
SH. О. ALIMOV, О. R. XOLMUHAMEDOV, 
M. A. MIRZAAHMEDOV

A L G E B R A

U M U M IY  T A ’LIM  M A K T A B L A R IN IN G  
9- S IN F I  U C H U N  D A R S L IK

Qayta ishlangan va to‘ldirilgan nashri

0 ‘zbekiston Respublikasi X a lq  ta ’limi vazirligi  
tasdiq lagan

«0‘QITUVCHI» NASHRI YOT-MATBAA I JODI Y UYI 
TOSHKENT -  2006



о

0 ‘z in g izn i
te k sh ir ib
k o 'r in g !

Kitobdagi shartli belgilar

bilish m uhim  va eslab qolish foydali (yodlash 
sh a r t  emas) m atn

Д  masalani yechish boshlandi

^  masalani yechish tugadi

Q  m atem atik  tasd iqni asoslash yoki form ulani 
keltirib  chiqarish boshlandi

ЦР asoslash yoki fo rm ulan i keltir ib  chiqarish  
tug ad i

—  y e c h i l ish i  m a jb u r iy  m a s a la la r n i  a j r a t ib  
tu ru v ch i  belgi

1 Ж Я  m urakkabroq  masala 

1 Я  asosiy m ateria ln i a jra tish

asosiy m ateria l bo‘yicha bilim ni tekshirish  
uchun m ustaqil ish

2  sinov m ashqlari -  te st la r

« D a r s l ik la r  a y la n m a  j a m g ‘a r m a s i  m a b la g ‘la r i  h is o b id a n  
DARSLIKLAR AYLANMA JAMG‘ARMASI (DAJ) uchun chop etildi».

A lisher  : 
n o n iit1

/ / ^ r o W k is ic

4 3 0 6 0 2 0 5 0 2 -3
353(04)—2006

ISBN 5 -6 4 5 -0 4 5 4 0 -8

b u y r t. v a r . — 2006
« 0 ‘qituvchi» NMIU, Т ., 2006.



7 -8 -  SINFLARDA 0 ‘RGANILGAN 
MAVZULARNI TAKRORLASH

A z i z  o‘quuchi!  S i z  7-8-  s in f l a rd a  algebraik  i fodalar,  birhad  va 
ko‘phadlar ,  k o ‘phadn i  ko‘pay tuvch i larga  ajrat ish ,  algebraik kasrlar,  
tengsizl iklar,  chiziqli funks iya  va un ing  grafigi,  ikki noma' lumli  ikkita  
chiziqli teng lam a  si s temasi ,  taqribiy hisoblashlar,  k v a d r a t  i ldizlar,  
kvadrat  tenglamalarga doir misol va masalalarni  yechgansiz. 7-8- s in f 
larda m a te m a t i k a d a n  olgan bi l imlar ingizn i  yodga solish maqsadida  
Sizga  bir qator mashqlar tak l i f  etamiz.

1. S odda la sh t ir in g :
1) (5a -  2b) -  (3b -  5a); 3) 9a -  (3a + 5b) -  4b;
2) 8a  -  (3a -  2b) -  5b; 4) (7a -  2b) -  (3a + 4b).

2. Tenglam ani yeching:

1) 4*  -  6 =  12 -  x;

5 x -3  3 - 4 x  2x+ l

3. К о ‘pay tuvch ila rga  aj ra ting :
1) 4a(x  + y) -  5b(x +  y); 3) x(a  -  2) +  y(2  -  a) + 5(2 -  a);
2) Sa(x -  у) -  4(г/ -  x); 4) c(p -  q) + a(p -  q) + d(q -  p).

4. Ifodan i soddalash tir ing :
1) (2a +  b)2 -  (3a -  b)2; 3) 5(2 -  a )2 + 4(a -  5)2;
2) (a + b)2 -  (a -  b)2; 4) (3a -  y)2 +  (a -  Зг/)2.

5. Tenglam alar s is tem asin i yeching:

by-x _  9 
4

-^+13г/ = 4
2

6. Tengsizlikni yeching:



7. Tengsizlik lar s is tem asin i yeching:

S ( x - l )

1)
2x + 5 < 0, 
9x -  18 > 0; 3)

-  1,5* > 0,2x -  1,5,

2 )

x - 5 < 3x+ l
"T" 2 ’
x+2 < x+3 _
~ 3 ~ “s- ’

4)

д:+3 x+5
"~3~ ~T™

2x -  1 < 7x + 6,
3* + 1 > 4x -  3, 
l l x - 9  < 14x + 2.

8. Tengsizlikni yeching:

1) |3 -  дг| < j  ; 2) |1 - ж |> 1 ;  3) |Зж + 4 |> 1 ;  4) |5 -  4x| < 3 .

9. Tenglam ani yeching:
1) |x + 3| = | x - 3 | ;

2) |1 -  x| = |x + 2 | ;

10. Hisoblang:

3) I* + 6| = |x + 1 0 |;

4) |x + 5| = |.r -  7 | .

VTi+з VTT- 2  ’

11. Tenglam ani yeching:

1) S x 2 -  5x + 4 =  0;

3)

4)

3)

З + ч/Гз 2 -V l3  ’

1 f 1 f  Зч/5 

3-V5 2-V5 4

^-Зд:

4) З х ( х - 2 ) - 1  = x - ^ ( x 2 + 8).2) x 2 -  Sx  -  4 = 0;

12. Tenglam alar s is tem asin i yeching:

\2x2 - y 2 = 4 6 ,  [x2 -  г/ + 2 = 0,
1)

2 )

[хг/ = 10;

\xy  = 5,

|x 2 + </2 =26;

3)

4)

|x 2 + г/2 -  4 = 0;

( V x - Vz/= L
| x - = 5.

13. Ikki sonning o ‘r ta  arifm etig i 20 ga, u la rn ing  o ‘r ta  geom etrigi 
esa 12 ga teng. Shu sonlarn i toping.



I B O B .  KVADRAT FUNKSIYA

KVADRAT FUNKSIYANING TA’RIFI

Siz VIII s in fda  у = k x  + b chiziqli funksiya  va un ing  g ra f ig i bilan 
ta n ish g an s iz .

Fan  va  t e x n ik a n in g  t u r l i  so h a la r id a  k v a d r a t  f u n k s i y a l a r  deb 
a ta lad igan  funks iya la r  uchraydi. M isollar keltiram iz.

1) Tomoni x  bo ‘lgan  k v a d ra tn in g  yuzi у = x 2 fo rm u la  bo‘yicha 
hisoblanadi.

2) A gar jism  yuqoriga v tezlik  bilan otilgan bo‘lsa, u holda t vaqtda
,2

u ndan  Yer s ir t igacha  masofa s = -  —  + vt + s0 fo rm ula  bilan aniqlanadi,

bunda  so -  vaq tn ing  £ =  0 bosh lang‘ich pay tidag i jism dan Yer s ir t igacha  
bo‘lgan masofa.

Bu m isollarda у  = a x 2 + bx + с ko ‘r in ishdag i funks iya la r  qaraldi. 
B irinchi misolda a = \, b = с = 0, o ’zgaruvch ila r  esa x  va у  la r  bo’ladi.

Ikkinchi misolda a = - ^ , b  = v, c = s0, o ’zgaruvch ila r  esa £ va s h a rf la r i  

bilan belgilangan.

о T a ’ r i f .  у =  a x 2 + b x  + с f u n k s i y a  k v a d r a t  f u n k s i y a  
deyi ladi ,  bunda  a, b va с — beri lgan  haq iq iy  sonlar ,  a * 0 ,  
x  -  haq iq iy  o ‘z g a ru v c h i .

M asalan, quyidagi funksiya la r  k vad ra t  funksiya lard ir :
y  = - 2 x \  y  = x 2- x ,у = x 2,

у = x 2 -  bx  + 6, у = - S x  + - x  . 
y 2



1 - m a s a l a .  x  = - 2 ,  x  = 0, x  = 3 bo‘lganda
y(x)  = x 2 -  5x + 6 

funksiyan ing  q iym atin i toping.
Д  z/(-2) = ( -2 )2 -  5 • (-2 )  + 6 = 20; 

z/(0) = 02 -  5 - 0  +  6 = 6;
i/(3) =  32 -  5 - 3 +  6 =  0. A

2 - m a s a 1 a . x n ing  qanday q iym atlarida  t/ = x 2 + 4x -  5 k vad ra t  
funksiya: 1) 7 ga; 2) - 9  ga; 3) - 8  ga; 4) 0 ga teng  q iym atni qabul 
qiladi?

Д  1) Shartga  ko‘ra  x 2 + 4x -  5 = 7. Bu tenglam ani yechib, quyidagini 
hosil qilamiz:

x 2 + 4x - 1 2  =  0, 

x h2 = - 2  ± J 4  + 12 = - 2  ± 4, x, = 2, x2 = -6 .

Demak, z/(2) = 7 va  у  ( -6 )  =  7.
2) S h a r tg a  ko ‘ra  x2 + 4x -  5 = - 9 ,  bundan

x2 + 4x + 4 = 0, (x + 2)2 = 0, x  =  -2 .

3) S ha rtga  ko ‘ra  x 2 + 4x -  5 = - 8 ,  bundan x 2 +  4x +  3 =  0.
Bu tenglam ani yechib, x 1 = - 3 ,  x 2 = -1  ekanin i topamiz.
4) S ha rtga  ko‘ra x2+ 4x -  5 = 0, bundan  Xj =1, x 2 = - 5 .  A  
Oxirgi holda x n ing  t/ = x 2 + 4x -  5 funksiya  0 ga teng , y a ’ni

z/(l) = 0 va t/(-5) =  0 bo‘lgan qiym atlari topildi. x n ing bunday qiym atlari 
kvadra t  funks iyan ing  nollari deyiladi.

3 - in a s a 1 a . у = x 2 -  3x  funksiyan ing  nollarin i toping.
Д  x 2 -  3x = 0 teng lam ani yechib, x, =  0, x 9 =  3 ekanini topamiz. A

M a s h q l a r

1. (Og‘zaki.) Quyida ko‘rsa ti lgan  funksiya lardan  qaysilari k vad ra t  
funksiya  bo‘ladi:
1) г/ = 2x2+  x + 3; 2) у  =  3x2 -  1; 3) z/ =  5x +  1;
4) z/ =  x3 + 7x -  1; 5) z/ =  4x2; 6) у  = - 3 x 2 + 2x?

2. x n ing  shunday  haqiqiy q iym atlarin i topingki, у = x2 -  x -  3

k vad ra t  funksiya: 1) -1  ga; 2) - 3  ga; 3) ga; 4) - 5  ga

teng  q iym at qabul qilsin.
6



3. x  n ing  qanday haqiqiy q iym atlarida  у = - 4 x 2 + 3x -  1 k vad ra t  
funksiya: 1) - 2 ;  2) - 8 ;  3) - 0 ,5 ;  4) - 1  ga teng  q iym at qabul 
qiladi?

4. - 2 ;  0; 1; л/3 sonlaridan  qaysilari quyidagi k v ad ra t  funksiyan ing  
nollari bo‘ladi:
1) у = x 2 + 2x; 2) у  = x 2 + x;
3) у  = x 2 -  3; 4) у = b x 2 -  4x -  1?

5. K v ad ra t  funksiyan ing  nollarin i toping:
l ) y  = x 2 - x ;
3) у = 12x2 -  17x  +6;
5) у = 3 x 2 -  5x + 8;

2) у = x 2 + 3;
4) </ = - 6 x 2 + 7x -  2;
6) у = 2 x 2 -  7x + 9;

8 ) y = 1- x ’ - X + 1- ;7) у  = 8 x 2 + 8x + 2;

9) у = 2 x 2 + x  -  1; 10) у = S x 2 + 5x -  2.
6. A g a r  у = x 2 + p x  + q k v a d r a t  f u n k s iy a n in g  х х va  x 2 n o lla r i  

m a’lum bo‘lsa, p  va q koeffits iyen tla rn i toping:

1) Xj -  2, x 2 = 3; 2) Xj =  - 4 ,  x2 =  1;
3) x 1 = - 1 ,  x 2 =  -2 ;  4) Xj = 5, x 2 = -3 .

7. x  n ing  г/ =  x2 + 2x -  3 va  t/ = 2x + 1 funksiya la r  teng  q iym atlar 
qabul q iladigan q iym atlarin i toping.

I ______________________________

2 - §. у  — x 2 FUNKSIYA

у = x 2 funksiyani, ya’ni a  =  l , b  = c = 0 bo‘lgandagi у  = а х 2 + bx + с 
k vad ra t  funksiyan i qaraym iz. Bu funksiyan ing  g ra f ig in i  yasash uchun 
un ing  q iym atlari jadvalin i tuzam iz:

X - 4 - 3 - 2 - 1 0 1 2 3 4

у  = x 2 16 9 4 1 0 1 4 9 16

J ad v a ld a  k o ‘rsa t i lgan  n uq ta la rn i  yasab va u la rn i  silliq egri chiziq 
bilan tu ta sh t ir ib ,  у  = x 2 funks iyan ing  g ra f ig in i hosil qilamiz (1- rasm).

у = x 2 funksiyaning grafigi bo‘lgan egri chiziq parabola  
deyiladi.



1- rasm. 2- rasm.

у  = x 1 funks iyan ing  xossalarini  qaraymiz.
1) у = x 2 funks iyan ing  qiym ati x  * 0  bo‘lganda musbat  va x = 0 

bo ‘lganda nolga teng. Demak, у = x 2 parabola koord ina ta la r  boshidan 
o ‘tad i,  parabolaning qolgan nu q ta la r i  esa abssissa lar o ‘qidan yuqorida 
yotadi. у  = x 2 parabola abssissalar o‘qiga (0; 0) nuqtada urinadi,  deyi
ladi.

2) у = x 2 funksiyaning grafigi ordinatalar o‘qiga nisbatan simmetrik,  
chunk i (—x)2 = x 2. Masalan, t/(-3) = z/(3) = 9 (1- rasm). Shunday  qilib, 
o rd in a ta la r  o ‘qi parabolaning s immetr iya o‘qi bo‘ladi. Parabolaning  
o ‘z s im m etriya  o‘qi b ilan kesishish nuq tasi  parabolaning uchi 
deyiladi. у = x 2 parabola uchun koord ina ta la r  boshi un ing  uchi 
bo‘ladi.

3) x  > 0 bo‘lganda x n ing  k a t ta  q iym atiga  у n ing  k a t ta  qiym ati 
mos keladi. Masalan, z/(3) > y{2). у  = x 2 funksiya  x  > 0 oraliqda o‘suvchi,  
deyiladi (1- rasm).

x < 0 bo‘lganda x n ing  k a t ta  q iym atiga у n ing  kichik qiym ati mos 
keladi. Masalan, z/(-2) < t/(-4). у = x 2 funksiya x < 0 oraliqda kamayuvchi  
deyiladi (1- rasm).

Masala. у  = x 2 parabola b ilan  у = x  + 6 to ‘g ‘r i chiziqning kesishish 
nu q ta la r i  koord ina ta la rin i toping.
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A  Kesishish n uq ta la r i

у  =  x 2 , 

у  =  X  +  6

s is tem aning  yechim lari bo‘ladi.
Bu sistem adan x 2 = x  + 6, ya’ni x2 -  x  -  6 = 0 ni hosil qilamiz, 

bundan x i = 3, x 2 =  - 2 .  x i ва x o ning q iym atlarin i sis tem aning  tenglama- 
la ridan  b ir iga  qo‘yib, z/] = 9, i/., = 4 ni topamiz.

J a v o b :  (3; 9), ( -2 ;  4). A
Parabola texn ikada  keng ko‘lam da foydalanilad igan  ko‘pgina ajoyib 

xossalarga ega. M asalan, parabolaning  s im m etriya  o ‘qida parabolaning  
fokusi  deb a ta lad igan  F n uq ta  bor (2- rasm). A gar bu nuq tada  y o ru g ‘lik 
m anbay i jo y lash g an  b o ‘lsa , u holda  p a rab o lad an  ak s lan g a n  b archa  
y o ru g ‘lik n u r la r i  parallel bo‘ladi. Bu xossadan p ro jek to rla r ,  lokatorlar 
va boshqa asboblar tayyorlashda foydalaniladi.

у = x 2 parabolaning  fokusi f 0; -
I 4

M a s h q l a r

S. у  = x 2 fu n k s iy a n in g  g ra f ig in i  m i l l im e tr l i  q o g ‘ozda yasang . 
G rafik  bo‘yicha:
1) x =  0,8; x  =  1,5; x = 1,9; x=  - 2 ,3 ;  x =  - 1 ,5  bo ‘lganda 
у n ing  q iym atin i taqriban  toping;
2) ag a r  у = 2; у = 3; у = 4,5; у = 6 ,5 bo ‘lsa, х n ing  qiym atini 
taq riban  toping.

9. у  = x 2 f u n k s iy a  g r a f ig in i  y asam a sd a n : A(2; 6), В  ( - 1 ;  1), 
C(12; 144), B ( -3 ;  -9 )  nuq ta la rd an  qaysilari parabolaga tegishli 
bo ‘lishini aniqlang.

10. (Og‘zaki.) A(3; 9), B (-5 ;  25), C(4; 15), D ( J 3 ;  3) n u q ta la rg a  
o rd ina ta la r  o ‘qiga nisbatan s im m etrik  bo‘lgan n u q ta la rn i  toping. 
Bu n u q ta la r  у  = x 2 funksiyan ing  g rafig iga  tegishli bo‘ladimi?

11. (Og‘zaki.) y = x2 funksiyan ing  q iym atlarin i

1) x =  2,5 va x = 3 i ; 2) x = 0,4 va x =  0,3;

3) x — - 0 ,2  va x = -0,1; 4) x =  4,1 va x =  -5 ,2  
bo‘lganda taqqoslang.

9

n uq ta  bo ‘ladi.



12. у  =  г 2 parabolaning:

1) z/ =  25; 2) г/ =  5; 3) t/ =  -x ;
4) z/ =  2x; 5) z/ =  3 -  2x; 6) z/ = 2x -  1
to ‘g ‘ri chiziq bilan kesishish nuqtalarin ing koordinatalarini toping.

13. A n uq ta  у  = x 2 parabola bilan
l )z/  =  - x - 6 ,  A (-3 ;  9); 2) z/=  5 x -6 ,  A(2; 4)
to ‘g ‘r i chiziqning kesishish nuq tasi  bo‘ladimi?

14. Tasdiq to ‘g ‘rim i: у = x 2 funksiya:
1) [1; 4] kesmada; 2) (2; 5) in tervalda;
3) x > 3 in tervalda ; 4) [ -3 ; 4] kesmada o‘sadi?

15. B itta  koord inata  tekislig ida у = x 2 parabola bilan у  = 3 t o ‘g ‘ri 
ch iz iq n i y asang .  x  n in g  q an d ay  q iy m a t la r id a  p a ra b o la n in g  
nuq ta la r i  to ‘g ‘ri chiziqdan yuqorida bo‘ladi; pastda bo‘ladi?

16. x  n ing  qanday q iym atlarida  у = x 2 funksiyan ing  qiymati:
1) 9 dan k a t ta ;  2) 25 dan k a t ta  emas; 3) 16 dan kichik emas;
4) 36 dan kichik bo‘ladi?

у  =  ax2 FUNKSIYA

1 - m a s a l a .  у = 2x2 funksiyan ing  g rafig in i yasang. 
A  и = 2x2 funksiyan ing  q iym atlar  jadvalin i tuzamiz:

X -3 - 2 - 1 0 1 2 3

у = 2x2 18 8 2 0 2 8 18

Topilgan nuq ta la rn i yasaymiz va u la r  orqali silliq egri chiziq o ‘tka-
zamiz (3- rasm). A

у = 2x2 va z/ = x 2 funksiyalarn ing  g rafik larin i taqqoslaymiz (3- rasm). 
x n ing  aynan b ir  q iym atida у = 2x2 funksiyan ing  qiym ati у = x 2 f u n k 
siyan ing  q iym atidan  2 m a r ta  o rtiq . Bu у =  2x2 funksiya  g ra f ig in ing  
h a r  b ir  nuq tas in i у  = x 2 funks iya  g ra f ig in ing  xuddi shunday  abssissali 
n uq tas in ing  o rd inatas in i 2 m arta  o r t t i r ish  bilan hosil qilish mumkin- 
ligini bildiradi.
10



4- rasm.3- rasm.

у = 2 x 2 funksiyan ing  g ra f ig i  у = x 2 fu nks iya  grafigini Ox  o ‘qidan 
Oy  o ‘qi bo ‘yicha 2 m a r ta  cho'zish  b ilan  hosil qilinadi, deyiladi.

2 - m a s a l a .  у  = ^ x 2 funksiyan ing  g ra f ig in i yasang.

Д  у = ^ x 2 funks iyan ing  q iym atla r  jadvalin i tuzamiz:

X -3 -2 -1 0 1 2 3

1 2
У =  -  X2 4,5 2 0,5 0 0,5 2 4,5

Topilgan nuq ta la rn i  yasab, u la r  orqali silliq egri chiziq  o ‘tkazam iz 
(4- rasm). A

у = ^ x 2 va у = x 2 funks iya la rn ing  g ra f ik la r in i  taqqoslaymiz.

у = ]-x2 funks iya  g ra f ig in in g  h a r  b ir  n u q ta s in i  у = x 2 funks iya
g raf ig in ing  xuddi shunday  abssissali nuq tas in ing  ord ina tas in i 2 m arta  
kam ay tir ish  bilan hosil qilish m um kin.

у = ^ x 2 fu n k s iy an in g  g ra f ig i  y = x 2 funks iya  grafigini  Ox  o ‘qiga 

Oy o ‘qi bo‘yicha 2 m a r ta  siqish yoTi bilan hosil qilinadi, deyiladi.

3 - m a s a l a .  у = - x 2 funks iyan ing  g ra f ig in i yasang.
Д  I/ =  - x 2 va у  = x 2 funksiya la rn i taqqoslaymiz. x  n ing  aynan b ir  

q iym atida  bu funks iya la rn ing  q iym atlari m odullari bo 'y icha teng  va

11



—- x~

5 rasm. 6- rasm.

qaram a-qarsh i ishorali. Demak, у = - x 2 funksiyan ing  g rafig in i у  =  x 2 
funksiya  g rafig in i Ox  o ‘qiga n isbatan  s im m etik  ko ‘chirish  bilan hosil 
qilish m um kin  (5- rasm). A

Shunga o‘xshash, у = -  ^ x 2 funksiyan ing  g ra f ig i Ox  o ‘qiga nisbatan 

у = ^ x 2 funksiya  g rafig iga  s im m etrikd ir  (6- rasm).

О у  =  a x 2 fu n k s iy a n in g  g ra f ig i  i s ta lg a n  a *  0 da ham  
para b o la  deb ata lad i.  a > 0 da p arabolan ing tarm oqlari  
yuqoriga ,  a < 0 da esa p a s tg a  yo‘nalgan.

у = a x 2 p a ra b o la n in g  fo k u s i  f(); j  n u q ta d a  jo y la sh g a n lig in i  
t a ’kid laym iz.

У  = a x 2 f u n k s i y a n i n g  asosiy xossa lar in i  sanab  o ' ta m lz ,  b u n d a  
а фО.

I
I)  agar a > 0 bo‘lsa, u  holda у = a x 2 funksiya  bo ‘lganda 
m usbat q iym atlar  qabul qiladi;

agar a  < 0 bo‘lsa, u holda у = a x 2 funksiya z  ^ 0 bo ‘lganda 
m anfiy  q iym atlar  qabul qiladi;

У  = a x 2 funksiyan ing  qiym ati faqa t x = 0 bodgandag ina 0 ga 
ten g  bo‘ladi.

12



7- rasm. 8- rasm.

2) у = a x 2 parabola o rd in a ta la r  o ‘qiga n isbatan  s im m etrik  
bo‘ladi.

3) ag a r  a > 0 bo ‘lsa, u holda у  = a x 2 funksiya  x > 0 bo‘lganda
o‘sadi va x < 0 bo‘lganda kamayadi;

agar  a < 0 bo‘lsa, u holda у = a x 2 funksiya  x > 0 bo‘lganda
kam ayadi va x < 0 bo‘lganda o ‘sadi.

Bu barcha xossalarni grafikdan ayoniy ko‘rish mumkin (7- va 8- rasmlar).

17. M ill im etr li  q o g ‘ozda у  = 3x2 fu n k s iy an in g  g ra f ig in i  yasang. 
G rafik  bo‘yicha:
1) x = - 2 ,8 ;  - 1 ,2 ;  1,5; 2,5 bo‘lganda у  n ing qiym atin i toping;
2) agar у = 9; 6; 2; 8; 1,3 bo‘lsa, x ning qiymatini taqriban toping.

18. (Og'zaki.) Parabola  ta rm oq lar in ing  yo‘nalishini aniqlang:

19. Quyidagi funks iya la rn ing  g ra f ik la r in i  b i t ta  koord ina ta  tek is li
gida yasang:

G rafik la rdan  foydalanib, bu funksiyalardan  qaysilari x > 0 ora liq
da o ‘suvchi ekanin i aniqlang.

M a s h q l a r

1) г/ = 3x2; 2) y  = ^ x 2 ; 3) у = - 4 x 2; 4) у = - ^ x 2.

1) у  = x 2 va у = 3x2; 2) t/ =  - x 2 va г/ = - 3 x 2;

3) у = 3x2 va у = - 3 x 2; 4) у = ^ x 2 va у  = -  ^ x 2 .
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20. Quyidagi funks iya la r  g ra f ik la r i  kesishish n u q ta la r in in g  koor
d ina ta la r in i  toping:

1) г/ = 2X2 va у  = 3 x  + 2; 2) у  = - ^ x 2 va у  = ^ x - 3 .

21. Funksiya  л; < 0 oraliqda kam ayuvchi bo‘ladimi:

1) г/ = 4 x 2; 2) у  = j x 2; 3) у  = - b x 2; 4) у  = - ^ x 2?

22. у  = - 2 x 2 funksiya:
1) [ -4 ;  —2] kesmada; 3) (3; 5) in tervalda;
2) [ -5 ;  0] kesmada; 4) ( -3 ;  2) in tervalda  
o ‘suvchi yoki kam ayuvchi bo‘lishini aniqlang.

a t223. Tekis te z lanuvchan  h a ra k a td a  j ism  bosib o ‘tg a n  yo‘l s = —

formula bilan hisoblanadi, bunda s — yo‘l, metrlarda; a -  tezlanish, 
m /s 2 larda; t -  vaqt, sekundlarda  o ‘lchanadi. A gar jism  8 s da 
96 m yo‘lni bosib o ‘tgan  bo‘lsa, a tezlan ishni toping.

______I_________________________________________________________________

у = a x 2 + Ъх + с FUNKSIYA

1 - m a s a l a .  y = x2 -  2x  + 3 funksiyan ing  g ra f ig in i yasang va uni 
у  = x 2 funksiya  g ra f ig i bilan taqqoslang.

у = x 2 -  2x  + 3 funksiyan ing  q iym atlar  jadvalin i tuzamiz:

X -3 -2 -1 0 1 2 3

у = x2 -  2x + 3 18 11 6 3 2 3 6

Topilgan nuq ta la rn i yasaymiz va u la r  orqali silliq egri chiziq o ‘tka- 
zamiz (9- rasm).

G ra f ik la rn i  taqqoslash  uchun  t o ‘la k v a d ra tn i  a j r a t i s h  u su lid an  
foydalanib, у  = x 2 -  2x  + 3 fo rm ulan ing  shaklin i a lm ashtiram iz:

у  = x 2 -  2x  + I + 2 = {x -  I ) 2 + 2.

Avval у  = x 2 va у = (x -  I ) 2 funksiya la rn ing  g ra f ik la r in i  taqqoslay
miz. A gar (Xp z/,) nuq ta  у  = x 2 parabolaning nuqtasi ,  y a ’ni z/1 = xf bo‘lsa,
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У>

- 18-

-11

У = х-

X,  x ,  + l

11- rasm.10- rasm.

a
/

• 3- 2 - 1  0 1 2  3

9- rasm. 12- rasm.

u holda (x, + 1; z/,) nuq ta  у = (л:— I)2 funksiyan ing  g rafig iga  tegishli

bo‘ladi, chunki ((л:1 +  1) -  I ) 2 =  x f  = y r Demak, у  = (x  -  I )2 funksiyaning  
g ra f ig i  у — x 2 pa rabo ladan  un i b i r  b ir l ik  o ‘n gga  si l j i t ish  (para lle l 
ko ‘chirish) bilan hosil q ilingan parabola bo‘ladi (10- rasm).

Endi у  = (x -  I ) 2 va z/ = (.r -  I ) 2 + 2 funks iya la rn ing  g ra f ik la r in i 
taqqoslaymiz. x  n ing  h a r  b ir  q iym atida  у  = (x -  I )2 + 2 funksiyan ing  
q iym ati  у  =  (x -  I ) 2 fu n k s iy an in g  q iym atidan  2 ta g a  o rtiq .  Demak, 
у  = (x -  I ) 2 + 2 funksiyan ing  g ra f ig i у  = (x -  I ) 2 parabolani ikki birlik 
yuqoriga s ilj i t ish  bilan hosil qilingan parabola bo‘ladi (11- rasm).

Shunday qilib, у = x 2 -  2 x  + 3 funksiyan ing  g ra f ig i у = x 2 parabolani 
b ir  b irlik  o ‘ngga va ikki b irlik  yuqoriga s ilj itish  na tijas ida  hosil qilingan 
parabola bo‘ladi (12- rasm). у = x 2 -  2x  + 3 parabolaning simmetriya 
o‘qi ordinatalar o‘qiga parallel va parabolaning uchi bo‘lgan (1; 2) nuqta- 
dan o ‘tg an  to ‘g ‘r i  chiziq bo ‘ladi. A

у  = a{x -  x0)2 + y0 funks iyan ing  grafigi у = a x 2 parabolani:
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agar :x:0 > 0 bo ‘lsa, abssissalar o ‘qi bo‘yicha o‘ngga x0 ga, ag a r  x Q < О 
bo‘lsa, chapga |x j  ga s iljitish ;

ag a r  y0 > 0 bo‘lsa, o rd in a ta la r  o ‘qi bo‘ylab yuqoriga y Q ga, agar  
y0 < 0  bo ‘lsa, pastga  |z/0| ga s ilj it ish  yo‘li bilan hosil q ilinadigan parabola 
bo‘lishi shunga o‘xshash isbot qilinadi.

Is ta lgan  у  = a x 2 + Ъх + с kvadra t  funks iyan i  undan  to ‘la kvadra tn i 
a jra t ish  yordam ida

b V b2- 4 a c
У = а \Х + -а ) -  4a -

y a ’ni у = a(x -  x0)2 + yQ kabi ko‘rinishda yozish mumkin ,  bunda

b , x b2-4 a c
х ° = - ^ ’ Уо = У(*о) = ^ - -

Shunday qilib, у  =  a x 2 + bx + с funksiyan ing  g ra f ig i у = a x 2 
parabo lan i ko o rd in a ta la r  o ‘q la ri  bo‘ylab s i l j i t i sh la r  n a tijas ida  
hosil bo‘ladigan parabola bo‘ladi. у  = a x 2 + bx + с tenglik parabola
n ing  tenglam asi deyiladi. у = a x 2 + bx + с parabola uchining 
(x0; yQ) koordinatalarini quyidagi formula bo‘yicha topish mumkin:

X° = Уо ~ У('Х°) = aX° + bxo + c-

у = a x 2 + bx + с parabolaning s im m etriya  o ‘qi o rd ina ta la r  
o‘qiga parallel va parabolaning uchidan o‘tuvchi to ‘g ‘ri chiziq bo‘ladi.

у = a x 2 + bx + с parabolaning ta rm oqlari ,  agar  a > 0 bo ‘lsa, 
yuqoriga  yo‘nalgan, agar  a < 0 bo ‘lsa, pastga  yo‘nalgan  bo‘ladi.

2 - m a s a l a .  у  = 2 x 2 -  x — 3 parabola uch in ing  koord ina ta la rin i 
toping.

A  Parabola uchin ing  abssissasi:

_ _  ь _ i  
Xq ~  2a ~  4 '

Parabola uch in ing  ordinatasi:

u(, = ax~ + bx,, + с = 2 —  — — — 3 = —3 — . 
' 0 0 0 16 4 8

J a v o b :  - 3 ^ j .  A
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3 - m a s a l a .  A gar  parabo lan ing  ( -2 ;  5) n u q ta  orqali o ‘t ish i  va 
uning  uchi (—1; 2) nuq tada  bo‘lishi m a ’lum bo‘lsa, parabolaning teng- 
lam asini yozing.

A  Parabo lan ing  uchi ( -1 ;  2) nu q ta  bo ‘lgani uchun  parabolaning 
tenglam asin i quyidagi ko ‘r in ishda  yozish mumkin:

у  = a(x  + I ) 2 +  2.

S h a r tg a  ko ‘ra  ( -2 ;  5) nu q ta  parabolaga teg ish li va, demak,

5 =  a ( -2  +  I ) 2 + 2,
bundan  a = S.

Shunday  qilib, parabola
у  =  S(x  + I )2 + 2 yoki у  =  S x 2 + 6x + 5 

teng lam a bilan beriladi. A

M a s h q l a r

Parabola  uch in ing  koord ina ta la rin i toping  (24—26):

24. (Oq‘zaki.)
l ) y  = ( x -  3)2 -  2; 2 ) y  = (x + 4)2 + 3;
3) у = 5(x + 2)2 -  7; 4) z/ = - 4 ( x  -  I )2 + 5.

25. 1) у  = x 2 + 4 x  + 1; 2) у  = x 2 -  6 x  -  7;
3 ) y  = 2 x 2 -  6 x  + 11; 4) z/ =  - 3 x 2 + 18x -  7.

26. 1) г/ =  x 2 +  2; 3) у = - x 2 -  5;
3) у  = З х 2 + 2x; 4) z/ = - 4 х 2 + х.

27. Ox o ‘qida shunday  nuq tan i topingki, undan  parabolaning s im m et
r iya  o ‘qi o ‘tsin:
1) z/ = x 2 + 3; 2) у  = (x + 2)2;
3) у ~  -3 (x  + 2)2 + 2; 4) z/ = (x -  2)2 + 2;
5) z/ =  x2 +  x  +  1; 6) z/ =  2x2 -  3x + 5.

28. у  = x 2 -  Юх parabolaning simmetriya o‘qi: 1) (5; 10); 2) (3; -8);
3) (5; 0); 4) ( -5 ;  1) nuq tadan  o ‘tadim i?

29. P arabo lan ing  koo rd ina ta la r  o ‘qlari b ilan  kesishish nuq ta la r in ing  
koo rd ina ta la r in i  toping:
1) z/ =  x 2 -  3x + 2; 2) у  = - 2 x 2 + 3x -  1;
3) у  = 3 x 2 -  7x + 12; 4) z/ = 3x2 -  4x.

2 -  A lgebra, 9- sin f uchun 20^ - .  ! "  nnnV 17
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30. A gar parabolaning  ( -1 ;  6) nu q ta  orqali o ‘tish i va un ing  uchi 
(1; 2) nu q ta  ekanligi m a ’lum bo‘lsa, parabolaning tenglam asini 
yozing.

31. (Og‘zaki.) (1; - 6 )  nu q ta  у = - 3 x 2 + 4x -  7 parabolaga tegishli 
bo ‘ladimi?

32. A gar ( -1 ;  2) nuqta : I)  у  = k x 2 + 3x -  4; 2) z/ =  - 2 x 2 + Ax -  6 
parabolaga tegishli bo‘lsa, k n ing qiym atin i toping.

Н Ш  у = x 2 parabola andazasi yordamida funksiyaning grafigini yasang:

l ) y  = ( x +  2)2; 2) z/ =  (x -  3)2; 3) у = x 2 -  2;
4) z/ ~  - x 2 +  1; Ь) у — - ( x  - I ) 2 -  3; 6) у  = (x  + 2)2 + 1.

У =  2x2 paraboladan uni:
1) Ox o ‘qi bo‘yicha 3 b irlik  o ‘ngga siljitish ;
2) Oz/ o ‘qi bo‘yicha 4 b irlik  yuqoriga s iljitish;
3) Ox  o ‘qi bo‘yicha 2 b irl ik  chapga va keyin Oy  o ‘qi bo‘yicha b ir  

b irl ik  pastga  s iljitish ;
4) Ox  o ‘qi bo‘yicha 1,5 b irl ik  o ‘ngga va keyin Oy o ‘qi bo ‘yicha 

3,5 b irlik  yuqoriga  s ilj i tish
natijas ida  hosil bo‘lgan parabolaning  tenglam asin i yozing.

 _________________________________________________________

I  KVADRAT FUNKSIYANING GRAFIGINI YASA SH

1 - m a s a l a .  z/ = x 2 - 4 x  + 3 funksiyan ing  g ra f ig in i yasang.
A  1. Parabola  uchin ing  koord ina ta la rin i hisoblaymiz:

i/o = 2 2 - 4 - 2  + 3 = -1.

(2; -1 )  nuq tan i  yasaymiz.
2. (2; - 1 )  n uq ta  orqali o rd in a ta la r  o ‘qiga parallel to ‘g ‘r i chiziq, 

y a ’ni parabolaning s im m etriya  o ‘qini o ‘tkazam iz (13- a rasm).
3. Ushbu

x 2 -  4x + 3 = 0

te n g la m a n i  yechib , fu n k s iy a n in g  n o l la r in i  topam iz : x, = 1, x 2 = 3. 
(1; 0) va (3; 0) n uq ta la rn i  yasaymiz (13- b rasm).
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4. Ox  o ‘qida x  = 2 nuqtaga nisbatan sim m etrik  bo‘lgan ikkita  nuqtani, 
masalan, x  = 0 va x  = 4 nuq ta la rn i olamiz. Funksiyaning  bu nuqta lardagi 
q iym atlarin i hisoblaymiz: t/(0) =  1/(4) = 3.

(0; 3) va (4; 3) n u q ta la rn i  yasaymiz (13- b rasm).
5. Yasalgan n u q ta la r  orqali parabolani o ‘tkazam iz (13- d  rasm). A

Shu yo‘sinda is talgan у = a x 2 + bx + с kvadra t  funks iyan ing  
grafigini  yasash m umkin :

1. x0, z/0 la rn i x o = ~ Уо = У(х о) fo rm u la la rdan  foydalanib

hisoblab, parabolaning  (x0; yQ) uchi yasaladi.
2. P arabo lan ing  uchidan  o rd in a ta la r  o ‘qiga parallel to ‘g ‘ri 

chiziq -  parabolaning  s im m etriya  o ‘qi o ‘tkaziladi.
3. Funksiyan ing  nollari (agar u la r  m avjud  bo‘lsa) topiladi 

va abssissa lar o ‘qida parabolaning  mos nuq ta la r i  yasaladi.
4. P a rab o lan in g  un in g  o ‘q iga  n isb a tan  s im m etr ik  bo‘lgan 

qandaydir  ikk ita  nuq tasi  yasaladi. Buning uchun  Ox  o ‘qida x 0 
(x0^ 0 )  nuq taga  n isbatan  s im m etr ik  bo‘lgan ikk ita  nu q ta  olish va 
funksiyan ing  mos q iym atlarin i (bu q iym atla r  b ir  xil) hisoblash 
kerak. Masalan, parabolaning abssissalari x  = 0 va x  = 2x0 bo‘lgan 
n u q ta la r in i  (bu n u q ta la rn in g  o rd in a ta la r i  с ga teng )  yasash  
m um kin .

5. Y asalgan  n u q ta la r  orqali parabola  o‘tkaz ilad i.  G rafikn i 
yan ad a  an iq ro q  yasash  u ch u n  p a ra b o la n in g  y ana  b ir  n ech ta  
nuq ta s in i topish  foydali.

v A

-1

2 x

a)

3 ^

x

d)

13- rasm.
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2 - m a s a l a .  у  =  -2x~  +  \ 2 x  -  19 funksiyan ing  g ra f ig in i yasang. 
A  1. Parabola  uchin ing  koord ina ta la rin i hisoblaymiz:

(3; - 1 )  nuq tan i -  parabolaning  uchini yasaymiz (14- rasm).
2. (3; -1 )  n uq ta  orqali parabolaning s im m etriya  o ‘qini o ‘tkazam iz 

(14- rasm ).
3. - 2 x 2 + 1 2 x - 1 9  = 0 tenglam ani yechib, haqiqiy ildizlar yo‘qligiga 

va shun ing  uchun parabola Ox  o ‘qini kesmasligiga ishonch hosil qilamiz.
4. Ox  o ‘qida x  = 2 nuqtaga nisbatan sim m etrik  bo‘lgan ikkita  nuqtani, 

masalan, x  = 2 va x  = 4 nuq ta larn i olamiz. Funksiyaning  bu nuqta lardagi 
q iym atlarin i hisoblaymiz:

(2; - 3 )  va (4; - 3 )  nuq ta la rn i yasaymiz (14- rasm).
5. Yasalgan n u q ta la r  orqali parabola o ‘tkazam iz (15- rasm). A
3 - m a s a l a .  у = - x 2 + x + 6 funksiyan ing  g ra f ig in i yasang va 

shu  funksiya  qanday xossalarga ega ekanini aniqlang.
Д  F unksiyan ing  g ra f ig in i yasash uchun un ing  nollarin i topamiz: 

- x 2 + x  + 6 ^  0, bundan  x 1 =  - 2 ,  x, = 3. Parabola  uchin ing  koord ina ta 
la rin i bunday topish m um kin:

±1 = 3, £/0 = - 2  32 + 12 • 3 -  19 = - 1 .

y(2) = y(4) = - 3 .

X °  2  2  2 ’

x i ̂ ~x2 —2+3 1

-3

0 2 4

-3

0

14- rasm. 15- rasm.
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a  = -1 < 0 bo‘lgani uchun parabola
n ing  ta rm oq lari  pastga  yo ‘nalgan.

Parabolaning yana b ir  nechta n uq ta 
sini topamiz: y(~ l)  = 4, z/(0) =  6, г/(1) = 6, 
y{2) = 4. Parabolani yasaymiz (16- rasm).

G rafik  yordam ida у = - x 2 + x + 6 
fu n k s iya n in g  quyidagi xossalarini  hosil 
qilamiz:

1) x  n ing  is ta lgan  q iym atlarida  fu n k 

s iy an in g  q iy m a t la r i  6 ^  ga  te n g  yoki

undan  kichik;
2) - 2  < x < 3 da funksiyan ing  q iy

m a tla r i  m usbat, x <  - 2  da va x  > 3 da 
m anfiy , x  = - 2  va x  =  3 da nolga teng;

3) fu n k s iy a  x < ^ o ra liqda  o ‘sadi, 

x > ^ oraliqda kamayadi;

4) x  = i  bo‘lganda funksiya  6 ^  ga teng  bo‘lgan eng k a t ta  q iym atin i 

qabul qiladi;

5) funksiyaning  g rafig i x  = ^ to ‘g ‘r i chiziqqa nisbatan sim m etrik . A

у = a x 2 + bx + с funksiya  x0 = -  nuq tada  eng kichik  yoki

eng ka t ta  qiymatlarni  qabul qiladi; bu x 0 n uq ta  parabola uchin ing  
abss issa s id ir .

F unksiyan ing  x0 nuq tadag i q iym atin i y Q = i/(x0) fo rm ula  bo‘yi- 
cha top ish  m um kin . A g a r  a  > 0 bo'lsa, a holda fu n k s iya  eng  
kichik qiymatga ega bo'ladi, agar a < 0 bo‘lsa, и holda funks iya  
eng k a t ta  q iymatga ega bo‘ladi.

Masalan, z/ = x2 -  4x + 3 funksiya x =  2 bo‘lganda -1  ga teng bo‘lgan 
eng kichik q iym atin i qabul qiladi (13- d  rasm); у = - 2 x 2 + 12x -  9 
funksiya  x = 3 bo ‘lganda -1  ga teng  bo‘lgan eng k a t ta  q iym atin i qabul 
qiladi (15- rasm).

,-A
>=6^64

5 "

4--

3 ' '

I "

- 2

16- rasm.
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4 - m a s a l a .  Ik k ita  m u sb a t sonn ing  y ig ‘ind isi 6 ga teng . A gar 
u la rn ing  kvad ra t la r i  y ig ‘indisi eng kichik bo‘lsa, shu  sonlarn i toping. 
Shu sonlar kvadra tla r i y ig ‘indisining eng kichik qiym ati qanday bo‘ladi?

A  Birinchi sonni x  h a rf i  bilan belgilaymiz, bu holda ikkinchi son 
6 -  x ,  u la r  k v ad ra t la r in in g  y ig ‘indisi esa x 2 + (6 -  x)2 bo‘ladi. Bu 
ifodan ing  shak lin i a lm ash tiram iz :

x 2 + (6 -  x)2 = x2 + 36 -  12x + x2 =  2x2 -  12x + 36.

M asala  у = 2 x 2 -  12x + 36 fu n k s iy a n in g  eng k ich ik  q iy m a tin i  
top ishga keltir i ld i.  Shu parabola uch in ing  koord ina ta la rin i topamiz:

X° = ~ h  = ~ j i  = 3’ Уо =У(3) = 2 - 9 - 1 2  3 + 36 = 18.

Demak, x  = 3 bo ‘lganda funksiya  18 ga teng  eng kichik q iym atni 
qabul qiladi.

Shunday  qilib, b irinchi son 3 ga teng , ikkinchi son ham  6 -  3 = 3 ga 
teng. Bu sonlar kvad ra t la r i  y ig ‘ind isin ing  qiym ati 18 ga teng. A

M a s h q l a r

35. Parabola uch in ing  koord ina ta la rin i toping:
1) z/ = x 2 -  4x -  5; 2) г/ =  x 2 + 3x + 5;
3) у = - x 2 -  2x + 5; 4) у = - x 2 + 5x -  1.

36. P arabo lan ing  koord ina ta  o ‘qlari bilan kesishish  nuq ta la r in ing  
koo rd ina ta la r in i toping:
1) г/ = x 2 -  3x + 5; 2) у  = - 2 x 2 -  8x + 10;
3) у  = - 2 x 2 +  6; 4 ) y =  7x2 + 14.

F unksiyan ing  g ra f ig in i  yasang  va g ra f ik  bo‘yicha: 1) x n ing  
funksiyan ing  q iym atlari m usbat; m anfiy  bo‘ladigan q iym atlarin i 
toping; 2) funksiyan ing  o ‘sish va kam ayish o ra liq larin i toping;
3) x ning qanday qiym atlarida funksiya eng k a t ta  yoki eng kichik 
q iy m a tla r  qabul q il ish in i an iq lan g  va u la rn i  to p in g  (3 7 -3 8 ) :

37. 1) г/ = x2 -  7x + 10
3) у = - x 2 + 6x -  9

38. 1) у = 4 x 2 + 4 x  -  3

2) t/ =  - x 2 + x + 2;
4) z/ =  x 2 +  4x + 5.
2) у  = - 3 x 2 -  2x +  1;

3 ) y  = - 2 x 2 + 3x + 2; 4) у =  3x2 -  8x + 4;
5) 1/ =  4 x 2 + 12x + 9; 6) // =  - 4 x 2 + 4x -  1;
7) г/ = 2x2 -  4x + 5; 8) г/ = - 3 x 2 -  6x -  4.
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- 3
- 4

17- rasm.

39. K vadra t funksiyaning  berilgan grafig i (17- rasm) bo‘yicha uning 
xossa larin i aniqlang.

40.  15 sonini ikk ita  sonning y ig ‘indisi shaklida shunday tasv irlangki, 
bu son larn ing  ko ‘paytm asi eng k a t ta  bo ‘lsin.

41. Ikki sonning  y ig ‘indisi 10 ga teng . A gar shu  son lar kub la rin ing  
y ig ‘indisi eng kichik bo‘lsa, shu  sonlarn i toping.

42.  Uy devorlariga  yondashgan to ‘g ‘ri t o ‘r tb u rch a k  shaklidagi may- 
donni uch tom onidan  12 m li pan ja ra  bilan  o ‘rab  olish ta lab  
e tiladi.  M aydonning o ‘lcham lari qanday bo‘lganda un ing  yuzi 
eng k a t ta  bo‘ladi?

43. U chburchakda asosi bilan shu  asosga tu sh ir i lg an  balandlikning  
y ig ‘indisi 14 sm ga teng. Shunday  uchburchak  25 sm 2 ga teng  
yuzga ega bo‘lishi m um kinm i?

44.  G raf ikn i yasam asdan , x  n ing  qanday qiym atida  funksiya  eng 
k a t ta  (eng kichik) q iym atga ega bo ‘lishini aniqlang; shu q iym atni 
toping:
1) г/ =  x 2 -  6x + 13; 2) I/ = x 2 -  2x -  4;
3) у = - x 2 + 4x + 3; 4) i/ = 3x2 -  6x + 1.

45. A gar:
1) parabolaning  ta rm oq la r i  yuqoriga  yo‘nalgan, un ing  uchin ing  
abssissasi m anfiy , o rd ina tas i  esa m usbat bo ‘lsa;
2) parabo lan ing  ta rm oq lar i  pas tga  yo‘nalgan , un in g  uch in ing  
abssissa va o rd ina tas i  m anfiy  bo‘lsa, у = a x 2 + bx + с parabola 
teng lam asi koe ff i ts iyen tla r in ing  ishora larin i aniqlang.
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Щ Д  5 m balandlikdan kam ondan 50 m /s  tezlik bilan yuqoriga vertikal 
rav ishda  nayza o tildi. N ayzaning t sekunddan keyin ko‘ta ri lgan

g t2
balandligi m etrlarda h = h(t) = 5 + 5 0 f ---- — formula bilan hisob

lanadi, bunda g =  10 m /s 2. Nayza necha sekunddan keyin: 1) eng 
k a t ta  balandlikka erishadi va u qanday balandlik b o ia d i?  2) Yerga 
tu sh ad i?

I  b o b g a  d o i r  m a s h q l a r

47. x  n ing у = 2 x 2 -  5x +  3 k v ad ra t  funksiya: 1) 0 ga; 2) 1 ga;
3) 10 ga; 4) -1  ga teng qiymatlar qabul qiladigan qiymatini toping.

48. F unksiya la r  g ra f ik la r in in g  kesishish nu q ta la r i  koord ina ta la rin i 
toping:
1) у = x 2 -  4 va у = 2 x  -  4;
2) у  = x 2 va у  = S x  -  2;
S) у  = x 2 -  2 x  -  b va у = 2 x 2 + 3* +  1;
4) у  = x 2 + x  -  2 va у = (x + 3)(д: -  4).

49. Tengsizlikni yeching:
1) x 2 < 5; 2) x 2 > 36.

50. Parabo lan ing  koordinata  o ‘qlari bilan kesishish nuq ta la r i  koord i
na ta la r in i toping:
1) у  = x 2 + x  -  12; 2) г/ = - x 2 + 3x + 10;
5) у  = - 8 x 2 -  2 x  + 1; 4) у = 7 x 2 + 4 x  -  11;
5) z/ =  b x 2 + x  -  1; 6) у = b x 2 + S x  -  2;
7) у  = 4 x 2 -  l l x  + 6; 8) у = S x 2 + 13дг -  10.

51. Parabola uch in ing  koord ina ta la rin i toping:
1) у  = x 2 -  4 x  -  b; 2) z/ = - x 2 -  2 x  + S;

S) у  = x 2 -  бд: + 10; 4) у = x 2 + x  + j ;

b) у = - 2 x ( x  + 2); 6) y = ( x -  2)(x  + 3).
52. Funksiyaning  g ra f ig in i yasang va g ra f ik  bo‘yicha un ing  xossa

la rin i aniqlang:
1) у = x 2 -  bx  + 6; 2) у = x 2 + 10x + 30;
S) у = - x 2 -  bx  -  8; 4) у  =  2д:2 -  5д: + 2;
b) у = - S x 2 -  Зд: + 1; 6) z/ = -2д;2 -  Зх -  3.
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O ZI NGI ZNI  TEKS HI RI B КО  RING!

1. у =  x 2 -  6x + 5 funksiyan ing  g ra f ig in i yasang va un ing  eng 
kichik q iym atin i toping.

2. у  =  - x 2 + 2x + 3 funksiya  g ra f ig i yordam ida x n ing  qanday 
q iym atida  funksiyan ing  qiym ati 3 ga teng  bo‘lishini toping.

3. у  = 1 -  x 2 funks iyan ing  g ra f ig i bo‘yicha x  n ing  funksiya  m us
bat; m anfiy  q iym atla r  qabul q iladigan q iym atlarin i toping.

4. у  = 2x2 funksiya  qanday oraliq larda  o ‘sadi? Kamayadi? Shu 
fu nks iyan ing  g ra f ig in i  yasang.

5. у  = (x -  3)2 parabola uch in ing  koo rd ina ta la r in i  top ing  va 
un in g  g ra f ig in i  yasang.

53. F unksiyan ing  g ra f ig in i  yasam asdan, un ing  eng k a t ta  yoki eng 
kichik q iym atin i toping:
1) г/ =  x2 + 2x + 3; 2) у  = - x 2 + 2x + 3;
3) z/ =  - 3 x 2 +  7x; 4) z/ = 3x2 + 4x + 5.

54. To‘g ‘ri t o ‘r tb u rch a k n in g  p e r im etr i  600 m. To‘g ‘ri to ‘r tburchak- 
n ing  yuzi eng k a t ta  bo‘lishi uchun un ing  asosi bilan balandligi 
qanday bo‘lishi kerak?

55. To‘g ‘ri t o ‘r tb u rch a k  un ing  tom onlaridan  b ir iga  parallel bo‘lgan 
ik k i ta  kesma bilan uch bo‘lakka bo‘lingan. To‘g ‘ri t o ‘r tbu rchak  
p e r im etr i  bilan shu  kesm alar uzun lik la r in ing  y ig ‘indisi 1600 m 
ga teng. A gar to ‘g ‘r i to ‘r tb u rch a k n in g  yuzi eng k a t ta  bo ‘lsa, 
un ing  tom onlarin i toping.

56. A g ar  у = x 2 + p x  + q k v ad ra t  funksiya:
1) x =  0 bo ‘lganda 2 ga teng  q iym atn i,  x =  1 bo‘lganda esa 3 ga 
teng  q iym atn i qabul qilsa, p  va g koeff its iyen tla rn i toping;
2) x =  0 bo‘lganda 0 ga teng  q iym atni, x =  2 bo‘lganda esa 6 ga 
teng  q iym atn i qabul qilsa, p  va g koeff its iyen tla rn i toping.

57. A g ar  z/ =  x2 + p x  + g parabola:
1) abssissa lar o ‘qini x = 2 va x =  3 n u q ta la rd a  kessa;
2) abssissa lar o ‘qini x =  1 nuq tada  va o rd in a ta la r  o ‘qini у = 3 
n u q tad a  kessa;
3) abssissa lar o ‘qiga x = 2 nuq tada  u r insa , p  va q la rn i toping.
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x  ning  qanday q iym atlarida  funksiya la r  teng  q iym atlar  qabul 
qiladi:
1) г/ = x 2 + 3x + 2 va I/ = |7 -  x|;
2) у = 3 x 2 -  6x + 3 va z/ = |3x -  3| ?
A gar:
1) parabolaning (0; 0), (2; 0), (3; 3) koordinatali nuqtalardan o‘tishi;
2) (1; 3) nuq ta  parabolaning uchi bo ‘lishi, ( -1 ;  7) nuq tan ing  esa 
parabolaga teg ish li bo ‘lishi;
3) у = a x 2 + bx + с funksiyan ing  nollari х г= 1 va x 2= 3 sonlari 
ekan i ,  fu n k s iy a n in g  eng k a t ta  q iy m ati  esa 2 ga  ten g  ekani 
m a‘lum bo‘lsa, у  =  a x 2 + bx + с parabolani yasang.

?  I  bobga doir  sinov ( te s t )  m ashqlari

Sinou mashqlarining  har biriga 5 ta dan  «javob» berilgan. 5 ta 
«javob»ning faqa t  bit tasi to‘g‘ri, qolganlari esa noto‘g ‘ri. 0 ‘quvchilar- 
dan  sinov mashqlarin i  bajarib yoki  boshqa m ulohaza lar  yordam ida  
ana shu to‘g‘ri javobni topish (un i  belgilash) talab qilinadi.

1. a n in g  sh u n d ay  q iy m atin i  to p in g k i,  у = a x 2 parabo la  b ilan  
г/ = 5x + 1 t o ‘g ‘r i  ch iz iqn ing  kes ish ish  n u q ta la r id a n  b ir in in g  
abssissasi x  = 1 bo‘lsin.
A) a  = 6; B) a =  - 6 ;  C) a  = 4; D) a = - 4 ;  E) a  = 7.

2. k n ing  sh u n d ay  q iy m a tin i  top in g k i,  у = - x 2 parabo la  bilan  
у = k x  -  6 t o ‘g ‘r i  ch iz iqn ing  kes ish ish  n u q ta la r id a n  b ir in in g  
abssissasi x  = 2 bo‘lsin.
A )  k = - 1 ;  B) k = 1; C ) k  = 2; D) k = - 2 ;  E) k = -6 .

3. b n ing  sh u n d ay  q iy m a tin i  to p in g k i,  у  =  3 x 2 parabo la  bilan  
у = 2 x  + b t o ‘g ‘r i ch iz iqn ing  k es ish ish  n u q ta la r id a n  b ir in in g  
abssissasi x  = 1 bo‘lsin.

A )  b = 2; B) b = - 1 ;  C) b =  1; D) b = - 2 ;  E) b -  3.

Parabo lan ing  koord ina ta  o ‘qlari bilan kesishish nu q ta la r in in g  
k oo rd ina ta la r in i top ing  (4—7):

4. у = x 2 -  2x  4.
A) ( -1 ;  3); B) (3; 1); C) (1; 3); D) (0; 4); E) (4; 0).

59.

58 .
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5. у  = - х 2 -  4 х  -  5.
А) ( -1 ;  2); В) (2; -1 ) ;  С) (5; 0); D) ( -5 ;  0); Е) (0; -5 ) .

6. у  = 6 х 2 -  5л: +  1.

А) ( j ; 0), ( ^ ; 0), (0; 1); В) ; 0), ; 0), (1; 0);

С)(0 ; i ) , ( 0 ;  \  ), (0; 1); D) ( i ; 0), ; 0), ( 0 ; - 1 ) ;
Е) to ‘g ‘ri javob berilm agan.

7. у  = - х 2 + 6л: + 7.
А) ( -1 ;  0), ( -7 ;  0), (0; -7 ) ;  В) ( -1 ;  0), (7; 0), (0; 7);
С) (1; 0), (7; 0), (0; -7 ) ;  D) ( -1 ;  2), (7; -1 ) ,  (7; 0); Е) (3; 16).
Parabola  uch in ing  koord ina ta la r in i top ing  (8 -1 1 ):

8. у  = x 2 -  4x.
A) (0; 4); В) (4; 2); С) (2; -4 ) ;  D) ( -4 ;  2); E) (0; -4 ) .

9. у = - x 2 + 2x.

A) ( -1 ;  -1 ) ;  B) (1; -2 ) ;  C) (0; 2); D) (1; 1); E) (1; -1 ) .

10. у = x 2 + 6 x  + 5.

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

11. у  =  -5л:2 + 4л: + 1.

A) ( | ;  | ) ;  B ) ( - | ; | ) ;  0 ( - f ; | ) ;  D) (2; 9); E) (9; 5).

12. Abssissalar o‘qini x =  1 va x  = 2 nuqtalarda, ordinatalar o‘qini esa 

У = 1; nuq tada  kesib o ‘tuvch i parabolaning  teng lam asin i yozing.

а )  у = \ * 2 - 1 х + \ ;  в )  =

C ) y  = x 2 - 3 x  + 2; D) y = x 2 - ^ x  + ±;

E) to ‘g ‘r i javob berilm agan.
13. A bssissalar o ‘qini x  = -1  va x = 3 nuq ta la rda ,  o rd in a ta la r  o ‘qini 

esa у  = I  nuqtada kesib o‘tuvchi parabolaning tenglamasini yozing.

A) у  = - x 2 + 2x + 3; В) у  = - ^ -  + 2 x  + l ;
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г2 2 г2 ?
C) [/ = - — + - х  + 1; D) у = —  - - х - 1 ;  

у 3 3 '  у 3 3

Е) to ‘g ‘ri javob berilm agan.

Parabola qaysi chorak larda  joylashgan? (14—18):

14. у  = 3 x 2 + 5* -  2.

A) I, И, III; В) II, III, IV; С) I, III, IV;
D) I, II, III, IV; E) I, II, IV.

15. у = x 2 -  4 x  + 6.
A) I, IV; В) II, III; С) I, II, HI, IV; D) И, III, IV; E) I, II.

16. у = - X 2 -  6x -  11.
A) III, IV; В) I, II, III; С) И, III, IV;
D) I, III, IV; E) I, II.

17. у = - x 2 + 5x.

A) I, II, III; В) I, III, IV; С) I, II, III, IV;
D) II, III, IV; E) to ‘g ‘ri javob berilmagan.

18. у  = x 2 -  4x.

A) I, II, III; В) II, III, IV; С) I, II, IV; D) III, IV; E) I, II.

19. Ikki m usbat sonning y ig ‘indisi 160 ga teng. A gar shu sonlar
kub la rin ing  y ig ‘indisi eng kichik bo‘lsa, shu sonlarn i toping.

A) 95; 65; B) 155; 5; C) 75; 85; D) 80; 80; E) 90; 70.
20. Ikki m u sb a t  so n n in g  y ig ‘ind is i  a ga ten g .  A g ar  shu  son la r

k vad ra t la r in in g  y ig ‘indisi eng kichik bo‘lsa, shu sonlarni toping.

A  \  T } \  / I 2  д 2  г л  / ~ 1 \  d  т р » \  ?  О т - , 4  &А ) — , — ; В) a , a - a ;  C ) — D) a2; a -  a2; E)
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II в о в. KVADRAT  
TENGSIZLIKLAR

К V ADR AT TENGSIZLIK VA  
UNING YECHIMI

1 - m a s a l a .  To‘g ‘ri to ‘r tb u rch a k n in g  tom onlari 2 dm va 3 dm ga 
teng . l in in g  h a r  b ir  tom oni b ir  xil sondagi d e ts im e tr la rg a  shunday  
o r t t ir i ld ik i ,  na t i jada  to ‘g ‘ri to 'r tb u rc h a k n in g  yuzi 12 dm 2 dan ortiq  
bo‘ldi. H ar b ir  tom on qanday o ‘zgargan?

A  To‘g ‘ri to ‘r tb u rch a k n in g  har  b ir  tomoni x  d e ts im etrga  o r tt i r i lg an  
bo‘lsin. U holda yangi to ‘g ‘ri t o ‘r tb u rch a k n in g  tom onlari (2 + x) va 
(3 + x)  detsimetrga, uning yuzi esa (2 + x)(3 +  x)  kvadrat detsim etrga teng 
bo‘ladi. Masala shartiga  ko‘ra (2 + x)(3 + x) > 12, bundan x2 + 5x + 6 > 12 
yoki x2 + 5x -  6 > 0.

Bu tengsiz likn ing  chap qism ini ko ‘pay tuvch ila rga  a jra tam iz:

(x + 6)(x -  1) > 0.

M asala sh a r t ig a  ko‘ra  x > 0 bo‘lgani uchun x + 6 > 0.
Tengsizlikning ikkala qismini x + 6 m usbat songa bo‘lib, x -  1 > 0, 

y a ’ni x > 1 ni hosil qilamiz.
J a v o b :  To‘g ‘ri t o ‘r tb u rch a k n in g  h a r  b ir  tom oni 1 dm dan ko‘p- 

roqqa o r t t i r i lg an .  A
x 2 + 5x -  6 > 0 tengsizlikda x bilan nom a’lum  son belgilangan. 

Bu -  k v ad ra t  tengsiz likka misol.

A g a r  ten gsiz likn in g  chap qism ida kvadra t funksiya , o‘ng  
qism ida esa nol tursa , bunday tengsiz lik  kvadra t tengsiz lik  
dey ilad i.
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M asalan ,
2л;2 -  Зх + 1 > 0, - З х 2 + 4х + 5 < О

tengsiz lik la r  k v ad ra t  tengsiz lik lard ir .
B ir n o m a ’lum li t e n g s i z l i kn in g  yechim i  deb, n o m a ’lu m n in g  shu  

tengsizlikni to ‘g ‘ri sonli tengsizlikka ay lan tiruvch i q iym atiga aytilishini 
eslatib  o ‘tamiz.

T e n g s i z l i k n i  yech ish  — u n in g  b a rc h a  y e c h im la r in i  to p ish  yoki 
u la rn ing  yo‘qligini ko ‘rsa t ish  dem akdir.

2- m a s a 1 a . Tengsizlikni yeching:

x2 -  5x + 6 > 0.

Д  x 2-  5x + 6 = 0 k v ad ra t  tenglam a ikk ita  tu r l i  x x=  2, x 2= 3 ildizga 
ega. Demak, x2 -  5x + 6 kvad ra t  uchhadni ko ‘pay tuvch ila rga  a jra t ish  
m um kin:

x 2-  5x + 6 = (x -  2)(x -  3).

Shuning  uchun berilgan tengsizlikni bunday yozsa boTadi:

(x -  2)(x -  3) > 0.

A g a r  ik k i ta  k o ‘pay tu v ch i b i r  xil ish o rag a  ega bo‘lsa, u la rn in g  
ko‘paytm asi m usbat ekani ravshan.

1) Ikkala ko ‘pay tuvch i m usbat, y a ’ni x - 2 > 0 v a x - 3 > 0  boTgan 
holni qaraym iz.

Bu ikki tengsizlik  quyidagi s is tem ani tashk il qiladi:

Jx -  2 > 0,
[x -  3 > 0.

S istem ani yechib, Jx > 2. ni hosil qilamiz, bundan  x > 3.
[x > 3

Demak, barcha  x > 3 son lar  (x -  2)(x -  3) > 0 tengsiz likn ing  
yechim lari boTadi.

2) Endi ikkala ko‘paytuvchi m anfiy , y a ’ni x -2 < 0  va x - 3 < 0  boTgan 
holni qaraym iz.

Bu ikki tengsizlik  quyidagi s is tem ani tashkil qiladi:

Jx -  2 < 0,
[x -  3 < 0.

S is tem ani yechib, j x ' 2, n j hosil qilamiz, bundan  x  < 2.
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Demak, barcha  x  < 2 sonlar ham (x -  2)(x  -  3) > 0 tengsiz likning  
yechim lari bo ‘ladi.

Shunday  qilib, (x -  2)(x -  3) > 0 tengs iz l ikn ing ,  dem ak, berilgan  
x 2-  5x + 6  > 0 tengsiz likn ing  ham , yechim lari x < 2, shuningdek, x > 3 
son lar bo‘ladi.

J a v o b : x < 2 . x < 3 .  A

Umuman, agar ax2 + bx +  с = 0  kvadrat tenglama ikkita turli 
ild izga ega bo‘lsa , u holda ax2 +  Ьх +  с >  0  va ax2 + bx +  с < 0  

Л Ш  kvadrat ten gsizlik larn i yechishni, kvadrat ten gsizlik n in g  chap 
'ч^  qism ini ko‘paytuvchilarga ajratib, birinchi darajali tengsizlik lar  

sistem asin i yechishga keltir ish  mumkin.

3- m a s a 1 a . - 3 x 2 -  5x + 2 > 0 tengsiz likn i yeching.
A  H isoblashlarni qulayroq olib borish  uchun berilgan tengsiz likn i 

b irinchi koeffits iyen ti  m usbat bo‘lgan  k v ad ra t  tengsiz lik lar  shaklida 
tasv irlaym iz. B uning  uchun un ing  ikkala q is m in i - 1  ga ko‘paytiram iz:

K v ad ra t  uchhadni ko ‘pay tuvch ila rga  a jra tib ,  quyidagin i hosil qilamiz:

3x 2 + 5x -  2 < 0.

3 x 2+ 5 x -2 = 0  teng lam an ing  ild iz larin i topamiz:

-5 + V 2 5 + 2 4  _  - 5 ± 7  
6 6  ’6  ’

X 1 = \ y x2 2 .

Bundan ikk ita  s is tem ani olamiz:

x + 2  < 0 ; [x + 2  > 0 . 

B irinchi s is tem ani bunday yozish mum kin:

x < - 2 ,

bu s is tem a yechimlarga' ega emasligi ko ‘rin ib  tu ribd i.
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Ikkinch s is tem ani yechib quyidagini topamiz:

1

Л < з '
x  > - 2 ,

bundan  - 2  < x < ^ .

Demak, 3 jx  - -̂ J (x + 2) < 0 tengsiz likn ing , y a ’ni - 3 x 2 -  5x + 2 > 0 

tengsiz likn ing  yechimlari j - 2 ; in te rva ldag i barcha sonlar bo‘ladi. 

J a v o b :  - 2  < x < ^ . A

M  a s h q l a r

60. (Og‘zaki.) Quyidagi tengsiz lik lardan  qaysilari k vad ra t  tengsizlik  
ekanini ko ‘rsa ting :

, 1) x 2 -  4 > 0; 2) x 2 -  3x -  5 < 0; 3) 3x + 4 > 0;
4) 4x -  5 < 0; 5) x 2 -  1 < 0; 6 ) x 4 -  16 > 0.

61. Quyidagi tengsiz likn i kvadra t tengsizlikka keltir ing :

1) x 2 < 3x + 4; 2) 3x 2 -  1 > x;
3) 3x 2 < x 2 -  5x + 6 ; 4) 2x(x + 1) < x + 5.

62. (Og‘zaki.) 0 ; - 1 ; 2  sonlaridan qaysilari
1) x 2+ 3x + 2 > 0; 2) - x 2 + 3 ,5x  + 2 > 0;

3) x 2 -  x  -  2 < 0; 4) - x 2 + x + 3 < 0
4

tengsiz likn ing  yechim lari bo‘ladi?

Tengsizlikni yeching (63— 65):

63. 1) (x -  2)(x + 4) > 0; 2) (x -  l l ) ( x  -  3) < 0;
3) (x -  3)(x + 5) < 0; 4) (x + 7)(x + 1) > 0.

64. 1) x 2 -  4 < 0; 2) x 2 -  9 > 0; 3) x 2 + 3x < 0; 4) x 2 -  2x > 0.

65. 1) x 2 -  3x + 2 < 0; 2) x 2 + x -  2 < 0; 3) x 2 -  2x -  3 > 0;
4) x 2 + 2x -  3 > 0; 5) 2x 2 + 3x -  2 > 0; 6 ) 3x2 +  2x -  1 > 0.



6 6 . Tengsizlikni yeching:

1) 2 ■ (ж — i ) 2 > 0; 2 ) 7 - ( I - ж ) 2 < 0 ;

3) S x 2 -  3 < x 2 -  x; 4) (x -  l ) (x  + 3) > 5.

67. F unksiyan ing  g ra f ig in i yasang. G rafik  bo‘yicha x  n ing  funksiya  
m usbat q iym atlar; m anfiy  q iym atlar; nolga teng  q iym at qabul 
q iladigan barcha  q iym atlarin i toping:
l ) y  = 2 x2; 2) у  = —(x  + 1,5)2;
3) у  = 2 x2 -  x + 2; 4) у  = - 3 x 2 -  x  -  2.

Xj va x 2 son lar (bunda x : < x 2) у  = a x 2 bx + с funksiyan ing  
nollari ekani m a’lum. A gar x 0 son x 1 va x 9 o rasida yotsa, y a ’ni 
x 1 < x 0 < x 2 boTsa, u holda а(ах^ + bx0 + c) < 0 tengsizlik  baja- 
r i l ish in i isbotlang.

I ________________________________________________________________
KVADRAT TENGSIZLIKNI KVADRAT  

FU N K SIY A GRAFIGI YORDAMIDA YECHISH

K v ad ra t  funksiya  у = a x 2 +  bx + с (bunda a  ^  0) fo rm u la  bilan 
beril ish in i eslatib  o ‘tam iz. S huning  uchun k vad ra t  tengsiz likn i yechish 
k v ad ra t  funksiyan ing  nollarin i va k v ad ra t  funksiya  m usbat yoki m anfiy  
q iym atlar  qabul q iladigan o ra liq larn i iz lashga keltir i lad i.

1 - m a s a l a .  Tengsizlikni g ra f ik  yordam ida yeching:

2 x 2 -  x -  1  < 0 .

А  г/ = 2 x 2 -  x -  1 k v ad ra t  funksiyan ing  gra f ig i — ta rm oqla r i  yuqo- 
r iga  yo‘nalgan parabola.

Bu p a ra b o la n in g  O x  o ‘qi b i lan  k e s ish ish  n u q ta la r in i  topam iz .  
B uning  uchun  2x 2 -  x -  1 =  0 k vad ra t  tenglam ani yechamiz. Bu teng la 
m an in g  ild iz la ri:

l± V l+ 8  1 ± 3  1 1
~ 4  ^ ; x1 1 , 2 *

Demak, parabola Ox o‘qini x  = v a x  = l  nuqtalarda kesadi (18- rasm).

2x2 -  x -  1 < 0 tengsizlikni x  ning funksiya nolga teng boTgan yoki 
funksiyaning qiymatlari manfiy boTgan qiymatlari qanoatlantiradi, ya’ni

3 -  A lgebra, 9- sin f uchun . 3 3

7 - §.
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У

I у = 2 x2 -  x

+ \ /  +

l \ 0  / l
2 \

18- rasm.

x  ning shunday qiymatlariki, bu qiymatlarda 
parabolaning nuqtalari Ox o‘qida yoki shu 
o‘qdan pastda yotadi. 18- rasmdan ko‘rinib

turibdiki, bu qiymatlar 

barcha sonlar bo‘ladi.
4 ;1 kesmadagi

J a v o b :  - -  < x  < 1.  A
2

Bu funksiyan ing  g rafig idan  berilgan 
ten g s iz l ik d an  fa q a t  ish o ras i  b ilan  fa rq  

qiladigan boshqa tengsiz lik larn i yechishda ham  foydalanish mum kin. 
18- rasm dan  ko‘rinib turibdik i:

1 ) 2 x 2-  x  -  1 < 0 tengsiz likn ing  yechimlari -  ^  < x  < 1 in tervaldagi

barcha sonlar;

2 ) 2 x2 -  x  -  1 > 0  tengsiz likn ing  yechim lari x < -  ^  va x > 1 

oraliq lardagi barcha sonlar bo‘ladi;
3) 2x2-  x -  1 > 0  tengsizlikning yechimlari x < -  -  va x >1 oraliq lar

dagi barcha  son lar bo‘ladi.
2- m a s a 1 a . Tengsizlikni yeching:

4x 2 + 4x + 1 > 0.

/S. у  = 4x 2 + 4x + 1 funksiya  g ra f ig in ing  eskizini chizamiz. Bu 
parabolaning ta rm oqlari yuqoriga yo‘nalgan. 4x 2 + 4x + 1 = 0 tenglama

b it ta  x  = -  ildizga ega, shun ing  uchun parabola Ox  o‘qiga

nu q tad a  u r in ad i .  Bu fu n k s iy an in g  g ra f ig i  19- rasm da  ta sv ir langan .  
Berilgan tengsiz likn i yechish uchun x n ing qanday q iym atlarda  fu n k 
s iyaning q iym atlari m usbat boTishini aniqlash kerak. Shunday qilib, 
4x 2 + 4x + 1 > 0 tengsiz likni x n ing  parabolaning nuq ta la r i  Ox  o ‘qidan 
yuqorida yotuvchi qiymatlari qanoatlantiradi. 19- rasmdan ko‘rinib turibdiki, 
bunday q iym atlar  x  = - 0 ,5  dan boshqa barcha haqiqiy son lar boTadi.

J a v o b :  x  Ф - 0 ,5 .  A
19- rasm dan ko‘rin ib  tu ribd ik i:
1) 4x 2 + 4x + 1 > 0 tengsiz likn ing  yechimi barcha haqiqiy sonlar 

boTadi;
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= 4x2 + 4x + l

19- rasm.

у = - x 2 + x -  1

20- rasm.

2) 4 x 2 + 4x + 1 < 0 tengsizlik  b i t ta  x = -  yechimga ega;

3) 4x 2 + 4x + 1 < 0 tengsizlik  yechim larga ega emas.
A gar 4x 2 + 4x + 1 =  (2x + I ) 2 ekani e ’tibo rga  olinsa, bu tengsiz 

lik larn i og ‘zaki yechish mum kin.
3- m a  s a  1 a  . - x 2 +  x -  1 < 0 tengsiz likn i yeching.

A y -  - x 2 + x -  1 funksiya  g ra f ig in ing  eskizini chizamiz. Bu parabo
lan ing  ta rm oq la r i  pas tga  yo‘nalgan. - x 2 + x  -  1 =  0  teng lam an ing  
haqiqiy ild izlari yo‘q, shun ing  uchun parabola Ox  o ‘qini kesib o ‘tm aydi. 
Demak, bu parabola Ox  o ‘qidan pastda  joylashgan (20- rasm). Bu barcha 
x la rda  k v ad ra t  funksiyan ing  q iym atlari m anfiy , y a ’ni - x 2 + x -  1 <  0  

tengsizlik  x  n ing barcha haqiqiy q iym atlarida  ba jaril ish in i ang la tad i .  A
2 0 - rasm dan  у ana - x 2 + x -  1 < 0  tengsiz likn ing  yechim lari x ning 

barcha  haqiqiy  q iym atlari  bo ‘lishi, - x 2 +  x -  1 > 0  va  - x 2 + x  -  1 > 0  

tengsiz lik lar  esa yechim larga ega emasligi ko ‘rinib tu ribd i.

Shunday  qilib, kvadra t tengsizlikn i gra fik  yordam ida yechish  
uchun:

1 ) k v a d ra t  fu n k s iy a  b i r in c h i  k o e f f i t s iy e n t in in g  ish o ra s i  
bo‘yicha parabola ta rm oq lar in ing  yo‘nalish in i aniqlash;

2 ) teg ish li k v ad ra t  teng lam aning  haqiqiy  ild iz larin i topish 
yoki u la rn in g  yo‘qligini aniqlash;

3) k v ad ra t  funksiyan ing  Ox o‘qi bilan* kesishish  nuq ta la r i  
yoki u r in ish  nuqtasidan  (agar u la r  bo ‘lsa) foydalanib, kvadra t 
funksiya  g ra f ig in in g  eskizini yasash;

4) g rafik  bo ‘yicha funksiya  kerakli q iym atlarn i qabul q ilad i
gan o ra liq larn i aniqlash kerak.
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M  a s h q l a r

69. у = х 2 + х  -  6 funksiyan ing  g ra f ig in i yasang. G rafik  bo‘yicha 
x  n ing funksiya m usbat qiymatlar; m anfiy q iym atlar qabul qiladi
gan q iym atlarin i toping.

70. (Og‘zaki.) у  = ax2+ bx + с funksiya grafigidan foydalanib (21-rasm), 
x  n ing  qanday q iym atlarida  bu funksiya  m usbat q iym atlar ,  m an
fiy  q iym atlar,  nolga teng  q iym at qabul qilishini ko ‘rsa ting .

K vad ra t tengsizlikni yeching (71 -7 5 ) :

71. 1 ) x 2 -  3x + 2 < 0; 2 ) x 2 -  3x -  4 > 0;
3) - x 2 +  3x -  2 < 0; 4) - x 2 + 3x + 4 > 0.

72. 1 ) 2x 2 + 7x -  4 < 0; 2 ) 3x 2 -  5x -  2 > 0;
3) - 2 x 2 + x + 1 > 0 ; 4) - 4 x 2 + 3x + 1 < 0 .

73. 1 ) x 2 -  6 x  + 9 > 0; 2 ) x 2 -  14x + 49 < 0 ;
3) 4x 2 -  4x + 1 > 0; 4) 4x 2 -  20x + 25 < 0;
5) - 9 x 2 -  6 x  -  1 < 0; 6 ) - 2 x 2 + 6 x  -  4,5 < 0 .

74. 1 ) x 2 -  4x + 6  > 0; 2 ) x 2 + 6 x +  1 0  < 0 ;
3) x 2 + x + 2  > 0 ; 4) x 2 + 3x + 5 < 0;
5) 2x 2 -  3x + 7 < 0; 6 ) 4x 2 -  8 x  + 9 > 0.

x -2 '

0 X

X

h)
21- rasm.
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75. 1) 5 -  x 2 > 0 ;  2) - x 2 + 7 < 0;
3) - 2 , l x 2 + 10,5-^ < 0 ; 4) - 3 ,6 ^ 2 -  7 ,2x < 0 ;
5) - 6 x 2 -  x + 12 > 0; 6 ) - 3 x 2 -  6 x + 45 < 0;

7) - l x 2 + 4 , 5 ^ - 4  > 0; 8 ) - x 2 -  3x -  2 > 0.

76. (Og‘zaki.) Tengsizlikni yeching:
1) x 2 + 10 > 0; 2) x 2 + 9 < 0;
3) (x -  I ) 2 +  1 > 0; 4) (x + 5 ) 2 + 3 < 0;
5) - ( x  + I ) 2 -  2 < 0; 6 ) - ( x  -  2 ) 2 -  4 > 0;

7) 0 ,5 x 2 +  8  < 0; 8 ) + 21 > 0.

K v ad ra t  tengsiz likn i yeching (77—79):

77. 1) 4x 2 -  9 > 0; 2) 9x2 -  25 > 0;
3) x 2 -  3x + 2 > 0; 4) x 2 -  3x -  4 < 0;
5) 2x2 -  4x + 9 < 0; 6 ) 3x 2 + 2x + 4 > 0;

7) | x 2 - 4 x > - 8 ;  8 ) | x 2 + 2 x < - 3 .

78. 1) 2x2 -  8 x < - 8 ; 2) x 2 +  12x > -3 6 ;
3) 9x 2 + 25 < 30x; 4) 16x2 + 1 > 8 x;
5) 2x2 -  x  > 0; 6 ) 3x 2 + x  < 0;
7) ОД* 2 -  l , l x  + 1 > 0; 8 ) x 2 -  x  + 0,26 < 0.

79. l ) x ( x  + 1) <  2(1 -  2x — x 2); 2) x 2 + 2 < 3 x - l x 2;

3) 6 x 2 + 1 < 5x -  -  x 2; 4) 2x(x -  1) < 3(x + 1);
4

5) I * - ! * 2 < x  + l ;  G) \ x 2 + \ > x - l .

80. x n ing  funksiya  noldan k a t ta  bo ‘lm agan q iym atla rn i qabul q ila
digan barcha  q iym atlarin i toping:
1) у  = - x 2 + 6 x -  9; 2) Z/ = x 2 -  2x +  1;

3) у = - 1 д : 2 - З д : - 4 | ;  4) у = - 1  x 2 ^  4д: -  12.

В Д ! )  * 2 -  2 x + g > 0  tengsiz likn ing  g > 1 boTgandagi yechim lari 
x  n ing  barcha  haqiqiy q iym atlari  boTishini ko‘rsa ting ;
2) x 2 + 2x + g < 0 tengsizlik  g > 1 boTganda haqiqiy yechim larga 
ega em asligini ko 'rsa ting .
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r n ing

х 2 -  (2 + r)x + 4 > О

ten g siz l ik  x  n in g  b a rch a  haq iq iy  q iy m a tla r id a  b a ja r i la d ig an  
barcha q iym atlarin i toping.

_ |________________________________________________________________

INTERVALLAR USULI

Tengsizlik larni yechishda ko‘pincha in te rv a lla r  usu li qoTlaniladi. 
Bu usulni m isollarda tu shun tiram iz .

1 - m a s a l a .  x  n ing  qanday q iy m a tla r id a  x 2 -  4x  + 3 k v a d ra t  
uchhad m usbat q iym atlar, qanday q iym atlarida  esa m anfiy  q iym atlar 
qabul qilish ini aniqlang.

Д  x 2 -  4x + 3 = 0  teng lam aning  ild izlarin i topamiz:

Xj =  1, X2 =  3.

S huning  uchun x 2 -  4x + 3 =  (x -  l )(x  -  3).
x =  1 va x = 3 n u q ta la r  (22- rasm) son o ‘qini uch ta  oraliqqa boTadi: 

x  < 1, 1 < x < 3, x  > 3.

1 < x < 3 oraliq singari x < 1, x  > 3 oraliqlar ham intervallar deyiladi.

8- § .

8 2 .

V '

22- rasm.

Son o‘qi bo ‘yicha o ‘ngdan  chapga h a ra k a t  qilib, x > 3 in te rva lda  
x 2 — 4x + 3 == (x — l)(x  -  3) uchhad m usbat q iym atlar  qabul qilishini 
ko‘ramiz, chunki bu holda ikkala x -  1 va x -  3 ko‘paytuvchi ham musbat.

Keying! 1 < x < 3 in terva lda  shu  uchhad m anfiy  q iym atlar qabul 
qiladi va, shunday  qilib, x = 3 n uq ta  orqali oT ishda ishorasini o ‘zgar- 
t i rad i.  Bu hoi shun ing  uchun  ham  sodir boTadiki, (x -  l) (x  -  3) ko ‘payt- 
m ada x =  3 n uq ta  orqali oT ishda x -  1 ko ‘paytuvchi ishorasini o ‘zgar- 
t i rm ayd i,  ikkinchi x  -  3 ko ‘paytuvchi esa ishorasin i o‘zgartirad i.

x =  1  nu q ta  orqali o ‘tishda  uchhad yana ishorasin i o‘zgart irad i ,  
chunki (x -  l) (x  -  3) ko ‘paytm ada b irinchi x -  1 ko‘paytuvchi ishorasin i 
o ‘zg a r t irad i ,  ikkinchi x -  3 ko ‘paytuvchi esa o ‘zgartirm aydi.
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Demak, son o ‘qi bo‘yicha o ‘ngdan chapga qarab h a ra k a t  qilib bir 
in te rva ldan  qo‘shni in te rva lga  o ‘ta  borganda (x  -  1)(a: -  3) ko ‘paytma- 
n ing  ishoralari a lm asha boradi.

Shunday  qilib,
x 2 -  4x + 3

k v a d ra t  u chhadn ing  ishorasi haqidagi m asalan i quyidagi usul bilan 
yechish mum kin.

x 2 -  4x + 3 = 0 teng lam an ing  i ld iz la r in i son o ‘qida belgilay- 
miz: x t =  1, x 2 =  3. U la r  son o ‘qini u ch ta  in te rv a lg a  a j ra tad i  
(22- rasm ). x > 3 in te rv a ld a  x 2 -  4x + 3 u chhadn ing  m usbat 
bo ‘lish in i aniq lab , u ch h ad n in g  qolgan in te rv a l la rd a g i  ishora- 
larin i almasha boradigan ta rt ibda  belgilaymiz (23- rasm). 23- rasm 
dan k o ‘rin ib  tu r ibd ik i ,  x  < 1 va x > 3 bo‘lganda x 2 -  4x + 3 > 0, 
1 < x  < 3 bo ‘lganda esa x 2 -  4x + 3 < 0. A

T  ' V '
— ,----------------------------------------------------,—

23- rasm.

Qarab chiqilgan usul in tervallar  usuli deyiladi. Bu usu ldan  k vad ra t  
tengsiz lik larn i va b a ’zi tengsiz lik larn i yechishda foydalaniladi.

M asa lan ,  1- m a sa la n i  y e c h g a n d a  b iz  a s l id a  x 2 -  4 x  +  3 >  0 va 
x 2 - 4 x  + 3 < 0 tengsiz lik larn i in te rv a lla r  usu li bilan yechdik.

2 - m a s a l a .  x 3 - x < 0  tengsiz likni yeching.
A  x 3 -  x ko ‘phadni ko ‘pay tuvch ila rga  a jra tam iz: 

x 3 -  x = x (x 2 -  1 ) = x(x -  l ) (x  + 1 ).

Demak, tengsiz likn i bunday yozish m um kin:

(x +  l)x (x  -  1 ) < 0 .
Son o‘qida - 1 ,  0 va 1 n u q ta la rn i  belgilaymiz. Bu n u q ta la r  son o ‘qini 

t o ' r t t a  in te rva lga  a j ra tad i  (24- rasm):

x < - 1 , —1  < x < 0 , 0 < x <  1 , x >  1 .

-----------------v  Л /  v  r
 1 1 1 ►

-1 0 1

24- rasm.
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x > 1 bo ‘lganda (x + l )x (x  -  1 ) ko ‘pay tm aning  ham m a ko‘paytuv- 
ch ilari m usbat, shun ing  uchun  x > 1 in te rva lda  (x +  l)x (x  -  1 ) > 0  

bo‘ladi. Qo‘shni in te rva lga  o ‘tishda  ko‘paytm a ishorasining almashishini 
e ’tiborga  olib, h a r  b ir  in te rva l uchun (x + l)x (x  -  1 ) ko ‘paytm aning  
ishorasin i topamiz (25- rasm).

-h
-1 0 1

25- rasm.

Shunday qilib, tengsizlikning yechimlari x  ning x < - l v a O < x < l  
in terva lla rdag i barcha q iym atlari bo‘ladi.

J a v o b : x < - l ,  0 < x  < 1. A
3 - m a s a l a .  (x2 -  9)(x + 3)(x -  2) > 0 tengsizlikni yeching.
Д  Berilgan tengsizlikni quyidagi ko ‘r in ishda  yozish mumkin:

(x + 3)2(x -  2)(x -  3) > 0. (1)

B archa x ^  - 3  da (x +  3 ) 2 > 0 bo ‘lgani uchun x  * - 3  da (1) tengsiz
l ikn ing  yechim lari to ‘plami

(x -  2)(x -  3) > 0 (2)

tengsizlik  yechim lari to ‘plami bilan u s tm a-ust tushadi.
x =  - 3  q iym at (1) tengsiz likn ing  yechimi bo‘lmaydi, chunki x = - 3  

bo‘lganda tengsiz likn ing  chap qismi 0  ga teng.
(2) tengsizlikni in te rva lla r  usuli b ilan yechib, x  < 2, x  > 3 ni hosil 

qilamiz (26- rasm).

- 3

26- rasm.

x  = - 3  berilgan tengsiz likn ing  yechimi bo 'lm aslig in i e ’tiborga olib, 
ox irida  javobni bunday yozamiz:

x < - 3 ,  - 3  < x < 2, x  > 3. A

4 - m a s a l a .  Ushbu tengsiz likn i yeching:

x 2+2 x - 3

x 2 - 3x - 4
> 0 .
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Д  K asrn ing  s u ra t  va m axra jin i ко ‘pay tuvch ila rga  a jra t ib  quyidagini 
hosil qilamiz:

> 0 . (3)
( * + l ) ( * - 4 )

Son o ‘qida k asrn ing  s u ra t  yoki m axra ji  nolga ay lanadigan - 3 ;  - 1 ;  
1; 4 n uq ta la rn i  belgilaymiz. Bu nuq ta la r  son to ‘g ‘ri ch iz ig ‘ini besh ta  
in te rva lga  a jra tad i  (27- rasm). x > 4 bo‘lganda kasrn ing  s u ra t  va max- 
ra jidag i barcha ko ‘pay tuvch ila r  m usbat va shun ing  uchun k asr  m usbat.

27- rasm.

Bir in te rva ldan  keyingisiga o ‘t ishda  kasr  ishorasin i o ‘zgar t irad i ,  sh u 
n ing  uchun  kasrn ing  isho ra larin i  27- rasm dagidek qilib qo‘yish m um 
kin. x  =  - 3  va x = 1 q iym atla r  (3) tengsiz likn i qanoatlan tirad i,  x = -1  
va x  = 4 bo ‘lganda esa kasr  m a’noga ega emas. Shunday  qilib, berilgan 
tengsiz lik  quyidagi yechim larga ega:

x < - 3 ,  - 1  <  x  < 1, x > 4. A

M  a s h q l a r

83. (Og‘zaki.) x = 5 q iym at tengsiz likn ing  yechimi bo‘lishini ko‘r- 
sa ting :

1) (x -  l ) (x  -  3) > 0;
3) (x -  7)(x -  10) > 0;

2) (x + 2)(x + 5) > 0;
4) (x + 1 )(x -  4) > 0.

Tengsizlikni in te rv a lla r  usuli bilan yeching (8 4 -90 ):

84. 1) (x + 2)(x -  7) > 0; 2) (x + 5)(x -  8 ) < 0;

3) (x -  2 ) |д; + i j  < 0; 4) (д: + 5 ) ( д : - з 1 ) > 0 .

3) 2x 2 -  x < 0;85. 1) x 2 + 5x > 0; 2) x 2 -  9x > 0;
4) x 2 +  3x < 0; 5) x 2 + x  -  12 < 0;

8 6 . 1 ) x 3 -  16x < 0 ;
3) (x2 -  1 )(x + 3) < 0;

6 ) x 2 -  2x -  3 > 0.

2) 4x 3 -  x >  0;
4) (x2 -  4)(x -  5) > 0.
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87. 1) (x -  5)2(x2 -  25) > 0; 2) (x + 7)2(x2 -  49) <  0;
3) (x -  3)(x2 -  9) < 0; 4) (x -  4)(x2 -  16) > 0;
5) (x -  8 )(x -  l ) (x 2 -  1) > 0; 6 ) (x -  5)(x +  2)(x2 -  4) < 0.

8 8 . 1) —  > 0 ;  2) —  < 0; 3) > 0;
x + 5  x+3  3 + x

4 ) 3’5+x < o- 5) (2х+1)(д:+2) < о- 6 ) (x~3)(2x+4) > 0.
x - 7  ’ x - 3  ’ x+1

89. 1) - - 2-̂ -3-<Q;  2) (x2+4)2 > 0; 3) 4 ^  > 0; 4) ^ ± < 0 .
( х - 2 Г  2 x  ~3 x+l  x 2- 4  x - 2 x 2

90. 1) (x2-  5x + 6)(x2 -  1) > 0; 2) (x  + 2)(x2 + x  -  12) > 0;
3) (x2-  I x  + 12)(x2 -  x  + 2) <0; 4) (x2-  3 x -  4)(x2-  2 x -  15)<0.

Tengsizlikni yeching (91—93):

91. 1 ) > 0 ; 2 ) x“- 4x - 12 < 0 ;
X - l  X - Z

3) x^ 3x~1Q < 0; 4) —  > 0.
x ~ + x -2  x  + x - 6

92. ! ) —  + - > — ; 2) +
x - 2  x  x - 2  x  +3x x+3 x

93. 1) *2 I 7 * ~ 8  < °; 2) x 2 + 7 ;c + 1 0  > 0;
x - 6 4  x  - 4

3) 5x2~3x- 2 > 0 ; 4) 16—  > 0.
I - * 2 2x + 5 x -1 2

I I  b o b g a  d o i r  m a s h q l a r

Tengsizlikni yeching (94—100):

94. 1) (x  -  5,7)(x -  7,2) > 0; 2) (* -  2)(x -  4) > 0;
3) (x -  2,5)(3 -  x) < 0; 4) (x -  3)(4 -  x) < 0.

95. 1) x2 > x; 2) x 2 > 36; 3) 4 > x 2; 4) i -  > ж2.
16
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96.

97.

98.

99. 

100 .

1 0 1 .

102 .

103.

104.

1) - 9 x 2 + 1 < 0 ;
3) - 5 x 2 -  x > 0 ;
1) - 2 x 2+ 4 x  + 30 < 0 ;

3) 4 x2+ 3 x  -  1 < 0;
5) 6 x 2 + x  -  1 > 0;
1) л:2 -  2x + 1 > 0;
3) - x 2 + 6 x -  9 < 0;

5) I x 2 ~ ^ x  + 4 >  0;

1) x 2 -  3x +  8  > 0;
3) 2x 2 -  3x + 5 > 0;
5) - x 2 +  2x +  4 < 0;

1) (x -  2)(x2 -  9) > 0;

3) (x+3)(-̂ )< 0 ;
X + 1

5) 4 x2 ~4 x~-3 > 0 ;
'  x+3

Tengsizlikni yeching (101—105):

1 ) x 2 > 2  -  x;

2) - 4 x 2 + 1 > 0;
4) - 3 x 2 + x < 0.
2) - 2 x 2+ 9x -  4 > 0; 
4) 2x2+ 3x -  2 < 0;
6 ) 5x2 -  9x + 4 > 0.
2) x 2 + lOx + 25 > 0; 
4) - 4 x 2 -  12x -  9 < 0;

6 ) - x 2 + x -  -  < 0 .
4

2) x 2 -  5x + 10 < 0;
4) 3x 2 -  4x + 5 < 0 ;
6 ) - 4 x 2 + 7x -  5 > 0 .

2) (x2 -  1 )(x + 4) < 0;
x - 7

4) (4 -x )(2x+ l)
> 0 ;

6) 2x2 3x - > Q .
x - l

4) x 2< 10 -  3x; 
1) x 2 +  4 < x;
4) - x 2 -  5 x > 8 ;

x2 7 r
7) -  + 2 < —; 

10 10

1 ) l x ~ l x2

2) x 2 -  3 < 4x;
5) lOx -  12 < 2 x 2; 
2) x 2 + 3 > 2x;
5) 3 x 2 -  5 > 2x;

8)

3) x + 8  < 3 x 2 -  9; 
6 ) 3 -  7x < 6 x 2.
3) - x 2 + 3 x < 4 ;
6 ) 2 x 2 + 1 < 3 x ;

3) x ( l - x )  > 1 ,5 -x ;

5) x ^ - l ) < x 2 + x  + l ;

1 )

3 )

X-V2 

9

>
x+x/2

x >  l - 3 x _  
2x + 2  ~ 1  "  2 - 2 x ’

2 ) ^x(x  + 1 ) < (x + I)2; 

4) x ( x - l ) ;

6 ) 2x -  2,5 > x(x -  1).

2 )  3 - x 2 V 5 - x ’

3 1 3
 ̂ x2- !  2  2x-2*
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O Z IN G IZ N I  TE K S H IR IB  КО  RING!

1. Tengsizlikni yeching:

1) x 2 - S x - 4 < 0 ;  2) З х 2- 4 х  + 8 >  0;
3) - x 2 + 3x  -  5 >  0; 4) x 2 + 20x + 100 < 0.

2. Tengsizlikni in te rva lla r  usuli bilan yeching:

x ( x - l ) ( x + 2 ) > 0 .

105. 1) 2) - # ^ - < 0 ;
' 2x 2- 5 x - 3  } 5 x 2 +  9 x - 9

3) < 0; 4) Щ х- - Ьх1 > 0.
3x 2+ 2 x - 1  3x  -2 x - 1

106. K a te r  4 soa tdan  ko‘p boTm agan vaq t davom ida daryo oqimi 
bo‘yicha 22,5 km yurish i va orqasiga qaytish i kerak. A gar daryo 
oqim ining tezligi 3 k m /so a t  boTsa, k a te r  suvga n isbatan  qanday 
tezlik  bilan yu rish i kerak?

107. F u n k s iy a la rn in g  g r a f ik l a r in i  b i t t a  k o o rd in a ta  s is te m a s id a  
yasang va x n ing  qanday q iym atlarida  b ir  funksiyan ing  qiym ati 
ikk inch is in ik idan  k a t ta  (kichik) boTish in i an iq lang , na tijan i ,  
tegishli tengsiz likn i yechib, teksh ir ing .

1) у  = 2x2, y  = 2 - 3 x ;
2) у  = x 2 - 2,  у  = 1 -  2 x;
3) у  = x 2- 5 x + 4 ,  у  = 7 -  Зх;
4) у  = З х 2 -  2х + 5, г/ =  5х + 3;
5) у =  х 2- 2 х ,  у  = - х 2 + х + 5;
6) у  = 2 х 2 -  Зх + 5, i/ = х 2 + 4х -  5.

Еу ЕЯ  Tengsizlikni yeching:

х 4- 5 х 2- 3 6  ^  „ г 4 +4 2 _ ,
1) 2 ) < 0 ;

х - + х - 2  ^ + о х + 6



I I  bobga doir sinov ( te s t) m ashqlari

Tengsizlikni yeching (1—12):

1 . 2 x 2-  8 < 0 .

A) - 2  < x < 2; B) - 2  < x;  C) x  > 2;
D) 0 < x < 4 ;  E) - 2  < x  < 4.

2. - S x 2 + 27 > 0.

A) x < 3; B) |x| < 3; C) x > 3 ;  D) 0 < x < 9; E) - 3  < x < 0.

3. 3 x 2 -  9 > 0.

A) x < V3; B) x > х/З; С) x < ->/з, x > V3; D) x > 3; E) x < 3.

4. x 2 + 7x > 0.

A) x > 0; B) x > 7; C) 0 < x < 7;
D) x  < - 7 ,  x > 0; E) - 7  < x < 0.

5. - x 2 + 3x < 0.
A) x  > 3; B) x > 0; C) 0 < x  < 3; D) - 3  < x < 3; E) x < 0, x  > 3.

6 . (x + 3)(x -  4) > 0.
A) x < -  3, x  > 4; B) - 3  < x  < 4;
C) x > 4; D) x  < - 3 ;  E) 0 < x < 4.

7. (x -  l ) (x  + 7) < 0.
A) x > - 7 ;  B) - 7  < x < 1; C) x  >  1;
D) x < - 7 ,  x  > 1; E) -1  < x  <  7.

8 . 6 x 2 + 5x -  6  > 0.
^ 2  3 ^ 3 2 3 2A) x  >  - ;  B) x < -; C ) x < - - ,  x  > - ;  D) -  -  < x  < - ;

E) yechimi yoq.

9. - 4 x 2 + 8 x -  3 > 0.

А) Ж> |  B) д: < i ;  C ) x < - \ ;  D) i  <  ж < |  E ) - ? < x < i .

10. 4 ^ ± ^ < o .
x  - 3 x - 10

A) 2 < x  < 5; B) - 2 <  x  <5; С) x  Ф - 2 ,  x ^  5;
D) - 2  < x < 0; E) - 2  < x  < 2.
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A) - 1  < д: < 0, 2 < x  < 4; В) - 2  < д: < 4; С) 0 < д: < 1;
D) - 1  < х < 4; Е) to ‘g ‘r i javob berilm agan.

А) - 2  < х  < 3; В) х < -2 ;  -1  < х < 1, х  > 3; С) - 1  < х  < 3;
D) х Ф - 2 ,  х * 3; Е) - 1  < х < 6 .

13. х 2 +  6 х + 5 < 0 tengsiz likn ing  barcha b u tu n  yechim lari y ig ‘in- 
disini toping.
A) 10; B) 9; C) - 9 ;  D) - 1 0 ;  E) - 1 5 .

—0 jc—714. -s < 0 tengsizlikning barcha na tu ra l yechimlari y ig ‘indisini
x^+ 4 x+ 4

toping.
A) 29; B) 24; C) 25; D) 28; E) 27.

15. p  n ing nechta b u tu n  q iym atida x 2 + px  + 9 = 0 tenglam a haqiqiy 
ildizga ega emas?
A) 10; B) 8 ; C) 13; D) 12; E) 11.

16. a n ing qanday q iym atlarida  a x 2 + 4x  + 9a < 0 tengsizlik  x  ning 
barcha q iym atlarida  o ‘rin li bo‘ladi?

A) a < - ? ;  B ) a > ? ;  C) a  < - 1 ;  D) a  > 1; E) - ! < a < |

17. k n in g  q an d ay  eng  k ich ik  b u tu n  q iy m a t id a  x 2 -  2(/г+3)х + 
+ 2 0  + /г2 = 0  teng lam a ikk ita  tu r l i  haqiqiy ild izlarga ega bo‘ladi? 
A) k = 3; B) k = 2; C) k  = 1; D) k  = - 2 ;  E) k = - l .

4x~3
18. k ning qanday qiymatlarida = k + 1 tenglama manfiy ildizga ega? 

A) < /г < 2; В) ^ < k < 3 ;  С) k < k  > 3; D) k > 3;

E) ~ - < k < 3 .2
19. a n ing qanday qiym atida a x 2 -  8 x -  2 < 0 tengsizlik  x  n ing  barcha 

q iym atlarida  o ‘rin li bo ‘ladi?

A) - 8  < a  < 8 ; B) a  > 8 ; C) a < 8 ; D) a  < - 8 ; E) a > - 8 .



20. a n ing  qanday  q iy m atla r id a  4(x + 2) = 5 -  ax  teng lam an ing  
ildizi - 2  dan k a t ta  bo ‘ladi?

A) a  > - 4 ;  B) - ^  < a  < 4; C) -  4 < a  < ^; D) a  > ^, a < - 4 ;

E) a  < - 4 ,  a >

21. Tengsizlikni yeching: ~ : - x -

A)  х < - 1 ,  0 < x < l ;  B) x  < - 1 ;  C) 0 < z  < 1; D) - 1 < x < 1 ;
E) to ‘g ‘r i javob berilm agan.

22. Tengsizlikni yeching: < 2 .

A) x  < 0; B) x > 0; C) -  < x < 2; D) x < 2; E) x > -  .
2 2

л:—323. —̂  < 0 tengsizlikning barcha bu tun  yechimlari yig‘indisini toping. 

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

—x 20
24. --------------> 0 tengsiz likn i yeching.

x 2 + 11 x +24

A) x < - 8 , x > 5; B) -  4 < x  < -3 ;  C) - 4  < x < 5;
D) x < - 8 ,  - 4  < x < 3, x > 5; E) x < - 3 ,  x  > 5.

25- — ^ 0  tengsiz likn ing  barcha  b u tu n  yechim lari ko ‘payt-

m asini toping.

A) 1; B) - 1 ;  C) - 6 ; D) 2; E) 0.
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T T T R O R  RATSIONAL
^  ‘ к 0 ‘R S  а т т с т г . н т  т DARAJA

а

V = 100 sm: 
;------

а < г  а 
а > г •

/

BUTUN KO‘RSATKICHLI DARAJA

N atu ra l  ko ‘rsa tk ich li dara jan ing  xossalari qara lganda dara ja larn i 
b o ‘l ish n in g

xossasi n >  m va a  ^ 0  bo‘lganda to ‘g ‘r ilig i t a ’k idlangan edi.
A gar n < m  bo ‘lsa, u holda (1) teng likn ing  o ‘ng qism idagi n - m  

d a ra ja  ko ‘rsa tk ich  m anfiy  son yoki nolga teng  bo‘ladi.
Ma n f i y  va nol ko‘rsatkichli daraja  shunday  aniqlanadiki, (1) tenglik  

faqat n >  m  bo‘lgandagina emas, balki n < m  bo‘lganda ham to ‘g ‘ri bo‘ladi. 
Masalan, n = 2, m = 5 bo 'lganda (1) form ula bo‘yicha quyidagini hosil 
qilamiz:

„2 , „5 „ 2-5 -3a . a  = a — a
Ikkinchi tomondan,

a" : am = an~m ( 1)

Shuning  uchun a  3 = deb hisoblanadi.
a

1 - t a ’ r i f .  A g a r  a&O va n - n a t u r a l  son bo‘lsa, и holda

о
bo‘ladi.
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A gar n = m  bo‘lsa, u holda (1) form ula  bo‘yicha quyidagini hosil 
qilamiz:

„п . „ п  „ n - ' i  „0(I . a  — ci —a .

Ik k in c h i  to m o n d a n ,  a " : a " =  — = 1. S h u n in g  u c h u n  a '’=  1 deb
a"

hisoblanadi.

Q 2 - t a ’ r i f .  A g a r  a ^ 0 bo‘lsa, и holda  a0 =  1 bo‘ladi.

Masalan, 3 °=  1, ( I )  = 1 .

M anfiy ko‘rsa tk ich li dara ja la rdan  sonni s tandart shaklda yozishda  
foydalanilgan . Masalan,

0,00027 = 2,7 • - L  = 2,7 1 0 4.
10

N a tu ra l  ko‘rsatkichli darajalarning barcha xossalari istalgan butun  
kolrsatkichli darajalar uchun ham  to‘g ‘ri bo‘ladi.

Ista lgan  a ^ 0, 6 *  0 va ista lgan  butun zi va m lar uchun  
quyidagi teng lik lar to ‘g ‘ri:

1. a"am = an+m. 4. an : am = a""m.
2. (an)m = anm. 5. (ab)n = anbn.

3. №  = J .

Masalan, n < 0 bo‘lganda {ab)n =  «"6 " teng likn ing  to ‘g ‘rilig in i isbot 
qilamiz.

О  n -  bu tu n  m anfiy son bo‘lsin. U holda n = - k  (bunda k -  n a tu ra l 
son). M anfiy ko ‘rsa tk ich li dara jan ing  t a ’r if idan  va n a tu ra l  ko‘rsatk ich li 
da ra jan ing  xossalaridan foydalanib, quyidagini hosil qilamiz:
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(ab)n = ( a b ) k = 1 1

(аЬ)" а b а" Ъ"

= а~к ■ Ь~к = а пЪп. ф

B u tu n  ko‘rsa tk ich li  d a ra ja la rn in g  boshqa xossa lari ham  shu n g a  
o‘xshash  isbot qilinadi.

B utun  ko‘rsa tk ich li  d a ra ja la rn in g  xossalarin i qo‘llashga misollar 
keltiram iz:

1) 4"3 4U ■ 4-6 = 4_a+11_0 = 4 "  = 1 6 ;  

р-з<-2) з2

1-3+ 11-6

2)
- 3  V 2 _ -3  ( - 2 )  o2 6

- ^ P -  = 9 p 6 94.p
Sc? S - 2 , q 2 ( - 2 )  q - 4

M a s a l a .  a 6(a  2 - a ' 4)(a2 + a '3) 1 ifodani soddalashtiring:

A  « 6(a -2 -  a - 4 )(a2 + a 3)"1 = a 4 \ - \ ) ^  =
\ a  a I az +a6

6 a 2- l  1 1 ▲= a  :  -------- = 0 - 1 . ▲
a 4 a (1+a)

M a s h q l a r

109. Hisoblang:
1) 23 + (-3)3 -  (-2 )2 + (-1)5; 2) (-7 )2 -  (-4)3 -  34;

3) 13 23 -  9 23 + 23; 4) 6(-2)3 -  5(-2)3 -  (-2)3.

110. Ifodani na tu ra l ko‘rsa tk ich li dara ja  shaklida tasv irlang:

2 r ,\5

1 )
7 - 7

713 2 ) 5 -5 -5 

54 -515
3)

a2a8b3 
a9b2 5 4)

c3d5c9 

c10d7 ‘

111. (Og‘zaki.) Hisoblang:

1) I 5; 2) 4-=; 3) (-10)”; 4) ( - 5 ) 2; 5) ( i )  ; 6)

112. M anfiy ko‘rsa tk ich li dara ja  shaklida yozing:

1

3) x ’ ’
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H isob lang  (113-114):

U 3 .  1) ( f 3; 2> l - n l  =
-2

3) (0,2)-4;

5) -C-17)-1; 6 ) - ( -1 3 )-2.

4) I1 5 ' •

-4

4) (0,5)-5;

114. 1) 3 1 + (-2)-2;

3) (0 ,2) - 2 + (0 ,5)-5; 4) (-0 , I f 3 -  ( - 0 , 2)"3.

115. (Og‘zaki.) Bir bilan taqqoslang:

1) 12-3; 2) 21°; 3) (0,6)-5;

116. Ifodani m anfiy  ko‘rsa tk ichsiz  dara ja  shaklida yozing:

1) ( x - y Y 2; 2) ( x  + y)-3; 3) 3"5c8;

4) 9 a 3b“4; 5) a W c ' 3; 6 ) a ^ c ' 4.

H isoblang (1 1 7 -1 1 8 ) :

117. 1) ( ^ ) 3 (7 ); 2) ( - | ) - ( - | )  3) 0 ,3 7 • 0,3"10; 4) I?"5 - ! ? 3 - !? .

118. 1) 97 : 910; 2) ( 0 ,2 f  : (0 ,2Г2; 3) I— I : I —2 \12 / 2 ' - 10
U3/ ‘ U3

119. D arajan i dara jaga  ko‘ta ring:

1) (a3)-5; 2) ( Г 2)-4; 3) (a"3)7;

120. K o‘paytm ani dara jaga ko‘taring :

1 ) (ab-2)3; 2 ) ( a V 1)4; 3) (2 a 2)"6;

121. A m allarn i bajaring:

4) (b7y 4. 

4) (За3)"4.

1 )
- 2 - 3

3)
2 x
3y- 4)

\3

1 2 2 . 1 ) x  = 5, у  = 6 ,7 b o ‘lganda, ( x 2y 2 - 4 y  z) \ —
\ - 2

ning  q iym atin i

hisoblang; 2) a = 2, b = - 3  bo‘lganda ((a2b ^ 4 -  a°b4) : ning
b

qiym atin i hisoblang.
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S ta n d a r t  shaklda  yozing (123 -124 ):

123. 1) 200 ООО1; 2) 0 ,0033; 3) 4000 2; 4) 0,002~3.

124. 1) 0 ,0000087; 2) 0 ,00000005086; 3) 4)

125. Oynani silliqlash jarayoni lining s ir tidag i o ‘yiqliklar chuqurlig i 
3 • 10"3 mm dan ortm aydigan  bo‘lganda to ‘x ta tilad i.  Shu sonni 
o ‘nli kasr  shaklida yozing.

126. 0 ‘r ta  og‘irlikdagi vodorod 0 , 0 0  0 0 0  0 0 0  0 0 1  sekundgina «yashaydi» 
(mavjud bo‘ladi). Shu sonni m anfiy ko‘rsatk ich li dara ja  shaklida 
yozing.

127. G ripp  v irus in ing  o ‘lchamlari taqriban  10 4 mm ni tashkil qiladi. 
Shu sonni o ‘nli kasr  shaklida yozing.

128. K asrn i da ra ja  shaklida ta sv ir lang  va un ing  q iym atin i a ning 
berilgan q iym atida toping:

aHa~7 f, Q 0 a15a3 11) — 2~y a  = 0 , 8; 2) — a  = - .
a a 2

129. Hisoblang:

1) ( H O ) 7)-7 : ((-20Г 8)8 + 2 -2; 2) ( ( -И )" 4)-6 : ( ( - I T r ' V  - ( i ) ' .

S odda lash tir ing :

1) ( a -3 + 6-3) • ( a -2 -  b~2)~x • ( a -2 -  a _16_1 + 6"2)"1;

2) { a 2b - a b - 2) ( a 2 + a lb~l +b™2)"1.

j_________________________________________________________________
NATURAL KO‘RSATKICHLI DARAJANING  

ARIFM ETIK ILDIZI

0 ‘r ta  Osiyolik atoqli m atem atik  va  astronom  Jam shid ibn Ma’sud  
ibn Mahmud G‘iyosiddin al-K oshiy (taxm inan 1430- yilda vafo t etgan) 
sonlardan  is ta lgan  n- darajali ildiz chiqarish am alini kashf qildi. Uning 
«Hisob kalit i»  nom li a sa r in in g  besh inch i bobi « d a ra jan in g  asosini 
aniqlash» deb nomlangan.

10- § .
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Quyidagi m asalani qaraylik .
1 - m a s a 1 a . Tenglamani yeching: x 4 = 81.
A  Tenglamani x 4 -  81 = 0  yoki (x“ -  9)(x2 + 9) = 0 ko ‘rin ish ida  yozib 

olamiz. x 2 + 9 # 0 boTgani uchun  x 2 -  9 = 0 bo ‘ladi, bundan , x, =  3,

= - 3 .  A
Shunday qilib, x 4 = 81 tenglam a ikk ita  haqiqiy ildizga ega: = 3,

x 2 =  - 3 .  U larn i 81 sonining 4- darajali ildizlari,  m usbat ildizni (3 sonini) 
e sa  81 s o n in in g  4- d a r a ja l i  a r i f m e t i k  i ld iz i  d e y i la d i  va  b u n d a y  
belgilanadi: V si . Sunday qilib, V s i  = 3.

x" =  a teng lam a (bunda n  — n a tu ra l  son, a — nom anfiy  son) yagona 
nom anfiy ildizga ega ekanligini isbotlash m um kin. Bu ildizni a sonning  
n- darajali ar ifm etik  ildizi deyiladi.

T a ’ r i f . a n o m a n fiy  so n n in g  n > 2  n a tu r a l  ko ‘rsa tk ich li  
a r i fm e t ik  ild iz i deb, n- darajasi a g a  te n g  bo‘lg a n  n o m a n fiy

О sonn i ay tilad i .
a sonning 7i- darajali arifm etik ildizi bunday belgilanadi: \/a  . 

a son i ld iz  os tidagi ifoda  deyiladi. A gar zt =  2 bo‘lsa , u holda

‘\fa  o ‘rn ig a  Va yoziladi.

I k k in c h i  d a r a ja l i  a r i f m e t ik  i ld iz  k v a d r a t  i ld iz  h am  d ey i la d i ,
3- dara ja li  ildiz esa kub ildiz  deyiladi.

So‘z n- dara ja li  a r ifm etik  ildiz haqida yurit i layo tgan i aniq boTgan 
hollarda  qisqacha «я- dara ja li  ildiz» deyiladi.

Ta’rifdan foydalanib , Va n ing b ga ten g lig in i isbotlash  
uchun:

1) 6 > 0; 2) b11 = a ekan lig in i ko‘rsatish  kerak.

e
Masalan, V S  = 4 , chunki 4 > 0 va 4 3 =  64.
A rifm etik  ild izning ta ’rifidan, agar a > 0  bo‘lsa , u holda

(Va) = a, V S  -  a

bo‘lish i kelib  chiqadi.

Masalan, = 7, 5Йз“ = 13.
n- dara ja li  ildiz iz lanayotgan amal n- darajali ildiz chiqarish amali 

deyiladi. U n- d ara jaga  ko‘ta r ish  amaliga teskari am aldir.
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2- m a s a 1 a . x 3 = - 8  tenglam ani yeching.
A  Bu tenglam ani - x 3 = 8  yoki ( - x ) 3 =  8  kabi yozish m um kin. ~ x  = y  

deb belgilaymiz, u holda y 3 = 8 bo ‘ladi.
Bu tenglam a b i t ta  ildizga ega: у = y/g = 2. У3 = 8 tenglam a m anfiy 

ildizga ega emas, chunki у < 0  bo‘lganda y 3 < 0  bo‘ladi. у = 0 soni ham 
bu tenglam aning  ildizi bo‘la olmaydi.

Shunday qilib, y3 = 8 tenglam a faqat b i t ta  у  = 2 ildizga ega, demak, 
x 3 = - 8  teng lam a ham faqa t b i t ta  ildizga ega: x  = - y  = - 2 .

J a v о b . x  = - 2 .  A

x 3 = - 8  tenglam aning  yechimini qisqacha bunday yozish mumkin:

x = -5/8 = - 2 .

U m um an, is ta lg a n  toq 2 k  + 1 natura l son uchun a < 0

e bo‘lganda x 2k+1 =  a tenglam a faqat b itta, buning u stiga  m anfiy  
ild izga ega. Bu ildiz xuddi arifm etik ild iz kabi bunday b elg i
lanadi: 2k+\fa . Uni m a n fiy  sonn ing  toq  darajali ild izi deyiladi.

Masalan, ^ 2 7  = -3 ,  V^32 = - 2  .

a sonning toq daraja li  ildizi bilan - a  = \a\ sonning arifm etik  ildizi 
orasida ushbu tenglik  mavjud:

2**1/

Masalan, V-243 = - ^ 2 4 3  = -3 .

M a s h q l a r

131. (Og‘zaki.) 1) Sonning a rifm etik  kvad ra t  ildizini toping:

1; 0; 16; 0,81; 169; — .
289

2) Sonning a rifm etik  kub ildizini toping:

1; 0; 125; — ; 0,027; 0,064.
27

3) Sonning to ‘r t inch i  darajali a r ifm etik  ildizini toping:
16  _ 256



Hisoblang (132—134):

132. 1) Vie5"; 2) 1̂ 6 4 i ; 3) ; 4 ) ^22 54.

133. 1) VlO=; 2) Vs15"; 3) ; 4) •

134. 1 ) 2 ) \/-Г ; 3) 4) ^ Т о 2 4 ;  5) 6 ) V 5 " .

135. Tenglam ani yeching:

1) ж4 = 81; 2 ) ж 5 = - ^ - ;  3) 5ж5 = -160 ; 4) 2 х в = 128.

136. д: ning qanday qiymatlarida ifoda m a’noga ega boTadi:

1) f e - 3 ;  2) yfx+H;  3) ^ 2 x 2 - x - l ;  4)

Hisoblang (1 3 7 —138):

137. 1) ^/-125+ -^/64; 2) ^32 -  0 ,5 ^/-216;
8

3) - ^ V s i +V625; 4) ^ / - 1 0 0 0 -^ ^ 2 5 6 ;

5) V 0 T 0 0 m -2 V 0 ^5  + ^ ;  6) ^ ^  + ^ /-0 ,0 0 1 -^ 0 ,0 0 1 6 .

138. 1) V o W l T - V o W l ? ;  2) (л/з + Т б - л / з - Т б )  ;

Z I 7=  I 7= \ 2 V3+V2 V3-V2
3) (V5 + V2T + V5 - V 2T) ; 4)

Ц 0 3 1 1) a) x > 2; b) x < 2 boTganda n/(x “ 2) ni soddalashtiring;

2) a) x < 3; b) x > 3 boTganda >/(3 -  x )'1 ni soddalashtiring.

Щ 5 Д  1987 < Vn < 1998 boTadigan nechta natural son n bor?
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11- §. ARIFMETIK ILDIZNING XOSSALARI

n- darajali a r ifm etik  ildiz quyidagi xossalarga ega:

A gar a > 0, fe > 0, n,  m  natural sonlar bo‘lib, n  > 2, m  > 2 
bo‘lsa, u holda quyidagi tenglik lar to ‘g ‘ri bo‘ladi:

1- xossada b son 0 ga teng  bo‘lishi ham m um kin. 3- xossada m son, 
agar  a >  0 bo‘lsa, is ta lgan  bu tu n  son bo‘lishi mumkin.

M asalan,

ekanligini isbot qilamiz.
О  A rifm etik  ildizning t a ’r if idan  foydalanamiz:

1 ) \fa\fb > 0 , chunki a > 0  va b > 0  .

2 ) (VoV»)” = ah, chunki (VaV»)" = (V aT (V»)" = 0 6  . #
Qolgan xossalar ham shunga o ‘xshash isbot qilinadi.
A rifm etik  ildizning xossalarin i qo‘llashga misollar keltiram iz.

1) V27 • \fs  = ^27^3  = yfsi = = 3.

I. \[ab = t[atlb.  3. (Va)'" =

4 . V v T  = 

Vab = VaVb.

M a s а 1 а . Ifodani soddalash tiring :

bunda a  > 0 , b > 0 .



A  A rifm etik  ild izning xossalaridan foydalanib, hosil qilamiz:

(V o V T  a V  a V ab. A
1,26

M a s h q l a r 1

H isoblang (141—144):

141. 1) ^343 0,125; 2) ^/864 . 216;

3) ^256 0,0081; 4) 100000.

142. 1) n/53 ■ 73 ; 2) V m s 7; 3) $[(0,2)5 ■ 8s ; 4) ' 217 ■

1 4 3 .1 )^ /2 .^ 5 0 0 ;  2) ^ - ^ / o T o i ;  3) i/ Ш  ■ ifi;  4) W  - ¥1б.

144. 1) ^/З10 • 21 5 ; 2) ^/23 ■ 56;

145. Ildiz chiqaring:

1) ^ 6 4 х 3г6; 2) V ^ V 3";
146. Ifodani soddalashtiring :

1) yl2ab2 ■ %l4a2b;

3) i/312 ■ ( i  I ; 4) i-l43 0 . | i |  .

3) ф$2х ‘Y 0; 4) \la12bls .

3) t  
V с V ft

H isoblang (147—148):

2) -?j27a2b;

4) . з/ 1

147. 1)
2)

148. 1) V324 : V?; 2) ^128 : ^2000;

V256

3)
Й 6

n/2 5

4) Щ - ;  5) (V20 -  V 45): V5; 6) (^625

1 Bu y e rd a  va  b u n d an  key in , a g a r  qo ‘sh im cha  s h a r t la r  b o 'lm asa , h a r f la r  b ilan  m u sb a t so n la r 
b e lg ila n g a n  deb h iso b lay m iz .
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149. Ifodani soddalash tir ing :

1 ) 2) ф$1х*ў : ф$хў;

3) 3'— ' 3Зд: . J  у  .
у 2 V9x2 4)

2 Ь a
a 3 ' \  8 b 3 '

H isoblang (150—151):

150. 1) (V?")2 ; 2) № )
-3

151. 1) V W H ;  2) VV1024;
152. Ifodalarn i soddalashtiring:

1 ) ( ^ ) 6 ; 2 ) ( з / ^ ) 3 ;

4) ( №  № f ;  5) ( V ^ f ;

3) ( ^ ) 2; 4) (^/le)"1.

3) W s  -х/з7; 4) W 25 •

3) (х/а ■ х/b)6 ;

6) ^x/v27a‘

H isoblang  (1 5 3 -1 5 5 ) :

153. 1) Я® ■ p i ;

4) 3/221 J e f ;

8 a 3 I4a
2 ) 5< 5

6) (V^/16 j .

4̂Jг7 b 2~c■4̂^7bзг
3)

abc0

^2a4b yj4ab  ̂
4) 2b^a2b2

155. 1)
^49-^П2 . 

^250

3)

5) • ( # " ) 3 : 6) (V ^V )4 : ( ^ Г

оч ^54-^120
2) — f 5“  5

4) 3 3 1  + Vl8 4/4 -  -  VV256;

5) ^ / l l -V 5 7  •^/ll +V57; 6) Vl7 -  л/33 • Vl7 + ТЗЗ.
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Ifodan i so d d a lash t ir in g  (156—157):

156. 1) </2a6 ■ ^ 4 ^ 6  • ^ 7 6 ;  2) </abc V a V c  • V ftV;

3) &  ' 4) V^v "

157. 1) V V ^  + i V ^ ) 3 ; 2) ( х Щ ) 3 + 2 № ) 8 ;

4) yV x6y12 -  W  ;3) 2 > / V a V - ( \ / v a V )  ;

5) ( V V ^ v f - t V ^ y ) 2 ; 6) ( ( V ^ ) 5 - ^ ) : 1̂ .  

158. Hisoblang:
V3-^9 nx ^/? • -^343

n  w  ; 2)

3) U / 4 - ^ 0 + ^25)U /2 + ^/5); 4) (̂ /9 + W  + ^/i) (W  -  W ).

Isbotlang: V4 + 2V3 — л/ 4  — 2-Уз = 2.

12 - §. RATSIONAL KO‘RSATKICHLI DARAJA

1 - m a s a l a .  Hisoblang:

Л  512 = (53)4 bo ‘lgani uchun  Vs17 = V(53)4 = 53 = 125 . A

/—  —
Shunday qilib, v 5 12 = 5 4 .

I  . И
Shunga o ‘xshash , v7 10 = 7 5 ekanlig ini ko ‘rsa tish  mum kin.

7П
Umuman, agar ti — natural son, n > 2 ,  m  — butun son va —n

butun son bo‘lsa, u holda a > 0  bo‘lganda quyidagi tenglik  to ‘g ‘ri 
bo‘ladi:

( 1)
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О  S hartga  ko‘ra  m — bu tu n  son, y a ’ni zn ni n ga bo‘lishda k bu tun

son hosil bo‘ladi. Bu holda — = & teng likdan  m  =  kn  ekanlig i kelib

chiqadi. D arajaning va arifm etik  ildizning xossalarini qo‘llab, quyidagini 
hosil qilamiz:

Va"1 ='<iakn = Щ а к) = ak = a " .

m
Bordi-yu, agar  ̂ butun son bo‘lm asa, u holda a n (bunda

a > 0) daraja (1) form ula to ‘g ‘riligicha qoladigan qilib ta ’rif- 
lanadi, ya’ni bu holda

a ” = \ la ' (2)

deb hisoblanadi.

Shunday qilib, (2) form ula is ta lgan  b u tu n  m  va is ta lgan  na tu ra l 
n > 2  va a > 0 son uchun  to ‘g ‘r i bo‘ladi. Masalan,

W  = ^ 2 ^  = 23 =8;
5

7* = i j ¥  = V t4 -7  = 7 ^ 7 ;

97 3 — 3 /2 7 '2 -  з / Х  — — _ L  — 1.
" V 2 7 2 32 9 '

r  ra ts ional son — bu ko‘rin ish idagi son ekanligini, bunda m  —

b u tu n  son, n — n a tu ra l  son, y a ’ni r  = bo‘lishini eslatib o‘tam iz. Bu

holda (2) fo rm ula  bo‘yicha ar = a" = \[a™ ni hosil qilamiz. Shunday 
qilib, dara ja  is ta lgan  ratsional ko‘rsa tk ich  va is ta lgan  m usbat asos uchun

an iq la n d i .  A g a r  r = — > 0 b o ‘lsa , u ho lda  \fa" i fo d a  f a q a t  a  > 0
n

bo‘lgandagina emas, balki a  = 0 bo‘lganda ham m a’noga ega bo‘ladi.

a = 0 bo‘lsa, \lo™ = 0 .  S hun ing  uchun 7' > 0 bo‘lganda 0 r = 0 tenglik  
o ‘rin li deb hisoblanadi.
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(1) va (2) fo rm ula lardan  foydalanib, ra ts ional ko ‘rsa tk ich li dara jan i 
ildiz shaklida, va aksincha, tasv ir lash  mumkin.

(2 ) fo rm uladan  va ild izning xossalaridan

a~  = a ”*
tenglik  kelib chiqishini t a ’kidlaymiz, bunda a >  0, m  — b u tu n  son 
va n, k  — n a tu ra l  sonlar.

3 6 _9_

Masalan, 74 = 78 = 712 .

N a tu ra l  ko‘rsa tk ich li  d a ra jan ing  barcha xossalari is ta lgan  
ra ts iona l ko ‘rsa tk ich li  va m usbat asosli dara ja lar  u c h u n  to ‘g ‘ri 
bo‘l ish in i  k o ‘r sa t ish  m u m k in .  C hunonchi, is ta lg a n  ra tsion a l 
p  \ a  q  sonlar va ista lgan  a > 0 va 6 > 0 uchun quyidagi ten g lik 
lar to ‘g ‘ri bo‘ladi:

1) a p ■ aq = a p+q. 4) (ab)p = a pbp,

2) a p : a q = a p~q, 5)

3) ( ap)q = a pqy

Bu x o s sa la r  i ld iz la rn in g  x o s sa la r id a n  kelib  ch iqad i .  M asa lan , 
a p - a 11 = a p+q xossani isbotlaylik.

Q  A ytaylik , p = — , Я -  j  (bunda n va I — n a tu ra l  sonlar, m va k — 

b u tu n  sonlar) bo‘lsin.

m k  m k  ,  _ ,
-  7 _ n~+~i (3)a n a 1 = a

ekanlig ini isbotlash kerak.

va у kasr la rn i um um iy m ax ra jg a  keltirib , (3) teng likn ing  chap 

qismini

k  m l kn
n r , I   n l r, nla'1 o ' = a

ko‘r in ish ida  yozamiz.
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R atsional ko‘rsa tk ich li  d a ra jan in g  t a ’r if idan ,  ild izn ing  va b u tu n  
k o ‘rs a tk ic h l i  d a ra ja n in g  x o ssa la r id a n  foyda lan ib , q u y id a g in i  hosil 
qilamiz:

R atsional ko ‘rsa tk ich li  da ra jan in g  qolgan xossa lari ham  shunga  
o ‘xshash isbot qilinadi.

D arajaning xossalarin i qo‘llashga misollar keltiram iz.

1 £ i  £
1) 74 4 4 = 74 4 = 7;

2 1_ 21  1
2) 93 : 96 = 93 6 = 9 2 = V 9  =3;

m k  m l kn

4) 243 =(2" -3 ) 3 = 2 3 - 33 = 4^/32 = 4^/9;

2 - m a s a l a .  Hisoblang: 255 • 1255 .

A  2bl  • 1255 = (25 125)3 = (55)5 = 5. A

3- m a s a 1 a . Ifodani soddalashtiring: azb + ab*
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1 7  1 5
дЗ _  q 3  Д  3 _  дЗ

4- m a  s  a  1 a .. Ifodani soddalash tiring : —      .
a} -  a* + о ^

1 7  1 5  i
Д  a 3 - a 3 a 3 - a 3 a 3( l  -  a ' )  a 3(1 -  a 2) _

—  T  2 3  _  I  i "
a3 -  a3 a3 + a 3 a 3(l -  a) a 3(1 + a)

= 1 + a  -  (1  -  a) = 2 a. A

3V" misolida irratsional ko 'rsatkichli darajani qanday k ir i t ish  mum-

k in l ig in i  k o ‘r s a ta m iz .  V2  n in g  t a q r ib iy  q iy m a t la r in i  0 , 1 ; 0 ,0 1 ; 
0,001; ... gacha aniqlik bilan ketma-ket yozib chiqamiz. U holda quyidagi 
ketm a-ketlik  hosil bo‘ladi:

1,4; 1,41; 1,414; 1,4142; ...

3 son in ing  d a ra ja  k o ‘r s a tk ic h la r i  k e tm a-k e t l ig in i  shu  ra ts io n a l  
ko ‘rsa tk ich la r  bilan yozib chiqamiz:

3 1 ,4 . 3 1 .41. 01,414. 01,4142.

Bu dara ja la r  3 ^  kabi belgilanadigan b iro r  haqiqiy sonning ketma- 
ket taqrib iy  q iym atlari ekanin i ko ‘rsa t ish  mumkin:

31,4 =  4, 6555355,
3 1-41 =  4 J 0 6 9 6 4 4 ,
3 1414 = 4 ,7 2 76942,
З 1-442 ^  4 ,7 2 8 7329,
3Л ~ 4 ,7 2 8 8 0 3 3 .

M usbat a asosli va is ta lgan  irra ts iona l ko ‘rsa tk ich li ab dara ja  shunga 
o‘xshash t a ’r if lanadi. Shunday qilib, endi m usbat asosli da ra ja  ista lgan 
haqiqiy ko‘rsatkich uchun t a ’riflandi, buning ustiga haqiqiy ko‘rsatkichli 
darajaning xossalari ratsional ко‘rsatkichli darajaning xossalari kabidir.

M a s h q l a r

160. (Og‘zaki). Ratsional ko‘rsa tk ich li  dara ja  shaklida tasv irlang:

1) V ^ ;  2) 3) V ? ;  4) 5) 6 ) iftF*.
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161. (Og‘zaki). B utun  ko‘rsa tk ich li da ra jan ing  ildizi shaklida ta sv ir 
lang:

-  -  -1 _1 I 2
1) x 4; 2) z/5 ; 3) a 6; 4) 5) (2x)2 ; 6 ) (3 б ) " з .

H isoblang (1 6 2 -1 6 5 ) :

162. 1) 642; 2) 273; 3) 8 3; 4) 814; 5) IS"0'75; 6) 9

4 U  2 5 2 1

163. 1) 25 • 2 5 ; 2) 57 -57; 3) 93 : 9«;

, -1, 5

1 1
4) 43 : 4«; 5) (7-3)*3 ; 6) i s 12

2 2  2 2 3 3 3 3

164. 1) 95 -275; 2) 73 • 493; 3) 1444 : 94; 4) 1502 : 62.

4 2

165. 1) ( i )  °'75 + ( i p ;  2) (0,04)-1,5 -(0 ,125) 2;

9 1 5  1  /  _ 2 \ " 5 / З Г 4
3) 8 7 : 87 - 35 • 35; 4) \5 4  +((0,2)7) .

166. Hisoblang:

1) a = 0,09 bo‘lganda \[a ■ \la n ing qiym atini;

2) b = 27 bo‘lganda \Jb : tfb n ing qiymatini;

3) 6 =  1,3 bo ‘lganda —щ — ning  qiym atini;

4) a  =  2,7 bo‘lganda '\la ■ \fa ■ n ing  qiym atini.

167. Ratsional ko‘rsa tk ich li da ra ja  shaklida tasvirlang:

1 I I  1
1) a 3 • Va; 2) b2 -b3 • V5; 3) VV :fr6;

4) J  : VV; 5) x 1J • x 2'8 : y / 7 ;  6) t/"3'8 : i/"2’3 • V 7 -
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Ifodan i sodda lash t ir ing  (168—169):

168. 1) (a4) 4 -U"5

4 1 2

a 3(a 3 + a3)
169. i )  - г Ч — 4 ;

a 4(a 4 + a  4)
5 i

a 36-1 -  ab 3

170. Hisoblang:
5 1 5 _ 1

1) l23 -З 3 - 3 3 -2"3J - W ;  

171. Ifodalarn i soddalash tir ing :

112
2 )

b5(yjb4 — vfe 1) 
2 ) 2

63(V& -  Vb11)
i ^

a3\/b +b3\fa4)

2) (б4 : 24 -  24 : 54 j VlOOO.

1) а 9УаУа;  2)
2 2

4) (Va + x/b)(a3 + b3 -  >/ab); 5) ^ ^  ;
xZ+yi

bl2Zfbtfb; 3) (^fab11 + (ab)~6)^[ab4;

V a -V b
6) I I ’

a4 -fr4

7)

î  î
m 2+n2

m+2\fmn+n 8 )
c - 2 c 2 + 1

^ Т Г Г *

Ifoda la rn i  so d d a lash t ir in g  (172—174):

a 2 - b 2

a 4 -  a 4 b 2 -  b2 
6> ~

1)

5 1 1 ’

a4 -  a 4 b2 -  b 2
3 i

,2 ab2 2a2 -  4ab

Ja -  a 2b Va2 -  a 3b

a + a

a ‘
yfa+Jb Jb-yJa a-b

1 ^  +

3) ^  + I  з г тa 3 -yjab +b3

2) З Х У - У 2 у 4 Ў  У ' / х  .
* - ! /  ' f x - y f y  / х + у / ў  ’

4)
зГ~ 2  з[72 ,KJa -KJb a+b
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a-b a+b ox a+b a-b
W ^W b

174. 1) 2) —j t l  2 2 1X 2
a 3 a 3 - a 3&3 + b 3 a 3 + a 3fr3 + &3

2 2 1 1  

n a 3 + Ьг 1 a3 — b3 1
3 )  -------------- 1— f ; 4 ) ----------- --— ь — — — — j -a-b  I - a+b - - -  -

a3 -  b3 a3 -  a3b3 + b3

13- §. SONLI TENGSIZLIKLARNI DARAJAGA  
KO‘TARISH

8- s in f  «Algebra» k u rs ida  chap va o‘ng q ism lari m usbat bo ‘lgan 
b ir  xil be lg ili  t e n g s iz l ik la rn i  had lab  k o ‘p a y t i r i lg a n d a  shu  belg ili  
tengsizlik  hosil bo‘lishi ko‘rsa ti lgan  edi.

e  Bundan, agar a > 6 > 0  va n  natural son bo‘lsa , u holda
an > bn bo‘lish i kelib chiqadi.

О  S hartga  ko‘ra  a  > О, b > 0. n ta  b ir  xil a >  b tengsizlikni hadlab
ko‘paytirib , hosil qilamiz: an > bn. ®

(  3 f
1 - m a s a l a .  (0,43)5 va -  sonlarini taqqoslang.

Д  0,001 gacha aniqlik  bilan ^  = 0,428 bo‘lgani uchun 0 ,43  > ^

3 ч5
bo‘ladi. Shuning  uchun (0,43) > I -  j . A

Chap va o‘ng qism lari m usbat bo‘lgan tengsizlikn i ista lgan  
ratsional darajaga ko‘tarish  mumkin:

agar a > 6 > 0, r > 0 bo‘lsa , u holda

ar > br (1)

bo‘ladi;
agar a > h > 0, r < 0 bo‘lsa, u holda

ar < br (2)

bo‘ladi.
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1- xossani isbotlaymiz.

О  Avval (1) xossan ing  r  = -  bo ‘lganda t o ‘g ‘r il ig in i ,  keyin  esa
n

um um iy hoi uchun r = — bo ‘lganda to ‘g ‘r il ig in i isbotlaymiz.
77.

a) A ytaylik, г = — bo‘lsin, bunda n  — birdan k a t ta  na tu ra l son, a >  0,
n

b >  0. S h a r tg a  ko‘ra  a >  b. a n > bn ekanlig ini isbotlash  kerak. Faraz
1 I

qilaylik, bu no to ‘g ‘ri, y a ’ni a n < bn bo‘lsin. U holda bu tengsizlikni 

n  n a tu ra l  dara jaga ko‘tarib , a < b n i  hosil qilamiz, bu esa a >  b shar tga
i  I

zid. Demak, a > b > 0 dan a n > bn ekanligi kelib chiqadi.

a >  b >  0 shartdan , isbot qilganim izga ko‘ra  a n > bn ekanligi kelib chiqa

di. Bu tengsiz likn i m  n a tu ra l  dara jaga ko‘tarib , hosil qilamiz:

chunki 7 > 6.

Endi (2) xossani isbotlaymiz.
О  Agar r  < 0 bo‘lsa, u holda - r  > 0 bo‘ladi. (1) xossaga ko‘ra  a >  b > 0 

shartdan  a~r > b~r ekanligi kelib chiqadi. Bu tengsizlikning ikkala qismini 

m usbat arbr songa ko‘paytirib , br > a' n i hosil qilamiz, y a ’ni ar < br. ®  
Masalan, (0,7)-8 < (0,6)"8, chunki 0 ,7  > 0,6; 13 0-6 > 15"0-6, chunki

13 < 15; Vs1* < V r5", chunki 8 > 7.
Oliy m atem atika  ku rs ida  (1) xossa is ta lgan  m usbat r haqiqiy son 

uchun, (2) xossa esa is ta lgan  m anfiy  r haqiqiy son uchun to ‘g ‘ri ekanligi 
isbotlanadi. Masalan,

b) A ytaylik , r = — bo‘lsin, bunda m va n  — n a tu ra l  sonlar. U holda
n

M asalan , 57 > 37 , chunki 5 > 3; 2 1 < 4 1, chunki 2 < 4;
2 2 3 3

, c h u n k i - > c h u n k i - >
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Q at’iy tengsiz lik larn i (> yoki < belgili) dara jaga ko‘ta rishn ing  qarab 
o ‘tilgan xossalari noqat’iy tengsiz lik lar  (> yoki < belgili) uchun ham 
to ‘g ‘ri bo ‘lishini t a ’kidlab o ‘tamiz.

Shunday qilib , a g a r  te n g s i z l ik n in g  ik k a la  q ism i m usba t

e bo'lsa, и  ho lda  u n i  m u sb a t  dara ja g a  k o ‘ta r g a n d a  te n g s iz l ik  
belgisi saqlanadi, m a n fiy  dara jaga  ko ‘ta rg a n d a  esa ten g s iz l ik  
belgisi qaram a-qarsh is iga  o 'zgarad i.

Qat’iy tengsizliklar uchun > va < belgilari, noqat’iy tengsizliklar uchun 
esa > va < belgilari qaram a-qarshi belgilar bo‘lishini eslatib o‘tamiz.

2 - m a s a l a .  Sonlarni taqqoslang:

Bu te n g s iz l ik n i  m a n fiy  gj d a ra ja g a  k o ‘ta r ib ,  hosil q ilam iz:

3- m a s a 1 a . Tenglam ani yeching: 10x = 1.
Д  x =  0 son bu tenglam aning  ildizi boTadi, chunki 10° = 1. Boshqa 

ild izlari yo‘qligini ko ‘rsatam iz.
Berilgan tenglam ani 10 r = I х ko ‘r in ish ida  yozamiz.
A gar x > 0 boTsa, u holda 10х > I х va, demak, teng lam a m usbat 

ild iz larga  ega emas.
A gar x < 0 boTsa, u holda 10* < 1* va, demak, tenglam a m anfiy 

ild izlarga ega emas.
Shunday qilib, x = 0 berilgan 10* =  1 tenglam aning  yagona ildizi

A  1. — < 1 va — >1 boTgani uchun boTadi.
18  17 18 17

1

2. D a ra ja la rn in g  asos la r in i taqqoslaym iz. у  = 0 ,857 .. .  boTgani

uchun у < 0 , 8 6  boTadi. Bu tengsizlikni m usbat V5 darajaga koTarib, 

quyidagini hosil qilamiz:

ekan. A  
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Shunga o‘xshash , ax = 1 (a > 0, а Ф 1) tenglam a yagona x = 0 
ildizga ega bo‘lishi isbotlanadi. Bundan,

tenglik  x  — у  bo ‘lgandagina to ‘g r i  bo ‘lishi kelib chiqadi, bu yerda 
a  > 0, а ф \ .

Q  (3) tenglikni a~y ga ko‘paytirib , ax~y = 1 ni hosil qilamiz, bundan 
x  = y . %

4- m a s a 1 a . 32x_1 =  9 tenglam ani yeching.
A  32jr-1 = 32, bundan  2x -  1 = 2, x  = 1,5. A
ax = b tenglam ani qaraym iz, bunda a > 0 ,  а Ф 1, b > 0.
Bu teng lam a yagona л;() ild izga ega ekanlig ini isbotlash  mum kin. 

son a asos bo‘y icha  b s o n n in g  logar i fm i  dey i lad i  va  l o g (fr kabi  
belgilanadi. Masalan, 3X = 9 teng lam aning  ildizi 2 soni bo‘ladi, y a ’ni

log39 =  2. X uddi shunday, log216 =  4, chunki 24 = 16, log5 i  = -1 ,  chunki

b sonning 10 asosga ko‘ra  logarifm i o‘nli logari fm  deyiladi va Ig b 
kabi belgilanadi. Masalan, IglOO =  2, chunki 102 =  100; lg0,001 = -3 ,  
chunki 10 3=  0,001.

ax = ay (3)

logi 27 = -3 ,  chunki

M a s h q l a r

175. (Og‘zaki). Sonlarni taqqoslang:
1 1  4 4

1) 23 va 33; 2) 5"5 va 3 3) 5 ^  va 7 ^ ;  4) 2 1 ^  va З Г 'А

176. Sonlarni taqqoslang:

177. Tenglam alarni yeching:
1

1) 62x = 6 g ; 2) 3" =27; 3) 71-3x =  710;

4) 22x+1 =  32; 5) 42+x =  1;
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178. Sonlarn i taqqoslang:

Tenglam ani yeching (179—180):

X — 1
1 7 9 .1 )  S2~y =  27; 2) 3°~2х = 1; 3) 9 2 - 3 - 0 ;  4) 27 3 - 8 1  = 0

Ш2 х - 5
_  g 5 x - 8

3) 8 jr4x+ = — ; 
л 16

2 ) 2 4 x - 9

4)
2 5 ^ - 2  f 1 \ x  7,5

'7ЁГ

181. 1) f - L f +1 = (3V3)*;

3) 93” 4 V3 =

182. Hisoblang:

27x-l

2) Ш Г  =

1) log7 49; 2) log2 64; 3) log! 4; 4) log.
27

I I I  b o b g a  d o i r  m a s h q l a r

183. Hisoblang:
4 1

1) (0,175)° + (0 ,36)”2 - I 3; 2) I"0’43- (0 ,0 0 8 )3 +(15,1)°;

з > ( 1 Г “ Ш 5 + 4  ■ з 7 9 ° ;

1  , 3 , 2

4) ( 0 , 1 2 5 ) 3 - ( 1 , 8 5 ) ° .
\ 4 /

184. Hisoblang:

1) 9 ,3  • 10"6 : (3,1 • IQ 5);

3) 8,1 • 1 0 16 • 2 • 1 0 14;
. 1  /  ,  \ - 2

2) 1,7 • 10-6 - 3 -  107;

4) 6 ,4  • 105 : (1 ,6  • 107);

5) 2 10 1 + ( б ° - - М J -fi)
6/  13/  \ з /  1 4

1 / , 4 - 3  /  ,  \ 4  /  r .  4 - 1

6) 3 -1 0 " 1 -  8° - -  • -  • -  •1 8/ 14/ U /  17/
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185. Ifodan ing  q iym atin i top ing:

1)

1 5

:2 - x 6
i

v6

\ - 2

2)
2 I

a 3 ■ a 9

\-3

, bunda a = 0,1.

186. Ifodan i sodda lash tir ing :

1) ( \ / l 2 5 x - \ / 8 x ) - ( ^ 2 7 x -\ /б 4 х ) ;  2) (Vx + ̂ 1 ^ )  + (^ 8 1 х -^ 6 2 5 х ) ;

187. Tenglam ani yeching:

1 - X2- ! /2 -X

1) 75jc_1 = 4 9 ;

а > ( Г = 7 ^
188. Hisoblang:

2) (O ^)1"  = 0,04;

■ - ' ■ ( Г -
4) 3E

Ш - 0 , 7 5  /  1 Q \  _ I  £  j l
+ Ю 0000-25 -  7 — 5 ; 2) (0,001) 3 -  2~2 643 -  8 3;

\  32  /

3 \ з 4) ( -0 ,5 )  - 6 2 5 - ( 2 ^3) 273 - ( - 2 ) " 2 + |3 ^ .

189. x  n ing  qanday q iym atlarida  ifoda m a ’noga ega boTadi:

1) t l x 2 -4b-, 2) t l x2 - 5 x  + e;

4) t j x 2 -  5x  + 6; 5)

190. Ifodani soddalash tir ing :

n - i

6) ^/x3 -  5x2 + 6x ?

1)

4

a 3 -  a
2 ) 3)

5 J_ 3

b4 +2b4 +b"4



O Z IN G IZ N I  TE K S H IR IB  KO'RING!

1. Hisoblang:

, - i f

4.

1) 3~5:3”7 -  2~2-24 +

3) 252 -25”1 + (5 3)3 :53 -  483 : 6 3.

2. 8600 va 0,0078 sonlarin i s ta n d a r t  ko ‘r in ishda  yozing hamda 
ko‘pay tir ing  va bo‘ling.

3. I foda la rn i  sodda lash tir ing :
Z ,  \ - 2

1 ) З х ^ .  2) ( x - ' + y - 1) 1_
xy

v a 2 ■ a4
ifodani soddalash tir ing  va a  = 81 bo‘lganda uning

son qiym atin i toping.

5. Sonlarni taqqoslang:
2 2 

(0 ,78)3 va (0 ,67)3;
i i

(3,09) 3 va (3,08) 3.

I l l  bobga doir  sinov ( te s t )  mashqlari

1. Hisoblang: ( -8 )2 -  ( -5 )3 -  (12)-1.

A) 18811; B) -6 1  C) 1 8 9 ^ ;  D) 6 1 ^ ;  E) 1 8 8 ^ .

2. Hisoblang: (-0,2)"3 +(0,2)"2 - ( - 2 ) " 2.

A) - 1 5 o i ;  B) - 1 0 0 - ;  C) 9 9 ^ ;  D) 11,25; E) -1 4 9 ,7 5 .4 4 4

O  T T -  ,  1 ^ 1 6  + ^54 + /̂128
3. Hisoblang: --------3Щ 5 -------- '

A) W ; B) 1; C) - 1 ;  D) | ;  E) 7^/2.5
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4. Hisoblang: + 4 ,15  • 1 ,6 1 .

A) 3,4; В) 5,76; С) 24; D) 2,4; E) 2,6.

5. Hisoblang: з1(2'08>3+<2-016/  -  2 ,08  2 ,016 .
V 4,096

A) 0,064; B) 4 ,096; C) 1,6; D) 0,8; E) 0 ,16.

6. Hisoblang: V2 V2  +1  ■ t/o -  4 ^ 2 .

A) V?; B) 2VT5; C) 3 -  2V2;
D) 7; E) to ‘g ‘ri javob berilmagan.

7. Hisoblang: ̂ 2 - y l s  ■ V t + W I .

A) -1 ;  B) 1; C) 3 + 2>/3; D) 5 + Зл/З; E) 3 -2 V 3 .

8. Hisoblang: ^/l + V2  • - 2 V2 .

A) 3 - V 2 ;  B ) -1;  C) 1; D) 2x/2; E) 2 -  V2 .

_ ^/45-29 V 2 ( 3 - V 2 )
HlS0blang: ----------------  •

A) 5 - V 2 ;  B) 5V2; C) -1 ;
D) 1; E) to ‘g ‘r i javob berilm agan.

10. Hisoblang: V>/64.

A) 8; В) л/2; С) 2л/2; D) -2 ; E) 2.

11. Hisoblang: x/sVlG.

A) 2; B) -2 ;  C) 4V2; D) 8; E) V8. 

12. Hisoblang: > /-4 -л/8. 

A) 2; B) -2 ; C) ^ 4 ;  D) ^32; E) ^4.
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13. Hisoblang:

А) -л/4; В) 2,84; С) -2 ,8 ;  D) -1 ,4 ;  Е) ^4 .

14. а = 125 bo‘lganda Va : Va ifodaning son qiym atin i toping:

A) -2 5 ;  B) 15; C) -5 ;  D) 5; E) 25.

15. а  = 0,04 bo‘lganda Va • Va ifodaning son qiym atin i toping:

A) 0,08; B) V M ;  C) 0,4; D) -0 ,2 ;  E) 0,2.
_  2

-1 / -M  3
16. Ifodani soddalashtiring: ( a5) 5 • lb 4 / .

A) a 4 • b2; B) a 4 ■ b 2; C) a 5 • b2; D) a ”5 ■ b”2; E) a"4 • b2.

17. Ifodani soddalashtir ing: (\[a -  yfb)-(a3 + ‘ifab + b3) .
1

A) a + b; B) a  -  b; C) a 3 + b3; D) a 3 -  b3; E ) ( a  + b)3 .

18. Ifodani soddalashtiring: ( I ^ : f з/£ + -  2 ).
\ a 3 -  b31 ь Va )

A) %fab; B ) ^  + ?Jb; С) D) E)

/ \- -  -1
19. Sonlarni taqqoslang: а  = 4 va b = (0,58) 4 .

A) b = а  + 0,5; В) а  = b + 0,8; С) b < а; D) b > а; E) b = а.

20. Sonlarni taqqoslang: a = (3 ,09 )v2 va •

А ) Ь  = а - 0 , 0 9 ;  B ) a  = b - 0 ,0 9 ;  C) a  > b; B) a  = b; E) a  < b.

21. Sonlarni o ‘sish ta r t ib id a  joy lash tiring : a = V2, b = V3, с = V?.
A) с < a <b; В) с < b < a; C) b < a < c; D) a < b < с; E) b < с < a.

22. Sonlarni kam ayish ta r t ib ida  joy lash tiring : а  = V5, b = V3, с = V5. 
А) а  > b > с; В) b > с > а; С) с > a  > b; D) b > a  > с; E) с > b > a.



T a r i x i y  т а ’ l u m o t l a r

Ratsional ko‘rsa tk ich li dara ja  I. N yuton (1643-1727) tomo- 
nidan kiri t i lgan.  Ixt iyoriy a  haqiqiy son uchun  aa, a > 0, dara ja  
tushunchasi L. Eyler (17 0 7 -1 783)ning «Analizga kirish» asari- 
da berilgan.

Abu Rayhon Beruniy o ‘z in ing m ash h u r  «Qonuni M a’sudiy» 
a s a r id a  «a y l an a  u z u n l i g i n i n g  u n i n g  d i a m e t r i g a  n i s b a t i  
irra ts ional son» ekanligini aytadi. Qadimgi Y unonistonda «agar 
k vad ra tn ing  tom onini o ‘lchov birl ig i qilib olinsa, un ing  dia- 
gonalini ra ts ional son bilan ifodalab bo‘lmasligi» isbotlangan. 
Miloddan avvalgi V—IV asrlardayoq qadimgi yunon olimlari 
to ‘la k vad ra t  bo‘lm agan is ta lgan  n n a tu ra l  son uchun yfn son
n ing  irra ts ional ekanini isbotlashgan.

G ‘iyosiddin Jam shid  al-Koshiyning «Arifmetika kaliti» asa
rida natura l sondan ildiz chiqarishning umumiy usuli bayon qili

nadi. \lan + r ildizni al-Koshiy taqriban \ l an + r  ~ a + "Q7T

ko‘rinishida ifodalaydi, bunda a -  natural son va r  < (a + 1)" -  an .
Al-Koshiy ildizni aniqroq hisoblash uchun ildiz ostidagi 

sonn i 10 n in g  mos d a ra ja s ig a  k o ‘p a y t i r i s h n i  t a k l i f  e tad i:

I— л/ю""1 дг\JN = ------------. K asrdan  ildiz ch iqarishda esa ushbu qoidadan
10m

foydalanadi:

Shu bilan b irga, Al-Koshiy ildizlar ko ‘paytm asini um um iy 
ko‘rsa tk ichga  ke ltir ish  qoidasini bayon etgan:

Vb = ^  = k\ l a k • bn .
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I V  B O B .  DARAJALI FUNKSIYA

  F = x 3 0 S  = n r 2
x  = 3y f v

1

FUNK SIYA NIN G  ANIQLANISH SOHASI

Siz 8- s in fda  funksiya  tushunchasi bilan tan ishgansiz . Shu tushun- 
chani eslatib o ‘tamiz.

Oqiym atiga у  son m os keltir ilgan  bo‘lsa , shu to ‘plamda y{x)  
fu n k s iy a  berilgan deyiladi. Bunda x  erkli o‘zg a ru v ch i  yoki 
a r g u m e n t ,  у esa erks iz  o‘zg a ru vch i  yoki fu n k s iy a  deyiladi.

Siz y  = k x  + b chiziqli funksiya  va y = a x 2 + bx + c k vad ra t  funksiya  
bilan tanishsiz .

Bu funksiya la r  uchun a rgum en tn ing  qiym ati is ta lgan  haqiqiy son 
bo‘lishi m um kin.

Endi h a r  b ir  nom anfiy x  songa Vx sonni mos qo‘yadigan funksiya- 
ni, y a ’ni у = J x  funksiyan i qaraym iz. Bu funksiya  uchun argum ent 
faq a t  nom anfiy  q iym atla rn i  qabul qilish i m um kin: x  > 0. Bu holda 
funksiya  barcha nom anfiy  sonlar to ‘plam ida an iq langan  deyiladi va bu

to ‘plam  у = Vx funksiyan ing  aniqlanish sohasi  deb ataladi.

I
U m um an, funksiyan ing  aniqlanish sohasi  deb un ing  argu- 
m enti qabul qilin ishi m um kin bo‘lgan barcha q iym atlar  to ‘pla- 
m iga aytiladi.

M asalan, у = — fo rm ula  bilan berilgan funksiya  x ^  0 da aniqlangan,

y a ’ni bu funksiyan ing  an iqlanish  sohasi -  noldan farq li barcha haqiqiy 
sonlar to ‘plami.

Agar sonlam ing biror to‘plamidan olingan x  n ing har bir
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A gar funksiya  fo rm ula  bilan berilgan  bo‘lsa, u holda funksiya  
a rgum en tn ing  berilgan  fo rm ula  m a’noga ega bo‘ladigan (ya’ni 
fo rm ulan ing  o‘ng q ism ida tu rg a n  ifodada ko‘rsa t i lg an  ham m a 
a m a l la r  b a ja r i la d ig a n )  b a rc h a  q iy m a t la r id a  a n iq la n g a n ,  deb 
hisoblash qabul qilingan.

Form ula  bilan berilgan funksiyan ing  aniqlanish  sohasini topish  -  
a rg u m e n tn in g  fo rm u la  m a ’noga ega b o ‘lad igan  b a rcha  q iym atla r in i  
topish  dem akdir.

1 - m a s a 1 a . F unksiyan ing  an iqlanish  sohasini toping:

1) y(x) = 2 x 2 + 3x + 5 ;  2) y{x) = - J x - l  ;

3 ) « / W  = ^ ;  4)  y (x)  = 4 / t i i .

A  1) 2 x 2 + 3 x  + b ifoda x  n ing  is ta lgan  q iym atida  m a ’noga ega 
bo ‘lgani uchun, funksiya  barcha  x  la rda  aniqlangan.

J a v o b :  x  -  is ta lgan  son.

2) л/х -  1 ifoda x -  1 > 0 bo‘lganda m a’noga ega, y a ’ni funksiya x  > 1 
bo‘lganda aniqlangan.

J a v o b :  x  > 1.

3) ifoda x + 2 * 0 bo‘lganda m a’noga ega, y a ’ni funksiya  x * -2  
bo‘lganda aniqlangan.

J a v o b :  x * - 2  .

4) i f o d a  > 0 b o ‘lg a n d a

m a ’noga ega. Bu tengsiz likn i yechib, ho- [

sil qilamiz ( 2 8 - rasm): x < -2  va  x  > 2 , - 2  0 2
y a ’ni funksiya  x < - 2  va  x > 2 bo‘lgan-
da aniq langan . ^8- rasm.

J a v o b :  x < - 2  , x > 2 . A

Funks iyan ing  grafigi  deb koord ina ta la r  tek is lig in ing  abssissa- 
la ri  shu  funksiyan ing  an iqlanish  sohasidan olingan erk li o ‘zga- 
ru v c h in in g  q iy m a tla r ig a ,  o rd in a ta la r i  esa fu n k s iy a n in g  mos 
q iym atlariga  teng  bo‘lgan n u q ta la r  to ‘plamiga ay tilish in i esla
tib o ‘tamiz.
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29 rasm. 30- rasm. 31- rasm.

ч
\

\
\

X

32- rasm. 33- rasm.

2 - m a  s a 1 a  . у = \x\ funksiyan ing  an iq lan ish  sohasini top ing  va 
un ing  g ra f ig in i  yasang.

Shunday  qilib, \x\ ifoda is ta lgan  haqiqiy x  da m a’noga ega, y a ’ni 
у  = \x\ funksiyan ing  an iqlanish  sohasi barcha haqiqiy sonlar to ‘plami- 
dan iborat.

A gar x  > 0 bo‘lsa, u holda \x\ = x  bo‘ladi va, shuning  uchun, x > 0
bo‘lganda у = \x\ funks iyan ing  g ra f ig i  b irinch i koord ina ta  burchagi- 
n ing  b issek tr isasi bo‘ladi (29- rasm).

A gar x < 0 bo‘lsa, u holda |x| = - x  bo‘ladi, demak, m anfiy  x  lar 
uchun у = |x| funksiyan ing  g ra f ig i ikkinchi koord inata  bu rchag in ing  
b issektrisasi bo‘ladi (30- rasm).

Is ta lgan  x  uchun  | -  x| = |x | . S hun ing  uchun  у = \x\ funksiyan ing  
g ra f ig i o rd ina ta la r  o ‘qiga n isbatan  s im m etrik  joylashgan.
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Д  Eslatib  o ‘tamiz:

x x, agar  x  > 0 bo‘ lsa, 
-  x, agar  x < 0 bo‘lsa.

У = |*| funksiyan ing  gra f ig i 31- rasm da ta sv ir langan . A



3 - m a  s a  1 a  . у  = \x - 2 \ - l  funks iyan ing  g ra f ig in i yasang.
A  у = \x - 2 \  funks iyan ing  g ra f ig i  у = |x| funks iya  g rafig idan  uni 

O x  o ‘q bo‘yicha 2 b irl ik  o ‘ngga surish  bilan hosil q ilinadi (32- rasm).
у = \x - 2 \ - l  funks iyan ing  g ra f ig in i hosil q ilish uchun у  = \ x - 2 \  

funks iyan ing  g ra f ig in i b ir  b irl ik  pas tga  su r ish  ye tarli  (33- rasm). Jk.

M  a s h q l a r

191. Funksiya y(x)  = x 2 -  4*  + 5 fo rm ula  bilan berilgan:
1) z/(-3), z/(-l), ^(0), t/(2) ni toping;
2) agar y(x)  = 1, y(x)  = 5, y(x)  = 10, y{x) = 17 bo‘lsa, x  n ing qiymatini 
top ing .

192. Funksiya y(x)  = fo rm ula  bilan berilgan:

1) z/(-2), z/(0), i / ( I ) ,  z/(3) ni toping;
2) agar z/(x) = - 3 ,  y(x)  = - 2 ,  y(x)  = 13, y(x)  = 19  bo‘lsa, x  n ing 
q iym atin i toping.

Funksiyan ing  an iq lan ish  sohasini top ing  (193—194):

193. (Og‘zaki).
1) г/ = 4 x 2 -  5x + 1; 2) у  = 2 -  x -  3 x 2 ;

3) у = ; 4) y = - ^ T ;b-x

5) у = V b - x  ; 6) ^ 1

194. 1) z/ = —-2^— ; 2) у = ^/x2 - 7 X  + 10 ;

3) z/ = л/Зх2 -  2x + 5 ; 4) z/= .

195. Funksiya  z/(x) = |2 -  x| -  2 fo rm ula  bilan  berilgan:

1) z/(-3), z/(-l), i/(l), z/(3) ni toping;

2) a g a r  z/(x) = -2 ,  z/(x) = 0, z/(x) = 2, z/(x) = 4 b o ‘lsa ,  x n i n g  
q iym atin i toping.
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196. Funksiyaning  an iqlanish  sohasini toping:

3) y  = t l ( x - l ) ( x - 2 ) ( x - 3 ) - ,  4) y = J

7) z/ = i / -  x  + J x  + 2 ; 8) z/ = Vx + V T + ^ .
197. (-2 ; 1) nuq ta  funksiya  g rafig iga  teg ish li bo ‘ladimi:

1) z/ = 3 x 2 + 2x + 29 ; 2) t /=  4 - З д :  -  9;

4) г/ = л/2 -  x -  5 - 2 ?
Funksiya g ra f ig in i yasang:
1) г/ = |x + 3| + 2 ; 2) г/ = - | x | ; 3) i/ = 2 x + 1 ;

4) г/ = 1 -  |1 -  2 x | ; 5) z/ = |x| + |x -  2 | ; 6) г/ = |x + ij -  |x |.

у  = a x 1 + b x  + с funksiya  A  (0; 1), В (1; 2), С ( ^ ; 1) n uq ta la rdan
6

o‘tadi. 1) a, b, с ni toping; 2) x  n ing qanday q iym atlarida  у = 0 
bo‘ladi? 3) funksiya  g ra f ig in i chizing.
J __________

Siz у  = x  va  у  = x 2 fu n k s iy a la r  bilan  ta n ish s iz .  Bu fu n k s iy a la r  
darajali funks iyan ing ,  y a ’ni

(bunda r -  berilgan son) funksiyan ing  xususiy  hollarid ir.
r -  n a tu ra l  son bo‘lsin, r  = zz = 1, 2, 3, ... deylik. Bu holda na tu ra l 

ko ‘rsa tk ich li  dara ja li  funksiya  у = x n n i hosil qilamiz.
Bu funksiya  barcha haqiqiy sonlar to ‘plamida, y a ’ni son o ‘qining 

ham m a yerida aniqlangan. Odatda, barcha haqiqiy sonlar to ‘plami R 
h a rf i  bilan belgilanadi. Shunday  qilib, n a tu ra l  ko ‘rsa tk ich li  dara ja li  
funksiya  y  = x n, x e R  uchun aniqlangan. A gar (1) da r = -2 k ,  /геЛГ bo‘lsa,
u holda у = x~lk = - i -  funksiya  hosil bo‘ladi. Bu funksiya  x n ing nol-

x
dan fa rq li  barcha  q iym atla r ida  an iq langan . U ning  g ra f ig i  Oy  o ‘qqa 

n isbatan  s im m etrik . r = - ( 2 k -  1), k<=N bo‘lsa, u holda у = x"(2*_1) =

FUNK SIYA NIN G  0 ‘SISH I VA KAMAYISHI

y = x ( 1 )

X '
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funksiyan i olamiz. U ning  xossa lari s izga tan ish  у = -  funks iyan ing
x

xossalari kabi bo‘ladi. p  va  g -  n a tu ra l  son lar va r  = — -  qisqarm as

k asr  bo‘lsin. у  = V x p funksiyan ing  an iqlanish  sohasi p  va q n ing  ju f t-  

toqlig iga qarab tu r l ich a  bo‘ladi. Masalan, у  = yfx^ , у  = 'yfx funksiya la r  

ix t iyoriy  x e R  da an iq langan . у  = уГх ^  funksiya  esa x  n ing  nomanfiy,

y a ’ni x > 0  q iym atlarida  aniqlangan.
8-sinf «Algebra» ku rs idan  m a’lum ki, h a r  b ir  irra ts iona l sonni chekli 

o ‘n li k as r  b ilan , y a ’ni ra ts io n a l  son b ilan  y a q in la sh t i r ish  m um kin . 
A m aliyotda ir ra ts iona l son lar u s t ida  am allar u la rn ing  ra ts ional yaqin- 
lash ish lari yordam ida bajariladi.  Bu am alla r  shunday  k ir i t i lad ik i ,  amal- 
la rn ing , tenglik  va  tengsiz lik larn ing  ra ts ional sonlar uchun xossalari 
i r ra ts iona l son lar uchun ham  to ‘la saqlanadi.

Tj, r 2, . . . ,  rk, ... ra ts iona l son lar  r i r ra ts io n a l  sonning  ra ts iona l 
yaq in lash ish lari bo ‘lsin. U holda x  m usbat son bo ‘lganda, x  n ing  ra ts io 
nal d ara ja la r i ,  y a ’ni x ri, x r'2, . . .  , x rh, . . .  sonlar x r d a ra jan ing  yaq in la
sh ish la r i  bo‘ladi. Bunday an iq langan  da ra ja  irratsional  ko‘rsatkichli  
daraja  deyiladi. Demak, x > 0 uchun  da ra ja  ko ‘rsa tk ich i  ix t iyoriy  r 
bo ‘lgan у  = x r funksiyan i aniqlash mum kin.

D araja li funksiya  x  n ing  (1) fo rm ula  m a’noga ega bo ‘lad igan  qiy- 
m a tla r i  uchun  an iq langan . M asalan, у  = x  va у = x 2 ( r  = 1 va r = 2) 
fu n k s iy a la rn in g  a n iq la n ish  sohas i b a rc h a  h a q iq iy  so n la r  t o ‘p lam i 
bo‘ladi; t/ = 1  ( r  = - 1 )  funksiyan ing  an iq lanish  sohasi nolga teng  bo‘l- 
m agan barcha haqiqiy sonlar to ‘plami bo‘ladi; t/ = Vx ( r  = -^) f u n k 
siyaning an iq lan ish  sohasi barcha nom anfiy  sonlar to ‘plam idan  iborat.

9

О

Shuni esla tam izk i, agar argum entn ing biror oraliqdan  
olingan k atta  qiym atiga funksiyaning k atta  qiym ati mos kel- 
sa, ya ’ni shu oraliqqa teg ish li ista lg a n  x t, x 2 uchun x 2>x1 
tengsizlikdan y (x 2) > y (x1) tengsizlik  kelib chiqsa, y(x)  funksiya  
shu oraliqda o‘suvch i  funksiya deyiladi.

A gar biror oraliqqa teg ish li ista lgan  x v x2 uchun x 2> x 1 
ten gsiz lik dan  z/(x2) < у ( х ^  kelib chiqsa, y (x )  funksiya shu  
oraliqda ka m a y u v c h i  funksiya deyiladi.

6 -  A lgebra, 9- sin f uchun 81



Masalan, у = x  funksiya  sonlar o ‘qida o ‘sadi. у = x 2 funksiya  д: > 0 
oraliqda o ‘sadi, x < 0 oraliqda kamayadi.

у = x r darajali funks iyan ing  o‘sishi yoki kamayishi  daraja ko'rsat- 
kichining ishorasiga bog'liq.

О Agar r > 0 bo‘lsa, u holda у = x r darajali funksiya x  ^ 0 
oraliqda o‘sadi.

О  x2 > x, > 0 bo‘lsin. x 2> x 1 tengsiz likn i m usbat r d ara jaga  ko ‘- 

ta rib ,  x2 > x[  ni, y a ’ni y{x2) > y{xf)  ni hosil qilamiz. ®
3

Masalan, у = J~x va у  = x 2 funks iya la r  x > 0 oraliqda o‘sadi. Bu
fu n k s iy a la rn in g  g ra f ik la r i  34- ra sm d a  ta sv i r la n g a n .  Shu rasm dan  
у = Vx fu n k s iy an in g  g ra f ig i  0 < x < 1 o ra liqda у = x  fu n k s iy an in g  
g rafig idan  yuqorida, x > 1 oraliqda esa у = x  funksiyaning  grafig idan  
pastda  yotishi ko‘rinib turibdi.

A gar 0 < r  < 1 bo‘lsa, у  = x r funksiyan ing  g rafig i xuddi shunday 
xossaga ega bo‘ladi.

3

у = x 2 f u n k s iy a n in g  g ra f ig i  0 < x < 1 o ra l iq d a  у = x  f u nk s i y a  
g rafig idan  pastda, x > 1 oraliqda esa у = x  funksiya  grafig idan  yuqorida 
yotadi.

r  > 1 bo‘lsa, у = x r funksiyan ing  g ra f ig i  xuddi shunday xossaga 
ega bo‘ladi.

Endi r  < 0 bo‘lgan holni qaraym iz.

1-

- 1-

34- rasm.

2 - -

■Jx
—I 1 Г

0 1 2  3 4

35- rasm.
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e  Agar г <  О bo‘lsa , u holda у = x r darajali funksiya x  >  0  
oraliqda ka m a ya d i.

Q  x 2 > z, > 0 bo‘lsin. x 2 > x x tengsiz likn i m anfiy  r  da ra jaga  ko ‘ta rib ,  
chap va  o ‘ng q ism lari m usbat bo ‘lgan tengsiz lik larn ing  xossasiga ko‘ra

X2  < x[  ni, y a ’ni y ( x 2) < y ( x i) ni hosil qilamiz. Щ

Masalan, у = - L , y a ’ni у = x  2 funksiya  x  > 0 oraliqda kamayadi.
■Jx

Bu funksiyan ing  g ra f ig i 35- rasm da tasv ir langan .

1 - m a s a l a .  x A = 27 teng lam ani yeching.
3

Z s .  У  = x A funksiya  x > 0 da aniqlangan. S huning  uchun berilgan 

tenglam a faqat nomanfiy ildizlarga ega bo‘lishi mum kin. Bunday ildizlar-

yo‘q, chunki у = x 4 funksiya  x > 0 bo ‘lganda o‘sadi va shun ing  uchun,
3 3

agar  x > 81 bo‘lsa, u  holda x 4 > 2 7 ,  ag a r  x < 81 bo‘lsa, u holda x 4 < 27

bo‘ladi (36- rasm). A

I
x r = b (bunda r  ^ 0 ,  b > 0 ) teng lam aning  har  doim m usbat 

x  = br ildizga egaligi, shu bilan b irga  bu ild izn ing  yagonaligi 

shunga  o‘xshash isbotlanadi. Demak, y = x r (bunda r  > 0 )  funksiya  
x > 0 bo‘lganda barcha musbat  qiymat larni  qabul qiladi.

3

T en g lam a n in g  boshqa i ld iz la r i

У

27 </ =  2 7

О 81 x

36 rasm.
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3

Bu esa, m asalan, у = x 4 (36- rasm ) funksiyan ing  sekinlik bilan
o‘s ish iga  qaram asdan ,  un in g  g ra f ig i  Ox  o ‘qdan is ta lgancha  uzoqla- 
sh ish in i va у  = b to ‘g ‘r i chiziqni, b n ing  qanday m usbat son bo‘lishiga 
qaram asdan , kesishini bildiradi.

2 - m a  s a  1 a  . у = x  + ^  fu n k s iy an in g  x  > 1 o ra liqda o ‘sish in i is- 

bo tlang .

Д  x2 > Xj > 1 bo‘lsin. y (x2) > ^(Xj) ekanligini ko‘rsatam iz. y (x2) -  y i x j  
ay irm ani qaraymiz:

г/(х2 ) -  г/Сх!) = х 2 + ± - ( х 1 +±.)  = (x2 -  Xl) ^ ^  .
X ‘2 X i  X 1 X 2

x2 > Xj, x x > 1, x2 > 1 bo‘lgani uchun x„ -  х г > 0, x 1x 2 > 1, XjX2 > 0. 
Shun ing  uchun  y (x2) -  y i x j  > 0, y a ’ni z/(x2) > y i x j .  A

M  a s h q l a r

200. F u n k s iy a n in g  g r a f ig in i  y a sa n g  h am d a  o ‘s ish  va  k am ay ish  
o ra liq larin i toping:

1) y = 2 x  + 3 ;  2) у = 1 -  S x ; 3) у = x 2 + 2 ;

4) у = 3 -  X2 ; 5) у = ( 1 -  x )2 ; 6) у = (2 + x )2 ■

201. (Og‘zaki). Funksiya  x > 0 oraliqda o ‘sadim i yoki kamayadimi:

1) у  = x? ;  2) у  = x ~*; 3) у = х-'Г2; ^ у ^ х ^ ?

202. x  > 0 bo ‘lganda:

1) г/ = x 2 ; 2) у = X s ; 3) у  = х  2 ; 4) у  = х  3

funksiya  g ra f ig i eskizini chizing.

203. Tenglam aning  m usbat ildizini toping:

1) x 2 = 3 ;  2) x 4 = 2 ;  3) x ~ 2 = 3 ;

4) x ~ 4 = 2 ;  5) хб = 3 2 ;  6) = 8 1 .
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204. M ill im e trl i  qog‘ozga у = i l x  fu n k s iy an in g  g ra f ig in i  chiz ing . 
G rafik  bo‘yicha:
1) у = 0,5; 1; 4; 2,5 bo ‘lganda x  n ing  q iym atlarin i toping;

2) t/ТЛ; ^2; ^2 ,5; V3 q iym atlarn i taq riban  toping.

205. F u n k s iy a la r  g ra f ik la r i  kes ish ish  n u q ta la r in in g  koord ina ta la -  
r in i  toping:

1) у  -  va  у = 625 ; 2) у = x 5 va z/ = 64 ;
3 1

3) у  = x 2 va г/= 2 1 6 ;  4) у = x 3 va г/= 128 .

1) у  = x  + ^  funksiyan ing  0 < x < 1 oraliqda kam ayish in i isbot- 
lang;

2) у = -г-— funksiyan ing  x > 0 oraliqda kam ayish in i va x < 0
x z +l

oraliqda o ‘s ishini isbotlang;
3) z/ = x's -  3x funksiyan ing  x < -1  va x  > 1 o ra liq larda  o ‘si- 
sh in i va -  1 < x  < 1 kesmada kam ayish in i isbotlang;

4) у  = x  -  2 Vx funksiyaning x > 1 oraliqda o‘sishini va 0 < x < 1 
kesmada kam ayish in i isbotlang.

E H  Funksiya  g ra f ig in i yasang ham da o ‘sish va kam ayish  o ra liq la
r in i toping:

{
x + 2, ag a r  x  < -1  bo‘ Isa,

2
x , ag a r  x  > -1  bo ‘lsa;

0. \ x 2, a g a r  x < 1 bo‘ Isa,
2) У = ) 2[2 -  x  , ag a r  x  > 1 bo‘ Isa.

16- §. FUN K SIY A NING  JUFTLIGI V A  TOQLIGI

Siz у = x 2 va у = \x\ funks iya la rn ing  g ra f ik la r i  o rd ina ta la r  o ‘qiga 
n isba tan  s im m etrik  (37 va 38- rasm lar) ekanlig in i bilasiz. Bunday f u n k 
s iyalar  j u f t  fu nks iya la r  deyiladi.
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y  = x

37- rasm. 38- rasm.

О
Agar y(x)  funksiyaning aniqlanish sohasidan olingan  is 

ta lgan  x  uchun y { -x )  = y(x)  b o isa , bu funksiya j u f t  fu n k s iy a  
deyiladi.

M asalan, у = x 4 va у  = —  fu n k s iy a la r  j u f t  fu n k s iy a la r ,  chunki
X

is ta lgan  x  uchun  ( - x ) 4 = x 4 va is ta lgan  x  Ф 0 uchun  = ~ ^2  '

1 - m a s a l a .  у = x 3 fu n k s iy an in g  g ra f ig i  k o o rd in a ta la r  boshiga 
n isba tan  s im m etrik  ekanlig ini isbotlang va g ra f ig in i yasang.

ZX 1) у  -  x 3 funks iyan ing  aniqlanish  sohasi -  barcha haqiqiy sonlar 
to ‘plami.

2) у = x 3 funksiyan ing  q iym atlari x > 0 bo‘lganda m usbat, x  < 0 
bo ‘lganda m anfiy , x = 0 bo‘lganda nolga teng.

О  A ytaylik , (x0; y 0) nuq ta  у  = x3 funksiyan ing  grafig iga  tegishli, 
y a ’ni t/0 = Xq bo‘lsin. (xQ; z/(|) nuq taga  koord ina ta la r  boshiga n isbatan  
s im m etrik  bo‘lgan n uq ta  ( -x 0; - y Q) koord inata larga  ega bo‘ladi. Bu nuq ta  
ham  z/ = x3 funksiyan ing  grafig iga  tegishli bo‘ladi, chunki yQ = Xq to ‘g ‘ri 
teng likn ing  ikkala  qismini -1  ga ko‘pay tir ib ,  hosil qilamiz: - 1/0 = -Xq 
yoki - z / 0 = ( - x 0 ) 3 . %

Bu xossa у = x 3 fu n k s iy an in g  g ra f ig in i  yasashga  im kon beradi: 
avval g rafik  x  > 0 uchun yasaladi, so‘ngra  esa uni koord ina ta la r  boshiga 
n isba tan  s im m etrik  akslan tirilad i.

3) у  = x 3 funksiya  aniqlanish  sohasining ham m a yerida o‘sadi. Bu 
m usbat ko ‘rsa tk ich li  dara ja li  funksiyan ing  x  > 0 bo‘lganda o 's ish  xossa-
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sidan va g ra f ik n in g  koord ina ta la r  boshiga n isbatan  sim m etrik lig idan  
kelib chiqadi.

4) x  > 0 n ing  b a ’zi q iym atlari (masalan, x = 0, 1, 2, 3) uchun у  = x3 
funksiyaning qiymatlari jadvalini tuzamiz, x > 0 bo‘lganda grafikning bir 
qism ini yasaymiz va so‘n g ra  s im m etriya  yordam ida g ra f ik n in g  x ning 
m anfiy  q iym atlariga  mos keluvchi qismini yasaymiz (39- rasm). A  

G raf ik la r i  koord ina ta la r  boshiga n isbatan  s im m etrik  bo‘lgan f unk 
siyalar toq funksiyalar deyiladi. Shunday qilib, у =x's -  toq  funksiya.

Agar y(x)  funksiyaning aniqlanish  sohasidan olingan is 
ta lgan  x  uchun

y(~x) = ~y(x)  

bo‘lsa , bu funksiya toq  fu n k s iy a  deyiladi.

у  = -i- fu n k s iy a la r  toqM asalan, у = x ‘
x"

funksiyalard ir ,  chunki ista lgan x uchun (-x)° = 

= - x 5 va is ta lgan  x  ^  0 uchun —Ц - = .
( - x f  X 3

J u f t  va toq  fu n k s iy a la rn in g  aniq lanish  
sohasi koordinatalar boshiga nisbatan s im m e t 
rik ekanlig ini t a ’kidlab o ‘tamiz.

J u f t l i k  yoki toqlik xossalariga ega bo‘lma- 
gan fu nks iya lar  mavjud.  Masalan, у = 2x  + I 
fu n k s iy an in g  j u f t  ham , toq  ham  em aslig ini 
ko ‘rsa tam iz . A gar bu funksiya  j u f t  bo ‘lganida 
edi, u  holda barcha x uchun  2(-x) + 1 = 2x + 1 
tenglik  bajarilgan  bo‘la r edi; lekin, masalan, 
x = 1 bo‘lganda bu tenglik  noto‘g ‘ri: -1  Ф 3. 
A gar bu funksiya  toq  bo‘lganida edi, u holda 
barcha  x uchun 2(-x) + 1 = - (2 x  + 1) tenglik  
b a ja r i lg a n  b o ‘la r  edi; lekin  m asa lan , x = 2 
bo ‘lganda bu tenglik  no to ‘g ‘ri: - 3  Ф -5 .

2 - m a s  a l a .  у = >Tx funks iyan ing  g ra f i
g ini yasang.

A  1) A niqlanish  sohasi -  barcha haqiqiy 
sonlar.

y = x

2 -1

-1

39- rasm.
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40- rasm.

2) funksiya  -  toq, chunki is ta lgan  x  uchun H- x  -  - уГх  .

3) x > 0 bo‘lganda funksiya  m usbat ko ‘rsa tk ich li  dara ja li  funks iya

n ing  xossasiga ko ‘ra  o ‘sadi, chunki x > 0  bo‘lganda V x  = x* .
4) x  > 0 bo‘lganda funksiyan ing  qiym ati m usbat; t/(0) =0.
5) grafikka tegishli bir nechta, masalan, (0; 0), (1; 1), (8; 2) nuqtalarni 

topib, x > 0 n ing q iym atlari uchun g ra f ik n in g  b ir  qismini yasaymiz va 
so‘ngra  s im m etriya  yordam ida x < 0 uchun g ra f ik n in g  ikkinchi qismini 
yasaymiz (40- rasm). A

у  = 'Vx funksiya  barcha x la r uchun, у = х^ funksiya  esa faqa t x > 0  
uchun aniq langanlig in i t a ’kidlab o ‘tamiz.

M  a s h q l a r

Funksiya toq yoki j u f t  bo‘lishini an iq lang  (2 0 8 -2 0 9 ) :

208. 1) y  = 2 x 4; 2) z/ = 3 x 5 ; 3) у = x 2 + 3 ;  4) у  = x 3 - 2 .

209. 1) y  = x - 4 ; 2 ) y  = x -3; 3) y = x 4 + x 2;

4) z/ = x 3 + x 5 ; 5) у  = x 2 -  x  + 1; 6) У = ^ -
210. Funksiya  g ra f ig in ing  eskizini chizing:

1) z/ = x 4 ; 2) у = x  ’ ; 2) у  = - x 2 + 3 ; 4) у = V x  .
211. Funksiya  j u f t  ham , toq ham emasligini ko ‘rsa ting :



212. F unksiyan ing  j u f t  yoki toq  bo‘lishini aniqlang:

1) у = x A + 2 x 2 + 3 ; 2) у = x s + 2 x  + 1; 3) у  = -Ц- + ¥х
x 3

4) у  = x 4 + \x\ ; 5) г/ = \x\ + x 3 ; 6) </ = -  1.

S im m etriyadan  foydalanib, j u f t  funksiyan ing  g rafig in i yasang: 

1) у = x 2 -  2\x\ + 1; 2) у = x 2 -  2\x\ .
S im m etriyadan  foydalanib, toq funksiyan ing  g ra f ig in i yasang: 

1) z/ — х|д:| -  2д:; 2) У = x\x\ + 2x .

F unksiyan ing  xossalarin i aniqlang va un ing  g ra f ig in i yasang: 
1) z/ = J x  - 5  ; 2) у = J~x + 3; 3) у  = x 4 + 2 ;

4 ) y  = l - x 4 ; 5 ) y  = (x + l f ;  6 ) y  = x 3 - 2 .
F unksiyan ing  g ra f ig in i yasang:

| x 2, ag a r  x  > 0 bo‘ Isa,
1) y = i 3

[x , ag a r  x  < 0 bo‘lsa;

I x 3, ag a r  x  > 0 bo‘ Isa,
2) У = \ 2

[x , ag a r  x < 0 bo‘lsa.
A rg u m e n tn in g  qanday  q iy m a tla r id a  fu n k s iy an in g  q iy m atla r i  
m u sb a t  b o ‘l ish in i  an iq lan g .  0 ‘s ish  va  k am ay ish  o ra l iq la r in i  
ko ‘rsa t ing .

\y funksiya  berilgan:
1) У = x  ; 2) у = X2 ; 3) у = x 2 + x ;  4) у  = x 2 -  x  .
x > 0 bo‘lganda у  funksiyaning g rafig in i yasang. x < 0 uchun 
shu  fu n k s iy a la rd an  h a r  b ir in ing  g ra f ig in i  shunday  yasangki, 
yasalgan grafik : a) ju f t  funksiyaning; b) toq funksiyaning  grafig i 
bo‘lsin. Hosil qilingan har  bir funksiyani b itta  formula bilan bering. 
Funksiya  g ra f ig i  s im m etriya  o ‘qin ing  tenglam asin i yozing:

1) у = (z  + l ) 6 ; 2) у = ж6 + 1 .
Funksiya  g ra f ig i s im m etriya  m arkazin ing  koord ina ta la rin i ko‘r- 
sa ting :
1) y  = x z + l ;  2) г/ = (x + I)3 .

89



у = Ъ FU N K SIY AX

1 - m a s a l a .  t/ = ^  funksiyan ing  g rafig in i yasang.

A  1) an iqlanish  sohasi -  noldan boshqa barcha haqiqiy sonlar.

2) funksiya  -  toq, chunki x  Ф Q bo ‘lganda .

3) funksiya  jc > 0 oraliqda m anfiy  ko ‘rsa tk ich li dara ja li  funksiya-

4) x > 0 bo‘lganda funksiya  m usbat q iym atlarn i qabul qiladi.

5) g rafikka  tegishli b ir  nechta, masalan, ( 1 ;  3), ( 1 ;  2), (1; 1), (2; 1 )

n uq ta la rn i  topib, x > 0 n ing q iym atlari uchun g ra f ikn ing  b ir  qismini 
yasaymiz va so‘ngra  s im m etriya  yordam ida x < 0 uchun qolgan qismini 
yasaymiz (41- rasm). A

у  = -  fu n k s iy an in g  g ra f ig i  giperbola deyiladi. U tarmoqlar  deb 

a ta luvchi ikki qism dan tuz ilgan . Tarm oqlardan b iri b irinchi chorakda, 
ikkinchisi esa uchinchi chorakda joylashgan.

2 - m a s a 1 a . k = 2 va k = - 2  bo ‘lganda z/ = |  funksiyan ing  g ra f i 
gini yasang.

A  A rg u m e n tn in g  ayni b ir  xil q iy m atla r id a  У -  ^  fu nks iyan ing  
qiym atlari у - -  funksiya  q iym atlarin i 2 ga ko ‘pay tir ish  bilan hosil

n ing  xossasiga ko ‘ra  kam ayadi, chunki ^  = x 1

У У

41- rasm. 42- rasm.
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- 3  - 2  -1  О

V=i
\

43- rasm.

qilinishini eslatamiz. Bu esa у = -  funksiya
n in g  g r a f i g i  у  = -  f u n k s i y a  g r a f i g i n i  
abssissa lar o‘qidan o rd ina ta la r  o‘qi bo‘ylab 
ikki ba rava r  cho‘zish bilan hosil qilinadi, 
dem akdir  (42- rasm).

г/ = - -  funksiyan ing  q iym atlari У = ^  
funksiya qiymatlaridan faqat ishorasi bilan 

farq  qiladi. Demak, у  = -  -  funksiyaning g ra 

f ig i у  = -  fu n k s iy a  g ra f ig ig a  abss issa la r  
o‘qiga nisbatan s imm etrik  (43- rasm). A  

Is ta lgan  k Ф 0  da У = ^  funksiyan ing

g ra f ig i  ham  giperbola deyiladi. Giperbola ikki ta tarmoqqa ega. U lar, 
ag a r  k > 0 bo ‘lsa, b irinchi va uchinchi chorak larda , agar  k < 0 bo‘lsa, 
ikkinchi va to ‘r t inch i chorak larda  yotadi.

у = -  (bunda > 0 ) funksiya  у = -  funksiyan ing  barcha  xos
salariga  ega, chunonchi, bu funksiya:

1) д: ^  0 bo‘lganda aniqlangan;
2) noldan boshqa barcha haqiqiy qiymatlarni  qabul qiladi;
3) toq;
4) x > 0 bo‘lganda musbat  q iym atlarn i va x < 0 bo‘lganda 

m a n f iy  q iym atlarn i qabul qiladi;
5) x < 0 va  x  > 0 o ra liq larda  kamayadi.
A gar k < 0  bo‘lsa, u holda у  = -  funks iya  1 -3 -xossa larga  

ega bo‘ladi; 4 - 5  xossalar esa bunday ifodalanadi:
4) x  < 0 bo ‘lganda musbat  q iym atlarn i va x > 0 bo ‘lganda 

m a n f iy  q iym atlarn i qabul qiladi;
5) x < 0 va x > 0 oraliq larda o‘sadi.

у  = -  funksiya  k >  0 bo ‘lganda x  va. у  la r  orasidagi teskari  propor-

sional bog‘lanishni  ifoda qiladi, deyiladi. M iqdorlar orasidagi bunday 
bog‘lan ish lar  ko‘pincha fizika, texn ika  va  boshqa sohalarda  uchraydi.

M asalan , и o ‘zgarm as  tez lik  b ilan  ay lana  bo ‘ylab tek is  h a ra k a t
2

qilayotganda jism  a  = ^  ga teng  (bu yerda r -  aylana rad iusi)  m arkazga
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— .- 2дг-1

.-з-

in t i lm a  tez lan ish  bilan  haraka tla -  
nadi, y a ’ni bu holda tezlanish  ayla
na rad iusiga  te skar i  proporsional.

3 - m a s a l a .  Oy Y e r d a n  
3,84 • 108 m masofada. Oy 27,3 sut- 
ka davomida Yer a tro f in i b ir  m arta  
aylanib chiqadi. Oyning m arkazga 
in tilm a tezlan ish in i hisoblang.

A  2A  a tez lan ishni a -  —  formu-
r

la bilan hisoblaymiz, bunda v = j> 

С = 2кг,  t = 27,3 • 24 3600 s,
r  = 3,84 108 . U holda:

a = 4 n •3 ,8410 = 2,72 10

44- rasm.
(27,3 24 3600У 

J a v o b :  2,72 • 10 3 m /s 2. Ж

4 - m a s a  1 a . y  = -J±_-2 funksiya g ra f ig in i yasang.

A  z/ = I  funksiya  g ra f ig in i (42- rasm) Ox  o‘q bo‘ylab o ‘ngga bir 

b irlik  va Oy  o ‘q bo‘ylab ikki birlik pastga surish  bilan у = -  2 fu n k 

siyaning g ra f ig in i hosil qilish m um kin  (44- rasm). A

M  a s h q l a r

220 . z/ = -| funksiya g rafig in i yasang. x n ing  qanday q iym atlarida:

1) y(x)  = 4 ; 2) y(x)  = - | ; 3) y(x)  > 1; 4) y(x)  < 1 

bo‘lishini aniqlang.

221.  B it ta  koord ina ta la r  tekislig ida У = ^  va у  = x  funks iya la r  gra- 
f ik larin i yasang. x n ing  qanday qiym atlarida:
1) bu funksiya la rn ing  g ra f ik la r i  kesishishini aniqlang;
2) b irinchi funksiyan ing  g ra f ig i ikkinchi funksiya  grafig idan  
yuqorida (pastda) yotish in i aniqlang.
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222.  F u n k s iy a la rn in g  g ra f ik la r in i  yasam asdan , u la rn in g  kesish ish  
nuq ta la r in i  toping:

1) У  = у  = 3 x \  2) у  = у  = -2 x ' ,

2) у  = K  у  = x - l \  4) y = l!T i' У  = х  + 2.

223.  Funks iya la rn ing  g ra f ik la r in i  yasab, u la rn in g  kesishish n u q ta 
la rin i taqriban  toping:

1) z/ = | ,  y  = x  + l ;  2) У = - К  у  = 1 -  x ;

3) У = ~* у  = x 2 + 2;  4) У = K  у  = x 2 + 4 x  .

224. S ilindrda porshen ostida gaz o ‘zgarm as h a ro ra td a  tu r ibd i.  Gaz-

n ing  V  (l i tr larda) hajm i p  (a tm osfera) bosimida V  = —  fo rm ula
P

bo‘yicha hisoblanadi.

1) Bosim 4 atm ; 5 atm ; 10 a tm  bo‘lganda gaz egallagan hajm ni 
toping; 2) qanday bosimda gaz 3 Z; 5 Z; 15 / hajm ni egallashini 
hisoblang; 3) gazning  hajm i uning  bosimiga bog‘liqligi g ra f i 
gini yasang.

225. R e o s ta td a g i  I  to k  k u ch i  (a m p e r la rd a )  /  = ^  f o rm u la  b ilan  
o ‘lchanad i,  bunda  U -  kuch lan ish  (vo ltla rda) ,  R  -  q a rsh il ik  
(omlarda).

1) U = 6 bo ‘lganda I(R)  bog‘lan ishning  g ra f ig in i yasang.
2) G rafik  bo‘yicha taq riban  toping: a) R  qarshilik  6, 12, 20 Om 
bo‘lganda  tok  kuch in i;  b) tok  kuch i 10, 5, 1,2 A b o ‘lganda 
r e o s ta tn in g  qarsh il ig in i .

226. Avtomobil yo 'ln ing  rad iusi 150 m bo‘lgan aylanm a qismi bo‘yicha 
60 k m /s o a t  te z l ik  b i la n  h a r a k a t  q ilm oqda .  A v to m o b i ln in g  
m a rk a z g a  in t i lm a  te z la n is h in i  to p in g .  A g a r  av to m o b iln in g  
tezligi avvalgicha qolib, yo‘ln ing aylanm a qismi rad iusi ortsa , 
m arkazga in t i lm a  tezlan ish  o rtad im i yoki kam ayadim i? 
F unksiyan ing  g ra f ig in i  yasang:

l ) y  = l ~ 2 ;  2) у  — ~ + 3 ) y  = J L . - U  4 ) y =  ^  + l .
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D A R A JA  Q ATN A SH G A N  T E N G SIZLIK  VA 
TENGLAM ALAR

D araja li funksiyan ing  xossa laridan  h a r  xil teng lam a va tengsiz- 
lik larn i yechishda foydalaniladi.

1 - m a s a l a .  x 5 > 3 2  tengsizlikni yeching.

A  у  = x°  funksiya  x  n ing  barcha haqiqiy q iym atlarida  aniqlangan 
va o ‘sadi. y(2) = 32 bo‘lgani uchun x  > 2 bo‘lganda y(x) > 32 va д: < 2 
boTganda y(x) < 3 2 .

J a v o b :  x  > 2 . A.

2 - m a  s a 1 a . x 4 < 8 1  tengsizlikni yeching.

А  У  = x 4 funksiya  x < 0 bo‘lganda kam ayadi va x > 0 bo‘lganda 
o ‘sadi. x 4 = 81 tenglam a ikk ita  haqiqiy ildizga ega: x1 = - 3 ,  x2 = 3 . 
Shuning  uchun x 4 < 81 tengsizlik  x < 0 bo ‘lganda - 3  < x < 0 yechim- 
larga va x > 0 bo‘lganda 0 < x < 3 yechim larga ega (45- rasm).

J a v o b :  - 3 < x < 3 .  A

у

81 y = x.4

0 1,2
■ -1

x

2

-3

45- rasm. 46- rasm.

94



3 - m a s a l a .  F u n k s iy a la rn in g  g r a f ik l a r i  y o rd a m id a  |  = дг +1 

teng lam ani yeching.

B it ta  koord ina ta la r  tekislig ida  у = -  va у  = x 2 + \  funks iya larn ing  

g ra f ik la r in i  yasaymiz (46- rasm).

Д  x < 0 bo‘lganda -  = x 2 +1 teng lam a ild iz larga  ega emas, chunkiд:
-  < 0 ,  lekin x 2 + 1>  0 . x > 0  bo‘lganda bu teng lam a shu  funksiya lar
x
kes ish ish  n u q ta s in in g  abss issa s iga  te n g  b o ‘lgan  b i t t a  i ld izg a  ega. 
46- ra sm d a n  k o ‘r in ib  tu r ib d ik i ,  x x ~ 1,2 . T eng lam a boshqa m usba t 
ild iz larga  ega emas, chunki x  > x x boTganda у = -  funksiya  kamayadi, 
у  = x 2 +1 fu n k s iy a  esa o ‘sadi va dem ak, fu n k s iy a la rn in g  g ra f ik la r i  
x > x 1 boTganda kesishmaydi. X uddi shu sababga ko‘ra  u la r  0 < x < x : 
boTganda ham  kesishmaydi.

J a v o b :  x 1 = 1,2 . A,

4 - m a s a  1 a  . л/2 -  x 2 = x  (1) tenglam ani yeching.
A  A ytaylik , x - b e r i l g a n  teng lam aning  ildizi boTsin, y a ’ni x -  sh u n 

day sonki, u (1) teng lam an i to ‘g ‘ri teng likka  ay lan tirad i.  Tenglam aning 
ikkala qismini kvad ra tg a  koTarib , hosil qilamiz:

2 -  x 2 = x 2 . (2)
B undan x 2 = 1, Xj 2 = ±1.

Demak, (1) teng lam a ild iz larga  ega, deb faraz  qilib, biz bu ildizlar 
faqa t 1 va -1  sonlari boTishi m um kin lig in i bilib oldik, endi bu sonlar 
(1) teng lam an ing  ild izlari boTish yoki boTm asligini teksh iram iz . x=  1
boTganda (1) teng lam a to ‘g ‘r i  teng likka  aylanadi: V2 -  I 2 = 1 .  Shuning  
uchun  x = 1 (1) teng lam an ing  ildizi.

x — —1 boTganda (1) teng lam aning  chap qismi ^2 -  (-1)2 -= v'l = 1 ga 
teng , o ‘ng qismi esa -1  ga teng, y a ’ni x  = -1  (1) teng lam aning  ildizi 
boTa olmaydi.

J a v o b :  x  = 1 .  A
Q aralgan m asalada (1) teng lam a un ing  ikkala  qism ini kvad ra tga  

ko ‘ta r ish  yoTi bilan yechiladi. B unda (2) tenglam a hosil boTdi.
(1) teng lam a faqa t b i t ta  ildizga ega: x = 1, (2) tenglam a esa ikk ita  

ild izga ega: x 12 = ± 1 ,  y a ’ni (1) teng lam adan  (2) teng lam aga oTishda
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chet i ldizlar  deb a ta luvch i i ld iz la r  paydo bo‘ldi. Bu sh u n in g  uchun 
ham  sodir bo‘ldiki, x = -1  bo‘lganda (1) tenglam a 1 = -1  dan iborat 
n o to ‘g ‘r i  teng likka  ay landi, bu n o to ‘g ‘ri teng likn ing  ikkala  qismini 
k v ad ra tg a  ko ‘ta r ish d a  esa I 2 = ( -1 )2 dan  ibo ra t to ‘g ‘r i teng lik  hosil 
bo ‘ldi.

Shunday qilib, tenglam aning ikkala qismini kvadratga

e ko‘tarishda chet ildizlar paydo bo‘lishi mumkin.
Tenglamani uning ikkala qismini kvadratga ko‘tarish  

bilan yechishda tekshirish o ‘tkazish zarur.

(1) tenglam a -  irratsional tenglamaga  misol.
Yana irra ts iona l teng lam alarga  misollar keltiram iz:

л/3 -  2x = 1 -  x; V x + 1 - 2 - V x - 3 -  

Bir nechta irra ts iona l teng lam alarn i yechishni qaraym iz.

5 - m a s a 1 a . л/5 -  2x -  1 -  x tenglam ani yeching.

A  Tenglam aning ikkala qismini kvad ra tga  ko ‘ta ram iz :

5 - 2 x  -  x 2 -  2x + 1

yoki x 2 = 4 ,  bundan  xx - 2 ,  x 2 = - 2 .  Topilgan ild izlarni tekshiram iz . 

x -  2 boTganda berilgan teng lam aning  chap qismi J5  -  2 - 2  = 1 ga
teng, o ‘ng qismi 1 -  2 -  -1  ga teng. 1 + -1  boTganligi uchun  x = 2 
berilgan teng lam aning  ildizi boTa olmaydi.

x  = - 2  boTganda tenglam aning  chap qismi J 5 - 2 -  (-2) = 3 ga teng, 
o‘ng qismi 1 -  (-2) = 3 ga teng. Demak, x -  - 2  berilgan  tenglam aning  
ildizi.

J a v o b  : x  = - 2  . A

6 - m a s a 1 a . Tenglam ani yeching: J x  - 2  + 3 -  0 .

A  Bu tenglam ani л/х -  2 -  - 3  ko‘r in ishda  yozib olaylik.
A rifm etik  ildiz m anfiy  boTishi m um kin  emas, b inobarin , bu ten g 

lama ild iz larga  ega emas.

J a v o b :  Ild izlari yo‘q. Ж
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7 - m a s a  1 a  . Tenglam ani yeching: Vx -  1 + V l l  -  x = 4 .
A  Tenglam aning  ikkala  qismini kvad ra tg a  ko‘ta rib ,  hosil qilamiz: 

x - l  + 2 V x - l - V l l - x  + l l - x  = 1 6 .

0 ‘x s h a s h  h a d la rn i  ix c h am la b ,  te n g la m a n i  b u n d a y  k o ‘r in i sh d a  
yozamiz:

2Vx -  1 • V l l  -  x = 6 yoki Vx -  1 • Vl 1 — x  = 3 .
O xirgi teng lam an ing  ikkala  qismini kv ad ra tg a  ko‘ta ray lik :

(x - 1)(11 -  x) = 9 yoki x 2 -  12x + 20 = 0 ,

bundan  xx = 2, x2 = 1 0 .  T ekshirish  2 va 10 sonlaridan  har  b ir i  berilgan
teng lam an ing  ildizi boTishini ko ‘rsa tad i .

J a v o b :  Xj = 2, x2 = 1 0 .

M  a s h q l a r

228. Tengsizlikni yeching:
1) x 7 > 1 ;  2) x 3 < 2 7 ;  3) t/3 > 64 ;
4) г/3 < 1 2 5 ;  5) x 4 < 16 ; 6) x 4 > 6 2 5 .

229. 1) A gar k v ad ra tn in g  yuzi 361 sm 2 dan k a t ta  ekanligi m a ’lum 
boTsa, un ing  tom oni qanday boTishi m um kin?
2) A g a r  k u b n in g  h a jm i 343 dm 3 dan k a t ta  ekan lig i m a ’lum 
boTsa, un ing  q irras i  qanday boTishi mum kin?

230. (Og‘zaki.) 7 soni teng lam aning  ildizi boTishini ko ‘rsa ting :

1) Vx -  3 = 2;  2) Vx2 - 1 3  -  V 2 x - 5  = 3.
231 . (Og‘zaki.) Tenglam ani yeching:

1) Vx = 3 ; 2) Vx = 7; 3) V2x-1 = 0; 4) J3x + 2 = 0. 

Tenglam ani yeching (232—233):

232.  1) J x  + 1 = 2; 2) Vx -  1 = 3 ;

3) V l - 2 x  -  4 ;  4) V 2 x -1  = 3 .

233.  1) Vx + 1 = V 2 x - 3  ; 2) Vx -  2 = V 3 x - 6  ;

3) Vx2 + 24 = V llx  ; 4) Vx2 + 4x = Vl4 -  x .
7 -  A lgebra, 9- sin f uchun 9 7



234. 1) л /^ Т 2  = х ;  2) V3x + 4 = х  ;

3) л/20 -  х 2 = 2 х ; 4) Vo,4 -  х 2 = Зх .

235. 1) л/х2 - х - 8  = х -  2 ; 2) л/х“ + х - 6  = х - 1 .

236. Tengsizlikni yeching:
1) (х -  I)3 > 1; 2) (х + 5)3 > 8 ;  3) (2х -  З)7 > 1;
4) (Зх -  5)7 < 1; 5) (3 -  х)4 > 256 ; 6) ( 4 -  х)4 > 81 .

237. Berilgan teng lam a nim a uchun ild iz larga  ega em aslig ini tushun- 
t ir ing :
1) л/х = - 8  ; 2) J x  + л /х - 4  = - 3  ;

3) л / - 2 -  x 2 = 1 2 ;  4) л / 7 х - х 2 - 6 3  = 5 .

Tenglam ani yeching (238—240):

238. 1) л/х2 -  4x + 9 = 2x -  5 ; 2) л/х2 + 3x + 6 = 3x + 8 ;

3) 2x = 1 + л/х2 + 5 ; 4) x + л/13 -  4x = 4 .

239. 1) л /х+ 12 = 2 + л/^; 2) л/4 + x + л/х = 4 .

240. 1) л/2х + 1 + л/Зх + 4 = 3 ; 2) л/4х -  3 + л/5х + 4 = 4 ;

3) л/х -  7 -  л/х + 17 = - 4 ;  4) -  л / ^ Т  -  1.
^ 2 Д х  ning qanday q iym atlarida  funksiya la r  b ir  xil q iym atlarn i qa

bul qiladi:

1) г/ = л/ 4  + л/х, у  = л/lQ -  2 л/х ; 2) г/ = л/7 + л/х, z/ = л/ l l  -  л/х ? 
Q 3 I  Tengsizlikni yeching:

1) л / ^ 2  > 3 ;  2) л / ^ 2  < 1 ;  3) V 2 ^  > х ;

4) л/2 -  х < х ; 5) л/5х + 1 1 > х  + 3;  6 ) л/х + 3 < х + 1.

I V b o b g a  d o i r  m a s h q l a r

243. F unksiyan ing  an iq lanish  sohasini toping:

X) y = 2) y = ( 3 - 2 x r 2 ; 3) у = J - 5 - З х  4) y  = ' i l 7 - 3 x .
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244. (Og‘zaki.) у = \ f x  va у  = x 0 funks iya la rn ing  o ‘sish yoki kam a
yish xossalaridan foydalanib, sonlarn i taqqoslang:

1) ^/2?7 va ; 2) va ;

3) ( -2 )5 va ( -3 )5 ; 4) (2§)5 va  ( 2 | ) \

245. F u n k s iy an in g  xo ssa la r in i  an iq lang  va u n in g  g ra f ig i  esk izin i 
chizing:

l )  у  = - 2 x 4 ; 2) jf = i * 5 ; 3) у = 2 ^  ; 4) у = 33Л  .

246. (Og‘zaki.) A gar k = - 4 ,  /г = 3 bo‘lsa, г/= -  g iperbo lan ing  tar-  
moqlari qaysi chorak larda  joylashgan?

247. Bitta chizmada у = x  va у = x 3 funksiyalarning grafiklarini yasang. 
Shu g ra f ik la r  kesishish nuq tasin ing  koord ina ta la rin i toping.

248. F u n k s iy a la r  g ra f ik la r i  kes ish ish  n u q ta la r in in g  k o o rd in a ta la 
r in i  toping:

I )  у  = x 2, у  = x 3 ; 2 ) y  = ± , y  = 2 x ;

3) y = yfx, y  = \x\; 4) у  = 'Ifx, У = ^ -
249. Tengsizlikni yeching:

1) x 4 < 81; 2) x 5 > 3 2 ;  3) x 6 > 64 ; 4) x 5 < - 3 2  .
250 . Tenglam ani yeching:

1) J S - x  = 2; 2) yf3x + l ^ J j _

3) л/3- l l x  = 2 x ; 4) Vbx -  1 + 3 x 2 = 3x ;

5) V 2 x -1  = x -  2 ; 6) J 2 - 2 x  = x  + 3 .

251 . Funksiyan ing  an iq lan ish  sohasini toping:

1) у  = ylx3 + x  -  2 ; 2) у  = У х 2 + 2x -  15 ;

3) у  = у / б - х - х 2 ; 4) у = y l lSx  - 2 2 - х 2 ;

5 ) у =  ; 6 ) г/ =  •V  ;c+7 V  x  + 8x+7
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O Z I N G I Z N I  T E K S H I R I B  KO R IN G !

1. F unksiyan ing  an iq lanish  sohasini toping:

l ) y  = J L ;  2) У = V9 -  * 2 .
2. F unksiyan ing  g ra f ig in i  yasang:

l ) y  = V I ;  2) y = | ;  3) y = - | ;  4) у  = x 3 .
H ar b ir  funksiya  uchun g rafik  bo‘yicha:
a) 1/(2 ) ni toping;
b) agar  y(x) = 3 boTsa, x  ning  qiym atin i toping;
d) y(x) > 0 ,  y(x) < 0 boTgan oraliq larn i toping;
e) o ‘sish, kam ayish oraliq larin i toping.

3. F unksiyan ing  ju f t  va toqligini teksh ir ing :
1) у = Зх6 + x 2 ; 2) у = 8 x 5 -  x .

4. Tenglam ani yeching:

1) V x - 3  = 5;  2) J ‘S - x - x 2 = x .

252. F u n k s iy an in g  ko‘rsa t i lg a n  o ra liqda  o ‘s ishi yoki kam ay ish in i 
an iqlang:

1) у  = — , x > 3 oraliqda; 2) у  = — 1— x < 2  oraliqda;
( x -3 ) “ ( x -2 )3

3) у  = Hx + \ ,  x > 0  oraliqda; 4) у = , x < - 1  oraliqda.
v ДГ+1

253. F unksiyaning  ju f t  yoki toqlig ini aniqlang:

1) у = x 6 -  S x 4 + x 2 -  2;  2) у  = -  x 2 + x  ;
3 ) y  = — Ц -  + 1; 4) у  = x 7 + х ъ + \ .

( * - 2)2
254. F unksiyan ing  xossalarin i aniq lang  va uning  g ra f ig in i yasang: 

l ) y  = i ;  2) y = -L ;  3) у = - ^  + 2 ;

4 ) y  = 3 - 4 r ; 5) y = — 4  + 1;  6) у = — 5—j- -  2 .
x 2 (3 - .r)  (x -1 )3

255. Tengsizlikni yeching:

1) (3x + I)4 > 625 ; 2) (3x2 + 5x)5 < 32 .
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256. Tenglam ani yeching:

1) л/2д:2 + 5x -  3 = л: + 1; 2) J  3 x 2 -  Ax + 2 = x  + 4;

3) V ^ T T l  = 1 + ; 4) V ^T T 9 = 1 + J~x ;

5) Vx + 3 + y / 2 x - S  = 6 ; 6) J 7  -  x  + J'Sx -  5 = 4 .

257. Tengsizlikni yeching:

1) ylx2 -  8x > 3 ; 2) J x 2 -  Sx < 2 ;

3) л / З х - 2  > x - 2  ; 4) J~2x~+ \  < x -  1.

/ Ғ  bobga do ir  s inov  ( t e s t )  m a sh q la r i

1. Funksiyan ing  an iq lan ish  sohasini toping: г/ = V -x2 + 3x -  2 . 
A) 1 < x  < 2; B) 1 < x  < 2; C) x  > 2, x  < 1;
D) - 2  < x  < -1 ;  E) x < -1 ,  x > 2.

13х+22. F unksiyan ing  an iqlanish  sohasini toping: у = * -------.
V 4x-5

A) - ^  < x  < ^ ; B) x < , x > ^ ; C) x > ^ ;

2
D) x  < ; E) to ‘g ‘r i javob berilm agan.

—x2+13x —223. F unksiyan ing  aniqlanish  sohasini toping: у = .  — .
V x-2

A) x < 2; B) 2 < x  < 11; C) x  < 2, 2 < x  < 11;
D) x < -2 ;  E) - 2  < x < 11.

4. Quyidagi fu n ks iya la rn ing  qaysilari o ‘suvchi?

1) у  = - x ;  2) У = 3) у = \ f x  ; 4) i/ = V x - 1 0 0  .

A) ham masi; B) 1 , 2 , 3 ;  C) 1, 3, 4; D) 2, 3, 4; E) 1, 2, 4.
5. Quyidagi fu n ks iya la rn ing  qaysilari o ‘suvchi?

1) у  = ^ c ;  2) z/ = V 7 ;  3) z/ =  - 2 x  + 7; 4) i/ = - л / з ^ .

A) 1 , 4 ;  B) 3, 4; C) 2, 3; D) 1, 2; E) 2, 4.
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6. Quyidagi fu nks iya la rn ing  qaysilari kam ayuvchi?

1) У = - ^ >  2 ) y  = - 3 x  + 4; 3) у = x 3 -  27; 4) z/= .

A) 2, 4; В) 1 , 2 ;  С) 2, 3; D) 3, 4; Е) 1, 4.
7. Quyidagi funks iya la rn ing  qaysilari kam ayuvchi?

l ) y  = ^ ? ;  2) у  = \ f - x  ; 3) У = 4) z/ = ^ - 1 6 .

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

8. F unksiya la rn ing  qaysilari ju f t  funksiya?

1) У = х  + -Х > 2) y  = x?+\x\; 3 ) y  = - 3  + y ,  ±) y  = x 2 - - x .

A) 1 , 2 ;  B) 3, 4; C) 2, 3; D) 1, 4; E) 1, 3.
9. Funksiya la rn ing  qaysilari j u f t  funksiya?

1) г/ = Зх6 -  7x4 + 5x2 + 9 ; 2) у  = {x + I)4 + 3(x + I)2 -  6 ;

, _ с y4
3) i/ = l  + 4xJ + 7 x 7; 4) i/ = ^ j .

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

10. Funksiya la rn ing  qaysilari toq funksiya?

1) у = 6x; 2) у  = yfx ; 3) у  = 4 x  + 7; 4) у  = 2 x 3 -  10.

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

11. Funksiya la rn ing  qaysilari toq funksiya?

1) У = 2) у  = x 2 + x 5; 3) у = x 3 + 7; 4) г/ = x 2n+1 (/г, neN ) .

A) 1, 4; В) 2 , 3 ;  С) 3, 4; D) 1, 2; E) to ‘g ‘ri javob berilm agan.

k12. у  = a x 2 va У = -  ch iz iq lar a va k n ing  qanday q iym atlarida  

(3; 2) nuq tada  kesishadi?

A) a = - ^ , k  = 6; В) а = Л , / г  = 6; C) a  = 6 , k  = - ;

D) a = k  = - 6 ;  E) a  = 6, k = .

102



k13. k n ing  qanday q iym atlarida  У = ~ g iperbola  bilan у = 2x  + b 

to ‘g ‘r i chiziq  ikk ita  nuq tada  keshishadi?
лч , 25 n x  , 25 , 25 тлх . 25 , 25A ) k <  — ; B) k < ; C ) k > - — ; D) /г > — ; E) k = — .

k
14. k n ing  qanday q iym atlarida  У = -  g iperbola  bilan  у = 6 -  x 

to ‘g ‘ri chiziq  b i t ta  um um iy  nuq taga  ega bo‘ladi?

A) 10; B) - 9 ;  C) 8; D) 9; E) -1 0 .
k15. k n ing  qanday q iym atlarida  У = ~ g iperbo la  bilan у = 3 -  2x  

to ‘g ‘ri chiziq  keshishm aydi?

A) k  = l ;  B) f e < ? ;  C ) f t > - ? ;  D) A < - ?  ; E ) f t > g .

16. J x - 6  + y J l 0 - x  = 3 teng lam aning  у  = J x— - D- +o0 funksiyan ing
V x?-llx+24

aniq lan ish  sohasiga tegishli ildizini toping.

A) 6; B) 9; C) -6 ;  D) 3; E) 10.

17. ҳ/х -  50 VlOO -  x  > 0 tengsiz likn ing  b u tu n  yechim lari y ig ‘indi- 
sin i toping.

A) 3765; B) 3675; C) 49; D) 99; E) 3775.

18. \ l2x2 -  8* + 5 = x - 2  teng lam ani yeching.

/a 
A) 4 -  V3 ; В) Vl 4 ;  С) 2 + 7 з  ; D) 2 - Т З ;  E) 2 + у  . 

19. \ l2x  -  3 = 3 -  x  teng lam ani yeching. 

A) 6; В) C) 3; D) 2; E) 0 .

20. \ l s -  x  ■ \J-2x2 + 9x + 5 > 0 tengsiz likn ing  b u tu n  yechim lari soni- 
ni toping.

A) 6; B) 3; C) 5; D) 2; E) 4.
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T a r i x i y  т а ’ l u m o t l a r

«Funksiya» so‘zi lotincha «functio» 
so‘zidan olingan bo‘lib, u «sodir bo‘lish», 
«ba ja r ish»  d eg an  m a ’non i b i ld irad i .  
F u n k s i y a n i n g  d a s t l a b k i  t a ’r i f l a r i  
G .L eybn is  ( 1 6 4 6 - 1 7 1 6 ) ,  I .B e r n u l l i  
(1667-1748), N.I.Lobachevskiy (1792 -  
1856) asa r la r ida  berilgan.

F u n k s i y a n i n g  h o z i r g i  t a ’r i f i n i  
bilishmasa-da, qadimgi olimlar o‘zgaruvchi 
miqdorlar orasida funksional bog‘lanish 
bo‘lishi lozimligini tushunishgan.

To‘r t  m ing  y ildan  avvalroq  Bobil 
o lim la ri  r a d iu s i  r  bo ‘lgan  do ira  yuzi 
uchun  -  xato lig i sezilarli bo ‘lsa-da -  
S  = Sr2 fo rm ulan i chiqarishgan.

Sunning darajasi haqidagi ilk m a’lumotlar qadimgi bobil- 
liklardan bizgacha yetib kelgan b it ik la rda  m avjud. X ususan , 
u la rda  n a tu ra l  son la rn ing  k v ad ra t la r i ,  kublari jadvalla r i  
berilgan.

Sonlarn ing  kvad ra tla r i ,  kublari jadvali, logarifm lar  jad- 
vali, tr igonom etrik  jadvallar,  kvad ra t  ild izlar jadvali m iq
d o r la r  o ras idag i bog‘lan ish n in g  jadval u su lida  beril ish i,  
xolos.

Buyuk qom usiy  olim Abu Rayhon Beruniy ham  o ‘z 
asarla r ida  funksiya tu shunchas idan , uning xossalaridan foy- 
dalangan. Abu Rayhon Beruniy m ashhur «Qonuni Ma’sudiy» 
asarin ing  6- maqolasida a rg u m en t va funksiyan ing  o ‘zga- 
r ish  oraliq lari,  funksiyan ing  ishoralari va eng k a t ta ,  eng 
kichik q iym atlarin i t a ’riflaydi.

A bu R ayhon  B erun iy  
(9 7 3 -1048)



V B O B .

19- §.

TRIGONOMETRIYA
ELEMENTLARI

M,

Q'O'Q О

BURCHAKNING RADIAN 0 ‘LCH0VI

A ytaylik , vertika l to ‘g ‘ri chiziq m arkazi О nuq tada  va rad iusi 1 ga 
teng  bo‘lgan aylanaga P  nuq tada  u r in s in  (47- rasm). Bu to ‘g ‘r i chiziqni 
boshi P nuq tada  bo‘lgan son o ‘qi deb, yuqo- 
r iga  yo‘nalishni esa to ‘g ‘ri chiziqdagi mus- 
b a t  yo ‘nalish  deb hisoblaymiz. Son o ‘qida 
uzunlik  b irl ig i s ifa t id a  ay lanan ing  radiusi- 
ni olamiz. To‘g ‘r i  chiziqda b ir  nechta  nuq-

tan i belgilaylik: ±1, ± | ,  ±3, ±7t (тг- taqriban

3,14 ga teng  bo‘lgan ir ra ts iona l son ekan- 
lig in i eslatib  o ‘tam iz). Bu to ‘g ‘r i  chiziqni 
aylanadagi P nu q tag a  m ahkam langan  cho‘- 
zilm aydigan ip  s ifa t ida  ta sav v u r  qilib, uni 
f ik ran  aylanaga о ‘ray  boshlaymiz. Bunda son

(o‘qining) to ‘g ‘ri chizig‘ining, masalan, 1, | ,
- 1 ,  - 2  koordinata li n u q ta la r i  aylananing, 
mos rav ishda, shunday  M 2, M 3, M ,
nuq ta la r iga  o ‘tad ik i,  P M X yoyning uzunlig i

1 ga teng, P M 2 yoyning uzun lig i |  ga teng

va  hokazo bo‘ladi.
Shunday qilib, to‘g ‘ri chiziqning  har bir 

n u q ta s ig a  a y l a n a n i n g  biror nu q ta s i  mos  
keltir iladi.

- 1M.M

- 2

- n

47- rasm.
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м To‘g ‘ri ch iz iqning  koord ina tas i  1 ga teng  
bo‘lgan  n u q ta s ig a  M , n u q ta  mos k e l t i r i lg a n i  
uchun, POM^ burchakni birlik burchak  deb hisob- 
lash va bu bu rchakn ing  o ‘lchovi bilan boshqa 
bu rchak la rn i o ‘lchash tab iiydir .  Masalan, POM.,

burchakni |  ga teng, PO M :i burchakni -1  ga teng,

P O M л b u r c h a k n i  - 2  ga te n g  deb h iso b la sh  
lozim. B urchak larn i o ‘lchashning  bunday usuli 
m a tem a tika  va  fiz ikada keng qo‘llaniladi. Bu 
h o l d a  b u r c h a k l a r  r a d i a n  o* I c h o v l a r d a  

odchanyapt i  deyiladi, POM^ ni esa 1 rad ian  (1 rad) ga teng  burchak  
deyiladi. A ylananing  PM , yoyining uzunlig i rad iusga  teng  ekanligini 
t a ’kidlab o ‘tamiz.

Endi ix tiyoriy  R  rad iusli aylanani qaraym iz va unda  uzunlig i R  ga 
teng  bo‘lgan P M  yoyni va P O M  burchakni belgilaymiz (48- rasm).

48- rasm.

о
U zunligi aylana radiusiga teng  bo‘lgan yoyga tiralgan  

markaziy burchak 1 rad ian  b urchak  deyiladi.

1 rad  burchakn ing  g rad  us o ‘lchovini topaylik . Uzunligi tlR (yarim 
aylana) bo‘lgan yoy 180° li m arkaziy  burchakn i to r t ib  tu rg a n i  uchun 
uzunlig i R  bo‘lgan yoy n m a r ta  kichik bo‘lgan burchakni to r t ib  tu rad i ,  
y a ’ni

l r a d  =  m ° .
v я /

я  = 3,14 bo‘lgani uchun 1 rad  = 57,3 bo‘ladi.
A gar bu rchak  a  rad iandan  iborat bo‘lsa, u holda un ing  g radus  o ‘l- 

chovi quyidagiga teng  bo‘ladi:

a  rad  = ( ^ o t j  . ( 1 )

1 - m a s a l a .  1) я rad; 2) |  rad; 3) ^  rad  ga teng  burchakning  
g radus  o‘lchovini toping.

A  (1) form ula bo ‘yicha topamiz:

1) я r a d - 1 8 0 ° ;  2) £ rad  = 90°; 3) Зд ra d = № . M ) 0 = 1 3 5 ° .  ▲
^ 4 V л 4 /

106



1° li bu rchakn ing  rad ian  o ‘lchovini topaylik . 180° li bu rchak  к  rad 
ga teng  bo‘lgani uchun

Г  = l lo  ra d

bo‘ladi.
A gar  b u rch ak  a  

o ‘lchovi
g ra d u sd a n  ib o ra t  bo ‘lsa, u holda un in g  rad ian

a  =_  71
180 a  rad ( 2 )

ga teng  bo‘ladi.
2 - m a s a 1 a . 1) 45° ga teng  burchakning ; 2) 15° ga teng  b u rch ak 

n ing  rad ian  o ‘lchovini toping.
A  (2) fo rm ula  bo‘yicha topamiz:

1) 4 5 ° = j fb  ' 45 rad  = 4 rad  ’

2) 15° = ■ 15 rad  = A  r a d .  ▲л 180 12
K o‘proq uchrab  tu rad ig an  bu rchak la rn ing  g radus  olcho‘v la rin i va

u la rga  mos rad ian  o ‘lchovlarin i keltiram iz:

G radus 0 30 45 60 90 180

к к к
Radian 0 6 4 3 2 к

O datda burchakn ing  o ‘lchovi rad ian la rda  berilsa, «rad» nomi tu- 
sh ir ib  qoldiriladi.

B urchakn ing  rad ian  o ‘lchovi ay lana yoylarin ing  u zun lik la r in i hisob
lash uchun  qulay. 1 rad ian  burchak  uzunlig i R  rad iusga  teng  yoyni 
to r t ib  tu rg a n i  uchun a  rad ian  burchak

I = aR (3)

uzunlikdag i yoyni to r t ib  tu rad i .
3 - m a s a  1 a . Shahar kurantlari m inut milining uchi radiusi R  ~ 0,8 m 

bo‘lgan aylana bo ‘ у lab h a rak a t  qiladi. Bu m ilning uchi 15 min davomida 
qancha yo‘lni bosib o ‘tadi?
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Д  Soat mili 15 min davom ida -  rad ianga  teng  burchakka  buriladi. 

(3) form ula  bo‘yicha a  = |  bo‘lganda topamiz:

Z = = M i- 0 ,8  m = 1,3 m.

J a v o b :  1,3 m. A,
(3) fo rm ula  aylana rad iusi Д= 1 bo‘lganda ayniqsa sodda ko‘rin ishga 

ega bo‘ladi. Bu holda yoy uzunlig i shu yoy bilan tortilib  tu rg a n  markaziy 
burchak  ka tta lig iga  teng, y a ’ni I = a  bo‘ladi. Radian o ‘lchovni m a te 
m atika , f izika, m exanika va boshqa fan la rda  qodlan ilish in ing  qulayligi 
shu bilan  izohlanadi.

4 - m a s a 1 a . Radiusi R  bo‘lgan doiraviy  sek tor a  rad  burchakka 
ega. Shu sek to rn ing  yuzi

ga teng  ekanlig ini isbotlang, bunda 0 < a <  к.
Д  к rad  li do iraviy  sek to r  (yarim doira)n ing  yuzi ga teng.

S hun ing  uchun 1 r a d i i  sek to rn ing  yuzi к m a r ta  kichik, y a ’ni e^ - : k . 

Demak, a  rad  li sek torn ing  yuzi a  ga teng. A

258. G raduslarda  ifodalangan  burchakn ing  rad ian  o ‘lchovini toping:

259. R ad ian la rda  ifodalangan burchakn ing  g radus  o ‘lchovini toping:

M  a s h q l a r

1) 40°; 
5) 75°;

2 ) 1 20 °; 
6 ) 32°;

3) 105°; 
7) 100°;

4) 150°; 
8) 140°.

260. Sonni 0,01 gacha aniqlikda yozing:
8) 0,36.

1) Л •
4  2 ’

3) 2тс; 4) I * .

261. Sonlarni taqqoslang:
1)  f  v a  2 ; 2) 2n  va 6,7 ; 3) л va 3 ^  ;о



262. (Og‘zaki.)  a) ten g  tom onli  uchbu rchak ; b) te n g  yonli t o ‘g ‘ri 
b u rch ak l i  uchbu rchak ; d) k v ad ra t ;  e) m u n tazam  o lt ibu rchak  
bu rchak la r in ing  g radus  va rad ian  o ‘lchovlarin i aniqlang.

263. A g ar  ay lanan ing  0 ,36  m uzun likdag i yoyi 0 ,9  ra d  m arkaziy  
bu rchakn i to r t ib  tu rsa ,  un ing  rad ius in i hisoblang.

264. A g a r  ay lan an in g  ra d iu s i  1,5 sm  ga ten g  b o ‘lsa , ay lan an in g  
uzun lig i 3 sm bo‘lgan yoyi to r t ib  tu rg a n  burchakn ing  rad ian  
o ‘lchovini toping.

D oiraviy sek tor yoyi ^  rad  burchakni to r t ib  tu rad i .  A gar doi- 

ran ing  rad iusi 1 sm ga teng  bo‘lsa, sek to rn ing  yuzini toping.

D oiran ing  rad ius i  2,5 sm ga teng, doiraviy sek to rn ing  yuzi esa 
6 ,2 5  s m 2 ga te n g .  S h u  d o ira v iy  s e k to r  yoyi to r t ib  tu r g a n  
burchakn i toping.

_ l_____________________________________________________________
NUQTANI KOORDINATALAR BOSHI 

ATROFIDA BURISH

A vvalgi p a rag ra fd a  son to ‘g ‘r i  ch iz ig ‘in ing  nuq ta la r i  bilan aylana 
nuq ta la r i  o ‘r ta s ida  moslik o ‘rn a tish n in g  ko‘rgazm ali usu lidan  foyda- 
lanildi. Endi qanday qilib haqiqiy  sonlar bilan  ay lanan ing  n uq ta la r i  
o ‘r ta s ida  aylana nuq tas in i bu rish  yordam ida moslik o ‘rn a t ish  mum kin- 
ligini ko ‘rsa tam iz .

K oord ina ta  tek is lig ida  rad iu s i  1 ga teng  va m arkazi koord ina ta  
boshida  bo‘lgan  ay lanan i qaraym iz . U birlik ay lana  deyiladi. Birlik 
ay lanan ing  n u q ta s in i  k o o rd in a ta  boshi a t ro f id a  a  rad ian  bu rchakka  
burish tushunchasin i  k ir i tam iz  (bu yerda a  -  is ta lgan  haqiqiy son).

1 . A y t a y l i k ,  a > 0 b o ‘ l s i n .  N uq ta  b irl ik  aylana bo‘ylab P nuq- 
tadan  soat mili yo‘nalish iga  qaram a-qarsh i h a ra k a t  qilib, a  uzunlikdagi 
yo‘lni bosib o ‘td i,  deylik (49- rasm). Yo‘ln ing  oxirgi nuq tasin i M  bilan 
belgilaym iz.

Bu holda M  nu q ta  P nuq tan i  koord ina ta  boshi a tro f ida  a  rad ian  
bu rchakka  bu r ish  bilan  hosil q ilinadi, deb aytamiz.

20 - §.

266.

265.
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м

P ( i ;  0)
X

а  < 0

49- rasm. 50- rasm.

М ( 0 ;  1)

Зл

iV(0; -1 ) К  (0; -1 )

51 rasm.

2. A y t a y l i k  , ( х < 0  b o ‘ l s i n . B u  holda а  radian burchakka burish 
ha raka t  soat mili yo‘nalishida sodir bo‘lganligini va nuq ta  |a| uzunlikdagi 
yo ‘lni bosib o ‘tgan lig in i b ild iradi (50- rasm).

0 rad  ga burish  nuq ta  o‘z o ‘rn ida  qolganligini anglatadi.
M i s о 11 a  r  :
1) P ( l ;  0) nuq tan i |  rad  burchakka  bu rishda  (0; 1) koord inatali 

M  nu q ta  hosil q ilinadi (51- rasm).

2) P ( l ;  0) nuq tan i -  |  rad  burchakka burishda  iV(0; -1 )  nu q ta  hosil 

q ilinadi (51- rasm).

3) P ( l ;  0) nuq tan i ^  rad  burchakka burishda  K(0;  -1 )  n uq ta  hosil 

qilinadi (52- rasm).

4) P ( l ;  0) nuq tan i  -тг rad  burchakka b u rishda  L ( - l ;  0) n uq ta  hosil 
qilinadi (52- rasm).
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Geom etriya ku rs ida  0° dan 180° gacha 
bo‘lgan b u rchak la r  qara lgan . Birlik ayla
nan ing  n u q ta la r in i  koord ina ta la r  boshi a t 
ro fida  bu rishdan  foydalanib, 180° dan k a t
ta  bu rchak la rn i,  shun ingdek , m anfiy  b u r 
chaklarn i ham  qarash  m um kin. B urish  bur- 
chagini g rad u s la rd a  ham , rad ian la rda  ham 
berish mumkin. Masalan, P  (1; 0) nuqtani ^  
burchakka burish uni 270° ga burishni bildi

radi; -  ̂  burchakka burish -90° ga burishdir.
B a’zi bu rch ak la rn i  b u r ish n in g  rad ian  

va g radus  o ‘lchovlari jadvalin i keltiram iz 
(53- rasm).

P ( l ;  0) n u q ta n i  2k  ga, y a ’ni 360° ga 
burishda nuq ta  dastlabki holatiga qaytishini 
t a ’k idlab o ‘tam iz  ( jadvalga qarang). Shu 
nuq tan i  - 2k  ga, y a ’ni -360°  ga b u rishda  u 
yana dastlabk i hola tiga  qaytadi.

N u q ta n i  2k  dan  k a t t a  b u rc h a k k a  va 
- 2 k  d a n  k ich ik  b u rc h a k k a  b u r is h g a  oid 
misollar qaraym iz. M asalan, ^  = 2 ■ 2л + |  
bu rchakka  b u r ish d a  n u q ta  soat mili hara- 
ka tiga  qaram a-qarsh i ikk ita  to ‘la aylanishni 
va yana |  yo‘lni bosib o‘tadi (54- rasm).

-  — = - 2 - 2 л - -  b u rc h a k k a  b u r is h d a  
2 2

nuq ta  soat mili h a rak a ti  yo ‘nalish ida  ikk i
ta  to ‘la aylanadi va yana  shu  yo‘nalishda 
I  yo‘lni bosadi (55- rasm).

P ( l ;  0) nuq tan i  ^  bu rchakka  burishda  

I  b u rch ak k a  b u r ish d a g i  n u q ta n in g  ayni 

o ‘zi hosil bo ‘lishini t a ’kidlaymiz (54- rasm).

_ 25 b u rch ak k a  b u r ish d a  -  5 b u rchakka
2 2

burishdag i nuq tan in g  ayni o ‘zi hosil bo‘- 
ladi (55- rasm).

30

45°

60

90

180

Зл
270

2Л 360

- 9 0

-  Л - 1 8 0

53- rasm.
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55- rasm.54 rasm.

M

P (1 ; 0)

a-2n

M
а+2я

56- rasm.

U m um an, agar  cx = (x0 + 2nk  (bunda k -  b u tu n  son) bo ‘lsa, u  holda а  
bu rchakka  b u rishda  a 0 bu rchakka  burishdag i nuq tan in g  ayni o ‘zi hosil 
bo ‘ladi.

Shunday  qilib, h a r  b ir  haqiqiy a  songa b irlik  ay lananing  (1; 0) n u q 
tasin i a  rad  burchakka  burish  bilan hosil q ilinadigan b irg ina  nuq tasi 
mos keladi.

Biroq, b irlik  ay lananing  ayni b ir  M  nuq tas iga  (P ( l ;  0) nuq tan i 
bu rishda  M  nuq ta  hosil bo ‘ladigan) cheksiz ko‘p а  + 2nk  haqiqiy sonlar 
mos keladi, k -  b u tu n  son (56- rasm).

1 - m a s a l a .  P ( l ;  0) nuqtani: 1) 7k ; 2) -  ^  bu rchakka  burishdan  
hosil bo‘lgan n uq tan ing  koord ina ta la rin i toping.
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A  1) 7я = л + 2я • 3 bo‘lgani uchun 
7к  g a  b u r i s h d a  к  g a  b u r i s h d a g i  
n u q ta n in g  o ‘zi, y a ’ni (-1 ; 0) koord i
n a ta li  n u q ta  hosil bo‘ladi.

2) -  ^  -  2л b o ‘lgan i u ch u n

M

57- rasm.

-  M  ga burishda  - 1 ga burishdag i 

n u q ta n in g  o ‘zi, y a ’n i  (0; - 1 )  k o o r 
d ina ta li  nu q ta  hosil bo‘ladi. A

2 - m a s a l a .  | j  n u q ta n i  hosil qilish uchun  (1; 0) nuq tan i

burish  kerak  bo‘lgan barcha b u rchak la rn i  yozing.

A  N O M  t o ‘g ‘r i burchak li  uchburchakdan  (57- rasm ) N O M  b u r 

chak I  ga teng lig i kelib chiqadi, y a ’ni m um kin bo‘lgan bu rish  burchak-

laridan  b iri |  ga teng. S hun ing  uchun  i j  nuq tan i  hosil qilish

uchun (1; 0) nuq tan i  bu r ish  kerak  bo‘lgan barcha b u rchak la r  bunday 

ifodalanadi: |  + 2nk , bu yerda k -  is ta lgan  b u tu n  son, y a ’ni k = 0; ±1;

± 2; ... A

M  a s h q l a r

267. Birlik ay lanan ing  P ( l ;  0) nuqtasin i:
1) 90°; 2) -л ;  3) 180°; 4) 5) 270°; 6) 2л
burchakka  burish  na t ijas ida  hosil bo‘lgan nu q ta la r in in g  koordi
na ta la r in i  toping.

268. Birlik  aylanada P ( l ;  0) nuqtani:

l ) f ;  2) 3> - § л ; 4) I * ;

5) I  + 2д ; 6) -  д -  2л ; 7) |  -  4 л ; 8) - 1 + 6л

burchakka  bu r ish  n a tijas ida  hosil bo ‘lgan nuq tan i belgilang.
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269. P ( l ;  0) nuqtani:

1) 2,1л; 2) 2 1 п ; 3) - у Л ;  4) - ^ к ;  5) 727°; 6) 460°

burchakka  bu r ish  n a tijas ida  hosil bo‘lgan nu q ta  joylashgan koor
d in a ta la r  choragini aniqlang.

270. P ( l ;  0) nuqtani:

1) Зл; 2) - | т г ;  3) - f j z ;

4) 5к; 5) 540°; 6) 810°
burchakka  burish  na tijas ida  hosil bo‘lgan nu q tan in g  koordina
ta la r in i  toping.

271. 1) ( -1 ; 0); 2) (1; 0); 3) (0; 1); 4) (0; -1 )  n uq ta la rn i  hosil qilish 
uchun  P ( l ;  0) nuq tan i burish  kerak bo‘lgan barcha burchak larn i 
yozing.

272. P  (1; 0) nuq tan i berilgan:
1) 1; 2) 2,75; 3) 3,16; 4) 4,95
burchakka  burish  na tijas ida  hosil bo‘lgan nu q ta  joylashgan koor
d ina ta la r  choragin i toping.

273. A gar:

1) а = 6,7л:; 2) а = 9,8тг; 3) a = 4 ^ к  ;

4) a = 7 ±n ;  5) a = ^ n ;  6) a =

b o ‘lsa , a = x  + 2nk  te n g l ik  b a ja r i la d ig a n  x sonn i (bu yerda  
0 < x < 2 л ) va /г n a tu ra l  sonni toping.

274. Birlik aylanada P ( l ;  0) nuqtani:

1) f  ±271; 2) -  5 ± 2 л ;  3 ) 2 г  + 6л;  4) -  ^  ± 8л ;
4 3 3 4

5) 4,5л; 6) 5,5л; 7) -6л; 8 ) -7л
burchakka bu rishdan  hosil bo ‘lgan nuq tan i yasang.

J 0 2 y P ( l ;  0) nuqtani:

\ )  -  ‘̂  + 2кк;  2) ^  + 2л/г; 3) ^  + 2л/г; 4) -  ^  + 2nk
b u rchakka  (bu yerda k -  b u tu n  son) bu rishdan  hosil bo‘lgan 
n u q ta n in g  koord ina ta la r in i toping.
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I (1; 0) nuqtani:

^ H : #  2) ( f : -1)’
koordinatali  n uq ta  hosil qilish uchun  burish  kerak bo‘lgan barcha 
b u rchak la rn i  yozing.

21- § . BURCHAKNING SIN U SI, KOSINUSI,  
TANGENSI VA KOTANGENSI TA ’RIFLARI

G eometriya ku rs ida  g radus la rda  ifodalangan burchakn ing  sinusi,  
kosinusi va tan g en si  k ir i t i lg an  edi. Bu b u rchak  0° dan 180° gacha 
bo‘lgan  ora liqda qara lgan . Ix tiyo riy  b u rch ak n in g  s inus i va kosinusi 
quyidagicha t a ’r if lanad i:

e l - t a ’ r i f .  a  burchakn ing  sinusi deb (1; 0) nuq tan i koor
d ina ta la r  boshi a tro fida  a  burchakka  burish natijas ida  hosil 
bo‘lgan  nu q ta n in g  ordinatasiga aytiladi  (sina kabi belgilanadi).

sina

cosa,

2 - t a ’ r i f .  a  b u r c h a k n in g  kos inus i  deb (1 ;  0) n u q ta n i

О ko o rd in a ta la r  boshi a tro fida  a  b u rch a kka  burish  na ti jas ida  
ho s il  b o 'lg a n  n u q ta n in g  abss issa s iga  a y t i la d i  (co sa  kabi 
belgilanadi).

Bu t a ’r i f la rd a  a  burchak  g radus la rda ,  shun ingdek  rad ian la rda  ham 
ifodalan ish i m um kin .

M asalan, (1; 0) n uq tan i  |  bu rchakka , y a ’ni 90° ga bu rishda  (0; 1) 
nuqta hosil qilinadi. (0; 1) nuqtaning ordinatasi 1 ga teng, shuning uchun

sin I  = sin 90° = 1;
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( i ;  0 )
X

270'

(0; - l )

58- rasm. 59- rasm.

bu nu q tan in g  abssissasi 0 ga teng, shun ing  uchun

cos I  -  cos 90 = 0 .

Burchak 0° dan 180° gacha oraliqda bo‘lgan holda sinus va kosi- 
n u s la rm n g  t a ’r i f la r i  geom etriya  k u rs id an  m a ’lum bo‘lgan  s inus  va 
kosinus t a ’r if la r i  bilan mos tush ish in i  t a ’kidlaymiz.

Masalan,

sin ~ = sin 30 = i ,  cos я = cos 180 = - 1 .

1 - m a s a l a .  s in (-^)  va cos(-7t) ni toping.

Д  (1; 0) nuq tan i - к  bu rchakka  burganda  u (-1 ; 0) nuq taga  o ‘tadi 
(58- rasm). Shuning  uchun s in (-n )  = 0, cos(-7u) = - l .  A

2 - m a s a l a .  s i n 270° va c o s 270° ni toping.

A  (1; 0) n u q ta n i  270° ga  b u r g a n d a  u (0; - 1 )  n u q ta g a  o ‘ta d i  
(59- rasm). S huning  uchun co s270° = 0, sin 270° = - 1 . A

3- m a s a  1 a  . s in t  = 0 tenglam ani yeching.
A  sint = 0 tenglamani yechish — bu sinusi nolga teng bo‘lgan 

barcha burchaklarni topish demakdir.
Birlik aylanada ordinatasi nolga teng bo‘lgan ikkita nuqta  bor: (1; 0) 

va ( -1 ; 0) (58- rasm). Bu n u q ta la r  (1; 0) nuq tan i 0, я, 2я, Зя va hokazo, 
shuningdek, - я , - 2 я ,  -З я  va hokazo burchaklarga burish bilan hosil qilinadi.

Demak, t = kn  bo‘lganda (bunda k -  is ta lgan  b u tu n  son) s in t = 0 
bo ‘ladi. A 
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B u tu n  s o n la r  t o ‘p lam i Z  h a r f i  b ilan  
belgilanadi. k son Z  ga teg ish li ekanligini 
belgilash uchun  k e Z  yozuvdan foydalani- 
ladi («/г son Z  ga tegishli»  deb o ‘qiladi). 
S hun ing  uchun 3- m asala javobini bunday 
yozish m um kin:

У к
(0 ; 1 )

X

t = uk, keZ .

4 - m a s a l a .  c o s t  = 0  t e n g l a m a n i  
yeching. (0 ; - 1)

ZX Birlik  ay lanada abssissasi nolga teng  
bo‘lgan ikk ita  n uq ta  bor: (0, 1) va (0; -1 ) 60- rasm.
(60- rasm ).

Bu n u q ta la r  (1; 0) nuq tan i  ^ + я, |  + 2я va hokazo, shuningdek,

I  -  л, I - 2 л  va hokazo burchak la rga , y a ’ni ^  + kn  (bunda k e Z )  b u r 
chak larga  bu r ish  bilan hosil qilinadi.

J a v o b :  t = ^  + nk  , k eZ .  Ж.

5 - m a s a l a .  Tenglam ani yeching: 1) s in t  = l ;  2) cost = 1.
Д  1) Birlik  ay lanan ing  (0; 1) nuq tasi  b irga  teng  o rd ina taga  ega. 

Bu n uq ta  (1; 0) nuq tan i ^  + 2nk  , k e Z  bu rchakka  burish  bilan hosil 
qilinadi.

2) (1; 0) nuq tan i  2/гл, k e Z  bu rchakka  burish  bilan hosil qilingan 
n uq tan ing  abssissasi b irga  teng  boTadi.

J a v o b :  t = !  + 2nk  boTganda s in t = 1,

t = 2nk  boTganda cost = 1, k e Z .  Ж

0 3 - 1 a ’ r i f . a  b u rch a k n in g  ta n g e n s i  deb a  burchak  sinu-
s in in g  u n in g  ko s in u s ig a  n isba tiga  a y t i la d i  ( tg a  kabi belgi
lanadi).

Shunday  qilib, t g a =  s in a  
c o s a

Masalan, tgO =_  sin  0 
co s0 “ co s -  

4 2
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B a’zan a burchakning  kotangensidan  foydalaniladi (ctgcc kabi belgi
lanadi). U ctg a  = fo rm ula  bilan aniqlanadi.

s m a
M asalan,

ctg270° = cos27q_ = _^ = 0) c tgE  = _J_ = I = 1
sin 270° - 1 4 t  я  1

4

s in a  va cosa la r ix tiyoriy  burchak  uchun t a ’r if langanlig in i,  u la rn ing  
q iym atlari  esa -1  dan 1 gacha oraliqda ekanlig ini t a ’kidlab o ‘tamiz;
t g a  = faqa t c o s a  Ф 0 bo‘lgan b u rchak la r  uchun, y a ’ni a  = 5 + nk,

cos a  2
k E Z  dan boshqa ix tiyoriy  b u rchak la r  uchun aniqlangan.

Sinus, kosinus, tangens va ko tangenslarn ing  ko ‘proq uchrab  tu r a 
digan q iym atlari jadvalin i keltiram iz.

a 0
(0°)

к
6

(3 0 °)

к
4

(4 5 °)

к
3

(6 0 °)

к
2

(9 0 ° )

71

(1 8 0 ° )
l n

(2 7 0 ° )

271

(3 6 0 ° )

s in a 0 1
2

V2
2

Va
2 1 0 - 1 0

cosa 1 Vs
2

V2
2

1
2 0 - 1 0 1

t g a 0 1
Va 1 Уз Mavjud

emas 0
M avjud

emas 0

c tg a
Mavjud

emas Уз 1
1

Va 0 Mavjud
emas 0 M avjud

emas

6 - m a s a l a .  Hisoblang:

4 sin £ + Уз cos § -  tg  y .6 6 4

/X  Jadva ldan  foydalanib, hosil qilamiz:

4 sin 5 + УЗ cos 5 -  tg ̂  = 4 • I  + УЗ • #  - 1  = 2,5. A
6 6 4 2 2

Sinus, kosinus, tangens va ko tangenslarn ing  bu jadvalga kirm agan
burchak la r  uchun q iym atlarin i V .M .Bradisning to ‘r t  xonali m atem atik
jadvalla r idan , shuningdek m ik roka lku la to r  yordam ida topish m um kin.

■
 A gar h a r  b ir  haqiqiy x  songa s in* son mos keltir i lsa , u holda

haqiqiy sonlar to ‘plamida y=sinx  funksiya  berilgan bo ‘ladi. Shun-
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у -  s inx

Зл-я
-1

61- rasm.

у = cosx

оЛЛ

62- rasm.

ga o ‘xshash , y = cosx,  y  = t g x  va y  = c tg x  funks iya la r  beriladi. y  = 
cosx fu n k s iy a  b a rc h a  x e R  da a n iq la n g a n ,  у = tg x  fu n k s iy a
x  * Z + nk, k e  Z  , y= c tg x  esa x  Ф nk, k e Z  bo‘lganda aniqlangan. 
у = s inx  va у = cosx funks iya la rn ing  g ra f ik la r i  61- va 62- rasm- 
la rda  ta sv ir langan .

у = s inx , у = cosx, у = tgx ,  у  = c tgx  funksiya la r  tr igonometrik  
funks iya la r  deyiladi.

M  a s h q l a r

277. Hisoblang:

1) sinS5;
4

5) cos(-180°);
278. A gar:

1) s i n a  = I ;
_ 1 .

2) c o s ^ ;  

6) t g ( - f ) ;

3) t g ^ ;

7) cos(-135°);

4) sin(-90°); 

8) s in ( -  .

4) cos a  = - 1 ;

3) c o s a  = ;
_ 16) c o s a  = i5) s i n a  = -0 ,6  ;

bo‘lsa, birlik aylanada a  burchakka mos keluvchi nuqtani tasvirlang.
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Hisoblang (279-281):

279. 1) sin I  + sin ~  ; 2) s i n ( - | j  + c o s | ; 3) sin т г - cos тс;

4) sinO -  cos 2 л ; 5) sin л + sin 1,5ti ; 6) cos 0 -  cos |  к .

280. 1) tg л + cos л ; 2) tg O ’ -  tg l8 0  ;

3) tg  л + sin л ; 4) cos л - t g  2л.

281. 1) 3 sin I  + 2 cos I  -  tg I ; 2) 5 sin |  + 3 tg |  -  cos |  -  10 tg | ;

3) ( 2 t g | - t g | )  : c o s | ;  4) s i n | c o s | - t g | .

282. Tenglam ani yeching:

l ) 2 s i n x  = 0; 2 ) | c o s x  = 0;  3) cosx - 1 = 0 ;  4) 1 -  s inx = 0.

283. (Og‘zaki.) s in a  yoki cosa:

1 ) 0 , 4 9 ;  2) -0 ,8 7 5 ; 3) -  7 2 ;  4 ) 2 - 7 2

ga teng  boTishi m um kinm i?

284. a  n ing  berilgan q iym atida ifodan ing  qiym atin i toping:

1) 2 sin a  + V2 cos a ,  bunda a  = -  ;
4

2) 0,5 cos a  -  л/3 sin a ,  bunda a  = 60 ;

3) s i n 3 a - c o s 2 a ,  bunda  a  = £ ;

4) cos ^  + sin I , bunda a  = ^ .

ШЛ'&Щ Tenglam ani yeching:

1) s inx = -1 ;  2) cosx =-1; 3) sin3x  =0;
4) cos0,5x = 0 ;  5) cos2x - 1  = 0; 6) l - c o s 3 x  =0.

Е Ш а  Tenglam ani yeching:

1) 8 т ( х  + л) = -1 ;  2) s i n l ( x  + l) = 0 ;  3) соз(х + л) = - 1 ;

4) cos2 (x+  1) -  1 =0; 5) s in 3 (x -2 )  =0; 6) 1 -  cos3(x -  1) =0.
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SIN U S, KO SINUS VA TANGENSNING  
ISHORALARI

1 . S i n u s  v a  k o s i n u s n i n g  i s h o r a l a r i

A ytaylik , (1; 0) nuq ta  b irl ik  aylana bo ‘yicha soat mili ha rak a tig a  
qaram a-qarsh i h a ra k a t  qilmoqda. Bu holda b ir inch i chorak (kvadrant)da  
joylashgan n u q ta la rn in g  o rd ina ta la r i  va abssissa lari m usbat. Shuning  
uchun, agar 0 < a  < |  bo‘lsa, s i n a  > 0 va c o sa  > 0 bo‘ladi (63, 64- rasmlar). 

Ikkinchi chorakda joylashgan n u q ta la r  uchun o rd ina ta la r  m usbat,

abssissa lar esa m anfiy . S huning  uchun, agar  |  < a  < я bo ‘lsa, s in a  > 0,

cosa  < 0 bo‘ladi (63, 64- rasm lar) . S hunga o ‘xshash , uchinchi chorakda 
s in a  < 0, cosa  < 0, to ‘r t inch i  chorakda esa s in a  < 0, cosa  > 0 (63, 64- 
rasm lar).  N uq tan ing  aylana bo‘yicha bundan keying! ha rak a tid a  sinus 
va k o s in u s la rn in g  ish o ra la r i  n u q ta  qaysi cho rakda  tu rg a n l ig i  bilan 
an iq lanadi.

A g ar  (1; 0) n uq ta  soat mili yo‘nalishida h a ra k a t  qilsa, и holda ham  
s inus va kos inusn ing  ishoralari nuq ta  qaysi chorakda joylashganiga  
qarab aniqlanadi;  bu 63, 64- rasm larda  ko ‘rsa ti lgan .

1 - m a s a l a .  B urchak sinus va kosinus larin ing  ishora larin i an iq 

lang: 1 ) ^ ;  2) 745°; 3 ) - ^ .
4 7

A  1) ^  burchakka  b irlik  ay lananing  ikkinchi choragida joylashgan

n u q ta  mos keladi. S hun ing  uchun sin — > 0 , cos — < 0 .

s ina

►
x

cosa

x

63- rasm. 64- rasm.
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2) 745 = 2 -3 6 0  + 2 5 “ bo‘lgani uchun (1; 0) nuq tan i 745° ga b u 
r ishga  birinchi chorakda joylashgan n uq ta  mos keladi. Shuning  uchun 

s i n 745° > 0, co s745 > 0 .

3) -  л < - - у < - |  bo‘lgani uchun (1; 0) nuq tan i -  ^  burchakka 

bu rganda  uchinchi chorakda joylashgan nuq ta  hosil qilinadi. Shuning  

uchun  s in ( -  < 0, cos(- < 0 .  A

2. T a n g e n s n i n g  i s h o r a l a r i

tg a

65- rasm.

T a’rifga ko‘ra t g a  =_  sin a  
cos a . Shuning uchun,

ag a r  s in a  va cosa b ir  xil ishoraga ega bo‘lsa, 
tg  a  > 0 ,  s in a  va cosa qaram a-qarsh i ishora- 
la rga  ega bo‘lsa, tg  a  < 0 bo‘ladi. T angens
n ing  ishora lari  65- rasm da  ta sv ir langan .

c tg a  n ing  isho ra la r i  t g a  n ing  ishoralari 
bilan b ir  xildir.

2 - m a s a l a .  Burchak tangensin ing  isho
ra la r in i aniqlang:

1) 260°; 2) 3.

Д  1) 180° < 260° < 270° boTgani uchun tg260° > 0.

2) ^ < 3 < тс boTgani uchun  tg  3 < 0 . A

M  a s h q l a r

287. A gar:

l ) a  = £ ;  2 ) a  = 3j£; 3) a  = 210°;
o 4

4) a  = -210°; 5) a  = 735°; 6) a  = 848°

boTsa, (1; 0) nuq tan i  a  burchakka burishda  hosil boTgan nuq ta  
qaysi chorakda yotishini aniqlang.
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4) а  = - | л ;  5) а  = 740°; 6) а  -  510°

bo‘lsa, s in a  sonning  ishorasin i aniqlang.
289. A gar:

1) а  = |тс;  2 ) а  = | тс;  3 ) а  = - ^ ;

4) а  = - | я  ; 5) а  = 290°; 6) а  = -1 5 0 °
bo‘lsa, cosa  sonning  ishorasini aniqlang.

290. A gar:

1 ) а  = ! л ; 2) а  = 3 ) а  = - | я ;  4) а  = - ^ к ;
6 5 5 4

5) а  -  190°; 6) а  = 283°; 7) а  = 172°; 8) а  -  200°
bo‘lsa, t g a  va  c tg a  son larn ing  ishora larin i aniqlang.

291. A gar:
1) 7[< a < ^ ; 2 ) ^ < a < ^ ;

3) ^ я  < a  < 2 ti ; 4) 2я < a  < 2,5я
4

bo‘lsa, s in a ,  cosa, tg a ,  c tg a  son larn ing  ishora larin i aniqlang.
292. A gar:

1) a =  1; 2) a  = 3; 3) a  = - 3 , 4 ;  4) a  = - l , 3
bo‘lsa, s ina ,  cosa, tg a  son larn ing  ishora larin i aniqlang.

293. 0 < а  < I  bo ‘lsin. Sonning ishorasin i aniqlang:

1) s in ( |  -  a ) ; 2) c o s ( |  + a ) ; 3) t g ( | n - a ) ;  4) s i n ( ^ - a ) ;

5) cos(a -  я ) ; 6) t g ( a - я ) ;  7) cos(a -  ; 8) c t g ( a - | ) .

294. S inus va kos inuslarn ing  ishoralari b ir  xil (har  xil) bo‘ladigan а  
a rg u m en tn in g  0 dan 2я gacha oraliqda joylashgan barcha  qiy
m a tla r in i  toping.

295. Sonning  ishorasin i aniqlang:



296. I foda la rn ing  q iym atla r in i taqqoslang:

1) sin  0,7 va sin  4; 2) cos 1,3 va cos 2,3.

E H  Tenglam ani yeching:

1) sin(57i + x)  = 1; 2) cos(x + Зл) = 0 ;

3) c o s | I  л + x j  = - 1 ;  4) sin|® л + x )=  - 1 .

S S l A g a r :

1) s i n a  + c o sa  = -1 ,4  ;

2) s i n a  -  c o s a  = 1,4

bo‘lsa, a  songa mos keluvchi n uq ta  qaysi chorakda joylashgan?
(Beruniu masalasi.)  Tog‘n ing  baland lig i h = BC  va a  = ZA B D  
bu rchak  m a ’lum bo‘lsa, Yer rad iusi R  ni top ing  (66- rasm).

66- rasm.

23 - §. AYNI BIR BURCHAKNING SIN U SI, KO SINUSI 
VA TANGENSI ORASIDAGI MUNOSABATLAR

S in u s  bilan kosinus orasidagi m unosabatni  aniqlaymiz.
A ytaylik , b irlik  aylananig  M (x; y) nuq tasi (1; 0) nuq tan i a  b u r 

chakka burish  na tijas ida  hosil qilingan bo‘lsin (67- rasm). U holda s i
nus va kosinusning  t a ’r if iga  ko ‘ra

x  = cosa, у = s in a

bo‘ladi.
M  nuq ta  b irlik  aylanaga tegishli, 

shun ing  uchun uning  (x; y) koordi- 
n a ta la r i  x 2 + y 2 = 1 tenglam ani qano- 
a t lan ti rad i .

Demak,

M  (cosa; s ina)

67- rasm.

s in2a  + cos2a  = 1. ( 1 )

(1) teng lik  a  n ing  is ta lgan  q iy 
m atida  bajarilad i va asosiy trigono
m etrik  ayn iya t  deyiladi.
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(1) teng likdan  s in a  ni cosa orqali va, aksincha, cosa  ni s in a  orqali 
ifodalash  m um kin:

sin a

c o s a

= ± V lT  

-  ±V T^

cos a ,

sin a .

(2 )

(3)

Bu fo rm u la la rda  ildiz oldidagi ishora fo rm ulan ing  chap qismida t u r 
gan ifodaning  ishorasi bilan aniqlanadi.

1 - m a s a l a .  A g a r  cos a  = -  -  v a  л < a  < ^  b o ‘ls a ,  s i n a  n i
5 2

hisoblang.

A  (2) formuladan foydalanamiz. л < a  < ^  bo‘lgani uchun s in a  < 0
bo‘ladi, shuning uchun (2) formulada ildiz oldiga «-» ishorasini qo‘yish kerak:

sin a  = -V I  - cos

2 - m a s a l a .  A gar sin a  = i v a - | < a < 0  bo‘lsa, cosa ni hisoblang.

A  -  ^  < a  < 0 bo‘lgani uchun c o s a  > 0 bo‘ladi va shun ing  uchun
(3) fo rm ulada  ildiz oldiga « + » ishorasin i qo‘yish kerak:

cos a  = VT sin"
9 3

Endi tangens bilan kotangens orasidagi bog'lanishni aniqlaymiz. 
Tangens va ko tangensn ing  t a ’r if iga  ko‘ra:

t g a  =  s i n a ,  c t g a  =  c o s a  
cos a  sin  a

Bu teng lik la rn i k o ‘paytirib .

tg  a  • c tg  a  = 1 (4)

teng likn i hosil qilamiz. (4) teng likdan  tg a  ni c tg a  orqali, va aksincha, 
c tg a  ni t g a  orqali ifodalash mum kin:

(5)

(6)

t g a  =
c t g a  ’

(4)-(6) teng lik lar  а  Ф ^ k ,  k  e  Z  boTganda o ‘r in l id ir .
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3- m a  s a 1 a  . A gar tgoc = 1 3  bo‘lsa, c tg a  n i hisoblang.

A  (6) fo rm ula  bo‘yicha topamiz: c t g a  = — = — . Ж
t g  a 1 3

4- m a  s а 1 а  . A gar s in a  = 0 ,8 va ^ < a  < тг bo ‘lsa, tg a  ni hisoblang. 

A  (3) form ula  bo‘yicha cosa  n i topamiz. |  < a  < я bo‘lgani uchun

cosa < 0 bo‘ladi. S hun ing  uchun

c o sa  = -л/ l  -  s in“ a  = - J l  -  0,64 = -0 ,6  .

Demak, ^  ^  = " I  • ▲
Asosiy tr igonom etrik  ayn iya tdan  va tangensn ing  t a ’r if idan  foyda- 

lanib, tangens bilan kosinus orasidagi munosabatni  topamiz.

A  cosa  * 0 deb fa raz  qilib, s in 2a  + cos2a  = 1 teng likn ing  ikkala  

qismini cos2a  ga bo‘lamiz: ('->s a t,sin a = — , bundan
cos2 a cos2 a

1 + t g 2 a  =
cos2 a (7)

A gar cosa^O  bo‘lsa, y a ’ni а  Ф ^  + nk, k e Z  bo‘lsa, (7) form ula to ‘g ‘ri 

bo‘ladi.
(7) form uladan  tangensn i kosinus va kosinusni tangens orqali ifo- 

dalash m um kin.

5 - m a s a l a .  A gar cos a  = - 1 va |  < a  < я bo ‘lsa, tg a  ni hisoblang.

A  (7) form uladan  hosil qilamiz:

t g 2 и  = — - 1  = — - 1  = ^  ■
cos a  / 3 ^  9

Tangens ikkinchi chorakda m anfiy , shun ing  uchun tg  a  = - 1 . Ж

6- m a  s а  1 а  . A g ar  t g a  = 3 va я < a  < ^  boTsa, cosa ni hisoblang. 

A  (7) form uladan  topamiz:

cos2 a  = — — = — • 
l + t g 2 a  10

к < a  < — boTgani uchun c o sa  < 0 va shuning uchun cosa = —УОД. Ж
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M  a  s h  q l a r

300. A gar:
1) c o s a  = va 4? < ct < 2л bo‘lsa, s in a  va t g a  ni;

2) s i n a  = 0,8 va |  < a  < л bo ‘lsa, cosa va t g a  ni;

3) cos a  = - ? v a £ < a < n  bo‘lsa, s in a ,  t g a  va c tg a  ni;
5  Z

4) s in a  = - |  va л < a  < 4^ bo ‘lsa, cosa, t g a  va c tg a  ni;
5 Z

5) t g a  = y  va л < a  < 4^ bo‘lsa, s in a  va cosa ni;

6) c tg a  = - 3  va ^  < a  < 2л bo‘lsa, s in a  va cosa ni hisoblang.

301 . Asosiy tr igonom etrik  ayn iyat yordam ida teng lik lar  b ir  vaqtda 
ba jaril ish i yoki bajarilm aslig in i aniqlang:
1) s in a  = 1 va cosa = 1; 2) s in a  = 0 va cosa = - 1 ;

3) s in a  = -  4 va cosa  = ; 4) s ina  = 4 va cosa = .
5  5  о  z

302. Tenglik lar b ir  vaq tda  ba jarilish i m um kinm i:

1) s in a  = 4 va t ^ a  ~ ~T=  ’ 2) ctga = 4? va cosa = | ?о V 24 3 4
303 . A ytaylik , a  to ‘g ‘r i  bu rchak li  uchbu rchakn ing  b u rch ak la r id an  

biri boTsin. A gar s in a  = boTsa, cosa  va t g a  ni toping.
304 . T eng yonli u c h b u rc h a k n in g  uch idag i b u rc h a g in in g  ta n g en s i  

2 V2  ga teng. Shu burchakn ing  kosinusini toping.

305. A gar cos4a  -  s in 4 a  = |  boTsa, cosa  ni toping.

Е Л И  1) s in a  = boTsa, cosa  ni toping;

2) cosa = -4 =  boTsa, s in a  ni toping.
V5

g 2 ^ J t g a  = 2 ekanligi m a’lum. Ifodaning  q iym atin i toping:
c tg  a + t g  a  . 2 ) s i n a - c o s  «  .
c t g a - t g a  ’ s i n a + c o s a  ’

g-j 2 s m a + 3 c o s a  . s in 2 a + 2  cos" a
3 sin  a - 5  cos a  s in 2 a - c o s 2 a
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308. s in a  + c o s a  = ^ ekanligi m a’lum. 1) s in a  cosa; 2) s in3a  + cos3a  
i fodalarn ing  q iym atlarin i toping.

309 . Tenglam ani yeching:
1) 2sinx + s in2z  + cos2x  = 1; 2) s in 2z  -  2 = s inx -  cos2:*:;
3) 2cos2x  -  1 = cosz -  2sin2̂ :; 4) 3 -  cosj: = 3cos2x  + 3sin2x.

_______I_________________________________________________________________

TRIGONOM ETRIK AYNIYATLAR

1 - m a s a l a .  a ^ n k , k e Z  bo‘lganda

1 + c tg 2 a  = — (1) 
sin a

teng likn ing  o ‘rin li  ekanlig ini isbotlang.

A  K otangensning  t a ’r if iga  ko‘ra c t g a  = ^ ^  va shun ing  uchun

1 + c tg 2 a  = 1 + cos2 a = «i»2 a + c o s 2 a _  1 _ ^2)
s in 2 a  s in 2 a  s in 2 a

Bu shakl a lm a s h t i r i s h la r  to ‘g ‘r i ,  chunk i а  Ф nk, k s Z  bo ‘lganda 

s in a  + 0. A.

(1) tenglik  a  n ing m um kin  bo‘lgan barcha  (joiz) q iym atlari uchun 
o ‘r in li,  y a ’ni lining chap va o ‘ng qism lari m a’noga ega bo‘ladigan barcha 
q iym atlari uchun to ‘g ‘ri bo‘ladi. Bu kabi teng lik la r  ayn iya tla r  deyiladi, 
bunday teng lik la rn i isbotlashga doir m asalalar ayn iya tla rn i isbotlashga 
doir m asalalar deyiladi.

Kelgusida ayn iyatla rn i isbotlashda, agar  m asalan ing  sh a r t id a  talab 
qilinm agan bo‘lsa, bu rchak la rn ing  joiz q iym atlarin i izlab o ‘tirm aym iz.

2- m a  s a 1 a . A yniyatn i isbotlang: cos2a  = (1 -  s in a ) ( l  + s ina).

A  (1 -  sina)(l + sina) = 1 -  sin2a  = cos2a. A

3- m a s а  1 а  . A yniya tn i isbotlang: a = 1+sinC( .
1—sin a  cos a

A  Bu ayniyatn i isbotlash uchun un ing  chap va o ‘ng qism larin ing  
ayirm asi nolga teng  ekanlig in i ko ‘rsatam iz:
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cos a  _  1+sin a  _  cos2 g - ( l - s i n 2 a )  _  cos2 a - c o s 2 a  _  q  ^
1 - s in  a  c o s a  c o s a ( l - s i n a )  c o s a ( l - s i n a )

1-3 - m asalalarni yechishda ayn iya tlarn i isbotlashning quyidagi usul- 
laridan  foydalanildi: o ‘ng qismida shakl a lm ash tirib ,  un i chap qismiga 
t e n g l ig in i  k o ‘r s a t i s h ;  o ‘n g  va  chap  q is m la r in in g  a y i rm a s i  n o lga  
teng lig in i ko ‘rsa tish .  B a’zan ayn iya tla rn i  isbotlashda un ing  o ‘ng va 
chap q ism larin ing  shaklin i a lm ash tir ib  b ir  xil ifodaga ke ltir ish  qulay.

4- m a s a 1 a . A yniya tn i isbotlang: = cos4 a  -  sin4 a .
l+ tg 2 a

s in 2 a
А  =  cos2 a  = cos2 a - s i n 2 a  = cos2 a  _  sin2 „  _

l+ tg "  a  1+ s ir r_ a  cos" a + s i n  a  
cos2 a

cos‘a  -  s in 4a  = (cos2a  -  s in2a)(cos2a  + s in 2a )  = cos2a  -  s in2a . 
A y n iy a t  isb o t la n d i ,  c h u n k i  u n in g  chap  va  o ‘ng  q ism la r i  cos2cx -  

-  s in2a  ga teng. A

5 - m a s a l a .  Ifodani soddalash tiring : ------ -̂------.
t g a + c t g a

Д    + — = - ----1------= . s i n a c o s a  = s in а cosa  . ^
t g a + c t g a  sin  a  + cos a  s in 2 a + c o s2 a

cos a  sin a

T rigonom etrik  ifodalarn i soddalash tir ishga  doir m asala lar yechish
da, agar  m asalan ing  s h a r t id a  ta lab  qilinm agan boTsa, bu rchak la rn ing  
qabul qilishi m um kin  boTgan joiz q iym atlarin i topmaymiz.

M  a s h q l a r

310. A yniya tn i isbotlang:

1) (1 -  cos (X)(l + cos a) = sin2 a ; 2) 2 - s i n 2 a - c o s 2 a  = 1;

3) sxn2 a = t g 2 a  ; 4) cos2 a = c tg 2 a ;
l - s i n  a  1 -cos  a

5) — Ц — + s in 2 a  = 1; 6)  1 -— + cos2 a  = 1.
l + t g " a  1 + c t g " a

311. Ifodan i soddalash tir ing :
1) cos a  ■ t g a  -  2 s i n a  ; 2) cos a  -  sin  a  • c tg  a  ;
o \  s in 2 a  .  ̂x cos2 a

1+ co sa  ’ 1 - s in  a  '

9 -  A lgebra, 9- sin f uchun 1 2 9



312. Ifodani soddalash tir ing  va un ing  son qiym atin i toping:

1) sin2 a„r - , bunda a  = J ;  2) —^---- 1, bunda a  =
1—cos a 6 COS a  6

3) cos2 a  + c tg 2 a  + s in 2 a ,  bunda a  = | ;

4) cos2 a  + t g 2 a  + s in 2 a ,  bunda a  = | .

313 . A yniyatn i isbotlang:

1) (1 -  s in 2a ) ( l  + tg 2a )  = 1; 2) s in 2a ( l  + c tg 2a)  -  cos2a  = s in2a .

314. a  n ing  b archa  joiz q iy m a tla r id a  quy idag i ifoda ayni b ir  xil 
q iym atn i qabul qilishini, y a ’ni a  ga bog‘liq em asligini isbotlang:

1) (1 + t g 2 a )  cos2 a  ; 2) s in 2 a ( l  + c tg 2 a ) ;

3) f 1 + t g 2 a  + — 1 s in 2 a  cos2 a ; 4) 1+tg -a-  -  t g 2 a  .
V s in 2 a /  1+ctg a

315. A yniya tn i isbotlang:

1) (1 -  cos 2a )( l  + cos 2a)  = s in 2 2 a  ; 2) sin« -!  = -  ^  ;
cos" a  i-t-sm a

3) cos1 a  -  s in 4 a  = cos2 a  -  s in 2 a ;

4) (sin2 a  -  cos2 a ) 2 + 2 cos2 a  s in 2 a  = s in 4 a  + cos4 a  ;

5 ) s i n a  +  l + c o s a  _  2 . s i n a  _  1 + co sa  .
1+ co sa  s i n a  s i n a  ’ 1 -cos  a  s i n a

7) — Ц— + ---- Ц—- = 1; 8) t g 2 a  -  s in 2 a  = t g 2 a  s in 2 a  .
l+ tg  a  1+ctg" a

316. Ifodani soddalash tir ing  va  uning  son qiym atin i toping:

1) <?ina + c ° ^ - ( i  + (, tg 2 a ), bunda a  = 5 ;
sin a  6

2) (1 + t g 2 a ) - (sina~^oea) , bunda a  = 5 .
cos a  b

A gar s in a  -  cosa = 0,6 bo‘lsa, s inacosa  n ing  q iym atin i toping.

A gar c o s a - s i n a  = 0,2 bo‘lsa, cos3a - s i n 3a  ning q iym atin i toping. 
Tenglam ani yeching:
1) 3cos2x -  2sinx = 3 -  3sin2x;
2) cos2̂ : -  s in2x = 2sinx -  1 -  2sin2x.
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25 - § . a  VA - a  BURCHAKLARNING SIN U SI, 
K O SIN U SI, TANGENSI VA KOTANGENSI

A ytaylik , b irl ik  ay lananing  M ] va М., nu q ta la r i  P ( l ;  0) nuq tan i  mos 
rav ishda  a  va - a  b u rchak la rga  bu rish  na ti jas ida  hosil q ilingan bo‘lsin 
(68- rasm). U holda O x  o ‘q M fiM , ,  burchakni teng  ikk iga  bo‘ladi va 
shun ing  uchun M, va M 2 n u q ta la r  Ox  o ‘qqa n isbatan  s im m etrik  joy- 
lashgan. Bu nuq ta larn ing  abssissalari b ir  xil bo‘ladi, o rd ina ta la r i  esa 
faq a t  ishoralari bilan farq  qiladi. M ] nuqta (cosa; sina) koordinatalarga, 
М., nuqta (cos(-a); sin(-a)) koord ina ta la rga  ega. Shuning  uchun

s in ( -a )  = - s in a ,  cos(-a) = cosa. ( 1 )

T angensning  t a ’r if idan  foydalanib, hosil qilamiz:

t g ( - a ) = £ H ^  = = m a  = _ t g a .
cos(-cc) c o s a

Demak,

Shunga  o ‘xshash,

tg (-a )  = - tg a .

c tg (-a )  = -c tg a .

( 2 )

(3)

(1) fo rm ula  a  n ing  is ta lgan  q iym atida  o ‘rin li boTadi, (2) form ula 
esa а  Ф ^  + nk, k  e Z  boTganda o‘r in lid ir .

A g ar  a  ^  nk, k e Z  boTsa, u holda c tg (-a )  = - c t g a  boTishini ko ‘rsa- 
t ish  m um kin.

( l ) - (2 )  fo rm u la la r  m anfiy  burchak la r  
u c h u n  s in u s ,  k o s in u s  va  ta n g e n s n in g  
q iym atlarin i top ishga imkon beradi.

M asalan :

s i n ( - | )  = - s i n |  = - i ,  

cos(— | )  = cos I  = ^  ,

t g ( - f )  = - t g |  = - V 3 .

sma

p (U  o)
- a cosa

sin(-a)' M.

68- rasm.
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l + t g 2 ( -3 0  )
2 ,

M  a s h q l a r

320. Hisoblang:

1) c o s ( - | ) s i n ( - | )  + t g ( - l ) ; 2) 1+ctgZ(_30=)

3) 2 s in ( - | ) c o s ( - 1 )  + tg ( - 1 )  + sin" ( - ;

4) cos(—я) + c tg(— | )  -  s in ( -1  я) + c t g ( - .

321. Ifodani soddalash tir ing :

1) tg ( -a )c o sa  + s ina ; 2) cosa -  c tg a (-s in a ) ;

3) cos(~u)+Sin(, (/) ; 4) tg ( -a )c tg ( -a )  + cos2( - a )  + s in2a .
cos" (x-sin" a

322. A yniya tn i isbotlang: cos" a  sin" a + tg ( - a ) c o s ( - a )  = c o s a  .
cosa+sm(-a)

323. Hisoblang:

2 cos( - f )

2) 2 s i n ( - 1 ) - 3  c tg | — + 7,5 t g ( - я) + |  cos(- |  я ) .

324. Soddalash tiring :

s in 3 (-(x)+cos3 ( - a )  _ 2 ) l - ( s i n a + c o s ( - a ) ) 2
l - s i n ( - a ) c o s ( - a )  ’ - s i n ( - a )

I_________________________________________________________

QO S H IS H  FORM ULALARI

Qo‘sh ish  fo rm u la la r i  deb cos(a  ± p) va s in (a  ± (3) la rn i  a  va (3 
b u rch ak la rn in g  s inus  va kosinuslari orqali ifodalovchi fo rm u la la rga  
ay tiladi.

26- §.
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T e о r e m a . Ixtiyoriy a  ua (3 u c h u n  quy idag i te n g lik  o‘rinli 
bo‘ladi:

Ч У  cos(a  + p) = cosacosp  -  sinasinp . (1)

О  M 0 (1; 0) nuq tan i  koord ina ta la r  boshi a tro f ida  a ,  -p ,  a  + P rad ian  
bu rchak la rga  bu rish  na tijas ida  mos rav ishda M u, M_p va M a+|1 n uq ta la r  
hosil bo‘ladi, deylik (69- rasm).

Sinus va kosinusning  t a ’r if iga  ko ‘ra , bu n u q ta la r  quyidagi koord i
na ta la rga  ega:

M u (cosa; s ina) , M  )((cos(-p); sin(~P)),
M a+p (cos(a + P); s in (a  + P)).

Z M QO M a+= ZM  pOM ubo‘lgani uchun M 0OMa+p va M  [p M u teng  yonli 
u ch b u rch a k la r  te n g  va, dem ak, u la rn in g  M ()M ( p va M  pM  r asoslari 
ham teng. S hun ing  uchun

= ( M p / u y .

G eometriya k u rs idan  m a’lum bo‘lgan ikki nuq ta  orasidagi masofa 
fo rm ulasidan  foydalanib, hosil qilamiz:

(1 -  cos(a + p))2 + (s in (a  + p))2 = (cos(-p) -  cosa)2 + (sin(-p) -  s in a )2.

25- § dagi (1) form uladan foydalanib, bu tenglikning shaklini almash- 
t iram iz:

1 -  2cos(a + P) + cos2(a  + p) + s in2(a  + P) =
= cos2p -  2cosPcosa + cos2a  + s in2p + 2s inpsina  + s in2a .

Asosiy tr igonom etrik  ayniyatdan  foydalanib, 
hosil qilamiz:

2 -  2cos(a + P) = 2 -  2cosacosp + 2sinasinp , 

bundan  cos(a + p) = cosacosp -  s inas inp . ®
1 - m a s a l a .  cos75° ni hisoblang.

A  (1) fo rm ula  bo‘yicha topamiz: 

cos75° = cos(45° + 30°) =
= cos450cos30° -  s in45osin30° =

_ V2 V3 _ V2 1 _ -J6-J2 A.
2 2 2 2 4

133

M

'М

69- rasm.



(1) fo rm ulada (3 ni -(3 ga a lm ash tirib , hosil qilam iz:

cos(a -  p) = cosacos(-p) -  s in as in (-p ),

bundan

о cos(a  -  P) = cosacosp + sinasinp. (2)

2- m a s а 1 а . cosl5°  ni hisoblang.

A  (2) fo rm ulaga ko‘ra , hosil qilamiz:
cos l5°  -  cos(45° -  30°) -  cos450cos30° + s in45osin30° =

V 2  л / 3  , л / 2  1  =  л / б  +  л / 2  _ ^

2 2 2 2 4

3- m a s a 1 a . Ushbu fo rm ula la rn i isbotlang:

C0S( f  “  a ) “  Sil1 a ’ S n̂ ( 9 ~ a ) -  C0S a  • (3)

A  a  = I  bo‘lganda (2) form ulaga asosan:

c o s ( |  -  p) = cos I  cos p + sin I  sin p = sin p,
y a ’ni

c o s ( |  -  pj = s in p  . (4)

Bu fo rm ulada P ni a  ga a lm ash tirib ,  hosil qilamiz:

c o s | |  -  a j  = s m a  • 

(4) form ulada p = ^ -  a  deb faraz  qilsak:

sin 11 -  a j = c o s a . ж

(1)—(4) fo rm ula lardan  foydalanib, sinus uchun qo‘shish form ulasini 
ke ltir ib  chiqaramiz:

s in (a  + p) = c o s ( |- (a + p ) j  = c o s | | | - a j  -  pj =

= c o s | | - a j  cos P + s i n | | - a j  sin p = sin a  cos p + cos a  sin p . 

Shunday qilib,

s in (a  + p) = sinacosp + cosasinp. (5)
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(5) form ulada p ni -(3 ga alm ashtirib , hosil qilamiz:

sin((x -  (3) = sinacos(-(3) + cosasin(-p),

bundan

sin (a  -  j3) = sinacosp -  cosasinp. (6)

4- m a s а 1 а . s in210° ni hisoblang.

Д  Sin210° = sin(180° + 30°) =

-  s in l8 0 ocos30° + c o s l8 0 osin30° = 0  ^  + (-1) 1 = - 1 .  A
5 - m a s a l a .  Hisoblang:

sin — cos 5 -  sin  5 cos ^  .
7 7 7 7

Д  sin — cos -  -  sin -  cos — = s i n ( ^  = sin я = 0 . A
7 7 7 7 V 7 7 /

6- m a s a 1 a . Tenglikni isbotlang:

<’ >
д  ^ (o' +  R) — 8 п̂(а + Р) _  s in  a  cos p+cos a  s in  |3 

cos(a+P) cos a  cos (3-sin a  sin (I "

Bu kasrn ing  s u ra t  va m axra jin i cosacosp ga bo‘lib, (7) form ulani 

hosil qilamiz. A
(7) fo rm ula  h isoblashlarda foydali bo ‘lishi m um kin.
Masalan, shu  fo rm ula  bo‘yicha topamiz:

t g 225° = tg(180° + 45°)  = tg 180 +tg45 = x _
1-tg 180" tg 45 

M  a s h q l a r

Qo‘shish  fo rm ula lari  yordam ida hisoblang (325—326):

325. 1) cosl35°; 2) cosl20°; 3) cosl50°; 4) cos240°.

326. 1) cos57030 /cos27°30/ + s in57o30 ,s in27o30';
2) c o s l9 030'cos25°30' -  s i n l 9 o30 /sin25°30';

3) cos ̂  cos ̂  -  sin ~  Sin ^ ; 4) cos ̂  cos J  + sin ^  sin J  .
л 9 9 9 9 ’ ' 7 7  7 7
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327. 1) c o s ( |  + a), bunda sin a  = -7= va 0 < a  < 5.;
V o  /  V  3  2

2 ) cosja  -  | j ,  bunda c o s a  = -  |  va |  < a  < л .

Ifodani so d d a lash t ir in g  (328—329):

328. 1) cos3acosa -  s inas inS a ;  2) cos5pcos2(3 + sin5psin2(5;

3) c o s | |  + a j  cos( |^  -  a j  -  s i n ( |  + a j  s i n | | ^  -  a j ;

4) c o s ( ^  + a j  c o s ^  + a j  + s in j-^  + a j  s i n ( ^  + a j .

329. 1) cos(a + p) + cos|^ -  a j c o s ^  -  p j ;

2 ) s i n ( |  -  a j  s i n | |  -  pj -  cos(a -  p ) .

Qo‘shish  fo rm ula lari  yordam ida hisoblang (330—331):

330. 1) s in73 0cos l7°  + cos730s in l7 ° ;

2) s in73 0cosl3°  -  cos730s in l3 ° ;

3) s i n | | c o s J |  + s i n ^ c o s | | ;  4) sin cos 2L -  sin 2L cos .

331. 1) s in |a  + ^j, bunda cos a  = - 1 va л < a  < ^ ;

2 ) s i n ^  -  a j ,  bunda s in a  -  ^  va ^  < a  < л .

332 . Ifodani soddalash tir ing :
1) s in (a  + P) + s in(-a)cos(-p); 2) cos(-a)s in (-p )  -  s in (a  -  p);

3) c o s ( |  -  a )  s i n ( |  - p j -  s in (a  -  P ) ;

4) s in (a  + p) + s i n ( |  -  a j  s in ( -  p ) .

333 . A g a r  sin a  = - 1 , |  л < a  < 2л va sin p = ^  , 0 < p < ^ bo ‘lsa, 

cos(a + p) va cos(a -  p) ni hisoblang.
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334. A gar c o s a  = - 0 ,8 ,  | < а < л  va 8т(3  = - ^ | ,  л < (3 < ^  bo‘lsa,

s in (a  -  P) ni hisoblang.
335. Ifodan i sodda lash tir ing :

1 ) cos( | л -  a) + cos(a + 1 ) ; 2 ) s in(a  + 1  л:) ~ sin ( |  -  « j ;

2 c o s a s in |3 + s in ( a - p )  _ .. cos a  cos | i - c o s ( a  + P)
2 c o s a c o s P - c o s ( a - P )  ’ c o s ( a - p ) - s i n  a  s in  p "

336. A yn iya tn i isbotlang:

1 ) s in (a  -  (3) s in(a  + (3) = s in 2 a  -  s in 2 [3;

2) cos(a -  (3) cos(a + (3) = cos2 a  -  s in 2 [3;

•/2 c o s a - 2  c o s ( - - a )  c o s a - 2 c o s - + a
3) ----------- ^  = - ^ 2  tg  a ; 4)  , , Д = —1/3 t g a .

2 s in |^+ cx j-V 3  s i n a  2 s i n | a - ^ J - v 3 s i n a

ООГ7 Tf ^ . 1 , • • 1 x tg29°+tg310 0.337. Ifodani soddalash tiring : 1)  ; 7 ; 2 )
l - t g 2 9  tg31° l + t g ^ n  t g ^ n

27 - § . IKKILANGAN BURCHAKNING  
SIN U SI VA K O SINUSI

Qo‘shish  fo rm ula la ridan  foydalanib, ikkilangan burchakning sinusi 
va kosinusi form ulalarini  ke ltir ib  chiqaramiz.

1) s in 2 a  = s in (a  +  a )  = s in aco sa  + s in aco sa  = 2sinacosa .
Shunday qilib,

s in 2a  = 2sinacosa . (1)

1 - m a s a l a .  Agar s ina = -0 ,6  va л < а  < ^  bo‘lsa, sin2a ni hisoblang.

A  (1) fo rm ula  bo‘yicha topamiz:

s in 2 a  = 2s inacosa  = 2 (-0 ,6 )  cosa  = - l ,2 c o s a .  

л < a  < ^  bo ‘lgani uchun cosa  < 0 bo‘ladi va shun ing  uchun:

c o s a  = - V l  -  s in2 a  = - V l  -  0,36 = -0 ,8  .

Demak, sin  2 a  = -1 ,2  • (-0 ,8) = 0,96 . Ж
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2) cos2cc = cos(a + a )  = cosacosa -  s in a s in a  = cos2a  -  s in 2a . 
Shunday qilib,

cos2a  = cos2a  -  s in 2a. (2)

2- ш a  s а 1 а . A g ar  cosa = 0,3 bo‘lsa, cos2a ni hisoblang.

A  (2) form uladan  va asosiy tr igonom etrik  ayniyatdan  foydalanib, 
hosil qilamiz:

cos2a = cos2a  -  s i i r a  = cos2a  -  (1 -  cos2a) =

= 2cos2a  - 1 = 2  (0,3)2 -  1 = -0 ,8 2 .  A

3- m a s а 1 а  . Ifodani soddalash tir ing : sin a  c o s a  
1 -2  s in 2 a

Д s i n a c o s a  _  2 sin a  cos a  _  sin 2 a
1 - 2 sin" a  2(sin~ a+cos"  a - 2 s i i v  a )  2(cos“ a - s i n “ a )

_  sin 2 a
2 cos 2 a  2

_ 1

_  tg  a + t g  p

4- m a  s а  1 а  . A gar t g a  = ^ bo‘lsa, tg 2 a  ni hisoblang.

Д  tg (a  + P) = j-_tg a tg p

form ulada (3 = a  deb faraz  qilib (26-§ ga qarang), hosil qilamiz:

tg 2 a  = - ^ _ .  (3)
l - t g  a

A gar  t g a  = i  bo ‘lsa, u holda (3) form ula bo‘yicha topamiz:

tg  2 a  = — Дг =  ^ • A
Hi)2 3

M  a s h q l a r

H isoblang (3 3 8 -3 3 9 ) :

338. 1) 2 s in l5 0cosl5°; 2) cos215° -  s in215°;
3) (cos75° -  sin75°)2; 4) (cosl5° + s in l5 ° )2.
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339. 1) 2 sin I  cos I ; 2) cos2 1 -  s in 2 1 ;

3) s m f c o s g  + l ;  4) f  -  ( c o s f  + s in f )2 .
340 . A gar:

1) s in a  = I  va %< a < n ;  2) cos a  = - 1 va л < a  < ^
5 2 о Z

bo‘lsa, s in 2 a  ni hisoblang.
341. A gar:

1) cos a  = ^ ; 2) sin a  = - 1 bo‘lsa, cos2a ni hisoblang.

Ifodan i so d d a lash t ir in g  (3 4 2 -3 4 3 ) :

342 . 1) s inacosa ; 2) c o s a c o s ( |  -  a ) ;

3) cos4a + s in22a; 4) s in 2 a  + (s in a  -  cosa)2.

о  j o  1 \ c o s 2 a + l  . o \  s i n 2 a  . q \   s in 2 a  . д )  l+ c o s 2 a
^  ^  2 cos a  J 1 -c o s2 a ’ ( s i n a +c o s a ) 2 - l  ’ j l - c o s 2 a

344. A yn iya tn i isbotlang:
1) s in 2 a  = (s ina  + cosa)2 -  1;
3) cos4a  -  sin4a  = cos2a;

345. A g ar :

1) s i n a  + c o s a  = ^ ; 

bo‘lsa, s in 2 a  ni hisoblang.

346 . A yn iya tn i isbotlang:
1 ) 1 +  cos2a = 2cos2a;

347. H isoblang:
1) 2cos21 5 ° -  1;

3) 2 cos2 1 - 1 ;

348 . I fodan i sodda lash tir ing :
1 ) 1 -  2sin25a;

3  ̂ 1 -cos  2 a  .

s i n - c o s -  
2 2

2) (s ina  -  cosa)2 = 1 -  s in2a;
4) 2cos2a  -  cos2a = 1.

2) s i n a  -  c o s a  = -  ̂

2) 1 -  cos2a = 2sin2a.

2) 1 -  2sin222,5°;

4) 1 - 2  s in2 .

2) 2cos23 a  -  1;
2 cos2 —-1

4)  -—  .
sin 2 a
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349. A yniya tn i isbotlang:

1)  cos2ct = ctg  a  -  1 ; 2) sin2a-2cosa = - 2  ctg  a ;
sin a cos a+sin" a sin a-sin" a

3) tg  a ( l  + cos 2a) = sin 2 a  ; 4) 1~cos 2a+sm 2a . a  -  i  ^
l+cos2a+sin2a

350. A gar t g a  = 0,6 bo‘lsa, tg 2 a  ni hisoblang.

351. Hisoblang: 1) ^ f - ;  2) 6tg015° .
l - t g 2§ 1-tg2 15°

_______I__________________ __________

KELTIRISH FORMULALARI

Sinus, kosinus, tangens va kotangens q iym atlarin ing  jadvalla ri 0°

dan 90° gacha (yoki 0 dan ^ gacha) b u rchak la r  uchun tuz iladi.  Bu hoi
u la rn ing  boshqa b u rchak la r  uchun  q iym atlari o‘tk i r  bu rchak la r  uchun 
q iym atlariga  ke ltir i lish i bilan  izohlanadi.

1 - m a s a l a .  sin870° va cos870° ni hisoblang.

Д  870° = 2 • 360° + 150°. Shuning  uchun P ( l ;  0) nuq tan i koordina
ta la r  boshi a tro f id a  870° ga bu rg an d a  nuq ta  ikk ita  to ‘la ay lanishni 
bajarad i va yana 150° bu rchakka  burilad i,  y a ’ni 150° ga burishdag i 
M  n u q ta n in g  x u d d i  o ‘zi hosil b o ‘lad i (70- ra sm ).  S h u n in g  u ch u n  
sin870° = s in l5 0 ° ,  cos870° = cosl50°.

M  nuq taga  Oy  o ‘qqa n isbatan  s im m etrik  bo‘lgan nuq tan i yasay- 
miz (71- rasm). M  va M , nuq ta la rn ing  o rd ina ta la r i  b ir  xil, abssissalari

esa faqa t ishoralari bilan fa rq  qiladi. S huning  uchun sin 150° = sin30° = | ;

cos 150 = -  cos 30 = - —  .2

J  a  v о b : s i n 870 = | , co s870 = . A

1- m asalani yechishda

sin(2 • 360°+150°) = s in l5 0 ° ,  cos(2 • 360o + 150°) = cosl50°, (1)

sin(180o-3 0 ° )  = sin30°, cos(180o-3 0 ° )  = -cos30°  (2)
teng lik la rdan  foydalanildi.
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м
150'

30 30

м .
150‘

870‘

70- rasm. 71- rasm.

(1) tenglik  to ‘g ‘ri tenglik , chunki P ( l ;  0) nuq tan i a  +2nk, k s Z  b u r 
chakka  b u rg an d a  un i a  b u rch ak k a  b u rg an d ag i n u q ta n in g  ayni o ‘zi 
hosil bo ‘ladi.

Shuning  uchun  ushbu fo rm u la la r  to ‘g ‘ri bo ‘ladi:

e sin (a  + 2nk) = sina , cos(a  + 2nk) = cosa, fee Z. (3)

X ususan , fe = 1 bo ‘lganda:

s in (a  + 2n) = s ina , cos(a + 2n) = cosa 
teng lik lar  o ‘r in l id ir .

(2) tenglik

о sin(7t -  a) = sina , c o s ( t i  -  a) = -  cosa  (4)

fo rm u la la rn ing  xususiy  holi sanaladi.
sin(7r -  a )  = s in a  fo rm ulan i isbot qilamiz.
О  Sinus uchun  qo‘sh ish  form ulasin i qo‘llab, hosil qilamiz: 

sin(7i -  a )  = sinTicosa -  cosrcsina =

= 0 • cosa -  ( -  1) • s in a  = sina. ®

(4) fo rm u la la rn in g  ikk inch is i  ham  sh u n g a  o ‘xshash  isbot 
qilinadi. (4) fo rm ula la r  keltirish form ulalari  deyiladi. (3) va  (4) 
fo rm u la la r  yordam ida is ta lgan  burchakn ing  sinus va kosinusini 
hisoblashni u la rn in g  o ‘tk i r  bu rchak  uchun q iym atlarin i hisob- 
lashga ke ltir ish  m um kin.
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2 - m a  s a  1 a  . sin930° ni hisoblang.

A  (3) fo rm uladan  foydalanib, hosil qilamiz:

sin930° = sin(3 • 360° -  150°) = sin(-150°).

s in ( - a )  = - s i n a  fo rm u la  b o ‘yicha s in (-150°)  = - s in l5 0 °  ni hosil 
qilamiz.

(4) fo rm ula  bo‘yicha topamiz:

-  sin 150° = -  sin(180° -  30°) = -  sin30° = -  | .

J a v o b :  s i n 930 = - | .  A

3 - m a s a l a .  cos^-|^ ni hisoblang.

A  cos ^  =  cos(4 jt -  5) = c o s ( -  5 ) =  co s 5  = ^  . A
4 4 4 4 2

E ndi i s ta lg a n  b u rc h a k n in g  ta n g e n s in i  h iso b la sh n i  o ‘tk i r  b u r 
chakning  tangensin i hisoblashga qanday ke ltir ish  m um kinlig in i ko ‘r-
sa tam iz .

(3) fo rm uladan  va tangensn ing  t a ’r if idan

tg (a  + 2nk) = tg a ,  k e Z

tenglik  kelib chiqadi.
Bu tenglik  va (4) form uladan  foydalanib, hosil qilamiz:

tg (a  + tt) = tg (a  + K -  2n) = tg (a  -  к) = -tg(7i -  a) =

_  _ sin(n-a) = _  sina = tg  a  . 
cos(n-a) -cosa

Shuning  uchun ushbu form ula  o ‘rin li  bo‘ladi:

tg (a  + nk) = tg a , k e Z .  (5)

4- m a  s а  1 а  . Hisoblang: 1) tg  ; 2) t g i ^ .
3 4

A  1) tg l l5  = tg(4n - | )  = t g ( - |)  = - t g |  = -V 3.

2) t g l |5  = tg (3 n  + 2) = tg 5  = l .  ▲
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26- § da (3-m asala)

Q s in ( |  -  a )  = cosa , c o s ( | -  a )  = s in a

fo rm u la la r  isbotlangan  edi, u la r  ham  k e l t i r i s h  f o r m u l a l a r i  deb ataladi. 

Bu fo rm u la la rdan  foydalanib, masalan, sin  |  = c o s | , cos |  = sin |  ni

hosil qilamiz.
x  ning is ta lgan  qiym ati uchun sin(x + 2 к )  = s inx , cos(x + 2л) = cosx 

teng lik lar  to ‘g ‘r ilig i m a’lum.
Bu teng lik la rdan  ko‘rinad ik i,  a rg u m e n t  2л ga o ‘zgarganda sinus 

va k os inusn ing  q iy m atla r i  davriy  tak ro r lan ad i .  Bunday fu n k s iy a la r  
d a v r i  2 k  b o ' l g a n  d a v r i y  f u n k s i y a l a r  deyiladi.

о
A gar shunday T *  0 son m avjud bo‘lsak i, у = f (x)  funksiya- 

ning aniq lanish  sohasidagi ista lgan  x  uchun

f (x -  T)  = f (x)  = f ( x  + T)

tenglik  bajarilsa, f (x)  davriy  fu n k s iy a  deb ataladi.
T  son f (x)  funksiyaning davri  deyiladi.

Bu t a ’r ifdan  ko‘rinad ik i,  agar  x  son f (x)  funks iyan ing  aniqlanish 
sohasiga teg ish li bo‘lsa, u holda x  + T,  x - T  son lar va, um um an, x  + Tn,  
n e Z  son lar ham shu  davriy  funksiyan ing  an iq lan ish  sohasiga tegishli 
va f ( x  + Tn)  = f(x).  T ie  Z  bo ‘ladi.

I
2л soni у = cosx funksiyan ing  eng kichik  m usbat davri eka- 

nini ko ‘rsa tam iz .

О  T  > 0 k o s in u s n in g  d a v r i  b o ‘ls in ,  y a ’ni i s t a lg a n  x u c h u n  
cos(x + T) =cosx tenglik  bajarilad i.  x = 0 deb, cosT  = 1 ni hosil qilamiz. 
Bundan esa T  = 2л/г, k s Z .  T  > 0  bo‘lganidan  T  quyidagi 2л, 4л, 6л, ... 
q iym atlarn i qabul qila oladi va shun ing  uchun  T  n ing  qiym ati 2л dan
kichik bo‘lishi m um kin  emas. ф

■
 у = s inx  fu n k s iya n in g  eng kichik m usbat davri ham  2 k  ga

teng  ekan in i isbotlash m um kin.
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M  a s h q l a r

H isoblang (352—355):

352. 1) sin^y я ; 2) sin 17л ; 3) соз7я ;

4) cos у  я ; 5) sin 720°; 6) cos 540 \

353. 1) cos 420 ; 2) tg  570°; 3) sin 3630°;

4) ctg  960°; 5) s in  I f " ;
О

6) t g ^ T t .

354. 1) cos 150°; 2) sin 135°; 3) cos 120° ; 4) s in 3 1 5 ° .

355. 1) t g ^ S ; 2) s in ^ J ; 3) cos у ;

4) s i n ( - i l l ) ; 5) c o s ( - f ) ; 6) t g ( - f ) .

356 . Ifodaning  son qiym atin i toping:
1) cos630° -  s in l4 7 0 °  -  c tg l l2 5 ° ;

2) tg l8 0 0 °  -  sin495° + cos945°;

3) s in ( -7 л) -  2 cos ̂  -  tg  -y  ;

4) c o s ( - 9 h )  + 2 s i n | -  -  c tg ( -  .

357. Ifodan i soddalash tir ing :

1) c o s 2( tc -  a) + s in2(a  -  к);

2) cos(7r -  O')cos(37i -  a )  -  s in (a  -  7i)sin(a -  Зя).

358. Hisoblang:

1) cos7230° + sin900°;

3) 2 s i n 6 , 5 7 i - V S s i n l
3̂

2) sin300° + tg l5 0 ° ;

4) V2 cos 4,25я -  cos ̂  ;

5) s in ( -6 ,5 n ) + tg ( -7 r t )  
c o s ( -7 n )+ c tg ( -1 6 ,2 5 n )  ’ 6) c o s(-5 4 0  )+ s in  480 

tg  4 0 5 ' - c t g  330
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359. Ifodan i so d d a lash tir in g :

sin 5 - a  + s in ( n - a )  c o s (7 i - a )+ c o s |^ - a )
1) /_________ . 2)  '2 I .

c o s (7 r-a )+ s i n ( 2 n - a )  ’ s i n ( E - a ) - s i n ( | - a )  ’

s in 2 ( n - a ) + s in 2s in ( a - n )  tg ( r t - a )  .. \y  i , ,  .

1 4 ) — 5 ^ ) — tg (n “ a ) -
.2

360. U ch b u rc h a k n in g  ik k i ta  ichki b u rc h a g i  y ig ‘in d is in in g  s inus i  
uchinchi bu rchag in ing  s inus iga  teng lig in i isbotlang.

E j X l  A yniya tn i isbotlang:

1) s in J l+ a )  = c o s a  ; 2) c o s | |+ a )  = -  s i n a ;

3 ) c o s ( |n - a )  = -  s i n a  ; 4 ) s i n | | r t - a j  = -  c o s a  .

Tenglam ani yeching:

1) cos||-xj = 1; 2) sinftt -  x) = 1;

3 ) c o s (x - tc) =  0 ; 4 ) s in (x -^ )  = 1 .

I
29 - §. S IN U S L A R  YIG‘IN D IS I VA AYIRM A SI. 

K O SIN U S L A R  YIG‘IN D IS I VA A YIRM A SI

1 - m a s a l a .  Ifodani soddalash tiring :

sm |a +j| )  + s i n | a - ^ s m ^ .

Д  Qo‘shish  fo rm ulasi va ikk ilangan  burchak  sinusi form ulasidan  
foydalanib, quyidagiga ega bo‘lamiz:

sin| a + 2 L + sin a - 2 L sin =
12/ I 12//  12

= I sin a  cos 77- + cos a  sin 7 7  + sin a  cos — -  cos a  sin  — sin — -
12 12 12 1 2 / 12 

= 2  sin a  cos -7-  • sin 2k = sin  a  sin 2  = 1  s in  a  . A
A A £  О Z

10 -  A lgebra, 9- sinf uchun 1 4 5



A g ar sinuslar y ig ‘indisi formulasi

. n  n  • tx+B a - Bsin a  + sin p = 2 sin —X- cos — L 
K 2 2 (1)

dan foydalanilsa, bu m asalani soddaroq yechish m um kin. Shu form ula 
yordam ida quyidagini hosil qilamiz:

(sin ( a +i )  + sin ( a - i ) ) s m i  =

= 2 sin a  cos • sin ^  sin a  .

Endi (1) fo rm ulan ing  o ‘rin li ekanin i isbotlaymiz.

О  — = У belgilash kiri tam iz . U holda x  + y=a,  x - i /  = fi va  

shun ing  uchun  s in a  + sinp = sin(x + y) + s i n ( x - y )  = sinxcost/ + cosxsinz/ + 

+ s in x co s i / -co sx s im /= 2sinxcosf/ = 2 sin cos ®

(1) fo rm ula  bilan b ir  qa to rda  quyidagi s inuslar ayirm asi formulasi,  
kosinuslar yig 'indisi va ayirm asi form ula laridan  ham foydalaniladi:

• а  о  • c c- 3  a + B  sin a  -  sin p = 2 sin - y -  cos ,

n  о  a + B  a - B  cos a  + cos p = 2 cos cos ,

n  о  • a + B  . a - B  cos a  -  cos p = - 2  sm  sin —

( 2 )

(3)

(4)

(3) va (4) fo rm ula la r  ham  (1) fo rm ulan ing  isbotlanishiga o ‘xshash 
isbotlanadi; (2) fo rm ula  p ni -p  ga a lm ash tirish  bilan (1) form uladan  
hosil q ilinadi (buni m ustaqil isbotlang).

2 - m a s a 1 a . sin75° + cos75° ni hisoblang.

Д  sin75° + cos75° = sin75° + s in l5 °  =

-  2 sin 7o ^15 cos 75 2lp = 2 s i n 45 co s30 = ^  ^  ^
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3 - m a s a l a .  2 sin a  + Уз ni ko‘paytm aga a lm ash tiring .

A  2 sin ex + Уз = 2 |s in  (x + A j  = 2(sin a  + sin | j  =

= 4 s in (^  + 5) cos(§ -  f ) .  A  \ 2 6) 12 6/
4- m a  s а 1 а  . s in a  + cosa  ifodan ing  eng kichik qiym ati -  У2 ga,

eng k a t ta  q iym ati esa У2 ga teng  ekanini isbotlang.

A  Berilgan ifodani ko ‘paytm aga alm ashtiram iz :

sin a  + cos a  = sin a  + sin |- | -  a j  = 2 sin  ̂  co s |a  -  ^ j = У2 cos (a -  ^).

K osinusning  eng kichik qiym ati -1  ga, eng k a t ta  q iym ati esa 1 ga 
teng  bo‘lgani uchun  berilgan ifodaning  eng kichik qiym ati У2 ■ (-1) =

= -У 2 ga, eng k a t ta  q iym ati esa У2 • 1 = У2 ga teng . A

M  a s h q l a r

363. Ifodan i sodda lash tir ing :

1) s i n ( |  + a )  + s i n ( |  -  a ) ; 2) c o s ( |  -  (3) -  c o s ( |  + (3);

3) sin2 ( |  + a )  -  sin2 ( |  -  a ) ; 4) cos2 (a  -  -  cos2 (a  + ^ ) .i2( |  + ^

364 . Hisoblang:

1) cos 105 + cos 75°; 2) s in l0 5  - s i n 7 5  ;

3 )  с о в Ш  +  с о 8 Ц ; 4 )  с о 8 Ш - с 0 8 5 | ;

5) s i n — - c o s — ; 6) sin  105 + sin 165 .
12 12

365. K o‘pay tm aga a lm ash tiring :
1 ) 1  + 2sina; 2) 1 -  2sina;
3) 1 + 2cosa; 4) 1 + sina;

366 . A yniya tn i isbotlang:

s i n a + s i n 3 a  — t g 2 a *  2 )  s i n 2 a + s i n 4 a  _  c 2;o-q>
cos a+cos  3 a  ’ c o s 2 a - c o s 4 a
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367. Ifodani soddalash tir ing :
I x 2 (c o sa + c o s3 a )  _ _ 1-fsin a - c o s  2 a - s i n  3 a

2 sin  2 a + s in  4 a  ’ 2 s in 2 a + s in  a - 1

A yniyatn i isbotlang  (368—369):

368. 1) cos1 a  -  s in 4 a  + sin  2 a  = V2 cos( 2 a  -  ^ J ;

2) cos a  + cos(4p + a )  + c o s ( ^  -  a j  = 0 .

369. 1) sin2a+sin5a-sin3a= : 2 s i n a .
c o s a + 1 - 2 s in "  2 a

2 \ sin  a + s in  3 a + s in  5 a + s in  7 a  _  c -ĵ g Qf 
cos a - c o s  3a+ cos  5 a - c o s  7 a

370. K o‘paytm a ko‘r in ish ida  yozing:

1) cos22° + cos24° + cos26° + cos28°; 2) cos^h + c o s |  + c o s ^  .

tg  a  + tg  p -  ayniyatn i isbotlang va hisoblang:

1) tg267° + t g 93°; 2) t g | |  + t g | | .

K o‘pay tuvch ila rga  a jra ting :
1 ) 1 -  cosa + s ina ; 2) 1 -  2cosa + cos2a;
3 ) 1 +  s in a  -  cosa -  tg a ;  4) 1 + s in a  + cosa + tga .

V  b o b g a  d o i r  m a s h q l a r

373. 0 < a  < ^ bo‘lsin. P ( l ;  0) nuqtani:

1) | - a ;  2) a  -  л ; 3 ) ^ - a ;  4) |  + a ;  5) a  -  | ; 6) л - a

burchakka burish  na tijas ida  hosil bo‘lgan n uq ta  qaysi chorakda 
yotishini aniqlang.

374. Burchak sinusi va kosinusin ing  qiym atin i toping:

1) З л ; 2) 4 л ;  3) 3 ,5л ;

4) I  л ; 5) n k , k e  Z ;  6) (2k  + 1)л, k s  Z  .
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375. Hisoblang:

1) sin Зк  -  cos ^  ; 2) cosO -  созЗл  + cos3,57i;

3) sin nk  + cos 2nk  , bunda k -  b u tu n  son;

4) cos -  sin ? bunda  k -  b u tu n  son.

376. Toping:

1) ag a r  s i n a  -  ^  va |  < a  < л boTsa, cosa ni;

2) ag a r  c o s a  = va к < а < Щ  boTsa, t g a  ni;

3) agar  t g a  = 2V2 va 0 < a  < |  boTsa, s in a  ni;

4) agar  c t g a  = V5 va л < a  < ^  boTsa, s in a  ni.

377 . A yniya tn i isbotlang:

1) 5sin2a  + tg a c o sa  + 5cos2a  = 5 + sina;

2) c tg a s in a  -  2cos2a  -  2sin2a  = cosa  -  2;

3) — = 3 cos2 a  ; 4)----- — = 5 s in 2 a  .
l + t g 2 a  1 + c t g " a

378. Ifodan i sodda lash tir ing :

1) 2 s in ( -a )  c o s ( |  -  a  j -  2 cos(-a )  s i n ( |  -  a j ;

2) 3 sin( л -  a )  cos(^ -  a  j + 3 s in 2 -  a j ;

3) (1 -  tg ( - a ) ) ( l  -  tg(л + a )  cos2 a ;

4) (1 + t g 2(-a))f-
V 1+ c tg2 ( - a )

379. Ifodani soddalash tir ing  va un ing  son q iym atin i toping:

1) s in ( |  л -  a )  + s in (!  л + a j , bunda cos a  = | ;

2) cos(^ + a j  + c o s ( |  л -  a j , bunda  sin  a  = | .

380. Hisoblang:
1) 2sin750cos75°; 2) cos275° -  s in275°;
3) s in l5 ° ;  4) sin75°.
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O Z I N G I Z N I  T E K S H I R I B  К О  R IN G !

1. A gar s in a  = |  va ^ < а < я  bo‘lsa, cosa, tg a ,  s in 2 a  ni hisob-
5 2

lang.
2. Ifodaning  q iym atin i toping:

1) 4 c o s ( -1 )  -  tg  I  + 2 s i n ( - -  cos л ;

2) c o s l5 0  ; 3) sin Щ ; 4) t g ^  ; 5) cos21 - s i n 21 .

3. (G'iyosiddin J a m s h id  al-Koshiy masalasi.)  

s in 3 a  = 3 s ina  -  4s in3a  ekanini isbotlang.

4. A yniyatn i isbotlang:

1 ) 3 -  cos-а  -  s in2a  = 2; 2 ) 1 -  s in a  cosa c tg a  = s in2a .

5. Ifodani soddalash tir ing :

1) s in(a  -  (3) -  sin  J ̂  -  a )  s in ( - p ) ; 2) s in2a  + cos2a;

3) tg(ji -  a)cos(7r -  a) + sin(4n + a).

381 . Ifodani soddalash tir ing :

1) cos2 (тс -  a) -  cos2 (I  -  a  j ; 2) 2 s i n | |  -  a )  c o s ( |  -  a j ;

2 / 0  x - 2 / o x  2 s in (K -a )  sin —- aox cos ( 2 j t+ a ) - s in  ( а + 2 л )  \2
3 )   j -  г ; 4 )

2 cos(a+2n) c o s | " « j  s in ” | a - ^ j - s i n “ ( а - я )

H isoblang (3 8 2 -3 8 3 ) :

382. 1) s i n i ^ ;  2) t g ^ ;  3) c t g ^ ;  4) c o s ^
6 4 4 4

383. 1) c o s ^ - s i n l M ;  2) s i n ^ - t g ^ ;

3) 3cos3660° + sin(-1560°); 4) cos(-945°) + tg l0 3 5 ° .
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384.

385.

386.

Sonlarn i taqqoslang.

1) sin3 va cos4; 2) cosO va sin5.

Sonning  ishorasin i aniqlang:
1) s in3 ,5 tg3 ,5 ;  2) cos5 ,01sin0,73;

t g l 3  .
cos 15 ’ 

Hisoblang:

4) s in lco s2 tg 3 .

1) sin  I  cos ^  + sin ^  cos I ; 2) s in l65°;

4) s in  2^ ; 5) 1 -  2sin2195°;

3) sin  105°;

6) 2 cos2 ^  - 1 .

387. Ifodan i sodda lash tir ing :

1) (1 + tg ( - a ) ) ( l  -  c tg (-a ) )  -  ; 2) ctga+tg(: a > + ^  .’ 4 c o s ( - a )  c o s a + s in ( - a )  s in  a

388 . Berilgan: sin a  = ^  va 2 < a  < я . cosa, tg a ,  c tg a ,  s in2a ,  cos2a 

la rn ing  q iym atlarin i hisoblang.

Ifodan i so d d a lash t ir in g  (3 8 9 —391):

389.

390.

1) cos3a s in a  -  s in3acosa ; 

sin 2 a - s i n  2 a  cos 2 a  .1)

3)

4 c o s a  

cos 2 a + s in  2 a  cos 2 a

391.

2  s in 2 a - 1

1) cos" x -  sin(tt -  x ) ; 
1 -s in  X

3) sm  x  
1+cos x

2 )

2)

4)

2 )

4)

sin a -fs in  2  a  
1 +cos a+ c o s  2 a

 2  cos2 2 a  .
sin 4 a  cos 4 a + s in  4 a  ’

(cos a - s i n  a )2 

sin 2 a  cos 2 a - c o s  2 a  *

2cos x 
1 + s in x

s in 2 x

+ cos(1,5k + x ) ;

+ cos(3 ji -  x ) .-  sin(l,57C + x ) ;

1) A gar tg  a  = - 1 va tg(3

2) ag a r  c t g a  = |  va ctg(3 = -1  bo‘lsa, c tg (a  +- (3) ni hisoblang.

1- c o s  д:

2,4 bo ‘lsa, tg (a  + (3) ni;

Ifodan i sodda lash tir ing : 

1) 2  s in (2  +  2 a j  s i n | |  -  2 a j ; 2) 2 cos|2 + 2aj cos( | -  2 a ) .
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V  bobga do ir  s inov  ( t e s t )  m a sh q la r i

1. 153° n ing  rad ian  o‘lchovini toping.

л \ 17т[ 1 9 я  1 „  2k 153
A > w : B) ж ; C) 17к’ D) 1 T : E)

2. 0,65л; n ing  grad  us o 'lchovini toping.
A) 11,7°; B) 117°; C) 116°; D) 118°; E) 117,5°.

3. Ko‘pay tm ala rn ing  qaysi b ir i  manfiy?

A) c o s3 1 4 °s in l4 7 0; B) tg 2 0 0 octg201°; C) c o s l6 3 °co s2 9 5 0;
D) s i n l 7 0 octg250°; E) cos2150tg315°.

4. Ko‘pay tm an ing  qaysi b iri musbat?

A) s in 2 c o s 2 s in ls in l° ;  B) tg 8 oc tg 8 c tg l0 °c tg V lO  ;
C) s in 9 0sin9cos9°cos9; D) c o s l0 ° c o s l0 c o s l  1° cosVIT ;
E) tg7,5° tg 7 ,5  ctg3°ctg3.

5. ^ j nuqtaga tush ish  uchun (1; 0) nuqtani burish  kerak bo‘lgan 

barcha bu rchak larn i toping?

A) 30° + nk,  k e Z ;  B) ~ ^  + K k , k e Z ;  C) ^  + n k , keZ;

D) 2n + nk,  k s Z ;  E) -̂ + 2nk  , k&Z.
6

5 к
6. (1; 0) nuqtani ^  + 2nk  , ^ e Z  burchakka burishdan hosil bo‘ladigan 

n uq tan ing  koord ina ta la rin i toping.

A) (0; 1); B) (0; -1 ) ;  C) (1; 0); D) ( -1 ;  0); E) (0; | ).
7. Sonlarni o‘sish ta r t ib ida  yozing:

a = s i n l , 57; b = co s l,58 ; с = sin3.

A) a < с <■ b; B) b < с < а; С) с < a < b;
D) b < a < с; E) a < b < c.

8. Sonlarni kam ayish ta r t ib ida  yozing:
a = cos2; b =  cos2°; с = sin2; d = sin2°.

A)  a > с > d > b\ B) d > с > b > a\ C) b > с > d  > a\
B) с > d  > b > a\ E) d  > a > b > c.
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sin 136° cos 4 6 ° -s in  46° • cos 224°
H i s o b l a n g :  s i n l l 0 o .COS4 oo_s i n 2 o o cos50° *

A) cos40°; B) 0,5; C) sin44°; D) 2; E) -2 .

s in  10° • cos 130°-s in  10° • cos 220°
10. H i s o b l a n g :  s i n 2 7 o .co s 3 3o •

A) sin80°; B ) - 1 ;  C) ^ ; D) E) 1.

11. Hisoblang: cos(-225°) + sin675° + tg (-1035°).

A) 1; B) -1 ;  C) V2 ; D) E)

12. s in a  =  0,6 bo‘lsa, tg 2 a  ni top ing  (o < a  < .

A) 3,42; B) 3 у  ; C) ^  ; D) ; E) 0,96.

13. t g a  =  Vd bo‘lsa, s in 2 a  ni toping.

A) 375; B ) _ ^ .  C) D) Vs; E) ^ .
o 3 3 о

14. t g a  = V? bo‘lsa, cos2a ni toping.

A > | =  B) - f ; О  I ’ D) “ I 1 E) - 1 ! -

15. Soddalash tir ing :
sin(7i + a)

A) j  + j ; B) 1; C) 0,5; D) - i ;  E ) - 1 .

16. Soddalash tir ing : ^ 2g+si-n(,1- a ) 'cosa .
s i n ( n - a )

A) 3s ina ; B) ^ s i n a ;  C ) - s i n a ;  D) ^  cos a ; E) 3sin2a.
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г-  4 sin  a
17. tg a  = V7 bo‘lsa, —— о— —:---- — ni hisoblang.

5 s in  a  + 15cos a

A) 0,59; B) 0,49; C) -0 ,4 9 ;  D) 0,2; E) .

18. c o s a  + sin a  = ^ bo‘lsa, s in4a  + cos4a  ni toping.

81 f  7 f  49 1 32 2
A > 49 ’ C> 81= D» - 1 4 t ; E ) 8 T -

19. Hisoblang: sin 100 cos 440 + sin 800 cos 460°.

A) B) 1; C ) - l ;  D) 0; E) 5 .

, sin З а  cos З а
20. Soddalash tiring : —--- + --------- .s m  a  cos а

A) sinacosa; B) -2 s in 4 a ;  C) s in4a; D) 2cos2a; E) 4cos2a.
21. 8 x 2 -  6x + 1 = 0 teng lam aning  ildizlari s in a  va sinp bo‘lib, a ,  (3 -

I chorakda bo‘lsa, s in(a  + (3) ni toping.

V3(4 + V5) V2(4 + V5) V3(4-V5)
A) — re— ; B) — 15— ; C) — re— ;

_ V3(4 + V5) V3(4 + V5)
’ 16 ’  ̂ 18

22. 6x2 -  5x + 1 = 0 teng lam aning  ildizlari cosa va cos[3 bo‘lib, 
a ,  [3 la r  I chorakda bo‘lsa, cos(a + p) n i toping.

i-2Ve . 2 V6 - 1 . 2 V6 - 1 .
6 ’ ~ e ~  ’ L> 7  ’

D )  5 , E ) 6 •

23. x ni toping: 2(x + 72) = c o s ^  -  2 a  j+2 s in f - ^  + a  j-з т ( я  -  a ) .

A) A .  B) V2  ; C) -V 2  ; D) 2^2  ; E) -2л /2  .

24. x 2 -  7x + 12 = 0 te n g lam a n in g  ild iz la r i  t g a  va tg[3 b o ‘lsa,
tg (a  + [3) ni toping:

УзA) 1; В) С) V 5 ; D) E ) - ^ .
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T a r i x i y  m a s a l a l a r

Abu Rayhon Berun iy  masalalari

1. Quduq s il ind r shaklida bo‘lib, lining 
tub i quduq  labidagi A  nuq tadan  a  bur- 
chak ostida, quduq devori davomidagi 
В  nuq tadan  P bu rchak  ostida  ko‘rina- 
d i (72- ra sm ).  A g a r  A B  = a b o ‘lsa , 
quduqn ing  chuqurlig in i toping:

B e r i l g a n :

Z C A D  = a ,  Z  A B D  = (3, A B  = a. 

T o p i s h  k e r a k :  AC = ?

2. Minora yerdagi A nuqtadan a  bu r
chak ostida, В  nuqtadan esa (3 b u r 
chak ostida ko‘rinadi (73- rasm).
A B  = a bo‘lsa, m inoraning  baland- 
lig in i toping.
B e r i l g a n :
Z C A D  = a,  Z A B D  = [3, A B  = a. 
T o p i s h  k e r a k :  CD = ?

Giyosiddin J a m s h id  al-Koshiy masalasi .

3. Ix tiyoriy  a  burchak  uchun

В

A

С

72- ra sm .

D

С A В

73- ra sm .

sin |45° + f W
1+sin a

boTishini isbotlang.

M a s h h u r  m a te m a t i k  A bu lva fo  M u h a m m a d  al-Buzjoniy  
( 9 4 0 - 9 9 8 )  masalasi:

4. Ix tiyoriy  a  va p uchun

sin(oc -  p) = yjsin2 a  -  s in 2 a  • s in2 p -  ^/sin2 p -  s in2 a  • s in2 p 

boTishini isbotlang.
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ш T a r i x i y  т а ’ l u m o t l a r

M atem atikaning , xususan  trigono- 
m e tr iyan ing  rivojiga buyuk allomalar 
M u h a m m a d  a l - X o r a z m i y ,  A h m a d  
F a rg ‘oniy, Abu Rayhon Beruniy, Mirzo 
U lu g ‘bek, Ali Q ushch i,  G ‘iy o s id d in  
Jam sh id  al-Koshiy k a t ta  hissa qo‘sh- 
ganlar. Y u lduzlarn ing  osmon sferasi- 
d a g i  k o o r d i n a t a l a r i n i  a n i q l a s h ,  
sayyorala rn ing  h a rak a tla r in i  kuzatish , 
Oy va Quyosh tu t i l ish in i  oldindan aytib 
b e r ish  va boshqa ilm iy, am aliy  aha- 
m iya tga  molik m asala la r  an iq  hisob- 
la rn i,  bu hisoblarga asoslangan jadval- 
la r  tuz ishn i taqozo e ta r  edi. A na shun- 
day as tro n o m ik  ( t r ig o n o m e tr ik )  jad- 
va lla r  Sharqda «Zij»lar deb atalgan .

M uham m ad al-X orazm iy , A bu R ayhon  B erun iy ,  Mirzo 
U lug‘bek kabi o lim larim izning  m atem atik  asa r la r i  b ilan  birga 
«Zij»lari ham m ashhur  bo‘lgan, u la r  lo tin  va boshqa ti lla rga  
ta r j im a  qilingan, Yevropada m atem atikaning , astronom iyaning 
ta raqq iyo tiga  salmoqli t a ’s ir  o ‘tkazgan .

Beruniyning «Qonuni M a’sudiy» asarida s inus lar  jadvali 
15 m inut oraliq bilan, tangenslar jadvali 1° oraliq bilan 10 8 gacha 
an iq likda  be r ilgan . N ihoya tda  an iq  «Zij » la rdan  b ir i  Mirzo 
U lu g ‘bekning «Zij »i -  «Ziji K o‘ragon iy»d ir .  B unda  s inus la r  
jadvali 1 m inu t oraliq bilan, tangenslar jadvali 0° dan 45° gacha 
1 m inu t oraliq bilan, 46° dan 90° gacha esa 5 m inu t oraliq bilan 
10 10 gacha aniqlikda berilgan.

Ghyosiddin Jamshid al-Koshiy «Vatar va sinus haqida riso- 
la»sida sinl° ni verguldan so‘ng 17 xona aniqligida liisoblaydi:

s i n l 0 = 0 ,0 1 7 4 5 2 4 0 6 4 3 7 2 8 3 5 1 2 .. .
A ylana uzunlig i unga  ichki va tashq i chizilgan m untazam  

3 • 2" -  k o ‘p b u rch ak la r  p e r im e tr la r in in g  o ‘r t a  a r i fm e tig ig a  
teng  deb, л = 28 bo‘lganda Jam sh id  al-Koshiy «Aylana haqida 
risola» asarida  2k uchun quyidagi n a tijan i oldi:

2k  = 6 ,283 1 8 5 3 0 7 1 7 9 5 8 6 5 .. .

M irzo U lu g ‘bek  
(1394 -1449)
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VI В О В. PROGRESSIYALAR

ARIFMETIK PROGRESSIVA

Quyidagi m asalani ko‘raylik.
M a s a l a .  0 ‘quvchi sinovdan o‘t ish  uchun tayyorgarlik  ko‘rib har 

kun i 5 ta  dan sinov m asala larin i yechishni re ja lash tird i.  H ar  b ir  kun 
yechilishi re ja la sh ti r i lg an  sinov m asala la rin ing  soni qanday o‘zgarib 
boradi?

R e ja la sh ti r i lg an  m asa la la r  soni h a r  b ir  kunga  kelib quyidagicha 
o ‘zgarib  boradi:

an -  orqali n- kunga kelib yechilishi lozim bo‘lgan barcha masalalar 
sonini belgilaylik. Masalan:

Hosil qilingan

sonlar sonli ketma-ketl ik  deyiladi.
Bu ketm a-ketlikda ikkinchisidan boshlab uning  har  b ir  hadi oldingi 

hadga ayni b ir  xil 5 sonini qo‘sh ilganiga  teng. Bunday ketm a-ketlik  
ar ifmet ik  progressiya  deyiladi.

1- kun
5 ta

2- kun 
10 ta

3- k u n  4- kun  ... 
15 ta  20 ta  ...

N ati jada  quyidagi ketm a-ketlikni hosil qilamiz:

5 ,1 0 ,1 5 ,2 0 ,  25, ... .

a 1 = 5, a2 = 10, a3 = 15, ... .
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Т а ’ r i f .  A g a r  a v  a.,, ... , a n, ... sonli k e tm a -k e t l i k d a  
barcha n a tu ra l  n  lar  u ch u n

о a = a + dn+l n
(bunda  d -  biror son) te n g lik  bajarilsa, bunday  ke tm a-ke tlik  
a r i fm e t ik  p rogress iya  deyiladi.

Bu form uladan  a ;ji| - a n = d  ekanligi kelib chiqadi. d son ar ifmetik  
progressiyaning ayirmasi  deyiladi.

M i s o l l a r .
1) Sonlarning 1, 2 ,  3, 4 ..., n, ... na tura l qatori arifm etik  progressiyani 

tashkil qiladi. Bu progressiyaning  ayirm asi d = 1.
2 )  Butun manfiy sonlarning -1 ,  - 2 ,  -3 ,  ..., - n ,  ... ketma-ketligi ayirmasi 

d -  -1  bo‘lgan arifm etik  progressiyadir.
3) 3, 3, 3, ... ,  3, ... ketm a-ketlik  ayirm asi d = 0 bo‘lgan arifm etik  

p rogress iyadan  iborat.
1 - m a s a l a .  ari = 1,5 + 3n  fo rm u la  b ilan  ber ilgan  ke tm a-ke tlik  

a rifm etik  progressiya bo‘lishini isbotlang.
ZX an+l -  an ay irm a barcha n uchun  ayni b ir  xil {n ga bog‘liq emas) 

ekanligini ko‘rsa tish  talab qilinadi.
Berilgan ketm a-ketlikn ing  (n + l) -had in i yozamiz:

ann = 1’5 + 3(n + !)•
S hun ing  uchun

an X -  an = 1,5 + 3(n + 1) -  (1,5 + 3n)  = 3.

Demak, an ] -  an ay irm a n ga bog‘liq emas. Ak.
A rifm etik  progressiyaning  t a ’r if iga  ko‘ra  an+l = a + d, an x = an -  d, 

bundan

a = a".zL+a«±l, rc> l.

о Shunday qilib, arifm etik  progressiyaning ikkinchi hadidan  
boshlab har bir hadi unga qo‘shni bo‘lgan ikkita  hadning o‘rta 
arifm etig iga  teng. «Arifm etik» progressiya degan nom shu 
bilan izohlanadi.

A g ar a { va d  berilgan bo‘lsa, u holda a r ifm etik  p rogress iyaning  
qolgan had larin i aniX = an + d  form ula bo‘yicha hisoblash m um kinlig ini
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t a ’kidlaymiz. Bunday usul bilan progress iyan ing  b ir  necha dastlabki 
hadini hisoblash qiyinchilik tu g ‘dirm aydi; biroq, masalan, a 100 uchun 
ta la y g in a  h iso b la sh la r  ta lab  q il in ad i .  O datda  b u n in g  u ch u n  n-had  
fo rm ulasidan  foydalaniladi.

A rifm etik  progressiyaning  t a ’r if iga  ko ‘ra 
a2 = a : + d, 
a3 = a., + d  = a l + 2d, 
a4 = a3 + d = а г + Sd  va h.k.

U m um an,

a n = a ,  + (n -  l )d ,  (1)

chunki a r ifm etik  p rogress iyaning  n- hadi un ing  b ir inch i hadiga d  sonini 
(n -  1) m arta  qo‘shish  na tijas ida  hosil qilinadi.

(1) form ula ar ifmet ik  progressiyaning n-hadi formulasi  deyiladi.
2 - m a  s a  1 a . A gar a 1 = - 6  va d = 4 bo ‘lsa, a r ifm etik  progressiyaning 

yuzinchi hadini toping.
A  (1) form ula  bo‘yicha: a 100 = - 6  + (1 0 0 -1 )  *4= 390. A
3 - m a s a l a .  99 soni 3, 5, 7, 9, ... a r ifm etik  progressiyaning  hadi. 

Shu hadn ing  nom erini toping.
A  A ytaylik , n -  iz langan nomer bo‘lsin. a 1 = 3 va d =2  bo‘lgani 

uchun an = а } + (n -  l ) d  fo rm ulaga ko‘ra: 99 = 3 + (n -  1) • 2. Shuning 
uchun 99 = 3 + 2n -  2; 98 = 2n,  n  = 49.

J  a  v o b  : n = 49. A

4 - m a  s a 1 a . Arifmetik progressiyada ag = 130 va o12 = 166. n-hadining 
fo rm ulasin i toping.

A  (1) formuladan foydalaniib, topamiz:

aH = a } + Id ,  a ]2 = a, + l i d .

a 8 va  a |2 la rn ing  berilgan q iym atlarin i qo‘yib, a 1 va d ga nisbatan 
teng lam alar  sis tem asin i hosil qilamiz:

J a 1 + 7d = 130,

+ l i d  = 166.

Ikkinchi tenglam adan birinchi tenglam ani ayirib , hosil qilamiz:

4d = 36, d = 9.
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Demak, al = 130 -  7d=  130 -  63 = 67.
P rogressiya  n-hadi form ulasini yozamiz:

an = 67 + 9(n -  1) = 67 + 9n -  9 = 58 + 9n.

J  a  v о b : an = 9n + 58. A
5 - m a s a l a .  B u rchakn ing  b ir  tom onida  un in g  uch idan  boshlab 

teng  kesm alar a jra ti lad i.  U larn ing  ox irlaridan  parallel to ‘g ‘ri chiziqlar
o ‘tkaz ilad i (74- rasm ). Shu to ‘g ‘ri chiziq- 
la rn ing  burchak  tom onlari orasidagi a x, o.,, 
a 3, ... kesm alarin ing uzun lik lari a r ifm etik  
progressiya tashkil qilishini isbotlang.

A  A so s la r i  a , va  a  , b o ‘lgan  t r a -
n - l  Л+1 &

petsiyada un ing  o ‘r ta  ch iz ig ‘i an ga teng. 
Shun ing  uchun

„  _  a n - \  + a n+l
an 2

74- rasm.
Bundan 2a = a . + a . yoki a - a  =a -  an n-1  Л+1 v /1+1 n n  /1-1

K etm a-ketlikn ing  har  b ir  hadi bilan undan oldingi hadi ayirm asi 
ayni b ir  xil son bo‘lgani uchun bu ketm a-ketlik  a r ifm etik  progressiya 
bo‘ladi. A

M  a s h q l a r

394. (Og‘zaki.) A rifm etik  progressiyaning  birinchi hadini va ayirma- 
sini ayting:
1 )6 ,  8, 10, ...; 2)7,  9, 11 , . . . ;
3 )25 ,  21, 1 7 , . . . ;  4 ) - 1 2 , - 9 , - 6 ,  ... .

395. A gar:
1) = 2 va d = 5; 2) a, = - 3  va d = 2
bo‘lsa, a r ifm etik  progressiyaning  dastlabki beshta  hadini yozing.

396. n-  h a d in in g  fo rm u la s i  b i lan  b e r i lg a n  q u y id ag i k e tm a-k e t l ik  
ar ifm etik  progressiya bo‘lishini isbotlang:
1) an = 3 -  4zi; 2) a ;; = - 5  + 2n;
3) an = S(n + 1); 4) a'n = 2 ( 3 - n ) .

397. A rifm etik  progressiyada:
1) agar a 1 = 2, d = 3 bo‘lsa, a 15 ni toping;
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2) agar  a, = 3, d = 4 bo‘lsa, a 2(J ni toping;
3) agar  а г = -3 ,  d = - 2  bo‘lsa, a ,8 ni toping;
4) agar  a 1 = - 2 ,  d = - 4  bo‘lsa, a n  ni toping.

398. Arifm etik progressiyaning n- hadi formulasini yozing:
1 )1 ,  6, 11, 16, ...; 2 )25 , 21, 1 7 ,1 3 , . . . ;
3 ) - 4 ,  -6 ,  - 8 , - 1 0 , . . . ;  4)1,  -4 ,  - 9 , - 1 4 ,  ... .

399. -2 2  soni 44, 38, 32, ... a r ifm etik  progressiyaning hadi. Shu 
sonnig  nom erini toping.

400. 12 soni -18 ,  -1 5 ,  -1 2 ,  ... arifm etik progressiyaning hadi bo‘ladimi?
401. -5 9  soni 1 , - 5  ... a r ifm etik  progressiyaning  hadi. U ning nomerini 

toping. -4 6  soni shu  progressiyaning  hadi bo‘ladimi?
402. A gar a r ifm etik  progressiyada:

1) a, = 7, a 16 = 67; 2) a, = - 4 ,  a 9 = 0
bo‘lsa, un ing  ayirm asin i toping.

403. A rifm etik  progressiyaning  ayirm asi 1,5 ga teng. Agar:
1) aQ = 12; 2) a7 = - 4  bo‘lsa, a ] ni toping.

404. A gar a r ifm etik  progressiyada:
1) d = -3 ,  a n = 20; 2) a 21 = - 1 0 ,  a 22 = - 5 ,5
bo‘lsa, un ing  birinchi hadini toping.

405. A gar a r ifm etik  progressiyada:
1) a 3= 1 3 ,  a fi = 22; 2) a2 = - 7 , a 7 = 18
bo‘lsa, un ing  n- hadi form ulasin i toping.

406. n n ing  qanday q iym atlarida  15, 13, 11, ... a r ifm etik  p rogress iya
n ing hadlari m anfiy bo‘ladi?

407 . A rifm etik  progressiyada a 1 = - 1 0 ,  d  = 0,5 bo‘lsa, n n ing qanday 
q iym atlarida  an < 2 tengsizlik  bajariladi?

408 . A gar a r ifm etik  progressiyada:
1) as = 126, a w = 146; 2) a g = -6 4 ,  a 10 = -50 ;
3) aH = - 7 ,  a1Q = 3; 4) a8 = 0 ,5 , a1Q = -2 ,5
bo‘lsa, un ing  to ‘qqizinchi hadini va ay irm asin i toping.

409 . Erkin tushuvch i jism  b ir inch i sekundda 4,9 m yo‘l bosadi, keying! 
har  b ir  sekundda esa oldingisidan 9,8 m ortiq  yo‘l bosadi. Tusha- 
yo tgan  jism beshinchi sekundda qancha masofani bosib o‘tadi?
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410. Havo vannasin i olish yo ‘li bilan davolanishda birinchi kuni davo- 
lanish 15 min davom etadi,  keyingi h a r  b ir  kunda  uni 10 min 
dan oshirib  boriladi. Vanna olish ko ‘pi bilan 1 soat 45 min davom 
etishi uchun ko‘rsa ti lgan  ta r t ib d a  havo vannasin i olish necha 
kun davom etadi?

411. A rifm etik  progressiya uchun an + ak = an_t + a /vi/ tenglik  o 'r in l i  
ekanligini isbotlang. A gar a1 + a g= = 30 bo‘lsa, a 10 + a. ni toping.

412. A rifm etik  progressiya uchun

a  _  a n + k + a n - k

2
tenglik  o ‘rin li  ekanligini isbotlang. A gar a.n + a 4n = 120 bo‘lsa, 
a20 ni toping.

I
31 - § . ARIFMETIK PROGRESSIYA DASTLABKI 

n  TA HADINING YIG‘INDISI

1 - m a s a l a .  1 dan 100 gacha bo‘lgan barcha n a tu ra l  sonlar y ig ‘in- 
disini toping.

ZX Bu y ig ‘indin i ikki usul bilan yozamiz:
S = l  + 2 + 3 + ... + 99 + 100,

S = 100 + 99 + 98 + ... + 2 + 1.
Bu teng lik larn i hadlab qo‘shamiz:

2 S  -  101 + 101 + 101 + ... + 101 + 101
1 0 0  ta  qo ‘shiluvchi

Shuning  uchun 2S = 1 0 1 • 1 0 0 ,  bundan S  = 1 0 1 • 5 0 = 5 0 5 0 .  A  
Endi ix tiyoriy

a i’ a 2’ ••• ’ •••
a rifm etik  progressiyani qaraymiz. S ti -  shu progressiya dastlabki n ta  
had in ing  y ig ‘indisi bo‘lsin:

S  = a +  a.. + ... + a , + a .n 1 2 n-1  n

T e o r e m a .  A rifm etik  progressiya dastlabki n  ta hadining  
yig ‘indisi quyidagiga teng:



О  *S„ ni ikki usul bilan yozib olamiz:
S = a, + a 0 + ... + a  , + a  ,n  1 2 n - 1  n ’

S = a  + a , + ... + a 9 + a ,.n  n n - 1  2 1

A rifm etik  progressiyaning  t a ’r if iga  ko‘ra  bu teng lik la rn i quy ida
gicha yozish mumkin:

S n = Uj + (й1 + d) + (dj + 2d) + ... + (dj + (ai — l)d ) ,  (2)
S n = an + {an - d )  + (dn -  2d) + ... + (an -  (n -  l)d). (3)

(2) va (3) teng lik larn i hadlab qo‘shamiz:

2S„ = (d j + d „ ) + (d x + d n) + ... + (d 1 + d j  

n ta  qo 'sh iluvchi

Demak, 2 S n -  (d, + dn)n, bundan S„ = a' ^a--- n . в
2 - m a s a l a .  Dastlabki n ta  n a tu ra l  son y ig ‘indisin i toping.
Д  N a tu ra l  sonlarning

1,2, 3 ,4 , 5 ,6 , . . . ,  d , ...

ke tm a-ketlig i ayirm asi d = 1 bo‘lgan arifm etik  progressiyadir . d t = 1 va 
an = d bo‘lgani uchun (1) fo rm ula  bo‘yicha topamiz:

S n = 1  + 2 + 3 + . .. + d = l | ^ d .

Shunday qilib,

l  + 2 + 3 + ... + n = " I V 1’ . A

3 - m a  s a  1 a  . A gar 38 + 35 + 32 + ... + (-7) y ig ‘ind in ing  qo‘shiluv- 
chilari arifm etik  progressiyaning ketma-ket hadlari bo‘lsa, shu y ig ‘indini 
top ing .

Д  S hartga  ko‘ra a x = 38, d = -3 ,  an = -7 .  Endi an = d 1 + (d -  l )d  
fo rm ulan i qo‘llab, - 7  = 38 + (d -  l ) ( -3 )  ni hosil qilamiz, bundan n = 16.

S n = ai-^a" d form ula  bo‘yicha topamiz:

S 16 = ^ +  16 = 248 . A

4 * - m a s a l a .  Y ig‘indi 153 ga teng  bo‘lishi uchun  1 dan boshlab 
nechta  ketm a-ket n a tu ra l  sonlarni qo‘shish kerak?

163



A  Sonlarn ing  n a tu ra l  qatori -  ayirm asi d  = 1 bo‘lgan a rifm etik  
progressiya. S hartga  ko‘ra  a 1 = 1, S n = 153. Dastlabki n ta  had y ig ‘indisi 
form ulasin i quyidagicha o‘zgartiram iz:

c  _  a 1+a1+ ( n - l ) d  2 a l + ( n - l ) d
-  T ™  ' П  2 П = ------ 2-------- "  •

B erilganlardan foydalanib, nom a’him n ga n isbatan tenglam a hosil 
qilamiz:

153 - ' - ‘" ' " л.

bundan
306 = 2n + (n -  l )n ,  n2 + n -  306 = 0.

Bu tenglam ani yechib, topamiz:

n - l ± V l  + 122-4 _  -1+35  
L2  2  2  ’

n 1 = - 1 8 ,  n2 = 17.
Qo‘sh iluvch ila r  soni m anfiy  bo‘lishi m um kin emas, shuning  uchun 

/г = 17. ▲

M  a s h q l a r

413. A gar a r ifm etik  progressiyada:
1) a, = 1, an= 20, / 1  = 50; 3) a, = - 1 ,  a ( = -4 0 ,  n = 20;
2) a, = 1, a ;( = 200, я  = 100; 4) ^  = 2, a ;, = 100, я = 50
bo‘lsa, un ing  dastlabki я ta  hadining y ighndisin i toping.

414. 2 dan 98 gacha bo‘lgan barcha na tu ra l sonlar y ig ‘indisin i toping 
(98 ham y ighnd iga  kiradi).

415 . 1 dan  133 gacha  b o ‘lgan  barcha  toq so n la rn in g  y ig ‘ind is in i 
toping (133 ham y ig ‘indiga kiradi).

416. A gar a r ifm etik  progressiyada:

1) ^  = -5 ,  d  = 0,5; 2) o1 = I , d = -3

bo‘lsa, un ing  dastlabki o ‘n  ikk ita  hadi y ighndisin i toping.
417. 1) agar  я = 11 bo‘Isa, 9; 13; 17; ...;

2) agar  я = 12 bo‘l s a , -16 ;  -1 0 ;  -4 ;  ...
a r ifm etik  progressiyaning dastlabki я ta  hadi y ig ‘indisini toping.
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418. A gar:
1) 3 + 6 + 9  + ... + 273; 2) 9 0 +  8 0 +  7 0 +  ... + (-60)
y ig ‘indin ing  qo‘shiluvchila ri a r ifm etik  progressiyaning  ketma- 
ket hadlari bo‘lsa, shu y ig ‘indini toping.

419. Barcha ikki xonali, barcha uch xonali sonlar y ig ‘indisin i toping.

420. A rifm etik  progressiya n- hadining formulasi bilan berilgan. Agar:

421. Y ig‘indi 75 ga teng  bo‘lishi uchun 3 dan boshlab nechta ketma- 
ket n a tu ra l  sonni qo‘shish  kerak?

422. A gar a r ifm etik  progressiyada:
1) ax = 10, n = 14, <S14= 1050;

2 ) a 1 = 2 i ,  n=  10, S 10 = 9 0 |  

bo‘lsa, an va d  ni toping.
423. A gar a r ifm etik  progressiyada:

bo‘lsa, a l va d ni toping.
424. Binobop to ‘s in larn i saqlashda u la rn i 75- rasm da ko‘rsati lgandek 

tax laydilar . A gar tax lam ning  asosida 12 ta  to ‘sin tu rg an  bo‘lsa, 
b ir  tax lam da nechta to ‘sin bo‘ladi?

1) an = 3n + 5; 2) an = 7 + 2n bo‘lsa, S 50 ni toping.

1) a 7 = 21, S 7 = 205; 2) a n  = 92, S n  = 22

m m m

75- rasm.
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A rifm etik  progressiyada а.л + aQ = 8. S u ni toping.
A gar a rifm etik  progressiyada S. = 65 va S 10 = 230 bo‘lsa, uning 
birinchi hadini va ay irm asin i toping.
A rifm etik  progressiya uchun

S 12 = 3(S8 - S 4)
tenglik  bajarilish in i isbotlang.
j ________________________________________________________________

GEOMETRIK PRO GRESSIY A

T om on i 4 sm b o ‘lg a n  te n g  to m o n l i  
m un tazam  uchburchakni qaraym iz. U ch la r i  
berilgan  uchburchak  tom onlarin ing  o ‘rtala- 
r id a n  ib o ra t  bo ‘lgan  u chbu rchak  yasaym iz 
(76- rasm ). U ch b u rch ak  o ‘r t a  c h iz ig ‘in in g  
x o ssa s ig a  k o ‘ra  ik k in c h i  u c h b u rc h a k n in g  
to m o n i  2 sm  ga  te n g .  S h u n g a  o ‘x s h a s h

yasash larn i davom e ttir ib ,  tom onlari 1, | ^

sm va hokazo bo‘lgan uchburchak larn i hosil 
qilam iz. Shu u ch b u rc h a k la r  to m o n la r in in g  
uzun lik lari ketm a-ketlig in i yozamiz:

4 2 1 -  -  -
’ ’ ’ 2 ’ 4 ’ 8 ’

Bu ketm a-ketlikda, ikkinchisidan boshlab, un ing  har  b ir  hadi avvalgi 
hadni ayni b ir  xil |  songa ko‘paytirilganiga teng. Bunday ketma-ketliklar 
geometrik progressiyalar  deyiladi.

T a ’ r i f .  A g a r

b2, b.s, ..., bn, ...

sonli ketma-ketlikda barcha na tura l n uchun

b = b q71 +  1 71 *

te n g l ik  bajarilsa, bunday  ke tm a -ke tl ik  g eo m etr ik  progressiya  
deyiladi, bunda bn Ф 0, q -  nolga ten g  bo4m agan biror son.
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Bu fo rm u lad an  = q ekan lig i kelib chiqadi. q son geometrik  
progressiyaning maxra'ji deyiladi.

M i s o l l a r .

1) 2, 8, 32, 128, ... -  m axra ji  q=4  bo ‘lgan geom etrik  progressiya;

2) 1 ,  I , I , ^  , ... -  m axra ji g = |  bo‘lgan geom etrik  progressiya;

3) “ 12  ’ 1’ _12, 144, _ т а х г а В g = -1 2  bo‘lgan geometrik progressiya;
4) 7, 7, 7, 7, ... -  m axra ji g= 1 bo‘lgan geom etrik  progressiya.
1 - m a s a l a .  bn = 72n fo rm ula  bilan berilgan ketm a-ketlik  geom etrik

progressiya bo‘lishini isbotlang.

A  Barcha n la rda  b = 72n * 0 ekanlig ini t a ’kidlab o‘tamiz.

bo‘linma barcha n la r  uchun n ga bog‘liq bo ‘lm agan ayni b ir  xil songa 
tenglig in i isbotlash ta lab  qilinadi. H aqiqatan  ham,

h  л r r 2 { n  + l )  r j 2 n + 2°п+1 -  7 _ _7____ __ 4 9

bn 7 2л 7 2n

y a ’ni bo‘linma n ga bog‘liq emas. A
b n

G eometrik  progressiya t a ’r if iga  ko ‘ra

Ь„-1 = Y ’

bundan

6„2 = 6„-i6n« .  « > ! •

О
A gar progressiyan ing barcha had lari m usbat bo‘lsa , u

holda bn = л/бп_,6„+1 bo‘ladi, ya ’ni geom etrik progressiyaning  
ikkinchisidan boshlab har bir hadi unga qo‘shni bo‘lgan ikkita  
hadning o‘rta geom etrig iga  teng. «Geometrik» progressiya  
degan nom shu bilan izohlanadi.

A gar b] va  q berilgan  bo‘lsa, u holda geom etrik  progressiyaning  
qolgan had larin i bn l =bnq r e k u rre n t  form ula bo‘yicha hisoblash mumkin- 
ligini t a ’kidlaymiz. Biroq, n k a t ta  bo‘lganda bu ko‘p m ehnat ta lab  qiladi. 
O datda n -hadning  fo rm ulasidan  foydalaniladi.
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Geometrik progressiyaning  t a ’r if iga  ko‘ra

b2 = 6,9,

6з = b/ l  = bi42'
bx = b3q = bxq3 va h.k.

Umuman,

О Ь„ = М " " ‘. a )

chunki geom etrik  progressiyaning n- hadi un ing  birinchi hadini q songa 
(72-1) m arta  ko‘paytirish  bilan hosil qilinadi.

(1) fo rm ula  geom etrik  progressiya n-hadi formulasi  deyiladi.
2 - m a  s a  1 a  . A gar b̂  = 81 va # -  |  bo ‘lsa, geom etrik  progressiya

ning yettinch i hadini toping.
A  (1) form ulaga ko‘ra:

ft. = 8 1 - ( I )7"1 = M  = I .  A
7 \3/ 36 9

3 - m a s a l a .  486 soni 2, 6, 18, ... geom etrik  progressiyaning  hadi. 
Shu hadning  nomerini toping.

A  A ytaylik, n -  izlangan nomer bo‘lsin. ft, = 2, g = 3 bo‘lgani uchun 
bn = bxqn~l fo rm ulaga ko ‘ra:

486 = 2 З”"1, 243 = 3n l , 35 = 3n l,

bundan 72 -  1 = 5, 72 = 6. A
4 - m a  s a  1 a . Geometrik progressiyada ft6 = 96 va ft8 = 384. 72-hadi- 

n ing  fo rm ulasin i toping.
A  bn = ft,^"-1 fo rm u laga  ko ‘ra : ftG = f t^ 5, ft8 = ft,^7. ft(. va ft8 n ing  

berilgan  q iym atlarin i qo‘yib, hosil qilamiz: 96 = ft,*/5, 384 = ft,*/7. Bu 
teng lik lardan  ikkinchisin i b irinchisiga bo‘lamiz:

384 = V u  
96 bl9 5 ’

bundan 4 = */2 yoki */2 = 4. Oxirgi tenglikdan q -  2 yoki q = - 2  ekanini 
topam iz.

P rogressiyaning  birinchi hadini topish uchun 96 = ft,*/5 tenglikdan 
foydalanam iz :
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\ )  q = 2 bo ‘lsin. U holda 96 = bx- 25,
96 = b{  32, bx = 3.

Demak, b, = 3 va g = 2 bo‘lganda я- had
ning fo rm u lasi

bfj = 3 - 2”-1

bo‘ladi.
2) q = - 2  bo‘lsin. U holda 96 = b ^ -2 )5,

9 6 =  ^ ( -3 2 ) ,  b = - 3 .
Demak, b, = - 3  va = - 2  bo ‘lganda, n- 

h ad n in g  fo rm u lasi

b„ -  - 3  • ( - 2 ) - 1
bo‘ladi.

J  a  v о b : bn = 3 ■ 2n~l yoki bn -  - 3  • (-2)"-1. Ж
5- m a s a  1 a  . A ylanaga k vad ra t  ichki chizilgan, unga esa ikkinchi 

aylana ichki chizilgan. Ikkinchi aylanaga ikkinchi kvadrat ichki chizilgan, 
unga esa uchinchi aylana ichki chizilgan va hokazo (77- rasm). Aylana- 
la rn ing  rad iu s la r i  geom etrik  progressiya tashk il qilishini isbotlang.

ZX д-aylananing radiusi rn bo‘lsin. U holda P ifagor teoremasiga ko‘ra
r 2 , 2  _  2
r n + l  ^  ' n +1 -  r n  ’

bundan

rn+i = f r „ 2 , y a ’ni rn+1 = -j^ rn .

Demak, aylanalar rad iu s la r in ing  ketm a-ketlig i m axra ji bo‘lgan 
geom etrik  progressiya tashk il qiladi. Ж

M  a s h q l a r

428. (Og‘zaki.)  U shbu geom etrik  p rog ress iyan ing  b ir inch i hadi va 
m axra ji n im aga teng:
1)8 , 16, 3 2 , . . . ;  2 ) -1 0 ,  2 0 , - 4 0 , . . . ;
3) 4,  2, 1 , . . . ;  4 ) -5 0 ,  1 0 , - 2 , . . . ?

429. A gar geom etrik  progressiyada:
1) bj = 12, q = 2; 2 ) b 1 = -3 ,  q = -4
bo‘lsa, un ing  dastlabki beshta  hadini yozing.

77- rasm.
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430. я -hadining form ulasi bilan berilgan quyidagi ketm a-ketlik  geo
m etrik  progressiya bo‘lishini isbotlang:

431. Geometrik progressiyada:
1 ) ^  = 3 va q = 10 bo‘lsa, b { ni;

2) bx = A va <7 = |  bo‘lsa, b7 ni;

3) = 1 va q = -2  bo‘lsa, bb ni;

4) Ь{ = -3  va q ~ ~ \  bo ‘lsa, b{. ni hisoblang.

432. Geometrik progressiya n-hadining formulasini yozing: 

1 ) 4 , 1 2 , 3 6 , . . . ;  2)3, 1, 1 ,  ...;

3) 4, -1 , j , . . . ;  4 )3 , -4 , M .....

433. G eom etrik  p rog ress iy ad a  tag iga  ch iz ilgan  h ad n in g  nom erin i 
toping:
1) 6, 12, 24, ... , 192, ...; 2) 4, 12, 36, ... , 324, ...;

3) 625, 125, 25 i ; 4) -1 , 2, -4 , ... , 128.......

434. A gar geom etrik  progressiyada:

1) bx = 2, b5= 162; 3) = -128, b. = -2;

2) ^  = 3, Ьл = 81; 4) 6, = 250, b4 = -2
bo‘lsa, un ing  max raj ini toping.

435. 2, 6, 18, ... geom etrik  progressiya berilgan.
1) shu  progressiyaning sakkizinchi hadini hisoblang;
2) ketm a-ketlikn ing  162 ga teng  had in ing  nom erini toping.

436. A gar m usbat hadli geom etrik  progressiyada:

1 ) 6 8 = 5 , »6 = 81; 2) 6 6 = 9, 6 S = 3
bo‘lsa, un ing  yettinch i hadini va m axra jin i toping.

437. A gar geom etrik  progressiyada:
1) b4 = 9,  h6 = 20; 2) b4 = 9, b6 = 4
bo‘lsa, un ing  beshinchi va b irinchi had larin i toping.
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438. O m onatch i j a m g ‘a rm a  b an k ig a  2005- y i ln in g  2- y a n v a r  k u n i 
30 000 so ‘m pul q o ‘ydi. A g a r  j a m g ‘a rm a  b an k i  y il iga  jam- 
g ‘arm an ing  30% i miqdorida darom ad bersa, om onatchining puli 
2008- yilning 2- yanvariga  borib qancha bo‘ladi?

439. Tomoni 4 sm boTgan k v ad ra t  berilgan . U ning  tom onlarin ing  
o ‘r t a c h a la r i  ik k in c h i  k v a d ra tn in g  u c h la r i  b o 'lad i .  Ik k in ch i  
k v ad ra t  tom onlarin ing  o ‘r ta la r i  uchinchi k v a d ra tn in g  uchlari 
boTadi va hokazo. Shu k v ad ra t la r  yuzlarin ing  ketm a-ketlig i geo
m etrik  progressiya tashk il qilishini isbotlang. Y ettinchi kvad
ra tn in g  yuzini toping.

_______ I_________________________________________________________________

GEOMETRIK PRO G RESSIY A  DASTLABKI 
n  TA H A D IN IN G  YIG‘IN D ISI

1 - m a s a l a .  Ushbu y ig ‘indini toping:

S = 1 + 3 + 32 + 33 + 34 + 35. (1)
ZX Tenglikning ikkala  qismini 3 ga ko‘paytiram iz:

3S = 3 + 32 + 33 + 34 + 35 + 36. (2)
(1) va (2) teng lik larn i bunday yozib chiqamiz:

S = 1 + (3 + 32 + 33 + 34 + 35);

3S = (3 + 32 + 33 + 34 + 35) + 36.
Q avslarn ing  ichida tu rg a n  ifodalar  b ir  xil. S hun ing  uchun  pastdag i 
tenglikdan  yuqoridagi teng likn i ayirib , hosil qilamiz:

3 S - S  = 36- 1 ,  2S = 36- 1 ,  

s = ^  = mzi = s64.A 
2 2

Endi m axra ji  q ^ l  boTgan ix tiyoriy  bx, bxq, ... ,  b^" ,  ... geom etrik  
progressiyani qaraym iz. S n -  shu  progressiyaning  dastlabki n ta  had i
n ing  y ig ‘indisi boTsin:

S n = bl + b xq + b 1q2+...+ blq''-K (3)

T e o r e m a .  M a x r a j i  q Ф 1 bo‘lgan  g e o m e t r i k  progres-  
s iyan ing  das t labki  n  ta  h a d in in g  y ig eindisi  quy idag iga  teng:
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О  (3) tenglikning  ikkala qismini q ga ko‘paytiramiz:

qSn = b^q+ bxq;2+ bxqz+ ...+ b^q\ (5)

(3) va (5) tenglik larn i, u la rdag i b ir  xil qo‘shiluvchila rn i a jra tib ,  yozib 
chiqamiz:

S n = bl + (blq+ bxq2+ ... + bxq''-1),

Qs n = (blq + blqz+ b t f +  ...+ blqn~1) + bxqn.
Qavslarning ichida tu rg an  ifodalar teng. Shuning  uchun yuqoridagi 
tenglikdan  pastdagisin i ayirib, hosil qilamiz:

S -  qS =  b -  b.qn.n * n  1 I 4

B undan

S ( l - g ) = 6 l(l -«?«), S „ = M 3 z p . e

A gar q = l  bo‘lsa, u  holda
S n = b1+b1 + ... + bx = , y a ’ni S n = b^n.

n ta  qo 'shiluvchi

2 - m a s a l a .  6, 2, | ,  ... geom etrik  progressiya dastlabki beshta 

had in ing  y ig ‘indisin i toping.

A  Bu progressiyada h1 = 6, g = | . (4) form ula bo‘yicha topamiz:

6 ( l - ( i ) 5 ] e h -L .)  .
s  -  ’ -   ̂ 2 4 3 ‘ -  6-242-3 ^  242 A

5 ! _ !  2 2-243 27
3 3

3 - m a s a l a .  M axraji q = ^ bo‘lgan geom etrik  progressiyada d a s t
labki o lt i ta  hadn ing  y ig ‘indisi 252 ga teng. Shu progressiyaning birinchi 
hadini toping.

A  (4) form uladan  foydalanib, hosil qilamiz:

Bundan 252 = 2 ^ ( 1 - ^ ) ,  252 = ^ ,  bx = 128. A
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4 - m a s a 1 a . Geometrik progressiya dastlabki n ta  hadin ing  y ig ‘in- 
disi -9 3  ga teng. Bu progressiyaning  birinchi hadi - 3  ga, m axra ji esa 
2 ga teng. n ni toping.

Д  (4) form uladan  foydalanib, hosil qilamiz:

Bundan -31  = 1 -  2 ", 2" = 32, 2 5 = 2 ", n = 5. A
5 - m a s a l a .  5, 15, 45, ..., 1215, ... -  geom etrik  progressiya. 5 + 15 + 

+ 45 + ... + 1215 y ig ‘indini toping.
A  Bu progressiyada bl = 5, q = 3, bn = 1215. Dastlabki n ta  had 

y ig ‘indisi form ulasin i bunday a lm ashtiram iz:

s  _ M i - g ” ) _ b i - M '1-1? _ f r i-M  _
n l - q  l - q  l - q  q - \

M asalaning shartidan  foydalanib, topamiz:

S = 12^  ̂ 3: 5 = 3 6 ^ 5  = 1 8 2 0 . A

M  a s h q l a r

440. A gar geom etrik  progressiyada:

1) ^ = 1 , 9  = 2,72 = 6 ; 2) bl = - 2 t 9  = I ,  ti = 5;

3) b1 = 1, 9  = - 1 ,  tz = 4; 4) b j= - 5 ,  9  = -  | ,  72 = 5;

5) 6 1 = 6 , 9  = 1, 72 = 200; 6 ) bi = - 4 ,  9 = 1 , 72 = 100

bo‘lsa, un ing  dastlabki 72 ta  hadin ing  y ig ‘indisini toping.

441 . G eom etrik  p rogress iya  dastlabk i y e t t i ta  had in ing  y ig ‘indisin i 
toping:

1 )5 ,  10, 20, ... ; 2) 2,  6 , 18, ... .

442. A gar geom etrik  progressiyada:

1 ) 9  = 2, S 7 = 635 bo‘lsa, b, va b7 ni toping;

2) 9  = - 2 ,  S 8 = 85 bo‘lsa, b1 va b8 ni toping.
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443. A gar geom etrik  progressiyada:

1) S n = 189, ^  = 3, q = 2;
2) S n = 635, 6 , - 5 ,  q = 2;

3) S n = 170, 6 , -  256, <7 = - f ;

4) S n = -9 9 ,  6, = -9 ,  г/= -2

bo‘lsa, un ing  hadlari soni n ni toping.

444. A gar geom etrik  progressiyada:

1) 6, = 7, q = 3, S n -  847 bo'lsa, n va 6;i ni;
2) 6, = 8, (/ -  2, 5 л -  4088 bo‘lsa, n  va 6;i ni;
3) 6, = 2, 6n -  1458, S n = 2186 bo‘lsa, n va q ni;
4) 6, -  1, bn = 2401, S n -  2801 bo‘lsa, n va q ni 
top ing .

445. A gar sonlar y ig 'ind is in ing  qo‘shiluvchila ri geom etrik  progres
siyaning ketm a-ket hadlari bo‘lsa, shu y ig ‘indini toping:

1) 1 + 2 + 4 + ... + 128; 2) 1 + 3 + 9 + ... + 243;
3) -1  + 2 -  4 + ... + 128; 4) 5 -  15 + 45 -  ... + 405.

446. A gar geom etrik  progressiyada:

1) 62= 15, 63 -  25; 2) 62= 14, 6 , - 6 8 6 ,  (7 > 0 b o ‘lsa,
6_ va S 4 ni toping.

447. Geometrik progressiya /г-hadining form ulasi bilan berilgan:

1) 6n = 3-2',~1 bo‘lsa, S. ni toping;

2) = - 2 ( | )  bo‘lsa, S 6 ni toping.

A yniyatni isbotlang:

О  -  l ) (x n̂  + + ... + 1) -  x" -  1,

bunda /z da ra ja  ko ‘rsa tk ich i va u 1 dan k a t ta  n a tu ra l  son. 
Geometrik progressiyada:
1) 63 = 135, S 3 = 195 bo‘lsa, 6, va f/ ni toping;
2) 6, -  12, S ;j -  372 bo‘lsa, q va 63 ni toping.
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Geometrik  progressiyada:
1) b, = 1 va bz + b, = 90 bo‘lsa, q ni;
2) b2 = 3 va  b4 + b(i = 60 bo‘lsa, q ni;
3) b1 -  = 15 va b., -  b4 = 30 bo‘lsa, S 10 ni;
4) bz -  b, = 2 4  va b:> - b x = 624 bo‘lsa, S. ni toping.

I
34- §. CH EK SIZ KAM AYUVCHI 

GEOMETRIK PRO GRESSIY A

78- rasm da ta sv ir langan  kvad ra tla rn i qaraym iz. Birinchi k v a d ra t

ning tomoni 1 ga teng, ikk inchisin iki ^ ga, uchinchisiniki esa \  gaz 2
teng  va hokazo. Shunday qilib, kvadra tn ing  tom onlari m axra ji ^ bo‘lgan 

quyidagi geom etrik  progressiyani tashkil qiladi:

1 ’  2 ’

L ,  _L, ... . (1)
, 2  ’  2 3 2 n_1

Bu kvad ra t la rn in g  yuzlari esa m axra ji ^ bo‘lgan ushbu geom etrik  
progressiyani tashk il qiladi:

1 i  _L _L’ 1 ’ 1) ’ o ’ • • • * I n - 1 ( 2 )

78- ra s m d a n  k o ‘r in ib  tu r i b d ik i ,  k v a d r a t l a r n in g  to m o n la r i  va 
u la rn ing  yuzlari n nom erning  o r t ish i  bilan borgan sari kamayib, nolga 
yaqinlasha boradi. Shuning  uchun (1) va
(2) p ro g re s s iy a la r  cheksiz kam ayuvchi 
progress iyalar deyiladi. Bu progressiya- 
la rn ing  m axra jla r i  b irdan  kichik ekan li
gini t a ’kidlab o ‘tamiz.

E ndi q u y id a g i  g e o m e tr ik  p ro g re s 
siyani qaraym iz: :

1 , - 1  _ 
3 ’ 3 2 ’

- 1)
n - 1

, 71-1
(3) 1

Bu progress iyaning  m axra ji q = - ^ ,

hadlari esa b] = 1, b2 = -  i , b3 = 1 ,  b4 = -  

va hokazo.

-  -  J _

27

0
Q .

78- rasm.
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n nom erning  o r t ish i  bilan bu progressiyaning had lari nolga yaqin- 
lashadi. (3) progressiya ham cheksiz  kamayuuchi  progressiya  deyiladi. 
Uning maxrajining moduli birdan kichik ekanligini ta ’kidlab o‘tamiz: |f/| < 1.

о
M axrajining m oduli birdan kichik bo‘lgan geom etrik pro

gressiya cheksiz  ka m a yu vch i  geom etrik progressiya deyiladi.

1 - m a s a l a .  n- h ad in in g  bn = — fo rm u las i  b ilan  ber ilgan  geo
s''

m e tr ik  progressiya cheksiz kamayuvchi bo ‘lishini isbotlang.

Д  S hartga  ko‘ra bx = ^ = A  -  A ,  bundan q = ~  = \  . b | < 1 bo‘l-

gani uchun berilgan geometrik progressiya cheksiz kamayuvchi bo‘ladi.
79- rasm da tomoni 1 bo‘lgan kvadra t tasv ir langan . U ning yarm ini 

sh trix laym iz. So‘ngra  qolgan qismining yarm ini sh trix laym iz va hokazo. 
S h tr ix langan  to ‘g ‘ri to ‘r tbu rchak la rn ing  yuzlari quyidagi cheksiz ka
mayuvchi geom etrik  progressiyani tashkil qiladi:

1 1 1
16 32

A gar shunday  yo‘l bilan hosil qilingan barcha to ‘g ‘r i to ‘r tburchak- 
larn i sh tr ix lab  chiqsak, u holda bu tu n  kvadra t sh tr ix  bilan qoplanadi. 
H am m a sh tr ix lan g an  to ‘g ‘ri t o ‘r tb u rc h a k la r  yuz la r in ing  y ig ‘indisin i 
1 ga teng  deb hisoblash tabiiydir, y a ’ni:

79- rasm.

1 + 1 + J_ + J _ +
4 8  16 32

Bu teng likn ing  chap qismida cheksiz 
sondagi qo‘sh iluvch ila r  y ig ‘indisi turibdi. 
Dastlabki n ta  qo‘sh iluvchin ing  y ig ‘indi- 
sini qaraymiz:

с -  1 , 1 I 1 ,
~ 2  4 8 2 "

Geometrik progressiya dastlabki n ta 
hadi y ig‘indisi formulasiga ko‘ra:

l -
21 _

1 — —
2

1 -  —
9 "
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A gar n  cheksiz о ‘sib borsa, u holda ~  nolga is tagancha yaqinlasha 

boradi (nolga intiladi). Bunday hoi quyidagicha yoziladi:

л —> oo da — 0
2 n

(o‘qilishi: n cheksizlikka in ti lganda  nolga intiladi) yoki

lim —  = 0
2 n

(o‘qilishi: n cheksizlikka in ti lganda  ketm a-ketlikn ing  lim iti nolga 
teng).

U m um an, b iro r  a ketm a-ketlik  uchun /г—>00 da a -  a  —> 0 bo‘lsa, u
’  Л  n

holda an ketm a-ketlik  a songa in tilad i (an ke tm a-ketlikn ing  n^oo dagi 

l im iti a ga teng) deyiladi va bu lima,, = a kabi yoziladi.

n —>00 da — 0 bo‘lgani uchun a —>00 da f 1 -  J -  ] -> 1, y a ’ni n —>=<, da
2 n {  2n )

S n—>1. Shuning  uchun |  + t  + ^ + A  + ^ +  ••• cheksiz y ig ‘indi 1 ga teng4 8  16 32
deb hisoblanadi.

Endi ixtiyoriy cheksiz kamayuvchi geometrik progressiyani qaraymiz:

bl t bxq, bxq2, b xqn~l , ...,

bunda |g| < 1.

I

C heksiz  ka m a y u v c h i  g eo m e tr ik  p ro g re ss iy a n in g  y ig ‘indisi 
deb n  0 0  da u n in g  dastlabki n  ta  hadi y ig ‘indisi in t i lad igan  
songa  aytilad i .

S n = * form uladan  foydalanamiz. Uni bunday yozamiz:

(4)
C _  n n

n 1 - q  l - q q  •

A gar n cheksiz o ‘ssa, |g| < 1 bo‘lgani uchun -> 0 . Shuning  uchun 

q n ham  a —>0= da nolga in tilad i. (4) fo rm ulada birinchi qo‘shiluvchi

n ga bog‘liq emas. Demak, da S  y ig ‘indi songa in tiladi.
n 1 - q

12 -  Algebra, 9- sinf uchun 1 7 7



Shunday qilib, cheksiz kam ayuvchi geom etrik progressiya
ning S  y ig‘indisi quyidagiga teng:

о 1-q (5)

X usus iy  ho lda , b = 1 bo‘lg a n d a ,  S  = — m  olam iz. Bu 
1 . 1-9

ten g lik  o d a td a  u sh b u  ko‘r in ish d a  yoziladi:

l  + q + q 2 +. . .  + q n-' + .. .  = Л -

Bu tenglik  va (5) tenglik  faqa t |g| < 1 bo‘lganda o‘rinli bo‘lishini 
t a ’kidlab o‘tamiz.

2 - m a s a  1 a . 1 ,  - 1 ,  — , -  — , ... cheksiz kam ayuvchi geometrik
2 6  18 54

progressiya y ig ‘indisini toping.

Д  b, b0 = - -  bo‘lgani uchun q = —  = S  = form ula bo‘-
1 2  2 6  3 1 - 9

yicha:
1

с  — 2

S ^ U 3
\ 3

3 - m a  s a 1 a  . A gar = ^ bo‘lsa, cheksiz kam ayuvchi geom et
rik  progressiya y ig 'ind is in i toping.

n -  S bo ‘lganda  bn = b^q^1 fo rm u lan i qo ‘llasak, - 1  = Ьг [^J ,

- 1  = Ьг ~  hosil bo‘ladi, bundan = -49 .

(5) fo rm ula  bo‘yicha S  y ig‘indini topamiz:

S = r 4 9 = _ 5 7 l A  
1-1 6

7

4 - m a s  a  l a .  (5) fo rm uladan  foydalanib, a = 0,(15) = 0 ,151515 ...  
cheksiz o ‘nli davriy  kasrn i oddiy kasr  shaklida yozing.

Д  Berilgan cheksiz kasr  taqrib iy  q iym atlarin ing  quyidagi ketma- 
ketlig in i tuzamiz:

= ° '15 = f o
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o3 =0 ,151515  = ^  + ^  + ^ % .
100 1002 1003

Taqribiy q iym atlarn i bunday yozish berilgan davriy  kasrn i cheksiz 
k a m a y u v c h i  g e o m e tr ik  p ro g re s s iy a  y ig ‘in d is i  sh a k l id a  ta s v i r la s h  
m um kinlig in i ko‘rsa tad i:

a  = i 5 .  + Л 5_ + Л 5 _ + . . .
100 1002 1003

(5) fo rm ulaga ko‘ra:

a =
15

100 _  15 _  5
!  1_ 99 33

100

M  a s h q l a r

451. Ushbu geometrik progressiya cheksiz kamayuvchi boTishini isbotlang:

i ) i  1 1 . 9) 1 -  —
} ’ 2 ’ 4 ’  ̂ 3 ’ 9 ’ 2 7 ’

3) -81 ,  -2 7 ,  -9 ,  4) -16 ,  -8 ,  -4 ,  ... .

452 . A gar geom etrik  progressiyada:

1) 6, = 40, b2 = -2 0 ;  2 ) 6 7= 1 2 ,  Ьи  = | ;

3 ) 6, = -3 0  , 66= 15 ; 4 ) 6 5 = - 9 ,  69 = - i

boTsa, u cheksiz kam ayuvchi boTadimi? Shuni aniqlang.
453 . Cheksiz kam ayuvchi geom etrik  progressiya y ig ‘indisin i toping:

1 ) 1 ,  2 ) 6 ,  1 , 1 , . . . ;

3 ) - 2 5 , - 5 , - 1 ,  ...; 4) - 7 ,  - 1 ,  - 1 ............

454. A gar cheksiz kam ayuvchi geom etrik  progressiyada:

1) 9 = I » ^  = I ; 2) q = - ± ,  bi = 9 ;

3) д  = 1 , Ь 5 = ^ ;  4) Q = ~  2 ’ b* = _ 8

boTsa, un ing  y ig ‘indisin i toping.



455. n- hadin ing  form ulasi bilan berilgan quyidagi ketm a-ketlik  chek
siz kam ayuvchi geom etrik  progressiya bo‘la oladimi?

1 ) ^  = 3 - (-2)"; 2) Ъп = - 3  • 4";

3 ) fc„ = 2 . ( —I p ;  4 ) b„ = 5 . ( - i f
456. Cheksiz kam ayuvchi geom etrik  progressiya y ig ‘indisin i toping: 

1) 12, 4, i ,  2) 1 0 0 , -1 0 ,  1 ... .

457. A gar cheksiz kam ayuvchi geom etrik  progressiyada:

1) z, -  1  h -  9 )  n  -  —  b = -
’ q 2 ’ 5 ™ 16 ’  ̂ 9 2 ’ 4 8

bo‘lsa, un ing  y ig ‘indisini toping.
458. Cheksiz kamayuvchi geom etrik  progressiyaning y ig ‘indisi 150 ga 

teng. Agar:

1) g = i  bo‘lsa, bx ni; 2) bx = 75 bo‘lsa, q ni toping.

Q irrasi a bo‘lgan kubning  us tiga  q irras i |  bo ‘lgan kub qo‘yishdi, 

un ing  u s t ig a  q ir ra s i  ^ bo ‘lgan kub qo‘y ishdi, so‘ngra  un ing  

us t iga  q irras i  f  bo‘lgan kub qo‘yishdi va hokazo (80- rasm). 

Hosil bo‘lgan  shak ln ing  balandligini toping.

459 .

80- rasm. 81- rasm.
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60° li bu rchakka  b ir-b iriga  u rin u v ch i ay lana la r ketm a-ket ichki 
ch iz ilgan  (81- rasm ). B irinch i ay lanan ing  rad iu s i R x ga teng . 
Qolgan ay lanala rn ing  R 2, R 3, ..., R n, ... rad iu s la rin i top ing  va 
u la r cheksiz kam ayuvchi geom etrik  p rogressiya  tashk il q ilish in i 
ko‘rsa tin g . Я 1 + 2(R2 + R 3 + ... + R n + ...) y ig ‘ind i b irinch i ay lana
ning  m arkazidan  bu rchakn ing  uchigacha bo‘lgan m asofaga teng- 
lig in i isbotlang.
Cheksiz dav riy  o‘nli k asrn i oddiy kasr shaklida yozing:
1) 0,(5); 2) 0,(9); 3) 0,(12); 4) 0,2(3).

V I  b o b g a  d o i r  m a s h q l a r

462. A rifm etik  p rogressiyan ing  ay irm asin i top ing , un ing  to ‘rtin ch i 
va beshinchi had la rin i yozing:

1 ) 4 , 4 1 , 4 1 , . . . ;  2 ) 3 1 ,  3, 2 | ,  . . . ;

3) 1, 1 + V3, 1 + 2V3, . . . ;  4) V2, Л - 3 ,  V i - 6 ,  . . . .

463 . n- had i an = -2 (1  -  n) fo rm ula  bilan berilgan  ketm a-ketlik  a r if 
m etik  progressiya bo‘lish in i isbotlang.

464 . A gar a rifm etik  progressiyada:

1) a x = 6, = !  bo‘lsa, a. ni hisoblang;

2) ax = - 3 1 , d = - 1 bo ‘lsa, a 7 ni hisoblang.

465. A gar a rifm etik  progressiyada:

1) a 1 = - 1 ,  a2= 1; 2) ax = 3, a2 = -3

bo‘lsa, un ing  dastlabk i y ig irm ata  had in ing  y ig ‘ind isin i toping.

466. A gar a rifm etik  progressiyada:

1) a 1 = - 2 ,  a ;j = -6 0 , /г= 10; 2) a 1 = ^ , an = 2 5 | , n = l l

bo‘lsa, un ing  dastlabk i n ta  had in ing  y ig ‘ind isin i top ing .
467 . A gar:

1) -3 8  + (-33 ) + (-28 ) + ... + 12; 2) -1 7  + (-14 ) + (-11 ) + ... + 13
y ig ‘ind in ing  qo‘sh ilu vch ila ri a rifm etik  p rogressiyan ing  ketm a- 
ket had lari bo ‘lsa, shu  y ig ‘ind in i toping.

181

461.

460.



468 . G eo m etrik  p ro g re s s iy a n in g  m a x ra jin i  to p in g  h am d a  u n in g  
to ‘rtin ch i va beshinchi had larin i yozing:

D  3’ Ь  2> I ’ ~ b  Г6'

3) 3, yfs, 1 , 4 ) 5, - 5 V2 , 1 0 , . . .  .

469 . G eom etrik p rogressiyan ing  n-hadi fo rm ulasin i yozing:

D - 2 ,4 , - 8 , . . . ;  2) 1 , - 2 , . . .

470 . A gar geom etrik  progressiyada:

1) 6j  =  2 ,  9  =  2 ,  n  =  6 ;  2 )  6,  = i , g  =  6 , 71 =  4

bo‘lsa, bn n i toping.
471. A gar geom etrik  progressiyada:

1) 6, = | , 9 = -4,77 = 5; 2) 6, = 2, g = - | , 7 i  = 10;

3) b1 = 10, q=  1, n = 6; 4) b1 = 5, q = - l ,  n  = 9
bo‘lsa, un ing  dastlabk i n ta  had in ing  y ig ‘ind isin i toping.

472. G eom etrik p rogressiyan ing  dastlabk i n ta  had in ing  y ig ‘ind isin i 
top ing:
1) 128, 64, 31, ..., n = 6; 2) 162, 54, 18, ..., n = 5;
3 ) 2  1 3 „  -  5 . 4 ) 3 1 1  „  -  4

j  3 ’ 2 ’ 8 ’ " ’ ’  ̂ 4 ’ 2 ’ 3 ’
473. B erilgan  geom etrik  progressiya cheksiz kam ayuvchi ekanlig ini 

isbo tlang  va un ing  y ig ‘ind isin i toping:

1) - 1  - 1  1 • 9) - 1  1 -  —
’ 2 ’ 4 ’ 8 ’ '  ’ 4 ’ 1 6 ’ " *  *

474 . A gar a rifm etik  p rogressiyada ax = 2 ^ va a8 = 2 3 ^  bo‘lsa, un ing  
ay irm asin i toping.

475 . A gar a rifm etik  progressiyada:
1) a l = 5, a3 = 1 5 ; 2) a 3 = 8, a 5 = 2
bo‘lsa, un ing  dastlabk i besh ta  hadin i yozing.

476 . -1 0  va 5 son lari o rasiga b it ta  sonni shunday qo‘yingki, na tijada  
a rifm etik  p rogressiyan ing  ketm a-ket uch ta  hadi hosil bo‘lsin.

477 . A gar a rifm etik  progressiyada:
1) a 13 = 28, a 20= 38: 2) a 18 = -6 ,  a 20 = 6
bo‘lsa, un ing  o ‘n to ‘qqizinchi va b irinch i had larin i toping.
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O Z I N G I Z N I  T E K S H I R I B  КО*R IN G !

1. A rifm etik  p rogressiyada a l = 2, d = - 3 .  a w n i va dastlabk i 
o ‘n ta  hadn ing  y ig ‘ind isin i toping.

2. G eom etrik p rogressiyada = 4, g = | . b6 ni va dastlabk i o ltita  
hadn ing  y ig ‘ind isin i top ing .

3. 1, . . .  k e tm a -k e tlik  cheksiz  k am ay u v ch i g eo m etrik

progressiya ekan lig in i isbo tlang  va un ing  had lari y ig ‘ind isin i 
top ing .

478 . x  n ing  qanday q iym atlarida:

l ) 3 x , ^ , 2 x - l ;  2)3:»;2, 2, 11*
son lar a rifm etik  p rogressiyan ing  ketm a-ket h ad la ri bo‘ladi?

479 . Q uyidagi son lar a rifm etik  p rogressiyan ing  ketm a-ket u ch ta  hadi 
bo‘lish in i ko‘rsa tin g :
1) s in (a  + (3), sinacosp , s in (a  -  (3); 2) cos(a+[3), cosotcos(3, cos(a-(3);
3) cos2a, cos2a , 1; 4) s in 5 a , s in 3acos2a , s in a .

480 . Y ig‘ind i 252 ga ten g  bo‘lish i uchun 5 dan boshlab nech ta  ketm a- 
k e t toq  n a tu ra l sonni qo‘sh ish  kerak?

481 . A gar a rifm etik  progressiyada:
1) a 1 = 40, 71 = 20, S 2Q = -4 0 ;

2) a 1 = ^ , 7i = 16, S 16 = - 1 0 1 bo‘lsa, an va d  ni top ing .

482 . G eom etrik  progressiyada:
1) ag ar = 4 va g = -1  bo‘lsa, ni hisoblang;
2) ag ar bx = \  va g = V3 bo‘lsa, b7 n i hisoblang.

483 . A gar geom etrik  progressiyada:
l ) b 2= l , 6 7 = 1 6 ; 2) b3 = - 3 ,  b6 = -8 1 ;

3) b2 = 4, 64 = 1 ; 4 )6 4 = - 1 , 6 в = - 1| ¥ 
bo‘lsa, un ing  beshinchi hadin i top ing .
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484 . 4 va 9 sonlari o rasiga b itta  m usbat sonni shunday qo‘yingki, n a ti
jada geom etrik progressiyaning ketm a-ket uchta hadi hosil bo‘lsin.

485 . A gar ketm a-ketlik  n- hadining:

fo rm ulasi bilan berilgan  bo‘lsa, u cheksiz kam ayuvchi geom etrik  
progressiya bo ‘la oladim i?

486. A gar geom etrik  progressiyada:

bo‘lsa, u cheksiz kam ayuvchi ekan lig in i ko‘rsa tin g .
487 . Dam oluvchi sh ifokor tavsiyasiga amal qilib, b irinchi kuni Quyosh 

n u rida  5 m in u t toblandi, keyingi h a r b ir  kunda esa tob lan ishn i 5 
m in dan osh irib  bordi. A gar u tob lan ishn i chorshanba kunidan  
boshlagan bo‘lsa, h a ftan in g  qaysi kuni un ing  Quyoshda toblani- 
shi 40 m in ga teng  bo‘ladi?
A gar a rifm etik  progressiyada o 1 + a., -f a ;j = 15 va = 80
bo‘lsa, un ing  b irinch i hadi va ay irm asin i toping.

Е Ш Я  A gar a rifm etik  progressiyada a, + a., + a 3 = 0 va a f + ai  + al = 50 
bo‘lsa, un ing  b irinch i hadi va ay irm asin i toping.
Soat 1 da soat 1 m arta, 2  da 2  m art a, ..., 1 2  da 1 2  m arta bong uradi. 
Soat m ili navbatdagi h a r  soatn ing  yarm ini ko‘rsa tg an d a  esa b ir 
m arta  bong u rad i. Bu soat b ir  su tkada  necha m arta  bong uradi?

VI bobga doir sinov ( te s t )  mashqlari

1. A rifm etik  p rogressiyada a, = 3, d = - 2 .  S 101 ni toping.

A) -9 7 9 7 ; B) -9 7 9 8 ; C) -7 9 7 9 ; D) -2 0 0 9 ; E) -9 6 9 7 .

2. A rifm etik  progressiyada d = 4, S 50 = 5000 bo‘lsa, a, ni toping.

A) - 2 ;  B) 2; C) 100; D) 1250; E) 5.

3. A rifm etik  progressiyada a , =  1, a 101 = 301 bo‘lsa, d n i toping.
A) 4; B) 2; C) 3; D) 3,5; E) 5.

4. A rifm etik  p rogressiyada a., + a4 = 20 bo‘lsa, S |(| ni toping.
A) 90; B) 110; C) 200; D) 100; E) aniqlab bo‘lm aydi.

1) b2 = -8 1 , S 2 = 162;

3) 6 ,+  ^ =  130, bx -  b3 = 120;

2) b2 = 33, S 2 = 67;
4) b2 + b4 = 68, b2 -  b4 = 60
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5. 8  ga bo‘lganda 7 qoldiq beradigan ketma-ketlikning 5- hadini belgilang.
A) 74; B) 55; C) 39; D) 63; E) 47.

6 . 701 soni 1, 8 , 15, 22, ... p rogressiyan ing  nechanchi nom erli hadi? 
A) 101; B) 100; C) 102; D) 99; E) bu progressiyaning hadi emas.

7. 1002, 999, 996, ... p rogressiyan ing  nechanchi nom erli hadidan 
boshlab, u n ing  h ad la ri m anfiy  son lar bo‘ladi?
A) 335; B) 336; C) 337; D) 334; E) 330.

8. Arifm etik progressiyada a., + a6 = 44, a 5 -  a, =  20 bo‘lsa, a 100 ni toping. 
A) 507; B) 495; C) 502; D) 595; E) 520.

9. A rifm etik  p rogressiyada a , =  7, d = 5, S n =  25450 bo‘lsa, n ni 
top ing .
A) 99; B) 101; C) 10; D) 100; E) 590.

10. A rifm etik  progressiya a 12 + a 15 =  20 bo‘lsa, S 26 n i toping.
A) 540; B) 270; C) 520; D) 130; E) 260.

11. 1 va 11 son lari o rasida 99 ta  shunday  sonni jo y lash tirin g k i, u la r 
bu son lar b ilan  b irga likda  a rifm etik  progressiya ta sh k il qilsin. 
Shu progressiya uchun S 50 ni toping.

A) 1 7 2 1 ; B) 495; C) 300; D) 178; E) 345.

12. A rifm etik  p rogressiyada a , =  -2 0 ,7 , d = 1,8 bo‘lsa, qaysi nom erli 
haddan  boshlab p rogressiyan ing  barcha had lari m usbat bo‘ladi?
A) 18; B) 13; C) 12; D) 15; E) 17.

13. 7 ga k a rra li dastlabk i nech ta  n a tu ra l sonni qo‘shganda 385 hosil 
bo ‘ladi?
A) 12; B) 11; C) 10; D) 55; E) 56.

14. G eom etrik p rogressiyada bx = 2, q = 3 bo‘lsa, S6 ni toping.

A) 1458; B) 729; C) 364; D) 728; E) to ‘g ‘r i javob berilm agan.

15. G eom etrik p rogressiyada <7 = | , S = 364 bo‘lsa, b, ni toping.

A) 6 3 1 ; B) 81; C) 1 2 1 ± ; D) 240; E) 243.

16. G eom etrik progressiyada S4 = 1 0 | , S5 = 4 2 1 bo‘lsa, q ni toping. 

A) 4; B) 2; C) 8 ; D) 1 ;  E) V2 .
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17. G eom etrik p rogressiyada 6 ta  had bor. D astlabki 3 ta  had in ing  
y ig ‘ind isi 26 ga, keyingi 3 tah ad in in g  y ig ‘indisi esa 702 ga teng . 
P rogressiya m axra jin i toping.

A) 4; B) 3; C) | ; 0 ) 2 ^ 3 ;  E) f .

18. Cheksiz kam ayuvchi geom etrik  p rogressiyada b, = , S = 16
1 4

bo‘lsa, q ni toping.

A ) 2 ; B) М ; O i ’ D) l >  e ) 5 -

19. G eom etrik progressiyada q = = 2 -  V3 bo‘lsa, S ni toping.

A) 2 + л/з ; В) 3; С) 2V3 ; D) 2; E) V3 .

I T a r i x i y  m a s a l a l a r

Ш

1. Beruniy  masalasi .  A gar h ad la ri m usbat geom etrik  p ro 
gressiyaning: had lari soni toq bo‘lsa, u holda bf!+l = Ьг ■ b2k+1; 
hadlari soni ju f t  bo‘lsa, bk ■ bk+J = bx ■ b2k bo‘lishini isbotlang.

2. A x m e s  papirusidan ol ingan masala  (eram izdan  oldingi  
2000- yillar).  10 o‘lchov g ‘allani 10 kish i orasida shunday  
taqsim lag ink i, bu k ish ila rn in g  b iri b ilan  undan  keyingisi
(yoki oldingisi) olgan g ‘alla  fa rq i | o‘lchovga teng  bo‘lsin. 

T a r i x i y  т а ’ l u m o t l a r

«Qadimgi xalq lardan  qolgan yodgorliklar» asarida  Abu 
R ayhon B eruniy shaxm atn ing  kash f e tilish i haqidagi rivoyat 
bilan bog‘liq b irinch i hadi Ьг = 1 va m axra ji q = 2 bo‘lgan 
geom etrik  p rogressiyan ing  b irinch i 64 ta  had in ing  y ig ‘indi- 
sin i hisoblaydi; shaxm at tax tas id ag i k- ka takka  mos sondan 
1 soni ay irilsa , ay irm a k- katakdan  oldingi barcha katak larga  
mos son lar y ig ‘ind isiga teng  bo‘lish in i ko‘rsa tad i, y a ’ni 

gA’ -  1 = 1 + <7 + g2 + ... + qk~l 
ekanin i isbotlaydi.
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IX  S IN F  «ALGEBRA» K U R S IN I TAK R O R LA SH  
U C H U N  M ASHQLAR

491. F unksiy an in g  g ra fig in i yasang:

1) г /= x 2 + 6x + 9; 2) у = x 2 3) y = x 2 - 1 2 x  + 4;

4) у  = x 2 + S x - 1 ;  5) у = x 2 + x; 6) у  = x 2 -  x;

7) У = ( x -  2)(x + 5); 8) у = |*  + ^  | ( *  + 4).

492 . (Og‘zaki.) у = ax2 + bx + с funksiya grafigidan foydalanib (82- rasm),
un ing  xossa larin i an iq lang .

—0,5
- 3

-1 ,5  '

82- rasm.

493 . F unksiyan ing  g ra fig in i yasang  va xossa larin i aniqlang:
I)  у  = - 2 x 2 - 8 x - 8 ;  2) у  = 3 x 2 + 12* + 16;
3) у  = 2 x 2 -  12* + 19; 4) у = 3 + 2 x -  * 2;
5) у = -4 * 2 -  4*; 6) у = 12* -  4*2 -  9.

494. F unksiyan ing  g ra fig in i b it ta  koord ina ta  tek islig ida  yasang:

1) У = ^ х 2 va y = - ^ x 2; 2) y = 3 x 2 va  у = 3 x 2 -  2;

3) У = - \ х 2 va г/= - i ( *  + 3)2; 4) у = 2 x 2 va г/= 2(* -  5)2 + 3.

T engsizlikn i yeching (495—499):

495 . 1) (* -  5)(* + 3) > 0; 2) (* + 15)(* + 4) < 0;
3) (* -  7)(* + 11) < 0; 4) ( * -  12)(* -  13) > 0.
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496. 1) x 2 +  Sx >  0; 2) < О;;

3) x 2 -  16 < 0; 4) x 2 -  3 > 0 .

497 . 1) x 2 -  8x + 7 > 0; 2 )  x 2 + 3x -  54 < 0;

3) - x 2 + 0 ,5x - 1  > 0; 4) 5x2 + 9 ,5x -  1 < 0;
2

5) - x 2 -  3x + 4 > 0; 6) - 8 x 2 + 17x -  2 < 0.

498. 1) x 2 - 6 x  + 9 > 0; 2) x 2 -  24x + 144 < 0;

3 ) -  x 2 -  4x + 8 < 0; 4) - x 2 + 4x + 12 > 0;
2 3

5) 4 x 2 - 4 x  +  1 >  0; 6) 5 x 2 +  2 x  +  - <  0.
5

499 . 1) x 2 -  lOx + 30 > 0; 2 ) - x 2 + x - l < 0 ;

3) x 2 + 4x + 5 < 0; 4) 2x2 -  4x + 13 > 0;

5) 4x2 -  9x + 7 < 0; 6) -11  + 8x -  2x2 < 0.

T engsizlikni in te rv a lla r usu li bilan yeching (500—502):

500. 1) (x + 3)(x -  4) > 0; 2) X - -  (x + 0,7) < 0;
2 /

3) (x -  2 ,3)(x + 3,7) < 0; 4) (x + 2)(x - D < 0 ;

501. 1) (x + 2)(x -  1) > 0; 2) (x + 2)(x - I)2 < 0;

3) (x + 2)(x - 1)2 > 0; 4) (2 -  x)(x + 3x)2 > 0.

502. 1) > 0;
2+x 2 )

0,5+x ^
x-2

3)
(x-l)(x+2) ,  0 .

X
4)

2x < 0 .
(3+x)(l-x)

503. T rapetsiyaning  yuzi 19,22 sm 2 dan o rtiq . U ning o ‘r ta  ch iz ig ‘i 
baland lig idan  ikki m a rta  k a tta . T rapetsiyan ing  o‘r ta  ch iz ig ‘ini 
va baland lig in i top ing .

504. 320 m dan o rtiq  baland likda uchib ketayo tgan  samolyotdan geolog- 
larga yuk tashlab yuborildi. Yuk qancha vaq tda  yerga kelib tusha- 
di? E rk in  tu sh ish  tez lan ish i 10 m /s 2 ga teng  deb qabul qiling.
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5 0 5 . P a ra lle lo g ra m m n in g  tom oni sh u  tom onga tu sh ir ilg a n  baland- 
likdan  2 sm  o rtiq . A gar parallelogram m ning  yuzi 15 sm 2 dan 
o rtiq  bo‘lsa, shu  tom onning  uzun lig in i toping.

506 . T engsizlikni in te rv a lla r  usu li b ilan  yeching:
1) (x + 2)(x + 5)(x -  l)(x  + 4) > 0;

2) (x  + l)(3x2 + 2)(x -  2)(x + 7) < 0 ;

3) ^  +' Sx+1 x+S
l - 3 x  l+3x .

4)  + --------->
12

l+3x 3 x -l l -9 x 2

507. A gar x 2 + p x  + q k v ad ra t uchhad x = 0 boTganda -1 4  ga teng 
q iym atn i, x =  - 2  boTganda esa -2 0  ga teng  q iym atn i qabul qilsa, 
shu k v ad ra t uchhadn ing  p  va q k o effits iy en tla rin i toping.

5 0 8 . A g ar у = x 2 + p x  + q parabo la:
1 2

1) ab ss is sa la r  o ‘q in i x  = - - v a x  = -  n u q ta la rd a  kessa;

2) abssissa lar o ‘qi bilan x = - 7  nuq tada  u rinsa;
3) abssissa lar o ‘q in i x =  2 va o rd in a ta la r o‘q in i z/ =  - 1  nuqtada 
kesib  o ’ts a ,  p  -  q ni  to p in g .

509. A gar parabola abssissalar o‘qini 5 nuq tada kessa va u n in g  uchi

2 - ;  1 0 -  

4 8
n u q ta  boTsa, shu  parab o lan in g  ten g lam asin i yozing.

510. T eleskopning (re flek to rn in g ) qay taruv- 
chi ko ‘zgusi o ’q kesim i bo ‘yicha parabola 
shak liga  ega (83- rasm ). Shu parabo la
n ing  teng lam asin i yozing.

511. A gar у  = а х 2 + bx + с k v ad ra t fu n k siy a 
n in g  g ra fig i:
1) A ( - l ;  0), B(3; 0) va C(0; - 6 )  nuqta- 
la rdan  o ‘tsa ;
2) Щ -2 ;0 ) , L(1;0), M (0; 2) n u q ta la rd an  
o ‘tsa , un ing  k o effits iy en tla rin i toping.

512. Is ta lgan  nom anfiy  a va b son lar uchun

1) a2 + b1 <(a  + b)2; 2) a 3 + b3 < (a  + b)3;

3) a3 +b3 > a2b + ab2; 4) (a + b)3 < 4 (a3 + b3) 

tengsiz likn ing  to ‘g ‘r i boT ishini isbotlang.

83- rasm.
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513. Is ta lgan  m usbat a, b ,  с  son lar uchun
.  ч a  , ^ , с o. be ac ab ^  ,1) — I 1—  — 3, 2) — I------ 1—  о + b + c;

b с a a b с

_,х a3 + b3 + c3 . a+6+c .. a b с . 33) 2 2 7- ^  4) —  + —  + —a2+b2+c2 3 fc+c c+a a+6 2

tengsiz likn ing  to ‘g ‘r i ekanin i isbotlang.
514. Funksiyan ing  g ra fig in i yasang:

1) у  =  '[x?\ 2) y = \ x - l \ ;

3) у = \lx2 -  6x  + 9; 4) z/ = л/x 2 + 4x  + 4;

5) у = V ( x - l ) 2 + Vx + 1)2; 6) i/ = л/x 2 -  4x  + 4+ |x  + 2 | .

515. T englam aning haqiqiy ild iz la rin i toping:
1) x2- | x | - 2 = 0; 2) x2 -  4 I x  I +3 = 0; 3) | x2 -  x h  2;
4) I x2 + x  |= 1; 5) I x2 -  2 |= 2; 6) | x2 -  26 |= 10.

516. Ildiz chiqaring:

2) / S ;  3) a ^ O ;  4) J —
32 V 9 V 343a V81?/

517 . S o d d a la sh tirin g :

1) (з 720 + 7Vi5 -  Vs): V5; 2) (V? -  VIS + ^5б): V?;

3) 2^1 + 7 6 - 3 ^ ;  4) T ^ l | - 77 + 0 ,5^343 .

518. Ifo d a la rn in g  q iy m atla rin i taqqoslang:

1) ( ^ ) 1/3 va ( ^ )  1/2; 2) (З Т О Л Г  va (ЗТОЛ)0 37 .

519. Ifodan i soddalash tiring :

1) 2) 3) ( 16a- 4) 4)  (27(>-6)*.
a 9 x3

520. Ildiz belgisi ostidan  ko‘pay tuvch in i chiqaring:

1) \!§a2b, bunda a  < 0, 6 > 0; 2) V25a2b3, bunda a  > 0, b > 0;

3) V sa^V , bunda a  < 0, ft < 0; 4) V l2 a :sft3, bunda a  < 0, ft < 0.
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521. K o‘pay tuvch in i ildiz belgisi o stiga  k iritin g :

1) xyjb, bunda x > 0; 2) лгх/з, bunda x  < 0;

3) - a S ,  bunda a  > 0; 4) -aV b, bunda a < 0.

522. H isoblang:

1) Ш 000-(0 ,0001)°’25 +(0,027)3 7,1° -

2) ( 2 p p  : + (6 ,2 5 )b  (_4 )-\

10

x1 3 /

\-l

523 . Ifodan ing  q iym atin i toping:

1)

i i_
2u2a b

i_ i
a 2 -  b~2

a — b

a -  2 a 2b 2 + b

m + 2 V m n + n  -Jmn  + n
2 ) n m -  n

524. Tenglam ani yeching:

bunda a = 3, b = 12.

, bunda m = 5, n = 20.
m + V/i

I  _ 1  5
1) x 2 = 2; 2) x  2 = 3; 3) x"3 = 8; 4) x 2 = 0.

525. у = - —  fu n k siy an in g  g rafig ig a : 
x

1) A(V5; -  5V5); 2) В(-5х/2; 5х/2)
n uq ta  teg ish li bo 'lish  yoki bo‘lm aslig in i aniqlang.

1 V2526. t/ = Vi -  2x funksiyan ing  g rafig iga : 1) С
4 ’ 2

n uq ta  teg ish li bo‘lish  yoki bo‘lm aslig in i aniqlang.
527. Funksiyan ing  an iq lan ish  sohasini toping:

1) У = 7 - + - З л :  + 10; 2) у = « E l l ;  3) у = з + А
\ 3 - 2 x  \  6 - х

X
4) z/ = x6

2x + 15
5) z/ =

0, 5x + 1
6) У =

x '  - 4
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528. F u n k ts iy an in g  g ra fig in i yasang:
4

1 ) у = x 1 + § x  + 10; 2) У = - x 2 - 7 x - 6 ;  3) У = ->

2 ^
4) у = 5) у = ^ ;  б ) У  = - х 1.

Qaysi o ra liq larda funksiyan ing  o‘sichi, kam ayishini g ra fik  bo‘yi- 
cha aniqlang; funksiyan ing  ju f t  yoki toq lig in i aniqlang.

529 . P ( l;  0) nuqtani: 1) A(0; 1); 2) B) (0; -1 ); 3) C (- l;  0); 4) B (l; 0) 
nuq taga  o ‘tkazad igan  b ir  necha b u rish  b u rchak larin i ko‘rsa tin g .

n . it n х к 2 s in - + c o s — t g -
530. H isoblang:     ------   .

. Л . я  я 
c tg — sin — cos-  

6 6 4

531. Sonning m usbat yoki m anfiy  ekan lig in i aniqlang:

1) s i n - s i n ^ c o s - ;  2) sinacos(7t + a ) tg a ,  0 < a  <
5 5 6 2

532. B erilgan: s in a  = 0,6, sin(3 = -0 ,2 8 , 0 < а < ^ , я < ( 3 < ^ .

H isoblang: 1) c o s ( a - p ) ;  2) s in (a  + (3).
533. K o‘pay tuvch ila rga  a jra tin g :

1) s in 2 a  -  2 s in a ; 2) s in a  + s in |;

3) co sa  - s in 2 a ;  4) 1 -  s in 2 a  -  cos2 a .

534. A g ar c o s | = - p  va s in ^  < 0 bo ‘lsa, s in a , co sa , tg a  n i h iso b 

lang .
535. A gar

1) tq = 10, d  = 6, n = 23; 2) a, = 42, d = -?, n = 12;

3) ^  = 0, d = -2 , л = 7; 4) a, = 1, d  = |  n = 18

bo‘lsa , a r ifm e tik  p ro g ress iy an in g  n- h ad in i va dastlabk i n  ta  
had in ing  y ig ‘ind isin i hisoblang.

536. A gar a, =  2, =  120, zi = 20 bo‘lsa, a rifm etik  p rogressiyan ing
dastlabk i n ta  hadi y ig ‘ind isin i toping.
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537. n- hadi a, = l - 2 n fo rm ula  b ilan  berilgan  ketm a-ketlik  a rifm etik

progressiya bo ‘lish in i isbotlang .
538 . A gar geom etrik  progressiya uchun

1) b1 =  5 va g =  -1 0  bo‘lsa, b4 ni toping;
2) b { = -5 0 0 0  va g = -1 0  bo‘lsa, b1 ni toping.

539. A gar:
1) Қ= 3, q = 2, n = 5; 2) b[ = 1, q = 5, n = 4;

3) ^  = 8, g = ^, n = 4 ;  4) b, =  1, g =  - 3 ,  /г = 5

bo‘lsa, geom etrik  p rog ress iyan ing  n- h ad in i va dastlab k i n ta  
hadi y ig ‘ind isin i hisoblang.

540. A gar bj = i , q -  2, n = 6 bo‘lsa, geom etrik  p rogressiya d a s t

labki n ta  had in ing  y ig ‘ind isin i toping.
541. Cheksiz kam ayuvchi geom etrik  progressiya y ig ‘ind isin i toping.

1) 6 , 4 , - ,  ...;
3

1 i i
4) ...

2 4 8

2) 5, - 1 ,  - ,  ...;
5

3) 1 , - - ,  — ......
4 16

542. Ildiz belgisi o stidan  ko‘pay ituvch in i ch iqaring:

1) \]20алЬ, bunda a  < 0, h > 0.

2) \]8алЬл , bunda a  < 0, b > 0.

3) 7 (a  - 1)2, bunda a  < 1;

4) 7(3 + a)2, bunda a > -3 .
543. Ifodani soddalash tiring :

yjia-b)
1) a - b

, bunda a > fe; 2 )
j (a -b y

a - b
bunda ft > a;

1 + -+ Л
3) v, ^ ^ , b unda  x > 0;

\lx?+x+l 

13 -  A lgebra, 9- sin f uchun

4) \  x x ■, bunda x  < 0.
+X+1
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544. Tengliklardan qaysinisi to ‘g ‘ri:

7 7 - 4 ^ 3  = 2 - S  m i yoki ^ 7 - 4 ^  = V 3 - 2  mi? 
545. M axrajdagi irra ts io n a llik n i yo‘qoting:

1 1 1 2
1) 2)

2 + ^ /з ’ v a  
546. Ifodani soddalash tiring :

\[ab \fa

3 )

1)

3)

2 . a + 4

(a + 2) \Ja lb2 a2 - 4 ’
2)

4)

b + 'Jab b -  Jab
b -  a 
i j a b

I 1 ) 1 1 f  3 3

0 1 Q- 1 a 4 + b4
4 )

a 2 + 6 2 a -  b a — b
3 1 1  1 1 

a 4 +  а2Ь4 a 4 +  a 4 y (a
1 ’ a - b 1

a 2 + b j
Jab

547. У = —  funksiyaning x > 0 oraliqda o‘sishi yoki kamayishini aniqlang.
x

548. F unksiyan ing  an iq lan ish  sohasin i toping.

1) у = J ( x  -  2)(x -  3); 2) у  = V(*2 - 6 x ;  3) z/ = x2 - 2 J 2 X+ 2

4) z/ 6) = x / 4 - ^
2j3x-x2+3’ "  " V x+5 '  ̂ V x -2x

549. Funksiyan ing  g ra fig in i yasang va g ra fik  bo‘yicha un ing  asosiy 
xossa larin i aniqlang:

3-X4) у  = 5) z/ = J x  - 3 ;  6) у = %]2-x.

550. Tenglam ani yeching:

1) V x - 2  = 4; 2) Vx + 3 = 8; 3) V2x + 1 = V x - l ;

4) j 3 - x  = Vl + 3x ; 5) \/xL) + 12  = x; 6) \/бх -  x “ = x.
551 . Ifodani soddalash tiring :

1)

3)

t g - a  
l+ctg"a ’

tga-tgp _ 
ctgq+ctgp’

2) l+ctg^q
c tg2q

4) ( tg a  + c tg a )2 -  ( tg a  -  c tg a )2.
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552. Ifodani soddalashtiring:

к
C t g |  a  -  -

1)

3 ,
a  — n  | -  s in (7 t  +  a  

2

tg ( n  + a)(cos(a  + 2к)  + s in ( a  -  2л))

2) s in (*  -  27i)cosjy  -  jcj + tg(7i -  x)tgi^K  + xj.

553 . Tenglam ani yeching:

1) 1 -  cosx -  2 s in^  = 0; 2) 1 + cos2x + 2cosx = 0.

554. A yniyatn i isbotlang:

1) t g l a - P l + t g P  _  cos(a+|3). s in (a + p )+ s in (a - ( ) )  _  ^
tg(a+(I)- tg (3  c o s ( a - P ) ’ c o s (a + p )+ co s (a -p )

555. A yniyatn i isbotlang:

1 ) 1  + s in a  = 2cos2 -  | j ;  2) 1 -  s in a  = 2sin2 -  | j .

556. U chburchakning  ichki b u rch ak la ri ay irm asi ^  ga teng  boTgan
a rifm e tik  p ro g ressiy an in g  ke tm a-k e t u ch ta  had i boTadi. Shu 
b u rch ak la rn i toping.

5 65557. A rifm etik  p rogressiyada a, + (ца4 = —. P rogressiyan ing

dastlabk i o ‘n y e ttita  had in ing  y ig ‘ind isin i toping.
5 5 8 . Ik k in c h i h ad i b ir in c h is id a n  35 ga kam , u c h in c h i h ad i esa 

to ‘rtin ch is id an  560 ga o rtiq  boTgan geom etrik  p rogressiyan ing  
dastlabk i to ‘r t t a  had in i toping.

559. Geom etrik progressiyada q = 3, S 6 = 1820 boTsa, bl va bb ni toping.

560. Cheksiz kam ayuvchi geom etrik  p rogressiyan ing  y ig ‘indisi ^ ga 

teng , ikk inch i hadi ga teng . U chinchi had in i top ing .

561 . A rifm etik  p rogressiyan ing  ketm a-ket hadi boTgan u ch ta  sonning 
yigT ndisi 39 ga teng . A gar b irinch i sondan 4 ni, ikk inchisidan  
5 ni, uchinchisidan esa 2 ni ayirilsa, hosil boTgan sonlar geom etrik 
p ro g re ss iy a n in g  k e tm a-k e t u c h ta  had i boT adi. S hu  so n la rn i 
top ing .
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Ifodan i so d d a la sh tir in g  (5 6 2 — 563):

1) л/б+^Ж ; 2) V4 + V7.

1)
n/5

4(a + l) +(VoVa-1)2 -
\3

¥a+\lb
, bunda 0 < a  < 1;

a  ^  2- a  2b 1 3,3
2) —  — - a W .

a 3b~2- b  3( f 2

F unksiyan ing  g ra fig in i yasang:

i )  y = ] A ;  2) y = Q - i ;  3) у = V R ;  4) y = ^  - з | ^ | - 4 .

I A gar t g -  = -2 ,4  bo‘lsa, s in a  va cosa ni hisoblang.

I A yniyatn i isbotlang:

1) cos(a -  y) = -cos|^ + aj; 2) cos(a ~ y) = -cos|a + yj.
I Q uyidagi u ch ta  xossaga ega bo‘lgan to ‘r t t a  son toping;
a) b irinch i va to ‘r tin c h i son larn ing  y ig ‘indisi 11 ga teng , ikkinchi 
va uch inch i son larn ing  y ig ‘indisi esa 2 ga teng;
b) b irinch i, ikk inch i va uchinchi sonlar a rifm etik  progressiyaning  
ketm a-ket h ad la ri bo‘ladi;
d) ikk inch i, uchinchi va to ‘r tin ch i sonlar geom etrik  p rogressiya
n ing  ketm a-ket h ad la ri bo ‘ladi.

I S n a rifm etik  p rogressiyaning  dastlabki n ta  hadi y ighndisi bo‘lsin. 
Isbo tlang :

1) Sn+3 = 3S„+2 -  3S„+1 + S „; 2) S3„ = 3(S2„ -  S „).
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V II— IX SINFLAR «ALGEBRA» K UR SIN I TAKRORLASH  
UCHUN MASHQLAR

1. Sonlar va algebraik alm ashtirish lar  

H isoblang  (5 6 9 — 570):

569. 1) (5,4 1 ,2—3,7 :0 ,8 ) (3 ,14+ 0 ,86):0 ,25 ;
2) (2 0 ,8 8 :1 8 + 4 5 :0 ,36 ):(1 9 ,59+11,95);

/ c 8 0 11 \ 18 „ 5  n ,  2 7 n  , о 11 9 5
3 ) (  9 1 2 /  71 6 '  3 ’ 36 32 + 10 18 •

570. 1) /3 ^ + 2 0 ,2 4 j  ■ 2 ,15  + (5 ,1625 -  2 + )  ■ I ;

2) 0 ,364  : — + — : 0 ,125  + 2,5 • 0 ,8 ;
25 16

( з ,2 5 - - ) - 6 ,2 5  f s ,5 - 3 - 1 : 5  [ 2— + 1-^1:27,7
3) 1 iJ + 1 iL. 4) I 20 16̂ V - .f 4 3  ’ ' /  2  1  \  7

( 2 - 0 , 7 5 ) : -  ( - 2 - 0 ,8 )  1 -  1,75 - - 1 , 7 5  1 -  : —
5 4 V  3 8 j  12

571. P roporsiyan ing  nom a’lum  had in i toping:
1) x : 7 =  9 : 3; 2) 125 : 25 = 35 : x; 3) 144 : x = 36 : 3;

4) +  : 1 +  = * : 0 ,75 ; 5) ^  ; 6) 0 ,3  : x  = i  : 3^ .
2  4  g_ У о

572. A gar: 6
1) a  =  400, p -  27; 2) a  =  2 ,5 , p = 120;
3) a  = 2500, p =  0 ,2 ; 4) a =  4 ,5 , p  =  2,5
bo‘lsa, a  sonning p  p ro tsen tin i toping.

573. A gar sonning p  p ro tsen ti b ga ten g  bo‘lsa, shu sonn ing  o‘zini 
top ing :
1 )p  =  23, b =  690; 2) p  =  3 ,2 , b =  9,6;
3) p  = 125, b =  3,75; 4) p  =  0 ,6 , b =  21,6.

574 . a son b sonning qanday p ro tsen tin i ta sh k il qiladi:
1) a  = 24, b =  120; 2) a  =  4 ,5 , b =  90;
3) a  = 650, b = 13; 4) a  = 0 ,08, p =  0 ,48 ?
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575. A m allarn i ba jaring :
1) ( - З а 3Ь)(-2аЬ2)( -5 а 3Ь7); 2) 35а5Ь4с : (7а63с);

3) (-5 ab V )3 . ( - V b c 2)"; 4) ( - ? a 4b V )  : ( - ^ a 2bc3) .

576. Ifodan i s ta n d a rt shak ldag i ko ‘phad ko‘rin ish id a  yozing:
1) (x -  6)(5 + x) -  x2(x2 -  5x + 1);
2) (x + 7)(5 -  x) -  x2(x2 + 2x -  1);

3) {b -  За)2 + 8 (а -  l-b^[a + ;

4) (3a  + 6)2 + 4 ( b - i a ) ( b  + ^a) .

577. Ifodan ing  son q iym atin i toping:
1) a 3 -  ba2, bunda a =  -0 ,6 ,  ft =  9,4;
2) afr2 + fe3, bunda a =  10,7, 6 = -0 ,7 ;

3
3) (m -  5)(2m -  3) -  2m(m  -  4), bunda m = g ;

4) (За -  2)(а -  4) -  За(а -  2), bunda а = ^ .

578. A m allarn i bajaring :
1) ( -1 5 x 5 4- 10x4 -  25x3) : ( -5 x 5) -  3(x -  3)(x2 + 3x + 9);
2) (9а2Ь3 -  12а4Ьл) : Sa2b -  b2 ■ (2 + 3a2b).

K o‘p ay tu v ch ila rg a  a jra tin g  (579—583):

5 7 9 .1 )  1 - - ;  2) — -  1; 3) a2 -  b4; 4) b4 -  9.

580. 1) i - a + - ;  2) 0,25b2 + b + 1;
4

3) 4 9 a2 -  14a + 1; 4) 1 + 18b + 81b2.
581. 1) у 2 -  x y  -  у  + X-, 2) a 2 -  ax  -  x + a;

3) 3 a2 + 3ab + a  + b; 4) 5 a2 -  5ax -  7a +  7x.

582 . 1) 6 m 4n + I 2 m 3n + 3 m 2n; 2) 2 a5b -  4 a4b + 2 a3b;
3) a 2 -  2ab + b2 -  t/2; 4) a 4 + 2 a2b2 + b4 -  4 a2b2.

198



583.

584.

585.

586.

587.

588.

589.

1) x 2 + З х -  28;
3) 2 х 2 -  5х  + 3; 
K asrn i q isq artirin g :

1)

5)

4 - b z . 

4b+2b2 ’

x 2 - x - 1 2

x 2- 1 6

2 )

6 )

362- 9 b  ’

x 2 - x - 2 0  

x2- 2 5

2) 2x2 -  12* + 18;
4) x 2 + * -  2.

3)

7)

5a2- 1 0 a b
a b - 2 b 2

3 x2- 2 x - 8

2 x2- 3 x - 2

4)

8 )

3xt/-21i /  

4 x 2- 2 S x y  ’

2 x 2 + x - 3  

2 x2+7 x +6 '

Ifodan i so d d a la sh tir in g  (585—589):

1) 6c3 ' 4c3 ’
2) 9 a 2 6 a 2 

zn3 m0

4 a  \ b4 

~Ьа

4) i *2 ) '  k3 -
5 a  n , 76

5 )  ----- - - S a b — - ;  6 )
'  285 5 a 3 '

25a  b 

14c2

- 2 1 c

10 a  5'3 . 3  >

7)

1)

4 x ( x - l ) + l  l - 2 x

4-x2 x - 2  ’

a —3 a +27
a+3  a 2- 9  ’

a+1 x+1
3) 2 2 2 ’a - a x  a  - x

9 8 a

8 )

2)

4)

x - 4 ( x - l )  . 2 - x

X - l  1-x" 

a 2 +12 a+3
a 2 - 4  a - 2  ’

3 - a  3 -5
2 „ 2a b - a  b - a

a - 5  a+5  a2 - b 2

3) ( f ^ - 2 ) a fe;

1 x x - 9
1)

04 42 8 7
4 a 2- 9  + 2a+ 3  + 3 - 2 a  ’

4) ( I  + i - —)a6 .
\ a  5 a 5 /

(x + 3 )2 x 2- 9  x2- 9  ’

3) a + b -  —  ;
a - 1

b2 . / 2a5 _  5

a 2 - 2 a b  ' I a 2 - 4 5 2 a+25

2) a+6 1 (a+2)  .

a  - 4  a  - 4  

.4 a 24) —- - a  + 1 .
a+1

2 )
2хг/

x - 9  г/ x-3z/ х 2+3хг/

3 )
хг/

x 2-z/2 2 х - 2 у
. 3f/

2  2  ’  х -г/

/ 2 a + l  2 a - l \  1 0 a - 5  
\ 2 a - l  2 a + l  / 4 a
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590. Ifodani soddalash tiring  va un ing  son q iym atin i toping:
1 . a + l  6 a + 3  , . ^1) — 7  + ——  -  — -  , bunda a = -9 ;

a - l  a  - l  a + l

6+ 5  3 6+12) 7 -77  -  Tg— 7 -  7—7  , bunda b =  -8 ;
6 + 2  ft2 - 4  6 - 2

3)

4)

a - 2
a - 3

6+l
6—4

a -6a+l0 2 ] I
 o'——  + — о » bunda a = - I - ;a " - 9  a+3  2

6 +9 +
62- l 6  6+4

, b u n d a  b = 4 -  .
3

591. H isoblang:
-I

D ^ j  -  3“2 : 3“®; 

592. K asrn i q isq artiring :

х - Лa+V3 
} ^ 3 2)

x - 2

593. H isoblang:

l )  ( б - з Т б М б  + зТб);  

3) (3V5 - 2V20)V5;
594. H isoblang:

I) 4V3 -л/з(л/Гб -  V3);

3) V48 -  V 2 7 - l V l 2  ;

5) ( V2+ 3) ’ - 3V8 ;
595. H isoblang:

I )  ( V 4  +  V 7 + V 4 - V 7 ) ' ;

3)
5 - V 5  5 + V5 ’

2) (-6)° 8 Г 2 -27s

3)
.(/-Qy2

I
y* +3

4)
x + x z
x - l

2) ( V d - i ) ( V 5 +  l ) ;

4) ( l - V 3)2 + ( l  + л/з)'.

2 ) 6V2 - V 2 ( V 2 + V 3 6 ) ;  

4) V 5 0 - V 3 2 - ^ V l 8  ;

6) ( 2 - л / з ) 2 +2VT2 .

2 ) ( х / з - х / 5 - л / з  + ТбГ ;

4)
I I+

7 + 4х/з 7 - 4 х / з  1
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596. S o d d a la sh tir in g :

^  3-V2 +  3+V2 ’

Q\ 3-V2 ^  3 + V2 . 
o )   —  +

2)

3+V2 3 -V 2 ’

597. Sonni s ta n d a r t shak lda  yozing:

4)

5-V3 5 + V 3 ’

3 3
V3 - V 2 V3 +V2 *

1) 0 ,00051; 2 ) ^ ;  3) 250000; 4 ) ^

598. H isoblang: 1)
(0 ,25)5-86

2” ' 5

,3 ’ 2)
16-4“2+ 4 f -  

3

4+1 IE

- 2

с г л о  TT-  u i  / о  г т с З  , о  Г7 К 2 гт о к .  о ч  0,625 6,75“ - 3 ,2 5 ^ 0 ,6 2 5599 . H isoblang: 1) л/8,75 + 8 , 7 5  7 , 25 ;  2) —
л/3,52 +7-2,75+2,752

600 . л; > 0, г/ > 0 bo‘lganda soddalash tiring :

1) ; 2) х /7 у = ;  3 ) ^ 7 7 ;  4) ^ 5у 10 .

601 . Ifodan i so d d a lash tirin g :

1)

1 1 1 1
a 2 - b 2 2 a 2b 2
~ J ~ I  + --------
a 2 +b2

a - 6

i
a - 2 a 2b2 +b 

a+b 2 ) 1 1 
a 2 +a a 2 +1 a 2 -1

3) j.
1+x2

i i 
1 - x 2 x 2 - x

4)
zn+2m2 +1 

I
2m2

i
2 m 2

1
_  4zn2

I  zn-1 
m2 -1

2. T en glam alar

T englam ani yeching (602—605):

602 . 1) 8(3* -  7) -  3(8 -  x) = 5(2* + 1);
2) 10(2* -  1) -  9(* -  2) + 4(5* + 8) = 71;
3) 3 + *(5 -  *) = (2 -  *)(* + 3);
4) 7 -  *(3 + *) = (* + 2)(5 -  *).



603. 1)
5 x - 7

6
x+2 9 . 
~ 7 ~ ~  ’ 2)

4 x - 8
3

3+2x  0
----------- о

5

3)
1 4 - x

4
3X + l  Q

5 3 ’ 4)
2 x - 5

4
6 x + l  _  0 

8

604. 1)
4 9

2)
1 3

3(x+2) 8 x + l l ’ 3 ( x - l ) 2(x+6)  ’

3) -JL  + 5z£  = _ 2 ;
5 - х  5+x

605. 1) x (x  -  1) = 0;

3) д : |2 д :-1 )(4  + Зх) = 0 ;

4) —  + —  = 2 .
х - З  x+3

2) (x  + 2)(x -  3) = 0; 
( x - 5 ) ( x + l )

4)
x  +1

=  0 .

T englam ani yeching (606—608):

606. 1) x 2 + 3 x  = 0; 2) 5x -  x 2 = 0; 3) 4 x  + Ъх2 = 0;

4 ) - 6 * 2 -  *  =  0; 5) 2 x 2 -  32 = 0; 6) 2 - ^  = 0 ;

8) x 2 -  8 = 0.7) 1^1 - 1  = 0 ;

607. 1) 2x 2 + x -  10 = 0;
608. 1) 7x2 -  13x -  2 = 0;

2) 2x2 -  x  -  3 = 0;
2) 4x2 -  17x - 1 5  =  0.

T englam ani yeching (609—614):

609 . 1) (3x + 4)2 + 3(x -  2) = 46; 2) 2(1 -  1,5*) +  2(x -  2)2 = 1;
3) (5x -  3)(x + 2) -  (x + 4)2 =  0; 4) x ( l l  -  6x) - 2 0  + (2x -  5)2 = 0.

610 . 1) |x| = ± ;

611. 1)

4) |3x| -  3x = 6 ; 

7
2x+9

- 6 = 5 x ;

2) |x - 1| = 4 ; 3) | 3 - x |  = 2;

5) |2 ,5 -  x| + 3 = 5 ; 6) |3 ,7 + x| -  2 = 6 ;

^ + ^ l  = i3) —
x 2- 1 6  X + 4

612 . 1) x 4 -  17x2 + 16 = 0;
3) 2 x ‘ -  5x2 - 1 2  = 0;

4) 12 „ + —  = 1 .
(x  + 6)- ЛГ+6

2) x 4 -  37x2 + 36 = 0;
4) x4 -  3x2 -  4 = 0.
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6 1 3 . 1 ) 7 ^ 7 1 - 5  = 0; 2) 6 - 7 7 + 3  = 0 ;  3) 7 5 - х - l  = x;

4) 3 + 7 x - 5 = x - 4 ;  5) 7x -  7 2 x  + 2 = 5x ; 6) 1 2 x -7 5 x -4  = l l x .
614 . 1) 2X_1 =  64; 2) З 1̂  =  27; 3) 3х-8 =  27; 4) 72зг"1 =  49.

615 . Tenglam ani g ra fik  usulda yeching:

1) x 3 = 3 x  + 2; 2) x3 = - x  -  2; 3) -  = d - x ;
X

4) x_1 =  2x -  1; 5) 7* = ; 6) 7 x  = 6 -  x  .
4

T englam alar sistem asin i yeching (616—618):

[x + г/ = 12,
616 . 1)

|x  -  г/ = 2;

4)

617 . 1)

3)

618 . 1)

4)

2)

5)
\3х  + 5г/ = 21, 
|б х  + 5г/ = 27;

2х _ 3 у  9
3 4
1 1 
2 Х + 1 У=5;

l ( x  + l l )  = l ( i /  + 13) + 2,

Jx  + i/ = 10, 
[у -  х  = 4;

|3 х  + 5г/ = 4, 
[ З х - Z/ = 7;

| 2 х  + Зг/ = 11, 

3) 7 - y  = 7;

6 ) 1
| 4х  -  Зг/ = 1, 
З х  + у = -9.

2)
3 2 0
7 Х -~5У = 2’

- Х  +  - У  = 12 - ;
4 6 У 6

5х = Зг/ + 8;

х - г /  = 7, 
хг/ = 18;

х  + г/ = -5 , 
хг/ = -3 6 ;

2 )

5)

4)

х -  г/ = 2, 
хг/ = 15;

х 2 +г/2 = 13 ,

1 ( х  + Зу) = 1 ( Ж + 2у),

х + 5г/ = 12. 

3) 

6 )

х +г/ = 2, 
хг/ = -15 ;

х 2 + у 2 = 41, 
хг/ = 20.хг/ = 6;

3. T en gsiz lik lar

T engsizlikn i yeching (619—620):

619 . 1) Зх -  7 < 4 (х  + 2 );

3) 1 ,5(х  -  4) + 2 ,5 х  < х + 6 ; 4) 1 ,4 (х  + 5) + 1 ,6х > 9 + х .

2) 7 - 6 х > 1 ( 9 х - 1 ) ;
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621. T engsizlik lar sistem asin i yeching:

x + 5 > 5x -  3, 
2x -  5 < 0;

2x + 3 > 0, 
x -  7 < 4x  -  1;

3){
5x -  1 < 7 + x, 
- 0 ,2 x  > 1;

3x -  2 > 10 -  x, 
-0 ,5 x  < 1.

622 . Tengsizlikning natu ra l sonlardan iborat barcha yechim larini toping:

623. T engsizlik lar sistem asin ing  b u tu n  sondan ibo ra t barcha yechim 
la rin i toping:

624 . Tengsizlikning butun manfiy sondan iborat barcha yechimlarini toping:

625 . K vad ra t tengsiz likn i yeching:
1) x 2 -  3x +  2 > 0; 2) x2 -  2x -  3 < 0; 3) x2 -  7x + 12 > 0;
4) - x 2 + 3x -  1 > 0; 5) 3 + 4x + 8x2 < 0; 6) x -  x2 -  1 > 0;
7) 2x2 -  x -  1 < 0; 8) 3x2 + x -  4 > 0.

626. Tengsizlikn i yeching:

> 2 ,
y - 1  y - 3  > y - 2  у

3 )  у  3 y - 2 0  
6 9

3 x - 2  0 1 2 x - l  Sx+2
 +  2 -  >    ,

4 2 3 6
2 x - 5  3 x - l  3 - x  2 x - l

3 2 ~ 5 ~  4



627. Tengsizlikn i o ra liq la r usu li b ilan  yeching:
1) (x -  l ) ( x  + 3) > 0; 2 )  (x + 4)(x -  2 )  < 0;
3) (x + l ,5 )(x  -  2)x > 0; 4) x (x  -  8)(x -  7) > 0;

5) (x - l ) ( ^ 3 - i ) > 0 ;  6) (x  + 3 )(x 2 -  -^) < 0 •

628 . S on larn i taqqoslang:
1) 5л/2 va 7; 2) 9 va 4л /5 ; 3) loV T I va  llV lO  ;

4) 5л/б va 6 V5 ; 5) 3^3  va 2 V I0  ; 6) 2^3  va V2 ■ Vb .

4 . T e n g la m a la r  tu z i s h g a  d o ir  m a s a l a la r

629 . Ikki sonning y ig ‘ind isi 120 ga teng , u la rn in g  ay irm asi esa 5 ga 
teng . Shu son larn i toping.

630. K a te r daryo  oqim i bo ‘yicha yoTga 3 soat, qay tishdag i yoTga esa 
4 ,5  soat v aq t sa rflad i. A gar k a te rn in g  suvga n isba tan  tezlig i 
25 k m /so a t boTsa, daryo  oqim ining tez lig i qancha?

631 . M otorli qayiq A  dan  В  gacha boTgan yoTni daryo oqim i bo‘yicha 
2,4 soa tda , q ay tish d ag i yoTni esa 4 soa tda  bosib o‘td i. A gar 
qayiqning  suvga n isb a tan  tezlig i 16 k m /so a t ekanlig i m aTum  
boTsa, daryo oqim ining tez lig in i toping.

632 . K a te r daryo oqim i bo‘yicha 1 soatda 15 km suzdi va qay tishdag i 
yoTga 1,5 soat vaq t sarflab , a w a lg i joyiga qaytib keldi. K atern ing  
suvga n isbatan  tez lig in i va  daryo oqim ining tez lig in i toping.

633 . T eng yon li u c h b u rc h a k n in g  p e r im e tr i 5 ,4  dm  ga te n g . Yon 
tom oni asosidan  13 m a rta  u zu n . U chburchak  to m o n la rin in g  
u zu n lik la rin i toping.

634. M a’lu m  b ir  y o 'n a l is h  b o ‘y ic h a  q a tn a y d ig a n  y an g i tu rd a g i  
tram v ay n in g  tezlig i eski tu rd ag id an  5 k m /so a t o rtiq . Shuning 
uchun ham  u 20 km yoTni eski tu rd a g i tram vayga qaraganda 
12 m in tezroq  bosib o‘ta d i. Y angi tram vay  shu yoTni qancha 
vaq tda bosib o ‘tad i?

635 . A vtobus kunn ing  m aTum  qism ida « tezyurar»  (ekspress) ta rtib d a  
ishlaydi. Shuning uchun ham  uning  tezlig i bu vaqtda 8 km /soat 
o rtad i, 16 km ga sarflan ad ig an  vaq ti esa 4 m in ga qisqaradi. 
Avtobus tezyurar tartibda shu yo‘nalishni qanday vaqtda bosib o‘tadi?

205



636. Bir fermer-dehqon xo‘jaligi o‘z yer maydonidan 875 s r  bug‘doy, 
ikkinchisi esa undan 2 ga kam maydondan 920 s r  bug‘doy yig‘ib 
olishdi. A gar bir gektar maydondan ikkinchi xo‘jalik birinchi xo‘ja- 
likka qaraganda 5 sr ortiq bug‘doy yig‘ib olganligi m a’lum bo‘Isa, liar 
b ir xo‘jalik b ir gektar maydondan qanchadan bug‘doy yig‘ib olgan?

637. Ik k ita  nasos b ir  v aq td a  ish lag an d a  hovuz 2 so a t 55 m in da 
tozalanad i. A gar u la rd an  b iri bu ishni ikk inch isiga qaraganda 
2 soat tezroq  ba jarsa , b a r  b ir  nasos alohida ish laganda hovuzni 
qancha vaq tda tozalash i m um kin?

5. F u n k s iy a la r  v a  g r a f ik l a r

638 . A  n u q ta  quyida berilgan  funksiya larn ing  g ra fig ig a  teg ish li yoki 
teg ish li em aslig in i an iq lang ; shu  fu n k s iy a la rn in g  k o o rd in a ta  
o ‘q la ri bilan kesish ish  n u q ta la ri koo rd ina ta la rin i va x  = - 2  bo‘l- 
ganda fu n k siy a la rn in g  q iym atin i toping:

l ) y  = S -  0 ,5* , A(4; 1); 2) z/ = i * - 4 ,  A(6; -1 ) ;

3) у = 2 ,5* -  5, A (l,5 ; -1 ,2 5 ); 4) г/ = -1 ,5 *  + 6, A (4,6; -0 ,5 ) .
639 . F unksiya la rn ing  g ra fig in i yasang (b itta  koord inata  tekislig ida):

l ) y  = 3 x , y  = -3 * ; 2) у  = ^ x , y  = - ^ *  ;

3) t/ = *  -  2, z/ = *  + 2; 4) z/ = - *  -  2, z/ =  2 -  *.
640 . F unksiyan ing  g ra fig in i yasang:

1) y = x 2 + 2 i ;  2) t/ = ( * - 1 )  ; 3) t/ = (* + 2 ,5 )2 - 1 ;

4) i/ =  *2 -  4* + 5; 5) t/ =  *2 +  2* -  3; 6) у = - * 2 -  3* + 4.
641 . Parabola uch in ing  koo rd ina ta la rin i toping:

1) у = x 2 -  8x  +16; 2) у  = x 2 -  10* + 15;
3) z/ = *2 + 4* -  3; 4l) у  — 2 x 2 -  5* + 3.

642 . Funksiyan ing  eng k a tta  va eng kichik  q iy m atlarin i toping:
1) у = x 2 -  7x  -  10; 2) г/ = - * 2 + 8* + 7;
3) у = x 2 -  x  -  6; 4) i/ = 4 -  3* -  * 2.

643. B erilgan ik k ita  funksiyan ing  b it ta  koord inata  tek islig ida  grafik - 
la rin i yasang va * n ing  qanday q iym atla rida  bu funksiya larn ing  
q iym atlari teng lig in i aniqlang:
1) z/ =  * 2 -  4 va г/ = 3*; 2) t/ = (* + 3)2 + 1 va z/ = -* .
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644 . G rafikn ing  xom aki ta sv ir in i yasang  va funksiyan ing  xossalarin i 
ay tin g :

1) t / =  x4; 2) у = x b; 3) У = ^ з ’ 4 ) y = '

645 . Ifo d a la rn in g  q iy m atla rin i taqqoslang:

1) va ^ 5 i  ; 2) va .

646. F unksiyan ing  g ra fig in i yasang va x  n ing  z/ = 0, z / > 0 ,  z / < 0  
bo‘ladigan q iy m atlarin i toping:
l ) y  = 2 x 2 -  3; 2) i/ =  - 2 x 2 + 1 ;  3) у = 2(x -  I )2;
4) z/ = 2(x + 2)2; 5) z/ = 2(л: -  3)2 + 1 ;  6) г/ = - 3 ( x  -  I )2 +  5.

6. T rigonom etriya  e lem en tlar i

647. . . ( f ; - # ) ;

koord ina ta li n uq ta  hosil q ilish  uchun  P ( l;  0) n u q tan i b u rish  
kerak  bo‘lgan barcha bu rch ak la rn i toping.

648 . Ifodani soddalash tiring : (1 + tg a ) ( l  + c tg a ) -  - —  ------ .
sin a  cos a

649 . A yniyatn i isbotlang:

l - ( s i n  q+cos a)~ _  2 t g “0C • 2 )  ^ а ~8 1 п ас о 5 а  -  1 t g 2q
s i n a c o s a - c t g a  ’ (sin a - c o s  a ) 2- l  2

650 . Ifodan i so d d a lash tirin g :
1) s in 2(a  + 8л) +  cos(a + Юл); 2) cos2(a  + 6л) + cos2(a  -  4л).

п т  т-е J  • IT , i I . . s in  2 a  sin  a c o s ( n - a )651. Ifodan i soddalash tiring :  5 ,----- .
2 (1 -2  cos“a )  1 -2  sin a

652. A yniyatn i isbotlang: cos ^ -  51П' x- ■ = sin  д: + cos д:.
l - s i n  x 1+cos x

653 . 1) ag ar cos а  = - ^  va ^  < а  < л bo‘lsa, s in 2 a  ni hisoblang;

2) ag ar s in a  = i  bo‘lsa, cos2a ni hisoblang.
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654 . Ifodan ing  q iym atin i toping:

1) cos765° -  sin750° -  cosl035°; 2) sin  11^ + cos 690° -  co s^

655. A gar tg a  =  2 bo‘lsa, ifodan ing  q iym atin i toping:

s in2a + s in  a c o s  a  2- s i n 2 a
1) — 2— 7— — 2)cos a + 3 c o s a s i n a  3+cos a

656. tg a  + c tg a  =  3 ekan lig i m a’lum . tg 2a  +  c tg 2a  ni toping.
657 . Ifodan i so d d a lash tirin g :

l - s i n  2 acos a  + sin  a
cos a  -  s m  a

-t \ v-wo 1Л I ОХЛ1 I Л , _ I 0  4 I1) — -— —- - t g  -  + a  ; 2) tg
4

- - a
4 l+ s in  2 a

658 . Ifodani soddalash tiring : cos 2 a  -  sin  2 a  -  2 cos2a  
cos(-a)-cos(2 ,5T t+a)

7 . P r o g r e ss iy a la r

659. A gar a 1= 7, a_ = - 5  bo ‘lsa, a rifm etik  p rogressiyan ing  ay irm asin i 
top ing .

660 . A gar a 10 = 4, d  = 0 ,5  bo‘lsa, a rifm etik  p rogressiyan ing  b irinchi 
hadin i toping.

6 6 1 . A gar: 1) an = 459, d = 10, n = 45; 2) a n =  121, d  =  - 5 ,  n  =  17 
bo‘lsa, a rifm e tik  p rog ressiyan ing  b irin ch i had in i va dastlabk i 
n ta  had in ing  y ig ‘ind isin i hisoblang.

662 . A gar a rifm etik  p rogressiyada a { = - 2 ,  a 5 = - 6 ,  an = -4 0  bo‘lsa, 
n nom erni toping.

663. bn+1 = - y  fo rm ula  va d, = 1024 sh a r t bilan berilgan  ketm a-ket- 
likn ing  dastlabk i o‘n ta  had in ing  y ig ‘ind isin i toping.

664. A gar geom etrik  progressiyada:
1) hj =  5, ^ =  -1 0  va bn = -5 0 0 0  bo‘lsa, n ni;
2) = 16 va b6 = 2 bo‘lsa, 6/ ni;
3) b3= 16 va i>6 =  2 bo‘lsa, b1 ni;
4) 63 = 16 va b6 = 1 bo‘lsa b, n i toping.

665 . A gar 3 + 6 + 12 + ... + 96 y ig ‘ind in ing  qo‘sh iluvch ila ri geom etrik  
p rogressiyan ing  ketm a-ket had lari bo‘lsa, shu son lar y ig ‘ind isin i 
top ing .
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6 6 6 . A gar: 1 ) 0 3 = 25, â 0 = -3 ; 2 ) ^  = 10, a- = 19;

3) Og + a, = 4, a,, + a , 4 = - 8 ; 4) cl, + = 16, a, • = 28;
bo‘lsa, a rifm etik  p rogressiyan ing  b irinch i had in i va ay irm asin i 
top ing .

667. A gar: 1) a9= - 5  va a n =  7; 2) a 9 +  a n =  -1 0 ; 3) og +  a 10 + a n =  12 

bo‘lsa, a rifm etik  p rogressiyan ing  o ‘n inchi had in i toping.
6 6 8 . S 7= -3 5  va S 42=  -1 6 8 0  bo‘lsa, a rifm etik  p rogressiyan ing  b irinch i 

h ad in i va ay irm asin i toping.
669. n- h ad in in g  fo rm u lasi b ilan  b e rilg an  k e tm a-k e tlik  geom etrik  

p rogressiya bo‘la oladim i:

1) b = - 3 2n; 2) b = 23"; 3) b = — ; 4) ft = ^ - ?
7 " 7 n n 2n n 2"

670. A gar: 1) ft, =  12, S 3 =  372; 2) ft, = 1, S 3 =  157;

bo‘lsa, geom etrik  p rogressiyan ing  m axra jin i hisoblang.

6 7 1 . A g a r  ft2 = - i  va  ft4 = - ^  b o ‘lsa , g e o m e tr ik  p ro g re s s iy a n in g  

b irin ch i hadin i, m ax ra jin i va n- had in ing  fo rm ulasin i toping.

672 . A gar ft3 = - 6  va ft. =  - 2 4  b o ‘lsa , geom etrik  p ro g ress iy an in g  
to ‘r tin c h i had in i va m ax ra jin i toping.

673 . -  va  27 son lari o rasiga u ch ta  sonni shunday  jo y lash tirin g k i,

n a tijad a  geom etrik  p rogressiyan ing  ketm a-ket besh ta  hadi hosil 
bo ‘lsin .

674. A gar geom etrik  progressiyada:
1 )^  = 3, S 3 =  484 bo‘lsa, ft, va ft. n i toping;
2) ft3 =  0 ,024 , S 3 =  0 ,504 bo‘lsa, ft, va <7 n i top ing .

675 . A gar:
1) ft, +  ft2= 20, ft2 + ft3 =  60; 2) ft, + ft2= 6 0 ,  ft, + ft3= 51
bo‘lsa, geom etrik  p rogressiyan ing  b irinch i hadin i va m axra jin i 
h isob lang .

676 . A gar geom etrik  progressiyada:
1) ft, = 88, <7 = 2 bo‘lsa, S 5 ni; 2) S 5 = 341, q = 2 bo‘lsa, ft, ni;
3) ft, =  11, ft, = 8 8  bo ‘lsa, S . ni; 4) ft3 =  44, ft5 = 176 bo‘lsa, S . ni 
top ing .
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V II— V III S IN FL A R  «ALGEBRA» K U R S I BO‘YICHA QISQACHA 
N A ZA R IY  M A ’LUM OTLAR

S o n la r  v a  i f o d a la r  

1. Son.
Natura l  son lar to ‘plam i: 1, 2, 3 ... .
B u tu n  so n lar to ‘plam i: 0; ±1; ±2; ±3; ... .

Ratsional  so n lar to ‘plam i -  ko ‘rin ish id ag i son lar, bunda m  -

3 2b u tu n  son, n -  n a tu ra l son. M asalan, 2; -  son lar ra ts io n a l son lard ir.

R atsional sonni chekli o ‘n li k a sr yoki cheksiz d av riy  o ‘n li kasr 
shak lida  ta sv irla sh  m um kin. M asalan,

— = 0,4; -  — = —0 ,333 = -0 ,(3 ).
5 3

Irratsional  sonlar to'plami  cheksiz nodavriy  o ‘nli k a s r la r  to ‘pla- 
m id ir. M asalan, 0 ,1001000100001 ... — irra ts io n a l son.

Shun ingdek , sj2, J s ,  Vb son lari ham  irra ts io n a l son lar bo‘ladi. 
Haqiqiy sonlar to‘plami  — ra ts io n a l va irra ts io n a l son lar to ‘plam i.
2. S on li o ra liq la r  — kesm alar, in te rv a lla r , yarim  in te rv a lla r , nur-

la r.
[a; b] kesma a < x  < b ten g siz lik la rn i q an o a tlan tiru v ch i x sonlar 

to ‘plam i, bunda a <b.  M asalan, [2; 5] kesm a — bu  2 < x < 5 tengsiz likn i 
q an o a tlan tiru v ch i x son lar to ‘plam i.

{a; b) in te rv a l (oraliq ) a < x  < b te n g siz lik n i q an o a tlan tiru v ch i 
x son lar to ‘plam i, bunda a < b. M asalan, ( -2 ; 3) in te rv a l -  bu - 2  < x < 3 
tengsiz likn i q an o a tlan tiru v ch i x son lar to 'p lam i.

[a; b) yar im  interval  a < x < b  tengsiz likn i q an o a tlan tiru v ch i x son
la r to ‘pi am i, (a; b] yarim  in te rv a l esa a < x  < b tengsiz likn i q anoat
la n tiru v ch i x so n lar to ‘plam i, a < b. M asalan, [3; 8) y a rim  in te rv a l 
3 < x < 8 te n g siz lik n i q a n o a tla n tiru v c h i x so n la r to ‘p lam i. ( -4 ; 2] esa 
- 4  < x  < 2 tengsiz likn i q an o a tlan tiru v ch i son lar to ‘plam i.

N u r  x >  a,  yoki x  < a,  yoki x > a ,  x < a  tengsiz likn i qano a tlan tiru v ch i 
x son lar to ‘plam i. M asalan, x  > 5 n u r 5 dan k a tta  son lar to ‘plam i.
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3. a  sonning m oduli (| a \ kabi belgilanadi) quyidagi fo rm ula  bilan 
t a ’r if lan ad i:

. , I a, agar a > 0 bo‘lsa,
|o |=  ■<

[-a,  agar a < 0 bo‘lsa.
G eometrik  nuq tay i nazardan  | a \ — bu 0 nuq tad an  a sonni tasv ir-  

lovchi nuq tagacha  bo ‘lgan masofa; \ a -  b \ -  Ъи a b n u q ta la r  orasi- 
dagi m asofadir .

Is ta lgan  a son uchun | a  | > 0 tengsizlik  bajarilad i,  bunda faqa t a  = 0 
bo‘lgandagina | a  | = 0 bo‘ladi.

I x I < a tengsiz likn i (bunda a  > 0) [ - a ;  a] kesm adagi x  nuq ta la r ,  
ya’ni - a < x < a  tengsizlikni qanoatlan tiruvchi x  sonlar qanoatlantiradi.

I x I < a  te n g s iz l ik n i  (bunda  a  > 0) ( - a ;  a) in te rv a l  (o ra liq )dag i 
x sonlar, y a ’ni - a  < x  < a tengsizlikni qanoatlan tiruvchi x  sonlar qanoat
lan tirad i .

I x I > a  tengsiz likn i (bunda a  > 0) barcha x  < - a  va x  > a  sonlar 
q an o a t lan t irad i .

I x I > a  tengs iz likn i (bunda a >  0) b a rcha  x < - a  va x >  a son lar 
q an o a t lan t irad i .

4. Sonli ifodalar — am alla r  isho ra lari  bilan b ir la sh tir i lg an  son
la rdan  tuz ilgan  yozuv.

M asalan, 1,2*(— 3)—9:0 ,5— sonli ifoda.
Sonli  i fodaning qiymati  -  shu  ifodada ko‘rsa ti lgan  am allarn i baja- 

r ish  na tijas ida  hosil bo‘lgan son. M asalan, - 2 1 ,6  soni 1,2 • ( -3 )  -  9 : 0,5 
ifodan ing  q iym ati .

5. A m allarni bajarish tartibi.
Birinchi bosqich amal lar  -  qo‘sh ish  va ayirish.
Ikk inch i  bosqich amallar  -  ko ‘p ay tir ish  va bo‘lish.
Uchinchi bosqich am al -  d a ra jaga  ko‘ta rish .
1) ag a r  ifodada qavs lar  ish ti ro k  e tm asa , avval uch inch i bosqich 

am alla r  bajarilad i,  so‘ngra  ikkinchi bosqich va oxirida  b ir inch i bosqich 
am alla r  bajariladi: bunda ayni b ir  xil bosqichlarga doir am alla r  u lar  
qanday ta r t ib d a  yozilgan bo‘lsa, xuddi shunday  ta r t ib d a  bajariladi;

2) agar  ifoda qavslardan  tuz ilgan  bo‘lsa, avval qavs ichidagi sonlar 
us tidag i barcha am alla r  ba jarilad i,  so‘n g ra  esa qolgan am alla r  b a ja r ila 
di; bunda  qavs ich idag i va qavsdan  ta sh q a r id ag i  am alla r  1 -b an d d a  
ko‘rsa t i lgan  ta r t ib d a  bajariladi;

3) ag a r  k a s r  ifodan ing  q iym ati  h isob lanayo tgan  bo‘lsa, u holda 
k as rn ing  su ra t i  va m axra jidag i am alla r alohida ba jarilad i va b irinchi 
n a tijan i ikk inchisiga  bo ‘linadi;
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4) agar  ifoda boshqa qavslar ichida joylashgan qavslardan  tashkil 
topgan bo‘lsa, u holda avval ichki qavslardagi am alla r bajariladi.

6. Sonning standart shakli, bu a • lO" kabi ko‘rin ishdagi yozuv, b u n 
da 1 < I a  I <10, n -  bu tu n  son, a -  sonning m antissasi, n -  sonning 
tartibi. Masalan, 345,4 =  3,454 • 102, 0,003 = 3 • 10 3, -0 ,1 2  = -1 ,2  • 1 0 1.

7. Y aqinlashish xatolig i.
Yaqin lash ishn ing  absolut xatol igi  — k a t ta l ik n in g  an iq  qiym ati 

bilan un ing  taqrib iy  q iym ati o rasidagi ay irm an ing  moduli. A gar a — 
taqrib iy  son, x esa aniq son bo‘lsa, u holda absolut xatolik  | x -  a  | ga 
teng.

x  = a ± h yozuvi yaqin lash ishning  absolut xatoligi h dan ortib  ket- 
m asligini bildiradi, y a ’ni \ x  -  a\< h yoki a -  h<  x  <a + h. Bunda x son
a ga h gacha aniqlik bilan teng  deyiladi. Masalan, я = 3,14 ± 0,01 yozuvi

|я  -  3,14 I < 0 ,0 1 ,  y a ’ni я soni 3 ,14 ga 0,01 gacha aniqlik bilan teng li
gini bildiradi.

Sonni kami bilan 10 " gacha aniqlikda yaxl i t lashda  vergu ldan  ke- 
yingi dastlabki n ta  belgi saqlanib qoladi, keyingilari esa tash lab  yu- 
boriladi. M asalan, 17,2397 sonin i kam i bilan  m ing lik la rgacha , y a ’ni 
10 3 gacha aniqlikda yax litlashda  17,239, yuzlik largacha yaxlitlashda 
17,23, o ‘n lik largacha yaxlitlashda 17,2 hosil qilinadi.

Sonni ortig‘i bilan 10 n gacha yaxli tlashda  verguldan keying! n- bel
gi (raqam) b ir  b ir l ikka o r t t i r i lad i ,  keying! barcha belgilar esa tashlab 
yuboriladi. Masalan, 2,5143 sonini o r t ig ‘i bilan m inglik largacha an iq 
likda yaxlitlashda 2,515, yuzlik largacha yaxlitlashda 2,52, o ‘nliklar- 
gacha yax litlashda  2,6 hosil qilinadi.

Ikkala holda ham yaxlitlash  xatoligi 1 0 "  dan ortm aydi.
E ng  kichik xatol ik  bilan yaxlitlash:  agar berilgan sonning birinchi 

tash lab  yuborilad igan  raqam i 5 dan kichik bo‘lsa, u  holda kam i bilan 
yaxlitlanadi, bordi-yu, bu raqam  5 dan k a t ta  yoki unga teng  bo‘lsa, 
o r t ig ‘i bilan yaxlitlanadi. M asalan, 8,351 sonini yuzlik largacha y ax l i t
lashda 8,35 ni, o ‘n lik largacha yax litlashda  esa 8,4 ni hosil qilamiz.

x = a  yozuvi a son x  sonning taqrib iy  q iym ati ekanlig in i bildiradi.

Masalan, V2 ~ 1,4.
Nisbiy xatolik  absolut xato likni m iqdorning  taq rib iy  q iym ati mo- 

duliga n isbati (bo‘linmasi). A gar x -  aniq qiym at, a -  taq rib iy  qiym at

bo‘lsa, u holda nisbiy xatolik  Ц ^  ga teng  bo‘ladi.
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Nisbiy xatolik  odatda  p ro tsen t la rd a  ifodalanadi. Masalan, ag a r  m iq
dorn ing  aniq qiym ati 1,95 ga teng , taqrib iy  q iym ati 2 ga teng  bo‘lsa, u 
holda yaq in lash ish in ing  nisbiy xatoligi

|2 -1 ,9 5 | |0,05| n  OK , • о ко/1— = о, 25 yoki 2 ,5% .

A lgeb raik  ifod alar

8. A lg eb ra ik  ifoda  — am alla r  ishoralari bilan b ir la sh tir i lg an  son
la r  va h a rf la rd an  tuz ilgan  ifoda. A lgebraik  ifodalarga  misollar:

2(m + n); 3a + 2ab - 1 ;  (a  -  b)2; 2x- -y- .

Algebraik i fodaning  q iymat i  -  bu ifodadagi h a r f la r  son lar bilan 
a lm ash tir i lgandan  keyin q ilingan hisoblash na tijas idag i son. Masalan, 
a = 2 va b — S b o ‘lganda 3a+2ab -  1 ifodan ing  son q iym ati  3 • 2 + 
+  2 - 2 - 3  -  1 = 17 bo ‘ladi.

9. A lg eb ra ik  y ig ‘ind i -  « + » yoki «-»  ishoralari bilan b ir lash tir i lgan  
b ir  nechta algebraik ifodalardan  tuz ilgan  yozuv.

Qavslarni ochish tartibi.
1) A gar  a lgebraik  ifodaga qavs ichiga olingan algebraik y ig ‘indi 

qo‘shilsa, u holda shu  algebraik y ig indidagi h a r  b ir  qo‘sh iluvchin ing  
ishorasini saqlagan holda qavslarni tashlab  yuborish mum kin, masalan,

14 + (7 -  23 + 21) = 14 + 7 -  23 + 21, 
a + ( b - c - d )  = a + b -  c - d .

2) A gar algebraik ifodadan qavs ichiga olingan algebraik y ig ‘indi 
ayirilsa , u holda shu  algebraik y ig ‘indidagi h a r  b ir  qo‘sh iluvchin ing  
ishorasin i qaram a-qarsh is iga  a lm ash tiri lib ,  qavslarn i tash lab  yuborish  
m um kin , masalan,

14 -  (7 -  23 + 21) = 14 -  7 + 23 -  21, 
a - ( b - c - d )  = a -  b + c + d.

10. B irhad  — sonli va h a rf iy  ko ‘pay tiuvch ila rn ing  ko‘paytm asidan  
ibo ra t a lgebraik ifoda.

B irhadlarga  misollar: 3ab, -2 a b 2c3, a2, a, 0 ,6 x y by 2, - t 4.
Masalan, 3o2(0,4) • b (-5 )c3 b irhadn ing  sonli ko ‘pay tuvch ila ri  3; 0,4; 

- 5 ,  harf iy  ko‘paytuvchila ri esa a2, b, c3.
S t a n d a r t  shakldagi  birhad  -  b ir inch i o‘r in d a  tu rg a n  faq a t  b i t ta  

sonli ko‘paytuvchidan va har xil harfiy asosli darajalardan tuzilgan birhad.
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Birhadni s ta n d a r t  shaklda  yozish uchun un ing  ham m a sonli ko‘pay- 
tuvch ila r in i o ‘zaro k o ‘pay tir ish  va n a t i jan i  b ir inch i o ‘r in g a  qo‘yish, 
so ‘n g ra  b ir  xil ha rf iy  ko ‘pay tuvch ila rn ing  ko ‘paytm asin i dara ja  sh ak 
lida yozish kerak.

Birhadning  koeff i ts iyenti  -  s ta n d a r t  shaklda  yozilgan b irhadn ing  
son ko‘paytuvchisi.

Masalan, b irhadn ing  koeffis iyenti |  ga teng, - 7 a Ab b irh ad 

n ing  koeff its iyen ti  - 7  ga teng , a2bc b irh ad n in g  koeff i ts iy en ti  1 ga
teng , - a b 2 b irhadn ing  koyeffits iyenti -1  ga teng.

11. K o ‘p had  — bir  nechta  b irhad la rn ing  algebraik y ig ‘indisi.
K o‘phadga  misollar:
4o62c3 -  b irhad , 2ab -  Sbc -  ikk ihad , 4ab + Sac -  be -  uchhad.
K o ‘p hadn ing  hadlari -  k o ‘phadni tashkil qiluvchi b irhad lar .  Ma

salan, 2ab'2 -  3a2c + Ibc -  4bc ko‘phadning hadlari 2ab2, - 3 a 2c, 7bc, -4bc  
bo‘ladi.

O'xshash hadlar  -  faqa t koeffits iyen tla r i  bilan fa rq  qiluvchi b irh ad 
lar yoki b ir  xil b irhad lar .

O'xshash hadlarni  ixchamlash -  ko ‘phadni soddalash tir ish , bunda 
o ‘xshash b irhad larn ing  algebraik y ig ‘indisi b i t ta  b irhad  bilan alm ashtiri-  
ladi. Masalan:

2ab -  4bc + ac + Sab + be = bab -  Sbc + ac.

Ko 'phadning  s ta ndar t  shakli -  ko‘phadn ing  ham m a hadlari s ta n 
d a r t  shaklda  yozilgan va u la rn in g  orasida o‘xshash  had lar  bo‘lm agan 
yozuvi.

Birhadlar  va ko‘phad lar  us t ida amallar:
1) b ir  nechta  ko‘phad larn ing  algebraik y ig ‘indisin i s ta n d a r t  shak l

dagi ko‘phad ko‘r in ish ida  yozish uchun qavslarn i ochish va o ‘xshash 
had la rn i ixcham lash kerak , masalan,

(2azb -  Sbc) + {a2b + bbc) -  (Sazb -  be) =

= 2агЬ -  Sbc + a 2b + 5bc -  Sa2b + be = Sbc.

2) ko ‘phadn i b irhadga  ko ‘pay tir ish  uchun  ko‘phadn ing  h a r  b ir  h ad i
ni shu  b irhadga  ko‘pay tir ish  va hosil bo‘lgan ko ‘pay tm ala rn i qo‘shish 
kerak, masalan,

(2ab -  Sbc)(4ac) = (2ab)(4ac) + (-Sbc)(4ac) = 8 a zbc - 1 2 a b c 2.
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3) ko‘phadni ko ‘phadga ko‘pay tir ish  uchun  b irinch i ko ‘phadning  
h a r  b ir  had in i ikk inch i ko ‘phadn ing  h a r  b ir  had iga  ko‘p ay t ir ish  va 
hosil bo ‘lgan ko ‘p ay tm ala rn i qo‘sh ish  kerak. Masalan,

(5a -  2b){2>a + 4b) = (5a)(3a) + (5a)(4b) +

+(-2b)(3a) + (-2b)(4b) = 15a2 + 14ab -  8b2.

4) ko‘phadni b irhadga bo‘lish uchun ko‘phadning  har  b ir  hadini shu 
b irhadga  bo‘lish va hosil bo‘lgan n a t i ja la rn i  qo 'sh ish  kerak , masalan,

(4a3b2- 1 2 a 2b2) : (2ab) = (4 a 3b2) : (2ab) + ( -1 2 a 2b3) : (2ab) = 2 a2b - 6 a b 2.

12. Qisqa k o ‘p ay t ir ish  fo rm u la la r i .
1) (a + b)2 = a 2 + 2ab + b2;
2) (a -  b)2 = a 2 -  2ab + b2;

3) (a + b)3 = a3 + 3 a 2b + 3b2a + b3;
4) (a  -  b)3 = a3 -  3 a 2b + Sab2 -  b3;
5) a2 -  b2 = (a  + b)(a -  b);
6) a 3 + b3 = (a  + b)(a2 -  ab + b2);

7) a 3 - b 3 = (a  -  b)(a2 + a b  + b2).

13. K o‘p h a d n i  k o ‘p a y tu v c h i la rg a  a j r a t i s h  -  ko ‘phadni ikki yoki 
b ir  nech ta  ko ‘p h a d la rn in g  ko ‘pay tm asi shak lida  ifodalash , masalan,

4 x 2 - 9 y 2 = (2 x +  3 y ) ( 2 x - 3 y ) .  K o 'phadn i ko ‘pay tu v ch ila rg a  a jra tish -  
da quyidagi usuLlardan foydalaniladi.

1) U m um iy  ko'paytuvchin i  qavsdan tashqariga chiqarish.  Masalan, 
Зад: + 6ay = 3a(x  + 2y).

2) Gur'uhlash usuli.  Masalan,

а 3 -  2 а 2 -  2a + 4 = ( a 3 -  2 a 2) -  (2a -  4) =

= a 2 (a -  2) -  2 (a  -  2) = (a  -  2)(a2 -  2).
3) Qisqa ko‘payt ir ish for'mulalarini qodlash.  Masalan,

9 x 2 - ~ y 2 = {3 x  + - y ) ( 3 x - - y ) ;
16 4 4

27л:3 + S y 6 = ( 3 x  + 2 y 2)(9x2 - 6 x y 2 +4z/4); 

z2 -  14z + 49 = (z -  7)2.
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K vadra t  uchhadni  ko‘paytuvchilarga ajratish -  un i a x 1 + bx + с = 
=  a(x  -  x x)(x -  x.j) kab i k o ‘r in i s h d a  ta s v i r la s h ,  b u n d a  x, va x 2 la r  
a x 2 + bx + с = 0 k vad ra t  teng lam an ing  ildizlari. Masalan,

2x2 + 3x -  2 = 2
1x  —  
2

(x  + 2).

14. A lgebraik kasr -  su ra t i  va m axra ji  algebraik ifodalardan iborat 
kasr.

2
A lgebraik kasrla rga  misollar: 3x~2lj  ш A lgebraik kasr  yozuvida

с a+l
qo‘llanilgan h a r t f la r  faqa t shu  kasrn ing  m axra ji  nolga teng  bo‘lmay- 
digan q iym atlarn i qabul qilishi m um kin, deb faraz  qilinadi.

Kasrn ing  asosiy xossasi:  s u ra t  va m axra jin i ayni b ir  xil algebraik 
ifodaga ko ‘pay tirganda  unga teng  kasr  hosil bo‘ladi. Masalan,

a -  b {a -  b)(a -  b) {a -  b)~

a + b (a + b)(a -  b) a 2 -  b1

K asrn ing  asosiy xossasidan foydalanib, a lgebraik kasrn i un ing  su ra t  
va m axrajin ing um um iy ko‘paytuvchisiga q isqartir ish  mumkin. Masalan,

x 2 -  1 (x  -  1)(x + 1) x + 1

x'! -  1 (x  -  l ) ( x “ + X + 1) X 2 + X +  1

Algebraik kasrlarni  qo‘shish va ayirish  sonli kas r la r  uchun  qo‘llani-
ladigan qoidalar bo‘yicha olib boriladi.

Ikki yoki b ir  nechta k as r la rn ing  algebraik y ig ‘indisin i topish uchun 
bu kasr la rn i um um iy m axra jga  keltir i lad i va b ir  xil m axra jl i  kasrla rn i 
qo‘shish  qoidasidan foydalaniladi.

1 1
Masalan, ~v~ va 2  k as r la rn ing  um um iy m axra ji a2b2 ga teng, 

a b a b
sh u n in g  uchun

1 1 b a b + a
2 , ^ 7 i _ 2 , 2  + 2 , 2  _ 2 , 2  ‘ a b ab a b a b a b

A lgebra ik  k a s r la rn i  k o ‘p ay t ir ish  va bo‘lish sonli k a s r la r  uchun
qo‘llan ilgan  qoidalar bo‘yicha olib boriladi, masalan,

2a b2 _  2ab2 _  1 ^  x 2 -  у 2 x  + у  _  (x 2 -  z/2) • 4 x  _  2(x -  y)
3b 4a 3b ■ 4a 6 2xy  4x 2 x y (x  + у) У
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15. A yniyat -  unga k irg an  h a r f la rn in g  joiz q iym atla r ida  to ‘g ‘ri 
bo‘lgan tenglik . M asalan, quyidagi teng lik la r  ayn iyat bo‘ladi:

a 1 - b 1 = ( a -  b)(a + b)\ yfa* = |a|,
2  ,

2  2  1  d  ~  1sm a + cos a = 1,-----= a + 1.
a -  1

DARAJALAR VA ILDIZLAR  

16. a sonning 1 dan k atta  bo‘lgan n  natural ko‘rsatk ich li darajasi,
bu a ga teng  n ta  ko‘pay tuvch in ing  ko‘paytm asi,  y a ’ni,

an -  a ■ a ■ ■  a .
n  m a r t a

M asalan , 23 - 2 - 2 - 2 ,  m b = m ■ m ■ m - m  - m .
5  m a r t a

D arajan ing  a" yozuvida a son -  d ara jan ing  asosi, n -  d a ra ja  ko ‘rsat-  
kichi. M asalan, 23 yozuvida 2 soni -  d a ra jan ing  asosi, 3  soni -  dara ja  
k o ‘rsa tk ich i .

S o n n ing  birinchi darajasi -  sonning o‘zi: a 1=a . Masalan,

„.,3, f i - t . i .
1 1 1 J '1

Darajaga ko‘tarish amali  sonning dara jas in i top ishdir .
Dara ja larn ing  asosiy xossalari:
1) teng  asosli d a ra ja la rn i  ko ‘pay tir ish d a  asos avvalg icha qoladi, 

d a ra ja  ko‘rsa tk ich la r i  esa qo‘shiladi:
an - am = an+m;

2) teng  asosli da ra ja la rn i  bo ‘lishda asos avvalgicha qoladi, dara ja  
ko ‘rsa tk ich la r i  esa ayiriladi:

an: am =  a” m;

3) d a ra ja n i  d a ra ja g a  ko‘ta r i s h d a  asos avvalg icha qoladi, da ra ja  
ko‘rsa tk ich la r i  esa o ‘zaro ko‘paytir ilad i:

(an)m = anm;

4) ko‘pay tm ani dara jaga  ko ‘ta r ish d a  har  b ir  ko ‘pay tuvch i shu  d a ra 
jaga ko ‘ta rilad i:

(a ■ b)n = an ■ bn;
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5) kasrn i dara jaga  ko‘ta rishda  uning  s u ra t  va m axra ji  shu  darajaga 
ko‘ta ri lad i:

17. a sondan kvadrat ild iz -  k v a d ra t i  a ga ten g  bo‘lgan  son. 
Masalan, 6 -  bu 36 sonidan kvad ra t  ildiz; - 6  soni ham 36 sonidan 
kv ad ra t  ildiz.

K v a d r a t  i ld iz  ch iqarish -  k v a d ra t  i ld izn i  to p ish  am ali .  F aq a t  
nom anfiy  sondan k v ad ra t  ildiz chiqarish  m um kin.

a sondan olingan (chiqarilgan) ar ifmet ik  kvadrat  ildiz -  kvadra ti  
a ga te n g  b o ‘lgan  nom anfiy  son. Bu son b u n d ay  be lg ilanad i:  Va. 

M asalan , Vl6 = 4, Vl44 = 12 .
\fa ifoda faqa t a > 0  bo‘lganda m a ’noga ega, bunda

Va > 0, (Va)2 = a.

K v a d ra t  i ld iz la rn in g  xossalari:
1) ag ar  a > 0 ,  b>0  bo‘lsa, u holda \[ab = \fa ■ \fb bo‘ladi. Masalan, 

Vl44 • 196 = Vl44 Vl96 =12 14 = 168 .
/V w

2) A gar a > 0, b > 0 bo‘lsa, u holda \ bo‘ladi. Masalan,
ь sjb

169 V l69 13

225 V225 15 ’

3) A gar a > 0 , n -  n a tu ra l  son bo ‘lsa, Va2n = a" bo‘ladi. Masalan,

V ?  = 3 3 = 27 .
Bu xossa lardan  k v a d ra t  i ld iz lar  qa tn ash g an  ifodalarn i a lm ashti-  

r ishda  foydalaniladi. Bu a lm ash tir ish la rdan  asosiylari: 
ko'paytuvchini  ildiz belgisi ostidan chiqarish:

ag ar  a > 0 ,  6 > 0  bo‘lsa, u  holda \ ja2b = aVb bo‘ladi; 
ko'paytuvchini  ildiz belgisi ostida kiritish:

agar  a > 0 ,  b>0  bo‘lsa, u holda aVh = yja2b bo‘ladi.
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TENG LA M ALA R

18. Bir n o m a ’lum li  te n g la m a  -  h a r f  b ilan  belgilangan nom a’lum ni 
o ‘z ichiga olgan tenglik .

Tenglamaga misol: 2x + 3 = 3x + 2, bunda x -  topilishi kerak bo‘l- 
gan nom a’lum  son.

TengLamaning ildizi -  nom a’lum ning  tenglam ani to ‘g ‘r i tenglikka 
ay lan tiruvch i qiym ati.

Masalan, 3 soni x + 1 = 7 -  x tenglamaning ildizi, chunki 3 + 1 =  7  -  3.
Tenglamani yechish -  un ing  barcha ild iz larin i topish yoki u la rn ing  

yo‘q lig ini isbotlash dem akdir.
Tenglamalarn ing  asosiy xossalari:
1 ) teng lam an ing  is tagan  hadini un ing  b ir  q ism idan ikkinchi qismiga 

qaram a-qarsh i ishora  bilan olib o ‘t ish  m um kin.
2 ) teng lam aning  ikkala  qism ini nolga teng  bo‘lm agan ayni b ir  songa 

ko‘p ay t ir ish  yoki bo ‘lish mum kin.
19. K v a d ra t  te n g la m a ,  bu  a x 2 + bx + с = 0 ko ‘rin ishdag i tenglam a, 

bunda  a, b va с -  berilgan  sonlar, shu  bilan b irga  a * 0 , x -  nom a’lum 
son.

K v ad ra t  teng lam an ing  k oeff its iyen tla r i  quyidagicha ataladi: а -  
b irinch i yoki bosh koeffits iyen t,  b -  ikkinchi koeffits iyen t,  с -  ozod 
had.

K v ad ra t  teng lam aga misollar: 2x 2 -  x -  1 =  0, 3x 2 + 7x = 0.
Chain kvadra t  tenglama  ham  a x 2 + bx + с = 0 ko ‘r in ishdag i k vad ra t  

teng lam a, ammo unda  b yoki с koeffits iyen tla rdan  aqalli b it tas i  nolga 
ten g  bo‘ladi.

Chala kvadra t tenglamalarga misollar: x 2 =  0, 5x2 + 4 = 0, 8 x 2 + x = 0.

—b i  v  b^ — 4acK v adra t  tenglama i ldiz larining formulasi:  x, 2 = ------------------- .
2 a

M asalan, 3x2+  5x -  2 = 0 teng lam a ikk ita  ildizga ega:

- 5  ± V25 + 24 - 5  ± 7  , . 1
x, 9 = -------------------= --------- , ya m  X. = - ,  x 9 = -2 .

6 6 1 3 2

Kelt ir ilgan kvadrat  tenglama  x 2 + px  + <7 = 0 ko‘rin ishdag i tenglama.
K elt ir i lgan  k v a d ra t  teng lam a ild iz larin ing  formulasi:
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Masalan, x 2 -  6 x -  7 = 0 teng lam an ing  ildizlari:

x l 2 = S ±  \l9 + 7 = 3 ± 4, y a ’ni x 1 =  7, x 2 =  - 1 .

Viyet teoremasi.  K eltir ilgan  kvad ra t  tenglam a ild iz larin ing  y ig ‘in- 
d is i q a ra m a -q a rsh i  i s h o ra  b ilan  o l in g an  ik k in c h i  k o e f f i t s iy e n tg a ,  
u la rn ing  ko‘paytm asi esa ozod hadga teng.

Shunday  qilib, agar  va x., la r  sonlar x 2 + p x  + q = 0 kvad ra t  
teng lam aning  ild izlari bo‘lsa, u  holda х г + x., = - p ,  x 2 • x 0 = q bo‘ladi.

Viyet teoremasiga teskari  teorema.  A gar p, q, x ^  x 2 sonlar uchun 
x { + x 2 = -p ,  x^x,, = q teng lik lar  o ‘rin li bo‘lsa, u holda x, va x 2 sonlar 
x 2 + p x  + q = 0 teng lam aning  ildizlari bo ‘ladi.

20. Ikki nom a’lum li ikkita  tenglam a sistem asi -  b irgalikda qarala- 
d igan  x  va у  nom a’lumli ikk ita  tenglam a.

Ikki nom a’lumli ikk ita  teng lam a sistem asiga misol:

S is temaning  yechinii -  shu s istem aga qo‘yganda uning h a r  bir tengla- 
m asini to ‘g ‘ri tenglikka ay lan tirad igan  x va z/ sonlar ju f t i .

ju f t i  bo‘ladi.
Sis temani  yechish -  un ing  barcha yechim larin i topish  yoki u la rn ing  

yo‘qligini isbotlash  dem akdir.
T englam alar s is tem asin i yechishda quyidagi usullar  qoTlaniladi:
1 ) 0 ‘rniga qo‘yish usuli.
Tenglam alarn ing  b iro r tas idan  b ir  nom a’lum ikkinchisi orqali ifoda 

qilinadi va s is tem aning  boshqa tenglam asiga qo‘yiladi.

\a^x + bxy  = c,,
2) Algebraik qo'shish usuli.  U shbu j _ ko ‘r in ishdag i

I a2X + b2y — c2
s is tem ani yechish uchun  nom a’lum lardan  b ir in ing  koeffits iyen tla r in i 
modullari bo‘yicha teng lash tirib ,  s istem a teng lam alarin i hadlab qo‘shish 
yoki ay irish  orqali shu  nom a’lum yo‘qotiladi.

3) Grafik usul.  S is tem a ten g lam a la r in in g  g ra f ik la r i  yasalad i va 
u la rn in g  kesish ish  n u q ta la r in in g  koo rd ina ta la r i  topiladi.

Masalan, ushbu
4 x - y  = 2. 
5x + у  = 7

sis tem aning  yechimi x  = 1, у  = 2 sonlar
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T E N G SIZ L IK L A R

21. Sonli ten g s iz l ik la r .
a > b tengsizl ik  a -  b ay irm a m usbat ekanlig ini bildiradi.
a < b tengsizl ik  a -  b ay irm a m anfiy  ekanlig ini b ildiradi.
A gar  a > b bo ‘lsa, u holda b < a  bo‘ladi.
Tengsizl ik  > yoki < belgilari bilan b ir la sh tir i lg an  ikk ita  sonli yoki 

a lgebraik  ifoda.
Tengsizlik larga misollar: 4 > 7 -  5; 2a + b < a2 + b2.
Is ta lgan  ik k i ta  a va  b son uchun  quyidagi u ch ta  m unosabatdan  

faqa t b iri to ‘g ‘ri bo ‘ladi: а > b, а = b, а < b.
Sonli  tengs izl ik larning asosiy xossalari:
1) A gar a > b va b > с bo‘lsa, u holda а > с bo‘ladi.
2) A gar tengsiz likn ing  ikkala  qism iga ayni b ir  xil son qo ‘shilsa, 

yoki ayirilsa , u holda tengsizlik  belgisi o ‘zgarm aydi: ag a r  а > b bo‘lsa, 
u holda is ta lgan  с uchun  a + c > b  + c v a a - c > b - c  bo ‘ladi.

Is ta lgan  sonni tengsiz likn ing  b ir  qism idan ikkinchi qismiga, un ing  
ishorasin i qaram a-qarsh is iga  o ‘zga rt ir ib  olib o ‘tish  m um kin.

3) Tengsizlikning ikkala qismini nolga teng  bo‘lm agan songa ko‘pay- 
t i r ish  yoki bo ‘lish m um kin , bunda, agar  bu son m usbat bo‘lsa, tengsizlik  
ishorasi o ‘zgarm aydi, ag a r  bu son m anfiy  bo‘lsa, u holda tengsizlik  
ishorasi qaram a-qarsh is iga  o ‘zgaradi, y a ’ni ag a r  a > b bo ‘lsa, u holda

с > 0 bo‘lganda ac > be va  — > —,
с с

с < 0 bo ‘lganda ас < be va — .
с с

Tengs iz l ik larni  qo'shish.  Bir xil ishora li  tengs iz l ik la rn i  qo ‘sh ish  
m um kin , bunda xuddi shu  ishorali tengsizlik  hosil bo‘ladi: ag a r  a >  b 
va с > d  bo 'lsa , u holda а + с > b + d  bo ‘ladi.

M asalan:

4 > 3 ,5  2,3 < 3 ,5
+ -  2 > -  5 + -  4 < -  3

2 > - 1 , 5  -1 ,7  < 0 ,5

Tengsizl iklarni  ko‘paytir ish.  Chap va o ‘ng q ism lari m usbat bo‘lgan 
b ir  xil ishorali tengsiz lik larn i hadlab ko ‘pay tir ish  m um kin , bunda xuddi 
shu  ishorali tengsizlik  hosil bo ‘ladi: agar  a > b, с > d  va a, b, c, d  m usbat 
sonlar bo ‘lsa, u holda ac > bd bo ‘ladi.
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M asalan,

2,4 >2 ,1
x 4 > 3

9,6  > 6,3

1,7 < 2 ,3
x 2 < 3

3,4 < 6,9

A gar a > b va  a, b m usbat son lar bo ‘lsa, u holda a2 > b2, a :i > b:i va, 
um um an, ista lgan na tu ra l n uchun an > bn tengsizlik  bajariladi. Masalan, 
62 > 52, 63 > 53, 6 12 > 512.

Qat’iy tengs izl iklar > (katta)  va < (kichik) ishorali tengsizlik lar.  
Masalan, 5 > 3 ,  x  < 1.

Noqa t ’iy tengsizl iklar > (ka tta  yoki teng) va < (kichik yoki teng) 
ishorali tengsiz lik lar. Masalan, a2 + b2 > 2ab, x  <3.

a > b no q a t’iy tengsizlik  a > b yoki a = b ekanlig ini bildiradi.
N o q a t ’iy tengsizl ik larn i  xossalari  xudd i q a t ’iy tengs iz l ik la rn ing  

xossalari kabidir .  Bunda q a t ’iy tengsiz lik larn ing  xossalarida > va < 
ishora lari,  n oqa t’iy tengsiz lik larn ing  xossalarida esa > va < ishoralari 
qarama-qarshi ishoralar  deyiladi.

Ikk ita  a va b sonning o’rta ari fmetigi:  <̂ ~ .

Ikk ita  a va b sonning o ‘r ta  geom etrigi: yfob.

A gar a  > 0, b > 0 bo‘lsa, u holda ~ bo‘ladi.

22. B ir  n o m a ’lum li  ten g s iz l ik  -  h a r f  bilan belgilangan nom a’lum 
sonni o ‘z ichiga olgan tengsizlik.

Bir nom a’lum li b irinchi dara ja li  tengsiz lik larga  misollar:

B ir  n o m a ’lumli  tengs iz l ikn ing  yechimi -  nom a’lum n ing  berilgan  
tengsiz likn i to ‘g ‘ri sonli tengsizlikka ay lan tiruvch i qiymati.

M asalan, 3 soni x  + 1 > 2 -  x  tengsiz likn ing  yechimi bo‘ladi, chunki 
3 + 1 > 2 -  3.

Tengsizl ikni  yechish -  un ing  barcha yechim larin i topish yoki u la r 
n ing  yo‘qlig ini isbotlash dem akdir.

B ir  no m a ’lumli tengsizl iklarning asosiy xossalai'i:
1) te n g s iz l ik n in g  is ta lg a n  h a d in i  u n in g  b i r  q ism idan  ik k in ch i  

q ism iga ishoras in i qa ram a-qarsh is iga  o ‘z g a r t i rg a n  holda olib o ‘t ish  
m um kin , bunda  tengsizlik  ishorasi o ‘zgarm aydi:

3x + 4 < 5x -  2; -  x  -  1 > .
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2) tengsiz likn ing  ikkala qismini nolga teng  bo‘lm agan ayni b ir  xil 
songa ko ‘pay t ir ish  yoki bo‘lish m um kin: agar  bu son m usbat bo‘lsa, 
tengsizlik  ishorasi o ‘zgarm aydi, bordi-yu, bu son m anfiy  bo‘lsa, u holda 
tengsizlik  ishorasi qaram a-qarsh is iga  o ‘zgaradi.

Bir  no m a ’lumli  birinchi darajali tengsizl iklar sis temasi -  ayni bir 
nom a’lum sonning b ir inch i dara jas in i o ‘z ichiga olgan va birgalikda 
qara lad igan  ikki yoki b ir  nechta  tengsizlik lar.

Tengsiz l ik lar  s is tem as in ing  yechimi -  nom a’lum ning  s is tem an ing  
ham m a tengsiz lik la r in i to ‘g ‘ri sonli tengsiz likka ay lan tiruvch i qiym ati.

Tengsizl iklar sis temasini  yechish  -  un ing  barcha yechim larin i topish 
yoki u la rn in g  yo‘qligini isbotlash dem akdir.

F U N K SIY A L A R  VA G R A FIK L A R

23. Funksiya . A gar b iro r  sonlar to ‘plam idan olingan h a r  b ir  x songa 
у son mos qo‘yilgan bo ‘lsa, u  holda shu  t o ‘plam da y(x)  funksiya  berilgan 
deyiladi. Bunda x  n i erkli o 'zgaruvchi  (yoki argument) ,  у  n i esa erksiz  
o‘zgaruuchi  deyiladi.

F u n ks i ya n in g  aniq lanish  sohasi -  u n in g  a rg u m e n ti  qabul qilish i 
m um kin  bo‘lgan barcha q iym atlar  to ‘plami.

A g a r  f u n k s iy a  fo rm u la  b i la n  b e r i lg a n  b o ‘lsa ,  u h o ld a  u n in g  
an iqlanish  sohasi -  a rg u m en tn in g  shu form ula  m a’noga ega bo‘ladigan 
q iym atlari to ‘plami bo‘ladi.

M asalan, у = J x  -  2 funksiya  x  > 2 bo‘lganda aniqlangan.
A gar b iro r  oraliqda a rg u m e n tn in g  k a t ta  q iym atiga  funksiyan ing  

k a t ta  q iym ati mos kelsa, y(x)  funksiya  shu oraliqda o ‘suvchi deyiladi, 
y a ’ni shu  oraliqqa tegishli ix tiyoriy  x v  x 2 uchun x 2 > x 1 bo‘lsa, u holda 
У(х >) > yix^) bo‘ladi. Masalan, у =  x 3 funksiya  son o ‘qi R  da o ‘sadi. у = 
x 2 funksiya  x > 0 oraliqda o ‘sadi.

A g ar  b iro r  oraliqda a rg u m en tn in g  k a t ta  q iym atiga  funksiyan ing  
kichik qiym ati mos kelsa, u holda y{x)  funksiya  shu  oraliqda kam ayuvchi 
deyiladi, y a ’ni shu  oraliqqa teg ish li bo‘lgan is ta lgan  x x, x 2 uchun x., > x, 
bo ‘lsa, u holda y{x.j) < y {xx) bo‘ldi. Masalan, у  = - 2 x  funksiya  son o ‘qi 
R  da kam ayuvchi bo‘ladi; у = x 2 funksiya  x < 0 oraliqda kamayadi;

У = ~  funks iya  barcha  x ^  0 da kamayadi.

y{x) f u n k s i y a n in g  grafig i  -  k o o rd in a ta la r  te k is l ig in in g  (x; y(x))  
koord ina ta li barcha  nu q ta la r i  t o ‘plami.
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J u f t  funks iya  -  un ing  aniqlanish  sohasidan olingan har  b ir  x  uchun 
y ( - x )  = y(x)  xossaga ega bo‘lgan y(x)  funksiya. Masalan, у = x A ju f t  
funksiya. J u f t  funksiyaning grafigi ordinatalar o‘qiga nisbatan simmetrik.

Toq funks iya  -  un ing  aniqlanish sohasidan olingan h a r  b ir  x  uchun 
y ( - x )  = ~y(x)  xossaga ega bo‘lgan y(x)  funksiya.

Masalan, у = x ‘s -  toq funksiya.
Toq funks iyan ing  grafigi  koordinatalar boshiga nisbatan simmetrik.
24. Chiziqli funks iya  -  у  = k x  + b ko‘rin ishdag i funksiya , bunda 

k  va  b -  berilgan sonlar.
у = k x  + b chiziqli fu nks iyan ing  g ra f ig i  -  to ‘g ‘r i chiziq, 6 =  0 

bo‘lganda funksiya у  = k x  ko ‘r in ishn i oladi, un ing  g rafig i koord ina ta la r  
boshidan o ‘tadi.

25. To‘g ‘ri p ropo rs iona l  bog‘la n ish  -  у  = k x  fo rm ula  bilan ifoda- 
langan bog‘lanish, bunda 6 > 0, x  > 0.

26. T eska ri  p ro p o rs io n a l  bog‘lan ish ,  bu i/ = ^  fo rm ula  bilan ifoda- 

langan bog‘lanish, bunda k > 0, x >  0, k -  proporsionallik koeffitsiyenti.

у -  -  (k *  0) funksiya  x ^  0 bo‘lganda aniq langan , noldan boshqa 
barcha haqiqiy q iym atlarn i qabul qiladi.

A gar k > 0 bo‘lsa, u holda и = -  funksiya  (masalan, и = -  , // = —  ):
X  v  X  v  2 x

a) x > 0 bo‘lganda m usbat q iym atlarn i, x < 0 bo‘lganda manfiy 
q iym atlarn i qabul qiladi:

b) x < 0 va x > 0 o ra liq larda  kamayadi.
A g a r  6 < 0 b o ‘l s a ,  у  = - }J  f u n k s i y a  ( m a s a l a n ,  zy = - ,

2 1 x 
у = - х '  У=~шУ’

a) x < 0 bo‘lganda m usbat q iym atlarn i va x  > 0 bo‘lganda m anfiy 
q iym atlarn i qabul qiladi;

b) x < 0 va x > 0 oraliq larda o ‘sadi.

У = ^  fu n k s iy an in g  g ra f ig i  giperbola  deyiladi.  U k o o rd in a ta la r

bosh iga  n isb a tan  s im m e tr ik  joy lashgan  ik k i ta  ta rm oqqa  ega. 6 > 0 
bo‘lganda g rafik  b irinchi va uchinchi choraklarda , k < 0  bo ‘lganda esa 
ikkinchi va to ‘r t inch i  chorak larda  joylashadi.
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JAVOBLAR

2. 2) x, = 0, л:2=1; 4) x ning berilgan funksiyaning qiymati -5  ga teng bo'ladigan 

haqiqiy qiymatlari yo‘q. 3. 2) xx = 11 , x2 = -1 ;  4) хг =  0, x2 = |  . 4. 2) 0; 4) 1.

5. 2) nollari yo‘q; 4) x, = | , x2 = ; 6) nollari yo‘q; 8) x = 1. 6. 2)p = 3, g = -

4; 4) p = -2 , q = -15. 7. x, 2 = ±2. 9. В va C. 12. 2) (Тб; 5), (-V 5 ; 5); 4) (0;
0), (2; 4); 6) (1; 1). 13. 2) Ha. 14. 2) Ha; 4) yo‘q; 16. 1) x < -3 ,  x > 3; 2) -5  
< x < 5; 3) x < -4 ,  x > 4; 4) -6  < x < 6. 20. 2) (-3; -4,5), (2; -2). 21. 2) Ha; 4) 
yo‘q. 22. 1) 0 ‘suvchi; 2) kamayuvchi; 3) o‘suvchi; 4) o‘suvchi ham, kamayuvchi

ham bo‘lmaydi. 23. 3 m/s2. 26. 2) (0; -5); 4) j | ; ~ ) ;  6) (0,5; 0). 27. 2) x = - 2 ;  

4) x = 2; 6) x = 1 . 28. 2) Yo‘q; 4) yo‘q. 29. 2) (1; 0), (0,5; 0), (0; -1); 4) (0; 0), 

1 0) .  30. г/ = x2 -  2x + 3 . 32. 2) k = -10. 34. 1) у = 2(x -  3)2; 2) у = 2x2 + 4;

3) у = 2(x + 2)2 -  1; 4) у = 2(x -  1,5)2 + 3,5. 35. 2) ( - | t ) ; 4> (If)’
36. 2) (1; 0), (-5; 0), (0; 10); 4) (0; 14). 40. 7,5+7,5. 41. 5 va 5. 42. Devorga 
parallel tomon 6 m; qolgan tomonlari 3 m dan. 43. Yo‘q. 44. 2) x = 1 da у = -5 
eng kichik quymat; 4) x = 1 da у = -2  eng kichik qiymat. 45. 1) a > 0, b > 0, 
с > 0; 2) a < 0, 6 > 0, с < 0. 46. 1) 5 s dan keyin eng k a t ta  balandlik

130 m ga teng; 2) (5 + V26)s • 47. 2) x, = 2, x2 = 0,5; 4) x ning bunday qiymati 
yo‘q. 48. 2) (1; 1), (2; 4); 4) ( -5 ; 18). 49. 2) x < -6 ,  x > 6. 50. 2) (5; 0),

( -2 ; 0) , (0; 10); 4) (1; 0), ( - y ; 0 ) ,  (0; -11). 51. 2) (-1; 4); 4) ( - ^ l ) ;

6) | - ^ ; - 6 ^ j .  53. 2) Eng katta qiymat 4 ga teng; 4) eng kichik qiymat з |  ga
teng. 54. 150 m va 150 m. 55. 200 m va 400 m. 56. 2) p = 1, q = 0. 57. 2) p = -4,
g = 3. 58. 1) Xj = 1, x2 = -5 ; 2) x, = 0, x„ = 1, x3 = 2. 59. 1) a = 1, b = -2 , с = 0;
2) a = 1, b = - 2 ,  с = 4; 3) a = -2 ,  b = 8, с = - 6 .  61. 2) Зх2 -  x -  1 > 0;
4) 2x2 + x -  5 < 0. 63. 2) 3 < x < 11; 4) x < -7 ,  x > -1 .  64. 2) x < -3 , x > 3;

4) x < 0, x > 2. 65. 2) -2  < x < 1; 3) x < -3 ,  x > 1; 6) x < -1 ,  x > 1 .  

66. 2) x > i  ; 4) x < -4 ,  x > 2. 69. Musbat qiymatlar x < -3 , x > 2 oraliqlarda,
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manfiy qiymatlar -3  < x  < 2 intervalda. 71. 2) x < -1 ,  x  > 4; 4) -1  < x  < A. 

72. 2) x < , x > 2; 4) x < -0,25; x  > 1. 73. 2) x = 7; 4) yechimlari yo‘q;

6) jc -  istalgan haqiqiy son. 74. 2) Yechimlari yo‘q; 4) yechimlari yo‘q; 6) л: -  

istalgan haqiqiy son. 75. 2) x < -V? , x  > \l7 ; 4) x  < - 2 ; x > 0; 6) x < -5 ; x > 3;

8 ) -2  < x < 1. 77. 2) x < , x > I  ; 4) -1  < x < 4; 6 ) x -  istalgan haqiqiy son;

8 ) x = -3 . 78. 2) x -  istalgan haqiqiy son; 4) x * j  ; 6 ) < x < 0; 8 ) yechim
lari yo‘q. 79. 2) Yechimlari yo‘q; 4) -0 ,5  < x < 3; 6 ) x -  istalgan haqiqiy son. 
80. 2) x = 1; 4) x -  istalgan haqiqiy son. 82. - 6  < r < 2. 84. 2) -5  < x < 8 ;

4) x < -5 , x > 3 ^ . 85. 2) x < 0, x > 9; 4) -3  < x < 0; 6 ) x < -1 , x > 3.

86. 2) < x < 0, x > ^ ; 4) -2  < x < 2, x > 5. 87. 2) -7  < x < 7; 4) -4  < x < 4,
x > 4; 6) x = -2; 2 < x < 5. 88. 2) -3  < x < 4; 4) -3 ,5  < x < 7; 6) -2  < x < -1 ,

x >3. 89. 2) x < 0,5, x > 1; 4) x < - | ,  0 < x < x > | . 90. 2) -4  < x < -2 , 
x > 3; 4) -3  < x < -1 , 4 < x < 5. 91. 2) x < -2 , 2 < x < 6 ; 4) x < -3 , -1  < x < 2,

x >4. 92. 2 ) -yfTE < x < - 3 ,  0  < x < Vl5 . 93. 1 ) - 8  < x < - 1 ; 2 ) x < -5 , x >  2 ;

3) —1 < x < - ^ ; 4 ) x < - 4 ,  - 4 < x <  ^ , x > 4. 94. 2) x < 2, x > 4; 4) x < 3, x > 4. 

95. 2) x < - 6 , x > 6 ; 4 ) - |  < x <  1 . 96. 2 ) - ^  < x <  ^ ; 4 ) x < 0 .  97. 2) x < ^ , x > 4;

4) -2  < x < ^ ; 6 ) x < ^ , x > 1. 98. 2) x * -5 ; 2) x ; 6 ) x * i .  99. 2) Yechimlari 

yo‘q; 4) yechimlari yo‘q; 6 ) yechimlari yo‘q. 100. 2) x < -1 , 1 < x < 4; 4) x < -  ^ , 

4 < x < 7; 6 ) x < , 1 < x < 2. 101. 2) -1  < x < 5; 4) -5  < x < 2; 6 ) x < ,

x > ^ . 102. 2) x -  istalgan haqiqiy son; 4) yechimlari yo‘q; 6 ) ^ < x < 1; 8 ) x -  

istalgan haqiqiy son. 103. 2) x < ^ , x > 3; 4) x = | ; 6 ) yechimlari yo‘q. 104. 2) x < -Vs ;

< x < х/з ; 4) x < -4, -1  < x < 1, x > 1. 105. 2) -1  < x < - i ,  < x < 2;

4) < x < , -1 < x < 2. 106. 12 km/soatdan kam emas. 108. 2) x < -3, -2  < x < 1,

x > 3; 2 ) -3 < x < - 2 , -1 < x < 1; 3) -  V2  < x < -1, 1 < x < V2  ; 4) x < - 2 , -V3 < x < -3,

x > 2. 109. 2) 32; 4) 0. 110. 2) (1)°; 4) ( i )  . 112. 2) 21-3; 4) a^9. 113. 2) ^ 1 ;  
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4) 32’ 6) 114- 2) 4) - 875- 116- 2) 4 ) ^ ;6)  117- 2) " 125;

4) 1=. 118. 2) 0,0016; 4) J^L. 119. 2) bR; 4) 6 “28. 120. 2) a86 “ ; 4) З^а’12;

121. 2 ) m 12n~lb; 4) -64x"15t/V 9. 122. 2 ) 123. 2 ) 2,7-10-8; 4) 8  • 1 0  9.

124. 2) 5,086 10-8; 4) 1,6-10 3. 125. 0,003. 126. 10 n . 127. 0,0001 mm. 

128. 2) a5, ±  . 129. 2) 0. 130. 2) b -  a. 132. 2) 2; 4) 15. 133. 2) 81; 4) A-.

134. 2) -1 ; 4) -4 ; 6 ) - 8 . 135. 2) x = -  ̂  ; 4) = -2 , * 2 = 2. 136. 2) x -  istalgan

son; 4) § < x < 2. 137. 2) 5; 4) -11; 6 ) 138. 2) 2; 4) 4^6 . 139. 1) x-2;

2) (3 -  x)3, x < 3 da, (x -  3)3, x > 3 da. 140. 3974. 664. 2) 36^/4 ; 4) 20. 
142. 2) 33; 4) 7. 143. 2) 0,2; 4) 2. 144. 2) 50; 4) 16. 145. 2) a 2b3; 4) a 2fr3.

146. 2) 3ab; 4) | .  147. 2) | ;  4) | .  148. 2) | ; 4) 2; 6 ) 4. 149. 2) 3x; 4) 2 ^ .

150. 2) 1 ; 4) i .  151. 2) 4 ^ 4 ; 4) 5. 152. 2) i / 2 ; 4) a8b9; 6 ) 3a. 153. 2) | ;

4) § ; 6 ) 4. 154. 2) ^  ; 4) £ ; 6 ) a2&. 155. 2) 6; 4) i ; 6 ) 4. 156. 2) ab2c; 4) 2xi/.

157. 2) 3x; 4) 0. 158. 2) 7; 4) 1. 162. 2) 3; 4) 27; 6 ) 163. 2) 5; 4) i ;

6 ) i  . 164. 2) 49; 4) 125. 165. 2) 121; 4) 150. 166. 2) 3; 4) 2,7. 167. 2) b;

4) a; 6 ) 1. 168. 2) a 2b. 169. 2) 1. 170. 2) 3. 171. 2) b b  4) a+b; 6 ) a^+b^;

1 I  2 зг -

8 ) V c - 1 . 172. 2 ) ; 4) 2 Vb . 173. 2 ) 2 z/; 4) 2 /̂b . 174. 2 ) 2 /̂b ; 4) ^  .

176. 2) (A ) 4 < (0,41) 4) ( ^ )  "  > ( y f )  ̂ . 177. 2) x = 3; 4) x = 2; 6 ) x = i .

178. . 179. 2) x = i ; 4) у = 5. 180. 2) x = 2,6; 4) x = 4.

181. 2) x = - i  ; 4) x = 1. 182. 2) 6 ; 4) -3 . 183. 2) -3 ; 4) 184. 2) 51;

4) 0,04; 6 ) -0,1. 185. 2) 1000. 186. 2) ; 4) , 1 . 187. 2) x = -1; 4) x = 1.
\lx -y
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188. 2) ; 4) -609 A  . 189. 2)  x  -  istalgan son; 4) x < 2, x > 3; 6) 0 < x < 2, x > 3.

1 1 1 1
190. 2) a+1; 4) a 3 + 6 3; 6 ) a 2 -  b2. 191. 2) x = 2 da г/ = 1; x = 0 va x = 4 da z/ = 5; 
x = -1 va x = 5 da z/ = 10; x = -2  va x = 6  da t/ = 17. 192. 1) z/(-2) = -1 , z/(0) = -5,

= -11 , z/(3) = 4 ; 2 )x  = da zy = -3; x = - l  da z/ = - 2 ;x  = ^ daz/=13;x = i

da y=  19. 194. 2) x < 2 ,  x>5 ;  4) - 2 < x < 3 .  195. 1) z/(-3) = 3, z /(-l)= l, z/(l) = - l ,  
z/(3) = - l ;  2) x = 2 da z/ = -2 ; x = 0 va x = 4 da z/ = 0; x = -2  va x = 6  da z/ = 2; x = -4  va 
x = 8  da z/ = 4. 196. 2) x * -1 ; 4) -1 < x < 1, x > 4; 6 ) -5  < x < 1, x > 2; 8 ) x > 0.

197. 2) ha; 4) Ha. 203. 2) x = 16; 4) x = -^  ; 6 ) x = . 205. 2) x = 32; 4) x = 8 .

208. 2) toq; 4) ju ft ham, toq ham bo‘lmaydi. 209. 2) toq; 4) toq; 6 ) juft  ham, toq

ham bo‘lmaydi. 218. 2) x = 0. 219. 2) (-1; 0). 220. 2) x = -4  da z/ = ~  ; 4) x < 0

va x > 2  da z/< 1. 222. 2) (-2; 4) va (2; -4); 4) (-4; -2) va (1; 3). 228. 2) x < 3 
4) у < 5; 6 ) x < -5 , x > 5. 229. Kubning qirrasi 7 dm dan ortiq. 232. 2) x = 10

4) x = 5. 233. 2) x = 2; 4) x = 2; x = -7 . 234. 2) x -  4; 4) x = 0,2. 235. x = ^

236. 2) x>-3; 4) x< 2; 6 ) x < l ,  x>7.  238. 2 )x  = -2; 4) x, = l;  x2 = 3. 239. 2)x  = 2,25 
240. 2) x = 1; 4) x = 5. 241. 2) x = 4. 242. 2) 2 < x < 3; 4)" 1 < x < 2; 6 ) x > 1

243. 2) x * !  ; 4) x -  istalgan son. 248. 2) -  V2j, -^=; V2 j ; 4) (-1; -1)

(1; 1). 249. 2) x > 2; 4) x < -2 . 250. 2) x = 16; 4) x 1 =r?, x 2 = 6) x  = -1

251. 2) x -  istalgan son; 4) 2 < x < 11; 6 ) x < -7 , -3  < x < -1 , x > 3. 252. 2) ka- 
m ayadi; 4) kam ayadi. 253. 2) toq; 4) j u f t  ham,  toq ham bo‘lm aydi. 

255. 2) -  2 < x < 1 . 256. 2) x, = -1, x2 = 7; 4) x = 81; 6 ) x = 3, x = 7. 257. I ) x< - 1 ,

x>9;  2) - l < x < 0 ,  3 <x  <4;  3) I  < x < 6 ; 4) x > 4 .  258. 2) ^ ; 4) ^ ; 6 )
d  d  о  4 5

8 ) 259. 2) 20°; 4) 135°; 6) | ^ ) ° ; 8 ) ( ^ )  • 260- 2) 4,71; 4) 2,09

261. 2) 2я < 6,7; 4) ^ < 4 , 8 ;  6) - ^  < -VlO . 263. 0,4 m. 264. 2 rad 

265. у  sm2. 266. 2 rad. 267. 2) (-1; 0); 4) (0; -1); 6) (1; 0). 269. 2) ikkinchi 

chorak; 4) to‘rtinchi chorak; 6) ikkinchi chorak. 270. 2) (0; 1); 4) (-1; 0); 6) (0; 1) 

271. 2) 2nk, k = 0, ±1, ±2, ...; 4) |  + 2л/г, fe = 0, ±1, ±2, ... .  272. 2) ikkinchi 

chorak; 4) to‘rtinchi chorak. 273. 2) x = 1 ,8k, k = 4; 4) x = , k = 3; 6) x = ^ л ,
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/г = 2. 275. 2) (0: 1); 4) (0; -1 ).  276. 2) |  + 27tfe , fc = 0, ±1, ±2, 4) ' ^  + 2nk ,

k = 0,  ±1, ±2, .... 277. 2) - i ;  4) -1 ;  6) -1 ;  8) j g  . 279. 2) -1 ; 4) -1 ;  6) 1. 

280. 2) 0; 4) -1 .  281. 2) ; 4) 282. 2) x  = ^ + n k , k = 0, ±1, ±2, ...;

4) x  = Z + 2nk , k = 0, ±1, ±2, .... 284. 2) -  | ;  4) . 285. 2 ) х  = к + 2кк, k = 0,

±1, ±2, . . . ;  4) x = л + 2ji/e, k = 0,  ±1, ±2, . . . ;  6) x  = ^ k n ,  k = 0,  ±1, ±2, . . . .  

286. 2) x = 2тсй- 1, fe = 0, ±1, ±2, ...; 4 )x  = /zti-1, fe = 0 , ± l , ± 2 , ...; 6) x  = ^  + 1 ,  

^ = 0, ±1, ±2, .... 287. 2) ikkinchi chorak; 4) ikkinchi chorak; 6) ikkinchi chorak. 

288. 2) musbat; 4) musbat; 6) musbat. 289. 2) manfiy; 4) manfiy; 6) musbat. 

290. 2) musbat, musbat; 4) manfiy, manfiy; 6) manfiy, manfiy; 8) musbat, 

musbat. 291. 2) since<0, coscc> 0, tga<  0, ctgce <0; 4) since > 0, cosce> 0, tgce> 0, 

ctga>0. 292. 2) sin3>0, cos3<0, tg3<0; 4) sin(-l,3)<0, cos(-l,3)>0, tg(-l,3)<0. 

293. 2) manfiy; 4) musbat; 6) musbat; 8) manfiy. 294. Agar 0 < (X < ^ 

yoki 7Г < C( < ^  bo‘lsa, s ina va cosa sonlarining ishoralari mos tushadi; 

agar ̂  < a  < я y o k i ^  < a  < 2я bo‘lsa, sina va cosa sonlari qarama-qarshi 

ishoralarga ega. 295. 2) manfiy; 4) musbat. 296. 2) cosl,3>cos2,3; 297. 2) x = ^ + /гя,
h cos a
-cosak~0,  ±1, ±2, ...; 4) х=я + 2^я, k~0,  ±1, ±2, .... 298. 2) ikkinchisi chorak. 299. - 

300 . 2) cos a  = - 1 , tga  = - 1 ; 4) cos a  = -  ̂  , tga = - j L ,  ctga = ^  ; 

6) s in a  = - - j = ,  cosa = - |̂= . 301 . 2) ba j a r i l a d i ;  4) ba j a r i l ma yd i .

302. 2) bajarilmaydi. 303. cosa = £ ,  tga  = . 304. i .  305.
11

306. sin a = ±-j= . 307. 2) ^ ; 4) 2. 308. 1) -  2) 309. 1) х = я ^ ,  k = 0, ±1,
V5 о  8  16

±2, ...; 2) x  = - Z + 2 n k , k  = 0, ±1, ±2, ...; 3)х = 2я&, k = 0, ±1, ±2, ...; 4) |  + я/г , 

k = 0, ±1, ±2, .... 311. 1) 0; 4) 1 + sina. 312. 2) 3; 4) 4. 316. 2) -jL . 317. | r . 

318. ^  . 319. 1) x = я^, /г = 0, ±1, ±2, ...; 2) x  = |  + 2я^ , = 0, ±1, ±2, ....

320. 2) i  ; 4) -3. 321. 2) 2cosa; 4) 2. 323. 2) 2. 324. 2) -2cosa. 325. 2) -  ^ ; 

4) -  J .  326. 2) ; 4) -1. 327. 2) . 328. 2) cos3|3; 4) -1 . 329. -s ina  sinp.
£ V2 о

330. 2) ^  ; 4) 1. 331. 2) - 2 ± Ж .  332. 2) - s in a  • cosp; 4) s ina-cosp.
2 6
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333. cos(a + P) = M  ; cos(a-(3) = | | .  334. 335. 2) 0; 4) tga  tg[3.

338. 2) ^ ; 4 )  | .  339. 2) 4 ) -1 .3 4 0 .  2) | | . 341. 2) ^ . 3 4 2 . 2 )  |  s in2 a ;

4) 1. 343. 2) 2ctga; 4) ctg2a. 345. 2) 347. 2) ̂  ; 4) ^  . 348. 2) cos6 a;

4) — . 350. ^  . 351. 2) УЗ . 352. 2) 0; 4) 0; 6 ) -1. 353. 2) -7= ; 4) 4= ;A sin a » V 3 V 3
6 ) - 7 =. 354. 2 ) 4) " ^ . 3 5 5 .  2 ) 4) | ; 6 ) Уз . 356. 2 ) - У 2 ; 4 ) - l .

357. 2) cos2a. 358. 2) ; 4) |  ; 6 ) Ы У 1  3 5 9  2) i ; 4 )

362. ^  ^  + 2nk , k  = 0, ±1, ±2,...; 4) x=n+2nk, k=0, ±1, ±2, ....363.2) v^s i np ;

4) s in2a .  364. 2) 0; 4) -  ^  ; 6) ^  . 365. 2) 4 s in (l2"  2)COS( l2 + 2 ) ;

4) 2sin(^ + | ) c o s ( 5 - | ) .  367. 2) 2sina. 370. 2) 2 У3  sin sin | . 371. 2) 0.

372. 2) 2 cos a(cos a  -  1); 4) (sin a  + cos a) - fl + ). 373. 2) uchinchi chorak;\ cos a  /

4) ikkinchi chorak; 6) ikkinchi chorak. 374. 2) 0; 1; 4) 1; 0; G) 0: -1. 375. 2) 2;

4) -1. 376. 2) 4) - - 7^ .  378. 2) 3; 4) tg2a. 379. 2) 380. 2) -  ^  ;

4) — -y '--11 . 381. 2) sin2a; 4) tg2a. 382. 2) 1; 4) 383. 2) -  ^ ;

4) - 384. 2) cosO > sin5. 385. 2) musbat; 4) manfiy. 386. 2) ;

4> 6) ' Л ' 387- 2) 5 n a '  388’ =о=« = - | ;  tg a  = - f ;  ctga = - ^ ;

s in 2 a  = ; cos2a = - 1  389. 2) tga. 390. 2) ; 4 )  V -  391. 2) 1;9 9 D sm 4 a  cos 2a

4) 1. 392. 2) -7 . 393. 2) cos4a. 395. 2) -3 , -1 , 1, 3, 5. 397. 2) 79; 4) -42.

398. 2) an =29 - 4 n ;  4) an = 6 -  5n. 399. 12. 400. На, л =11. 401. л = 11, yo‘q. 

402. 2) 0,5. 403. 2) -13. 404. 2) -100. 405. 2) o;i = 5л -  17. 406. л >9. 407. л 

<25. 408. 2) a9=-57, d = 7; 4) a9 = -1 , d = -15; 409. 44,1 m. 410. 10 kun. 411. 

30. 412. 60. 413. 2) 10050; 4) 2550. 414. 4850. 415. 4480. 416. 2) -192. 417.

2) 204.  418 . 2) 240.  419 . 4905;  494550.  420.  2) 2900.  421.  10. 

422. 2) a 10 = 151 , d  = | . 423. 2) a, = -88, d = 18. 424. 78 ta to ‘sin. 425. 44. 

426. o, = 5, d = 4. 429. 2) -3 , 12, -4 8 , 192, -768. 431. 2) ^  ; 4) ^  . 

432. 2) Ь ^ З . ^ ) " '1; 4) = 3 - ( - i)""1. 433. 2) 5; 4) 8. 434. 2) 3; 4) - ± .
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435. b8 = 2374, n = 5. 436. b7 = 3^3  , g = ^  . 437. b5 = 6, bx = 3 0 |  yoki b5=-6,  

b, = - 3 0 ^  . 438. 65910 so‘m. 439. 0,25 sm 2. 440. 2) 4)
1 8  » o i

6) -4 0 0 .  441. 2) 2186. 442. 2) fr,=-l ,  68=128. 443. 2) л = 7; 4) л = 5. 444. 2) л = 

9, Ь9 = 2048; 4) л = 5, g = 7. 445. 2) 364; 4) 305. 446. 2) 65 = = 4802, S., = 800. 

447. - I p .  449. 2) 9  = 5, b3 = 300 yoki q = -6, &3 = 432. 450. 2) q = 2 yoki q = -2; 

4) S5 = 781 yoki S. = 521. 452. 2) ha; 4) ha. 453. 2) 7,2; 4) - 8 ^ .  454. 2) ^  ;

4) 1 . 455. 2) yo‘q; 4) ha. 456. 9 0 ^  . 457. 2) 6 + 4л/3 . 458. 2) 1 ;  459. 2a. 

460. Rn = -± T R1. 461. 2) 1; 4) ^  . 462. 2) d = - i ,  a4 = 2, a5 = 11 ; 4) d = -3, 

a4 = > / 2 - 9 ,  a5 = > /2 -1 2 .  464. - 5 ^ .  465. 2) -1080. 466. 143. 467. 2) -22.

468. 2 ) ? = - l ,  f>4 = - i ,  65 = ^  ; 4) » = - ' / 2 , 64 = - I 0 V2  , 65 = 2 0  .

469. 2) t>„ = -0 ,5  ■ ( -2 ) " '1 . 470. 2) b„ = ^  . 471. 2) S10 = 1 ^ ;  4) S 9 = 5 . 

472. 2) 242; 4) g .  473. - f .  474. 24 i l .  475. 2) 14, 11, 8, 5, 2. 476.
3 6  О 7 4  &

477. 2) a 19 = 0, a ^ - 1 0 8 .  478. 2) x 4= | ; 4) x2 = -4 . 480. 14. 481. 2) a 16 = - l | ,

d = - A . 482. 2) 27. 483. 2) -27; 4) ± . 484. 6. 485. 2) Yo‘q; 4) Ha.
15 •so

487. Chorshanba kuni. 488. a 1 = 8 , d = -3  yoki a 1 = 2, d = 3. 489. a, = 5, d = -5  

yoki a 1 = -5 , d = 5. 490. 180 marta. 495. 2) -15 < x < 2; 4) д: < 12, д: > 12; 

496. 2) 0 < x < V 5 ; 4 ) x <  -V s  ; x  > S  . 497. 2) -9  < д: < 6; 4) -2  < д: < 0,1; 

6) дг< ^ , д:> 2. 498. 2) д: = -12; 4) д: -  istalgan haqiqiy son; 6) yechimlari yo‘q. 

499. 2) д: -  istalgan haqiqiy son; 4) д: -  istalgan haqiqiy son; 6) x -  istalgan

haqiqiy son. 500. 2) -0,7 < x < ^ ; 2) -2  < x < 1. 501. 2) x <-2 , x = 1; 4) x < - ў , 

0< x < 2 .  502. 2) -0,5 <x< 2; 4) -3  < x< 0, x> 1. 503. Balandlik 3,1 sm dan ortiq, 

o‘r ta  chiziq 6,2 sm dan ortiq. 504. 8 s dan ortiq. 505. 5 sm ortiq. 506. 2) x <-7 ,

- l < x < 2 ; 4 ) - l < x < - i , x > i .  507. p = 5, q = -14. 508. 2) p  = 14, g = 49.

509. у = -2 x 2 + 11 x -  5. 510. У = 511. 2) a = -1 ,  & = -1 ,  с = 2.
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512. Ко'rsatma. 1) ^  = А л , ^ = В3, ~ = С3 kabi belgilab va ABC = 1 tenglikni

hisobga olib, berilgan tengsizlikni A:i + S :i + C3> 3ABC ko‘rinishda yozing, uni 
(A+B+CXA2 + B2 4- С2 -  AB -  AC -  ВС) > 0 ko‘rinishda almashtiring. (A2 + B2 + 
+ С2 > AB+AC+BC tengsizlik ushbu A2 + В2 > 2AB, A2 + С2 > 2AC, В2 + С2 > 2BC 
tengsizliklarni qo‘shish bilan hosil qilinadi; 2) o‘rta arifmetik va o‘rta geometrik

miqdorlarga doir tengsizliklarni qo'shing: + у  > 2c, ^- + ^  > 2a , + ~  > 2b ;
3) tengsizlikning chap qismidan о‘rig qismini ayiring va hosil bo‘lgan kasrning 
suratini bunday ko‘rinishda yozing: (a + b)(a -  b)2 + (b + c)(b -  c)2 + (a + c)(a -  c)2;

1) x 12 = +2; 2) I 12 = ±1; 3) -  ±3; 3) x, = -1 ,  ^  -  2; 4) xu = ^ - - ,
1 2x25) = 0, x2 3 = ±2; 6) x , 2 = ±4, x34 = ±6. 516. 2) 2 i ; 4 )  w  . 517. 2) 3 - W i

4) 6x/7 . 518. 2) (гТол)0"1 <(2v/a5)°'3, . 519. 2) Vx ; 4) 9b 4. 520. 2) 5ab Vb ; 

4) 2ab Vab . 521. 2) - V s ? ; 4) . 522. 2) -8  i  . 523. 2) - 1 1 . 524. 2) x = 1 ;

2) x = 0. 525. 2) Yo‘q; 526. 2) Yo‘q. 527. 2) 1,5 < x < 7; 4) x >-7,5; 6) 0 < x < 2, 

x > 2. 530. - 1 .  531. 2) Manfiy.  532. 2) - 0 , 8 .  533. 2) 2 s i n ^ c o s |  ; 

4) sinot(sina -  2cosa). 534. sin a  = | ^  , cos a  = -  , tga = . 535. 2) a12 = 47,5,

S12 = 537; 4) a18 = l l | , S]8 = 108. 536. 1220. 538. 2) b, = 5. 539. 2) b, = 125, 

S4 = 156; 4) b4 = 81, S5 = 61. 540. 1 5 | .  541. 2) 4 ^ ;  4) 1; 6) - | ( 1  + V5). 

542. 2) 2ab\fb ; 4) a + 3. 543. 2) -1; 4) . 544. Birinchisi. 545. 2) ;
a -fe

4) 0,1(5 -  V5)5 + Vs . 546. 2) ; 4) Va + Vb . 547. Kamayadi. 548. 2) x < 0,

x > 6; 4) x * V3 ; 6) x < -3, 0 < x < 2, x > 3. 550. 2) x = 61; 4) x = 0,5; 6) x, = 0, 

x9 = -3, x = 2. 551. 2) — ; 4) 4. 552. 2) cos-’x. 553. 2) x = ̂  + лп, x  = к + 2п, n e  Z .
cos a  ^

556. f , I , I  - 557. 39 §. 558. 7, -28, 112, -448 yoki -1 1 1 -  461 ; - 1 8 6 1 ; -  7461 .

559. b, = 5, b5 = 405. 560. 1 .  561. 8, 13, 18 yoki 20, 13, 6. 562. 1) •
°  v2 V2

2 2

563. 1) 1 -  Va ; 2) a 3 + b3 . 565. sin a  = cosa = -  ̂ | . 567. 10, 4, -2, 1 yoki

_ 5  7 49
4 ’ 4 ’ 4  ’ 4  "
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V II-IX  SINFLAR ALGEBRA KURSINI TAKRORLASH 
UCHUN MASHQLARNING JAVOBLAR1

569. 2) 4; 4) 4 j .  570. 2) 5,8; 4) - 1 - .  571. 2) x = 7; 4) x = 0,5; x = 2,25.

572. 2) 3; 4) 0,1125. 573. 2) 300; 4) 3600. 574. 2) 5%; 4) 161 % . 575. 2) ba'b; 
4) 4aHb7. 576. 2) 35 -  2x -  2x3 -  x5; 4) 8a2 + 4b2 + 36a + 36. 577. 2) 4,9; 2) 2.

578. 2) b2 -  7a2b3. 579. 2) ( ^ - 1 )( |  + 1); 4) (b -  V3)(b + V3)(b2 + 3). 580. 2) (^ + l j  ; 

4) (1 + 9b)2. 581. 2) (a + l)(a -  x); 4) (a -  x)(5a -  7). 582. 2) 2a3b(a -  I )2;

4) (a -  b)2(a + b)2. 583. 2) 2(x -  3)2; 4) (x -  l)(x + 2). 584. 2) 4) ;

6) ^ ; 8 )  ^ i . 5 8 5 . 2 )  | m 2;4 )  ^ ; 6) ^ ; 8) (x + l)(x -  2). 586. 2)
S b - a 2 л 2 1 x

4) 587. 2) 2аТз ; 4) b + a -  1. 588. 2) 4) 589. 3) - ;

4) . 590. 2) -0,25; 4) 1 -^ . 591. 2) 3. 592. 2) —^ - ; 4 ) - ^ - .  593. 2) 4;

4) 8. 594. 2) -2; 4) 0; 6) 7. 595. 2) 2; 4) 14. 596. 2) 4) 6л/2. 597. 2) 2-10 3;

4) 1,2 • 10"3. 598. 2) 1,25. 599. 2) 3,5. 600. 2) - x 2z/2; 4) xt/2. 601. 2) -1;

4) 1 + Vm . 602. 2) x = 1; 4) x = -0,5 . 603. 2) x = 1 2 ^ ;  4) x = -13,5.

604. 2) x = 3; 4) x = -9 . 605. 2) x, = -2 , x2 = 3; 4) xx = 5, x2 = -1 .
606. 2) x, = 0, x2 = 5; 4) x, = 0, x2 = - 1 ;  6) x, 2 = ±2; 8) xlj2 = ±2^2 .

607. 2) x, = -1 ,  x2 = 1,5. 608. 2) x, = 5, x2 = - | .  609. 2) xT = 1, x2 = 4,5;
4) Xj = -5 , X0 = 0,5. 610. 2)x,  = -3 ,  x„ = 5; 4) x = -1 ; 6) x, = 4,3, x„ = -11,7. 
611. 2) x = 3; 4) x = -4 . 612. 2) x, 2 ="±1, x34 = ±6. 613. 2) x = 33" 4) x = 9;
6) xL = 1, x2 = 4. 614. 2) x = -2; 4) x = 1,5. 615. 2) x = -1; 4) x, = 1, x2 = -0,5;
6) x = 4. 616. 2) (3; 7); 4) (2; 3); 6) (-2; -3). 617. 2) (14; 10); 4) (2; 2).
618. 2) (5; 3), (-3; -5); 4) (4; -9), (-9; 4); 6) (4; 5), (-4; -5), (5; 4), (-5; -4).

619. 2) x  < Щ; 4) x > 1. 620. 2) x <  1; 4) x < з !  ; 6) x < 2. 621. 2) x >  1,5;
4) x > 3. 622. 2) 1; 2; 3; 4. 623. 2) -1 ; 0; 1; 2; 4) -1; 0; 1; 2; 3. 624. -4 ; 3;

-2 ; -  1. 625. 2) -1  < x < 3; 4) 3 ^  < x < 3 9V° ; 6) yechimlari yo‘q; 8) x < -1 ^  ,
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x > 1. 626. 2) 4) -1 < .г < 3. 627. 1) -4  < .г < 2; 4) 0 < x < 7,

х > 8; 6) х < - 3 ,  - 0 , 5  < х < 0,5.  628 . 2) 9 > 4^5 ; 4) 5V6 < бТд ;

6) 2^3 < V2 • W  . 629. 62,5 va 57,5. 630. 5 km /soat.  631. 4 km /soat. 
632. 12,5 km/soat, 2,5 km/soat. 633. 26 sm, 2sm. 634. 48 min. 635. 20 min. 
636. 35 sr. 637. 5 soat, 7 soat. 638. 2) Ha; (0; -4), (8; 0), z/(-2) = -5; 4) yo‘q;

(0: 6), (4; 0), y(-2) = 9. 6 4 1 .^ )  5; -10); 4) ( | ; - ^ ) . 642. 2) 23; 4) б 1 .  

643. 2) x, = -2, x2 = -5. 645. ^  . 647. 2) ^  + 2nn , neZ;  4) 7n + 2лп,

neZ.  648. 2. 650. 2) 2cos2a. 651. - tg2a .  653. 2) ~ . 654. 2) 0,5. 655. 2) | .
656. 7. 657. 1) 0; 2) 0. 658. -s ina  -  cosa. 659. -2 . 660. -0 ,5. 661. 2) a, = 201, 
S 17 = 2737. 662. n = 39. 663. 682. 664. 2) 0,5; 4) 1. 665. 189. 666. 2) a, = 1,

d = 3; 4) a, = 2 ,  d = 3 yoki a, = 14, d = -  3; 671. b„ = 3 ( -1 )  yoki bn = -з (1 )  .

672. b4 = 12, q = -2  yoki b4 = -12, q = 2. 673. ^ ; 1; 3; 9; 27 yoki \  ; -1; 3;
-9; 27. 674. 1) b, = 0,384, q = 0,25 yoki b4 = 0,6, q = -0 ,2 . 675. 2) d, = 37,5, 
q = 0,6 yoki 6, = 48, q = 0,25. 676. 2) 11; 4) 341 yoki 121.

« 0 ‘zingizni tek sh ir ib  ko ‘ring» to p sh ir iq la r ig a  ja v o b la r

I bob. 1. 84- rasm. 2. xt = 0, x2 = 2. 3. -1  < x < 1 bo‘lganda z/ > 0; x < -1 
bo'Iganda z/ < 0; x > 1. 4. x > 0 bo‘lganda funksiya o‘sadi; x < 0 bo‘lganda 
funksiya kamayadi. 5. (3; 0); 85- rasm.

1- -

- 4

84- rasm. 85- rasm.
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II bob. 1. 1) -1  < д: < 4; 2) л: -  istalgan haqiqiy son; 3) yechimlari yo‘q; 
A) x = -1 0 .  2. x > 1; - 2 < x < 0 .

III  bob. 1. 1) s |  ; 2) 16. 2. 8,6 • 10:i; 7,8 • lO 3; 6,708 • 101; 1,1 • 106.

3. 1) 6; 2) (y + x)xy.  4. J ; 27. 5. (0,78)5 > (0,67)3; (3,09)5 < (3,08)5 .

IV bob. 1. I) x * l ;  2) -3  < д: < 3. 2. a) 1) z/= 1,4; 2) t/ = 3; 3) z/ = -2,5; 4) г/= 8;

b) 1) д: = 9; 2} x = 2; 3) д: = -  | ; 4) д: = ^/з ; d) y(x) > 0 ushbu hollarda bo‘ladi:

1) x > 0; 2) x > 0; 3) x < 0; 4) x > 0; y(x) < 0 ushbu hollarda bo‘ladi: 1) bunday 
oraliqlar yo‘q; 2) x < 0; 3) x > 0; 4) x < 0; e) funksiya ushbu hollarda o‘sadi:
1) x > U; 2) bunday oraliqlar yo‘q; 3) x > 0, x < 0: 4) xeft; funksiya ushbu 
hollarda kamayadi: 1) bunday oraliqlar yo‘q; 2) x > 0, x < 0; 3) oraliqlar yo‘q;
4) bunday oraliqlar yo‘q; 3. 1) juft; 2) toq. 4. 1) x = 28; 2) x = 1.

V bob. 1. cosa = -  | , tg a  = - 1 , s in2a  = - | | .  2. 1) 1; 2) 3) ^  ;

4) -  V3 ; 5) ^  . 5. 1) sinacos(3; 2) cos2a; 3) 2sina.

VI bob. 1. a 10 = -25, S10 = -115. 2. b6 = i  , S6 = 7 | . 3. g = i , S  = l,5 .

I—VI boblar sinov (test) m ashqlariga javoblar kaliti

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 2 5

A В С D E A В С D E A В С D E A В С ,D E A В С D E
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D arslik  ijaraga  b erilib , o ‘quv y ili yakun ida qaytarib  o lingan da  
yuqoridagi jadval s in f  rahbari tom onidan  quyidagi baholash  

m ezon lariga  asosan  to ‘ld iriladi:

Yangi Darslikning b ir inch i m arotaba foydalanishga 
berilgandagi holati.

Yaxshi Muqova bu t un ,  darslikning asosiy qismidan 
ajralm agan.
Barcha varaq lari m avjud, y irt ilm agan, ko‘chmqgan, 
betlarida  yozuv va chiziqlar yo‘q.

Qoniqarli Muqova ezilgan, b irm uncha  chizilib, che tla r i  
yedirilgan, darslikning asosiy qismidan ajra lish  holati 
bor, foydalanuvchi tomonidan qoniqarli t a ’mirlangan. 
K o 'chgan  varaqlari qayta t a ’m irlangan , ayrim  betlariga 
chizilgan.

Qoniqarsiz Muqovaga chizilgan, u y ir t ilgan , asosiy qismidan 
ajra lgan yoki b u tu n lay  yo‘q, qoniqarsiz t a ’m irlangan. 
Betlari y irt ilgan , varaqlari yetishmaydi, chizib, bo‘yab 
tashlangan. Darslikni tiklab bo‘lmaydi.


