ x - b  (bu yerda x  -  
noma’lum ko'paytiruvchi) boisa, u holda

x - b  \ a  (5)
boiadi. (5) tenglikda b boiinuvchi, a  bo‘luvchi, x bo‘linma deyiladi.

M i s o 1: 40 ■ x  = 120, bundan x  = 120: 40 = 3; x  = 3 boiadi.
Biror sonni boshqa bir songa bo'iishdan chiqqan bo'linma b u t u n 

son (butun son tushunchasi II bob, 8-§ da berilgan) boimasligi ham 
mumkin. Agar boiinma butun son boisa, boiinuvchi son boiuvehi 
songa q o ld iq s i z  b o ' l in a d i , yoki qisqacha, b o ' l in a d i deyiladi. 
Masalan, 21 soni 7 ga qoldiqsiz boiinadi, chunki boiinma 3 — 
butun son. Bunday hollarda boiinuvchi boiuvehining k a rra lis i ham 
deyiladi.

Boiinuvchi boiuvehiga qoldiqsiz boiinmagan holda q o ld iq li 
b o 'l is h  amali bajariladi. Qoldiqli b o iish  -  bu boiuvehiga 
k o ‘paytirganda boiinuvchidan oshmaydigan son chiqadigan 
to ' l iq s iz  b o 'l in m a  deb ataluvehi eng katta butun sonni topish 
demakdir. Bunda boiinuvchidan boiuvehi bilan toiiqsiz boiinma 
ko‘paytmasining ayirmasi qo ld iq  deb ataladi. Qoldiq hamma vaqt 
boiuvehidan kichik boiadi.

Masalan, 23 soni 4 ga qoldiqsiz boiinmaydi. Bu ikki son ustida 
qoldiqli boiish amalini bajarish mumkin. Bundan toiiqsiz boiinma
5 ga teng. Qoldiq 23 -  4 • 5 = 3 ga teng.

Umuman, m  va n (m > n ) sonlar berilgan boisa, m  ni n ga 
boiganda toiiqsiz boiinma k  ga, qoldiq r ga teng boisa,

m  = n ■ k  + r  (6)
tenglik o‘rinlidir.
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Bir sonning ikkinchí songa qoldiqsiz boiinish yoki boiinmas- 
ligini aniqlash uchun quyidagi boiinish belgilarini yodda saqlash 
zarur:

1. Barcha juft sonlar 2 ga qoldiqsiz boiinadi.
2. Raqamlarining yigindisi 3 ga boiinadigan sonlar 3 ga 

qoldiqsiz boiinadi; raqamlarining yigindisi 9 ga boiinadigan sonlar 
9 ga qoldiqsiz boiinadi.

M i s o 1: 1) 3792 : 3 = 1264 (raqam lar yigindisi: 3 + 7 + 
+ 9 + 2 = 21); 2 ) 938655 soni 3 ga ham, 9 ga ham boiinadi, chunki 
raqamlar yigindisi: 9 + 3  + 8 + 6 + 5 + 5 = 36.

3. Oxirgi ikki raqamidan iborat son 4 ga boiinadigan sonlar 
yoki oxirgi ikki raqami nollardan iborat sonlar 4 ga boiinadi.

M i s o I: 116; 364; 1096; 1700; 197204 va h.k. sonlar 4 ga 
qoldiqsiz boiinadi, chunki ularning oxirgi ikki raqamidan iborat 
son 4 ga boiinadi.

4. Oxirgi raqami 0 yoki 5 bilan tugagan barcha sonlar 5 ga 
qoldiqsiz boiinadi.

M i s o I: 140; 1075; 89395; 729800 va h.k. sonlar.
5. Oxirgi uchta raqami nollar yoki 8 ga boiinadigan sondan 

iborat sonlar 8 ga qoldiqsiz boiinadi.
M i s o 1: 1 000; 137 824; 3 278 064 va h.k. sonlar.
6 . Ikkiga ham, uchga ham boiinadigan sonlar 6 ga boiinadi.
M i s o 1: 378; 9 702; 48 684 va h.k. sonlar 6 ga qoldiqsiz

boiinadi.
7. Oxiri nol bilan tugagan sonlar 10 ga boiinadi.
8 . Son 11 ga bo iin ish i uchun (o ‘ngdan chapga qarab 

hisoblaganda) toq o‘rinda turgan raqamlar yigindisi bilan juft 
o‘rinda turgan raqamlar yig'indisining ayirmasi nolga teng yoki 11 
ga boiinsa, u holda bunday sonlar 11 ga boiinadi.

M i s o 11 a r: 1) 103 785 soni 11 ga boiinadi, chunki uning toq 
xonalaridagi raqamlari yigindisi 1+3 + 8 = 12, juft xonalaridagi 
raqamlari yigindisi 0 + 7 + 5=12.

2) 9 163 627 soni 11 ga boiinadi, chunki uning toq xonalaridagi 
raqamlari yigindisi 9 + 6 + 6 + 7 = 28, juft xonalaridagi raqamlari 
yigindisi 1 + 3 + 2 = 6 ; bu ikki yig'indining ayirmasi 28 -  6 = 22, 
bu son 11 ga boiinadi.

2-§. Sonlarning bo'linish belgilari



3) 461 025 soni 11 ga boiinmaydi; 4 + 1 + 2 = 7 va 6 + 0 + 5 = 11 
sonlari o‘zaro teng emas, ularning ayirmasi 11 -7  = 4 ham 11 ga 
boiinmaydi.

3-§. Tub va murakkab sonlar

3.1. Natural sonlarning turlari. Ta ’ r i f. p  > 1 n a tu r a lsonning  1 
va o 'z id a n  b osh qa  b o 'lu vch ila r i b o 'lm a sa , u h o lda  p  son  tub son  
d ey ilad i. Boshqacha aytganda, sonning boiuvchilari ikkitadan or- 
tiq boimasa, bunday sonlar tub sonlar deyiladi.

T a ’ r if .  I k k i ta d a n  o r t iq  b o ' lu v c h ig a  e g a  b o ' lg a n  s o n la r  
m u ra k k a b  son la r deyilad i.

T a ’ rif. B erilgan  son q o ld iq siz  bo 'linadigan n a tu ra l son lar uning 
bo  ‘lu vch ila r i d ey ila d i.

1 soni faqat bitta bo'luvchiga ega. Shuning uchun u tub songa 
ham, murakkab songa ham kirmaydi. Tub sonlar qatori cheksizdir:

2, 3, 5, 7, 11, 13, .. . , 101, . ..
12 murakkab son, chunki uning boiuvchilari: 1, 2, 3, 4, 6 va 12 

sonlari; 27 ning boiuvchilari: 1, 3, 9 va 27 ning o'zidir.

3.2. Berilgan natural sonlarning eng katta umumiv boiuvchisi 
(EKUB). T a ’ rif . B erilg a n  so n la rn in g  bo  ‘lu v c h ila r i ich ida  en g  
k a tta s i u larning png k a tta  um u m iy bo ‘Invehísi d ey ila d i va q isqach a  
E K U B  deb  belgilanadi.

a v a b  natural sonlar boisa, ularning eng katta umumiy boiuv
chisi EKUB (a; b ) - m  kabi belgilanadi, bu yerda m  son a  va b 
natural sonlarning eng katta umumiy boiuvchisi. Masalan, 
36 va 24 sonlarining eng katta umumiy boiuvchisi 12, ya’ni 
EKUB (36; 24)= 12.

Umuman, berilgan sonlarning eng katta umumiy boiuvchisi 
ularni tub ko‘paytuvchilarga ajratish yoii bilan topiladi. Bunda 
ularning tub ko‘paytuvchilarga yoyilmalaridagi umumiy tub sonlar 
eng past daraja bilan olinib, so‘ngra o‘zaro ko‘paytiriladi.

M i s o 1: 234, 1080, 8100 sonlarining eng katta umumiy 
boiuvchisini toping.

Berilgan sonlarni tub k o ‘paytuvchilarga ajratamiz: 
234 = 2 • 32 - 13; 1080 = 23 • 33 • 5; 8100 = 22 • 34 • 52. EKUB (234; 
1080; 8100) = 2 - 32 = 18.
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T a ’ r i f. 1 dan  bosh qa  u m u m iy bo  ‘luvch iga ega  bo ‘Im agan son lar  
o ‘za ro  tu b  son la r dey i/a d i. A g a r  a  va b  n a tu ra l son larn in g  1 dan  
b o sh q a  b o  ‘lu v c h ila r i  b o  ‘Im asa , u la r  o ‘z a r o  tu b  s o n la r  b o  ‘lib , 
q u yidag ich a  y o z ila d i:  (a ; b )  = 1.
-  Masalan. (3- S)= W 11- 17)= 1: (91: 10U=J_; (14;25)=|.___

a va  b sonlarning eng katta umumiy boiuvchisini Evklid algo- 
ritmi bo‘yicha ham topish mumkin. Bunda a son b songa boiinganda 
biror r ¡ qoldiq qolsin, ya’ni a  -  q tb + r r  So‘ngra b  son r ¡ qoldiqqa 
boiinadi:

b  = q?r x + rr  
Yana r, qoldiq r2qoldiqqa boiinadi:

T¡ = W i  + rr
Shu usulni davom ettirib, rk, = q / k ga ega boiamiz. Demak, 

EKUB (a; b ) = EKUB (b ; r,) = EKUB (r,; r 2) = . . . = EKUB 
(rk r  rk). Shunday qilib, EKUB (a; b) = EKUB (rk ¡; r j  = rk ; bu yerda 
rk -  shu a  va b sonlarning eng katta umumiy boiuvchisi.

M i s o 1: EKUB (645; 381) =?

Y e c h i l i s h i :  645 = 381 ■ 1 + 264:
381 = 264- 1 + 117;
264= 117-2 + 30;
117 = 30-3 + 27;
30 = 27-1 + 3;
27 = 3 ■ 9 + 0; (27; 3) = 3 

Demak, EKUB (645; 381) = 3.

3.3. Beiilgau natural sonlarning eng kichik umumiv karralisi 
(EKUK). T a ’ r i f. B erilgan  a, b, c, . . . .  f  naturaI son la rn in g  har  
b iriga  bo  ‘linadigan eng k ich ik  n a tu ra l son shu sonlarning en g  k ich ik  
um u m iy k a rra lis i (bo  ‘linuvch isi) d ey ila d i va EKUK (a ; b; c ; . . . ; f )  
k a b i be lg ila n a d i.

Agar a  va b  natural sonlar bo‘lib. ularning eng kichik umumiy 
boiinuvchisi m  son boisa, u holda EKUK (a: b) = m  ko‘rinishda 
yoziladi.

Masalan, 36 va 24 sonlarining eng kichik umumiy karralisini 
topaylik. Berilgan sonlarni tub ko‘paytuvchilarga ajratamiz:

q =  1: r ,=  264. 
q2 =  1; r2 = 117. 

= 2; r, = 30.
rA =  2 1 -

q s = l ;  r5 = 3.

1 0



36 2 24 2
18 2 12 2 36 = 22 ■ 32
9 3 6 2 24 = 2J • 3.
3
1

3 3
1

3

Berilgan natural sonlarning eng kichik umumiy karralisi (EKUK) 
bu sonlarning tub ko'pavtuvehilarga yovilmasidagi bir xil tub 
ko’paytuvchilarning eng yuqori darajalilari va qolgan tub sonlarning 
ko'paytmasidan iborat: EKUK (36; 24) = 23 • 32 = 8 ■ 9 = 72.

E s 1 a t m a. Agar a, b. n natural sonlar berilgan boiib, ci>b va 
a - n  b  bo‘lsa, u holda 
EKUB (a; b )= b , EKUK (a; b )= a .

3.4. Alurakkab sonning boiuvchilari soni (BS). Berilgan sonning 
boiuvchilari sonini topish uchun uni tub ko^paytuvchilarga ajratila- 
di. so‘ngra hosil boigan yoyilmadagi tub sonlar darajalariga 1 qo‘- 
shiladi va hosil boigan yigindilar ko‘pavtiriladi.

Umuman. a = • p " - ■ •  p"" boisa, u holda a  sonning bo'- 
luvchilari soni (a, + I) ■ (a, + 1). . . (a ;j + 1) ga teng boiadi va 
BS (a) =  (a, + 1) • (a, + 1). . . (a + 1) ko’rinishda yoziladi.

M i s o 1; 72 ning boiuvchilar sonini toping.
72 ni tub ko'paytuvchilarga ajratamiz:

72 = 23 • 32. U holda BS (72) = (3 + 1) (2+ 1)= 12.
72 2
36 2
18 2
9 3
3 3

3.5. Natural sonlarning umumiv boiuvchilari soni (UBS). Mu-
rakkab sonning boiuvchilari soni (BS) shu sonning tub ko'paytuv- 
chilari yoyilmasidan olinsa. bir nechta natural sonlarning umu
miy boiuvchilar soni (UBS) berilgan natural sonlarning eng katta 
umumiy boiuvchisining tub ko'paytuvchilarga yoyilmasidan oli- 
nadi.
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M i s o 1: 18 va 54 sonlarining umumiy boiuvchilari sonini 
toping.

Berilgan sonlarni tub ko'paytuvchilarga ajratamiz.

is -■L. -54
9 3 27
3 3 9
1 3

2 EKUB (18; 54) = 2 • 32= 18.
3
3 U holdaUBS (18; 24) = (1 + l)-(2 + 1)=6.

Mustaqil ishlash uchun test topshiriqlari

1. 3 soat 15 minut 7 sekundda necha sekund bor?
A) 12706; B) 11607; C) 11707; D) 11700; E) 11706.

2. Hisoblang; 73-73+ 19-73+ 73-8.
A) 6980; B) 7100; C) 7200; D) 7300; E) 7299.

3. 456 va 544 sonlari yig‘indisi bilan 435 va 275 sonlari 
ayirmasining ko'paytmasini hisoblang.

A) 160200; B) 160000; C) 159800; D) 171000; E) 159000.
4. Agar a +  b +  c +  d =  108 boisa, {a +  b ) +  { c +  b ) +  (d +  a ) +  

+  ( c +  d) ifodaning qiymatini toping,
A) 210; B) 215; C) 220; D) 200; E)216.

5. Bo'yi 2 m, eni 6 dm va balandligi 1 m boigan idishga qancha 
suv sig‘adi?

A) 1300 /; B) 1500 /; C) 1200 /; D) 1100 /; E) 1250 /.
6 . Sonli ifodaning qiymatini toping-
13-67+ 82-47+ 13-33+ 18-47.
A) 5000; B) 5800; C) 6000; D) 5900; E) 7000.

7.* 1 dan 50 gacha boigan barcha natural sonlaming ko‘paytmasi 
nechta nol bilan tugaydi?

A) 9; B) 13; C) 10; D) 12; E) 11.
8 .* Ushbu 1234567891011 ...4950 sonining raqamlari vigindisini 

toping.
A) 330; B) 335; C) 320; D) 315; E) 310.

9. Boiinuvchi 8753, toiiqsiz boiinma 116, qoldiq 53 ga teng 
boisa, boiuvchini toping.

A) 70; B) 65; C) 80; D) 72; E) 75.
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10. Farhod bir son o‘yladi. So‘ngra bu songa birni qo‘shib, uni 2 
ga ko‘paytirdi. Ko‘paytmani 3 ga boidi va boiinmadan 4 ni ayirdi. 
Natijada 6 hosil boidi. U qanday son o‘ylagan?

A) 12; B) 9; C) 14; D) 15; E) 16.
11*. 1 dan 100 gacha boigan natural sonlar orasida 2 ga ham, 3 

ga ham boiinmaydiganlari nechta?
A) 33; B) 30; C) 32; D)21; E) 19.

n2- 12
12*. — [ n E N )  ifoda natural son boiadigan n ning barcha

qiymatlari yigindisini toping.
A) 20; B) 19; C)22; D)21; E) 24.

13. Quyidagi sonlardan qaysilari 12 ga qoldiqsiz boiinadi?
A) 9216; " B) 13626; C) 12014; D) 18313; E) 52318.

14.* n raqamining qanday eng kichik natural qiymatida

(147 + 3n2) soni 3 ga qoldiqsiz boiinadi?
A) 3; B)2; C) 5; D) 1; E) 4.

15. 1) 1765402; 2) 908307; 3) 4583918 sonlarining qaysilari 3 ga 
ham, 9 ga ham qoldiqsiz boiinadi?

A) 1; 3; B) 2; C) 1; D) 3; E) 2; 3.
16.* 630 va 198 sonlarining umumiy boiuvchilari nechta?

A) 5; B) 6; C)4; D) 7; E) 8 .
17. 108, 54, 81 va 324 sonlarining EKUBini toping.

A) 29; B) 36; C) 19; D) 27; E) 24.
18. n raqamining qanday eng kichik natural qiymatida 32072n2 

soni 11 ga qoldiqsiz boiinadi?
A) 5; B) 3; C)4; D) 2; E) 1.

19. 1960 va 588 sonlarining EKUBini toping.
A) 201; B) 192; C) 195; D) 196; E) 194.

20. 645 va 381 sonlarining EKUKini toping.
A) 8910; B) 81913; C) 81915; D) 81920; E) 81914.

21. 0 ‘zaro tub sonlar juftini ko'rsating.
A) (15; 36); B) (15; 26); Q(21;27); D) (13; 39); E) (17; 51).

22. 925 soni nechta boiuvchiga ega?
A) 3; B) 5; C )6; D) 25; E) 2.

23. Uch xonali toq sonning o‘nliklar xonasidagi son yuzliklar 
xonasidagi sondan 2 marta, birliklar xonasidagi sondan 6 marta 
katta. Shu sonni toping.
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A) 361; B) 481; C) 243; D) 126; E) 488.
24. Ikki xonali sonning raqamlari yig‘ indisi 6 ga teng. Agar bu 

songa 18 qo'shilsa, raqamlari teskari tartibda yozilgan son hosil 
boiadi. Shu sonni toping.

______ A) 42: B) 51; 0  24; D) 33; E) 15.
25. Ikki xonali son raqamlarining ko'paytmasi raqamlar yig'in- 

disidan ikki marta katta. Agar shu ikki xonali sondan 27 soni ayirilsa, 
berilgan son raqamlari teskari tartibda yozilgan son hosil bo‘ladi. 
Berilgan sonni toping.

A) 63; B) 73; C)53; D) 36; E )68 .



I I  B O B

RATSIONAL SONLAR  
VA IRRATSIONAL SONLAR

I-§. Oddiy kasrlar

T a ’ r i f. Butunning (birlikning) biryoki bir necha teng bo 'lagini

(ulushini) ifodalovchi sort kasr son deb ataladi. Kasr son ~ f ~

(bu yerda m, a , p -  butun sonlar (II bob, 8-§).n, b, q -  natural sonlar) 
Jcabi belgilanadi. Butunni nec-hta teng boiakkarboiinganligini ifo

dalovchi «, b, q son lar kasrning maxraji, nechta b o ia g i olinganini 
‘ ifodalovchi m, a, p  sonlar kasrning surati deyiladi.

3» 2 8 ’ 179 va h k. lar kasr sonlardir.

1.1. A gar kasrning surati m axrajidan kichik b o is a .  bunday  kasr 

to ‘g ‘ri kasr deyiladi. , - ¡ | j , to ‘g‘ri kasrlardir.

1.2. A gar kasrning m axraji suratidan kichik yoki teng b o is a , 

bunday kasr noto'g'rikasr deyiladi. j'j , ^  , ¡ ^  , n o to ‘g ‘ri 

kasrlardir.
1.3. H ar qanday n o to ‘g‘ri kasrdan uning butun  qism ini ajratish

1.4. Butun son va to‘g‘ri kasrning yig'indisidan iborat kasr ara- 

lash kasr deyiladi. 3 -j, 12^, 108 {{y kabilar aralash kasrlar.

Aralash kasrni noto‘g‘ri kasrga aylantirish uchun uning butun 
qismini maxrajga ko‘paytirib va bu ko‘paytmaga suratni qo‘shib, 
suratga yozish, maxrajni esa o‘zgarishsiz qoldirish kerak.

27 3 m um kin. fr- =  2-pr_3_. 483 _  . 107
12 ’ 376 1 376

3 _  5 -5  + 3
5 — 5

12-4 + 1 49 
4 ~  4



Oddiy kasr quyidagi asosiy xossaga ega:
kasrning surat va maxrajini noldan farqli songa ko ‘paytirilsa yoki 

bo 'linsa, kasrning qiymati o ‘zgarmaydi.

Agar a, b  va  n natural sonlar bo‘lsa, u holda f  =  ̂ r ;
b n b 9 nb b

boiadí.

3 3 4  12 50  15-2 2 ~  , , ..
M l s o L  y  =  ~  =  lio ’ I T  =  I T T  =  T ’ D em a k ’ b e n l§an  

kasrga teng kasrlar cheksiz ko‘pdir.
2.1. Maxrajlari bir xil kasrlarni qo‘shish (ayirish) uchun ular- 

ning suratlarini qo‘shib (ayirib) suratga yozish va maxrajni o‘z- 
garishsiz qoldirish kerak.

M i s o l : l ) I  +  i  =  l t i  =  i - 2 )  15+ 3 =  15 + 3 = 18-
8 8 8 8 ’ 19 19 19 19 ’

3) 2 11 - P l l  9 =  13 11 + 9 =  13 20 • 4 ) 17 - 11 - 1 7 - 11 -  6 •
37 37 37 37 ’ ’ 25 25 ~  25 _  25 ’

5-) o 13 _ c 8 = , 13- 8 -  , 5 
'  14 5 14 3 14 3 14 •

2.2. Har xil maxrajli oddiy kasrlarni qo‘shish (ayirish) ularning 
maxrajlarini umumiy maxrajga keltirib, ya’ni maxrajlarining 
EKUKni topib, so'ngra bir xil maxrajli kasrlarni qo'shish (ayirish) 
kabi bajariladi.

7 , 3 7 -5  . 3  12 35 + 36 71 11M l S O l . l ) T I  +  T  =  —  +  —  =  _ g5_  =  _ = 1 _  ;

-n C 4 3 — c 20 _L 27 _  20+27 _  47 2- )  5 9 +  1_ 5 5 45 +  12 45 — 17 45 — 17 45 — 18 45 ,

6 11 _  30 11 _
7 35 — 35 35 ~

.c 12 o 3 — ^ 48 o 39 _  .  4 8 " 39 _  „ 9
13 3 4 6 52 3 52 — 3 52 — 3 52

2-§. Oddiy kasrlar ustida arifmetik ama/lar

27 , 20 + 27
45 — 17 45

3 0 - 1 1 _  I9 .
35 35 ’

39 _ _ 4 8 - 3 9
52 —

3
J 52

1 6



2.3. Oddiy kasrlarni ko'paytirish uchun ularning suratlarini 
ko'paytirib, kasrning suratiga, maxrajlarini ko'paytirib maxrajiga 
yozish kerak. Aralash kasrlar boisa, ularni noto‘g‘ri kasrga ay- 
lantirib, so'ngra ko‘paytirish kerak.

2.4. Oddiy kasrlarni boiish uchun birinchi kasrni ikkinchi 
kasrning teskarisiga ko‘paytirish kerak. Agar aralash kasrlar boisa, 
ularni noto'g‘ri kasrga aylantirib, so‘ngra boiishni bajarish kerak.

_5_ . _2_ _ , J _ .
M  i s o 1: 1) 6 ' 3 -  6 - 2 _ 4 4 ’

■s.

2.5. Sonli ifodalarning qiymatini hisoblaganda birinchi navbatda 
arifmetik amallarning bajarilish tartibiga amal qilish kerak:

a) agar ifoda qavslarga ega boimasa, u holda avvalo ikkinchi 
bosqich amallar, ya’ni ko'paytirish va boiish amallari, so‘ngra bi
rinchi bosqich amallar, ya’ni qo‘shish va ayirish amallari bajariladi;

b) agar ifodada qavslar boisa, avval qavs ichidagi amallar ba
jariladi. Qavslar ketma-ket joylashgan boisa, amallar eng kichik 
qavsdan boshlab tartib bilan bajariladi.

M is o l:  1) -1 ; -1 +  2 - j - y  —1 : 1-5- ifodaning qiymatini

l l

3 3

3

1 1

2) 39 . 2 — = 39 ■ 3- = 93 
’ ^  z 13 f3

toping.
3

I I _ 3-1 _ , . j  j  5 ■ ft _ 1
Y e c h i l i s  hr. 1) 2 -j * y  — - y j  —1, 2) - j -  ■ "g- -  x -5 ” "10 ’

I
2

17



I 1 . Q Q 9  9

3> 1 : 17 =  ~кГ  ~  Tïï > io + 1 io =  1 *
J a V о b: 1.

__2) 27 : ( l ^ - | ) + ( | + | )  : 3^ ningqiymatini toping.

V u • t • u • 1 2 5-4 1 „ 3 , 1 1110Y ec h 111 s h i: 1) l ------= 1-----= 1— 2 )2  , : 1 , = ,
2 5 10 10 4 10 4 11

= 5 _ t 1 • -i) 3 5 _  9 + 10 _  19 _  7
2 2 ’ 4 6 — 12 12 1 12 »

. 1  . 1 19-6 i ,4 „ 1 , 1 „
12 * 3 6 12 19 2 »  ̂ " 2 2

J a V o b: 3.

2 .6 . Ko‘paytmasi 1 ga teng boigan sonlar o‘zaro teskari sonlar

deyiladi. Masalan, -rva — sonlar o‘zaro teskari sonlardir, chunkib a

a b  . . . .  17 .  9, • =1 boiadi. .. va 2 sonlan o‘zaro teskari sonlardir, chunki,b a 43 17 ’ ’

J2 . ?_9 _J 7  43 
43 17 43 17

2.7. Nol bilan amallar:

1)5+ 0 = 5; 4 |+ 0  =  4 | ;  2) 1 3 - 0 =  13; 8 ^ - 0 = 8 ^ ;

3)7 • 0 = 0; 0 - 6 ^ = 0 ;  0 0 = 0;4)0;  19 = 0; OI
5) Nolni nolga boiishdan chiqqan boiinma n o a n i q d i r .
6) Noldan farqli biror sonni nolga boiishdan chiqadigan 

boiinma mavjud emas. chunki bu holda boiinmaning ta’rifini hech 
qanday son qanoatlantirmaydi.
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T a ’ rif. Odcliy kasrn ing m a x ra ji 10 ning dara ja laridan  ib o ra t  
ho ‘Isa, u o ‘n li k a sr  deb a ta ladi.

Umuman. 10 ning natural ko‘rsatkichli darajasi lO^nGN) 
ko'rinishda yoziladi: 10‘ = 10, 102 = 100, 10' = 1000 va hokazo.

Ta'rifga ko'ra -1 =  0,7, - ^ = 0 ,3 9 .  -¡^= 0,789- 

'icxxf =  i2-435 kabi kasrlar o'nli kasrlardir.

3.1, O'nli kasrni oddiy kasr ko'rinishida yozish uchun uning butun 
qismini oddiy kasrning butun qismi sifatida yozib (o'nli kasrning butun 
qismi nol bo'lsa, u yozilmaydi), kasrning suratiga verguldan keyin 
turgan son yoziladi. maxrajiga esa 1 yozilib, u verguldan o'ng tomonda 
qancha raqam boisa, shuncha nol bilan toidiriladi. Hosil boigan 
oddiy kasrning surati va maxrajiga yozilgan sonlar engkatta umumiy 
bo'luvchiga ega boisa, ularni unga qisqartirish kerak. Masalan,

0 75 =  -^- =  — ; 418 = 4 —— = 4 —- va h.k.u, n  )00 4 , 4,18 # 1()0 h 5Q

3.2. Oddiy kasrni o'nli kasrga aylantirish uchun uning suratini 
maxrajiga bo'lish kerak. Bunda chekli yoki cheksiz o'nli kasr hosil bo'ladi.

Agar oddiy kasr maxrajining tub sonlardan iborat yoyilmasi faqat
2 dan, 5 dan yoki faqat 2 yoki 5 dan iborat bo'lsa. bunday oddiv 
kasrni chekli o'nli kasr ko'rinishida yozish mumkin. Masalan,

1=0,125; 25 =  0,52; ^  =  4. 25; 15§ =  15,375; ^  = 3.46.
Agar oddiy kasr maxrajining tub sonlardan iborat yoyilmasidan

2 va 5 dan boshqa tub sonlar ham bo'lsa, u holda bunday o'nli kasr
lar cheksiz o'nli kasrlarga aylanadi. Masalan,

y j  =  0 ,53333...; f  =  0.6666...; jy  =  1, 21428571... .

3-§. O'nli kasrlar va ular ustida amallar

3.3. O'nli kasrlarni qo'shish va ayirish natural sonlarni qo'shish 
va ayirish kabi bajariladi, bunda faqat qo'shiluvchilarning bir xil 
xona birliklarini bir-birining tagiga ustun shaklida to'g'ri yozilishiga 
e'tibor berish kerak.
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M is o l l a r :  1) 0,7389 2) 13,083 3) 0,8354 
+0,4075 + 6,3574 “  0,5648 

1,1464 19,4404 0,2706

—4)-_.8Д450Х— 5)-_33,3_____61 119.724 _
5,75214 6,456 "  65,3
2,39293 26,844 54,424

3.4.0 ‘nli kasrni o‘nli kasrga ko‘paytirish uchun ularning vergul- 
lariga e’tibor qilmay, natural sonlarni ko‘paytirish kabi ko‘paytirish 
va natijada o ‘ngdan chapga qarab, ko‘paytuvchilarning nechta kasr 
xonasi bolsa, shuncha raqam qoldirib, vergul qo‘yish kerak.

3,8 2) 0,39
X X „

5,7 8,1

266 39
+190 +312
21,66 3,159

3.5.0 ‘nli kasrni natural songa bo‘lish uchun uning butun qismini 
bo‘lish, agar butun qismi bo‘luvchidan kichik bo‘lsa, boiinmaning 
butun qismiga nol yozib, so‘ngra vergul qo‘yiladi va bolishni natural 
sonlarni boiish kabi bajariladi.

M i s o 1 1 a r: 1)_13,28 164
1 2 8  0 , 2 0 7 5  

^~480 
~  4 4 8

J 1 Ï 0
320

0

2 )_542,8| 16
48 33,925 

_62~
48

~I48 
~ 144 

~ J 0  
_32
JO"
_80

2 0



3.6.0 ‘nli kasrni (butun sonni) o‘nli kasrga boiish uchun boiuv- 
chidagi vergulni tashlab yuboramiz va uning kasr qismida necha 
xona boisa, boiinuvchida vergulni o'ngga shuncha xona suramiz 
va so'ngra boiishni yuqoridagidek bajaramiz.

M i s о 11 a r:

1,0456,9 10,0012 2) 29,7,5 1 3) 0,6,25
36 38, 075 272 4,375 50
96 255 T25
96 “ 204 125
Ô9Ô 5Ï0 Ö

~ 84 476
60 340
60 340.

0 Ö

4-§. Davriy o ‘nli kasrlar

Oddiy kasrlarni o‘nli kasrga aylantirganda ayrim hollarda ver- 
guldan keyin bir yoki bir necha raqamlar guruhi davriy ravishda tak- 
rorlanadi. Bunday cheksiz o‘nli kasrlar davriy  о  ‘n li kasrlar deyiladi. 
Takrorlanuvchi raqam yoki raqamlar majmuasi davr deyiladi.

M i s o l l a r :  1) \  =0,333; 2) |  =  l \  =  2,666...;

3) у  =  1,666 ...; 4) I I  =  2 ̂  =  2,1333...

Davriy o‘nli kasrlarni davrdagi raqamlarni qavs ichiga olinib, 
bunday yoziladi;

M i s o l l a r :  0,333... = 0,(3); 2,666... = 2,(6); 2,1333... = 2,1(3).
Davriy o‘nli kasrlar ikki xil boiadi: a) agar davr verguldan keyin 

boshlansa, bunda davriy kasr s o f  d a vriy  k a sr  deyiladi.
M i s o l l a r :  3,1313...; 0,231231... lar sof davriy kasrlardir.
b) 5,12777...; 0,42888...; 11,017373... ko‘rinishdagi davriy kasr

lar (verguldan keyin davrgacha raqamlar bor) ara lash  d a vriy  kasrlar  
deyiladi.
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Sof davriy kasrni oddiy kasrga aylantirish uchun uning butun 
qismini butunga. davrdagi sonni suratga. maxrajga esa davrda nech- 
ta  raqam  bo is a , shuncha 9 raqam ini yozish kerak.

M i s o  1 l ar :  1) 0,(12) =  y  2) 3 ,(132)= 3 =  3 y § .

A ralash davriy kasrni oddiy kasrga aylantirish uchun vergulga 
e ’tib o r  berm ay , ikk inch i d av rg ach a  b o ig a n  so n d a n  b irin ch i 
davrgacha b o ig a n  sonni ayirib, ayirm ani suratga yozish, m axrajga 
esa, davrda nechta raqam  takrorlansa, shuncha 9 raqam i va uning 
yoniga birinchi davrgacha nechta raqam  bo is a , shuncha nol yozish 
kerak.

M i s o 11 a r: 1) o 3(7 ) 37-3 =  =  17 *

8 1 1 - 8  803
1-8(10 — 1 990 — 1 990 •

5-§. Oddiy va o ‘nli kasrlar qatnashgan sonli 
ifodalarning qiym atlarini hisoblash

Sonli ifo d a la r  q iy m atla rin i h iso b lashda , o d a td a , a rifm etik  
am allarni bajarilish tartibiga q a t’iy rioya qilinadi. Agar sonli ifodada 
oddiy  k a srla r  ham , o ‘nli k a s rla r  ham  q a tn ash ay o tg an  b o is a ,  
dastavval, oddiy kasrlarni tahlil qilib k o ‘rish, ularni 3 .2-bandda 
bayon qilingan qoida asosida chekli o iili  kasrga aylantirish m um kin 
b o isa , am allarni o 'nli kasrlarda bajarish ifoda qiym atini hisoblashni 
ancha yengillashtiradi.

1 - m i s o l .  3, 5 - ^ 1 6 .  875 - y - l ^ - ) - ( o .  3 5 +  8 ^ - ) ^ - 1 00 

sonli ifodaning qiym atini toping.

Y ec h i 1 i s h i. 1) Ifodadagi ■= • l ko 'paytm ani o ‘nli kasr k o ‘- 

rinishida yozamiz:



2) 8 j  oddiy kasrni o ‘nli kasrga aylantiram iz: 8 ^ — 8.8.

Berilgan sonli ifoda o ‘rniga quyidagi ifodani hosil qildik:
3.5 ■ ((16,875 -  0,875) -  (0,35 + 8 ,8)) • 100.

Uning qiym atini hisoblaymiz:
3.5 (16 -  9,15) • 100 = 350 • 6,85 = 2397,5.

J av o b :  2397,5.
Ayrim sonli ifodalarning qiym atlarini h isoblashda k o ‘rsatilgan 

am allarni ketm a-ket bajarish o in ig a  dastlab berilgan ifodani diqqat 
bilan qarab  chiqib, tejam liroq, hisoblash ishlarini osonlashtiradigan 
ketm a-ketlikni ishlatgan m a’qul.

( l 3 . 7 5 - 9 l ) . ' . 2 ( 6 . 8 - J Í ) 5.
2 - m i s  о 1. ----------r b r  +  T ^ -----7T—~—  27 т  ifo d a n in g

qiym atini toping.
Y ec h i 1 i s h i: Bu yerda birinchi kasr suratidagi ifodani hisob

lashda qavs ichidagi o ‘nli kasrni oddiy kasrga aylantirib , q o ‘shish 
am a lin i b a ja r ib , qavs ich id a  h osil b o 'lg a n  q iy m a tn i 1,2 ga 
k o ‘paytirgandan k o i a  qavs ichidagi har bir q o ‘shiluvchini 1,2 ga 
ko ‘paytirib, so ‘ngra yig‘indini hisoblagan m a’qui.

1) (l3 ,75 + 9 ¿ )  l,2  = 13,75-1,2 + ^ 1 , 2  = 16,5 + 55 0 ,2  = 27,5 .

Berilgan kasr m axrajida qavs ichidagi yig 'indini o ‘nli kasrlarda 
hisoblaym iz:

2) ( l0 ,3 - 8  2)■ g = (1 0 ,3 -  8,5) • g = 1,8 - ç = 0,2■ 5 = 1.

3) Ikkinchi kasr su ra t va m axrajini hisoblaymiz:

k s - 3 i ) . 5 i = ( 6 , 8 - 3 . 6 )  f  , 3 , 2 . M  =  f  f  =  f ;
3

( з § - 3 ^ ) - 5 6  =  1^ 1 -56 =  4 - 5 6  =  28.

Shunday qilib, berilgan ifodaning qiymati

27,5 , 5 6  1 1

ifodaning qiym atini hisoblashga keltirildi. U ni hisoblaym iz:



( |  + 2 .708(3)):  2,5

hisoblang.
Yechilishi. Dastavval, davriy o ‘nli kasrlarni oddiy kasrga 

aylantirib, so'ngra ifodaning qiymatini hisoblaymiz:

2 7 0 8 3 - 2 7 0 8 2 4 3 7 5 6 5
; o,7(6) =

7 6 - 7 6 9

9 0 0 0 9 0 0 0 2 4 9 0 9 0

0 , (36) = 3 6  _  

9 9

4

11

í 5 65 ) 
k + 2 4 f

2 , 5
1 _

8 0  

2 4  '
2

5 i _ 4  3 3 0 4 0 1  1
) 1 1 0  j  4 0 1

2 4 2 9 + 2 5 3  +  1 2 0  

3 3 0

1 1 0  2  ~ 
4 0 1

3  8 0 2 1 1 0  2

Javob:  1.

6-§. N isbat va proporsiya. Protsent

6.1. T a ’ r i f .  a sonning b songa nisbati deb a sonni b songa 
bo ‘lishdan hosil bo ‘Igan bo 'linmaga aytiladi va quyidagicha yoziladi:

ab =  a :b = m■ Blinda a nisbatning oldingi hadi, b kevingi hadi, m 

esa nisbat deyiladi.

Misol .  15 : 25 — ^ —3 : 5.

Nisbat bu bir sonning (miqdorning) ikkinchi sondan (miqdor- 
dan) necha marta ortiq yoki kamligini ifodalaydi.

Nisbat quyidagi xossaga ega: agar nisbatning oldingi va 
keyingi hadini bir vaqtda noldan farqli songa k o ‘paytirilsa 
yoki bo‘Iinsa, u holda nisbatning qiymati o ‘zgarmaydi.



6.2. T a ’ r i f. Ik k i m iqdordan  birin ing  k  m a r t a o r tish i (k a m a -  
y is h i)  b d a n  ikk inch isi ham  k  m a r ta  o r tsa  (k a m a y sa ) , u lar to 'g 'r i  
p ro p o rs io n a l m iqdorla r deyU adi.

y  __
Agar ~  — k  boisa, u holda y  =  k x  boiadi. Bu yerda k - p r o -

p o rs io n a llik  k o e ff its iy e n ti deyiladi.
Sonni berilgan sonlarga to‘g‘ri proporsional boiaklarga bo‘- 

lish uchun uni berilgan sonlar yig'indisiga boiish. so‘ngra natijani 
berilgan sonlarning har biriga ko'paytirish kerak.

M a s a 1 a. Uzunligi 81 sm boigan kesmani 4 : 5 nisbatda boiing.

81 81
Yechil ishi .  1) 4 + 5 = 9; 2 ) ----  4 = 36 3) —-5 = 45 sm.

9 9

J a v o b: 36 sm; 45 sm.

6.3. T a ’ rif.  A gar ik k i m iqdordan  b irin ing ortish i (k a m a y ish i)  
bilan  ikk in ch isi k a m a ysa  (o r ts a ) ,  u holda  bu nday m iq d o rla r  te sk a ri 
p ro p o rs io n a l m iq d o rla r d ey ila d i.

Bunday miqdorlar ko‘paytmasi o‘zgarmas boiadi. Agar x y  - k  

_ £
boisa, bundan y  — —.

Masalan, poyezdning ikki shahar orasidagi masofani bosib o‘tishi 
uchun ketgan vaqti poyezd tezligiga teskari proporsionaldir. Agar 
poyezd 40 km/soat tezlik bilan yursa, T oshkent va Urganch shaharlari 
orasidagi masofani 25 soatda, 50 km/soat tezlik bilan yursa, 20 soatda

bosib o‘tadi. Demak, tezlik 4? = 4  nisbatda ortsa, masofani bosib
4 0  4  ’

o‘tish uchun ketgan vaqt xuddi shu  ̂ nisbatda kamayadi.

Sonni berilgan sonlarga teskari proporsional boiaklarga boiish 
uchun bu sonni berilgan sonlarga teskari sonlarga to‘g‘ri propor
sional boiaklarga boiish yetarlidir.

M a s a 1 a; 27 sonini 4 va 5 sonlariga teskari proporsional bo‘- 
laklarga boiing.

Yechilishi. Berilgan sonlarga teskari sonlar |  va j  boiib, ular

|   ̂= |  nisbatdadir. Demak, 5 : 4 nisbatda to‘g‘ri proporsional 

boiaklarga boiamiz:
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1) f - - 5  = 15; 2) 27-4 = 12

J a v o b :  15 va 12.

_6.4. T a ’ r if. B ir - b ir ig a  te n g  b o  ‘Igan  ik k i  n is b a t  te n g l ig i

p ro p o rs iya  deyilad i. Agar = k va j j  — k boisa, u holda a =  ‘

yoki a :b  = c : d  boiadi. a v a d  proporsiyaning ch e tk i had lari, b  va 
c o ‘r ta  hadlari deyiladi.

M i s o l .  12:15 = 4 : 5  va 48: 60 = 4 : 5 .  Demak, 12 : 15 
= 48 : 60.

Proporsiya quyidagi xossalarga ega:
a) Chetki hadlar ko‘paytmasi o‘rta hadlar ko‘paytmasiga, o ‘rta 

hadlar ko‘paytmasi chetki hadlar ko‘paytmasiga teng.
Misol .  16:4 = 4: 1 dan 16 • 1 =4-4 ;  16 = 16.
Umuman, a  : b  = c : d  boisa, bundan a d  = bc  boiadi.
b) proporsiyaning chetki yoki o‘rta hadlarining o'rinlarini 

almashtirish bilan uning qiymati o'zgarmaydi.
Misol .  7:3 = 28:12 dan 7:28 = 3:12 yoki 12:3 = 28:7 
d) Proporsiyaning chetki hadi nomaium boisa, uni topish uchun 

o‘rta hadlar ko‘paytmasini maium chetki hadga boiish kerak. O'rta 
had nomaium boisa, chetki hadlar ko‘paytmasini maium o‘rta 
hadga boiish kerak.

g) Hosilaviy proporsiyalar. a  : b  = c : d  b o isa , u holda

Misol .  f  = Ÿ  dan (3 +2):2 = (12 + 8):8; (3 -2 ):2  = 
= (12 -  8) : 8 va h.k.

6.5. Protsent. Har qanday sonning (miqdorning) yuzdan bir 
boiagi (ulushi) shu sonning b ir  p ro tse n ti deb ataladi. Protsent so‘zi 
lotincha "procentum" so‘zidan olingan boiib, yuzdan degan ma’noni

M i s o l l a r .  1) x :0,48 =3-^-: 1,4; x = 0,48 • 3-|-.i,4  =

_  2 4  _  2 4  

x  —  4 - 8 - 5  —  2 4
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bildiradi. Protsent so‘zi o‘rniga % belgisi ishlatiladi. Har qanday 

miqdorning (sonning) 1% iga uning boiagi (ulushi) va biror

miqdorning ^  ulushigauning l%imos keladi. 1% = ^  = 0 ,01 .

M i s o 11 a r. 1) 5% = 5 : 100 = 0,05; 72% = 72 : 100 = 0,72; 
115% =115:  100 = 1,15;
2) 1 = 1 • 100% = (1 : 0,01) = 100%; 9 = 9- 100% = 900%;

4,12 = 4,12 • 100% = 412%; 23 j  =  23,75 ■ 100% = 2375%.

Sonning (miqdorning) mingdan bir boiagi (ulushi) promilli deb 
ataladi va % o  bilan ifodalanadi:

1 %o =  =  0 , 0 0 1 .

Protsentga doir quyidagi uchta masala ko‘proq uchraydi:
1) Berilgan sonning berilgan protsentini topish.
a  berilgan son, uningp  %  ini topamiz. Buning uchun proporsiya 

tuzamiz:
a p  

X 100
a —  100%

x  — p %
Demak, berilgan sonning berilgan protsentini topish uchun sonni 

shu protsentga mos songa ko‘paytirib, ko‘paytmani 100 ga boiish 
kerak.

M i s o 1: 1200 ning 45% ini toping.
1 2 0 0 - 4 5Yechilishi: X  =  — =  12 ■ 45 = 540.

J a v o b: 540.
2) Berilgan protsentiga ko‘ra sonning o‘zini topish. N  sonining 

p %  i b ga teng. N  ni toping.
N  — 100%

b — p %
Ar b - \ 0 0N  =■

P
Sonning berilgan protsentiga ko‘ra o‘zini topish uchun, protsent

ga mos sonni 100 ga ko'paytirib, ko‘paytmani protsentga boiish 
kerak.

M a s a l a .  Paxtadan 35% tola olinadi. 840 kg tola olish uchun 
qancha paxta kerak boiadi?

Y echilishi:
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x  — 100% _  840 100 ,
840 — 35% * ~~ 35 -  24 • 100 -  2400 kg.

Ja  vob:  2400 kg.
3) Ikki sonning protsent nisbatini topish. Buning uchun birinchi 

sonni ikkinchi songa boiish, natijani 100 ga ko‘pavtirib. so‘ngra % 
belgisini qo‘yish kerak.

M a s a 1 a. Bekzod 350 betlik kitobning 210 betini o‘qib boidi. 
U kitobning necha protsentini o‘qigan?

Y e c h  i 1 i s h i :

p  = •  100% ga ko‘ra p=-^“ -100%=60% n io ‘qigan.

J a v o b :  60%.

7- § . O  ‘r t a  q i y m a t l a r

0 ‘rta qiymatlardan eng ko‘p ishlatiladiganlari o‘rta arifmetik, o ‘rta 
geometrik, o ‘rta vaznli va o‘rta garmonik qiymatlardir.

7 .1 . 0 ‘rta arifm etik  q iym at. Berilgan miqdorlarning son 
qiymatlarini qo‘shib, yig‘indini qo‘shiluvchilar soniga boiish 
natijasida o‘rta arifmetik qiymathosil boiadi. Berilgan a , a,, a }, . . 
an sonlarning o‘rta arifmetik qiymatini A  deb belgilasak,

a  + a + a  + . . .+ a  
A = -- 2 3 "n

bu yerda n -  qo‘shiluvchilar soni.
1- mas a l a .  - 12; 10; 20 sonlarining o‘rta arifmetik qiymatini 

toping.
v  u - i -  u -  , - 1 2 + 1 0  + 20 18 ,Y e c h i h s h i ; y 4 =  3  ̂ = 6 .
J av o b :  6 .
2-m a s a 1 a. 0,289; 0,32; 0,291; 0,3 sonlarning o‘rta arifmetik 

qiymatini toping.
„  „ 0,289+0,32+0,291+0,3 „ „ Y e c h i h s h i :  A = ------------- ^------------- = 0,3.

J a v o b :  0,3.
3-masala .  a , 1,8 va -  5,6 sonlarining o‘rta arifmetigi 1,2 ga 

teng. a  ning qiymatini toping.
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J av o b :  7,4.
4-m a s a 1 a. Traktorchi birinchi kuni 5 ga, ikkinchi kuni 5,8 ga, 

uchinchi kuni esa 6 ga yemi shudgor qildi. U bir kunda oitacha 
qancha maydonni shudgor qilgan?

vr v. ■ 1 ■ u • 5+ 5,8+ 6 _16,8 __ _ ,Y e c h i l i s h i :  ---- 3---------- -̂----5,6.

J a v o b :  5,6 ga.
5-m a s a 1 a. Biror miqdor uchta qiymatining o ‘rta arifmetigi 4 

ga, beshtasining o‘rta arifmetigi esa 5 ga teng. Shu qiymatlarning 
yigindisini toping.

Y e c h i l i s h i :

Cl\ •+'#9 ^rCte. _ _____
1) 1 ’  ̂ — 4 => + d'y + ^3 = 12.

th ■Jrbr) +¿>0 +¿>4
2) 1 2 53 =5= ^ >  bx + b 2 + b 3 + b A +  b5 =25.

3) a.  +  a.  +  a.  +  b. + + b.  +  b  +  b,  = 12 + 25 =37.7 1 2 3 I 2 3 4 5

J a v o b: 37.

7.2. 0 ‘rta geometrik qiymat. 0 ‘rta geometrik qiymat berilgan 
miqdorlarning qiymatlarini bir-biriga ko'paytirib, natijasidan 
ko‘paytuvchilar soniga teng darajali ildiz chiqarish yo ii bilan 
topiladi. Berilgan a, ,  a 2, a }, ..., an somlarning o ‘rta geometrik qiy- 
matini B  deb belgilasak,

Y e c h i l i s h i :  A =  a+- 3 -  =  l ,2 = » a + l ,8 -5 ,6  = 3 ,6 = > [a = 7 ,4 .

■ a 2 ■ a 3 ■ ■  a n ,

bunda n -  berilgan miqdorlar soni (n- darajali ildiz tushunchasi V 
bobda berilgan).

Berilgan miqdorlarning qiymatlari bir-biriga teng boigan 
holdan boshqa hollarning hammasida o‘rta geometrik qiymat o‘rta 
arifmetik qiymatdan kichik boiadi. Berilgan sonlar teng boiganda 
o‘rta geometrik qiymat o‘rta arifmetik qiymatga teng boiadi, 
xususan n — 2 da

^ > U .
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y ja b  -  berilgan a  va b  miqdorlarning o 'rta p ro p o rs io n a li ham 
deb ataladi.

5-mi sol.  8; 64; 0,027 sonlarining o ita  geometrik qiymatini 
toping.

Y e c h i 1 i s h i :

B  =  y / i -  64-0 ,027  =  { ¡2 3 - 4 3 - (0 ,3)3 =  2 • 4 • 0 , 3  =  2 ,4 .

Ja v o b :  2,4.
6-m i s o 1. x; -5; 25 sonlarining o‘rta geometrik qiymati -5 ga 

teng boisa, x ni toping.
Y e c h i l i s h i ;

y j x  ( - 5)-25 = -5 <=> • (-5) • 25 j  = (-5)3 <=>

<=> * • (—5) • 25 = —125 => [x = 1.

Ja v o b :  1.

7.3. 0 ‘rta vaznli qiymat. Ushbu masalani qaraylik.
5-m a s a 1 a. Qoramol uchun yem tayyorlashda oziqaning uch 

xilidan foydalanildi. Birinchi oziqa bir kilogramining narxi 26,25 
so‘m, ikkinchisiniki 30,5 so‘m, uchinchisining narxi 40,5 so‘mdan. 
Birinchi oziqadan 48,5 kg, ikkinchisidan 35,5 kg va uchinchi 
oziqadan 16 kg olinib, bular aralashtirilib omixta yem 
tayyorlandi.Omixta yemning har bir kilogramiga necha so‘mdan 
sarflangan?

Y e c h i 1 i s h i :
1) Birinchi oziqaning jami narxi: 48,5 • 26,25 = 1273,125 so‘m.
2) Ikkinchi oziqaning jami narxi: 35,5 • 30,25 = 1073,875 so‘m.
3) Uchinchi oziqaning jami narxi: 16 • 40,5 = 648 so‘m.
4) Omixtaning og'irligi: 48.5 + 35,5 + 16 = 100 kg.
5) Omixta yemning bir kilogramining narxi:

1 2 7 3 , 1 2 5  +  1 0 7 3 , 8 7 5  +  6 4 8  _  2 9 9 5  _

100 ~  100 “  29’ 95 '
J a v o b :  29,95 so‘m.
Umuman, bahosi a  so‘mlikp  kg, b so‘mlik n kg va c  so‘mlik m  kg 

mahsulotlar aralashmasining bir kilogramining narxi o‘rtacha

3 0



a- p + b n  + c m
p + n + m

so‘m bo‘ladi. Bu kabi ifodalar o 'r ta  vazn li q iy m a t deyiladi.
a , b , с sonlarning o ita  vaznli qiymati deb

n  _  a p + b  n + c  m  
^ p + n + m

songa aytiladi, bu yerda p , m ,  n -  musbat sonlar. Agar p  = m  =  n 
boisa, o'rta vaznli qiymat o‘rta arifmetik qiymatga teng boiadi.

6-m a s a 1 a. Harorati 25° boigan 18 / suvga, harorati 50° boigan
12 / suv qo‘shildi. Idishdagi suvning harorati endi necha gradus?

Y ech i 1 i s h i :

___/  1 8  • 2 5 °  +  1 2  ■ 5 0 °  \  _  /  4 5 0  +  6 0 0  \ °  _  / Ю 5 0  V « »

C ~  y 1 8  +  1 2  ) V 3 0  ) V 3 0  / ^  •

J avob:  35°.

7.4. 0 ‘rta garmonik qiymat. Quyidagi masalani qaraylik.
7-m a s a 1 a. A  va В  shaharlar orasidagi masofa a  km. Poyezd A  

dan В  ga v km/soat, В  dan A ga esa v2 km/soat tezlik bilan yuradi. 
Borish va kelishdagi yoini poyezd o‘rtacha necha km/soat tezlik 
bilan oigan?

Y e с h i 1 i s h i :
1) Poyezd A shahardan Äshaharga yetib borish uchun

at. = —  soat 
1 v .

vaqt sarflagan.
2) В  shahardan A shaharga qaytishda sarflangan vaqti:

i, = — soat.
2 V 2

3) Hammasi boiib borib-kelish uchun sarñangan vaqt:
av.  + a v ,

4) Bosib oiilgan yoining hammasi a  km ga teng boiganligi 
sababli poyezdning o‘rtacha tezligi

i n  v iv? 2 v .v -
nv A-nv = 2a - —,———: = — km/soat. a v t +  a v 2 a(v,+v2) v \ + v 2

v,v2
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J a vob: 2— -  soat.v,+v2

Umuman, a  va b sonlar berilsa,

a + b
ifoda a va b  sonlarning o ‘r ta  g a rm o n ik  q iy m a ti deyiladi.

8-m a s a 1 a. Poyezd A  shahardan B  ga 55 km/soat tezlik bilan 
yurdi. B  dan A ga qaytishda u soatiga 45 km tezlik bilan yurdi. 
Poyezd borish va kelishdagi yoini oitacha necha km/soat bilan 
o‘tgan?

Y e c h i l i s h i  :
2-55-45 _ 4950 _ 49 5 km/soat 
55 + 45 — 100 ’ Km/soat.

J a v o b :  49,5 km/soat.

8-§. Haqiqiy sonlar to ‘plam i

8.1. Ratsional va irratsional sonlar. T a ’ r i f. F aqa t ish orasi bilan  
fa rq la n a d ig a n  ik k i son  qaram a-qarsh i son lar deyilad i.

T a ’ r i f. N a tu ra l sonlar, u larga qaram a-qarsh i son lar va  0 son i 
b irg a lik d a  butun so n la r deyilad i.

..., -n , — (n — 1),..., -3, -2, —1, 0, 1, 2, 3, n — 1, n ... sonlar 
butun sonlardir. Butun sonlar to‘plami Z harfi bilan belgilanadi.

T a ’ r i f. B arch a  bu tun  son lar, m a n fiy  va m u sb a t k a s r  son la r  
b irg a lik d a  ra ts io n a l son lar to 'p la m i deyilad i.

Ratsional sonlar to plami Q  harfi bilan belgilanadi. Hai qanday

ratsionalsonni ko‘rinishidabelgilanadi, bundap  E  Z , q  E  N .

5 . 13 . 2 .7 , ~  yj '■> 0 ,21; 27 j j 5,1(6) kabi sonlar ratsional sonlardir.
Har qanday ratsional sonni o'nli kasr ko'rinishida yozish mum- 

kin, bunda yo chekli, yo cheksiz davriy o‘nli kasr hosil boiadi. Ma- 
salan,

i  = 0,125; 2-2- = 2,75; ^  = 3 |  = 3,666...
o 4  ó j

T a ’ r i f. D a vr iy  b o  ‘Im agan ch eksiz o ‘n li kasrla r ir ra ts io n a l son lar  
d e y ila d i.
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V2 , y / 3 ,  V5, 7 6 ,.. . ,  7T, e  sonlari irratsional sonlarga misol 
boiadi (n: « 3,14159265 e « 2,71826763 ...)

- 2  - 1  0  1 1 2 , 5  3  - 4  - 3  - 2  - 1  0  1 2  3  4  /

1-rasm

1
\

\
Vi
1 D

0 1 2 h

8.2. Son o‘qi. T a ’ r i f. S an oq  boshi, o  ‘Ichov b ir lig i va y o  nalishga  
ega  bo 'Igan to  ‘g  ‘r i ch iz iq  son o  ‘q i deyilad i.

Son o'qidagi har bir nuqtaga aniq bir son mos keladi va aksincha, 
har bir songa son o‘qida aniq bir nuqta mos keladi.

T a ’ r i f. R a ts io n a l va ir ra ts io n a l so n la r  to  'p lam i b ir g a lik d a  
h aq iq iy  son la r t o ‘p la m i dey ilad i.

Haqiqiy sonlar to'plami R  harfi bilan belgilanadi.
Son o'qi nuqtalari bilan haqiqiy sonlar to'plami o‘zaro bir qiymatlidir. 

Son o‘qida barcha haqiqiy sonlar ma’lum tartibda joylashtirilgan bo‘lib, 
o'ngdagi har bir son o‘zidan chap tarafda turgan sonlardan katta, o‘ng 
tarafda turganlardan kichik bo‘lib, son o‘qining musbat yo‘nalishi 
sonlaming o‘sib borish yo'nalishiga mos keladi (1-rasm).

Nuqtaning son o‘qidagi o‘rnini ifodasi uning k o o rd in a ta s i deb 
ataladi. 1-rasmda C nuqtaning koordinatasi -  2, B  nuqtaning 
koordinatasi 2,5. Har bir nuqta o‘z koordinatasi bilan C (-2), B  (2,5) 
tarzda yoziladi.

1-masa l a .  Koordinatali to‘g‘ri chiziqda D  ( y j5) nuqtani 
ko'rsating.

Y e c h i l i s h i :  \Î5  ni y j2 ' + 1: tarzidaifodalashmumkin. Bun- 

dan y/5 ning katetlari 2 va 1 bo‘lgan to ‘g‘ri burchakli
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- a  0 a
uchburchakning gipotenuzasining 
uzunligi ekanligi ayon boiadi. 
Uni sanoq boshidan q o ‘yib,

3-rasm
D { y /5 ) nuqta topiladi (2-rasm).

8.3. Sonning moduli (absolut qiymati). T a ’ r i f. a sonning abso lu t 
q iy m a ti ( m o d u li)  deb, agar a > 0  bo ‘Isa, shu sonning o 'ziga, ag a r  
a < 0 bo ‘Isa, u ho lda  a  ga  qaram a-qarsh i son ga  aytilad i. 

a  sonning moduli |a[ kabi belgilanadi va ta’rifga ko‘ra

Son modulining geometrik talqini sonlar o'qida a sonni tasvirlovchi 
nuqtadan sanoq boshigacha boigan masofa uzunligidir. Agar a *  0 
bo‘lsa. sonlar o‘qida sanoq boshidan teng uzoqlikda joylashgan moduli 
teng boigan ikkita a  va - a  nuqtalar mavjud (3-rasm).

Koordinatali to‘g‘ri chiziqda (son o‘qida) sanoq boshidan 5 birlik 
masofadagi A  va B  nuqtalarning koordinatalari - 5  va 5 dir. OA  va 
OB  masofalar o‘zaro teng boiib, odatda \OA\ = \OB\ tarzida yoziladi.

Sonning moduli quyidagi xossalarga ega:

a, agar a > 0 boisa, 
- a ,  agar a < 0 boisa.

1. \a +  b\ <  |a| + |6 |. 2 . \ a - b \ >  |a| -  |A|.

a
3- \a-  b\ =  |a| • \b\.3. \a - b\ =  |a( • \b\. 4. = .

b

M i s o 11 a r:
1) |8| = 8; 2) |-3,2| = -(-3 ,2) = 3,2.

3) a  = 2 , 5 = > a  = ± 2 ,5 .

ni hisoblang.

Y e c h i  1i s h i :

|5-3|4-6|+2|3-5|| |5-3j-2|+2|-2|| p .

3^215-71 3—21—21

J av ob :  3.
71
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5) Agar x > y > z  bo‘lsa, |jc -  y| - \ z -  y | -  \z -  x\  ni soddalashti- 
ring.

Y e с h i 1 i s h i : Masala shartiga ko‘ra
x - y  >  0; z - у  < 0 ; z - x  <  0 .

Shu sababli, modul ta’rifiga asosan:

x - y  -  z  -  y  -  z - x  =  X  — y - ( - ( z -  y ) ) - ( - ( z  -  * ) )  =

=  x - y  +  z - y  +  z - x  =  2 z - 2 y .

J a V о b: 2 z - 2 y .

Mustaqil ishlash uchun test topshiriqlari

Í. 15sonining 3 bo‘lagi qancha bo'ladi?

A) 7; B) 10: С) 11 ; D)9; E) 8.

2. Xaridor 255 so‘m pulining  ̂ qismini birinchi do'konda, ÿ

qismini ikkinchi do'konda sarf qildi. Xaridorda sarflaganidan necha 
so‘m kam pul qoldi?

A) 41 2 ; B)42^;  C) 43-J ; D) 40 2 ; E ) 4 2 | .

3. To‘g‘ri tenglikni ko‘rsating:

!) 5 П =  ;2> 31з = 3  +  l 3 ’ 3) i o f =  3з3 ■

A) 1; 2; B) 2; 3; C) 1: D) 3; E) l ;3.

4. Hisoblang: 5 3 — 2 ] +  3.

A) 2 ,2 ; B ) 3 ^ ;  C) 3 ,2 ; D ) 6 -§ ;  E ) 3 ^ .

5. Kasrlarni kamayish tartibida yozing: 1) у  ; 2) 4 ; 3) .

A) 1,2,3; B) 2, 3, 1; C) 3,2,1; D) 3,1,2; E) 2, 1,3.

6 . Avtomobil soatiga 42  ̂ km tezlik bilan harakat qilsa, u 1 

minutda necha km yo‘1 bosadi?
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7. f  soni ^7 sonidan necha marta katta?
o

A) 3; B) 2; C)4: D) 5; E) 6 .

8 . Ayirmani toping: yy .

I T  ’ 1 3  ’ ^  7 4 3  ’ ^  1 4 3  ’ E -* 1 4 3  '

9. Bog‘chada 210 ta bola bor. Ularning j  qismi qiz bolalar.

Bog‘chada qancha o‘g‘il bola bor?
A) 100; B) 80; C)95; D) 96; E) 90.

8  1 510. Amallarni bajaring: — • — : 1 — .

A ) ¿ ;  B) ¿  ; C ) | ;  D) ¿  ; E) ¿  .

*7
11. 6 -  — ayirmaga teskari sonm toping:

¿5 ; c > ¿ ’ D> ¿ ;  v i -

12. Agar í z = 5 - j , ¿  = 2-j boisa, (a + b ) 2 -  4 a b  ifodaning 

qiymatini toping.

A ) 1 2 |  B)12j  C) 13 j ;  D) 3 ; E) J.

13. Quyidagi kasrlardan qaysi birining qiymati 2  ̂ ga teng?

a  ^ 10  • m  11 • 17 . 9  . 2 0A) 4 , tí) 4 , C) g , U )  4 , b) g .

14. Quyidagi kasrlardan qaysi biri noto‘g‘ri kasrdan iborat?

A ) 1 f ; B ) f ; Q | ;  D ) 2 ^ ;  E ) l 3 .

1) 20 > 2) 1 ¿ ? 3) g ; 4) 3 J 5) 1 j2 - 
A) 1,3, 5; B)2, 4, 5; C) 2, 3, 4; D) 1, 3, 4; E) 1, 2, 3.

15. —1-(—| )  : ni hisoblang.
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16. Hisoblang: l ,7 5 - ( - l - |) - 6 ,5 - | .

A )-4,75; B) 2,15; C) 8,25; D) 4,75; E) 7,55. 
17.0,015 • 0,016ko‘paytmaquyidagisonlardanqaysibiriga teng 

emas?
A) 2,4 ■ 10"1; B) 0,24 • 10 3; C) 24 • 10 5; D) 240 ■ lÔ 6; E) 2,4 • 10‘5.
18. a  -  0,22(23), b  = 0,2(23), c = 0,222(3) sonlarni kamayish 

tartibida yozing.
A) c  > a >  b; B) a >  b >  c; C) b >  c >  a\ D) c > b >  a\ E) b >  a >  c.

19. 27 • 10~5 + 3,205 • 10~3 yig‘indi quyidagi sonlarning qaysi 
biriga teng?

A) 5,906 • 10 3; B) 5,906 • 1(T*; C) 3,475 • 10^_____________
D) 3.0215- 104; E) 5.906 iu .

6,8-0,04-1,65 - • .. • t •
20. 33  5 1-0 16 nm® cliymatini toping.

A) 6; B) j ; C ) ] -  D ) J ;  E) ^ .
21. x ,  -  2,1 va 3,3 sonlarining o ita  arifmetigi 0,2 ga teng. x  ni 

toping.
A) 0,6; B) -0,6; C) 0,8; D) 2; E )-0,8.

22. a  =  0,7(2), b  =  -j| va c = 1 -  0,2(8). a,  b,  c sonlar uchun

quyidagi munosabatlardan qaysi biri oiinli?
A ) a  <  c  <  b \ B ) a  <  b <  c ; C ) b  <  c  <  a : D ) c  <  a <  b \ E ) b  <  a <  c.

23. Ushbu oddiy kasrlarning qaysi biri chekli o ‘nli kasrga 
aylanmaydi?

i \ 2—  ■ 2 )  I 3 • 3) 317 • 4) — •J 1 5  ’ 1 8 ’ '  1 2 5  ’ ’ 2 7  ’

A) 1,3; B) 3,4; C) 1; D)4; E) 1,4.
24. Hisoblang: 13,17-8,31 + 58,76 • 8,31 -  31,93 • 8,31.

A) 415,3; B) 315,5; C)416; D) 415,2; E) 332,4.

25. 5 — oddiy kasr quyidagi davriyo‘nli kasrlarning qaysi biriga 

teng.
A) 5,5(3); B) 5,(53); C) 5,55(3); D) 5,(03); E) 5,0(53).

A ) 3; B) J ;  C ) | ;  D ) E )  1 J .
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26. Ifodaning qiymatini toping:

12,5 + (l7 ,5 -8 ,25-j j ) - ( l l |  : 2§ + 3,5)-12,6 :

A) 94,96; B) 9,496; C) 949,6; D) 9496; E) -5,04.

( 1̂  + 2̂  + ^ - ) - 9 , 6  + 2,13
27.  ̂ 12__ 32_24/_______  nj hisoblang.

0 , 4

A ) | ;  B)8 3; c )  833 ; D ) 8 4 ^ ;  e ) 8 4 |;

0 , 1 2 5 : 0 , 2 5 + 1 ^ : 2 , 5  /  -  . . . .
28.  —---------1- ( JLZ. +1 9 ) - o  5 ning qiymatini

( 1 0 -  2 2 : 2 , 3 )  0 , 4 6  +  1 ,6

hisoblang.

A ) | ;  B) 2; o f ;  D>i ;  E)2,25.

29. 0 ^ 3 3  -0.4(6) t,125+ 1,75 —0,41(6) fli hisob,
0,59

6

A) B) —1,2; C ) f ;  D ) | ;  E ) ^ .

30*. Sonli ifodaning qiymatini toping.

( ( 7 -  6,35): 6.5 + 9.8999...) • (12,8)“’

(l, 2:36 + ( lj :  0,25 -1,8(3))) 1,25
: 0,125.

A ) | ;  B) f ;  Q - J ;  D ) f ,  E ) f .

31. Nisbatning nomaium hadini toping: x! 4^ —2^ .

A) i f ;  B) 9; C ) 2 3 ; D) 8; E) 8,5.

32. Quyidagi nisbatlarning qaysi birlari o‘zaro teng: 1)3:7;  2)

13"2 : 31^; 3) 15: 21; 4) 0,24 :0,48.
A) 1,3; B) 2, 4; C) 2, 3; D)l ,2;  E) 1, 4.

33.180 sonini 3, 5, 7 sonlariga proporsional bo'laklarga bo‘ling.
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A) 36, 60, 84; B) 32, 62, 84; C) 24, 32, 48; D) 34, 56, 92;
E) 38, 52, 90.

34.434 sonini 15 va 16 sonlariga teskari proporsional boiaklarga 
boiing.

A) 224; 210; B) 214; 220; C) 217; 217; D) 218; 216; E) 200; 234.

4 2 635. 2 — : x  = 1 — : 2 — proporsiyaning nomaium hadini toping.

A ) i ;  B)2;  C ) 4 |;  D ) | ;  E) 2^.

36. Go‘sht qaynatilganda o‘zmassasining40%ini yo‘qotadi. 12 
kg qaynatilgan go‘sht hosil qilish uchun qozonga qancha kilogramm 
go ‘ sht solish kerak?

A) 18,4; B) 16; C) 18,2; D) 18; E) 20.
37. Sonning 12% i 24 ga teng, shu sonning 75% ini toping.

A) 110; B) 125; C) 150; D) 120; E) 135.
38. Uzunligi 50,6 m boigan arqon shunday ikki boiakka boii- 

nadiki, ulardan biri ikkinchisidan 20% ga uzun. Arqon boiaklari 
uzunligini toping.

A) 30,36; 20,24; B) 35,36; 15,24; C) 30,22; 20,38
D) 28,30; 22,30; E) 23; 27,6.
39. 12,64 ning 3,16 ga protsent nisbatini toping.

A) 350; B) 405; C) 390; D) 375; E) 400.
40. Uch xonali son bilan shu sonni teskari tartibda yozishdan 

hosil boigan sonning ayirmasi qoldiqsiz bo‘linadigan sonni ko‘r- 
sating.

A) 35; B) 43; C) 65; D) 89; E) 99.
41. \x -  2| ni modul belgisisiz yozing.

A ) x -  2; B)x + 2; C)x -  2, agar x > 2 bo isa ;- x  + 2, agar 

x < 2 boisa; D)x-2,  agar x  > 0 boisa; - x  + 2 ,agarx < 0 boisa;
E) x -  2, agar x < 2 boisa; - x  -  2, agar x > 2 boisa.

42. | -  7| + 4 -  | -  16|| ni hisoblang.
A) 27; B) 5; C) 13; D) 19; E) 11.

43. |x + 2| -  x ifodani modul belgisisiz yozing.
A) 2x + 2; B) 2, agar x > -  2 boisa; 2(x + 1), agar x < -2 boisa;
C) 2, agar x < -2  boisa; -  2x—2, agar x < -  2 boisa;
D) -  2x -  2; E) 2x -  2.
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44. x ning -  x = |x| tenglik o iin li bo‘ladigan qiymatlarini 
ko‘rsating.

A)x>0;  B)x>0;  C)x<0;  D ) x < 0 ;  E)(-oo;+oo).
45. 4-rasmda N  nuqtaning

/
/

/111 2

______ kaordmalasinLaniqksh tasvir-
langan. TV nuqta koordinatasini 
ko'rsating.

N  - 5 0 A)- 6; B) —5,5; C )-V 26 ;

4 -ra s m D) -V29 ; E) -V28 .

46. Son o‘qidagi M  (2) nuqta 5 birlik chapga, R  (-5) nuqta esa 4 
birlik o‘ngga siljitildi. M R  kesmaning siljitishdan keyingi holati 
oitasining koordinatasini toping.

A) -3; B) -2; C)-4; D )- l;  E) 0.
47. Son o‘qida A (-5) nuqta berilgan. Shu nuqtadan 3 birlik 

masofada yotuvchi nuqtalarning koordinatalarini toping.
A )- 6;-2 ; B)-7; 0; C )- 8;-2; D )- 8;-3; E )-7 ;-2 .

48. Son o‘qida A  (-5) va B  (7) nuqtalar berilgan. A B  kesma o‘r- 
tasining koordinatasini toping.

A)-2; B) 3; C)2; D) 1; E) 0.
49. M nuqta O A  kesmaning o‘rtasi boiib, O  nuqta sanoq boshi, 

A  (-5,2) boisa, M  nuqtaning koordinatasini toping.
A )-3,1; B) -2,6; C)-2,8; D )-2 ,l; E) -2,7.

50. Koordinatalar to‘g‘ri chizig‘ida A  (-4), B  (2), C  (-1), D  (5) 
nuqtalar belgilangan. A B  va C D  kesmalar o‘rtalari orasidagi 
masofani toping.

A) 3; B) 2; C)4; D) 5; E) 2,5.
51. A  (-3) nuqtaning koordinatasi (-6) ga teng bo‘lishi uchun sanoq 

boshini qanday koordinatali nuqtaga siljitish kerak?
A) -3; B) -2; C)3; D) 4; E )- 6 .

52. Uchta sonning o‘rta arifmetigi 5,63 ga teng. Ikkinchi son 
birinchi sondan 1,24 ga kam, uchinchi son esa ikkinchisidan 0,79 ga 
kam. Shu sonlarning kattasi nechaga teng?

A) 6,72; B) 5,48; C) 4,69; D) 16,89; E) 15.
53. Harorati 36° boigan 6 1 suvga harorati 15° boigan 8 1 suv 

qo‘shilsa, idishdagi suvning harorati necha gradus boiadi?
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A) 51°; B) 21°; C)24°; D) 30°; E) 28°.
54. Futbol komandasidagi 11 ta o‘yinchining o'rtacha yoshi 

21 ga teng. 0 ‘yin davomida bir futbolchi jarohatlanib, maydonni 
tark etdi. Shunda qolgan o‘yinchilarning o itacha yoshi 20,8 ga 
teng bo id i. Maydondan chiqib ketgan o ‘yinchining yoshini 
toping.

A) 22; B) 23; C) 19; D) 18; E) 24.
55. Kvadrat tomoni 30% ga orttirildi. Uning yuzi necha foizga 

ortadi?
A) 30; B) 130; C) 70; D) 60; E) 69.

56. Yogiiqligi 8% va 5% boigan sutni aralashtirib, yogiiqligi 
6% boigan 60 litr sut tayyorlash uchun har bir nav sutdan qanchadan 
olish kerak?

A) 30 /va 30/; B) 15/va 45/; C) 20/va 40/;
D) 25 /va 35/; E) 28/va 32/.

57. lkki sonning o'rta arifmetigi 10 ga, o ita  geomelrigi esa 6 ga 
teng. Shu sonlarni toping.

A) 2 va 8; B) 2 va 18; C) 5 va 15; D) 6 va 14; E) 8 va 12.
58. Uchta sonning o ita  arifmetigi 32,5 ga teng. Birinchi son 

ikkinchisidan 50% ortiq, ikkinchisi uchinchisining 64% ini tashkil 
etadi. Shu sonlarning kichigi nechaga teng?

A) 36; B) 37,5; C) 18; D) 24; E) 20.
59. Tarkibida 72% temir boigan 20 t va 40% ternir boigan 30 t 

ma’danlar aralashtirib yuborildi. Hosil boigan aralashmadagi te- 
mirning protsent miqdorini aniqlang.

A) 50; B) 56; C) 52,8; D) 45,5; E) 50,5.
60*. Bir idishda 40% li, ikkinchi idishda 35% li eritma bor. Ularni 

aralashtirib, 37% li 1 1 eritma olish uchun har bir eritmadan necha 
litrdan olish kerak?

A) 0,3 va 0,7; B) 0,2 va 0,8; C) 0,1 va 0,9; D) 0,55 va 0,45;
E) 0,4 va 0,6.
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I I IB O B

BIRHADLAR VA KO‘PHADLAR

I-§. Natural va butun k o ‘rsatkichli daraja

1.1. Natural k o ‘rsatkichli daraja. a  ixtiyoriy haqiqiy son, n esa
2 ga teng yoki undan katta natural son bo'lsin. Har biri a  ga teng 
boigan n ta sonning ko‘paytmasi

a ■ a  - a  ■... • a =  a "  

a  sonning «-darajasi deyiladi. Bunda a  son a so s , n esa d a ra ja  
k o  'rsa tk ich i deb ataladi.

1.2. Natural k o ‘rsatkichli darajaning xossalari.
1. Manfiy sonning juft ko‘rsatkichli darajasi musbat, toq ko‘r- 

satkichli darajasi manfiydir.
M i s o l l a r :  (-5)5= -3125, (-4)4= 256.

2. (a ■ b)" =  a" ■ b". 5. —  = a m~n .
an

3 . ( f )  = % r ( b * 0 ) .  6. (am)" =  am n.

4. am ■ a" = a m+n.

1.3. fsol ko'rsatkichli daraja. Butun manfiy k o ‘rsatkichli daraja.
Ta’rifga ko‘ra, agar a *  0 bo'lsa, a0 =  1. Masalan, (2,7)° = 1; 
(-8)0 = 1.

0 sonining nolinchi darajasi ma’noga ega emas.
Agar a  0 va n natural son boisa, u holda

<Tn = 1
a n

boiadi.
Ushbu tenglik o‘rinlidir:
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Natural ko‘rsatkichli darajaning 1.2-bandda keltirilgan hamma 
xossalari istalgan butun ko‘rsatkichli darajalar uchun ham to‘g‘ridir, 
bunda faqat a  va b  sonlar nolga teng bo‘lmasligi kerak.

M is o l l a r .  1) b 6 b s b°  ko‘paytmani daraja ko‘rsatkichi 
shaklida yozing.

Y e c h i l i s h i .  b b■ b»■ b° = 66+8+0 = b ' \
2) 243 sonini asosi 3 ga teng daraja ko‘rsatkichi ko‘rinishida 

yozing.
Yechilishi. 243 = 3 • 81 = 3 • 3 • 27 = 3 • 3 • 3 • 9 =3 ■ 3 • 3 • 3 ■ 3= 35.
3) а Ьп*л : a 3-, Bo‘linmani daraja ko‘rsatkichi ko'rinishida yozing.
Y e c h i l i s h i .  a6n+i : a3" = a6n+4-,n = a3n+4.

1л1С/чК1 Qnfl

2510

2-522- 9 - 5 21 2-5-521- 9 - 5 21 521( 2 - 5- 9)

Y e c h i l i s h i .  2510

= 52120 (10 -  9) = 5 1 = 5.

1410-136-84
5) ifodaning qiymatini hisoblang.

28-79- 265

1 J -  7‘° -2 10-136-212 

28-74-(2-13)5 28• 79• 25 • 135

2Ю+12.7Ю.

28+5-79-135
= 222-13 • 710 9 • 136 5 = 29 • 7 • 13 = 46592.

6) H isobli
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Y  e c h  i 1 i s h  i.

í3T /
0

6 i 4 4 1 1 28 1

■ UJ V, 2J_ 27 34 26 27 34 26

10 +
10

+ 1
11

10

M__A .)  10 = _J_ 10 _ 10
V 27 81/ 11 81 11 891 •

2-§. Birhadlar va k o ‘phadlar

2.1. Birhadlar. T a ’ r i f. F a q a t k o  'paytirish  va da ra ja g a  k o  ‘tarish  
am allarin i o 'z ich iga oigan  ifoda  b irh ad  deyiladi.

M a s a 1 a n , 2a; 4a3; ^ a 2b 3c.

Xususan birhad bitta son yoki bitta harfdan iborat bo‘lishi ham 
mumkin. Masalan, -2; 2,7; - a 2; b. Birhad oldida sonli ko'paytuvchi 
yozilgan bo‘lib, har bir o‘zgaruvchi bitta daraja shaklida ifoda 
qilingan bo‘lsa, birhadning bunday shakli birhadning s ta n d a r t sh ak li 
deyiladi.

Masalan, 5a2; -0,5a b 3;  ̂ p*q2.

Standart shakldagi birhadning sonli ko‘paytuvchisi birh adn in g  
k o e ff its iy e n ti deyiladi.

3x 2y  ning koeffitsiyenti 3 ga, a 2 ning koeffitsiyenti 1 ga, - y 5 ning 
koeffitsiyenti -1  ga teng.

Birhadlarni ko‘paytirish uchun ularning koeffitsiyentldiini o‘za- 
ro ko'paytirish, bir xil harflarning daraja ko‘rsatkichlarini qo‘shish 
va faqat bitta ko'paytuvchida boigan harflarni o‘z ko'rsatkichlari 
bilan ko‘paytmaga yozish kerak.

M i s o 11 a r. 1) 0,5a62c3 • (-6a26c4) = -3a363c7;

2) 3x 2y  ■ 2x y 3 ■ ’ x 3z  =  ̂x 6y 4z.

Ikki yoki bir nechta aynan bir xil bir hadlar ko‘paytmasini 
ko'rsatkichli darajaning xossasidan foydalanib hisoblash qulay:

(5a3b 2c3Y  =  54- (a3)4 - (¿?2)4- (c3)4 = 625a1268c12.
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2.2. Ko‘phadlar. T a ’ rif.  B ir n ech ta  b irh ad la rn in g  a lg e b ra ik  

y ig  ‘indisi k o  'phad deyüadi. Masalan,  ̂ a 2b +  4a6 -  2 b  ko'phaddir.
Ko‘phadning faqat koeffitsiyenti bilan farq qiladigan hadlari 

o 'xsh ash  h a d la r  deyiladi. Ko'phadda o‘xshash hadlar yig‘indisini 
shu yig'indiga teng boigan birhadga almashtirish o ‘xsh ash  hadlarni 
ixch am lash  deyiladi.

M i s o 1.4x :y  - 5 c -  2x 2y +  8x2ĵ  + 8c = (4 -  2 + 8)x2j  + (8 -  5)c = 
= 10 x 2y  + 3c.

Ko'phadning har bir hadi standart shaklda yozilgan va ular 
orasida o'xshash hadlar boimasa, ko‘phadning bunday shakli 
sta n d a r t sh a k l deyiladi.

Har qanday ko'phadni standart shaklda yozish mumkin.
M i s o 1. 3x y 1 +  4 x } - 5x 2y -  3 x 3 + 4x2_y -  4 x ÿ -  -  (3 -  4)x y 2 + (4 -

-  3)x3 + (-5 + 4 )x 2y  =  - x y 2 + x3-  x 2y .

2.3. Ko‘phadlar va birhadlar ustida amallar. Ko'phadlarning 
yig‘indisini topish uchun ularning har bir hadini o‘z ishoralari bilan 
yozib chiqish va hosil boigan yig‘indida o‘xshash hadlari boisa, 
ularni ixchamlash kerak.

M i s o 1. (7 x  + 5y 2 + 3) + (3y 2 -  4 x - x y )  — l x  +  5y 2 + 3 + 3y 2-
-  4x - x y  = (7 -  4 ) x  + (5 + 3 ) y 2 - x y  +  3 = 3 x  + 8j>2 -  + 3.

K o‘phad yoki birhaddan ko‘phadni ayirish uchun 
kamayuvchining yoniga ayiriluvchining hamma hadlarini qarama- 
qarshi ishora bilan yozish va o'xshash hadlari bo isa , ularni 
ixchamlash kerak.

M i s o 1. (3 a 2 + 2 b - c )  -  (5b2 +  4 c -  5b) =  3a2 +  2 b - c - 5 b 2-
-  4c + 56 = = 3a2-  5b 1 + (2 + 5)6 -  (1 + 4)c = 3a2 -  562 + 76 -  5c.

Birhadni ko'phadga ko'paytirish uchun birhadni ko'phadning har 
bir hadiga ko'paytirib, hosil boigan ko'paytmalarni qo'shish kerak.

M i s o 1. (- 2a2c)(3 a 2b 3 -  5ab2c -  2 a 3b) = - 6a463c + 10a362c2 +

+ - |a56c.
Ko'phadni ko'phadga ko'paytirish uchun birinchi ko'phadning 

har bir hadini ikkinchi ko'phadning har bir hadiga ko'paytirib, hosil 
boigan ko'paytmalarni qo'shish kerak.

Mi s o l .  (0,1a2 -  0,3a + l)(3a2- 10) = 0,1a2 ■ 3a2- 0 , l a 2 • 10-
-  0,3a • 3a2 + 0,3a • 10 + 3a2 -  10 = 0,3a4 -  a2 -  0,9a3 + 3a + 3a2 -
-  10 = 0,3a4 -  0,9a3 + 2a2 + 3a -  10.
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Birhadni birhadga boiish uchun:
-  boiinuvchining koeffitsiyentini boiuvchining koeffitsiyentiga 

boiish;
-  chiqqan boiinma yoniga boiinuvchidagi har bir harfni boii- 

nuvchi va boiuvchidagi shu harflar ko‘rsatkichlarining ayirmasiga 
teng ko'rsatkich bilan yöztsh;

-  bo‘linuvchining boiuvchida boimagan harflarini o‘zgartir- 
masdan, boiuvchining boiinuvchida boimagan harflarini esa 
daraja ko‘rsatkichini qarama-qarshi ishora bilan yozish kerak.

M i s о 11 а r. 1 ) (7a 3b 4c) : (8a b 2) = |  a 2b 2c ;
2) (1,2x y 3z") : (-0 ,2x y 3z 2) = - 6z"-2;
3) (81 x y 2z 3) : (27x y c 2) = 3 y z 3c~2.
Ko‘phadni birhadga boiish uchun ko‘phadning har bir hadini 

shu birhadga boiish va chiqqan natijalarni qo'shish kerak.
M i s о 1. (48a 3b 4 -  36a4b 3 -  12a b 2) : (6a b 2) = 8a 2b2 -  6a 3b -  2.

3 -§ .  Q is q a  k o ‘p a y t i r i s h  f o r m u la l a r i

Quyida keltirilgan ayniyatlar q isq a  к о  ‘p a y tir is h  fo r m u la la r i  
deyiladi;

1) (a  + b )2 = а2 + 2ab  +  b 1 -  yigindining kvadrati.
2) (a  -  b )2 -  a 2 -  2a b  + b 2 -  ayirmaning kvadrati.
3) a 2 - b 2 = ( a -  b )(a  + b) -  kvadratlar ayirmasi.
4) a 3 + b3 = (a  + b )(a 2 - a b  + b2) -  kublarning yig‘indisi.
5) a 3 - b 3 -  ( a -  b )(a 2 +  ab  + b 2) -  kublarning ayirmasi.
6) (fl + b )3 -  a 3 +  3a2b +  3a b 2 +  b 3 -  yigindining kubi.
7) (a  -  b )3 -  a ' -  3a 2b +  3ab2 -  b3 -  ayirmaning kubi.
Bu ayniyatlar ko‘pgina hisoblash ishlarini yengillashtiradi, 

algebraik ifodalarni shakl almashtirishda qulayliklar yaratadi.
M i s o l l a r .  1) 92 • 88 = (90 + 2)(90-2) = 8100-4 = 8096;
2) 1982 = (200 -  2)2 = 40 000 -  800 + 4 = 39 2 04.
3) 1,012 = (1 + 0,01)2 = 1 + 2-0,01 + 0,012 = 1 + 0,02 = 1,02.

4) (5a + \  b )(5a  -  \  b ) = (5a)2 -  ( \ b ) 2 = 25 a 2 -  \ b 2.

5) (л:2" -  5y")(5y" + x 2") =  (x 2" -  5y")(x2n + 5y") =  (x2")2 -
—(5y )2 = x 4" -  2 5 y 2".
6) (x + 2y -  3z)2 -  (2 x  -  у  + z)2 = (x + 2 y  -  3 z  -  2 x  + y  -  z )  x  

x (x + 2 y  -  3 z  + 2x —y  + z) = (3j -  x -  4z)(3x + у  -  2z).
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7) (5а2 + 3¿>3)2 =  25а4 + 30а2Ъъ + 9b6.
8) (x  +  2)(x2- 2 x  +  4) =  x 3 + 8.
9) ('1хъу  - 2 z 2)(49x6y 2 + 14x 3y z 2 +  4z4) =  ( l x - y f  -  (2z2)3 =

=  343x9y3 -  8z6.
10)(jc +  2 )(x - 2)(x2 +  2x + 4)(x2- 2 x  +  4) =  (x +  2)(x2- 2 x  +  4) x  

X  (x  -2 )(x 2 +  2x + 4) = (x3 +  8)(x3 -  8) =  (x3)2 -  82 = x 6 -  64.
11) (x 2 +  2)(x4 -  2x2 + 4) -  x 6 + 8 ifodan i so d d a lash tir ish  n a tija - 

sida hosil b o ig a n  k o 'p h a d  n ech ta  h a d d a n  ib o ra t b o ia d i?
Y e с h  i 1 i s h  i: (x2 +  2)(x" -  2x2 +  4) -  x 6 +  8 =  (x2)3 +  23 -

- x 6 + 8 =  x 6- x 6 + 8 + 8 =  16. J a  v o b :  1 ta  h ad d an  ib o ra t b o ia d i .

4-§. Ko'phadni k o ‘paytuvchilarga ajratish

K o ‘p h a d n i k o ‘p ay tu v ch ila rg a  a jra tish  deb , berilgan  k o 'p h a d n i 
ikk i yoki b ir necha b irh ad  va k o ‘p h ad la rn in g  k o 'p a y tm a s ig a  a y n a n  
teng  b o ig a n  ifodaga a lm ash tirish g a  ay tilad i. K o 'p h a d n i k o 'p a y -  
tu v ch ila rg a  a jra tish n in g  b ir  necha u su lla ri bor.

4.1. U m um iy k o ‘paytuvchini qavsdan tashqariga  ch iqarish  usuli.
B u u s u ld a  u m u m iy  k o ‘p a y tu v c h in i  to p is h ,  s o ‘n g r a  q a v s d a n  
ta sh q a r ig a  ch iqarish  kerak .

M iso lla r : 1) 48a362 + 36a2b -  12а 4й3 = 12a2b- 4ab + 12a2b- 3 -  
-  12a2b ■ a2b2 = \2 a 2b(4ab  -  a2b2 +  3).

2) a2( m -  2) + b(2 -  m ) = a2(m  -  2) -  b(m  - 2 )  = ( m -  2)(a2 -  b).

4.2. G uruhlash usuli. К о  ‘ p h ad n in g  h am m a had lari u ch u n  um um iy  
k o ‘pay tuvch i b o im a g a n  h o ld a  g u ru h la sh  usuli q o i la n ila d i .  K o ‘p- 
had n in g  h ad larin i, u la r k o ‘p h ad  shak lidag i um um iy  k o ‘pay tuvch iga  
ega b o ia d ig a n  q ilib , g u ru h la rg a  b irla sh tir ila d i va sh u  u m u m iy  
k o ‘pay tuvch i q av sd an  ta sh q a r ig a  ch iq arilad i.

1-m i s o l:  1 ) x y 2- b y 2- a x  + ab + y 2 - a .  K o 'p h a d n i k o 'p a y tu v -  
ch ila rg a  a jra ting .

Y  e с h i 1 i s h i. Bu k o 'p h a d n in g  h am m a h ad la ri u ch u n  um um iy  
k o 'p ay tu v ch i y o ‘q. K o 'p h a d n i x^2 — by2 + y 2- a x  + a b - a  k o 'rin ish -  
d a  yo zib , b ir in c h i u c h ta  h a d d a n  y 2, key ing i u c h ta  h a d la rd a  - a  
um um iy k o 'p ay tu v ch in i qavsdan  ta sh q a ri chiqarish  m um kin  b o ia d i .  
S h u n d a n s o ‘n g k o ‘p h a d k o ‘p a y tu v c h ig a a jra t i la d i: j2( x - b  + 1 ) -  
- a ( x - b  + 1) = ( x - b  + 1 )(y2- a ) .

2 -m i s o 1: 1) m 2 -  3m  + 2 n i k o 'p a y tu v c h ila rg a  ajra ting .
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Y  е с h  i 1 i s h  i. K o ‘p h a d d a  u m u m iy  k o ‘p a y tu v c h i  y o ‘q , 
gu ru h lash  ham  m u m k in  em as. A m m o - 3 m  n i - m  -  2m  k o 'r in ish d a  
y o z sa k , k o ‘p h a d  m 2- m ~ 2 m  + 2 k o ‘r in ish g a  k e la d i, e n d i b u  
k o ‘p h ad n i g u ru h lab  k o ‘p ay tu v ch ila rg a  a jra tish  m um kin : 

m 2 -  3 m  +  2 — m 2 -  m  — 2m  +  2 =  m (m  — 1) — 2(m  -  1) =

4.3. Qisqa k o‘paytirish formulalaridan foydalanib ko‘paytuvchi- 
larga ajratish usuli.

M i s o l l a r .  Q isq a  k o ‘p a y tir ish  fo rm u la la rin i k o ‘p h a d la rn i  
k o ‘p ay tu v ch ila rg a  a jra tish d a g i ta tb iq in i u shbu  m iso lla rd a  k o ‘rib  
ch iqam iz:

1) 36a264-  25 =  (6ab2)2-  52= (6ab2-  5)(6a62+  5);
2) 4x4-  4 x 2 + 1 =  (2x2)2- 2 ■ 2 x 2 +  1 =  (2x2-  l ) 2;
3) 25a6 + 40a5 + 1 6 a 4 =  (5a3)2 +  2 • 5a3 • 4 a 2 +  (4a2)2 = (5a3 +  4 a 2)2;
4) 27c3-  0.001 d 6 =  (3c)3 -  (0,01 cT-f =  (3 c -  0,1 d  2)(9c2 +  0 , l e d 2 + 

+ 0,0Ы 4);
5) 125 + 8 a3b '2 = 53 +  (2 a b y  = (5 +  2ab4)(25 -  10 abA +  4 a 2¿>8);
6) 8 -  12c +  6c 2-  с3 =  23-  3 • 22c +  3 • 2c2-  c3 =  ( 2 -  c)3;
7)64d6+27z¡+ l4 4 d 4z + i m 2z2= (4 d 2f+ 3 ( 4 d If - 3 z + 3 - 4 d 2-(3zY + 

+  (3z)3= (4c/ 2 +  3z)3.
B a’zan  k o 'p h a d n i k o ‘p ay tu v ch ila rg a  a jra tish d a  b ir nech a  usul- 

la rd a n  k e tm a-k et foy d alan ish g a  to ‘g ‘ri keladi.
M i s o l l a r .  1) a 3+  a 2-  12 =  a 3 + a 2- 4 - 8  =  a 3- 8  +  a 2- 4  = 

=  a3-  23 +  a2-  22 =  (a -2 )(a2 + 2 a + 4 )  +  ( a -  2)(a +  2) =  ( a -  2)(a2 + 2 a + 
+  4 + a + 2 ) =  ( a - 2 ) ( a 2+ 3 a + 6);

2) 2a2-  5a6 + 3¿>2 =  2a 2 -  4a¿> -  ab  + 2b2 + b2 — 2a2 -  4ab  +  2b2 +
+  tí1- a b  = 2(b2- 2 a b  + a 2) +  b ( b - a ) -  2( b - a ) 2+ b ( b - a ) =  (b - a ) x
X  (2 (6 -  a) + b) =  (6 -  a ) (2 b -  2a  +  6) =  (6 -  a ) (3 6 -  2a);

3 ) m 2- l m +  12=  m 2-  3 m - 4 m +  12=  m ( m -  3 ) - 4  ( m -  3) =
= ( tn -  3 ) (m -  4);

4) ( 4 a -  1)2+ 2 ( 4 a -  1 )+  1. A g ar 4 a -  1 =  x  belg ilashni k ir itsa k , 
berilgan ifoda x 2 +  2x  + 1 k o ‘rin ishga keladi. hosil b o ig a n  k o 'p h a d 
ni ( 1 ) fo rm u la  y o rd am id a  k o ‘p ay tu v ch ila rg a  a jra tib , oxirg i n a tija d a  
x  n ing  o ‘rn iga  4a -  1 ik k ih ad n i q o ‘yiladi.

( 4 a -  1)2+ 2 ( 4 a -  1 )+  l =  x 2+ 2 x +  1 =  ( x +  1)2= ( 4 a -  1 + 1)2 =
=  (4 a )2 =  16a2.

5) x4 + x 2 + 1 =  x 2 + 2x2 + 1 -  x 2 =  (x 2 +  l ) 2-  x 2 =  (x2 + 1 -  x ) x 
x  (x 2+ 1 + x) = ( x 2- x +  1 )(x2 +  x  +  1).
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T  a ’ г i f: Surat va m axra ji algebraik ifodalardan iborat bo ‘Igan 
kasr a lgebraik kasr deyiladi.

M a sa la n , - a lg e b ra ik  kasr-

la rd ir.
A lg eb ra ik  k asr m axra jin ing  q iym ati n o ld a n  farq li b o ‘lgan qiy- 

m a tla rid a  m a ’n o g a  ega. M asalan ,

1) — t  k asr а Ф b  q iy m a tla rd a  an iq lan g a n .
a — b

2 ) a ( 1  ) k a s r  a = 0 va a -  1 q iy m a t la r d a  m a ’n o g a  ega 

b o im a y d i.
K asrn in g  su ra t va m axra jin i no ld an  fa rq li ifo d ag a  k o ‘p ay tirish  

va b o 'lish  m um kin :

“ =  1 f  , bu  y erd a  с *  0 va b 0.
b c b

5.1. Algebraik kasrlarni qisqartirish. K a srn in g  su ra t v a  m axra- 
jid a  ish tiro k  e tuvchi um um iy  k o 'p a y tu v c h ig a  su ra t va m axra jin i 
b o i i s h  k asrn i qisqartirish  deyiladi.

m 2- n 2 (m -n ) (m + n ) m —n
M i s  o l l a r .  1) —7 -  m (m + n) ~ ñ T  \ 

m~+mn

5-§. Algebraik kasr

3)

a - 2 a  b _  a (a -2 b )  _  -a ~ (2 b -a ) _  \ 
laib2- a Ab aib (2b -a ) a2(2 b -a )a b  ab

a2+b2+c2+2ab+2bc+2ac (a+b+c)2 (a+b+c)2

i 2—b2—c2—2bc a2—(b2 + 2bc+c2) a 2—(b+c)2

(a+b+c)2 _  (a+b+c)(a+b+c) _  a+b+c 
(a-(b+ c))(a+ b+c) ~  (a -b -c)(a + b + c) ~  a - b - c  '

a4+ a 3+ 4 a 2 + 3a+3 a4+a^+a2 + 3a2 + 3a+3
4 ) 9a — 1 ( a - l ) ( a 2+ a + l)

a 2(a2+ a + l)  + 3(û2 + a + l)  _ (a2+ a + l) ( a 2 + 3) _  a 2 + 3 

( o - l ) ( a 2+ a + l)  (a2+ a + l) ( a - l )
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5.2. Algebraik kasrlarni qo‘shish. A lgeb ra ik  k asrla rn i q o ‘shish 
va ay irishda  odd iy  k asrla rn i q o ‘sh ish  va ay irish  am alla rin i ba jarish  
k ab i a w a l  um u m iy  m ax ra jg a  ke ltirish  k erak . B un ing  u ch u n  avval 
b a r  b ir  q o ‘sh iluvch i k asrn in g  m ax ra ji k o ‘p ay tu v ch ig a  a jra tilad i:

M i s o l l a r .  1) 2 x - 2  + 4 x - 4 ~  2 ( x - l )  +  4 ( x - l )  =  2 ■ 2 ( x - 1) +

3 _  10 3 10 + 3 _  13
+ 4 ( x - l )  ~  4 ( x - l )  +  4 ( x - l )  ~  4 ( x - l )  ~  4 ( x - l ) ;

56-1 b +  2 _ b + 1 _ 56-1 b + 2  _ b + 1 _ 56-1
2)  3b2 _ 3 + 2 b + 2  b - \  -  “  _  + 2(6+1) 6 -1  -  3(fc-l)(b+l) +

b + 2  _ 6 + 1 _ 2 (56-1) (6+2)-3(6-1) _ (6+ l)-6 (6+ l) _
+ 2(6+1) 6 -1  ~ 2 -3(6-l)(6+ l) + 2(6+1)-3(6-1) (6 - l) -6 (6 + l) “

_  106-2 | 3(62-6+26-2) 6(62+26+l) _  106-2+ 362+36-6 -662-126-6 _

6(62-1) 6(62-1) 6(62-1) 6(62-1)

_ -362 + fr-14

6(62- l )

оч 4a œ’+a b _  a - 2 4 a a 3+ab  _  ( a - 2 ) - a ( a + 2 )
J a ~ 2 + T+d ~ 7 7  ~ ^ r + ? + ¿  -  Ш + T j - — 5Г5+1)—  +

cr  + 2a

4 a a  a3+ a b  a ( a 2- 4 )  + 4 a 2- a 3- a b  a3—4 a + 4 a 2—a3—ab  
+ a ( 2 + a )  a ( a +  2) — a ( a  +  2) ~  a ( a +  2) ~

_  4 a 2 — 4 a - a b  _  a ( 4 a  — 4 — b )  _  4a —¿>-4 
û(û + 2) a (a  + 2) a  + 2

5.3. Algebraik kasrlarni k o ‘paytirish va bo‘lish. A lg eb ra ik  k a s r
la rn i k o 'p a y tir is h  va b o i i s h  odd iy  k as rla rn i k o ‘p ay tir ish  v a  b o i i s h  
q o id a la ri b o ‘y icha bajarilad i:

а с _ ас  а с а  d _ ad  
Ъ d  b d ' b ' d ~ b c ~ Ъ с 

M i s o l l a r .
j .  4m 21k _  4 -21 -m -k  _  3mk 

'  9n YES ~  9 - l 6 n d  ~ 4 n d  '

a 2- b 2 3a2 _ ( a - b ) ( a + b ) - 3 a 2 _ { a 2~ b 2 ) 3a2 _  a 2 
2) 3 a + 3 b '  5 b - 5 a  -  3 ( a + b ) - 5 ( b - a )  ~  _ ]5 ^fl2_fc2 j -  5 ;
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a-b a-b a-b 6b2 _ 2-3b2(a-b) _ 2 

9b2 6b2 9b2 a~h 3-3b2(a-b) 3 
fo2—8¿>+16 (b-4)2 _ (fe-4)2 b2-9 _ {b-4)2 (fc-3)(fo+3) _ _ 

^  fc2-9  6+3 (fc-4)2 (b+3)(i>-4)2

5.4. Algebraik kasrlar ustida birgalikda bajariladigan amallar.
A lg eb ra ik  k a s rla r  u stida  b irg a lik d a  ba jarilad igan  a m a lla r  u ch u n  
son li k a s r la r  u stida  b a ja rila d ig a n  am alla rn in g  ta r t ib  v a  q o id a la ri 
to ‘liq saq lanad i.

M  i s o 11 a  r.
, (a+ b  a - b \  ( a - b  a + b \
1. Ifodani soddalashtinng: ) : [s+ F  + ^ F ) ~ u
Y e c h i 1 i s h i. A m allarn i ba jarilish  ta rtib i b o ‘y icha  b a ja ra -  

m iz. D a s tla b  qavslar ich idag i ifo d a la rn i so dda lash tiram iz :

a+b a -b  (a+b)2- ( a - b ) 2 _ a2+ 2ab+b2- a 2 + la b -b 2 _ 4ab 
'  _ 'a+b ~ (a-b)(a+b) ~~ a2- b 2 a2- b 2 ’

a - b  a+b  (a - b ) 2+ ( a + b )2 a2- 2 a b + b 2+a2+ 2 a b + b 2 _  2(a2+b2 )
2) a+b + a - b  = ( a+b) (a- b)  = a2_ ¿2 “  a2_ ¿2 ’

3) E n d i b o i is h  am alin i b a jaram iz :

4ab 2^a"+b~ j  a2- b 2 _ lab

a2- b 2 a2- b 2 a2- b 2 2^ a2 + ¿>2 j  a2 + b2

4) B o iin m a d a n  b irn i ay iram iz :

2ab j _ 2a b -a 2- b 2 _ a2-2 a b + b 2 _  (a -b )2 

a2+b2 a2 + b2 a2+b2 a2+b2

, (a -b )2 
J a v o b: -

a2+b2
2. Ifo d a n i sodda lash tiring :

ax-b bx+a ) a2-b2 a2 + b2
a+b b-a j 1H1esH

Y  e c h i 1 i s h i. K o 'p g in a  h o lla rd a  a m a lla rn in g  b a ja r il is h  
ta r t ib in i y o d d a  tu tg a n  h o ld a  u la rn i b irg a lik d a  k e tm a-k e t b a ja r ib  
b o rish  m aq sad g a  m uvofíqd ir:
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ax—b bx+a ^ ' a2- b 2 ,a 2+b2 ' (a x -b )(b -a )  — (bx+a)(b+a)
a+b b - a  I x 2- l '  X - 1\  У

(b+ a){b-a )

a2- b 2 x —1 a b x -a 2x - b 2+ ab-b2x - a b x - a b - a 2
' (дг-1'K.ï+l.)

a2+b2 b2- a 2

x+l) a2-b 2

a2-b 2 I a2+b2 t.r+1)

л+1) I a2+b2 1л+1)
= 1.

J a v o b :  1 .
3. I fo d a n i so d d a la sh tir in g  v a  u n in g  a =  0,5 dag i q iy m atin i hi-

soblang: 1+ 3x+x
x+3a x -2 a 2 x2+ x -2 a x -2 a  

Y e c h i l i s h i :  1) Ifo d a n i sodda lash tiram iz :

a x -2 a 2 x2+ x -2 a x -2 a
1+3x+x

x+3 a (x -2 a )  x (x + l) -2 a (x + l)  ‘

x+3+x(x+3)
x+3

(дг+3)(л+1)
a (x -2 a )  (x + \) (x -2  a) x+3 a (x— 2a)

2 _  X - 2a  1 
x - 2 a  — a (x -2 a )  ~ a •

2) Ifo d an in g  a  =  0,5 dag i q iym atin i hisoblaym iz:

11

a a = 0,5 

J a v o b :  2 .

= 2.

M ustaqil ilshash uchun test topshiriqlari

1. 22 48- 82• ( l g ) ni h isob lang .

A ) 24; B) 64; C) 16; D ) 82;
2. (1,7)-3 • 9°: (5 ,1)-3 • 6 3 ni h isob lang .

E) 8.
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A ) 3; B) -g ; C) J ;  D ) 0,2; E) | . 

(8*+,+8*)2
3*. S o d d ala sh tir in g : (4t_4t_,)3 '

A ) ^ , ;  B ) ^ ;  C )192; D ) ™  ; E) 200.

4.
1 6 jc 3 1 '■

3 /  \ 4  

_ 8 * 2 3  |

r  9 3̂ ; ,  3? \
ni sod d a lash tirin g .

A )  x ’ >> ’ C) 9 y ; 9 x ’ 9 y  '

5. H isoblang:
2~3-52-1()->

A ) 100; B) 0,01; C) 2; D ) 5: E) 10.

1055+ 1060 -i-1065
6. H isob lang ;

106O+ 1055+ 105° + 1045 

A ) 10'°; B) 10s; C) 104; D ) 103; E) 102.
7. 243~' sonini 3 asosli d a ra ja  sh ak lid a  yozing .

A ) yozib  b o im a y d i;  B) 3“4; C ) 3 -5; D ) 3“6; E ) 3~9.

8 - ( -  e )  ( I )3 ( “  I ) 2 ( ° ’ 75)3 ni h isob lang .
A ) 1,5; B) 1,75; C ) -2 ,7 5 ; D ) - 2 ;  E ) - l , 5 .

9. H isob lang : 644 - 1258 - 100'2.
A) 1018; B) 1024; C) 1036; D ) 1048; E) 1064.

10*. 2"- 5m-  20, 2m- 5"=  5000 b o is a ,  n + m  n ech ag a  teng?
A ) 4; B) 5; C ) 6; D ) 7; E) 8.

11. A m aln i ba jaring : (-0 ,2ft6)3- ft.
A ) -0 ,6 ft18; B) -0 ,0 0 8 ft19; C ) 0,008ft9; D ) 0,008ft18; E) -0 ,6 ft10.

12. I0 x 2y -  5 x y 2- 2 x 2y  + x 2y -  3 x y 2 k o ‘p h ad n in g  s ta n d a r t  shakli 
n ech ta  h ad d a n  ib o ra t?

A) 4; B) 3; C )2 ; D ) 5; E) 1.

13. 9 ( 4 2 2 ) _ 7 ( '  6_3 2 ni so d d a la sh tir in g-

A ) 0 ,2 y -  1; B) 2 j  +  1; C ) 3 ^ - l ;  D ) ^ - 3 ; E ) j - 1 .
14. P  =  13x"  + 8y m -  1 I x y  -  5 va Q =  I x "  -  3y m + 3x y  -  4 

k o ‘p h a d la r  ay irm asin i top ing .
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A ) 6x" +  5ym -  8 x y  -  9; B) 6x" +  11 yT  -  14xj> -  1;
C) 20x" +  1 \ y m -  %xy -  9; D ) 6x" +  W x p+m -  14x y  +  1;
E) lO x ^ " '-  14x y  -  1.

(  2 * \ 2 ( 1 3 Y  15 .1  - j a b  I ■ 1-3 2 a b I k o ‘p a y tm a n i top ing .

A) 3 f 4 a b 8; B) a 86 10; C) a 768; D ) - a 86 '°; E ) a5bs.

16. (a  + 3b)(a  + b + 2) -  (a  + b)(a  + 36 +  2) ifo d a n i s o d d a la sh -  
t ir in g .

A) 2 a -  b; B) a -  2b; C ) 4a +  2b; D ) 4b; E) 6ab.
17. (3.x2 + 5x  + 1 l ) ( 8x  -  6 +  2 x 2) k o ‘p a y tm a n i k o ‘p h a d n in g  

s ta n d a r t sh ak lid a  yozing.
A) 10x3 +  4 4 x 2 -  66; B) 6x 4 + 34x3 +  44x2 +  58x -  66;
C) 6x 4 +  34x3 -  34x2 -  66; D ) 6.x4 + 34x3 + 50x -  66;
E) 6X4 +  34.x3 -  34x2 +  30x -  66.

18. B o iin m a n i top ing : (a"+1) : (a "-1) •

A ) a" B) a 2n+'; C )a "+i; D ) an+i; E ) a2n+s.
19. n G N  b o is a .  b o i in m a n i  top ing : (zn~2)"~3: (z"^’)n

A ) z"+i; B) z 2”*12; C) z 2"; D ) z"~ ; E ) zn,"-2).
20. n €= N .  B o i in m a n i toping:
(3x2"y3"+I — 2x 2n+ly 3n~l — 5 x3n~ly 3n) : (—2 x 2"~2y 3"~i).

A ) - I  x ~2 + x - y  + | x " - y ‘; D ) - | x 2>’ +  x 3 + | x " +4y;

B) - \ x 2y 2 +  x 3 +  ^ x " +'y; E) - | x ~2 +  x 3y  +  | x " +1j 2.

C )  - 1  xj> +  x 2f  +  |  x"y;

21. (2z -  c)(4z2 +  2z c +  c2) -  c2 ifo d a  k o 'p h a d n in g  s ta n d a r t shak- 
liga k eltirilsa , u  n ech ta  h a d d a n  ib o ra t b o ia d i?

A) 5; B) 4; C )3 ; D ) 2; E ) 7.
22 . x  =  33 +  3~3 v a  y  -  3 3 -  3-3 b o i s a ,  x 2- y 2 n in g  q iy m a tin i  

toping.

A) 0; B) 3; C) \  ; D ) 9; E ) 4.

23. 7 c -  14d  n i k o ‘p ay tu v ch ila rg a  a jra ting .
A ) l ( c - \ 4 d ) ;  B )7 (c -2 c0 ; C) 7 ( 2 d -c ) ;  D) ( 3 c - 2 d ) ( 4  -  Id);
E) 7 ( c -  Id).
24. b2 + ab -  2a1 -  b +  a k o 'p h a d n i k o ‘p ay tu v ch ila rg a  a jra tin g .



А) (а  -  Ь){2а -  Ь); В) (а  + b)(2a -  Ь -  1); С) ( а -  b)(2a - Ь -  1); 
D ) (Ь -  2 а )(а  - b  + 1); Е) (b -  а)(2а + b -  1).
25. Зх2 -  6х т  -  9т 2 k o 'p h a d n i k o ‘p ay tu v ch ila rg a  a jra tin g .
А ) 3(х + т )(х  -  3т); В) (х  -  3т )2\ С) 3(х -  т )(х  + 3т)\
D ) 3(х -  т )2\ Е) 3(х -  3т )(х  -  т).
26 . а 5 + а 4-  2а1 -  2 а 2 + а + 1 k o 'p h a d n i  k o ‘p a y tu v c h ila rg a  

a jra tin g .
А ) ( а  + 1)2(а -  I)3; В) (а +  1)3( а -  I)2; С) (а  + 1)4(а -  1);
D ) (а  +  1)(а -  I)4; Е) (а2 +  1)2(а  -  1).
27* . (х  -  у ) 3 -  (z  -  у ) 3 + ( z - x )3 ifo d a n i k o 'p a y tm a  s h a k lid a  

yozing.
A ) 3(x -  y )(y  -  z )(x  -  z ); B) -3 (x  -  y )(z  -  y ) (x  -  z );
C ) 3(y  -  x ) 0  -  z)(z -  x); D ) -3 (x  -  y )(z  -  y \ z  -  x);
E ) K o ‘p ay tu v ch ila rg a  a jra tib  b o ‘lm aydi.
28*. a4 + a3 + 4a2 +  За + 3 ni k o ‘p ay tu v ch ila rg a  a jra tin g .
A ) (a2 + 3)(a2 + 1); B )(a 2 + 2a + 3)(a2 + 1); C ) (a  + l f ( a 2 +  3);
D ) (a2 + 3)(a2 +  a  +  1); E) (a +  3)(a3 +  a 2 + 1).

a 8- e 4
29. ~  г  kasrn i q isq artirin g .

a +a
A ) a 6 +  a 2; B) a 4 -  a 2; C) a 6 + a 2; D) a 4 + a 2; E) a 2 -  a 4.

ДГ3—1
30*. kasrn i q isq a rtir in g .

x 4 + x 2 + l

A ) дг+2 ’ B) x2+ x + l’’ Q  хг _ х+ Х ’ Ъ ) x2 _ y  + 1 ’ E ) x 2 _ x _ t ■

a3—2a2+5a+26 
31*. „ „ k as rn i q isq artirin g .

а3- 5 а 2+ 17а-13

a2+4a+26  a _ i  a + o a - 2 а 2- 4 а + 2 6

a —2 a + 2 . t t • •
32. a+2 + a -2  ni soddalashtiring.

2a2+ 8 . ^  2(û2+4) . &ab_ 
a2- 4

21 y2 + 1

1 -9  y 2
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A) 1; B) 2; C) T V  : D) ; E) 4 _ fl2

33. Soddalashtiring: — 3y— 1 •i n



21>’2 — у + 1  21у2 —у +  1 24 у 2 +  З у -1  
А ) 2 - 9 у 2- З у ’ В') 2 - 9 у 2 +  З у ’ С  ̂ 1 - 9 у 2 ’

24 у 2 - 1  24 у 2 + у+1 
° )  1—9у 2 ’Е ) 1 - 9 у 2 '

6 а За+1  З а —1
34. Ifo d an i so d d a lash tir in g : ;—-  +  +  + -> •

З а -1  „ ,6 ( 3 0 - 1 )  ^  З а+ 1  За+1 За + 2

А ) За +1 ’ В) За+1 ; С ) З а -1  ; D ) 6 ( 3 а - 1 ) ; Е) б (9а2 - l ) -

а 2 + 4  1
35. Ifo d a n i so d d a lash tir in g :

а 3 +8 о +2

лч «2+3 а 2 +2а +2 ^  2а ^  а 2- 1  2а
a 3 + 8 а 3 +8 ’ } а 3 + 8’ } а 3 +8 ’ } а 3 + 8 '

X2 — ху a2+2ab+b2
36. — г г -----------------г  ni sod d a lash tir in g .a - b -b  х - 2  ху + у

x(a+b) х(а + Ь) х(а + Ь)
А  ̂ b ( a - b ) ( x  + у ) ’ В  ̂ b(b  — а ) (х  + у ) ’  ̂ Ь(а — Ь )(х  — у ) ’

х(а—Ь) а+Ь
Ь ( х - у ) ’ Е  ̂Ъ(х -у У

ab+Ь2 аъ+2а2Ь+аЬ2 . , ,  , . . .
37. — ;-------7  : --------5------------ ni sodda lash tiring .

9 х —4z 2z -3xz
b b hz

A) ( n 4-Ml 'î V 4.? 7 V B ) ' Í/7 -X-h\(  ̂v -4- 9 ~ \ ’ C)( a + è ) ( 3 x + 2 z ) ’ ( a + b ) (3 x + 2 z ) ' '  ( a + b ) ( 3 x + 2 z ) ’ 

bz b:
^  a(a + b )(3 x + 2 z ) ' E  ̂ a(a + b )(3 x + 2 z ) '

a 2— 2а +1 а —1
38. Ifo d a n i so d d a lash tir in g :

2a +1 4a

A ) (fl -  \)(2a2 -  1); B) (a -  l ) (2 a 2 + 1); C) (a *)(22fl~ °  ;
2 a +1

D ) a - 1 ;  E ) ( û - l ) ( a 2- 2 ) .
39. Ifo d a n i so d d a lash tir in g :

(  a —1 1 - З а + а 2 1 V  а^ 
^За + ( а —l )2 а 3 —1 а - 1  J '  1

+ 1
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я —1 а 2 + 1 „ 2  о „  1 а+1
А) -1 —г; В) — -i; С -5 --------D ) -5 ------------г; Е )-----г.

а +1 а — 1 йГ+а+1 а “+а+1 а —1
40. I fo d a n i soddalash tiring :

í  a 1—ab l a 2 V .  6 — 1 b Л
\ a 2b + b 3 b 3- a b 2+ a 2b - a 3 a a 2 j

л 4 ab m fl+l  ^  a +1 a +1 b+ 1
A ) Î T T ; B ) 1 T -  C ) — y  D > 7 T b - E) <* ■

41. I fo d a n i soddalash tiring :

1 1 2 f  1 1 x 3+ y 3
X 2 y 2 x + y  y ) ) '  x 2y 2 '

1 -Y+ ^  (x + y Ÿ
A) x 2- x y + y 2 ’ x y ( x 2 + xy  + y 2) ’ C ) x^ + x y + y 1 ’

x + y  x + y
D )T T 4- Vf -4- f  ’V  +  Л Т +  .V '  X  —x y + y  '

42. Ifo d an i soddalash tiring :

a 2b ( a  b
,7 ">a 2- b 2 a 2+ b2 \a b + b 1 a 2+ab ) )  a ~b  

л \ a n ' a  ^4 1 Т-.Ч 1 . Т7Ч a +ly
A) a + ¿ ; B ) a + 6 ’ C ) a + b ’ D ) a +Й ’ E) e  2 +/,2 ‘
43. Ifo d a n i soddalash tiring :

(P2~ r ___1_ .(p L _ i l Y ] . р-ч
{ pq p + q  \  q p ) ) '  p

p p  p + q  p  . 4
A ) p + q ’ ^ p - q ’ ^  pq ’ ^  p + q ’ ^  p + q '  

44*. Ifo d a n i sodda lash tiring :

( b 2+ c 2 (  _1 1  ̂ (  1 a 2+ c 2 Л . a 2 + b 2
( b2c2 V^2 c2 )  V«2 c2 )  a2c 2 ) a 2b2

А У ' - Ь2 ■ B) в—Z È L . Q  a 2b 2 . D ) £ z * .  E) —  
A ) a 2ft2 ’ \ , 2+ ¿ 2 ’ a 2 —b ' U ) ab ' ^  ab ‘

45. Ifo d an i soddalash tiring :

•у - J

A ) j f j ;  B ) ^ ;  Q ^ Î  l » J ~  E ) J ^ .
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46. Ifo d a n i sodda lash tiring : 

(
xy

x+y

1
A ) — ;’ x y ’

2 x y 2

(.x2- y 2y x +y) 

1
В)

х2- 2х У + /  (.x - y ) 2(x+ y)

х  + у
41. Ifo d a n i so d d a lash tirin g :

a 2 + b2

Qxy; D ) X + у; E)
xy

x  + y  ■

ab

A)

(  6a +b
W ^ b 2 ''

6a 3 + 63 + a2b + 6ab2 a+ b  
+ ■

2ab2 - 2 a 1 b a +b
J- i.2 a + b . n \ a + b . ^ a 2 + b 2 ' ^ a 2 + b 2  ^  L

, ,  — —  , C ) -------— D ) ------ — E ) ab.ab (a+b) ab a - b  a+b
48. Ifo d a n i sod d a lash tirin g :

2 x 2y  + 2 x y 2 I x + y  _ x  — y
2\7 x *  + x 2y  +  7 x y 2 + y 3 X 2 

x + y  x - y
A) 7 7 7 ; B ) — ; C )x y ,  

49. Ifo d a n i sod d a lash tirin g :

5 1

x 2 + y 2

D)

- 7! ).

X + y
xy E ) x  +  y.

Í; 20

a 2 — 2 a — a x + 2 x  8 —8a + 2 a 2
-1 0 a  ^  

- 2 ) '

25

A) ; B) C) D)5(я-дг) 5(a - x )  J 5 ( х - я )  ’ J 5 ( x - a ) 9

E ) ^ -’ 5( a - x )
50. Ifo d a n i sod d a lash tir in g :

^ За l x
+  9 a )

x  —27
3a9 - 3 x - 3 a + a x  a 2 - 9 ' 3 a 2+9 a

{x  + 3 )2 . g . x 2 +  x + 9 . ç,, .y2+3-y +  9 _ p .  (л г-З )2 .
a —X a - x  a - x  ’ a —x ’

x 2+ 3 x  +  9
E)



I V  B O B

C H IZ IQ L I T E N G L A M A L A R  
V A  T E N G S IZ L IK L A R

l-§ . Bir noma'lumli tenglamalar

T  a  ’ r  i f. A g a r
/ ( * )  =  (p (x )  ( 1)

teng likka  n isbatan o ‘zgaruvchi x  ning (1 ) n i to ‘g  ‘ri teng likka  aylan- 
tiradigan barcha q iym atlarn i topish m asalasi qo ‘yilgan  bo ‘Isa, u hol- 
da (1 ) teng lik  bir nom a ’lum li tenglam a deyiladi.

0 ‘zg a ru v ch in in g  teng lam an i to ’g i i  te n g lik k a  a y la n tira d ig a n  
q iy m a tla ri te n g lam an in g  ildizlari dey ilad i.

T en g lam an i yech ish  -  bu  uning  ild iz la ri t o ‘p lam in i top ish  yo k i 
u la rn in g  m av ju d  em aslig in i isb o tlash d an  ib o ra td ir.

( 1) teng likda x  o ‘zgaruvchin ing  b ir p ay td a  f { x )  v a  (p (x) m a ’n o g a  
ega b o ia d ig a n  q iy m a tla r  to 'p la m i tenglam aning aniqlanish sohasi 
d ey ilad i.

T  a ’ r i f. Berilgan sonlar to ‘p lam idag i bir tenglam aning har bir 
ildizi ikk inch i tenglam aning ildizi bo ‘Isa va aksincha ham  bo ‘Isa, u 
holda bu ik k i  teng lam a  teng ku ch li y o k i  ekv iva len t teng lam a lar  
deyiladi va <=> belgi bilan tasvirlanadi.

A g ar ikk i te n g la m a n in g  h a r  b iri b e rilg an  so n la r  to 'p la m id a  
y e c h im g a  ega  b o i m a s a  h a m  u la r  sh u  t o ‘p la m d a  te n g  k u c h li  
h iso b lan ad i.

A gar f ( x )  =  (p (x) teng lam an ing  ik k a la  q ism iga ham  0‘zgaruv- 
ch in in g  m u m k in  b o ig a n  q iy m a tla rid a  b iro r  A (x )  (A ( x ) =  c o n s t 
b o i i s h i  h am  m u m k in )  ifo d a  q o ‘sh ilsa , y o k i a y ir i ls a , b e r ilg a n  
ten g lam ag a ten g  kuch li teng lam a hosil b o ia d i :

f ( x )  =  cp (x) <=>/(*) + A  (x) =  (p (x) + A  (x).

Ix tiyo riy  q o 'sh ilu v c h in i ten g lam an in g  o ‘n g  q ism id an  chap  q is
m iga va ak s in ch a , c h a p  q ism idan  o ‘n g  q ism iga  te sk a ri ishora  b ilan  
0‘tk az ish  m um kin .

A gar (1) ten g lam an in g  ikka la  q ism ini o ‘zg a ru v ch in in g  m um kin  
b o ‘lgan q iy m a tla ri to ‘p lam ida  an iq lan g a n  b iro r  A  (x ) *  0 (A (x ) -
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const b o i is h i  h am  m um kin) ifodaga k o ‘pay tirish  (bo ‘lish) n a tija s id a  
berilgan  ten g lam ag a  teng  kuch li te n g lam a hosil b o ia d i:

f ( x )  = <p (x) <=> A (x ] f  (x) = A (x)(p (x)

_ _ _ _ _

2-§. Birinchi darajali bir nom a’lumli tenglamalar

T a ’ r i f .  a x  + b = 0 k o ‘rinishidagi tenglam a birinchi darajali bir 
noma ’lumli tenglama deyiladi. Bunda a v a b  haqiqiy sonlar bo ‘lib (a *  0), 
a  -  tenglama koeffitsiyenti, b -  ozod  had, x  —  noma lum  deyiladi.

Bu ten g lam an in g  yechim i

x  = - K  a
A g a r a *  0 b o l s a ,  te n g lam a yechim i y ag o n a , a -  0, b  *  0 da 

y ech im  m a v ju d  em as, a -  b -  0 b o ‘lsa , te n g la m a  ch e k s iz  k o ‘p 
yech im ga ega.

1 -m  i s o 1. 2 ,5 (x  -  4) = 4,5.x: +  1 ten g lam an i yeching.
Y  e c h i 1 i s h i: 2 ,5 (x  -  4) = 4 ,5x  + 1 «  2,5x -  10 = 4 ,5x  + 1 <=>

- 2 x  =  11 1 1x = -  =-5.5:
2 J  a v o b: -5 ,5 .

_ i 2 (x -4 )  3x+13 3(2jt- 3 )  .1-m i s o l .  j  + g = j  - 7  teng lam ani yeching .

Y e  c h i l i s  h i .  B u n d a y  t e n g la m a la r n i  y e c h is h d a  o d a t d a  
o 'q u v c h ila r  te n g la m a n in g  h a r  ik k a la  to m o n ig a  a lo h id a -a lo h id a  
u m u m iy  m a x ra j b e rib , s o ‘n g ra  m a x ra jn i ta sh la b  v u b o r is h a d i .  
O q ib a td a , shosh ilib , teng lam an i q a n o a tla n tirm a y d ig an  yech im larn i 
to p ib , u la rn i ildiz deb ja v o b  belg ilashad i. S hunday  x a to lik k a  y o ‘l 
q o ‘y m aslik  u c h u n  d a s tla b k i te n g lik n in g  o ‘n g  to m o n id a g i (ch a p  
tom ondag i) ifo d an i ch ap  to m o n g a  (o ‘ng to m onga) o ‘tkazib , s o ‘ng ra  
bu  ifo d an i no lga  te n g lash tir ish d an  hosil b o ig a n  tenglam a h a d la r i 
um um iy  m ax ra jg a  keltirib  yechilsa, b u n d ay  xato likn ing  oldi o lin g a n  
b o ia d i :

8 /  3 /  y  2 4 /

2 (x -4 ) , 3x+13 3(2x-3) „ 2jc— 8 3x+13 6 x - 9  „  „
+ - ^ -  =  ^ ------- 7 « ^  + - 8 ---------- ^  + 7 = 0 «

o  16x -  64 + 9x + 39 -  48x + 72 + 168 = 0 <=>
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- 23 x  +  215 = 0 = > [ . x = 9 ^ - . J a v o b :  9 8 .
L 23 23

3-m i s o 1. 17(2 -  3x) -  5(x +  12) =  8( 1 -  I x )  teng lam ani yeching.
Y  e c h  i 1 i s  h i: 17(2 -  3x) -  5(x +  12) =  8(1 -  I x )  <=> 34 -  51x -

-  5x  -  60 =  8 -  56.v <=> *(56 -  56) =  34 <=> 0 • x  =  34.
D em a k , berilgan  ten g laraa  yechim ga ega em as.
J  a v o b: teng lam aning  ild iz la ri y o ‘q.

3-§. Tekislikda to ‘g ‘ri burchakli koordinatalar sistemasi

T ek islikda  b iro r  n u q ta n in g  an iq  vaz iya tin i ifo d a la sh n in g  b ir 
n ech a  y o ‘li m av jud  b o ‘lib, u m u m ta ’lim  m a k ta b la r id a  sh u la rd a n  
to ‘g 'r i  burchakli D ekart koordina ta lar sistem asi o 'rg a n ila d i.

_____  ,, i i  11 y 1\ 1.

y0
2

1

1 _____ , A (v  yj  2

1 y 
1 
l

+; +

---- ,  M  (x; y )
1
1
1

- 1 - WW
1 x  01 2. x  

IV

- 1

- 1

i x a- 1  0 X  _ i

-2
III

5-rasm 6-rasm

Tekislikda ikk ita  o 'z a ro  p erp en d ik u lär, b iri go rizon tal, ikkinchisi 
v e rtik a l t o ‘g ‘ri ch iz iq larn i ch izam iz va u la rn in g  kesish ish  n u q ta sin i
O h a r f i  b ila n  b e lg ilay m iz . Bu t o ‘g ‘ri c h iz iq la rd a  y o ‘n a l is h la r  
tan laym iz : go rizo n ta lid a  -  o ‘ngga, v e rtik a lid a  -  y u q o rig a . H a r  b ir  
to ‘g ‘ri ch iz iqda b ir  xil u zu n lik  b irlig in i a jra tam iz  (5-rasm ).

G o rizo n ta l to ‘g ‘ri chiziq  O x  b ila n  belg ilanad i va abssissalar o ‘qi 
dey ilad i; v ertik a l to ‘g ‘ri chiziq  O y  b ilan  belg ilanad i v a  ordinatalar
o ‘qi deyiladi. A bssissalar o ‘qi va o rd in a ta la r o ‘qini koordinata  o 'q la ri, 
u la r n in g  k e s is h is h  n u q ta s in i  k o o r d in a ta la r  b o s h i  d e y i la d i .  
K o o rd in a ta la r  b osh i h a r  b ir  o 'q d a g i nol son in i tasv irlayd i.

A bssissalar o 'q id a  m usbat son lar O  (0;0) n u q ta d an  o ‘ngda, m anfiy 
so n la r esa chapda tasv irlanad i. O rd in a ta la r  o ‘q ida m u sb a t son la r 
k o o rd in a ta la r boshidan yuqorida , m anfiylari pastda tasvirlanadi.
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Tekislikda ix tiyo riy  A  n u q ta n i O y  va O x  o ‘q la rid a n  q a n c h a  m a- 
so fa la rd a  y o tg a n in i ifo d a lo v c h i so n la rn in g  ta r t ib la n g a n  ( x g; y 0) 
ju ftlig i A  n u q ta n in g  koord ina ta la ri d ey ilad i va A  (x 0; y 0) ta rz id a  
yozilad i (5-rasm ). B u n d a  d as tla b  n u q ta n in g  abssissasi x 0, s o ‘n g ra  
u n ing  o rd in a ta s i y 0 yozilad i.

— T * ~ ’ * i£ .T e k is tik é a g ir ix tiy e ^ m * q U m m g -G ^ m in b e m iq 4 fo é a lQ V £ h i 
usul tekislikda koord ina ta lar sistem asi deyiladi.

K o o rd in a ta la r  sistem asi ta n lan g a n  tekislik  koordinata  tekisligi 
deyiladi va xO y  k ab i ifodalanad i. K o o rd in a ta  o ‘q lari tashk il qilgan 
to ‘g ‘ri b u rch ak lar koordinata  burchaklari (kvadrantlar) deyiladi va
6-rasm da k o 'rsa tilg an d ek  belgilanadi.

K o o rd in a ta la r  o 'q la r i  k o o rd in a ta  tekislig in i to 'r t t a  c h o ra k k a  
a jra tad i. U la m in g  h a r  b ir id a  n u q ta  k o o rd in a ta la r in in g  ish o ra la rin i 
eslab  qo lish  m a ’q u l b o ‘lad i (6-rasm ).

K o o rd in a ta la r  tek islig in ing  h a r  b ir  M  n u q ta s ig a  (x; y )  so n la r  
ju ftlig i -  un ing  k o o rd in a ta la r i  m os kelad i va h a r  b ir  (x; y )  so n la r  
ju ftig a  k o o rd in a ta  tekislig in ing k o o rd in a ta la ri (x; y )  b o ‘lgan  b irg ina  
M n u q ta s i  m os kelad i.

7-rasm 8-rasm

U sh b u  z a ru r  h o la tla rn i y o d d a  tu tm o q lik  d a rk o r:
1) A g ar n u q ta  ab ssissa lar o 'q id a  y o tsa , u  h o ld a  u n in g  o rd in a ta s i 

n o lg a  te n g  b o ‘la d i.  O r d in a ta la r i  n o lg a  te n g  b a r c h a  n u q ta la r  
abssissa lar o ‘qi O x  ga teg ish li b o la d i .  S hunga k o ‘ra  O x  o ‘qi y  = 0 
teng lik  b ilan  ifo d a lan ad i.

2) A g ar n u q ta  o rd in a ta la r  o 'q id a  y o tsa , u h o ld a  u n in g  abssissasi 
no lga  teng b o ‘lad i. A bssissala ri no lga  teng  b o ‘lgan  b a rc h a  n u q ta la r  
o rd in a ta la r  o ‘qi O y  ga teg ish li b o ‘lad i va shu  sab ab li O y  o ‘qi x  =  0 
teng lik  b ilan  ifo d a lan ad i.

3) N o ld an  fa rq li b ir xil abssissali barcha  n u q ta la r  o rd in a ta la r  
o ‘q iga parallel t o ‘g ‘ri ch iz iqqa  tegishli b o la d i .  M asa lan , abssissa lari
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a ( a - h a q i q i y  son ) ga teng b o lg a n  b a rc h a  n u q ta la r  to 'p la m i O y  
o ‘q iga p a ra lle l b o lg a n  va u n d an  |o| m a so fa d a  o ‘tuvchi x  -  a  t o ‘g ‘ri 
ch iz iqqa teg ish lid ir  (7-rasm ).

4) N o ld a n  fa rq li b ir  xil o rd in a ta li b a rc h a  n u q ta la r  ab ssissa lar 
o ‘q iga para lle l t o ‘g ‘ri chiziqqa tegishli b o ‘ladi. M asalan , o rd in a ta la ri 
b (b -  b iro r  h aq iq iy  son) ga teng b o ‘lgan  b a rc h a  n u q ta la r  to 'p la m i 
O x  o ‘q iga p ara lle l b o ‘lgan va u n d an  |è| m a so fa d a  y o tuvch i y  -  b 
t o ‘g ‘ri ch iz iq q a  teg ish lid ir (7-rasm ).

5) K o o rd in a ta la r  tekisligidagi A  (jc(; y j) v a  B  (x 2; y 2) n u q ta la r  
o rasidag i m a so fa

\AB\ = d = J (*2 - * , ) 2 + ( y 2 - y , ) 2 

ifoda o rq a li to p ilad i (8-rasm ).
x + x

A  (x 1; y 1).8 (;t2;y 2) k e s m a o ‘r ta s in m g k o o rd in a ta la r i  xQ = — ^— ,
\ -t- \

= 12 2 ten g lik la r b ilan  ifodalanad i.

A B  kesm ani A, > 0 n isbatda b o ‘luvchi C  (x ;y )  nuq ta  (\AC\ : \BC\ = A.)

x. +Xx. y’+Âv
k o o r d i n a t a l a r i  x =  \ +^  , y=  \ + x  f o r m u l a l a r  b i la n

an iq la n a d i.

4-§. Chiziqli funksiya va uning grafigi

4.1. F unksiya tushunchasi. Q uy idag i m a sa lan i qaray lik : yengil 
av tom obil so a tig a  60 km  tezlik b ilan tekis h a ra k a tla n a y o tg a n  b o ‘lsa, 
u  bosib o ‘tad igan  m asofa vaqtga bog 'liq  rav ishda ortib  boradi. H arak a t 
davom ida bosib  o 'tila d ig an  y o ln i  5  h arfi b ilan , vaq tn i t harfi b ilan  
belgilasak, b u  ikk i o ‘zgaruvchining b o g ‘liqligi tekis h a ra k a t uchun

S = 6 0 t
tenglik  b ilan  ifo d alan ad i. Bu tenglik  S  y o 'ln i t v aq tn in g  berilgan  
q iym ati b o ‘y icha h isob lash  qo idasin i belg ilaydi. K o ‘rilgan  m asa lad a
S  y o ‘l v a  t v a q t o 'zg a ru v c h i m iq d o rla rd ir .

Y an a  b ir m asalan i qaraylik : k v ad ra t to m o n in in g  uzunligi x,  un ing  
y u z i j  b o i s a ,  u h o ld a

y  =  x 2
fo rm u la  k v a d ra t  y u z in i to m o n n in g  b e r ilg a n  u zu n lig i b o ‘y ic h a  
h iso b la sh  q o id a s in i  b e ra d i.  Bu y e rd a  y  -  k v a d ra tn in g  yuzi va 
to m o n in in g  uzun lig i x  o ‘zgaruvchi m iq d o rla rd ir .
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Q ara lg an  ik k a la  m a sa lad an  h am  k o ‘rin ib  tu rib d ik i, o ‘zgaruvch i 
m iqdo rla r o rasidag i b o g liq lik  b iro r  q o id ag a  asoslangan  b o ‘la r ekan.

T  a  ’ r  i f. A g a r biror sonlar to ‘p lam idan  olingan x  ning har bir 
qiym atiga biror qoida bo 'yicha y  son m os qilib qo ‘yilgan  bo ‘Isa, u 
holda shu to  ‘p la m d a  fu n k s iy a  aniqlangan deyiladi va bu bog ‘lanish
flfjntfln __ ____________________T/WvTTwW

y = m
shaklida  yozilad i.

B unda x  -  erk li o ‘zgaruvchi yoki argum ent, y  -  erksiz o ‘zgaruvchi 
yoki fu n k s iy a  deyilib , /  belgisi ikk i o ‘zgaruvchi m iq d o r o rasidag i 
b o g la n i s h  q o id a s in i a n g la ta d i.  E rk li o ‘z g a ru v c h in i x , e rk s iz  
o ‘zg aruvch in i y ,  b o g la n is h  q o id asin i /  b ilan  belg ilash  m a jb u riy  
em as. F u n k siy an i yozilish ida quy idag i kab i belg ilash lar ham  keng 
q o lla n ila d i:

<7 =f(z);p = <p(x)-,y = g (*); S = S(t)  
va ho k azo . F u n k siy a  tu shunchasi V III  b o b d a  kengroq  berilad i.

4.2. Chiziqli funksiya. T  a ’ r  i f. C h iziq lifunksiya  deb, y  = k x  + b 
ko  'rinishidagi fu n k s iy a g a  aytiladi, bu yerda  k v a b -  berilgan sonlar. 

Bu fu n k siy a  h aq iq iy  so n la r to ‘p lam id a  an iq langan . 
b =  0 b o ‘lg an d a  chiziqli funksiya  >' =  k x  k o 'r in ish g a  ega b o ‘lib, 

un ing  grafig i k o o rd in a ta la r  b o sh id a n  o ‘tuvch i to ‘g ‘ri chiziq  b o ‘ladi 
(9-rasm ).

k  koeffitsiyent y  = k x  to ‘g ‘ri chiziq O x  o ‘q in ing m u sb a t y o ‘nali- 
shi b ilan  ta sh k il e tad igan  b u rch ak n i tavsiflaydi va to ‘g  ‘ri chiziqning  
burchak ko e ffits iyen ti deyiladi. A g ar k  > 0 b o is a ,  bu  b u rc h a k  o ‘t-
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kir; a g a r  k  <  0 b o ‘lsa, o ‘tm as; a g a r  k  = O b o is a ,  to ‘g ‘ri chiziq O x  
o ‘qi b ilan  u stm a-u st tu shad i.

y - k x  + b  funksiyan ing  grafig i t o ‘g ‘ri chiziqd ir. Ik k i n u q ta  or- 
qali b irg in a  t o ‘g ‘ri ch iz iq  o ‘tk a z ish  m u m k in  b o lg a n l ig i  sab ab li 
fu n k s iy a  g rafig iga  teg ish li ik k i n u q ta n i y asash  y e ta r lid ir . b son  
funksiya  grafig i O y  o ‘q in i k o o rd in a ta la r  b o sh id an  q a n d a y  m aso- 
fad a  kesib  o ‘tish in i belgilaydi.

M  a  s a 1 a: y  =  2x +  3 fu n k siy a  grafig in i yasang .
Y e c h i l i s h i :  fu n k s iy a  g ra fig ig a  te g ish li ik k ita  n u q ta n in g  

k o o rd in a ta la rin i an iq laym iz:
y  (0) = 2 • 0 +  3 =  3; (0; 3) n u q ta  funksiya  grafig iga tegishli. 
y  (-2 )  =  2 • (-2 ) +  3 =  -1 ;  ( -2 ; -1 )  n u q ta  h am  fun k siy a  grafig iga 

teg ish li. K o o rd in a ta la r  tek is lig id a  b u  n u q ta la rn i  b elg ilaym iz va 
fu n k s iy a  g ra f ig in i y a s a y m iz . 1 0 -ra sm d a  y  =  2 x  +  3 v a  y  -  2 x  
fu n k siy a la r grafig i ta sv irlan g an .

y  -  k x  + b  fu n k s iy a n in g  g ra fig in i y  -  k x  fu n k s iy a  g ra fig in i 
p ara lle l k o ‘ch irish  y o l i  b ilan  h am  yasash  m um kin .

5-§. Birinchi darajali ikki nom a’lumti 
tenglam alar sistem asi

Birinchi d ara ja li ik k ita  n o m a ’lum li ik k ita  teng lam a sistem asining 
um um iy  k o ‘rin ish i qu y id ag ich a  yoziladi:

[a ,x  + b xy  = cv

\ a 2x  + b2y = c 2.

B u n d a a v b v  a2, b2, c ,, c2 h aq iq iy  so n la r b o l ib ,  a r  b t, a2, b2 sistem a  
koeffits iyen tla ri, c,, c2 o zo d  hadlar  dey ilad i; x ,  y - n o m a ’lumlar.

A g ar c, va c2 o z o d 'h a d la rn in g  ikkalasi n o lg a  teng  b o l s a ,  sistem a  
bir jin s li  deyiladi, hech b o lm a g a n d a  b itta s i n o ld a n  fa rq li b o i s a ,  bir 
jin s lim a s  deyiladi.

5.1. Tenglamalar sistemasining yechimi deb  sh u n d ay  (.x0;y0) son la r 
ju f tig a  ay tilad ik i, u la rn i sis tem adag i n o m a ’lu m la r  o ‘rn ig a  q o ‘yilsa, 
to ‘g ‘ri son li teng lik lar hosil b o la d i .

5.2. Tenglamalar sistemasini yechish —  b u  u n in g  b a rc h a  
y e c h im in i to p is h  y o k i u la r n in g  m a v ju d  e m a s l ig in i  a n iq la s h  
d e m a k d ir .

5.3. Agar tenglamalar sistemasi hech b o lm a g a n d a  b itta  yechim ga 
ega b o l s a ,  b u n d ay  s is tem a birgalikdagi s is tem a  dey ilad i. A g ar u
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b iro r ta  ham  yechim ga ega b o ‘lm asa , birgalikda bo 'lm agan  sistem a  
d ey ilad i.

5 .4 . A g a r  ik k ita  te n g la m a  s is te m a s id a n  b ir in in g  y ec h im la ri 
to ‘p lam i ikk inch isin ing  h a m  yechim lari to ‘p lam i b o ‘lsa, u  h o ld a  
bu n d ay  sis tem ala r teng kuch li sistem a  deyiladi.

5 .5 . fikki n o m a 'lu m li  te n g la m a la r  sis te m a s in i g ra f ik  u s u ld a  
yechish  h a r  ik k a la  ten g lam a g rafik la rin in g  um um iy  n u q ta la r in in g  
k o o rd in a ta la rin i to p ish  dem akd ir.

5.6. M a ’lum ki, t o ‘g ‘ri ch iz iq lar tek is lik d a  b iro r n u q ta d a  kesi- 
shishi, yoki u la r  p a ra lle l b o ‘lishi, yok i u stm a-ust tu sh ish i m um kin . 
S hunga k o 'ra  ikki n o m a ’lum li chiziqli ten g lam ala r sistem asi:

a) yag o n a  yechim ga ega b o la d i ;
b ) yechim ga ega b o ‘lm aydi;
d) cheksiz k o ‘p yechim ga ega b o ‘ladi.
5.7. Ikk i n o m a ’lum li chiziqli ten g lam ala r sistem asin i yechm as- 

d a n , u la r  y a g o n a  y e c h im g a  e g a m i-y o ‘q m i y o k i c h e k s iz  k o ‘p 
yechim ga egam i, d eg an  savo lga  ja v o b  berish  m um kin .

ü \ 2>,
1) A g ar —  y  b o 'ls a , y a ’ni x  va y  n o m a 'lu m la rn in g  koef-

f i ts iy e n tla r i  p r o p o r s io n a l  b o ‘lm a sa , u  h o ld a  s is te m a  y a g o n a  
y e c h im g a  e g a . B u  y e c h im  ik k i  t o ‘g ‘r i c h iz iq n in g  k e s is h is h  
n u q ta sin in g  k o o rd in a ta la r id ir  ( 1 1-rasm ).

a \ b \ c \
2) A g ar —  = j -  *  —  b o ‘lsa , s is tem a yechim ga e g a  em as. B u

“ 2 2 2

h o ld a  teng lam alar g rafik la ri b o 'lg an  to ‘g ‘ri ch iziq lar p a ra lle l b o ‘lib, 
u stm a-u st tu shm aydi. ( 12-rasm ).
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a \ b \ C1
3) A g a r  —  = j -  = —  b o 'ls a ,  (x va y  n o m a ’lu rn la rn in g  koef-a2 2 2

f its iy e n tla r i  p ro p o rs io n a l) ,  te n g la m a la r  s is tem asi ch e k siz  k o ‘p 
yechim ga ega. Bu h o ld a  to ‘g ‘ri ch iz iq lar u stm a-u st tu shad i.

5.8. Ikki noma'lumli chiziqli tenglamalar sistemasini o'rniga qo'- 
yish usuli bilan yechish. Bu usu lga k o ‘ra  teng lam ani yech ish  quyi- 
d ag ich a  am a lg a  osh irilad i:

1 ) sistemaning b ir tenglamasidan (qaysinisidan bolish in ing  farqi yo‘q) 
b ir n o m a’lurrmi ikkinchisi orqali, m asalan, y ni x orqali ifodalanadi;

2) y  n in g  x orqali ifodasin i sis tem an ing  ikk inchi teng lam asiga  
q o ‘yib, x  ga n isb a ta n  b ir  n o m a ’lum li ten g lam a hosil q ilinad i;

3) hosil b o 'lg a n  b ir n o m a ’lum li teng lam an i yechib, x  n ing  x 0 qiy- 
m ati to p ilad i;

4) x  n in g  to p ilg an  q iym atin i y  n ing  x  o rq a li ifodasiga  q o ‘yib, y 
ga n isb a ta n  b ir n o m a 'lu m li teng lam a hosil q i l in a d ir  “

5) hosil b o 'lg a n  b ir n o m a ’lum li teng lam an i yech ib , y  ning,y0qiy- 
m ati to p ilad i;

6) b e rilg an  ikk i n o m a ’lum li ten g lam ala r s is tem asin ing  yechim i 
b itta  so n la r  ju f ti (x„; ^ 0) sh ak lid a  yoziladi.

lx + y = 13,
1-m  i s о  1. "L y у -  12 5 te n 8 â rn a*a r  sistem asini yeching.

Y  e с h i 1 i s h  i;

x + у = 13, fy  = 13 - x  (*)
<=> i => 2 x - 1 3  +  x  =  12,5

2x -  у  = 12,5 [2 x  -  (13 -  x )  = 12,5
<=> 3x =  25,5 =i> [x =  8,5.

T o p ilg an  x  n in g  q iym atin i (*) ga q o ‘yib, у  ning  q iy m atin i to - 
pam iz: у = 13 -  8,5 =  4,5.

J a v o b ;  (8,5; 4,5).
2 - m is  о 1. T en g lam a lar sis tem asin i o ‘rn iga  q o ‘yish usu li b ilan  

yeching:

J 7 x  + 9 y  = 8,

[9 x  -  8>- =  69.

. .  . . . J7 x  + 9y  =  8 
Y e c h i l i s h . : | 9 v _ 8 j  =  69 «

x  = ^  (*) 

9 . i ^ Z _ 8>> =  69
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o  72 ~ f l y  - 8 7  =  69 <=> 7 2 -  81j>- 5 6 j  =  483 => - 1 3 7 y  =  411 =>

[y = -3-
T op ilgan  >> n i (*) ga q o 'y ib , x  n in g  q iy m atin i topam iz :

_  8 - 9  ( -3 )  _  8 + 2 7  _  ,
7 7

J a  v o b: (5; -3 ) .

5.9. Chiziqli tenglamalar sistemasini algebraik qo‘shish (noma’- 
lumlardan birini yo‘qotish) usuli bilan yechish. Bu u su lg a  k o ‘ra  
sistem ani yech ish  qu y id ag ich a  am alg a  osh irilad i:

1) teng lam alar sistem asidagi h a r  ikki teng lam ada n o m a’lum lardan  
b inn ing  koeffitsiyentlari m odu lla ri teng lash tirilad i;

2) hosil b o ‘lg an  ten g lam ala rn i h a d la b  q o ‘sh ib  yok i ay irib , b itta  
n o m a ’lum  top ilad i;

3) to p ilg an  n o m a ’lu m  q iym atin i berilgan  te n g lam a la rd a n  b iriga  
q o ‘yilib, ikk inch i n o m a ’lum  h a m  top ilad i.

2 x  + y  =  8,
3 x  + 4 y  — 7 te n g*a m a â r  sistem asin i yeching.

Y  e c h i 1 i s h  i:

(2 x  + y  = 8, [  (4 )]  (8x  + 4y  = 32 n  5x = 25 => [* = 5.
[3x + 4y  = 7 [3 x  + 4 y  = 7 L 'J  L

(Bu y erd a  [• (4)] belgi b irinch i ten g lam an in g  h a r  ik k a la  to m o n i 4 

ga k o ‘p ay tirilgan in i, [4- ( -) ]  belgi s is tem aning  b irinch i teng lam asidan  
ik k in ch i ten g lam asi a y irilay o tg a n in i a n g la ta d i) . x  n in g  to p ilg an  
q iy m a tin i b e r ilg a n  s is te m a n in g  b ir in c h i te n g la m a s ig a  q o ‘y ib , 
ikk inch i n o m a ’lum  y  n i topam iz :

2 • 5 +  j  =  8 <=> j  =  8 -  10 => [y =  - 2 .
J a  v 0 b: (5; -2 ).

[ 2x  -  3>> = 8,
4-m  i s o 1.'L  _  ^  x y  k o 'p a y tm a n i top ing .

Y e  c h i l i s  h i :

2 x - 3 y = S ,  [  (5)] flO x -  15j = 40,
L J =>^ ® => - 1  l x  = 55 => 

I x - S y  =  - 5 .  [ ( -3 ) ]  [ -21X  + 15;; = 15

[x = -5.
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Topilgan x  ning qiymatini berilgan sistemaning birinchi tengla- 
masiga qo‘yib, nom a’lum j  ning qiymatini topamiz:

2 • (-5) -  3y = 8 <=> - 1 0 - 3 y  = 8 «  3y = —18 =>[>’ = -6 .
Endi so'ralgan xy k o ‘paytma qiymatini topamiz: 

xv = (-5) ■ (-6) = 30.
J a v o b :  30.

5.10. Chiziqli teng lam alar sistem asini g ra fik  usul bilan yechish.
Tenglamalar sistemasini yechishning grafik usuli quyidagi ketma- 
ketlikda bajariladi:

1) sistemaning har bir tenglamasida noma’lum y ni noma’lum *  
orqali y = k x + b shaklda ifodalab, tenglamalar grafiklari yasaladi;

2) yasalgan to ‘g‘ri chiziqlar kesishish nuqtasining (agar ular 
kesishsa) koordinatalari (11-rasmga qarang) topiladi. Bu (x0; y0) 
koordinatalar berilgan tenglamalar sistemasining yechimi bo‘ladi.

5-m i s o 1. Tenglamalar sistemasini grafik usul bilan yeching:
ix + 3y = 6,

[2x + y = 7.
Y e c h i 1 i s h i: Tenglamalar sistemasining har bir tenglamasida 

y ni x orqali ifodalaymiz:

fjc + 3y = 6, I y = -   ̂jt + 2,

[ 2-r + y  = 1. \ y  = - 2 x + l .

13-rasm
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T en g lam a la rn in g  g rafik la rin i yasaym iz (13-rasm ).
Y asalgan ikki to ‘g ‘ri ch iz iq /i (3 ; l )n u q ta d a  kesishadi. B u n u q ta -  

n ing  abcsissasi x Q -  3, o rd in a ta s i y 0 =  1. Bu n u q ta  ik k a la  t o ‘g ‘ri chi- 
z iqqa ham  tegishli b o ‘lib , u n in g  k o o rd in a ta la ri s is tem an ing  ikka la  
teng lam asin i t o ‘g ‘ri ten g lik k a  ay lan tirad i.

------J a  v o b :  (3; —
6- m i s o l .  T en g lam a la r  sistem asin i yeching:

f 3 ( * - j O  =  6tF  + l) ,

Y  e c h i l i s h i :

Гз(дс-у) = 6(> + 1), Зх  -  Зу  =  6y  +  6,

X - 4  -  V3 3 ~ y

<=>
3 x - 9 y  =  6, [: з]  

x - 3v = 4

S hak l a lm ash tir ish la r  n a tija s id a  hosil b o ‘lgan b u  te n g lam a la r  
s is tem asida

«i =  1; bt =  -3 ; c, = 2 ;  а г = 1; b 2 = -3 ; c2 = 4; —  =  1;
a i

ijL _  i. £l = JL
b2 x’ c2 2

D em ak , 5 .7 -band  (2) ga k o ‘ra  sis tem a yechim ga ega em as. 
J a  V o  b: Y echim ga ega em as.
7-m i s о 1. T en g lam a la r  sistem asin i yeching:

Y  e c h i l i s h i :  

\2 х  + Ъу =13,

1 1 3 - 2 *  <=> 
У ~  5 •

2 *  + 3 j  = 13, 2 *  +  3,y =  13, 

2 *  + Ъу = 13.[ 3 j  = 1 3 - 2 *

Bu te n g la m a la r  s is tem asid a  k o ‘rin ib  tu rib d ik i, n o m a ’lu m la r  
koeffítsiyen tla ri va o zod  h a d la r  p ro p o rs io n a l. D em ak , s is tem a  5 .7 -  
b an d  (3) ga k o ‘ra  cheksiz k o ‘p yechim ga ega.

J  a  V о b: yech im  cheksiz k o ‘p.
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6-§. Ikkinchi tartibli determinantlar

6.1. Ikkinchi tartibli determinant tushunchasi. M a te m a tik a d a  
a lg e b ra ik  a m a lla r n i  y o z ish n in g  y a n a  b ir  sh a k li m u h im  o 'r in  
egallaydi. Y o zu v n in g  bu  k o ‘rin ish i quy idag i shak lga  ega:

a \ b x

« 2  b 2

Ikk i sa tr  v a  ikk i u s tu n g a  ega b o ‘lg an  b u  ja d v a l sh ak lid ag i yozuv  
a tb2- b xa 2 ay irm an i h isob lash  u c h u n  ish la tilad i va ikk in ch i tartib li 
determ inant dey ilad i. S hunday  q ilib ,

a t b t

a 2 b2
= a 1 b2 - b i a 2.

B u n d a a., a ,,  b , è  son la r d e te rm in a n tn in g  elem entlari deyiladi.

1-m  i s о 1.

Y e c  h i 1 i s h  i.

2’ " 1’ 2 

~ 2 - t

- 5  - 4

2 - 3

- 5  - 4

d e te rm in a n tn in g  q iym atin i h isob lang .

= 2 - ( -4 )  - ( - 3 )  - ( -5 )  = -8  - 1 5  = -23 .

J a v o b :  -2 3 .
A g ar d e te rm in a n tn in g  sa tr la r id a g i e lem en tla ri p ro p o rs io n a l,  

y a ’ni
a t = к а л  b x = k b 2 

(k  -  p ro p o rs io n a llik  koeffitsiyenti) b o 'ls a , d e te rm in a n tn in g  q iym ati 
no lga  teng  b o ‘ladi:

=  k a 2b2 -  k a 2b2 =  0.

6 .2 . Ik k in ch i ta rtib li d e te r m in a n ts  ch iz iq li ten g la m a la r  
sistemasini yechishdagi tatbiqi. U sh b u

+ V  = cp

+ b 2y  =  с 2

te n g lam a la r  sistem asin ing  asosiy determ inan ti deb  x  v a  y  n o m a ’ 
lu m lar o ld idag i k o effits iy en tla rd an  tuz ilgan

a , bt k a 2 k b 2

a 2 b2 a 2 b2

( 1)



d e te rm in a n tg a  ay tilad i. B u d e te rm in a n t y u n o n ch a  A («delta») h a rfi 
b ilan  belg ilanad i:

A = a \ b\

a2 t>2
axb2 -  bxa2- (2)

ti deb,

A , =
c, b, 

c2 b2
= c ,b 2 -  b xc2

d e te rm in an tg a , ikk in ch i yordam chi determ inan ti deb,

Ay =
a , c,

— ^ 1̂ 2a2 c2

(3)

(4)
ti 2 t-2

d e te rm in a n tg a  ay tilad i.
Ik k i n o m a ’lum li chiziq li te n g la m a la r  s is tem asin i yech ish n in g  

K ram er qoidasi deb  n o m lan g an  y a n a  b ir  usu li u sh b u  teo rem ag a asos- 
lanad i:

T  e o r  e m  a. A g a r  ( 1 )  te n g la m a la r s iste m a sin in g  a so siy  determ i

n a n ti no lg a  teng bo ‘Im asa, u ho ld a  bu te n g la m a la r s iste m a si b irg a -  

lik d a  bo ‘la d i va b ird a n -b ir  y e ch im g a  ega bo ‘ladi.

K ra m e r q o id as ig a  k o ‘ra
A A

x  = A ; y  = A  '
2 -m  i s o 1. S istem ani K ra m e r q o id a s id a n  fo y d a lan ib  yeching:

[x  - y  = 0.

Y e c h i l . i s h i :  A -
I  _ i
6 3 
1 - 1

= - 1  + 1 = 1. A
6 3 6> *

6 - i  
0 - 1

/ 1 \ 1  6i »I
- 0 II 1 ON Ay = 6

1 0
= ± ■ 0 - 6 -1 - 6 ;

Ax _  ~6 -,A. 6T _  — _ - 3 6  , y - - T
6 6

-36.

J  a  v o b: ( -3 6 ; -3 6 ).
C h iz iq li te n g la m a la r  s is tem asin i y ec h im la rin i ta h lil  q ilish d a  

u sh b u  te o re m a la rd a n  foydalan ilad i.
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T  e o r e m a .  A g a r  ( 1 )  s istem a nin g  a so siy  de term in a n ti no lga teng  

b o ‘lib , y o rd a m c h i determ in an t la r  ( 3 )  y o k i  ( 4 )  dan b itta s i b o ‘Isa  

ham  no lg a  teng b o ‘lm asa, sistem a b irg a lik d a  b o ‘lm aydi.

T e o r e m a .  A g a r ( I )  tenglam alar sistem asining asosiy  determ i

na nti  va ( 3 ) ,  ( 4 )  y o rd a m c h i determ inant la r i  no lg a  teng b o ‘Isa va 

nom a ’lu m la r o ld id ag i k o e ffits iye n tla r orasida k am ida b itta si noldan  

f a r q li  b o ‘Isa, sistem a ch eksiz  k o ‘p  yechim ga ega b o ‘ladi.

3-m  i s o 1. T en g lam a lar sistem asin i yeching.
f2 x  -  1,5y  = 3,
[3j> -  4 x  = - 6.

Y  e c h i 1 i s h i:
2 x  -  1,5y  = 3,

-  4 x  + 3 v = - 6 .

J2 x  -  l,5_y = 3,

[3_y -  4 x  = -6

S istem an ing  asosiy  va y o rd am ch i d e te rm in a n tla rin in g  qiym a- 
tin i h i s o b l a v m i z : _____________________________________

2 - 1 ,5  

- 4  3
A = = 6 - 6  = 0,

A . =
3 - 1 ,5

= 9 - 9  =  0, A =
2 3

- 6  3 y - 4  - 6
= - 1 2  + 12 = 0.

D em ak , sis tem a cheksiz k o ‘p yechim ga ega. 
Ja v o b : cheksiz k o ‘p yechim ga ega.

7-§. Param etrli chiziqli tenglamalar, 
tenglamalar sistem asi

P a ra m e trli ten g lam ala r m a tem a tik an in g  m u h im  b o ‘lim laridan  
h iso b lan a d i. H a tto  eng so d d a  b ir  n o m a ’lum li te n g la m a la r  h am , 
o 'z la r ig a  m os p ara m etrik  te n g lam ala rn in g  xususiy  ho lid ir.

f ( a ,  b, c , k ,  x ) = (p(a, b, c , ..., k , x )  
sh ak lid ag i ten g lam a berilgan  b o ‘lsin, bu  y erd a  a, b, c, ..., k , x  — 
o ‘zgaruvch i m iq d o rla r. B unday  ten g lam ala rn i yech ishda  param etr  
d eb  a ta lu v ch i a, b, c , ..., k  o ‘zg a ru v ch ila r o ‘zg a rm as m iq d o rla r  deb 
q a ra la d i, teng lam an ing  o ‘zi esa param etrli tenglam a  d eb  a ta lad i. 
O d a td a  p a ra m e tr li te n g la m a la rd a  p a ra m e tr la r  lo tin  a lfav itin in g  
d as tla b k i harfla ri a , b , c , . .  . la r  b ilan , n o m a ’lu m la r  esa so 'n g g i x , y,  
z , . . . h a rf la r i b ilan  belg ilanad i.

P aram etrli tenglam a yechim ining m avjudligi teng lam ada qatna- 
shayotgan param etrlarga bog‘liq b o ‘lib, bunday  tenglam alarni yechish -
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b u  p aram etrla rn in g  q an d ay  q iym atla rida  teng lam a yechim ga ega, 
qanday qiym atlarida yechim ga ega emasligini aniqlash dem akdir.

M asa lan , n o m a ’lu m  x  ga n isb a ta n  chiziq li b o ‘lgan  a x - b - 0  
teng lam ani qaray lik , b u  yerda  a  va A -  p a ram etrla r. Bu teng lam a

a x  = b teng lam aga teng  kuchli b o l ib .â  ^  Qda yagona x  = -  yechim ga

ega; ag a r a = b = 0 b o is a ,  teng lam a cheksiz k o ‘p yechim ga ega. A gar 
a =  0; b *  0 b o ‘lsa, teng lam a yechim ga ega emas.

C hiziqli ikki n o m a ’lum li ik k ita  teng lam a sistem asi

a ,x  + èjX =  c ,

a 2x  + b 2x  =  c 2

n in g  k o e f f i ts iy e n tla r i  a t, b \, a2, b2 v a  o z o d  h a d la r i  c r  c2 h a m  
p a ra m e trla rd ir . U la r  q an d a y  m u n o sa b a td a  b o ‘lg a n la rid a  sistem a 
yagona yechim ga, cheksiz k o ‘p  yechim ga ega bo 'lish i y o k i yechim ga 
ega em asligi IV  b o b , 5-§, 5.7- b a n d d a  keltirilgan .

M  i s o 11 a  r. P a ram e trli ten g lam ala rn i yeching.
1 ) û x  - a.
Y  e c h  i 1 i s h i. A g a r  a -  0 b o ‘lsa , 0 • x  =  0 b o ‘lib , te n g lam a  

cheksiz k o ‘p  yech im ga ega. A g ar a ï  0 b o ‘lsa, x  =  ~  = 1 y ag o n a

yechim ga ega.
2) x  +  2 =  ax.
Y e c h i l i s h i .  x  + 2 = a x = > x - a x  = - 2 = ^ x ( a - l ) - 2 = >

ega em as;

agona ild izga ega.

3) (a2 -  l )x  =  2a2 + a -  3.
Y e c h i l i s h i .  B e rilg an  te n g la m a  n o m a ’lum  x  ga n isb a ta n  

ch iz iq lid ir.
(a1 -  l)x  =  2a2 + a -  3 «  (a -  l)(a  +  l)x  =  (2a + 3)(a -  1) => 
agar a  =  1 b o ‘lsa, 0 • x  =  0 — teng lam a cheksiz k o ‘p  yechim ga ega; 
a g a r  a =  - 1  b o ‘lsa, 0 • x  =  - 2  -  ten g lam a yechim ga ega em as;

a g a r f l * ± l  b o ‘lsa. x = — -  teng lam a yag o n a  ild izga ega.
—  0 +  1

4) 4 + a x  =  3 x  +  1 te n g la m a  a n in g  q a n d a y  q iy m a t la r id a  
yechim ga ega em as?

Y  e c h i 1 i s h i. 4 + a x  -  3x + 1 <=> 3x  -  a x  =  3 <=> (3 -  a) x  -  3 <=>
-  ten g lam a yechim ga ega em as;

-  ten g lam a yag o n a  ild izga ega.

J a v o b: 3.
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5) T e n g la m a la r  sistem asi k  n ing  q a n d a y  q iy m a tid a  yech im ga 
ega em aslig in i an iq lang :

\ k x  -  y  =  3,

[— x  + k y  = -3 .
Y e c h i l i s h i .  M a ’lum ki, b ir in c h i d a ra ja li  ikki n o m a 'lu m li  

te n g lam a la r  s is tem asida koeffíts iyen tla r p ro p o rs io n a l b o i ib ,  o zod  
h a d la r  p ro p o rs io n a l b o 'lm a sa , sis tem a yechim ga ega b o im a y d i:

i _  -  dL *  _ !
-1 k  3 ’

bundan

= - 1,
k 1-  1 =» (Ar— 1)(A:+ 1) =  0 : * 2 = 1.

k  -  1 d a  sistem a cheksiz k o ‘p  yechim ga ega, k  = - 1  da sistem a 
yechim ga ega  ernas.

J a  v o b: -1 .
6) n n ing  q an d a y  q iym atida

í(6 + n ) x  — 6 y  = 2,
[ — 2n x  + 7>y = n -  3 

te n g lam a la r  sistem asi cheksiz k o ‘p  yechim ga ega b o ‘ladi?
Y e c h i l i s h i .  C hiziq li ikk i n o m a ’lum li te n g lam a la r  sistem a- 

sin ing IV b o b , 5-§, 5.7- b a n d d a  ke ltirilgan  cheksiz k o ‘p yechim ga 
ega b o ‘lish sh a rtid a n  foydalanam iz:

6 + n _  - 6  _  2 

- 2  n 3 /j-3  
B undan  18 + 3« =  12» <=> 9/7 = 18 => [ = 2.
J a v o b :  2.

7)

2-V + 5.V _  3[

■' sistem a n ech ta  yech im ga ega?
x - 2  y

=  11
y

Y e c h i l i s h i :

2 x  + 5 y
= 31,

y  ( 2 x + 5 y  =  3 l y ,  \2 x .~  26y  =  0,

x ~ 2 y  _ u  <=>{ x - 2 y  = \ \ y  ^ { . y -  13^ =  0 ^
. y
x  -  13y  = 0, 

<=>1 j c - 1 3 v  = 0 .
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D em ak, a m a ld a  biz b itta  ik k i n o m a ’lum li b ir  jin sli teng lam aga  
egam iz. U  cheksiz k o ‘p yechim ga ega.

J a  v o b: cheksiz k o ‘p  yechim ga ega.

_________________ H-§. Sonli tengsizliklar

8.1. T engsiz lik  tushunchasi. Ik k i h a q iq iy  so n  a  va b ta q q o s-  
lan ay o tg a n d a  quy idag i h o lla r b o ‘lishi m um kin :

1) a -  b {a so n  b songa  teng); 2) a > b (a son  b so n d an  k a tta ) ;
3) a < b ( a s o n b so n d a n k ich ik ). O d a td a ik k im iq d o r ta q q o s la n a y o t-  
g an d a  u la rn in g  ay irm asi q a ra lad i. A g a r a - b  ayirm a m usba t bo 'Isa, 
a m iqdor b m iqdordan ka tta ;  agar a - b  ayirm a nolga teng bo ‘Isa, a 
va b m iqdorlar teng; agar a - b  ayirm a  m anfiy  b o ‘Isa, a m iqdor b 
m iqdordan k ic h ik  bo'ladi.

8.2 . a > b ( a < b ) yozuv a > b yoki a =  b ekanligini ang latib , m  son 
b d an  k a tta  yoki teng» («a son  b d a n  kichik yoki teng») deb o ‘qiladi.

T  a  ’ r  i f. I k k i  son y o k i o ‘zgaruvchi qatnashgan ik k i ifoda >, < , >  
y o k i <  belgilari bilan birlashtirilgan yo zu v  tengsizlik  deb ataladi. 
A gar tengsizlik  > y o k i < belgilari yordam ida  tuzilgan bo ‘Isa, u qat ’iy 
tengsizlik, >  y o k i  <  belgilari yo rdam ida  tuzilgan bo ‘Isa, noqat ’iy 
tengsizlik  deyiladi.

8.3. A g ar tengsiz lik  haq iq iy  (ro st)  f ik rn i ang la tsa , u  to ‘g  ‘ri teng
s iz lik  dey ilad i.

8.4. Ik k i a < b, b < c tengsiz lik  o ‘rn ig a  a < b < c sh a k lid a g i 
tengsiz lik  ish la tilad i. B unday  tengsiz lik  qo ‘sh tengsizlik  dey ilad i.

8.5. T engsiz lik  fa q a t so n la rd a n  tu z ilg an  b o ‘Isa, u sonli ten g siz lik  
d ey ilad i.

8.6. A g a r tengsiz likda h arfli ifo d a la r  h am  ish tiro k  e tsa , u  o ‘z- 
g aru v ch in in g  m a ’lum , tay in li q iy m a tla rid ag in a  to ‘g ‘ri tengsiz lik  
b o ‘ladi.

M a sa la n , (a + b)2>  0 tengsiz lik  a  va b n ing  h a r  q a n d a y  h aq iq iy  
q iy m a tla rid a  o ‘r in lid ir, chunk i h a r  q an d a y  sonn ing  k v a d ra ti  m an fiy
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em as; > 0  tengsizlik  o 'zg a ru v ch i x  n ing  ^  d a n  b o sh q a  b ar-

cha q iy m a tla rid a  to ‘g ‘ri.

8.7. Tengsizliklarning asosiy xossalari.
1. A g a i-a  > b b o ‘Isa , b  < a  v a a k s in c h a ,  a  < h b o ‘Isa, b >  a b o 'la d i .
2. A g a r  a  >  b, b >  c  b o ‘h a ,  a  > c  b o ‘la d i.
Bu x ossan ing  geom etrik  ta lq in i q u y id ag id an  ib o ra t: a songa  m os

keluvchi A  n u q ta  b songa m os ke- C B  A
luvchi B  n u q ta d a n  o ‘ngda yo tsin , ----------- * ~ * ►
B  n u q ta  esa  o ‘z n av b a tid a  c songa
m os ke luvch i C  n u q ta d a n  o ‘ngda

. 14-rasmy o ta d i (14-rasm ).
3. A g a r  s o n l i  te n g s iz H k n in g  i k k a la  q is m ig a  b ir  x i l  so n  q o  ‘sh ilsa  

y o k i  i k k a l a  q is m id a n  b ir  x i l  s o n  a y r i ls a  t e n g s iz l i k  b e lg is i  sa q la n a d i,  
y a  'n i a  > b b o  ‘Isa, ix t iy o r iy  c  so n  u ch u n  a  +  c >  b +  c y o k i  a - c >  b - c  
b o  ‘la d i.

4 . S o n l i  te n g s iz H k n in g  b ir  q is m id a g i  i s ta lg a n  q o ‘sh ilu v c h in i,  u n in g  
i s h o r a s in i  q a r a m a -q a r s h is ig a  a lm a s h t ir ib ,  i k k in c h i  q is m ig a  o ‘t k a z i s h  
m u m k in ,  y  a ’n i  a  + b >  c  b o ‘lsa , a - c  >  -  b  b o ‘la d i.

5. a  > b  b o ‘ls in . A g a r  c > 0 b o 'ls a ,  ac  > be  b o ‘la d i, a g a r  c < 0 
b o  ‘Isa , a c  < b e  b o  ‘la d i.

6. T e n g s i z l i k n i  m u s b a t  s o n g a  h a d m a - h a d  b o ' l g a n d a  t e n g s iz l i k  
is h o r a s i  s a q la n a d i, m a n j iy  so n g a  h a d m a - h a d  b o ‘lg a n d a  e sa  te n g s iz l ik  
i s h o r a s i  q a r a m a - q a r s h i s ig a  a lm a s h in a d i .  M a s a l a n  , a g a r  a  >  b
b o  ‘Isa , u  h o ld a  i f l  > j b ;  - ^ a  < -  ^ b  b o  ‘la d i.

7. B ir  x i l  m a ’n o l i  t e n g s iz l i k la r n i  h a d m a - h a d  q o ‘sh is h  m u m k in ,  
y a ’n i  a  > b  va  c  > d  b o ‘lsa , a  + c  > h + d  b o ‘la d i.

8. I k k i t a  q a r a m a -q a r s h i  m a  ’n o l i  te n g s iz l ik la r n i  h a d m a - h a d  a y ir is h  
m u m k in ;  n a t i ja d a  k a m a y u v e h i  te n g s iz H k n in g  i s h o r a s i  q o ld ir ila d i ,  
y a ’n i  a  > b  va  c  <  d  b o 'ls a ,  a  -  c  >  b  -  d  b o ‘la d i.

M a s a la n ,

©

5 > - 6  7 < 13
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E s 1 a  t m  a: b ir  xil m a ’no li tengsiz lik la rn i h ad m a -h a d  ayirish , 
u m u m an  ay tg an d a , m u m kin  em as.

9. Qismlari musbat bo'lgan bir xil m a’noli tengsizliklarni had
ma-had ko‘paytirish mumkin: a > h va c > d (a > 0, b > 0, c > 0, d  >  0) 
bo‘lsa, ac > bd.

10 . a >  b (a > 0 , b > 0) bo ‘Isa, har qanday « P  N  uchun a" > ha~ 
bo 'ladi.

8.8. Tarkibida noma'lum qatnashgan tengsizliklar. Tarkibidagi 
harflarning hamma qiymatlarida emas, balki ba’zi qiymatlarida 
bajariladigan (yoki hech bir qiymatida ham bajarilmaydigan) noma’lum 
miqdor qatnashgan tengsizlikni yechish -  noma ’lum miqdorning shu 
tengsizlikni qanoatlantiradigan bareha qiymatlarni topish demakdir.

T en g la m a la rn i y ech ish g a  o 'x sh a sh . ten g siz lik la rn i y ec h ish d a  
h am  berilgan  tengsiz lik  o ‘ziga teng kuch li (ekviva len t) te n g siz lik k a  
ke ltir ilad i.

T  a ’ r  i f. A g a r bir x i l  nom a ’lum  m iqdorga ega bo ‘Igan ik k i teng
siz lik  shu tengsizlikn ing  bir x i l  q iym atlarida bajarilsa, bunday teng
s iz lik la r  teng  k u c h li y o k i  ekv iva len t ten g siz lik la r  dey ilad i. Shu-  
ningdek, n o m a ’lum  m iqdorning hech bir qiym atlarida ba jarilm ay-  
digan tengsizliklar ham  teng kuchli hisoblanadi.

M  i s o 11 a r:
1) 2 x  > 0 va ~ 2 x < 0 -  ekv ivalen t tengsiz lik lar;
2) x 2 <  -1  va - (5 x : +  3) >  0 -  ekv ivalen t tengsizlik lar;
3) x  > 0 va x 2 > 0 -  ekv ivalen t boM m agan tengsiz lik la r.
N o m a ’lum  m iq d o r  q a tn ash g a n  tengsiz lik la rn i y ec h ish d a  ekv i

valen t tengsiz lik larn i ushbu  xo ssa larid an  foydalan ilad i;
1. Tengsizlikning ikkala qismiga noma’lum miqdorning qubul 

qiiishi mumkin ho 'Igan bareha qiymatlari uchun aniqlangan son yoki 
i f  oda qo ‘shilsa yoki ikkala qismidan ayirilsa, berilgan tengsizlikka 
ekvivalent tengsizlik hosil bo‘!adi.

2. Noma’lum miqdorning qabul qiiishi mumkin bo‘lgan bareha 
qiymatlari uchun aniqlangan ixtiyoriy qo‘shiluvchining ishorasini 
qarama-qarshisiga almashtirib, tengsizlikning bir qismidan ikkinchi 
qismiga o ‘tkazish mumkin.

M  i s o 1: 3 x  + 1 < 2 - x  <=> 3x  + x  <  2 -  1 => 4x < 1 => Tjv: < \ .
L 4

3. Agar tengsizlikning ikkala qismi musbat songa yoki faqat musbat 
qiymatlarni qabul qiluvchi va noma’lum miqdorning qabul qiiishi
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mumkin ho‘lgan barcha qiym atlari uchun aniqlangan ifodaga 
ko ‘paytirilsa, berilgan tengsizlikka ekvivalent tengsizlik hosil bo‘ladi.

4. Agar tengsizlikning ikkala qismi manfiy songa yoki noma ’lum 
miqdorning qabul qilishi mumkin bo‘lgan barcha qiymatlari uchun 
aniqlangan va faqa t manfiy qiymatlar qabul qiladigan ifodaga 
ko ‘paytirilsa, u holda tengsizlik ishorasini qarama-qarshisiga (>  ni
< ga , < ni >  g  a) almashtirish natijasida berilgan tengsizlikka 
ekvivalent tengsizlik hosil bo‘ladi.

9 - § .  C h i z i q l i  t e n g s i z l i k l a r

9.1. Chiziqli tengsizlik tushunchasi. T  a ’ r  i f. Chap va o ‘ng  qism lari 
n o m a ’lum  m iqdorga nisbatan chiziqli funksiya lardan  iborat bo'lgan  
tengsizliklar chiziqli tengsizliklar deb ataladi.

M a sa la n , 2 x  -  1 >  —x  + 3 ,5  > 6 -  6x, 3 x  < 0, 8 -  2 x  < x  -  1 kabi 
tengsiz lik lar chiziqli tengsiz lik lard ir.

U m u m a n , chiziqli tengsizlik
a x  + b >  ex  + d (a x  + b < e x  +  d) 

s h a k lid a  y o z ilad i. A g ar a *  c b o ‘lsa , b u n d a y  ten g siz lik  birinchi 
darajali tengsizlik  deyiladi. H a r  q an d a y  b irin c h i d a ra ja li tengsizlik  
chiziqli tengsizlikdir. Teskari tasd iq  to ‘g ‘ri em as. M asalan , 0 ■ x >  - 2  
tengsizlik  ch iziq lid ir, am m o b irinch i d a ra ja li em as.

Is ta lg an  chiziq li tengsizlik  u sh b u
m x  > n (m x < n) 

shak ld ag i ekv ivalen t tengsiz likka keltirilad i: 
a x  + b > e x  + d  <=> a x  — ex  > d  -  b <=> x  ■ (a -  c) > d  -  b => k x  > n, 

b u n d a  k ~ a - c , n - d - b .
>  , <  v a  <  is h o ra l i  te n g s iz lik la r  h a m  sh u  k a b i e k v iv a le n t 

tengsizlik  b ilan  a lm ash tirilad i.
T  a ’ r  i f. Bir o ‘zgaruvehili tengsizlikning yech im i deb o ‘zgaruv- 

chining tengsizlikn i to 'g 'r i  sonli tengsizlikka  aylan tiruvehi q iym a t
lari to 'p lam iga  aytiladi.

Tengsizlikn i yechish  -  u n ing  h am m a yech im larin i to p ish  yoki 
yech im lari y o ‘qlig in i isb o tlash  dem akd ir.

T en g siz lik n in g  yech im lari to 'p la m i so n li o ra liq la rd a n  ib o ra t 
b o 'lad i.

9.2. Sonli o ra liq la r. T  a  ’ r  i f. Son li oraliq deb oraliqning oxirlari 
deb a taluvehi sonlar orasidagi barcha sonlar to  ‘p lam iga  aytiladi.

Sonli o ra liq la r  u sh b u  tu r la r i b ilan  fa rq lan a d i:
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1 . a < x < b  (a v a  b -  b e r i lg a n  h a q iq iy  s o n la r )  te n g s iz lik n i 
q an o a tlan tirad ig an  x  son la r to ‘p lam i kesm a  yoki segm ent deb a ta lad i 
v a  [a; b] k ab i belg ilanadi. a v a  b k esm an in g  oxirlari deb  a ta lad i.

2. a < x  <  b tengsiz likn i q a n o a tla n tira d ig a n  x  so n la r  t o ‘p lam i 
interval yoki oraliq  deb  a ta la d i v a  (a; b) k ab i belg ilanad i.

3. a < x  < b  yoki a < x < b  tengsizlikni q an o a tla n tiru v ch i x  so n la r 
to 'p la m i yaxim  oehiq  kesm a  yo k i ya rim  yo p iq  oraliq deb  a ta la d i va 
m os rav ish d a  [a; b) yoki (a; b] k ab i belg ilanadi.

B u lardan  ta sh q ari cheksiz yoki yarim  cheksiz deb ataluvch i ushbu  
o ra liq la r  h am  q ara lish i m um kin :

(-oo; +oo), (-oo; a), (-oo; a\, (a; +oo), [a; +oo).

9.3. Bir o‘zganrvchili tengsizliklarni yechish. T e n g s iz lik la rn i 
yech ishga m iso lla r keltiram iz.

1 - m i s o l .  7x  -  6 <  x  +  12 tengsiz likn i yeching.
Y e c h i l i s h i : 7 x - 6 < x  +  1 2 < = > 7 x -x <  12 +  6 => 6x <  18=> 

=> [x <  3. T en g siz lik n in g  y ech im lar to 'p la m i 3 d a n  k ic h ik  h a m m a
s o n la rd a n  ib o ra t .  B u t o ‘p la m  15- 
ra s m d a  ta sv ir la n g a n  (-oo; 3) son li 
o ra liq d a n  ib o ra t .

J  a  v o b: x  e  (-oo;3), b u n d a  e  -  
teg ish lilik  belgisi.

2-m isol. 1 -  2x  > 4 -  5x tengsiz
likni yeching.

Y  e c h i 1 i s h i: 1 -  2x > 4 -  5x <=> 
5x -  2x > 4 -  1 <=> 3x > 3 => [x > 1. 
T engsizlikn i q a n o a tla n tiru v c h i 

s o n la r  t o ‘p la m i 1 6 - ra sm d a  t a s 
v ir la n g an .

J a v o b : e  [l;oo).
3 - m i s o l .  9 -  7 x  >  — 1 -  17x  

tengsiz likn i yeching.
Y ech ilish i: 9 - 7 x  > -1  -  17x<=> 

< = > 1 7 x - 7 x > - l - 9 < = > 1 0 x > - 1 0 = > [ x > - l .
T engsiz likn i q an o a tla n tiru v c h i so n la r  to 'p la m i 17 -rasm da ta s 

v ir la n g a n .
J a v o  b : x e  (-1 ; +  oo).

4-m  i s o 1. -  j-2— > o tengsizlikni yeching.

-V/-Zy//////y^/y / / p
0 3 X

15-rasm

-------------------- , -----U / /  / /  /p,

0 1 x

16-rasm

---------- W //tj!IIII///////////p
-1  0 x

17-rasm

AA 1 7 Y _ 7v S  _ 1 Q a—»v 1 Hv S
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Y e c h i l i s h i :  -
3 - х

> О <=>
-¿/ / / / / / / / / / / / ^

<=> ~ ~ > 0 < = > х - 3 > 0 = > [ х >  3.
X - 3
T engsizlikn i q an o a tla n tiru v ch i 

so n la r  t o ‘p lam i 18-rasm da tasv ir- 
lan g an .

J a V o b: X 6 (3; + oo).
4

18-rasm

/ / / / / / / / / /¿J.6-

5-m i s о 1.
2 + X

< 0 tengsiz likn i

yeching.

Y e c h i l i s h i :  ------
2 + x

[x > - 2 .

< 0 <=>

-2  0 

19-rasm

<=> 2 +  x  <  0

T engsiz likn i q a n o a tla n tiru v c h i 
s o n la r  1 9 - ra s m d a  ta s v i r la n g a n .  

J a v о b: x  e  (-oo; -2 ).
2x + 3 , x - 1

0

20-rasm

6-m  i s о I. x tengsizlikni yeching.

2x + 3 x - 1  1 2 x - 8 x - 1 2 - 3 x  + 3
Y e c h i l i s h i :  x ------ -—  < ——  « • -------------гг-------------3 4 12

< 0 <=>

< = > x - 9 < 0 = > [ x <  9.
T engsizlikn i q a n o a tla n tiru v c h i son la r to 'p la m i 2 0 -ra sm d a  ta s 

v ir la n g a n .
J  a  v о  b: x <  9.

1 0 - § .  C h i z i q l i  t e n g s i z l i k l a r  s i s t e m a s i

T  a ’ r  i f. Chiziqli tengsizliklar sis tem asi deb, b ir  x i l  nom a ’lum  
о ‘zgaruvchiga ega bo ‘Igan ik k i y o k i undan ortiq  ch iziq li tengsizliklar  
to 'plamiga aytiladi.

U sh b u  sis tem ala r chiziq li tengsiz lik la r s is tem a la rig a  m isol b o ‘la 
o lad i:

2 (x  -  1) -  3 (x  -  2) < x , 

6x  -  3 <  17 -  (x  -  5).

2 x  - 1  < x  +  3,

5 x  -  1 > 6 - 2 x ,  

x  -  5 < 0.

1)

3)

2)
5 x  + 6 < x ,

3 x  + 12 < x  + 17.

3,3 -  3(1,2 -  5 x )  > 0 ,6 (1 0 x  + 1), 

1,6 -  4 ,5 (4 x  -  1) < 2 x  + 26,1. 4)
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- 2  -13-1 О 1 2 2,5 3

21-r asm

-2  - 1 __О 1 2 3 Ц

22-rasm

— ^ п ^ п ^ ш т т ш т м т *  
-1 0 0,1 1 х

23-rasm

10.1. C hiziq li te n g siz lik la r  
sistemasiní yechish. Tengsizliklar 
s is tem a s in i ye ch ish  пот а  ’lum
o ‘zgaruvchining sistemaning har 
q a y s i  t e n g s iz l ig in i
q a n & a th m tir  a d ig a n  b a r  e h e  
q iy m a t la r i  to ‘p la m in i  to p ish  
dem akd ir.

Y u q o r i d a  k e l t i r i lg a n  
s is tem ala rn i yecham iz:

[5 x  + 6 < X ,

<=>1) 3 x  + 12 < x  +  17.

5 x  -  X < - 6,
<=>

4 x  < - 6,

[ x <  -1 ,5 .

3 x - x < 1 7 - 1 2 .  [2x  < 5 

X < -1 ,5 ,

X < 2,5

S istem an ing  yechim lari b irla sh m asi 21 -rasm da ta sv irlangan : 
J a  V  o b: X  e  (-oo; -1 ,5 ].

2 x  -  2 -  3 x  + 6 — x  < 0,

3 +  X < 17 +  5

3)

2 < x < 3 ^ .

S istem an ing  yech im lar kesishm asi 22 -rasm da tasv irlangan : 

J  a  V o b: X  e  2,3 y

3 ,3 -3 (1 ,2 - 5 x ) > 0 ,6 ( 1 0 x  + l), [3,3 -  3 ,6  + 15x > 6x  +  0,6,

l , 6 - 4 , 5 ( 4 x - 1) < 2 x  + 26,l
«

1,6 -  18x + 4,5 < 2 x  +  26,1 <=>

9 x  > 0,9, X > 0,1,
■ [x <  0, 1 .— 20x  < 20  (x  > - 1  

S istem an ing  yech im lar b irlashm asi 2 3 -rasm da ta sv irlan g an :
J a v o b :  (0 , 1; +00).
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4)

2 х - \ < х + 3 ,  

5x- l>6—2х,  
х - 5 < 0

2 х  — X < 3 + 1, 
5х  + 2 х  > 6 +  1, ( 

X < 5.

X < 4,
X <  5,

1X > 7.
<=>

X < 4,
х> 1  :

=> [1 < х  < 4 .
S istem an ing  yechim lari kesishm asi 24 -rasm da ta sv irlan g an :
J a V о b: x e  [1; 4).
5) U sh b u
2 X  —  1

1 < — —  < 2 q o  ‘sh tengsizlikni yeching.

Y e c h il is h i .  B erilgan  q o ‘sh te n g s iz lik  q u y id ag i te n g s iz lik la r  
sis tem asiga teng  kuchlidir:

2.x - l
2

2 x  - 1

> 1, 

< 2

Bu sis tem an i yecham iz:

2 x  - 1
2 x  -  1 > 2 ,2

2x  - 1

> 1, 2 x  > 3,

< 2 <i=:>l 2 x - l < 4 ,:=>l 2 x < 5  ^

X > 1,5, 

X < 2,5

[1,5 <  X  < 2,5.
J  a V o b: X e  (1,5; 2,5).

6)
1 4 x  -  3 < 7 + 9x ,

1 < X -  3 

Y e c h i l i s h i :

tengsiz lik la r sistem asin i yeching.

[14л

[l < X -  3 
K o o r d i n a t a  t o ‘g ‘ri 

ch iz ig ‘ida  sis tem an ing  h a r  b ir 
te n g s iz l ig i  y e c h i m i n i n g  
ta sv ir id a n  k o ‘rin ib  tu rib d ik i 
( 2 5 - r a s m ) ,  x < 2  v a  x > 4  
t e n g s i z l i k l a r n i  
q a n o a t l a n t i r u v c h i  s o n l a r  
to 'p la m i um u m iy  e lem en tga 
e g a  e m a s ,  y a ’n i u la r n in g  
kesishm asi b o ‘sh to 'p la m .

3 < 7 +  9 x , Í5x  < 10, 

^  i x > 4

X < 2, 

X > 4.

0 1 2 3 

24-rasm

- \ч ч ч ч ч ч ^

25-rasm

83



H aq iq a ta n  h am , 2 d an  k a t ta  em as va 4 d an  k a t ta  b o ‘lishi k e ra k  
b o ‘lgan son  m a v ju d  em as.

Javob: X 6 0  (b u n d a  0  -  b o ‘sh to ‘p lam  belgisi).

l l - § .  Chiziqli tengsizliklarni yechishning 
 grafik usuli-------

11.1. k x  > n  tengsizlikni yechishning grafik usuli. K o o rd in a ta la r  
tek islig ida

y  = k x  v a  y - n
fu n k siy a la rn in g  g ra fik la rin i yasaym iz. A g a r  k  *  0 b o 'ls a ,  y - k x  
to ‘g ‘ri chiziq a lb a tta  y - n  to ‘g ‘ri chiziqni kesadi (k  > 0, 26-rasm ; 
k  < 0, 27-rasm ). B u to ‘g ‘ri ch iziq larning kesishish nuq tasin i M  harfi 
b ilan  belgilaym iz. B u n u q tan in g  abssissasi k x  -  n  teng lam aning  ildizi 
x  = j  g a  teng. A g ar k  > 0 b o ‘lsa, 26-rasm da k o ‘rin ib  tu rg an id ek ,

barcha  x  > j  la r  uchun  k x >  n tengsizlik to ‘g ‘ri tengsizlik b o ‘ladi.

A gar k  < 0 b o ‘lsa (27-rasm ), b a rch a  x  < ~  la r  uchun  k x  > n b o 'lad i.
K

11.2. Bir o ‘zgaruvchili chiziqli tengsizliklar sistemasini grafik 
usul bilan yechish. U sh b u  m asa lan i qaray lik : « 0 ‘zg aru v ch i x  n ing  
q an d a y  q iy m a tla rid a  y  =  x  + 1 v a  y  -  - I x  + 4 fu n k siy a la rn in g  h a r  
ikkisi ham  n o m an fíy  q iy m a tla r q a b u l qiladi?»
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B erilgan funksiyalam ing  grafïk larin i b ir ch izm ada tasv irlash  y o ‘li 
b ilan  b u  m asa lan i o song ina yechish m um kin. Bu g rafïk la r 28-rasm da 
ta sv ir la n g a n .

0 ‘zgaruvch i x  n ing  iz lan ay o tg an  q iy m a tla ri to 'p la m i [-1 ; 2] kes- 
m a d an  ib o ra t ekan.

1 2 - § .  N o m a ’l u m l a r i  m o d u l  b e l g i s i  o s t i d a  b o ‘lg a n  
t e n g l a m a l a r  v a  t e n g s i z l i k l a r

12.1. M odu lli te n g lam ala r. B a ’zi te n g la m a la rn in g  n o m a ’lum - 
la ri m o d u l (ab so lu t q iy m a t) belgisi o s tid a  b o ‘lad i. B u nday  te n g 
la m a la rn in g  yechilishi b iro r  o ‘zgaruvch i x  m iq d o rn in g  ab so lu t qiy- 
m a ti a m u sb a t so n g a  teng  b o is a ,  bu  h o ld a  x  n in g  o ‘zi yo a  ga, yoki
-  a ga ten g  b o l is h ig a  aso s lan a d i. M a sa la n , |x | = 5 b o i s a ,  x  =  5 
yoki x  = - 5 .

B ir nech a  m iso lla r qaray lik :
1-m  i s o 1. |x  -  l | = 2 ten g lam an i yeching.
Y e c h i l i s h i :  t a ’rifga k o ‘ra

0 ‘zgaruvch i x  n in g  b u  ik k a la  q iym ati h a m  b erilg an  teng lam an i 
q an o a tla n tira d i.

J a v o b: 3; - 1 .
2-m  i s o 1 .16 -  2x | = 3x  +  1 teng lam an i yeching.
Y e c h i l i s h i :  t a ’rifga k o ‘ra

i 6 - 2x > 0, [ - 2x  > - 6, f x < 3 ,

[6 -  2 x  = 3 x  + 1 ^  { - 5 x  = - 5  ^  [ x  = l. 

f 6 - 2 x < 0 ,  i -  2 x  < - 6, J x > 3 ,

[6 -  2 x  = - 3 x  — 1 ^  [x  =  - 7  ^  \ x  =  - 7 .
H aq iq a ta n  ham , x  =  -7  berilgan teng lam an i q an o a tlan tirm ay d i: 

x  = - 7  da |6 -  2 x | = |20| = 20, 3x +  1 =  -2 1  +  1 =  - 2 0 , 20 *  -2 0 .
J a v o b: 1.

{:
x  -  1 > 0,

x  — 1 =  2

yoki
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-4  0 1 X
2 9-r asm

12.2. Oraliqlar usuli. N o m a ’lum lari m odu l belgisi o s tid a  b o ‘l- 
gan  b a ’zi te n g lam ala rn i yechishda k o ‘p in ch a  oraliqlar usuli deb  a ta - 
luvchi u su ld a n  fo y d alan ilad i. Bu u su ln i u sh b u  

|56 -  8x | +  |36x + 144| =  356 
teng lam a m iso lida  tu sh u n tiram iz . Bu ten g lam ad a  ik k ita  m o d u l os- 
tidag i ifo d a  bor: 56 -  8x  va 36x +  144. B u la rd an  b irin ing  n o li x  =  7, 
ikk inch isin ik i x  =  -4 .  A bssissa la ri m os rav ish d a  - 4  va 7 g a  teng  
b o lg a n  n u q ta la r  k o o rd in a ta la r  ch izig‘ini u ch ta  o raliqqa b o ‘lad i (29- 
rasm ). Bu uch o ra liq n in g  h a r  b ir id a  |56 -  8x | va |36x +  144| ifo d a la r  
m o d u l belgisisiz o song ina  yozilad i:

|56-8x| = j 56 -  8x, birinchi va ikkinchi oraliqlarda, 
[-56 + 8x, uchinchi oraliqda.

Збдг+144 J —36jc —144, birinchi oraliqda,
[36x + 144, ikkinchi va uchinchi oraliqlarda.

Y ozilgan  bu  teng lik la rn i h iso b g a  o lib , berilgan  ten g lam an i h a r  
b ir o ra liq  u ch u n  yecham iz:

l ) x  <  - 4 ;  56 -  8x -  3 6 x -  144 =  356 x  = - 1 0  1
11 ’

2 ) - 4 < x  < 7; 5 6 - 8 X  + 3 6 x +  144 = 356 x  =  5 -  ■ 
7 ’

3 ) x >  7; - 5 6  + 8x +  3 6 x +  144 =  356 => x  = 6 ^  < 7

(q a ra la y o tg a n  uch inch i o ra liq q a  tegishli em as, shu sa b ab li x  n ing

6 ga teng  q iym ati teng lam a ildizi em as).

J a v o  b : - 1 0 j L ; 5 ^ .

12.3. Modulli tengsizliklar. M odu lli tengsiz lik larn i yech ishda

|/(*)|
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teng likdan  foydalaniladi. B undan  tashqari, geom etrik ta lq in iga k o ‘ra  
|x| sonlar o ‘qida abssissasi x  ga teng b o lg a n  nuqtadan  sanoq  boshigacha 
b o 'lg an  m asofani, \x -  a\ esa abssissalari m os ravishda x  va a ga teng 
b o 'lg a n  n u q ta la r  o ra s id a g i m a so fa n i a n g la tish id a n  fo y d a la n ish  
m aqsadga  m uvofiqdir. B a’zi ho lla rda  ushbu  tengkuchlilik  xossalari 
tengsizliklar yechim larini topishni qulaylashtiradi:

, ,  , . , . I /(■*)  ̂ g(x), 
f ( x )  < g{x)  <=> < (A )

[/(X ) > -* (x )

f ( x )  > g(x),  R
/ w < - * w  w

| / w | > g w  »

Bu tengkuch lilik  x o ssa la rid a  « { » belgi t o ‘p la m la r  kesishm asin i 
ifo d alasa , « [ »  belgi to 'p la m la r  b irla shm asin i ifodalayd i.

|/U ) | > |g(*)| <=> (/(■*))" > ( s W )~  - ^

f ( x )  < g(x)  <=> ( f i x ) ) 2 < ( g U ))2 ■ ( ° )
A yrim  tengsiz lik larn i yech ishda o ra liq la r  u su lid an  h am  fo y d a 

lan ilad i. Biz b u  p a ra g ra fd a

|ax +  b\ > c, |fl.v + b\>  cx + d,

\a ,x  +  b, I +  \a .x  + bA + ...+ \a  x  + b |>  f i x )I I  1 | | 2  21 I n  n I J  v 7
i f  (x)  =  const h am  b o ‘lishi m um kin) 

k o ‘rin ishdagi tengsiz lik la rn i yechilishin i m iso lla rd a  k o ‘rib  ch iqa- 
m iz. B ayon  q ilin ay o tg an  m u lo h a za la r  < , > , < belgili tengsiz lik la r 
uch u n  o 'r in li ekanlig i tab iiy d ir .

--------- // /4// // /4// // /4// / /  /4// //
-3  0 3 *

30-rasm

1- m i s o l .  | x - l | < 3  tengsiz likn i yeching.
Y  e c h  i 1 i s h i. A g a r b iro r  so n n in g  m o d u li 3 d a n  k ich ik  b o ‘lsa, 

b u  so n n in g  o ‘zi - 3  d a n  k a t ta ,  am m o  3 d a n  k ich ik  b o ‘lishi k e ra k  
(30 -rasm ga q ara n g ).

S hu  sabab li berilgan  tengsiz likn i
- 3  <  x  -  1 < 3

k o ‘rin ish d ag i q o ‘sh tengsiz lik  k o ‘r in ish id a  yozish  m u m k in . S hu  
tengsizlikni yecham iz:

- 3  <  x  -  I <  3 < = > - 2 < x < 4 .  
x  n in g  bu q iy m a tla r to ‘p lam i 3 1 -rasm da ta sv irlan g an .

J a v o b: x  e  (-2 ; 4).
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— / / / & / / / / / / y / / / /4)____________________

- 2  0 4 x

31-rasm

-2 0

</ //<-<- /! U p

32-rasm

2-m  i s o 1 .13 — x | > 2 tengsiz likn i yeching.
Y e c h i l i s h i .  A g a r  b iro r  so n n in g  m o d u li 2 d a n  k a t ta  b o ‘lsa, 

bu  so n n in g  o ‘zi yo  - 2  d a n  k ich ik , yoki 2 d a n  k a tta  b o ‘lish i k e ra k  
(32-rasm ). S h u n in g  u c h u n  b erilg an  ten g siz lik d an  3 - x  < - 2  y o k i
3 -  x  > 2 ekan lig i k e lib  ch iq ad i. B u n d a n  (33-rasm ).

- x  <  - 5  <=> x  > 5,
yoki

- x  > - 1  <=> x  <  1 ,

J  a  v o b: x  £ (-oo; 1) U (5; +  oo).

3-m  i s o 1. |x -  2| > x  -  2 tengsizlikni yeching. 
Y e c h i l i s h i :

| x  - 2 | > x  — 2 o

J a v o b. a e  (—oo, +oo).
4-m  i s o 1. |2x -  6| <  9x -  5 tengsizlikni Heching.

0 1 C

33-rasm

0  CD CD ©

o 2 x

34-rasm
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Y  е с h  i 1 í s h  i: B unday  tengsiz lik la rn i H echayo tganda (A) ten g  
kuchlilik  xossasidan  foydalanish  m um kin . S hunga asoslan ib , u sh b u  
yechim ni o lam iz:

\2x  -  6¡ < 9 x  -  5 <=>
2 x  -  6 < 9 x  -  5, 

2 x  -  6 > —9 x  + 5

I x  > - 1, 

H jc >  11

x >  7 * => [jc >  1.
[x  > 1

J a v o b : x e ( l ;  +  oo).
5-m  i s o  1. \x  -  3| > 2 x  + 1 tengsiz likn i yeching.
Y  e с h i 1 i s h i. (B) tengkuch lilik  xo ssasid an  foydalanam iz:

~x < - 4 ,
-  3| > 2 x  + 1 o

X -  3 > 2 x  +  1, 

X -  3 < - 2 x  -  1
<=>

л  < - 4 ,  

3 x  < 2
o

И
2

J а V o b :x e ( - o o ;  j ] .

6-m  i s o 1. |x | + |jc -  1| + \x  -  2| < 4 tengsiz likn i yeching.
Y e c h i l i s h i .  T e n g s iz lik n i o r a l i q la r  u s u lid a n  fo y d a la n ib  

yecham iz. M o d u l o stidag i ifo d a la rn in g  n o lla ri son  o ‘q in i t o ‘r t ta  
o ra liq q a  b o la d i  (34-rasm ).

H a r  b ir  o ra liq d a  tengsizlik  ta rk ib id ag i m odulli ifo d a la rn i m o d u l 
belgisisiz yozam iz:

) X ,  2; 3; 4 -  oraliqlarda, 

I-л:, 1 -  oraliqda,
x-\ =

\x  - 1, 3; 4 -  oraliqlarda,

I —X + 1, 1; 2 -  oraliqlarda.

2 = •
J x - 2 ,  4 -oraliqda,

[-ДГ+ 2, 1; 2; 3 -  oraliqlarda.

S h u n d a y  q ilib , b e rilg an  te n g siz lik  u sh b u  te n g s iz lik la r  siste- 
m a la rin in g  to ‘p lam iga teng kuch li b o ‘ladi:
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o < X < 1 Q < x  <4__________
211x - x  + l -  x  + 2 < 4 < = > - x < l < = >

<=> 0 < x  < 1
x  > - 1

[l < x  < 2 fl  < x  < 2
i . .  -  i „ o  1 < x  < 2
( x  + x -  l -  x  +  2 < 4 < = > x < 3 < = > [ x < 3

>2
7 => 2 <  x  < 1 .  

‘ i  3

«  ~ 3 <JC < |* J  a v o b: *  e  Í -  ^ ; j Y

Mustaqil ishlash uchun test topshiriqlari

1. T en g lam an i yeching: | ( j x  +  0,2 j  = | x  + j j .

A ) | ;  B ) | ;  C ) cheksiz k o ‘p  yechim ga ega; D) -  E ) j .

2. 2 ,8x -  3(2x -  1) =  2,8 -  3,19x ten g lam an i yeching.
A ) -2 ; B) 200; C) 0,2; D ) 20; E ) -2 0 .

3*. (m2 -  l)x  +  3 =  0 teng lam a yechim ga ega b o ‘lm ayd igan  t n ing  
q iym atla ri k o ‘p ay tm as in i top ing .

A ) 1; B) 0; C ) - 2 ;  D ) 2; E ) - l .
4*. a  n in g  q a n d a y  q iy m a tla rid a

( a x -  y  = 0,

[ x  + y  = 10

ten g lam ala r sistem asi yechim ga ega b o lm a y d i?
A ) ±1; B) —1; C) 1; D )± 2 ; E) 2.

5. X o ‘ja lik d a g i 12120 ga m ay d o n g a  b u g ‘doy , p ax ta  v a  beda 
ekildi. H am m a yern ing  30% iga b u g 'd o y  ek ilgan  b o 'lib , p a x ta  beda 
ek ilgan  y erd an  6244 ga o r tiq  yerga ek ilgan  b o ‘lsa, n ec h a  g ek ta r  
yerga p a x ta  ek ilgan in i top ing .

A ) 3630; B) 7364; C) 1830; D ) 6510; E) 7464.

4 ) J
x  > 2 f*
x  + x -  l +  x -  2 < 4 < = > 3 x < 7 = > X
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6. F erm er x o ‘ja lig ida  q o ‘y lar va to v u q la r boqiladi. Q o ‘y va to - 
vuqlar boshlarining soni 170 ta, oyoqlarining soni 440 ta b o ‘lsa, q o ‘ylar 
son i to v u q la r  son id an  nech taga kam ligini an iq lang.

A) 45; B) 60; C) 70; D) 80; E) 90.

[100 x  -  2 y  = 96,
7. |  3 Y + S7 v -  1 1 1 ten glam ala r  sis tem asin i q a n o a tla n tira d i-

gan  so n la r ju f tin i k o ‘rsating .
A ) (2; 1); B) ( -2 ; 1); C) (2; 52); D ) (2 ;-5 2 ) ; E ) ( l ; 2 ) .

[ 3 x  + ( k  -  1 ) y  = k  + 1,
8*. k  n ing  q an d a y  q iy m a tla rid a  + [ j v + , - 3  teng la-

m a la r  sistem asi cheksiz  k o ‘p  yechim ga ega b o 'lad i?
A ) -4 ; B) -1 ;  C )0 ; D )2 ;  E) 1.

9. K astu m  p a lto d a n  5950 so 'm  a rzo n . A g ar p a lto  k as tu m d a n  1,7 
m a rta  q im m at b o ‘lsa, k as tu m  necha so ‘m  tu rad i?

- A ) 8450; B) 7560; C ) 4500; D ) 8500; E ) 970.

10. Í 4 1  x  + 5 jL V  - i. = - i.  x  + 2 1  teng lam an i yeching.

A ) ^ ;  B )1 1 ; Q jL ;  D ) 2 Í ;  E ) ¿ .

11. T o 'r t t a  q a lam  v a  u c h ta  ru ch k a n in g  b irg a lik d ag i narx i 260 
s o ‘m , ik k ita  q a lam  va ik k ita  ru ch k an ik i esa 140 so ‘m g a  teng. R uch - 
k an in g  narx in i an iq lan g .

A ) 10; B) 20; C ) 30; D ) 25; E ) 35 s o ‘m.
12. A g ar k  > 0 va b > 0 b o ls a ,  y  =  k x  + b funksiya  grafig i k o o r- 

d in a ta la r  tek islig in ing  qaysi ch o ra k la rid a  jo y la sh ad i?
A) I, II va III; ^ B) I v a  II; C ) I, I II , IV;
D ) II, III, IV; E) I, II va IV.

13. K o ‘rsa tilg an  n u q ta la rd a n  q ay si b iri y  = - 2 x  +  4 funksiya  
g rafig iga tegishli?

A ) (-2 ; 3); B) (2; 3); C) (3; -2 ); D ) (2; 4); E) (4; 2).
14. A  (3; 2) va B  (a; - 1 )  n u q ta la r  Oy  o ‘q iga  p a ra lle l t o ‘g ‘ri chi- 

z iq d a  yo tad i. B  n u q ta n in g  abssissasi a n i top ing .
A ) 4; B) 2; C )3 ; D ) 0; E ) - l .

15. O rd in a ta la r  o ‘q iga para lle l b o ‘lgan  to ‘g ‘ri ch iz iq d a  A  (3; 5) 
v a  B  (x; v) n u q ta la r  berilgan . x  n ing  q iy m a ti nech ag a  teng?

A ) -3 ;  B) - 5 ;  C )3 ; D ) 8; E ) - 3 .
16. A  ( - 6; 3) v a  B  (2; - 3 )  n u q ta la r  berilgan . S hu  ik k i n u q ta  o rasi- 

dagi m aso fa  u zu n lig in i top ing .

A) 10; B) 8; C ) 6; D )V l0 ; E )V 8.
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17. A g ar P  (1; 3) v a  Q (4; 5) b o 'lsa , P Q  kesm a o 'rta s in in g  koo rd i- 
n a ta la r in i top ing .

A ) (1,5; -1 ); B) (2; 2,5); C) (-2 ,5 ; 4); D ) (2,5; 4); E ) (4; 2,5).
18. M  (-4 ; 0) n u q ta n i k o o rd in a ta  bosh i a tro f id a  90° b u rg a n d a  u 

q an d a y  n u q ta g a  o ‘tad i?
A ) (4; 4); B) (0; -4 ) ;  Q ( - 4 ; 4 £  B )  (4; 0); E )(0 ;4 ) .

19. U ch la ri A  (2; 6) va В  (-3 ; 2) n u q ta la rd a  b o ‘lgan A B  kesm an i

1  n isb a td a  b o 'lu v ch i С  (x; y )  n u q ta  k o o rd in a ta la rin i top ing .

A) (0,25; 0,5); B) (-0 ,25 ; 0,5); С) (1; 5,2);
D ) (5,2; 1); E ) (-1 ; 5,2).

20.  у  = \  x  -  3 vaj> =  0 ,5x  + 3 ten g lam ala r b ilan  berilgan  to ‘g ‘ri 

ch iz iq lar qaysi n u q ta d a  kesish ish in i an iq lang .

А ) ( у ;  - з ) ;  B ) (± ; з ); С ) (2,5; 3,5); D ) (2,5; 3,5); E ) B u to ‘g ‘ri

ch iz iq lar kesishm aydi.
21. O ta  50 y o sh d a , o ‘g ‘il esa 20 yoshda . N ec h a  yil avval o ‘g ‘il 

o ta d a n  3 m a rta  yosh b o ‘lgan?
A) 5; B) 4; C )3 ; D ) 2; E ) 6.

1 4  422 . + — j  -  (>, + 1)(>, _ 3) ten g lam an i yeching.

A ) 3; B ) - 3 ;  C) 1; D ) - l ;  E ) ten g lam a yechim ga ega em as.

23. a =  0,43(41), b =  0,4(341) v a  с = ^  so n la rn i o ‘sish ta r t ib id a  

yozing .
A ) b  < с < a\ В) c  < b < a; C ) b  < a < c\
D  ) c  < a < b \  E  ) a  < b  < c.

24. a = | -  3 ,(8)|, b = |3,85| va с = 1 ; ^  so n la rn i k am ay ish  ta r t i

b id a  yozing.
A ) a > b > с; В ) b  > a >  c\ C ) b  > с > a;
D ) с > b > a\ E ) a >  с > b.

25. Q uy id ag i tengsiz lik la rdan  qaysi b iri n o to ‘g ‘ri?
A ) a(a  + b) >  ab; B) m 2 -  mn  + n2 >  m n ; C ) 2be <  b2 +  c2;

D ) (a -  3)2 >  0; E ) ^ ^ l < 2 a .

26. 2( x  +  8) -  1 Ox <  4 -  8x  tengsizlikni yeching.
A ) (-oo; -2 ) ;  В) (^ o ; -1 2 ); C ) (-oo; 1,2);
D ) (-oo; 1,2]; E ) 0 .
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27. л: (x  -  4) -  X2 > \ 2 - 6 x  te n g s iz lik n in g  eng k ic h ik  b u tu n  
yechim in i k o ‘rsating .

A) 6; B) 7; C )2 ; D ) - l ;  E)  5.

28. 4 - x 5 x  > 0 tengsizlikni yeching.

A ) x e  ( £ ; + « > ) ;  В )  X  e  ( -  oo; - i ) ;  C ) x e ( - o o ;  £ ] ;

D ) x e | - o o ;  6 ^ - j ;  E ) x  e | -  6 ¿ ; + o o ) .

2 9 .2 (3 x  -  5 ) (x  -  1) -  3(l -  (2 x  + 1)(3 -  x )  + - p )  < 13 tengsiz

likn ing  n a tu ra l yechim lari y ig 'in d is in i top ing .
А) 0; В) 13; С ) 15; D ) 10; E ) 11.

30. (з  -  -Л о j(2x -  7) < 0 tengsiz likn i yeching.

A )x  6 (ViÔ; 3,5); B )x  Ц з ;  C)  x  e  ( - 00; 3,5);

D ) x  e  (3 ,5 ;+ 00); E ) x e ( 0 ;3 ,5 ) .
31. T engsiz lik lar sistem asini yeching:

Í3 -  2 x  > 0,

[ 4 x  + 8 < 0.
A ) x  e  (-2 ; 1,5]; B) x  e  ( - 00; - 2 ) ;  C ) x e [ l , 5 ;  + 00);

D ) x e ( - o o ; - l ,5 ] ;  E ) x e ( ^ » ; - 2 )  U  [1,5; + 00).

32. J 4 ï  + 2 -  5jc +  3’ tengsiz lik la r sistem asin ing  b u tu n  yechim -
2 -  3x < 7 -  2л:

la ri y ig 'in d is in i top ing . 
A ) 15; В ) -15 ;

3 3 .

5 jc+7 3x^.1 Ijc—7
6 T  12 ’

l - 3 x  l - 4 x ^ x  j
~ 2  3 - 6

C ) 14; D ) -1 4 ; E ) -1 0 . 

te n g s iz l ik la r  s is te m a s in in g  b u t u n

yech im lari nechta?
A ) 3 ;  B) 4; C )2 ; D ) 1; E) b u tu n  yechim lari y o ‘q.

3 x  -  4 < 8x  + 6,

2 x  -  1 < 5x  -  4, tengsiz lik la r sistem asini yeching. 
l l x  -  9 < 15x + 3

34.
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A )x  e  (-2 ; 1); B ) x e ( l ;  + 00); C ) x  e  (-2 ; 6];
D ) x  e  [-6 ; 1); E ) x e [ - 2 ;  1].

35. U sh b u  -1  <  15x +  14 < 44 q o ‘sh tengsiz likn i yeching.
A) (-1 ; 2); B) [-1 ; 2); C ) ( ^ o ; -1 ]  y  (2; + 00);

D ) [-1; 0] U (0; 2); E) (-2 ; 1].

36. — 1 < - < 1 q o ‘sh tengsiz likn ing  yechim ini k o 'rsa tin g .

A) [-3 ; 3]; B) [-5 ; 5]; C) [3; 9]; D ) [-9 ;-3 ]; E) [-9 ; 3].
37. ¡84 -  5x | = 64 ten g lam an in g  ild iz la rin i top ing .

A ) 4 yoki 29,6; B) 4; C ) - 4 ;  D ) 29,6; E) ±4.
38. |5 -  x | -  |x  + 4| = 0 ten g lam an i yeching.

A ) - 2 > B ) - 4 l ;  C ) 4I ;  D ) - i v a | ;  E) ±

39*. |x| +  |x  +  2| +  |2 -  x | =  x  +  1 ten g la raa  ild izlari nech ta?
A) ild izlari y o ‘q; B) 1; C) 2; D ) 3; E ) 4 .

40*. |x  -  1| + |x  + l| = 2 ten g lam an in g  b u tu n  ild izlari nech ta?
A ) B u tun  ild iz la ri y o ‘q; B) 3; C ) 4; D ) 2; E ) 1.

41. |x  — 3| > -1  tengsiz likn i yeching.

A J x e f i ;  B ) x e ( 2 ; 4 ) ;  C ) x e  ( - 00; 3) (J (3; +00);
D ) x  e  (-4 ; -2 ) ;  E ) x e [ 2 ; 4 ] ,

42. |2 x -  10| >  0 tengsiz likn i yeching.
A) x  e  (^x>; + 00); B )x e (5 ;+ o o ) ; C) x  e  (~oo; 5];
D ) x  e  ( - 00; 5) (J (5; + 00); E) x  e  (-5 ; 5).

4 3 .1 < |x | < 2  tengsiz likn ing  b u tu n  yechim lari y ig ‘ind is in i to 
ping.

A) 3; B) -3 ;  C ) 1; D ) 2; E) b u tu n  yech im lari y o ‘q.
44. -  1 < |2x  -  3| < 7 tengsizlikni yeching.

A ) x e ( l ;  5); B ) x g ( - 2 ; 5) ;  C ) (1; 2); D ) ( 1 ;  2); E ) (-1 ; 2). 
45*. |x  -  1| < 2 x  -  4 tengsiz likn ing  eng k ich ik  b u tu n  yechim in i 

toping.
A ) 3; B) 4; C )5 ; D )6 ;  E ) - l .

46*. |x  -  4| > 2 x  - 1  tengsizlikni yeching.

A )xe(-oo;-3 ); B )x e(4 ; +00); Q x e j - ® ;  |j ;
D ) x  e  ( - 00; 4); E ) x  e  (-3 ; 4).

47*. ¡x - 1| + |x  -  3| < x  + 1  tengsiz likn ing  b u tu n  yech im lari yi- 
g ‘indisin i top ing .
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А) 9; В) 10; С) 15; D ) 13; Е) 7.
48. |х | > a tengsizlik  a n ing q an d a y  q iy m a tla rid a  h a r  q an d ay  x  

u ch u n  o ‘rin li b o ‘ladi?
A ) a > 0 ;  B ) a  > 0; C ) a < 0 ; D ) a < 0 ;  E ) a e  R.  

49*. |x | + 2a  -  1 > 0 tengsizlik  x  n in g  ix tiyoriy  q iy m a tid a  to ‘g ‘ri 
b o ‘lishi u ch u n  a q an d a y  q iy m a tla r q a b u l qilishi kerak?

А) а <  0; В) a >  0; С ) a > ;  D ) a > - i ;  E ) a & R .

[ |x -  5| < 3,
50*. | | v 4 | > i  tengsiz lik lar s is tem asin i yeching.

A) [2; 8]; B) [6; 8] U {2}; C) (-^o; 8]; D ) [6; +oo); E) [2; 6].



V BOB

R A T S IO N A L  K O ‘R S A T K IC H L I D A R A JA

l - § .  K v a d r a t  i l d i z l a r

1.1. A rifm etik  k v ad ra t ildiz. x 2 -  a ten g lam an i qaray lik , b u n d a  
a -  ix tiyoriy  h aq iq iy  son . ß u  ten g lam an i y ech ishda  a so n g a  b o g ‘liq 
uch hol b o ‘lishi m um kin :

1) a g a r  a <  0 b o ‘lsa, u  h o ld a  ten g lam an in g  ild iz la ri b o ‘lm aydi, 
ch u n k i k v a d ra ti m an fiy  so n g a  teng  b o ‘lad ig an  son  m av ju d  em as;

2) a g a r  a -  0 b o ‘lsa, u  h o ld a  ten g lam a n o lg a  teng  b o lg a n  yag o n a  
ild izga ega b o ‘ladi;

3) a g a r  a >  0 b o ls a ,  ten g lam an in g  ik k ita  ildizi b o ‘lad i. U la rn in g  
ab so lu t q iy m a tla ri teng  b o ‘lib, fa q a t ish o ra la ri b ila n  fa rq lan a d i. 
M a sa la n , x 2 = 49 ten g lam an in g  ild iz la ri =  - 7  va x 2=  7. B u ik k a la  
son  h a m  ten g lam an i t o ‘g ‘ri ten g lik k a  ay lan tirad i. K v a d ra ti 49 ga 
ten g  b o lg a n  b u  ikk i so n  49 n in g  k v a d ra t ild izlari dey ilad i. S h u n g a  
o 'x sh a sh , 10 va -1 0  so n la ri 100 ning, 15 va - 1 5  son la ri 225 n ing  
k v a d ra t ild izlarid ir.

U m um an , a sonning kvadrat ildizi deb kvadrati a ga teng bo ‘Igan 
songa aytiladi. Q aralg an  m iso lla rda  nom anfiy  7,10,15 son la ri m os 
rav ishda 49 n ing, 100 n ing  v a  225 n ing  arifmetik kvadrat ildizi deyiladi.

T  a  ‘ r  i f. Nomanfiy a sonning arifmetik kvadrat ildizi deb kvadrati 
a ga teng bo ‘Igun nomanfiy b songa aytiladi.

a so n n in g  arifm etik  k v a d ra t ildizi u ch u n  -Ja belg ilash  q a b u l qi- 

lingan . T a ‘rifg a  k o ‘ra  yfä = b b o ‘lsa, b2 = a ( b >  0 ) . S hu  sabab li,

\/4  =  2 (22 = 4 ); y jlA 4 = 1,2(1,22 = 1,44); y[o = 0 (02 = 0 )  
va h o k azo .

yfa ifoda m a‘noga ega bo‘!adigan istalgan a uehun
(■Ja )2 -  a

tenglik  to ‘g ‘ri bo ‘ladi. 

1.2 A rifm etik  k v ad ra t ildizning xossa lari. 1. A g ar a >  0 v a  b >  0
b o ls a ,  u  h o ld a
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’Jab =  4a ■ 4b.
S h u n g a  o ' x s h a s h ,  a g a r a  >  0 ,  b > 0 ,  c  >  0  b o ‘ l s a ,

Ja b c  = 4 a  ■ J b  ■ 4 c .
2. A g a r  a  >  0 va b > 0 b o ‘lsa, u h o ld a

I £  -  4a  
n  ~ 4b-

M  i  s  o  1 1  a  r :
\)J64  - 9 0 0  =  V 6 4  • V 9 0 0  =  8 - 3 0  =  2 4 0 .
2)  J49 ■ 6 4  • 0 , 2 5  =449-464- 4^25  =  7  • 8 • 0 , 5  =  2 8 .
3)  4\,69  0 , 0 9  • 0 , 0 0 0 1  =  V T 6 9  ■ -s / 0 , 0 9  • 0 , 0 0 0 1  =

=  1 , 3  0 , 3  - 0 , 0 1  =  0 , 0 0 3 9 .
zn /1 T ~ 4 2 —256 = /25 /49 [256 _ 5  7 16 ,  35 , 3 8  

'  V 36 ' 64 ' 9 V 36 V 64 V 9 6 8 3 9 9 '

5) Vl 172 -  108- = 7(117 -108)0 17 + 108) = V 9  ■ 225 =

= 49-4225  = 3 - 1 5  =  4 5 .
3 .  a n i n g  i s t a l g a n  q i y m a t i d a

= |a|
t e n g l i k  o ‘ r i n l i d i r .

M  i  s  o  1 1  a  r :
l ) ^  =  A| ( 7 j 7 =  |£ 7 9 | .  2 ) 2  y j -  2 3  2 =  2 - | - 2 3 |  =  2 - 2 3  =  4 6 .

I- - - - - - 7 , , [ -  0 , 5  v ,  a g a r  v  >  0  b o ’ l s a ,3 ) - V 0 , 2 5 y 2 =  - 0 , 5  7 =  j  y[  0 , 5 j > ,  a g a r  y  <  0  b o  I s a .

4) J  28224 = J 2 6327 2 = 2 3)2327 2 = 8 - 3 - 7  = 168.

2-£. >> =  x 2 va y  = 4x funksiyalar.
Warning grafik lari

2.1. j  =  x : funksiya. Bu fu n k siy an in g  asosiy  xossa larin i k e ltir ib  
o ‘tam iz:

1) A g ar x  =  0 b o ls a ,  y -  0.
2) E rk li o ‘zg a ru v ch i x  n in g  n o m a n fiy  q iy m a tla rid a  fu n k siy a  

o ‘suvchid ir. y a ‘ni argum en tn ing  k a tta  q iy m a tig a  funksiyan ing  k a t ta  
q iym ati m os keladi,
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( -  00; 0] o ra liq d a  esa, argum entn ing  k a tta  q iym atiga funksiyan ing  
kich ik  q iy m ati m o s kelib , fun k siy a  kam ay ad i.

3) A g ar x  a rg u m e n tn in g  m u sb a t q iy m a tla ri ch ek lan m ay  o rttir il-  
sa, funksiya m u sb a t cheksiz likka in tilad i.

4) A gar x  argum entning__________________________________________
ishorasi qaram a-qarshisiga 
o 'zgartirilsa , funksiyan ing  
q iym ati o ‘zgarm ayd i, ha- 
q iq a ta n  h a m  (—x ) 2 =  x 2.
B u n d a y  x o s s a g a  eg a  
bo_‘lg a n  f u n k s iy a  j u f t  
fu n k s iy a  d ey ilad i. y  =  x 2 
funksiya ju f t  funksiyad ir.
U n ing  grafigi o rd in a ta la ri 
o ‘qiga n isba tan  sim m etrik.

F u n k s iy a  g ra f ig i 35- 
rasm da keltirilgan. Bu egri 
c h iz iq  p a ra b o la  d e b  
a ta la d i.

2.2. y  = 4 x  funksiya. Bu funksiya  nom anfiy  so n la r to 'p la m id a  
an iq langan  b o i ib ,  un ing  q iym atla ri ham  nom anfiy  so n la rd a n  ibo rat. 
F u n k siy an in g  an iq lan ish  so h a s id an  o lingan  a rg u m e n tn in g  k a t ta  
q iym atiga funksiyan ing  k a tta  q iym ati m os keladi: funksiya o ‘suvchi.

y  = 4 x  fu n k s iy a  g ra fig i y  -  x 2 fu n k s iy a  g ra fig ig a  y - x  t o ‘g ‘ri 
chiziqqa n isba tan  sim m etrik  b o ‘lgan yarim  p arabo ladan  ib o ra t (x > 0) 
(35-rasm ).

3 - § .  K v a d r a t  i l d i z l a r  q a t n a s h g a n  i f o d a l a r n i  
s h a k l  a l m a s h t i r i s h

K v a d ra t ild iz la r q a tn ash g a n  ifo d a la rn i ay n an  sh ak l a lm ash ti- 
rishga d o ir  m iso lla r k o 'r ib  ch iqam iz.

1 - m i s  o 1. 3-720 + 5>/45 -  2 V8O ifodan i so d d a lash tirin g .

Y e c h i l i s h i :  3 ^ 2 0  + 5V45 -  2>/bÖ =  3V22 -5  + 5 ^ 3 2 - 5 -

-  2V42 -5 = 3 • 2V5 + 5 • 3V5 -  2 • 4V5 = 6V5 + 154 1  -  8>/5 = 13V5. 
J a  v o b: 13-\/5.
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2-m  i s о 1. A m allarn i bajaring: {a 4 \2  + -  л /з) : л/з.

Y e c h i l i S h i : ( 4 V Ï 2 + i V Ï 8 - Æ ) : V 3 = 4 . ^  + Æ _ Æ  =

*4''J? + 2'l/î- l“4'̂  + 2' _̂l = 7 + °'5̂"
J a V o b: 7 + 0,5л/б.

3-m  i s о 1. A m alla rn i bajaring : %--Job -  2 J -  -  , P r  ■ 4 a b .
\ b  V a  V ab J

Y e c h i l i s h i .  [ ^ 4 a b  - 2  • yfâb = -Jab -Jab -
\ b  \ a  \ ab  J b

- 2 ^ - 4 0 S — ± = - 4 а Ь  = î - a b - 2 y f b *  -  l = a 2 - 2 b - l .  
yla -Jab b

J a V о b: a 2 -  2b -  1.

4-m  i s о 1. y¡5 -  2-JZ -  л/б + 2л/б ni h isob lang .

Y e c h i l i s h i .  1- u s u  1. л: =  л/5^-2л/б -  л/5 +  2л/б (x  < 0) belgi-

l a s h  k i r i t a m i z .  U  h o l d a  x 1 = 5 -  2-Уб -  2 ^ 5  -  2-Уб^5 + 2>/б j +

+ 5 + 2л/б = 10 -  2л/25 -  24 = 8.
x 2 = 8 о  |х| = 2 л/2 => x  = ±2V2 . x  < 0 ekanlig in i h isobga ol- 

sak , x  = - 2л/2 .
2 - u s u l .  I l di z  o s t i d a g i  i f o d a l a r n i  t o ‘la k v a d r a t  s h a k l i g a  

k e ltiram iz :

л/5-2л/б -л/5 + 2л/б = л/3 — 2л/Зл/2 + 2 — л/з + 2л/Зл/2 + 2 =

= J(V3 -  Л / -  + Л /  = |л/з -  л/2| -  |л/з + л/2| =

= л/з-л/2-  Т з -л / 2  =-2л/2.

J а V о Ь: - 2 л/2.

5-m i s о 1. ^2 — л / 5 9 + 4 л/5 ni h isob lang .

Y  е с h i 1 i s h i. (2 -  л/?)л/9 + 4л/5 = (2 -  V s)V 5 +  2 л/5 • л/4 + 4 =

= (2 -  л/?У(л/5 + л/4 )2 = (2 -  л/?)(2 -ь л/5) = 4 - 5  = -1.

J a v o b :  - 1 .
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6-m  i s o 1. -Jy~ -  10 j  + 25 + y ly 2 -  14y  + 49 ifodan i sodda lash - 
tiring  (y <  5).

Y  e c  h i 1 is  h  i. -Jy2 - 1 0 ^  + 25 + y j y2 -  14jv + 49 = - J ( j  -  5 ) ' +

+ J (> ’ - 7 )2 = | >' - 5 [  + | ^ -  7];
j  <  5 e k a n l ig in i  h i s o b g a  o l s a k ,  |^ - 5 | + |> '-7 | = 5 - 7  + 7 - y  = 

=  1 2 - 2 j > .
J a v o b: 12 — 2y.

7-m  i s o 1. - J ( x - 9 Ÿ  = x  -  9 tenglik  x  n ing  q an d a y  q iym atla ri- 
d a  to ‘g ‘ri?

Y e c h i l i s h i .  -J(x -  9)" = \x -  9| b o ‘lganligi sab ab li berilgan 
tenglik

\x -  9\ =  x  -  9
k o ‘rin ish d a  yoziladi. Bu teng lik  x  — 9 > 0 b o ig a n d a g in a ,  y a ‘ni x  > 9 
d a  t o ‘g ‘ri.

J  a  v o b: x  e  [9; +  oo).

8-m  i s o 1. -J\ + y f l l  J~x = 2 ten g lam an i yeching. 
Y e c h i l i s h i .  B erilgan teng lam a x  >  0 d a  o ‘rinli. T eng lam ani

yecham iz: t]  1 + >/2”+ Vx = 2 o  1 + yll  + Vx = 4 <=> V2 + Vx = 3 => 

=> 2 + V x =  9 <=> V x = 7 <=> [x  = 49.
J a v o b: 49.

9-m  i s o 1. (x  + 1 +  V I ^ x  + 1 _  >/3 j  ifo d a n i k o ‘p h a d  sh a k lid a  

yozing.

Y e c h i l i s h i . ^ x  + 1 + - J Ï Y x + 1 -  V I)  =

= ( (x  + 1) +  V 3 Ï ( x  + 1) -  V I)  =  x 2 +  2x + 1 -  3 =  x 2 + 2 x  + 2;

J a  v o b: x2+ 2 x — 2.

10-m i s o 1. K asrn i q isq artirin g : — - p —
• J x - y j y

Y e c h i l i s h i .  + =
y / x - J y  J x - J y

■ = x  +  -/x ÿ  +
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J a v o b :  X + y fx y  + y .

1 1- m i s  о 1. - — + 2 ifoda q iym atin i to p in g .

Y  e c  h i 1 i s h i:
5 ( з - 2 л / 2 )  + 5 ( з + 2 л Я )

3 + 2 л/2 3 -  2 л/2 (э + 2 л /2 ) (3 -2 > /2 )  

15 -  Юл/2 + 15 + 10-У2 30
9 - 8

= 30.
з 2 -  (2V2)"

J a v o b :  30.
A yrim  ifo d a la rn i so d d a la sh tir ish d a , q iym atla rin i h iso b la sh d a  

m a x ra jla rid a  ild iz la r b o ig a n  b a ’zi k a s r la r  a lm ash tirish  y o rd a m id a  
m a x ra jla rid a  ild izlar b o im a g a n  k a s rla rg a  keltirilsa, so d d a la sh tir ish  
ja ra y o n i a n c h a  yengillashadi. Kasr maxrajidagi ildizdan qutulish -  
kasr maxrajidagi irratsionallikdan qutilish deviladi (4 .5 -b an d d a  bu  

m asa la  b a ta fsü ro q  bayon  q ilingan).
K asr m axra jidag i ir ra ts io n a llik d a n  q u tilishga b ir nech a  m iso lla r 

k o ‘ram iz.
3

1-m  i s о  1. k asrn in g  m ax ra jid a g i irra ts io n a llik d an  qutiling . 

w  3 3V5 Зл/5
Y« hll,shl- Л  = 7Г7? = ~ ;
J a v o b :  b ß . .

5

y ß - y f i
2- m i  s o l .  —j=— p  k a s rn in g  m a x ra jid a g i i r r a ts io n a l l ik d a n

V 3 + v 2
q u tiling .

Y e с h i 1 i s h i. K asrn in g  su ra t va m axra jin i (4 b  — л/2 ) ga k o ‘-

p ay tiram iz  (л/3 -  va л/з + л/2 ifo d a la r  о ‘zaro qo ‘shm a  ifodalar  
dey ilad i):

=  3 - 2 Æ  +  2  =  5 _ 2 Æ

‘ - 2Л - Л  + ( J l f
г
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3-m  i s о 1. ------4 — =  k a s rn in g  m a x ra jid a g i ir ra ts io n a ll ik d a n
1 +  V 3 -V 2

qu tiling .

Y  e с h i 1 i s h  i. A vval k asrn i su ra t va m axra jin i i l  +  л/з +  л/ I )  

ga k o ‘pay tirib , V 2 d an  qu tilam iz:

4^1 +л/з + л/ I )  4^1 + л/з + V2 ) 4^1 + л /з+ л /1 )

((i + V 3 ) - V 2 ) ( ( i + V 3 ) + V 2 )  ‘  1 + 2V3 + 3 - 2  “  2(1 + -Уз)

2(1 + V3 + V2 )

1 + л/3

H osil b o ig a n  k asrn in g  su ra t va m ax ra jin i 1̂ + л /з) n in g  q o ‘sh- 

m asiga k o ‘pay tiram iz :

2 ( l  +  л/3 +  V 2 ) ( l  -  л /з ) 2 ( l  -  л/3 +  л /з - (  л/з ) 2 +  л/2 -  л/2 • л /з )

(l +л/з)(1 -  л/з) =  1 - 3

=  - ( l  -  3 + л/2 -  л /б ) =  2 -  л/2 +  л/б-

J а V о Ь: 2 -  л/2 + л/б.

4-m  i s о 1. — Ц =  -  - t J —  + — ¿ 7= -  +  л/5 ifo d a  q iy m a tin i
2 + л/5 л/7 + 3 1 -  л/7 л/5

h isob lang .
Y  е с h  i 1 i s h  i. H a r  b ir k asrn in g  m axra jin i ir ra ts io n a llik d an  q u t-  

q arib  berilgan  ifo d a  q iy m atin i h isob laym iz:

2  -  л / 5 ______________________ л / 7  -  3 3(l + л / 7 )  1 0 л / ^   ̂ ^  =

( 2 +  л / 5 ) ( 2 -  л / 5 )  ( л / 7 + з ) ( л / 7 - Э )  ( l  -  л / 7 ) ( 1  +  л / 7 )  ( V $ ) 2

2 — л/5 л / 7 - 3  . 3(1 + v ^ )  10л/5 . /7

-  4 -  5 7 -  9 +  1 -  7 5 +

= - 2  + л/5 + i  л/7 -  I  -  i  - ¿ л / 7  -  2 л/5 + л/5 = - 4 .

J а v-о Ь: -  4.

J а V o b: 5 -  2л/б.
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5-m i s o 1 .1 - 1— -= + - j=—
K^ a+\ +- Ja  - J a - J a - \ ,

(yja +1 -  yja -  l )  n ' s°d -

d a la sh tirin g .
Y e c h i l i s h i .  I fo d a n i  s o d d a la s h t i r i s h d a  u n d a g i  k a s r la r  

m ax ra jla rin i irra ts io n a llik d an  q u tq a ram iz :
\

x (yla '+l -  J a  - l )  = - Væ +

\
/

v

yJa + \-  4a yja + yfa~T
a + l - a  a - o +1

+ -x/tf + 7 «  -  1 ) +  1 -  =  + 1 + a/*2 “  1 )(Vû +1 -

-  -Ja- l \  = a + \ -  a + \ = 2.
J a v o b :  2.

</-$. R a t s i o n a l  k o ‘r s a t k i c h l i  d a r a j a

4.1. Haqiqiy a sonning //- darajali ildizi. n <= N.  n > 2 ,  a - ix tiy o riy  
h aq iq iy  son  b o is in .

T  a  ‘ r  i f . a sonning n- darajali ildizi (  4a bilan belgilanadi) 
deb n- darajasi a ga teng bo jgan b songa aytiladi. a -  ildiz ostidagi 
son, n -  ildiz ko ‘rsatkichi deyiladi.

T a ‘rifga k o 'ra  4 â  = h b o is a ,  a =  b \  ( 4 a  ) = a.

M asa lan , V - 8 = - 2, chunk i ( - 2)3 =  -8 ;  V 8Î = 3, ch u n k i 34 =  81. 
- 3  h am  81 n in g  to i t in c h i  d a ra ja li ild izid ir, ch u n k i ( -3 )4=  81.

Ikk in ch i d a ra ja li ildizni kvadrat ildiz, uch inch i d a ra ja li ildizni 

kub ildiz deb  a ta sh g a  o d atlan ilg an . 4a ifo d a d a  2 so n in i tu sh irib  

q o ld irib , 4a  k ab i yoziladi.
M usbat sonning toq darajali faqat bitta ildizi mavjud. Bu ildiz 

musbat.
M usbat sonning juft darajali ikkita ildizi mavjud. Bu ildizlarning 

absolut miqdorlari teng bo‘lib, ishoralari qarama-qarshidir.

M i s o 11 a r: 1) V8 = 2, 2) ^243  =  3, V Ï6 =  ±2, Vô25 =  ±5.
M anfiy sonning juft darajali ildizi mavjud emas.
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M anfiv sonning toq darajali ildizi mavjud va faqat bitta. Bu ildiz 
manfiy.

M i s о 11 a r: 1) V -  128, V -  81 -  m a’noga ega emas.

2)3лГГ27 = -3 ; 4^32 = -2 .

ning qanday qiymatlarida aniqlangan?
Yechilishi: toq darajali ildiz ostidagi ifoda manfiy ham, nomanfiy

ham bo‘lishi mumkinligi sababli V 3 - x  ildiz o ‘zgaruvchi x  ning har 
qanday qiymatida aniqlangan. Juft darajali ildiz ostidagi ifoda faqat

nomanfiy boiish i mumkinligi sababli V5x -  5 ildiz o ‘zgaruvchix> 1 
qiymatlardagina aniqlangan.

J a v o b :  x e  [1; + oo).

4.2. n -  darajali arifmetik ildiz. T  a ’r i f. Nomanfiy a (a>0) son
ning n- darajali arifmetik ildizi deb n- darajasi (n>2) a ga teng 
bo'lgan nomanfiy b (b>0) songa aytiladi (n<=N).

Masalan: 1) '4a"= |a |;2 ) y¡(-3)4 = | - 3 |  = 3;

3)V9 = 3 (±3 emas!); 4) V625 = 5 ;

5)4x2 + 2 х  + 1+л/х2 -  2 x  + l=-\/(x + l ) : +yj(x-l)2 = )x + l|+ )x -l|;
2 n l~~Bundan buyon 'Va (a >0) ifodadan a sonning 2n- darajali arif

metik ildizini tushunamiz. Masalan, 4&\=3,425 = 5,4m =2.

4.3. n-  darajali arifmetik ildizning xossalari.
1 Agar a> 0; b > 0  b o isa , u holda

"4ab = 4a '4b".
Agar ал > 0, a2 > 0 , . .  . , ak > 0, b o isa , u holda

" А  ’ a i
Masalan, 4з ■ 4Ï ■ 4б = л/3 ■ 8 • 6 = VÍ44 = 12.
2. Agar a > 0, b > 0 b o isa , u holda

nia, _ "4й_ 
v* n4~b

3. Agar a > 0, n> 2, к > 2, n e N,ke.N  b o isa , u holda

104



4. A gar a  ^  O, n >  2, k  > 2, m  > 2, n £  V , k  G. N,  m  <E b o 'lsa , u 

ho lda

^  /j / A: /  /  /?+£5. y¡a ■ \ a  =  \ a
6 . A gar a  >  0 b o is a ,

I mk " \ a  = Va

2n+1 = a

n * /  n* I n - k
Va : Va =  Va

I 2«" | I 2 n + l  /
M a sa la , m iso lla rm  y e c h a y o tg a n d a  Va = |a | ,  Va 

te n g lik la rn i y odda  tu tish  za ru r.
M i s  o l l a r :

1 )^2 5 6  so n ’ so n *^an  nech a  m a rta  kichik?

Y e c h i l i s h ¡ : > ^ : * g r  = i §  = ’& - 2 .

J  a v o b: 2 m a r ta .

2) (V íó)1 = Víó1 = V217 = 2: = 4. 3) \IÍ¡2 = 15V2 .

4) V ( x - 2 ) ( 8 - x )  =  V x  - 2  V 8 - x  tenglik  x  n in g  q a n d a y  qiy- 
m a tla rid a  t o ‘g 'ri?

Y e c h i l i s h i :

í x  -  2 > 0, f x  > 2 ,

{8 - x > 0 O | x < 8 .
J a v o b: x  e  [2; 8].

5-m  i s o 1. ((y ía V a  )  - V a )  : 'V a 1 ifodan i so d d a lash tirin g .

Y e c h i l i s h i :  B erilg an  ifo d an i so d d a la s h t ir is h d a  a r ifm e tik  
ild izn ing  3- v a  4- x o ssa la r id a n  foydalanam iz:

{ ( № 7 ) ’ -  : 1V ?  = ( ( ®  ■ -  ÍC )  : 5V ?  =

= (a Va -  Va^ :Va = (a -  \)Va ■ jjrr = a -  1.

J a v o b :  a -  1.

3 a + ^------V a6 | : ÍV a  -  Vb^j ifo d an i so d d a la sh ti-
Va + Vb )

6-m  i s o 1. 

ring.
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Y e c h i l i s h i :
a +b

T a ^ J b
\fâb : ( V a  -  Vb )  =

4 ^ - V Z b + 4 ^ 2

l ^ + lfb 1 J ' “

= ( j/ 7 -  V ^  + Vè7 -  Щ  : (V  ̂-  V¿) =

= ( V ? -  2 \ ía l íb  +  3V ^ ) : ( V i  - -Уь)2 = ( 3̂  - V è ) j - V f t f

J a  v о b: 1.
6-m i s o l .  b >  a >  0 b o is a ,

V л/^-л/А  

ifodan i sodda lash tiring .

aja  -b -J b  i T a J a  + b J b  Г Т  
+ у! ab -  . — —------------Jab

■Ja +  Jb

Y e c h i l i s h i :  .H r ^  +  Æ -
V J a - J b

aJ¿ bJb
V Ja + Jb

•Jab =

Ш )  - ( V è )
> \  )  + ^ -  \ \  Г  V /  _ v ^  =  

J a - J b  V Jä + Jb

( æ )3 + ( v ä J

H j ä  t Æ Æ  i (n/¿

■Ja -  Jb
■Jab

H л/о + 7 б ^ (л /а )  - J ä J b  + { j b
— -Jab =

Va + Vè

= v ( V a ) ? + 2 J a -J b  + ( J b ) 1 -  V W « )’ -  2 Va V¿ +  ( 7 ¿ ) ?

= ^/(Va + Vè) -  ^(л/a -  %/Л j  = |Va + Vè | -  |Va -  л/è] =

= л/a  +  л/й -  л/è  + л/a  =  2 J a .
J a v o b :  2 л/а.
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4.4. Ratsional k o‘rsatkichli daraja. A rifm etik  ildizning t a i i f i  va 
xossa lariga  a so slan ib , agar n -  n a tu ra l son  (n e  AO, k  -  b u tu n  son  
(k  e  Z ) va k  son  p  ga b o lin s a , a > 0 b o ig a n d a

tenglik  to ‘g ‘ri ekanlig iga ishonch hosil q ilish  m um kin . M asalan ,

=  i J f t Y  = 53 = 125 yoki =  5 ^  = 53 = 125.
. * 

B ord i-yu , ag a r — nisba t b u tu n  son  b o im a s a ,  u h o ld a  a "  (a > 0, 

n e N , k e Z  ) d a ra ja
----  k" I k  ~yla =  a "

fo rm u la  to ‘g ‘rilig icha qo lad igan  q ilib  ta 'r if la n a d i,  y a ’ni

<■>
deb  h iso b lan ad i. S hunday  qilib , (1) fo rm u la  ista lgan  b u tu n  k  va 

M a sa la n ,

0,7* = V (0 ,7 ) \ ( \ )  = ( |) 10 =  , 5~6 = 5 ^ =

Asosi nolga teng b o igan  daraja faqat musbat kasr k o ‘rsatkich 

uchun aniqlangan: agar y  -  musbat kasr son bo‘lsa (n e  N, k e  N ), u 

holda
k

0" = 0 .
3 _  1 _  1

( - 2 ) 4, ( - 8) g, 0 2 k ab i ifo d a lar m a ’n o g a  eg a  em as. A g a r  a > 0, k  -  
b u tu n , m  v a  n  n a tu ra l son la r b o is a ,  u h o ld a  (1) fo rm u lad an

— nm L
a nm = Va =  a '

S h u n d ay  q ilib , ra ts io n a l k o ‘rsa tk ich li d a ra ja n i ild iz sh ak lid a  va 
ak s in ch a , ildizni ra tsional k o ‘rsa tk ich li d a ra ja  sh ak lid a  tasv irlash  
m um kin .

Natural k o‘rsatkichli darajaning barcha xossalari (III bob, 1.2- 
band) istalgan ratsional k o ‘rsatkichli va musbat asosli darajalar 
uchun to ‘g ‘ridir.

A g ar a > 0, /; va q -  ix tiyoriy ra ts io n a l so n la r b o is a :

1. ap ■ aq =  aP*q. 2. ap : a'' =  ap~q. 3. {cf f  =  a'"'.
A g a r a > 0, b > 0, p  -  ix tiyoriy  ra ts io n a l so n  b o is a :
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4. (a ■ b y  = a"bP. 5. ( f j  = f f .

R a ts io n a l k o ‘rsa tk ic h li d a ra ja n in g  x o ssa la rin i q o ila n il is h ig a  
do ir m iso lla r keltiram iz:

1 -m i s o 1 (0 -0 4 r '-^  -  (0.17.S) 3 n ; ^

Y e c h i l i s h i .  (0 ,04)~1,5 -  (0,125) 3 =  ( 0 ,0 4 ) ^  -  (0 ,1 2 5 )^  =  

^ ^ O t M F - ^ O -  ^ 5 ) ^  =

= J (0 ,2 )~6 -  3J ( 0 ,5 )-6 = (0,2) = -  (0,5) 3 =  (0 ,2 )“3 -  (0 ,5) “2 =

— 11
-2

J a v o b: 121.

2-m i s o 1. x  = 27 b o i s a ,  V x : V x  n ing  q iy m atin i top ing . 

Y e c h i l i s h i :  V x : V x  = x 2 : x s = x 2 5 = x 3 = V x.

x  n ing  q iy m a tin i q o ‘ysak. 1/27 = V ?  = 33 = 3.

J a v o b :  3.

3 - m i s  o 1. -  VV4096 ifo d an in g  q iym atin i top ing .

Y e c h i l i s h i :  ^ 4 0 9 6  ~ ^ /4096 =
v64 ,

((6 4 )2 ]3

l i

=  ( w )  4 3 ~ 64 4 3 = ( 1 )  6 ~ 2 6 ~  2 _  2 =  _ 1 2 '

J a v o b :  - 1 1 .

4 - m i s o  1.y | v| _ ,  ifo d a x n in g q a n d a y q iy m a tla r id a a n iq la n g a n ?

Y e c h i l i s h i .  0 ‘zgaruvchi x  ildiz o stidag i k as r ifo d an in g  m ax- 
rajin i n o lg a  ay lan tira d ig a n  q iy m a tla rd a n  ta sh q a r i ba rch a  q iym at- 
la rn i q ab u l qilish i m um kin :
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| х |  -  2  ^  О <=> | х |  ф 2  = >  [ х  ф ± 2 .  

J a v o b : x e  (-°° ; —2 ) U(—2; 2 )U(2; +°°)

5 - m i s o l . :

i l l  
■лл -у3 + у }

х + у k a s r n i  q i s q a r t i r i n g .

2 1 1 2  
х3 - х 3 -у3 +у3 

Y e c h i l i s h i .  х+у

1 42 i i г  , у
-х 3 ■у3 + уз

(  1 ï
3

Í 0
Л-3 + У З

f i 
Jt3

2  1 . 

- x 3-y3 +

. . Л  .

1

y 3

2

.  . . 5 Л

1

t T
x 3 +;y3

!

X3
1 I

-JC3-y3 +
i

y 3

< jx + y y

J  а  V  о  Ь :

6 - m  i  s о  1. д / 9 3 6  +  д / б 0 1  +  J~516 n i  h i s o b l a n g .

Y  e  с  h  i  1 i  s  h  i :  ^936 +  д /601 +  л/576 =  ^936 +  V601 +  VÎT" -

д /^ З б ^ Т б о Г П Т  = л /^З^ Т ^ /бг^  = л/936 + л/25^ =  л / ^ б Т г з ’ = 

V%T = л/зТ7  = 31.
J a v o b :  3 1 .

VÏ28 • 5л/32
7 - т  i s  о  1. n i  h i s o b l a n g .

Y e c h i l i s h i .

Æ  - \ Í6 4

Ш  - V32 V ^ - V F  2 - 2  1

9  4  9

J a v o b :  у -

8 - m  i  s  о  1. ( V l °  V - 7 2 9  +  5  V- 3 4 J  -  5 ^  n i  h i s o b l a n g .

109



Y  e c  h  i  1 i  s  h  i .  Çj l O Х Г Т 2 §  +  5 Х Г ^ Ш  -  5  J  =

= (ÿ lO (-  V 7 2 9 ) + ( -  5 V3 4 3 ) - 5) = ^ - 1 0 - V 9 7 -5'V 7r -5 j  =
A  i---------------------------------------  \ 3 / ,  :---------------------------  \ 3 3

=  1IV- 10'- 9 - 5  • 7 - 5 ] 1 =1 V- 90 —  35 — 5 )1 И [V= 125 - 5 ] 1

= ( -  VÎ25 -  5)  = ( -  5 -  5)3 = ( - 10)3 = -1000.
J  a  V  о  b :  - 1 0 0 0 .

9 - m  i  s  o  1. • \ j l  +  4  л /3  k o ‘ p a y t m a  q i y m a t i n i  t o p i n g .

Y e c h i l i s h i :  з / 2  - л / 3 - ^ 7  +  4 - Л  =  ^ 2  - л / 3 - ^ 4  +  2 л Д 7 з  +  3  =

= V 4 - 3  = 1.
J a v o b :  1.
B a ' z i  h o l l a r d a  i r r a t s i o n a l  i f o d a l a r n i  s o d d a l a s h t i r i s h d a

V A  ±  J~B = J A + -  ±  В ( а > Л з )  a y n i y a t d a n

f o y d a l a n i s h  m u m k i n .

1 0 - m  i  s 0 1. -J l  + V ¥  n i  s o d d a l a s h t i r i n g .

Y  e  с  h  i  1 i  s  h  i .  J T T M  -  +  ,

J a v o b :  2  +  л / з .

1 1 - m  i  s  о  1. - J lO  -  2  л / 9  +  4-J~5 n i  s o d d a l a s h t i r i n g .

Y e c h i l i s h i .  O l d i n  y¡9 +  4 л / 5  =  л /9  +  л / 8 0  n i  s o d d a l a s h t i r a -  

m i z .

^ 7 ^  = j i ± Æ g  + i| b Æ ! £ , j 5 + 2 ;

^10-2(75 + 2) = y¡6-2j5  » v'6 - v'20 « J Ü Æ zM  _
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j 6~ Æ Ë  = 4 5 - l .

J a V о b: л/5 -  1.

â+V 2 + V Î - l2J (9 -4 V 5 )
12-m i s о 1. = -—- — -------ni soddalashtiring.

]¡2 ~ -y¡ í V9 + 4V5 + 
Y e с h i 1 i s h i.

■ t/9-4>/5

а + Ц 9 + 4 Щ 9 - 4 Я a  + V  8 1 - 8 0

^ 9 ^ 4 7 5 -  л/9 + 4>/5 + V ?

a + 1
3VF+i V^2- W + i

= 3̂ + 1.

\ - l /â + \[ ô *  1-Vñ+Va2

J a V o b: \[â + 1.
13-rn i s о 1.

( • у / з - ■ л/ з  + л/ 2 - 7 5 5 ) - \ / з - л/2 + '/2 4  - л/ з  +  \ /2 + л/25
ni soddalashtiring:

Y e c h i l i s h i .

( \ / Г 7 Ш  • \¡3 + yj2-sf2Í ) • \]з-\12+у/Ш ■ \¡3 + \¡2+sfU =

= %/ 9 - ( 2 - N/2 4 j-N/9 -(2  + V24)-V(7 + A/ 2 l ) -^(7-л/24) =

= ч/49-24 = л/25 = 5.
J a v o b :  5.

3 i
х4-25л:4

14-m i s o 1. i ~ i  kasrni qisqartiring.
x 2 +5x4
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1
i  i  X 4

x 4 - 2 5 x 4

I
x 2 - 2 5

i
x 4 - 5

' i ) 
x 4 +  5

1 1 1  
x2+5x4 x 4

' i
x 4 +  5

I
x 4 + 5

= У х — 5.

J ^ r v c T b r i / x  -  5.

15-m i s о 1. Vx -  2 4x  = 0 tenglamani yeching.
У e с h i 1 i s h i: Berilgan tenglama x  >  0 da aniqlangan.

4x  -  2 4x  = 0 о  Ух (Ух - 2  ̂= 0 <=>

x = 0, 
x = 64.

6 Г .  A

< = >
V  Л

4~X

=  u ,  

- 2

J a v o b : 0; 64. 

16-m i s о 1.
f ̂ 47 + *4b* )(4 7  -  Vè1' a+b 

: —~  ifodani4a -4bV /
soddalashtiring.

Y e c h i l i s h i : a > 0 ; è > 0 ; a ^ è  shartlarda ifodani sodda-

lashtiramiz:
■Ja -4b

• — л/я/Г
a +è

a + ¿>

I I  i  Л
= I a + a 2b 2 + b  - a 2b 2 • — = (a + b)  ■ = 2 . 

V J a+b  a+b
J а V о b: 2.
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17 -m  i s о

i  i V  i  -J- -i -í-V
a 3 + b 3 a 6b 3 + a 3b 6

a  1 +  b ' - l a  3 -  b  3 11 a 3 -  b 3

X i
- 2 a 2b2 ifodani

soddalashtiring, bunda a > 0; b > 0 .

Y e с h i 1 i s h i:

i i v  i  _i  _i  i ^ 2
a 3 + b 3 \ [ a 6b 3 + a  3b 6

a  1 + b 1 - I  a 3 -  b 3 II a  3 -  b 3

I i
2a2b2 =

a' + è - ' l - f a ^ j V ^  + è 2

! i
s \ 

i i
г

1 1

1 1 b с 1

а Ъ Z
^ a 3 b 3

I  i
V a 3 b 3 ■>

I i f  I 1 
a 3b 3 \ a 3 + b 3

í  i  i  
a2 + b  2

X J.
a 2 b 2

l  i  i  I1 1  a 3 -¿3 а г 3
a b í  Л  l . JLa 3 ¿>3 a 3 ¿ 3

1 1 
—2 a 2b 2 =

l í  i  i  
( a b ) 3 a 3 + b 3

1 i  
a2 + b2

ab
2 1 i  2 

a  + b  - a  + a 3b 3 + a 3b 3 - b

i  i  ( a b ) 3 ( a 3 +  b 3 l í a  + 2 a 2b 2 + b  )
-2 a 2b2 = ------- 1

3 ( a 3 + é 3}

ab

i  i 
— 2 a 2b 2 =

( a b )

I I  i l
— a + 2a2b2 +b — 2a2b2 =a + b.

J a  V o b: a + b.

4.5. Ratsional ko'rsatkichli kasr ¡fodalar maxrajidagi irratsi- 
onallikdan qutilish. Quyida ayrim kasr ifodalar maxrajidagi ir- 
ratsionallikdan qutilish usullarini keltiramiz.

1 . kasrning surat va maxrajini -Jb ga ko‘paytiriladi:

a gyfb a J b  . 
j b  ~  -Jb-yfb ~  b  ’

kasrning surat va maxrajini yfb* ga ko'paytiriladi:
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з^У kasrning surat va maxrajini Vb ga ko‘paytiriladi:

----  — ¿i a  Vfr _ a \ fb  a ^ J tr

W  = W J ñ ; ~ W  = ~ r '
-~=(n  >3; 1 < к <n) ko'rinishidagi kasrlar maxrajidagi ir-

ratsionallikdan ham shu tarzda qutilinadi.
2 . —¡=r—— kasrning surat va maxraji maxrajning qo'shmasiga 

■Ja±>¡b
ko‘paytiriladi:

c^Ja+Jb^j c ( ^  + Jb)

-Ja ± J b  ( J a  ±  J b  + 4 b  j a ~ b

3. + \Jj¡ kasrning surat va maxraji + Уай + л/è^j ga 

ko‘paytiriladi:

с +1yíab с (V? + \fä b  + y [ t ¿ )

W ± W ~  (HZ + 3/Г\f3/ Т  3r r  3ГГ| “ ■

а __ a yfb* _ a yfb~ _ a \[b~

a2 + +3Vi^"j

с
4. YpY^Tj^  з^т kasrning surat va maxrajini (Va+1/б) ga 

ko‘paytiriladi:

c c (3̂ + V ä ) r ( 3V ^ + V è)

i n j ^ i r - r  , i n j  а Г 2 .Э п г .1 П Т \ ( з г 7 ^ з п : \  a+bJa { 3J 7 ± 3̂ b + 4 b ï ) { ^ + \ i b )

M i s о 1. ■ ^ 4 -, ■■ kasr maxrajini irratsionallikdan qutqaring. 
V 25-V 9

4Í V252 + 3л/25Т9 + л/91 )
Y  e с h i 1 i s h i: -— 4-
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4(V625 +V225 + V 8 l)  4(5 \ ß  + V225 +3 У з )  5 V s  + V225 + 3 У з

(V 25)3 -  (V 9)3 16 = 4

, 5 V 5 + V 22 5+3 V 3
J а V о b: ------------ ------------- .

4

Mustaqil ishlash uchun test topshiriqlari

1. 0,5 л/98 + 4 VT8 -  i  J 5Ô -  i  л/72 + -J200 ifodan i soddalashti- 

ring.

А)24,5л/2; B) 31,5^2; С )  22,5>/2; D ) 20,5; E ) 25,5.

^ . C L  _ w [m. _  /7 F )  . Vm ñ  n i sodda lashtiring . 
n \  mn n V n V m /

3. J 2 J 2 J Ï Q 24 ni h isob lang.

A )  64; B) 32; C ) 16; D ) 4; E ) 2^8.

4. y la 2 - I 3 a  +4S^Ja2-8 a + l6  (a  < 4 ) i fodani soddalashtiring.

A )  a -  2; B ) e - 7 ;  C ) 7 - a ;  D ) 2 - a ; E ) | a -2 | .

5. y j\,44 • 0,04-0,0001 ifoda  q iym atin i top ing.
A )  2,4; B) 0,24; C ) 0,024; D ) 0,0024; E) 0,00024.

6 . H isob lang; V lO  • 20 -48 -36 • 75 -98.
A )  50400;" B) 5040; C ) 6040; D ) 50800; E ) 5080.

81 °'4 -30'5
7. H isob lang ; , .

9ОЗ .276
A ) 3 '; В) 32; C )9  '; D ) 31,2; E )3.

8. H isob lang; 121

A )  12,3; B) 121; C )^ ;  D ) ^ ;  E ) \

9. H isob lang: ^ 3!  _  1/Ï8 ■ 4̂ 4^ -  л/>/256.

A ) -5,5; В ) Т З - л / 2 ;  C ) ^ ;  D ) 8,5; E ) 6,5.
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TT. , ,  V49-VÏÏ2  10. Hisoblang: — — .
V250

A) 7,5; B) 2,8; C) 1,4; D )| ; E) 2,5.

n .

A) 1; B) 0; C)xy; D) 2xy\ E )xy2- x 2y
Îox

12. Ifodaning qiymatini toping: y ‘ ~62 ^ +81-19.
A) 100; B) 62; C) 50; D) 64; E) 10.

13*. a = VÎO; b = 73 , c = '74 sonlarni kamayish tartibida 
yozing.

A) a, b, c; B) a, c, b; C) b, c, a\ D) b, a, c; E) c, a, b.

14. 16 , ~~6 | ifodani soddalashtiring.
1024 -32

A) 2; B) 22*“1; C)25k+i; D ) 2 ‘; E )22i+I.
15. Hisoblang: 3V sV T + 7  • M s J Ï  -  7-

A) 5; B) 4; C)2; D ) - l ;  E) 1.

16*. Soddalashtiring: \ 6 + 2-^5 -  7 l3  + 748 .
A) -s/3 -  1; B) 1 — 73; C )7 3 + l;  D) 2 7 3 -1 ;  E) 2 7 3 + 1 .

17. Sonli ifodaning qiymatini hisoblang:

810,75 -32“M -  8 3 . 2V  + 256°'5.
A) 22; B) 23,5; C) 16; D )9; E) 18.

54 ■ 49 ~3
18. Hisoblang: —;----- r ■ 35.

7 • 25
A) 0,28; B) 1,4; C)49; D) 9,8; E) 9,2.

f  I  1 V  2 1 i  2 \  I I
19 .1 x 3 + j 3 1 x 3 - x 3y 3 + y 3 I + x 3y 3 ifoda soddalashtirilgandan

keyin nechta haddan iborat boiadi?
A) 6; B) 3; C) 5; D) 4; E)2.

20. x 10 = -3  tengiama nechta ildizga ega?
A) 10; B) 8; C) 5; D) 3; E )0 .

2 1*. VÔ3 , VÔ3 , VÔ̂ 2 sonlarni o'sish tartibida joylashtiring.
A) VÔ5, VÔ3, VÔT2 ; B) 37Ô3, 7 ^ 5 ,7 ^ 2 ;
C) VÔ2, 7 0 3 , v^5; D) \[ÔÎ, y[Ô,5, -7(U;
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22- №  “  Ï S ? )  [ ï T T ?  " 7 r Î )  ni “ ‘Id a l.sh .im g .

A ) - ^ ;  B)V2; C ) - Æ ;  D) -272; E) -

23*. a = -J1990 + Vl 992, b = 2-v/l 991 sonlarni taqqoslang. 
A)a = b: B)a > b\ C)a <b\ D) a - b  = 0,5; E)b = a + 1.

24. (V3 + 45 + V3 -  ■Js'j ni hisoblang.

A) 10; B) 10 /̂2; C) 2a/3 -  75; D )V 3-V 2; E)V5 + 10.

25*. 2 \3  + >/5 -  VÎT + 748 ifodani soddalashtiring. 
A )2 V 7 T V 2 ;  B) 2 7 3 -7 2 ;  C )V 3-V 2; D) 2 (7 5 -7 3 );
E) 76  + 72.

26*. >/28 -  1073 + 728 + 10V3 ni hisoblang.
A) 4 -7 3 ;  B) 2 -  V3; C) 10; D) 7; E) 5.

7 6  +  7 3  -  7 2 - 1  ,27*. - =̂— —-  kasrni qisqartiring.

A )-2; B ) ^ ;  C ) - ^ ;  D) 72; E )± .

28. / ' j —= =  kasr maxrajida irratsionallikdan qutiling.
7 a + v«" -  b~

. ^ bija -yJT T b2\
a +b' a) a +b ’ M a -A

D) ĵ | y]a-y[â^- b2 ; E) -Ja b2.

29*. 3— ^5 ^asr maxrajini irratsionallikdan qutqaring. 

. , 7 5  +  7 3  +  7 5  D l  2 7 3 + 3 7 2  +  7 3 0  ^ 2 7 3 + 3 7 2 - 7 3 0

— 5— ; --------- ¡5--------- 1 C )---------- s---------- :
n i 7 3 — 2 7 5 .  p \  2  V 3 +  3  V 2 — V 3 0

12 ’  12
3/3

30. kasr maxrajidagi irratsionallikdan qutiling.

a 1 7î~5. ni V25. /“■! 7Î5. ri\ V75. c"i V225 
A )—  ~25~’ Q ^ '  D )~ ’ ~~25~’

E) J Ô 3 , VÔ2, VÔ3-
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31*. 19891991 qanday raqam bilan tugaydi?
A) 1; B) 3; C) 7; D) 9; E)4.

32*. 463462 qanday raqam bilan tugaydi?
A) 9; B) 1; C )6; D) 7; E) 3.

x 0,25_30,5
33. ' ' 5 kasrni qisqartiring.

3 — x ’

A) Kasr qisqarmaydi; B) -  ( x 4 + 32 j; C) -  (x 0'25 + 30'5 j 

D )(x 0'25 + 30-5 )“'; E) x  °’5-  30'5.
1,5 * j.5

34.  ----------kasrni qisqartiring.
b - a

A 1 a ° 5 ~^° 5 . o  a + i a b )°'5 + h .
’ a ^ + b 0'5' ’ a ^ - b 0'5’ ’ aa-5+b0-5 '

a-(abf ’5-b g°-5- b 0'5
^  a°-5+b0,5 ’ ^  a+(ab)°'5+b"

3 3
35. x 2 + 4 x 4 + 4 ni ko‘paytuvchilarga ajrating.

A ) [ x 3 + î ) ( x *  + 2 ]; B)^x2 + 2 ^ 2 x 2 +1 j; C )(x 4 + 2 ) ;

D)(^x2 + l ) ( * 2 +4]: E )(x* + 2 ^ x *  + l] .
N 1_I _ l (  1 2 \  ( 2  _2 \  2

36. Ifodani soddalashtiring: « -b 3

A) ci ‘b 1; \i)2a*b*; C)a*b*; D)a*b E) a 
37*. Hisoblang: V 3 -2 V 2 - V l7 + 1272.

A) 5; B)V2; C )-2V 2; D) 1; E ) - l .

38*. Hisoblang: V 2 V 6 -5  - ^49 + 20Vô.
A) — 1; B) 1; C) 5>/6; D) 2V3; E ) V ô -

39. Ifodani soddalashtiring:
i l  1 1  1 1  1 1 1  

in2n 2 - m 6n 6 m 2 - n 2 m 6 + m i n 2
3 3 6 6 3 m ~ nm ni -  mbnb m*
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i l  I  I I I
А)/?г3 — я 3; В)(mn)6; С)(w n)3; D )m2 -  и2; E)m — n.

40. 1 X

i  \

1 2 
1 - X 1 +x} J

1 +  X
"¡T7  ni soddalashtiring:

A) i+ 3y p  В) 1 + .V3; C)1 -  X 3; D)1 -  x2; E}^1 +x2

41. Ifodani soddalashtiring: y p — + y p
v a  - 1  Va

i__+ _ 1 ______Va
+ 1 1 -  Va 1 + Va 

2A )2  + V ? ;  В) 1 -  V ? ;  C ) J ^ ;  D )V ? ;  E) зг т
1+Va 1 -  Va

42. Ifodani soddalashtiring:

________ ( а 3 + Л 3 )

a  + b  + V e r b  + J a b 1 2 1 i  2 
a  -  A - a 3è 3 + a 3A3

i i
A) (a + è) ; B)a + è; C) 1; D) 2; E) a 3 - b 3.

i l  i  
a 2 +A 2 a 2 643. Ifodani soddalashtiring:

a
i  I  i l '

a 2 - b2 a - a 2b2

A )(ab)2; B)
1 i  

a2+b2 C)
1 i  

a 2- b 2 ; D) 0; E) 1.

44. Ifodani soddalashtiring:

i \  
,2

i  I
pq2+p2q

\ p - p 2q2 q - p 2q2J

p+q ~Vp+Vq ^ Vp-Vq
A V  B ) p - r  Q V p - V q ; D)

45. Quyidagi sonlarning qaysi birlari irratsional sonlar?

p-q 

V q  + V p

| 5 / Ç 4 Л  3 Æ

V8-1 Л  + 1

A) faqat 3; B) hammasi; C) faqat 1 va 3; D) faqat 2 va 3;
E) faqat 1.



VI B O B

K V A D R A T  T E N G L A M A L A R

l - § .  K v a d r a t  t e n g l a m a  t u s h u n c h a s i

1.1. Kvadrat tenglama. T a ’rif: Ushbu ax2 + bx + c = 0 
ko ‘rinishdagi tenglama kvadrat tenglama deyiladi, bunda x -
o ‘zgaruvchi, a, b, c-berilgan sonlar (a* 0). Agar a ̂  1 ho ‘Isa, tenglama 
to ‘la kvadrat tenglama deyiladi a, b, c sonlar kvadrat tenglamaning 
koeffitsiyentlari, c esa ozod had deyiladi.

Kvadrat tenglamani ikkinchi darajali tenglama ham deb ataladi, 
chunki uning chap qismi ikkinchi darajali ko‘phaddan iborat.

0 ‘zgaruvchining kvadrat tenglamani to‘g ‘ri sonli tenglikka 
aylantiradigan qiymatlari kvadrat tenglama ildizlari deyiladi.

1.2. Chala (toiiqmas) kvadrat tenglama. Agar 
ax2 + bx + c = 0

kvadrat tenglamada 6  = 0 yoki c = 0 bo isa . bunday tenglama chala 
(to'liqmas) kvadrat tenglama deyiladi. Chala kvadrat tenglamalar:

l ) a x 2 + c = 0; 2)ax2 + bx = 0; 3)ax2 = 0.
Bu turdagi tenglamalarning yechilishini qarab chiqamiz:
1) ax2 + c = 0 «=> ax2 = -c  <=> x

*1,2 = ± \ r  a agar ca < 0 bo’lsa, 

ildizga ega emas, agar ca > 0 bo’lsa;

2) ax2 + bx = 0 <=> x(ax + b) -  0

3) ax2 -  0 <=> x2 = 0 => [x = 0.
M i s o 11 a r . Ushbu tenglamalarni yeching;
l ) x 2- 2  = 0; 2 )x 2 = 9; 3 )4x 2 + 6x = 9x2-  15x; 4 )2 x 2 + 4 = 0.
Y ech ilish i;

120



1) х 2 -  2 = О <=> (х + л/2)(х -  л/2) = О

Javob: -  л/2; л/2.

2 )х 2 = 9<=>х2- 9  = 0<=>(х + 3 )(х -3 ) = 0

X + л/2 = О, 

X - - J Î  =  0

X + 3 = О, 

х -3  = 0

л, = -л/2,

х2 = - J Î .

X ,  =  - 3 ,  

X-, = 3 .

Javob: -  3; 3.
3) 4х2 + 6х = 9х2 -  15х ФФ 5х2 -  21х = 0 <=> х(5х -  21) = 0 о  

, = 0 ,
X ,  = 4,2 .

X = 0,
5 х -2 1  = 0  

Javob: 0; 4,2.
4) 2 х 2 + 4  = 0 < = > х 2 + 2  = 0 = > х 2 =  - 2  tenglamaning ildizlari 

yo‘q, chunki kvadrati - 2  ga teng son mavjud emas.
Javob: tenglama yechimga ega emas.

1.3. To‘la kvadrat tenglamani yechish. Ushbu ax2 + bx + с -  0
2 Ь С

(<a * 0) tenglamani yechamiz: ax2 + èx + c = 0 <=>* + ~  * + ~  • 

Bu tenglamada ikkihadning to ia  kvadratini ajratamiz:

= = ° «

_  L  , П 2 _ JrL _ SL ^  (x + - t- f  = b2 -4ac 
<̂ V x +  2 a / 4 ir- a ^  2 a I  4 a 2 '

Hosil boigan tenglamaning o ‘ng qismidagi kasrning maxraji 
musbat boiganligi sababli uning ildizlari soni b2 -  4ac ifodaning 
ishorasi bilan bog‘liq. Bu ifoda ax2 + bx + с = 0 tenglamaning 
diskriminanti deyiladi. Uni D harfi bilan belgilanadi:

D = b2 -  4ac.
Diskriminantga bogiiq bo‘lgan uchta hoi boiishi mumkin.
1 . Agar D >  0 bo‘lsa, u holda

(x + f j 2 = i ¿ ^ ^ . v + i> -=  ± Ж - ч
v ?.n  > 4 ^ -  7 /7 2a

_ -b-Jp
2 a '

-b + S p
, r _ __ь_ + 7o  _ - b ± y f p  _

2e ~ 2fl 2o
' *2 -  2a

Shunday qilib, D > 0 bo‘lsa, kvadrat tenglama ikkita haqiqiyx, vax2 

ildizlarga ega va ular
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_  - b ± i l b 2 - 4 ac 
X'-2 ~  l a

formula bilan topiladi.
2. A g a r  D = 0 b o is a , u ho lda

________ + = 0^ x + £  = ° ^ \ x  = - ^ -

D em ak, tenglama b itta  -  ild izga  ega. Bunday ho lda  tenglama

b ir-b iriga  teng x, = x 2 = -  -b -  ik k i ild izga  ega ham deyilad i.

3. A g a r  D < 0 b o is a , u ho lda

V 2a ’ 4a 1-
teng lam an ing o ‘ ng q ism i m an fiy  b o ia d i  va u haq iq iy  ild izga  ega 
b o im a y d i.

1-m isol. 3 x 2 + 2x -  2 = 0 tenglam ani yeching.
Y ech ilish i. D - b 1 -  4ac = 4 + 24 = 28 > 0;

y -  -2± V28 -2 + 2 - J l 1 , 1 f  
X '- 2 ~ 2-3 2-3 “ _ 3 ± 3 V 7 -

2 -m is o l.  2 5 x 2-  30x + 9 = 0 tenglam ani yeching.
Y e c h i l i s h i .  D = (—30)2- 4  9 25 = 9 0 0 -9 0 0  = 0;

Javob: j .

v _  3 0 ±0  _  30 _  3 
X]’ 2 "  50 _ 5 0 _ 5-

3 -m iso l. 2x2 -  4x + 3 = 0 tenglamani yeching.
Y e ch ilish i. D -  (-4 )2- 4 -2 -3  = 16 — 24 = —8 < 0.
Javob: tenglama haqiqiy ildizlarga ega emas 
4 - m i s o 1. x2 -  l a x  + a( 1 + a) = 0 tenglama a ning qanday qiymat- 

Iarida bitta haqiqiy ildizga ega boiadi?
Y e c h ilis h i. Berilgan kvadrat tenglama bitta haqiqiy ildizga ega 

boiishi uchun uning diskriminanti 0 ga teng boiishi kerak:
D  = 4a2 -  4a( 1 + a) = 0 => 4a2 -  4a -  4a2 = 0 => -4 a  = 0 => [a = 0. 

Javob: 0.

1.4. Keltirilgan kvadrat tengiania. Agar x 2 oiaidagi koeffitsiyent 
1 ga teng bo‘lsa, bu tenglama keltirilgan kvadrat tenglama deyiladi. 

Keltirilgan kvadrat tenglama umumiy holda
x 2 + p x + q  = 0 

ko‘rinishda yoziladi, bunda p v a q -  berilgan sonlar.
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Keltirilgan kvadrat tenglamani ax2 + bx + c = 0 to ia  kvadrat 
tenglamada a -  1 , 6  = p, c = q bo‘lgan xususiy hoi deb qarash 
mumkin.

Keltirilgan kvadrat tenglama ildizlari

_ -p±y[p2-4q 
* 1,2  -  2 

formula bilan topiladi. Bu yerda diskriminant
D= p2 -  4q.

Agar D > 0 bo‘lsa, keltirilgan kvadrat tenglama ikkita haqiqiy 
ildizga ega.

Agar D = 0 boisa, keltirilgan kvadrat tenglama bitta haqiqiy 
ildizga ega.

Agar D < 0 bo‘lsa, tenglamaning haqiqiy ildizlari yo‘q.
Har qanday ax2 + bx + c -  0 tenglamani uni a ga bo'lish yo‘li 

bilan keltirilgan kvadrat tenglamaga keltirish mumkin: 
ax2 + bx + c -  0 <=> x + ^ x + c -  U.

Agar keltirilgan kvadrat tenglamaning p koeffitsiyenti juft son 
bo‘lsa, uning ildizlarini

formula bilan topish qulay.
M iso l. x 2-  8.v + 7 = 0 tenglamani yeching.

Y ech ilish i: * 1.2 = 4 ± V l 6 - 7  = 4 ± ^ 9 = 4 ± 3 = >  ^

Javob: 1; 7.

2 - § .  V i y e t  t e o r e m a s i

T eorem a. Agar keltirilgan kvadrat tenglama haqiqiy ildizlarga 
ega bo ‘Isa, hu ildizlarning y ig ‘indisi qarama-qarshi ishora bilan olin- 
gan x oldidagi koefjitsiyentga, ularning ko'paytm asi esa shu teng
lamaning ozod hadiga teng, ya  ’ni x 2 + px + q = 0 tenglamada 
D = p 2 -  4q > 0 ho ‘Isa,

x, + X2 = -p, x ,x2 = q.
Masalan, x 2 -  7x -  8 = 0 tenglama uchun D = 49 + 32 = 81 > 0;

7±9
*1,2 = —

X! = -1,

lx2 =
’ x, + x2 = - l  + 8 = 7, x lx 2 = ( - l ) - 8 -
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Umumiy ax2 + bx + c -  0 kvadrat tenglama uchun Viyet teoremasi 
quyidagicha yoziladi:

x, + x2 = -  —, x, x , = —. 
i  a  1 1 a

V iyet teo rem a sig a  teskari teorem a. Agar x, + x2 = -p  va 
x,x2 = q tengliklarni qanoatlantiruvchi x, va x, haqiqiy sonlar mav- 
ju d  bo ‘ha, bu sonlar x 2 + p x  + q  = 0 keltirilgan kvadrat tenglamaning 
ildizlari bo'tadi.

Masalalar yechishda Viyet teoremasi va unga teskari teorema 
tatbiqiga doir bir necha misollar ko‘ramiz.

1 - m a s a 1 a . I ldizlari -15 va 22 ga teng bo ‘ lgan kvadrat tenglamani 
tuzing.

Y ech ilish i. x 2 +px + q -  0 kvadrat tenglama koeffitsiyentlarini 
Viyet teoremasidan topamiz:

p = -(-1 5  + 22) = -7 , q = (—15) • 22 = -330.
Shunday qilib, izlanayotgan tenglama: x 2 -  7x -  330 = 0.
Javob: x 2 -  7 x -  330 = 0.
Eslatma. Ildizlari -15 va 22 ga teng bo‘lgan cheksiz ko‘p kvadrat 

tenglama tuzish mumkin. Buning uchun tuzilgan x 2 -  7x -  330 = 0 
tenglamaning har bir hadini noldan va birdan farqli ixtiyoriy songa 
ko'paytirish kifoya. Masalan:

2x2 -  14x -  660 = 0, 3x2 -  21x — 990 = 0 va hokazo.
2-m asala. xt vax, sonlar x 2 + 2 x — 14 = 0 tenglamaning ildizlari

u o 'ri , -v2 . .bo Isa, —  + —  mng qiymatmi toping.

Y e ch ilish i. Viyet teoremasiga ko'ra x, + x, = -2 , x ,x 2 = -14  
tengliklar o ‘rinligidan foydalanamiz:

X[ | x2 xf+xj _ (X| +x2)2-2x\x2 
x2 X, xx-x2 X, -x2

Bu ifodaga x, + x2 yig‘indi va x ,x 2 ko'paytma qiymatlarini 
qo‘yamiz:

(~2): -2  • (-14) = 4+28 = _ 3 2 = _16. = _ 9  2 
-14 14 14 7 7 '

Javob: -2  j .
3-m asala . x 2-  13x +  ̂= 0 tenglamaning ildizlaridan biri 12,5 

ga teng. Tenglamaning koeffitsiyentlari yig‘indisini toping.
Y ech ilish i: 1-u su l. Masala shartiga ko‘ra tenglamaning ildiz

laridan biri 12,5 ga teng: xt = 12,5. U holda Viyet teoremasiga ko‘ra
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[12,5 ■ x2 = q q = 6,25.
Tenglamaning koeffitsiyentlari yig‘indisini topamiz:

1 -  13 + 6,25 = -5,75.
2 -u su l. Tenglama ildizlaridan biri 12,5 ga teng bo‘lganligi 

sababli bu son berilgan tenglamani qanoatlantiradi:
(12,5)2 -  13 12,5 + q = 0 <̂ > 156,25 -  162,5 + q = 0 <=> [q = 6,25.

Tenglamaning koeffitsiyentlari yig'indisi:
1 -  13 + 6,25 = -5,75.

Javob: —5,75.
4 -m a sa la . x2 + px + q = 0 tenglama ildizlari x, va x , ekanligi 

ma’lum. Ildizlari berilgan tenglama ildizlaridan k marta ortiq bo'lgan 
kvadrat tenglama tuzing.

Y ech ilish i. Izlanayotgan tenglama t 2 + mt + n = 0 shaklda

J 12,5 + x 2 = 13, x2 = 0,5,

t] -  kxp t2 = kx2.
Berilgan tenglamadan Viyet teoremasiga ko'ra

+ * 2 = - P » =  ?■
Izlanayotgan kvadrat tenglama uchun ham Viyet teoremasi o‘rinli. 
Shuning uchun

m = -(?, + t2) = ~{kxi + kx2) = —k(x{ + x,) = kp; 
n -  tt -12 = kxt ■ kx, = ^2(x, • x,) = k 2q.

Shunday qilib, izlanayotgan tenglama ushbu 
t2 + kpt + k2q = 0 

shaklda yoziladi. Bu tenglam adagi o'zgaruvchini x  bilan 
almashtirsak,

x 2 + kpx + k2q = 0 .
Javob: x 2 + kpx + k2q = 0 .
Kvadrat tenglamaga keltiriladigan masalalarning yechilishiga 

doir misollar keltiramiz.
5-masala. Ketma-ket kelgan ikkita natural son kvadratlari- 

ning yig‘indisi bu sonlar ko'paytmasidan 57 ga ortiq. Shu sonlarni 
toping.

Y ech ilish i. Buikkisondankichiginixdesak, ikkinchi sonx + 1 
ga teng boladi. Masala shartiga ko'ra

x 2 + (x +  l )2 = x (x +  l) + 57.
Hosil qilingan shu tenglamani yechamiz: 

x 2 + (x + 1 )2 = x(x + 1) + 57 <=> x 2 + x 2 + 2x + 1 = x 2 + x  + 5 7 o
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« * ’ + * - 5 6  = 0 = « 1 2 = = t t 4 ± 2 ^  = ^ F = >  *' "

2 2 L*2 = 7 -
Izlanayotgan sonlar natural sonlar boiganligi uchun - 8  soni ma- 

salaning yechimi bo‘la olmaydi. Ketma-ket natural sonlardan birin- 
chisi 7 ga, ikkinchisi esa 8 ga teng.______________________________

Javob: 7 va 8 .
6 -m asala . Bolalar oyoq kiyimining narxi 2500 so‘m edi. Ikki 

marta ketma-ket bir xil protsentga arzonlashtirilgandan keyin uning 
narxi 2025 so‘m bo'ldi. Oyoq kiyimining narxi ikki safar ham necha 
protsentga arzonlashtirilgan?

Y e c h i 1 i s h i . Bolalar oyoq kiyimining narxi ikki marta ham x% ga 
arzonlashtirilgan bolsín. Demak, oyoq kiyimining birinchi marta 
arzonlashtirilgandan keyin o ‘zining dastlabki narxidan yjyy qismga 
kamayadi, ya’ni uning narxi

2500 (1 -  so‘m 
bo'ladi. Shunga o ‘xshash, ikkinchi marta ham x% ga 
arzonlashtirilgandan keyin oldingi arzonlashtirish natijasidagi narx 
ham qismiga kamayadi, ya’ni bolalar oyoq kiyimining narxi

2500 (i -  Toó) ■ ( 1 ~ !o o ) s o ‘m 
bo‘ladi. Shunday qilib,

2500 ( l - ^ - ) 2= 2025.
Bu tenglamani yechamiz:

2500 • (í -  — i  = 2025 <=> íl -  = —  o  1 —— + — ------—  = 0 <=>" 100 ' \ 100  ̂ 100 50 10000 100
o  X 2 -  200x  + 1900 = 0 => xu  = 100 ± Vi 0000 -  1900 = 100 ± 90 =

x, = 10,

x, = 190.

Oyoq kiyimi 190% ga arzonlashtirilishi mumkin emas, demak, u 
10% ga arzonlashtirilgan.

Javob: 10%.
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3 - § .  K v a d r a t  t e n g l a m a g a  k e l t i r i l a d i g a n  
y u q o r i  d a r a j a l i  t e n g l a m a l a r

Ba’zi yuqori darajali algebraik tenglamalami kvadrat tenglamaga 
keltirib yechish mumkin. Shunday tenglamalardan ayrim muhim 
hollarini ko‘rib chiqamiz.

Ushbu
ax4 + bx3 + cx2 + dx + e -  0 ( 1 )

ko‘rinishdagi tenglama to 'rtinchi darajali tenglama deyiladi. Bunda 
at- 0 bo lib , a, b, c, d, e tenglama koeffitsiyentlari haqiqiy sonlardir. 
( 1) tenglamaning haqiqiy ildizlarini xususiy hollarda topish usullari 
bilan tanishib chiqamiz.

3.1. Bikvadrat tenglamalar. Agar (1) tenglamada b — d~  0 bo‘lsa, 
u Jiolda tenglama

c/.v4 + cx2 + e = 0 
ko‘rinishni oladi. Bunday shakldagi tenglama bikvadrat tenglama 
deyiladi. Tenglama koeffitsiyentlarini qabul qilingan tartibda yozsak,

ax4 + bx2 + c = 0 (2)
tenglamaga ega bo'lamiz. Agar D = b2 -  4ac >  0 bo‘lsa, tenglamani 
yechishda

x 2 = t ( t>  0) (3)
almashtirishdan foydalaniladi. Natijada

at2 + bt + c = 0

kvadrat tenglamaga ega bo'lamiz. Ma’luinki. , = -b±vh-—4oc
2 a

Agar i, >  0, t2 >  0 b oisa , (2) tenglama ildizlari (3) ga ko‘ra 
quyidagicha topiladi:

(x -  V/7)(-v + 7*7) = 0, ^  * t ,2 = ± J Û ,  

(x — yftn ) ( A + ifc*) = 0 4 =  ±JZ.
1-m iso l. x 4 - 4 x 2- 5  = 0 tenglamani yeching. 
Y ech ilish i. x 2 = t , t2- 4 t - 5  = 0

r, , = 2± V4 + 5 = 2 + 3 ri = “ 1.
; 2 =5.

1,2

x 2 = - 1  tenglama haqiqiy ildizlarga ega emas.
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JC2 = 5 (jt -  л/бХдг + ' f î )  = О => Xj 2 = i \ ß  

Javob:

3.2. Qaytma tenglamalar. Agar to rt inchi darajali ( 1 ) tenglama ' 
koeffitsiyentlari uchun a - e v a b - d  tengliklar о ‘rinli bo ‘Isa, и holda 
bunday tenglama «qaytma» tenglama deyiladi.

Quyida bu tenglamani yechish uslubini ko‘rib chiqamiz.
2 -m iso l. 2x4 + 3x3 -  16x2 + 3x + 2 = 0 tenglamaniyeching.
Y ech ilish i. x ^ O  bolganligi uchun, tenglamaning har ikkala 

tomonini X 2 ga bolamiz:

2х2 + З х -1 6  + |  + Л = 0 <^2 (х 2 + Л )  + з ( х + | ) - 1 6  = 0 .

endi x+ \ =t almashtirishni bajaramiz.

2 1 2
U holda X + j 2 =t  - 2 .  Natijada t ga nisbatan ushbu

tenglamaga ega bo‘lamiz:
2(t2 -  2) + 3i -  16 ф 0 «  2r2 + i t  -  20 = 0.

Bu tenglamalarning ildizlarini topamiz:

fi,2 -
-3±V9+160

4
h  -  2 •

Kiritilgan almashtirishni inobatga olib, berilgan tenglama 
ildizlarini topamiz:

1 2=-A <=>x + 4x + \ =0=>Jt| 2 = ^ ^ ^ = - 2 ± л/3:
X| = -2 -> /з ,

t2 = -2+ S .

jc + ¿  = 4  « 2 д -2 -5д- + 2 = 0: 5±л/25-16 5±3
3.4

*3 ~  Í ’

x4 =  2.

Berilgan tenglama to'rtta haqiqiy ildizga ega:

X, =  -2  -  л/з, = -2  + \ ¡ 3 ,  X? =  \  , = 2.
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Agar (1 ) tenglama koeffitsiyentlari uchun e ~ tenglik o'rinli

bo‘Isa ham, u «qaytma» tenglama kabi yechiladi.
3 -m iso l. 2x4- 2 l x 3 + 74.x2-  105x + 50 = 0 tenglamani yeching.

Yerhilishi a -  ^ 1 21-21 _ [Y e c n i l i s n i .  e  — jo -  25 - d 2  ~  105 105 ~ 25 •

Demak, ko‘rsatilgan shartlar bajarilyapti: x 2 * 0.
Tenglamaning har ikkala tomonini x 2 ga bolamiz:

2x  - 2 1 x  + 7 4 -  '^ 5 + ^9 =°<=> 2 ^ x 2 +  —2 l ( j c +  ^ )  + 74 = 0 .

Endi x + y  = 1 almashtirishni bajarib, t ga nisbatan ushbu tengla- 

maga ega bo‘lamiz:
2t2 - 2 1 /  + 54 = 0.

Bu tenglamaning ildizlarini topamiz:

21+7441-432 _  21±3
--------4------------- r ~

t, = 6 ,

Kiritilgan almashtirishni inobatga olib, berilgan tenglama 
ildizlarini topamiz:

x2 = 5.

x + |  = f<=>2x2 - 9 x  + 10 = 0: = x .

x4 =2.

Berilgan tenglama to‘rtta haqiqiy ildizga ega:
5X, =  1, X,

3.3. O ‘zaro teskari ifodalar ishtirok etgan tenglamalar. Bunday 
tenglamalarni yechilishini ushbu misol yordamida ko‘rib chiqamiz:

4-m iso l. ~('TTi) = i  tenglamani yeching.

Y e c h il is h i .  Berilgan tenglama x  ning x = -1  va x  = 0 
qiymatlaridan boshqa barcha qiymatlarida aniqlangan, ya’ni x  * - 1
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va X * 0. = t  ( t  ^  0) almashtirishni bajaramiz. U holda

= 1 bo‘ladi. Natijada t  ga nisbatan ushbu tenglama hosil 

bo‘ladi:—

/ - }  = \  «  2 t 2 - 3 r - 2  = 0 

Bu tenglamaning ildizlarini topamiz:

3±V9+16 _  3+5
‘1.2

t, -  -  2 . 

/2 =  2 .

2
Qabul qilingan almashtirishlarga ko‘ra  ̂^  j = — J, ; bu tenglama

haqiqiy ildizlarga ega emas:

Ы -= 2 » = 2 <=>x = 2jc + 4x + 2 <=> x +4x + 2 = 0;
jc2+2x+1

= -2  ± V4 -  21.2

= -2  — V2,

Xj = -2  + J 2 .

Shunday qilib, berilgan tenglama ikkita Xl=-2-y¡2, 

= -2 + y¡2 haqiqiy ildizga ega.

3.4. To‘Ia kvadratni ajratish usuli bilan kvadrat tenslamaga 
keltiriladigan to‘rtinchi darajali tenglamalar. To‘rtinchi darajali 
tenglamalarni yechishda to‘la kvadratni ajratish usuli bilan uning 
tartibini pasaytirib, kvadrat tenglamaga keltirishdan ham foyda- 
lanish ko‘pgina hollarda qo‘l keladi.

5-m iso l. x4 + 6x 3 + 5x2 -  12x + 3 = 0 tenglamaning haqiqiy 
ildizlarini toping.

Y ech ilish i. Tenglamaning chap tomonida to‘la kvadratni aira- 
tamiz:

X4 + 6X3 +5x~ -1 2  j- + 3 = 0 <=> л4 + б.у3 + 9л~ - 4,v" - 1 2x + 3 =  0 <=>

(*2+Зл:)2
<=> (x 2 +  3x)2 -  4(x2 + 3x) + 3 =  0
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Endi X 2 + Зх = t  almashtirish yordamida t  ga nisbatan ushbu 
kvadrat tenglamani hosil qilamiz:

?2 -  4i + 3 = 0.
Bu tenglamaning ildizlarini topamiz:

fu  = 2 1 ^ 4 ^ 3
\ J i  = 3-

Qabul qilingan almashtirishni hisobga olib, berilgan tenglama
ning haqiqiy ildizlarini topamiz:

i \ 2 , 2 .  , n  -3±ч/9+4 -3+ V Ï3  _
1) X +  3 x = l t > x  -H 3jc — 1 =  0 <=> xx 2 =  2  = 2—

' _  3 713
xi -  -  2 " 2 ’

2 " 2 2 '  -------------------------- --------------=-------- ™ —

ЛЧ 2 ,  .  2 -  .  .  _  -3+ V 9+Î2 -3 ± V 2 l
2)  X +  3x =  3 <=> x +  3x -  3 = 0  <=> x3 4 = - 2 ~ — 2

' _ _ 3 _ V 2 l  
x3 -  2 2 ’

= -  о +2 2

Y u q o r i  d a r a j a l i  t e n g l a m a l a r  
s i s t e m a l a r i

Birinchi darajali ikki nomaiumli tenglamalar sistemasi IV bob- 
da ko'rilgan edi. Bu paragrafda ikkinchi va uchinchi darajali 
tenglamalar sistemalarini yechishga misollar keltiramiz.

Avval tenglamalaridan biri birinchi darajali, ikkinchisi esa ikkinchi 
darajali ikki noma’lumli tenglamalar sistemasini koiamiz.

\x + 2y = 1,
1-misol. ] 2 2 tenglamalar sistemasini yeching.

I jc - 3 x y - 2 y  =2
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Bunday teng lam alar odatda o 'rn ig a  q o ‘y ish usu li b ilan  yechilad i. 
B ir in ch i dara ja li tenglam ada nom a ’ lum  x  ni y  o rqa li (yok i y  n i x  
o rqa li) ifoda lab , ik k in ch i da ra ja li tenglamaga qo ‘ y ish  natijas ida x  
y o k i y  ga n isbatan kvad ra t tenglama hosil q ilin ad i. A g a r  bu kvad ra t 
teng lam a h a q iq iy  i ld iz la rg a  esa b o ‘ lsa , b e r ilg a n  sistem a ham  
yeehknga-ega b o ia d i,  aksm cha b o ‘ lsa, yechim ga ega b o lm a y d i.

Teng lam alar sistem asin i yechamiz:

h 2 y = l
x  = 1 -  2y,

\ x 2 -  3 x y ~ 2 y 2 = 2 (1 -  2y)2 -  3(1 -  2y)y — 2 y 2 = 2

J t  = 1 4 ’

\ x  = 1 -  2 y,

°  I 2 ^  [8y - 7 y  —1 = 0

x 2 = —1; 

y i = _ 8 ’
_y2 = l.

J a v o b :  ( i l  ;_ l ) , ( _ i ;  1).

T e n g la m a la r id a n  ik k ita s i b ir in c h i d a ra ja li, b it ta s i ik k in c h i 
d a ra ja li uch n om a ’ lu m li teng lam alar sistem asin i ham  yuqo r id ag i 
usu l b ilan  yechish m um kin .

2 - m i s o l .  •

j c + y - z  +  l = 0, 

x -  y  -  z + 3 = 0, teng lam alar sis-

X + 2xy  + y~ -  xz + z + x  -  5 = 0

tem asin i yeching.



y = Z - x -  1, y  =  z - x - l ,

<=> ' 2 x - 2 z  +  4  =  0, <=>-x =  z —2, «

2 z  - x z  + x - 2 z - 4  = 0 2 z 2 -  z(z -  2) + z -  2 -  2z -  4 = 0

y = z -  x - l ,  У, = l y 2 = 1, 

<=> • x = г — 2, X| = —5, x2 — 0,

z" + z - 6  = 0 Z| = -3, z2 = 2.

Javob: (-5; 1 ; —3), (0; 1; 2).
Ikki noma’lumli tenglamalar sistemasining har ikki tenglamasi ham 

ikkinchi darajali tenglamalardan iborat bo‘lsa, bunday tenglamalar 
sistemasini yechish murakkabroq. Tenglamaning berilishiga qarab o‘miga 
qo‘yish usulidan, qo‘shish usulidan, yangi o'zgaruvchilar kiritish kabi 
usullidan foydalanish mumkin. Bir necha misollar qaraymiz.

3 -m iso l. Tenglamalar sistemasini yeching:

)
2 2 x + y  + x + у = 32,

xy + 2(x + y )  = 26.
Y ech ilish i: x + у -  и, xy -  v belgilashlar orqali yangi и va v 

o‘zgaruvchilar kiritamiz. U holda x2 + y 2 = (x + y )2 -  2xy = u2 -  2 v 
ekanligini hisobga olib, ushbu

\u~ -2v + u = 32,

[v + 2u = 26

tenglamalar sistemasiga ega bo‘lamiz. Bu sistemani o'rniga qo‘yish 
usuli bilan yechish mumkin:

Eski o ‘zgaruvchilarga qaytib, quyidagi ikkita sistemani hosil 
qilamiz:

u'~2v + u = 32, u~ -2(26 — 2u) + u =32,

v + 2м = 26 v = 26 -  2 и
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I x + у = -1 2 , I X + у =  7,

.ry = 50 XV = 12.

Bu tenglamalar sistemasini har birini o'rniga qo‘yish usuli bilan 
yechamiz:— —-___________ ___________ ____________

yxy = 50 [ -( y+ 12) y = 50 [y- + 12y + 50 = 0.
Bu sistema yechimga ega emas, chunki hosil bo‘lgan kvadrat 

tenglamada D < 0.

2)

Javob: (3; 4), (4; 3) 

4 -m iso l. Ushbu

J x  + y = 7, \y = 7 -x, [y = 7 —x, У\ = 4; y2 = 3;
1 o -
[xy = 12 1 II ro [x -7 x+ 12  = 0 Л = 3;x2 =4.

x  +  =  1 3

У x 6 ' tenglamalar sistemasini yeching.
x + y = 5

Y ech ilish i: * = r belgilash bilan yangi t o'zgaruvchi kiritamiz. 

U holda  ̂ = J bo'ladi va sistemaning birinchi tenglamasi

i + 1 13

ko‘rinishga keladi. Bu tenglamani yechamiz:

6t2 13/ + 6 = 0=» ?, 2 =

Shunday qilib,

13±Vl69-144

h  = 2 ■

x  -  2 
У ~ 3 ^  
x  _ 3
y -  2 =*

.  = 3;f ,  

> = 2y -

ekanligidan, berilgan sistema ushbu

! > - ¥ ••<  ̂ v;
I x + y = 5 x + y = 5
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tenglamalar sistemalariga teng kuchli boladi. Bu sistemalarni yechib, 
x, = 2; y y =  3 va x ,=  3; y2= 2 larni topamiz.

Javob: (2; 3), (3; 2).

Y echi 1 ish i . Simmetrik tenglamalar (har bir tenglamasida x ni t' 
bilan, y  ni x  bilan almashtirish natijasida o ‘zgarmaydigan tengla
malar) deb ataluvchi bunday tenglamalar sistemasini yechishda ham 
x + y = и va xy = V belgilashlar orqali yangi o ‘zgaruvchilar 
kiritiladi.

Sistemaning birinchi tenglamasidagi kublar yig‘indisini yangi 
o‘zgaruvchilar bilan ifodalaymiz:

x3 + y3 = (x + v)((x + y)2 -  3xy) = u(u2 -  3 v).
Berilgan tenglamalar sistemasi и va v o'zgaruvchilarga nisbatan ushbu

J и - 3 Mv +  v3 =  17,

[и + v = 5

shaklda yoziladi. Hosil bo‘lgan sistemani yechamiz:

5-m iso l.
3 3 3 3 

x  +  x  y  +  y  = 1 7 , tenglamalar sistemasini yeching.
x +  xy +  y  =  5

1

5(гГ -  uv +  r “ ) -  3uv  =  17, 

и +  v =  5

5(u~ + v") - 8 uv =  17,

и + v =  5

5((м + v)2 -  2uv)  -  8uv =  17, 

и + v = 5

5(25 - 2«v) - 8 mv = 17,

M + v = 5

I «v = 6, Mj = 2; V| = 3,

[m + v = 5 u2 = 3; v2 = 2. 

Shunday qilib, berilgan sistema

дг+у = 2,
va

jty =  3
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sistemalar to‘plamiga teng kuchli bo‘ladi. Ulami yechib x, = 1; y l = 2 
va x2 = 2 ; j;2 = 1 larni topamiz.

Javob: (1; 2), (2; 1).

,  ■ , l x ~ + 3 x y  + 2y~ = 3 ,  . . .
6 -m iso l. <! tenglamalar sistemasmi yeching.

—[5jc - 2 л у - у = 5

Y ech ilish i. Sistemaning birinchi tenglamasini -5  ga, ikkinchi 
tenglamasini 3 ga ko‘paytirib, ulami hadma-had qo‘shish natijasida 
X va 7  ga nisbatan bir jinsli ikkinchi darajali 

10x2-2 1  x y -  13j2 = 0 
tenglamani hosil qilamiz. Bundan

21 у± ^441у2+520у2 21v±31y 
20 = '20

2 У ’

* = ' b -
Shunday qilib, berilgan tenglamalar sistemasi

{ x~ + 3jcy + 2y =  3, 

у  = -2x

sistemalar to‘plamiga teng kuchli bo‘ladi. Ularni yechib,

l; y¡ = -2; x2= -I;  y2= 2, х = ; - £ - ; у

13 . . .  _  5

л/Гз8 '

X = 
4 Vl38 4 Vl38 larni topamiz.

f 13 . 5 1 13 ._  5 )
( Ш '  v S  ) „ n/Ï3s ’ %/l38 J

J a v o b :  (1; -2 ), (—1; 2),

x ( y  +  z )  =  20,

7 -m iso l. ■( y ( x  +  z)  =  18, tenglamalar sistemasini yeching.

z { x + y )  =  14

Y ech ilish i. Uchala tenglamani hadma-had qo‘shamiz: 
2xv + 2xz + 2yz = 52 <=> xy + xz + yz = 26.

Hosil bo‘lgan tenglikka ketma-ket
xy + xz -  20, 
xy + yz = 18, 
xz + yz = 14

qiymatlarni qo‘shib, berilgan sistemaga teng kuchli ushbu
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уг = 6, 
xz = 8, 

ху  = 12

tenglamalar sistemasini hosil qilamiz. Bu tenglamalami hadma-had 
ko‘paytiramiz:

(xyz)~ = 576 «
xyz = -24, 

лгуг = 24.

Bularga ketma-ket yz -  6; xz = 8; xy -  12 qiymatlarni qo‘yib, 
berilgan tenglamalar sistemasining yechimlarini hosil qilamiz: x, = 
= -4; y t = -3; z, = -2; x2 = 4; j>2 = 3; z, = 2.

Javob: (-4; -3 ;-2 ) , (4; 3; 2).

5-§. Kvadral tichhad

5.1. Kvadrat uchhad tushunchasi. ax2 + bx +  с ко 'rinishidagi ifoda
о ‘zgaruvchi x ga nisbatan kvadrat uchhad deb ataladi, bunda a, b va 
с -  berilgan sonlar (а Ф 0 ).

D - b 2 -  4 ac
ifoda, ya’ni ax2 + bx + с = 0 tenglamaning diskriminanti ax2 + bx + c 
kvadrat uchhadning ham diskriminanti deyiladi, shunga o‘xshash, 
kvadrat tenglamaning ildizlari ham kvadrat uchhadning ildizlari yoki 
nollari deyiladi.

5.2. Kvadrat uchhadni chiziqli ko‘paytuvchilarga ajratish. Agar 
kvadrat uchhadning diskriminanti musbat bo ‘Isa (b2 -  4ас > 0), и

ax2 + bx + с -  a(x -  x ()(x -  x2) (1 )
shaklda chiziqli ко ‘paytuvchilarga ajraladi.

(1) ayniyatni isbotlash uchun uning o ‘ng qismida Viyet teorema- 
sidan foydalanib, almashtirishlar bajaramiz:

2
a(x -  X])(X -  x2) = a(x -  xx¡ -  xx2 + x¡x2) =

= a ( x 2 ~ ( x ¡  +  x 2 )x  +  X]X2 ) =  ( a x '  + ^ x  +  ^  )  = ax~ +  bx + c.

Agar kvadrat uchhadning diskriminanti nolga tengbo‘lsa (fr~4ac= 0) 
ham ( 1 ) ayniyat to‘g‘ri bo‘ladi. Haqiqatan ham bu holda x, = x, va

ax2 + bx + c = a (x -x l) (x -x l) = f l(x -x ,)2.

137



1-m iso l. 2x2 -  5x -  3 kvadrat uchhadni ko‘paytuvchilarga 
ajrating.

Y e c h il is h i.  Kvadrat uchhad diskriminantining ishorasini 
aniqlaymiz:

D = 25 + 24 = 49 > 0.
If t rn sA yn t_JVVaUIcir̂

x, =-2 
x2 = 3.

Berilgan kvadrat uchhad uchun (1) ayniyatni yozamiz:

2a" -  5a -  3 = 2 (a + j )(-c -  3) = (2a + 1)(a -  3) •
Javob: (2x + 1 )0 -3 ) .
2 -m iso l. -25x2 + 10x -  1 kvadrat uchhadni ko‘paytuvchilarga 

ajrating.

Y ech ilish i. £>= 1 0 0 -4 -2 5 =  100-100 = 0; a, = a2 = ^  \  ;

2 5 a 2 + 1 0 x - 1  =  - 2 5 ( a - ^ ) ( a - ^ )  =  - 2 5 ( a - ^ ) 2 = - ( 5 a - 1 ) 2 . 

Javob: - ( 5 . x -  l)2.
Es 1 a t m a : 1) agar kvadrat uchhad diskriminanti nolga teng bo ‘ Isa, 

uni har doim to la  kvadrat shaklida tasvirlash mumkin;
2) agar kvadrat uchhadning diskriminanti manfiy bo‘lsa, uni 

chiziqli ko‘paytuvchilarga ajratib bo‘lmaydi.
3 -m iso l. Arningqanday qiymatlarida

x 2 + 2(k -  9)x + k2 + 3k + 4 
ifodani to‘la kvadrat shaklida tasvirlab bo’ladi?

Y e c h i l i s h i .

D  =  (2(* - 9 )2 - 4 (* 2 + 3*+4) = 0 o  4 ( k 2 -  18* + 81) -  

- 4 k 2 -1 2 * -1 6  = 0 <=> 4*2 -7 2 * +  3 2 4 -4*2 -1 2 * -1 6  = 0;

84* = 308

Javob; y  .

x—54 -m iso l. kasrni qisqartirine.
3 a  -13a-10

Y ech ilish i. Kasr maxrajini ko‘paytuvchilarga ajratamiz: 
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13±Vl69+120 _ 13+17
1.2

x 2 = 5;

X, = -  3 .

3x 2 -13x -10  = 3(x  + | ) ( j: -5 )  = (3jc + 2 )U -5 )  . 

Shunday q ilib .

3jc2 —13jt—10 (3x+2)(x-5) 3x+2 '

J a v o b :
3a+2

6 - § .  R a t s i o n a l  t e n g l a m a l a r

Ushbu

2 -

2x +  5 = 3(8 -  x), 2(x2 + l)(x  -  1) = 6x -  (x + 7), 

Ali ~ ^ ' x +2 * ~ 1jc-1 jr+3 x+4
teng lam alarn ing chap va o ‘ng q ism lari ra ts iona l ifoda la rd ir. Bunday 
teng lam alar r a t s io n a l t e n g la m a la r  dey ilad i. H am  chap, ham  o 'ng  
q ism lari bu tun  ifod a la r b o lg a n  ratsional tenglama b u tu n  r a t s io n a l 

te n g la m a  d e y ilad i. C h a p  y o k i o ‘ ng q ism i ka sr ifo d a la r  b o ‘ lgan 
rats iona l teng lam alar k a s r  ra t s io n a l te n g la m a  deyilad i.

Ikk inch i daraja li butun ratsional tenglam alar ax2 + bx + c = 0 
ko ‘ rinishiga, uch inchi darajali tenglamalar ax3 + bx2 + cx + d  = 0, 
to ‘ rtinch i daraja lilari esa V I .3 da k o ‘ rilgan ax4 + bx3 + cx2 + dx + c = 0 
va h o ka zo  k o ‘ r in ish la rg a  k e lt ir i l is h i m u m k in . Y u q o r i  d a ra ja li 
tenglamalarning ayrim lari maxsus usullar b ilangina yechilish i mumkin. 
Ratsional tenglamalarni yechilishini m isollarda k o ‘ r ib  chiqam iz. •

1 - m i s o l .  x 3-  8a-2- jc + 8 = 0 tenglam ani yeching.
Y e c h i l i s h i .  T eng lam an i chap q ism in i gu ruh lash  usu li b ilan  

k o ‘ paytuvch ila rga ajratam iz:

x 3 - 8 jc2 - jc +  8  =  0 « <  a 2 ( j c- 8 ) - ( x - 8 ) = 0  «  U - 8 ) ( a 2 -  1) =  0  <s=>

o  (* -  8)(x -  l)(.c +1) = 0 <=>

* - 8  = 0, 

jc + 1  =  0 , 

jc - 1 = 0 ,

X ,  =  o ,

x2 = —1.

*3 = 1.

J a v o b :  -1 ; 1; 8.
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2-m iso l. (x2 -  5x + 4)(x2 -  5x + 6) = 120 tenglamani yeching. 
Y ech ilish i. Tenglamaning chap qismini ushbu 

(x2 -5 x  + 4)(x2 -  Sx + 4 + 2) = 120 
shaklda yozish mumkin. Bunda chap tom ondagi har ikki 
ko‘paytuvchida bir xil x2 - 5 x + 4 ifbda borligi uchun

x1 -  5x + 4 = y
belgilash kiritib, yangi o'zgaruvchi kiritish mumkin. U holday o ‘zga- 
ruvchili ushbu

y(y + 2) = 120 
tenglamaga ega bo‘lamiz. Shu tenglamani yechamiz:

y ( y  +  2) =  120 <=> v2 +2 _v - 1 2 0  = 0 :

,  = - l ± v l  + 121 = —1 ±11y 1,2
3-1 = -12 ,

y2 = 10.

Shunday qilib, dastlabki tenglama quyidagi 
x 2- 5 x  + 4 = -\2, 
x2-  5x + 4 = 10 

tenglamalarni yechishga keltirildi. Ularni yechamiz:
l ) x 2-5.v + 4 = -12<=>x2-5 x + 1 6  = 0.Bu tenglamalaming haqiqiy 

ildizlari yo‘q, chunki uning diskriminanti D -  25 -  64 = -39  < 0.

2) jc2 -5 a  + 4 = 1 0 « x 2 - 5 x - 6  = 0 :
*i = 6,

x2 =  —1.

Javob: —1; 6 .
3 -m iso l. .x- + x -  4 = 0 tenglama nechta haqiqiy ildizga ega? 
Yechilishi. Bcrilgaii tenglamani grafik usul bilan yechamiz. Bu

ning uchun uni X-1 = - x  + 4 shaklda yozib, bitta chizmadaj = x 3 vay 
~ - x  + 4 funksiyalar grallklarini yasaymiz. Bu grafiklar kesishish 
nuqtasining abssissasi xQ = 1,4 berilgan tenglama ildizi bo'ladi (36- 
rasm). Demak, tenglama bitta haqiqiy ildizga ega.

Javob: 1 ta.

4 -m iso l. + |  = tenglaman' yeching.

Y ech ilish i. Tenglamadagi kasr ratsional ifodalar o ‘zgaruvchi 
x ning x = 0 va x  = 5 qiymatlaridan tashqari barcha qiymatlarida 
ma’noga ega. Buni e ’tiborga olib tenglamani yechamiz:
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х-5 + х = х Й )  «  x-5  + I -  x U -5 )  = O «  x(*  -  3) + x -  5

- x - 5  = O <=> jc" -  3x -  10 = O
x, = 5, 

x2 = - 2
■[* - 2 .

O'zgaruvchining x = 5 qiymatida tenglama m a’noga ega 
bo‘lmaganligi sababli u tenglama ildizi bo‘la olmaydi.

J а V o b : -2.

5 -m iso l. x2+Ax-2\ _ Q tenglamani yeching.
X--X-3

Y ech ilish i:
.v +4x-21 = 0, (x-3)(jc + 7) = 0, 

1 j c  0,5(1 ± Vl3)

x¡ =3, 

jc2 = _7.|x  - x - 3 * 0
0 ‘zgaruvchi .v ning x = 3 va x = -7  qiymatlarida tenglama maxraji 

nolga teng emas — ----- -----------------------------------------
J a v o b : -7; 3.

6 -m iso l. J _ 4 - ¿ 2x= xí~+¡x tenglamaning ildizlari yig‘in-
Л ~ — Ч- X  ¿ .X  Л  -г  ¿.A

disini toping.
Y ech ilish i. Berilgan tenglamani undagi kasr ratsional ifodalar 

maxrajlari nolga teng bo'lmasligi sharti bilan yechamiz.

I 2 1 _ 4-jr = 0
2 _ 1 _ 4-jc 0  J (x-2 (x+2 ) x(x-2) x(x+2) ' ^

x2-4 x2-2x x +2x x * - 2 , jc  0, x Ф 2

2jc-jc-2 -(jc-2 )(4 -jc ) = 0, 

jc  Ф — 2, jc  Ф 0, x ¿  2

(jc -2) + (jc-2)(jc-4) = 0 , _  

x Ф - 2 , jc ^ 0 , x * 2

(jc -2)(1 + jc-4) = 0, г=> [x = 3.
x - 2 , x Ф 0, x Ф 2

Tenglamaning yagona ildizi 
x = 3 bolganligi uchun ildizlar 
yig'indisi ham 3 ga teng. 

Javob: 3.

1
y ' j У =

\ é

2
i \  ►

f i

O x .  4 \  x  
-x  +  4

Г
36-r
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7.1. Kvadrat funksiya tushunchasi. T a ’ r i f . y  = ax2 + bx + cformula 
yordamida berish mumkin bo ‘Igan funksiya kvadrat funksiya deyiladi, 
bunda x -  e rk li o ‘zgaruvchi, a, b v a c -  berilgan sonlar, a t  0.

Bu T unks iya  h aq iq iy  son la r o ‘ q ida an iq iangan  bo 'hb , g ra fig i 
paraboladan ibora t. P a rabo lan i ko o rd in a ta la r  tek is lig idag i ho la ti 
ax2 + bx + c kvad ra t uchhadn ing koe ffits iyen tla riga  bog ‘ liq . B u  
b o g liq l ik n i bosq ichm a-bosq ich  k o i i b  ch iqam iz.

7.2. y = ax2 funksiya grafigi. A g a r  a -  \ ,  b = c = 0 b o ‘ lsa, kvad ra t 
funksiya y = x 2 ko 'r in ish da  b o 'lib , bu  funks iya  gra fig i 35-rasmda 
ke lt ir ilg an .

A g a r b = c = 0 b o ‘lsa ,y - a x 2 funksiyaga ega bo ‘ lam iz. Bu  funksiya 
g ra fig in i yasash uchun y -  x 2 pa rabo lan i |a| koeffits iyent b ilan  Ox 
o ‘qidan cho ‘zish (yok i qisish) kerak. Funksiya  grafigi ushbu xususiyat- 
larga ega:

1. G ra f ik  k o o rd in a ta la r bosh idan o ‘ tadi.
2. G ra f ik  s im m etriya o ‘ q iga ega, u o rd ina ta la r o ‘q id ir.
3. a >  0 b o ‘ lganda g ra fik  k o o rd in a ta la r tek is lig in ing  Ox o 'q id an  

yuqo r i q ism ida  joy lashgan  b o l ib ,  p a rabo la  ta rm oq la r i yuqo rig a  
y o ‘nalgan bo 'lad i.

4. a < 0 b o 'lg a n d a  g ra f ik  k o o rd in a ta la r  te k is lig in in g  pastk i 
q ism ida joy lashad i va parabo la  ta rm oq la r i pastga yo 'na lgan  b o ‘ ladi.

37- rasmda a n ing 1; -1:3; -  * q iym atla ri uchun y -  ax2 funksiya- 

n ing  g ra f ik la r i tasvirlangan.

7.3. y  = a ( x  + jc0)2 funksiyaning grafigi. B u  funksiya  grafig i ham  
parabo la  b o ‘ lib , x 0 > 0 b o ig a n d a y  = ax2 funksiya  g ra fig in i Ox o ‘ qi 
b o ‘y lab  |x0| m asofa qadar chapga surishdan hosil b o ‘ lad i.
y = ax2 parabo lan ing  uch i (0; 0) ko o rd in a ta li nuqta, s im m etriya  o ‘ q i 
esa x  = 0 (Oy o ‘ qi) to ‘ g ‘ r i ch iz iq  |x0| masofaga k o ‘ch irilg anda  ( - x 0; 0) 
koo rd in a ta li nuqtaga va

x — —x0
to ‘g ‘ ri ch iz iqqa  o ‘ tad i (38-rasm).

x 0 < 0 b o ‘ lganda y = a(x + x 0)2 funksiya  grafig i y  = ax2 funksiya  
g ra fig in i Ox o ‘ q i b o ‘ y lab  |x0| masofa qadar o ‘ngga su rishdan hos il 
bo 'lad i. N a tija d a  y = ax2 parabo lan ing  u ch i (x0; 0) k o o rd in a ta li 
nuqtaga, sim m etriya o 'q i esa

7-§. Kvadrat funksiya va uning grafigi
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to‘g‘ri chiziqqa o ‘tadi.
y  = a(x + x0)2 funksiya grafigi ham

y  = ax2
funksiya grafigi kabi a > 0 da yuqoriga, a < 0 da esa pastga yo‘nalgan 
ho‘ladi (38, 39-rasmlar). -10-rasmda—

y  = 2x2 vay  -  2(x -  l )2 
funksiyalarning grafiklari, 41-rasmda esa

y  = -0 ,5 x 2 va y  = -  0,5(x + 3)2 
funksiyalarning grafiklari tasvirlangan.

7.4. y  = a ( x  + x 0f  + v0 funksiyaning grafigi. Bu funksiya grafigi 
agar y0 > 0 bo‘lsa, y  = a(x + x0)2 funksiya grafigini Oy o ‘qi bo‘ylab 
b 0| masofaga qadar yuqoriga, agary0 < 0 bo‘lsa, pastga ko‘chirishdan 
hosil bo'ladi (42, 43-rasmlar). Ko'chirish natijasida uchi (x0; y0) 
koordinatali nuqtada bo‘lgan parabola hosil bo'ladi. Bu parabolaning 
simmetriya o ‘qi x = x0 to‘g‘ri chiziq bo‘ladi. y  = a(x + x0)2 parabola 
yuqoriga yoki pastga siljitilganda uning tarmoqlari yo'nalishini 
o ‘zgartirmaydi. Shuning uchun y -  a(x + xf) 2 + y0 v& y- a(x + x0)2 
parabolalar bir xil yo‘nalishga ega bo‘ladi.

44-rasmda y  = -0,5(x + 3)2 + 1 funksiyaning grafigi tasvirlangan, 
bu grafik

y  = -0,5(x + 3)2
funksiyaning grafigini 1 birlik yuqoriga ko‘chirishdan hosil bo‘lgan. 
45-rasmda esa y  = 2(x -  1 )2 -  3 funksiyaning grafigi tasvirlangan, bu 
grafik y  = 2(x-  l )2 funksiyaning grafigini simmetriya o ‘qi bo‘ylab 3 
birlik pastga ko‘chirishdan hosil bo‘lgan.

7.5. y  =  ax2 + bx + c  funksiyaning grafigi. Bu funksiyani

» = + t a "
ko'rinishidayozish mumkin. B u ifod aa(x-x 0)2 + y a ko'rinishga ega, 
bunda

*  =  X„

Shuning uchun uchi \ ^  4̂ aC) koordinatali nuqtada bo‘l-

gan parabola^ = ax2 + bx + c funksiyaning grafigi boladi. Funksiya 
grafigini yasashga doir misollar keltiramiz.
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1 - m iso l. y  = x 2 -  3 a  -  3 funksiyaning grafigini yasang. 
Y ech ilish i. Kvadrat uchhadda to‘la kvadratni ajratamiz:

y  =  x 2 - 3 x - 3  = x 2 - 2 -  l x + l ~ l - 3  = ( x - U 5 ) 2 -5 , 25-  

Shunday qilib, y  = (x -  1,5)2 -  5,25 parabola uchi ,4(1,5; -5,25)

x = 1,5
to ‘g ‘ri chiziq. Parabolani Oy o ‘qi bilan kesishish nuqtasining 
koordinatalarini topamiz:

.V = 0 day = 02 -  3 • 0 -  3 = -3 . Demak, (0; -3) koordinatali nuqta 
parabolani Oy o'qi bilan kesishish nuqtasi.

a = 1 > 0 b o ‘lganligi uchun parabola tarmoqlari yuqoriga 
yo‘nalgan. Funksiya grafigi 46-rasmda tasvirlangan.

2 -m iso l. y -  -3 x 2 + 4 a  -  2 funksiya grafigini yasang. 
Y ech ilish i. T o la  kvadratni ajratamiz:

y = -3x2 +4x-2  = -3 ( - ï - f ) 2 -  3 •

Demak, ( 3  ; -  3 ) koordinatali nuqta parabola uchi boladi. Funk

siya grafigi (0; - 2 )  koordinatali nuqtada Oy o ‘qi bilan kesishadi. 
a = -3  < 0 bolganligi uchun parabola tarmoqlari pastga yo‘nalgan 
(47-rasm).

Mustaqil ishlash uchun test topshiriqiari

1 .  a 2 =  3 a  tenglamani yeching.
A) 0: B) 3; C )0 v a 3 ; D)±3; E) 3.

2. 2 a 2 + 4 = 0 tenglama nechta ildizga ega?
A )2 ;B )1 ; C) cheksiz ko‘p; D) ildizlari yo‘q; E) 3.

3 .  1 0 ( a  -  2) +  1 9  =  ( 5 a  -  1 ) ( 1  +  5 a )  tenglama ildizlarining o ‘rta 
arifmetigini toping.

A) 0,2; B) 2; C) 2,5; D) 4; E )-0,4.

4. x2-4  * x + 4 2 = 0  tenglamaning katta ildizidan kichik
ildizining ayirmasi nechaga teng?

A) 3; B) 2,5; C) 1,5; D )-3 ; E ) -1,5.

5. -^J28 = 8 tenglamaning ildizlari yig‘indisini toping.

A )-2; B) -4; C) 4; D) 2Vs ; E) - 2 \ is  ■
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6*. x, va x2 lar (a -  2)x2 + (a + 2)x - 2  = 0 tenglamaning ildizlari 
va x, + x , = 1 boisa, a ni toping.

A )-3 ; B) 0; C)2; D) 3; E )-2 .
7. 2x2 -  20x + 32 = 0 tenglama ildizlarining o‘rta proporsionalini 

toping.
A) 8; B) 5; C)6; D) 7; E) 4.

8. 2000.V2-  2002x + 2 = 0 tenglama katta ildizining kichik ildiziga 
nisbatini toping.

A ) 2000 ; B> ~ 1000 ; C) 1000; ° )  1998; E) 1998 '
9. x 2 -  bx + 6 = 0 tenglamaning ildizlaridan biri 3 ga teng bo‘lsa, 

tenglama koeffitsiyentlari yig'indisini toping.
A) 0; B) -2; C)2; D) 12; E )-12 .

10.Agar ( j c - 4 ) x  + 3) = 0 boisa, ^  + 3 qanday qiymatlar 

qabul qiladi'.’
A)0; B)-12; C) 0 yoki 6; D) 0 yoki 4; E )-12yoki0. 
11*. b ning qanday qiymatida x2 -t- .̂v + A uchhad to la  kvadrat 

boladi?
C ) 9 ;  D ) l ;  E ) £ .

12. a'2+1 + * = -2  5 tenglama nechta ildizga ega?
x x +1

A) 1; B) 2; C)3; D) 4; E) tenglamaning ildizlari yo‘q.

13. 2 .̂v2 + 4, ) + 3 ( . ï -  J ) - 13 = 0 tenglama ildizlarining ko‘payt-

masini toping.
A )-8; B) 8; C)-4; D)4; E) 1.

14.x2 + 6x -  7 = 0 tenglamaning kichik ildizini katta ildiziga 
nisbatini toping.

A) 6; B) -6; C ) j ;  D ) - j ;  E )-7 .

15. v'x+5 =6 tenglama ildizlarining o ‘rta arifmetigi ildizlari
ko'paytmasidan qancha kam?

A) 5; B) 6; C) 2; D )-2 ; E) 8.

16. x + = 1 tenglama nechta ildizga ega?

A) 1; B) 2; C)3; D)4; E) ildizlari
yo‘q.
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17*. k ning qanday qiymatlarida x2 + 2(k -  4)x + k: + 2k + 3 
ifodani to‘la kvadrat shaklida yozish mumkin?

A ) « ;  B )  -  >3 ; C ) 3 . D ) 13. E ) _ > 3 .

1 8 .x 2 -  px + 6 = 0 tenglamaning ildizlaridan biri 6 ga teng. 
Tenglamaning koeffitsiyentiari yigindisini toping.

A) 2; B) 0; C)3; D) 5; E) 12.
19.x, va x2 sonlar x 2 -  4x -  8 = 0 tenglamaning ildizlari bo‘Isa,

2 + \  n'nS qiymatini toping.
xl *2

A ) 2; B )-2; C) D ) _ ^ ;  E) j .
20 .x2 + x  -  3 = 0 tenglamaning ildizlari avab  sonlar bo‘Isa, a3 + 

+ 63 ning qiymatini toping.
A) —1; B) -3; C)-27; D) 10; E )-10.

21*. a ning qanday qiymatlarida -  (V ia  -  2)x - 4  = 0 
tenglamaning ildizlari qarama-qarshi sonlar bo‘ladi?

A) 1,5 v a -1,5; B) V2 va -V 2 ; C) 0; D) V2;  E) 4.
22*. x 2 + px + 8 = 0 tenglama ildizlari ayirmasining kvadrati 49 

ga teng bo‘lsa, ildizlarining yig‘indisini toping.
A) 8; B) -8; C)±9; D) 0; E) 9.

23. 3x2 + x -  a = 0 tenglamaning ildizlaridan biri 2 ga teng. 
Ikkinchi ildizining qiymatini toping.

A )-3; B ) - 2 $ ;  C)3; D ) 2 ^; E) \ .
24.x, va x 2 sonlar 3x2 -  7x + 3 = 0 tenglama ildizlari bo‘Isa, 

3 3 -A-, + x 2 n ing q iym atin i toping.

A) 5 ^ ;  B ) - 5 $ ;  C ) 5 4;  D ) _ 5 4; E) 5 \  ■
25*. Ildizlari x2 + 6x + 8 = 0 tenglamaning ildizlaridan 5 ga ortiq 

bo‘lgan kvadrat tenglama tuzing.
A )5 x 2 + 30x + 40 = 0; B ) x 2 + l l x  + 8 = 0; C ) x 2 + 6x + 5 = 0; 
D) 5 x 2 + 6x + 8 = 0; E ) x 2- 4 x  + 3 = 0.

26*. Ildizlari x2 + px + q = 0 tenglamaning ildizlaridan p qadar
ortiq bo‘lgan kvadrat tenglama tuzing.

A)4x2 + 4qx—p2 = 0; B)x2+4qx-p2 = 0; C) 4x2 + 4:/- p 2 = 0; 
D) 4 x 2 -  p2x + 4q = 0; E) x 2 -  p2x + 4q = 0.

2 7 .x 2 -  lOx + 9 kvadrat uchhadni ko‘paytuvchilarga ajrating.
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A) ( x -  9 ) ( x - l ) ;  B ) ( x -  3 ) 0  + 3); C) ( a - 5 ) ( a - 3 ) ;
D ) ( x + l ) ( x - 9 ) ;  E) ( a + 9 ) 0 - 1 ) .

28. 5a 2 + 1 7 x -  126 kvadrat uchhadni ko'paytuvchilarga ajrating. 
A) (5a -  18)0  + 7); B) 5(a- 1 8 ) 0  + 7); C) 5(a + 1 8 ) 0 -  7);
D) (5a + 18)(a -7 ) ;  E) (a + 7 ) 0 - 1 8 ) .

29. x2-4x-60 kasrni qisqartiring. 
xz+25x+\\4

\  \ A + 1 0  • R \  A —1 0  • A —1 0  • A + 6  • A + 6
’ a + 6  ’ ’ a - 1 9  ’  M  * + 1 9  ’  U ) x+19 ' ’ a - 1 9  ■

30. a2-10a+9 kasrni qisqartiring.
3a2-2a-1

A) s s i ; B> i 1 "  c > T - r  D > & V  E> f 3 -
31. a ning qanday qiymatlarida 4 a 2 -  12a + a  = 0 tenglamaning 

ildizlari teng bo'ladi?

A) 8; B) 9; C) ±8; D) - 9: E) \  .

32. 2<j-+8a-90 k asrn j q isqartiring .
3a2-36«+105 H M 6

a\ a+9 . d\ 2(a+9) . p\ a-5 . p\\ 2(a+9) . pv a+g 
’ a-1 ’ a- l  ’ 3(a-7) ’ 3(a-7) ’ «-5 '

33*. a 4 + 4 a 3 + 3 a 2 -  2a -  1 = 0 tenglamaning haqiqiy ildizlari 
ko‘paytmasini toping.

A) - 3+2̂  ; B) ; C ) - l ;  D) 5 \  \ E) 1.

34*. a 4 + 4 a 3 - 1  Oa2 -  28a -1 5  = 0 tenglamaning eng katta va eng 
kichik ildizlari ayirmasini toping.

A) 8; B) -3 ; C )-8 ; D )-4 ;  E )4.
35. a 4 -  13a2 + 36 = 0 tenglamaning barcha ildizlari yig‘indisini 

toping.
A) 5; B )-5 ; C )1 ;D )-1 ;  E) 0.

36. a 4 + 26a2 -  360 = 0 tenglamaning haqiqiy ildizlarini toping.

A) 10; B) -10; C) VlO;D) VlO va -  \/k) ; E) haqiqiy ildizlari yo‘q.
37. x+3̂  + 5a+2 _ 13 tenglamaning ildizlarini toping.

A) 0; B) 2 ; C) 2; D ) 0 v a  5;  E) |  va 3 .

38*. a 4 -  10a3 + 26a2 -  10a + 1 = 0  tenglamaning ildizlari 
yig‘indisini toping.
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J x2 + y2 - 1  = 2xy,
39. 1 sistemaning yechimini toping.

[ -* + y = 3 _______ _______ _______ _________ ________ —
A) (2; 1) va( l ;  2); B H lT ii ic H ^ l) :  D) (1,5; 1,5); E) (4; -1).

\x~ -  y2-3x = 12,
40. i tenglamalar sistemasi nechta yechimga

[x -y  = 0
ega?

A) 4; B) 3; C)2; D) 1; E) yechimga ega emas.

J x + y2 = 9,
41 .xn va yn sonlar i tenglamalar sistemasining

[x -  y = 1
yechimi bo‘lsa, xQ-y0 ni toping.

A) 8; B) 11; C)9; D) 3; E)4.

j x + 2 y - 7  = 0,
42*. i 2 2 tenglamalar sistemasini

[x +2xy + y -4 x  + 3y-31 = 0
yeching.

A) (10;-2), (-3; 5); B) (11;-2), (-3; 5); C) (5;-3), (11;-2);
D) (-3; 5); E ) ( l l ; -2 ) .

2x + y + z = 4,
43. -I x + Ay + 4z = -5, tenglamalar sistemasini yeching.

xy + yz + zx = -9

A) (1; 1; 2); B) (-3; 1; 1);C) (3; -3; 1) va (3; 1; -3);
D) (1; 1; 2) va (3; -1; -1); E ) ( - l ; - l ; 8).

Jx2 -  y2 = 5,
44.  ̂ tenglamalar sistemasi nechta yechimga ega?

[xy = 6

A) 4; B) 3; C)2; D) 1; E) yechimga ega emas. 
45.1kki natural sondan kichigining kvadrati shu natural sonlar 

yig‘indisiga teng. Bu sonlar ayirmasi 15 ga teng bo‘lsa, berilgan 
sonlarni toping.

A) 5 va 20; B ) 7 v a l 9 ;  C) 1 va 16; D) 12va27; E)6va21 .

A) 10; B) 5; C) 3 + 2V2; D ) 2 + ^3 ; E ) 5 + 2^2  + S  .
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46*. J ' + + ' 1 *’ tenglamalar sistemasini yeching.
[ .v 'y  + xy" = 30

A) (5; 1), (1; 5), (2; 3), (3; 2); B) (6; 5) va (5; 6);
C) (1; 5) va (2; 3); D) (5; 6) va (3; 2); E) (1; 9).

*  +  Z  =  2 5

47*. v tenglamalar sistemasining haqiqiy ildizlarini
2 2 x - y  =7

toping.
A) (4;-4); B) (3;-3); C) (4; 3) va (-4;-3);
D) (4; -3); E) (4;-3) va (-3; 4).

48.Sayohatga otlangan bir necha kishi 7200 so‘mni baravaridan 
to'lashlari kerak. Agar ulardan uch kishi sayohatga bora olmasa, 
boruvciúlaminghar biri 400 so'mdan ortiqcha toMashi kerak bo'ladi. 
Sayohatga necha kishi bormoqchi bo‘lgan edi?

A) 9; B) 10; C )8 ; D) 11; E) 12.
49.Uchta sonning uchinchisi ikkinchisidan nechta ortiq bo‘lsa, 

ikkinchisi birinchisidan shuncha ortiq. Bu sonlardan 2 ta kichigining 
ko‘paytmasi 85, ikkita kattasining ko'paytmasi 115 ekanligi ma’lum 
bo‘lsa, berilgan sonlarning kattasini toping.

A) 17; B) 15; C) 13; D) 11,5; E) 15,5.
50.Perimetri 96 sm bo'lgan to‘g ‘ri to ‘rtburchak shaklidagi 

tunukadan usti ochiq quticha yasaldi. Buning uchun shu tunukaning 
burchaklaridan tomoni 4 sm bo‘lgan kvadratlar qirqib olindi. 
Yasalgan qutichaning hajmi 768 sm3 bo‘lsa, tunukaning olchamlari 
qanday bo'lgan?

A) 40 sm x 8 sm; B) 16 sm x 32 sm; C) 24 sm x 24 sm;
D) 20 sm x 28 sm; E) 23 sm x 25 sm.

51.Quyidagi ma’lumotlarga ko‘ra butun musbat sonni toping: 
agar uning o‘ng tomoniga 5 raqami yozilsa, izlangan sondan 3 ta 
ortiq songa qoldiqsiz bo'linadigan va bolinmada bo‘luvchidan 16 ta 
kam chiqadigan son hosil bo‘ladi.

A) 20; B) 21; C) 22; D) 24; E) 25.
52. Ikki shahar orasidagi rnasofa 96 km. Bu masofani birinchi 

poyezd ikkinchi poyezddan 40 minut tez bosib o ‘tadi. Birinchi 
poyezdning tezligi ikkinchisinikidan 12 km/soat ortiq. Ikkinchi 
poyezd tezligini toping.

A) 48 km/soat; B) 40 km/soat; C) 32 km/soat;
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D) 34 km/soat; E) 36 km/soat.
53*. Bir portdan paroxodlardan biri janubga, ikkinchisi g‘arbga 

qarab ketdi. 2 soatdan keyin ular orasidagi masofa 60 km ga teng 
bo‘ldi. Paroxodlardan birining tezligi ikkinchisining tezligidan 6 
km/soat ortiq bo‘Isa, har qaysi paroxod tezligini toping,—

~ A fl 8 va 24; B) 30 va 36; C) 28 va 36; D) 20 va 26; E) 25 va 31.
54. Daryo bo‘yida joylashgan ikki shahar orasidagi masofa 80 

km. Paroxod bir shahardan daryo oqimi bo‘ylab ikkinchi shaharga 
borib, orqaga qaytib kelishi uchun 8 soat 20 minut vaqt sarfladi. 
Daryo oqimining tezligi 4 km/soat. Paroxodning turg‘un suvdagi 
tezligini toping.

A) 20; B) 24; C)25; D) 28; E) 30.
55. Ishchi o‘ziga topshirilgan ishni bajarayotganda har kuni reja- 

dagidan 2 ta ortiq detal tayyorlasa, ishni muddatidan 3 kun ilgari 
tugatadi; agar rejadagidan 4 ta ortiq tayyorlasa, muddatidan 5 kun 
ilgari tugatadi. Ishchi nechta detal tayyorlashi va necha kunda 
tayyorlashi kerak?

A) 80; 8; B) 100; 10; C) 120; 12; D) 120; 15; E) 90; 16.
56. у = 2x2 + 4x -  6 parabola uchining koordinatalarini toping.

A) (0; - 6); B) (-1; 8); C )(8; - l) ;  D) ( - 6;0); E )(2;2)
57. у = x1 -  4x + 4 parabolaning simmetriya o‘qi koordinatalar 

boshidan necha birlik masofada joylashgan?
A) 1; B) 2; C)3; D) 2,5; E)4.

58. Agar a < 0, b1 -  4ac = 0 bo‘lsa, у  = ax1 + bx + с funksiyaning 
grafigi koordinatalar tekisligining qaysi choraklarida joylashadi?

A) Iva II; В) II va IV; С) III va IV;
D) II va III; E) I, II, III va IV.

59. Agar a > 0 ,b 2-  4ac < 0 bolsa, y = ax2 + bx + с funksiyaning 
grafigi koordinatalar tekisligining qaysi choraklarida joylashadi?

A) I, II va III; В) III va IV; С) I, II, III va IV;
D) II va III; E) I va II.

60. y -  X 1  + Ix + 15 funksiya grafigi koordinatalar tekisligining 
qaysi choraklarida joylashadi?

А) I va II; В) I, II va III; С) I va IV;
D) II va III; E) III va IV.

61*. a ning qanday qiymatlarida y  = ax 2 + 16ax + 68o parabola 
grafigi Ox o‘qidan yuqorida yotmaydi?

A) (0; 4); B) (-oo; -4); C) (-<*>; -4 ) U(4; +oo);
D) (-oo; 0); E) (-4; 0).
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62. 7V(1; 9) nuqta y  = - x 2 + ax + 4 parabola grafigiga tegishli. 
Parabola uchining ordinatasini toping.

A) 13; B) 6; C)4; D) 2; E) 7.
63*. k ning qanday qiymatiday = x2 -4 x  + 1 2 -  k parabolaning 

uchi A (2; 4) nuqtada yotadi?
A) 6; B) 5; C)4; D) 3; E) 2.

64*. a ning qanday qiymatida ax2 + 2(a + 3)x  + a + 2 = 0 
tenglamaning ildizlari nomanfiy bo‘ladi?

A) [-2,1; -1]; B) [1; 2]; C) H o ; -2]; D) [-2,25;-2];
E) a ning bunday qiymatlari yo‘q.

65. *2TX~ 2 = o tenglamaning ildizlari nechta?
x  + x

A) 4; B)3; C )2;D )1; E) ildizlari yo‘q.



VII B O B

IK K INCH I D A R A JA L I T EN G SIZ L IK L A R . 
IR R A T SIO N A L  T E N G L A M A L A R  

VA T E N G SIZ L IK L A R

l - § .  I k k i n c h i  d a r a j a l i  t e n g s i z l i k l a r

Ushbu
ax2 + bx + с > 0 , ax2 + bx + с < 0 , 
ax2 + bx + с > 0 , ax2 + bx + с <  0 

ko’rinishdagi tengsizliklar kvadrat tengsizliklar (yoki ikkinchi da- 
rajali tengsizliklar) deyiladi, bunda a, b, с -  berilgan sonlar va a * 0 . 
Bunday tengsizliklarni y  = ax1 + bx + с kvadrat uchhadning geo- 
metrik tasvirlaridan foydalanib yechish qulaydir. Bunda 
у -  ax2 + bx + с parabolaning grafigini aniq yasashning hojati yo’q. 
Bu egri chiziqni taxminan tasavvur qilish kifoya, parabolaning 
koordinatalar tekisligidagi holati a koeffitsiyent va D - b 2 -  Лас dis- 
kriminantning ishoralari bilan aniqlanishi ma‘lum. Quyidagi hol- 
larni qarab chiqamiz:

1. a >  0, D <  0. Bu shartlarni qanoatlantiruvchi kvadrat uchhad
ning grafigi Ox o ’qini kesmaydi va undan butunlay yuqorida joy- 
lashadi (48-rasm).

У‘1

у = ax2 + bx + с 
(Z) > 0, я > 0)

/  w
A\ °  / x 2 X

49- ‘asm
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Bu holda ax2 + bx + c >  0 tengsizlik .y  ning har qanday qiyma- 
tida bajariladi, ya‘ni x e R.

ax2 + bx + с < 0 va ax2 + bx + с < 0 tengsizliklar yechimga ega 
bo’lmaydi, ya‘ni x  e 0  .

2. a > 0, D  > 0. Bu holda parabola Ox o’qini abssissalari

bo’lgan ikki nuqtada kesib o ’tadi (49-rasm). Shu sababli ax2+ bx + 
+ c > 0  tengsizl ik ( - ° ° ; x , )  va ( x 2; + ° ° )  oraliqlarda,  
ax2+ bx + с > 0 tengsizlik esa ( -  00 ; x,] va [x,; + 00 ) oraliqlarda 
bajariladi. ax2+ bx + с < 0 tengsizlikning yechimi (x,; x,) oraliqdan, 
ax2 + bx + с < 0 tengsizlikning yechimi esa [x,; x,] oraliqdan iborat 
bo’ladi.

3. a  > 0, D  = 0. Qaralayotgan bu holda kvadrat uchhad o ’zaro 
teng bo’lgan ikkita

x.

b
2 a

ildizga ega va u

>
x

_ 1 1 1 4

“ 3 6  
- 4

x

b O 
2a

50-rasm 51-rasm
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shaklda tasvirlanadi. Parabola grafigi Ox o ’qiga abcsissasi 
bo’lgan nuqtada urinadi (50-rasm). Shuning uchun ax1 + bx + c > 0 

tengsizlik x  ning x = -J?a dan boshqa barcha qiymatlarida bajari-

ia d f, y a 'n i x e  ~ j U  ( -  ; + 00 j . a x ’ + bx +  c >  U

tengsizlik esa x  ning har qanday qiymatida bajariladi, ya‘ni x e R. 
Bu holda ax 2 + bx + c < 0 tengsizlik yechimga ega bo’lmaydi,

ax2 + bx + c < 0 tengsizlik esa yagona x = -  £  nuqtada bajariladi.

Agar a < 0 bo’lsa, kvadrat tengsizlikning har ikkala qismini (-1) 
ga ko’paytirib, yuqorida bayon qilingan uchta holdan biriga keltirilib 
yechiladi.

1- m i s o 1. 3x2-  1 lx  -  4 > 0 tengsizlikni yeching.
Y e c h i 1 i s h i. Berilgan tengsizlikning chap qismidagi kvadrat 

uchhadda
<2 = 3 > 0; D =b2-4 a c=  121 + 48 = 169 >0;

_ 11-13 _ 1 _ 11 + 13
* _  “ 15 ~  ~  “ 3 ; x 2 ~  6

Demak, 3x2-  l l x - 4  parabola grafigi -̂<=0; -  3 j va (4; + °°)

oraliqlarda Ox o ’qidan yuqorida joylashgan bo’ladi (51-rasm) va 
berilgan tengsizlik x  ning shu oraliqlarga tegishli har qanday 
qiymatida bajariladi.

J a v o b: x e (-«•; -   ̂) U (4; ° ° ) .
2- m i s 0 1. -9 x 2 + 12x -  4 < 0 tengsizlikni yeching. 
Y e c h i l i s h i .  -9 x 2+ 1 2 x - 4  < O o  9X2-  12x + 4 > 0.
Berilgan tengsizlikka teng kuchli 9x2-  12x + 4 > 0 tengsizlikning 

chap qismidagi kvadrat uchhadda
a=  9 > 0 ;  D= 144-144 = 0.

2
*1 -  x 2 ~  3 '

Bu kvadrat uchhadning grafigi Ox o ’qidan yuqorida joylashgan
• • 2 bo’lib,absissalar o’qiga x = 3 nuqtada urinadi. Shu sababli berilgan

• • 2 tengsizlik x ning X=  ̂ nuqtadan boshqa barcha qiymatlarida
bajariladi.
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Javob: ie (-00; ^  y ^2. +co^

3- m i s o 1. 7x2-  lOx + 7 > 0 tengsizlikni yeching.
Y e c h i 1 i s h i. Tengsizlikning chap qismidagi kvadrat uchhadda 

a = 7 > 0;D=  100 -  4 • 7 ■ 7 = -96 < 0.
Parabola grafigi butunlay Ox o ’qidan yuqorida yotadi. Shu 

sababli tengsizlik x ning har qanday qiymatida bajariladi.
J a v o b :  x  e ( -  00; + 00).

2 - § .  T e n g s i z l i k l a r n i  y e c h i s h n i n g  o r a l i q l a r  u s u l i

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

funksiyani qaraylik. Bu funksiya sonlar o ’qining barcha nuqtalari- 
daaniqlangan.x ning- 2 ,3, 5 ga tengqiymatlaridafunksiyaqiymati 
nolga teng bo'ladi. Bu sonlar funksiyaning aniqlanish sohasini 
(- 00; -  2); (-  2; 3); (3; 5); (5; + 00) oraliqlarga ajratadi (52-rasm).

(x + 2)(x -  3)(x -  5) ifoda 3 ta ko’paytuvchidan iborat bo’lib, ular- 
ning har birining ko’rsatilgan oraliqlardagi ishorasi quyidagi 
jadvalda keltirilgan:

- 2 ) ( -  2; 3) (3; 5) (5; +co)

x  + 2 - + + +

x — 3 - + +

x - 5 - - - +

Jadvaldan ko’rinib turibdiki, 
agarx e ( -  00; -  2) bo’lsa ,/(x ) < 0; 
agar.r e ( -  2; 3) bo’lsa ,/(x ) > 0; 
agar x e (3; 5) bo’lsa ,/(x ) < 0; 
agar x e  (5; + 00 ) bo’lsa ,/(x ) > 0.
Shunday qilib, funksiya bu oraliqlarning har birida o ’z ishorasini 

saqlaydi, x  = -2; x = 3 va x = 5 nuqtalardan o ’tayotganda esa 
ishorasini o ’zgartiradi (53-rasm).

Umuman, agar funksiya
f{x) = (x -  x,)(x -  x2)(x -  x3) ... (x -  xn ])(x -  x j  

formula bilan berilgan bo’lsa (bunda x,, x2, x 3, ... , x  ,, x n — bir- 
biriga teng bo’lmagan sonlar), funksiya sonlar o ’qining x p x2, ... , x n
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54-rasm

sonlar ajratadigan oraliqlarida o ’z ishorasini saqlaydi va bu 
nuqtalardan o ’tayotganda ishorasini o ’zgartiradi. Bu xususiyatdan 

(x -  x,)(x -  x2) ... (x -  x j  > 0 ,
(x -  x,)(x -  X 2)  . ..  ( x  - x n) < 0  (1)

ko’rinishidagi tengsizliklarni yechishda foydalaniladi. Shunga doir 
bir necha misollar keltiramiz.

1-m i s о 1. (x + 6)(x + 1 )(jc — 4) > 0 tengsizlikni yeching.
Y e с h i 1 i s h i. Har bir chiziqli ko’paytuvchi nolga aylanadigan 

nuqtalami sonlar o’qida belgilab, uni (-  00 ; -  6), ( -  6; -  1), ( -  1; 4) va 
(4 ; + oo ) oraliqlarga ajratamiz.

Bu oraliqlarning har birida tengsizlikning chap qismidagi ko’- 
paytma ishorasini aniqlaymiz (54-rasm). Rasmdan ko’rinib turib- 
diki, tengsizlik x  ning ( - 6; -  1) va (4; + °°) oraliqlardagi barcha 
qiymatlarida bajariladi.

J a V о b: x  e (-  6; -  1) U (4; + 00 ).
Tengsizliklarni yechishning bu usuli o ra liq la r u su li deyiladi.
2-m i s о 1. x (0,5 -  x ) ( x  + 4) < 0 tengsizlikni yeching. 
Y e c h i l i s h i .  Berilgan tengsizlikni (-1) ga ko’paytirib, (1)

ko’rinishiga keltiramiz:
x ( x -  0,5)(x +  4) > 0. 

K o ’paytuvchilarning har biri nolga aylanadigan x, = 0; 
x, - 0,5; x} = -4 nuqtalar sonlar o'qini ( -  00 ; -  4), [- 4; 0], (0; 0,5) 
va [0,5; + 00 ) oraliqlarga ajratadi. Bu oraliqlarda ko’paytma isho-
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rasini aniqlaymiz (55
rasm). Ghizmadan ko’rinib -4 0 0,5
turibdiki, tengsizlikning 55-rasm
yechim i [- 4; 0] va 
[0,5; + 00 ) oraliqlar  
birlashmasidan iborat. -2 0 7 *

J a V о b: 56-rasm

x e  [- 4; 0] U [0,5; +<*>).
7 —X3-m i s о 1. £ < 0 tengsizlikni yeching.

1—xY e c h i l i s h i .  kasr ishorasi (7 -  x)(x + 2) ko’paytma isho-

rasi bilan bir xil bo’lganligi sababli berilgan tengsizlik
(7 -x ) (x  + 2) < 0 (хФ -2)

tengsizlikka teng kuchlidir. (7 -  л)(л + 2 ) ^ 0  tengsizlikni ( 1 ) teng
sizlik ko’rinishiga keltiramiz:

(7 -  x)(x + 2) < 0 <=> (x -  7)(x + 2) > 0. (A)
Sonlar o ’qini oraliqlarga ajratamiz va bu oraliqlarda ko’payt

ma ishorasini aniqlaymiz (56-rasm).
(A) tengsizlikning va unga teng kuchli bo’lgan

7-x
x + 2 < 0

tengsizlikning yechimlarining to’plami ( -  00 ; -  2) va [7; + 00 ) ora
liqlar birlashmasidan iborat.

J a V о b: x e ( -  00 ; -  2) U[7; + 00 ).
Umuman,

( x - x ) ( x - x ) . . . ( x ~ x , )
1 2  к > o

( x - x  ) ( x - x  ) . . . ( x —x  )
p q m

(x -x ) (x -x ) . . . (x -x )
1 2  k <0 

(jc- x  )(x-x  )...(x—x )
p q m

(хФхр,хФхд, ...,хФхт)

(2)

ko’rinishidagi tengsizliklarni yechishda sonlar o ’qini kasr surati- 
dagi va maxrajidagi ko’paytuvchilarning har birining nollari bilan
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tengsizlikning butun

oraliqlarga ajratib, bu oraliqlarda kasr ifodaning ishorasini aniqlash 
yordamida oraliqlar usuli bilan yechimlar to’plamini ko’rsatish 
mumkin.

. . . (-x2+x-l)(x2+x-2)__4-m i s о 1. ------------ ----------  > 0
x2-7x+ 12  

yechimlari nechta?

V и ■ i • u ■ (-x2+x~l)(x2+x-2) (x2-x+l)(x2+x-2) .Y e с h 111 s h l. -----------—---------- > 0 <=> --------- —---------- < 0 »
x2—7x+12 X2-7x+12

. (x2—x+ 1)(дг+ 2)(x— 1) 
w  U -3 )U -4 ) < 0 -

Berilgan tengsizlikka teng kuchli bo’lgan bu tengsizlikdagi x 2 -  x  + 1 
kvadrat uchhad x ning har qanday qiymatida ham musbat qiymatlar 
qabul qiladi (a = 1 > 0; D = 1 -  4 = -3  < 0). Buni e‘tiborga olsak, beril
gan tengsizlik

(x+2)(x-\)
(x-3)(x-4) < 0 (B)

tengsizlikka teng kuchli 
b o ’ladi. Sonlar o ’qini

x oraliqlarga ajratib (B) 
tengsizlikdagi kasr ifoda 
ishoralarini aniqlaymiz 
(57-rasm).

Berilgan tengsizlikning yechimlari to ’plami [-2; 1] va (3; 4) 
oraliqlar birlashmasidan iborat. Bu oraliqlarga tegishli butun sonlar 
-2 , -1 , 0 va 1. Demak, tengsizlikning butun yechimlari soni 4 ta 
ekan.

J a v о b: 4 ta.

5-m i s о 1.
x + x - 6 < 0 ,

tengsizliklar sistemasini yeching.
-x + 2x + 3 < 0

Y e c h i l i s h i .

I (x + 3 )(x - 2) < 0,

[(x —3)(x + l) > 0 .

Sistemaning har bir tengsizligining yechimlar to’plamini oraliq-

x2 + x — 6 < 0 , x2 + x -  6 < 0 ,
«  ■ «

-x '  + 2x + 3 < 0 x2 - 2 x - 3  > 0 L
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lar usuli bilan topamiz.
58-rasmda
(.V + 3)(x -  2) < 0,
59-rasmda esa
( x -  3)(x + 1) > 0 yechim- 
lari to’plamlari tasvirlan- 
gan.

Sistemaning birinchi teng- 
sizligi x e (-3; 2) oraliqda, 
ikkinchi tengsizligi 
x  e ( -  00 ; - 1] va 
x  e  [3; + 00 ] oraliqlarda 
bajariladi.

Sistemaning yechimini 
topish uchun har bir tengsiz-

т т ит эиит .
o

58-rasm

wn& W m Ш 9 //

59-rasm

тттттЛ Ы Ш '2“ -1̂
- 3 - 1 0  2 

60-rasm

3 x

¡LLULtxbt t / i n t t t i i bi t t u t / e t i . ' t m t m v m v p
0 2 V

61-rasm

mini bitta chizmada 
tasvirlaymiz (60-rasm).

Yechimlar to’plamining 
kesishm asidan iborat
(- 3 ; - 1] oraliq berilgan tengsizliklar sistemasining yechimi bo’ladi.

J a v o  b: (-3; 1].
6-m i s o 1.

x~ + x -  6 > 0 ,
tengsizliklar sistemasini yeching.

x2 + x + 6 > 0

Y e с h i 1 i s h i. Tengsizliklar sistemasidagi x2 + x -  6 kvadrat uch- 
hadning ildizlari x( = -  3; x2= 2. x2+ x + 6  kvadrat uchhadda esa a = 1 > 
> 0,I>= l - 2 4 = - 2 3 <  0. Demak,x2 + x -  6 > 0 tengsizlik x e  ( - “  ; -  3) 
vaxe (2; + 00 ) oraliqlarda bajariladi, x 2 + x+  6 > 0 tengsizlik esa x ning 
har qanday qiymatida o’rinli. Sonlar o’qida berilgan tengsizliklar 
sistemasini qanoatlantiriladigan sonlar to'plamini tasvirlaymiz 
(61-rasm).

J a v o b : x e  ( - oo; - 3 ) U ( 2 ; + 0°).
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Noma‘lumlari ildiz belgisi ostida bo'lgan tenglamalar irratsional 
tengJamalar deyiladi. Masalan, quyidagi tenglamalar irratsional 
tenglamalarga misol bo’la oladi:

yJx + 6 =2, yjx — 1 =3 + \lx,yJ\-3x  = 3, V x  — 5 - \fx  — 5 = \j l  -x .

3.1. Irratsional tenglamalarning chet ildizlari. Irratsional teng- 
lamalarni yechishda asosan ikki usul qo’llaniladi: tenglamaning ik- 
kala tomonini bir xil darajaga ko’tarish usuli; yangi o ’zgaruvchilar 
kiritish usuli. Bu usullar bilan irratsional tenglamadan ratsional 
tenglamaga o ’tiladi. Agar tenglamaning har ikkala tomoni toq 
darajaga ko’tarilsa, berilgan tenglamaga teng kuchli tenglama ho- 
sil bo’ladi. Agar tenglamaning har ikki tomoni juft darajaga ko’
tarilsa, chet ildizlar (berilgan tenglamani qanoatlantirmaydigan 
ildizlar) hosil bo’lishi mumkin.

ne Auchun 2'y]f(x) = (p{x) tenglama

l f(x)  = ((p(x))2n,

[<?(.i) > 0

tenglamalar sistemasiga teng kuchlidir. Bu teng kuchlilik arifmetik 
ildiz tushunchasiga asoslangan.

O ’zgaruvehi .v ning berilgan irratsional tenglama m a‘noga ega 
bo’ladigan bareha qiymatlari to’plami tenglamaning aniqlanish so- 
hasi deyiladi. Masalan,

y [ ^ \ = 2 x - 3  
tenglamaning aniqlanish sohasi o ’zgaruvehi x  ning

Jx - 1  > 0 ,

[ 2 x - 3 > 0
tengsizliklami qanoatlantiruvchi aiymatlar to’plami [1,5; +° ° )  
oraliqdan iborat.

Vx - 1  = 2 x - 3  tenglamaning ildizlarini topish quyidagicha 
bajariladi:

3-§. Irratsional tenglamalar
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\Jx- 1 = 2x-3 => i x 1 ^  Jx 1 4x 12x + 9, 0

2 x - 3  > 0 x > l , 5

4x2 -  13x+10 = 0
jc >  1 ,5

*u = 
x  > 1,5

13 + ̂ 169-160 x, = 1,25
x2 = 2

[x = 2 .

Tekshirish yordamida x, = 1,25 ildiz berilgan tenglamani qano- 
atlantirmasligiga, ikkinchi x, = 2 ildiz esa uni qanoatlantirishiga 
ishonch hosil qilish mumkin.

T ek  sh i rish.
Agar x, =  1,25 bo’lsa, u holda

Vl, 25 -1  *  2-1.25-3.
Agar x2 = 2 bo’lsa, u holda

>¡2-1 = 2 - 2 - 3 .
Shunday qilib, x, = 1,25 chet ildiz (u tenglamani qanoatlantir- 

maydi). x 2 = 2 tenglama ildizi (u tenglamani qanoatlantiradi). Ir- 
ratsional tenglamalar har ikkala qismini darajaga ko’tarish usuli 
bilan yechilsa, topilgan ildizlar albatta tekshirilib ko’rilishi shart.

3.2. Irratsional tenglamalarni yechishga doir misollar.

1-misol .  \ l x - 2 + %/l-x = 3 tenglamani yeching.
Y e c h i 1 i s h i. Nomanfiy sonlardangina kvadrat ildiz chiqarish 

mumkinligidan noma‘lum x miqdorning qabul qilishi mumkin bo’l- 
gan qiymatlari

fx -  2 > 0,

[ l - x >  0

tengsizliklar sistemasini qanoatlantirishi kerak. Bu sistemada 
x > 2 va x  < 1 tengsizliklar bir vaqtda bajarilmasligi ravshan. 
Shuning uchun x noma‘lum miqdorning qabul qilishi mumkin 
bo’lgan qiymatlar to ’plami b o’sh. Demak, tenglama haqiqiy 
ildizlarga ega emas.

J a v o b: tenglamaning ildizlari yo’q.
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K o’rib chiqilgan misol irratsional tenglamani yechishdan avval 
noma'lum miqdorning qabul qilishi mumkin bo’lgan qiymatlar 
to’plami bo’sh emasligini tekshirish kerakligini ko’rsatadi. Agar bu 
to’plam bo’sh bo’lsa, darhol tenglama ildizlarga ega emas deyiladi.

2-ni i s o 1. V.v-  2 + V-4- .v = 7 6 - . v  tenglam ani yeching.
Y e c h i 1 i s h i. Nom a‘lum x ning qabul qilishi mumkin bo’lgan 

qiymatlari to’plamini aniqlaymiz:

x -  2 > 0 ,

4 -  x > 0, <=> < 

6 - x  > 0

x > 2 , 
x < 4 , 

x < 6

¡2 < x < 4.

Tenglamaning [2; 4] kesmaga tegishli ildizlarini topish uchun 
uning har ikkala qismini kvadratga ko’taramiz:

(Vx- 2  + \ / 4 - = (\l6-x\ <=> .r- 2  + 2V(j^-2X4--x) + 4 - x = 6 - x <=> 

<=> 2y](x-2)(4-x) = 4 -  x <=> 2 V— x + 6 x - 8 = (4 -  x) <=>

+ 6x -  8 j  = 16 -

_  16±^256 -  240 
* * \ z ~  5

8x + x~ <=> 5x“ -  32x + 48 = 0

Xj = 2 ,4 ,

x2 = 4 .

Topilgan har ikkala ildiz ham tenglamaning aniqlanish sohasiga 
tegishli.

J a v o b: 2,4 va 4.

3 -mi s o l .  \ / 2 x - l  - 2 t / 2 x - l  = 3  tenglamani yeching.
Y e c h i 1 i s h i. Nom alum  x ning qabul qilishi mumkin bo’lgan 

qiymatlari to ’plamini aniqlaymiz:
2x - 1 > 0 => x > 0 ,5.

Berilgan tenglamani yangi o ’zgaruvchi kiritish usuli bilan

yechamiz: i j2 x - l  = y(y > 0 ) almashtirishni bajarsak, tenglama
y 2- 2y - 3 = 0

ko’rinishga keladi. Bu tenglamaning ildizlari y x = -  1, y 2 = 3. y  > 0 
bo’lganligi uchun j ,  = -  1 chet ildiz. Shunday qilib,
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T e k s h i r i s h .  V2 -41 — 1 — 2V2 -41 — I = 9 - 6  = 3.
J a V o b: 41.

4-m i s о 1. + 5 = 1 tenglamani yeching.
Y e с h i 1 i s h i. Berilgan tenglamada noma‘lum x ning qabul qi- 

lishi mumkin bo’lgan to’plami haqiqiy sonlar to’plamidan iborat, 
ya‘ni x  e R. Tenglamani har ikkala qismini

(a + b)3 = a3 + b3 + 3 ab(a + b) 
ayniyatdan foydalanib kubga ko’taramiz:

5 - x + x + 5 + 3 \j(5 - x)(x + 5) 5 - X+ \lX + 5  ̂= 1 •

Tenglamashartigako’ra l¡5 -x + \J x + 5  = 1 ekanliginie‘tibor- 
ga olib,____________ H

10 +  3 V 2 5  -  .V2 = I «  V 25 - л = - 3  

tenglamani hosil qilamiz. Hosil qilingan tenglamaning har ikkala 
qismini yana kubga ko’taramiz:

Ъ х - 1 = 3  <=> (\¡2x- 1)4 = з4 <=> 2л — 1 = 81 => 2j: = 82 => [.V = 41.

J a V o b: -\¡52 va \¡52 .

4 - § .  I r r a t s i o n a l  t e n g s i z l i k l a r

4.1. Irratsional tengsizlik tushunchasi. O ’zgaruvchisi ildiz belgi- 
si ostida b o ’lgan tengsizliklai■ irratsional tengsizliklar deyiladi.
Bunday tengsizliklarni yechishning asosiy usuli darajaga ko’tarish 
usuli bo’lib, bunda irratsional tengsizliklarni yechish ratsional 
tengsizliklarni yoki ratsional tengsizliklar sistemalarini yechishga 
keltiriladi.  Irratsional tengsizlik larni yechishda quyidagi 
teoremalardan foydalaniladi:
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1 - t e o r e ma .  ne N bo’Iganda
2 П\¡f(x) < (р(х)

tengsizlik

/ ' !  V )  >  О.

- (piх )  > О,

f(x)  < (<p(x)fn 

tengsizliklar sistemasiga teng kuchlidir.

2 - t e o r e m a .  ne N boIganda

2v / w  > <p(x)
tengsizlik

<p{x) < 0, 
f ( x ) >  0,

va
(p(x)  > 0, 

f ( x ) > ( < р { х ) У

tengsizliklar sistemalarining birlashmasiga teng kuchlidir.
3 - t e o r e m a .  ne N bo’lganda

- Ж Т >1
tengsizlik

Jtp(x) > 0 ,

1/ W  > (ф(*))2"
tengsizliklar sistemasiga teng kuchlidir.

4 - t e o r e m a .  ne N bo’lganda

2V 7 w .
(p(x)

tengsizlik

I (Pix) < 0 , 
[fix) > 0 ,

va

( p ( x ) >  0,
f i x ) >  0,

\ 2 n
f i x ) < ( ( p i x ) )

tengsizliklar sistemalarining birlashmasiga teng kuchlidir.
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l - m i s o l .  \[~x > - 3  tengsizlikni yeching.
Y e с h i 1 i s h i. O’zgaruvchi .v ning qabul qilishi mumkin bo’lgan 

qiymatlari x  > 0 shartni qanoatlantirishi kerak. Tengsizlikning chap 
tomoni manfiy bo’lganligi sababli uning yechimi x > 0  bo’ladi. 

J a v o b :  x e  [0 ; + °°).

4.2. Irratsional tengsizliklarni yechilishiga doir misollar

2-rn i s о 1. \fx2 + 3x > 2 tengsizlikni yeching.

Y e c h i l i s h i .  \[x~ + 3.x > 2
x2+3x>  0, <=>
X2 + 3x > 4

« x 2 +3jc-4>0<=> (x + 4 )(x -  1) > 0.
Berilgan tengsizlikka

teng kuchli  b o ’lgan y i T
(,v + 4)(.v-1 ) > 0 .
tengsizlik o ’zgaruvchi

. , . 62-rasmx ning ( - 00; - 4 )  va
( 1 ; +«=) oraliqlarga tegishli barcha qiymatlarida bajariladi 
(62-rasm).

J a v о b: ( -  00 ; -4) U ( 1 ; °° )■

З- m i sol .  \lx2 -7 x  > -2 tengsizlikni yeching.
Y e с h i 1 i s h i. Tengsizlikning o ’ng qismi manfiy sondan iborat 

bo’lgan bunday tengsizliklarni yechishda faqat juft darajali ildiz 
ostidagi ifodaning nomanfiy bo’lishi shartligini hisobga olish 
yetarlidir, chunki irratsional tenglama va tengsizliklarda ildizning 
faqat arifmetik qiymati qaraladi. Shu sababli berilgan tengsizlik

x 2- 7 x > 0
tengsizlikka teng kuchlidir. Shu tengsizlikni oraliqlar usuli bilan 
ycchamiz:

x 2 -  7x > 0 <=> x (x -  7) > 0 
J a v о b: x e  ( - “  ; 0] U [7; + 00 ) (63-rasm).

4-m i s о 1. \¡3x-l < 3 
tengsizl ikning butun 
yechimlari nechta? 0

63-rasm
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Y e c h i l i s h i .

,------  [3jc -1  > 0 U > \  . ]0

j s x - I O 2 | x < f  3 3

Berilgan tengsizlik o’zgaruvchi x  ning oraliqqa tegishli

barcha qiymatlarida bajariladi. Bu oraliqdagi butun sonlar 1; 2; 3.
Ja v o  b: 3 ta.

5- m i s o 1. \]x -1  < 3 -  x tengsizlikni yeching.
Yechilishi. Tengsizlikni yechishda 1-teoremadan foydalanamiz. 

Tengsizlikning chap qismi x - 1  > 0 boiganda ma‘noga ega. Teng- 
sizlikning mohiyatiga ko’ra 3 - x  > 0 boiishi kerak. Bu shartlar 
bajarilganda tengsizlikning ikkala qismi ham nomanfiy bo’ladi, de- 
mak, kvadratga ko’tarish usulidan foydalanish mumkin. Shunday qi- 
lib, berilgan tengsizlik quyidagi tengsiziikiar sisiemasiga teng kuchli:

x —1 > 0 ,
3 — x > 0,

x -1  < ( 3 - x ) 2.

x > l ,
x < 3, => [ l < x < 2 .

(x-2) (x-5)  > 0

Sistemaning yechimlar kesishmasi (64-rasmda) tasvirlangan.
J a v o b :  x e  [1;2).

6-m i s o 1. Vx- 1  > 3 - x tengsizlikning eng kichik butun yechi- 
mini toping.

Y e c h i l i s h i .  Tengsizlikni yechishda 2-teoremadan foydalana
miz. Berilgan tengsizlik

Bundan

0 1 2 3 5 x  0 2 3 5

64-rasm 65-r asm
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3 - х < 0 ,  
а) i  l s n  v a b ) 1

3 - je > О, 

x - 1  > ( 3 - х ) 2( x - 1 > 0

tengsizliklar sistemalarining birlashmasiga teng kuchlidir. 
Birinchi sistemani yechamiz:

) 3 -  x < 0, I x > 3,
I x - 1  > 0 | x > l

[x > 3.

Ikkinchi sistemani yechamiz:

3 - x > 0 ,  ^  | x  < 3,

x - l > ( 3 - x ) 2 \ ( x - 2 ) ( x - 5 )  < 0

(65-rasm).
Berilgan tengsizlikning yechimi

[2 < x < 3.

r>
-0 1 2 »---------

66-rasm
yechimlari birlashmasidan iborat 
bo’ladi (66-rasm).

T engsizlik X ning (2; + 00 ) 
oraliqdagi barcha qiymatlarida bajariladi. Bu oraliqdagi eng kichik 
butun son 3 dir.

J a V о b: 3.

7-mis  о 1. 2x2 - 3 x  + 7 < l ^( 2x- \ ) (x- \ )  tengsizlikni yeching.

Y e с h i 1 i s h i. Berilgan tengsizlik o ’zgaruvchi x ning (-«>; 4 ]  

va [1; + °° ) oraliqlarga tegishli barcha qiymatlarida aniqlangan.

2x2 -З х  + 7 < 7л/(2 х -1 )(х -1 ) <=> 2x2 - 3 x  + 7 < 7^2x2 — 3x + l •

Tengsizlikni / = V2x2 - 3x + 1 almashtirish kiritish yo’li bilan 
yechamiz. U holda

r2 + 6 <7 r  i=> t2 -  7r + 6 < 0  «  (t — l)(f — 6 ) < 0 =>

1 < t < 6
t > 1, 
t < 6 .

Eski o ’zgaruvchiga qaytib, tengsizlikning yechimini topamiz:
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y ¡?  22 x  -Э х  + 1 > 1, 
______  <=>

>/?~22 x  -  Зх  +1 < 6

2 x 2 - 3 x  +  l > 1, | 2 х ( х - 1 , 5 ) > 0 ,  

2jc2 - 3 x  +  l < 362- t,x + ] ^2(x + 3,5)(x-5) < O

-3 ,5  < X < O,

1,5 < X < 5.

T e n g s i z l i k n i n g  
yechimlar to'plami 67- 

0 0-5 1,5 5 X rasmda tasvirlangan.
J a v o b : j c e ( -  3,5; 

67'PacM 0 )U  (1,5; 5).

Mustaqil ishlash uchun test topshiriqlari

1. 2x2-  28x — 30 <0 tengsizlikni yeching.
A) [-1; 15]; B) (-1; 15); C ) ( - ~ ; - l ) ;  D)[15; + ~ ) ;
E) ( - °° ;  1] U[15; +«>).

2. Зх2-  Ix + 4 < 0 tengsizlikni yeching.

A )[ i;  j ] ;B )(-o o ;  i ] u [ | ;  + ~ );C )(-o o ; - i )  и  ( £ ; + - ) ;

D) (-°°; l] U ( | ;  + °°); E) (-°°; i)  U ( f  ; + ~ ) .
3 .4x2+ 1 2 x + 9 > 0  tengsizhkning yechimlari to’plamini ko’rsa- 

ting.
A ) ( - ° ° ; -  1,5]; B) (-<»:-1.5):  C) [ l , 5 ; + ~ ) ;  D ) ( l , 5 ; + ~ ) ;
E) (-  00 ; + °° .

4. 25x2 + 30x + 9 < 0 tengsizlikni yeching.

A ) ( - ~ ; | ) ;  B ) ( - o o ; - 3 ) ;  C) 0 .

D ) ( - 00; - 3 ) U ( - ^ ;  + °0 ); E ) ( - 3 ; +°°) .
5. 8 - x 2 > 0 tengsizlikning butun yechimlari nechta?

A) 2; B) 3; C)4; D) 5; E) 6 .
6. 3x2-  2.x > 0 tengsizlikning eng kichik butun musbat yechimini 

toping.
A) 5; B) 4; C)3; D)2; E) 1.
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7 . x 2 +  x - 2 < 0  te n g siz lik n in g  b u tu n  y e c h im la ri y ig ‘in d is in i 
top ing .

A ) -3 ; B) -2 ;  C ) - l ;  D ) 0; E) 4.
8. x 2 + 2x -  15 <  0 tengsiz likn ing  n a tu ra l yech im lari k o ’p ay tm a- 

sini top ing .
A ) 0; B) 1; C )2 ; D )4 ; E) 6 .

9. 2.x4-  34.x2 +  32 <  0 tengsiz likn ing  b u tu n  yech im lari o ’r ta  arif- 
m etig in ing  q iym atin i top ing .

A ) 1; B )-1 ;  C ) 0; D ) - j ;  E ) \ .

10. Ox2- * -  l) (x 2- x - 7 )  < -  5 tengsiz likn ing  eng k a t ta  b u tu n  va 
eng kichik  b u tu n  yechim lari ay irm asin i top ing .

A) 2; B) 3; C )4 ; D ) 5; E ) 6 .
11. ( x -  2).(.x- 5 ) ( x -  12) >  0 tengsizlikni yeching.

D ) (2; 12); E ) ( -  ° ° ; 2) U (12; +  ~ ).

12. ( x + 7 ) ( x  + l ) ( x - 4 ) <  0 tengsizlikning b u tu n  m u sb a t yechim 
lari y ig 'ind isin i top ing .

A ) 9; B) 8; C )7 ; D) 10; E) 12.

13. O ’zg aru v ch i .x n in g  q a n d a y  q iy m a tla r id a  —x 2 — ^ x  — ^  

k v a d ra t u ch h ad  m anfiy  q iy m a tla r  q ab u l qiladi?

A ) x e  ( -  °o ; +  oo); B) (-oo; - ¿ ] ;  C ) (~°°; - ¿ ) ;

D> [ _ 6 ; + °°); E) ("°°; ~ i )  U (_ 6 : + °°)-

.  . _  . . . . .  . . . • . ■ f4x" - 2 7 x - 7  > 0,14. T engsizhk lar sistem asm i yeching; <
[x  > 0.

A ) (7; + 00); B ) ( - ° ° ; 7 ] ;  C ) ( - ° ° ; 7 ) ;  D )[7 ; +  ° ° ) ; E ) + « ).

15. \  X , 4 > ° ’ tengsiz lik la r sis tem asin ing  b u tu n  yechim lari 
[3x -  15x < 0

y ig ‘indisini top ing .
A) 9; B) 6; C )3 ; D) 1; E) 0.
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16.
X 2 -  2 x  — 8 < 0

х + 4х -  5 > О,
tengsizlik lar sistem asining eng k ich ik  b u tu n

yechim ini
A) 2; В) - I ;  C ) 3; D ) -2 \  E f - 3 .

17. < 0  tengsizlikni yeching.

A) (4; 6]; B) [4: 6]: C ) ( - ° °  ; 4 )U [6 ; +  00 );

D ) ( - ° °  ; - 4 ) U ( 6 ;  + ° °  ); E) (-< * > ;-4 ) U [6; + ° ° ) .
/j jY 1 .

18. ' :  = k  + 3 ten g lam a к  n in g  q an d a y  q iy m a tla rid a  m anfiy  

yechim ga ega b o ’ladi?

A ) -  2); B) ( - ° °  ; -2 )U [1 ;  + °°); C) ( -2 ;  1); 

D ) ( l ; + ° ° ) ;  E ) ( - ° ° ; - 2 ) U ( l ;  + ° ° ) .
3 V— 1

19. 0 < 2x +5  < * 4° ’sh tengsizlikni yeching.

D ) ( - 1 ;  6 ) ;  E ) ( — ; - 5 ) u ( | ; 6 ) .

20. -~ 3* ++4* ~ 5 > 0 tengsizlikni yeching.

A ) ( -  °° ; -  1,5); B) ( -1 ,5 ;  2); C ) ( -  4; -  1,5);
D ) ( -  1,5; -  1,2); E ) ( - ° °  ; -  2,5).

|jc-3 |
21* .  — -------- -—  > 2 tengsiz likn i yeching.

jc2-5 jc + 6
A ) yechim i y o ’q; B) [1,5; 2]; C ) (2,5; 4);
D ) [2,5; 4); E ) [-10; 10].

22. X2-  2 |x| -  8 > 0 tengsiz likn i yeching.
A ) ( - ° ° ; - 2 ] ;  B ) [ 4 ; + ~ ) ;  C ) [ -  2; 2];

D ) ( - ° ° ;  — 4 ]U [4; + ° ° ) ;  E ) [ - 4 ;4 ] ,

23. X2-  6 |x| -  7 <  0 tengsiz lik  n ech ta  b u tu n  yechim ga ega?
A ) 15; B) 14: C ) 8; D ) 7; "  E) 2.

172



24. - x~ 15jr 50 > о tengsizlikni yeching.
3jc2+17x- 6

A) ( - 00; - 6) U  ( -2 ,5 ;  ‘ )  U ( 10; +  ~ )  ; B) ( - 6; 10);

C) ( - 2 ,5 ;  10); D ) ( - 6; J ) ;  E) ( - 2 ,5 ;  J )  U (lO; + « ) .

25. ( л + ̂  ̂  (-x + 3)x  > Q tengsiz likn ing  eng  kichik  b u tu n  m u sb a t 
U + 4 ) 2( j t - 2 )3

yechim ini top ing .
A ) 1; ^B) 2; • C )3 ; D )4 ; E) 5.

26*. 2 x - A
x + l

> 2 tengsizlikni yeching.

< 3 tengsiz likn i yeching.

A ) ( - o o ;  + oo); B ) ( - ° ° ; - l ) ;  C ) ( -« > ;0 ,5 ) ;

U K - ~  ; -  n U F í  ; E ) ( - «  ; - n U f - t + ~  ).

27*. x  + 6 x ~ 7 < 0  tengsizlikni yeching.
\ x + 4 \

A) (-7 ; 1); B) (-7 ; -4 )  U M ;  D; С) M ;  1);

D ) ( - 7 M ) ;  E ) ( - » ; - 7 ) U ( - 7 ; - 4 ) U M ;  l ) U M ; + ~ ) .

2^  л 3>x 1

X ~  + X +  1

A ) (— 00 ; +  00 ); B) ( - 2 ;  — 1); C) ( - «  ; —2)U(—1; +  °° );

D) ( -  2; + 00 ); E) ( -° °  ; -2 )U (-2 ;  —1 )U(—1; + °° )•
29. a n ing  q an d a y  q iy m a tla rid a  |jc| <  tengsizlik  yech im ga ega 

em as?
А ) я < 0 ;  B ) a > 0 ;  C )a e R - , D ) a - 0 ;

E) ( - ”  ; 0)U(0; + °° ). .
30*. a p a ra m e trin in g  q an d ay  q iy m a tla rid a

2 -a x -x 1 <  2

1 -x + x2

tengsiz lik  o ’zgaruvch i x ning  b arc h a  q iy m a tla rid a  b a jarilad i?
A ) a e  [-1 ; 7]; B ) e e [ - 4 ;4 ] ;  C ) a e ( - I ; 7 ) ;  D ) a e [ 4 ;7 ] ;

E) a e  ( - ° °  ; —1]U (7; + <»].
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31. yjx + 4 \ f x  +  l + 5  + V l8 + 6 V 9 ^ x -  x  = 9 ten g lam an in g  ildiz- 
lari y ig‘indisin i top ing .

A) 0 ; B) 4; C )2 ; D ) 8; E )9 .

I 2 31 2 2
32. \ j x  \ j x  \ x  ... = 4 9  ten g lam an i yeching.

A) 49; B) 7; C) 39; D ) 50; E ) 24.

33. Vx +1 +  \ l l x  +  3 =  1 ten g lam an i yeching.
A ) - l ;  B) 3; C ) - 1 ,3 ;  D ) l ;  E ) - 3 .

pay tm asin i top ing .
A) -  3; B) 3; C) 4; D ) - 4 ;  E ) - 6.

35. 3 - f i x  -  5 i/8 x  + 7i/18a- = 28 teng lam an i yeching.
A ) 1; B )2 ; C )3 ; D )4 ;  E ) 6.

36. | l  6 -  x '  j \ l 3 - x  =  0 tenglam aning ildizlariyig‘indisini toping. 

A ) 7; B) 3; C )0 ; D ) - 2 ;  E ) - l .

37. \JX + l - y f x  + 7 +  '¡8 + 2 \ lx  + T + x  =  4 ten g lam an in g  nech ta  
ildizi bor?

A) 0  ; B) 1; C ) 3; D ) 2; E ) 4.

38. \ x 3 + \9  = x + \  te n g lam a  k a t ta  ild izin ing  k ic h ik  ild iz iga  
n isba tin i top ing .

A ) l ;  B ) - 2 ; C ) 2 ;  D ) - l ;  E ) - J .

39. x  + ;—— = 2 ten g lam a n ec h ta  ildizga ega?
J 2 - X + 3

A) Ildizi y o ’q; B) 1; C) 2; D ) 3; E ) 4.

x i f x —\ \ i x ^ - \
40 . -  = 4  te n g la m a n in g  iid iz ia r i y ig 'in d is in i

t 2- l  V l+ 1

toping.
A) 7; B) 8; C )9 ; D ) 10; E ) 11.
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41. — x 3 =  4  — x  teng lam an ing  ildizini top ing .
A) 0; B) 1; C )2 ; D )4 ; E ) -2 .

42*. \J 1 2 - x  +  l ] \ 4  +  x  = 2 teng lam aning  ild izlari k o ’p ay tm asi- 

ni top ing .
A ) - 1 2 5 ;  B) 205: C) 225; D ) - 2 0 5 ;  E) -  195.

4 3 - ^  + = 4 teng lam aning  ild izlari k o ’pay tm asin i

toping.
A) 0,75; B) -  0,75; C) 2,25; D ) - l , 5 ;  E) 0,5.

44*. a ning  q an d a y  q iym atida  x + \ l a  +  \ [ x  = a teng lam a ildizi 
faq a t n o lg a  teng  b o ia d i?

A) b u n d ay  q iy m a tla r  y o ’q; B) ( - ° °  ;0 )U (0 ; 1); C ) [ l ; + ° ° ) ;
DHOl: E) [0; 1}.

45. \ /x2 - 2 x + \ + \ x 2 +2x+\  =2 ten g lam an i yeching.
A ) jc< - 1; B) [-1 ; 1]; C ) x > l ;  D ) ( - l ; l ) ;  E ) [-2; 0].

46*. 'J x 2 + x  + 4 + \ l x 2 + x + \ = ' j 2 x 2 + 2 x  + 9 te n g la m a n in g  
eng k a tta  ildizi 10 d an  q an ch a  kam ?

A ) 10; B) 9; C ) 11; D) 8; E) 7.

47*. â —  = I ten g lam a a n ing  q an d a y  q iy m a tla rid a  yechim - 
V_r+4

ga ega?
A) a e  ( - ° °  ; +  ° ° ); B) a e  (0; 2); C ) a e  (2; +  ° ° ); D ) a e  [2; +  °° ];
E) a e  (-2 ; + ° ° ).

48*. \[ x 2 +  1 -  ___= x  teng lam a n ech ta  ild izga ega?
r2 _ 5
* 3

A) 2; B) 4; C )3 ; D ) 1; E )J .

49. |;c2 -  i j  \ x 2 - x - 2 > 0  tengsizlikni yeching.

A ) (-1 ; 1) B) ( - ° ° ; -1 ]U [2 ; + ° ° )  C ) [-1 ; 2];

D ) [-  1; 1)U[2; + °° ) ; E ) [ - l ; + ~ ) .
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50. y 1 2 < 3  tengsiz likn ing  m u sb a t b u tu n  ild izlari y ig ‘in- 

disini top ing .
A) 8; B) 6; C) 5; D ) 3; E ) 2.

51. >/2a-+ 1 5 a - 17 tengsizlik  m u sb a t b u tu n  yech im larin ing
1 0 - x

o ’r ta  a rifm etik  q iym atin i top ing .
A ) 12; B) 5; C ) 13,5; D ) 24; E) 10.

x 2—13x+ 40
52.  < 0 tengsiz likn ing  b u tu n  yechim lari y ig 'in d i-

\Jl9x-x2-78

sini top ing .
A) 81; B) 76; C ) 15; D ) 21; E) 50.

53*. V3J  - 1 0  > V6 - x  tengsiz likn i yeching.

A ) (4; 6]; B) [4; 6]; C) (4; 6); D ) (3 * ; 6 ]  ; E) (3 \  ; 6 )  .

54. ( x - l ) v x ~  - x - 2  > 0  tengsizlikni yeching.

A ) (—00; —1]; B ) ( - ~ ; - l ] U [ l ; + ~ ) ;  C) [1; 2]; D ) [ 2 ; + ~ ) ;
E) [1; + ° ° ).

55. 2x~ - 7  (V * )  < 4 tengsizlik  b a jariluvch i kesm a o ’rtas in in g  

abcsissasin i top ing .
A) 2; B) 2,25; C ) 1,75; D ) 1; E ) 2,5.

56*. V ? <  x +1 tengsiz likn i yeching.

A ) (0; +  00 ); B) ( 0; * ) ;  C) [ J  ; + - ) ;  D ) ( -« > ;+ « > ) ;

E) ( - £ ;  +  ~ ) .

57*. 2 > [ ^ \  < X tengsizlikni yeching.

A ) x e  0  ; B) x e  [1; 2) U(2; + ° ° ); C ) x e  [1; +  );
D ) x e  [2; +  00); E ) xe  (2; +  00).

58*. 7 2 x - 1 <  x - 2 ten g siz lik n in g  eng  k ich ik  b u tu n  m u sb a t 
yech im in i k o ’rsating .
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59*. y ] ( x - 6 ) ( \ - x )  < 3  +  2x  tengsizlikning natural yechimlari 
nechta?

A) 1; B) 2; C)3; D) 4: E) 6 .

60*. x  <  \ I 2 - x  tengsizlikni yeching.
A) (1; 2]; B ) ( -~ ; l) ;  C) [0; 1); D) (-2; 2]; E )(-~ ;2 ].

61. 4 x 2 + 4 x - 5  > x - 3  tengsizlikni yeching.
A) (-°°;-5]U [l; +°°); B) [1; 3]; C)[3; + ~ );
D) [1; 3)U(3; + °°); E) (-°° ; 3)U(3; + °° ).

62*. \ l x 2 +1 > x - \  tengsizlikni yeching.
A) [1; + 00); B) (0; + °°); C) (- 00; + °°); D) (-°° ; 0];
E) (1; + °°).

63*. ^  Z}~ < 1 tengsizlikni yeching. 
x - 2

A) (2; 5)U(5; + °°); B) [* ; 2 )ll (5; +~) ;  C ) [ ^ ; + = o ) ;

D) [ 2  ; 5)U (5; + 0°); E) (2; + 00 ).

64*. 1- S i  - A x 1 < 2  tengsizlikning butun yechimlari nechta?

A) yo’q; B) 1; C)2; D) 3; E)4.

65*. 3\ [ x  -  J x  +  3 > 1 tengsizlikning eng kichik butun yechimini 
ko’rsating.

A) 1; B) 2; C) 3; D) 4; E) 5.

A ) 1; B) 2; C )3 ; D ) 4; E ) 6.



V III  B O B

HAQIQIY SONLAR TO‘PLAMIDA 
ANIQLANGAN FUNKSIYA

l-§ . Funksiya tushunchasi

F unksiya tu sh u n ch asi m a tem atik an in g  eng m uhim  va eng um u- 
m iy tu sh u n c h a la rid an  b irid ir.

1.1. 0 ‘zgarm as va o ‘zgaruvchi m iqdorlar. K u n d a lik  tu rm ush i- 
m izda h ar q ad am d a  m iqdor tushunchasiga kelamiz. O 'Ichanishi m um - 
kin  bo ig a n  va son y o k i  sonlar bilan ifodalanadigan q iym at m iqdor 
deyiladi. M a sa la n . u zu n lik , yuz, h a jm , o g ‘irlik , h a ro ra t ,  tezlik , 
te z la n ish . k u c h  v a  h o k a z o la r .  T u rl i  ja r a y o n la r n i  k u z a tis h  bu  
ja ra y o n la rd a  q a tn ash a d ig an  ay rim  m iq d o rla r  o ‘zgarish in i, ayrim lari 
e sa  o ‘z g a r m a y  q o l is h in i  k o ‘r s a ta d i .  M a s a la n .  j i s m n i  b i r o r  
b a lan d lik d an  e rk in  tu sh ish ida  m aso fa , vaq t va tezlik o ‘zgaruvchi 
m iqdorla r, tez lan ish  esa o ‘zgarm as m iqdord ir:

S = ^ g t 2 ,
b u  m u n o sa b a td a  S  -  m asofa , t — v aq t, g  -  e rk in  tush ish  tezlanishi.

G eo m etriy ad an  m a iu m k i. k u b n in g  hajm i un ing chiziqli o ic h a -  
m i -  k u b  q irra s i uzunlig in ing  kub iga  teng, y a ’ni

V -  a 3 k u b  birlik ,
b u n d a  V  -  k u b  ha jm i, a -  k u b  q irra s in in g  uzunlig i. B u  fo rm u la  
y o rd am id a  ix tiyoriy  k u b  hajm ini h isob lash  m um kin.

Y an a  b ir m isol. B iror gaz o 'zgarm as h a ro ra td a  siqilsa, un ing  hajm i 
( V ) va bosim i (p ) o 'zg a rad i: hajm i k ich rayad i, bosim i o rtad i. Bu ikki 
m iqdorn ing  k o ‘paytm asi B oyl-M ario tt qonun iga k o ‘ra  o ‘zgarm asdan  
qo laverad i, y a ’ni

V p - c ,
b u n d a  c -  b iro r  o ‘zgarm as m iqdor.

K eltirilgan  m iso lla rda  ikk i m iq d o r o ‘za ro  shunday  b o g ia n g a n -  
k i,  b u la r d a n  b i r in in g  m u m k in  b o ‘lg a n  h a r  b i r  q iy m a t ig a  
ikk inchisin ing  t o i a  an iq  b ir q iym ati m os keladi.
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T a ’rif. I k k i  o 'zgaruvchi m iqdor orasidagi bog'lanish fu n k s io n a l 
bog ‘lanish deyiladi.

Ikki o 'zg a ru v ch i m iqdor ta q q o slan ay o tg an d a  u la rd a n  birin i erkli 
o'zgaruvchi miqdor deb , ikkinchisini erksiz o'zgaruvchi miqdor deb 
qara lad i. M asalan , d o ira  yuzini aniqlovchi

S - n r 2
m u n o sab a td a  d o iran in g  radiusi r ni erkli o 'zgaruvch i, d o iran in g  yuzi 
S  ni erksiz  o ‘zgaruvch i m iq d o r deb qara lish i tab iiyd ir.

Ikki o 'zg a ru v c h i m iq d o rd an  qaysi b irini erkli o 'zg a ru v ch i, qaysi 
b irini erksiz o 'zg a ru v c h i deb qarash  m asalan ing  q o 'y ilish iga  q a ra b  
h a l q i l in a d i .  M a s a la n ,  g az  q is i lg a n d a  u n in g  b o s im i q a n d a y  
o 'zgarish in i b ilm oqchi b o 'lsa k , hajm ni erk li o 'zg a ru v ch i, bosim ni 
esa erksiz o 'zg a ru v ch i m iq d o r deb q ara sh  kerak:

1.2. Funksiyaningumumiy ta’rifi. O 'zgaruvch i m iq d o r xning~biror 
q iym atla r to 'p lam in i qaray lik , y a ’ni O x  son o 'q id ag i b iro r D  n u q ta la r  
to 'p la m in i olaylik .

T a ’rif. A gar x  ning bu to 'plamdan olingan har bir q iym atiga  tayin  
qoida asosida boshqa o ‘zgaruvchi y  m iqdorning to  la aniq q iym a ti 
m os keltirilsa, u holda y  m iqdor x  m iqdorning fu n k s iy a s i deyiladi. x  
m iq d o r y  fu n k siy an in g  argumenti, D to 'p la m  esa y  funksiyaning 
aniqlanish sohasi deyilad i.

Biz arg u m en t x  n ing  funksiyan ing  an iq lan ish  sohasi D  to 'p la m - 
d a n  ix tiyoriysin i ta n la sh g a  haq lim iz . S hu sab ab li x  m iq d o r erkli 
o'zgaruvchi deyilad i. y  funksiyan ing  q iym ati esa ix tiyoriy  b o 'lm ay , 
balki ta n lan g an  x  g a  m a iu m  qo ida asosida q a t’iy m os q o 'y ilad i. Shu 
sababli funksiyani erksiz o'zgaruvchi ham  deyiladi.

y  o 'zg a ru v ch i x  a rg u m e n tn in g  funksiyasi ekan lig in i ifoda lash  
uchun od a td a  u shbu  belg ilash lardan  foydalaniladi: y - f ( x ) ; y  -  g (x);  
y -  <p(x) va h o k a z o  (b u  b e lg ila sh la r m os ra v ish d a  q u y id a g ich a  
o 'q ilad i: igrek b a ro b a r  e f  iks: igrek b a ro b a r je  iks; igrek b a ro b a r fi iks 
va hokazo). F u n k s iy an i belg ilashda ish la tilad igan  / ,  g, cp h arfla ri 
ikki o 'zg a ru v ch i m iq d o r  x  v a j  o rasidag i b o g 'lan ish  q o ida larin i ifo- 
d alayd i. M asa lan ,

y  — x 2 +  1

b o g 'lan ish d a  / ( x )  =  x 2 + 1 yozuv tan lan g a n  x  n in g  q iym ati avval 
kv ad ra tg a  k o 'ta r ilish in i, so 'n g ra  hosil b o 'lg a n  q iy m atg a  1 q o 'sh ilib , 
y  funksiyan ing  q iy m ati hosil q ilinishini ang la tad i.
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1.3. Funksiyaning aniqlanish sohasi va qiymatlar to'plami.
T a ’rif. Erkli o'zgaruvchi x  ning qabul qilishi mumkin bo'lgan 

qiymatlar to'plamiy funksiyaning aniqlanish sohasi deyiladi va D(y)  
kabi belgilanadi. Erksiz o'zgaruvchi y  ning qabul qiladigan qiymat
lar to'plami funksiyaning qiymatlar to'plami (o'zgarish sohasi) de
yiladi va E (y )  ko ‘rinishda belgilanadi.

A g a r fu n k s iy a  b iro r  fo rm u la  b ila n  b erilg an  b o i s a  v a  un in g  
an iq lan ish  sohasi k o ‘rsatilm asa, u h o ld a  erkli o 'zgaruvch i x  n ing  bu 
fo rm u la  m a 'n o g a  ega b o ia d ig a n  b archa  q iym atlar to ‘plam i funksiya
n ing  an iq lan ish  sohasi ekanlig i n az a rd a  tu tilg an  b o ia d i .  M asa lan ,

—  i r s
fu n k siy an in g  an iq lan ish  sohasi 2 d a n  b o sh q a  b arc h a  h aq iq iy  so n la r 
t o ‘p lam id an  ib o ra t,

y = \ lx -2
funk siy an in g  an iq lan ish  sohasi esa x  > 2 tengsizlikni q an o a tla n -  
tiruvch i barcha  h aq iq iy  so n la r  to 'p la m id a n  ibo rat.

x -  a d a  f ( x )  funksiya q ab u l q ilad igan  q iym at f ( a )  b ilan  belgila
nadi. M a s a la n ,/ (x )  =  x 2 + 1 b o is a ,  bu  ho lda

/ ( 1) =  I 2 +  1 =  2, f ( a  +  1) =  (a + l )2 +  1 =  a2 + 2a  + 2,

/ ( 1 ,5 ) =  1,52 +  1 = 2,25 + 1 =  3,25, f  ( i t )  =  ( i t ) 2  +1 =  t  +  1

/ ( 2 )  = 2 2 +  1 =  4 +  1 =  5, 
v a  hokazo .

F u n k siy an in g  an iq lan ish  sohasi va q iy m a tla r to 'p la m in i top ish - 
g a  d o ir  m iso llar k o ‘ram iz.

1 - m i s o l .  y =  A'- ^  funksiyan ing  an iq lan ish  sohasini top ing .

Y e c h i l i s h i .  Bu funksiya x  a rg u m en tn in g  kasrn ing  m ax ra jin i 
n o lg a  a y lan tira d ig an  q iy m a tla rid a n  b o sh q a  b a rc h a  q iy m a tla rid a  
an iq lan g a n . x 2 -  4 = 0 teng lam ani yechib, x , =  -2 ; x 2 = 2 ekan in i 
to p am iz . S hun ing  u chun  berilgan  funksiyan ing  an iq lan ish  so h asi - 2  
va 2 d a n  b o sh q a  b archa  haq iq iy  so n la r to 'p la m id a n  iborat.

J a v o b :  x  e (—oo; —2) U (—2; 2) U ( 2; +«*>).

2 - m  i s o 1. y  = funksiyaning aniqlanish sohasini toping.

Y e c h i l i s h i .  K v a d ra t ild iz la r faq a t m anfiy  b o im a g a n  so n la r 
u chun  an iq lan g an . S huning  uchun  berilgan  funksiyan ing  an iq lan ish  
sohasi x  n ing
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X2+2.1-3 -  0
tengsizlikni q an o a tlan tiru v ch i b a rc h a  q iym atla ri t o ‘p la m id a n  ib o ra t 
b o ia d i .  B u tengsizlikni yecham iz:

W 3 j 2 0 :
x * l  

x  t  -3

=> jr + 3 > 0 => [x > -3 .

J a v o b :  x e ( - 3 ;  l) U ( l ;+ ° ° ) -

3 - m is o l .> ’ =  x 2- 4 x  +  7 funksiyaning q iym atlar to ‘plam ini toping. 
Y e c h i l i s h i .  1-usul. B erilgan funksiya k v ad ra t u ch h a d  b o ‘lib,

un ing  grafig i p a ra b o la  ekanlig in i bilam iz. B u p a ra b o la  ta rm o q la ri 
y uq o rig a  y o 'n a lg a n , un ing uchini abssissasi va o rd in a tasi

,v ( = 2, v , = 3.
D em ak , berilgan  funksiyan ing  o ‘zgarish  sohasi 3 v a  u n d a n  k a tta  

so n la r to ‘p la m id a n  ib o ra t.
2 - u s u l .  K v a d ra t u ch h a d d a  to ‘la  k v ad ra tn i a jra tam iz: 

y  =  x 2 -  4 x  + 4 + 3 =  (x -  2)2 + 3.
B unda (x  -  2)2 ifoda  m anfiy  b o im a g a n  q iym atla r q a b u l q ilad i v a  

u n in g  eng k ich ik  q iy m a ti nol ekanlig i rav sh an . D em a k , berilgan  
funksiyan ing  q iy m atla ri 3 va u n d an  k a t ta  b o ‘lgan b arc h a  so n la rd a n  
iborat.

J a v o b :  [3; +oo).
Ayrim funksiyalarning qiymatlar to‘plamini topishda y  = f ( x )  

funksiyaning o ‘zgarish sohasi
f ( x )  = a

tenglama yechimga ega boiadigan  a ning a e  R bo‘lgan barcha qiy- 
matlar to ‘plam!ari birlashmasidan iborat ekanligidan foydalanish  
qulaydir.

2X
4 - m is o l .  y  = x2+i funksiyan ing  q iy m a tla r t o ‘p lam in i top ing .

Y e c h i l i s h i .  %,x  ten g lam a a n ing  q an d a y  q iy m a tla rid a  
x +1

yechim ga ega b o iis h in i  tekshiram iz:

= a <=> 2x = ax ' + a <=> ax2 -  2x + a = 0 •

Bu teng lam a a = 0 d a  chiziqli b o i ib ,  un ing  ildizi x  = 0. a  *  0 
b o is a ,  teng lam a k v a d ra t teng lam a b o ‘lib, D >  0; yechim ga ega:
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D -  4 -  4a2 > 0 = > a 2- l < 0 = > - l < a < l .
J a v o b :  [-1; 1].

5 - m i s o l .  y = \ ] 2 x - x 2 fu n k s iy a n in g  q iy m a tla r  t o ‘p la m in i 
toping.

Y e c h i l i s h i .  \/2jt - x 1 = a  irra ts io n a l teng lam a a  n ing  q an d a y  
q iy m a tla rid a  yechim ga ega b o ‘lishini k o ‘rib  ch iqam iz. Bu teng lam a 
a > 0 b o ‘lg a n d a  m a ‘n o g a  ega. T e n g la m a n in g  h a r  ik k i q ism in i 
k v ad ra tg a  osh irib ,

x 2-  2 x  + a 2 -  0
ten g lam an i hosil q ilam iz . U n in g  d isk rim in an ti 4 -  4 a 2 n o m an fiy  
b o lis h i  sh a rtid an

-1 < a < \
ekanligi kelib  chiqadi. a > 0 ekanligini h isobga olsak, 0 < a < 1. 

J a v o b :  [0; 1].

2-§. Funksiyaning berilish usullavi

F u n k s iy a n in g  b e r i l is h i  d e g a n d a  a rg u m e n tn in g  q iy m a tla r i  
b o ‘y icha funksiyan ing  m os q iy m atla rin i q an d a y  to p ish n i k o ‘rsa tish  
tushun ilad i.

2.1. Funksiyaning analitik usulda berilishi. E ng  k o ‘p ta rq a lg a n  
usu l -  b u  funksiyan i y  =  f ( x )  fo rm u la  y o rd am id a  berishd ir, b u  yerda 
/ ( x )  -  b iro r ta  x  o ‘zgaruvchili ifoda. B unday  h o ld a  funksiya  analitik  
u su ld a  berilgan  deyiladi. M asalan ,

y  = x2 +5-XT-1, y = y = . y = |-V- 3| + 3 -

1 - m i s o l .  y  —f ( x )  funksiya

/ M  = ^
fo rm u la  b ilan  berilgan. Q uy idag ilarn i top ing :

a  ) / ( - x ) ;  b ) f(k x ) ;  d ) / ( x  + a); e ) / ( |x |) .
Y e c h i l i s h i .  a ) / ( - x )  ni to p ish  u c h u n / (x )  d a  x  o ‘rn ig a  ( -x )  ni 

q o ‘yish kerak :

s ( -x )2+ (-* )+ l _  x 2 - X + l  

} (  (-x )4+3 x4+3
S hunga o ‘xshash:
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F u n k siy a  tu rli o ra liq la rda  tu rli ifo d a la r  b ilan  berilish i m um kin . 
M a sa la n ,

Bu funksiya  [-1; 1] kesm ada an iq langan . F u n k s iy an in g q iy m a tla r in i 
h isob lash  u ch u n  argum entn ing  berilgan  ta y in  q iym ati uchun  qaysi 
fo rm u ladan  foydalanishni aniq bilib  olish kerak . M asalan , agar /'(0.5) 
ni h isoblash  kerak  b o i s a , /(.v) = x  + 2 teng likdan  fo y d alan am iz  va 
/(0 ,5 )  =  2,5 n i hosil qilam iz. A g a r / ( - 0 ,5 )  ni h isob lash  z a ru r  b o ‘lsa, 
f ( x )  = 2 x  + 3 teng likdan  fo y d a la n ib ,/( -0 ,5 )  =  2 ni topam iz.

B u n d a y  fu n k s iy a la r  bo 'laklab  berilgan  fu n k s iy a la r  d ey ilad i. 
D irixle fu n k s iy a s i d eb  ataluvch i u sh b u

I, agar x ratsional bo’lsa,
D(x) = <

[O, agar x ratsional bo’lsa.

funksiya ham  b o la k la b  berilgan funksiyaga m isol b o ‘la oladi.

2 .2 . Funksiyaning jadval usulda berilishi. A m ald a  k o ‘pg ina ho l- 
la rd a  funksiyan ing  jadval usulda b erilish idan  foydalan ilad i. B u n d a  
ja d v a l keltirilib , u n d a  arg u m en tn in g  k e ltir ilg an  q iy m a tla ri u ch u n  
funksiyan ing  q iym atla ri k o ‘rsatilad i. F u n k siy an in g  ja d v a l usu lida  
berilish iga k v a d ra tla r  jadvali, k u b la r ja d v a li, k v a d ra t ild izlar ja d v a li 
m isol b o ‘la o lad i. K o ‘pg ina  h o lla rd a  funksiyan ing  ja d v a l u su ld a  
berilish i qu lay  b o ‘lib ch iqad i. U  a rg u m e n tn in g  ja d v a ld a  berilgan  
q iy m a t la r i  u c h u n  f u n k s iy a n in g  q iy m a t la r i n i  h e c h  q a n d a y  
h iso b la sh la rs iz  to p ish  im k o n in i b e ra d i. A m a ld a  k o 'p in c h a  b ir  
k a tta lik n in g  bosh q asig a  b o g ‘liq lig in i ta jr ib a  y o ‘li b ilan  to p ilad i. 
M asa lan , u sh b u  ja d v a ld a  m isning tu rli t te m p era tu ra la rd ag i (g radus 
h isob ida) p  so lish tirm a qarsh ilig in ing  ( Q • sm  h isob ida) ta jr ib ad a  
o lingan  q iym atla ri keltirilgan:

2x + 3, agar -  1 < x < 0 bo’lsa, 

x + 2 , agar 0 < x < 1 bo’lsa.
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t 10 30 50 70 90 100

p 1,8 -10-6 1,9-10^ 2,0 IO 6 2,2 - 10-6 2,3-10~6 2,4-Ю-6

2.3. Funksiyaning grafik  usulda berilishi. Bu usul funksiyani analitik

o ‘rganishda tu rli a sb o b la rd an  foydalaniladi. Bu asb o b lar y ordam ida 
shunday egri ch iziq lar hosil q ilinadiki, bu  egri chiziqlarga q ara b  b ir 
o ‘zgaruvchi ra iqdom ing  ikkinchi o ‘zgaruvchi m iqdom ing  o ‘zgarishiga 
b o g iiq  rav ishda o 'zgarish i xususiyati h aq id a  ta sa w u rg a  ega b o ‘lishi- 
m iz  m u m k in . M a s a la n ,  t ib b iy o td a  e le k tr o k a r d io g r a f la r  k en g  
ishlatiladi. Bu asb o b lar yo rdam ida elek trokard iogram m alam i -  yurak 
m u sh a k la rid a  hosil b o ‘lad ig an  e lek tr im p u lsla rin in g  o ‘zgarish in i 
tasvirlovchi egri chiziq lar hosil qilinadi. B unday  egri chiziq lar yurak- 
ning ishlashi h aq id a  to ‘g ‘ri xu losa ch iqarishga yo rdam  beradi,

F u n k siy an in g  g rafik  u su lda berilish idan  m a te m a tik a d a  k o ‘pin- 
cha funksiyan ing  b a ’zi xossa larin i ayoniy  k o ‘rsa tish d a  fo y d a lan ila 
di. F unksiya

У = / ( * )
fo rm ula  y o rd am id a  an a litik  berilgan  b o ls a ,  u  h o id a  k o o rd in a ta la r  
tek is lig id a  ab ssissa si fu n k s iy a n in g  a n iq la n ish  so h a s ig a  teg ish li, 
ord inatasi funksiyan ing  m os qiym atiga teng  b o ‘lgan (x ;/(x ))  n u q ta la r 
to ‘p lam i fu n k s iya n in g  grafig i deyiladi. M asalan ,

fu n k s iy a n in g  g ra fig i 
(x ; x )  k o ‘r in is h d a g i 
n u q ta la r , y a ’n i b ir  xil 
k o o r d in a ta la rg a  ega  
n u q ta la r  t o ‘p lam id an  
ib o r a t  b o ‘l ib ,  b u  
t o 'p l a m  I v a  I I I  
k o o r d i n a t a l a r  
b u rc h a k la r in in g  b is- 
s e k t r i s a s i d i r  ( 68- 
rasm ).

A m a ld a  fu n k s iy a  
g r a f ig in i  y a s a s h  
u ch u n  a rg u m e n tn in g  
b a ’z i q iy m a t la r ig a

y  = x

68-rasm

184



m os f im k s iy a n in g  q iy m a tla ri 
ja d v a li tu z ilad i, k o o rd in a ta la r  
te k is l ig id a  te g ish li  n u q ta la r  
b e lg ila n a d i va h o s il b o ‘lgan  
n u q ta l a r  c h iz iq  b i la n  
tu ta sh tirilad i. B u n d a  funksiya 
g ra fig i s il liq  c h iz iq , to p ilg a n  
n u q ta la r  esa  funksiya  o 'zg a ri-  
sh in i y e ta r lic h a  an iq lik d a  aks 
ettirad i, d eb  faraz  q ilinad i.

E s l a t m a .  K oord inata lar te- 
kisligidagi h a r  qanday  nuq ta lar 
to ‘plami ham  qandaydir funksiya 
grafigi bo laverm ayd i. M asalan,
69-rasmda tasvirlangan egri chiziqda x  =  x0 qiym atga y  ning uchta y t, y 2 
va j ,  qiym atlari m os keladi va dem ak, bunday moslik funksiya bo 'la  
olmaydi.

K oord ina ta la r tekisligining nuqtalar to ‘plam i b iro r funksiyaning 
grafigi b o lish i uchun Oy  o 'q ig a  parallel bo 'lgan  ixtiyoriy to ‘g 'ri chiziq 
bu  funksiya grafigi bilan faqat b itta  nuqtada kesishishi zarur va yetarlidir.

3-§. Funksiyalartting umum iy xossa lari

3.1. J u f t  va toq funksiya lar. Agar: 1 ) fu n ksiya n in g  aniqlanish  
sohasi nolga nisbatan s im m etrik  bo 'Isa, y a  'ni fu n k s iy a n in g  aniqlanish  
sohasiga tegishli har qanday x  uchun - x  ham  shu aniqlanish sohasiga  
teg ish li b o 'lsa ; 2 )  fu n k s iy a n in g  an iq lan ish  sohasiga  teg ish li har  
qanday x  uchun

f ( - x )  = /( x )  
tenglik bajarilsa, f i x )  fu n ksiya  ju ft  deyiladi.

Ju ft funksiyan ing  grafigi O y  o ‘q iga n isb a ta n  s im m etrik  b o ‘ladi.
A g a r :  1 )  funksiyan ing  aniqlanish sohasi nolga nisbatan s im m et

rik bo ‘Isa; 2 )  funksiyan ing  aniqlanish sohasiga tegishli har qanday x  
uchun

/ ( - x )  =  - / ( x )  
tenglik bajarilsa, f  ( x )  fu n k s iy a  toq deyiladi.

T oq  funksiyan ing  grafigi k o o rd in a ta la r  bosh iga n isb a tan  sim m et
rik  b o 'lad i.
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0 ‘zin ing  an iq lan ish  sohasiga  tegishli h a r  q an d a y  x  uchun
f ( - x )  = /(x ) ,  
f ( - x ) - - f ( x )

te n g lik la rd an  hech  b irin i q a n o a tla n tirm a y d ig an  funksiya j u f t  ham  
emas, toq ham  em as  deyiladi.

o son lash tirad i:
1) ik k i  ju f t  fu n k s iy a  y ig 'in d is i j u f t  fu n k s iy a , ik k i  toq fu n k s iy a  

y ig  ‘indisi toq fu n k s iy a  bo ‘ladi;
2) ik k i ju ft fu n k s iy a  ko  ‘paytm asi ham, ik k i toq fu n k s iy a  ko  ‘paytm asi 

ham  ju f t  fu n k s iy a la r  bo ‘ladi;
3) ju f t  va toq fu n ksiya la r ko  ‘p a y tm a s i toq fu n ks iya la r  bo ‘ladi.
y  =  b (bu  y erd a  b -  b iro r  son) fo rm u la  b ilan  berilgan  funksiya

o ‘zgarm as fu n k s iy a  deyiladi. U n in g  grafigi abssissa lar o ‘q iga  parallel 
v a  o rd in a ta la r  o ‘qidagi (0; b) n u q ta  o rq a li o ‘tuvch i to ‘g ‘ri ch iz iqdan  
ib o ra t. 0 ‘zg arm as funksiya ju ft.

3 .2 . F unksiyalarn ing  o ‘sishi va kam ayish i. Funksiyan ing  m ono- 
tonligi. B erilgan  X  son li o ra liq d a  a rg u m e n t x  n in g  shu  o ra liq q a  
teg ish li k a t ta  q iy m a tig a  f ( x )  fu n k siy an in g  k a tta  q iy m a ti m o s kelsa, 
y a ’ni x , e  X  va .v, e  X la r  u ch u n  x 2 > x , b o ‘lg an d a

f ( x 2) > / ( x , )
tengsizlik bajarilsa , /'(x) fu n k s iy a  shu oraliqda o 'suvchi dey ilad i.

B erilgan  X son li o ra liq d a  a rg u m e n t x  n in g  sh u  o ra liq q a  tegishli 
k a t ta  q iy m a tig a /(x )  fu n k siy an in g  k ich ik  q iym ati m os k e lsa , y a ’ni

>  x  b o ‘lg a n d a.V, e X  va x ,  e  X  la r  u ch u n  x

y ‘

o X

71-rasm
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f(x2) </(*,)
tengsizlik  b a ja r i ls a ,/ (x )  fu n k s iy a  shu oraliqda kam ayuvchi deyiladi.

T a ’ r i f .  B er ilg a n  so n li ora liqda  fa q a t  o 's u v c h i y o k i  fa q a t  
kam ayuvch i fu n ksiya  shu oraliqda m onoton deyiladi.

F u n k siy an in g  grafig i b o 'y ich a  uni m o n o to n lig in i an iq lash  m um - 
kin. G ra fig i 70-rasm da tasv irlangan  funksiya  a rg u m e n t x  ning h a r  
q a n d a y  q iy m a tid a  o ‘suvch id ir. G ra fig i 7 1 -ra sm d a  ta sv ir la n g a n  
funksiya e sa  ( - 00; 0] o ra liq d a  kam ayad i, [0; + 00) o ra liq d a  o ‘sadi.

3.3. Funksiyaning nollari. A rgum ent x  n ing  funksiya q iym atin i 
no lga ten g lash tirad ig an , / ( x )  =  0, q iy m a tla ri fu n ksiya n in g  nollari 
dey ilad i.

M asalan , y  =  x 2 + 7x -  8 funksiyaning nollari ikkita: x, =  - 8, x2 =  1. 
H a q iq a ta n .

—8) — 64 — 56 — 8 = 0, y ( l ) =  1 + 7 - 8  = 0.

3.4. Davriv funksiyalar.
T a ’ r i f .  A gar shunday T * 0  son m avjud  bo ‘lib, argum ent x  ning  

y  =  f  ( x )  fu n k s iy a n in g  aniqlanish sohasidan olingan barcha qiym at- 
larida x  -  T  va x  +  T  sonlar ham  shu aniqlanish sohasiga tegishli 
b o ‘Isa va

/ ( x )  = / ( x  ± T  )
ten g lik  bajarilsa , f  ( x )  fu n k s iy a  davr iy  fu n k s iy a  deyilad i. T  son  
funksiyan ing  davri deyiladi.

A gar T  son  / ( x )  funksiyaning davri b o ‘lsa, u  ho lda k T ( k e Z , k ï  0) 
ham  shu funksiyaning davri b o 'lad i. D em ak , h a r  q anday  davriy funk 
siya cheksiz k o ‘p d av rg a  ega. y  =  / ( x )  funksiyan ing  davri deganda 
o d a td a  eng k ich ik m usbat davr nazarda tu tilad i. A m m o shuni n azard a  
tu tish  kerakk i, davriy  funksiyaning eng k ich ik  m u sb a t davri bo 'Im as- 
ligi ham  m um kin . M asalan , / ( x )  = 3 funksiya  u ch u n  h a r  q anday  
haq iq iy  son  d a v r b o ‘la  o ladi. A m m o m u sb a t h aq iq iy  so n la r o rasid a  
eng kichigi m av ju d  em as.

F u n k s iy a n in g  u m um iy  x o ssa la rin i a n iq la sh g a  d o ir  b ir  nech a  
m iso llar qaraym iz.

1 - m is o l .  1) y  =  x +  \  ; 2 ) y  = ( x - 3 )2 +  (x  +  3)2; 3 )y  =  x 2- x  +  3 
fu n k siy a larn in g ju ft-to q lig in i tekshiring .

Y e c h i l i s h i :  1) y  = x + \  funksiya so n la r  o 'q in in g x  =  0 n u q ta - 
dan  ta sh q ari b a rc h a  n u q ta la r id a  an iq lan g a n . y ( - x )  n i topam iz:
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у ( - х )  = ( - Х )  + ( } х )  = - л - 1 = - ( х + 1 ) .

D em ak , / ( - х )  = - f ( x )  tenglik  bajarilyap ti. у -  x+  ^ funksiya  -  
toq.

2 ) y -  (x  -  3)2 +  (x  +  3)2 funksiya so n la r  0 ‘q in ing  b arch a  n u q ta la - 
r id a  an iq lan g an . F unksiya argum enti ish o ras in i aTtM shfiräm iz:

y ( - x )  = (~ x  -  3)2 +  ( - x  + 3)2 =  ( - (x  +  3))2 +  (~(x -  3))2 =
=  ( - l ) 2(x  +  3)2 +  ( - l ) 2(x  -  3)2 =  (x  -  3)2 +  (x +  3)2.

Bu y e r d a /( - x )  = / ( x )  tenglik  ba jarilyap ti, dem ak , berilgan funksiya 
ju ft.

3) y  = x 2 -  x  +  3 funksiya so n la r o 'q in in g  barch a  n u q ta la r id a  
an iq langan . A rg u m en ti ishorasin i a lm ash tiram iz:

y ( - x )  =  ( -x )2 -  ( -x )  +  3 =  x 2 + x  +  3.
Bu yerda Д - x )  = / ( x )  tenglik ham , / ( - x )  = - f ( x )  tenglik h am  o ‘rinli 

em as. D em ak , berilgan  funksiya ju f t  h am  em as, to q  h am  em as.

x -5 (x + 6 )  x + 5 (x -6 )
2 - m i s o l .  / ( x ) =  2x—\ ~  2 x+l fu n k s iy a n in g ju f ty o k i

toq lig in i an iq lang .
Y  e с h  i 1 i s h  i . F unksiyan ing  an iq lan ish  sohasi yo0,5 d a n  ta sh q ari 

ba rch a  h aq iq iy  so n la r to ‘p lam idan  ib o ra t, bu  to 'p la m  n o lg a  n isb a tan  
sim m etrik . F u n k s iy a  argum en ti isho ras in i a lm ashtiram iz:

- x —5 (-x + 6 )  - x + 5 ( - x - 6 )  - x + 5 ( x - 6 )  - х - 5 ( х + 6 )  
f ( - x ) =  2(—x )—1 -  2( -x )+ l =  - 2(x+l) — 2 (jc—1 ) =

x + 5 (x -6 )  x -5 (x + 6 )
= ~ 2 x + l  2 x -T  = - / W -

D em ak , berilgan  funksiya t a ’rifga k o ‘ra  to q  funksiya ek an .
3 - m  i s о 1. _>■■ =  k x  + b  funksiya к  n ing  q an d a y  q iy m a tla rid a  k am a- 

yishini an iq lang .
Y e c h i l i s h i .  B erilgan chiziqli funksiya son  o ‘q in in g b a rc h a  n u q 

ta la r id a  an iq lan g an . x , va x 2 a rg u m en tn in g
X  >  X  

2 1
tengsizlikni q anoa tlan tiruvch i ixtiyoriy q iym atlari b o ‘lsin. F u n k s iy a 
ning u la rg a  m os kelad igan  q iym atla rin i y x va y 1 b ilan  belgilaym iz: 

y x =  /tx, + b; y 2 = k x 2 + b. 
y 2 -  y \  ay irm an i qaraym iz:

У2- У ,  = k x , + b -  ( k x 2 +  b) =  k x t -  k x 2 =  k{x2 -  x ,) .
B unda (x , -  x ,)  k o 'p ay tu v ch i x , >  x, b o ig a n lig i u c h u n  m usbat. 

Shu sabab li
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k (x 2- x {)
k o ‘p ay tm a  ishorasi k  koeffitsiyen t ishorasi b ilan an iq lan ad i. k  > 0 

b o ‘lsa,
k ( x 2 -  x ,)  > 0 yoki y 2 >  y r  

y  = k x  + b funksiya o ‘suvchi. k  <  0 b o ‘lsa,
k ( x 2 -  x ,)  <  0 yoki y 2 <  y  y  

y  -  k x  + b  funksiya kam ayuvchi.
J a v o b :  y - k x  + b funksiya k  < 0 b o 'lsa , kam ayuvch i b o 'lad i.

4 - m i s o l .  y =  2 - x  fu n k s iy a  (2 ; + ° ° )  o ra liq d a  o ‘sish i yo k i 
kam ay ish in i an iq lang .

Y e c h i l i s h i .  M asa lash artid an k o 'rsa tilg an o ra liq d aarg u m en tn in g

,
ten g siz lik n i q a n o a tla n tiru v c h i ix tiy o riy  q iy m a tla rin i ta n lay m iz . 
x t = 3 ? x 2 = 4 b o 'l s in .  F u n k s iy a n in g  s h u  q iy m a t la r g a  m o s

y (* i) =  2—3 = — y ( x 2^ ~  2—4 = —̂  ‘
D em ak , y (x ,) > y (x ,)  b o ig a n lig id a n  berilgan  fu n k siy a  (2; + °°  ) 

o ra liq d a  o ‘suvchi, degan  xu lo saga  kelam iz.

5 - m i s o l .  y = 2 + \ l 3 - 5 x  funksiya ( - 00 ; 0,6] o ra liq d a  o 's ish i 
yoki kam ayish in i an iq lang .

Y e c h i l i s h i .  M asa la  sh a rtid a  berilgan oraliq  funksiyan ing  aniq- 
lanish  sohasidan  ibo rat. A rgum en tn ing  funksiyan ing  an iq lan ish  so- 
hasiga tegishli

x 2 >  x,
s h a r tn i q a n o a tla n tiru v c h i q iy m a tla rin i tan laym iz : 

x , =  -  1,2; x 2 =  -  0,2.
F unksiyan ing  shu  q iy m a tla rg a  m os q iym atla rin i h isoblaym iz:

y (x ,) = 2 + ^ 3 - 5 - ( - 1, 2) =  2 +>/9 = 2  + 3 =  5;

),(Jt2) =  2 +  N/ 3 - 5 - ( - 0 , 2 )  =  2 +  V4 =  2 + 2 =  4.

S hunday  qilib,
x 2> x ,d a y ( x 2) < y ( x , )  

b o 'lgan lig i sababli berilgan  funksiya o 'z in in g  an iq lan ish  sohasida  
kam ayuvch i ekan.

6 - m is o l .  y  = 2 x 2 funksiyan i - 3 < x <  5 k esm ada ju ft- to q lig in i 
tekshiring .
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Y e c h i l i s h i . 0 ‘q u vch ila rju ft darajali bunday  k o iin ish d a g i funk- 
siyalarn i, k o ‘rsa tilg an  o ra liq q a  e ‘tib o r  berm ay, «bu  funksiya  ju f t 
f u n k s iy a »  d e b  ja v o b  b e r is h g a  o d a t l a n ib  q o l is h g a n .  L e k in ,  
k o ‘rsatilgan  o ra liq d a  7  =  2x 2 funksiya  ju f t ham  em as, to q  ham  em as, 
chunki [-3; 5] kesm a k o o rd in a ta la r  bosh iga n isb a tan  sim m etrik  emas.

J a v o b  : y  =  2 x 2 fun k siy a  - 3  < x  < 5 k esm ad a  ju f t  h a n re m a s , toq  
h am  em as.

4 -§ . y  =  [x ]  va  y  =  { x }  f u n k s i y a l a r

x  -  haq iq iy  so n  b o ‘lsin. U n in g  butun qism i deb  x  d an  k a t ta  b o l -  
m ag an  eng k a tta  b u tu n  songa ay tiladi, x  sonning  b u tu n  qism i [x] kab i 
belg ilanadi. x  sonn ing  ka sr  q ism i deb , son  b ilan  un ing  b u tu n  qism i 
ay irm asiga, y a ’ni x  -  [x] ga aytilad i. S onning  k asr qism i {x} kab i 
belg ilanadi. D em ak ,

{ jt}  — X  — [•'V].

M asa lan , [2,35] =  2, {2,35} =  2,35 -  2 =  0,35;
[10] =  10, {10} = 0 ;
[-0,85] =  - 1 ,  {-0,85} =  -0 ,8 5  -  (-1 )  =  0,15. 

y  -  [x] funksiya grafig ini yasaym iz.
A g ar 0 <  x  <  1 b o ‘lsa, y  =  [x] =  0; 
ag a r 1 < x  < 2 b o i s a , y  = [x] = 1 ; 
ag a r - 1  <  x  <  0 b o is a ,  y  = [x] =  - 1  va hokazo .

- 2  -1

1 - 

2 -

3-

4-

~ 5

- 4 - 1

-►9

—►O

-+ô - — 2
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73-rasm 74-rasm

y  = [x] funksiya  grafigi 72 -rasm da tasv irlangan .
Bu fu n k siy a  g rafig i b irlik  o ra liq la rn in g  cheksiz  t o ‘p la m id a n  

ib o ra t, b u  o ra liq la rn in g  chap  oxiri tegishli b o i ib ,  o ‘ng oxiri tegishli
omoc ____ ______________ —-------- ---------—------------------| Iv T T ta a .

y  =  {x} fu n k siy a  g rafig in i yasay m iz . Bu fu n k s iy a  g ra fig in i 
y asashda

{ x +  1} =  {x},
y a ’ni ix tiyoriy  x  songa 1 q o ‘shilsa, bu  sonn ing  faq a t b u tu n  qism i 
o ‘zgarib , k as r  qism i o ‘zgarm asdan  qo lish in i n azard a  tu tib , d as tlab  
g ra f ik n in g  uzun lig i 1 ga te n g  b o ‘lg a n  is ta lg a n , m a sa la n , [0; 1) 
o raliqdagi ta rm o g 'in i yasash yetarlidir. A g a r 0 < x  < 1 b o ‘lsa, [x] =  0, 
sh u n in g u c h u n  {x} = x .

7 3 -ra sm d a> ' =  {x} funksiyan ing  [0; I ) o ra liq d ag i. 74 -rasm da esa 
y  -  {x} funksiyan ing  b u tu n  so n la r o ‘q idag i grafig i tasv irlangan . Bu 
funksiya  d av ri 1 ga teng  b o ig a n  davriy  funksiyad ir.

5 -§ .  F u n k s i y a l a r  g r a f i k l a r i n i  g e o m e t r ik  a lm a s h t ir i s h

A g ar y  -  f ( x )  funksiya grafigi m a ’lum  b o ‘lsa, tek islikdagi ay rim  
a lm ash tirish la r (parallel k o ‘chirish, to ‘g ‘ri ch iz iqqa n isb a tan  sim m et- 
riya, n u q ta g a  n isb a tan  sim m etriya va h .k .) y o rd am id a  m u ra k k a b ro q  
y  = f(b x ) , y  = / ( x  +  c), y  = a f(x ) , y  = / ( x )  + k , y  = / ( - x ) ,  y  =  |/ ( x ) | va y  
= / ( |x | )  k ab i funksiyalarn ing  g rafik la rin i yasash  m um kin .

1. f ( b x )  funksiya grafigi / ( x )  funksiya  grafig in i, b > 1 b o ‘Isa, O y

o ‘q iga b m a rta  siqish, ag a r 0 <  b < 1 b o ‘lsa, O y  o ‘q id a  m a rta  

c h o ‘zish y o ‘li b ilan  hosil q ilinad i (75-rasm ).
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2. f ( x  +  c) funksiya  g ra fig i/(x )  funksiya g rafig in i c >  0 b o ‘lsa, O x  
o ‘q ining m anfiy  y o ‘nalish i b o ‘yicha, c < 0 b o ‘lsa, m u sb a t y o 'n a lish i 
b o ‘yicha |c  | ga para lle l k o ‘chirish yo rd am id a  hosil qilinadi (76-rasm ).

3. a f(x )  funksiya  grafíg i f ( x )  funksiya  grafig ini a >  1 b o ‘lsa, O y

o ‘qi b o ‘yicha  a  m a rta  c h o ‘zish, 0 <  a < 1 b o l s a  ¿ m a rta  siqish 

y o rd am id a  hosil q ilinad i (77-rasm ).
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a)

'  - 2
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77-rasm

4 . f ( x )  + k  funksiya  g ra f ig i/(x )  funksiya  k  >  0 b o is a .  O y  o ‘q in ing  
m u sb a t y o ‘n a lish i b o 'y ic h a , k  < 0 b o i s a ,  O y  o ‘q in in g  m a n fiy  
y o 'n a lish i b o ‘y icha  \ k \  q a d a r  para lle l k o ‘ch irish  y o rd a m id a  hosil 
qilinadi (78-rasm ).

5. y  = / ( - x )  funksiya  g ra f ig i/(x )  funksiya  grafig in i O y  o ‘q iga 
n isb a ta n  sim m etrik  ak s lan tirish  n a tija s id a  hosil q ilinad i (79-rasm ).

6 . y  =  - / ( x )  fu n k s iy a  g r a f ig i / ( x )  fu n k s iy a  g rafig in i O x  o ‘q ig a  
n is b a ta n  s im m e trik  a k s la n t ir is h  y o rd a m id a  h o sil q i l in a d i  (80- 
rasm ).
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7. у  = | / ( х ) | funksiya grafig in if ( x )  funksiya g rafig idan  foydalan ib  
yasash

f i x )

\ f ( x ) ,  a g a r / ( x )  > 0,

[ - / ( . x), a g a r / ( x )  < 0

o ‘q idan  yuqoridagi qism i saqlanib , O x  o ‘q idan  pastk i qism i shu o ‘q qa 
n isb a ta n  sim m etrik  aks lan tirilad i (81-rasm ).

8. у  =  / ( |x | )  grafigini y asashda

\ f ( x ) ,  a g a r / ( x )  > 0,

[ / ( - x ) ,  a g a r / ( x )  < 0

teng likka  k o ‘ra  avval x >0  u c h u n / (x )  funksiya grafigi ch iziladi va 
hosil q ilingan  g rafík  x  <  0 uchun  O y  o ‘q iga  n isb a ta n  s im m etrik  
ak s lan tirilad i (82-rasm ).

83-va 84 -rasm larda  y  -  |x 2- 2 x |  va y  = ( | x | -  l )2 fu n k siy a lam in g  
g rafik la ri tasv irlangan .

6 -§ . y  =  x "  f u n k s i y a n in g  x o s s a l a r i  v a  g r a f i g i

y  =  x" fun k siy a  (bu  y erd a  n e  N ) na tura l ko 'rsa tk ich li darajali 
fu n k s iy a  deyiladi. n =  1 d a y  -  x  funksiya hosil b o ‘ladi, u n in g  xossalari 
v a  grafig i IV  b o b  4-§ d a  q a ra lg an  edi. n = 2 d a y  =  x 2 funksiyan i hosil 
q ilam iz, un in g  xossa lari v a  g rafig i V b o b  2-§ d a  keltirilgan .

6.1. y  =  x 3 funksiya. B u funksiya quy idag i x ossa larga  ega:
1. F u n k siy an in g  an iq lan ish  sohasi haq iq iy  so n la r t o ‘p lam id an  

ib o ra t: (-<*> ; + 00 ).
2. y  -  x 3 -  toq  funksiya  ( f  ( -x )  = ( - x 3) =  - x 3 =  - f i x ) ) .
3. y  =  x 3 -  funksiya o ‘suvchi.
y  -  x 3 fu n k siy an in g  g rafig i 8 5 -rasm da ta sv irlan g an . U  ku b ik  

parabola  deyiladi.

6.2. y  =  x 2" funksiya. y  =  x "fo rm u lad a  и ikkidan k a tta  istalgan  ju f t 
n a tu ra l son  b o ls in : n =  4, 6, 8, . . .  . Bu h o ld a  у  = x 2" funksiya  v =  x 2 

fu n k s iy a  ega b o ‘lg a n  x o ssa la rg a  ega b o ‘la d i ( fa q a t g ra f ik n in g  
ta rm o q lari |x | > 1 d a  n katta lashgan  sari tik roq  b o 'la  b o rad i (86-rasm ).
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85-rasm 86-rastn

6.3. y  -  x +1 funksiya. y  =  x ''fo rm u la d a  n u chdan  k a t ta  ista lgan  
to q  son b o ‘lsin: n =  5, 7, 9 ... Bu ho lda  y  = x 2n + l funksiya  y  = x 3 
funksiya ega b o 'lg an  xo ssa la rga ega b o ‘ladi. B unday  fu n ksiya lar 
grafigi kubik  p arabo la  shak lida b o ‘lib, n o rtgan  sari yuqoriga (pastga j 
t ik ro q  b o ‘la  borad i (85-rasm ).

U m um an , n > 2 da y  -  x "  funksiya grafigi n- darajaliparabola  deb 
a talad i. Bu funksiyalarning grafik lari (0; 1) oraliqda n o rtish i bilan .v 
k a tta lash g an  sari O x  o ‘q idan  shunchalik  sekin uzoq lasha boradi.

7 -§ . y  =  x  f u n k s i y a  v a  u n in g  g r a f ig i

7.1 . A g ar o 'z g a ru v c h i y  o 'z g a ru v c h i .v ga p ro p o rs io n a l b o 'ls a . 
u h o ld a  b u n d ay  b o g 'lan ish  y  = k x  fo rm u la  b ilan  ifo d a lan ad i, b u n d a  
k  *  0 -  p ro p o rs io n a llik  k o effits iy en ti dey ilad i. Bu fu n k siy a  g rafig i 
IV b o b  4-§ ke ltir ilg an .

7.2. A gar o 'zgaruvch i y  o 'zg a ru v ch i x  ga teskari p ro p o rs io n a l 
b o 'ls a ,  u  h o ld a  u la r o rasidag i b o g 'lan ish

fo rm u la  b ilan  ifodalanad i. b u n d a  k  *  0 -  te skari p ro p o rs io n a llik  
koeffitsiyen ti deyiladi.

7.3. y = % funksiya xossalari va grafigi.
1. Funksiyan ing  aniq lan ish  sohasi no ld an  tashqari ba rch a  haqiqiy  

so n la r  to ‘p lam idan .ibo rat: ( - ° °  ; 0) U ( 0; +  °° ).



2. F unksiya  to q , chunk i f ( - x )  = ~ x  = ~ x  = “ /(■*) •
3. A g ar k  > 0 b o ‘lsa , fu n k siy a  o ‘zin in g  an iq la n ish  so h a s id a  

kam ayad i, a g a r  k  < 0 b o ls a ,  o ‘sadi.

4. y  = x  funksiya  grafigi k o o rd in a ta  bosh iga n isb a ta n  sim m et- 
rik , ikk i ta rm o q li egri ch iz iqdan  ib o ra t. B unday  egri ch iz iq  giperbola  
deyiladi (87-rasm ). A g ar k  >  0 b o ‘lsa, g iperbo la  ta rm o q la ri I va I II  
ch o rak la rd a , k  < 0 b o ‘lsa, II  va IV ch o ra k la rd a  jo y la sh g a n  b o ‘ladi. 
G iperbo la  k o o rd in a ta  o ‘q la ri b ilan  um um iy  n u q ta g a  ega em as.

8-§. Kasr-chiziqli funksiya va uning grafigi

y  = k o ‘rin ish d ag i funksiya  kasr-ch iziq li fu n k s iy a  dey ila 

di, b u n d a  a, b, c, d  -  b e rilg an  so n la r, c 4- 0 (aks h o ld a  ch iz iq li 
funksiyaga ega b o ia m iz )  va a d  t  be (ag a r ad  = be b o ‘lsa, y  =  const).

8.1. F unksiya son lar 0‘q ining x  = - ^  nuqtasidan  ta sh q ari barcha 
n u q ta la r id a  an iq lan g an .

8.2. F u n k siy a  grafig ini yasash  uchun  uning  ifodasida  b u tu n  qis- 
m in i a jra tib , quy idag i shakl a lm ash tirish la rn i bajaram iz:
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a lx + d  
.. _  ax+h _  \ c  c
■ cx+d c^x+ cl

. , » 3 *

c ( j r + i )  c ( x + j )  e x * i

Bu yerda k  = — ~g^  , /n =  4  va « =  “  belg ilash lar k iritib , beril-
c 2

gan kasr-chiziq li funksiyan i

^  =  n + x+m
shak lga keltiram iz.

8.3. 5-§ d a  keltirilgan  q o id a la rg a  k o ‘ra

y  = n + x+m
kfunksiya g rafig ini y  — x  g iperbo lan i O x  o ‘qi b o ‘ylab  \m\ b irlik k a  va 

O y  o ‘qi b o ‘y lab  |« | b irlikka k o ‘chirish  y o rd am id a  hosil qilish  m um - 
kin. K o ‘ch irishn ing  q an d a y  y o 'n a lish d a  am alga oshirilishi m  va n 
la rn in g  ishorasiga  b o g ‘liq (88-rasm ).

8.4. F u n k siy a  grafig in i a n iq ro q  yasash  u ch u n  un i k o o rd in a ta  
o ‘q lari b ilan  kesishish n u q ta la r in i an iq lash  m aq sad g a  m uvofiqd ir.

M a s a l a .  y  =  2*+\  funksiya grafig in i yasang.

88-rasm 89-rasm



Y e c h i l i s h i .  B erilgan  fu n k siy a  g rafig in i y asash  u ch u n  avval 
un ing  b u tu n  q ism in i ajra tam iz:

v 4W I 4.V+1

1 r W 1 _ 4 ( i - l , 5 )  , 7  _  ,  , ¡,5 

2[X- l )  '
2(jc—1,5) +  2 (x -l,5 )  “  2 + x-1,5 ■

F u n k siy a  grafig in i Ox va Oy o ‘q la ri b ilan  kesishish  n u q ta la rin i 
topam iz:

= 0 da y  =  2 - %  =  2 - ]  =  - \  h = - 13 ‘

7  =  0 d a  0 =  2 +  v3',55 <=>2x — 3 +  3 ,5  =  0 = ^ [ x  =  —

S h u n d ay  qilib , berilgan  funksiya grafig in i tasvirlovchi g iperbo la  

O x  o ‘q ini a ( - | ; 0 )  n u q ta d a , O y o ‘q in i c ( 0 ; - ^ j  n u q ta d a  kesib

3,5
o ‘tadi. F u n k siy a  grafigi 89 -rasm da ta sv irlangan . Bu g rafik  y  = -jr- 

funksiyag ra fig in i O x  o ‘qi b o ‘ylab l ,5 b ir lik k a , O y  o ‘qi b o ‘y lab  2 bir- 
likka  m u sb a t y o ‘na lish d a  siljitish n a tija s id a  hosil qilindi.

9 -§ . y  =  | x  | va y  =  | a x  +  b  | +  | c x  +  d  \ f u n k s i y a l a r  

g r a f i k l a r i

9.1. y  =  |x |  funksiya. B ilam izki,

{
x, ag a rx  > 0 bo ’lsa,

- x , agar x  < 0 bo ’lsa.

B u funksiya  quy idag i xossa larga ega.
1. A n iq lan ish  sohasi haq iq iy  so n la r to ‘p lam id an  ib o ra t.
2. y  = \x  \ funksiya  ju f t  funksiya.
3. x  <  0 d a  kam ayuvch i, x  >  0 d a  o ‘suvchi.

A g a r x > 0 b o ‘lsa, |x | =  x b o ‘lganligi u c h u n j’ =  |x | funksiya grafigi
b irinch i k o o rd in a ta  bu rchag in ing  b issektrisasi b o ‘ladi. A g a r  x  <  0 
b o ‘lsa, u  h o ld a  |x | =  - x  b o ‘ladi va m anfiy  x  la r  u chun  funksiya  grafigi 
ikk inchi k o o rd in a ta  bu rchag in ing  b issek trisasi b o 'lad i. Is ta lg an  x
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90-rasm

uchun I — jcI = Ijc|. Shuning uchun у  = |x | funksiyaning grafigi 
ordinatalar o‘qiga nisbatan simmetrik boladi (90-a rasm).

у  = |x +  a\  funksiya grafigi^ = |x| funksiya grafigini a  >  0 bo'lsa, 
a  birlikka O x  o‘qi bo‘ylab chapga. a  <  0 bo‘lsa, |a| birlikka o‘ngga 
siljitish natijasida hosil qilinadi (90-b,  d  rasmlar). y - \ x \  +  b  funksiya 
grafigi esa b >  0 bo‘lsa, у  = |x| funksiya grafigini O y  o‘qi bo‘ylab b 
birlik yuqoriga, b <  0 bolsa, |Z>| birlik pastga ko‘chirish yordamida 
hosil qilinadi (90- e , f  rasmlar). 90-g rasmda

7 =  | x - 1 | - 0 , 5  
funksiya grafigi tasvirlangan.

9.2. у  = I ox + b\ + \cx +  d\ funksiya grafigi. Bu funksiyaning aniq- 
lanish sohasi haqiqiy sonlar to‘plamidan iborat bo‘lib, uning grafigini 
yasashda oraliqlar usulidan foydalanish maqsadga muvofiqdir. Bu usulga 
ko‘ra I ax + b\ va |cx + d\ qo‘shiluvchilarning ishoralari o‘zgarmaydigan

oraliqlar topiladi. Bunday oraliqlar x  =  va x  =  - ^  nuqtalar 
yordamida hosil qilinadi. Hosil qilingan oraliqlar uchun funksiya ifodasini 
yozib, so‘ngra grafigi yasaladi. Bu usulni
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J A y  = |x -  51 + |x - 2 |
f u n k s iy a  g r a f ig in i  y a s a s h  
m iso lida  k o ‘rib  chiqam iz.

\
Y e c h i l i s h i .  S o n la r

6-

3 ■
2 ..

o ‘q in i x  = 2 v a  x  -  5
n u q ta la r  y o rd a m id a  ( - ° °  ; 2), 
[2; 5) v a  [5; + 00) o ra liq la rg a  
a jra ta m iz . H a r  b ir  o ra l iq d a  
m o d u l b e lg is i o s tid a g i

r ib , fu n k s iy a  ifo d as in i 
y o z a m iz .

i fo d a la r  is h o ra la r in i  te k sh i-
O 1 2 3 4 5 6 7 8

9 1 - r a s m

l ) x e  (-°o ;2 )u c h u n x -5 < 0 ,x -  
2 < 0 b o ‘ladi. y = - x + 5 - x + 2 =
=  -Z x + 7 ;

2 ) x e  [2; 5 ) u c h u n x - 5  <  0 , x - 2 > 0 b o ‘l a d i . j  =  - x  +  5 +  x - 2  =  3;

3 )x e  [5; +  °° )u c h u n x -5  > 0 ,x - 2 > 0 b o ‘la d i ._ v = x -5 + x -2  =  2 x -7 . 
S hunday  qilib ,

F u n k siy a  g rafig i 91-rasm da tasv irlangan . B u funksiyan ing  qiy- 
m a tla r  to 'p la m i [3; + °°).

10.1. T esk a ri funksiya tushunchasi. y  = f ( x )  teng lik  x  o ‘zgaruvchi 
m iq d o rn in g  q a b u l q ilish i m u m k in  b o ‘lg a n  h a r  b ir  q iy m a tig a  y  
o 'zg a ru v ch i m iq d o rn in g  to 'ia  an iq iangan  q iy m atin i m os keltirad i. 
A gar y  -  / ( x )  ten g lik k a  asosan , y  m iq d o rn in g  q ab u l q ilishi m u m k in  
b o ‘lgan  h a r  b ir  q iym ati b o ‘yicha x  m iqdorn ing /a^ra?  bitta  q iym atin i 
tik lash  m um k in  b o ‘lsa, u  h o ld a  bu  teng likdan  x  ni y  n ing  funksiyasi 
kab i an iq lash  m um kin . Bu funksiyan i <p h arfi b ilan  belgilaym iz:

-2x+7, agarx<2 bo’lsa, 

y =  [jt-5| + |x — 2| =  • 3, agar 2<.v<5 bo’lsa, 

2 x - l , agarx>5 bo'lsa.

1 0 - § . T e s k a r i  f u n k s i y a .  

T e s k a r i  f u n k s i y a n in g  g r a f i g i

2 0 0



x = <pO).
Bu teng likda  y  a rgum ent, x  esa funksiya b o 'lib  kelayapti. A rgum en t- 
ni x  h arfi b ilan , funksiyan i y  harfi bilan belgilash o d a t tu sig a  k irib  
qo lganlig i u chun  (p harfi b ilan  belg ilangan funksional b o g ‘lanish

y  ~ <PM
k o ‘rin ishda yoziladi. S hunday  an iq langan  y  = (p(x) funksiya y - f i x )  
funksiyaga n isb a tan  teskari fu n k s iy a  deyiladi.

U m u m an , agar funksiya y  = f i x )  tenglik bilan berilgan b o ‘lsa , u 
holda teskari funksiyani topish uchun f i x )  =  y  tenglam ani .v ga nisbatan  
vechish hamda x  va y  larning o ’rinlarini alm ashtirish kerak .

A gar f ( x )  = y  tenglam a bittadan ortiq ild izga ega bo‘lsa , u holda j  
=  f ( x )  funksiyaga teskari funksiya mavjud em as.

G rafig i 92 -a ra sm d a  keltirilgan  y  = f i x )  fu n k siy an in g  te sk ari 
fu n k s iy a s i m a v ju d , 9 2 -b  r a s m d a  g ra fig i ta s v ir la n g a n  y  =  g (x )  
funksiyan ing  esa teskari funksiyasi m av jud  em as.

A g ar j  =  f ( x )  funksiya  shunday  b o ’lsaki, un ing  ista lgan  P^qiy- 
m ati u chun  f i x )  =  y 0 tenglam a x  ga n isba tan  yagona ildizga esa b o ‘lsa, 
b u n d ay  funksiya teskarilanuvchan fu n k s iy a  deyiladi.

92-rasm da keltirilgan y -  f ( x )  va y = g(x) funksiyalam ing grafiklarini 
taqqoslab , y  = f ( x )  funksiya o 'suvchi ekanini, y  =  g (x)  funksiya esa 
o ‘suvchi ham  emas, kam ayuvchi ham  em asligini k o ‘ramiz.

A gar j  =  f ( x )  funksiya X  oraliqda aniqlangan ham da o ‘suvchi 
(kam ayuvchi) bo‘lsa va uning qiym atlar sohasi Y  dan iborat boMsa, 
u nin g  te sk a r i fu n k s iy a s i m avjudd ir. Bu te sk a r i fu n k s iy a  Y  da 
aniqlangan va o ‘suvchi (kam ayuvchi) b o ia d i.

T eskari funksiyan ing  an iq lan ish  sohasi d as tlab k i funksiyan ing  
q iy m a tla r to ‘p lam i b ilan , te skari funksiyan ing  q iy m a tla r to 'p la m i 
esa d as tlabk i funksiyaning  an iq lan ish  sohasi b ilan  u s tm a-u st tushadi.

l - m i s o l . j  =  2x +  1 funksiyaga teskari funksiyan i top ing .
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Y e c h i l i s h i .  y -  2x  +  1 funksiya  son la r o ‘q in ing  b a rc h a  n u q ta la- 
r id a  o ‘sadi, d em ak , u n in g  te sk a ri funksiyas i m av ju d . B u te sk ari 
funksiyani top ish  uchun

2 x  + 1 =  y  
teng lam ani x  ga n isb a ta n  yecham iz:

r -  1 V -  1X - J }  2■
B u teng likda x  va y  la rn in g  o ‘r in la rin i a lm ash tirib ,

v -  1 x - 1 
y ~ 2 x 2

funksiyani hosil q ilam iz. Bu iz lanayo tgan  teskari funksiya b o ‘lib, bu  
funksiya ham  so n la r o ‘q in ing  b arc h a  n u q ta la rid a  o 'sa d i.

J a v o b :  y = ^ x ~ 2 -

2 - m  i s o 1. y  = x_2 — 1 funksiyan ing  teskari funksiyasin i top ing . 

Y e c h i l i s h i . B erilgan fu n k s iy a o ‘zgaruvchi x n in g  3 d a n  boshqa  
b a rc h a  q iy m a tla r id a  a n iq la n g a n , o ‘z in in g  a n iq la n ish  s o h a s id a  
kam ayuvch i funksiyad ir. U n in g  te sk ari funksiyasin i topam iz :

¿ 3  - 1  = y  <=> 3 -  (x  -  3) = y ( x  -  3) <=>

<=> y { x  -  3) +  (x  -  3) = 3 <=> (x -  3)(y  +1) =  3 <=>

* * x - 3 =  y3+ l = * [x  = y 3+ l+ 3.

x  v a  y  la rn ing  o ‘rin la rin i a lm ash tirsak ,

> =  3 , + 3  
x  +1

teskari funksiya hosil b o 'Iad i.

B u m iso ld a  y  =  ~  1 fu n k s iy a n in g  an iq la n ish  so h a s i: 

x e ( - ° ° ;  3) U (3; + 00), q iy m a tla r t o ‘plam i: x e
o

T e sk a r i fu n k s iy a  y  =  +3  n in g  a n iq la n ish  so h a s i: 
x +  1

x e  ( - « ; —1) U (—1; +  00), q iy m a tla r t o ‘plam i: x e  ( - ° °  : 3) U (3: +  00 ).
'I

Javob : y = + 3 .  
x  + 1

10.2. Teskari funksiyaning grafigi. A gar koordinatalari (x; y )  b o ‘lgan 
n u q ta y  = / ( x )  funksiya grafigiga tegishli b o ‘lsa, koo rd inata la ri 0 ;; x)
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b o lg a n  n u q ta  esa teskari funksiya 
grafigiga tegishli b o la d i.  Shuning 
u c h u n  te s k a r i  fu n k s iy a  g ra f ig i 
у  -  f { x ) fu n k s iy a  g rafig in i O xy  
tek islikdagi (x ; y )  n u q ta n i iy \ x ) 
nuq taga o ‘tkazadigan  alm ashtirish 
orqali hosil qilinadi. Bu almashtirish 
у  -  X t o ‘g ‘ri c h iz iq q a  n isb a ta n  
sim m etrikdir.

S h u n d a y  q i l ib ,  у  =  f i x )

-►
X

У к
\ 4 /

—  a , „

\

/ V V 14  jc—3

/

A0 3 "  X

94-rasm

funksiyaga teskari funksiya grafigini yasash  uchun  у - f i x )  funksiya 
grafigini у  =  X to ‘g‘ri chiziqqa n isba tan  sim m etrik  alm ashtirish  kerak  
(93-rasm ).

94-rasm d a 1 , 2- m iso lla rda  q ara lg an  fu n k siy a larn in g  grafik lari 
ta sv ir lan g a n .

Mustaqil ishlash uchun test topshiriqlari

1 . / ( x ) =  ~ 4  fu n k s iy an in g  x  =  2 n u q ta d a g i q iy m a tin i 

top ing .

A ) 0; В) — C ) j  , D )  — E)

2. Q uyidagi n u q ta la rd an  qaysi b iri f i x )  =  x 2 -  2x +  0,5 funksiya- 
n ing  grafig iga tegishli?
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A ) (2; 0,5); B ) (0 ;-0 ,5 ) ;  C ) ( l ;0 ,5 ) ;  D ) (2;—0,5); E ) (1; 0).
3. A g a r / ( x -  1) =  x 2- 2 x - 2  b o ‘lsa, / ( x )  ni toping.

A ) / ( x )  =  x 2 +  3; B ) / ( x )  =  x 2 + 2; C ) / ( x )  =  x 2- 2 ;  
D ) / ( x )  =  x 2 -  3; E ) / ( x )  =  x 2 -  4.

4 . a  n in g q a n d a y  q iy m a tla r id a /(x )  = a x 2 +  3 x - 6 v a f ( x ) =  7 y -  1 
funksiyaiar kesishadi?

A) [-0,5; +  00 ); B) [-0 ,05; +  00); C ) ( -  00; +  00);
D ) [1; 20]; E) [0,05; +  ° ° ).

5 . A g a r / ( x  + 1) =  x 2 + 2x + 2 b o ‘l s a , / ( x )  ni toping.
A ) x 2- 1; B )2x  + 1; C ) x 2+ 1 ; D ) x 2 +  2 x + l ;  E ) x 2- 2 x + l .

6 . y  = v - x -----7-2—  funksiyan ing  an iq lan ish  sohasin i toping.
v 8+ x

A ) [0; + 00); B ) ( - ~ ; 0 ] ;  C ) ( -< ~ ;0 ] ;

D ) ( - ° °  ; - 8]; E) ( -  °° : -8) U(-8; + 00 ).

7. y  = ^ v- 12;v_]j funksiyaning aniqlanish sohasiga tegishli bu tun

son la r nech ta?
A) y o ‘q; B) 1; C )2 ; D ) 3; E ) 4.

8. y  =  yjx~ - 4 - y j x - 2 - \ j 2 - x  funksiyan ing  an iq lan ish  so h a 
sini top ing .

A ) ( - ° °  ; -2 ]U[2; +  00); B) (-2; 2); C ) ( - ~ ; - 2);
D ){2} ; E) 0 .

x 2, - l < x < 0,

9- A gar /  (x) =  • —2a + 1 ,0  < x < ^ , b o 'Isa , /  ni h isob lang . 

cos IK, ^ < x < l

A ) - * ;  B) '  ; C ) 2; D ) 0; E ) .

10. y  = 2x+3 funksiyan ing  an iq lan ish  sohasin i toping.

A ) ( - 00; 3) (J(3; +  ° ° ); B ) ( 0 ; + ~ ) ;  C) (-3; 3);
D ) ( -  -  ; 0); E ) ( - ~  ; - 3 )  U(-3; 3) U(3; +  ~ ).

11. y =  xr * 4x  + x  funksiyan ing  an iq lan ish  sohasini top ing .
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C) (-«»; - 2) U(—2; 0) U(0; 2) U (2; + 00); D) (-°° ; - 2) U(2; + 00);
E) (2; + 00),

12. / ( x )  = V2 -X  + V* 2 - 4  + 5 funksiyaning aniqianish 
sohasini toping.

A)(-°°;-2]U{2}; B) (-°° ;-2]; C )(-~ ;2 ];
D) ( - 00; -2] U[2; + 00 ); E){2}.

13. y = J x + \  * funksiyaning aniqianish sohasiga
tegishli eng katta manfiy butun sonni toping.

A)bundaysonyo‘q; B)-2; C )-l; D)-3; E)-10.
14. y  =  x 2 +  2 x  funksiyaning qiymatlar to'plamini toping.

A ^ - ° ° ; B ) [ - l ; + ° ° ) ;  C ) ( - ° °  ;-2 ]U [0 ;  + °°  );
D ) [0; +  °° ] E ) [2: + ~ ) .

15*. y  = funksiyaning qiymatlar to'plamini toping.

A )(-°°; l )U ( l ;  + °°); B)(-°°;0)U(0; l )U ( l ;  + °°);
C )(-°° ; 1); D) (1; +°°; E) (-«*>;+“>).

16*. y  =  x +  1 funksiyaning qiymatlar to‘plamini toping.
x

A )(-°°; 0)U(0; + °°); B)[l; + °°); C )(-°°;l);
D) (- 00; - 2] U[2: + 00); E)[2; + ~ ).

17*. y  =  \ f l x~  + 12x + 7 funksiyaning qiymatlar to‘plamini 
toping.

A) ( - 00 ; + 00); B)[0;+°°); C ) [ \ f j ; +°°);
D)[>/iT; + «»); E) [2; + 00).
18*. y  = |2jc — 4 | + 16 + 3a:| funksiyaning qiymatlar to‘plamini ko‘r- 

sating.
A) [4; 6]; B) ( - « ;  + “ ); C)[0; + °°); D)[2; + ~ ); E)[8; + ~ ).

I y _3!
19*. y  -  I__j  + 4 funksiyaning qiymatlar to'plammi toping.

A) [3; 5]; B) (3; 5); C) {3; 5}; D) [3; 5); E) (3; 5].

A )(-°° ; —2)U(—2; 2)U(2; + ~ ); B) (-2; 0) (J(0; 2);
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20*. f ( x ) = \x  +  lj +  |x  -  2 funk siy an in g  q iy m a tla r t o ‘p lam in i to 
ping.

A ) [3; + 00); B ) ( 3 ;+ ° ° ) ;  C ) [ 0 ; + ~ ) ;
D ) [ l ; + o ° ) ;  E ) [—1; + ° ° ) .

21 . Quyidagi fnnksiyalarHun jn ft’»---

A ) f ( x )  =  ; B) f ( x )  =  ; C ) f ( x ) =  x \ x - i \ ;

D ) f i x )  = X ~  + X  ; E) f i x )  = X  + .

22 .Q uy idag i fu n k siy a la rd an  qaysi biri toq?

A ) f i x )  =  1 j  ; B) f ( x )  = x 2 + 1  ; C ) f ( x )  =  ;

D ) / ( * )  =  l +  I ;  E ) f ( x )  = x 3 + ^ 3 + 3 .

23. Q uyidag i fu n k siy a la rd an  qaysi b iri ju ft?

a , / w  =  v j ' t ;
V i

C ) f ( x )  = x 3 + x 5 - X 1 ; D ) / ( jc )  =  jx +  l | - x ;

E ) f i x )  =  , 1 . .
x 2+ \

XL
24. Q uy idag i fu n k siy a la rd an  qaysi b iri ju ft?

A ) f i x )  = f c - x 5 ; B) f i x )  = ^ p -  C ) f i x ) = ;

D> / ( * ) = ; ;  E ) / U ) = ^ r

25. y  +  x fu n k s iy a  u c h u n  q u y id a g i x o s s a la rd a n  
qaysi b iri o ‘rinli?

A ) toq ; B )ju ft; C ) davriy ;
D ) to q  h am  em as, ju f t  h am  em as; E) to q  va davriy .

26. y  = f t  + <Jx2 funksiya  u ch u n  quyidagi x o ssa la rd an  qaysi 
b iri to ‘g ‘ri?

A) toq ; B )ju ft; C ) davriy ;
D ) to q  h am  em as, ju f t  h am  em as; E) to q  va davriy .
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27. f ( x )  = ~J\ + x  + x~ + 7  1 - x  +  x" funksiya uchun  quyidagi xos
sa la rd an  qaysi b iri to ‘g ‘ri?

A ) ju f t  ham  em as, to q  h am  em as; B) toq;
C) dav riy ; D ) ju f t; E) [0; +  00) o ra liq d a  an iq lan g an .

2 8 .Q uyidag i fu n k siy a la rd an  qaysilari (2 ; +  00) o ra liq d a  o ‘sadi?

1. y = 2i x l 2. y = 4J $ l ;  3. y =  0,5x2 -2\[x .

A ) 1; 3; B ) f a q a t l ;  C ) 2 ;3 ;  D ) faq a t 3; E ) ham m asi.
2 9 .Q uy idag i fu n k siy a la rd an  qaysilari [2; +  00 ) o ra liq d a  k am a- 

yadi?

1. y  -  12x — x 3; 2. y  = \ fx  -  2 x ~ ; 3. y  = 0,5jc" — 2\[x .
A ) 1; 2 ; B) faq a t 1; C ) fa q a t 2;
D ) fa q a t 3; E ) h am m asi.

30. Q uy idag i fu n k siy a la rd an  q aysila ri ( - ° °  ; 0) o ra liq d a  o ‘suvchi 
ho 'lad i?  ---------------

A) y  =  ^  ; B)_y =  6 - 3 x ;  C ) y  = 3x +  2;

D  ) y  = x 4; E  ) y  = y P x .

31. y =  x i ± 2 .r --9 x -\%  funksiyan ing  no lla rin i top ing .
\Jx2 — 6 x + 9 +Vx —5 

A ) - 2 ;  B) 0; C ) - 3 ; - 2 ;  3; D ) 5; E ) 3.

32. v =  v'~/— f unks i ya no lla rin ing  o ‘r ta  arifm etig in i
v x + 3 + v * —2

toping.
A ) 1; B) 2; C ) 2,5; D ) 3; E ) 4.

33*' f  ( bx -a  ) = •rl°° + x"  +  ̂  + •" + * + x  + 2 56 
b o ‘l s a , / ( l )  ni h isob lang .

A ) 1; B) -1 ; C ) 2; D ) 101; E ) 10.
34.y  -  x 2 -  2 va y  =  |x | fu n k s iy a la rn in g  kesish ish  n u q ta la r i 

k o o rd in a ta la rin i top ing .
A ) (-2 ; 2), (2; 2); B) (2; 2); C ) ( - 2 ;2 ) ;
D ) ( - l ; 2 ) ;  E ) ( -1 ; 2), ( -2 ;  1).

35. y  =  funksiya  g rafig i qaysi c h o ra k la rd a  yo tad i?

A ) I v a I I ;  B) I va III; C ) I I v a IV ;
D ) I, I II  va IV; E) I, II, va III .
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36. /  (x) -  v  4 -  2x  -  2x  funksiyaning eng ka tta  qiym atini toping.

A) 2V2 ; B) \IX 5  ; C) 2; D ) y [ ^ 5  ; E ) 0.
37. A g a r / ( x )  = x 2 va cp(x) = 2 x -  1 bo 'Isa , x  n ing nechta q iym atida 

/((p(x)) =  (p ( f  (x)) tenglik  o 'r in li b o 'lad i?
— A H ;------------------------------6 ^ 3 ;------------ B f4 ; -------------E t i r -

38. v funksiya uchun  quy idag i m u lo h aza la rd an  qaysi biri 
n o to 'g 'r i?

A ) ju f t  funksiya;
B) grafig i (1024; 2) n u q ta d a n  o 'ta d i;
C ) an iq lan ish  sohasida  o ‘sadi;
D ) grafig i I ch o ra k d a  joy lashgan ;
E) funksiya  [0; + 00 ) o ra liq d a  an iq langan .

39. A rg u m en tn in g  q an d a y  q iy m a tla rid a  y =  ,  1 funksiya
x - x -1

qiym ati ( - 1) ga teng  b o 'lad i?
A )0 ;1 ;  B ) - l ;  0; 1; C ) y o l ;  D )2 ; E ) hech q an d a y  q iy m atid a .

40. A g ar A  Q  ; ^4 j  n u q ta  te skari p rop o rsio n allik n i ifodalovchi 

funksiyaga tegishli b o 'lsa , shu  funksiyan i k o 'rsa tin g .

A ) y = ° f ;  B ) y = l f ;  C ) y = 3L .  D ) y  = % ;

41*. m  ning qanday qiym atlarida y  =  2m x  +  1 va y  = (m  -  6)x 2 -  2 
funksiyalam ing grafiklari kesishmaydi?

A) (-3 ; 6); B) ( - 6; 3); C ) ( - ° °  ;-6 )J J (3 ;  +  » ) ;  D ) ( - 6 ;0 ) ;  E) 0  .

42 . y  = x  2x - 5~5 fu n ksiya m anfiy  q iy m a tla rg a  ega b o 'la d ig a n  
o raliqn i k o ‘rsating .

A ) ( - 00; 2,5); B) (2,5; 5); C ) ( - «  ; -1 ]U (2 ,5 ; 5];

D )(-°°;-l);  E) (-°° ; -1 )( J (2 ,5 ; 5).
4 3 .y  =  x 6 v a  y =  (2x -  10)2 fu n k siy a lam in g  g ra fik la ri n ech ta  

u m um iy  n u q ta g a  ega?
A ) 1; B) 2; C) 3; D ) 4; E ) u m um iy  n u q ta g a  ega em as.

4 4 .y  -  2 x  + 1 va y  = -  2 - x  fun k siy a lar g rafik lari k o o rd in a ta la r  
tek islig in ing  qaysi ch o rag id a  kesishadi?
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A ) IV ; B) III; C ) II; D ) I; E) kesishm aydi.
45. A g a r  f{x )  =  x 3 +  2x2 b o ‘l s a , / ( x -  1) ni toping.

A ) x 3 +  5x2- x  +  3; B )x 3- 2 x 2 + 5x; C ) x 3- x 2- x + l ;
D) x 3 — 5x 2 +  x  -  1; E ) x 3 + x 2 +  x  +  1.

46. f i x )  = J x  + 2 i x 2 -  3.v+ 7 2 )  fu n k siy a  g ra fig in in g  O y  o ‘qi 
b ilan kesishish  nuq tasi o rd ina tasin i top ing .

A ) 7 2 ;  B ) -  7 2 ;  C ) 1; D ) - 2; E) 2.

47. A rg u m en tn in g  qanday  q iy m a tla rid a  y  =  x funksiya- 

n ing q iy m atla ri (-5 ) d an  k ich ik  em as?
A ) hech qanday  qiym atida; B) [-4; 0); C) (1; + 00);

D ) ( - 00; 0) U (0; 4) U (4; + ~  ); E) [-4; 0] U (1 ; + ° ° ).

48. A rgum entn ing  q anday  q iym atla rida  y  = funksiyan ing  

q iym atla ri 1,5 d an  k a tta  b o im a y d i?
A ) ( - o ° ; +  oc); B) ( - ° ° ; 1); C ) [1; 0];
D ) [-1 ; 1]; E) [0; 1].

49*. y =  2 x 2- l l x + 3  funksiyaning eng k a tta  qiym ati nechaga teng? 

A ) 5; B) 3; C ) - 3 ;  D ) - l ;  E) 1 2 .

50. A rg u m en tn in g  q an d ay  q iy m a tid a  f i x )  =  2 x 2 -  6x  +  10 fu n k 
siyaning q iym ati 6 ga teng b o 'lad i?

A) 2; B) 1; C M ;  D ) 1 va 2; E ) -1  va 2.
51. A g ar/ ( ^ )  =  2 v a / ( 6) = - 3  b o 'lsa , chiziqli funksiyan i top ing .

A ) / ( j f )  =  - ^  +  3 ;  B) / ( * )  =  - !  j c - 2 ;  

c ) f ( x )  =  -  2 x ; D ) / ( x )  =  ^ x ;

E) f i x )  = 2 x - 3 .

5 2 .a  va b n ing  q an d a y  q iy m a tla rid a  a x  + by  = -6  va 2x  -  2 y  = 4 
teng lam ala r b ilan  berilgan  to 'g 'r i  ch iz iq lar u s tm a -u s t tu shad i?

A ) a  =  - 3 , 6  =  3; B) a  = 3 ,6  =  3; C ) a  = 3 ,b  = -3 ;
D ) a = 3, b  =  2; E) a  = 4 , b  =  -2 .

53*. k  n ing  q an d ay  q iym atlarida / ( x )  =  +6 g ra.

figi O x  o 'q ig a  p ara lle l b o 'lad i?

209



54. f i x )  = fu n ksiya grafigi A (  2; 4) 5 ( -4 ;  3 ) n u q ta la rd a n  

o ‘tsa , a va b  la m in g  q iym atla rin i top ing .

____ A l a  -  2, b = - Z ; ______

D ) a  -  - 2 ,  b  =  -2 ; E) a = 2, b =  2.
1

A) hech  q an d a y  q iym atida ; B ) - 2 ;  C ) - l ;  D ) 0; E )3 .

B) a  =  2, ¿> =  7 ; C ) q =  - 1 ,  ¿> =  J ;

5 5 .A g ar f { x ) = \ +*  b o 'lsa , / ( * )  +

C) < +! ;

f i x )  

D ) 0;

ni top ing .

E) 2^ 2+1> 
’ \ - x 2

56. 9 5 -ra sm d a  q ay s i fu n k s iy a n in g  
grafigi ta sv irlangan?

A )y  =  -  \x\;
B)j> =  - M  + 1 ;
C ) y  =  - \ x \ - l ;

D ) y  =  - \ x - l \ ;

E ) y = \ x \ + l .

57. 9 6 -ra sm d a  q ay s i fu n k s iy a n in g  
grafig i ta sv irlangan?

A ) y  -  |x +  2| +  2;
B) y  =  -  |x  +  2| +  2;
C )  y  =  |x  -  2| +  2;
D ) y =  l x - 2 | - 2 ;
E) J  =  |x  +  1| -  2.
58. y = 4 x - 1  funksiyaga teska-

ri funksiyan i top ing .
A )y  =  ( 4 x -  l ) “1;
B) 3; = 1 - 4 x ;

c ) y  =  \ x + \ \

D ' >y =  \ - \ x ’ E ) y = - \ x - \ -
2 -  2 funksiyaga5 9 .Q u y id ag i fu n k siy a lard an  qaysi b iri y

teskari funksiya?
a\ 1 1 . r\ _  2x+l • r  \ > —  2x+l 9 • 
A )  >' =  x + 2 _ 2 ’ B) y — *x ’ C) 2 ~ 2,

210



6 0 .y  -  x 2 -  1 funksiyan ing  x e  [0; +  00) o ra liqdag i teskari funk- 
siyasini top ing .

A ) y  =  1 ; B) y = ±V x + 1 ; C ) y =  - J x  + \ ; 
x ^ - l

D ) y =  V F - x  ; E ) y  = \ /x  +  l .

x+1
61 . y -  2+3v funksiyan ing  teskari funksiyasin i top ing .

\ \  _  2+3x . m  _  2x—1 . /-'i _  2x+l . 
y x+1 ’ t i ) y ~  l -3 x  ’ L )  * "  l-3 x  *

P)\ v _  2x—1 . p \  2x+l
U) y  -  3 x - l  ’ *•> y  -  3x+l •

6 2 .y  =  x 2 -  4x  + 5 funksiyan ing  [2; +  00 ) o ra liqdag i teskari fu n k 
siyasini top ing .

A ) v =  2 ±  7 x -  1 : B ) v = 2 -  V v -  I ; C ) y =  2 +  VI x :

D ) y  =  -  x 2 +  4x  -  5; E) y = 2 +  V x - 1 .

63. y  =  x 2 -  4 x  + 5 funksiyan ing  ( -  ° ° ; 2] o ra liqdag i te skari fu n k 
siyasini top ing .

A) y =  2 - V x M  ;B ) y =  2 ± V l M ;  C) y =  2 +  V J - l ;

D ) y  =  -  x 2 +  4x -  5; E ) y =  2 -  Vl - x  .

6 4 .Q aysi n u q ta  y  =  x 3 + 5x + 24 funksiyaga teskari funksiya  
grafig iga tegishli?

A ) ( -2 ; 1); B) (0; -2 ) ;  C ) (4; 1); D )  ( - 8; 1); E) (4; 5).
65. y  = 3x +  6 funksiyaga te sk ari funksiya  grafigi k o o rd in a ta la r  

tek islig in ing  qaysi ch o ra k la rid a  jo y la sh g an ?
A ) I, I II  va IV; B) I II  va IV; C) II va IV;
D ) I va I I I ;  E) I, II v a  III.



IX BOB

BIR 0 ‘ZGARUVCHILI KO‘PHADLAR 
VA ULAR USTIDA AMALLAR

l-§ . K o ‘phad tushunchasi

Q uyidagi k o 'rin ish d a g i a lgebraik  ifoda bir o ‘zgaruvchili ko  ‘p h a d  
deb  atalad i:

a x "  + a  .x "'1 +  ... +  a .x  +  an. ( 1)rt H- l  1 0  '

Bu yerda ere R  ( i =  0. n ) va u la r k o ‘p h ad n in g  koefjlts iyen tla ri 
deyiladi. K o ‘p h a d n i (1) k o ‘r in ish d a  ta sv ir lan ish i un in g  standart 
shakli yoki ka n o n ik  yoy ilm asi  deyiladi. a0 -  o zod  had  d eb  a ta lad i. 
an 1 0 b o ‘lsa, a x "  h ad  -  k o ‘p h adn ing  bosh hadi, an -  bosh koeffitsiyen t, 
n esa k o ‘p h ad n in g  darajasi deyiladi.

Q uyidagi be lg ilash larn i k iritam iz:
P  (x) =  a x n + a .x '*"1 + ... +  a .x  +  a

v /  n /1-1 1 0

deg P (x ) -  k o ‘p h ad n in g  dara jasi.
T a  ’r i f .  c -  biror son bo ‘Isin, P (x) ko  ‘phadning  x  = c dagi q iym ati 

deb
P  (c) =  a c n + +  ••• +  a xc +  aQ

ga teng songa aytiladi.
1 - m is o l .  P (x) = x }- 2 x 2 + 3x +  5 k o ‘p h a d n in g x  =  2 dag i qiym a- 

tini top ing .
Y e c h i l i s h i .  P (2) =  23- 2  • 22 + 3 • 2 +  5 =  11; P (2 )=  11.
J a v o b :  11.
M a sa la la r  yech ishda  foydali b o ‘lgan , k o ‘p h ad n in g  q iy m a tig a  

b o g ‘liq ik k ita  odd iy  teng likn i keltiram iz:
P  (0) =  a¿
P ( l )  =  a„ +  a ^ x + ... + a x + a0

2 - m is o l .  (2x  -  l )10 +  (x 2 -  5x + 6) (x 3 -  3 x 2 +  4x -  2)1981 + 4 
k o 'p h ad n i k an o n ik  k o ‘rinishidagi koeffitsiyentlari yig‘indisini toping.

Y e c h i l i s h i .  B erilgan k o 'p h a d n i P (x)  b ilan  belgilaym iz. F a ra z  
qilaylik, P (x)  k o ‘p h ad n i k an o n ik  k o ‘rin ishga keltirib , q u y id ag ig a  
ega b o la y lik :
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Р( 1) =  ап +  an i + ... +  а, + а0 = (2 1 -  I )10 +
+  ( I 2 — 5 • 1 +  6) (13 - 3 -  I2 + 4 • 1 _ 2 )i98i +  4 =  1 + 2  0 + 4 =  5. 
D em ak , koeffitsiyentlarning izlanayotgan yig‘indisi 5 ga teng ekan. 
J a v o b :  5.
T  a ’ r i f . Agar ik k i P (x ) va Q (x) ko  'phadlar berilgan bo ‘lib, har bir 

c e  R  son uchun P(c) =  Q(c) tenglik bajarilsa, boshqacha aytganda, 
har bir x  = c q iym atda P (x ) va Q (x) ko  ‘phadlarning q iym atlari ustm a- 
ust tushsa, bu ko  ‘phadlar teng deb ataladi.

Bu t a ’rifdan  quyidagi tasd iqn ing  o iin lil ig i kelib ch iqadi. Ikki 
P (x)  =  a x  " + an ]x  "”' + ... +  a tx  +  af) va 
Q (x ) =  b X +  b ,x  "~l +  ... +  b .x  +  b,v 7 m  nt m - 1 I 0

k o ‘p h ad  ten g  shu  h o ld a  v a  faq a t shu ho lda , qach o n k i

n  =  m,

ao = ^0’
- a, =i>,,

Р(х) = ах"  + а^х"-1 + ... + а,х + а0,
u holda,

a„ = bm bo’lsa.n m

B u ta sd iq d a n  q uy idag i n a tijag a  kelam iz: ko 'p hadn ing  kanon ik  
ko  ‘rinishi yagonadir.

2-§. K o‘phadlar ustida amallar

2 .1 .  K o bp h a d la r n i q o S h is h ,  a y ir ish  v a  k o 'p a y t ir is h .

P (x)  =  a x "  +  a ^ x " ~ ' + ... + a xx  + ag,
Q (x) =  b x m +  b .x ”-1 +  ... + b .x  + bn' >n m-1 1 0

k o ‘p h ad la r berilgan b o ‘lsin.
P (x)  va Q (x)  k o ‘p h a d la rn in g  y ig‘indisi, ay irm asi v a  k o ‘pay tm asi 

quyidagi teng lik lar b ilan  an iq lanad i:
P(x) +  Q (x) = ( a x "  +  ... + a r\  + a0) + (bmx m +  ... +  b {x  +  ba); 
P (x) -  Q (x) =  ( a x "  +  ... +  a xx  +  a()  -  (bmx m +  ... +  b xx  +  b0); 
P (x) ■ Q (x) =  ( a x "  + ... +  a rx + a0) ■ (bmx m +  ... + b xx  + 60).

Bu yerda
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1)d eg[/>(x )+  Q(x)] < max{deg(P(x)): dcg(Q(x))j;

2) d e g [P (x ) -Q(x)] < m ax{deg(P(x)); deg(Q(x))};
3) deg[P(x) • Q(x)] <  deg(.P(x)) + deg(Q(x))

va P(x) ■ Q (x) k o ‘phadning bosh koeffitsiyenti P (x)  va Q (x)  k o ‘phad- 
larnTng bosh koeffitsiyenflari ko^paytmasiga teng.—

1 - m i s o l . P (x) = 2 x 3 -  3 x 2 + a  +  4, Q (x) -  - 2 a 3 + 3 x 2 + 2 x  + 1 
k o ‘phadlar yig‘indisi, ayirmasi va k o ‘paytm asini toping.

Y e c h i l i s h i .  P (x) + Q (x) = 3x  + 5;
P (x) -  Q( a )  = 4 x 3 -  6x 2 -  x  + 3;
P (x) ■ Q (x) =  - 4 x 6+ 12x! -  7a-4 -  9.v3 + l l x 2 + 9 x  + 4.

K o ‘phadlarni q o ‘shish va ayirishni ularni ustm a-ust yozib  baja- 
rish qulay. Bunda o ‘xshash hadlari bir ustunda joylashgan boMishi 
kerak. H osil b o ‘lgan k o ‘phad P (x)  ± Q (x) k o ‘phadning kanonik  
tasvirini beradi.

2 - m is o l .  P (x)  = a 5 +  3 x 4 +  L2x3 + x 2- x +  5, Q (x) = 2 x } +  7 a 2- 4  
k o ‘phadlar y ig‘indisi toping.

Yechilishi.

a 5 +  3a4 +  12a1 +  x 2 -  x  +  5
t ____________ 2a3 + 7a : -  4

a 5 +  3a4 +  14a’ +  8a2 -  a  +  1
J a v o b :  P (x) + Q ( x ) - x 5 + 3 a 4 + 14x3 + 8 a 2 - a  + 1 .
3 - m i s o l .  P (x) = a 3 - a 2 +  3 a  + 5, Q (x) = 2 a 2—5x + 3 k o ‘phadlar  

k o'paytm asin i  toping.
Y  e c h i l i s h i .

A 3 - A 2 +  3x  +  5
X 2x 2- 5 .y + 3__________

2 a 5 -  2 a 4 +  6 x 3 +  1 0 a 2 

- 5 x 4 + 5 x 3- 1 5 x 2- 2 5 x
_____________ 3 x 3 -  3 x : +  9x + 15

2 x 5- 7 x 4 + 14x3-  8 x 2-  16x +  15.
J a v o b :  P(x) ■ Q(x)  =  2 x 5- 7 x 4 + 14x3-  8 x 2-  16x + 15.

2.2. Ko‘phadni ko'phadga boiish. Endi k o ‘phadlarni b o lish n i  
qarab chiqamiz. Ikki P (x)  va Q (x)  k o ‘phad berilgan b o ‘lsin, bunda  
Q (x) tO .

T a’rif. Agar shundayg(x) ko phadrm vjudbo ‘lib, P(x) = Q(x) g(x) tenglik 
bajarilsa, u holda P(x) ko 'phad Q(x) ko  ‘phadga bo ‘lirndi, deyiladi.
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Р (х) -  bo  ‘linuvchi ko  ‘phad, Q (x) -  bo ‘luvchi ко ‘phad, g{x) -  bo 'Un
met k o  ‘p h a d  deyiladi.

M a sa la n , x 3-  1 =  ( x - \ ) ( x 2 + x  + 1), 
x 3 + 1 = (x  + l ) ( x 2 -  x  +  1), 
x 2 -  1 = (x  + l ) ( x -  1).

K o ‘phadn i k o ‘phadga bo 'lishnm g b ir necha usullari m avjud b o ‘lib, 
biz u la r b ilan  ushbu  m isollarni yechish ja ra y o n id a  tan ish ib  chiqam iz.

4 - m is o l .  P (x)  =  x 3 + 3x  + 4 k o ‘p h ad n i Q (x) =  x  +  1 k o 'p h a d g a  
b o ‘ling.

Y e c h i l i s h i .  1 - u s u l .
x 3 + 3x  +  4 =  (x  +  l ) g ( x ) .

P (x)  k o ‘phad  Q (x) ga b o ‘linsa, y u qo ridag i teng lik  bajarilad i. 
K o ‘p h a d la r  k o ‘pay tm asin ing  d ara jasi k o ‘p ay tu v ch ila r d a ra ja  
k o 'rsa tk ic h la r in in g  y ig 'ind isiga tenglig in i h isobga o lsak , g (x )  -  ik- 
kinchi d a ra ja li k o ‘p h ad  b o la d i .  Bu k o ‘p h a d  g(x) = a x 2 +  b x  + c_ 
k o ‘rin ish d a  b o ls in . B unda a. ! \  с “ n o an iq  koeffitsiyen tla rd ir. U  
holda

x 3 +  3x + 4 =  (x +  l ) (a x 2 +  b x  + c)
yoki

x 3 + 3x + 4 =  a x 3 + (a  + b ) x 2 + (b + c)x  + c.
Ikk i k o ‘p h a d  tengligiga k o ‘ra  u la rn in g  b ir  xil d a ra ja la ri o ld idagi 
koeffitsiyen tla rin i tenglaym iz:

a =  1 ~b = -

a + b = 0 a = 1
=>

b + c = 3 с = 4

с =  4

Dem ak, x 3 + 3x + 4 =  (x  + l) (x 2 -  x  +  4).
2 - u s u l .  «Burchak» usuli.

_ x 3 + 3x + 4 I x  + 1

x 3 + x 2 I x 2 — x  + 4

- x 2 + 3x  + 4

4 x  + 4 
4x + 4 

0

D em ak , boMinma g (x) = x 2 -  x  + 4. 
J a v o b :  x 2- x  +  4.
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Biz k o ‘rg an  m iso lla rd a  k o 'p h a d  k o ‘p h ad g a  qo ld iqsiz  b o ‘linadi. 
Bu hol h a r  do im  ham  bajarilaverm aydi.

2.3. Ko‘phadni ko‘phadga qoldiqli bo‘lish.
T a ’rif. P (x) ko 'phadn i noldan farq li Q (x) ko 'phadga qoldiqli 

bo 'lish, Bu shunday ik k i-g jx )  va r (x }  ko  ‘ph a d la m i tnpishdan ibo- 
ratki, bunda

P (x)  =  Q (x) ■ g (x )  +  r(x)  
tenglik bajariladi. Bu yerda  deg r(x)  <  deg Q (x) y o k i  r(x) =  0.

5 -m iso l. P(x) =  3x 5 -  2x 4 + 4x 2 -  x  +  11 k o 'p h ad n iQ(x) = x 2- x + 3  
ko 'phadga b o ‘ling.

Y e c h í l i s h i .  P(x) =  Q (x) ■ g(x) + r(x);
deg P(x) = 5, deg Q (x) =  2. deg g  (x )  =  3, deg r (x) = 1;
g  (x) -  a x 3 + b x 2 + e x  + d, r (x) =  k x  +  m\
3 x 5- 2 x 4 + 4 x 2- x +  11 =  (x 2 - x  +  3)(«x3 + b x 2 + ex  + d) +  {kx  + m);
3x5- 2 r 4 + 4 x 2- x  + 1 1 =  a x 5 + (¿>-a)x4 +  (3a + c -b )x 3 + (3b +  d - c \ x 2 + 

+  (3c +  k  -  d )x  +  3 d  + m .
Bir xil d a ra ja la r  o ld idagi k o efñ ts iy en tlam i tenglaym iz:

a = 3 a = 3,

b - a = - 2 b = - 1,

3a + c ~ b  =  0
=>

c = -  8,

3b +  d  -  c =  4 d  = - l ,

3c + k ~ d  = - 1

^5II

3d + m = \ \ m = 32.

D em ak . 3 x 5- 2 x 4 + 4 x 2- x +  11 =  (x 2- x +  3)(3x3 +  x 2- 8 x - 7 ) +  
+ 16x + 32.

J a v o b :  g (x ) =  3 x 3 +  x 2- 8x -  7; r (x) =  16x +  32.

3-§. K o ‘phadni ikkihadga b o ‘lish. Gorner sxemasi.
Bezu teorem asi

3.1, Gorner sxemasi.
P (x) -  a x "  + o ^ x "“1 + ... + a ,x  + a0 

k o ‘p h ad n i g (x )  =  x -  a  ikk ihadga b o ‘lishni k o 'r ib  chiqaylik . Y uqori- 
d a  b ay o n  q ilingan larga asosan

P (x) = ( x -  a )g (x ) +  r 
tenglik  o ‘rinli. B unda deg g(x) - n - \ , r -  son.
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g (x ) = bnAx"-' + bn_2x"~2 +  ... +  b xx  +  b0.
N o an iq  koeffits iyen tla r usulini q o 'lla b , bn l, bn V b x, b0 va r 

so n la rn i topam iz .
a x "  +  a ^ x " - '  +  ... +  + a0 =  {x -  a ){ b ^ xx"~l +  bn_2x ”-2 + ... +

+ b xx  + b0) + r
te n g lik n in g  o ‘n g  to m o n d a g i q av slarn i och ib , o ‘xshash  h ad la rn i 
ix c h am lan g an d an  so ‘ng, quyidagilarn i hosil qilam iz:

a x "  + +  -  +  a ,*  + a 0 =  b ^ x "  + { b ^ - a b ^ x "  '+
+  (b^3 -  a b n 2) x '- 2 + ... +  (b0 -  a b x)x  + ( r -  a b () .  

K o 'p h a d la rn i tengligi t a ’rifiga asosan  quy idag i teng lik larga ega 
b o ‘lam iz:

a „ = b n - V

a n - 1 =  K - 2 ~  a ^ i - l  ’ 

a . ^ b ^ a b

b , = a  ,n —1 n 

b „ - 2 = a n - l + a b n - V

K - i  =  C‘ n - i  +  a b n - 2 ‘bundan *

a { = bQ- a b r

au = r - a b n-,

bQ= a [ + a b{, 

r = a0 + a b n.

O xirgi sis tem adan  ta r t ib  b ilan  b archa  bn V b i) 2, ..., b r  ba koef- 
fitsiyen tla rn i va r qo ld iq n i h isob lab  top ish  m um km .

H isoblashni G o rn e r  sxem asi, deb  a ta lad ig an  quy idag i jad v a l aso- 
sida b a jarish  qu laydir:

a n a „-. a . - i a i ««

a 9- 1 II ao * «  = u-3 >>, = r  —

= <V, + <**_, =  a  .  + a h  ,n-2 /1-2 = a2 + aJ>, = «, + aA,

Jadvaln ing  b irinch i q a to rig a  P (x) k o ‘p h ad n in g  koeffitsiyen tlari 
yozilad i (nolga ten g lari ham ), ikkinchi q a to rg a  esa b o 'lin m a n in g  
m os koeffitsiyen tlari v a  q o ld iq  yoziladi. S hun ingdek , b u  q a to rn in g  
bosh iga a  n ing  q iy m ati h am  yoziladi.

Bu jad v ald ag i b o l in m a  va qo ldiq  koeffitsiyen tla ri quy idag icha 
an iq lanad i: b irinchi koeffitsiyen t uchun birinch i q a to rd a g i birinchi 
koeffitsiyent olinadi. S h u n d an  so ‘ng h ar b ir yangi koeffitsiyent chapda 
tu rg an  sonni a  ga k o ‘p ay tir ib , hosil b o ‘lgan k o ‘p a y tm a g a  y u q o rid a  
tu rg an  sonni q o 'sh ib  hosil qilinadi.

1 - m is o l .  P (x)  = 2 x 5- x 4 - 3 x 3 + x - 3  k o ‘p h a d n i Q (x) = x - l  
k o ‘p h ad g a  b o ‘lishda hosil b o la d ig a n  b o l in m a  v a  qo ld iqn i toping.
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Y e c h i l i s h i .  K oeffitsiyen tlam i G o rn e r sxem asiga k o ‘ra  to p a - 
m iz. P (x ) k o ‘p h ad n in g  koeffitsiyen tlarin i jad v a ln i b irinch i q a to rig a  
y u q o rid a  k o ‘rsa tilg an  q o id a  b o ‘yicha yozam iz:

2 -1 - 3 0 1 - 3

1 2 1 - 2 - 1  =  1 1 • 1 -  3 = -2 - 2 -  1 + 0  = -2 -2  • 1 + I = -1

TIIm17

J a v o b : g(x)  =  2 x 4 +  x 3 -  2 x 2 -  2x  -  1; r  -  -  4.

3.2. Bezu teorem asi. K o ‘p h ad n i ikk ih ad g a  b o ‘lishdan  hosil b o 'la -  
d ig an  r qo ld iqn i Bezu teo rem asiga k o ‘ra  top ish  m u m k ín  b o 'lib , bu  
teo rem a k o ‘p h a d la r  nazariy asid a  asosiy  te o re m a la rd an  b iri b o ‘lib 
h iso b lan ad i va tu rli x a ra k te rd ag i m asa la la rn i yech ishda foydalan i- 
lad i.

B e z u  t e o r e m a s i .  P (x ) k o ‘p h a d n i ( x - a )  ikk ihadga bo‘lishdagi 
qoldiq P (x) k o ‘phadning  x  = a  dagi q iym atiga teng, y  a ’n i r -  P (u).

T eo rem ad an  quy idag i n a tija la r  kelib ch iqad i.
1 - n  a t i j  a . P (x ) ko  ‘phadning  (x  -  a )  ikkihadga qoldiqsiz bo ‘lini- 

shi uchun x  = a d a  P (x) ko  ‘phadning q iym ati nolga teng b o ‘lishi zana- 
va yetarlidir, y a ’ni P (a )  =  0.

2 - n a t i j a .  P (x) = x" -  a" ko  ‘p h a d  n ning ix tiyo riy  na tura l qiy- 
m atida  (x — a )  ikkihadga  qoldiqsiz bo ‘linadi.

3 - n a t i j  a . P (x)  =  x"  + a "  ko  ‘p h a d n  ning ix tiyo riy  toq q iym atida  
(x  + a )  ikkihadga  qoldiqsiz bo ‘linadi.

4 - n a t i j a .  P (x) = x"  -  a" k o  ‘p h a d n  ning ix tiy o r iy ju ft  q iym atida  
(x  + a )  ikkihadga  qoldiqsiz bo ‘linadi.

2 - m is o I .  P (x) =  x 3 +  2 x 2 + 3x -  22 k o ‘p h ad n in g  Q (x)  = x  -  2 
k o ‘p h ad g a  qoldiqsiz b o ‘linishini isbo tlang .

Y e c h i l i s h i .  B izga P(2) -  0 b o ‘lishini teksh irish  yetarlid ir. 
P (2) =  2 3 + 2 • 2 2 + 3 ■ 2 -  22 =  0. D em ak , P (x)  k o ‘p h a d  Q (x) 
k o ‘p h ad g a  qo ld iqsiz b o ‘linadi.

3 - m is o l .  236 + 1 n ing  17 ga qo ld iqsiz  b o ‘lin ishini isbo tlang .
Y e c h i l i s h i .  P (x )=  x 9 + 1 k o ‘p h a d n i q a ra b  ch iqam iz.

3 -natijaga k o ‘ra  P (x)  =  x 9 + 1 k o ‘p h a d  (x +  1) ikk ih ad g a  qo ld iqsiz  
b o l in a d i .  Bu m isolda x  =  2 4 deb  q ara sh  m um kin.

/ >(2 4) =  (24)9 + 1; u  ho lda x  + 1 = 2 4 + 1 =  17.
D em ak , 236 +  1 soni 17 ga qo ld iqsiz  b o lin a d i.
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T a  ’ r i  f . P(o.) =  0 ho ‘Isa, a  son P (x) k o  'phadning ild izi deyiladi.
T e o r e m a .  P(x) ko'phad (x  -  a) ikkihadga ho‘linganda vafaqat 

shu holda a  son P (x) ko‘phadning ildizi bo‘ladi.
B utun  koeffitsiyentli k o ‘p h ad n in g  b u tu n  v a  ra ts io n a l ildizlarini 

top ish  m uh im  ah am iy a tg a  ega.
T e o  re m  a . Agar a  soni butun koeffitsiyentli P(x) -  ax" + an x̂nA + 

+ ... + a rT +  a() ( a g  Z ) k o ‘phadning butun ildizi bo‘Isa, u holda a  son 
an ozod hadning bo‘luvchisidir.

N a t i j a .  B utun koeffitsiyentli k o 'p h a d n in g  bu tun  ildizlari ozod 
h ad n in g  b o ‘luvch ila ridan  ib o ra t b o la d i .

B u n a tijan i ham d a  Bezu teo rem asi v a  G o rn e r sxem asin i ta tb iq  
etish bu tun  koeffitsiyentli k o ‘phadn ing  barcha b u tu n  ildizlarini topish 
im kon in i berad i.

1 - m i s o l .  +  28.v +  ! 2 k o ‘p h a d n in g b a rc h a
b u tu n  ild izlarin i toping.

Y e c h i l i s h i .  P (x)  k o ‘p h adn ing  b u tu n  ildizlari o zod  h ad  12n ing  
b o 'lu v ch ila r id a n  ib o ra t b o ‘lishi k erak , y a ’ni quyidagi {±1; ±2; ±3; 
±4; ± 6; ± 12} son lar k o ‘p h ad n in g  ildizlari b o 'lish i m um kin .

G o rn e r sxem asi va Bezu teorem asin i q o ‘llab quy idag i jad v aln i 
hosil qilam iz:

4- §. Ko ‘phadning ildizlari

1 -4 -1 3 28 12

-1 I -5 -8 36 -24  = P ( - l )

1 1 -3 -1 6 12 24 =  « 11

-2 1 -6 -1 30 -48 = P ( - 2)

2 1 -2 -1 7 -6 0 = P ( 2 )

P( 2) =  0 b o lg a n lig i u ch u n  x - 2  berilgan  P (x)  k o ‘p h ad n in g  ildizi 
b o ‘ladi:

P (x) = (x  -  2 )(x 3 -  2.x:2 -  17.x -  6).
P(x) k o ‘phadn ing  b o sh q a  ildizlarini top ish  uchun g(x) = x i - 2 x 2-  

-  17 .v - 6 ildizlarini izlash yetarlid ir. Bu k o ‘p h ad n in g  ildizlari ( -  6) 
n in g b o ‘luvchilari {±1;±2;±3;±6}  o rasid a  b o la d i .  -1 ; 1 v a -2 s o n la r i  
P(.v) k o ‘phadn ing  ild izlari b o ‘la o lm agan idan  ularg(.v) k o 'p h a d n in g  
ham  ildizlari b o ‘la olm aslig in i t a ’k id lab  o ‘tam iz. S huni e ’tib o rg a  
olib , u shbu  jad v a lg a  ega b o la m iz :
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1 -2 -17 -6

2 1 0 -1 7 -  40 = P,(2)

-  3 1 -5 -2 0 = />,<- 3)

x  -  - 3  so n i g ( x )  k o ‘p h a d n in g  ild iz i e k a n , d e m a k , u P (x )  
k o ‘p h ad n in g  ham  ildizidir. S hu sababli

P (x)  =  (x  -  2 )(x  +  3 )(x 2 -  5x -  2), 
bu  y erd a  x 2 -  5x  -  2 k v a d ra t u ch h a d  b u tu n  ild iz la rga ega em as.

S hunday  qilib, P (x )  k o ‘p had  ik k ita  b u tu n  ildizga ega ekan: x , =  2 
va x ,  =  -3 .

J a v o b :  -3 ; 2.
T a ’ r i f .  A g a r P (x) k o ‘p h a d  (x  -  (x)k (k e  N , k  > 1) ga qoldiqsiz 

bo ‘linsa, lekin  (x  -  a ) A+l ga  qold iqsiz bo ‘linm asa, u ho lda  a  son  
ko  'phadning k- karra li ildizi deyiladi.

Endi bu tun  koeffitsiyentli k o ‘phadn ing  ratsional ildizlarini topishni 
q a ra b  chiqam iz.

T e o r e m a .  Agar P (x )  = x "  +  a n |x "  ' +  ... +  a {x  + a 0 bosh 
koeffitsiyenti birga teng bo‘Igan butun koeffitsiyentli ko‘phad bo‘lib, 
ratsional ildizga ega bo‘lsa, u holda bu ildiz butun sondir.

N  a t i j  a . A g a r bosh ko e ffits iyen ti birga teng bo ‘Igan k o 'phadning  
barcha koe ffits iyen tla ri butun sonlar bo ‘Isa, u holda bu ko  ‘phadning  
barcha ratsional ildizlari butun sonlardir.

E ndi an 1 1 b o ‘lg an  ho ln i q a ra b  chiqam iz.
T e o r e m a .  Agar P (x ) = a x "  + a n lx "~1 +  ... +  axx  +  ag butun

koeffitsiyentli ko ‘phad a  = ^  (p va q o ‘za ro  tu b  son lar) ratsional

ildizga ega bo‘lsa, u holda p  -  ozod had aQ ning bo‘luvchilari, q esa 
bosh koeffitsiyent an ning musbat ho ‘luvchilari  bo‘ladi.

2 - m is o l .  P (x) — 2 x 3 +  3 x 2 +  6x  — 4 k o ‘p h ad n in g  ra ts io n a l ild iz
larin i top ing .

Y e c h i l i s h i .  O zod  h ad n in g  b o ‘luvch ila ri quy idag i so n la rd a n  
ib o ra t b o ia d i:  {±1; ±2; ±4}. B osh koeffitsiyen tn ing  m u sb a t b o ‘luv- 
ch ila ri: {1; 2}. D em a k , k o ‘p h a d n in g  ra ts io n a l ild izlari q u y id ag i

so n la r ich ida b o ia d i :  {±1; ±2; ±4; ± ^ }.

Bu so n la rn in g  qaysi b iri berilgan teng lam aning  ildizi ekan lig in i 
G o rn e r  sxem asidan foydalan ib  tekshiram iz. T ekshirish na tija s i u shbu  
ja d v a ld a  keltirilgan:

220



2 3 6 - 4

1
2

2 2 5 - t = p (

1
1 2 4 8 o = p ( .

1 )

D ernak . soni berilgan teng lam a ildizi ekan. S hu sababli,

P (x ) =  2x3 + 3 x2 +  6 x - 4  =  ^ x - - j j ( 2 x 2 + 2 x ± 8 ) .

Bu y erd a  2 x 2 +  2 x  + 8 k v ad ra t u ch h ad  haqiq iy  ild iz la rga ega 
em as.

J a v o b :  i, . --------------------------------------------------------- —

B erilgan P (x )  =  a x "  + an ]x"~' +  ... + a ,x  + a0 k o ‘p h ad n in g  a  
ra tsional ild izlarin i top ishni

T(y) -  y "  + an ]y"-' + an_2any"-2 + ... +  a0a"~' 
k o ‘p h ad n i ild izlarin i top ishga keltirish  m um kin . B u n d a y  =  a x .

3 - m is o l .  P{x) -  12x3- 4 x 2- 3 x  +  1 k o ‘phadningild izlarin i toping.
Y e c h i l i s h i .  Q (x )=  l2 2P (x )=  123x  3 -  4 - 122x 2- 3 -  122x +  122 =  

= (12x)3 -  4( 12 x )2 -  36(12x) + 144 
k o ‘phadn i k o 'r ib  chiqaylik  va b u n d a  >’ =  12x b o is in .  u ho lda 

T(y) = y 3 -  4 y 2 -  36y  + 144 
k o 'p h a d n i hosil q ilam iz va T(y) k o ‘p h ad n i ildizlarini izlaym iz. 144 
ning b o iu v c h ila ri: {±1; ±2; ±3; ±4; ± 6; ± 8; ±9; ±12; ±18; ±24; ±36; 
±48; ±72; ±144}. G o rn e r  sxem asini q o ‘llab topam iz:

l -4 -36 144

4 1 0 - 36 0 = P(4)

S hunday  qilib , T(y) = (y  -  4 )(y 2 -  36) =  (y  -  4 )(y -  6 ) 0  + 6). 
D em ak , y { = 4, y 2 -  6, =  - 6 .

y =  12x d a n : x ,  = x 2 = \  , x 3 =  -  j  ,

Javob; { - 2 : 3 ; 2}
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M ustaqil ishlash uchun test topshiriqlari

1. A gar quy idag i ayn iya t ba jarilsa , n o m a iu m  a, b, c so n la rn i

an iq lan g: {x_ lyg ? 2{x-3 )  = x - 1  + x - 1  + x - 3  •

A) a -  3; b = -7 ;  c =  4 B) a  =  4; b -  - / ;  c -  3 
C ) a = - l \ b =  3 ;c  = 4 D) a = 4; 6 = 3; c = - 7
E) a -  3; b = 7; c =  4.

2. 1 +  (x 2-  6x  +  5 )(x 6 +  3 x 4- 2 x 3 +  x 2- x - 7 )3 +
+  (x 2 -  3x  +  l)22( x 2 +  3x +  7) k o ‘p h ad n in g  s ta n d a r t k o ‘rin ishidagi 
b a rc h a  koeffitsiyen tlari y ig 'ind isin i top ing .

A) 12; B) -1 2 ; C) 11; D ) -1 1 ; E ) 10.
3*. x 4 -  o x 2 + 4 x 2 -  x  +  1 k o Lp h ad n i x  -  2 ga b o i is h d a n  ch iqadi- 

gan q o ld iq  7 ga teng b o is a ,  a  ni top ing .
A) 6; ^ B) - 6; C )7 ; D ) - 7 ;  E) 8.

4*. 2M -  1 quy idag i so n la rd a n  qaysi b iriga qo ldiqsiz b o iin a d i?  
A) 15; B) 16; C ) - 1 5 ;  D ) 13; E ) - 1 3 .

5 . x 3- x 2- x  +  1 k o 'p h a d n i k o ‘p ay tuvch ila rga  a jra ting .
A) (x  + l ) ( x - 1 ) 2; B ) ( x +  l ) 2( x — 1);
C ) ( x +  l ) x ( x - l ) ;  D ) x (x  +  l ) 2; E ) x ( x - l ) 2.

6 . A gar 2 x 3 -  8x 2 +  9x  -  9 =  (x  -  3 )(2x 2 + a x  + b) ga teng  b o is a ,  
a v a  b la rn i top ing .

A) a  =  - 2 ;  6 =  3; B) a  = 2; 6 = - 3 ;  C) a = 2; b = 3;
D ) a =  -2 ;  b = -3 ;  E) a =  3; b =  -2 .

7*. A g ar P (x )  =  2x 3 -  5 x 2 + a x  + b k o 'p h a d  Q (x ) =  x 2 -  4 
k o ‘p h ad g a  b o iin is h i  m a ’lum  b o is a ,  a  va b  larn i top ing .

A ) a  =  - 8; b =  20; B) a  = 8; 6 =  20; C) a = 8; 6 =  -2 0 ;
D ) a  =  - 8; b  =  -2 0 ; E) a = 20; 6 =  8.

8 . x 4 + 5 x 2 +  6 =  0 teng lam an i yeching.
A) 0 ;  B) 2; 3; C) 3; 2; D ) - 3 ; - 2 ;  E ) - 2 ; - 3 .

9 . x 4 +  5 x 2 +  6 k o ‘p h ad n i k o ‘pay tu v ch ila rg a  a jra tin g .
A) (x2 +  3)(x2 +  2); B) (x 2 -  3)(x2 -  2); C ) (x 2 + 3)(x +  2 )(x  +  1 );
D ) (x2 +  3)(x -  2)(x -  1); E ) (x 2 -  3)(x +  2)(x  +  1 ).

10. A gar ( x -  l)2(x +  l )3 +  3 x - 1 ifoda s ta n d a rt shak ldag i k o 'p h a d  
k o ‘r in ish id a  yozilsa. un ing  koeffitsiyen tlari y ig in d is i n ec h ag a  teng  
b o ia d i?

A ) 10; B) 2; C )4 ; D ) 3; E ) 1.
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1 1 . a v a  b n ing  q an d ay  q iym atida  2 2 tenglik
X~~\~X O Z. X~i~3

ayniyat b o ‘ladi?

A ) a  =  l ; è = l ;  B ) a = ^ , b  = - ^ ;  C ) a = 5; b -  -5 ;

2 2 1 2  
D  ) a ~ 5 , b ~ 5 , E ) a - ~  5 , b -  5 -

12. x 3 +  S x 2 -  4x  -  20 =  0 teng lam aning  ild izlari k o ‘pay tm asin i 
toping.

A ) -1 0 ; B) 20; C ) - 4  ; D ) -2 0 ; E) 16.

13. (4x  + l ) ( x  — = 0 b o 'lsa . 4x  + 1 q an d ay  q iy m atla r qabu l 

q ilad i?

A) faq  at -  J - ;  B) faq a t ^ ; C L fkqal Q;

D) 0 yok i 2; E ) -  ^ yoki ^ .

14. x 4 -  13.x2 +  36 =  0 teng lam aning  eng k a t ta  va eng kich ik  
ildizlari ay irm asin i top ing .

A ) 5; B) 1; C )7 ; D) 0; E) 6.
15. x* + x 2 + 1 n i k o ‘p ay tu v ch ü a rg a  a jra ting .

A)(x2 + x+  l)(;r + x -  1); B)(jt + x +  1)(jc2- x +  1);
C)(^r + x+  l) ( j r -x - l) ;  D)(x2 + x+  1)(-jt + x-1);
E) k o 'p a y tu v c h ila rg a  a jra tib  b o lm a y d i.



X  BOB

SONLI KETMA-KETLIKLAR. PROGRESSIYALAR

]-§. Chekli va cheksiz sonli ketm a-ketliklar

H a r  b ir n a tu ra l son  n =  1; 2; 3 ;...  ga b iro r  q o n u n iy a t b ilan  an son  
m o s k e ltir ilsa , bu  b ila n  a L, av  a 3, ..., an, ... sonlar k e tm a -k e tlig i  
aniqlangan  dey ilad i.

S o n lam in g  quyidagi to 'p la m la rin i q a ra b  chiqaylik :
1 , 2 ,3 , . . . , « , . . .  ( 1)

, 1 1 1  ( -1 ) " - 1 (2)

sin 1, sin 2 , . . . ,  sin n , ... (3)
B u to ‘p lam larn ing  h a r  biridagi ista lgan  son  shu  to ‘p lam d a  tu tg an  

o ‘rn ig a  m os n o m er b ilan  t a ’m in lan g an , deb h isob lash  tab iiy  va ak - 
sincha , h a r  q an d a y  no m er k o ‘rsa tilg an d a  ham  bu  to ‘p lam la rn in g  
h a r  b ir id a n  sh u  nom erga ega b o ig a n  son  top ilad i. S hunday  qilib, 
y u q o rid a  keltirilgan  to ‘p la m la rd a  h a r  b ir  sonn ing  an iq  m o s nom eri 
b o r  v a  u shu  no m er b ilan  t o i a  an iq lanad i. Bu sonli t o ‘p lam larn i 
berish  h a r  b ir n a tu ra l son  n ga (nom erga) b ittag in a  son  (n nom erli) 
t o ‘g ‘ri kelad igan  m oslikni berish, degan  s o ‘zdir.

T  a  ’ r i f . N atura l sonlar to ‘p lam ida  aniqlangan sonli fu n k s iy a  sonli 
cheksiz ke tm a -ke tlik  deyiladi (y o k i natural sonlar to 'plamini haqiqiy  
so n la r  to  'p la m in in g  q ism ig a  a k s la n ish ig a  son lar k e tm a -k e t l ig i  
deyiladi). O d a td a  b u  sonli funksiya  argum en ti n b ilan  belg ilanadi.

K e tm a-ketlikn ing  ay rim  so n la ri un ing  hadlari dey ilad i va o d a td a  
qu y id ag ich a  belg ilanadi:

a v a2, av  ..., an, ..., yoki { a j .

1 .1 . S o n li k etm a-k etlik n in g  berilish  usullari. S o n li k e tm a -  
k e tlik n in g  berish. agar b u  k e tm a-ketlik  b iro r  h ad i tu tg a n  o ‘rn in ing  
nom eri m a ‘lum  b o is a ,  un ing  shu  had i q anday  topilish i degan  s o ’zdir.

S onli k e tm a-ketlik la rn i berishn ing  tu rli xil u su llari m av jud .
T a ’ r i f .  K etm a-ke tlikn ing  istalgan hadini shu hadining nom eri 

orqali ifodalaydigan fo rm u la  ke tm a -ke tlik  um um iy hadining fo rm u la s i 
dey ilad i.
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Y u q o r id a  o lin g a n  m is o lla rd a  k e tm a -k e t l ik la rn in g  u m u m iy  
h ad la ri m o s rav ishda

a -  n,
n ( 1 *)

_  ( - 1)«-' (2 ‘ )
n

' =  sin nn ( 3 ')
sh ak ld a  yozilgan.

T a ’ r i f .  K etm a-ketlikn ing  biror hadidan boshlab ix tiyo riy  hadini 
bir y o k i  bir nechta oldingi hadlari yordam ida ifodalaydigan fo rm u la  
rekurrent fo rm u la  deyiladi.

1 - m i s o l .  a,= 1 , a2= 1 va an+2 = aa +  aii+1, n >  1 sh a rtla r i b ilan  
berilgan  ketm a-ketlik  h ad larin i yozing.

Y e c h i l i s h i :  a, -  1, a2= 1, a }= 2, a4~  3, as -  5, a6~  8, ....
Bu k etm a-ketlikn ing  h ad lari Fibonachchi sonlari d eb  atalad i.
2 - m is o l .  1, 2, 6 , 24, 120 ....... n ! .  ... k e tm a-k e tlik n i quyidagi

rek u rre n t fo rm u la  b ilan  yozish m um kin:

fli = 1 ’ a „+ , =  (« + !)  o„-
S hunday hollar h am  b o ia d ik i,  ketm a-ketlik  o ‘z had larin ing  ta ’rifi

b ilan  beriladi. M asa lan , 1,4; 1,41; 1,414 ketm a-ketlik  4 2 sonin ing  
0, 1; 0,01; 0,001 gacha  va h o k az o  a n iq lik d a  kam i b ila n  o lin g an  
ta q r ib iy  q iy m a tla r id a n  tu z ilg a n . B u n d a y  h o l la r d a ,  u m u m a n  
a y tg a n d a , b a ‘zan  u m u m iy  h ad  fo rm u las in i a n iq la b  b o im a y d i ,  
shunga q aram ay  k e tm a-ketlik  t o i a  an iq lan g an  b o ia d i .

1.2. M onoton ke tm a-ketlik la r. T a ’rif. H adlari soni chekli bo'Igan  
ke tm a -ke tlik  — chekli ke tm a-ke tlik , hadlarining soni cheksiz bo ‘Igan 
ke tm a -ke tlik  cheksiz ke tm a -ke tlik  deyiladi.

T a ’ r i f .  A g a r k e tm a -k e tlik n in g  har b ir k e y in g i had i o ld ingi 
hadidan k a tta  (k ic h ik ) , y a ’n i an< a j+1 (an> an+l)  bo'lsa, bu ketm a-  
ke tlik  o 'suvchi (kam ayuvch i) ke tm a -ke tlik  deyiladi.

Yl~V 1
3 - m is o l .  an = T>n_ \  k e tm a-k e tlikn ingkam ayuvch ilig in iko ‘rsa-

ting.
Y  e c h i l i s h i .
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_  /1+ 2  77 +  1 _  3n2+ 6 n - n —2 - 3 n 2—3n—2 n —2 __ 
an+1 an ~  3 n + 2  3n—t ~  (3n+ T )(3n—1)

- 4
~ (3w +  2 )(3 /» -l) <

D em ak , a i+1 <  an, y a ’ni { a j  kam ayuvch i ketm a-ketlik  ekan. 
T a ’ r i f .  A g a r ke tm a -ke t/ikn in g  barcha hadlari uchun a  x > an 

( a „+\ <  a„) o 'r in li  bo 'lsa , bunday  k e tm a -k e t l ik  ka m a y m a y d ig a n  
(o 'sm aydigan) ke tm a -ke tlik  deyiladi.

0 ‘sm ayd igan  va k am aym ayd igan  k e tm a-k etlik la r m onoton ke t-  
m a-ketliklar  deyiladi.

T a ’ r i f .  A gar  { a j  ke tm a-ke tlikn ing  ham m a hadlari biror (a; b )  
oraliqda joylashsa, bu ke tm a -ke tlik  chegaralangan ke tm a -ke tlik  de
yilad i.

A g ar { a j  k e tm a-ketlik  ch egara langan  b o is a ,  u  h o ld a  shunday  
M  m u sb a t son m avjudk i, l a j  <  M m u n o s a b a t o ‘rinli b o ia d i .

A g ar ketm a-ketlik  ch e g ara lan m ag an  b o im a s a ,  uni chegaralan- 
m agan ke tm a -ke tlik  deyiladi.

M asalan , u sh b u

1 2  3 n
2 ’ 3 ’ 4 ’ - ’ /1+1’ -

ke tm a-ketlikn ing  b arc h a  had la ri 1 d an  k ichik , y a ’ni
a < 1.

n

1,4; 1,41; 1,414; 1,4142; ... k etm a-ketlik  esa V2 son in ing  o 'n li 
y aq in lash u v ch ila r id an  ib o ra t. 1 <  an < 2 ekanlig i rav sh an , dem ak , 
b u  ketm a-ketlik  chegaralangan .

1.3. Ketma-ketlikning geometrik tasviri. K etm a-ketlikn i geom etrik  
ta sv irlash d a  ikk i u su ld a n  foydalan ilad i.

1 - u s u l . { a j  ketm a-ketlik  funksiya b o ig a n i uchun b u  funksiyani 
un in g  grafigi yo rdam ida, y a ’ni k o o rd in a ta la r tekisligining A ,  (x; y)  
n u q ta la r i  t o ‘p la m i b i la n  ta s v i r la s h  m u m k in . B a ‘z i h o l la r d a  
k o o rd in a ta  o ‘q larida m assh tab larin i h ar xil qilib olish qu laylik  beradi.

1 ( - 1)"97-rasm da um um iy had lari an -  n + \ va a  ̂ = n +  ̂ (n  e  N )  for-

m u la la r  b ilan  berilgan  k e tm a-k etlik la r tasv irlangan .
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0,5
'/! + l

O

a)

97-rasm

y ‘

0,5 ( - 1)”
î ” » n + 1

0 1 ! 2 3! 4 5 l X

-0,5
i

b)

2 - u s u l .  K e tm a-k e tlik n in g  h ad la r i tegîshli belg ila r q o 'y ilg a n  
k o o rd in a ta  t o ‘g ‘ri ch iz ig 'in in g  n u q ta la r i  b ilan  ta sv ir lan a d i. 98-

ra sm d a  a -  , , va a =  , fo rm u la la r b ilan  berilgan  ketm a- 
n « +1  n n + 1

k etlik la r k o o rd in a ta  to ‘g ‘ri chizig‘ida tasv irlangan .

n +1

a) O
. ( - 1)"  

«+1

h)
O

98-rasm

a4 a ,

T asv irlan g an  ikka la  usu lda ham  n n o m e r o rtib  b o rg an d a  ketm a- 
k e tlik n in g  h a d la r  b o rg a n  sa ri n o lg a  y a q in la sh a  b o ra d i.  A g a r  n

y e ta r lic h a k a tta so n b o 'lsa , ^  ketm a-ketlikning /z-hadi noldan

ju d a  oz farq  q ilad i. Bu h o la t

lim I .  = 0n—)oo n+1

sh a k ld a  yozilad i. B unda { a  } ke tm a -ke tlik n in g  lim iti nolga teng  
dey ilad i.
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1.4. Yaqinlashuvchi va uzoqlashuvchi ketma-ketliklar. Ketma- 
ketlikning limiti. T a ’r if .  A g a r a sonning har qanday a tro fi (a; ß) 
olinganda ham, berilgan a v ay ..., a _, ... ke tm a-ke tlikn ing  biror hadi 
a, dan boshlab barcha qolgan hadlari (a ; ß) da yotsa , bu ke tm a -ke tlik  
a ga yaqinlashadi deyilib, a son shu ke tm a-ke tlikn ing  lim iti deyiladi 

va lim a =  a y o k i a —» a deb yoziladi.
/2— > 0 0  n  "  n

K etm a-k etlik n in g  qaysi h a d id an  b o sh lab  qo lgan lari ( a ;  ß) ning 
ichiga kelib  tu sh ish in in g  a h a m iy a ti y o ‘q, b iro r  h a d id a n  b o sh la b  
qo lgan lari tu sh sa  bas.

K etm a-ketlikn ing  yaq in lashuvchilig in i b o sh q a ch a  h am  ta 'r if la sh  
m um kin. ______ _____________

T a ’r i f .  A g a r  avvaldan har q a n d a y  k ic h ik  m u sb a t son  e >  0 
berilganda ham  shunday na tura l son N  ni topish m u m kin  bo ‘Isaki, 
ke tm a-ketlikn ing  nom eri n >  N  bo 'lgan an hadlari ushbu \an -  a\ < e 
tengsizlikni qanoatlantirsa, berilgan ke tm a -ke tlik  a ga  yaqinlashadi 
deyiladi.

2 n4 - m is o l .  lim ------ - =  2 ekanlig in i t a ’rifga k o ‘ra  isbo tlang .
Ti — > 0 0  n  +

Y  e c h i l i s h i . k - 2I =
2 n 9 2 n - 2 n - 2 - 2 _  2

n + 1 n + l n + l n + l
B undan  n  o ‘sishi b ilan  |an-  2| n ing  abso lu t m iq d o ri is tagancha  

k ich ik lashad i va kichiklig icha qo lad i.
M asalan , n > 20 b o ig a n d a  bu  ab so lu t m iq d o r 0,1 d a n  kichik , 

n > 200 b o ig a n d a  u  0,01 d a n  kichik  b o ia d i  va h o k azo . U m u m an  
o lganda, £ > 0  h a r  q an d a y  k ich ik  son  b o ig a n d a  h am , sh u n d a y  N  
n om er top ish  m um kinki, ba rch a  n >  N  uchun  | a -  2 | < e  tengsizlik

2 2
b a ja r i la d i .  H a q iq a ta n  h am , |a n-  2 | <  > „ + j <  e, b u n d a n  

n +  l > g , n > g - l .

^  = [ | - l ]  ( so n n in g  b u tu n  q ism i) d eb  o lsa k , |a n — 2\ < e

tengsizlik n > [ ^ J - l ^  =  /V tengsizlik  0‘rinli b o ig a n d a  b a jarilad i.

T e o r e m a .  A gar ke tm a -ke tlik  yaqinlashsa, u fa q  at b itta  lim it ga  
ega h o ‘ladi.

T e o r e m a .  A gar \ q \ <  1 b o ‘lsa, u holda  „ÜÇL 9 =  ^ bo'ladi.
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I s b o t i . Biz har qanday  e  > 0 uchun shunday N  natural son m avjud 
b o i ib ,« >  N  d an  |<f -  0| =  \q\" < e  kelib chiqishini ko'rsatishim iz kerak.

|c/| < 1, sh u n in g  uchun  j^j > 1, ^  = 1 + o r , b u n d a  a  >  0. T englik-

n ing  ik k a la  q ism in i n- d ara jaga  k o ‘taram iz :

1 = (l +  a ) ' ‘ .

M"
S o 'n g ra

 ̂ = (1 + a )” > 1 + na > na .

B ernulli tengsiz lig idan
(1 + a)" > 1 + na.

S hun ing  u ch u n  ji/p < ^ , N  > na  n> olam iz. U  v aq td a

71 > na ’ ,,a > £ ' na < £ - = |<7p< na < £ '
S huni isb o tlash  ta lab  q ilingan edi. Bu teo rem a m iso llar yechishda 
k o ‘p q o ‘llanadi.

1.5. Limitlar haqida teoremalar. L im itlarn i h isob lashda  quyidagi 
uch ta  teo re m ad a n  foydalaniladi.

T e o r e m a .  Agar {a j  va \bn\ ketma-ketliklaryaqinlashsa, uholda

lim  (a  + b  ) =  lim a ±  lim b h o ‘la d i.
y i— ^OO n  n  1 1 ' - $ ° °  n  H —>®° n

T e o r e m a .  Agar { a j  va { b j  ketma-ketliklar yaqinlashsa, u 
holda lim (a b ) =  lim a ■ lim b ho'ladi.

x —>oov n n X —>0° n /7—>oo n

T e o re m a  n a tija s i. 0 ‘zgarm as k o 'p a y tu v c h in i lim it belgisidan  
tashqariga chiqarish m um kin:

lim  (ca ) = c- lim a , c e R • n—y>° n n—>°° n
T e o r e m a .  Agar { a j  va {bn} ketma-ketliklar yaqinlashsa va

{ b j  ketma-ketlikning limiti noldan farqli ho‘lsa, u holda



2.1. Cheksiz kichik tushunchasi. T a  ’ r i f . L im itin o lg a  teng bo ‘Igan 
k e tm a -k e tlik  ch eks iz  k ic h ik  k e tm a -k e t lik  (y o k i  q isqacha cheksiz  
kich ik ) deb a ta lad i.

B oshqaeha av fg an d a . U iJ  k e tm a-katlik  r heksiz k ic h ik  h n ‘Isa. 
ixtiyoriy e > 0  son  b erilganda  h am  sh u n d a y  N  no m ern i k o ‘rsatish  
m um kinki, b u  kctm a-ketlikn ing  N  d an  k a tta  n  nom erli b archa  had lari 
|an -  0| <  £ yok i \a j < e  sh a rtn i q an o a tla n tirad i.

1 - m  iso  1. |  ketm a-ketlikni cheksiz kichik ekanligini isbotlang.

2-§. Cheksiz kichik ketma-ketliklar

I s b o t i .  £ ix tiyoriy  k ich ik  m u sb a t son  b o is in . ' - 0 < £ yoki

h < £  te n g s iz lik  o 'r in l i  b o i i s h i  u c h u n  b o i i s h i  k e ra k .

N= N  d eb  b e lg ila sak , } ,< £  tengsiz lik  n n in g  n >  =

q iy m a tla rid a  o ‘rinli b o ia d i ,  y a ’ni lii j^  \  = 0 . D em ak , chek

siz k ich ik  ke tm a-ketlikd ir.

2.2. Cheksiz kichiklarning ba‘zi xossalari. T e o r e m a .  Ikki, uch 
va umuman, chekli sondagi cheksiz kichiklarning algehraik yig'indi- 
si cheksiz kichik ho‘ladi.

Y a ’ni

b o 'lsa ,

lim a  = 0, lim 8 =  0 , . . . ,  lim y  =  0
n  n « — n n —?©o n

lim (a +  S  +  ... + r  ) =  0
n —$ °°  n  ' n  ‘ n

b o ia d i .
T e o r e m a . Chegaralangan ketma-ketlik hilan cheksiz kichik ning 

ko‘paytmasi cheksiz kichikdir.
T e o r e m a ,  { a j  ketma-ketlikning limiti a bo'lishi uchun 

x - a  =  an n
bo‘lishi zarur va yetarlidir.

1 - n a t i j a .  0 ‘zgarm as son  b ílan  cheksiz k ich ikn ing  k o ‘p ay tm asi 
cheksiz k ich ikd ir.

2 - n a t i j  a . Ikki cheksiz k ichikning k o ‘paytm asi ham  cheksiz ki
chikdir.
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3 - n a t i j a .  {an} ketm a-ketlik  b ilan  o ‘zgarm as a n ing  ay irm asi
cheksiz k ich ik  b o is a ,  bu ketm a-ketlikn ing  lim iti shu o ‘zgarm as son-
d an  ib o ra t b o ia d i ,  y a ’ni lim a  = a ■ 

n—*>° «
Y u q o rid a g i te o re m a la r  va n a tija la rd a n  fo y d a lan ib , lim itla rn i 

h iso b lash g a  d o ir  m iso llarn i k o ‘ram iz.

2 - m is o l .  11̂ 2(3  + - 4 )  ni h isoblang.

Y e c h i l i s h i :  ^ 2(3 + > ) ( i  - 4)  = 2 ^ (3 + 1 )  - 4)  =

= 2 Î  lim 3 +  lim I ) (  lim i  -  lim 4) =  2(3 + 0 ) (0 -4 )  = -2 4 .  o n—>«= n ) Vn— n n—*=° )
J a v o b :  -2 4 .

5n—l
3 - m is o l .  „li§L>3„+ 2 ni h isoblang.
Y e c h i l i s h i .  K asrn ing  su ra ti h am , m axra ji ham  ch eg ara lan m a- 

gan k e tm a-k etlik la r b o ig a n id a n  b o iin m a n in g  lim iti haq id ag i teore- 
m an i q o ‘llab  b o im a y d i. S hu sabab li k asrn in g  su ra tin i ham , m ax ra - 
jin i ham  n ga b o i ib ,  so 'n g ra  b o iin m a n in g  lim iti h aq id ag i teore- 
in a d an  foydalanam iz:

,  5»r- 7  _  5- 7  _  , 1 ^ ( 5 - / , )  _  ^ 5 _ o  5 -
' A 3 « + 2 /7-1^ 3+ 2 lim Î3 + 2) lim 3+ lim 2 3+ 0 3 3 

n n )

J a v o b :  1 ^ .

4 - m is o l .  lim 4«2-2n+7 ni h isoblang .
3«4+«2-5n+9

Y e c h i l i s h i .  K a s rn in g  s u ra ti  va m a x ra jin i w4 ga b o ia m iz ,  
so ‘n g ra  lim itin i hisoblaym iz:

4n2-2 « + 7  lim = lim
3n4+n2-5 « + 9  n-*°°

•» ? 7
lim « 2 -  lim n3 + lim n4 n n , n

n—>00 n—>o° w— _ u u t u  _ U _ r i  
r -  ~ r -  9 -  3 + 0 - 0  + 0 _ 3 _ u - 

lim 3+ lim n 2 -  lim n3+ lim «4n — >00 n— >00 n— n—*°°

4 2 2  l i m
2 3 , 3  

/2 — n  +  « n  — >00

4 2 2 \  
2 3 ^ 3

/7 -/Z +  fi
\  /

I 5 9  — ? i 5 9 \
, 2 3 , 4
3 + n  - n  + n  h m 2 5 4

+ «  - n  + n
i

Javob: 0.
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5-misol. ^limo(V'?2 +2n - и ) hisoblang.
Y e c h i l i s h i .  K am ayuvch in ing  h am , ay riluvch in ing  h am  lim iti 

m av jud  b o ‘lm aganlig i u chun  ay irm an in g  lim iti haq idag i teo rem an i 
q o i la b  b o im a y d i.  S hu sabab li berilgan  ifo d an i q o ‘shm asiga h am  

~ ko‘p ay tira iniz, h am  b i / la n i iz;—

i y jir+ 2 n  —n У yjn2+2n +n

lim I -Jrr+ln-n ]= lim i— A—П- )ool « I n—
'  yn 2+2n+n

=  Ит  п\ + 2п~п ~ = iim — _  ¡jm 7. _  2, _  2 _  2

Ä M +1 ^ ° +1 1

J a v o b :  2.

3 -$ . A r i f m e t i k  p r o g r e s s iy a

T a ’r i f .  Ik k in c h i hadidan boshlab har b ir hadi o 'z id a n  oldingi 
h a d  bilan  b iror о ‘zg a rm a s son y ig  ‘indisiga teng  bo ‘lad igan  son li 
ke tm a -ke tlik  a r ifm e tik  progressiya  deyiladi.

U sh b u  -i- belgi a rifm etik  progressiyan i belgisi sifa tida  q ab u l qilin- 
gan. M asalan :

-r 3; 1,5; 0; -1 ,5 ; -3 ; ...,
4- 1, 2, 3,
- 3 ,  6, 9 , . . . .
A g ar ~  a ,, a2, ..., an, ... berilgan  b o ‘Isa h a r  q an d a y  n u ch u n  

a — a +  d/1+1 n
tenglik  b a ja rilad i, b u n d a  d  —  berilgan  ketm a-ketlik  u ch u n  o ‘zgar- 
m as b iro r  son. B u d  son  p rog ressiyan ing  ayirm asi deyiladi. a , —  
birinch i had i, an esa n h ad i va u  quy idag icha  top ilad i;

а = а х + { п - Щ .  (1)
A rifm e tik  p ro g re ss iy a n in g  d a s tla b k i n ta  h a d in in g  y ig ‘ind is i 

quy idag icha top ilad i:
a + a  2 a  +  {n—\)d  

Sn  = -  2 "■ ■ n yoki Sn = — -— 2--------- n ■ (2)

A rifm etik progressiyaning xossalari
1 - x o s s a .  A rifm etik  progressiyan ing  ikk inch i h ad id an  b o sh lab  

h a r  b ir had i, o ‘ziga q o ‘shni h ad la rn in g  o ‘r ta  arifm etig iga teng:
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2 - x o s s a .  A gar m, n, k, I lar arifm etik progressiyaning ixtiyoriy 
hadlari nom erlari b o iib , m + n — k  + / tenglik bajarilsa, u holda

a + a -  a. + a, (4)
m  n  k  I  v  7

b o iad i.
(1) va (2) tengliklardan kelib chiqadigan quyidagi ikkita tenglik 

ham  misol va m asalalar yechishda m uhim  aham iyatga ega:
an- a k= (n-k)d, (5)

S - S  =a .  (6)n n-1 n v 7
1 -m is o l.  Arifmetik progressiyada a , = 10,a 5 = 22. Shu progres

siyaning dastlabki sakkizta hadining yig‘indisini toping.
Y e c h i l i s h i :  (5) form uladan foydalansak.

a5- a 2 = (5 - 2 )d\ 
bundan arifm etik progressiyaning ayirm asini topamiz:

22 -  10 = id. d = 4.
Endi^7, = a, + d dan  a, = 6 ekanligi kelib chiqadi va (2) form uladan

c 2-6 + 7-4 0 . 
foydalanib, = j  ° = loU ekanligim  topam iz.

J a v o b :  160.
2 - m is o l .  {an} arifm etik progressiyaning dastlabki n ta  hadi 

yig‘indisi 120 ga teng. A gar a} + an_2-  30 b o is a , yig‘indida nechta 
had qatnashgan?

Y e c h i l is h i .  D astlabki n ta  hadi yig‘indisi formulasi (2)
a +a

' " • n 1 — n
dan foydalaniladi.

Arifm etik progressiyaning 2-xossasiga k o ‘ra
a, + a = a, + a ,I n 3 n-2

e k a n lig id a n , a l + an=3  0 k e lib  c h iq a d i. U  h o ld a  

120= 32°  •/?=>[« = 8 .

J a v o b :  8.
3 - m is o l . H ad la rixn -  \n  +  5 form ulab ilanberilgan  ketm a-ket- 

likning dastlabki o 'ttiz ta  hadi yig 'indisini toping.
Y e c h i l is h i .  Avvalo ketm a-ketlik arifm etik progressiya ekanli- 

gini isbotlaymiz. Buning uchun progressiyaning 1-xossasidan foy- 
dalanam iz. U nga k o ‘ra

an = V l^ » ± L . (3)

S.. = 1
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, 4« -4  I 10 ! 4« 1 4
4w + 5 = ^^2

An + 5 = 4« + 5 tenglik bajarildi. Dem ak, berilgan ketm a-ketlik arif- 
m etik progressiya ekan. U  holda x, = 9, x 30 =  125 ga teng. D em ak,

9 + 125 S =  -30 = 2110
30 z

J a v o b :  2110.
4 -m is o l .  D astlabki yettita hadining yig‘in d is i-266 ga, dast- 

labki sakkizta hadining yig‘indisi -312  ga va hadlarining ay innasi -
2 ga teng b o ig a n  arifm etik progressiyaning birinchi hadini toping.

Y e c h il is h i .  M asala shartiga ko ‘ra 5 7 = -266, ^  = -312, d -  -2.
(6) fo rm u la d a n  fo y d a lan ib  Sg- S 7 = ag ten g lik d an , q u y id ag in i 
topamiz:

a8 =  -312  — (-266) = -46. ag = öj + Id  tenglikdan ax -  -4 6  -  
- 7  -'(-2 )=  -32.

J a v o b :  -32 .

4-§. Geometrik progressiya

T a ’rif. Birinchi hadi noldan farqli, ikkinchi hadidan boshlab 
qolgan hadlari o ‘zidan oldingi hadini noldan farqli biror o ‘zgarmas 
songa ko 'paytirishdan hosil qilingan ketm a-ketlik geometrik  
progressiya deyiladi.

Geom etrik progressiyani -  belgi bilan belgilash qabul qilingan. 
M asalan,

" I I I
" 2 ’ 4 ’ 8 ’ ” ' 
r  1 ,-1 , 1 , - 1 , -  
;; 2, - 4 , 8, -1 6 ,. . .

" bv b„ ..., bn, ... geom etrik progressiya berilgan b o is a ,  har 
qanday n uchun bn+l = bn ■ q tenglik bajariladi, bunda q — berilgan 
ketma-ketlik uchun o ‘zgarmas, noldan farqli son. Bu q son geom etrik 
progressiyaning maxraji deyiladi. G eom etrik progressiyaning «-ha
di bn quyidagi form ula bilan topiladi:

boiishi kerak.

4 „ + 5 = 4(" - 1) + 5+ 4<,,+1)+5;
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bn~ b \ ' CT '\  (1)
G eom etrik progressiyaning dastlabki n ta hadining yig‘indisi qu-

yidagi form ulalar yordam ida topiladi:

b Q-h, b.(qn- \ )
S" ~~nq - T  y °kl <2)

bunda q 1 1.

G eom etrik  progressiyaning xossalari
1 - x o s s a . M usbat hadli geometrik progressiya uchun

b~=b b (3)
n  n + 1 n - 1

tenglik o 'rin li, y a ’ni geom etrik progressiyaning ikkinchi hadidan 
boshlab har bir hadi o ‘ziga qo'shni hadlarning o ‘rta geometrigiga teng:

b =,lb , -b , . 
n V n - 1 n+1

2 - x o s s a . Agar m, n, k, I lar geometrik progressiyaning ixtiyoriy 
hadlari nom erlari boMib™

m + n = k + I
tenglik bajarilsa, u holda

b ■ b =b. b. (4)m  n k  I

tenglik o ‘rinli b o ia d i.
( 1) va (2) tengliklardan kelib chiqadigan ushbu hosilaviy teng- 

liklar misol va m asalalar yechishda m uhim  aham iyatga ega:
5  - 5  , =b , (5)n  n- I  n 7

bt r qn~k - (6)
1 - m is o l . 4 v a 9 sonlariorasigashunday m usbatsonni q o ‘yingki, 

natijada geometrik progressiyaning ketma-ket uchta hadi hosil boisin . 
Y e c h i l is h i .  (3) form ulaga k o 'ra  ^ 4, 9 uchun

b2 = \l~4-9 = y/36 = 6 .

J a v o b :  6.
2 - m is o l . G eom etrik progressiyada uchinchi va yettinchi hadla- 

rining ko 'paytm asi 144 ga teng. Uning beshinchi hadini toping. 
Y e c h i l is h i .  (4) form uladan foydalanamiz:

Javob : ±12.
b3 -b7 =b5 b5, bl5 = 144, b5 =±  12 •
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3 -m is o l . Y ig in d is i 35 ga teng b o ig a n  uchta son o 'suvchi geo- 
m etrik progressiyaning dastlabki uchta hadi. A gar shu sonlardan 
m os ravishda 2; 2 va 7 sonlarini ayirilsa, hosil b o ig a n  sonlar arifmetik 
progressiyaning ketma-ket hadlari b o iad i. Arifmetik progressiyaning 
dastlabki 10 ta  hadining y ig indisin i toping.

Y eeh i l i s h i :  '' bv by 63,va-6 , +  b2 + b2 = 35 berilgan . q > 1. 
-r 6,-2; b2- 2; 63-7  hosil b o ia d i.

Arifmetik progressiyaning xossasidan 2(6, -  2) = 6 , -  2 + 63 -7  
tenglik kelib chiqadi. M asala ushbu

tenglam alar sistemasini yechishga keltiriladi. U ni yechamiz:

M asala shartiga k o ‘ra geom etrik progressiya o 'suvchi b o igan li-

gi uchun q - 2  b o ia d i. Bundan 6,(1 -  2 • 2 + 4) = 5 => ^  = 5 .

r  56, 10, 20, ...
-  3, 8, 13, va arifm etik progressiya ayirmasi d = 5 b o iad i.

J a v o b :  255.
4 - m a s a la .  O ltita  haddan  ib o ra t geom etrik  progressiyaning 

dastlabki uchta hadining yig‘indisi 168 ga, keyingi uchtasiniki esa 
21 ga teng. Shu progressiyaning m axrajini toping.

Y e c h i i i s n i :  77 6 ,, b2, by b4, b5, b6. M asala shartiga k o ‘ra

<=> 1 + q + q2 = 7 - \4q  + lq~ »  6q2 -159 + 6 = 0 »  2q~ -5q  + 2 = 0 <=>

2-3 + 9-5
S 10 = 5 1 -5  = 255

10
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b + b + b =  21
. 4  5 6

* ,+ 6 ,+ 6 , = 168. ^ fe + b q + b q2 = 168, i l l  ^

b f l  + b ^ b  =  2 1

<=>
6,(l + ^ + g,2) = 168, b ^ l + q + q 2) , 6g j

<=>------------------------ j y  => —
3i1 J- n4-/T2 \ -  91 6fl3(l+^ + 92) ?3bxq (l + q + q ) =  21 i

=> ^  = 8 => [*  = 2 '

5-$. Cheksiz kamayuvchi geom etrik progressiya

T a ’r i f .  Maxrajining moduli birdan kichik bo'lgan geometrik 
progressiya cheksiz kamayuvchi geometrik progressiya deyiladi va 
^ bx, by by ..., bn, ... kabi yoziladi. Bunda \q\ < 1.

Cheksiz kam ayuvchi geom etrik progressiyaning yig ‘indisi deb 
n -> °o da uning dastlabki n ta hadining yig'indisi intiladigan songa 
aytiladi va u  quyidagiga teng:

b
s  = (1)

1-m is o l .  ^  ... cheksiz kam ayuvchi geomet

rik progressiyaning yig‘indisini toping.

Yechilishi: bt = ^ ,b 2 = - ^  b o ig a n iu c h u n  q = -2~ = - ^ .  ( l) fo r-  

m uladan

1
S =  2

1-

-j
Javob: g .
2 - m is  o 1. Cheksiz kam ayuvchi geom etrik progressiyaning birin- 

chi hadi ikkinchisidan 8 ga ortiq, hadlarining yig'indisi esa 18 ga 
teng. Progressiyaning uchinchi hadini toping.
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Y echilish i. Masala shartiga ko‘ra 6, = ¿> + 8, S=  18. Bundan

èj^+8, Jl 1 
00 1

Э

fa <=> 
J - = 1 8

_________ Л = 1 8  °
1~<7

8 »  0 - 1 8  <=>

1 -4

«  re  =  (1 _ 9 )2 <=> f  =  ( 1 - ? ) 2 <=> ( l - g )  =  ±-| => 9 =  1 ± §
<? = ) l -

«2 - T

Progressiya cheksiz kam ayuvchi bo 'lganligidan g = ^  . bt ni to- 
pamiz:

b = ,
1 l - 1

3 3
ni topamiz:

=  ¡ = 1 2 [6, = 12 .

' ,, ' 1 2 ( 3 ) : - 12 '9  = 3 = ' 3 '

M u s t a q i l  ish la s h  u ch u n  t e s t  to p s h ir iq la r i

Javob: 1

1. Quyidagi ketm a-ketlikning oltinchi hadini toping: 
3n2—1

an= - .

n2+ 1
A) 107 . В ) Ш 9. C) ЦО . D) 106 E) 105 b) 3737 ’ 37 ’ w  37  ’ 37

2. Quyidagi sonlardan qaysi biri an = n2- 11 n ketm a-ketlikning 
hadi b o ia  oladi?

A ) -30; B) -72; Q - 1 0 0 ;  D )-1 5 ; E )-1 4 .
3. Quyidagi ketm a-ketlikning n -hadi formulasini toping.
3 -2 ; 5• 22; 7 -2 3; 9 -2 4; 11 - 25; ...

A) (2« -  1 ) • 2”, B) (2n + 1 ) • 2"; C )  (2n + 1) 2"+1;
D) (2n +  1) ■ 2n l; E) (2л -  1) • 2"+l.

4 - Ä  5”+16 ni hisoblang.
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l+ 2 + ...+ n
5*. H isoblang:

nA
A) \  ; B ) l ;  C ) j ;  D) ^ ; E) 3 .

6*. {a,} ketma-ketlik aH = formula bilan berilgan. « ning

qanday natural qiymatlarida | a — 1,5 | < 0.01 tengsizlik o‘rinli bo iad i?  
A) « > 2 6 ; B) «>261; C) « >251; D )« > 1 6 1 ; E )« > 2 5 0 .

2« —37*. {xn} ketm a-ketlik = n form ula bilan berilgan. « m ng 
qanday  natu ral qiym atlarida | xn-  2 \ < 0,01 shart bajariladi?

A) « >301; B) «> 3 1 ; C) « >311; D )« > 3 0 0 ; E )« > 3 1 0 .
8. A gar ketm a-ketlikda a{ = 9,a n + i = 3an b o isa , uning oltinchi

h ad im lo p iag . C ) 27; D) 927; E) 2187.

9. Sonli ketma-ketlik a =a - a  , rekurrent form ula bilan«+2 n n + \

berilgan. A garo, = 2, ö,=  3 b o isa , ketma-ketlikning beshinchi hadini 
toping.

A) 5; B) -7 ; C ) -5 ; D) 9; E ) -9 .
10. A gar 5; 9; 13; 17; ... arifm etik progressiyaning hadlarining 

yig'indisi 10877 ga teng b o isa , progressiyaning hadlari sonini toping.
A) 53; ~B) 61; C) 63; D) 73; E) 83.

11. Arifmetik progressiyaning hadlari soni 20 ga teng. Juft o ‘rinda 
turgan hadlarining yig‘indisi 250 ga, toq 0 ‘rinda turgan hadlarining 
yig'indisi 220 ga teng. Shu progressiyaning o ‘ninchi va o ‘n birinchi 
hadlari y ig ind isin i toping.

A ) 6; B) 4; C ) |  ; D ) 5; E ) ^  .

A) 47; B) 22; C) 25; D) 36; E) 57.
12*. Arifm etik progressiyada a{ + as -  24, a2• 60. Progres-

siyaning ayirmasini toping.
A) 2; B) 3; C )4 ; D) 6; E) 7.

13*. Arifmetik progressiyada a 17 = 2 ga teng b o is a , S2l-  S l2 m
toping.

A) 18; B) 15; C) 16; D) 17; E) 19.
14*. 0 ‘zidan oldin kelgan barcha toq  natural sonlar y ig indisi-

ning g qismiga teng b o ig a n  natural sonni toping.
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A) 18; B) 30; C )24; D) 36; E) 48.
15. 5 va 1 sonlari orasiga shu sonlar bilan arifm etik progressiya 

tashkil etadigan bir nechta son joylashtirildi. A gar bu sonlarning 
yig‘indisi 33 ga te n g b o is a , nechta had joylashtirilgan?

A) 11; B) 10; C )9 ; D) 12; E) 6.
16. A rifm eiikprogressiyaninguchinchi va: beshinehi hadlari m os 

ravishda 11 v a l9  ga teng b o is a , uning dastlabki o 'n ta  hadining 
yig‘indisi qanchaga teng b o iad i?

A) 210; B) 190; C) 230; D) 220; E) 240.
17. Arifmetik progressiya dastlabki n ta hadining yig‘indisi S  = n: 

b o isa , uning o ‘ninchi hadini toping.
A) 100; B) 15; C )23; D) 19; E) 121.

18. Arifm etik progressiyada S,0-  S 19 = -3 0  va d= -4  b o isa , a2i ni 
toping.

A) -40 ; B) -50 ; C )-4 8 ; D ) -56; E) -42.
19. 150 dan katta  b o im a g a n  6 ga karrali barcha natural sonlar

ning y ig indisin i toping.
A) 1800; B) 2024; C) 1760; D) 1950; E) 2100.

20. A rifm etik progressiyada aA + a6 = 10 b o isa , S9 ni toping.
A) 25; B) 30; C) 35; ’ D) 40; E) 4 5 ."

21. an -  4n -  2 form ula bilan berilgan ketm a-ketlikning dastlab
ki 50 ta  hadining y ig ind isin i toping.

A) 4500; B) 5050; C) 3480; D) 4900; E) 5000.
22. Q uvurlar ustm a-ust tax langan . Birinchi q a tlam d a  11 ta , 

ikkinchisida 10 ta  va h.k. oxirgi qatlam da 1 ta  quvur bor. Taxlam da 
nechta quvur bor?

A) 66; B) 67; C )68; D) 65; E) 64.
23. A gar geom etrik  progressiyada bx + b9= 5 va b2 + b2 = 17 

b o isa , bx • Z>6 ni toping.

A) 4; B) 3; C )2 ; D) 1; E) 9.
24. G eom etrik progressiyaning dastlabki 6 ta  hadi 2, b2, bv b4, bs 

va 486 b o isa . h, + />. + h  ̂+ h. ni hisoblang.

A) 200; B) 260; C) 230; D) 250; E) 240.
25. G eom etrik  p rogressiyan ing  m axraji 3, d a s tlab k i t o ‘r tta  

hadining y ig ind isi 80 ga teng. Uning to ‘rtinchi hadini toping.
A) 24; B) 32; C) 54; D) 27; E) 57.
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26. M axraji 2 ga teng b o ig a n  geom etrik progressiyaning dast- 
labki o ltita  hadining yig‘indisi 126 ga. dastlabki 5 ta  hadin ing  
yig‘indisi 62 ga teng. Progressiyaning birinchi hadini toping.

A) 6; B) 5; C )4 ; D) 2; E) 3.
27. 0 ‘suvchi geometrik progressiyaning dastlabki to ‘rtta  hadi 

yig‘indisi 15 ga, undan keyingi to ‘rttasiniki esa 240 ga teng. Shu 
progressiyaning dastlabki oltita hadining yig‘indisini toping.

A) 31; B) 48; C) 63; D) 127; E)144.
28. Ishorasi almashinuvchi geom etrik progressiyaning birinchi 

hadi 2 ga, uchinchi hadi 8 ga teng. Shu progressiyaning dastlabki 
oltita hadining yig'indisini toping.

A) 20; B) -20 ; C )-4 2 ; D )42 ; E ) -64.
29. G eom etrik  progressiyada q = 2 va S4 = 5 b o isa , b, ni toping.

A) 0,4; B) 0,8; C) 1 \  ; D) j  : E) %

30. G eom etrik  progressiyaning yig‘indisini toping:

75 ; i; ^  i -

A) 5 ; B) 6>/5+5 . c )  V 5-1  . D) 4> 16; E) 4 5  
v5 —1 5 /̂5

31*. H isoblang;

A) ^/5; B) ^ / i ; C) 1; D ) ^ ;  E) 3.
32. Cheksiz kamayuvchi geom etrik progressiyaning birinchi hadi

3 ga, hadlarin ing yig‘indisi esa ^ ga teng. Shu progressiyaning

uchinchi hadini toping.

A) B) 2 ; C ) 3 ; D ) \  ; E) j .

33*. Birinchisi ikkichisidan 36 ga ortiq , uchinchisi to ‘rtinchisi- 
dan 4 ga ortiq  b o ig a n  4 ta son geom etrik progressiyani hosil qiladi. 
Progressiyaning m axrajini toping.

A ) ± £ ;  B ) j ;  Q - l ;  D ) ± l ;  E) ± 3 .
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34*. A rifm etik progressiya tashkil qiluvchi 3 ta  m usbat son yi- 
g‘indisi 15 ga teng. Agar uning hadlariga m os ravishda 1,4 va 19 
sonlari q o ‘shilsa, geom etrik progressiya tashkil qiluvchi sonlar hosil 
b o ia d i. A rifm etik progressiyaning ayirm asini toping.

A) 2; B) 3; C )4; D) 11; E) 21.

b o ‘yi, b a lan d lig i)  u zu n lik la rin i ifo d a lo v ch i so n la r g eom etrik  
p rogressiya ta sh k il q iladi. A gar para lle lep iped  hajm i 216 m 3 ,

diagonali \]364 m bo 'lsa , parallelepipedning chiziqli o icham larin i 
toping.

A) 9 x 6 x 4 ;  B) 9 x 8 x 3 ;  C ) 1 8 x 6 x 2 ;
D) 2 7 x 4 x 2 ;  E) 1 2 x 9 x 2  m.



X I BO B

KO RSATKICHLI VA LOGARIFMIK FUNKSIYALAR

l-§. Ko‘rsatkichli funksiya, unittg xossalari 
va grafigi

K o ‘r s a tk ic h l i  fu n k s iy a  d e b  y =  ax k o ‘r in ish d a g i f u n k s iy a g a  a y t i -  

la d i ,  bunda a —  berilgan son, a > 0, а Ф 1.

K o 'r s a t k ic h l i  fu n k s iv a n in g  x o s s a la r i

1) Funksiyaning aniqlanish sohasi barcha haqiqiy sonlar to ‘pla- 
m id an ib o ra t, y a ’n ix  e  R.

2) Funksiyaning qiymatlar to ‘plami barcha musbat sonlardan iborat.
3) Funksiya a > 1 b o ig a n d a  o 'suvchi, 0 < a < 1 b o ig a n d a  ka- 

m ayuvchi (99-rasm).
4) Funksiya toq ham  emas, ju ft ham  emas.

5) y  = a* va y = ( i -  j  funksiyalar grafiklari Oy o ‘qiga nisbatan

o ‘zaro sim m etrikdir.
6) Funksiya grafigi (0; 1) nuq tadan  o ‘tad i va Ox o ‘qidan yuqori- 

da joylashgan (99-rasm).
K o ‘rsa tk ich li funksiya  tu rli fizik ja ra y o n la rn i tavsiflash d a  

q o ‘llaniladi. M asalan, radioakdv yemirilish
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m(t) = m0 ( 2 У
form ula bilan ifodalanadi, bunda m(t) —  m oddaning t vaqtdagi mas- 
sasi, mg —  boshlang‘ich t -  0 vaqtdagi massasi, T  —  yarim  yemiri- 
lish davri (m odda dastlabki m iqdorining ikki m arta  kam ayishigacha 
o ‘tgan vaqt o ra lig ‘i).

Shunga o ‘xshash, havo bosim ining balandlikka b o g iiq  ravishda 
o ‘zgarishi, chulg‘am ga o ‘zgarm as kuchlanish ulangandagi o ‘zinduk- 
siya toki va hokazolar k o ‘rsatkichli funksiya yordam ida ifodalanadi.

2 -§ .  K o ‘r s a t k i c h l i  te n g la m a la v

N o m a iu m  dara ja  k o ‘rsatki- 
ch ida ish tiro k  etgan  teng lam a 
ko'r^atkichli tenglama deyiladi. 
Eng sodda k o ‘rsatkichli tengla- 
maga a* = b (bunda k o ‘rsatkich-
li tenglam a asosi a > 0 , a *  1) 
ten g lam a  m iso l b o ‘la  o lad i. 
Bunday tenglamani grafik usulda 

>• yechish m um kin ( 100-rasm ). 
x Ushbu

afjx) _  0 ф(*> (b u n d a  a > 0)

a *  1)
1 0 0 - r a s m  tenglam aning yechilishi bu teng

lam ani /  (x) = (p(x) tenglam aga 
teng kuchli ekanligiga asoslanadi, y a ’ni </(x) = / ( x )  = tp(.v).

2.1. Ko‘rsatkichli tenglamalarni yechish usullari. 1-usul. U m um iy 
asosga keltirish usuli.

,  f —
1-m is o l .  3 1 = y 9 tenglam ani yeching.

Y e c h i l i s h i .  3 ' H '  -  Цд ^  з* Ч х =  32 ^  x2 _  5 x  = 2 ^

? 5 ± 9
<=> Ix  - 5 x —2 = 0 => x, 2 = —p —

x, -  ^ ,

x2 = 1.
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Ja v o b ч  И
2 - m is o l .  5U l)U+4)= i tenglam ani yeching.

Y e с h i 1 i s h i . 5(i_1)U+4) = 1 »  5u_1)U+4) = 5° <=> (дс •- l)(x + 4 )= 0  »  

* ,= - 4 ,

\ x2 ~ 1 •
J a v o b :  {-4; 1}.
2 -u s u l .  K o ‘paytuvchilarga ajratish usuli.
3 -m is o l .  5* + 3 • 5х~2 =  140 tenglam ani yeching.

Y e c h i l i s h i .  5'f + 3 -5 JC“2 =  140 о  5Л (l + ^ )  = 140 <=>

<=> 5* • Щ  =  140 <=> 5* = 14^ 25 <¿>5* = 53 => [ x  = 3 .

J a v o b :  3. ____________________________ _______

4 - m is o l .  34r+5 -  24,+7 -  34 l+’ -  241+4 = 0 tenglam ani yeching.

Y e c h i l i s h i .  34jc+5 - 2 4j:+7 - З 4дг+3 - 2 4лг+4 = 0  о  З4дг+3 -(З2 -1 )  = 

= 24х+г ■ (24 + 2) <=> 34ï+3 • 8 =  24i+3 - 1 8 «  ( | ) 4,+3 = ( ! ) ‘ <=> 4 х + 3 = 2 =>

= > [ * = 4 -

J a v o b :  - 1 .
3 -u s u l .  Kvadrat tenglam aga keltirish usuii. U shbu 

Aa2' +Ba' +C -  0 
k o ‘rinishdagi tenglam a (bunda A, B, G —  haqiqiy sonlar) crx = t al- 
m ashtirish orqali kvadrat tenglam aga keltiriladi.

5 -m is o  1. 52ï-  6 • 5*+ 5 = 0 tenglam ani yeching.
Y e c h i l i s h i .  5 ' - t  alm ashtirishni kiritam iz. U ho lda

t2 - 6 r + 5  = 0:
i , = l ,  

i2 = 5.

Q abul qilingan alm ashtirishni hisobga olsak, 
5r = 1 =>[x, =  0,
5v = 5 =» [jc2 = 1.
J a v o b :  {0; 1}.
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6 -m is o l .  4 ' + 2Ï+1 =  80 tenglam ani yeching.
Y e c h i l i s h i .  4 ' + 2x+l = 80 <s=> 2lv+ 2 • 2X -  80 = 0. 2x= t  al- 

m ashtirishni kiritam iz. U  holda

i2 + 2 r -8 0  = 0 => tl2 = - l  + Vl + 80
>, =-10,
Lt2 =l

Q abul qilingan alm ashtirishni inobatga olib, ushbu tenglam a- 
larga ega b o iam iz :

2X = - 10, bu tenglam a k o ‘rsatkichli funksiya 0 ‘zining aniqlanish 
sohasida m usbat funksiya bo igan lig i sababli yechimga ega emas. 

2X-  8 «  2х =  23 => [x =  3.
J a v o b :  3.
Ushbu

Aa2x+B(ab)x+Cb2x = 0 
k o ‘rinishdagi tenglam a ham  kvadrat tenglam aga keltiriladi. Buning 
uchun tenglam aning h ar ikkala tom oni b2x ga b o ‘lib, tegishli al- 
m ashtirish bajariladi:

\2 x
A a 2x +  B ( a b y  +  C b 2' = 0 o  A ^ V  + л ( | ) ' + C = 0 <=>

(!) =■>

*
II <=> Г  + 1 -  2 =  0  =>

J

о  A? + Bt +C = 0.
7 -m is o l .  9 ' +  6A -  2 ■ 4 ' = 0 tenglam ani yeching.
Y e c h i l i s h i .  9 ' + 6 ' - 2 - 4 v= 0  «  3lv+ 3X ■ 2x- 2  ■ 2* =  0 «

' , = - 2,

h  = 1 •
Bajarilgan alm ashtirishni hisobga olsak, quyidagi tenglam alarga 

ega bo 'lam iz:

1) ( 4 )  =  - 2 , bu tenglam a yechimga ega emas.

2) ( § r = > « ( ! H ! ) W = °
J a v o b :  0.
4 - u s u l .  A s o s i  h a m , d a r a ja  k o r s a t k i e h i  harr, n o m a ’lu m g a  b o g ‘-  

l iq  b o ‘ lg a n  f u n k s iy a  i s h t i r o k  e t g a n  k o ‘r s a t k ic h l i  t e n g la m a la r n i  

y e c h is h  u s u li .

U sh b u / (*)**> = f ( x y ' x) k o ‘rinishdagi tenglam alarni yechishda 
quyidagi uchta hoi k o ‘riladi:
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1 ) / ( х )  = 1 ; 2) f i x )  = 0; 3 ) / (x )  Ф 1 , / ( x )  *  0, ф(х) = g(x).
Bu teng lam alarn ing  yechim lari berilgan teng lam ani to ‘g ‘ri 

tenglikka aylantirishi tekshirib  ko ‘rilgach, tegishli ildizlari topiladi.

Y e c h i l i s h i .  1) x  + 3 = 1 => [x = -2 ;
T e k s h i r i s h :  ( -  2 + 3)4 3 =  ( -  2 + ЗГ4 => 1' =  l " 4-  to ‘g ‘ri ten- 

glik. D em ak, x  = -  2 tenglam a ildizi.
2 )x  + 3 =  0 = > [x  = -3 ;
T e k s h i r i s h :  ( -  3 + 3)9~3 =  ( -  3 + З)-6^  06= O' 6 —  bu tenglik- 

ning o ‘ng tom oni m a’noga ega emas, shu sababli x  = -  3 berilgan 
tenglam aning ildizi emas.

3) D ara ja  k o ‘rsatkichlarini tenglashtiramiz:

T e k s h i r i s h :  (3 + 3)9' 3 = (3 + 3)6 => 66 = 66, (-1 + 3)1”3 =
= (-1 + 3)-2 => 2~2 =  7rl. B ular to ‘g ‘ri tengliklardir. Shuning uchun 
x  = 3 va x =  -1 tenglam a ildizlari bo 'ladi.

J a v o b :  { -2 ; -  1; 3}.
5 - u s u l .  G r a f ik  u su l. Bu usul tenglam a ildizlarini yuqorida ba- 

yon qilingan analitik usullari bilan aniq topish im koni b o ‘lmagan 
ho llarda q o ‘llaniladi.

9-misol. ( 2 ) tenglam ani yeching.

8 - m i s o l . (x + 3 )'2 3 =  (x + 3)2jr ■

x2 — 3 = 2x o  x : -  2x — 3 = 0 =>

y = x -  2 fu n k s iy a la rn in g  
g ra f ik la r in i  b ir  c h iz m a d a  
tasvirlaym iz ( 101-rasm).

R asm dan bu funksiyaning 
grafiklari abssissasix = 1 nuq- 
tada kesishishi ko‘rinib turibdi. 
H aqiqatan  ham , x  = 1 da

101-rasm
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у to ‘g‘ri tenglik hosil b o ia -  
d i. D e m a k , x  -  1 
tenglam a ildizi.

T e n g la m a n in g  bo- 
shqa ildizlari y o ‘q ekani-

ni k o ‘rsatam iz. У = (  2 )~  
k a m a y u v c h i fu n k s iy a ,

A"

—---- --------------- ----- -----------------►
- 3 - 2 - 1 0  1 2 3 x y = x ~  2 esa o ‘suvchi

fu n k s iy a . S h u  sa b a b li

102-rasm .v > 1 da у = ( i, ) ' funk-102-rasm

siyaningqiym atlari \  dank ich ik , y = x - )^  funksiyaningqiym at- 

lari esa \  dan katta ; x  < 1 da, aksincha, birinchi funksiyaning qiy- 

m atlari i, dan katta , ikkinchisining qiym atlari esa  ̂ dan kichik.

Shu sababli, bu  funksiyalarn ing  grafik lari abssissasi x  =  1 dan 
boshqa kesishish nuq talariga ega bo im ay d i.

J a v o b :  x  =  1.

( - 1; 1) oraliq lardan qaysi biriga tegishli?
Y e c h i l i s h i .  Bu m asa lan i yechishda ham  g rafik  u su ld an  foy-

fik la ri tasv irlan g an . Bu fu uksiya la i g ra fik la ri kesish ish  n u q ta -  
sin ing  abcsissasi jc ~  —1,35 k o ‘rsa tilg an  o ra liq la rd a n  ik k inch i- 
siga —  ( - 2; - 1) ga tegishli ekanlig i k o ‘rin ib  tu rib d i.

J a v o b :  (-2; -1 ).

2.2. K o‘rsatkichIi tenglam alar sistemalari. K o ‘rsatkichli tengla- 
m alar ish tirok etgan tenglam alar sistem alarini yechishda ham  al- 
gebraik tenglam alar sistem alarini yechishdagi m a iu m  usullar ish- 
la tilad i.

10-m is o l .  ( I )  = 2 tenglam aning ildizi ( - 00 ; - 2), ( - 2; - 1),

da lanam iz . 102-ra sm d a  y = va y  = 2 fu n k siy a la rn in g  gra-

tenglam alar sistemasini yeching.

248



12y3JC =  54

2 V3 V =  24
Y ech ilish i. \ ' <=>

12 r3 v = 23 • 3,
(1)

[2 '’3* = 2 -3

bu ikki tenglam alarning o ‘ng va chap tom onlarini ko‘paytiram iz. U 
holda

2*+y. y +y =  24- 34 <=> 6 l+>= 64 <=> x  +  y  = 4 (2) 
tenglam a hosil b o ia d i. Endi (1) tenglam alar sistem asining o ‘ng va 
chap tom onlarini hadm a-had bo 'lib , x - y  -  2 tenglam ani hosil qi-

. I x  +  y  = 4,
lamiz. Shunday qilib, berilgan tenglam aga teng kuchli i

[ x - y  =  2

ten g lam a la r  sistem asiga  ega b o ‘ldik. Bu sistem ani yecham iz:

= \2x = 6, ^  
v = x - 2I x -  y = 2

J a v o b :  (3; 1).

x =  3, 

y = l.

12-m is o l .

yeching.

Y e c h i l is h i .

(x -  y) • 0 ,5y~x = 5 • 2x~y ,
x+y tenglam alar sistemasini

( j t - y )  7 =125

,V-.VU - y ) 0 ,5 '  = 5 -2

x+ y  <

(x-y)  7 =125

,5 ,2X y( x - y ) -2
x+ y

( X - y )  7 = 5 3

x - , - 5 .
x - y  = 5, 2x =  26, IIH

x + y  ^ <=>

[5“ = 5> 1x + y  = 2l y = 2l —  x V
- II P°

J a v o b :  (13; 8).

3-§. K o ‘rsatkichli tengsizliklar

3.1. Ko‘rsatkichli tengsizliklarni yechish usullari. N o m a iu m  da- 
raja ko ‘rsatk ichda ishtirok etgan tengsizlik ko'rsatkichli tengsizlik 
deyiladi.
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</w > аф('г) ( í / (jr) < а ф|г)) k o ‘rinishdagi tengsizliklarni yechishda 
у  = ax ko 'rsatk ich li funksiya а > 1 da  o ‘suvchi, 0 < а <  1 da kam a- 
yuvchi ekanligi e ’tiborga olinadi. D em ak, agar а > 1 b o isa , 

a ÍM > йфИо / ( х )  > ф(л-) (afM < a¥x,^ > f ( x )  < ф(х)); 
agar 0 <  а < 1 b o isa ,

a fí" > ач’(л><=> f {x )  < ф(х) (ar"] <~ä^' <=$ f  (x) > ф(х)).
A gar k o ‘rsatkichli tengsizlikda asos ham  o ‘zgaruvchiga b o g iiq  

b o isa ,
f i x t *  > 1 ( f { x f *  < 1), f i x t "  > f i x f "  (fix)«* < f i x f " )  

kabi tengsizliklarni yech ishda /(x ) > 1 va 0 <f{x)  < 1 b o ig a n  hollar 
qaralishi k e rak :________________  __________________________

f i x У > 1»

f ( x f M > f i x )

\ f i x ) >  1,
|ф (х ) > 0 .

|0  < / ( x )  < 1,
[ф(х) < 0 .

f i x )  > 1, 
ф(х) > g{x). 
0 < / ( x )  < 1, 
ф(х) < g ix).

SW

3.2. Ko‘rsatkichli tengsizliklarni yechishga doir misollar.
1-m is o l .  23x+ < 22x~' tengsizlikni yeching.
Y e c h i l i s h i :  berilgan tengsizlikda d ara ja  asosi 1 dan  k a tta ,

shuning uchun k o ‘rsatkichlarni taqqoslab, o ‘sha m a ’noli tengsizlik- 
ka o ‘tamiz: 2lx+1 < 2Zx~' <=> 3x + 7 < 2 x -  1 => [x < -  8 .

J a v o b :  ( -  00 ; -  8).

2 -m is o l .  (0 ,04)5л-л ~8 < 625 tengsizlikni yeching. 
Y e c h i l i s h i :  berilgan tengsizlikning ikkala  qism ini um um iy

asosga keltiram iz.

(0, CM)5*-*2”8 < 625 «  (0, СМ)5’1 *2”8 < ( ¿ )  " <=> ( 0 , 0 4 ) 5х~ '2^  <  ( 0 ,0 4 f 2.

0 < (0,04) < 1 b o ig a n i uchun k o ‘rsatkichlarni taqqoslab , qara- 
m a-qarshi m a ’noli tengsizlikka ega b o iam iz . Uni yechib, tengsizlik 
yechimini topam iz:
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«  (JC -  2)(JC -  3) < 0 => [2 < JC < 3.
J a v o b :  [2; 3].
3 - m i s o  1. 4X-  6 • 2V + 8 < 0 tengsizlik nechta butun yechimga ega? 
Y e c h i l i s h i :  t -  2V belgilash orqali yordam chi n o m a iu m  kiri- 

tish natijasida ushbu
f - 6 t  + 8 < 0 < = > ( / - 2 ) ( f - 4 ) < 0  

tengsizlikni hosil qilamiz. x  o ‘zgaruvchiga o ‘tib,
2 < 2 X < 2 2 

q o ‘sh tengsizlikka ega b o iam iz . Bundan
1 < x<2 .

Bu kesm aga tegishli butun sonlar faqat 1 va 2.
J a v o b :  2 ta.

4 - m is o l .  0 ,4 ' 0 ,5 ' > ( 0 .2 ' ) 4 tengsizlikning eng kichik bu
tun yechimini toping.

2 2 2 
Y e c h i l i s h i :  0 ,4 V 0,5* > (0 ,2 *)4 o  (0 ,4  0 ,5 ) '"  > 0 ,2 4' <=>

<=> 0, 2X~ > 0, 24x <=> x 1 < 4x  => x(x -  4) < 0 => [(0; 4) .
Bu oraliqdagi eng kichik butun son 1 ga teng.
J a v o b :  1.

2
5 -m is o l .  (cos60 )' ~ <1 tengsizlikni yeching. 
Y e c h i l i s h i .  cos 60° = 0,5,1 = (0,5)° ekanligidan berilgan teng

sizlik ushbu
x2 -  6x + 9 > 0 

tengsizlikka teng kuchli. Dem ak,
(x -  3)2 > 0 => [x t  3.

J a v o b :  (-°°; 3) U (3; + <*>).

x 2 - x - 26 - m is o l .  |jc|' ' <1 tengsizlikni yeching.
Y e c h i l i s h i .  Bu tengsizlikni yechishda ikki hol qaraladi: |x| >  1

va |x |<  1. B irinchi ho lda dara ja  k o ‘rsatk ich i x 2- x - 2  m anfiy, 
ikkinchi holda esa m usbat b o iish i kerak. Shunday qilib, berilgan 
tengsizlik quyidagi ikki sistema birlashm asini yechilishiga keltiriladi:



Birinchi sistem ani yechamiz: 

X  <  —1,
11* | >  1,

I x 2 -  X  -  2 <  0
« x > \ ,  = > [jce (1;2) (ЮЗ- 

< j c - 2 ) U + 1 ) < 0 _____________________

rasm).
Ikkinchi sistem ani yechamiz:

X  <  1, — 1 <  X  <  1,
<=> •! »  [xe  0 .  (104-rasm).

i .V — * -  2 > 0 [ U - 2 ) U + 1 ) > 0

Javob: (1;2)

■. V .Q -

-1 О

103-rasm

-O • • •-O---- . ■ ■ ►

-1 О 1

104-rasm

4-§. Logarifm lar

4.1. Sonning logarifm i. Biz b ilam izki, ax =  b k o ‘rin ishdag i 
tenglam ani yechishning asosiy usuli unm g chap va o 'n g  qism larini 
ayni bir asosli daraja  ko ‘rinishida ifodalay olishdan iborat. Lekin 
buning har doim  ham  iloji b o iav erm ay d i, m asalan 3V= 25, 2X= 5, 
6'  = 10 va hokazo. Biroq bunday tenglam alar ildizga ega ekanligini 
bilam iz. B unday tenglam alarni yechish uchun sonning logarifmi 
tushunchasi kiritiladi. Shu bobning 2-§ ida ax -  6 (bunda a > 0 ,аФ  1) 
tenglam a birgina ildizga ega ekanligi va u grafik usulda yechilishi 
m um kinligi aytilgan edi. Bu ildiz b sonning a asosga k o ‘ra logarifmi, 
deb atalad i va log ,6 kabi belgilanadi ( 100-rasm da log b -  x 0).

T a ’rif: b musbat sonning a asosga ko'ra (a> 0, a #  1) logarifmi 
deb b sonni hosil qilish uchun a sonni ko ‘tarish kerak bo ‘Igan daraja 
ko ‘rsatkichiga aytiladi.
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M a s a la n , lo g 21 6 = 4 , c h u n k i 24-  16; log1 8 =  - 3 ,  c h u n k i
2

( ] ,)  = 8 ; log ,81 = 4, chunki 34 = 81; log4l = 0, chunki 4"= 1;

logs5 = 1, chunki 5 1 = 5;
Logarifm ning ta ’rifini

aH a h =b  ( 1)
tenglik bilan yozish mumkin. Bu tenglik b> 0, a> 0, аФ 1 bo 'lgan- 
da o 'rin li b o ‘lib, asosiy logarifmik ayniyat deb ataladi.

Sonning logarifmini topish am ali logarifmlash amali deb ataladi. 
Sonning logarifmini topishga do ir bir necha m isollar keltiram iz.

1- m is o l .  log3 729 ni hisoblang.

Y e c h i l i s h i .  Logarifm ning ta ’rifiga k o ‘ra log3 ^  d ara ja  

ko ‘rsatkichi bo igan lig i uçhun shu daraja  ko‘rsatkichinL\; deb belgi- 
laymiz:

log3 729 =  X.

U holda ta ’rifga ko‘ra 

Hosil b o ‘lgan k o ‘rsatkichli tenglam ani yechamiz:

3X = 7^9 [x = - 6 .

1 _Shunday qilib, log3 ^ д  = -6  
J a v o b :  - 6 .

2 -m is o l .  log ' 2 5 6  ni hisoblang.
4^4

Y e c h i l i s h i .  log^ 256 = x  belg ilash  k iritam iz . U h o ld a

t a ’rifga k o 'r a

И '  -  

2 
3

f 0
X f 1 Л

256 о 4-1 . 43 = 4 4 » 43
V к /

= 44 o 4  3 = 4 «

о  -  x  = 4 => [x

D em ak, log ,,,-  256 — 6. 
4^4

Jav o b : - 6.
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Y e c h i l i s h i .  Berilgan logarifm ik ifodani hisoblashda asosiy 
logarifm ik ayniyat ( 1) dan foydalanam iz:

í1 f  1" P t  í 1 f(MWT5V - 6 2=36=2iV4 /  4  V4 /  \ 4 /  4  1 6 ^ 1 4 / 4  [ 1 6  16 4  

J a v o b :  2 ^ .

4 .2 .  L o g a r if m n in g  x o s s a la r i .  L ogarifm lar ishtirok etgan ifoda- 
lardagi a lm ash tirish larda , h isob lash larda , teng lam a va tengsiz- 
liklarni yechishda logarifm larning turli xossalaridan foydalaniladi. 
Shu xossalarning asosiylarini keltiramiz.

1. F a q a t  m u s b a t  s o n l a r n i n g  l o g a r i f m i  m a v j u d ,  y a  ’n i  l o g ( b l i n d a  

a >  0 , \ )  N  >  Q  b o ‘ ¡ s a g i n a  m a v j u d .

2 . A  s o s  a  >  1 b o ‘ l s a ,  N  >  1 s o n l a r n i n g  l o g a r i f m l a r i  m u s b a t ,

0  <  N  <  1 s o n l a r n i n g  l o g a r i f m l a r i  m a n f i y .  M a s a l a n ,  1 ° I   ̂ 6  >  0 ,

log 1 < 0  .
2 5
3. A  s o s  0  <  a  <  1 b o ‘ l s a ,  N  >  1 s o n l a r n i n g  l o g a r i f m l a r i  m a n f i y ,

0  <  N  <  1 s o n l a r n i n g  l o g a r i f m l a r i  e s a  m u s b a t .  M a s a l a n ,  log 6  <  0 ,
3

lo g , * > 0 .
4 3

4 . A g a r  a >  1 b o  ‘ I s a ,  k a t t a  s o n g a  k a t t a  l o g a r i f m  m o s  k e l a d i ,  y a  ’ n i  

N x >  /V , b o ‘ l s a ,  l o g (j N { >  lo g  ( N 2 .  M a s a l a n ,  l o g 5 10 >  l o g .  8.

5 . A g a r  0  <  a  <  1 h o  ‘ I s a ,  k a t t a  s o n g a  k i c h i k  l o g a r i f m  m o s  k e l a 

d i ,  y a ’ n i  N . > TV, b o ‘ l s a ,  log /V, < log N0. M a s a l a n ,l ¿ a  \ a  ¿.

log, 12< log, 8.
3 3

6. H a r  q a n d a y  a s o s g a  k o ‘ r a  (a >  0 , a ̂  1 )  1 n i n g  l o g a r i f m i  n o l g a  

t e n g ,  y a  ’n i  log^ 1 = 0 .

3-m isol. ni hisoblang.
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7 . A s o s n i n g  l o g a r i f m i  b i r g a  t e n g ,  y  a ' n i  log a  =  1.

8 . I k k i  s o n n i n g  b i r  x i l  a s o s l i  l o g a r i f m l a r i  t e n g  b o  ' I s a ,  s h u  s o n l a r n i n g  

o ' z l a r i  h a m  t e n g  b o ' l a d i .  Y a ' n i ,  log M =  log^ N t e n g l i k d a n  M  —  N  
t e n g l i k  k e l i b  c h i q a d i .  B u n d a  a >  0 , 1; M  >  0 ,  N  >  0 .

4.3. K o 'p a y tm a n in g ,  b o M in m a n in g  v a  d a r a ja n in g  lo g a r i f m i .

1 - 1 e o r e m  a . I k k i  m u s b a t  s o n  k o 'p a y t m a s i n i n g  l o g a r i f m i  s h u  s o n -  

l a r  l o g a r i f m l a r i n i n g  y i g ' i n d i s i g a  t e n g ,  y a ’n i

loga (A?, • N2) = logü N, + lo g a N2(a > 0; a * 1). (2)
M asalan , log3 18 = log3(9 • 2) = log3 9 + log3 2 = 3 + log3 2 .
Bu teorem a faqat ikkita k o ‘paytuvchi uchungina o ‘rinli b o im ay , 

balki istalgan sondagi k o ‘paytuvchilar uchun ham o ‘rinlidir:

logfl (W, -N2 -N3 - ... -Nk ) = logQ W, + logfl N 2 + log„ N3 + ... + logfl Nk,

bunda N. > ( ) ( /  = |; k ), (a > 0; a * I ).
M asalan, log2(2 -5- 9-16) = log2 2 + log, 5 + log2 9 + log, 16 =

-  1 + log2 5 + log, 9 + 4 = 5 + log2 5 + log2 9 .
2 - 1 e o r e m a . I k k i  m u s b a t  s o n  b o  ‘ l i n m a s i n i n g  l o g a r i f m i  b o  ‘ l i n u v -  

c h i  v a  b o ' l u v c h i  l o g a r i f m l a r i n i n g  a y i r m a s i g a  t e n g ,  y a ’n i

loga ^  = loga iV1- l o g a N2, (3)

bunda a > 0. a 1, N t > 0, N, > 0.

M asalan, iog3 =  log3 32 -  log3 15 = log3 32 -  log3 3 • 5 =

=  log3 3 2 -  log3 5 —1.
3 - t e o r e m a .  M u s b a t  s o n  d a r a j a s i n i n g  l o g a r i f m i  s h u  d a r  a j a  

k o ' r s a t k i c h i n i n g  u n i n g  a s o s i  l o g a r i f m i  h i l a n  k o ' p a y t m a s i g a  t e n g ,  

y a  ’ n i

log„ N k  =  k  log(l N ,  (4)
b u n d a  a  >  0, a  *  1, N  >  0.

M asalan, log5 625 = log5 54 = 41og5 5 = 4.

4.4. 0 ‘n li  v a  n a tu r a l lo g a r i f m la r .  Sonning o ' n l i  l o g a r i f m i  deb shu
sonning 10 asosga k o 'ra  logarifm iga aytiladi va log l0 Aro ‘rniga lgiV 
yoziladi (N > 0).
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Sonning natural logarifmi deb shu sonning e asosga k o ‘ra  lo- 
garifmiga aytiladi, bu yerda e —  irratsional son b o iib , uning taq- 
ribiy qiym ati 2,7 ga teng. Bunda log^iV oiniga ln N  yoziladi (N  > 0). 
0 ‘nli va natu ral logarifm lar uchun ham  a(a > 0, a *  1) istalgan asos- 
li lo g a r ifm la rn in g  x o ssa la r i  o ‘r in l id ir .  M a sa la n , lglO  = 1,

lg 1 = 0, lg 0.1 = - 1, lg Vio = lg 102 = | l g l 0 = | ,  lg 2000 = lg 2 103 = 

= lg2  + lg l0 3 = lg 2  + 3.

ln 1 = 0, ln e = 1, ln e? = 31n e = 3, ln 100 ■ e = ln(10' • e) =

= 21nlO+lne = 2InlO + l.

4.5. Logarifmning yangi asosiga o ‘tish formulasi. Y angi asosga 
o ‘tishning ushbu

log, N

form ulasi o ‘rinlidir. B unda a > 0, a *  l ,b  > 0, b * l, N >  0.
(5) form ulani isbotlash uchun asosiy ayniyat (1) dan  foydala- 

namiz:

a'ogaN = N.
Agar m usbat sonlar teng b o isa , ulam ing bir xil asosli logarifmlari 

ham  teng b o iish i ravshan. Shu sababli

log¿ (a los" V ) = logé N.
3-teorem aga k o ‘ra bu  tenglikni

logü N ■ log6 a = logb N  
shaklda yozish m um kin. Bundan

log,, N 
log„ N = ,Ba log ha

(5) form ula kelib chiqadi.
A gar (5) form ulada b sifatida N  olinsa,

l o g a  N  =  lo g 1̂  a  ( 6 )

tenglikni hosil qilamiz.
Logarifm ik ifodalarni soddalashtirishda keng q o ilan ilad ig an  

ushbu tengliklar ham  o ‘rinli ekanligini eslatib o ‘tamiz:
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log* N m = mk log* N, (7)
logakN m = f \ o g a N,  (8)

M '°ZaN _ N \oZaM . (9)
(7), (8) fo rm ulalarda a > Q , a ^ \ , N > Q , k v a m  ra tsional sonlar,

(9) form ulada M  va N  m usbat va birga teng bo 'lm agan  sonlar.
L ogarifm ning  xossalarin i tadb iq iga  d o ir b ir necha m iso llar 

keltiram iz.
4 - m is o l .  A gar log32 = a b o is a , log3l 8 ni a orqali ifodalang. 
Y e c h i l i s h i .  18 = 2- 32deb, 1, 3 - teorem alardan foydalanam iz:

log, 18 = log,(2 • 32) = log,2 + log,32 = log32 + 21og,3 = log,2 + 2 -  a + 2. 
J a v o b :  a + 2.
5 - m is o l .  A gar lg 13 = a, lg 2 = b b o ls a , logs3,38 ni toping.

132.7
Y e c h i l i s h i .  3 ,38=  ekanligini hisobga olib, 1, 2, 3-teo-

k o ‘ra 10 li asosga o ‘tamiz:

log5 3,38 = logj 13]oq2 = lo g 5(132 ■ 2 ) - log5 100 = lg l3]og le2  -

_ lg 100 _  2 lg 13 + lg 2 -  2 _  2a + b  -  2 _  2ci +  b - 2  

lg 5 . 1 0  1 -  lg 2 1 - b
6 2

T . 2 a  +  b  -  2 J a v o b :  , ,1 — b
6 - m is o l .  log23 • log34 • log45 ■ ... • log910ni soddalashtiring. 
Y e c h i l i s h i .  Berilgan ifodadagi barcha logarifm larda (5) for- 

m uladan foydalanib 2 asosga o ‘tamiz: 
log2 3 ■ log3 4 • log4 5-... log8 9 ■ logg 10 =

log2 4 log2 5 log2 9 log, 10 
= lo g ,3 - ,  ,  • • • = log, 10 .

52 log23 log2 4 log2 8 log2 9 2
J a v o b :  lo g ,10.

5-§. Logarifm ik funksiya , uning grafigi va xossalari

y  = a'(a>  0,a ^  1) k o ‘rsatk ich lifunksiyateskarifunksiyasim av- 
ju d  b o ia d ig a n  barcha xossalarga ega (V III bob, 6-§): uning aniqla- 
nish sohasi —  ( -  00 ; + 00), q iym atlar to ‘plam i —  (0; + 00), a > 1
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b o ‘lsa, o ‘sadi, 0 <  a < 1 b o ‘lsa, kam ayadi. K o ‘rsa tk ich li funk- 
siyaning teskari funksiyasini topish uchun

ax = y
tenglam ada x  ni y  orqali ifodasini topamiz:

X = lo g ^’.
Hösil b o ig a n  tenglikda x  va y  ning o ‘rinlarini alm ashtiram iz:

У = log x,
bu yerda a> 0 , аф 1.

у — logox  funksiya logarifmik funksiya deyiladi.
Shunday  qilib, b ir xil asosli k o ‘rsatk ichli va logarifm ik  funk- 

siyalar o 'z a ro  teskari funksiyalardir. Shu sababli logarifm ik fu n k 
siya grafigini yasash  uchun b ir xil asosli k o ‘rsatk ich li funksiya 
grafigini yasab, bu grafikni y  -  x  to ‘g ‘ri chiziqqa n isb a tan  sim- 
m etrik  akslan tirish  k ifoyadir. 105-a rasm da y  =  ax va y = logox 
funksiyalar grafik lari a> 0 uchun, 105-6 rasm da 0 <  a < 1 uchun 
tasv irlangan .

L o g a r if m ik  fu n k s iy a la r n in g  x o s s a la r i

1) Funksiyaning aniqlanish sohasi barcha m usbat son lar to 'p la - 
m idan iborat, y a ’ni x  e  (0; + 00 ).

2) Funksiyaning qiym atlar to ‘plam i barcha haqiqiy son lar to ‘p- 
lam idan iborat.

3) y  = log(x fu n k siy a  toq  ham  emas, ju ft ham  emas.
4) Funksiya o ‘zining aniqlanish sohasida a> 1 b o ‘lsa, o ‘sadi,

0 <  a < 1 b o is a , kam ayadi.
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5) A gar a > 1 b o is a , o ‘zgaruvchi x  nolga intilganda (x  —> 0 da) 
y  =  lo g x  funksiyaning qiym atlari cheksiz kam ayadi (y —» — 00).

AgarO < a < 1 b o isa , x  —» Oda y  = lo g x  funksiyaning qiym at
lari cheksiz o 'sad i (y —> +  00 ).

1 - m i s o l .  y  -  log3(x2 + x - 2 )  funksiyaning aniqlanish sohasini 
toping.

Y e c h i l i s h i .  F aq a t m usbat sonlarning logarifm i m avjud b o i-  
gani uchun m asalaning yechilishi

x2 + x - 2 > 0 
tengsizlikka keltiriladi. U ni yechamiz:

x 2 + x — 2 > 0 = > (x  + 2) (x  -  1) > 0 =>
x  > 1.

J a v o b :  x e  ; -2 )U (1 ; + 00 ).
2 -m iso.l._jLr= log funksiyaning aniqlanish sohasini toping.

Y e c h i l i s h i .  L ogarifm  va m oduln ing  ta ’riflariga asoslan ib  
x  0 xulosaga kelamiz.

J a v o b :  x e  (-«>; 0 )U(0; + 00 ).
i-2 1 y| y , - »

3 - m is o l .  v = lg V funksiyaning an iq lan ish  sohasini
0 xz-5x+ 6

toping.
Y e c h i l i s h i . M asala logarifm ik funksiyaning aniqlanish soha- 

si barcha m usbat sonlar to 'p lam idan  ibora t b o ig an lig i sababli

x2+4x _,  ,  , >0 x2-5x+ 6
tengsizlikning yechilishiga keltiriladi. Bu tengsizlikni oraliq lar usuli 
bilan yechamiz:

x2+ 4 x  A x(x  + 4)
.  ,  > 0 <=> > 0 . x2-5x+ 6 (x -  3)(x -  2)

106-rasmdan berilgan funksiyaning aniqlanish sohasi ( -« • ;  -  4), 
(0; 2) va (3; + 00) oraliqlar birlashm asidan iborat ekanligini topamiz.

J a v o b :  x€  (-° °  ; - 4 ) U ( 0 ;  2 )U (3 ;+ °°  ).
4 - m i s o l .  y  = lg (x 2 -

-  4 x  + 5) fu n k s iy a n in g  
q iy m a tla r  to 'p la m in i
toping. -4 0  2 3

106-rasm
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Y e c h i l i s h i . l-usul. K v ad ra tu ch h ad (x 2- 4x + 5 )d a to ia k v a d -  
ra tn i ajratam iz:

x2 -  4x + 5 = (x -  2)2 + 1.
Dem ak, bu kvadrat uchhadning qiymatlari 1 va undan katta  b o ‘1- 

gan sonlardan iborat. Shu sababli y = lg(x2 -  4x + 5) fnnksivaning- 
qiym atlari to ‘plam i nol va undan  k a tta  barcha sonlar to 'p lam idan  
ibo ra t b o ia d i.

2-usul. VIII bobda k o ‘rsatilganidek,
y  =  lg(x2 -  4x + 5) = a 

tenglam a yechimga ega b o ia d ig a n  a ning barcha qiym atlari to ‘pla- 
m ini topamiz:

lg(x2 -  4x + 5)-= a <=> x£~ 4x +  5 = 10" <=> x2-  4x + 5 -  10“ = 0.
Hosil bo ‘lgan tenglam a D >  0 b o ig a n d a  yechimga ega: 

1 6 - 4 ( 5 - 1 0 " )  > 0 < = > 4-5  + 10“ > 0 <=> 10“ > 1 = ^ [a  > 0 .
J a v o b :  [0; + ° ° ).

6-§. Logarifm ik tenglamalar

1 . 0 ‘z g a r u v c h i  lo g a r i f m  b e lg i s i  o s t id a  q a tn a s h g a n  t e n g la m a la r  

l o g a r i f m ik  t e n g la m a la r  d e y i la d i .  Eng sodda logarifm ik tenglam a 
logax =  b (bunda a> 0, a ̂  1) k o 'rin ishda  b o iib , uningild izi x =  ab.

2. lo g ^ x )  = logatp(x) (bunda a > O.a* l , / ( x ) >  0, (p(x)> 0)teng- 
lam aning yechilishi, ko 'rsa tilgan  shartlar bajarilganda bu tengla
m a / (x) =  (p(x) teng lam aga teng  kuchli ekanlig iga aso slan ad i. 
lo g y  (x) = =  loga(p (x) ten g lam ad an / (x) = <p(x) tenglamaga o'tilayot- 
ganda ayrim hollarda chet ildizlar paydo b o iish in i eslatib o ‘tamiz. 
C het ildizlar topilgan ildizlarni berilgan tenglam aga q o ‘yib k o ‘rish 
y o i i  orqali yoki tenglam aning aniqlanish sohasi bilan solishtirish 
yordam ida aniqlanadi.

3. A sos ham , dara ja  k o ‘rsatkichi ham  o ‘zgaruvchiga b o g iiq  
b o ig a n  tenglam alarni yechishda logarifmlash usuli q o ‘llaniladi.

Bunda agar daraja  k o ‘rsatkichida logarifm  ishtirok etsa, u  holda 
tenglam aning har ikkala qism ini shu logarifm  asosi b o ‘yicha lo 
garifm lash kerak.

6 .1 .  L o g a r ifm ik  t e n g la m a la r n i  y e c h is h  u s u l la r i .  1 . L o g a r if m n in g  

t a ’r if id a n  f o y d a la n ib  y e c h i la d ig a n  t e n g la m a la r .

1- m is o l .  log ( x - 1) =  6 tenglam ani yeching.
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Y e c h i l i s h i .  Tenglam aning aniqlanish sohasi: x >  1. Berilgan 
tenglam ani logarifm ning ta ’rifidan foydalanib yechamiz:

log (jc — 1) = 6 «  ( x - 1) = (л/4)6 <=> jc — 1 = 16 <=> [jc = 17. 

J a v o b :  17.
2 - m is o l .  log( ,(х2- 5 х +  10) = 2 tenglam ani yeching. 
Y e c h i l i s h i .  Tenglam aning aniqlanish sohasini topam iz:

X — 1 > 0 ,

X — 1 Ф  1,

X 2 -  5x  + 10 > 0

X > 1,

x * 2.

T englam ani yechamiz:
logv_,(x2 -  5x + 10) = 2 « X 2-  5x + 10 = (x -  l )2 <=>x2-

- 5x + 10 = X 2 -  2x + 1 <=> 3x = 9 <=> [x = 3.
J a v o b :  {3} .

6 .2 .  lo g  t J{x) = 1ой (ф (л )  t e n g la m a n i / (x) = ф (х )  t e n g la m a g a  te n g  

k u c h li  e k a n l ig id a n  f o y d a la n ib  y e c h i la d ig a n  t e n g la m a la r .

3 -m is o l .  log3(x2-  4 x -  5) = log3(7 -  3x) tenglam ani yeching. 
Y e c h i l i s h i .  Tenglam aning aniqlanish sohasini topam iz:

|x  - 4 x - 5 > 0 ,  

17 -  Здг > 0

(x + l ) ( * - 5 )  > 0,
, => [ x e  (-oo; -1 ) .

x < 2

Berilgan tenglam ani yechamiz: log,(x2 -  4x -  5) = log3(7 -  3x) «

» X 2- 4 x -  5 =  7 -  3x<=> x - x - 1 2  = 0=>
X\ = -3 , 

x 2 = 4 .

Bu yerda x  = 4 soni tenglam aning aniqlanish sohasiga tegishli 
emas, shu sababli u  chet ildiz. Shunday qilib, tenglam a yagona 
x  = -  3 ildizga ega.

J a v o b :  - 3 .

4 - m i s o l .  lg (x - 6) -  ^ lg 2 = lg 3 + lg V x - J 0  te n g la m a n i 

yeching.
Y e c h i l i s h i .  Tenglam aning aniqlanish sohasini aniqlaym iz.
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[х> 10.
X -  6 > 0, x > 6,

<=> \
[ jc - 1 0  >  0  [ j f > 1 0

L ogarifm ning  an iq lan ish  sohasidan  foydalan ib , berilgan  teng- 
lam ada ushbu^shakl a lm ashtirishlarni am alga oshirib . tenglam a 
ildizlarini topam iz:

lg ( j c - 6 ) - I lg 2  = lg3 + lg V x -1 0  <=> 2 1 g (* -6 ) - lg 2  = 21g3 +

2 2 

+ 2 lg V x-1 0  »  lg ( * ~ 61 = lg 32 • (x -1 0 ) »  (A ~ '5 ■-  = 9(x-1 0 )  <=>

»  je2 -1 2 x  + 36 = 18x-180<=> jc2 -3 0 jr + 216 = 0=>

jc ,  =  1 2 ,

x¡2 = 15 + л/225 —216
Lx2 =18.

Topilgan ildizlar tenglam aning aniqlanish sohasiga tegishli. 
J a v o b :  {12; 18}.

6 . 3 .  Y o r d a m c h i  o ‘z g a r u v c h i  k ir i t i s h  u s u l i  b i la n  y e c h i la d ig a n  

t e n g la m a la r

5 -m is o l .  log* 5 ■ \¡5-1 ,2 5  = log2 yß  tenglam ani yeching. 
Y e c h i l i s h i .  T englam aninganiqlanish  sohasini to p am iz :x > 0; 

хф  1. Berilgan tenglam ada tegishli shakl a lm ashtirish larni bajarib , 
uning ildizlarini aniqlaymiz:

. \2

logr 5 • х/5 -1 .2 5  = log2 y¡5 <=> log v 5 2 -  ^  =

- J  = ( í Ioi x 5) ■

log у 5 2 4 lo g r 5-

Q 5 V
Y ordam chi o ‘zgaruvchi y  = logv5 ni kiritib , \  y -  4 = '4 «=>

2
<=> y — 6y + 5  = 0 tenglamani hosil qilamiz. U ning ildizlari y t = 1,
y 2 = 5. N o m a’lum  x  ni topish  uchun ushbu  logv5 = 1, logv5 = 5
tenglam alargaegaboiam iz. Logarifm ta’rifidan: 5 = x 1, 5 = x 5, bundan,

jc, = 5, x2 = \[s . Bu ildizlar tenglamaning aniqlanish sohasiga tegishli.

J a v o b :
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6.4. B ir  x i l  a s o s g a  o ' t is h  u su li.

6 - m i s o l .  log0 2 (4x) + log5 (x2 +  75) = 1 tenglam ani yeching. 
Y e c h i l i s h i .  T englam aninganiqlanish sohasi:x > 0 Tenglam a-

2ning 5 asosga o ‘tib  yechamiz: logo 9 (4x) + lo g ,(x  + 75) = 1<=>

log (4x) log (4a)
<=> log^O,?  + 1°g s(x + 75) = log5 5 <=»■■-  5 —-  + log5(x +75) =

= log, 5 <=> log, —£ ] -  = log, 5 <=> = 5 «  -  20* + 75 = 0 =>

*1=5,
x2=I5.

J a v o b :  {5; 15}.

6.5. L o g a r if m la s h  u su li
log  JC

7 - m is o l .  x 3 =  9x tenglam ani yeching.
Y e c h i l is h i .  Berilgan tenglamaning aniqlanish sohasi 1 dan farqli

barcham usbat sonlar to 'p lam id an ib o ra t, ya’ni xe  (0; l )U ( l ;  + °°)- 
Tenglam aning har ikkala qism ini 3 asos b o ‘yicha logarifm lay- 

miz:

t iogv> _  gx ^  1 ) = log(9A) o  log, x • log, x = 2 + log, a: 0

log, x = - \  
log, x =  2

I 2 . _ „ J lo g 3 X =  -
«■ log3 x -  log, x -  2 = 0 —̂ J

x, = 3 , 

x2 = 9

J a v o b :  { j ;  9}.

6 .6 . Logarifmik tenglam alar sistemasi. Logarifm ik tenglam alar 
sistemasini yechishda ham  logarifm larning xossalaridan va yuqorida 
bayon qilingan usullardan foydalaniladi.

I x %y = 100
8 - m is o l .  < ' (x > 0; jc *  1; y > 0; 7  *  1) tenglam a-

[logv x = 2.

lar sistem asini yeching.

263



Y ech ilish i.

I x>Sy = 100, Jig у lg -«г = lg 100, Jig у • 2 lg у = 2, J lg 2 y = l

[logv* = 2 . ~  \ x = y 2. ° i = / .  ~

i " ' 1'
[ jc  =  V .

Xy = 100; y, = 10,<=>
г д:2 =0,01; y 2 = 0 , l .

f[ x = y  .

J a v o b :  (100; 10), (0,01; 0,1).

7-§. Logarifm ik tengsizliklar

0 ‘z g a r u v c h i  l o g a r i f m  b e l g i s i  o s t i d a  q a t n a s h g a n  t e n g s i z l i k l a r  

lo g a r ifm ik  t e n g s iz l ik  d e y i la d i .

7 .1 .  L o g a r i f m ik  t e n g s iz l ik la r n i  y e c h is h .  Logarifm ik tengsizlik- 
larni yechishda у  =  \ogax  funksiya a > 1 da o ‘sishini, 0 <  a <  1 da 
kam ayishini e ’tiborga olish kerak. Shunga k o ‘ra

log J ( x )  < loga(p(x) 
tengsizlik, agar a > 1 b o isa ,

l / ( x ) > 0 ,  ф{х) > 0,

[ / ( * )  <  <P(x) 

sistemaga, 0 <  a < 1 b o is a ,

U (x )  > 0, / (x )  >  0,

1 / U )  > V(x) 
sistem aga teng kuchli b o ‘ladi.

7 .2 .  L o g a r if m ik  t e n g s iz l ik la r n i  y e c h is h g a  d o ir  m is o l la r
1-m is o l .  log3(12 - 2x ~ x 2) > 2 tengsizlikni yeching. 
Y e c h i l i s h i .  Berilgan tengsizlikning o ‘ng tom onin i logarifm  

orqali ifodalab
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12 -  2х  -  X 2 > 9 (*)

log3(12 — 2jc — X2) > log,9 
tengsizlikni hosil qilamiz. Bu tengsizlik

f l2 - 2 x  -  x 2 > 0  

[12 -  2x -  x 2 >9  
tengsizlikka teng kuchlidir. (*) tengsizlikni yechamiz:
\ 2 - 2 x - x r  > 9 <=> x2 +  2л-- 3  < 0 <=> (x + 3 ) (x -  1) < 0 => [(— 3; 1). 

Javob: ( - 3 ;  1)
5x-  3

2-misol. log0 5 x+2 >l  tengsizlikni yeching.

Yechilishi.

5 x -3

1o2o.5 ~*x+ 2 > 1 ~  l o “ o,5 5x+2 > ' ° g o , 5 O- 5  »

x +2
5 x -3

> 0 ,

< 0 .5 .x +2

Berilgan tengsizlikka teng kuchli bo 'lg an  bu tengsizliklar siste- 
masidagi birinchi tengsizlik logarifmik funksiyaning aniqlanish so- 
hasini tavsiflasa, ikkinchisi bu funksiyani 0 < 0,5 < 1 asosda kam ay- 
ishini anglatadi. Shu sistem ani yechamiz:

5 x -35 x -3
x +2
5 x -3
x +2

> 0 ,

- 0 ,5  < 0 .

5 x -3
x +2 > 0,

5 x -3 -0 ,5 x - l
x +2

<=>
< 0 .

x +2 
4,5x—4 

x +2

> 0,

< 0 .

Bu sistem aning yechimi 107-rasmda tasvirlangan.

J a v o b :  (§ ; § ) .

3-m isol. logj x + k)g5(x + 1) < log5(2x + 6) tengsiz likn ing  eng 
katta  butun  yechimini toping.

Y e c h i l i s h i .

Qv/V/,r ,7? /' /' 4 ̂
-2  О 3 8 

5 9

107-rasm
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2x + 6  > 0,

log, x(x + 1) < log, (2x+6)

{x(x + l ) < 2x + 6
x > 0, x > 0,

<=>
x ' - x - 6 < 0 .

x > 0,

(x -3 ) (x  + 2 )< 0 .
=>[(0; 3].

Berilgan tengsizlikning yechimi b o ig a n  (0; 3] oraliqdagi eng 
k a tta  bu tu n  son 3 ga teng.

J a v o b :  3.

4 -m is o l .  x'":'2 ' <  6 4  tengsizlikni yeching.
Y e c h i l i s h i .  Tengsizlikning chap qism idagi logarifm ik funk- 

siya x  > 0 da aniqlangan. Tengsizlikning shu shartni qanoatlan ti- 
ruvchi yechim larni topish uchun uning h ar ikkala qismini 2 asosga 
k o ‘ra logarifm laym iz:
log,(xIOi:" 5) < log, 64 <=> (log, x + 5)log, x <  6 <=> log; x + 51og, x -  

-6  < 0 =;> [log, x = r] => t l + 5t -  6 < 0 => (t + 6)(i -1 )  < 0 =* -6  < t < 1. 
Shunday qilib, berilgan tengsizlik

J log 2 x>~6,
[lo° v < l tengsizliklar sistemasiga keltiriladi. Bundan x  > 2 6,

x  <2.
J a v o b :  (2^; 2)
5 -m is o l .  log2v + 3x 2 < 1 tengsizlikni yeching.
Y e c h i l i s h i .  Tengsizlik chap  qism idagi logarifm ik funksiya

o ‘zgaruvchining x  > -  1,5, x ^ -  1 va x  ^  0 qiym atlarida an iq lan
gan. Berilgan tengsizlikni quyidagi k o ‘rin ishda yozamiz:

Bu yerda ikki hoi qaralishi kerak: 2x + 3 > 1 va 0 < 2x + 3 < 1. 
Shunga k o ‘ra,

log 2„3*2 < lo g 2„ ,(2 x  +  3).

!og2„,*2 < log:„,(2x + 3) <=>

( x -  3)(x + l) > 0;
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’ => (—1,5; -1 )U  (—1; 3).
-1 ,5  < X < -1;

Berilgan tengsizlikning chap qismidagi logXv + 3x 2 < 1 logarifmik 
funksiya X = 0 da ham aniqlanmaganligi uchun tengsizlikning yechimi 
(-1,5; -1 ), (-1 ; 0) va (0; 3) oraliqlar birlashm asidan iborat b o iad i.

J a v o b :  ( -1 ,5 ;- 1)U< 1; 0)U (0:3)
7.3. Logarifm ik tengsizliklar sistemasi. Logarifm ik tengsizlik- 

lar sistem alarin i yechishda algebraik tengsizlik lar sistem alarin i 
yechishning m a ’lum  usullari logarifmning xossalaridan foydalangan 
holda ishlatiladi.

J (jc -l)lg 2  + lg(2x+' +1) < lg(7 • 2X + 12),
6 - m i s o l .  1 , , te n g s iz lik la r[logt (x + 2 )> 2

sistemasini yeching.
Y e c h i l i s h i .  Sistemaning birinchi tengsizligida qatnashayotgan 

logarifmik funksiyalar o ‘zgaruvchi x ning har qanday qiymatlarida 
aniqlangan b o ‘lsa. ikkinchi tengsizlikdagi logv(.x + 2) logarifmik funksiya 
o'zgaruvchining musbat va 1 dan farqli qiymatlarida aniqlangan. Shu 
sababli, sistem aning aniqlanish sohasi (0 ; 1) va ( 1; + 00 ) oraliqlar 
birlashmasidan iborat.

Berilgan tengsizliklar sistemasini yechamiz:

J (x - 1) lg 2 + lg(2'c+ ' + 1) < lg(7 • 2X + 12), ^

[logt (x + 2) > 2 ;

lg 2X~] ■ (2x+] +1) < lg(7 • 2X +12), 22x +2x~l < 7 • 2* +12,
JC > 1, • x>l,
x + 2 > x2 ; x2 -  x -2 <0\

о
\g2x~l (2x+' + 1)< lg(7 2X + 12), 2 + 2 <1-2X + 12,
0 < x < 1, 0 < x < 1,
x + 2 < x2 ; x2 -  x-2>0\

12 ■ 22x —13 • 2* — 24 < 0,
[l < * < 2; <=> [l < дг < 2.

{0

Javob: (1; 2).
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1. y  = a* va y = ( i )  funksiyalarning (a > 0 ; a *  1) grafiklari 

uchun ushbu tasdiqlarning qaysi biri n o to ‘g ‘ri?

B) U la rn in g  g ra fik la ri ab ss issa la r o ‘q iga n isb a ta n  o ‘zaro  
sim m etrik;

C) U la rn in g  g ra fik la ri o rd in a ta la r  o ‘qiga n isb a ta n  o ‘zaro  
sim m etirik;

D) U larning grafiklari Ox o 'q id an  yuqorida joylashadi;
E) U larning grafiklari koordinatalar boshiga nisbatan simmetrik 

emas.
2. у  = 2х -  2 funksiyaning qiym atlari to ‘plam ini k o ‘rsating.

A )(0; + °°); B )(-2 ; + ~ ) ;  C ) ( l ;  + °°); D )(-«»; + «»); E ) [-2;0].

a x+a~x a x + 1 x  ax - 1 .  , .
3. Ji -  9 > У2 = > y3 =  v a  v4 =  x  funksi-

ax- 1 ax- 1 ax+ \
yalardan qaysi biri ju ft funksiya?

A )y ,,y¿  В )y t; С )y2; D ) y t,y4; E ) y r y3.
4. y -  log3( -  3x) funksiyaning aniqlanish sohasini toping.

A) (—00 ; 0); B ) ( -° ° ;3 ) ;  C )(3; + ~ ) ;  D ) ( - 3 ;+ ~ ) ;  E )(0 ; + ~ ) .
5. у  = log2(x + 6) + log3(6 -  x) funksiyaning aniqlanish sohasiga 

tegishli bu tun  sonlar nechta?
A) 6; B) 7; C) 10; D ) 11; E) 5.

Mustaqil ishlash uchun test topshiriqlari

6 > ^ ° ^ 0'5 x2_j funksiyaning aniqlanish sohasini toping.

A) ( o , 5 ( l - 7 5 ) ;  o ) l l  ( o ,5 ( l + >/5 ); + 00);

B) (-1; 0)11 (1; + °° ) ;C )  (0; 1);

D) ( 0. 5 ( 1- л /5 ) ; 0 ,5 (1 + л /5 ) ) ;  E) (—1; 1).

7. Q uyidagi funksiyalardan qaysilari to q  funksiya?

, 1+x 2 ax+ 1 2
y , = l n T- - , y 2 = x  ,>3 = •

a x— 1 a 2x+ a  2x 

A ) y , ;  В )  y 2 ;  C )  y } ; D )  y 2 , y 3;  E ) y , , y 2 .
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2

lashgan?
A) II. IV; B) II, III, IV; C) II, III; D) I, IV; E) I, II, III.

8. y = log ,(x  + 2) funksiyaning grafigi qaysi choraklarda joy-

9. V: log 1 (x+2) 
2

fu n k s iy a n in g  g ra fig i qaysi c h o ra k la rd a

joylashgan?
A) II, IV; B) II, III, IV; C) II, I; D) I, IV; E) I, II, III.

10. y, =(10_1)Jt,y 2 = 10*, y3 = ( 130 ) ' , y 4 = 3  (10“2)Jr
funksiyalardan qaysilari kam ayuvchi?

A)yvyj, B) y{, c ) yr y3; D) y,,y2,y }; E) y l,y v y4.
11. p = log, 2 ^ ; q = logM I ; m  = log1>5 0,5 va n = log0J 4,5 

sonlardan  qaysilari m usbat?

12. a = lo g , ^ , b = lo g , 3 , c = lo g , 3 sonlarni o ‘sish tartib ida
5 5 3

yozing.
A) a < b < c,B) c < a < b,C) c < b < a;D) b < a < c;E) a < c < b.

13. m = log6 ^ , n = log6 3 , / = lo g , 64 sonlarni kam ayish tar-
8

tib ida yozing.
A )m > n>  /; B)n > m > l;C)n > l>  nr, D)/>; > / > n:E)l > n > m.

14. A gar log,2 = a b o is a , log ,6 ni a orqali ifodalang.

A )a  + 1; B) 3a; C ) a - 1 ;  D ) a - 3 ;  E) 2 .

15. A gar log23 = n b o is a , log9 yjo,15 ni n orqali ifodalang.

A) ” “ 3 ; B) 2 - «  ; C) " ~ 4 ; D) " ~ 10 ; E) 2 .

16. A gar logs2 = a, log53 = c b o is a ,  log512 ni a va c orqali 
ifodalang.

A ) c - 2 a ; B ) 2 a - c ;  C) 2a + c; D )2 a ■ c; E )a c. 
17*. A gar log,,5 =  a, log1211 = b b o is a , log,7560 ni a va b orqali 

ifodalang.

A) 2aa + 'b  : B> 2 a + \  i C) i D> = E) 5« + 12b .
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18*. A gar log712 = a, log1224 = c b o isa , log54168 ni a va c orqali 
ifodalang.

a+c l+ac 1 +ac 8a-5ac  8 a -5 c
'  8 a -5 c  ’ '  8a —5ac ’ '  8 a -5 c  ’  ̂ l+ ac  ’  ̂ l+ a c  '

0,5 log 10 + 1
----- 19. 16--------------ni hisoblang--------------------------------------------------

A) 40; B) 26; C) 160; D) 56; E) 176.

3 log j 0 , 5 - l o g 2 7 2

20. 27 3 ni hisoblang.

A) 1; B ) 3 £ ;  C )9 ; D) 3; E) \ .

21. 31og2 log4 16 + log05 2 ni hisoblang.
A )log23; B) 2; C )lo g 23 + l; D) 3; E )lo g 23 - l .

I log 5 log 7
22*- v 25 6 +49  8 ni soddalashtiring.

A )V 7 4 ; B ) V l0 ;  C ) V l4 ;  D) 10; E) 100.

23. - lo g 2 log2 ^  ni soddalashtiring.

A ) - J ;  B) - l o g 2 3 ; C) -3 ; D )4 ; E) 3.

24. 8log23 (ig 6 , 7 - lg 0 ,6 7 ) ni hisoblang.
A) 3; B) 9; C) 27; D) 30; E) 270.

logj 12 + log412 ■ log4 3 -  21ogj 3 . .
25‘ log412 + 21og43 ni soddalashtiring.

A) log43; B) - lo g 43; C) 2; D) 1; E ) - l .
26. log3 4 • log4 5 • log5 6 • log6 7 • log7 8 ■ log8 9 ni hisoblang.

A) 2; B) 3; C )4 ; D) 6; E )9.
27. a = log0 ->8’ b = log3 0 ,8, c = log09 2, d = log4 2, / =  log(L, 0,2 

sonlaridan qaysilari m usbat?
A) a va d; B) b va d; C) a, c va d; D) c va d; E) d  va /.

28 v = log3 ^81 1- 3 l T 3 j  funksiyaning an iq lan ish  sohasini 

toping.
A) (0; ° ° ); B) (-3; -1 ); C) (1; 3); D) ( -~ ;  1)(J  (3 +  ~ ) ;
E) (-oo; — 3) U (—2; +oo).
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( _1 1

29. i  3-1287 -e_ln48 2-V 3
V

30*

+ ^  ni hisoblang.

A) 1; B) 2; C )3 ; D ) 4; E) 5.

m l0g2V2(4- 8 + i 6 " ^ +-)  . . .  .
*. m hisoblang.

A) 36; B) 24; C) 32; D ) 28; E) 16.
31. 36~x = 3lv_2 tenglam ani yeching.

A) 6; B) 4; C )2 ; D ) -2 ;  E) 1.
a3 _ 9 a.

32. 1-4-1 =1 tenglam aning ildizlari nechta?
1 7 2 /

A) tenglam aning ildizlari y o ‘q; B) 1 ta; C) 2 ta;
D) 3 ta ; E) 4 ta. ________________________

3 3 / 2X - 5X = 0 ,1 (10 '~ 1 )5 tenglam ani yeching.
A) 5; B) -5 ; C) 2; D) 1,5; E ) - l ,5 .

34. 4 t+I-5 + 2 t+2 = 4 tenglam aning ildizlari yig‘indisini toping. 
A) —1; B) 0; C) 1; D) 2; E) 3.

35 . 33t+l -  4 • 2Tx [ + 9I'5*~I = 8 0  tenglam aning ildizlarini toping. 
A) 1 va -1 ; B) 1; C ) -1 ; D) 0; E) 2.

36. 32,+4 + 4 5 -6 " - 9 -22x+2 = 0  tenglam a ildizi 10 dan qancha- 
ga kichik?

A) 8; B) 6; C )2 ; D ) 14; E) 12.

37. 3 - 4 ' - 5  • 6 ' +  2 • 9 r = 0 tenglam aning ildizlari yig‘indisini 
toping.

A) 0; B ) -1 ; C) 1; D) 2; E) 4.

38*. ( \ l2 -  \/3 ) + (^ 2  + V i j  = 4 tenglama nechta ildizga ega?

A) tenglam aning ildizlari yo‘q; B) 4 ta; C) 3 ta;
D) 2 ta; E) 1 ta.

39. 3 '+1 + 3 t_l + 3 V~" = 5 JC + 5 1-1 + 5 ' “ tenglam aning ildizlari
ni toping.

A ) -2 ; B) —1; C) 0; D) 1; E) 2.
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40*. (x - 3 ) * 2 = ( x - 3 ) A tenglam a nechta ildizga ega?
A) 4; B) 3; C) 2; D) 1; E) tenglam aning ildizlari yo ‘q;

2 x 2 - l41*. (x" — jc — 1) = 1 tenglama ildizlarining ko‘paytmasini toping. 
A) —1; B) 0; C) 1; D )-2 ;  E) 2.

~ \ l x -3y =12,
42. L ,  3 r _ i §  tenglam alar sistemasini yeching.

A) (2; 1); B ) ( l ;2 ) ;  C) (-2 ; 1); D ) (2; -1 ); E) (0: 0).

x +  y = 6,
43*. ' v2 7t+i2 tenglam alar sistemasi nechta yechimga ega?

y =1

A) 4 B) 3; C) 2; D) 1; E) sistema yechimga ega emas.

44. log, (x2 + 4x + 3) = 3 tenglam ani yeching.
A ) - 5 v a l ;  B) tenglam aning ildizlari yo‘q; C )-5 ; D ) 1;
E ) - 3.

45. lo®3̂ ('x 6 ten g lam a  ild izi jo y la sh g an  o ra liq la rn i 

k o ‘rsating.
A )(-° °  ; —1); B) (—1;0); C )(0; 1); D ) ( l ; + <*>); E )(15; + °°).

46. log5(x + l ) - l o g 5(2x + 3) = 1 tenglam aning ildizlarini toping. 
A) tenglam aning ildizlari yo‘q; B) 0; C) 1; D) -3 ; E) 2 va 3.

47. log5 x -  log^= x - 3  = 0 tenglam aning ildizlari k o ‘paytm asi- 
ni toping.

A) 1; B) 10; C )-1 0 ; D) 25; E )-2 5 .
9

48. log^ x + log0 , x = 2 tenglam aning bu tu n  ildizini k o ‘rsating. 
A) 2; B) 5; C) 10; D ) 15; E )25.

49. x lgJt =10000 tenglam aning ildizlari k o ‘paytm asini toping. 
A) 0,01; B) 0,1; C) 1; D) 10; E) 100.

50. jg jL g  + iex+2 =  ̂ ten§ 'am a en8 k a tta  ildizining eng kichik

ildiziga n isbatin i toping.
A) 102; B) 103; C) 104; D) 10s; E) 106.
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51. log3 Jc log9 jc log27 jc • log8l Jc = 3 tenglamaning ildizlari
ko'paytmasini toping.

A) 100; B) 1; C) 0,1; D ) E ) 0 , 0 1 .
52*. log4(log2 jc) + log2(log4 x) = 2 tenglama ildizini toping.

A) 4; B) 8; C) 16; D) 32; E) 36.
53. 4lgr- 3 2  + x ]g4 = 0 te n g la m a n in g  ild iz la ri y ig ‘in d is in i

A) 0,1; B) 10; C) 10,1; D) 100; E) 110.

A) (0; 1); B) ( - 1 ; - | ) , ( 1 ; 0 ) ;  C) ( -  \ ; - 1 ) .  (0; 1);

D ) (-5 ; -3 ); E)(f; |).

56. (0,5)* < tengsizlikning eng kichik butun yechimini to-

toping.

log  ( 3 JT— 4 )

2 2 = 8,
54. 1 . ,

log9(jc2-;y2) - l o g 9(x + y )  = 0 ,5
tenglamalar sistemasini

yeching.
A) (0; 1); B) (1; 1); C ) (2 ; l ) ; D) (1; 3); E) (4; 1).

tenglamalar sistemasini yeching.

ping.
A) 8; B) 7; C) 6; D )4 ; E )2 .

57. 2,56 > i g j  tengsizlikni yeching.

A ) ( l ;  + °°); B )(4 ;2 ); C) (-<*>; 4 ) U (2; + ° ° ) ;

D ) (2; + °°); E )(0 ; + ~ ) .

59*. (4x2 +2 x  + 1)*2-* > 1 tengsizlikni yeching.
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D) (—°°; — 0,5) U (1; + °°); E) (—°°; 0) U (1; + ° ° ) .
2

60. 1 < 3 < 9  tengsizlik nechta bu tun  yechim ga ega?
A) 8; B)6; C )4 ; D) 1; E) bu tun  yechim lari y o ‘q.

61. x 2r -  22+x <T3 tengsizlikning butun yechimlari ko 'paytm a- 
sini toping.

A) 2; B) 4; C) 0; D ) - 4 ;  E ) l .

62. 38c - 4 - 3 4r < -3  tengsizlikning butun yechimlari yig‘indisi- 
ni toping.

A) 6; B) 4; C )0 ; D ) - l  E ) - 2 .
log  (3r+3)

6 3 .3  3 > 2x -  5 tengsizlikning eng kichik bu tun  yechimini 
toping.

A) -  3; B )- 2 ;  C ) - 1 ;  D) 2; E ) - 2 ,5 .

64. logg {x +1) + logg x < logg 2 tengsizlikni yeching.
A) (0; 1); B) (-2; 0); C ) ( - 2 ; l ) ;  D ) ( - l ;2 ) ;
E) (0; 2).

65. log5( x - 3 )  < 2 tengsizlikn ing  eng kichik b u tu n  yechim i 
nechaga teng?

A) 27; B) 10; C) 6; D) 3; E )4 .

66. I°g5.2 ^+3  > 0  tengsizlikni yeching

A) ; -3 ); B) (0; + 00); C )(-3 ; + °°); D ) ( - ~ ; 0 ) ;
E) (-oo; - 3 ) U ( - 3 ; 0 ) U ( 0 ;  + - ) .

67. log02 • > 0 tengsizlikning eng kichik bu tun  yechimini
x2+\

toping.
A) 1; B) 2; C ) - l ;  D )-2 ; E) 0.

68*. log05 log,s ~~r ~ 3 < 0 tengsizlikning eng kichik yechimi 8

dan  qancha kam?
A) 5; B) 4; C) 3; D) 2; E) 1.

69. x]gx <100.v tengsizlikning eng kichik va eng k a tta  yechim la
ri k o ‘paytm asini toping.

A) 1000; B) 100; C) 10; D) 0,1; E) 0,001.

A ) (-<*>;-0,5); B ) ( l ; + ~ ) ;  C ) (-0,5; 1);
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70*. log (3 -  2jc) > 1 tengsizlikni yeching.
X2 ■

A) (-3 ; 1); B) (1; 1,5); C) (0; 1); D) ( - » ;  - 3 ) U  (1; + ~ ) ;
E) (-3 ; -1 ).

7 1*. > 0 tengsizlikni yeching.

A) (—3; - 2 ) U  (-1; 0 ); B ) (0 ; - ° ° ) ;  C ) ( -2 ;+ ° ° ) ;
D) (-3 ; -2 ); E ) ( - 7 ; - l ) .

72*. A g a r  x  — 2,25 son i loga ( 3 - x +2x)  < \oga(x2 - x - 2 )  
tengsizlikni q anoatlan tirish i ma lum  bo Isa, shu tengsizlikning 
yechim ini toping.

A) (1,5; 3); B) (2; 2,5); C) (2; 3); D) (1,5; 3,5); E ) ( l ;3 ) .

73 lo§ ^ x4 + 27*~ + 28) > 2 tengsizlikning butun  yechimi-
3.r2+5

ni toping.
A) 3; B) 2; C) 1; D) 0; 0 - 1 .

74. log2 lo g , log5 jr > 0 tengsizlikning eng katta  butun  yechimi-
5

ni k o ‘rsating.
A) 1; B) 2; C) 3; D )4 ; E) 5.

75*. log01U  + 5)8 > lo g 01( 3 x - l ) 8 tengsizlikni yeching.

A) (—°°; - 5 ) U  (-5; -1)U (3; + °° ) ; B) ( - » ;  - D U  (3; + °°).

C) H » ;  - 5 ) U ( 3 ;  + °°); D ) ( - ° ° ; - 5 ) ;  E ) ( - ° ° ; l ) .



X I I  B O B

TRIGONOMETRIYA ELEMENTLARI. 
TRIGONOMETRIE FUNKSIYALAR

l - § .  B u r c h a k l a r n i n g  g r a d u s  va  r a d ia n  o ‘l c h o v la r i

H ar qanday burchakni nurni o ‘zining boshlang‘ich nuqtasi atro- 
fida aylanishi natijasi deb qarash mum kin. M asalan, nurni О nuqta 
atrofida boshlang‘ich vaziyat OA dan OB holatgacha burib, OAB 
burchakni hosil qilam iz (108-rasm).

1 .1 .  B u r c h a k n in g  g r a d u s  o ‘lc h o v i.  O datda burchak kattaligining 
o ich o v  birligi sifatida t o i a  aylanishning 1/360 ulushi qabul qilingan 
b o iib , bu birlik gradus deb ataladi va Io kabi belgilanadi.

B ir  g r a d u s li  b u r c h a k  sh u n d a y  b u r c h a k k i, b u  b u r c h a k n i n u r  o ‘z ¡-  

n in g  b o s h la n g ' i c h  n u q ta s i  a t r o f id a  s o a t  m i li  y o ‘n a ! i s h ig a  t e s k a r i  

y o ‘n a !ish d a  t o ‘la  a y la n is h n in g  1 /3 6 0  q is m ig a  b u r ilib  h o s i l  q i la d i.

Gradusning 1/60 ulushi minut deyilib. 1 'kabi belgilanadi, minutning 
1/60 ulushi esa sekund deb atalib, 1 "kabi belgilanadi.

1 .2 .  B u r c h a k la r n in g  i s h o r a la r i .  B a’zan num ing  qaysi y o ‘nalish- 
da burilishini aniq k o ‘rsatish aham iyatga ega b o ia d i. O datda, nur

108-rasm 109-rasm
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so a t m ili h a ra k a t i  y o ‘n a lish ig a  te sk a r i  y o ‘n a lish d a  b o i s a ,  
bu rchakn ing  o ic h o v i musbat deb, aks ho lda manfiy deb qabul 
qilinadi.

1.3. Burchakning radian o ‘lchovi. T rigonom etriyada bu rchak 
larning gradus o ich o v i bilan bir qa to rda  radian o ic h o v i deb atala- 
digan o ic h o v  ham  ishlatiladi.

O ‘zun/igi aylana radiusiga teng bo ‘Igan yoyga tiralgan markaziy 
burchak 1 radian burchak deyiladi (109-rasm). Uzunligi nR (yarim 
aylana) b o ig a n  yoy 180°li m arkaziy burchakni to rtib  turganligi 
uchun uzunligi R b o ig an  yoy K m arta k ich ikbo igan  burchakni tortib  
turadi, y a ’ni

i r a d = (i m ) ° .

n ~ 3,14 b o ig a n i uchun 1 rad = 57,3° = 57°17'45".
180° li burchakka n rad mos kelganligidan

1 ° — f t  r a f i1 -  j g0 rad

b o iad i.
Agar burchak  a  radiandan iborat b o is a , u holda uning gradus 

o ich o v i

a rad f ? “)’ (1) 
b o iad i.

A gar burchak  a  gradusdan iborat b o isa , u holda uning radian 
o ichov i

a °= 180 a  rad
b o iad i.

1 - m a s a la .  1) ^  rad; 2) ~ rad; 3) ^  rad: 4) j  rad; 5) ^  rad; 6) ^  rad

ga teng burchaklarning gradus o ichov larin i toping.
Y e c h i l i s h i . Burchakning radian o ichov idan  gradus o ichov iga  

o iis h  uchun (1) form uladan foydalanamiz:

1) | rad =  ( i M . | ) O= 3°0; 2) 5 r a d - ( 18 0 ^ ) ° - 4 5 ° ;

3) ^ rad = ( '^ .° ' 3 )° =  60°; 4) J  r a d ^ 1“ -*)* = 90°;

5) 3̂ r a d  = ( 1^0 - 3 f ) ° = 135o; 6) r a d = ( l J0 -56it)° =150°;
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J a v o b :  30°; 45°; 60°; 90°; 135°; 150°.
2 -m a s a la .  1) 15°; 22,5°; 75°; 120° ga teng burchaklarning radi

an o ichov larin i toping.
Y e c h i l i s h i . Burchakning gradus o ichov idan  radian o ichov iga 

o ‘tish uchun (2) form uladan foydalanam iz:

Ï Ï  15° = j ^ - lS r a d  = p  rad;

2) 22,5° = j • 22,5 rad = ® rad;

3) 75° = I^ - 7 5 ia d  = f f ra d ;

4) 120° = , ? ■ 120 rad = ^  rad.loU _____ a__
J a v o b :  , ^() rad: * rad: ^  rad: rad.

2 -§ .  S o n  a r g u m e n t in in g  s in u s i ,  k o s in u s i ,  t a n g e n s i,  

k o t a n g e n s i ,  s e k a n s i ,  k o s e k a n s i

M arkazi koord inata  boshida b o iib , radiusi R ga teng aylanada 
P0{R;0) nuqtani belgilaymiz. A gar boshlang‘ich radius OP0 kesma 
0(0;0) m arkaz atrofida a  burchakka burilsa, P0(R;0) nuqta  P Jxu:uJ 
nuqtaga o ‘tadi (1 10-o rasm).

T a ’r i f l a r :
1. a  burchakning sinusi deb, /J(inuqta  ordinatasining radiusga 

nisbatiga aytiladi (sina bilan belgilanadi), y a ’ni

s i n a = ' “ . (1)
A

2. a  burchakning kosinusi deb, Pa nuq ta  abssissasining radiusga 
nisbatiga aytiladi (cos a  bilan belgilanadi), y a ’ni

cosa  = ^ - .  (2)
A

3. a  burchakning tangensi deb, P a nuq ta  ordinatasining uning 
abssissasiga nisbatiga aytiladi (tg a  bilan belgilanadi), y a ’ni

tg a  = 'TL- (3)

4. a  burchakning kotangensi deb, /^n uq tan ir.g  abssissasini uning 
ordinatasiga nisbatiga aytiladi (c tga bilan belgilanadi), y a ’ni

ctg “  = (4)
> a
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5. a  burchakning kosinusiga teskari kattalik sekans (seca), sinusga 
teskari kattalik  kosekans (coseca) deb ataladi, ya’ni

se c a  =  1 , (5): c o se c a  = . 1 . (6) co sa  v ” sin a  4 '
a  b u rch ak n in g  sinusi, kosinusi, tangensi va ko tangensin ing  

qiymatlari faqat a  burchakka b o g iiq  b o ‘lib, aylana radiusiga bog iiq  
em as. M asa lan , qu y id a  s inusn ing  rad iu sg a  b o g ‘liq  em asligini 
k o ‘rsatam iz. OP0 nu r О nuq ta  atrofida a  burchakka burilganda 
ON0 = R x va OP0 =  R2 radiuslar ONx va OPx holatlarga o ‘tsin (1 10-¿> 
rasm). N x nuqtan ing  koordinatalarin i x x va y x orqali, P x nuqtaning 
koordinatalarin i x 2 va y 2 orqali belgilaymiz. N x va Px nuqtalardan  
Ox o ‘qiga perpend iku larlar tushiram iz. ONxN 2 va OPxP , to ‘g‘ri 
burchakli uchburchaklar o ‘xshashligidan

Р\Рг Ы - ЫN¡N2
ON, OP,

N, va P, n u q ta la r b itta  cl 1

y a 'm

)Ш kk
л, я ,

tegishli bo lganhgi sababli .. j  . «  * j « J L j i ü i a i  i / i i i a  v- i i v / i  a i v i v a  u u  i g a i i l l g l

ularning ordinatalarin ing ishoralari bir xildir, demak,

У] _  У2 
R\ R2

Shunday qilib, har qanday burchak uchun nisbat R radiusga 

b o g iiq  emas.
Xuddi shunga o ‘xshash, kosinusning ham  radiusga b o g iiq  emas

ligini ko 'rsatish  m um kin.
Markazi koordinatalar boshida bo'lib, radiusi 1 birlikka teng 

bo'lgan aylana birlik aylana deb ataladi (111-rasm).
Birlik aylanada R = 1 b o lg a n i uchun (1) va (2) tengliklar

110-rasm 111-rasm
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sin a  = y a, (1 ')
co sa  = x a (2 ')

k o ‘rin ishda yoziladi. Shu sababli, burchakning sinusi nuqtan ing  
ordinatasiga, kosinusi esa abssissasiga teng deb ta ’riflanadi. Shunga 
k o ‘ra  (3) va (4) tengliklardan tangens va kotangens

tg a  = -Siníí- (co sa  *  0) (3 ')
cosa

c t g a  = c9s a  ( s in a  *  0) (4 ')°  s ina v ’
form ulalar bilan ta ’riflanishi kelib chiqadi.

Aylanada Pr)( 1; 0) nuqtani 2jt(360°)ga burishda nuqta dastlabki
holatiga qaytadi, uni -2n  ga, ya’ni -360° burishda ham  yana dastlabki
holatiga qaytadi. Nuqtani 2n dan katta burchakka va -2n  dan kichik
burchakka burishda ham  shunday holat kuzatiladi. M asalan, Pn( 1:())

nuqtani 50~ = 2 ji + " ;  ^  = 2 • 2;: + ^ , 1 =  3 • 271 + "  burchaklarga

burishda nuqta soat mili harakatiga qarama-qarshi yo'nalishda mos

ravishda bitta, ikkita va uchta to ‘la aylanishni o ‘tadi va yana j  yo‘lni

bosib o 'tadi. Bunda P0( 1 ;0) nuqtani , burchakka burishdagi Pg( 1; 0) 

nuqtani o ‘zi hosil bo ‘laveradi (111-rasm). Shunga o ‘xshash, nuqtani

~^2 = ~2n -  - | ; - ' y  =  - 2 - 2 7 c - - | , - ^ e = - 3 - 2 j c - ^  burchaklarga 

burishda u  soat mili harakati b o ‘yicha mos ravishda bitta, ikkita va 

uchta to ‘la aylanishni o ‘tadi va yana -  j  yo‘lni bosib o 'tad i va P0( 1; 0)

nuqtani -  ^ burchakka burishdagi nuqta P}(0; -1) hosil bo ‘laveradi 

(111-rasm).
U m um an, agar a  = a 0 + 2kn (bunda k - bu tun  son, k e  Z) b o ‘lsa, 

u holda a  burchakka burishda a 0 burchakka burishdagi nuqtaning 
o ‘zi hosil b o ‘ladi.

Shunday qilib, har bir haqiqiy a  songa birlik aylananing P()( 1 ;0) 
nuqtasini a  rad burchakka burish bilan hosil qilinadigan birgina 
nuqtasi m os keladi.

H ar qanday  a  burchakka yagona Pa(-\;ytt) nuqta  m os kelgani 
uchun, shu burchak sinusi va kosinusining ham  yagona qiym ati mos 
keladi. Shuning uchun sin a  va cosa  son argum enti an in g  funksiyala- 
ridir (geom etriyada sina  va co sa  lar a  burchak qiym atlarining funk- 
siyalari sifatida qaralishini eslatib o ‘tamiz).
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sin a  va co sa  son argumenti a(oce R) uchun ta ’riflangan, ularning 
q iym atlari -1  dan  1 gacha ekanligini, tg a  faqat c o s a ^ O , y a ’ni

a = -y+ k n ( k  e Z ) dan boshqa burchaklar uchun, c tg a  esa faqat

s in a  Ф 0 b o ‘lgan, ya’ni a - k n  (ke Z) dan boshqa burchaklar uchun 
aniqlanganligini, ularning qiym atlarining to 'p lam i barcha haqiqiy 
sonlar to ‘plam idan  iborat ekanligini t a ’kidlab o 'tam iz.

Sinus, kosinus, tangens va kotangenslarning amaliy hisoblash- 
larda k o 'p ro q  ishlatiladigan qiym atlari 1-jadvalda keltirilgan:

1 -m is o l . 5sin  £ + 3tg " - e o s  ’j - l O t g  ^ ni hisoblang.

Y e с h i 1 i s h i . Berilgan ifodaning qiymatini hisoblashda sina, cosa 
va tg a  ning 1-jadvalda berilgan qiym atlaridan foydalanamiz:

5 s i n |  + 3 t g ^ - c o s | - 1 0 t g | = 5 - l  + 3 - l - ^ - 1 0 1 = | - 7 - ^  =

_ 5 — \4—\Í2 __9+\¡2
2 2 '

J a v o b :  - 9+f - .

2 - m i s o l . ^2tg ^  -  tg 2 j : eos ^ + sin ^  n in g  q iy m a ti

2 sin ^ + \Í2 eos ^  ning qiym atidan qanchaga kam?

1-jadval

a 0 К
6

n
4

я
3

n
2 71 2 71 2n

0° 30° 45° 60° 90° 180° 270° 360°

sin a 0
1
2

V2
2

7з
2 1 0 -1 0

cos a 1 s
2

\Í2
2

1
2 0 - 1 0 1

tg a 0
1

s 1 V3
mavjud

emas 0
mavjud

emas 0

c tg a
mavjud

emas 7з 1
1

73 0
mavjud

emas 0
mavjud

emas
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Y ec h i lis  h i .  Berilgan ifodalarning qiym atlarini hisoblaymiz:

V2 _  2 -3  2
2 x/3 V31) ( 2t8 6 - tg f ) :c o s6 + s in 4 = ( 2 - v J - V 3) : # - +

1 V2 _  2 1 V2 .
2 3 2 ’

2) 2 s in ^  + V2 cos £ = 2- ^  + V 2 V2 = V2 + 1.

3) Ikkinchi ifoda qiym atidan birinchi ifoda qiym atini ayiramiz:

V2+1- _  2 , -v/2 
3 2 ] = Æ + 1 + 2 _ Æ  = V2 + 5 

3 2 2 3

J a v o b : 72
2

5 -£ . S i n u s ,  k o s in u s ,  ta n g e n s  va  k o t a n g e n s n in g  i s h o r a la r i

sincc va c o sa  ning ishoralari birlik aylananing Pa nuqtasin ing ya 
o rd inatasi va x a abssissasi ish o ra la ri b ilan  an iq lanad i. B irinchi 
ch o rak d a  jo y lash g an  n u q ta la rn in g  o rd in a ta la ri va abssissalari 
m usbat. Shu sababli, agar 0 < a  < ^  b o ‘lsa, s in a  > 0 va co sa  > 0

b o ‘ladi (112-rasm). Ikkkinchi chorakda joylashgan nuq ta la r uchun 
o rd inatalar m usbat, abssissalar esa manfiy. Shuning uchun, agar

* < a  < n b o ‘lsa, s in a  > 0, co sa  < 0 b o la d i. (1 13-rasm). Shunga

112-rasm
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114-rasm 11 S-rasm

o'xshash. uchinchichorakda < a  < )  s in a  < 0 v ac o sa  < 0 (1 14‘

rasm), to 'rtinchi chorakda ( 3* < «  < 2irj s ina  < Ova co sa  > OboMadi 
(115-rasm). 116-rasmda s in a  va cosa  larning ishoralari koord inata  
choraklari b o ‘yicha tasvirlangan.

Tangens tg a  = , kotangens c tg a  = “ ns “  form ulalar bilan

aniqlanganligi sababli, agar s in a  va co sa  b ir xil ishoraga ega b o ‘lsa, 
tangens ham, kotangens ham m usbat (tg a  > 0, c tga > 0), sina va cosa 
qaram a-qarshi ishoralarga ega bo 'lsa , tangens va kotangens manfiy 
(tg a  < 0, c tg a  < 0) bo‘ladi (117-rasm).

y ‘
co sa

/  - +  \

0
/ x

+  /

a) b)
116-rasm
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1 -m iso l. sinl50° • coslOO0-
• tg230° • ctg4 k o ‘paytm a isho- 
rasini aniqlang.

Yechilishi. 90° < 150° < 180° 
b o ‘lganIigi uchun sin 150° > 0; 
9Q °<  100° < 180° b o ‘lgan lig i 
u ch u n  coslOO0 < 0 ;
180° < 230° < 270° bo ‘Iganligi

uchun tg  230° > 0 ;  n < 4 <

b o ‘lganligi uchun ctg4 > 0. De- 
m ak, berilgan k o ‘paytm aning  
ishorasi manfiy.

J a v o b :  sin l50° • cosl00° • tg230° ■ ctg4 < 0.
2 -m iso l. A g a r270° < a < 360°bo‘lsa, tg3a  • sina • sec2a k o ‘payt- 

m aning ishorasini toping.
Y e c h i l i s h i .  K o ‘rsatilgan oraliqda, ya 'n i IV chorakda tg a  < 0, 

s ina  < 0, seca >  0 b o ‘lganligidan tg ’a  ■ sina  ■ sec2a  > 0.
J a v o b .  K o ‘pay tm am usbat.

3 -m is o l .  a = sin4 \b =  tgl14 . c = sec300 sonlaridan
coslOO0 cos 280° cts200°

qaysi biri manfiy?
Y e c h i l is h i :  1) 180° < 4  <270°; 90° < 100° < 180° bo'lganligi 

uchun sin4 < 0, cos 100° < 0, demak, a  > 0;
2) 90° < 114° < 180°; 270° < 280° < 360° b o ‘lganligi uchun 

tg l 14° < 0; cos280° > 0, demak, b < 0;
3) 270° < 300° < 360°; 180° < 200° < 270° b o ‘lganligi uchun 

sec300° > 0, ctg200° > 0, demak, c > 0;
T ----- u . u

j  a  v  s j  u . u .

4-§. Asosiy trigonometrik ayniyatlar

4.1. Asosiy ayniyat. Birlik aylana ixtiyoriy P Jxa;ya) nuqtasining 
koordinatalari

•) . o __ 1X -  +  y -  -  X

tenglam ani qanoatlan tirad i (katetlari |x a| va [y j , gipotenuzasi l ga 
teng b o lg an  to ‘g‘ri burchakli uchburchak uchun Pifagor teoremasiga 
k o ‘ra; 111-rasmga qarang). Dem ak,

sin2a  + cos2a  = 1. (1)

117-rasm
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(1) tenglik a  ning istalgan qiym atida bajariladi va a s o s i y  t r i g o n o m e t -  

r i k  a y n i y a t  deyiladi.
Bu tenglikdan s in a  ni co sa  va aksincha co sa  ni s in a  orqali 

ifodalash m umkin:

sin a  = ±71 - c o s 2 a  > (2)

c o s a  = ± v l - s i n 2 a  • (3)
(2), (3) form ulalarda ildiz oldidagi ishora form ulaning chap qismi- 
dagi ifoda ishorasi bilan aniqlanadi.

1 -m a s a la .  Agar s in a  = ^ va -  " < a < 0  bo‘lsa, co sa  ning 

qiym atini hisoblang.

Y e c h i l is h i .  < a < 0  bo 'lgani uchun cosa  > 0 b o ‘ladi. Shu 

sababli

cos a  = \l 1 -  s in 2 a  = ^ 1 -  [1̂  = ■

J a v o b : 4

4 .2 .  A y n i  b ir  b u r c h a k n in g  s in u s i,  k o s in u s i ,  ta n g e n s i  v a  k o ta n g e n s i  

o r a s id a g i  m u n o s a b a t la r .  Tangens va kotangensning t a ’riflanishiga 
ko‘ra

t g a  = sin a  , c t g a  =  c o s a  . 
c o s a  s in a

Bu tengliklarni ko 'paytirib ,
tg a  -c tg a  = 1, sin a  *  0, cos a  *  0. (4)

tenglikni hosil qilamiz. (4) dan

tg a  = 1 , sin a  *  0, cos a  *  0; (5)6 ctga

c tg a  = 1 , sin a  *  0, cos a  *  0. (6)tga
(1) ayniyatda uning har ikkala qism ining cos2a  ga b o ‘lib,

l + tg 2a =  1 , (cos a  *  0) n \
cos a

tenglikni hosil qilamiz.
Shunga o ‘xshash, (1) ning har ikkala qismini sin2a  ga bo 'lib ,

l + c tg 2a =  , (sin a  *  0) (8)
sin" a

tenglikni hosil qilamiz.
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(7) form uladan tangensni kosinus va kosinusni tangens orqali 
ifodalash mumkin:

2cos a
tg a  = ±  v ' ; cos a  = ± 1

c o s a  ’

Shunga o*xshash, (8) fornluladan krotangens sinus orqati, sinus 
kotangens orqali ifodalanadi:

, J l - s i n 2 a  . 
c tg a  =  ±  . ; sin a  = ±

Slna Vl + c t g V

2 - m a s a la .  A gar c o s a  = - 0 ,8  va ,  < a  < n b o ‘lsa, sina, tga, 
c tg a  ning qiym atlarini hisoblang.

Y e c h i l i s h i .  Ikkinchi chorakda sinus m usbat bo'lganligi uchun,
(2) form ulaga k o ‘ra

sin a  = V1 - c o s 2 a  = -Jl - 0 ,6 4  = ^/0,36 = 0 ,6 .

t g a = c i s a = "o ;8  = _ 4 = " 0 ’75’ 

Ctg =  tga = _  3 = _1 ,(3 ) '
J a v o b :  0,6; -0,75; -1,(3).

sin2a - t g 2a  _
3 - m a s a la .  ? 2 ifodani soddalashtirib, uning a  = -cos a - c tg  a  3

dagi qiym atini hisoblang.
Y e c h i l i s h i .  Bundan buyon m asala-m isollarda berilgan ifoda- 

lar o ‘zgaruvchining qabul qilishi m um kin b o ‘lgan q iym atlarida 
o ‘rinli deb faraz qilamiz.

Ifo d a n i o ld in  so d d a la sh tir ib , keyin  tegishli son  q iy m atin i 
hisoblaym iz.

• 2  2 • 1  2 - 2  osin_a - t g  a  _ s in ~ a c o s  a - s in ~ a  sin a
cos2a - c t g 2a  cos2 a  cos2 a  sin2a - c o s 2 a

_ sin4a  . cos2 a - l  _  sin4a  . —sin2a  sin6a  t06n
4 * 2  4  2 6 o  .cos a  sin a -1  cos a  -c o s  a  cos a

_  712) tg6a  ni a  = "  dagi qiymatini hisoblaymiz: 

tg 6 ^ = ( 7 3 )6 = | ^ 2 j  = 33 = 27.
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J a v o b :  27.
4 - m a s a l a .  A gar s in a  + c o sa  = k  ekanlig i m a ’lum  b o ‘lsa, 

sin3a  + cos3a  ni toping.
Y e c h i l i s h i .  sin3a  + cos3a  ni ikki son kublarin ing yig 'indisi 

sifatida k o ‘paytuvchilarga ajratamiz:
sin3a  + cos3a  = (sina + cosa)(sin2a  -  sinacosa  + cos2a).

Bu ifodada  s in a  + co sa  m asala sh artig a  k o ‘ra k  ga teng va 
sin2a  + cos2a  = 1 (asosiy trigonom etrik ayniyat); sina c o s a k o ‘payt- 
m ani m asala  shartidagi sin a  + cos a  = k tenglikning har ikkala 
qismini kvadratga oshirib topish m umkin:
s in a + c o sa  = £<=>(sina+cosa)2 =k2 <=>sin2 a + 2 s in a c o sa + c o s2 a  = 

= k 2 <=> sin a c o s a  = Shunday qilib.

s in 3 a  + co s3 a

J a v o b :

k ( 3 - k 2 )

5 -m a s a la .  tg 2a - s i n 2a  = tg 2a s in 2a  ayniyatni isbotlang. 
I s b o t i .  Bu ayniyatni isbotlash uchun tenglikning o ‘ng qismida

. 2
tg2a  _  sin a  íeng|¡|ÍCjan foydalanib, tegishli shakl alm ashtirishlarni

cos a
bajaram iz:

tg2a - s i n 2a =  sin;a  _ sin 2a =  sin2a- sin' acos2(X = =
cos a  cos a  cos a

= s‘n as_jn a  = tg 2a s in 2a . 
co s 'a  

Ayniyat isbotlandi.
s inne 1+cosa . . . . .

6 -m a s a la .  ayniyatni isbotlang.
I s b o t i .  Berilgan ayniyatni isbotlash uchun uning chap va o ‘ng 

qism larining ayirmasi nolga teng ekanligini k o ‘rsatish kifoya:
9 2sina 1+cosa _  sin a - l  + cos"a _ 1-1 _ q

1-cosa sina s in a ( l-c o sa )  s in a ( l-c o sa )
Ayniyat isbotlandi.
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5-§. Keltirish form ulalari

Argumentlari ^л ± а ,  k e Z  ko'rinishidagi trigonometrik
funksiyalarni a  argumentning trigonometrik funksiyalariga  
keltiruvchi formulalar keltirish formulalari deyiladi. X ususan , 2-

nom etrik funksiyalarning qiym atlarini sina , cosa, tg a  va c tg a  trigo
nom etrik funksiyalar qiym atlari bilan bog ‘lovchi keltirish form ula
lari berilgan.

2-jadval

funksiya

Burchak

— — (X 2 u 2 + a 7 t - a Л + а — ex2 Щ + a 2 к - а 2 т г+ а

sin a eos а cos a sin a - s i n  a -  eos a -  eos a -  sin a sm a
eos а sin а -  sin a -  cos a -  eos a -  sin a sm a cos a cos a
tg а c t g a -  ctg a -  tg a t g a c tg a - c t g a -  tg a tg a

c t g a t g a -  tg a - c t g  a ctg a t g a -  tg a - c t g  a ctg a

U shbu  q o id a la r  y o d d a  qolsa, ke ltirish  fo rm u la la rin i eslash 
osonlashadi.

1 ) 2 ± а ,  Зл ±  a  burchaklar funksiyalaridan a  burchak funksiya

lariga o ‘tilayotganda funksiyaning nom i sinusdan kosinusga, kosi- 
nusdan sinusga, tangensdan kotangensga, kotangensdan tangensga 
0 ‘zgaradi;

2) к ± а, 2к  ±  a  burchaklar funksiyalaridan a  burchak funksiya
lariga o ‘tilayotganda funksiyaning nom i saqlanadi;

3) a  ni o ‘tk ir burchak deb hisoblab (ya’ni 0 < а  < л ), a  burchak

funksiyasi oldiga л ± а .  Зл ± а ,  л  ± a ,  2n  ±  a  burchaklarning kel- 

tirilayotgan funksiyalarining ishorasi q o ‘yiladi.

M asa lan , c tg (^  + a j  ni an iq lash  kerak  b o 'ls in . B ilam izki,

1) qoidaga k o ‘ra form ulaning o ‘ng qism ida tg a  turishi kerak. tg a  
oldidagi ishorani aniqlash uchun a  ni o ‘tk ir burchak deb faraz qilamiz. 

U  holda + a  burchak  2-chorakda tugashi kerak. 2 -cho rakda

tugaydigan burchakning  kotangensi manfiy. Shuning uchun tg a  
oldidagi ishora manfiy. Dem ak,
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ctg ( f + oc) = - tg a

c o s (2 rc -a )  = c o s a  
fo rm ulará  ham  o 'rin li ekanligiga ishonch hosil qilish  m um kin.
2) qoidaga k o ‘ra funksiyaning nom i o'zgarm aydi. 0 ‘tk ir burchak 
b o ‘lsa, burchak to ‘rtinchi chorakda tugaydi. Lekin to ‘rtinchi chorak- 
da  tu g ay d ig an  b u rch ak n in g  kosinusi m usba t. S h u n in g  uchun  
form ulaning o ‘ng qism ida + ishora turadi.

K eltirish  fo rm ula la ridan  foydalanib  yechilad igan  b ir necha 
m isollar qaraym iz.

1 -m is o l .  tg 1800° -  sin 495° + cos 945° ifodaningson  qiym atini 
toping.

Y e c h i l i s h i .  tgl800° -sin495° +cos945° = tgl07t-sin(37t-45°) +

Shunga o ‘xshash,

+ cos|( Ш - 4 5 ° ) 1 = 0 -  sin 45° -  sin 45° = - ^ - ^  =  -> /2 .

J a v o b :  -V 2 .

2 - m i s o l .  tgl 8 ° tg288° + sin 32° sin 148° -  sin 302° sin 122° ni 
hisoblang.

Y  e c h i l i s h i .  tg l8° tg288°  + s in 3 2 °  s in l48° - s i n  302° sin 1 2 2 ° = 

=  tg l 8° - t g ^  + 18° j+ s in32°  s in ( 7 t - 3 2 ° ) - s in ( ^ y + 32° j s in ( - |  + 32° j = 

=  tgl 8° • (—ctgl 8° ) + sin 32° • sin 32° +  cos 32cos 32° =  - t g l  8° • ctgl 8° +

+ s in 2 32° + c o s 2 32° = - 1  +  1 = 0 .
J a v o b :  0.

3 m i s o l  cos(a ~90°) ! tg(q-l80°)cos(180°+a)sin(270°+q) 
s in(180°-a) tg(270°+a)

dan i  soddalashtir ing.

cos(a-90°)  tg (a - l  80°)cos(l 80°+ot)sin(270°+a) 

Y e c h l l l s h l - + =  

_  c o s (- (9 0 ° -a ) )  tg ( -(1 8 0 ° -a ) )  ( -c o sa )  ( -c o sa )  _ 
sína - c tg a

_ 5 1 п а  + 18асоя a  =  i _ t g a • 1 ■ c o s 2a  = 1 - s i n 2a  = c o s 2a .  
sin a  - c t g a  ctga
J a v o b :  cos2a .
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6.1. Q o‘shish formulalari. Istalgan a  va (3 sonlar uchun quyidagi 
form ulalar o ‘rinlidir:

cos ( a  + p) = co sa  • cos(3 -  sin a  • sin(3 (1)
______________ cos (a  -  P) = cos« • cosP + s in a  • sinp (2)

sin (a  + (3) = s in a  • cosp + co sa  • cosp (3)
sin ( a  -  p) =  s in a  • cosp -  co sa  • cosp (4)

a  va P ning ham da a  + p ning * + kn, (k e Z ) dan boshqa barcha

qiym atlari uchun

form ula, a  va P ning ham da a - P n i n g  ^  + kn, (k e Z) dan  boshqa 

barcha qiym atlari uchun

« » - » - a s s  <»
form ulalar o 'rinlidir.

1-m is o l .  cos 105° ni hisoblang.
Y e c h i l is h i :  105° ni 60° + 45° yig‘indi k o ‘rinishda yozib, (1) 

form uladan foydalanam iz.
cos 105° = cos(60° + 45°) = cos 60° • cos 45° — sin 60° • sin 45° =

=  i  J L - J L  ' f t  -  yfe n  R \
2 2 2 2 4 ^  ^

J a v o b :  ^ ( 1 - V 3 ) .

2 - m is o l .  A gar sin a  = ^  . sin p = . * < a < n, ^  < p < 2n, 
bo 'lsa , sin (a  + p) ning qiym atini toping.

Yechilishi: 1) Pa nuqta ikkinchi chorakka, Pp nuqta to ‘rtinchi cho- 
ra k k a  teg ish li ek an lig in i h iso b g a  o lib , c o s a  va cosP  la rn in g  
qiym atlarini topamiz:

c o s a  = - V l - s i n 2 a  = = -4 r '>V 1681 41

cosP  = V l - s i n 2 p = N/ l - 1]600 = £

2) (3) form uladan foydalanib sin (a  + p) ning qiym atini hisoblay-

6-§. Asosiy trigonom etrik form ulalar

miz:
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. ,  „  . o  Q Q 4 0  4 0  8 1 + 1 6 0 0  ,sin(tt + P) = sin cx cos p + cos oc sin (3 = = [ggj =

J a v o b :  1.

3 -m is o l .  Agar a  + P + y = -y b o ls a , tgatgP  + tgPtgy + tgatgy 

ning qiym atini hisoblang.

Y e c h i l i s h i .  M asalashartidan y=  ^ - ( a  + P) ekanliginihisob- 

ga olib, tegishli shakl alm ashtirishlarni bajaramiz:
tg a tg p  + tgptgy + tgatgy  = tg a tg P  + tgy(tga  + tgp) = tg a tg p  +

+tg -  ( a  + p) )(tga  + tgP) = tga tgP + ctg(a + p)( tg a + tgp) = tgatgP +

+ tga+^gp ' ( tg a  + tg^  = tg a tg P + 1 -  tg a tg P = 1 •
J a v o b :  1.

6 .2 .  I k k i la n g a n  v a  y a r im b u r c h a k  fn r m u la la r i .  Agar ( 1 ). (3) va (5)
fo rm u la la rd a  a  = P desak, ikkilangan burchak formulalari deb 
ataluvchi

cos 2 a  = co s2 a  - s i n 2 a ;  (7)
sin 2 a  = 2 sin a  cos a ;  (8)

tg2a = 2tg“  (9)
1 - tg  a  v '

form ulalarga ega boMamiz. (7) va (8) form ulalar istalgan a  uchun 

o 'rin li b o isa , (9) form ula a  *  (/r e  Z) v a a ^ ^ + ^ f ^ ^ )

larda o ‘rinlidir.
(7) form ulaning o ‘ng tom onini faqat sinus yoki kosinus orqali 

ifodalab, quyidagi m unosabatlarga ega bo lam iz:

c o s 2 a  = l - 2 s i n 2 a ;  c o s 2 a  = 2 co s2 a - 1 .  (10)
(10) form ulalardan trigonom etrik ifodalarda shakl alm ashtirishlar 

bajarilishida keng q o ‘Ilaniladigan darajani pasaytirish formulalari 
deb ataluvchi

. 2 l - c o s 2 a  ? l + cos2a sin a  = ----- ------ ; cos a  = ------ ------- (11)

form ulalar kelib chiqadi.
B ulardan tashqari, uchlangan burchakning sinusi, kosinusi va 

tangensi uchun

s in 3 a  =  3 s i n a - 4 s i n 3 a ,  c o s 3 a  = 4 c o s3 a - 3 c o s a ,  (12)
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. т 3 t g a - t g 3atg 3 a  = —  - f  (13) 
1—3tg a  v ’

form ulalarni ham  bilish foydalidir. (13) da

а  Ф ■§• + k% (k e Z ) va а  Ф -J + nn (k e  Z).
2 о

(11) form ulalarda a  =  ̂ desak, yarim  burchaklar form ulalari 

hosil b o ‘ladi:

Y , / l - c o s x
sin 2 =±\J 2 ’ (14)

/l + cosx
2 - ^ V  2 ' '  '

(14) va ( 15) ni hadm a-had  bo ‘lsak, tangens uchun yarim  burchak 
formulas!

t x = ± /1 -c o s*  = l - c o s x  (16)
2 \  1 + cosx sin X

kelib chiqadi. Bunda x Ф n + 2kn (k e Z ) .
2

4 - m i s o l .  sin p  cos + (s in 2 g - c o s 2 g j ifo d a n i so d d a - 

lashtiring.

Y e c h i l is h i .  sin-j^cosy | + (sin2 - |- c o s 2 = -j-2 sin y ^co sy | +

+ ( - (С0§2 8 -  Sin 2 f  ))2 = 2 Sin 6 + COs2 4 = 2 • 2 + f #  ) = 4  + 2 = 4- 

J a v o b :

5 - in is o l .  mu 10" siiiSO0 sin70° ning qiym atini hisoblang.

Y e c h i l i s h i .  sin 10° s in 50° s in 70° = 2cos 10 sin 10 sin50 sin70 _
2 cos 10°

sin 20° sin 50° sin 15( I - 2 0 - )
2sin 20° cos 20° sin 50° _  sin 40° sin 50°

2cosl0° 4cosl0° 4cosl0°

sin40csin(^-40°'| . sinf^-lO“)
.________\2  / _  sin40 cos40 _  sm80 _  \2 I _  coslO _ 1

4cosl0° 4cosl0° 8cosl0° 8cosl0° 8cosl0° 8

Javob: 1-
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6 -m is o l .  A g arsin a  = 0 ,8 v a 0 o < a <  90°bo‘lsa ,cos2an ingq iy - 
m atini hisoblang.

Y e c h i 1 i s h i . Burchak I chorakka tegishli ekanligini hisobga olib, 
co sa  ning qiym atini topamiz:

eos a  = V1 - s i n 2 a  = -  0 .64  = Jú ,36  = 0 ,6 .
(7) form uladan

eos 2 a  = (0 ,6 )2 -  (0 ,8)2 = 0 ,36  -  0 ,64  = -0 ,2 8 .
J a v o b :  -0 ,2 8 .

sin a  + s i n y
7 -m is o -1. ------------------ — ifodani soddalashtiring.

1 + cosa  + c o sy

Y e c h i l i s h i .  Ifodani soddalashtirishda sin a  = 2sin y c o s ^  va

1 + eos a  = 2 eos2 “  m unosabatlardan foydalanamiz. U  holda

sin a  + sin“  2sin^-cos“ +sin “  siny(2cós®- + 1) ^

1 + cosa  + cos^- 2cos2S. + c o sy  cos^-Í2cos^-+1 j

J a v o b :  t g ^ .

8 - m  i s o 1. eos 15° ni hisoblang.

v  u r  v, • | _o 30° 11+eos30° J *+~Y V2+V3 
Y e c h il is h i :  Cosl5 = cosJ!; ^ = \ —2 = ^~ 2 —

J a v o b :  ^y]2+y¡3 .
9 -m is o l .  tg(x + y) = 3, t g ( x - j )  = 2 b o ‘lsa, tg2.v ning qiym atini 

toping.
Y e c h i l is h i .  a  = x  + y, P = x - belgilashlarkiritam iz. Buteng- 

lik larni hadm a-had  q o ‘shib, a  + (3 = 2x tenglikni hosil qilam iz. 
Bundan

-  « »  -

_ 3+2  5 .
=> tg2x = JTJTJ = Z5 =

J a v o b :  -1.
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10 - m i s о 1. , . / 0 . / 0 „  \ ifodani soddalashtiring.
4sm (20  +fî-jsin(70— S-J 6

sin (8 0 °+ a)

Y e c h il is h i .  , ” ЯI« ’*!)
4^inÍ7fl°+g|4Ín(7n°-gj

2 sin (40°+^) cosí 40°+^)  2sinÍ40°+^)cos( 40°+^)  , ,= __ i_ _ _ iLA_ _ _ U  = __ i _ _ _ 2 ) _  \_ _ _ 2 1  =  c o s / 4 0 o +  a )

4sin(20°+újcos(20°+“  j 2sin(40°+“ j '  2 '

J a v o b :  cos(40° + “ j.

6 .3 .  B ir  i s m li  t r ig o n o m e t r ik  f u n k s iv a la r  y ig ' in d is i  v a  a v ir m a s i  
u c h u n  fo r m u la la r .

1. sina + sinß y igM ndin i k o 'p a y tm a g a  k e lt ir is h  formulasini keltirib 
chiqarish uchun a  = x  + y, ß = x  -  y  belgilashlar kiritamiz. U  holda

sina + sinß = sin(x + y) + sin (x—y) =
= sinxcosy + cosxsinv + sinxcosy -  cosxsiny = 2sinxcosy.

Гос == X  +  y ,
E n d i j g _ v _ y ’ te n g la m a la r  s is te m a s in i y ech ib ,

X = y = tengliklarga ega bo ‘lamiz.

Shunday qilib,

sin a  + sin ß = 2sin  eos a 1 ^ . (17)

2. S h u n g a  o ‘x s h a s h ,

sin a - s i n  ß = 2 sin w. ^ c o s  a ^ ,  (18)

cos a + co sß  = 2cos eos , (19)

c o s a - c o s ß  = - 2 sin sin (20)

form ulalarining ham  o ‘rinli ekanligini k o ‘rsatish mumkin.
3 . T a n g e n s la r  y ig ' in d is i  u ch u n

t e a  +  tg ß  = sinot +  s in ß =  sin a  cos ß+cos a  sin ß 
c o s a  cosß c o s a s in ß

yoki
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tg a  +  tgß =  sin(a + ß) (a  ^  ^  + kn,  ß + nn, k e  Z,  ne  Z ) (21) 
b  c o sa co sß  2 2

form ulaga ega boMamiz.
Q uyidagi form ulalar ham xuddi shu kabi hosil qilinadi:

tg a  -  tgß = sin<a~^ 1- (a  *  ^  + kn,  ß *  f  + n n , к e  Z , n e  Z),  (22)
b  c o sa c o s p  2 2 ' ’

c tg a  + ctgß = sin<a t ß l ( a  * k n , $ *  nn, k e  Z , n s  Z ) ,  (23) 
s in a sm ß  r  4 7

c t g a - c t g ß  =  sin(ß ~ K> ( a  ф k K ß ф nK к e z,  n e  Z ) .  (24) 
& b r  s in a sm ß  r  v 7
4. /4sina +  f ico sa  ifodani (bu yerda ,4 va В -  ixtiyoriy haqiqiy

sonlar) k o 'p aytm aga  keltirish form ulasini bilish foydalid ir. Bu
formula

A s in a  + ß c o s a  = yj A 2 + B 2 s in (a  + 9 ) (25)

k o ‘rinishga ega, bunda costp =.+ ^ à = = - , sin ф ß —
J a 7 + B 2 V А  + B

(25) form uladan  ^ s in a  + Ä co sa  k o ‘rinishidagi ifodalarn ing  
qiymatlar to ‘plamini, eng katta va eng kichik qiymatlarini topishda  
foydalanish m um kin.

1 1- m is o l .  sin yy  — sin-p  ̂ ayirm aniko‘paytm ashakligakeltiring. 

Y e c h i l i s h i .  (18) form uladan foydalanam iz:
7я n l n , n r  r

sin j ^ - s i n - ^  =  2sin 122 12 cos -12 2 12 = 2 s in ^ -c o sл = 2 -

J a v o b :  ^ .

12- m is o l .  c o s2 2a  +  c o s2 + 2a )  +  c o s2 ( - “ 2a )  ifodani

soddalashtiring.
Y e c h i l i s h i .  B erilgan  ifod an i so d d a la sh tir ish d a  darajani 

pasaytirish form ulasi ( 11) va kosinuslar y ig‘indisini ko'paytm aga  
keltirish form ulasi (19) dan foydalanam iz:

1+cos (4 s+ 4 a )
cos22a + c o s2( f + 2a )+ c o s2 ( f - 2a )  =  i ± £ f 4 a + -------Ц ------ +

1 i rnr(
+ -------^ ------  ̂=  i + | c o s 4 a + i + ^ c o s ^ + 4 a j + ^ + ^ c o s ( ^ - 4 a j  =
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,  , 4ffi+4a+4?-4<x ^ + 4a-~ + 4a  
•^+ ^cos4a+ ^-2cos—----- ---------cos—------ ^ ----- = ̂ + ^cos4a+

+ c o s 4 p c o s 4 a  = 3 + ^ c o s 4 a  + cos;(n  + ^ jco s4 a  = 3 + * cos4a-

-  cos * cos 4 a  =  3 +  y c o s  4 a  co s  4 a  =  - |  =  1,5.

Javob: 1,5.
1 3 -m is o l .  c o s 4 7 ° + s in 7 7 °  -  V3 c o s l7 °  ifodan ingson  qiyma- 

tini hisoblang.

Y e c h i l i s h i .  co s4 7 °+ s in 7 7 °-V 3 co sl7 °  = c o s 4 7 ° + s in (^ -1 3 ° j -  

-V 3 c o sl7 °  =  cos 4 7 ° + cos 13°— V 3cosl7° =  2 c o s 47 +13 c o s 4 7 “ 13 -

—s/3 cos 17° = 2  cos 30° cos 17° — V 3cosl7° =  2- "y cos 17° ~  V3 cos 17° =

= s/3 cos 17° -  s/3 cos 17° = 0 ■
J a v o b :  0.
14 - m is o l .  3siax + 4cos.v ifodaning eng katta qiym atini toping  
Y e c h i l i s h i .  (25) form uladan foydalanam iz:

3 s in x  + 4 c o s x  = V 32 + 4 2 sin(jc + cp).

Bunda cos cp = ¿ ,  sin  cp =  j .  Eng katta qiymat so ‘ralayotganligi

uchun « + » ishorasi olindi. Sinusning eng katta qiymati 1 ga teng. Shu 
sababli berilgan ifodaning eng katta qiym ati 5 ga teng.

J a v o b :  5.

6 .4 .  K o ‘p a y tm a n i  y i g ‘in d ig a  k e lt ir is h  fo r m u la la r i .

1. Sinus va kosinus k o ‘paytm asini y ig‘indiga keltirishda sinus 
uchun q o ‘shish form ulalari (3) va (4)dan foydalaniladi:

sin (a  + P) =  sinacosp + cosasinp, 
sin (a  -  p) =  sinacosp -  cosasinp.

Bu tengliklarni hadm a-had q o ‘shib,

s in a c o s p  —  ̂(sin(cc + p) +  s in (a  — P )) (26)

ni hosil qilam iz
2. K osinuslar k o ‘paytm asini y ig‘indiga keltirishda kosinus uchun  

q o‘shish form ulalari ( 1) va (2)dan foydalanam iz:
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cos(a  +  P) =  sinacosP -  cosasinP, 
cos(a  -  P) =  sincxcosP + cosasinp.

Bu tengliklarni hadm a-had qo'shib,

eos a  eos p =  j, (e o s (a  +  p) +  c o s (a  — P)) (27)

form ulani hosil qilamiz.
3. Sinuslar k o ‘paytm asini y ig‘indiga keltirish uchun (2) dan (1) ni 

ayiramiz. U  holda

sin a  sin p = 1, (e o s (a  -  P) -  c o s (a  + P ) ) . (28)

4. Tangenslar va kotangenslar ko'paytm alari ushbu

« f ’ S V  (29)
( 3 0 )

formulalar orqali y ig ‘indiga keltiriladi.
1 5 - m is o l .  sin37°30 sin 7°30 'n i hisoblang.
Y e c h i l i s h i .  (28) form uladan foydalanib, k o ‘paytm ani y ig‘indi- 

ga keltiramiz:

sin 37°30' • sin 7°30' = j  (eos(37°30' -  7°30') -  eos(37°30' + 7°30') = 

= ( e o s 3 0 ° - e o s 4 5 ° )  =  l ( # - # )  =  .

J a v o b :  ^ .
4

1 6 - m is o l .  cos2x co s3 x  k o ‘paytm ani yig'indi shakliga keltiring. 
Y e c h i 1 i s h i . cos2x  uchun darajani pasaytirish form ulasi (11 )dan  

foydalanib, berilgan ifodani

j(l + eos 2a)cos3j: = jC0s3at+ y  eos 2 x  eos3.r

k o ‘rinishga keltiramiz. H osil b o ‘lgan ifodadagi k o ‘paytm ani (27) 
formula b o ‘yicha yig'indiga almashtiramiz:

j  eos 2x eos 3x = j  ■ ^  (eos(2x +  3x) + cos(2a: -  3jc)) = ^ (eos 5* + eos jc).

Shunday qilib,

e o s 2 x c o s 3 x  =  Í - c o s 3 x  +  4-cos5jc +  4-cosjc.
2 4 4

Ja v o b : ' cos3x + j  cos5jc + |  e o s x.
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1 7 - m is o l .  e o s 5 ° e o s 5 5 ° e o s 65° n ih iso b la n g .

Y e e h il is h i:  eo s5 ° eo s55° eo s65° = ^ e o s 5 ° (c o s í20° + eos 10°) =

=  - 4 c o s 5 °  + ^ c o s5 °  cos10° = - ^ c o s 5 °  (eos 15° + co s5 °) =  ^ c o s ^ -  =  
4 2 4  4  ' 4 2

1 Íl+cos30° _  1 1+x _ v w f
4 V 2 4 V 2 8

J a v o b : W 2 + y¡3.O

6 .5 .  B a ’z i  m u h im  m u n o s a b a t la r .

2 t g y  l - t g 2 f  2 t g ^
sina = ---- ; c o s a  = --------tga = ---------

l + t g 2 |  l + t g 2 f  l - t g 2 f

Bu yerda birinchi va ikkinehi tengliklar a  ning n + 2kn (k e  Z)  

dan boshqa, uehinehi tenglik esa  ̂+  2 k n  va k + 2kn (k  e  Z ) lar

dan boshqa bareha qiymatlarida aniqlangan.

o? (2 w + l )o c  
c o s ^ —e o s - — ■=-*-—

sin  a  +  sin 2 a  +  sin 3 a  +  ... +  sin n a  = ----- - ------------ ------ ,
2 s i n f

sin (2« + l) a _ s in a
c o s a  +  e o s 2 a  +  eo s3a  +  ... +  c o s « a  = ------ --------- — .

2sinf
Bu formulalarda a  ¿  2kn (k e  Z).

7 -§ . T r i g o n o m e t r i k  f u n k s i y a l a r

Bilamizki, har bir haqiqiy x  son uchun birlik aylanada P()( 1; 0) 
nuqtani x  radian burchakka burishdan hosil qilinadigan birgina nuqta 
m os keladi va bu burchak uchun sin.x ham da cosx aniqlangan. Shu  
hilan hai bir haqiqiy x  songa sinx va co sx m o s kelíiriladi, y a ’ni barcha 
haqiqiy sonlar to ‘plami R  da

y  =  sinx va y  — cosx  
funksiyalar aniqlangan.
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tgx =  formula bilan aniqlanganligi sababli v =  tgx funksiya

x  ning co sx  ^  0 b o ‘lgan qiymatlarida aniqlangan.

ctgx  =  form ula bilan aniqlanganligidan y  =  ctgx funksiya

x  ning sin x  ^  0 qiymatlarida aniqlangan.
y  = sinx, y  = cosx . y  =  tgx, y  = ctgx  funksiyalar trigonometrik 

funksiyalar  deyiladi.

7 .1 . T r ig o n o m e tr ik  fu n k -  

s i y a l a r n i n g  j u f t - t o q l i g i .

Agar 0(0; 0) nuqta atrofida 
a  burchakka burishda O P g  

b osh lan g‘ich radius O P x 
rad iu sga  o ‘tsa , - a  
burchakka burishda O P x ga 
O x  o ‘q ig a  n isb a tan  
sim m etrik  b o ig a n  O P 2 
radiusga o ‘tadi (1 18-rasm).
P x va P 2  n u q ta la r n in g  
abssissalari teng, ordinatalari 
esa m odul b o ‘yicha teng, 
biroq ishoralari qaram a- 
qarshi. Bu quyidagin i 
bildiradi:

c o s ( - a )  =  c o s a ;  s in ( - a )  =  - s i n  a; 
t g ( - a )  = - tg a ;  c t g ( - a )  =  - c tg a .

Shunday qilib. v =  sinx,_y = t g x , y  = ctg.v fu n k s iy a la r  to q , y  =  cosx  
fu n k s iy a  e s a  ju f t  fu n k s iy a d ir .

1- m is o l .  y  = c o s ( x -  * j -  x 2  funksiyaning juft yoki toqligini

aniqlang.
Y e c h i l i s h i .  Berilgan funksiyani keltirish form ulasidan foyda- 

lanib quyidagícha yozib  olamiz:

y  = c o s ( x - ^ j ~ x 2  = c o s ( - ( ^ - x j j - x 2 =  c o s ( - y - x ) - x 2  = s i n x - x 2.

Bunda y ( — x )  = s in (-;c ) -  ( - x ) 2  = -  sin x  -  x 2  - - ( s in  x  +  x 2 )  ■ 
D em ak, berilgan funksiya juft ham em as, toq ham emas.
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J a v o b :  ju fth a m em a s, toq ham em as.

2 - m is o l .  y  =  y c o s  2 x sin  ( - y - - 2xJ+  3 funksiyaningjuft yoki 

toqligini aniqlang.
___ Y e r h i l i s h i . Ru fnnksiyaniham  keltirishform ulasidanfoydala-
nib juft yoki toqligini tekshirish uchun qulay shaklga keltirib olamiz:

y  = j c o s 2xsin  2xJ + 3 = - y c o s  2.xcos2jc + 3 = -^ -c o s2 2x + 3.

Bunda y ( - x )  -  -  ^ c o s 2( - 2 x )  + 3 =  - y c o s 2 2x  + 3.

D em ak. berilgan funksiya juft.
J a v o b :  juft.

3 - m is o l .  y =  x  + sw - x funksiyaning juft yoki toqligini aniq-
c o s *

lang.

Y e c h i l i s h i .  y ( - x )  =

D e m a k ,/ ( - x )  =  - f ( x ) ,  funksiyaning toqlik sharti bajarilayapti. 
Berilgan funksiya toq.

J a v o b :  toq.

7.2. T r ig o n o m e t r i k  f u n k s i y a la r n i n g  d a v r i y l i g i .  A g a r  0(0; 0) 
nuqta atrofida x  burchakka burishda O P g  b osh lan g‘ich radius OP, 
radiusga o ‘tsa. x  ±  2ft burchakka burishda O P 0  boshlang'ich  radius 
y a n a  O P ] r a d iu sg a  o ‘ta d i. D e m a k , s in ( x ± 2 f t )  =  s in x ,  
cos(.v ±  2n)  =  cos x. ±  2 n  ga to ‘liq burishlar necha m arta qaytaril- 
sa ham P t nuqtaning koordinatalari o ‘zgarm aydi va

sin (x  + 2n  ■ k)  =  sinx, cos(x  + 2k  ■ k)  =  cosx  ( 1)
tengliklar o ‘rinli bo'ladi. Bunda £ - is ta lg a n  butun son (k  e  Z).

( 1) form ulalar y  -  sinx va y  -  co sx  funksiyalar cheksiz k o ‘p 
davrga ega ekanligini k o ‘rsatadi. Funksiyaning davri haqida fikr 
yuritilganda uning cheksiz k o ‘p davrlaridan to ‘la aniqlangan bir 
davrni nazarda tutish qulay b o ‘lib, odatda bunday davr sifatida  
fun ksiyan in g  eng k ichik  m usbat davri tushunilad i. y  -  sin x  va  
y  =  cosx  funksiyalarning eng kichik m usbat davri 2k  burchakdir. 
H aqiqatan ham, m asalan, sinusning eng kichik m usbat davrini T  
deb belgilasak,

sin(x + T) =  sinx (2)
b o ‘lib, x  =  0 da s in J  =  0 ga ega b o ia m iz . Bu tenglam aning eng ki
chik ikkita m usbat yechimlari T t -  n  va T2 = 2n  dan iborat. Lekin
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T x =  3i da (2) tenglik o'rinli b o ‘lmaydi, shu sababli T2 =  23t sinusning  
eng kichik m usbat davridir. Xuddi shunga o ‘xshash, kosinusning ham  
eng kichik m usbat davri 23t ekanligini k o ‘rsatish mumkin.

Shunday qilib, y  = s in *  v a  y  = c o s x  fu n k s iy a la r n in g  e n g  k ic h ik  

m u s b a t  d a v r i  2 tc g a  te n g .
y  -  tg x  funksiya n  davrli funksiyadir. H aqiqatan ham, agar x  bu 

funksiyaning aniqlanish sohasiga tegishli b o ‘lsa, u holda keltirish 
form ulalaridan

tg (x  - n )  = -tg (3t - x )  = - ( - t g x )  = tgx, 
tg (x  + n) = tg (n  + x )  = tg x

D em ak, n  soni funksiyaning davri. Endi bu son tgx  funksiyaning 
eng kichik m usbat davri ekanligini k o ‘rsatamiz:

T -  tangensning davri b o ‘lsin, u holda  
tg(x + T) = tgx

b o ‘lib, x  =  0 da t g r  =  0 b o ‘ladi. Bundan T  = kn  (k e  Z  ). Eng kichik 
m usbat son  1 ga teng b o igan lig i uchun k soni v = tgx  funksiyaning  
eng kichik m usbat davri b o ‘ladi.

X uddi shunga o ‘xshash, y -  ctgx funksiyaning ham  eng kichik  
m usbat davri n  soni ekanligini k o ‘rsatish m um kin.

Shunday qilib, y  = t g x  va  _v = c t g x  f u n k s iy a la r n in g  e n g  k ic h ik  

m u s b a t  d a v r i n  g a  t e n g .
T e o r e m a . A g a r  y  = f ( x )  f u n k s iy a n in g  e n g  k ic h ik  m u s b a t  d a v r i 

T  g a  t e n g  b o ‘ l s a ,  u h o ld a  j  =  A f ( k x  +  b )  (b u n d a  A , b , k ï  0 - h a q i q i y

T
s o n la r )  f u n k s iy a n in g  e n g  k ic h ik  m u sb a t  d a v r i ^ 7  g a  t e n g  b o 'la d i.

M a s a la .  y  -  sin a x  funksiyaning davri ^  ekanligini isbotlang, 

bunda a -  biror haqiqiy son.

I s b o t i .  Agar_y = /(x ) funksiya sonlar o'qining barcha nuqtalari- 

da aniqlangan b o is a ,  uning T  davrli davriy funksiya ekanligiga  

ishonch hosil qilish uchun istalgan x  d a / ( x  +  T) = f  (x) tenglikning  

to ‘g ‘riligini k o ‘rsatish kifoya.

Berilgan funksiya barcha x e  R  larda aniqlangan. Shu bilan birga

/  ( x +  = sin a (.v + =  sin(flx + 23t) =  sin ax .

Dem ak, y  = sin a x  funksiya —  davrli davriy funksiya ekan.
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funksiyaningdavri ^  ekanligini k o‘rsatish m um kin (b, m, - berilgan 

haqiqiy sonlar).
A g a r  f u n k s iy a  d a v r iy  f u n k s iy a la r  y i g ‘ in d is ]d a n  ib o r a t  b o ‘ l s a ,  

b u n d a y  f u n k s iy a n in g  d a v r i q o ‘sh i lu v c h i  f u n k s iy a la r  d a v r in in g  e n g  

k ic h ik  u m u m iy  k a r r a l i s ig a  te n g  b o ‘ la d i.

4 - m is o l .  y = sin +  5 cos 2x funksiyaning eng kichik m usbat 

davrini toping.

Y ech ilish i. B irinchi q o 'sh ilu vch i funksiya sin ^  n ing  davri

Tx = ^  = , ,  ikkinchi q o ‘shiluvchi funksiya 5 cos ning davri
4

Shunga o ‘xshash, y -  cosbx fu n ks iyan ing  d a v r i ^  , y  =  tgmx

3

Berilgan funksiyaning davri va 3n sonlarning en g  kichik

umumiy karralisiga teng, ya ’ni T  = 24tc.
J a v o b :  24?c.

7.3. y  =  s in x  f u n k s iy a n in g  x o s s a la r i  v a  g r a f lg i .

1 . y  = sinx funksiyaning asosiy xossalari:
a) funksiya barcha haqiqiy sonlar to ‘plam ida aniqlangan, y a ’ni 

x e  R;
b) funksiya cheklangan bo'lib , uning qiymatlar to ‘plam i [— 1; 1 ] 

kesm adaniborat: x = 2kK, k e  Z  nuqtalardafunksiya 1 gateng  

b o ‘lgan eng katta qiymatlarni qabul qiladi, x = -   ̂+ 2kiz, k e  Z  

nuqtalarda e s a -1  ga teng eng kichik qiymatlarni qabul qiladi;
d) funksiya toq: barcha x e  R  lar uchun s in ( -x )  = -  sin x  ;
e) funksiya eng kichik m usbat davri 2n  ga teng bo'lgan davriy  

funksiyadir: barcha x e  R  lar uchun sin (x  +  2n) = sin x  ;
f) barcha x e  (2 kn\ n + 2kn), k e  Z  larda sinx > 0;
g) barcha x e  (rc + 2kn\ 2n + 2kn ) ,  k e  Z larda sinx < 0;
h) barcha x  = nk, x e  /^nuqtalarda sinx =  0. Shuning uchun uning 

x  argum entning 0, ±rc; ±2n; ... qiym atlari y  =  sin x  funksiyaning  
nollari deb ataladi;
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i) funksiya 2 + -> + k e  Z  oraliqlarda -1  dan 1

gacha o ‘sadi, ^  +  2kn\ 3?я + 2kn  J , k e  Z  oraliqlarda esa 1 dan -1

gacha kam ayadi.
2. Sinusning xossalaridan 

foydalanib, a w a l uning gra- 
figini uzunligi funksiyaning 
davriga teng b o ‘lgan [-л; л] 
o r a liq d a  y a sa y m iz  (1 1 9 -  
ra sm ), s o ‘n gra  y  — s in x  
fu n k s iy a n i d a v r iy lig id a n  
fo y d a la n ib  bu g ra fik n i

1 2 0 - r a s m

chapga va o ‘ngga davriy ravishda davom  ettirib, butun sonlar o ‘qida  
funksiya grafigini yasaym iz (120-rasm). H osil b o‘lgan egri chiziq  
sinusoida deb ataladi.

7 .4 .  j  =  e o s *  fu n k s iy a n in g  x o s s a la r i  va  g r a f ig i .

1. y  =  cosx  funksiyaning asosiy xossalari:
a) funksiyaning barcha haqiqiy sonlar to ‘plam ida aniqlangan, 

y a ’n ix e  R\
b) funksiya cheklangan b o ‘lib, uning qiymatlar to ‘plam i [—1;1] 

dan iborat. x = 2ktt, x e  R  nuqtalarda funksiya 1 ga teng eng katta  
qiymatlarni qabul qiladi, x  = k  + 2kn, k e  Z  nuqtalarda esa -1  ga 
teng eng kichik qiymatlarni qabul qiladi;

d) funksiya juft: barcha x e  R  lar uchun co s(-x )  =  cosx;
e) funksiya eng kichik m usbat davri 2л ga teng b o ‘lgan davriy 

funksiyadir: barcha x e  R  lar uchun cos(x  + 2л) =  cosx;
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f) barcha x e  ( - -j +  2kn \ ^  + 2 k n к e  Z  larda cosx  > 0;

g) barcha x e  ( л +  2 k n ; Зл + 2к п ) ,  к e  Z  larda cosx  < 0;

h) barcha x = ^  +  2 kn ,  к e  Z  nuqtalarda cosx =  0.

Shuning uchun x  argum entning ± л ; ±  3л ; ± 5л qiymatlari 

y  = cosx funksiyaning nollari deb ataladi;

i) funksiya [-71+  2kn\ 2kn] ,  k e  Z  oraliqlarda -1  dan 1 gacha

o ‘sad i, [2kn\ n  + 2 kn ] ,  к e Z  o ra liq lard a  esa  1 d a n -1  gach a  
kamayadi;

1 2 2 - r a s m

2. K osinusning xossalaridan foydalanib, avval uning grafigining  

u zu n lig i fu n k siy a n in g  d avriga  ten g  b o ‘lgan  [-л ; л] ora liq d a  
yasaym iz ( 121-rasm), s o ‘ngra y  =  cosx funksiyaning davriyligidan  
foydalanib bu grafikni chapga va o'ngga davriy ravishda davom  
ettirib. butun sonlar o ‘qida funksiya grafïgini yasaym iz ( 122-rasm).

cos x  =  sin ^x + £ j tenglik o'rinli b o igan lig i sababli bu grafikni

y  =  sinx funksiya grafïgini abssissalar o ‘qi b o ‘ylab chapga Ц qadar

siljitib ham  hosil qilish mumkin. 122-rasmda tasvirlangan egri chiziq  
kosinusoida deb ataladi.
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7.5. >’ = tgx funksiyaning xossalari va grafigi.
1. y  =  tgx  funksiyaning asosiy xossalari:
a )fu n k siy a x n in g  í  =  | + h , í e  Z d anboshqabarchaqiym at-

larida aniqlangan;
b) y  =  tgx  funksiya cheklanm agan. U ning qiym atlar to ‘plam i 

barcha haqiqiy sonlar to ‘plam idan iborat.
d) funksiya toq: funksiyaning aniqlanish sohasiga tegishli barcha 

X lar uchun t g ( - x )  =  tgx ;
e) funksiya eng kichik musbat davri к  ga teng b o ‘lgan davriy 

funksiyadir: funksiyaning aniqlanish sohasiga tegishli barcha x  lar 
uchun tg (x  +  n ) =  tgx ;

0  barcha x e  (kn ; л +  k n j  , k  e  Z larda tgx  > 0 ;

g) barcha x  e  ( -  *  f  k n \  k n j ,  k  e  Z  larda tgx  < 0;

h) barcha x  =  k n , k  e  Z  nuqtalarda tgx  =  0. Shu sababli x  
argum entning 0, ±л; ±2k; ±3e; ... qiymatlari у  -  tgx  funksiyaning  
nollari deyiladi;

i) funksiya ( -  2 +  kK ’ ? + k n )' k G Z oraliqlarda, y a ’ni o ‘zining 

aniqlanish sohasida o ‘sadi.

у i У = tgx 1 i

y 1 IJ J / J
К
2

(
O *

2
X -  ту Ж

Y  2J

f
0  â

2 / л 371 
/  2

X

a) b)
1 2 3 - r a s m

2. Tangensning xossalaridan foydalanib, dastlab uning grafigini 

uzunligi fun ksiyan in g  davriga teng b o ig a n  ( _ f ' ; "f) ога^Ч^а 

yasaym iz (123-й rasm), s o ‘ngra у  =  tgx funksiyani davriyligidan
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foydalanib bu grafikni chapga va o'ngga davriy ravishda davom  
ettirib, butun sonlar o ‘qida funksiya grafígini yasaymiz (123-/? rasm).

Bu egri chiziq tangensoida deb ataladi.

7.6. y  = ctgx funksiyaning xossalari va grafigi.
1 . y  = ctgx funksiyaning asosiy xossalari:
a) funksiya x  ning x  -  kn, к  G Z  dan boshqa barcha qiymatlarida 

aniqlangan;
b) у  = ctgx funksiya cheklanmagan. Uning qiymatlar to ‘plami 

barcha haqiqiy sonlar to ‘plamidan iborat;
d) funksiya toq: funksiyaning aniqlanish sohasiga tegishli barcha 

X lar uchun c t g ( - x )  =  ctgx ;
e) funksiya eng kichik m usbat davri n ga teng b o ‘lgan davriy 

funksiyadir: funksiyaning aniqlanish sohasiga tegishli barcha x  lar 
uchun c tg (x  +  7t) =  ctgx ;

0  barcha x e  [kn \ ~ +  k n ^ ,  к & Z  larda ctgx > 0;

g) barcha x e  [ ~ ^  + kn\ kn^j, k e  Z  larda ctgx  < 0;

h) barcha x = ^ + kn, к e Z  nuqtalarda ctgx = 0. Shu sabablix

argumentning ± л ;± Зл ; ± ^  qiymatlari>> =  ctgx funksiyaning 

nollari deb ataladi;

i) fu n k siy a  (kn-, n + kn), к e  Z ora liq lard a , y a ’n i o ‘zin in g  

aniqlanish sohasida kamayadi.

124-rasm
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2. K otan gen sn in g  xossalaridan foydalan ib , avval uning grafi- 
gini u zu n lig i funksiyaning davriga teng b o ‘lgan (0 ; n)  oraliqda  
yasaym iz (124-a rasm). K eyin y  -  ctgx  funksiyaning davriylig i-  
dan foyd alan ib , bu grafikni chapga va o 'n gga  davriy ravishda  
davom  ettirib , butun sonlar o ‘qida funksiya grafigini yasaym iz  
(124-6  rasm ).

ctg x =  - t g  j j  tenglik o ‘rinli b o ‘lganligi sababli bu grafikni

y  =  tgx tangensoidani abssissalar o ‘qi b o ‘yicha chapga j  qadar 

siljitib , h osil b o ‘lgan egri ch iziqn i abssissalar o 'q ig a  n isb atan  
simmetrik akslantirib yasash m um kin. Bu egri chiziq kotangensoida 
deyiladi.

Trigonom etrik funksiyalarning aniqlanish sohasi va qiym atlar 
to ‘plam ini aniqlashga doir bir necha m isollar keltiramiz:

1- m is o l .  y  ------- ------------- funksiyaning aniqlanish sohasin i
cos JT+COSJC

toping.
Y e c h i l i s h i .  Argument x  ning berilgan funksiya ifodasi m a’no- 

ga ega b o ‘lm aydigan, ya ’ni maxrajni nolga aylantiradigan qiymat- 
larini topamiz:

cos3 x + cos x = 0 <=> cos ;c (c o s ' x -I-1) =  0.

Bu yerda qavs ichidagi c o s2 x +1 ifoda x  ning har qanday qiy- 
matida ham noldan farqli. Birinchi k o ‘paytuvchi cosx  ning nollari

x = + kn, k e Z lardan iborat. D em ak, berilgan funksiyaning

aniqlanish  soh asi x  n ing * +  kn, k e  Z  lardan boshq a barcha  

qiymatlaridan iborat.

J a v o b :  x * ^  + k n , k e Z .

2 -m is o  1. y  = In cos x  funksiyaning aniqlanish sohasini toping. 
Y e c h i l i s h i . Berilgan funksiya cosx  > 0 da m a’noga ega. K osi

nus I V va I choraklarda musbatligidan ~ ^  +  2 k n <  x < ^  + 2kn, k e Z .

J a v o b :  x e ^ 2 k n - ^ \ 2 k n  + ^ ,  k e  Z.

3 - m  i s o 1. y  = ----- -—  ̂ funksiyaning aniqlanish sohasini toping.
tg(27U )
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Y e c h i l i s h i .  tg (27U 2) funksiya 2 nx2 larda aniqlangan  

va noldan farqli. Bundan,

2 n x 2 *  &  => x 2 *  ¿  => x * ± ^ , k  = 0 , 1, 2 , . . .

J a v o b :  x , k  = 0 , 1 , 2 , . . .

4 - m is o l .  y = 2 + 2 cos 8x +  7 s in 2 4*  funksiyaning qiymatlar 
to ‘plamini toping.

Y e c h i l i s h i .  D astlab  funksiya ifodasini soddalashtiramiz:

y  = 2 +  2 c o s 8 x  +  7 s in 2 4 x  = 2(1 + c o s 8x) +  7 s in 2 4 x  =

= 4 c o s 2 4.x + 7 sin2 4x  = 4(1 -  s in 2 4x)  +  7 sin2 4x = 4 +  3 s in 2 4x.

Shunday qilib, m asala 4 +  3 s in 2 4 x  trigonom etrik ifodaning  
qabul q ilish i m um kin  b o ‘lgan  q iym atlarin i to p ish  m asa lasiga  
keltirildi. Bunda 0 < s in 2 4 x  < 1.

D em ak, 4 < 4 + 3 s in ' 4 x  < 1
J a v o b : [4; 7].

8 - § .  T e s k a r i  t r i g o n o m e t r i k  f u n k s i y a l a r .  A r k s i n u s ,  
a r k k o s i n u s ,  a r k t a n g e n s  v a  a r k k o t a n g e n s

8.1. Teskari trigonometrik funksiya tushunchasi. y  = arcsinx 
funksiya. Aytaylik, x  burchak haqida faqat uning sinusi a(\a\< 1) songa 
teng ekanligi m a’lum bo'lib, shu burchakni topish m asalasi q o ‘yilgan  
bo'lsin. Bilamizki, sinusning davriyligi sababli a . 180° -  a ,  360° +  a , 
5 4 0 °- a .  .... - 1 8 0 ° - a .  360° +  a , - 5 4 0 ° - a ,  ... burchaklar bir xil 
sinusga ega. Dem ak, burchak sinusining qiymati b o ‘yicha bir qiymatli 
a n iq la n m a y d i. B u n d ay  k o ‘p q iy m a tlilik d a n  q u t ilis h  u ch u n  
izlanayotgan x  burchak m a’lum  chegarada b o ‘lishini talab qilish 
kerak b o ‘ladi. Ushbu teorem a bunday talabga aniqlik kiritadi.

Teorema. Agar y  = f ( x )  funksiya biror /  oraliqda o‘ssa (kamaysa) 
va a  son shu funksiyaning bu oraliqdagi biror qiymati b o isa , u holda 

f ( x )  =  a  tenglama I oraliqda yagona yechimga ega boiadi.

Sinus funksiya kesmada o ‘sadi va -1  dan 1 gach ab o‘lgan

qiymatlarni qabul qiladi. Shunday qilib, keltirilgan teorem aga k o ‘ra
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-1 <а<  1 kesm aga tegishli 
har q and ay a son  uchun  
sin x  =  ö (|ö |< 1) tenglama

oraliqda yagona

b ild izga ega. Bu b son  a -  
so n in in g  a rks inusi  deb  
a ta la d i va  arcsin «  kabi 
belgilanadi (125-rasm).

Shunday qilib, arcsin a

2 ’ 2 ]  ora^ cl ^ a olingan 
son bo ‘lib, uning sinusi a ga teng.

Y uqoridagi m ulohazalar

y = sin.*

b = arcsina $

-1 ■

1 2 5 - r a s m

X = sin y  (J.vJ — 1 )
m unosabat y  ning qiym ati b o ‘yicha x  ni va aksincha, x  ning qiymati 
b o ‘y ich a y  ni topishga im kon beradi deyishga asos b o ‘ladi.

Dem ak, faqat sinusnigina burchakning funksiyasi deb emas, balki 
burchakni ham sinusning funksiyasi deb qarash m um kin, ya’ni

y = arcsinx, ( 1)

bu yerda y  -  sinusi x  ga (|.y|< 1) teng b o ‘lgan [ _ 2 ; 2 ]  ога^ЧЯа 

teg ish li burchakdir. Bu funksiya sinusga teskari tr igonometrik  
funksiya  deb ataladi. arcsinx funksiyaning grafigi sin x  funksiya  
grafigiga y  -  x  chiziqqa nisbatan sim m etrikdir (126-rasm ).
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8.2. y  = arcsinx funksiyaning asosiy xossalari:
a) funksiya [-1; 1] kesmada aniqlangan: D(y>) =  [-1; 1];
b) fu n k siy a  ch ek lan gan  b o ‘lib , u n in g  q iym atlar  t o ‘p lam i

d) fu n k s iy a  to q , b ärch a  x e p T ;  TJ Tär uchuri 
arcsin(—x)  =  — arcsin x;

e) funksiya x  ning qabul qilishi m umkin b o ‘lgan qiymatlarida  
o ‘sadi.

8.3. y  = arccos* funksiya. K osinus funksiya [0; 7t] kesmada kama- 
yadi va -1  dan 1 gacha b o ‘lgan qiymatlarni qabul qiladi. Shu sababli 

-1 < a  < 1 kesmaga tegishli har qanday a  son uchun co s x  = a  tenglama 
[0; 7t] oraliqda yagona b ildizga ega bu b son a sonning arksinusi deb 
ataladi va arccos«kabi belgilanadi. (127-rasm). arccosa [0; 7t] oraliqda 
olingan son bo ‘lib, uning kosinusi a ga teng.

Shunday qilib. faqat kosinusnigina burchakning funksiyasi deb 
em as, balki burchakni ham  k osinu sn in g  funksiyasi deb qarash  
m um kin, y a ’ni

y  = arccos x. (2)

Bu yerda y  -  kosinusi x  ga (|x| < 1) teng b o ‘lgan [0; 7t] oraliqqa  
tegishli burchakdir. Bu funksiya kosinusga teskari trigonom etrik  
funksiya deb ataladi. U ning grafigi 128-rasmda tasvirlangan.

8.4. y  =  arccosx funksiyaning 
asosiy xossalari:

a) fu n k siya  [ - 1; 1], k esm ada  
aniqlangan: D ( y )  = [-1; 1];

b) funksiya cheklangan b o ‘lib, 
u n in g  q iy m a tla r  t o ‘p la m i 
E(y)  =  [0; 7t];

d) y  = arccos x  fu n k siy a  ju ft  
ham  emas, toq ham  emas: 
arccos (-x )  =  7t -a rcco s  x;

e) x  =  1 da arccosx = 0 ;
-► f) funksiya x  ning qabul qilishi 
x m u m k in  b o 'lg a n  q iy m a tla r id a

kam ayadi.

y* i
u

y  = arccosx

K
2

-1  O 1
128-rasm
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8.5.у  = arctgxfunksiya.T angensfunksiya [ ~ 2 ' 2 J oraliqdao'sadi 

va haqiqiy sonlar to ‘plamidagi barcha qiymatlarni qabul qiladi. Shu

sababli har qanday a son uchun tgx =  a tenglama (“  2 ; 2 ) ora^4da 

yagona b ildizga ega va bu b son a sonning arktangensi deb ataladi va 
arctg a kabi belgilanadi (129-rasm)

arctg a ( — 2 ; 2 ) orc^ a  °linSan son bo minS tangensi a ga teng.
Shunday qilib, faqat tangensnigina burchakning funksiyasi deb emas, 

balki burchakni ham tangensning funksiyasi deb qarash mumkin, ya’ni
y -  arcctg x, (3)

bu yerday -  tangencix ga teng b o 'lg a n x e  ) oraliqqa tegishli

burchakdir. Bu funksiya tangensga teskari trigonom etrik funksiya 
deb ataladi, uning grafigi 130-rasmda tasvirlangan.

8.6. y  = arctgx funksiyaning asosiy xossalari:
a) funksiya barcha haqiqiy sonlar to'plam ida aniqlangan:

D (y )  =  (-°°  ; + 00 );
b) fu n k siya  ch ek la n g a n  b o ‘lib , uning q iy m a tla r  to 'p la m i

d ) y  -  arctgx toq funksiya: arctg(-x) =  -arctgx;
e) X =  0 da arctg x  =  0;
f) funksiya x  ning qabul qilishi m um kin b o lg a n  qiym atlarida  

o'sadi.
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8.7. y  =  arcctgx funksiya. K otangens funksiya (0; Jt) oraliqda  
kamayadi va haqiqiy sonlar to ‘plam idagi barcha qiymatlarni qabul 
qiladi. Shu sababli har qanday a son uchun ctgx = a tenglam a (0; n )  
oraliqda yagona b ildizga ega va bu b son a sonning arkkotangensi 
deb ataladi va arcctga  kabi belgilanadi (131-rasm). arcctgo (0; n) 
oratiqda olingan xon boiib , untngkotangensi a g a  teng. Shunday  
qilib, faqat kotangensnigina burchakning funksiyasi deb em as, balki 
burehakni ham  kotangensning funksiyasi deb qarash m um kin, y a ’ni

y* k

\

\ .  i  = arcc

y
K

g a N.
k .  V

K
2
\  y  -  arcctgx

o
a

E Ny K 
2 N

\

W
X

°  X

1 3 1 -ra sm  1 3 1 -ra sm

y  =  arcctg x, (4)
bu yerda y  -  kotangensi x ( x e  R)ga  teng b o ‘lgan (0;Jt) oraliqqa tegishli 
burchakdir. Bu funksiya kotangensga teskari trigonometrikJunksiya 
deb ataladi. U n in g  grafigi 132-rasmda tasvirlangan.

8.8. y  =  arcctgx funksiyaning asosiy xossalari:
a) funksiya barcha haqiqiy sonlar to ‘plamida aniqlangan:

D(y) = (-00 ; +  °° );
b) funksiya cheklangan, uning qiymatlar to'plam i E ( y )  = (0 ; 7t);
d ) y  = arcctgx funksiya juft ham  emas, toq ham emas: 

arcctg ( -x )  =  jt -  arcctgx;
e) funksiya x  n ing qabul qilishi m um kin b o ‘lgan qiym atlarida  

kam ayadi.
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8.9. Teskari trigonometrik funksiyalar uchun ayniyatlar.

1) a r c s in  x + a r c c o s  x =  ^(|x| <  l ) ,  m a s a la n ,  a r c s in  j  +  a r c c o s ^  =

7t + 7t _  7t .
6 3 2 ’

2) (sin(arcsin x)) = x (|x| < 1), masalan, sin (arcsin i )  = sin ( | ]  = ± ;

3) (cos(arccos x)) = x (|xj < 1), masalan, 

cos (arccos ̂  j = cos (y  j = ;

4) arcsin(sinx) = x (x  ^ 2 ) ’ m asalan, 

arcsin (sin £ j = arcsin ( ^ ) = £ ;

5) arccos(cosx) = x (0<x< 7t), masalan, 

arccos (cos j = arccos ( -  i,) = :

6) arc tgx + arcctgjc) = ^ (x e  R) , masalan, 

arctgV3 + arcctg\/3 = 3 + £ = * ’

7) tg(arctgr) = x (x eÄ ), masalan, tg(arctgl) = tg * = 1;

8) arctg(tgx) = x ( ^ < 2 ) ’ masalan, arctg (tg = arctgl = ;

9) ctg(arcctgx) = x (xe R), masalan, ctg(arcctg73) = ctg -| = V3 ;

10) arcctg(ctgx) = x ( 0 < x < n ) ,  masalan,

arcctg(ctg^j = arcctgl = "  ;

1 arccos y/l — x 2 , 0 < x < 1,
1 r-

-  arccos V l - A " , - l < x < 0 ;

12) arcsin x = arctg . x— , -1  < x < 1,
V l- x 2

13) arctgx = arcsin , -  °° < x <
V 1+x2
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l - m i s o l .  y =  arccos funksiyaning aniqlanish sohasini 
toping.

Y e c h i l i s h i .  A rkkosinus funksiya argum entning [—1; 1] oraliq- 
lardagi qiymatlarida aniqlanganligidan,

~- l  < < 1 *=> - 4  < 1 - 2 a  < 4 <=> - 3  < 2a  < 5 o  -1 ,5  < x  < 2,5.- 

J a v o b : x e  [-1 ,5 ;  2 ,5 ] .

2 - m i s o 1. arcsin \ -  3 arcsin i, ) +  arccos * + 2 arcsin 1 -

- 2  a r c c o s ( - 1) ifoda qiym atini hisoblang.
Y e c h i l i s h i .  Ifoda qiymatini teskari trigonometrik funksiyalar 

ta ’riflaridan foydalanib hisoblaymiz:

arcsin * - 3 arcsin ( -  +  arccos  ̂ + 2 arcsin 1 -  2 a r c c o s ( - l)  =  £ -

"3 - ( - 6 ) + 5 + 2 ' 2 - 27I =6 + 2 + 3 +7t- 27l = 7t- 7t = 0 -
J a v o b : 0.

3 - m i s o l .  sin (a r c c o s( -  * j -a r c s in  ( -  l  c o s ( - 3 arcsin * j 

ifodaning son qiym atini hisoblang.

Y e c h i l i s h i .  1) arccos( -  ’ j =  a  b o ‘lsin, u holda c o s a  = - j ,

va cos a  e  [0; 7t]. Bundan a  =  ~  .

2) arcsin (—'2 ) =  ß b o is in , u hold a  sin ß = -  ' va ß e  [ ~ f  ;§ ]  ■ 

Bundan ß = -  f- .D

3) a r c s in ( ' )  =  y b o ‘lsin, u holda s i n y = *  va ;f ]  • 

Bundan y £ ^  •

Topilgan qiymatlarni berilgan ifodaga q o ‘yamiz:

sin( f - H ) ) +cos( - 3 f ) =sin( ¥ + 6)+cos( 2 ) =sinf +cos! =
= sin ( - |  + ) +  0 =  cos =  -L .

\ - 2 x

J a v o b ;  .
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4 - m is o l .  c o s ( 2 arccos ni hisoblang.

10 12Y e c h i l i s h i .  a r c c o s j ^ o  b o ‘lsin , u h olda c o s a = )3 va

a  e  [0 ;7t], s in  a  > 0 . sin  a  =  V1 -  c o s ‘ a  = J l  -  j44 =   ̂ .

co s  2a  =  c o s2 a  -  s in 2 a  =  j ^  [ ¿9 .

1 IQ
J a v o b :  j ^ g .

5 - m is o l .  tg (arcsin ( -  j y )  + arccosO , 8 j ni hisoblang. 

Y e c h i l i s h i .  1) arcsin ( -  j 2 ) = a  b o is in , u holda sin a  =  -  j2

va a e  ( - f ; 0 ) .

Ctg2“ =̂ f c  - 1 = l i  - 1 = i l ; a e  F  f ; °) ■c tg a r -  u  •tga = ~ f r
2) arccos(0 , 8) =  ß b o ‘lsin, u holda

cos ß
_ 1 2  +  i  - 4 8 + 1 5

3-) tg(a + B) = Ü°LttgP= 5 4 = 20 _ = _33
3 ) t g ( a  +  p )  i - t g a t g ß  i + 12 3 5 6  5 6

C A Tfl5 4 20

J a v o b : - 3 3 .

6 - m is o l .  y  =  Ynu+ij* funksiyaning aniqlanish sohasini to-

ping.

Y  e c h i l i s h i .
-1  < 2x  < 1
JC + 1>0 :
ln(jr +  1) *  0

- —< * < -  
2 ~  2 

x  > —1 
x * 0 ’ XG [ _ 2 ;0 ) U (0, 2]  '
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I . 80° ning radian o ‘lchovini toping

A ) 1,5; B) 1,3; C) ; D ) 3 f ;  E) f  ,

A )  114°; B) 132°; C) 145°; D ) 144°; E) 160°.
3. Q uyidagi ifodalardan qaysi biri musbat?

M  _  c o s 320° . N  _  ctgl87° . p  =  t g ! 9 5 °  , _  sj n 3 

sin 217° tg2 ’ sin 147° ’ cos4'

A ) P; B) Q; C) M\  D ) N; E) hech qaysinisi.

4. Agar tg a  • cos a  >  0 b o ‘Isa, a  burchak qaysi chorakka tegishli? 

A ) III yoki IV; B) Iyoki III; C) I yoki IV; D ) II yoki III;
E) I yoki II.

5. Quyidagi k o ‘paytm alardan qaysilari musbat?
1) sin 4 ,l ■ tg3,41; 2) cos2,5 • sin5,8 3) ctg5,7 • co s l,9 .

A ) 1; B) 1; 2; C )2; D ) 1; 3; E) 2; 3.
6 . P (4;0) nuqtani koordinata boshi atrofida 90°ga burganda u 

qaysi nuqtaga o ‘tadi?
A )H k O ); B) (0;-4); C) (4;4); D ) (0;4); E) (4;-4).

7. tg225° • cos330° • c tg l20° • sin240° ni hisoblang.

A ) ^ ;  B ) - ^ ;  Q j ;  D ) - ± ;  E ) | .

8 . c t g ^ s i n - ^ t g - ^ c o s - y  ni hisoblang.

A) ^ ; B)- ^ ; C ) n '  D)~ H '  E ) " f -
9. sin915° ni hisoblang.

A ) - ^ 2 - ^ 3 ;  B) ^ 2 - S  ; S) V T h / I  ;

D ) - 1 ^ 2 - 7 3 ;  E)

10. tg2010° ning qiym atini hisoblang.

A ) 1; B ) f ;  C ) - ^ ;  D ) & ;  E ) - V 3 .

I I . A gar tg a  = - p r -  y  < a  < it b o ‘lsa, c o s a  n ing q iym atini 

toping.

M ustaqil ishlash uchun test topshiriqlari

316



12. A gar  tg a  = -  5 , * < a  < n. b o ‘lsa, s in a  n ing  q iym atin i 

toping.

A ) n  ; B ) “  13 ; C > 123 ; D ) 1 6 9 ; E ^ _ ñ '

13. A gar c o s a  = * , 0 < a  < * b o ‘lsa, s in ( *  + a )  ning qiym ati

ni toping.

A ) ^ ;  B) 2 ; Q ^ L ;  D ) 1; E )0 .

14. A gar sin a  =  j ,  c o sß  = ^  < a  < n ,  j  < ß c  n ,  b o ‘lsa, 

co s(a  + ß) ni hisoblang.

a \ 1 . iS-2sñ . r \  3^5+277 . n \  3n/5-2V7 .
A) 12 12 12 ' ’ 12

3V5+2V7

15*. ctg2° ctg4° ctg6°-... ctgSS0 ni hisoblang.

A) 1; B) —1; C 7 3 ;  D ) - V 3 ;  E) H isoblab b o lm a y d i.

16. sin 160° co s l 10° + sin 250° cos 340° +  tgl 10° • tg340° ni h isob
lang.

A ) 1; B) -1 ;  C) 0; D ) \ ; E ) - \ .

tg252,5°-tg27,5°

17‘ l-tg27,5°tg252,5° nlhlS0blang'

A ) 1; B ) - 1; C) I  ; D ) ^ 3 ;  E ) ~ V 3 .

A ) 13 ; B ) " i 3 ; C^ 13 ; D ^Tó9 ; E ) - ñ '

s

18. sin -pj-cos-jy +  (s in 2 -2--COS2 ni hisoblang.

A) A; B ) f ;  q | ¡  D ) ^ ;  E) 1.

19. c o s2 y ^ - c o s 2 ni hisoblang.

A) j ; B ) - ^ ;  C ) f ;  D)  1; E ) - l .
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cos ( 2 + a ) cos2(7t - a )
2 0 - tg2(a-27c) +  tg2( a - ^ )  ni s°ddalashtiring.

A )0 ; B )tg2a; C) 1; D )s in 2a; E )co s2a .

21. Agar tg a  = |  bo~ Isa, ning q+ym atinitopm g.

A ) - ' ;  B) -  ; C ) | ;  D ) E ) - j | .

22. A gar sin a  + cos a  = j  b o 'lsa . s in a c o s a  n ing  q iym atin i 

toping.

A ) j96 ; B ) f ;  C ) ^ ;  D ) ,7g ; E) 1.

23. (sin a  + cos a )2 -  2 - 1  ni soddalashtiring.tga+ctga 6
A ) 0; B) 1; C )2 ; D ) - 3 ;  E) -4 .

24. Ifodani soddalashtiring:

l - 2 sin2(7t+ a ) l - 2 cos2(7t - q )

sin(y+a j+sin(jc-a) cos(jt+a)+cos(^-a)

A) sina; B) 0; C) 2cosa; D ) tg2a; E) tga.

sin(7t+ a )cos(7t - a ) - t g ( y - a  j
25.  2— n ' soddalashtiring.

l - ( s in ( - ^ + a  j+ s in ( r e -a ) j

A )tg 2a; B )2 tg2a; C )c tg 2a; D ) y c t g ' a ;  E )cosa .

26. Agar tg a  =  n  < a  < b o ‘lsa, c o s - |  ni hisoblang. 

A ) - f ;  *>§■.  C ) l § ;  D ) - l f ; E ) i .

27. 2 - 4 s i n _ y2- ni hisoblang.

A) 0; B ) - V 3 ;  C )V 3 ;  D ) { ;  E)

28*. 2 cos — sin ^  ni hisoblang.

12
R ■ n\  fe ■ n i  !■ -1 _
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29*. sin-j^-sin ni hisoblang.

A) co s  j o ; B) g ; C ) J ;  D ) \  - E ) - ± .

30. cos4 sin4 y y  ni soddalashtiring.

A ) f ;  B ) - f ;  C ) ± ;  D ) - ‘ ; E) 1.

31. c t g ^  +  t g ^  ni soddalashtiring.

A ) V 2 ; B ) - V 2 ;  C) 2V2 ; D ) - 2\ /2 ; E ) ^ L  

32  ̂ sin4 a  + cos4 a  - s in 6 a . - c o s 6 a -  sin 2 a c o s 2 a  ni soddalashti

ring.

A )s in 2a; B) 0; C) 1; D ) 2; E )co s2a .

33. tg a  va ctgP 4.x2 -  3.x -  2 = 0 tenglam aning ildizlari b o ‘lsa, 

tg (a  +  (3) ni toping.

A ) | ; B) 1; C ) 3; D ) \ ; E )4 .
sin 3 7 ° - s i n 5 3 °

34.  ~  ltodaning qiymatini hisoblang.
1—2 c o s " 4 1

A ) ^ 2- ;  B ) - ^ ;  C ) i ;  D ) - ^ ;  E) V2 .
l+ ^osfi-sin | 2 2 2

™------- 77 n ’ soddalashtiring.
1 - c o s y - s i n y

A ) t g y  ; B) ctg ® ; C) tg “  ; D) ctg “  ; E ) - c t g  ^  . 

36*. tg20° • tg40° • tg60° ■ tg80° ni hisoblang.

A ) 1; B) 2; C )3; D ) ^3 ; E) ^ .

37- cos a + c o s3a+co>s ^  ni soddalashtiring.

A )tg 3 a ; B )tg 2 a ; C )ctg3a ; D )c tg 2 a ; E) tg23a.

38*. 8cosl0°cos20°cos40° ni soddalashtiring.

A )2; B) 1; C ) ^ ;  D) J L ; E )V 2 .
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A ) В) 1; С) 10°; D ) ctglO 0; E ) - J .
___ 3sin2a + co s4 a .................... .... .39*. ;— --- -------~ z— ni soddalashtiring.1+sin a+sin  a

A ) 1; B) 3; C )ctg2a; D )tg 2a; E )2sina .

40. a  =  sin 189°, b =  cos42°, с =  cos88° sonlarini kamayish tarti- 

bida yozing.

A ) b >  c >  a\ В ) b >  a >  с; С) а > b > с; D) a > c > b\

E ) c >  b >  a.

__  4cos2 2a-4cos2 a+3sin2 a .........
41*. -------TTTZ \  ; ni soddalashtm ng.

4cos2Rp-ccJ-sin2 2(a-7t)

лл 2 л  о - Q \  л л i • тз\  2cos2oc p. 8cos2a+l .
) tg 2 a - 3 ,  B) 4 c o s 2 a - l ,  B) sin2a  , D ) 2s in 2a -2  ’

3 co sa
E) . . 2’ 4sin a

42. logg tg36° + log5 tg54° ni hisoblang.

A ) 0; В) 1; C) ^3 ; D ) V 2 ;  E) 0  .

43. log , cos20° + log2 cos40° + log2 cos60° + log2 cos80° ni h isob

lang.

A ) i ;  B ) l ;  C) 0; D )-3 ;  E) -4 .

44. Quyidagi funksiyalardan qaysi biri toq?
A ) t ( x )  =  xsin3x; B)/ (x) = 2xtg2x; C ) / (x )  =  x 3-s in 2 x ;
D ) / (*) =  3 -  xctg2x; E ) / ( x )  = 2 + xcosx.

45. Berilgan funksiyalar orasida qaysilari juft?

ix f ( x)  = 2+4cos2x f ( r \ -  3sin 2x .
x2_4 ,2) / U ) - i _ cos5x-

3) f ( x )  =  3 + * c ° s x  ; 4) f ( x )  =  .z tg 2x ' jc2- c o s 2x

A ) 1 va 4; В) 1 va 2; C) faqat 1; D ) 2 va 3; E) 1, 2 va 3.

46. y  =  c o s 2 x c o s x + s in x s in 2 x  funksiyaning eng kichik m usbat 

davrini toping.
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47. y  =  1 - 2 c o s ( .v - - | j  funksiyaning eng kichik m usbat davrini 

toping.

A ) f ;  B) 27i; C) ; D ) 1371; E) tc.

48. y = s in (-2x )cos2 ;t funksiyaning eng kichik m usbat davrini 

toping.

A ) f ;  B ) f ;  C ) 2 k .; D ) k; E) 4ti.

49 . y = s in 2 i 3 x - ^ - ) - c o s 2 — 3jc^ funksiyaning eng kichik  

musbat davrini toping.

A) 2?t; B ) f ;  C ) f ;  D ) 7t; E) 4n.

50. Quyidagi funksiyalardan qaysi birining eng kichik m usbat 
davri 27t ga teng?

A ) y =  2tgf  ; B) y = 1 -  c o s2 x  ; C) y = s in 2 x  -  c o s2 x \
1- tg  x

D ) y  = c tg 2 x  • sin 2x  ; E) y  = sin * co s  x .

51. f ( x )  = sTn(31t _ 2) funksiyaning aniqlanish sohasini toping.

A ) x e  R , x  *  k n ,  k e  Z;  B) * e  R, x  |  +  k  e  Z;

C) x e  R , x  *  * + kK, k e  Z; D ) x e  R , x  *  , k  e  Z;

E) jc e  R , x  *  2kK, k e  Z .
52. y  =  -  2cosx funksiyaning qiym atlar t o ‘plamini toping.

A) [-1; 1]; B) [-2; 2]; C) [ ‘ ; l ]  ; D )  [ ~ \ ;  \ ]  ; E) [0; 2].

53. y  = 5 -  sin2x funksiyaning qiym atlar to ‘plamini toping.
A ) [-1; 1]; B) [-3; 3]; C) [4; 6]; D ) [0; 4]; E) [-1; 6].

54. y - 2  + f ^ )  fu n k siyan in g  q iym atlar t o ‘p lam ini 

toping.

A )  2tc; B) 7t; C ) 3n; D )  4k; E ) 6k.
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A) [2; 3]; B) [-2; 2]; C) [0; 2]; D ) [0; 3]; E) [1; 3].
55. y -  2 + 2cos8x  + 7sin24x  funksiyaning qiymatlar to'plam ini 

toping.
A ) [2; 11]; B) [2; 9]; C) [0; 2]; D ) [-3; 4]; E) [4; 7].

56. y  = 12sin x  -  5cos.y + 1 funksiyaning qiym atlar to 'p lam in i 
topmg.

A ) [0: 8]: B) [1; 8]: C) [-12: 0]: D ) [-12: 14]: E) [-16: 14].
57. a  ning qanday qiymatlarida arccos (5 -  4 a )  ifoda m a’noga ega?

A ) [-1; 1]; B) [1; 1,5]; C) [4; 6]; D ) ( - ° °  ;—1]U [l;  +  ° ° );

E) (-00 ;4]U[6; + °°  ).
58. arcsino q uyidagi q iym atlardan qaysilarini q abu l q ilish i 

mumkin?

D f ,  2) g , 3 ) - J ,  4 ) - T 2 .

A ) 1) va 2); B) 1) va 4); C) faqat 1); D ) faqat 2); E) H am m asi.
59. arctga q u yid agi q iym atlardan  q aysilarin i q ab u l q ilish i 

mumkin?

1)0; 2 ) - f ;  3 ) 7 5 ;  4 ) - J .

A) hamm asini; B) faqat 1 va 2; C) 1; 2; 3; D ) 3; 4; E) faqat 2.

60. arcsin 0 -  arccos 0 ni hisoblang.

A) 0; B) 7t; Q - * ;  D ) J ;  E )-7 t.

61. 2 a r c c o s ~  j+  arcsin ni hisoblang.

\  \ 237t . 57t . _177t . t~\\ 57t . p-* _ 7t
A j  12 ’ 6  ’ C > 12 ’ U > 12 ’ ^  12 '

62. s in (2 arcsin 0 , 8) ni hisoblang.

A ) 0,8; B) 0,16; C) 0,96; D ) \ ; E)

63. c o s(2 a r c tg 3 ) ni hisoblang.

A) 0,8; B) 0,16; C) 0,6; D ) | ;  E ) -0 ,8 .

64. tg (a r c tg 3 -a r c tg ^ -)  ni hisoblang.
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A )  1; B ) 1,5; C )2 ,5 ; D )  j ;  E ) j

65*. arcsin (cos ni hisoblang.

A) g ; B ) j £ ;  C ) 1,1* ;  D ) f ;  E) f .

66. m  =  arccos0,9 \ a n  = arccos(-0,7) va p  = arccos(-0,2) sonlar- 
ni o 'sib  borish tartibida yozing.

A  ) n <  p  < m; B )m  < p  < n; C )p  < n < m; D ) n < m  < p;
E) m < n < p.

67. m  =  arctg2, n -  arccosO va n =  arcsin0,5 sonlarni kamayish  
tartibida yozing.

A  ) n >  m >  p\ B) m > n > p; C ) n >  p >  m; D ) m > p  > n\
E )p  > m >  n.

68*. arcsin (sin arccos (cos m hisoblang.

A ) § : c ;  B ) g * ;  Q  »  *  ; D ) g  * ;  E) “  *  .

69*. cos (arcsin ^  + a rcco s ni hisoblang.

a \ 204 . r>\ 216 . 34 . pv\ 36 . 35
325 ’ D)  325 ’ 325 ’ U )  325’ ; 325 *



XIII BOB

T R IG O N O M E T R IK  T E N G L A M A L A R  
V A  T E N G S IZ L IK L A R

l - § .  T r i g o n o m e t r i k  t e n g l a m a l a r

N o m a ’lumi trigonom etrik funksiya ishorasi ostida b o ‘lgan teng- 
lam a trigonometrik tenglama deb ataladi.

sinx = а (\a\ < 1), cosx  =  a (\a\ <  1), tgx =  a, ctgx  =  a (a e R)  
tenglamalar eng sodda trigonometrik tenglamalarga m isol b o ‘la oladi.

1. sinx =  a(\a\ < 1) tenglama. Bu tenglam ani yechish, ushbu ikki 
y =  sinx va y -  a funksiyalar kesishish nuqtalarining abssissalarini 
to p ish d a n  ib ora td ir  (1 33 -rasm ). K o ‘rinib  tu r ib d ik i, s in x  = a 
tenglam a ikki guruh ildizlarga ega:

1) X  =  arcsina +  2k%, k & Z { Z — butun sonlar to‘plami),

2) X  =  n  -  arcsina + 2kn = -  arcsina + (2k + l)n , k e Z .
Ikkala guruh ildizlarini bitta

X  = (-l)*arcsin a  + kn  (1)
form ula bilan ifodalash m um kin, bunda k e  Z  .

Xususiv hollar

1. Agar sinx = 1 b o ‘lsa, u holda x  = ^  + 2kn, k e  Z .

2. Agar sinx = -1  b o ‘lsa, u holda x  = -   ̂ +  2кк. k e  Z .
3. Agar sinx =  0 b o ‘Isa, u holda x  =  kn, k e  Z.
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134-rasm

T englam alarni yechayotganda arcsin (-ô ) =  -a rc s in a  ekanligi 
inobatga olinadi.

1- m is o l .  s i n ^ x = i ,  tenglam ani yeching.

Y e c h i l i s h i .  ( 1) form ulaga k o‘ra, 2 x  = ( - 1)A arcsin ^  + k n  <̂> 

<=> 3 * = (-1  )* * + W = > ' x = \ - T)* 5"+ \ kn. k e  Z .

J a v o b :  x  =  ( - l)*  ^ + 2 k n , k e Z .

2 - m is o l .  s in 3; c + ^  = 0  tenglam ani yeching.

F) F?
Y e c h i l i s h i .  sin 3x  + ^ ~ 0 s in 3x = — 2 <=> 3x =

= ( - 1)A a r c s i n ^  j + k n  =  ( - 1)* ( - ^ ' j  + k n  = ( - l ) * +l 4 + k n  =>

=> je =  ( -1 )*+1 p  + **  , it e  Z.

J a v o b :  x  = ( - l )*+1 g  +  * e Z .

1.2. cos x = a (|a |<  1) tenglama. Bu tenglam aning har bir ildizini 
y -  co sx  k osinu soid an ingy = a to ‘g ‘ri chiziq bilan kesishish nuqta- 
larining abssissasi deb qarash m um kin (134-rasm ). A gar | a  \ >1 
b o ‘lsa, y =  cosx  kosinusoida y -  a  t o ‘g ‘ri chiziq bilan kesishm aydi.

Bu holda cosx  =  a tenglam a ildizga ega bo lm aydi.
C h izm a d a n  k o ‘r in ib  tu r ib d ik i,  c o s x  =  a te n g la m a  

x  =  arccos a +  2kn va x  =  -  arccos a + 2kn ildizlarga ega. Bu ikka- 
la ildizlar guruhini bir form ula bilan berish mum kin:

x  =  ±  arccos a +  2kn, k e  Z .  (2)
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1. Agar cosx  = 0 b o ‘lsa, u holda x  = j  + kn ,  k e  Z.

2. Agar cosx  =  1 b o ‘lsa, u holda x  =  2kn, k e  Z .
3. Agar co sx  =  -1  b o ‘lsa, u holda x  =  n + 2kn, k e  Z . 
T englam alarn ing  ild iz larin i top a y o tg a n d a  a rc co s (-a )  =  k  -

- Irccosa ekaniigini ÿodda tutmoq kerak.

3 - m is o l .  cos5jc =  ~ 2  tenglam ani yeching.

Y e c h i l i s h i .  (2) formulaga ko'ra, 5* = ± { n -arccos \  ) +  2kn =

= ±  (n  -  3 ) +  2 k n  = ± ^  + 2kn , k e  Z. x  = ±  ^  |  kn ,  k e  Z. 

J a v o b :  * =  ± ^ 5 + 5  k n , k e Z .

/3
4 - m is o l .  c o s 2 x =  2 tenglam a [0; 2n] oraliqda nechta ildizga 

ega?

Y e c h i l i s h i .  (2) form u laga  k o ‘ra 2x = ±arccos 2 +  2kn = 

= ±  ^ + 2kn, k e  Z; x  = ± ^  + kn ,  k e  Z  ildizlar uchun topilgan  

ifodada k  = 0; k  = I; k  = 2 deb, [0; 2n] oraliqqa tegishli x, = p  ;

x2 = Y2 ; x3 =  ^ 2  > x4 = ^12 'Idizlarni topam iz.

J a v o b :  4 ta.

1.3. tgx = a  va ctgx = a  tenglamalar. tgx =  a (ae R )  tenglam a  
ild izlari

x  =  arctga + kn, k e  Z  (3)
form ula bilan beriladi. Shunga o ‘xshash, ctgx = a (a e  R)  tenglam a  
ild izlari

x  = arcctga +  kn, k e  Z  (4)
m unosabat yordam ida aniqlanadi. (3) va (4) form ulalarning o ‘rinli 
ekanligi 135- va 136-rasmlarda yaqqol tasvirlangan.

Tenglamalarning ildizlarini topayotganda arctg(-a) =  -arctg  a va  
arcctg (-a ) =  n  -  arcctg a ekaniigini nazarda tutish kerak.

5 - m is o l .  t g |  = - l  tenglam ani yeching.

Xususiy hollar
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Y e c h i l i s h i .  ^ =  arctg (-l) + k n  <=> í  = -arctgl + /:;г <=> 

+  kn  => [x =  - n  +  4Лгзс, h Z .

J a v o b :  je =  - n  + 4kn , к e  Z.

6 - m is o l .  c tg 4 jr  =  5 tenglam ani yeching.
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J a v o b :  x = 2 arcctg5 +  2 kn ,  k e  Z.

2 - § .  T r i g o n o m e t r i k  t e n g l a m a l a r n i n g  a y r i m  t u r l a r i  
v a  u l a r n i  y e c h i s h  u s u l l a r i

2.1 Algebraik tenglamalarga keltiriladigan tenglamalar. Bu tur- 
kum dagi tenglam alarga funksiya belgisi ostidagi bitta n o m a ’lum  
ifodaga nisbatan faqat bir funksiyaga keltiriladigan tenglam alar 
kiradi.

M asalan,
a sin2x  + b sin x  +  c =  0; a cos2x  + b cos x  + c =  0 ;
a tg4 3x + b tg2 3x  + c = 0; a ctg2 2x + b ctg 2x + c — 0 

kabi tenglam alar algebraik tenglamalarga keltiriladigan tenglama
lar hisob lanad i. U lard a  sin x  =  y ,  co sx  = z, tg 3x  =  t, c tg  2x - u  
a lm a sh tir ish la r  k ir it ib , m o s r a v ish d a  a y  2 +  b y  + c =  0 , 
az  2 +  bz +  c = 0, a t 4 + bt2 + c -  0 va a u 2 +  bu +  c -  0 algebraik  
tenglam alarga ega b o ‘lamiz. U larning har birini yechib, sin  x ,  cos x , 
tg 3x, ctg 2x  larni topam iz.

asin2x  + b cos x  +  c = 0; a cos2x  + b sin x  +  c = 0 ; 
a tg2x  +  b c tg x  =  0 

tenglam alar ko'rinishidan algebraik tenglamalar b o ‘lm asa-da, ular
ni ham algebraik tenglam alarga keltirish mumkin:

• 2 2 a s m ' x  + b cos x +  c =  0 <=> a co s ' x - b c o s  x - ( a  + c)  =  0 .
2 2 a cos x  + b sin x + c — 0 <=> a sin" x — b sin x  — (a + c)  = 0.

atgx + bc tgx  = 0 <=> a tg x  +  t^ x  = 0 .

1 - m is o l .  2sin2x  -  7cosx - 5  =  0 ten g lam an in gxe [0; 2n] oraliq- 
dagi ildizlarini toping.

Y e c h il ish i.  2sin2x - 7 c o s x - 5  =  0<=>2(1 - cos2x ) - 7 c o s x - 5  =  0

<=> 2 c o s’ x +  7 co sx  + 3 =  U <=> [cos*  = t\ »  2t~ + I t  + 3  = 0 =>

cos x  =  - 3  <  -1  =? x  e  0 ,
1 ? 

cos x  =  -  2 => x  =  ±  2 ft +  2 kn ,  ke. Z .

Y e c h i l i s h i .  3  x  =  arcctg5 + kn <=> x = ^ arcctg5 +  ^ kn, ke Z.
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к  =  0 va к  =  1 qiym atlar berib, k o ‘rsatilgan oraliqdagi ildizlarni 
topamiz:

v _  2k  . „ _  4тг
о — ’ Л1 — 3 •

J a v o b :  . 4 я _

2 - m i s o l . cos 2x  +  3sinx =  2 tenglam ani yeching.
Y e c h il ish i.  c o s 2x +  3sinx = 2 «  cos2x  -  sin2x  + 3sin x  =  2<=> 1 -

-  s in 2x  -  sin 2x  + 3sin x  - 2  =  0 «  2sin 2x  -  3 s in x  +

+ 1 = 0 «  [sinx = t] «  I t 2 -3 f  + 1 = 0 : r i ~  2  ’

¿2 — к

X = ( -1 )л g + feff, fe е  Z; л =  2 + 2fe;r, fe e  Z.

\ k Л . к „  П

3 - m i s o l . tgx +  ctgx  = 2 tenglam a [0; 2л] oraliqda nechta ildiz- 
ga ega?

Y e c h i l i s h i .  Berilgan tenglama o ‘zg a ru v ch ix n in g  jr =  ^ + k n

va X = kn  qiym atlaridan boshqa barcha qiym atlarida aniqlanganli- 
gini h isobga olib, tenglam ani yechamiz:

tgx +  ctgx =  2 <=> tgx + tlJv =  2 «  t g 'x - 2tgx + 1 =  0 «

[tgx = ( ] « Г - 2 (  + 1= 0 « [ / | = t 2 = 1] <=> tgx = 1 => X = ^  + kn.  fee Z.

K o ‘rsatilgan oraliqqa tegishli ildizlar son i к  ga tegishli qiym at
lar berib, yok i trigonom etrik doira tasviridan foydalanib topiladi:

fe =  0 ,  fe =  1, x0 = f ;  X, =  .

J a v o b :  2 ta.

2 .2 . Bir jinsli tenglam alar. a s in  x  +  b co s  x  =  0; a s in 2x  +  
+b sin x  cos x  +  с cos2x  = 0; a sin3 x  + b sin2 x  cos x  +  с sin x  cos2x  +  
+ d  cos3x  = 0, a, b ,c , d e  R  kabi tenglamalar sinx va cosx ga nisbatan 
bir jinsli tenglamalar deyiladi. Bunday ten glam alarn ing barcha  
hadlarida sin x  va co sx  ning daraja k o ‘rsatkichlari y ig ‘indisi bir 
xildir. Bu y ig ‘indi bir jinsli tenglam aning darajasi deyiladi. K elti- 
rilgan tenglam alar m os ravishda birinchi, ikkinchi, uchinchi dara-
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jali tenglamalardir. Bunday tenglamalar cos "x *  0 ga (n —  tenglama 
darajasi) b o ‘lib  yu b orish  n atijasid a  tgx  ga n isbatan  algebraik  
tenglam aga keltiriladi.

asin2x  + ¿>sinx cosx  +  c cos2x  = cl shaklidagi tenglam a o ‘ng to- 
m on in i sin 2x  + c o s 2x  = 1 ga k o ‘p aytir ish  yord am id a  bir jin sli 
tenglam a shakHga keltiriladh

4 - m is o l .  4 sin2x  +  2 sin x  cos x  = 3  tenglam ani yeching.
Y e c h i l i s h i .  4sin2x  +  2sinx cosx  = 3 <=> 4 sin2x  + 2sinx cosx  =  

= 3(sin2x  + cos2x) <=> sin2x  + 2 sin x  cos x  -  3cos2x  =  0 tenglam a- 
ning har ikkala tom onini cos2x  ^ 0 ga b o ‘lamiz:

tgx = —3 x  = -arctg3  + kn ,  k  e  Z;
tg2x  +2tg x  -  3 = 0 =>

tgx =1 x =  + kn ,  k  e  Z . 
4

J a v o b :  x  = -arctg3 + kn ,  ^ + k n , k s  Z  .

5 - m is o l .  sin x  — \J~3 co sx  = 0 tenglam ani yeching.
Y  e c h i 1 i s h i . Bunday tenglamalarni yechishda tenglam aning ik

kala q ism i co s  x  ga b o ‘linadi. T englam ani n o m a ’lum  m iqdor  
tarkibida b o ‘lgan ifodaga bo'lganda ildizlar y o ‘qolishi mum kin. 
Shuning uchun cosx =  0 tenglam aning ildizlari b o ‘lish -b o‘lm asligi- 
ni te k sh ir ib  k o ‘rish  k era k . A g a r  c o s x  =  0 b o T sa , b er ilg a n  
tenglam adan sinx =  0 ekanligi kelib chiqadi. Lekin sin x  va cos x  lar 
bir vaqtda nolga teng b o ‘la olm aydi. D em ak, berilgan tenglam ani 
cos x  ga b o lish d a  tenglam a ildizlari y o ‘qolm aydi. Shunday qilib,

sin x -  \/3 cos x = 0 <=> sin x = \[l  cos x o t g x  = V 3 = > x = y  + ^^, k e Z. 

J a v o b :  y  + kn , k e  Z

2.3 . K o‘paytuvchilarga ajratib yechiladigan tenglam alar.
K o ‘pgina trigonom etrik  tenglam alarni yechishda algebraik ifoda- 
larni k o 'p a y tu v ch ila rg a  a jratish n in g  um um iy k o ‘p a y tu v ch in i  
qavsdan tashqariga chiqarish, guruhlash usuli bilan k o ‘paytuvchi- 
larga  a jratish , q isqa  k o ‘p aytir ish  form u la larid an  fo y d a la n ib  
ko'paytuveilliarga ajratish kabi usullardan foydalaniladi.

6 - m is o l .  (1 + cos4x) sin2x =  cos22x  tenglam ani yeching. 
Y e c h i l i s h i .  cos22x ni tenglam aning chap qismiga o ‘tkazib , da-

rajani pasaytirish  form ulasidan  foydalanam iz va h o sil b o ‘lgan  
ifodani k o ‘paytuvchilarga ajratamiz:
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2 l+ c o s4 x
(1 + cos 4x ) sin 2x  =  cos 2x  <=> (l +  co s4 x )sin  2 x -  ~ =  0<=>

<=> (1 +  cos 4 x)(2  sin 2x - 1 )  =  0.

1) (1 +  cos Ax) =  0 <=> cos Ax = - 1  «  Ax = n  + 2k n  => x  =  ¿ ;

A reZ

2) 2 sin 2jc — 1 =  0 => sin 2x = I => 2x  =  (— 1)* 5  + k n => x =

=  ( - 1)* n +  * e Z -

J a v o b :  J  +  > Н ) * |2  +  ^ > ^ 2 .

7 - m is o l .  3 ( 1 - sinx) +  sin4x  =  1 +  cos4xten g lam an iyech in g . 
Y e c h i l i s h i .  3(1 - s in x )  + sin4x  = 1 +  cos4x  «  3(1 -  sinx) =  1 + 

+ cos4v -  sin4x  <=> 3(1 -  sinx) =  1 + (cos2y + sin2x )(co s:X -  sin-x) <=> 
«  3(1 -  sinx) =  1 +  cos2x  «  3(1 -  sinx) =  2cos2x  «  3(1 -  sinx) =
= 2( 1 -  sin2x) «  3( 1 -  sinx) -  2(1 -  sinx)( 1 + sinx) =  0 <=>
«  ( I -  sinx)(3 -  2(1 + sinx)) = 0 «  ( 1 -  sinx)( 1 -  2sinx) = 0 =>

sin .v=  1 

s in x  =

x= +2kn , keZ\
2

x = ( - l ) k7t + 2kn, keZ.
6

J a v o b :   ̂ + 2 kn ,  (—1)* g + k n ,  k e  Z  .

8 - m i s o l .  s in 3 x  + sin 5x  = sin 4x  ten g lam an in g  n ech ta  ild iz i

|x| < Ц- tengsizlikni qanoatlantiradi?

Y e c h i l i s h i .  T en g lam an i u n in g  ch ap  q ism in i k o ‘p aytm a  
shakliga keltirib yechamiz:

3 jc—5x
sin З х +sin 5x =  sin 4 x  «  2 sin ' j  cos 2 =  sin4x<=>

<=>2 sin 4 x co s  x - s in  4 x  =  0 « s i n  4 x (2 co s  x - 1 ) = 0 :
sin 4 x  = 0, 

1
cos x ~ 2 '
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4 x  = ^ ,  k e Z ,
4

x = ±y  + 2&7t, k e Z .

x| < y  shartni qano-

atlantiruvchi x  =  ±   ̂ ; ± ^ ; ±   ̂ ; 0 ildizlarini ko'rsatish m um kin. 

J a v o b : 7 ta.

2.4. Bir ismli trigonometrik funksiyalarning tenglik shartlaridan 
foydalanib yechiladigan tenglamalar. Bunday tenglam alarni yechish  
bir ismli trigonom etrik funksiyalarning tengligi shartlariga, y a ’ni a  
va (3 burchaklarning si n a  =  sin/?, c o s a  =  cos/3, tg a  =  tg/3 tengliklarni 
qanoatlantiruvchi shartlariga asoslanadi.

1- t e o r e m a .  Ikki burchakning sinuslari teng boMishi uchun 
quyidagi shartlardan birining bajarilishi zarur va yetarlidir: bu 
burchaklar ayirmasi n  ni juft songa ko‘paytirilganiga teng boMishi 
kerak yoki bu burchaklar yig‘indisi n  ni toq songa ko‘paytirilganiga 
teng bo‘lish¡ kerak, ya’ni a  - ¡i -  2 k n  yoki a  +  /3 = (2k  + l)n , k e  Z  
bo‘lsa, s in a  = sin[3 boiadi.

2 - t e o r e m a .  Ikki burchakning kosinuslari teng bo‘lishi uchun 
quyidagi shartlardan birining bajarilishi zarur va yetarlidir: bu 
burchaklar ayirmasi yoki vig‘indisi n  ni juft songa ko‘paytirilganida 
teng bo‘lishi kerak, ya’ni a  -  /3 = 2 k n  yoki a  + ¡3 = 2 k n ,  k e  Z  bo‘lsa, 
co sa  = cos/3 bo‘ladi.

3 - t e o r e m a .  Ikki burchakning tangenslari teng bo‘lishi uchun 
quyidagi ikki shartning bir pavtda bajarilishi zarur va yetarlidir: bu 
ikki burchakning tangenslari mavjud bo‘Iishi va bu burchaklar ayirmasi 
7i ni butun songa k o ‘paytirilganiga teng boMishi kerak, ya ’ni

a  ± +kK, ¡3 *  % + kn ,  a -  ¡3 = k n ,  k e  Z  bo‘lsa, tg a  =  tg/3.

Keltirilgan teorem alardan foydalanib  yechiladigan tenglam a- 
lardan n a ’m unalar keltiramiz.

9 - m is o l .  sin2 x' =  sin 5x  tenglam ani yeching.
Y e c h i l i s h i . í-teo rem a g a k o ‘ra ikki burchaksinuslariningteng  

b o ‘lishi shartlarini yozam iz.

1) 5 x - 2 x  = 2 k n  <=> 3x = 2kn  => x = , k e  Z  ;
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2) 5x + 2x = (2k +1 )7t <=> 7x  = 2kn  + n  ==> x = 7 + ~k n  , k e  Z. 

J a v o b :  2kn  . n  + 2 kn   ̂ k & z

1 0 - m is o l .  sin5x = c o s 7 x - c o s - p  tenglam ani yeching.

Y e c h i l i s h i .  sin5.v =  c o s 7 x - 0  o  c o s ( y - 5 x )  = cosTx.
Ikki burchak kosinuslarining tenglik shartlaridan foydalanam iz:

1) I x  -  \  +  5x =  2kn  «  \2x  =  J  +  2kn  => x  =  f a  +  kg  , k e Z .

2) l x + n2 - 5 x  = 2kn t t 2 x  = - K2 + 2 kn  => x = - nA + k n ,  k e Z .

J a v o b :  - '24 +  ^ ; - 4  + k j i , k e Z .

1 1- m is o l .  tg(x + l)c tg (2 x  + 3) = 1 tenglam ani yeching. 
Y e c h i l i s h i .  tg(2x + 3 ) *  0 bo'lganligidan  berilgan tenglam ani

tg(x + 1) • tg(2x +3) = 1 ^  tg(jc + ^  = tg(2x +  3)

k o ‘rinishga keltirib, ikki burchak tangenslari tengligi shartidan  
foydalanam iz:

2x  + 3 -  x  -  1 =  k n  => x  -  k n -  2, k e  Z.  
x  n ing bu to ‘plam dagi har qanday q iym atida ham  tg (x  +  1) va  
tg(2x + 3) aniqlangan.

J a v o b :  k n - 2 , k e  Z .

2.5. a sin a: + b cos x - c  shaklidagi tenglamalar. Bu yerda a, b, 
c e  R  ten g lam a k o effits iy en tla r i. A gar  a = b = 0 , 0 b o ‘lsa , 
tenglam a m a’n oga ega b o ‘lm aydi. •

a sin  x  + b cos x  = c shaklidagi tenglam alarni yechishning bir 
necha usullari mavjud. U lardan ayrimlarini keltirib o ‘tamiz.

a) Yordamchi burchak kiritish usuli.
M a ’lumki, agar a2 + b2 -  1 b o ls a ,  u h olda shunday cp burchak  

m avjudki, a =  cos (p, b =  sin (p va aksincha. Shunga k o ‘ra

a sin a +  b cos x  =  c «  V« 2 + b 2 | ^  ~  — sin x  + c o s x j  =  c;
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= C0S(P’ TZT7U = sin(P

+ sin (p cos x) = c <=> sin(X + (p) =

V 2 7 a " +b~ (coscp sin x +

V a2+&2
— hr>Mflan tcno-lama n2 + b2>c2 b o lsa g in a  yechim ga ega:

x =  ( -1 )A arcsin j~ — -  + k n  - (p, k e  Z. Bunda <p = arctg ^ - 
\Ja-+bz

b) Ratsionallashtirish usuli. Bu usulga k o ‘ra x  *  n  +  2kn  da

2t g i  1- t g 2*  2t g i  

SinX=1 + tg2 x ' C°S X = ^ S T t8X=^

tengliklar o ‘rinli ekanligidan asinx +  bsosx = c tenglam a tg ^ =  t

belgilash yordam ida
(b +  c)t2 -  2 at +  ( c - b )  =  0 

tenglam aga keltiriladi. Agar b + c *  0 b o ‘lib, a2 + b2>c2 b o ‘lsa, t 
ning qiymatlari haqiqiy b o lad i:

_  a±\la2+b2- c 2
f1.2 ~  b + C

1) Agar a2 + b2 < c1 b o ‘lsa, tenglam a yechim ga ega b o ‘lm aydi.

2) Agar a2 + b2> c2 b o ‘lib, c * - b  b o ‘lsa,

x  - 2arctg + 2kn, k e  Z .

3) A g a r  c = - b  b o ‘lsa , te n g la m a  x  -  n + 2 k n  va

x  -  -2arctg  ̂ +  2 kn ,  k e  Z  yechim larga ega bo'ladi.
d) Yarim burchaklarga o‘tish yo‘li bilan bir jinsli tenglamaga 

keltirish usuli.
Bu usulga k o ‘ra a sin x  + b cos x  = c tenglam a quyidagi k o ‘ri- 

nishga keltiriladi:

2a sin 2 cos £ + 6 (cos2 * - sin2 2 ) = c (sin~ \ + cos" 2 ) «

<=> (c + 6)sin~ j  - 2a sin  ̂ cos ^  + ( c - b ) c o s2 * = 0 .
Bunday bir jinsli tenglamalarning yechilishi oldingi bandda bayon  

qilinganidek am alga oshiriladi.
12 - m  i s o 1. 5sinx -  4cosx  =  4 tenglam ani yeching.
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139-rasm

arcsin ^  + 2kn  < x  < n  -  arcsin ^  + 2k n  <=>  ̂ + 2kn  < x <

< n  -  3 + 2kn  => 3 + 2 kn  < x  < 2̂  + 2kn, k e  Z.

J a v o b :  (  ß + 2kn; ^  + ^ k n  k e Z.

2 - m is o l .  s i n x > - i ,  tengsizlikni yeching.

Y e c h i l i s h i .  (1) form uladan foydalanam iz. U nga k o ‘ra

arcsin 2 )  + 2kn < x  < n  -  arcsin ( -  \ ^ + 2 k n  <=> -  arcsin \  +

+2kn < x  < n  +  arcsin 2 + 2kn  <=> -  g  + 2k n  < x  < n  +  g  + 2kn  =>

=» -  g  +  2/c7r <  x  <  ^  +  2&7T, h Z .

Tengsizlikning yechim i 139-rasmda tasvirlangan.

J a v o b :  6 + 2£?r; + 2 :̂77:, & e  z j  .

2. sinx < a (|a| < 1 tengsizlikning yechilishi. 140, 141-rasmlardan  
k o ‘rinib turibdiki, tengsizlikning [- n ; n] kesm adagi yechim i x  ning  
(-71 -  arcsina; arcsina) oraliqdagi q iym atlaridan , butun son lar  
o ‘q ida esa (2kn  -  n -  arcsina; 2 kn  + arcsin a), k e  Z  ora liq d ag i 
qiymatlar to ‘plam idan iborat.
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У >к

у  =  siax
/  \ \  у -  а /

■ Щ Ш  ^ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ /о ^

arcs i по arcsimz ^

141-rasm
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Shunday qilib, sinx < a tengsizlikning yechim lar to'plam i

2k n - n - arcsina < x <  2k n  +  arcsina , k e  Z  (2) 
form ula bilan ifodalanadi.

¡2
3 - m i s o l .  s in 2x < -  2 tengsizlikni yeching.

Y e c h i l i s h i .  142-rasmdagi chizm adan k o ‘rinib turibdiki,

2 k n - ^ -  < 2 x < 2 k n - ^ .  Bundan kn -  ^  < x < k n  -  g , k e  Z.

J a v o b :  k e Z .

4 - m is o l .  2cos2x  + sinx > 2 tengsizlikni yeching.
Y e c h i 1 i s h i . 2cos2x  + s in x > 2<=>2( 1 - sin2x) + s in v > 2 o 2sin2x -

-  sinx <()<=> sinv (2 sin x -  1) <  0. Berilgan tengsizlikka teng kuchli 
b o lg a n  bu tengsizlikda sinx =  y  belgilash orqali yangi o ‘zgaruvchi 
kiritamiz va

r (2 v - I) < 0
algebraik  ten gsizlikn i h osil q ilam iz. Bu ten gsizlikn ing yechim i 

0 < y < | .

Shunday qilib, 0 < sin x < i, . Bu tengsizlikning yechim lar to ‘p-

lam i 2kn < x < ^  + 2kn, k e  Z  yok i 5g  + 2kn < x < n +  2kn, k e  Z  

oraliqlardan iborat (143-rasm).

J a v o b :  ( 2 k n \ ^  + 2 k n ^ U ( ^ -  + 2 k n \ n +  2kn^ , k e Z -

143-rasm
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4.2. cos x  >  a,  cos x  < a  tengsizliklarni vechish. |cosx| <  1 b o ‘lgan- 
ligi sababli quyidagi tasdiqlar o ‘rinli.

Agar:

a< -1  b o ‘lsa, cos x  < a , a >  1 b o ‘lsa, cos x >a;

tengsizliklar yechim ga ega emas.
Agar:

a > 1 b o ‘lsa, cos x  < a; a <-1  b o ‘lsa, cos x> a;
a>  1 b o ‘lsa, c o s x< a ;  a < - 1  b o ‘lsa, c o s x  > a 

tengsizliklar x  n ing har qanday qiym atlarida bajariladi.
1. c o s x  > a (|a| < 1) tengsizlikning vechilishi
Birlik aylanada ordinatalar o ‘qiga parallel x  =  a t o ‘g ‘ri chiziqni 

chizamiz. Bu t o ‘g ‘ri chiziq birlik aylanani A va B nuqtalarda kesib 
o ‘tadi (144-rasm ). A  va B  nuqtalarning absissalari a ga teng b o ‘lib, 
N P  oraliqda x  n ing barcha qiymatlari a dan katta; birlik aylana  
BPA  yoyining barcha nuqtalari a dan katta abssissaga ega. Shuning  
uchun co sx  > a ten g siz lik n in g  [—tc; 7t] k esm ad agi y ech im la ri 
(-a rcco s a; arccos a ) ora liqq a teg ish li barcha x  so n la r  b o ‘lad i 
(145-rasm). cosx  n ing davriyligini h isobga olib tengsizlikning butun  
sonlar o ‘qidagi yechim lar to ‘plamini
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у А

1 у = COSA
sf77/V72b^

-arccosa

О N

- 1 .-
a arccosa

1 4 5 - r a s m

2kn  — arccos a < x  < 2kn  + arccos a, k& Z (3)
form ula bilan berilishi mumkin.

cosa- >  0 ten gsiz lik n in g  yechim lar to 'p la m i

I kK-  \  < x < 2 +  2кж, к с  Z.  ______________
cosa' < 0 tengsizlikning yechimlar to'plam i 

2kn  +  ^ <  a  < +  2kn ,  Z  ekanligini yodda tuting.

5 - m is o l .  c o s x > - i ,  tengsizlikni yeching.

Y e c h i l i s h i .  Berilgan tengsizlikni (3) form uladan foydalanib  
yecham iz:

2kn  -  arccos !, )  < x  < 2kn + arccos ( ~  2 )  ^  2^7Г _ ( 7Г _ з ) <

< 2kïï + (ж -  з  )  <=> 2k n  -  ^  < x  < 2k n  +  ^  , к s  Z.

146-rasm 147-г as m
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Tengsizlikning yechim i 146-rasm da tasvirlangan. 

J a v o b :  [ i k n  -  ^  ; 2kn  + Ц? ) , к s  Z.

6 - m i s о 1. 2cos2 л; -  9 cos x  + 4 < 0 tengsizlikni yeching. 
Y e c h i l i s h i . co sx  =  y  belgilash kiritam iz. U  holda

2 y 2 - 9 y  +  4 < 0 < * 2 ( y - \ ) ( y

| c o s x |< l  b o 'lg a n lig i uchun

b o ‘lam iz. U ning yechim lar ti 

(147-rasm ).

J a v o b :  ( т . к л - ' ^ ^ к л

- 4 ) < 0 = ф 2 < 3 ' < 4 .

, < c o s x < 1  ten g s iz lik k a  ega  

2к л  -  g < X < g + 2к л ,  к e  Z

) , k e Z .

2. cos x <  a  (|я|<1) tengsiz
likning yechilishi. 148, 149- 
rasmlardan k o ‘rinib turibdiki, 
tengsizlikning [0; 2n] kesm a- 
dagi yechimi x  ning (arccos a; 
2jr -a rc co sa ) oraliqdagi qiy- 
m atlaridan iborat. co sx  ning  

► d a v r iy lig in i h is o b g a  o lib  
x  ten gsizlikn in g  b utun  son lar  

o ‘qidagi yechimlari t o ‘plam i- 
ni yozamiz:
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2к к  + arccos а < x  < 2kn  + 2 к  -  arccos a , k e  Z (4)

7 - m is o l .  c o s 2x < ~ 2  
tengsizlikni yeching.

Y e c h i l i s h i .  2 x  n i a  d eb  
b elg ila sak , berilgan  ten gsizlik

c o s a < - 2  k o 'r in ish n i o lad i.
Bu ten gsiz lik n i birlik ay lan a-

n ing  ab ssissasi -  2 dan kichik  
b o ‘lgan barcha nuqtalari qano- 
a tla n t ir a d i (1 5 0 -r a sm ), sh u -

n ing uchun cos a  < -  i  tengsiz-
°  1  1 5 0 - r a s m

l ik n in g  [0 ; 2k] k e s m a d a g i
y ech im i

arccos 2 j  < «  < 2 n  -  arccos 2 ) =* n  ~  arccos 2 < a  <

< 2 n  ~ { n  — arccos 2 )  ^  K -  3 < a  < 2ft ~ { n  _  3 ) ^  < a  < ^3 

kabi top ilad i. c o s a  ni d avriy lig in i h isob ga  o lsak , 2k n + ~ ^  <

< a  < 2 к л  + , k e  Z-
Endi X o'zgaruvchiga o ‘tib. berilgan tengsizlik yechimini yozamiz:

2к л  + 2*  < 2 x < 2 k n + 4̂  <=> k n +  ^  < x  < k n  +  2g  , к e  Z. 

J a v o b :  (k n  + ^ ; k n  + к e Z.

8 - m is o l .  7cos2x  -  5cosx  + sin2x  < 0 tengsizlikni yeching.
Y  e c h i l i s h i .
7cos2x  -  5cosx + sin2*  <  0  <=> 7cos2x  -  5cosx + 1 -  co s2x  < 0 <=>

<=> 6cos2x  -  5cosx + 1 < 0
Berilgan tengsizlikka teng kuchli b o ig a n  bu tengsizlikni yechish  

uchun cosx =  у  belgilash orqali yangi o ‘zgaruvchi kiritamiz. U  holda

6 y 2 - 5 y + l< 0 < = >  б ( у - з ) ( > ’— 2 ) - 0=Ф 3 - y  -  \  .

x  o'zgaruvchiga o 'tib ,  ̂ < cos x  <  \  tengsizlikka ega b o ‘lamiz.
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v _  1 Bu tengsizlikni qanoatlan-
3
x  = -^ tiru vch i n u q ta lar esa

to ‘g ‘ri chiziqdan o ‘ngda, x  = 2

to ‘g ‘ri chiziqdan chapda yotadi 
(151-rasm ). Birlik aylananing  
bu q ism lariga  m os k elu v ch i 
burchaklar oraliqlari berilgan  
te n g s iz l ik n in g  y e c h im la r  
to ‘plam idan iborat. Shunday  

1 5 1 - r a s m  qilib,

2kn  + 3 < x  < 2kn  + arccos | , h Z  va 2kn  -  arccos  ̂ <

x ^ 2 k n -  2 , k e Z  oraliqlar birlashm asi tengsizlikning yechim i 

b o ‘ladi.

J a v o b :  ^2kn  + ^ ; 2 k n  + arccos ̂  J U ^2kn  -  arccos ^ ; 2kn  — y j , 

k e  Z.

4 .3 . tg x  >  a,  t g x  <  a 
tengsizliklarni yechish. Bu
ten g s iz lik la r  a n in g  har  
q a n d a y  q iy m a tla r id a  
yechim ga ega b o ‘lib, ularni 
y e c h ish d a  h am  b ir lik  
a y lan ad an  yok i y  =  tg.v, 
y  =  ctg.v fu n k siy a la rn in g  
grafiklaridan foydalan ila- 
di.

1. tgx  > a ( a e  R )  
tengsizlikning yechilishi.
B ir lik  a v la n a n i chizib,  
ay lan aga  ( 1; 0) n u q ta d a  
urinm a b o ‘lgan  T

°  a r c t g ö

tangenslar chizig'in i chiza- 
m iz (1 5 2 -r a sm ). T an -

152-rasm
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genslar ch izig‘ida ordinatalari a dan katta b o ‘lgan barcha nuqtalar 
A B nurdayotibdi. Birlik aylananingbu n u rgam o sqismi 152-rasmda 
ajratib ko'rsatilgan. Birlik aylananing bu qismidagi har qanday nuq- 
tada

arctga <  X < 2 

te n g s iz l ik  b a ja r ila d i. 153- 
rasmda bu yechim  у  — tgx  funk- 
siyaning grafigi orqali tasvir- 
lan gan , ten g siz lik n in g  butun  
so n la r  o ‘q id a g i y e c h im la r i 
to'plam ini yozam iz: 

к к  + arctga < x  < ^ +  krc, /ce Z

(5)
9 - m i s o l .  t g x > - l  tengsiz- 

likni yeching.
Y e c h i l i s h i .  T engsizlikn i 

y ec h ish d a  b ir lik  a y la n a d a n  
fo y d a la n a m iz . 154-rasm d an  
k o ‘rinib  tu r ib d ik i, ten gsizlik

- 7l. < x < 7i  oraliqda baiarila- . . .4 L n J 154-rasm

У ‘

( <

В

p

v :

X

— l ’-1
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di. ( tgxfunksiya лг = 2 da aniqlanm agan). Tengsizlikning davriyli-

gidan foydalanib , butun sonlar o ‘qi uchun yechimlar t o ‘plam ini 
yozam iz:

kn  -  ^  < x < n2 +k n ,  k & Z .

Javob: J  + k n ) ,  к е  zT ~

2. tgx  < a (ae  R)  tengsizlikning
yechi l i shi .  Bu t e n g s iz l ík  1 5 5 -  
rasm da tasvirlangan  b irlik  aylana  
va ta n g e n s la r  c h iz ig 'id a  a jra tib  
k o ‘rsatilgan oraliqlarda bajariladi. 
Shu sab ab li tangensn ing d avriy li- 
gini h isobga olib, tengsizlikning bu
tu n  s o n la r  o 'q id a g i  y e c h im la r  
to ‘plam i

k n  -  2 < X < arctga + kn , к  s  Z  (6) 
form ula bilan ifodalanadi.

tgx >  0 tengsizlikning yechim lar 

t o 'p la m i k n  < x < * + k n ,  k e  Z,  

155-rasm tgx  < 0 ten g s iz lik n in g  y ec h im la r

t o ‘p la m i k n - K2 < x < k n .  k e Z
ekanligini y o d d a  tuting.

10-misol. t g ( 2 x - 3 ) <  L  tengsizlikni yeching.

Y e c h i l i s h i  (6) form uladan foydalanam iz:

k n - %  < 2 x - ^  < arctg-j^ + kn  <=> k n  + ^  < 2 x < ^  + ̂  + kn  <=>

^  к п  -  ̂  < 2 x <%£ + kn  <=> Щ- -  y i < x < ^  + Щ -, k e  Z.

J a v o b :  ( k2 ~ l 2 ; 4 + k2 ) ’ k e Z -

1 1 - m i s o l .  4tg‘x - t g x - 3 >  0 2 +kn) tengsizlikni 

yeching.

Y e c h i l i s h i .  t g x  - y  belgilash orqali yangi o ‘zgaruvchi kirita- 
miz. U  holda:
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156-rasm

4 y 2 - y - 3 > 0 «  4 ( y + J ) ( y - 1 ) 2  0.

Bu te n g s iz l ik  y e c h im la r i t o ‘p la m la r in in g  b ir la sh m a s i

4 ]  U [1 ; -f- 00 ) dan iborat. x  o ‘zgaruvchiga qaytib, 

tg

tgx > 1

tengsizliklar sistem asiga ega b o ‘lamiz. Bu sistem aning ( ~ 2  ; 2 )

o r a liq  u ch u n  y e c h im i ^  ;~arctg 4 J va [ 4  ; 2 ) o r a liq la r

birlashmasidan iborat (156-rasm). Tangensning davriyligini hisobga  
o lib  berilgan  ten gsiz lik n in g  butun son lar  o ‘q idagi yechim lari 
to'plam ini yozamiz:

( kn  -  2 , k n  -arc tg  + 4 ;  ̂ + k n ) ,  k e  Z.

J a v o b :  (kn -^^kn -  arctg 4  J + 4 ; 2  + kn), ke  Z.
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Mustaqil ishlash uchun test topshiriqlari

1- s i n ( 3 x - y )  = 0 tenglam ani yeching.

A ) J  + * * , * e Z ; В : ) *  + * * , * 6 Z ; C ) f t  + k n k e Z .

—D) 2 + k n ,  k e  Z ;---------E) for, k e  Z .—
2. 4 c o s3x  +  4 =  0 tenglam ani yeching.

А) к  + 2 k n ,  k e  Z  ; B) ^ +  ^ , j t € Z ; C) 2 + k n , k e Z ;

D) 2 k n ,  k e  Z  ; E) -  *  + ^  , k  e  Z  ■

3. 4 cos2 2 —3 =  0 tenglam ani yeching.

А) пъ + 2 k n , k e  Z; B) + 4 k n , k e Z \  Q  ± 3 + 2 k n , k e  Z ; 

D) 3 + k n , k  e  Z; E) + 2 k n , k e Z .
4. 4sin22x —1 = 0  tenglam ani yeching.

A ) ± ^  +  ^ , i e Z ; B ) ± ^  + 2 k n , k e  Z \  С) ±   ̂ +Ъ г, k e  Z ;

D) ± ^ * s  Z; E) (-1)* -  *  + Ç  16 z.

5- л/з tg^ g  - 3x )  =  3 tenglam ani yeching.

A > _  6 + Y  ' * e  Z ; B) 6 + кЪ ' к  e  Z \  С) з + k2  . * e  Z;

D ) - 5  + ^ , j f c 6 Z ;  E ) - ^  +  k n k e Z

6. л/з c t g - 2x )  =  3 tenglam ani yeching.

A) j*2 + 2̂ , k e Z ;  В) p  — к  e  Z ;  C) ± + 2 k n , к  e  Z;

D ) k2  , k e  Z ;  E ) ^ + k n , k e Z .

7. sin" x +  3sin + .r) = -3  ten g la m a n in g  [0; 2л] o ra liq d a

nechta ildizi bor?
A) y o ‘q; B) 4; C )3; D) 2; E ) 1.

8. cos2 jc + 3 c o s ( 2 = _ 3 tenglam ani yeching.

A ) k n , k e Z ;  B ) 7̂ + k n , k e Z \  C) -  ^ + 2 k n  , k  e  Z;
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D ) n2 + 2kn , k e  Z;  E) 0 .

9. co s2*  +  10 sin2x  = 3 sin 2x tenglam ani yeching.

A) 0  ; B) kn\ C) *  + 2kn, k e Z ;  D) arctg ^  + k n ,  k e  Z;

E) -arctg  |*q + kn , k e  Z.

10. > /3cosx  = sin2 x c o s x  tenglam aning [0; 360°] oraliqdagi il- 
dizlari y ig ‘indisini toping.

A ) 90°; B) 60°; C) 360°; D ) 300°; E) 150°.
11. 2 sin 22 x -  5cos 2x + 1 = 0  ten glam an in g  [k; 2tc] oraliqqa  

tegishli ildizlarini k o ‘rsating.

a \ 4k . 57r. d\ In  A  \n . I k .
A) 3 , 3 , ) 6 ’ 6 ’ 6 •

 ̂TOD ) E) k o ‘rsatilgan oraliqda ildizlari y o ‘q.

12. sinx -  co sx  = 1 tenglam aning [ -2tc; 2ti] oraliqda nechta ildizi 
bor?

A ) 1; B) 2; C) 3; D) 4; E) k o ‘rsatilgan oraliqda ildizlari y o ‘q. 

13*. gtg = ® tenglam ani yeching.

A ) ^ , h Z ;  B) 2 + k n ,  k e  Z; C) 2kn, k e  Z;

D) n  + 2kn, k e  Z ;  E ) k n . k e Z .
14*. sin 3x =  cosx  tenglam aning eng kichik m usbat ildizini to 

ping.

A ) 3* ;  B) ^ ; C) f ; D ) f 2 ; E)

15*. cos 4x  =  cos 6x  tenglam aning [0; 180°] oraliqdagi ildizlari 
y ig ‘indisini toping.

A ) 216°; B) 288°; C )360°; D ) 390°; E) 540°.

16*. t g ( 5x + ^ ) c t g 3x = l tenglam ani yeching.

A ) - J  + * £ t jfce z ; B ) - J + * * , * e z ; C ) - J ;

D ) *2 + k n , k e Z \  E ) 0 .
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2 2 2 217. 2ctg л:-co s“ л:+ 4 cos x - ctg x - 2  = 0 tenglam ani yeching.

A ) n2 + k K , k e Z - ,  B) 5 + t a , t £ Z ;  C) % + *% , k e Z ;

D ) 2 + 2 к я ,  k e Z ;  E) \  +  I k n ,  к  e  Z.

18. sin2 2 -  cos 2 =  1 tenglama [0 ; 2n] oraliqda nechta ildizga  

ega?
A) 4: B) 3; C )2; D ) 1; E )y o ‘q.

2 2
19*. c tg " x -tg " x  = 8 c o s2 x  tenglam ani yeching.

A ) 4 + 2fcrc, k Z ;  B) -  *  + 2 k n ,  k e Z ;

С) ^ + 2Лгтг; I  + 2 k K , k e Z \  D) *  + k *  ; J  + ^  ,jfc e  Z;

E) g + 2 k n ,  k e  Z .

20. sin2 x - s i n 3 x + s in 8x  =  c o s ( 2 - 7 * )  tenglam aning [0; 90°]

oraliqqa tegishli ildizlarni k o ‘rsating.
A ) 0; 36°; 72°; B) 36°; 45°; C) 30°; 60°; D ) 36°; 72°;
E) 30°; 60°; 90°.

21. cos x  + cos 2x + cos 3x + cos 4x =  0 tenglam ani yeching.

А ) пг  + к л ; %  + 2lf  , k e Z \  B) 2 + k K , k e Z ;

C) 4 + k2 ' 6 + k3  ' k  6 Z; D) 5 + 2 iU ’ * e Z ’

E) n  + k n ,  k e  Z .
2 2 2 2 22*. sin" 2x  + sin “ 3x + sin" 4x  + sin" 5 x  =  2  tenglam aning (0; 7i)

oraliqdagi eng kichik ildizini ko'rsating.

A ) 0; B) *2 ; C) f t  ; D) *  ; E) \  .

23*. 5sinx -  co sx  =  5 tenglamani yeching.

A) 2 ; B) *  + 2 к л , к е  Z; C) 2 ;arctg 2 + k n , k  e  Z;

D ) 2 +  2 к к ;  2arctg  ̂ + 2 к л ,  k e  Z; E) 2 + k n ,  k e  Z .
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24*. 4 sin2 x (l +  cos 2x) =  1 -  cos 2x  tenglam ani yeching.

A  ) k n , k e Z \  B) t o ; ± * + h , h Z ;  C ) + k j t ,k  e  Z;

D ) k n ; ±  3 + 2 k n ,  k e  Z; E) k n ;± 2 7T + 2£7r, k e  Z.

3 3
25*. sin x +  cos x =  l tenglam ani yeching.

A ) k n , k e Z ;  B) 2 + 2 k n , k e Z ;  C )2n;

D ) 2fc;r;  ̂ + 2&7T, h Z ;  E) n  +  k n ,  k e  Z.

26*. sin4 x  +  cos4 x  = sin x c o s x  tenglam ani yeching.

A ) ^ + k n , k e  Z; B) 4 + 2 k n , k e  Z; C) ^  + £ tt , k e  Z;

D ) ^  + k n . k  e  Z; E) ,  + 2fc7T, /: e  Z.

27*. sin6 x  +  cos6 x  =  (sin4 x +  cos4 x) tenglam ani yeching. 

A) ± \  + kn ,  k e  Z; +

C) ( - l /  g + k n ,  k €  Z; D) p  + kn ,  k e  Z;

E) ±  g +  , k  e  Z .

. 2 2
28*. Bisin *+ 8 1 °°s * = 3 0  tenglam ani yeching.

A ) ± 3 + k n , k e  Z; B) ^ + k n , k e  Z; C) g + 2 k n , k e  Z;

D ) ± ^  + y , i e Z ;  E J i ^ + y ^ e Z .

29*. ct^c^tgx = 2 cos4 2jr _ 8 sin4 ^ co s4 *  tenglam ani yeching. 

A) jJ + ' j . t e Z ;  B) 3* + k n , k e Z ;  C ) £ + * f  , h Z ;

D ) ± p  + , k e Z ;  E) ± *  + 2 * w , h Z .
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30*-  1—tg2jc +  cos2xr+sin2x _  . y ~  tenglam ani yeching.
1- t e  <

31

2cos2x - l  2\Iblg2x 

tg2 2jc

A ) K6 + Ал, A e  Z; В ) *  + k*  , k e Z ;  Q  j j  + Ал, k e Z ;  

Т У Т *  + k n , k e Z - ,  E) j^ + ^ . t e z .  

cos jc +  cos у  =  л /з ,
Х+У = %

sistem ani yeching.

A ) ( |  + 2 А л : | - 2 А л ) , А е  Z :  В) ( *  + 2 к к ;  2 k n j , k e Z ;

C) ( g +Агл; g - £ n ) , A e  Z; D ) ( 3+Ал; ^ +  Z;

E) ( ± £  + 2 А л ;± £  + 2Ал) , Ае  Z.

32*. cos Xcos 2 x cos 4 x  cos 8 x =  g  cos 15x  tenglamani yeching. 

A ) j 2 + А л ,A e Z; B) ¡ J i e Z ;  C ) * * , A r e Z ;

D ) &  , * 6 Z; E) “ , i e Z .16
Ал
12

33*. tgx  + tg2x -  tg3x = 0 tenglam aning (~  f  ; 2 )  ora liqdagi 
yechim lari y ig ‘indisini toping.

A ) 0; B) n C) f ; D) 5л .
12 ’

E ) - f .
34 çcosx +  2 . 3cosx =  15 tenglam ani yeching.

A ) 2Arn, Are Z; В) 0; С) 2л; D ) л +  2kn,  Are Z;

E) ^  + 2 k K , k e Z .

35. VT -  cos * =  sin jc tenglam ani yeching.

A ) 2 + k n \ 2ÄT7T, A e  Z; B) 2 + 2 k n , к e  Z;

C) f  + 2Лгл-; 2кл, к e  Z; D ) 2Агл, Are Z; Е ) - л  + 2Агл. Are Z. 

36*. c o s10x  + sin15x  = 1 tenglam ani yeching.

А) Аж; I  + Ал, A e  Z; В) 2Агл, Are Z; С) 2Ал; ^ + 2Ал, A e  Z;

D ) n  + 2Ал; 2 + Ал, A e  Z; E) Ал-; 2 + 2Ал, A e  Z.
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37*- sin3 ° - 2sinx =  t^  tenglam ani yeching.

A ) \  +~2 ' k e  Z; B) \  + 2 к л ,  k e  Z; C) \  + k n , k e  Z;

D ) K2 + k2 • k e  Z; E) f  + к я , k Z .

' 38*. л/ l  — sin 2 x  = sin 3x +  cos Зл; tenglam a p f  ;2 ;r ] oraliqda

nechta ild izga ega?
A ) 4 ; B ) 3 ;  C) 2; D ) 1; E) k o ‘rsatilgan oraliqda ildizi y o ‘q,

39*. lo g , ( - c o s x ) - log9 s in X + ^  = - log9 2 tenglam ani yeching. 

A) (-1  )k % + кл ,  k e  Z; B) (-1)*  \  +кж, k e Z \

C) + 2к л ,  к e  Z;  D )  3 +  2кл , к e  Z; E) +  2Аг7Г, k Z .  

40*. 5sin3.v -  6cos3.v =  a tenglam a a ning qanday qiym atlarida
yechim ga ega?

A) -1 < a < 1; B) -  g < a < g ; C) W ï î  < я < VTl;

D ) -л /б !  <  a <  VôT; E) - У Й  < a < %/l4.
С  1T

41. 3 arccos(2x + 3) =  2 tenglamani yeching.

A) ^2 ; B ) - ^  ; C) - 6+̂  ; D ) - 6""^3 ; E ) - l ,2 5 .

42*. arcsin je • arccos л: =  ^  tenglam ani yeching.

A ) B ) - 2  ; 2 ; C) D ) 2 2 ’ E) f  ; 2-

43. arctg(l -  x )  + arctgO +  je) =  ^ tenglam ani yeching.

A) ±2; В ) ± л / 2 ; С ) ± Т З ;  D ) y f î  ; V ¡ ; E) 1; yfî. .
44. 2(arcsin x )2 +jt2 =  3narcsin x  tenglam ani yeching.

A ) 1; B) 0; C) ^  ; D ) \  ; E) ^  . 

45*. 2arcsin2x = arcsin7x tenglam a nechta ildizga ega?

A ) 1; B) 2; C) 3; D ) 4; E ) 0 .

46. \¡2 sin ( 2  - 2 x )  > 1 tengsizlikni yeching.
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A ) ( i k n  -  J  ; 2 k n  +  4 ) ;  k e  Z ;  B) (**r -  \  ; fcn; +  J  ) ;  k e  Z;

C )  ( 2 t o r - J ; 2 * j r  +  ! ) ; i t e Z ;  D ) ( f o r - g ; f o r + g ) ; / t e  Z ;

E) ^for + g ;for + 3g  J l l  G JZJ_______________________________

47. 2 c o s ^ ^ + 3 x j  < —v /i tengsizlikni yeching.

a  \  2 k K _ 5 n . K  , 2 k n  j ,c  y .  r \  I k n _ n . 2 k n _ n  \ l - p  y -  
A , L 3 12’ 1 2 3  J’ ’ ' [  3 4 ' 3  12j ' f c e Z -

C )  [ * ”  '  i f  ; /2  +  *3 ]• * 6 Z ; D )  [ ‘ 3* -  J  : *3* : [ ' ] . l s Z ;

p-i f 2for , 7T . 3?r , 2forl » _ 7 
EH  3  ̂ 12 ’ 12 3 ] ' k e Z -

48. tg ( n  + 3 ) +1 > 0 tengsizlikni yeching.

A ) ^kn  -  4 ; 0 + k n ) , k  e  Z ; B) £for +  4 ’> 2 + k n ) ^  e  Z ’>

C ) j ^ 3 k ; r - ^ ; ^  +  3 /:;r) ,A:e Z; D )  [^ fo r-  ^  ^  + £ ; r ) ,A :e  Z;

E) ( 3 k n - ^ j - ; ^ j -  + 3 k n ) , k e  Z.

49. c t g -  2 ) ^ V3 tengsizlikni yeching.

A ) ( 2k n - n \  +2fc7rJ ,fc  e  Z ;  B) _  x  ; ^  e  Z;

C) (2ix-x;| + 2*1]. is  Z: D) ( t x - f  + i * ] , t e  Z;

E> ( - * = ¥ ] •
1 J 250. ‘ <  sin x  < 2 tengsizlikning [0; 27t] oraliqdagi yechim lari- 

ni toping.

A ) ( J ; f ] u [ 3f ; ^ ) ; B ) ( o ; f ] u t ^ ; 2 x ) ; C ) ( f ; ?| ) ;

D ) +  2kn\  4 + 2 t e ] i e Z ;

E) ( | + 2 f o r ; |  +  2 f o r ] u [ ^  + 2kn\  ^  + 2 k n ) ,  k e  Z  .
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/3  2
51. -  2 -  cos x < 3 tengsizlikni yeching.

A ) ^  ; 2kn -arccos 3 ) .   ̂e  Z;

B) |^2A;r — 2kn  -a rc c o s^  j l j  (arccos ^  +  2k r t ;^ -  + 2kn  J .  A e Z ;

C) ( i k n  -  ; 2A7T -  arccos k e  Z;

D ) ( i k n  -  ; 2k n  -  arccos-j)U  [^arccos ^  + 2 k n \ ^  + 2 k n ) , k  e  Z;

E) (arccos j  +  2A7T: ^  + I k n ) ,  k e  Z.

52. 2tg:2x  -  1 > 0  tengsizlikning ( -  ^ 2 )  oraliqdagi yechim la- 

rini toping.

A ) ^kn -  2 : A7T -  2 arctg j .  A- e  Z:

B) |' kn +  ̂ ; Atf +  arctg j . k e Z;

Q  ( ^ - f ; ^ - I a r c t g - ^ ) u ( ^  + i a r c t g - ^ ; ^  +  f ) , i : e Z;

D) (“f ;_7arctĝ )U(iarctS^;f Z;
E) ( - 2  « * # 2  ■“* * & ) •

53. 2sinlv -  5sin;t +  2 <  0 tengsizlikning [0; 2n] oraliqdagi yechim- 
lari to ‘plam ini toping.

A, ( * :  5 * ) ; B, [ft  ¿ ) u ( 5,? ;2*] ;  C) [ft f  ] u [ ^  ;2*];

D) [ 0; " M 2"  ;2* ] ; E ) 0 -

54*. y  =  yjl — 2 s in2 x  + Vsin 2jc funksiyaning aniqlanish sohasi- 

ni toping.

A ) [ * j r - | ; * j r  +  5 ] , i f c e Z ;  B) [ f o r ; ^ ] , * e Z ;

C) ^ A tf^  + Ar^J, A e  Z; D) [̂ 0; ^ J; E) ^2Att; ^ +  2A;rJ. A e  Z.
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55. f ( x )  = J c o s ^ x - ^  funksiyaninganiqlanish sohasini toping. 

A) B) [0; л]; C) [o; * ] ;

D) [ - J  + 2kn; 3* + 2 k n j  k e Z ; E) [ -  J + 2kn\ J + 2totJTëzT

56. у =  Зл/sin 2x - 2-N/ctg2x fun k siyan in g  an iq lanish  soh asin i 

toping.

А) 1(toi; 4  +kn^U e Z ; В) 1(¿7t; 2 + ^7Iy| , * e Z j -

C) 1[* + tot ;7i+toi ) , fceZ;  D)(0;n); E) ( -̂ 2 + к к \2 к к ) ,  k e  Z

57*. У =  1 +  logj co sx  funksiya X n ine qanday qiym atlarida  
\  2 

aniqlangan (x e  [0; 2л:])?

А) [ 0; ^ ] и [ 5зж ;2ж ]; В) [ o ; f ) u ( 3f  ;2ic]; D) [0; л];

E) [ 0 - ] и [ 7- ; 2 я ] .

58*. c o sx  < sin x  tengsizlikni yeching.

А) (Д  + 2  kn; + 2 к я ) , к е  Z; В) +ктг;2% + t o r ) , ¿ e Z,

C) ( 5 + 2far;3*+2Jfc*) , *6Z;  D ) (4 + tor; + Ь г ) д  e  Z;

Е) { 2 к я \я  + 2кя) ,  к е  Z.

,  4 ln (2 c o s jr )  ,

59* V̂ 6 ~ 6 /  ~ 1 tengsizlikni yeching (х е  [0; 271]).

D)[f;f);E)[f;f)u(Ÿ;Ÿ]-
60*. у  -  arccos (2sinx) funksiyaning aniqlanish sohasiga tegishli 

b o ‘lgan X ning [-л; л] kesm adagi barcha qiym atlarini an iqlang.



c ) [ - f : f ] ; D) [ - S : ? ] ; E) H - 36 * M - 6 - 6 M 56 ^ 4

61*. < 0 tengsizlik nechta butun yechimga ega?
2 x - 3 x 2+\

A) cheksiz k o‘p; B)4; C) 3; D)2;  E) 1.

62*. sin x +  I  sin 2 x +  3 sin 3 x  > 0 tengsizlikni yeching.

A) (2 k K ; n  + 2 k K ) , k e  Z  ; B) ' 2 + ^  j' ^ e  z  '

O  ( ^ ; |  + ^ ) i e Z ;  D) [ 2 k n \  \  + 2 k n ) , k e  Z;

E)  ( -  j  +2kn\ n2 + 2 k n ) , k e  Z.

63*. arcsinx < arcsin (1 -  x) tengsizlikni yeching.

A) (-oo; 1 ) ; B) (0; 2); C) 0 ; D) [-1; 1]; E) [ 0; \ ). 

64*. arcsinx > arccos x  tengsizlikni yeching.

"V2
A) [*f> B)[0:1];C) D) E) 0 .

65*. x 2-  4x + arccos (x2 -  4x + 5) < 0 tengsizlikni yeching. 
A) {2}: B) [-1; 1]; C) [-2; 2]; D) (-2; 0); E) (0; 2).



X IV  BOB

HOSILA VA UNING TATBIQLARI

I - § .  F u n k s i y a n i n g  l i m i t i

1 .1 . F u n k s iy a n in g  n u q ta d a g i  l im it i .

T a’rif. A g a ry  =  / (x) funksiya  x  -  a nuqtaning biror atrofida aniq- 
langan bo ‘lib (x  =  a nuqtaning o ‘zida aniqlanmagan bo ‘lishi mum-  
kin ), istalgan e >  0 son uchun shunday 8 >  0 son mavjud bo 'Isaki, 
\x -  a\ < 8  tengsizlikni qanoatlantiradigan barcha x ^ a  nuqtalar 
uchun \ f  ( x ) - b \ < £  tengsizlik bajarilsa, u ho Ida b chekli son y  - f i x )  
funksiyaning x  = a nuqtadagi iyoki x  —> a dagi (x a ga intilgandagi)) 
limiti deyiladi va quyidagicha yoziladi:

x^fe /(x )  = b ■
Keltirilgan ta ’rif quyidagi geom etrik talqinga ega: agar istalgan  

8 >  0 son uchun shunday 5 >  0 son m avjud b o isa k i, a dan m asofasi 8 
dan ortiq b o im a g a n  (a -  8; a + 8 ) oraliqdagi barcha x  lar uchun /  (x) 
funksiyaning qiymatlari (b -  e; b +  e ) oraliqqa tushsa, b  son /  (x) 
funksiyaning x  -»  a dagi limiti b o ‘ladi (157-rasm).
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1- m i s o l .  lim  (3x - 4 ) =  5 e k a n lig in i fu n k s iy a lim itin in g  t a ’rifi-  
x —>3

d a n  fo y d a la n ib  isb o tla n g .
Y e c h i l i s h i .  Ix tiy o riy  e >  0 n i o la m iz  va  \x -  3| <  8 ten g s iz lik  

o ‘rin li b o ‘lg a n  b a rc h a  x  la r  u c h u n  |(3x  -  4) -  5| <  e ten g s iz lik  b a ja r i-  
lish in i k o ‘rs a ta m iz :

I C3.v — 4) — 5 1< £  « I  3 x - 9  |< e  <=>3 I jc — 3 1< £ <=>| jc — 3 1< j  .

S h u n d a y  q ilib , a g a r  8  =  ^  d e b  o lin sa , u  h o ld a  |x  -  3| <  8 te n g -

s iz lik n in g  b a ja r il ish id a n
|(3x  - 4 )  — 5| <  e 

te n g s iz lik n in g  b a ja r ilish i ke lib  c h iq a d i. D e m a k , t a ’r ifg a  k o ‘ra

lim (3x -  4) = 5 
jc—>3

x 2 - 4
2 - m i s o l .  lim  2 =  4  e k a n lig in i t a ’rifd a n  fo y d a la n ib  is b o t

la n g .
Y e c h i l i s h i .  B e rilgan  fu n k s iy a  x  =  2 n u q ta d a n  b o s h q a  b a rc h a  

n u q ta la r d a  a n iq la n g a n . S h u n in g  u c h u n  .v Ф 2 d a

(x-2)(x+2)|/W _ 4| J ^ 4 _ 4|<£« --4 <  £  < = >  X  + 2 - 4 < £ <=> JC - 2 < £.

S h u n d a y  q ilib , a g a r  |x -  2| <  e (8 =  e )  v a  x  Ф 2 b o i s a ,  

x 2 - 4 < £.

y a ’n i n u q ta n in g  e  a tro f id a n  o lin g a n  b a rc h a  x * 2  la r  u c h u n

x2 - 4
x - 2 - 4 < £.

D e m a k ,

l im /2 4=4. 
jc— » 2  x  — 2

1.2. Bir tomonlama limitlar. K o 'p i n c h a j  =  /(x ) fu n k s iy an in g  a nuq - 
ta d a g i bir tomonlama lim itlari, y a ’ni o'ngdan lim iti v a  chapdan lim iti 
q a ra la d i. B u n d a  lim itn ing  t a ’rifida  x  *  a s h a r tn i x > a ( x < c i )  sh a rti b ilan  
a lm ash tirilad i. M asa lan , o ‘n g d an  lim it q u y id ag ich a  t a ’riflanad i:
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Agar istalgan e >  0 son uchun shunday 8 >  0  son mavjud bo ‘Isa- 
ki, |x -  a\ < 8 tengsizlikni qanoatlantiruvchi barcha x  > a nuqtalar 
uchun fix )  -  b | <  e  tengsizlik bajarilsa, u holda b son f  (x) funksiya-
ning a nuqtadagi o ‘ngdan limiti deyiladi va lim  f i x )  = b kabi

jc—>a+0
belgilanadi. ___

C h a p d a n  lim it lim  f ( x )  belg i b ila n  b e lg ila n a d i. x—>ö—0
A g a r  fu n k s iy a n in g  ik k a la  b ir  to m o n la m a  lim iti m a v ju d  b o i i b ,  

u la r  o 'z a r o  te n g  b o i s a ,  / (x) fu n k s iy a x —> a  d a  ikki tomonlama lim it- 
g a  eg a  y o k i o d d iy g in a  x  —> a d a  lim itg a  eg a  d ey ilad i.

1.3. Funksiyaning cheksizlikdagi limiti.
T a ’rif. Agar y  =  / (x) funksiya x  ning yetarlicha katta qiymatlari- 

da aniqlangan bo ‘lib, ixtiyoriy e > 0 son uchun shunday N  > 0 mav
jud bo jsaki, |x| > N  tengsizlikni qanoatlantiradigan barcha x  !ar 
uchun |/(x) -  b| <  e tengsizlik bajarilsa, o ‘zgarmas b son f  (x) funksi
yaning x  —> +°° (x cheksizga intilgandagi)dagi limiti deyiladi va

lim  f i x )  =b
*—>+00

k a b i yoz ilad i.
B u  t a ’r i fn in g  g e o m e tr ik  m a ’n o s i  y = f ( x )  fu n k s iy a  g ra f ig id a g i 

a b s s is s a la r i  N  d a n  k a t t a  b o i g a n  b a rc h a  n u q ta la r n in g  o r d in a ta la r i  
b -  £ v a  b +  e  s o n la r  o ra s id a  y o tish in i, y a ’n i x n in g  N  s o n d a n  k a t t a  
b a rc h a  q iy m a tla r i  u c h u n  /  (x) fu n k s iy a  g r a f i g i j  = b -ev a y  = b + e 
t o ‘g ‘ri c h iz iq la r  b ila n  c h e g a ra la n g a n  k a m a r d a  y o tish in i a n g la ta d i  
(1 5 8 -ra sm ).
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3 - m is o l. lim  I 1 =  le kan lig in i ta ’rifdan foydalan ib isbotlang.
J t - > + a o X

Y  e c h i l i s h i :  | x  | >  TV d a  is ta lg a n  e >  0 u c h u n

\ n - 1 < e

b o i i s h in i  k o ‘rs a ta m iz . B u n d a  TV so n  e n in g  ta n la n is h ig a  b o g i i q

X + 1 ~ X  1 1 1 1  AT
< s  <=> j^|<f <=> | x | >  =  TV •■1 < £ <=>

Shunday q ilib ,

limX-+-HC X J x — X
1.4. Funksivalarning limit lari haqidagi asosiy teoremalar.
1. 0 ‘zgarmasning limiti shu o‘zgarmasning o‘ziga teng:

lim  c — c •X-+C2
2. 0 ‘zgarmas ko'pavtuvchini limit belgisidan tashqariga chiqa- 

rish mumkin:

lim (jt • f { x ) )  =  k ■ lim  f ( x )  ■
.*—>£/ x—>a

3. Funksiyalar yig‘indisining (ayirmasining) limiti funksivalar 
limitlarining yigindisiga (avirmasiga) teng.

l i m ( / ( x )  ±  (p(x)) =  lim  f ( x )  ±  lim  (p{x) ■x—>a T x—>a x- » a

4. Funksiyalar ko‘paytmasining limiti shu funksiyalar limitlarining 
ko'paytmasiga teng:

l i m ( / ( x) ■ (p{x)) =  lim  f { x )  ■ Um (p{x) ■

5. Agar bo‘luvchining limiti nolga teng boimasa, ikki funksiya 
nisbatining limiti shu funksiyalar limitlarining nisbatiga teng:

f i x )  l i m / ( x )
(lim  ip(.r) *  0) •

.r^ u (p(x) lim tp (x )x—>a
6. Agar/j(jc),/,(.v) va cp(x) funksivalarning mos qiymatlari uchun

f i x )  < (p{x) < f 2(x)  

tengsizlik bajarilib, l i m / ,  (x ) =  ü m / 2 (x ) =  A bo’ lsa, u holda

l im(p(x)  = A  boiadi.
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F u n k s iy a la r n in g  l im i t la r in i  to p i s h g a  d o ir  b i r  n e c h a  m is o l la r  
q a ra y m iz .

4 - m i s o l .  lim  ^ — —r n ih is o b la n g .  
x-^4 3x + 4

Y e c h i l i s h i .  2 v a  5 - te o re m a la rd a n  fo y d a la n a m iz :

-  . lim  ( 5 Y - 4 )  5 lim  x - 4  Z . .
■ • 5 x -  4 _  .*—>4 _  x^ 4  _ 5 4 - 4 _ i 6 _ 1

x_+a 3x + 4  lim  (3x  +  4 ) 3 1 i m x + 4  3 - 4  +  4 16 
x—>4 x -^ 4

J a v o b :  1.

5 - m i s o l .  lim  x 6x +  8 n ih is o b la n g .  
x~*2 x2 - 5 x  + 6

Y e c h i l i s h i .  x  —> 2 d a  k a s r n in g  s u r a t  v a  m a x ra j i  n o lg a  in t i l -  
g a n lig i  s a b a b l i  b o i i n m a n i n g  l im i ti  h a q id a g i  5 - te o re m a n i  b e v o -  
s i ta  ta tb iq  e t ib  b o ‘lm a y d i. L e k in  b e r i lg a n  k a s r n in g  s u r a t  v a  m a x - 
r a j in i  k o ‘p a y tu v c h i la r g a  a j r a t i b  u n i  q is q a r t i r i s h  m u m k in .  S h u n -  
d a y  q il ib ,

x2 - 6 x  + 8 (x -  2)(x -  4) x - 4  ^ x ~ 4  2 - 4  - 2 .
lim ---------------— lim t ------ 7s\i-----7T\ — lim -----^ — r*---------— r  — —r — 2.x->2 x2 _  5 r  + 6 jc—>2 ( * - 2 X * - 3 )  x- > 2 ^ 3  J i m ^ - 3  1 = 3  - T

J a v o b :  2.

6 - m i s o l .  lim  n i to p in g .
x~>0 x - 3 J x

Y e c h i l i s h i :  F u n k s iy a  x  >  0, x # 9  d a  a n iq la n g a n , s h u  s a b a b li 
u n in g  o ‘n g d a n  lim itin i to p a m iz :

ljm x + 2 f i  ljm V I( ^  + 2) _ ,!Xq(̂  + 2)_ 2 
.v->0+0 x - 3 y [ x  *->o+o J x ( y [ x - 3 )  lim (•/*  -3  ) 3 ’

x->u+0

T K 2J a v o b :  -  .

7 - m i s o l .  lim  / Q* n i to p in g . 
x—»0 yjl + x

Y e c h i l i s h i .  Ik k i fu n k s iy a  n is b a tin in g  lim iti h a q id a g i 5 - te o re 
m a n i  o u  lim i tin i  h is o b la s h a a  h a m  b e v o s i ta  q o i i a b  b o i m a y a i .  
B e rilg a n  k a s r  i fo d a  m a x ra jin i  i r r a ts io n a l l ik d a n  q u tq a r ib ,  l im itn i  
h is o b la y m iz :
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lO.r 1 0 x ( ^ / l  +  x  +  1) _  \Ox(y/l  +  x  +  1)
lim i — -----= lim —i---------------- ,— —------= lim -------r-r------ r

x —>0 7 l  +  x  -  1 x ^ O Q l  +  x - D i y j l  +  x  +  l) x -> 0  1 +  - C - I

=  lim 10 • ( J \  + x  +  1) = l o i  lim J\  + x + l )  = 10 + 1 0 = 20 . 
jf->0 V \x—>0 /

J a v o b :  20.

8 - m i s o l .  lim  ^ +  ^ n ih is o b la n g . 
x  —>+<=° x  +  x +  3

Y e c h i l i s h i .  0 ‘z g a ru v c h i x  ch ek siz  o r t ib  b o rs a , b e ri lg a n  k a s r
ifo d a n in g  s u ra ti  h a m , m a x ra ji h a m  ch e k s iz  o r ta d i. S h u  s a b a b li b u
y e rd a  h a m  5 - te o re m a n i b e v o s ita  q o i l a b  b o 'lm a y d i.  B iro q  k a s rn in g
s u r a t  v a  m a x r a j in i  ; r g a  b o i s a k ,  u n in g  q iy m a ti  o ‘z g a rm a y d i  va
.v —> + 00 d a  lim iti m a v ju d  b o ‘lgan  ifo d a  h o s il b o i a d i .  S h u n d a y  q ilib ,

_________ S - 4  + -6__ lim
5 .v --  4.v + 6 1 ’

l im ------------------=  l im -------,-----iy-
x -A ~  x2+x + 3 ^  1 +  - U - 2 -

X
JCZ

X* l + l  + J-
2X1

B u y e r d a  x , ^  v a  , 1 ^ ^ ,  l a r

ch ek siz  k ic h ik  m iq d o r la r ,  sh u  sa b a b li

x m J s - u  * ,)= 5> ^ ( i + i + x3. ='■

5 x 2-  4 x  + 6 _  5 

x 2 + x  +  3
J a v o b :  5.

TA 1 1- JX~— “S
D e m a k , = 1 •

2-§. Birinchi va ikkinchi ajoyib limitlar

2.1. Birinchi ajoyib limit.

T e o re m a . y = = 1 funksiva x —» 0 da 1 ga teng limitga ega:
x

lim  si" *  =  1 . 
jc—R)

I s b o ti .  B ir l ik  a y la n a d a  r a d i a n l a r d a  i f o d a la n g a n  jc b u r c h a k

0 < x < ^  o ra l iq d a  y o ta d i d eb  fa ra z  q ila m iz . ( S1!JX fu n k s iy a  ju f t
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159-rasm

fu n k s iy a
b o ig a n l ig i  s a b a b li x  >  0 h o ln i q a r a s h  y e ta r lid ir) . 15 9 -ra sm d a g i ch iz - 
m a d a n  k o i i n i b  tu r ib d ik i , O A C  u c h b u rc h a k , O A C  s e k to r  v a  O B C  
u c h b u rc h a k  y u z a la r i u c h u n

S <  S <  S
dOAC sek.OAC iOBC

te n g s iz lik  o i i n l i .

SAOAC = j O A O C s i n x  =  ± s m x ,  SsekQAC = ± O A 2 A C  = j ,

Sa o b c  ~  h  O C ' B C  =  A tg *  b o ig a n l ig id a n . 
sin  x  <  x  <  tg  x

te n g s iz lik k a  egam iz . B u  ten g s iz lik n i h a r  b ir  h a d in i sin  x  g a  b o ia m iz .  
U  h o ld a

1 < x  < r  <=> cos x  < 3, l ‘ x  < 1 • sinx  cosx x

S h u n d a y q il ib ,  sl1' A f u n k s iy a 6- t e o r e m a g a k o ‘r a  lim  c o s x  =  l ,X
limo  1 =  1 b o ig a n l ig i  s a b a b li x  —» 0 d a  1 g a  te n g  lim itg a  eg a :

lim s™* =  i . 
x— >0 x

( 1 )

( 1) lim it birinchi ajoyib limit d e b  a ta la d i.

1 - m i s o l .  lim  sil\ 5 x  n ih is o b la n g .  
x—>0 '
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Y e c h il is h i .  lim sin5x = lim —ln — = 5 lim ^ S ^  = 5 -l = 5 
x->0 x л—>0 5x jc->0 5*

J a v o b :  5.

2 - m is o l .  lim„ n ih isoblang.*->0 л

Y e c h i l i s h i .  lim %* = lim 5!̂ c¿ T = limI l i m = 1 1 = 1 .
Jt—>0 x <—>0 * COSJ x~>0 x х-Юсоьх

J a v o b :  1.

3 -m is o l .  lim -— crosx  n ih isoblang .
*->0 x

Y e c h i l i s h i .

1 - c o s j c  .. 2sin §  ,• s*n 2 i- ■ x i n nlim ------------ = lim --------- — = lim ----- — • lim sin 4  =  1 ■ 0 = 0 .
x ->0 *  jt->0 x x->o j  x—>0 2

Ja v o b : 0.

2.2. Ikkinchi ajoyib limit, e soni. U m u m iy  h a d i xn =  ( l  + ga

te n g  b o ‘lg a n  k e tm a -k e tlik n i k o i i b  ch iq am iz . Bu k e tm a -k e tlik  m o n o 
to n  o ‘su v c h i v a  c h e g a ra la n g a n  e k a n lig in i k o 'r s a ta m iz .

1 ) (« + 1) ta  K ) . (  1 + j...., | l  + j, J ,  1 so n la rn in g  o i t a  a rif-

n ta

m e tig i v a  o ‘r ta  g eo m e tr ig i u c h u n  

n i l +  1 1 + 1
и+1

Л +  1 И '-
ten g s iz lik  o ‘r in lid ir  (I I  b o b , 7-§ g a  q a ra n g ) . Bu te n g s iz lik n in g  c h a p  
q ism in i s o d d a la s h tir ib ,  s o ‘n g ra  h a r  ik k a la  q ism in i ( и + l )  d a ra ja g a  
k o ‘ta r ib ,  u sh b u

te n g s iz lik k a  ega  b o ‘lam iz . B u n d a n  ,vn+| >  xn. S hu  b ilan  k o i i l a y o t g a n  
k e tm a -k e tlik  m o n o to n  o 's u v c h i e k a n i is b o tla n d i.

2) E n d i q a ra la y o tg a n  k e tm a -k e t lik n in g  c h e g a ra la n g a n  e k a n lig i

n i k o ‘rs a ta m iz . B u n in g  u c h u n  u m u m iy  h a d i an = ( l  -  \  )  g a  te n g
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b o i g a n  k e tm a -k e t lik n i k o i i b  ch iq am iz . {хД  k e tm a -k e t l ik n in g  m o - 
n o to n lig in i is b o tla g a n im iz g a  o ‘x sh a sh  { a j  k e tm a -k e t l ik n in g  m o n o -  
to n lig in i is b o tla sh  m u m k in :

a > a ■n+ 1 n
{ x j  v a  { a j  k e tm a -k e t l ik la r  u m u m iy  h a d la r i  k o ‘p a y tm a s i

S h u n g a  k o ‘ra  b a rc h a  n >  1 la r  u c h u n

1
x  <  a ■n UП

{a(i} k e tm a -k e tlik  m o n o to n  o ‘suvch i ek an lig i s a b a b li u n in g  b a r 
c h a  h a d la r i,  u c h in c h is id a n  b o sh la b , ik k in c h i h a d id a n  k a t ta .  S h u n g a  

k o ‘ra  b a rc h a  r  >  3 u c h u n

an>ai ’ an > (1_ т ) =>an> T-

D e m a k , b a rc h a  « > 3  u c h u n  x  <  ¿ r  <  4. B u  ten g s iz lik  n =  1, n -  2
2

b o ‘lg a n d a  h a m  t o ‘g ‘rid ir . S h u  sa b a b li b a rc h a  n a tu r a l  n u c h u n  

0 < (l + i  )" <4.

S h u  b ila n  { x j  k e tm a -k e t lik n in g  c h e g a ra la n g a n lig i is b o tla n d i. Bu 
k e tm a -k e t lik  m o n o to n  va  c h e g a ra la n g a n  b o ig a n l ig i  u c h u n  u n in g  li- 
m iti m a v ju d . B u  lim itn i e h a rf i b ila n  b e lg ila sh  q a b u l  q ilin g a n :

A , ( 1 + i )  (2)
e -  2 ,7 1 8 2 1 8 2 8 4 ... -  i r ra ts io n a l so n d ir . (2) lim it k o ‘p g in a  m a te -  

m a t ik  te k s h ir is h la rn in g  a so s id a  y o ta d ig a n  a jo y ib  l im i t la rd a n  b ir i  
b o 'l ib ,  u ikkinchi ajoyib limit d e b  a ta la d i.

J_
lim  (1 + a ) a =  e e k a n lig in i e s la tib  o ‘tam iz .

a —>+co

( i V*4 - m i s o l .  u m  1 + -  n ih is o b la n g .
Л '—> + o o  у  X  J

Y  e c h i l i s h i .



J a v o b :  e3.

5 - m is o l. lim  2| 1 + —  | ni h isoblang.

Y e c h il is h i .  lim 2 1h—;-| = 21im
X- > + o o  '

= 2e = 2 1  =2 .

J a v o b :  2.

Funksiyaning uzluksizligi

3.1. Funksiyaning nuqtada va oraliqda uzluksizligi. Ta’rif. Agar 
y —f  (x)funksiya x 0 nuqtada va uning biror atrofida aniqlangan bo ‘lib, 
funksiyaning x 0 nuqtadagi limiti uning shu nuqtadagi qiymatiga teng, 
y  a 'ni

Tim 'f ix)  = f ( x 0)
o

bo'lsa, bu funksiya x 0 nuqtada uzluksiz deyiladi.
A g a r  fu n k s iy a  I o ra liq n in g  h a r  b ir  n u q ta s id a  u z lu k s iz  b o i s a ,  u  

h o ld a  b u  fu n k s iy a  sh u  oraliqda uzluksiz d ey ilad i. B u n d a  / o r a l i q / ( x )  
fu n k s iy a n in g  uzluksizlik oralig‘i d e y ila d i. H a r  q a n d a y  r a t s io n a l  
fu n k s iy a  o ‘zi a n iq la n g a n  n u q ta la rn in g  h a m m a s id a  u z lu k s iz d ir .

Ta’rif. Agar funksiya x n nuqtaning biror atrofida aniqlangan 
bo 'lib, x0 nuqtaning o 'zida aniqlanmagan bo 'Isa yoki uning x0 nuqta
dagi limiti funksiyaning shu nuqtadagi qiymatiga teng bo ‘Imasa, fun
ksiya x 0 nuqtada uzilishga ega deyiladi, x 0 nuqta esa funksiyaning 
uzilish nuqtasi deyiladi.

M a s a la n , -y -  k fu n k s iy a  x = 0 d a n  b o s h q a  b a rc h a  n u q ta la rd a

a n iq la n g a n , x  =  0 n u q ta d a  e sa  u z ilish g a  ega.
3.2. Nuqtada uzluksiz funksiyalarning xossalari.
1. A g a r  f { x )  v a  cp(x) fu n k s iy a la r  x 0 n u q ta d a  u z lu k s iz  b o i s a ,  u  

h o l d a / ( x )  ±  cp(x) fu n k s iy a  h a m  x n n u q ta d a  u z lu k s iz  fu n k s iy a d ir .
2. A g a r  / ( x )  v a  (p(x) fu n k s iy a la r  x 0 n u q ta d a  u z lu k s iz  b o i s a ,  u  

h o l d a / ( x )  • cp(x) k o ‘p a y tm a  h a m x # n u q ta d a  u z lu k s iz  fu n k s iy a d ir .
3. A g a r / ( x )  v a  (p(x) fu n k s iy a la r  x 0 n u q ta d a  u z lu k s iz  b o i i b ,

cp(x0) 0 b o i s a ,  u  h o ld a  u la rn in g  b o i i n m a s i  j h a m  x 0 n u q ta d a  

u z lu k s iz  b o i a d i .
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у = -

1 - m i s o l .  У — -  fu n k s iy a n in g  u z lu k s iz lik  o ra l iq la r in i
x 2- x - 6

to p ia g .
Y e c h i l i s h i .  B e rilg an  ra ts io n a l fu n k s iy a n in g  a n iq la n is h  so h a s i

( - ° ° ;  - 2 ) U ( - 2 ;  3 ) U (3 ; + ° ° )  o ra l iq la r  b ir la s h m a s id a n  ib o r a t .  D e - 
m ak , b u  fu n k s iy a  sh u  o ra liq la m in g  b a rc h a  n u q ta la r id a  u z lu k siz  b o i ib ,  
X = - 2  va X = 3 n u q ta la r d a  u z ilish g a  e g a  (1 6 0 -ra sm ).

J a v o b :  ( - ° °  ; —2 ) U (—2; 3 )U (3 ; + ° °  ).

{ x  “I- 2 X ^  0
’ ’ fu n k s iy a n in g  uzilish  n u q ta s in i  v a

x - l , x <  0

sh u  n u q ta d a g i  q iy m a tin i to p in g .
Y e c h i l i s h i . B erilgan  fu n k s iy a  x  =  0  n u q ta d a  uz ilishga  eg a , ch u n - 

k i x  n o lg a  in t i lg a n d a  u n in g  lim iti rn av ju d  e m a s  ( i 6 i- ra s m ) . F u n k s i 

y a n in g  u z ilish  n u q ta s id a g i  q iy m a ti / ( 0 ) =  0 - 1  =  - 1  g a  te n g .

Javob: 0; -1.
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4-§. E rk li o ‘zgaruvchi va funksiya orttirmasi

y  =/(x) fu n k s iy a  /  o ra liq d a  a n iq la n g a n , x0 v a  x  e sa  erk li o ‘zg a ru v - 
c h in in g  s h u  o ra l iq q a  teg ish li ik k i q iy m a ti b o is in ;  u  h o ld a  x  -  *0 a y ir -  
m a  erkli o‘zgaruvchining (y o k i argumentning) orttirmasi d ey ilad i v a  
Ax k a b i b e lg i la n a d i . S h u n d a y  q ilib ,

Д_х = x - x0. (1)
(1) d a n  x  = x0 + Ax. B u ten g lik  e rk li o ‘z g a ru v c h in in g  d a s t la b k i q iy 
m a ti  Ajc o r t t i r m a  o lg an lig in i a n g la ta d i. B u n d a  fu n k s iy a n in g  q iy m a ti 
m o s  ra v is h d a

f [ x ) - f ix ,)  = ß x ü + A x) - / U 0) (2)
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m iqdorga o ‘zgaradi. (2) tenglikdagi funksiyan ing /(x () + Ax) yangi 
qiymati bilan uning boshlang'ich q iy m a ti/ (x0) orasidagi ayirm a funk- 
siyaning x Q nuqtadagi orttirmasi deyiladi va A /(x Q) belgi bilan belgi- 
lanadi (162-rasm). Shunday qilib,

4/l*o) =A X o+ Av) -AxO)  (3)

o rq a l i b e lg ila n a d i.
(3) m u n o s a b a td a n  A / o r t t i rm a  x Q ga  h a m , A x ga  h a m  b o g ‘Iiq 

e k an lig i k o 'r in ib  tu r ib d i. T a y in  x 0 d a  e sa  A /o r t t i r m a  Ax n in g  fu n k s i-  
yasi b o i i b ,  u  a rg u m e n t Ax ga  o 'z g a rg a n d a  fu n k s iy a  q a n c h a g a  o ‘zg ar- 
g an in i k o ‘rs a ta d i.

1 - m i s o l .  A g a r x 0=  1, x  =  3 b o i s a , y - x 3 fu n k s iy a  o r t t i rm a s in i 
to p in g .

Y e c h i l i s h i .
A j  =  y(xa + Ax) -  y(x0) =  j ( 3 )  -  y( 1 ) =  33 -  l 3 =  27 -  1 =  26 . 
J a v o b :  26.
2 - m i s o l .  A g a r  x Q =  2, A v =  0 , 2 b o i s a , y =  x 2- 2 x  +  1 fu n k s iy a -  

n in g  o r t t i rm a s in i  to p in g .
Y e c h i l i s h i . F u n k s iy a  o r t t i rm a s in i  to p am iz :

4 y =  >’(x 0 +  A x) -  y(x0) =  (x 0 +  A x)2 -  2 (x 0 +  A x) +  1 -  x 20 +  2 x 0 -  1 =

= Xq + 2x0Ax + Av" -  2x0 -  2Ax + 1 -  Xq + 2x0 -1 = Ax2 + 2x0Ax -

- 2 Ac =  ( 0 ,2 )2 +  2 • 2 • 0 ,2  — 2 • 0 ,2  =  0 ,0 4  +  0 ,8 — 0 ,4  =  0 ,4 4  .
J a v o b :  0 ,44 .

5-§. Hosila

5.1. Hosilaning ta’rifi.
Ta’rif. Funksiyani xQ nuqtadagi orttirmasi Ay ning argument ort

tirmasi Ax ga nisbatining Ax nolga intilgandagi limiti y  = f  (x) funk- 
siyaning x Q nuqtadagi hosi/asi deb ataladi.

B u lim it y ' , f ' ( x 0), ^  b e lg i la rd a n  b ir i b ila n  b e lg i la n a d i . 

S h u n d a y  q ilib ,

f ( x „) = lim % =  Bm b)
0 A r—»0 Ax Ax—>0 Ax

B erilgan  fu n k s iy a n in g  h osilasin i to p ish  differensiailash d ey ilad i, 
hosilaga  ega  b o ig a n  funksiya esa differensiallanuvchi funksiya deyiladi.
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H o s ila n in g  t a ’r if id a n  fu n k s iy a  x () n u q ta d a  v a  u n in g  b iro r  a tro f id a  
a n iq la n g a n  b o ‘ls a g in a  h o s ila g a  ega b o i i s h i  m u m k in lig i k e lib  ch iq a - 
di. B erilg an  n u q ta d a  fu n k s iy an in g  uzluksiz  b o i i s h i  u n in g  sh u  n u q ta d a  
h o s i la g a  e g a  b o i i s h in in g  zaruriy sharti h is o b la n a d i . A m m o  te sk a ri 
ta s d iq  o i i n l i  em as . M a s a la n , / ( x )  =  \ x -  1| fu n k s iy a  (~ °°  ; + ° ° )  d a  
u z lu k s iz , le k in  x 0 =  1 n u q ta d a  h o s ilag a  ega  em as . H a q iq a ta n  h a m ,

A /(x 0 ) _  J 1, agar Ax >  0,
lim

Ax [ -1 , agar Ax <  0,

b o i i b ,  b u  fu n k s iy a n in g  A x  -»  0 d a  lim iti m a v ju d  em as.
Ta’rif. A gar y ~ f { x ) funksiya  I oraliqning har bir nuqtasida hosi

laga ega bo  'Isa, u shu oraliqda differensiallanuvchi deb ataladi.
1 - m i s o l .  y  -  x  fu n k s iy a n in g  h o s ila s in i to p in g .
Y e c h i l i s h i .  F u n k s iy a  a rg u m e n tig a  b i r o r  *  n u q ta d a  Ax  o r t t i r -  

m a  b e ra m iz . U  h o ld a  fu n k s iy a  sh u  n u q ta d a
Av -  f ix  +  A x) J{x) -  (x  +  A x) - x  — A x 

o r t t i rm a  o la d i.
F u n k s iy a  o r t t i rm a s in in g  a rg u m e n t o r t t i rm a s i A x g a  n isb a tin in g  

A x n o lg a  in t i lg a n d a g i lim itin i to p am iz :

y'  =  lim  = lim  ^ x = 1;
Ax—>0 ^  Av—»0 A t

J a v o b :  1.
2-m iso l. y  = x 2 fu n k s iy a n in g  h o s ila s in i to p in g .
Y e c h i l i s h i .  F u n k s iy a a r g u m e n t in in g b i r o r x n u q ta d a g iA x o r t -

tirm a s ig a  m o s  k e lu v c h i fu n k s iy a n in g  o r t t i rm a s in i  to p a m iz :

Ay =  / ( x  + Ax) — f ( x )  =  (x  +A x)" - x 2 =  x 2 +  2xA x+  (Ax)" -

- x 2 =  2xA x +  (A x)~.
F u n k s iy a  o r t t i rm a s in in g  a rg u m e n t o r t t i rm a s ig a  n is b a tin in g  Ax 

n o lg a  in tilg a n d a g i lim itin i to p am iz :

y ' =  lim =  lim  2-vA*+(A x)- =  Um + =  2x  
* A v->0 Av Av—>0 Av A x->0

J a v o b :  2x .

3 - m i s o l .  y  =  % fu n k s iy a n in g  h o s ila s in i to p in g .

Y e c h i l i s h i .  B e rilg a n  fu n k s iy a  x  =  0 d a n  b o s h q a  b a rc h a  n u q ta -  
la r id a  a n iq la n g a n . F u n k s iy a n in g  a n iq la n is h  s o h a s ig a  teg ish li b i r o r x  
n u q ta d a  a rg u m e n tg a  A x o r t t i rm a  b e rib , sh u  o r t t i rm a g a  m o s  k e lu v ch i 
fu n k s iy a  o r t t i rm a s in i  to p a m iz :

373



y ' = lim 7  = G. 
* -n Ac

Av =   ̂  ̂ ■*_ Ax =  — Ax 
-* x+A x *  x (x+ A x) x (x+ A x) '

^  n is b a tn in g  A x —> 0 d a g i lim itin i h iso b lay m iz :

y'  =  lim  =  -  lim  A ^ \ _ A x =  -  lim  , * A . =  -   ̂ . 
Ax—>0 Ax Ac—>0 A x x (x + A x )___ A >-^n x (x +A x) ^

J a v o b :  “  \  .
x-̂

4  - m  i s o  1. 0 ‘zg a rm a sn in g  hosilasi n o lg a  te n g  ek an lig in i isb o tlan g . 
I s b o t i .  x  a rg u m e n t A x o r t t i rm a  o lg a n d a  fu n k s iy a  u s h b u  o r t-  

t i rm a n i  o lad i:
Ay =  f(x  +  A x) - f i x )  =  C - C  =  0.

D e m a k ,

Ay
Ax^O 1

S h u n d a y  q i l ib ,y  =  C ( C - c o n s t)  b o i s a ,  j '  =  0 y o k i C ' =  0.

5 - m i s o l .  y  =  V x , (x  > 0) fu n k s iy a n in g  h o s ila s in i to p in g . 
Y e c h i l i s h i . H o s ila n in g  t a ’rif ig a  k o ‘r a  fu n k s iy a  o r t t i rm a s in i a r 

g u m e n t o r t t i rm a s ig a  n is b a tin in g  A x —> 0 d ag i lim itin i to p a m iz :

, =  «„ ,im llm = 
Aï —>0 Ac Ax—k) A i Ax->0 Ax-( Vx+Ax+Vx

=  lim  x + A x -x  _  lim  1 _  1 _  1
Ax—>0 A x |V x + A x + V x  j Ax—>0 V x+A x+V x V x+ 0+ V x  2 V x ’

J a v o b :  2 ^ .

5.2. Differensiallashning asosiy qoidalari. H o s ila n i h is o b la s h d a  
q u y id a g i d if fe re n s ia lla sh  q o id a la r id a n  fo y d a la n ila d i:

1 . Ik k i u(x) v a  v(x) fu n k s iy a la r  b iro r  o ra l iq d a  a n iq la n g a n  b o i i b ,  
s h u  o r a l iq q a  teg ish li x  n u q ta d a  d if fe re n s ia lla n u v c h i b o i s a ,  u  h o ld a  
u la rn in g  a lg e b ra ik  y ig in d is i  h a m  sh u  n u q ta d a  d if fe re n s ia lla n u v c h i 
b o i a d i  v a

(u(x)  ±  v(x))' =  u(x)  ±v '(x ). ( 1 )
( 1) f o rm u la  q o ‘s h ilu v c h ila r  so n i is ta lg a n  ch ek li so n  b o i g a n d a  h a m  
o ‘r in lid ir .

(m, +  u2 + ... +  u j  =  u\ + u\ + ... + u\.
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2. D if fe re n s ia lla n u v c h i ik k i u v a  v fu n k s iy a la r  k o ‘p a y tm a s in in g  
h o s ila s i

(,uv)' =  u'v +  v'u (2)
fo rm u la  b ila n  to p ila d i.

3. 0 ‘z g a rm a s  k o ‘p a y tu v c h i h o s ila  b e lg is id an  ta s h q a r ig a  c h iq a r i-  
lish i m u m k in :

№ ) ) '  =  cf'(x).  (3)
4. A g a r  u v a  v fu n k s iy a la r  x  n u q ta d a  d if fe re n s ia lla n u v c h i b o i i b ,

v (x) *  0 b o i s a ,  u  h o ld a  — b o i i n m a  h a m  d iffe re n s ia lla n u v c h i b o i a d i

(4)

va uning hosilasi

( u \ _  u'v- 
v )  v:

form ula bilan topiladi.

6 -m is o l .  2x~ -  3x + Vx +10 funksiyaning hosilasini toping. 
Y e c h i l i s h i .  Berilgan funksiya hosilasini topishda 1, 2, 4 va 5

m isollar yechim laridan ham da differensiallashning 1, 3-qoidalari- 
dan foydalanamiz:

(2x2 -  3x +  Vx +10)' = ( 2x2 )' -  (3x)' + (Vx)' + (10)' = 2(x2 )' -  3(x)' +  

+(V x)' + 0 = 2 • 2 x  — 3 1+ 2 I / J  ~ 4 x +  0 — 3 .

J a v o b :  4 x +  - 3 -

7 -m is o l .  y  = x 3 funksiyaning hosilasini toping.
Y e c h i l i s h i .  x 3 = x 2 ■ x  deb, differensiallashning k o ‘pay tm a

uchun form ulasi (2) dan foydalanamiz.

y' = (x2 ■ x)' = (x2)' ■ x +x' ■ x" = 2x-x  + l - x 2 = 2x" +  x~ =  3x~. 

J a v o b :  3x2.

8 -m is o l .  y = ü z i  funksiyaning hosilasini toping.
- J  X

Y e c h i l i s h i .  Differensiallashning b o iin m a  uchun qoidasidan 
foydalanam iz:

' x - \ \  _ (xM )'V x-(x -IhV x)' _ (1 0)^  2y[x = 2 x - x + l  _ x+\
Vx ) (Vx)2 ■* 2x-Vx 2xVx

t 1 x+1
J a v o b :  ~2xUx'

375



5.3. Darajali funksivaning hosilasi. Hosila ta ’rifidan va differen- 
siallash qoidalaridan foydalanib

(c)' = 0; (x)' = 1; (x2 )' -  2x; (x3 )' = 3x~ ; ( y ) = -  (x ^  0)’

(V*)' = (-* > 0) la rn i h o sil q ild ik . B u n d a  y  = x, y  =  x 2
î

y = x 3 , y  = \ =  x \ y  = \[x = x 2 fu n k s iy a la rn in g  h o s i la la r i

y  = x p darajali funksiyaning p dara ja  k o ‘rsatkichi 1, 2, 3; -1  va Í, 

larga teng b o ig a n  holdagi hosilalaridir. U m um an, istalgan haqiqiy 
ko‘rsatkichli darajali funksiyaning hosilasi

(xp)' = p x T 1 (5)
formula bilan topiladi. Bu form ula x  ning (5) form ulaning o ‘ng qismi 
m a ’noga ega b o ia d ig a n  qiym atlarida o ‘rinli.

9 -m is o l .  y = ^ x 4 +x\[x  b o ‘lsa, y ’(A) ni hisoblang.

3

Y e c h i l i s h i .  x>/x  =  x 2 ekanligini hisobga olib, (5) form uladan 
foydalanam iz:

y '  = ~ { x 4)'  +  ( x 2  j  = - j - 4 x 4 - ,  +  - | x 2 -1 = X 3 + ^ X 2  =  x 3 + ^ y f x .

E n d i, h o s ila n in g  x  = 4 n u q ta d a g i q iy m a tin i h iso b lay m iz :

y '(4) = 43 + |V 4  = 64 + 3 =  67 .

J a v o b :  67.

5.4. Murakkab funksiyaning hosiiasi. A gar y  o 'zgaruvchi u ning 
funksiyasi b o iib , y a ’ni .y = / (u), u esa o ‘z navbatida x  argum entning 
funksiyasi b o isa , y a ’ni u = cp(x) b o isa , u holda o 'zgaruvchi y  o 'zga- 
ruvchi x  ga oraliq argument u orqali b o g iiq  deyilib, x  ning murakkab 
funksiyasi deyiladi (funksiyadan funksiya) va y  - f  (cp(x)) kabi yozi- 
ladi.

Teorema. Agar>’ = / ( u) va u -  <p(x) funksiyalar differensiallanuv- 
chi funksiyalar b o isa , m urakkab y  = / ((p(x)) funksiyaning erkli o ‘zga- 
ruvchi x  b o ‘yicha hosilasi bu funksiyaning oraliq  argum enti b o ‘yi- 
cha hosilasining oraliq argum entning erkli o ‘zgaruvchi x  b o ‘yicha 
hosilasiga k o ‘paytm asiga teng, y a ’ni
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yx' = yu'-Ux'- (fi)
1 0 - m i s o l .  y  -  (kx  +  b)" fu n k s iy a n in g  h o sila s in i to p in g . 
Y e c h i l i s h i .  y  =  u"; u -  k x  + b  d eb , (6) fo rm u la d a n  fo y d a la n a -

m iz :
/  =  (u")' ■ n' =  nu" 1 • w' = n(kx +  6)""1 • /c =  nk(kx +  b)”~].
J a v o b :  nk(kx  +  b)nA.

1 1 - m i s o l .  y  =  y]7x2 + 5 x - 3  fu n k s iy a n in g  h o s ila s in i to p in g . 

Y e c h i l i s h i .  y  = lfu-,u = 1 x 1 + 5 x - 3 .

I  \
y ' =  M3 ■u' = h i  3 -(lx2 +5jc-3)' = —i=-(14x+5) =

3 3 ^7

\4x+ 5  
x2+ 5x -3 )2 '

14x4-!)' ~
J a v o b :  3lJ(7x2+ 5 x -3 )2 '
D iffe re n s ia lla sh  b o ra s id a  ta j r ib a  o r tg a n  sa r i o ra l iq  a rg u m e n tn i 

m a x su s  b e lg ila b  o lish g a  z a ru r iy a t  q o lm a y d i.

6-§. Hosilaiting geom etrik va f iz ik  ma ’nolari

6.1. Hosilaning geometrik ma’nosi. B iro r  [a; b] o ra l iq d a  a n iq la n -  
g a n  y  = f ( x )  fu n k s iy a  b e r ilg a n  b o 'l s in .  U n in g  g ra f ig ig a  te g is h l i  
M ( x 0; y 0) v a  N ( x 0 + Ax;  y 0 +  A y) n u q t a l a r n i  o la m iz  ( 1 6 3 - r a s m ) .  
E g r i  c h iz iq n in g  ik k i  n u q ta s in i  t u t a s h t i r u v c h i  t o ‘g ‘r i  c h iz iq  ke- 
suvchi d e b  a ta la d i. A g a r  M  n u q ta  q o ‘z g ‘a lm a s , N  n u q ta  esa  g ra f ik  
b o ‘y la b  h a ra k a t la n ib , M  n u q ta g a  y a q in la s h s a , u  h o ld a  M N  k esu v ch i 
M  n u q ta  a tro f id a  b u rilib  b iro r  M T  lim it t o ‘g ‘ri ch iz iq q a  y aq in la sh ad i. 
B u  M T  t o ‘g ‘ri ch iziq  >’ =  /  (x) funksiyaga Mnuqtada o‘tkazilgan urin- 
ma d e b  a ta la d i. 1 6 3 -ra sm d ag i c h iz m a d a  M T u r in m a  O x  o ‘qi b ila n  a  
b u rc h a k , M N  k esu v ch i esa  (3 b u rc h a k  ta s h k il  q ila d i. M N K  t o ‘g ‘ri 
b u rc h a k li  u c h b u rc h a k d a

tg/3 = ^-

y  =  f ( x )  fu n k s iy a  g ra fig i b o ‘y la b  N  —> M  d a  Ac —> 0  b o ‘lad i v a  

¡5 ->  a  . B u  h o la tn i  q u y id a g ic h a  y o z ish  m u m k in :
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i
y

<

A1 j r T  

Ax (¡a:
Ax)^ ! /  ( V0) j/(A '0 +

a 0 ,V0 x 0+ A x  b x

163-rasm

lim  tg B =  lim  .
Ax-^O A x ^ O ^

S h u n d a y  q ilib ,

tg  a  =  / ' ( x 0 ). ( 1)

y  -  k x +  b ch iz iq li fu n k s iy a n in g  g ra f ig i t o ‘g ‘r i  ch iz iq  e k a n lig in i 
e s la t ib  o ‘ta m iz .  B u n d a  k  =  tg  a  s o n  to‘g‘ri chiziqning burchak 
koeffitsiyenti, a  b u rc h a k  esa  sh u  to‘g‘ri chiziq bilan Ox o‘qi orasidagi
burchak d e b  a ta la d i.

D e m a k , y  =  / ( x )  fu n k s iy a n in g  x Qn u q ta d a g i  h o s ila s i fu n k s iy a  g ra - 
f ig ig a  x 0 a b s s is s a li  M  n u q ta d a  o ‘tk a z i lg a n  M T  u r in m a n in g  O x  
o ‘q in in g  m u s b a t  y o ‘n a lish i b ila n  h o sil q ilg a n  b u rc h a g in in g  tan g e n s i-  
g a , y a ’ni u r in m a n in g  b u rc h a k  k o e ffh s iy e n tig a  teng . H o s ila n m g  geo - 
m e tr ik  m a ?n o s i a n a  s h u n d a n  i'b o ra t.

1 - m a s a l a .  y  =  x 3 fu n k s iy a  g ra f ig ig a  ( 1; 1) n u q ta d a  o ‘tk a z i lg a n  
u r in m a n in g  O x  o ‘q in in g  m u s b a t y o ‘n a lish i b ila n  ho sil q ilg a n  b u rc h a -  
gini to p in g .

Y e c h i l i s h i .  y ' =  ( x 3) ' =  3x2 . ( 1 ) f o r m u l a g a  k o ‘r a  
t g a  =  y '( l )  =  3 - 1 = 3 .  B u n d an

a  =  a r c tg 3 .

J a v o b :  arctg3.
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e n g  k a t t a  q iy m a tg a  e r ish a d ig a n  q iy m a tin i to p ish g a  k e ltir ild i. S (x ) 
fu n k s iy a n in g  (0 ; 2R) o ra l iq q a  teg ish li s ta ts io n a r  n u q ta s in i  to p a m iz :

S \x )  =  sl4R2 -  x -  r— ----- = 0 « 4 S 2 - 2 j :2 =  0 «
A¡4R2- x 2

( S - R - x ) ( y i 2 - R  + x) =  0-

x  =  R\ f 2 s ta ts io n a r  n u q ta  (0; 2R)  o ra liq q a  teg ish li n u q ta ,  b u  n u q - 
ta  fu n k s iy an in g  m ak s im u m  nuq tas i. T o 'g 'r i  t o ‘rtb u rc h a k n in g  ikk inch i

to m o n i h a m  R \l2 ga teng : -^4R 2 - x  = R ^ 2  ■

S h u n d a y  qilib , iz lan ay o tg an  to ‘g ‘ri to ‘rtb u rc h a k  to m o n i R s f i  ten g  
b o i g a n  k v a d ra t  b o 'l ib ,  u n in g  yuzi 2 R2 g a  ten g .

J a v o b :  to m o n i R \l2 g a  te n g  k v a d ra t .

13-§. Ikkinchi tartibli hosila tushunchasi. 
Yuqori tartibli hosilalar

y  = f ( x )  fu n k s iy a  d iffe ren s ia llan u v ch i fu n k s iy a  b o i s in . / 'C x )  hosi- 
la n in g  q iy m a tla ri, u m u m a n  a y tg a n d a , x  ga  b o g 'liq , y a ’ni f ' ( x )  ho sila  
h a m  o 'z g a ru v c h i x  n in g  fu n k s iy a s id ir:

/ ' ( x )  =  cp(x).
S h u  s a b a b li h o s ila n in g  h o silasi t o ‘g ‘ris id a  g a p ir ish  m u m k in .
1 - t a ’ r i f .  Berilgan funksiya  hosilasidan olingan hosila shu fu n k 

siyaning ikkinchi tartibli hosilasi y o k i ikkinchi hosila deyiladi va y"  
yo k i f  " (x ) kabi belgilanadi:

y " =  ( y ' Y = f " ( x ) .
1 - m  i s o  1. y  =  3.x3 -  5X2 +  7 funksiyan ing  ikkinchi hosilasin i top ing .

Y e c h i l i s h i .  /  =  (3 x 3 - 5 x 2 + 7 ) ’ =  9 x 2 -  lO x  

y " =  ( / ) '  =  ( 9x2 -  IOjc)' =  18x —10.

J a v o b :  1 8 x - 1 0 .

2 - m i s o l .  y  =  cos22x  fu n k s iy a  ik k inch i ta r tib li h o s ila s in in g  x =  ^  

n u q ta d a g i q iy m a tin i to p in g .

Y e c h i l i s h i .  y' (x)  =  (co s2 2x)' =  - 2 cos 2x ■ 2 ■ sin  2x  = - 2  sin 4x  ;

y"(x) = ( -2  sin 4x)' = -8cos4x;  y"  = -8  cos 2ji = - 8  .

J a v o b :  - 8 .
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Ik k in c h i ta r t ib li  h o s ila n in g  m e x a n ik  m a ’n o s i h a r a k a t  te z la n ish i-  
n i a n g la tish in i e s la tib  o ‘ta m iz (6-§).

2-ta’ rif. Ikkinchi tartib li hosiladan olingan hosila uchinchi tar
tibli hosila yo k i uchinchi hosila deyiladi v a y '" y o k i f  (x ) kab i belgi- 
lanadi:

y"'(x) =  ( y " ) ' - f ' " U ) .
3-ta’rif. ( n — 1)- tartib li hosiladan olingan hosila n -tartib li hosila 

deyiladi va y (n) y o k i f ("\x) kabi belgilanadi:

(tl) ( (H-l) \ r(n) , V
y - \ y  ) = f  W-

3 - m  i s o  1. y  =  2* fu n k s iy a n in g  4 - ta r t ib li  h o s ila s in i to p in g .

Y e c h i l i s h i .  /  =  (2X)' =  2X I n 2; y" =  (2* In 2)' =  2X In2 2 ;

y"' =  (2x In 2 2)' =  2 X In3 2 ;

y W =  (2* In3 2)' =  2X In 4 2 .

J a v o b :  2Xln 42 .

14-§. K o ‘phadning koeffitsiyenllarini shu k o ‘phad  
hosilalarning qiym atlari orqali ifodalash

U sh b u

P(x)  =  aQ + axx  +  a2x 2 +  a 3x 3 +  a 4x 4 + . . .  + anx" (1)
k o ‘p h a d  b e rilg a n  b o ‘ls in . U  h o ld a

P'(x)  =  1 ■ a t +  2 - a 2x +  3 - a 3x2 + 4 - a 4x ’ + . . . +  n- anxn 1;

P"(x)  =  2-1  ■ a2 +  3 • 2  • a3x + 4  ■ 3 • a4x 2 +.. .  +  n(n - 1) • anx" 2 ;

P"'(x)  =  3 • 2 -1  • a 3 + 4 •  3• 2 • a4x + .. .  + n(n - 1)(« -  2) • anx n 3;

P in) (X) =  n ( n - 1)(« -  2 ) ■... • 2 • 1 an.
Q a ra la y o tg a n  (1) k o ‘p h a d n in g v a u n in g h o s i la la r in in g x  =  O n u q - 

ta d a g i  q iy m a tla r in i  h is o b la b  q u y id a g ila rn i h o s il q ilam iz:

P(0)  =  aQ, P '(0) =  1 av  P"(0) =  1-2 -02, P " \0) =  1 -2 - 3 -av ..„

P (n) (0) =  1 • 2 • 3 •... ■ (n  -  2)(n - \ ) n a n.

B u la rd a n  k o e ff i ts iy e n tla m in g  q iy m a tla r in i to p am iz :
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_  n ,™  .  _  p '(0 ) _ _  P"(0) „ _  P"'(0) „ _  /*»>(0)
a0 -  P (0 ), a , -------j— , a2 ----- , a 3 -  j .2 3 > an ~  1 - 2 - 3 '

(2)
B u y e rd a  1 - 2 - 3  -...- « k o ‘p a y tm a n i« ! b i la n b e lg i la s h q a b u lq i l in g a n  
(en  f a k to r ia l  d e b  o ‘q ilad i) . S h u n in g  u c h u n  (2) d a  an n i q u y id a g ic h a  
yoz ish  m u m k in :

0 = . (3)" n\
M i s o l .  (x +  l ) 12 k o ‘p h a d n in g  x 3 q a tn a s h g a n  h a d i  o ld id a g i  

k o e ff its iy e n tin i to p in g .
Y e c h i  1 i s h i . Iz la n a y o tg a n  k o e ff its iy en tn i a, d e b  b e lg ilab , (3) fo r-  

m u la d a n  fo y d a la n a m iz . B u n in g  u c h u n  b e rilg a n  k o ‘p h a d n in g  u c h in -  
ch i ta r t ib li  h o s ila s in in g  x =  0 d a g i q iy m a tin i to p a m iz :

P ’(x) = 1 2 (x + l)" ; P"(x)= 12-1 K .v+I)1":

P'"{x) =  12 1 M 0 U  +  1)9; P ’" (0 ) =  1320.
(3) fo rm u la g a  k o 'r a

_ -P " '( 0 ) _ i3 2 0  _ 220 
a 3 -  3! “  1-2-3 _

J a v o b :  220.

15-§. Nyuton binomi

B izga a + b  ik k ih a d  ik k in ch i va u ch in ch i d a ra ja la r in in g

(a +  b y  =  a 2 +  la b  +  b~ , { a  + b f  =  a 3 +  3a~b + 3ab~ +  b? 
fo rm u la la r i  m a ’lu m . B u  fo rm u la la r  u sh b u  p a ra g r a fd a  k e ltir ib  c h iq a -  
r i la d ig a n  ix tiy o r iy  n a tu r a l  k o ‘rs a tk ic h li (a +  b)" d a r a ja  fo rm u la s i-  
n in g  x u su s iy  h o lla r id ir .

« -d a ra ja l i  P(x)  =  (x +  a)" k o 'p h a d n i  q a ra y m iz , b u n d a  a -  b e r il
g an  b iro r  so n . Bu k o ‘p h a d n in g  o z o d  h a d i

a„ = P( 0)
g a  ten g . x n in g  d a ra ja la r i  o ld id a g i k o e ff its iy e n tla rn i to p is h  u c h u n  
o ld in g i p a ra g r a fd a g i  (3) fo rm u la d a n  fo y d a la n a m iz . B u n in g  u c h u n  
P(x) k o ‘p h a d n in g  h o s ila la r in i to p a m iz :

P \x )  =  n { x + a ) n~x,

P ' \x )  = n(n -  l) (x  +  a)" 2 ,
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Р"'(х) = п(п - 1  )(п -  2)(х + а )п~3,

Р (к) (х) = п(п - 1  )(и -  2 )...(« -&  + 1)(jc + а )" ‘ .
T o p ilg a n  h o s i la la rd a  x  =  О d e sa k , Р (х )  =  (х  +  а)" d a ra ja  k o ‘rs a tk ic h -  
n in g  k o jp h a d  s h a k l id ag i y o y ilm a s id a g i x . x 2. x } v a  h o k a z o  x* n in g

o ld id a g i k o e f f i ts iy e n t la rm o s  r a v i s h d a na" \

^-Ц(и-2)йЛ-31 _ И(И-1)(п-2)г («- ^ 1) larga tgng boMad.

— 1— *̂ ос*а п ' Cn ( o ‘q ilish i: en  d a n  k a  ta d a n

o lin g a n  C ) b ila n  b e lg ila sh  q a b u l  q il in g a n . S h u n in g  u c h u n  /*(х)

k o 'p h a d n i n g  x* o ld id a g i  k o e f f i t s iy e n t in i  C* a  d e b  y o z ib ,  
k o 'p h a d n in g  o ‘zin i

,  . . / /  // ^ 1  / /- I  ^ 2  /7-2  2 X-./Í-1 я - l  n
(.t -hi/) = a  +  Cna x  +  Cna x  + . . .  +  Cn ax + C nx 

k o 'r in is h d a  y o z ish  m u m k in . Bu te n g l ik d a x  =  b d esak :

(a + 1)) =  a + (  'i/ b +  С  c i b + ... +  С ab 1 +  C b . ( 1)Il II II n n v '
( I )  f o r m u l a  Nvuton binomi f o r m u l a s i ,  u n d a g i

I. С ....С . С k o d ï i t s iy e n t la rbinomial koeffitsiyentlar deyi-

la d i.
M i s o l .  (a +  /»)' ni k o 'p h a d  s h a k l id a  yo z in g .
Y ce  h i 1 i s h i . ( l ) fo rm u la d a n  fo y d a la n a m iz :

(a + b ) 1 = a ’ + C> b + C]a b + C\aby + C >4.

r ' _  4 _  à . г г _  4 3 _  3 _  4-3-2 _  4 _  4-3-2-1 _
4 i ’ 4 2! 4 3! — ’ 4 ~  4! '

(,a + bY = a* + 4a b + ba b1 + 4ab* + b4. 

J a v o b :  a4+4a'b + 6 a2b2+4ab*+bA.

Mustaqil ishlash uchun test topshiriqlari

1- lim  8x3 1 n i to p in g . 
6 x 2- 5 x + l
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A ) 0 ;  B) 1,2; C )4 ;  D ) 5; E ) 6 .

(x - l ) j2^x
2 . “ 5 ? 2_ { m  to p in g .

A ) 0 ; B ) * ;  C )  \  ; D ) l ;  E ) 2.

/ ^
n i h is o b la n g .

1 - a 3

A ) - 3 ;  B ) - 2 ;  C ) - l ;  D ) 0 ;  E ) 1.

3. lim*-»1

4. lim  1 n i to p in g .X—>°o A
A ) m a v ju d  em as; B ) 1; C ) 0 ,5 ;  D ) 1,5; E )  5.

(x+1)2 ■ t ■
5. lim  ni to p in g

' “  2x2
A ) m a v ju d  em as; B) 0 ,5 ; C ) l ;  D ) 1,5; E ) 2 .  

a 3 - 1 0 0 a 2 + 1
6 . lim  n i h is o b la n g .

100jc2+  15a

A ) m a v ju d  em as; B) —10; C ) 10; D ) - l ;  E ) l.

lim  :
.r—>0

7. lim  s in J ° A' n i to p in g

A) 0; B) 2 ; C ) f ;  D) 10; E)0,1.

1 — r n s  X

8*. n i to p in g .
A

A) 2 ; B )2; C )0; D ) - J ;  E) 1.

9 * - . M  1+" J  n i t ° P in g- 

A) e; B) e~l; C)2e; D )e'2; E) m a v ju d  em as .

X + l

10*. lim  ( l +  I )  * n i t ° P in g-

A) e2; B) e; C)e' ;  D) 1; E) 2.
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11 . y  =  -  x  fu n k s iy a  h o s ila s in i to p in g .

A ) - 3 ;  B) 3; C ) 3 ; D )  f 2 ; E ) - 3 x .

1 2 . / (x ) =  ( x -  5 )(2 x  -  5) b o ‘l s a , / ' (5) n i to p in g .
----------- BT TO; C JT ; D ) l 2 ;  E ) 7.

13. f ( x )  =  2 \ [ x - \ + \ f ? >  fu n k s iy a  h o s ila s in i to p in g .

A ) 2 ~x2 '’ B) 2V I~ * ; C ) j i  + x2 ’

D ) ^ 2+1 ; E ) Xf xt 2 .

14. f (x)  =  3 x - 2 y [ x .  / ' ( 4 ) ?

A ) 2 ,5 ; B) 2; C ) ^ ; D ) 3; E ) l .

_
15. —  fu n k s iy a n in g  x  =  1 n u q ta d a g i h o s ila s in i to p in g . 

A ) 0; B ) ^  ; C ) 1; D ) \  ; E ) - l .

16. y =  ^ —  fu n k s iy a n in g  h o sila s in i to p in g .

A )  "  V o i o 5 ” ; B )  ~ 2 ^  ; c )  ( l - x ) 7 P I  ;

t-jn _  3—2 x  . p .  3 —2 x  

~ ( l - x ) 7 ^ : í , 2( l - x ) V l - x  '

17. 3 fu n k s iy a n in g  h o s ila s in i to p in g .

A ) ----------- ^ T 7 = ;  B ; ---------- 77— ; C ) ------------ ----------------;
3(1+ x 2)3v W  3(1+jc2)V 1+x2 3 ( l+ x 2)2 \J( \+x2)2



18. y -  s in  x  +  co s  x  fu n k s iy a n in g  h o s ila s in i to p in g .
A ) c o s *  +  s in x ; B) c o sx  -  s in x ;
C ) - ( c o s x - s i n x ) ;  D ) 0; E ) 1.

19. y = x  sin  x  +  cos x  fu n k s iy a n in g  h o s ila s in i to p in g .
A ) x  c o s*  -  s in x ; B) sin  x  +  co s  x ;
Q x c o s x ;  D ) x s i n x ;  E ) s i n x - c o s x .

20. y =  tg  x  +  c tg x  fu n k s iy a n in g  h o s ila s in i to p in g .

A ) 2 . 2 ; B J tg ^ x ; C ) c tg 2x ;COSz XSin2X / O ’

D ) I; E ) 0.

2 1. y =  s in  x  • cos x  fu n k s iy a  h o s ila s in in g  x =  ^ n u q ta d a g i q iy m a- 

tin i to p in g .

A ) 0; B) - 1 ;  C ) \  ; D ) - J ;  E ) 2.

22. y  =  ^  tg 4.r fu n k s iy a n in g  h o s ila s in i to p in g .

1 . D V t  3  . «  s i n *  s i n 3 ; c  . c i  s i r , 2 ; t

4rn<;^ r  ’ 3 ’ 5 ’ 3^COS x  COSJ JC COS ĴC cos^x

23*. y  =  2 tg 3* - t g x  +  x  fu n k s iy a n in g  h o sila s in i to p in g .

A ) tg 4x ; B) tg 2x -  1 + 1 ;  C ) tg 2x - c t g x + l ;  
co s2x

2 ]
D ) c tg 2x  -  tg  x  + 1 ; E ) v +  2 v + ' •

24. >’ ~  i+  tos~v fu n ksiya  h o s ila s in in g  x  =  y  n u q ta d a g i  q iy m a ti-  

n i to p in g .

A ) - l ;  B ) ^ ;  C )  \  ; D ) \  ; E ) 1.

25. y  =  tg  2 fu n k s iy a n in g  h o s ila s in i to p in g .

A ) U l  ; B ) ~  , x + l  ; C > 2 r + l ;
c o s2* + '  cos 2 cos2 2
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E) 2sin2*+1 '

26. y -  sin(sin x) funksiyaning hosilasini toping.
A) cos(sin x)cos x; B) cos(sin x); C) -cos(sin x);

---D) cos-x;— E) cos2 x —

21*.fix) = (1 + sin2x)4;/ '(7t); /(71)?

A) 2; B) 4; C)-4; D)0; E) 8.
28*. y = cos23x; y2 -  -  sin23x va y3 = 2sin6x funksiyalardan 

qaysilarining hosilalari teng?
A ) j, \y3', B )y,-,y2; C)y,-,y2;y3; D)y2;y} ;

E) hosilasi tenglari yo‘q.
29. y = x ■ arcsin x funksiyaning hosilasini toping.

A) arcsin x; B) 1+  ̂ ; C) 1 + arccos x;

D) arccos x; E) arcsin x +

30. y = (arccos x)2 funksiyaning hosilasini toping.

D) 2arcsin x ; E) (arcsin x)2.

3] v = arctg * funksiyaning hosilasini toping.

32. y -  arctg x2 funksiyaning hosilasini toping.

-y 2x
A) - arcctg x2; B) 2x arcctg x2; C) j+x4 ;
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A) arccos(sinx); B) ^  ; C) "  |cosx| ’

t-\\ C O S X  i

|cosx| ’ E) 1.

34. y = 10r funksiyaning hosilasini toping.

A) .v ■ 10"; B) jJJJq ; C) 10' In 10; D) 10' • 10; E) In 10'.

35. y = y  funksiyaning hosilasini toping.

A) - 3#+T ; B) - ̂ ,3 ; C) 3\x ; D) 32* ; E) £3 ■
36. y = x ■ ex funksiya hosilasining x = 1 nuqtadagi qiymatini 

toping.
A) 2e: B)e; 02 ;  D) I E)Je.

37. y = 3s”x funksiyaning hosilasini toping.
A) 3cos v; B) 3™x In 3; C) cos * • 3sin vln 3;
D) 3sin In 3; E) s in x ^ * '1.

38. y -  xr log,x y = x2 log3 x funksiyaning hosilasini toping.

A) 2xlog3x; B) 2xlog3x + x; C) 2xlog3 x+ ].;

D) 2xlog3 x + ^ 3  ; E) 2xlog, x + ,*3 .

39. y -  In2 x funksiyaning hosilasini toping.

A )21“* ; B) 2 In x; C) ;

lnx . p \  ln3xD) xt  > 3 .

40. /(x) = lntgx. )?

A) 0; B) 1; C) ^  ; D) 2; E) \  .

1—ex41*. y = ln x funksiyaning hosilasini toping.

3 3 *. y — arcsin(sin.x) funks iyan ing  hosilas in i toping.
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[2x—\ 2x+3 42*. y = J  3 + In j  funksiyaning hosilasini toping.

A ) \_ex ; B) e , _ !  ; C ) f_ex ; D )  gX ; E ) J _ j .

a\ / - + 0  7 . p7~7 3 , 5 2(2jc—1) 2  
A) V6jt-3 2-T+3 , B) y 2 jc—1 2jc+3 ’ C ) 3  + 5 ^

D) /2 + 2 . F) 6-V2l^T 5
U ) V 3 + 5 ’ b > 3 +  2x +3 '

l - . v  _____ _____
43*. y -2 -e  3 +3cos1̂ 'i  ûnksiyaning hosilasini toping.

A) ^sin l2X~ 3 e 3 ’ B )2 e 3 +3sin1~Ar;

C ) 2 - e 3 -3sin ' 2^ ’ D ) 2 e 9 + 3sin24 * ;

E) 3 sin * 2X + 3 e 3 ’

44*. y = ln(l - 3x) • sinx funksiyaning hosilasini toping.

A) 1̂ 3̂ . +ln(l-3x)-cosx; B) 33Ŝmf+  ln(l-3x)-cosx;

C) K  ; D) 3s_inx + ln(J _ 3je) ,cosx; E) - 3£ f  * .

4̂ * 3' = 0,5' • sin2x funksiyaning hosilasini loping.
A) (x - 1 )0,5' cos2x; B) x • 0,5"' cos2x;
C) 2x ■ 0,5V_I cos2x; D) 0,5' (In • 0,5 sin2x + 2 cos2x);
E) 0,5' ln2 + 2 cos2x.

46. y = [ funksiya grafigiga x0 = 1 abssissali nuqtada o‘tkazil-

gan urinma bilan Ox o‘qi orasidagi burchakni toping.
A) 30°; B)45°; C)60°; 0)120°;^ E) 135°.

47. y = ln(2x + 1) funksiya grafigiga x0 = 2 abssissali nuqtada 
o‘tkazilgan urinmaning Ox o‘qining musbat yo'nalishi bilan tashkil 
etgan burchagini toping.

A) arctg0,4; B) 45°; C) arctg0,2;
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D) arctg0,5; E) arctg2.
48./(x) = x2 + sin.\' funksiya grafigiga x = 0 abssissali nuqtada 

o‘tkazilgan urinma bilan Oy o‘qi orasidagi burchakni toping.
A) 30°; B) 45°; C)60°; D) 120°; E) 150°.

_______  X

49*. f(x) = Vx+l +e2 funksiya grafigigax = 0 abssissali nuq

tada o‘tkazilgan urinma bilan Oy o'qi orasidagi burchakni toping. 
A) 0°; " B) 30°; C)45°; D)60°; E)90°.

50*./ (x ) = 3x2 + 7x+ 1 parabolaning qaysi nuqtasida o‘tkazilgan

urinma abssissalar o‘qi bilan  ̂ burchak hosil qiladi?

A )(0; 1 ); B) (-2;-1); C)(l; 11); D) (-3; 7); E)(-l:-3).

51*. f(x) = x3 -x-1 va tp(jc) = 3jc2-4jc+1 egri chiziqlarga 

o‘tkazilgan urinmalar parallel bo'ladigan nuqtalar koordinatalarini

A) ( 1 ; 1 ); B) ( 1 ;0); C)(0;1); D) ( 1 ; 1) va (1:0):
E) (1; 1) va (0;1).

52. f(x) = Jt3 + 3x funksiya grafigiga x0 = 2 abssissali nuqtada

o'tkazilgan urinma tenglamasini yozing.
A) y = 30.Y - 54; B) y = 15x - 16; C) y -  6x + 8;
D)y = I5x + 16; E)y = 30x + 54.

53./(.y) = tgv funksiya grafigiga x0 =  ̂ abssissali nuqtada o'tka

zilgan urinma tenglamasini ko'rsating.

A )y= Ax + S - ^ ;  B)y = 4x-0,5 iQy=  4 jc- ^ ;

D)y= 4x+ V i - I  ; E)j> = 4x+ V i -

X

54. y = i - e 2 funksiya grafigiga uning Oy o‘qi bilan kesishish 

nuqtasida o'tkazilgan urinma tenglamasini ko'rsating.

A)y = - J, X\ B).y - \  x', C)y ~ 1: D)^ = -1; E)y = \.x~ 2 '
55*. /(*) = (*- 0,5)2 + l,5 funksiya grafigiga o'tkazilgan urin

ma y = 3x + 7 to'g'ri chiziqqa parallel bo'lgan urinish nuqtasidan 
koordinata boshigacha bo'lgan masofani toping.
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56. Moddiy nuqta to‘g‘ri chiziq bo'ylab S(t )  = 6г3 - 2 r + 5 qonu-

niyat bilan harakatlanyapti. Harakat boshlangandan 1 s o‘tgach, 
uning tezligi qanday bo‘lishini aniqlang.

A ) 32  m/s; BJ 9 m/s: C ) 14 m /s; D )  4П m /s; F ) 21 m Vs—

57. Ikki moddiy nuqta 5, (/) = 2,5/2 - 6t  + 1 va S2 (t) =  0,5 t2 +  2t  - 3 

qonuniyat bo‘yicha harakatlanyapti. Qaysi vaqtda birinchi nuqtaning 
tezligi ikkinchisinikidan uch marta ko‘p bo'ladi?

A )  2; B ) 3; C ) 4 ;  D )  5; E ) 6.

13 2
58. Moddiy nuqta S(t )  = - g t + 3t  - 5 qonuniyat bo‘yicha hara-

katlanayapti. Uning tezlanishi nolga teng bo'lganda, tezligi qancha- 
ga teng bo‘ladi?

A )  24; B ) 18; C ) 12; D )  6; E ) 15.
59. To‘g‘ri chiziq bo‘ylab harakatlanayotgan nuqtaning tezligi

v(r) = In r — g i(m/s) qonuniyat bo‘yicha o‘zgaradi. Vaqtning qan

day momentida (s) uning tezlanishi nolga teng bo‘ladi?
A )  6; B ) 7; C ) 8 ;  D ) 9 ;  E ) 5.

60. y  = xA -  2x'  funksiyaning o‘sish oraliqlarini toping.

A) [—1; 1] ; В) (-oo;-l) ; C) [-1; 0] U[2; +°°] ;

D )  (—о»; +  ° ° )  ; E ) [0; + °°) .

61. y = 1+ 2 funksiyaning kamayish oraliqlarini ko‘rsating.

A )  ( - ° °  ; 0 ) U ( 0 ;  +  °° ); B ) ( - ° ° ;  +  o o ); C ) ( — ; 0 ) ;

D ) ( 0 ;  +  c o ); E ) [1; 2 ] .

62*. 3i = ax-sinx funksiya a ning qanday qiymatlarida sonlar 

o‘qining barcha nuqtalarida o‘sadi?

А) яе (-»;-1] ; В) a e (-<«;-1) ; C) ae [-1; + °°) ;
D ) a e [ l ;  +  oo); E ) a e  (1; +  ° o ) .

63*. к ning qanday qiymatlarida у  = cos x + kx funksiya aniqla- 

nish sohasida kamayadi?

А) 4,25; В) 3,75; С) 5,5; D) 6,85; Е) 4,75.
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D) * 6 (-oo;-l]; E) ike [-1; 1].

2
64*. >’ = ln(4x - x ) funksiyaning kamayishoralig‘iniko‘rsating.

A) [2;4); B) (0;2); C ) (2;+ - ); D) (-- ;0); E) (0;4).
65*. Agar/; o‘zgarmas son (p > 0) bo‘lsa,/7 ningqanday qiymat- 

larida y = p x -  lnx funksiya (0;8] oraliqda kamayuvchi bo'ladi?

A) gi B) ^  ; C) D) y  ; E) 1  ̂.

66*. y = \nx funksiyaning o‘sish oralig‘ini ko'rsating

A) (0; 1 ); B)(l;°° ); Q(l;e);D)(c;+«);E)(0;e).
67. y = x 3 - 3x + 1 funksiyaning maksimumini toping.
A) -1; B) 1; C) 2; D) 4; E) 3.

68. 7 T  funksiyaning minimum nuqtasidagi qiymatini 

toping.

A) 2 ; B) 2; C) - 2 ; D>-2; E)-l.

69. y = x 3- x  funksiyaning minimum va maksimum nuqtalarida- 
gi qiymatlari yig‘indisini toping.

A )4^ ;  B )2 ; C)0; D ) - £ ;  E) V i.

70. y = +* funksiyaning maksimum nuqtasidagi qiymati

ni toping.

A)-1; B) 2; C)-2; D) 0; E )-J.

71. _v = 3x5 - 5x3 - 3 funksiyaning ekstremum nuqtalardagi qiy
matlari yig'indisini toping.

A )-6; B) —8; C)-9; D)-2; E) -A.
2

72. y - ~ \  + 2x -3x funksiyaning maksimum va minimum- 

lari ayirmasini toping.

A) 1 ̂  C) 0; D) 1,5; E) -1,5.

A) k e (-»°; 1) ; B) * e (-1; + ~) ; C) * € [-1; + ~>) ;
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13.J[x) = x3, - 3x~ funksiyaning [1; 3] kesmadagi eng katta va eng 
kichik qiymatlari nisbatini toping.

A )-2; B) 2 ; C)0; D)2; E ) - \ .

74. f(x) = x + yfx funksiyaning [Q-4]~kesmadagi eng katta qi> 

matini toping.
A) 0; " B) 16; C)8; D) 6; E) 18.

75. J[x) - x - 2  In a' funksiyaning [1; e] kesmadagi eng kichik qiy- 
matini toping.

A )0; " B) 1; C)2(l-ln2); D)e-2;E)-1.

76. /(x) = 2 sin x + sin 2x funksiyaning [o; ̂  J kesmadagi eng 

kichik qiymatini ko'rsating.

A) 0; B) - 2; C )-3; D) - l , 5 & ; E) -3^.

77. y = 2 +sin" x funksiyaning 2 : 2 J kesmadagi eng katta 

qiymatini toping.

A) - 2 +1; B) -  ̂+1; C) g+ l;D ) 2 + l; E) 4 +1.

78. y  = x In x - x In 5 funksiyaning [1; 5] kesmadagi eng kichik 
qiymatini ko‘rsating.

A )- f; B)-ln5; C) ^ ; D)-ln^; E) 0.

79. y -  sin2x + 2 cosx funksiyaning [y kesmadagi eng ki

chik qiymatini toping.

A )-2; B) 0; C)-3; D) -1,5^3; E) -0,5^3.
80*. To‘la sirtining yuzi 600 snr ga teng bo‘lgan barcha munta- 

zam to‘g‘ri toitburchakli parallelepipedlar orasida eng katta hajmli 
parallelepipedni toping.

A) 1000 snvMi: B) 1600 sm’li: C) 900 smii; D) 2500 smii;
E) 400 sm3li.

81*. Tomonlarining uzunliklari 0,8 m va 0,5 m bo‘lgan to‘g‘ri 
to‘rtburchakli tunukaning burchaklaridan kvadratlar kesib olib, hosil 
bo‘lgan chetlarini buklab yasaladigan usti ochiq idishning eng katta 
hajmini toping.
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A) 0.4 m-; B) 0.16 m3; C) 0.016 m3; D) 0,018 m3; E) 0,02 m3.
82*. Asosi kvadratdan iborat, hajmi 32 m3 ga teng bo‘lgan hovuz- 

ning yon sirti va asosini suv o‘tkazmaydigan materialdan eng kam 
miqdorda sarflab qoplash uchun hovuz o‘lchamlari qanday bolishi 
kerak?

A) 4 x 4 x 2; B) 1 x I x 32; C) 2 x 2 x 8; D) 8 x 8 x 0,5;
E) 5 x 5 x 1,28 m.

83. Bir tomondan imorat bilan chegaralangan, qolgan tomonlari 
uzunligi 80 m panjara bilan o'ralgan to‘g‘ri to'rtburchak shaklidagi 
yer maydonining eng katta yuzini toping.

A) 1600; B) 1200; C) 1000; D) 800; E) 600 nr.
84. (.v + 2) 10 ko‘phadning x4 qatnashgan hadi oldidagi 

koeffitsiyentini toping.
A) 13440; B) 1200; C) 13200; D) 16400; E) 5040.
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X V  B O B

B O S H L A N G ‘IC H  F U N K S IY A  V A  IN T E G R A L

l-§ . Boshlang‘ich funksiya. Aniqmas integral

1.1. Boshlang‘ich funksiya tushunchasi. Agar to‘g‘ri chiziq bo'ylab 
harakatlanayotgan moddiy nuqtaning 5(0 harakat qonuni ma’lum 
boisa, u holda v(i) oniy tezlik s(t) funksiyaning hosilasiga tengligini 
bilamiz, ya’ni

Amaliyotda teskari masala ham uchraydi: harakatlanayotgan 
nuqtaning v(t) tezligini bilgan holda uning harakatlanish qonunini 
toping, ya’ni shunday s(t) funksiyani topish kerakki, uning hosilasi 
v(i) ga teng bo'lsin. s'(t) = v(t) bo'lgan bunday s(t) funksiyani v(i) 
funksiyaning boshlang‘ich funksiyasi deyiladi.

Masalan, agar v(i) = kt (bunda k -  berilgan son) boisa, u holda

s(r) = funksiya v(i) funksiyaning boshlang‘ich funksiyasi bo‘la- 

di, chunki

Ta’rif. Biror oraliqdagi barcha x lar uchun F'(x) — f(x) tenglik 
bajarilsa,F(x) funksiya shu oraliqda f[x) funksiyaning boshlang'ich 
funksiyasi deyiladi.

Masalan, (x4)' = 4.v3 tenglikdan F(x) = x* funksiya butun sonlar 
o‘qida/(x) = 4x} funksiyaning boshlang‘ich funksiyasi ekanligi, 
(cosx)' = - sinx tenglikdan esa F(x) = -cosx funksiya f(x) = sinx 
funksiyaning boshlang‘ich funksiyasi ekanligi kelib chiqadi.

Berilgan funksiyaning boshlang‘ich funksiyasini topish masa- 
lasi bir qiymatli hal qilinmaydi. Haqiqatan ham, agar F(x) funk
siya/(x) ning boshlang'ich funksiyasi bo‘lsa, u holda F(x) + C 
funksiya ham (bunda C-ixtiyoriy o‘zgarmas son)/(x) funksiyaning 
boshlang'ich funksiyasi boiadi. chunki C ning istalgan qiymati 
uchun (F(x) + C)'- f(x) boiadi.

v(/) = .?'(?)■

416



Masalan, yuqorida keltirilgan misolda F(x) = x4 funksiyagina 
emas, balki barcha F(x) = x4 + С funksiyalar to‘plami ham j(x) = 4x3 
funksiyaning boshlang‘ich funksiyalari boiadi, chunki,

(x4 + Cf = 4x3.
Shunga o'xshash, Дх) = 2x funksiyaning boshlang‘ich funksiya

lar to‘plami F(x) = x2+ C-parabolalar to‘plami bo‘lib, bu to‘plamni 
ixtiyoriy С ga turli qiymatlar berib hosil qilish mumkin (178-rasm).

Ixtiyoriy o‘zgarmas С ni tanlash bilan boshlang'ich funksiya gra- 
figini berilgan nuqta orqali o‘tishiga erishish mumkin.

Masalan,fix) = 3x2 funksiyaning (-1; 2)nuqtadan o‘tuvchi bosh- 
lang'ich funksiyasini topish kerak bo‘lsin. Berilgan funksiyaning 
boshlang‘ich funksiyasi F(x) = x3 + C, chunki (x3 + C)' = 3x2. Shunday 
С ni topamizki, y -  x3 + С funksiyaning grafígi (- 1; 2) nuqtadan 
o‘tsin. x = - l;y = 21arni qo‘yib, 2 = -1 + Cni hosil qilamiz. Bundan 
С = 3, demak,

F(x) = x3+ 3.

1.2. Aniqmas integral. Berilgan funksiyaning hosilasini topish 
amali differensiallash deb atalishini eslatib o‘tamiz.

Ta’rif.Agar F(x) funksiya biror oraliqdaf(x) funksiyaning bosh- 
lang'ich funksiyasi bo'Isa, и holda F (x) + С (bunda С - ixtiyoriy
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o ‘zgarmas) funksiyalar to ‘plami shu oraliqda f(x) funksiyaning aniq
mas integrali deyiladi va

j f  (x)dx = F(x) + C 
kabi belgilanadi. Bu yerdaf(x) - integral ostidagi funksiya, x - integ-
rallash o ‘zgaruvchisi, J - integral belgisi, f  (x)dx integral ostidagi
ifoda, C - integrallash doimiysi deyiladi. Biror oraliqda uzluksiz 
bo‘lgan istalgan funksiya shu oraliqda boshlang'ich funksiyaga ega, 
demak, aniqmas integralga ham ega ekanini eslatib o‘tamiz.

1-misol. jcos x d x  = sin X + C, chunki (sin x ) '  = cosx .

2-misol. J 1 dx = tgx + C, chunki (tg*)' = 1 .
cos2* COS2X

3-misol. \5xS'dx = x3 +C, chunki (x5)' = 5xA .
Aniqmas integralning quyidagi asosiy xossalarini keltiramiz.
1. Aniqmas integralning hosilasi integral ostidagi funksiyaga teng, 

ya’ni
f

(J f(x)dx) = f{x) ■
2. Bir necha funksiyalarning algebraik yig‘indisidan olingan in

tegral qo‘shiluvchi funksiyalar integrallari yigindisiga teng.
3. O* zgarmas ko'paytuvchini integral belgisidan tashqariga chi- 

qarish mumkin: agar k -  const boisa, u holda

\kf(x)dx = k\f(x)dx-
4-misol. j(3x5 +2x3 -3x + l)dx integralni toping.

Yechilishi. /(3x5 + 2 x ? -2>x + \ )d x  = 3 \ x }dx + 2 \ x ’d x -? > \x d x  + \ d x  =

~ T + 2 - \ x2+x + C -
Javob: *2 + ^  -  2 x2 + X + C ■

1.3. Boshlang‘ich funksiyalar jadvali. Ba’zi funksiyalar uchun 
boshlang‘ich funksiyalar jadvalini hosilalar jadvalidan foydalanib 
tuzish mumkin. Masalan, (a*) -  ax lna ekanligini bilgan holda

 ̂Ina j  ~°X n*bc,ŝ  qilamiz> bundan/(x) = ax funksiyaning boshlan-

g‘ich funksiyasi F(x) = ^  + C ko‘rinishda yoziladi.
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BoshlangVich funks iya la r ja d va li.

Funksiya Boshlang'ich
funksiyasi

1. X p , p * -1 xP+' + C p+1+C

2 . (kx + b)p, p * — 1, k* 0
(.kx+b)P+l 

k(p+1)
3. sin X -cosx+C

4. sin(fcc + &), £ * 0 - £ cos(kx + b) + C
5. cosx sin x + C

6 . cos(kx + b), k * 0  ̂sin(Ax + b) + C

7.

8 .

lX ’  x > 0 In x + C
- - a ' ^  _____ ___

In II

9 . e* ex +C

1 0 .
1

C O S 2 X
t g  x + C

11.
1

s i n 2 x
- c t g  x + C

1 2 .

13.

t g x -In | c o s x |  +  C

1n 1 vl 1C t g  X i n  | S i n X |  + C

14. I n  x, x >  0 x In x - x + C

5-misol. j\x) = 3ev - 2 sinx funksiyaning barcha boshlang‘ich 
funksiyalarini toping.

Y ec h i 1 i s h i . Integrallash qoidalari va e* hamda sinx uchun bosh- 
lang'ich funksiyalar jadvalidan foydalanib, berilgan funksiyaning 
boshlang‘ich funksiyalarini topamiz:

F(x) = 3e' +2 cosx + C.
Javob: 3e'+2 cosx + C.

26-misol. f(x) = — j  + 2cos(2x + 2) funksiyaningboshlang‘ich

funksiyalarini toping.
Yech i 1 i s h i . Boshlang‘ich funksiyalar jadvalidan foydalanamiz:

419



.F(x) = 2 In (x - 2) + sin(2x + 2), x - 2 > 0.
Javob: 2 In (x-2) + sin(2x + 2), x-2 > 0.

7-misol. = 6 cos(6x- l) funksiyaning boshlang‘ich

funksiyalarini toping.
Yeehilishi. Integrallash qoidalari hamda boshIang‘ich funksi

yalar jadvalidan foydalanamiz:

F(x) = - 6 4  sin(6jc -1) + C = - sin(6x -1) + C.
</3 f+1 6 4

Javob: -sin(6x-l) + C.

1-masala. f ( x) = 6X + j^ ( x >0) funksiyaninggrafigi M( 1;6)
nuqtadan o'tadigan boshlang‘ich funksiyasini toping.

Yeehilishi. Berilgan funksiyaning barcha boshlang‘ich funksi
yalarini boshlang‘ich funksiyalar jadvalidan foydalanib topamiz:

F(x) = -p-7- + -i-ln x + C.
In 6 2

Endi shunday C sonni topamizki, boshlang'ich funksiya M (l;6) 
nuqtadan o‘tsin:

6 = IF& + 7 lnl + C ^ [ C = 6 ~IF5- 
Shunday qilib,

F U ) = ln6 + 2 l nx + 6 ~ l n V

Javob: In6 + 2 ln  ̂+ 6 ' ln 6 -
8-misol. f{x) = sin22xfunksiyaningboshlang'ichfunksiyalarini 

toping.
Yeehilishi. Berilgan funksiyaning boshlang‘ich funksiyalarini 

topish uchun

sin2 2* = l~co2s4x 
tenglikdan foydalanamiz. U holda

F{x) = 2 x - g sin Ax + C.

J a v o b :  1 x - g  s in 4 x  +  C.
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2 - m a s а 1 а. Дх) = sin2x cos4x funksiyaning x = g da O ga teng

qiymatni qabul qiladigan boshlang‘ich funksiyasini toping.
Yechilishi. Avval berilgan funksiyani yig‘indi shakliga kelti- 

ramiz:

sin 2x cos 4x = 2 (sin 6x - sin 2x).

Bosh lang“ ich funksiyalar jadvalidan foydalanib, bu funksiyaning 
boshlang'ich funksiyalarini topamiz:

F(x) = - j2 cos 6x +  ̂cos 2x + C.

Endi masala shartini qanoatlantiruvchi С ni aniqlaymiz:

О = - 12 cos 6 • g + 4 cos 2 • g + С <=> 0 = — J2 cos л + ̂  cos ̂  + С=>

=>С = - 5 => с - 24.

Shunday qilib, F(x) = - cos6*+^ cos 2x ~ 24 ■

Javob: -tVcos6x + 4-cos2x--A-.12 4 24

2-§. Aniqmas integralda o ‘zgaruvchini almashtirish

Boshlang‘ich funksiyalar jadvalidan to‘g‘ridan-to‘g‘ri foydalanib 
integrallash bevosita integrallash deyiladi.

Boshlang'ich funksiyalar jadvaliga kirmagan Длг) funksiyaning 
barcha boshlang'ich funksiyalarini topish, ya’ni J f(x)dx integralni 
hisoblash kerak boisin. 0 ‘zgaruvchi x ni t erkli o‘zgaruvchining bi- 
ror differensiallanuvchi funksiyasi orqali ifodalab, integrallashning 
yangi t o‘zgaruvchisini kiritamiz: x = ф(г), bunga teskari t = g(x) 
funksiya mavjud bo'lsin, u holda

dx = (p\t)dt (1)
bo‘lib,

jf(x)dx = |/(ф(г))ф'(0 <* (2)
bo‘ladi. Bu tenglikning o‘ng qismida integrallashdan so‘ng eski x 
o‘zgaruvchiga qaytiladi.

1-misol. JxVx-3dx integralni toping.

Yechilishi. Vx-3 = t belgilash kiritamiz, bundan x - 3 = /2, 
x = t2 + 3, dx = 2tdt. U holda
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jx\¡x-3dx = ¡(t2 + 3)t ■ 2t ■ dt =

= 2¡(t4+ 3t2)dt = 2^  + 3-t-j + C = ^t5 +t3 + C.
Eski o‘zgaruvchiga qaytamiz:

fx\lx-  3dx = I (-JT-3)5 + (Vx-3)3 + C = 2{x~3)2 +(x-3 ) 1 +C.

Javob: 2U~3)2 +(x-3 )2 +C.

2-misol. jx2 sin(x3)dx ni toping.

Yechilishi. x3 = tbelgilashkiritamiz.Uholda3x2dx = dt ekan- 
ligini e’tiborga olsak, \x2 sin(xi )dx = \¡\úntdt = -icosf + C =

= cos(x3) + C ni hosil qilamiz.

1 3 Javob: -^cos(x) + C.

3-misol. ni toping. l+e
Yechilishi. 1 + ex -  t belgilash kiritamiz, bundan e? = t - 1, 

x = ln(z-l), dx = j q-.

U holda

r dx _ r dt 
J \+ex ~ J t(t-T) •

~ } tenglikni e’tiborga olib,

J,(í¡)= J* r J* = ln |r-I|-ln |,|+C
ni hosil qilamiz. Eski o'zgaruvchiga qaytamiz:

i T^ r  = ln /- ln ( l + / )  + C = jc-ln(l + e*) + C.

Javob: jc — ln(l + ex) + C.
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Integraliashning yana bir usuli, ikki funksiya ko'paytmasini dif- 
ferensiallash qoidasidan kelib chiqadigan

judv = uv—\vdu
formuladan foydalanishga asoslangan bo 'laklab integrallash usuli 
deb ataluvchi usulni jadvalda keltirilmagan funksiyalarning boshlan- 
g‘ich funksiyalarini topishga tatbiqini ko‘rib chiqamiz.

1-misol. jxcosxiix: ni toping.
Yechilishi. u = x, dv = cosxdx desak, 2-§ dagi (I) formulaga 

ko‘ra hamda cos.y ning boshlang'ich funksiyasi sinx ga tengligidan 
du -  dx, v = sinx

larni hosil qilamiz. U holda boiaklab integrallash formulasiga ko‘ra: 

jxcosxdx = xsinx — Jsinxdx = x sin x + cos x + C.
Javob: xsinx + cosx + C.

2-misol. | jc2 in xdx ni toping.

Yechilishi. u = lnx, dv = x2dx deymiz, bundan

i r 2du = x dx, v = Jx ¿i = y .

Boiaklab integrallash formulasiga ko‘ra 

| x2 In xdx = ’ x3 In x - * J x3 • * dx =

= 2 -*3 Inx- * JX2dx = J x3 In x- 2  • v3 +C = x k *  -  x + c.

Javob: x ^ x- x +C.

3-misol. jxe~xdx ni toping.
Yechilishi. u = x,dv = e xdx deymiz, bundan 
du = dx, v = -  e*.
BoMaklab integrallash formulasiga ko‘ra 

J xe Xdx = -xe~x + J e~xdx = -x ■ e~x - e  x + C.

3-§. B o‘laklab integrallash

Javob: ~xe ~ e + C-
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4.1. Egri chiziqli trapetsiyaning yuzini hisoblash. Quyidan Ox 
o‘qidagi [a; b] kesma bilan, yuqoridan musbat qiymat qabul qiladi- 
gan y = /(x) uzluksiz funksiyaning grafigi bilan, yon tomonlaridan 
esa x - a va x = b to'g'ri chiziolarning kesroalari bilan ehegaratan- 
gan yassi shakl (179-rasm) yuzasini hisoblash masalasini ko‘rib

4-§. Egri chiziqli trapetsiyaning yuzi. Artiq intégral

chiqaylik. Bunday shakl egri chiziqli trapetsiya deyiladi. [a; x] asosli 
egri chiziqli trapetsiyaning yuzini S(x) deb belgilaymiz (180-rasm), bun- 
da x - shu [a; b] kesmaga tegishli ixtiyoriy nuqta. x = a da S(a) = 0; 
x - b  da S(b) = S. S(x) ni fix) funksiyaning boshlang‘ich funksiyasi, 
ya’ni S'(x) =/(.\)ekanligini ko‘rsatamiz. Buning uchun S(x + Ax) -  S(x) 
ayinnani qaraymiz. Aniqlik uchun Ax > 0 holni qaraymiz (Ax < 0 hol 
ham shunga o‘xshash qaraladi). Bu ayirma asosi [x; x + Ax] kesmadan

iborat bo'lgan Uapetsiya yuziga 
teng(181-rasm).

Agar Ax son kichik bo‘lsa, u 
holda bu yuz taqriban /(.\') • Ax ga 
teng bo'ladi, ya’ni S(x+Ax)-S(x)~ 
~ /{x)Ax. Bundan

S{x+Ax)-S{x)_ f 
Ax

Ax —> 0 da bu taqribiy teng- 
a x x+Ax b x likning chap qismi hosila ta’rifi- 

181-rasm 8a ko‘ra 5'(x) ga intiladi va
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yaqinlashish xatoligi Ax —> 0 da istalgancha kichik bo‘lib boradi. 
Demak,

S'(x) =flx).
Shunday qilib, S(x) funksiya y(x) ning boshlang‘ich funksiyasi 

ekan. Istalgan boshqa F(x) boshlang‘ich funksiya S(x)dan o'zgarmas 
songa farq qiladi, ya’ni

f{x) = а д  + с .  ( i )

Bu tenglikdan x = a da F(a) = S(a) + С ga ega bo‘lamiz. S(a) = 0 
bo‘lgani uchun F(a) -  С U holda (1) tenglikni 

S(x) = F(x)-F(a) 
ko'rinishda yozish mumkin. Bundan x = b da 

S(b) = F(b)-F(a) 
ekanini topamiz. Demak, 179- rasmda tasvirlangan egri chiziqli tra- 
petsiya yuzi

S=F(b)-F(a) (2)
formula bilan topiladi, bunda F(x) berilgan/(x) funksiyamng istal
gan boshlang‘ich funksiyasi.

4.2. Aniq integral
Ta’rif. /  (x) funksiya uchun boshlang'ich funksiyaning b va a 

nuqtalaridagi qiymatlarining F(b) -  F(a) ayirmasi shu funksiyaning a 
dan b gacha aniq integrali deyiladi.

Aniq integral
ь
¡ f{x)dxa

kabi belgilanadi. Bunda a va b sonlar inlegrallash chegaralari 

deyiladi (b -  yuqori chegara, a -  quyi chegara), J - belgi integral

belgisi, / (x) - integral ostidagi funksiya, / (x)dx -  integral ostidagi 
ifoda. Shunday qilib, ta’rifga ko‘ra,

h\f(x)dx = F(b)-F(a). (3)a
Bu formula Nyuton-Leybnis formulas! deb ataladi.
(2) va (3) formulalardan egri chiziqli trapetsiya yuzini hisoblash formulasi

S = jf(x)dx (4)a
ni hosil qilamiz.
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4.3. Aniq integralning xossalari. Aniq integralning bevosita uning 
ta’rifidan kelib chiqadigan ayrim xossalarini keltiramiz, bunda/fa) 
funksiya qaralayotgan [a; b] kesmada boshlangich funksiyaga ega 
deb hisoblanadi.

1. Integrallash chegaralari almashtirilganda aniq integral isho- 
rasi o'zgaradi:

1  f ( x ) d x  = - j  f (x)dx.

2. a ning har qanday qiymati uchun

J f ( x )dx  = 0a
tenglik o‘rinli.

3. Agar [a; b] kesma bir necha qismga bo‘linsa, u holda bu kesma 
bo‘yicha aniq integral har bir qism bo‘yicha aniq integrallar yig‘in- 
disiga teng. Xususan, a<c < b bo‘lsa, u holda

J f {x )d x  = f f (x)dx  + J f(x)dx.a a c
4. 0 ‘zgarmas ko‘paytuvchini aniq integral belgisidan tashqariga

chiqarish mumkin: agar k -  consi bo‘lsa, u holda
b  b

jA: f ( x ) d x  = k Jf ( x ) d x .
a a

5. Bir nechta funksiyalar algebraik yig‘indisining aniq integrali 
qo‘shiluvchilar aniq integrallarining yig‘indisiga teng:

J ( / i  (x)dx ± f 2( x ) ± - ■■ ± f k(x))dx =a
= j  f 1(x)dx±j  f 2(x)dx±.. .± j  f k(x)dx.a a a

l-misol. J (x- 4\fx) ni hisoblang.

Yechilishi. Berilgan aniq integralni boshlang‘ich funksiyalar 
jadvali va aniq integralning hossalaridan hamda Nyuton-Leybnis 
formulasidan foydalanib hisoblaymiz.



J a v o b :  " I S j .

2-misol. j 6— dx nihisoblang.
о V3x+1

Y echilishi. jj dx = 6|(3x+ 1) 2dx = 6 -  ̂• 2л/з* +1|

4(>/3-5 + l-^/3-0 + l)  = 4(4-1) = 12. 

Javob: 12.
К

2 • 23-misol. |(cos jr-sin x)dx nihisoblang.

7Ç Ж

Yechilishi. } (cos2 jt-sin2 x)dx= \ сos2xdx = Xsin2x)\ 
о о z  10

2  (sin 2 ■ |-sin2 0) = ^ ( l- 0) = |.

Javob: 2 ‘

371
4  i

4-misol. } , - nihisoblang. 
к sin X
2

Y echilishi.

Зж Зж
4 4
/ -4f- = -ctgx =-(ctg^-ctg-2 )= —(—1 — 0) — 1. 
Я sin X 5 V 4 z /
2 2

J a v o b :  1.

■M
S



2
5 - m is o l.  +  e2x)dx n i hisoblang.

Y echilishi.

2 ,
¡ ( ¿ x + e 2x) d x =  } , j f  +  j e 2Àdx  = { + T n  • v + ^ 2* ) || =

= ^ ( ln 2  + e22 -  ln 1 —e21) = ^(ln  2 - e 4 - e 2)-

Javob: 2 2-e4 -e").

2

6-misol. f |* + 2x-3|¿r ni hisoblang.
- 3

Yechilishi. [-3; 1] oraliqdax2 + 2x-3 <0 bo‘lganligi uchun 
modulning ta ’rifi hamda aniq integralning xossalariga 
asoslanib integrallashni bajaramiz:

2 2 1 ?  2 
/ 1X + 2 x - 3 \ d x  = - \ ( x 2 + 2 x - 3 ) d x  + \ { x 2 + 2 x -2 ,)d x  = -
3  3  1

(  2  Л ( 2  \X 2
---------i-дг -Ъх 11

1 -3  +
x 2 — + x -3x

3 3 1
V  y V /

1 1
= - - + l-3-(-9 + 9 + 9) + 3-+6-6 —+ 1 -3 = 10- + 2- =13.

Javob: 13.
Masala. y = x2 + 1 

parabola hamda y — -  1 va 
y = 2 to‘g‘ri chiziqlar bilan 
chegaralangan egri chiziqli 
trapetsiya yuzini hisoblang 
(182-rasm).

Yechilishi. (4)formula- 
ga ko‘ra
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5-§. Aniq integrallarni yuzlarni 
hisoblashga ta tb iq i

Oldingi paragrafda qaralgan masalada egri chiziqli trapetsiya 
yuzini aniq integral yordamida qanday hisoblanishini ko‘rib chiq- 
dik. Umuman, agar yassi shakl x = a, x -  b {a < b) to‘g‘ri chiziqlar 

va y  = f{(x), y  = f2(x) egri chiziqlar bilan chegaralangan bo‘lsa,

( 183-rasm) (bunda /, (x) < f2 (x), a < x < b ), u holda uning yuzi

J a v o b :  3 j k v .  b ir lik .

S = bj ( M x ) - M x ) ) d x .  (1)a
formula bilan hisoblanadi. Ayrim hollarda (1) formula aniq integral- 
ning quyi chegarasi a yoki yuqori chegarasi b shuj = f\(x) va_y = f 2(x) 
egri chiziqlarning kesishishi nuqtalarining abssissalariga teng bo‘li- 
shi mumkin (184-rasm).

1 -masala. y = x2 + 2 parabola va y -  x + 4 to‘g‘ri chiziq bilan 
chegaralangan shakl yuzini toping.

Yech ilish .j = x2 + 2 va j = x + 4 funksiyalarning grafiklarini 
yasaymiz va x2 + 2 = x + 4 tenglamadan bu grafiklar kesishadigan 
nuqtalarning abssissalarini topamiz:



185-rasm 186-rasm

2 2 x + 2 = x +  4 x - x - 2  =  0 = $ x l = 2 ,  x2 = - l .

Berilgan funksiyalar grafiklari bilan chegaralangan shakl 
185-rasmda tasvirlangan. Shakl yuzini (1) formula bo‘yicha hisob- 
laymiz:

3
s =  I  (x + 4 - x2 - 2 ) d x =  j  ( - x 2 +x + 2)d x  =  { - ± -  +  4r  +  2x

-I

— +^+ 4— \ +2 = 4\  kv. birlik. 

Javob: 4 ik v . birlik.

22 -masala. y — 2 ,y = 2x- x  egri chiziqlar va x = 0,x = 2 
to‘g‘ri chiziqlar bilan chegaralangan shakl yuzini hisoblang.

Yechilishi. [0; 2] kesmada y = 2* va y = 2x-x2 funksiya-

laming grafiklarini yasaymiz (186-rasm). Rasmda tasvirlangan shakl 
yuzini (1) formula bilan topamiz:



lik.

Javob: kv. birlik.

6-§. Aylanish jismlarining hajmini hisoblash

Agar qaralayotgan jism>’ = / (x) egri chiziq bilan chegaralangan 
egri chiziqli trapetsiyaning Ox o‘q atrofida aylanishidan hosil boisa, 
u holda Ox o'qiga perpendikular x abssissali kesim doiradan iborat 
bolib, uning radiusi y =f(x) ordinataga mos keladi (187-rasm) va

S (x) = ny1 bolib, Ox o‘qi atrofida aylanayotgan jism hajmi

V = k \ y2dx (1)a
formula bilan topiladi.

;
y

V

_____ _
i y

\ ÆA i

o V7 1
/ y y

187-rasn

6 J x >

1 - mas al a. Radiusi R ga teng shar hajmini toping.

Yechilishi. Shar tenglamasi y = V/T-x2 dan iborat yarim

aylanani abssissa o‘qi atrofida aylanishi natijasida hosil boladi,
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bunda -R<x<R.  Uning hajmini (1) formuladan foydalanib 
topamiz:

V =jt]^(R2 - x 2)dx = K^R2x - X2  ̂ = ^ k r 3  kubbirlik.

____  ________ A____ --- ---------—----------------- —
Javob:  ̂nR kubbirlik.

2-masala. Abssissa o‘qi atrofida y-%  giperbola va

y = 3, x = 6 to‘g‘ri chiziqlar bilan chegaralangan egri chiziqli tra- 
petsiyaning aylanishi natijasida hosil bo‘lgan jism hajmini toping. 

Yechilishi. (1) formulaga ko‘ra

= “ 16't (“ s) = 2 l *

'J
Javob: 2 | kubbirlik.

7-§. Eng sodda differensial tenglamalar

7.1. Differensial tenglamaga keltiriladi- 
gan ayrim masalalar. Tabiatshunoslik va 
texnikaning ko‘pgina masalalari 
qaralayotgan hodisa yoki jarayonni tavsif- 
laydigan noma’him funksiyani topishga kel- 
tiriladi.

1-masala. Massasi m bo‘lgan moddiy 
nuqta og‘irlik kuchi ta’sirida erkin tushmoq- 
da. Havoning qarshiligini hisobga olmay, bu 
moddiy nuqtaning harakat qonunini toping.

Yechilishi. Moddiy nuqtaning vaziyati 5 
koordinata bilan aniqlanib, u t vaqtga bog‘liq 
ravishda o‘zgaradi. Boshlang‘ich t = 0 momen- 
tda moddiy nuqtaning tezligi v0 ga, uning sanoq 
boshi 0 dan uzoqligi esa s0 ga teng bo‘lsin 
( 188-rasm). Nyutonning ikkinchi qonuniga ko‘ra
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та = F , ( 1)

bunda m - moddiy nuqtaning massasi, a - moddiy nuqtaning tezlani- 
shi, F - ta’sir etuvchi kuch. Masala shartiga ko‘ra moddiy nuqtaga 
faqat og'irlik kuchi ta’sir etadi. Demak. F - wg(gerkin tushish tezla- 
nishi). Shunga ko‘ra, (1) tenglikni quyidagicha yozamiiz:

ms"(t) = mg yoki ¿"(f) = g. (2)
(2) tenglik noma’lum funksiya 5 = 5(/)ning ikkinchi tartibli hosilasi- 

ni o‘z ichiga oigan tenglamadan iboratdir. Bu tenglamadan izlanayot- 
gan .V (/) funksiyani ikki marta integrallash yo‘li bilan topish mumkin:

s'(t) = gt + Cr (3)

s(t) = ¿ f  + qt+C2. (4)
(4) tenglik izlanayotgan harakat qonunini ifodalaydi, unda ikkita 

integrallash doimiylari C, va C; qatnashadi.Ularni nuqtaning bosh- 
lang'ich holati va boshlang'ich tezligini hisobga olib aniqlash

mumkin. s'(t) tezlikni ifodalagani uchun (3) dan t -  0 deb Ct = v(), (4)

dan esa С, = y ii topamiz. Shunday qilib, (4) harakat qonunining 
xususiy ko‘rinishi quyidagicha boladi:

g t 2
s(t)= 2 + v 0 /  +  î0.

gt2Javob: s(t)= 4-v0/ + î0

2-masala. Balandligi 2 m 
ga. asosining radiusi 0,5 m ga 
teng bo‘lgan silindrik bak suv 
bilan toldirilgan. Bak tubidagi 
doiraviy jo ‘mrakning radiusi
0,1 m ga teng boisa, bak 
ichidagi suv qancha vaqt ichida 
oqib chiqib ketadi?

Yechilishi. Bakning ba- 
landligini h, uning asosi radiu- 
sini R, jo‘mrakning radiusini r 
deb belgilaymiz (189-rasm), 
vaqt sekundlarda o‘lchanadi.
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Suyuqlikning oqib chiqish tezligi v bak asosidan suyuqlik sathi- 
gacha bo'lgan masofa x ga bogliq bo'lib, ushbu Bernulli formulasi

v = kjïgx

bilan hisoblanadi. bunda g = 9.8 m/s2 - erkin tushish tf7lanishi, к
suyuqlikning xossasiga bog'liq bo'lgan koetfitsiyent (suv uchun 
к  = 0,6). Bu formuladan koiinib turibdiki, suv kamaygan sari uning 
oqib chiqish tezligi ham kamayadi. Suvning oqib chiqib ketishiga

ketadigan vaqt t (x)  bo‘lsin. t¡ = t ( x  +  Ax) — t (x)  vaqt ichida suvning

oqib chiqish tezligi Bernulli formulasi bilan ifodalanadi deb

t (x+Ax)-t (x)
Ax

nisbatni qaraymiz.
t vaqt ichida bakdan oqib chiqqan suvning hajmi balandligi Ax

ga teng bo'lgan silindr hajmi k R ' A x  ga teng, ikkinchi tomondan bu 

hajmjo‘mrakningko‘ndalangkesimyuzi nr~ niv • t { ga ko'paytiril- 

ganiga teng, ya’ni

„ 2  » 2 j. t(x+Ax)—t(x) R~
k R 'A x  -  n r  vi,. Bundan ^  ~ 2k ‘

Bu taqribiy tenglikda yaqinlashish xatoligi Ax —» 0 da nolga inti- 
ladi. Demak, Ax -» 0 da

< 5 >

R 2
r 2k ^ 2 g x

differensial tenglamaga ega bo'lamiz. Uning yechimlar to‘plami

t { x ) = 7 ^ + c  ( 6 )

shaklida yoziladi.
Agarx = O(bakdasuvyo'q) bo'lsa, /(0) = 0, bundan С = 0. x -  h 

uchun izlanayotgan vaqtni topamiz:

434



#=9,8-^,/: = 0,6 ekanligini hisobga olsak,
s

,,,,, 0,25-72^2 __ í(2) = —  = 27s.
0,010,679^8

Javob: 27 s.

7.2. Oddiy differensial tenglamalarga oid asosiy tushunchalar.
Yuqoridagi masalalarni yechishda qaralgan (2) va (5) tenglamalar 
noma’lum funksiyalarning (birinchi masalada s(t), ikkinchi masala- 
da /(a)) ikkinchi va birinchi tartibli hosilalarini o‘z ichiga oigan. 
Bunday erkli o‘zgaruvchi va noma’lum funksiya hamda uning hosi
lalarini bog‘lovchi tenglama differensial tenglama deb ataladi.

Agar noma’lum funksiya faqat bitta erkli o‘zgaruvchiga bog'liq 
bo'lsa, butiaay aiüerenstal tenglama oddiy differensial tenglama dey- 
iladi. Differensial tenglamaga kirgan hosilaning eng yuqori tartibi 
tenglamaning tartibi deyiladi.

Masalan, y'sin x  + y eos x = 1 tenglama - birinchi tartibli teng

lama; y" = sinx - ikkinchi tartibli tenglama; y"  = xy -  uchinchi 

tartibli tenglama va hokazo.
Differensial tenglamaning yechimi yoki integrali deb tenglamaga 

qo'yganda uni ayniyatga aylantiradigan har qanday differensialla- 
nuvehi y -  fXx) funksiyaga aytiladi. Bu funksiyaning Oxy tekislik- 
dagi grafigi integra! egri chiziq deb atalib, tenglamani yechish jara- 
yoni esa differensial tenglamani integrallash deyiladi.

1 -misol. Ushbuy = 3ex va y -  4e~x funksiyalar^"-y  = 0 diffe
rensial tenglamaning yechimi bo‘lishini ko‘rsating.

Yechilishi. \) y = 3ev funksiyani berilgan differensial tengla
maning yechimi ekanini ko‘rsatamiz. y ' va y " larni topamiz: 

y'=3ex; y ’=3et 
Bularni berilgan tenglamaga qo‘yamiz:

3ex -  3ex = 0 .0  = 0
Demak,j = 3ev funksiya y"-y  = 0 tenglamaning yechimi ekan.
2) Xuddi shu jarayonni ikkinchi funksiya uchun ham bajaramiz: 

y = 4e~\ y '= -  4e \  y" = 4e x.
4e x -  4e x = 0,0 = 0

M a s a la  s h a r t la r ig a  k o ‘ra  h =  2 m, R = 0,5, r = 0,1 m  h a m d a
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Demak,y = 4e~' funksiya hamy"-y  = 0 tenglamaning yechimi 
ekan.

2-misol. y ’ = x + 2 differensial tenglamani yeching.
Yechilishi. Hosilasix + 2 ga teng j>(x) funksiyani, ya’ni x + 2

funksiyaning boshlang‘ich funksiyasini topamiz. Boshlang‘ich funk- 
siyalarni topish qoidalaridan quyidagini hosil qilamiz:

y = $r  + 2x + C,
bu yerda C -  integrallash doimiysi

„2
Javob: 2 +2x + C.
Differensial tenglamaning yechimi o‘zgarmasgacha aniqlikda bir 

qivmatlimas aniqlanadi. Odatda differensial tenglamaga integral
lash doimiysi aniqlanadigan shartlar qo‘shiladi. Bunday shartlar bosh- 
lang'ich shart deyiladi.

3-misol. y ' = cosx differensial tenglamaning _v(0) = 2 shartni 
qanoatlantiruvchi yechimini toping.

Yechilishi. Bu tenglamaning barcha yechimlari y = sinx + C 
ko‘rinishda yoziladi. v(0) = 2 shartdan

sinO + C = 2 
ga ega bo'lamiz, bundan C = 2 ni topamiz.

Javob: y = sinx + 2.
Differensial tenglamaning umumiy yechimi deb bu tenglama

ni qanoatlantiradigany=f(x, Q funks.yaga aytiladi, bunda C — 
ixtiyoriy o‘zgarmas son. Differensial tenglamaning umumiy 
yechimidan ixtiyoriy o‘zgarmasning boshlang‘ich shartlarini 
qanoatlantiruvchi qiymatlarida hosil qilinadigan yechimlar xu- 
susiy yechimlar deyiladi

7.3. 0 ‘zgaruvchilari ajraladigan differensial tenglamalar. Diffe
rensial tenglamaning eng sodda turi o ‘zgaruvchilari ajralgan teng- 
lamadir:

M (x)dx + N(y)dy = 0. (7)

Bu tenglamaning umumiy integrali uni hadlab integrallash orqali 
hosil qilinadi:

j  M(x)dx+j N(y)dy = C. (8)
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Ixtiyoriy o'zgarmasni berilgan tenglama uchun qulay bo‘lgan is- 
talgan ko‘rinishda olish mumkin.

4-misol. xdx + ydy = 0 differensial tenglamaning umumiy 
yechimini toping..

Yechilishi. Berilgan tenglamani hadma-had integrallab

2 2 _
x + y  =  c2 + 2 c

tenglikni hosil qilamiz. 2C = C2 deb belgilab
¿ + y 2 =  C2

ga ega bolamiz. Bu - markazi koordinata boshida, radiusi C larga 
teng bo'lgan konsentrik aylanalar tenglamasidir.

Javob: x2 + y2 = C2.
Ushbu

M^xjNjfyjdx + M 2{x)N2(y)dy = 0  (9)

ko‘rinishdagi differensial tenglama o ‘zgaruvchilari ajraladigan tenglama 
deyiladi. (9) tenglamani Ni(y)M2(x) ̂  0 ifodaga bo‘lib, uni (7) 
shaklidagi o‘zgaruvchilari ajralgan tenglamaga keltirish mumkin:

W , W  J , N 2( y)  J nt < dx + -rf-r— dx = 0 . (10)M2(x) Nx(y) ' '

Ushbu

/  = / ,( * ) • / 20 0  (11) 
ko'rinishdagi tenglama ham o'zgaruvchilari ajraladigan tenglama-

dir. Bunda y = ^  deb, tenglamaning chap hamda o‘ng tomonlari-

ni dx ga ko‘paytirib, dy = /,(*)• f 2(y) dx ko'rinishdagi tenglama 

hosil qilinadi. Bundan

f j y )  = f'{x)dx- <12)
(12) ni integrallab 

ni hosil qilamiz.

I f % )  = SMx'*dx+ c
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ex I r
5-misol. y ~ \+e* ' y differensial tenglamaning y(0) = V2

boshIang‘ich shartni qanoatlantiruvchi xususiy yechimini toping.

___yer.h ilish i. deb. tenglamaning o‘zgaruvchilarini aj-

ratamiz:

Integrallab, umumiy yechimni hosil qilamiz:

2 = ln(l + e*) + C,

bunda 2C = In C desak, y = ̂ 2 \nC (l + ex). Bu umumiy yechimga

x = 0,y = yjl ni qo‘yib, C = ̂  ekanligini topamiz. Izlanayotgan 

xususiy yechim

y = yj  21n e2 (l + ex)

ko‘rinishda bo‘ladi.

Mustaqil ishlash uchun test topshiriqlari

1.f(x) = 5x4 + 3.v2funksiyaningboshlang‘ichfunksiyasini toping. 

A.) ¿  + ̂ - + C; B) x5 +x3 + C; Q  ¿  + ̂ +C;

D)jc4 + x3+C; E ) * 3 + ^3 +C.

2. / (x) = 4Ifx - 6 \fx funksiyaning boshlang‘ich funksiyasini to

ping.

A) \ 2xUx-\2xVx + C; B) ^-xlfx-9x + x3 Jx + C;
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C) 3xtfx - 4xyfx + C; D) 3ifx* - 4%/x + C;

E) 4xyfx + 2xyfx + C.
X

3. f(x) = e5 + cos2x funksiyaningboshlang‘ichfunksiyasinito

ping.

i  i i  
A) 5e5 + ̂ sin2x + C; B) e5 + sin2x + C;

C) +isinx+C; D) 5<?5 + |cos2x; E) e5 +2sin 2x + C;

4. /(x) = -^-2sin(2x-l) funksiyaning boshlang‘ich funksiya

sini toping.
A) v 2 2cos(2x I ) + C : B) lnf.v - 2) + 2cos(2x - X) + C\
C)x-2 + 2cos(2x- 1) + C; D)ln(x-2) + cos(2x- 1) + C;
E) -21n(x - 2) + cos(2x - 1) + C.

i x ~ -
5- / (.v) = 7 cos j  + 3e 2. funksiyaning boshlang'ich funksiya

sini toping.

A) 7siny + 3e ' 5+C;B) 49siny + i,3< 2+C;

C) -49 sin j  + e X 2 + C; D) -7 sin j  + e * 2 + C;

E) siny + e ' 2 +C.

6. /(x) = Vx funksiyauchungrafigiM(9;10)nuqtadano‘tadigan 

boshlang‘ich funksiyasini toping.

A) |xVx - 8  ; B) x̂\/x +18 ;C) X̂yfx + 27;

D )  2 \ ^  +  8 ; E )  ^ x J x - S .

l . f  (x) = sin2xfunksiyauchungrafigi M ^ ;5 j nuqtaorqalio'tuv- 

chi boshlang‘ich funksiyani ko‘rsating.
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A) — ̂  cos 2x + 4,5 B) 2 cos 2x + 4,5 ; C) cos 2x-  4,5 ;

D )  - cos2x + 6; E) cos2x - 6.
8./ (x) = cos2x funksiyaning boshlang‘ich funksiyasini toping.

A)-»  x +C; B) siirx + C; L.) 3 sinJI+ T T

D ) ' x+ ^sin 2x + C; E) \ x + \  sin2x + C;

9./(x) = tg2x funksiyaning boshlang‘ich funksiyasini toping.

A) tg3 A + C; B) In cosx + C; C) tg-x + C; D ) ctg3x + C;

E) tglv - x + C.
10. y = 2 sin 5x + 2 cos * funksiyaning x = " da 0 ga teng qiy- 

matni qabul qiladigan boshlang‘ich funksiyasini toping.

A) 4sin  ̂ j  cos5x -1,8; B) sin * - 10cos5x + 4,5;

C) 6 sin x -  ̂cos 5jc — 2,8; D )  6 sin * -  ̂cos5x + 2,8;

E) 4 sin * -  g cos5x + 1,8.

11- f(x) = (5 V- 1)(5 x + I) funksiya uchun grafigi koordinata 

boshidan 0 ‘tadigan boshlang‘ich funksiyasini toping.

A) 2 ■ 5r In 5 - 2 In 5; B) (5* - 5_jr) In 5; C) Ŝ 1 + 5^“';

D ) 2 - 5 x In 5 -  2 ; E ) 5' +.5 * ' 2 ' In 5 7 In 5

39*_2X
12. / ( x )  =  — — —  fu n k s iy a n in g  b o s h la n g ‘ich  fu n k s iy a s in i to 

p in g .

A ) 3 j-tJ n J 2 _ - 2 /L n 2 + C ;  B) 
4X In 4

+ 2~x In 2 +  C ;

+ 2~x In 2 + C
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13. /  (x) = funksiyaning boshlang'ich funksiyasini

toping.

A) _ \  +C; B) - \ sin4x+1 cos6x— I cos5x+C; 
cos t  sin .x 4 6 5

C) - 2 cos.v + C; D) - 2 cos2.r + C; E ) - 2 cos 10.v + C.

14*. / (x) = funksiyaning boshlang'ich funksiyasini toping.

A)x + 21n(x-2) + C;B) x* -2  + C\ C ) x - ln(x-2) + C;

D) 2.v ln(.v - 2) + C; E ) *  ̂+ C;

15*. f x dx integralni toping.
J 8+.r " “ ---- ---

A) ¿  + ln(8 + x3) + C; B) x* + ̂  +8.V + C; C) i, ln(8 + *3) + C;

D) \ ( x 2 ln(8 + x3)) + C; E) jc2 ln(8 + jc3) + C.

16*. J integralni toping.

A ) lnX  +  i + C ;  B) _ 7 T + i n ^  + C;  C) x 2 +  lnx  +  C '’

D) !" A + C; E) ln(ln.r) + C.

17*. jxyjx2 -Idx integralni toping.

A +  B, ^ ?  + C ;Q

D) ¿ - Z S H Z  + C: E ) - W  + c ,
2 3 6

18*. Jsin .xcos2 xi/x: integralni toping.

A ) - cos -v + g03 A + C; B) -cos.x + sin3 A+C; C) — C0|~-A- + C;

D) sin̂  A + C; E ) — cos x + sin3 x + C .
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19. J(jc — 5) sin integralni toping.

2
A) (5 - x) cosx + sinx + C; B) - x cos x - 5 cos x + C;

C) - • x2 cos x + 5 cos x + C; D) - ̂  ̂ ~cosji + C,—

E) -x cos x - ^ si" 2 * + C;

20*. j x 2e2xdx integralni toping.

A) e: B) V'Y ' + C; C) f  y  + 2x2 ~2x j*2jr + C;

D) } e 2x(2x2 - 2x+ l) + C; E) ^ 2jr(x2 - x + J) + C. 

21*. Je* cosxi/x integralni toping.

A) ^-(sinx + cosx) + C; B) evsinx + C; C) ex +sinx + C;

X  X

D) e1 (cosjt-sin jc) + C; E)  ̂ (sinjr~cos r̂) + C.

22*. Jxln(2x)t/x integralni toping.

A) 1+ ^  ln(2x) + 2x + C; B) ^  ln(2x)- x + C;

C) *2 +ln(2x) + 2x + C: D) A,2 ln(2x)+ +C;

E) x2 \n{2x)-Xl+C.
2

23. J 6x5cLv ni toping, 
l

A) 63; B) 31; C) 4800; D) 1; E) 65.

f24. 1(3x -e } )dx m toping.
o
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K
3

2S- ni toping.

A )  16,5 - 3e: B ) 10,5 - 3e; C ) 13,5 - 3e; D )  16 ,5- | ; E ) 13,5-

0

A )J; B) -1; C) 1; D)-3 E )- ‘ .

e

26. J -v In xdx ni toping.
fe

A) 4 ^ - 1 ;  B) C) 4 - i ;  D) - f; E) 2e2.

4

27. j  sin2 -xjdx ni

A ) f + J ;  B) *-J; C) J - J ;  D) £ + J; E) f

28. J esinIt' cos nxdx ni toping.
0

A) e- 1; B) V7-1; C) ; D) e“’ ; E) *

, 2-.
f d x

29. J x+i m toping.
0

A) 3; B) -3; C)2; D)-2; E) e2
3

30*. J 3 -  x dx ni toping.
-l

A) 2; B) 4,5; C)6; D) 7; E) 8.

2n
31*. J sin j: dx ni toping.

o

A )  0; B )2 ; C ) 1; D ) 3; E ) 4.



32. J(-Y — log2 = 2log;, tenglik a ning qanday qiymatlari-
o

da o‘rinli bo'ladi?
~  A )  (1 ,2 ) ,------ B H 2 ;  + o o )t €■ )(£; +-00);- D )  ( = 1 0 ) ; ____E ) (4 ;3 2 )._

0
33*. J(x+l)i/x ni hisoblang.

_2

A ) 4; B ) 3; C ) 2 ;  D )  - 4 ;  E ) - 3 .
34. j  = x2 + 4 funksiya grafigi va y = 0, x = - 1, x = 1 to‘g‘ri chi- 

ziqlar bilan chegaralangan shakl yuzini toping.

A ) 4 l ;  B ) 8 j ;  Q  8 ^ ;  D )  4; E ) 7 § .

35. y = Vx + 1 funksiya grafigi, Ox o‘qi, x = 1 to‘g‘ri chiziq bi
lan chegaralangan shakl yuzini toping.

A ) 2 ,5 ; B ) 2; C ) 1; D )  l | ; E ) 3 ,5 .

36. y = 1 to‘g‘ri chiziq, Oy o‘qi va y = sinx funksiyaning

0 < x < y  kesmadagi grafigi bilan chegaralangan shakl yuzini 

hisoblang.

A )  1; B ) f ;  C ) f  +  1; D )  \  +  2; E )  f - 1 .

31. y = 1 to‘g‘ri chiziq, y = 2cosx funksiyaning -  ^ < x < ^ kes
madagi grafigi bilan chegaralangan shakl yuzini hisoblang.

A )  2 ( V 3 - | ) ;  B ) V3; C ) 2 ^ 3 ;  D )  4 - i t ;  E )  4 - | .

38. y = 4 - x2 parabola, y = x + 2 to‘g‘ri chiziq va Ox o‘qi bilan 
chegaralangan shakl yuzini toping.

A ) 4 .5 ; B ) 6 » ;  C )  2 j ;  D )  4; E )  5 j .

39. y = x3,y = 2x - x2funksiyalarning grafiklari va 0xo ‘qi bilan 
chegaralangan shakl yuzini hisoblang.

A ) £ ;  B)  1; C)  , 2 ; D )  \ \ ; E)  8.

40. y = ex, y = e va x = 0 chiziqlar bilan chegaralangan shakl yuzi
ni toping.
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Test topshirihlarining javoblari

I bob

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
г П R F Г С Г> А г Г А С А D В В D Е D г

21 22 23 24 25
В С А С А

II bob

31 2 4 5 6 / 8 У 10 11 12 13 14 1э 16 1 / 18 19 20
D В с D Е В А С Е D Е В D В С С Е С С D

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
В D Е Е А А D В С Е в D А А С Е С Е Е Е

41 42 43 44 45 46 м 48 49 50 51 52 53 54 55 56 57 58 59 60
С В С D D В с D В А С А С В Е С В D С Е

III bob

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
С В С Е А В С Е D в В С С В В D В С С В

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
С Е В Е А В D D В D с D Е D С С D А D В

41 4.:: 4 ' 44 45 46 м 4S 49 50
Е в D А В С А Е В С

IV bob

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
С D Е В В С Е D D В в А С С С А D В С Е

: 22 24 25 26 27 28 29 30 31 32 33 34 35 36 37 V, 39 4í i
А Е в Е Е Е в С С D в Е D в В с А Е А В
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41 42 43 44 45 46 47 48 49 50
A D E В В С A D С В

V bob

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
С А D С D А Е D А В В А А С Е С А D В Е

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
В D С А Е С В D В А D А С С С Е D В А Е

41 42 43 44 45
А D D Е А

VI bob

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
С D А С А В Е С С D В А D Е С Е А В С Е

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
D С В А Е С А А С D в D С А Е D D А А D

41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
Е в С С А А С А D в С Е А А D в в С Е А

61 62 63 64 65
D А С D D

VII bob

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
А В Е С D Е В С С D А D Е А Е А С С А А

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
В D А А С D В С D А D А А D В Е В В В А

41 42 43 44 45 46 М 48 49 50 51 52 53 54 55 56 57 58 59 60
С Е В D В А С D В Е В С А D А Е В Е Е В
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61 62 63 54 55
A С в A В

VIII bob

1 2 3 4_ iL- 7 8 9 10 XL 12- 13- 14- IS- 16- 17- Ш- 19
D A D В С C В D В E С A B В A D D E С A

21 22 23 24 25 26 11 28 29 30 31 32 33 34 35 36 37

ОО 39 40
В A E D A В D A A С с С с А Е D А А В А

41 42 43 44 45 46 17 48 49 50 51 52 53 54 55 56 57 58 59 60
В Е Л В С Е Е D D D С А Е В А В С С А Е

61 62 63 54 55
В Е А С А

IX bob

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
А А А А А А \ А А В в В D Е В

X bob

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
А А В D А С 4 Е В D А Е А С С А D В D Е

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Е А А Е С D С С D А D Е D В С

XI bob

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
В В D А D А Е В С Е А С в А Е С А В С А

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
В D Е С D А Е В Е А С D D А В Е С D Е А
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